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Foreword 
The Federal Government, through the Minerals Yearbook and its predeces- sor volumes, has reported annually on mineral industry activities for 96 | | years. This edition discusses the performance of the worldwide mineral . | industry during 1977. In addition to statistical data, the volumes provide background information to assist in interpreting the year’s developments. , Content of the individual volumes follows: | 
Volume I, Metals and Minerals, contains chapters on virtually all metallic | and nonmetallic mineral commodities important to the domestic economy. In | addition, it includes a general review chapter on the mineral industries, a : chapter on mining and quarrying trends, and a statistical summary. . Volume II, Area Reports: Domestic, contains chapters on the mineral 7 industry of each of the 50 States, the U‘S. island possessions in the Pacific Ocean and the Caribbean Sea, and the Commonwealth of Puerto Rico. This volume also has a statistical summary, identical to that in Volume I. Volume III, Area Reports: International, contains the latest available . mineral data on more than 130 foreign countries and discusses the importance of minerals to the economies of these nations. A separate chapter reviews the — international minerals industry in general and its relationship to the world economy. 

The Bureau of Mines continually strives to improve the value of its publications to its users. Therefore, the constructive comments and sugges- tions of readers of the Yearbook will be welcomed. 7 
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R e t e : 

eview of the Mineral 
ndustries 

By Barry W. Klein, Steven C. Greene,! and Kenneth P. Hanks? 

| _The performance of the U.S. economy in Prices of all nonfood commodities increased , 
1977 was similar to that in 1976 which, in 5.4%. The Wholesale Price Index rose 6.1% 
turn, had been a considerable improvement in 1977 compared with 4.6% in 1976. Farm 
over 1974-75. In 1977 real gross national products and processed foods and feed in- 
product (GNP) showed a similar, but some- creased 3.1% (farm products alone increas- 
what slower, growth pattern compared with ed 0.7%) and industrial commodities rose | 

| 1976. Real GNP increased sharply in the 7%. As previously stated, in 1977 the implic- 
first quarter of the year followed by smaller _ it price deflator increased 5.6%. 
increases for the remaining three quarters. In 1977, as in recent years, the Federal. 
With only two exceptions, the monthly Reserve Board (FRB) followed a monetary 
unemployment rate declined or remained policy with the objective of promoting finan- | | 
steady throughout 1977, falling toa low for cial conditions that would further economic | 

, the year in December. The inflation rate in growth. In carrying out this policy, the FRB 
1977 was slightly higher than in 1976, but _ tried to avoid excessive expansion of money 
the rate still remained far below that of and credit that would tend to increase 
1974-75. | inflationary pressures. The money supply 

Total U.S. output as measured by GNP in M1, defined as currency plus demand de- 
_ current dollars rose 10.8% in 1977. Real posits, rose 8.0% in 1977, up from 6.2% in 

GNP in constant 1972 dollars increased 1976. M2, defined as Ml plus time and 
| 4.9%, and inflation, as measured by the savings deposits, grew 9.3% in 1977, down 

implicit price deflator, rose 5.6%. In real from 11.4% in 1976. 
terms, gross private domestic investment Fiscal policy in 1977 was intended to 

' for residential structures increased 19.3% increase the growth in real output through — 
in 1977, only slightly below the 22.9% rise additional Federal spending and tax cuts, 
in 1976; State and local government expend- thereby resulting in reduced unemploy- 
itures increased 1.1% in 1977; and person- ment. Owing to the time lag before the 
al consumption expenditures for services fiscal policy of the new Administration was 
rose 4.5%. implemented, the new measures had no 

The unemployment rate continued to effect until the beginning of the summer. 
decline for the second straight year, falling Thus for the first quarter of 1977, fiscal 
to 7% in 1977 compared with 7.7% in 1976. policy was contractive because of slow 
The unemployment rate, except for Feb- growth in Federal spending coupled with a 
ruary and August, declined or remained sharp increase in revenues. Fiscal policy 
steady throughout the year. Therefore, the was more expansive for the balance of the 
drop in the unemployment rate during 1977 year, however, as expenditures returned to 
was more than the 7% yearly average their usual growth levels and the stimula- 
might otherwise indicate because the De- tive measures started taking effect. The 
cember rate of 6.4% was the low for the stimulus package enacted included approv- 
year. al of public works, public service employ- 

The Consumer Price Index (CPI) rose ment, and other employment and training 
6.5% in 1977, slightly above the 5.8% in- programs as well as passage of the Tax 
crease in 1976. Food prices rose 6.3% in Reduction and Simplification Act of 1977 in 
1977,- (about double the growth in 1976). late May, one provision of which was an 

1
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increase in the personal standard de- cial, and economic effects. In August 1977, | 

duction. the Department of Energy (DOE) was 

U.S. imports exceeded exports by $26.5 established and the Bureau functions of ; 

billion in 1977. Exports of manufactured coal production technology, fuel data col- | 

goods were $3.6 billion higher than imports lection and analysis, and coal preparation 

of manufactures. The trade balance deficit research were transferred to DOE effective - 

was largely attributable to $44.4 billion October 1, 1977. a | 

worth of petroleum imports. The value of The mining industry in 1977 continued to oS 

crude nonfuel mineral imports was $3.0 face relatively high inflation coupled with | 

billion and that of exports was $1.1 billion. rising operating costs. Metal mining firms, | 

In 1977, the Federal Government con- in addition, had to contend with labor and 

| tinued some activities and initiated others market problems. The value of metal pro- 

that affected the mineral sector. The Gov- duction declined in 1977, largely as a result : | 

ernment continued in its efforts to control of strike activity in both the copper and iron | } 

inflation. Mineral-related legislation en- ore industries and depressed copper prices Q 

acted in 1977 was in areas such as public for much of the year. | 

lands, the environment, water resources, The world economy showed little growth 

taxation, health and safety, and import in real GNP after the first quarter of 1977. : 

duties. So : : Progress was made in controlling inflation, | 

The research program of the Bureau of but rates remained high by historical stand- : 

| Mines in 1977 was designed to promote the ards. In many countries, unemployment : 

effective utilization of our mineral re- rates were higher than they had been at the | 

__ gources, insuring adequate mineral supplies trough of the 1974-75 recession. 

without objectionable environmental, so- a : 

| - .. §OURCES AND USES | 

ALL MINERALS nents of the nonmetals sector, the con- 

: . a struction index rose 6.1%, the index for ~ - 

a Production.—In 1977 the production of (hemicals increased 5.2%, and the index for : 

manera % ix minera's, excluding tuet 6 to other nonmetals rose 3.0%. | 

most 97 In Value comparee wt »t0 The FRB index of industrial production © 
$17.5 billion. The production value of met- (1967=100) was 187.1 points for all indus- 

als declined 4.5% to $5.8 billion, but this j +0. in oer PO 
eg ries in 1977, an increase of 5.6% compared 

was more than offset by a 10.2% rise in ay aan, . ae 
me with 1976. The average index for all mining 

nonmetals to $11.7 billion. In constant 1967 3.2% to 117.8 ind ‘ats. Th tal 

dollars, the value of total raw nonfuel "°°" 4, d iz od points fi ‘ ; b 

mineral output increased less than 1% to 142% "105 4 . de net’ Se The ate Y> 5 

$8.6 billion, metals declined 89%, and 142% to 105.4 index points. The stone an 
nonmetals rose 5.8%. Returning to a cur- earth minerals index rose 5.6% to 124.9 

' vent dollar basis, crude nonfuel mineral points. The average index for crude oil and 

exports increased 10.2% to $1.1 billion, and natural gas extraction increased 5.4% to 

raw nonfuel mineral imports rose 4.3% to 118 index points and the bituminous coal 
$3.0 billion. production index rose 0.8%, reaching 120.8 

The Bureau of Mines indexes of physical index points. i, . 

volume of nonfuel mineral production The FRB production index for all mining 

(1967=100) were mixed in 1977 compared by month was 112.8 index points in Jan- 

with 1976. The overall index rose 0.7% to ary. The all mining index vacillated dur- 
115.8 index points in 1977. The index for the ing most of 1977, reaching a high of 122.8 
average of all metals declined 9% and the points in June and finishing in December at 
index for the average of all nonmetallic 113.4 points, only a little above where it had 

minerals rose 5.8%. Within the metals started the year. The coal index was 95.3 

group, the ferrous metals index dropped points in January and, despite a few in- 
21%, the largest decline of any production termediate declines, reached a high of 141.4 
index, and the index for all nonferrous points in October. It decreased only slightly 

metals declined 2.7%. The base metal index to 140.6 points in November, but then fell 

decreased 6.0%, the index for monetary sharply to 74.6 points in December, re- 

metals rose 8.7%, and the other nonferrous flecting the United Mine Workers coal 

metals index increased 11.8%. As compo-_ strike. The oil and gas extraction index was
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Figure 3.—Indexes of implicit unit value of nonfuel minerals. 7 

112 index points in January and, similar to group metals decreased in the range of 3.4%. 
all mining, reached a high of 121.3 points in to 3.9%. Most nonmetallic minerals increas- 
June. It closed in December at 118.4 points. ed in net supply in 1977, led by mica which 
The metal mining index was 130.6 in Jan- rose 25%, the largest increase of any mine- 

| uary, reached a high of 133.8 points in ral. Other nonmetallic mineral increases in 
March, declined to a low of 70 in August, descending order were: Barite, 14.3%; gyp- 

| and then increased for the remainder of sum, 13.4%; marketable potash, 9.1%; 
1977, closing at 104.3 in December. The fluorspar, 5.4%; talc and pyrophyllite, 4%; 
stone and earth mineral index was 121.6 in and sulfur, 1.7%. Asbestos, phosphate rock, 

January, vacillated during most of 1977, and salt declined 7.4%, 5.6%, and 1.5%, 
: climbing to a high of 128.1 in October, and respectively. 

: finished at 126.5 points in December. Stocks and Government Stockpiles.— — 
The net supply for selected nonfuel mine- Yearend stocks of crude nonfuel minerals at 

rals was almost equally divided between primary producers as illustrated by Bureau 
increases and decreases in 1977. This pat- of Mines indexes (1967=100) showed a mix- 
tern held true for the ferrous metals. Iron ed pattern in 1977 compared with 1976. The 
ore showed the largest decline in the fer- overall index declined 0.7%, the crude me- 
rous category, falling 24.6%. Pig iron tals index increased 2.9%, and the crude 
decreased 6.1%, but steel rose 2%. Other nonmetals index decreased 3.1%. Within 
declines were: Cobalt, 20.5%; manganese the metals sector, the iron ore index rose | 

ore, 13.7%; and nickel, 9.4%. Ferrous metal 0.9%, the other ferrous index declined 3.3%, 

increases in descending order were tung- and the nonferrous index rose 36.6%. Stocks 
sten at 23.8%, chromite at 16.6%, and at mineral manufacturer, consumer, and 
molybdenum at 11.1%. The pattern was dealer locations at yearend as illustrated by 
similarly mixed for the nonferrous metals. Bureau indexes declined for all but one 
Gold showed the largest decline of any category in 1977. The overall index for ~ 
mineral, resulting in a negative net supply, manufacturers’ stocks declined 3.1%, the 
which means that stocks (in this case Gov- metals index decreased 3%, and the nonme- 

ernment stocks) were drawn down. Cad- tals index dropped 8.3%. Within the metals 
mium decreased 17.5%, followed by zinc at sector, the iron index decreased 19.8%, the 

8.4%, and mercury at 7.2%. Copper, tita- largest decline of any processed mineral 
nium concentrate and slag, and platinum-_ stock, the other ferrous index dropped
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12.6%, the base nonferrous index rose uranium and thorium ores and _ concen- 
10.5%, and the other nonferrous index re- trates, the share of exports to noncentrally 

mained unchanged. planned Europe continued to decrease, de- 
The seasonally adjusted book value of clining from 86% to 55% while that to 

product inventories rose for two of the three North America continued to rise, increasing 
| selected mineral processing industries dur- from 14% to 45%. The distribution of ex- 

ing 1977. Stone, clay, and glass products ports of lime, cement, and fabricated build- 
rose 6.6% to $4,469 million as of December ing materials except glass and clay began 
31, 1977. Total primary metals inventories shifting away from both North America, 

: increased slightly, 0.2% to $17,370 million. which declined from 61% to 50%, and 
Within this category, product inventories of noncentrally planned Europe, which declin- 
blast furnaces and steel mills declined 3.9% ed from 20% to 12%, to noncentrally plan- 
to $9,782 million and those of all other ned Asia, which increased from 11% to 
primary metals rose 6.1% to $7,588 million. 32%. The share of exports of iron and steel 
The total seasonally adjusted book value of ingots and other primary forms shifted 
inventories for selected nonfuel mineral away from both North America, which de- 

processing industries increased 1.5%. to clined from 56% to 37%, and noncentrally 
$21,839 million. | planned Europe, which declined from 15% 

: Strategic and critical minerals inthe U.S. to 5%, to both South America, which in- 
stockpile as of yearend 1977 that had high creased from 17% to 33%, and noncentrally _ 
market values included antimony, bauxite, planned Asia, which rose from 11% to 24%. 

| chromium, cobalt, industrial diamond, The change in the pattern of iron and steel 
fluorspar, lead, manganese, platinum-group hoop and strip exports was a shift away 
metals, silver, tin, titanium, tungsten, and from noncentrally planned Europe, which 
zinc. . decreased from 48% to 26%, and to both 

| Exports.—The total value of selected North America, which rose from 32% to 
minerals and mineral products, excluding 438%, and South America, which rose from 
fuels, exported declined 1.9% in 1977, com- 9% to 17%. The share of zinc and zinc alloy 
pared with the corresponding 1976. figure. exports to noncentrally planned Europe 
Largely responsible for the decrease were declined from 47% to 24% and those to 
declines in all but two of the iron and steel North America increased from 31% to 49%. 
export components, with scrap showing the The distribution of exports of uranium and 
greatest percentage decline at 35.0%. Crude thorium and their alloys shifted away from | 
and scrap nonferrous metal exports rose in North America, which decreased from 59% 

value for all categories, with thorium ores to 45%, to noncentrally planned Asia, 
and concentrates increasing the most at which rose from 4% to 27%. 
170%. Sulfur and unroasted iron pyrites Imports.—The total value of selected 
showed the largest percentage change, minerals and mineral products, excluding 
21.0%, and showed the only decline among fuels, imported in 1977 increased 11.5%. A 

the crude nonmetallic mineral exports. significant rise in value of nonfuel mineral 
Chemical export values were evenly divided imports was largely attributable to in- 
between advances and declines. Percentage creases in all iron and steel categories 
changes for the three manufactured nonme-_ except pig iron, shot, ferroalloys, and iron 
tallic minerals were small with twoshowing ore and concentrates. All crude nonmetallic 
higher export values. Exports of most man- mineral imports rose in value, with crude 
ufactured metals rose in value, with “oth- fertilizers showing the greatest percentage 
er” base metals increasing by $37.7 million gain at 76.4%, largely reflecting a relatively 
or about 24%. Copper was one of the two low base figure. Among the crude and scrap 
manufactured metal exports that fell in metals, thorium ores and concentrates 
value, declining $86.1 million or about 31%. showed the only gain — more than double 

The geographical distribution pattern, that of 1976, but remaining under $1 mil- 
based on value, for the majority of selected lion. Chemical imports were evenly divided 
mineral exports was similar in 1977 to that between advances and declines and imports 
in 1976. Some notable exceptions follow. of the three manufactured nonmetallic 
The distribution of U.S. exports of iron and minerals increased, with clay and refracto- 
steel scrap shifted away from noncentrally ry construction materials rising the most by 
planned Europe, which declined from 48% 55%. Import values for all but one manu- 
to 31%, to noncentrally planned Asia, factured metal rose in 1977. Lead and its 
which rose from 34% to 54%. In the case of alloys were 2 1/2 times as large while zinc
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and its alloys declined about 25%. Consumption.—In_ 1977, consumption of ! 

The general geographic distribution pat- major mineral products was about evenly 

tern for most nonfuel mineral imports, divided between those that increased and } 

| based on value, was similar in 1977 to that those :that decreased compared with 1976 

in 1976. nner were, however, Some notable consumption which increased for most pro- , 

exceptions. The distribution of U.S. imports ducts over the previous year. Ferrous me- | 

| of crude phosphate and apatite shifted away tals displayed a mixed pattern. Steel show- | 

: from North America, which declined from ed the largest increase at 11.4% and colum- : 

98% to 45%, to the African continent, bium the largest decrease at 20.4%. Vana- | 

- which rose from zero to 55%. The change in dium consumption dropped 18%; man- 

the pattern of imports of copper ores and ganese ore, 15.1%; iron ore, 8.1%; nickel, 

| concentrates was a shift away from North 4.9%; and chromite, 0.6%. Other ferrous 

| America, which declined from 68% to 48%, metal increases were: Molybdenum, 8.1%; 

to noncentrally planned Asia, which in- tungsten, 6.2%; and cobalt, 0.6%. About | 

creased from 21% to 43%. The distribution two-thirds of the selected nonferrous metals 

of imports of nickel waste and scrap shifted showed decreases in consumption. Silver for 

| away from North America, which declined coinage fell ‘sharply, declining 93.1%. Cad- 

from 71% to 52%, to Western Europe, mium consumption decreased 24.5% and | 

which rose from 25% to 46%. The share of | both silver for industry and arts and pri- : 

«imports of lead waste and scrap shifted mary antimony declined 9.9%. Other non- 

away from South America, which declined ferrous metal decreases were: Titanium, 

from 44% to zero, to both Western Europe, 8.6%; mercury, 5.6%; tin, 8.2976; gine, 1.9%; 

which increased from zero to 32%, and and platinum-group metals, 0.7%. Among 

| North America, which rose from 37% to nonferrous metals that rose, uranium (U30. 

68%. The distribution of imports of zinc for enrichment) showed the largest increase 

waste and scrap shifted away from North at 20.6%, followed by refined copper at 

America, which declined from 80% to 25%, 9.7%, aluminum at 7%, lead at 6.2%, and 

| to Western Europe, which increased from gold for industry and arts at 4.5%. Two- 

19% to 74%. The change in the pattern of thirds of the selected nonmetallic minerals. 

| columbium imports: was a shift away from showed increases in consumption in 1977. 

South America, which decreased from 39% Talc rose 23.6%, the largest nonmetallic 

to-17%, to several other areas, the largest increase, followed by barite which rose 

- inerease of which was for North America 14.5%. Phosphate rock, cement, and gyp- oe 

| which rose from 82% to 44%. The share of sum increased from 10.4% to 13.4%. Other 

imports of tin waste and scrap shifted away increases were: Potash, 8.4%; sulfur, 6.5%; 

from Western Europe, which declined from stone, 5.9%; clays, 2%; and sand and gravel, 

82% to 2%, primarily to both South Ameri- 1.5%. Among those nonmetallics that de- 

ca which rose from zero to 47%, and non-_ clined were mica at 17.4%, fluorspar at 

centrally planned Asia which rose from zero 8.7%, asbestos at 74%, lime and salt 

to 26%. | decreased 1.4% and 1.8%, respectively. 

EMPLOYMENT AND PRODUCTIVITY 

Employment.—Employment increased in minerals rose 0.4%, and hydraulic cement 

all selected mining and mineral manufac- rose 0.3%. 
turing industries except for metal mining, Hours and Earnings.—Average hourly 

primary nonferrous metals, and mining ma- earnings increased 7.4% to $6.94 for all 

chinery in 1977. All mining, including fuels mining, including fuels, in 1977. Hours 

employment rose. 3.9%, and within this worked for all mining increased 2.4% re- 

group nonmetallic mining, except fuels em- sulting in weekly earnings 10.0% higher 

ployment increased 1.7%, and metal mining than those in 1976. For metal mining, aver- 

| declined 3.2%. In the metal mining cate- age hourly earnings rose 8.3% to $7.82. 

gory, iron ores employment dropped 20.8% Weekly hours rose 1.7% in metal mining 

and copper ores decreased 3.0%. and weekly earnings increased 10.1%. 

All manufacturing employment increased Within the metal mining industry, hourly 

3.4% in 1977. Within manufacturing, blast earnings rose 6.5% for the iron ore indust- 

furnaces and steel mills employment rose ry, but weekly hours declined less than 1%. 

negligibly, primary nonferrous metals Copper ore average hourly earnings in- 

decreased 2.1%, chemical and fertilizer creased 6.8%, but because weekly hours
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: decreased 3.0%, weekly earnings rose only showing the largest increase in 1976. There 
3.6%. In the nonmetallic minerals, except was a 3.7% decline in the iron ores acces- 

fuels category, hourly earnings increased sion rate, and for metal mining as a whole 
8.0% and coupled with an increase in hours there was a 9.4% decline. The accession rate 
worked of about 1%, resulted in anincrease dropped 12.5% for blast furnaces and steel | 

in weekly earnings of 9.0%. i mills, 28.0% for primary nonferrous metals, 
For all manufacturing, the average hour- and 13.3% for hydraulic cement. 

| ly earnings increased 8.6% to $5.67, weekly All of the selected mineral industries 
hours rose 0.5%, and weekly earnings were showed either increases or no change in 
9.2% above those in 1976. Blast furnaces total separation rates and the manufac- 
and steel mills again showed the highest turing sector showed no change. The separ- 
hourly wages and shortest workweek of the ation rate rose 40.7% for iron ores, 22.2% 
manufacturing industries considered. Hour- for copper ores, and 24.1% for metal mining 
ly earnings in this industry increased 10.3% as a whole. Primary nonferrous metals, 

| to $8.59 and hours worked rose a slight blast furnaces and steel mills, and hydrau- 

0.5% resulting in an increase in weekly lic cement separation rates declined by 
| earnings of 10.8%. In the primary nonfer- 5.6%, 3.2%, and 3.7%, respectively. | 

rous metals industry, hourly earnings in- The layoff rate rose for all but one of the 
| creased 11.7%, weekly hours declined 0.5%, selected mineral industries in 1977. Iron 

and resultant weekly earnings rose 11.1%. ores showed the largest layoff increase, 
Hydraulic cement showed an increase in rising 110%; copper ores rose 27.2%; and 
hourly earnings of 8.8%, a rise in weekly metal mining as a whole climbed 50%. In 
hours of 1.2%, and an increase in weekly -the manufacturing sector, the layoff rate | 

| earnings of 10.1%. for primary nonferrous metals showed no 
Wages and Salaries.—Total wages and change, for blast furnaces and steel mills it 

salaries grew to $983.6 billion in 1977, an declined 11.1%, and for hydraulic cement it 
increase of 10.5% which was almost the fell 17.6%. 
same as the previous year’s increase. In the Productivity.—Indexes of labor pro- 

_ mining sector the increase was 15% to $14 ductivity for copper and iron all declined in 
_ billion, and in the manufacturing sector 1977. Indexes for copper ore output per 

total wages rose 12% to $266.3 billion. employee decreased 7.2%; per production 
| Average earnings per full-time employee in worker, 4.5%; and per production worker- 

all industries for 1977 increased 6.6% to hour, 4.9%. For recoverable copper metal, 
$12,372. Average earnings per employee for the corresponding indexes declined 4.5%, 
both mining and manufacturing rose slight- 5.5%, and 1.8%, respectively. Indexes of 
ly over 8% to $17,352 and $13,892, re- iron ore output per employee decreased 
spectively. 11.8%; per production worker, 5.7%; and 

Labor Turnover Rates.—The accession per production worker-hour, 5.0%. For us- 
rate (hires and rehires) for all manufac- able iron ore mined, the output per employ- 
turing rose 2.6% in 1977. Of the selected ee fell 13.1%, output per production worker 
mineral industries, copper ores experienced declined 6.4%, and output per production 
the largest decline at 41.2% in 1977, after worker-hour declined 6.5%. 

PRICES AND COSTS 

Index of Average Unit Mine Value.— largest increase of any category. Within the 
The index of average unit mine value nonmetals category, the construction index 
(1967=100) is designed to reflect the unit rose 7.3%, the chemical index declined 

values of mine production. All but two of 5.38%, and the other nonmetals index rose 
the component indexes showed increases in 4.9%. 
1977. The overall average unit mine value Index of Implicit Unit Value.—The index 
index increased slightly over 5%, with the of implicit unit value (1967=100) is design- 
metals index rising 7.2% and the nonmetals__ ed to reflect the unit values of the minerals 
index increasing 4.2%. The ferrous metals included in the index of the physical volume 
index and the other nonferrous metals in- of mineral production. The implicit unit 
dex each rose 10.5%. The index for all value index in 1977 yields results similar to 
nonferrous metals increased 2.9%, the base those of the average unit mine value index 
nonferrous metals index declined 1.5%, and which is to be expected since both show 
the monetary metals index rose 13%, the changes in the relative prices of commodi-
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ties. The overall average of the implicit unit ing 11.2% to 218 index points. The fuel 

value index for nonfuel minerals rose about component continued to show the largest 

A% to 202.6 index points. The metals index increase, rising 13.5% to 302 index points. 

increased less than 5% and the nonmetals The other components showed the following 

index rose about 4%. Within the metals increases in descending order, electrical 

| group, the ferrous metals index increased energy, 12% to 233 index points; labor, 

9.4% and the nonferrous metals index rose 11.2% to 218 points; and supplies, 7.4% to 

3.8%. The base nonferrous metals index 202 points. Supplies was the only compo- 

declined less than 1%, the monetary metals nent increasing less than the overall index. 7 

index rose 11.3%, and the other nonferrous Costs.—Iron ore and copper indexes of 

metals index rose 14.9%, the largest in- relative costs and productivity (1967=100) 

crease of any index. Within the nonmetals increased in 1977, with one exception. All 

category, the construction index rose 7.2%, three iron ore indexes showed increases: 

the chemical index declined 4.0%, and the The index of labor costs per unit of output 

other nonmetals index rose 4.8%. rose 13.4%, the index of value of product 

| Prices.—In 1977 wholesale price indexes per production-worker-period increased 1%, 

for selected metals and minerals showed a_ and the index of labor costs per dollar of 

similar pattern to that in 1976 with most product rose 4.5%. For copper, the index of | 

indexes increasing. The index for all com- labor costs per unit of output rose 8.4%, the 

modities rose 6.0% to 194.2 index points and index of value of product per production- 

the index for all commodities other than worker-period declined 4.9%, and the index 

farm and food increased 7% to 195.1 points. of labor costs per dollar of product increased 

The metals and metal products index rose 12.3%. 
6.6% to 209 index points. Within this cate- Price indexes for mining construction and 

gory, those indexes showing large changes materials handling machinery and equip- 

(10% or more) were: Lead, pig, common, up ment (1967=100) showed increases in 1977 | 

33.5%; aluminum, primary, buyers, up similar to those in 1976. The index for 

16.4%; and iron and steel scrap, down mixers, pavers, spreaders, etc. rose about | 

10.8%. The nonmetallic mineral products 9%; the indexes for mining machinery and 

index increased 7.5% to 200.4 index points. equipment, and tractors other than farm ~ 

Within this category, those indexes showing each rose 8%; and the indexes for con- — 

large changes were: Gypsum products, up struction machinery and equipment, and 

18.8%; insulation materials, up 10.8%; and scrapers and graders each increased about 

phosphate rock, down 12%. 7%. The index for power cranes, excavators, : 

Principal Metal Mining Expenses.-The and equipment showed the smallest in- 

index of principal metal mining expenses crease at 6%. | 

(1967 = 100) was up sharply in 1977, increas- . 
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Figure 4.—Index of labor cost per dollar of product.
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| | INCOME AND INVESTMENT 

National Income Generated.—National New Plant and Equipment.—Expendi- 
| income originating in all industries increas- tures for new plant and equipment rose for 

ed 11.5% to $1,555 billion in 1977. Income the mining (including fuels) industry and 
originating in the mining sector rose 14.4% for all but one of the selected mineral 
to $23.2 billion. Income in nonmetallic manufacturing industries in 1977. Expendi- 
minerals, except fuels, remained at $2.3 tures by firms in the mining industry in- 
billion; and that in metal mining rose 8.8% creased 12.5% to $4.5 billion; those by all 

to $2.1 billion. Income originating in the manufacturing firms rose 14.6% to $60.16 
manufacturing sector increased 12.7% to billion. Petroleum industry expenditures 

| $408.9 billion. jumped 19.4% to $13.87 billion. Expendi- 
Profits and Dividends.—The annual av- tures by the stone, clay, and glass products 

erage profit rate on shareholders’ equity for industry rose 15.7% to $1.99 billion; those 

all manufacturing industries rose a negli- by the primary nonferrous industry increas- 
gible amount to 14.2% in 1977. All but one ed 3.7% to $2.24 billion; those by the chemi- 
of the selected mineral manufacturing in- cals and allied products industry rose 2.2% 
dustries showed declining profit rates. The to $6.83 billion; and those by the primary 
primary metals profit rate decreased by 3.6 iron and steel industry declined 9.7% to 
percentage points to 4.9%, a significant $3.44 billion. 
decline. Largely contributing to this decline Plant and equipment expenditures of 

: was the sharp drop in the iron and steel foreign affiliates of U.S. companies declined 
profit rate which decreased by 5.5 percent- 11.8% for mining and smelting, and increas- | 

| age points to 3.5%. Nonferrous metals, on ed 9.5% for manufacturing in 1977. Canada 
the other hand, decreased a negligible accounted for nearly half the total mining 
amount to a rate of 7.2%. The profit rate for and smelting expenditures of $808 million, . 

stone, clay, and glass products increased by despite Canada’s 20% decline. Most of the 
1.5 percentage points to 13.4% and that for remaining mining and smelting expendi- 
chemicals and allied products fell a negli- tures were in the all other areas category 
gible amount to 15.1%. which increased 50%, while those in Latin 

Total dividends for all manufacturing America declined 61.5%. Manufacturing in- 
increased 17.1% to $26,650 million. While vestments totaled $12,561 million in 1977. 

total dividends rose for all selected mineral . Investments in Europe rose 6.7% and conti- 
manufacturing industries, the metals show- nued to account for more than half of the 
ed only small gains. Total dividends for total. Manufacturing investments in Cana- 
primary metals increased 3.4% to $1,226 da increased 21.4% and those in the all 

million, with iron and steel increasing 3.8% other areas category rose 16.8%. 
to $802 million, and nonferrous metals ris- Issues of Mining Securities.—Gross pro- 

| ing 2.2% to $423 million. Stone, clay, and ceeds from all corporate primary security 
_ glass products dividends rose 17.5% to $517 offerings in 1977 were $52.1 billion in 1977, 

million and dividends for chemicals and_ a negligible decline from those of 1976. The 
allied products increased 16.2% to $3,643 share of these proceeds from each type of 
million. security offering changed little from 1976, 

The total number of industrial and com- with bonds at 77%, common stock at 16%, 
mercial failures in 1977 was significantly and preferred stock at 7%. Proceeds from 
less than in 1976 which, in turn, was signifi- offerings in the extractive industries conti- 

cantly less than in 1975. Current liabilities _nued to increase sharply in 1977, rising 51% 
associated with these failures rose slightly to $2.7 billion. Fifty percent were from - 
in 1977 over those in 1976. The number of bonds, 49% from common stock, and 1% | 

failures declined 17.8% to 7,919 and their from preferred stock. In manufacturing, 
liabilities rose 3.3% to $3.1 billion. Failures proceeds from offerings decreased 11% to 
in the mining sector declined from 37 in $13.8 billion. These were distributed as 
1976 to 30 in 1977 and corresponding cur- follows: Bonds, 91%; common stock, 5%; 
rent liabilities dropped from $106 million in and preferred stock, 4%. 
1976 to $42 million in 1977, a 60% decline. Foreign Investment.—Direct private in- 
In the manufacturing sector, the number of vestment by U.S. companies in foreign min- 
failures declined for the second year in a_ ing was $7.1 billion in 1977, the same as in 
row, falling 15.4%, but their current liabili- 1976. Two-thirds of these investments conti- 
ties rose 20%. nued to be made in the developed countries
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which in 1977 amounted to $4.8 billion; two- vested in Australia. Seventy percent of the | 

thirds of the developed countries’ share, or $2.3 billion investment in developing coun- 

$3.2 billion, was invested in Canada; slight- tries, or $1.6 billion, was invested in Latin 

7 ly over one-fourth, or $1.3 billion, was in- America. _ | | | | 

TRANSPORTATION - 

The total quantity of major nonfuel mine- rock, steel works and rolling mill products, 
rals and mineral products transported by sand and gravel, and crushed stone. These : 

rail and domestic waterways (excludes im- five largest commodities and the majority of : 

' ports and exports) in 1976 (latest data avail- other nonfuel minerals declined; all but one 

able) was 682 million short tons. Minerals of the commodities that gained in 1976 

and mineral products excluding fuels showed relatively low tonnage. | 

accounted for almost one-third of all com- The nonfuel minerals tonnage carried by 
modities transported by rail and one-fourth water was 246.5 million short tons. Three — 

of those transported by water. Sixty-four commodities—iron ores and concentrates, | 

percent of minerals excluding fuels were sand and gravel, and limestone flux— 

transported by rail. accounted for two-thirds of this tonnage. 

The quantity of nonfuel minerals trans- Despite the slight decline in the overall 

ported by rail was 435.6 million short tons. tonnage, those commodities that increased 

Of this total, 51% consisted of five commodi- in volume out numbered those that declined 

ties: Iron ores and concentrates, phosphate by almost two to one. | | 

: RESEARCH ACTIVITIES — | 

Bureau of Mines.—The Bureau of Mines funds were estimated to increase 0.2% to 

research program emphasizes efficient use $48.4 million for applied research, to rise 

of our mineral resources to insure adequate 115% to $8.6 million for basic research, and — 

mineral supplies without objectionable en- to increase 14.9% to $57.0 million for devel- 
vironmental, social, and economic effects. opment. | | 
The Bureau conducts scientific and engi- Bureau of Mines funding obligations for 

neering investigations to improve the recov- total research decreased 29% to $52.3 mil- 
ery of minerals from domestic deposits, to lion during fiscal year 1977. Funds for 

_ improve the economics of recycling scrap engineering sciences declined 35% to $44 | 

mineral materials, to achieve more efficient million, those for physical sciences rose 
utilization of mineral products by extending 106% to $3.7 million, those for mathemati- 
their lifespan, and to find industrial uses for cal sciences increased 3% to $1.65 million, 

mineral wastes and thus improve the envi- and those for environmental sciences in- . 
ronment. Bureau research concentrated on creased 21% to $2.9 million. Obligations for 
the following areas: Mining (including total research during fiscal year 1978 were 
health and safety and explosives), metallur- estimated to rise 9.0% to $57.0 million. | 

gy, secondary resource recovery and pollu- Funds for engineering sciences were esti- 
tion abatement, economics, and helium. In mated to decline 3.9% to $42.3 million, 
August 1977, the Bureau functions of coal those for physical sciences were estimated 

production technology, fuel data collection to drop 5.4% to $3.5 million, those for 
and analysis, and coal preparation research mathematical sciences were estimated to 

_ were transferred to the newly created De- increase 75.8% to $2.9 million, and those for 
partment of Energy. environmental sciences were estimated to 

Bureau of Mines funding obligations for increase 141.4% to $7.0 million. 

mining and mineral research and develop- Economic Analysis.—In 1977 the Bureau 
ment were $101.9 million during fiscal year of Mines economic research program conti- 

. 1977, a 22.4% decline from 1976. Funds for nued the study of economic conditions af- 
applied research fell by one-third to $48.3 fecting the mineral industries and, in turn, 
million. Basic research funds were five the effect of the mineral sector on the 
times as large in 1977 as in 1976, reaching national and international economies. The 

$4 million. Funds for development declined purpose of the research was to provide | 
14.5% to $49.6 million. For fiscal year 1978, decisionmakers with information and up-to- 
obligations were estimated at $114.0 mil- date analyses of the economic situation, 

lion, an increase of 11.9%. Fiscal year 1978 alternative courses of action, and the im-
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| pact of choosing any of the alternatives. The ral fuels; participated in a Conference on economic analysis program attempted to Commodity Supply Policies sponsored by create general methodology necessary for the Experimental Technology Incentive . such analysis as well as information rele- Program (ETIP), Department of Commerce vant to problem solving in the field of and then summarized and forwarded the mineral economics. Major long-term re- Bureau’s comments to ETIP; estimated a search projects included the study and fore- statistical linear function relating world casting of demand, supply, and productivity; Phosphate rock production to world popul- . international trade; mineral _taxation; fi- ation; and evaluated contract proposals re- | nancial analysis; a weekly price report on lated to the development of an operational major minerals; input-output analysis; summary index for measuring both the mineral transportation; mining and land critical nature of minerals to the United uses Waste recycling; and measures of the States and the US vulnerability to re- role of minerals in the US. economy. Some ductions in minerals availability. 
of the short-term Projects undertaken in Helium.—The Bureau of Mines conducts a 1977 were the onowing: Review of a a helium program under the Helium Act of - | 

| tren ne nile tu dy: review of a Mas. 1960 to stimulate individual enterprise in 
sachusetts Institute of Technology report on ? roduction and as tribution; esearchen ll ocean mining; analysis comparing revenues shaw ar an od ion "tra, sportati on qd accruing to the Federal Government under P co o* Production, transportation, an & proposed coal lease with those that would . . . accrue under provisions of the Coal Leasing The atmosp here contains an unlimited Act Amendments; economic analysis of supply of helium, but recovery is currently tungsten in response to a request from the feasible economically only from natural gas, 
Department of State; estimate of linear and primarily fuel gas. The Bureau extracted | quadratic functional relationship of steel 444 million cubic feet of helium from natu- shipments to population; analysis of do- ‘Tal gas at its Keyes, Okla. plant in 1977. 
mestic coal transport costs; reports of cold Unsold helium is transported by pipeline to weather impacts on domestic minerals Underground storage at the Bureau’s Cliff- transport; completion of a final report on Side field near Amarillo, Tex. At yearend | the Bureau of Mines information system 1977, storage of helium plus helium contain- using Copper as a prototype commodity; in ed in natural gas amounted to 43.5 billion conjunction with the Law of the SeaConfer- cubic feet. Mixtures of stored helium and — ence in New York, supplied background native gas produced from Cliffside are . data on forecasting and provided additional transported by Pipeline to the Bureau’s analysis on future nickel demand; prepared Exell, Tex. plant for processing. The Bureau data and background information for the has contracts with several firms for which it Federal Energy Administration on the sta- stores and redelivers privately produced tus of price controls on minerals and mine- helium. | 

LEGISLATION AND GOVERNMENT PROGRAMS 

In December 1977, as a result of previous the 95th Congress covered areas such as communication with Members of Congress, taxes, energy, the environment, water, pub- President Carter directed that an inter- lic lands, health and safety, surface mining, agency nonfuel mineral policy review be and import duties. Some of the more impor- undertaken. The President appointed Secre- tant laws passed are described below. tary of the Interior Cecil Andrus as Chair- The Tax Reduction and Simplification man of the Cabinet-level committee created Act (Public Law 95-30) has several provi- to conduct this review. The study was di- sions affecting the minerals sector as well rected to address problems of domestic and as business in general, such as extending international supply and demand among through yearend 1978 the reduction in the mearuel ithe hens Federal actions forporate tax rate on ae fr hens of ecting the of the US. mining e income, providing for y com- industry, and submit policy options and plex new jobs credit in 1977-78, and reduc- recommendations to the President. ing exclusion of income for individuals Legislation affecting the mineral sector working abroad to $15,000. Public Law 95-2 and approved during the First Session of authorized the President to allocate gas
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supplies to any interstate pipeline where if so, EPA must promulgate standards. : 

needed to serve residential consumers, Public Law 95-164 transferred the Mining 

small commercial consumers, or end-users Enforcement and Safety Administration | 

| that are vital to health, safety, or the from the Department of the Interior to the . 

protection of property. Among Public Law Department of Labor, renaming it the Mine 

95-217’s amendments to the Federal Water Safety and Health Administration; made an 

Pollution Control Act were the following: amended version of the Coal Health and | 

Specified best management practices for Safety Act applicable to all mining. Public 

discharge of dredged or fill material into Law 95-91 established the Department of 

_ navigable waters; set July 1, 1984 as time Energy. Among the functions transferred to Se 

limit for industrial point sources to install DOE were some of the Secretary of the , : 

best available control technology for certain Interior dealing with Federal land leases, 

| pollutants, and as late as July 1, 1987 for including establishment of production rates 

other pollutants. Amendments to the Clean for those leases, and the Bureau of Mines 

Air Act (Public Law 95-95) affecting the functions of coal production technology, fuel 

mineral industry included the following: data collection and analysis, and coal pre- 

Authorized issuance to primary nonferrous paration research. The Surface Mining Con- 

smelters requiring the use of continuous. trol and Reclamation Act of 1977 (Public 

and supplemental controls for sulfur diox- Law 95-87) was primarily concerned with 

ide emissions unless such controls would be surface coal mines, but could be applied to | 

so costly as to necessitate permanent or the reclamation of abandoned metal and 

prolonged shutdown of operations; estab- nonmetal mines and also provided for the 

lished penalties from noncomplying station- study of the regulation of metal and nonme- 

ary sources of pollution equal to economic tal surface mines. Public Law 95-12 amend- . 

benefit of noncompliance; required the En- ed the United Nations Participation Act of 

. vironmental Protection Agency (EPA) to 1945 to halt the importation of Rhodesian 

review available information on radioactive chromium. Public Law 95-37 extended for 2 

pollutants, cadmium, arsenic, and poly- years, until September 30, 197 9, the Defense 

cyclic organic matter and determine Production Act. A listing of mineral-related 

whether emissions will cause or contribute Federal legislation signed into law during 

to air pollution which may reasonably be 1977 follows: 

anticipated to endanger public health, and | 

Public Mineral-related Federal legislation in 1977 see 

ENERGY . 

95-2 To authorize the President to declare a temporary gas emergency, and to make allocations Feb. 2 

toward meeting requirements for high-priority uses. 

95-91 To establish a Department of Energy in the Federal Government to direct a coordinated Aug. 4 

national energy policy. 

ENVIRONMENTAL QUALITY 

95-95 The Clean Air Act Amendments of 1977. 
Aug. 7 

95-217 The Clean Water Act of 1977. 
= Dec. 27 

WATER RESOURCES 

95-41 To amend the Water Resources Planning Act of 1965. 
June 6 

95-84 To fund the Saline Water Conservation Program and other water research programs for Aug. 2 

fiscal years 1978-79. 

95-96 To appropriate for public works for water and power development and energy research for Aug. 7 

fiscal year 1978. 

PUBLIC LANDS AND LAND USE 

95-42 To amend the Land and Water Conservation Fund Act of 1965. June 10 

95-87 To establish an Office of Strip Mining Reclamation and Enforcement in the Department of Aug. 3 

the Interior for administering rograms related thereto. 

95-150 To provide for a study of certain fan (in Montana) to determine their suitability for Nov. 1 

designation as wilderness areas. 

95-178 To amend the Alaska Native Claims Settlement Act with regard to selections in the Nov. 15 

withdrawal for certain lands. 

95-192 To further the conservation, protection, and enhancement of the Nation’s land, water, and Nov. 18 

related resources.
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Fublic Mineral-related Federal legislation in 1977 | pate, | 

| , OTHER — | 

95-12 —«- To halt the importation of Rhodesian chromium through amendment of the United Nations Mar. 18 
| Participation Act of 1945. } : | 

95-30 The Tax Reduction and Simplification Act. . May 23 
95-37 To extend the Defense Production Act 2 years to September 30, 1979. _Junel 
95-161 To suspend the import duty on synthetic tantalum-columbium concentrate until June 30, Nov. 8 

95-164 To promote health and safety in the mining industry. | Nov. 9 
95-212 To fund State cooperative programs under the Endangered Species Act through fiscal years Dec. 19 . 

The acquisition cost of strategic and criti- (October 1976-September 1977), disposals 
cal materials in the national stockpile as of from the national and supplemental stock- 
December 31, 1977, was $2.5 billion with a__ piles totaled $66.6 million. Disposals from _ 
market value of $7.1 billion. The acquisition the DPA inventory and other inventories 

_ cost of materials in the supplemental stock- were $7.1 million and $2.7 million, re- , 
pile was $1.1 billion with a market value of spectively, bringing grand total disposals to 
$1.9 billion. Corresponding Defense Pro- $76.4 million. Commodities with the great- 
duction Act (DPA) stockpile figures were est sales value included tin at $26 million, 
$0.2 billion and $0.1 billion, respectively. tungsten ores and concentrates at $32.7 
The total acquisition cost of these materials million (including both the national and 
was $3.7 billion with a current market supplemental stockpiles and DPA invento- 
value of $9.2 billion. During fiscal year 1977 ry), and industrial diamonds at $6.0 million. 

| WORLD REVIEW | | 

World Economy.—The economies of the Consumer prices rose at a slower rate in 
major industrial countries—Canada 1977 than in 1976 for all of the countries 
France, the Federal Republic of Germany, except Canada. In Italy and Japan the 
Italy, Japan, and the United Kingdom— inflation rate dropped 6 or more percentage 
virtually stagnated after the first quarter of points, while in France, the Federal Repub- 
1977. Growth in real GNP for these coun- lic of Germany, and the United Kingdom, 
tries averaged an estimated 3% in 1977, and __ the decline in inflation was less, but never- 

for most other countries in the Organization _ theless significant. Canada, which had low 
for Economic Cooperation and Development inflation in 1976 relative to other major 
(OECD), growth rates were even lower. countries, experienced an inflation rate of 
Progress was made in controlling inflation almost 10% in 1977. 
in five of the six major foreign industrial World Production.—The United Nations 
countries, although rates remained high by (UN) indexes of world mineral industry 
historical standards. Unemployment rates production (1970=100) for the extractive 
in many countries were higher than they industries increased 4 index points to 124 in 
had been at the trough of the 1974-75 1977. The metal mining index remained 
recession. The volume of trade worldwide unchanged at 106 index points. Indexes for 
was estimated to have increased only 4% in the mineral processing industries showed 
1977. _ increases of 2 points to 123 for base metals 

Real GNP in 1977 increased 5.1% for and 7 points to 142 for nonmetallic mineral 
Japan, 2.7% for Canada, and 2.4% for the products. Overall industrial production as 
Federal Republic of Germany. Real gross measured by the UN index increased 7 
domestic product rose 3% in France, 1.7% points to 142 in 1977. 
in Italy, and 0.1% in the United Kingdom. World Trade.—The value of world export 
Contributing to the small increase in de- trade in all commodities increased 13.4% to 
mand was slow growth in business fixed $988.8 billion in 1976 (latest data available). 
investment, with the possible exception of The value of mineral commodities entering 
Canada. The low growth in real economic world trade rose 13.5% to $287.8 billion. 
activity was due in part to restrictive po- Internationally traded metals increased 
licies that were adopted by a number of 4.6% in value to $81.9 billion; iron and steel 
countries as a means of lowering inflation. showed the only decrease of any mineral
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category, declining 2.4% to $44.7 billion; © index points to 214, fuels by 58 points to 674, , . 

nonferrous metals rose 18.8% to $21.5 bil- and all crude minerals by 44 index points to | 

lion; and all ores, concentrates, and scrap 554. Total minerals export prices rose 4.3% 4 

increased 9.7% to $15.8 billion. Crude in developed areas and 9.2% in developing _ 

nonmetal exports rose 1.6% in value to $6.3 areas. Nonferrous base metal prices increas- 
billion. The value of mineral fuels entering ed 6.6% in developed areas and 5.8% in 

world trade increased 18% to $199.6 billion. - developing areas. | | | 

| World Prices.—Mineral commodity ex- . | | 

port price indexes (1970 = 100) were higher 1Fconomist, Division of Economic Analysis. ; 

in 1977 for all sectors. Metal ores rose by 5 : 

. Table 1.—Value of U.S. production, exports, and imports of unprocessed nonfuel mineral 
raw materials, by major mineral group o 

, | (Million dollars) | 

Mineral group 1971 1972 1973 1974 — 1975 1976 ) “197 7 

| VALUE OF PRODUCTION oe : | , 

All minerals, except fuels ________-~~ 9461 10,124 11,775 14,140 14,761 16,702 17,5N | 
Metals ______________--_-- 3,403 3,642 4,362 5,501 5,191 6,086 5,81 
Nonmetals ________---_----- 6,058 6,482 7,413 8,639. 9,570 710,616 ~ 11,701 4 

| VALUE OF PRODUCTION, IN CONSTANT 1967 DOLLARS! : 
errr SS

 
‘ 

All minerals, except fuels _ ____-~~--- 8,388 8,623 9289 9,051 "8,007 18,574 8,643 | 
Metals ________---_-------- 2,742 2,861 3,070 2,956 2,640. 2,912 2,652 , 
Nonmetals _________-----_--- 5,646 5,762 6,219 6,095 5,367 °5,662 5,991 

mn : VALUE OF EXPORTS | 
. ~. - . 

All minerals, except fuels ____-__---~ 418 399 533 876 1,117 1,022 1,126 | 
Metals ________________-_- 192 247 253 343 372 - 380 464 
Nonmetals ____________--__- 226 152 280  —«45338 745 642 662 

| VALUE OF IMPORTS | 
ee en ti 

SS 
. 

All minerals, except fuels __..__._-__ _ 1,620 1,634 1849 2916 2,883 2,844  -2,966 
Metals ~_-_________-_------ 1,047 - 988 1,081 1,758 1,618 ~ 767 1,518 a 
Nonmetals ________--------- 5738 646 768 1,158 1215 1.23 1,453 : 

LR 

"Revised. : | 
1Current values are deflated by indexes of implicit unit value (1967 =100) shown in a later table. 

Note: Detailed commodity data are shown in later tables of this chapter and in the Statistical Summary chapter. 

Table 2.—Indexes of the physical volume of nonfuel mineral production 

(1967 = 100) 7 | 
aN 

Mineral group 1971 1972 1973 1974 1975 1976 1977” 

_ All minerals, except fuels __—______- 110.4 115.9 124.3 121.2 107.2 115.0 115.8 

Allmetals __.__________------ 122.3 127.5 136.8 130.4 117.5 129.8 118-0 
Ferrous metals____________--___ 96.9 98.4 116.0 108.3 26.2 99.8 78.8 
Nonferrous metals _~__________-- 143.0 151.1 153.6 148.4 134: 154.0 149.8 . 

Base ____________________- 151.0 162.8 166.5 159.3 142.7 158.0 148.5 
Monetary _________-_____--- 110.6 102.7 94.5 86.9 86.2 85.1 92.5 
Other ___-________________- 115.5 112.6 114.8 122.8 119.2 175.2 195.8 

All nonmetals ___________--_--- 105.2 111.0 119.0 117.2 102.8 108.6 114.9 
- Construction ___________--_--- 106.2 111.7 120.8 115.2 99: 105.0 111.4 

Chemical ________________-_- 101.9 108.7 112.2 121.3 2.2 117.3 123.4 
Other _____________________ 105.4 112.2 122.7 128.6 too 123.4 127.1 

_—_—_—_——$_—$ 
. 2 

PPreliminary.
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Table 3.—Industrial production indexes of the Federal Reserve Board, 
| for selected sectors 

| | (1967 = 100) 

Selected sectors 1972 1973 1974 1975 1976 1977 

‘Totalindex —~___._~_~_-------+-~-~+-~-~--+-+=+ 119.7 129.8 129.3 117.8 129.8 187.1 

Durable manufacturing _______._-+-----~+- 113.7 127.1 125.7 109.3 140.9 129.5 

oe Mining, including fuels ____________-~---~- 113.1 114.7 115.3 112.8 114.2 117.8 | 

Anthracite _______________-__-__------ 55.3 54.9 50.9 50.1 51.9 50.8 
Bituminous coal ~_._.__~-_---~--~-~~--~-- 108.1 106.8 108.7 116.0 119.9 120.8 

Oil and gas extraction __________-----~---~- 113.6 113.7 114.4 1183 112.0 118.0 
‘Crudeoil __________---------------- 107.3 104.4 99,7 ™94.9 92.2 92.4 

, Natural gas___________-------------- 7125.3 125.9 ¥120.7 T111.0 109.5 110.4 

Oil and gas drilling ______._____-~-~----~- 129.6 146.5 189.3 222.8 230.1 279.3 

Metal mining ____________--------~---- T118.8 T130.2 7125.6 115.8 122.8 105.4 

. Iron ore _____~___-~------~-+-+---~----- 95.1 112.6 110.4 105.4 105.4 74.3 

Nonferrous ores ______.______----~-~------ 139.9 146.0 - 189.2 125.1 138.3 133.3 

_ Copper ore _________-_--_~~----~---~- 171.0 179.8 167.0 147.0 167.2 158.1 

Lead, zinc ores _~~_~______-_~-~~--~-~---~- 117.3 113.9 120.2 111.0 108.5 103.3 

_ Stone and earth minerals _____._.___-------- "1182 (7119.2 = "121.5 107.0 118.3 124.9 
Clay, glass, stone products _________-----_- 120.8 133.5 133.1 117.9 187.1 124.9 
Cement ___-~______~~-~_~-~~-~-~-+-~-~-+-+-~-~ 117.9 125.9 115.6 98.3 103.0 112.1 
Structural clay products _____._._-~-~-+~-~- 108.4 120.7 115.7 99.5 111.6 114.4 

| ‘Inorganic chemicals, nec __._.._.__---~---- 107.8 110.8 112.6 1129 1236 ” 126.5 
. Fertilizer materials _____.___._..—_---—-+-+~-- 118.3 121.9 129.9 125.3 133.3 142.6 

ERDA! nuclear materials ___.__.__-~-~---= 97.3 © 107.5 104.0 135.4 160.1 153.8 

_ Primary metals ________..__------------ 112.1 7126.7 7123.1 96.4 108.9 110.2 . 
Basic steel and mill products _______-~~---- 107.0 122.9 121.6 96.8 105.6 102.1 

 Pigiron___-$____~__-----~---~------- 101.8 115.6 109.5 91.5 98.5 92.7 

Raw steel __ ~. _-_. _/ __ __ + - 105.5 120.6 119.9 94.7 104.4 103.7 

Coke and products ___________-_------~- 93.5 996 95.3 88.7 90.1 83.0 

Equipment steel _.___________------- 99.4 110.8 113.5 99.8 111.8 113.2 

Construction steel _____.____----_-~--~- ~ $5.7 - 101.1 104.6 717.8 71.5 ' 68.3 
a Iron and steel foundries _._.- ~~~ ~------ 107.1 120.1 T113.0 91.9 102.5 108.0 

Nonferrous metals and products ______-__-_- 121.1 184.5 129.0 97.5 115.9 122.4 
Primary nonferrous metals _ _____._~~~--~- 129.2 136.3 136.9 111.8 123.0 124.3 

Copper __~-_.~_-__-~-_-~--~~~~------- 160.7 160.5 139.3 123.0 138.1 127.7 

-Aluminum __ ~~ ~_~_~-~-~~-~-~--+-+-~- 125.8. 138.6 150.1 118.8 129.7 138.3 — 

Secondary nonferrous metals _____ ~~ ---~ 128.2 142.3 139.4 115.3 142.5 . 148.5 

Nonferrous products _________-~-~-~—--~- 126.3 142.8 131.0 94.4 123.2 130.1 

Copper mill products _.__...-_--~----- 122.6 133.0 113.7 82.4 112.3) 111.1 

. Aluminum mill products __~______---+--~-- 143.7 168.9 164.3 113.5 145.5 158.2 

Nonferrous foundries _—~———-~--~~~--~--~- 100.9 110.8 | 96.7 717.3 99.5 106.2 

Building and mining equipment _____—~__~--~- 121.0 136.5 159.7 168.3 177.7 202.5 

1Energy Research and Development Administration. 

. Source: Board of Governors of the Federal Reserve System, Industrial Production, 1976 Revision; Statistical Release, 

Dec. 14, 1977 and Oct. 17, 1978.
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| Table 4.—Industrial production indexes of the Federal Reserve Board, 
for mining industries 

(1967 = 100, seasonally adjusted) 

_—__ SSS Eee | 

including Metal ©» Tron Nonferrous Copperas Stone | 
fuels mining ore ores ores ores minerals . ES minerals 

19767 ~-_ 114.2 122.8 105.4 1388 167.2 108.5 118.3 

January ________ 113.2 116.8 113.2 126.6 149.4 109.2 117.1 
February _______ 113.6 121.1 118.2 129.5 151.2 114.3 119.9 
March _________ 113.8 121.6 112.0 131.4 154.8 113.2 119.3 , 
April ~o eee 112.6 122.6 112.4 134.7 159.2 111.1 117.5 | 

Y ~~ 113.8 121.6 97.7 136.5 164.2 111.6 116.7 7 
June __________ 114.6 120.6 102.5 132.5 154.6 108.3 116.5 
duly ~2 112.7 124.2 93.1 147.2 180.8 104.5 116.5 | 
August ________ 114.0 124.5 97.9 153.6 194.3 102.4 118.8 
September ______ 115.5 123.2 98.1 146.1 181.3 105.4 119.2 
October ________ 116.1 126.1 105.2 147.6 184.0 104.4 200.0 
November ______ 115.3 124.5 114.1 140.2 170.5 108.2 120.8 | 
December _____ __ 115.4 126.8 119.5 138.4 167.9 109.1 1180 

1977; ~._ ‘117.8 105.4 74.3 133.3 158.1 103.3 124.9 

January ________ 112.8 130.6 ~ 121.8 145.0 182.7 101.6 121.6 
February _______ 116.3 128.5 123.3 138.4 169.6 110.2 124.9 
March -______ __ 120.6 133.8 121.0 146.2 184.1 109.6 126.1 
April eee 119.2 126.1 113.0 140.6 172.0 111.6 124.0 

ay _.________ 119.5 120.5 90.4 142.1 176.1 103.8 123.0 
June __________ 122.8 121.3 98.1 138.6 165.6 104.7 122.5 
July _-________ 119.8 101.9 89.0 104.4 103.3 86.2 126.7 
August ________ 115.4 70.0 23.7 121.7 133.9 105.3 125.0 
September ______ 118.0 714 23.5 120.9 135.1 98.0 126.7 
October ________ 119.6 80.0 24.4 132.1 153.7 99.0 128.1 
November ______ 118.8 84.8 28.9 133.2 156.2 103.2 127.2 
December _____ __ 113.4 104.3 75.6 130.3 151.2 106.1 126.5 
—_—_— SSS 

Source: Board of Governors of the Federal Reserve System. Industrial Production Indexes 1976, September 1977; 
Statistical Release, Feb. 15, Oct. 15, Dec. 15, 1978. :
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Table 5.—U.S. net supply, and world production of selected mineral products 
ees 

U.S. mine Old , USS. World 

Commodity, mineral content measured pro- scrap Exports Imports net pro- 

duction supply duction 

Iron ore, thousand long tons: 
1975. ee 78,900 _- 2,500 46,700 123,100 887,389 
1976__§____ 80,000 —_ 2,900 44,400 121,500 881,028 
1977_____ ee 55,800 _- 2,100 37,900 91,600 840,000 

Pig iron, thousand short tons: 
1975 _ Le 79,700 ae 60 500 80,140 528,298 
1976__ Le 86,800 __ 58 400 87,142 551,193 
1977___ ee 81,500 __ 51 400 81,849 542,696 

Steel, thousand short tons: 
197§_ ee 1116,600 __ 4,000 12,500 125,100 710,106 
1976__§_ ee 1128,000 _— 3,700 T15,000 139,300 747,103 
1977_ Le 1125,300 __ 3,100 19,900 142,100 741,648 

Chromite, thousand short tons: 
19756___ Le 2418 __ 3184 1,252 1,486 9,071 
1976__§_ Le r 2311 — 3209 1,275 1,377 9,492 
1977___ Le 2517 _— 3248 1,336 1,605 10,804 

Cobalt, short tons: 
1975 ee 23,173 __ 884 3,304 5,593 34,000 
1976__§_ $e 23,349 __ 876 8,244 . 10,717 31,197 

. 1977__- 5 ee 274 _— 446 8,774 8,402 32,611 
Manganese ore, thousand short tons: 

1975__§_ 5 ee 2624 a 205 1,574 1,993 27,175, 
1976_ 2 ee 2681 _. 128 1,317 1,870 27,153 
1977_ ee 2891 __ 138 931 1,614 24,267 

Molybdenum ore and concentrate, . 
thousand pounds: — 
1975. Le 105,980 _ 62,611 2,567 45,936 176,713 

1976 ee 113,233 _- 62,474 2,098 52,852 191,736 
1977__ ee 122,408. __ 65,666 1,976 58,718 205,921 

Nickel, thousand short tons: 
1975. Le 417 8 530 161 156 891 
1976. ee 416 6 T 547 188 163 905 
1977_ ee 414 6 539 167 148 852 

Tungsten, thousand pounds: 
1975_ ~~ eee 5,588 __ “1,316 6,570 10,842 84,508 - 
1976_______ ee 5,830 __ 1,729 5,301 9,402 91,767 
1977. 6,008 — 1,284 6,919 11,643 93,630 

Aluminum, thousand short tons: , 
1975__-_-_ ~~ 63,879 283 440 550 4,272 13,387 
1976____ 64,251 341 484 749 4,857 13,771 
1977__ 2 64.539 413 All 836 5,377 15,049 

| Antimony, short tons: . 
1975 ee 886 16,020 340 18,706 35,272 77,114 
1976_ 5 2 283 =: 17,657 341 21,770 39,369 76,576 
1977___ 5 610 26,540 742 13,335 39,743 78,977 

Cadmium, short tons: 
1975__ ~~ ee ++ 2,193 — 198 2,618 4,613 516,793 
1976___ - - - 2,256 — 252 3,411 5,415 518,180 
1977__ 2,204 —_ 118 2,570 4,656 518,898 

Copper, thousand short tons: ; 
1975__ ee 1,413 369 10 271 2,043 8,386 
1976. 1,606 419 18 470 2,477 8,258 
1977____________~ ~~ 1,504 452 24 437 2,369 9,094 

Gold, shousand troy ounces: 
1975. ee 1,052 2,696 3,496 2,662 2,914 38,476 
1976___ »§ 5 5 ee 1,048 2,504 3,531 2,656 2,673 39,089 
1977__ 2 ee 1,100 2,454 8,671 4,454 -663 38,966 

Lead, thousand short tons: . 
1975____-_ ~~ 621 564 71 146 1,260 3,783 
1976_______-__---~--~--_-------- 610 622 53 7236 1,415 3,677 
1977__ ~~ ee -- 592 702 95 364 1,563 3,759 

Mercury, thousand flasks: 
1975_____-_--_-.-------~------- 7 8 (*) 44 59 252 
1976____-__________-_----~---~--- 23 3 8] 44 69 240 
“I977__ eee 28 7 8] 29 63 199 

Platinum group, thousand troy ounces: 
1975. ~§ - 5 19 270 660 1,820 1,449 5,714 
1976__§__________-_-~-__~__----- 6 215 512 2,667 2,376 5,979 
1977... -- ee 6 195 427 2,510 2,284 6,386 

Silver, thousand troy ounces: 
1975. 5 55 ee 34,938 49,600 32,626 66,540 118,452 297,882 
1976___________.-_-_~_-~------ 34,328 50,200 14,596 72,700 142,632 304,899 
1977_____--___ +e 38,166 47,900 22,394 79,147 142,819 325,475 

Tin, thousand metric tons: 
197§___._-.-__-----~-~---------- 66 16 34 51 69 6222 
1976__________-_-----~--~-----.- 66 16 32 51 71 6228 
1977____----__--_-------~~------ 87 19 35 54 75 6231 

See footnotes at end of table.
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Table 5.—U.S. net supply, and world production of selected mineral products | 
—Continued 

U.S. mine Old US. World . 
Commodity, mineral content measured pro- scrap Exports Imports net pro- 

duction supply duction 

Titanium concentrate, slag, thousand short tons: 
1975. LL 17 — 3 559 1,273 4,447 
1976____ Le 652 — 5 622 1,269 4,909 
1977___ 639 — 23 609 1,225 4,903 | 

Zinc, thousand short tons: ' 
1976. _ LL 469 77 7 525 1,064 6,448 
1976___ LL 485 95 4 812 1,388 6,358 
1977__ Le 450 91 ) 700 1,241 6,683 

Asbestos, thousand short tons: 
. 197§__ LL 99 -- 36 539 602 4,563 

1976. 115 Le 47 658 726 5,623 
1977__ 102 __ 37 607 672 5,879 . 

Barite, thousand short tons: . 
197§__§_ 1,318 __ 57 634 1,895 5,419 
1976__ Le 1,234 -__ Al 905 . 2,098 5,666 
1977___ Le 1,494 a 50 955 2,399 5,892 

Fluorspar, thousand short tons: 
197§_ 5 377 —- 1 1,050 1,426 4,986 
1976__ 611 oo 5 895 1,501 4,932 
1977__ Le 613 a 7 - 976 1,582 - §,158 

' Gypsum, thousand short tons: : : 
1975. 9,751 _— 75 5,448 15,124 65,279 
1976__§_§__- 11,980 _ 284 6,231 17,927 69,175 
1977_-- 13,390 -- 143 7,074 20,321 72,164 

Mica, short tons: 
197§_ LLL 134,584 - 2 «6,055 8,325 136,854  1227,936 
1976__§___- LS si™140,714 _— 8,465 4,598 136,847 1240,298 
1977__-__-- ~~ 175,880 _. 8,768 3,897 171,009  1283,282 

Phoephate rock, million metric tons:? 
197§___ Le 44 _- 11 (7) 33 "107 
1976_____ 45 — 9 (7) 36 107 
1977_ Le 47 —_ 13 ) 34 116 

Potash, K20, thousand short tons: 
197§__§_§ LL 2,501 — 779 3,797 5,519 27,352 
1976__-§_-- - -  LL 2,400 — 945 4,594 6,049 26,876 
1977__ LL 2,457 _- 932 5,076 6,601 28,550 

Salt, thousand short tons: 
197§__ Le 41,710 __ 1,332 — 3,215 43,593 178,207 
1976__§_ ee 43,801 _— 1,007 4,352 47,146 185,324 
1977__ 42,922 a 1,008 4,529 46,443 187,292 

Sulfur, thousand long tons: 
. 197§_____ 11,259 _. 1,852 1,897 11,804 ¥49,877 

1976. 10,707 __ 1,270 1,727 11,164 49,741 
1977_ 10,558 -— 1,178 1,977 11,357 51,671 

Tale, pyrophyilite, thousand short tons: 
197§6_ LLL 965 —- 158 23 830 5,366 
1976___ LL 1,062. — 212 20 870 5,946 
1977_ LL 1,205 — 322 22 905 6,331 

°Estimate. ‘Revised. 
1Production. 
2Deliveries from stockpile. No production. 
3Includes reexports. . 
“Mine shipments. 
5Gross weight. 
®Refinery or smelter production. 
7Less than 1/2 unit. . 
8Marketable production. 
®Phosphate rock is not in mineral content, but instead is marketable phosphate rock. 

Note: Net supply, is calculated as the sum. of the first, second, and fourth columns, minus the third column. World 
figures for 1977 are preliminary. The 1977 yearbook commodity chapters were the most up-to-date sources used.
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| Table 6.—Shipments and orders in primary metal industries 
_ (Million dollars, seasonally adjusted) 

. — ee . 

. Shipments - Net new orders a ree 

| Blast Blast Blast 
furnaces Other furnaces Other —_ furnaces Other 
and primary and. _ ?P neteke. and P netale 

steel mils els steelmills ™° steel mills  ™° | 

1978 __-__________ __- 35,260 36,767 39,913 38,729 9,884 4,960 . 
1974 ~2 47,424 46,249 49,036 48,197 13,751 6,947 
1975 ~_-____ 40,210 38,749 35,779 36,013 9,287 5,455 
1976 ~-_ __ 45,1387 43,689 45,846 44,200 9,993 6,011 
i woe ee 49,960 48,424 51,820 49,252 11,873 6,787 

January ___________ 3,457 3,523 4,054 3,933 10,580 6,078 
February —-~.—___---- 3,831 ; 3,943 4,068 3,906 10,939 6,102 

March _~____~_______ 4,589 4,308 4,304 4,343 10,977 6,145 

April _..~_-_-_---- 4,282 4,348 8,906 3,998 10,851 - 6,039 , 
May —-___~_-----~-- 4,384 - 4,277 5,089 3,990 11,696 5,977 ‘ 
June —~_______ 4,735 4,335 3,945 4,014 11,171 6,034 

July _.. ~~ _------ 8,882 8,601 4,316 3,995 11,239 6,103 
August _____.__---- 4,154 3,837 4,382 4,194 11,347 6,287 
September ____~__~-~- 4,350 4,194 4,513 4,179 11,489 6,398 
October ____.~__.__--— 4,197 4,157 4,140 3,954 11,385 6,348 
November ____ ~~ __ 4,102 3,992 4,747 4,154 . 11,837 6,475 
“December —~______~_ 4,047 3,909 4,356. 4,592 11,873 6,787 

ee SS SS 

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. V. 58, No. 3, March 
1978, pp. S5-S7. | 

Table 7.—Indexes of mineral stocks held at yearend | 

. (1967 = 100) | 

en 
SS : 

Mineral group 1971 1972 1973 1974 1975 1976 1977” 

Se | CRUDE MINERAL STOCKS HELD BY PRODUCERS | | 
i 

_ Crude minerals, except fuels’ . _ _ ______-~---~----- 148 141 110 98 126 141 140 

Metal ores ________________-_-___--- 147-148 95 76 91 102 105 
Iron ore ____ _______~ ~~ _ 136 113 84 13 95 108 ~ 109 

‘Other ferrous __________________-_=_----_-. 275 428 208 130 104 90 87 
Nonferrous _______________-_-_-~~~ ~~~ ~~ 101 78 63 53 — 55 71 97 | 

Nonmetal crude minerals _________-_____-_-_-_-_ 149 188 129 125 171 191 185 
are PSG SS SSS SSS SS SSS SP 

MINERAL STOCKS HELD BY MANUFACTURERS, CONSUMERS, AND DEALERS? 
ren 

Minerals, except fuels ___--_--~---------~----- 115 108 98 116 131 130 126 

Metals ______________~___ ee 117 108 98 117 134 132 128 
Iron ______ ee 99 88 79 19 93 101 81 
Other ferrous ______________-~-~_---~-+-~-~-~- 135 135 99 102 132 111 97 
Base nonferrous ___ ____.__________~----~_-~-~~-+ 114 99 89 131 153 152 168 
Other nonferrous ______________~_---~---~-- 1380 126 117 140 155 148 148 

Nonmetals ________2_____________--------- 88 94 91 100 91 84 17 
er Pe SSS SSSA 

PPreliminary. 
1Revised aluminum series as of 1971, affecting the total and subtotal categories as well as other nonferrous metals. 

Note: The data include various grades of minerals and stages of processing, if available and where applicable, for a 
representative number of minerals only.
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Table 8.—Stocks of selected products at end of period — — 
‘ Stone, Blast fur- | Other Iron ore Refined Producers’  _—— Slab : clay, glass nacesand _ primary at-mines, ine lead, ore, zinc at oi products steel mills metals yards, docks copper bullion? smelter 

oor ousand —————— ; 
Million dollars? long tons) Thousand short tons - 

19738 ____ 2,813 4,672 4,684 59.9 157 158 20:8 
1974 _ 3,721 5,747 6,114 57.7 374 187 22.9 
1975 ~~ 3,848 8,483 7,044 69.1 538 191 75.7 8 1976 __~_-_ . 4,194 10,179 7,150 75.0 651 181 88.8 
tena “eee 4,469 9,782 7,588 59.4 ' 649 185 | 65.8 

~ January __ 4,248 10,148 = 7,049 73.5 647 170 90.5 
February __ 4,234 10,154 7,122 72.2 668 173 84.2 
March ___ 4,142 10,232 7,091 70.1 666 162 58.9 April ____ 4,193 10,215 7,117 68.5 662 163 67.9 
May _____ 4,258 10,444 7,140 67.7 679 158 78.9 June ____ 4,251 10,500 = 7,145 68.5 683 157 — F78 
July ___ __ 4,321 — 10,591. 7,228 69.7 656 163 74.9 
August ___ 4,314 10,519 7,240 67.2 598 183 64.7 7 September _ 4,348 10,323 = =7,317 65.9 582 193 . 59.7 

. October _ _ _ 4,415 10,355 7,429 _ 63.5 577 190 60.3 
November _ - 4,562 10,100 7,481 60.7 614 188 65.3 
December _ 4,469 9,782 7,588 59.4 - 649 185 65.8 
A 

1Months are seasonally adjusted. . 
“Also lead in process. All data in lead content. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. February 1974, 1975; March 1976, 1977, 1978. Oe 

| Table 9.—Value of U.S. exports and imports of selected mineral products | 
a (Million dollars) 

a Products by SITC code? __Exports Imports | 
(Nos. 271-689) 1975 1976 1977 1975 1976 1977 eee 

Fertilizers, crude __-_§ $= = 464.0 329.2 364.3 27.7 12.7 22.4 Stone, sand and gravel ___________________ 37.8 46.6 475  . 27.0 28.9 32.7 
Sulfur and unroasted iron pyrites____________ 69.7 60.4 47.7 71.0 59.6 65.3 
Natural abrasives and industrial diamond ______ _ 58.5 62.7 72.1 54.5 63.0 83.3 Other crude minerals ___________________ 261.6 293.3 319.3 262.1 301.9 312.1 

Iron.ore, concentrates __-_________________ 60.1 82.2 62.8 860.5 980.3 950.8. Nonferrous base metal ore, concentrates________ 240.2 260.0 332.4 772.6 . 892.6 847.3 Nonferrous metal scrap _.________________ 222.0 238.9 267.3 160.7 221.2 180.3 Silver, platinum-group metal ore, concentrate ____ . §2.3 44.5 55.9 134.4 109.1 59.3 
Uranium and thorium ores, concentrate? _______ / 1.8 24.4 65.9 5 A 9 

Inorganic chemicals, elements, oxides _________ 608.2 643.9 630.5 724.9 804.4 1,011.9 Other inorganic chemicals ________________ 337.8 365.7 415.3 107.3 128.7 140.1 
Radioactive materials? ______:_________ 315.2 466.7 550.1 195.5 659.1 506.0 Tar, chemicals from coal, petroleum, gas ________ 59.3 74.8 71.6 14.1 11.4 11.0 

. Lime, cement, fabricated building materials______ 55.7 54.7 52.7 116.7 113.9 157.0 Clay, refractory construction materials ________ 136.3 138.3 142.8 66.2 81.6 126.5 Other mineral manufactures_______________ 166.1 203.0 217.2 83.2 97.4 119.2 © 

Iron and steel: 
Scrap _____________________ ee 779.3 634.5 412.7 31.8 42.8 46.8 Pig, shot, ferroalloys __-_________________ 73.8 73.2 52.9 557.0 535.7 527.8 Ingot___________________ 63.3 46.6 42.7 69.5 52.8 61.8 Bar, rod, angle, section __________.._______ 181.0 153.2 140.5 941.5 863.6 1,143.5 Plate andsheet ______________________ 328.3 337.5 272.0 1,727.5 1,915.1 1,143.5 Hoop and strip_______________________ 62.3 100.8 70.4 67.4 72.4 85.4 Rails and track construction material .________ 70.6 61.6 39.4 29.7 19.0 40.7 Wire, except wire rod___________________ 25.3 36.2 39.8 231.6 214.1 287.2 Tube, pipe, fittings _.__________________ 1,411.9 776.5 677.0 1,040.2 819.8 973.9. Rough cast, forgings ___________________ 240.6 318.5 325.8 30.9 21.0 27.7 Silver, platinum-group metals ______________ 222.9 96.7 91.1 517.7 559.5 565.6 Metals and their alloys: 
Copper _____________ ee 332.6 281.7 195.6 418.6 776.8 807.6 Nickel _-_-___~2~ 22 =e 117.9 158.1 161.2 464.3 526.3 543.4 Aluminum _____ 2-2 433.2 466.4 480.3 410.6 549.9 762.5 Lead __________ ee 12.0 5.3 8.4 47.5 63.5 157.9 Zine ~~~ ee 17.3 11.2 8.0 283.9 502.9 373.5 Tin _-- ee 12.3 4.6 8.7 315.7 329.7 458.5 Uranium, thorium ____________________ 2 Al Jl (3) 1 3 

- See footnotes at end of table. .
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Table 9.—Value of U.S. exports and imports of selected mineral products —Continued | 
(Million dollars) . 

* 
LS 

| Products by STTC code? —____ Exports imports | (Nos. 271-689) | 1975 1976 1977 1975 1976 1977 _ CS 

Metals and their alloys —Continued 

Other base metals __.__________________ 164.0 158.5 196.2 122.0 185.5 213.5 ee ND 
Total _-_-- 7,695 7,110- 6,938 10,986 12,617 12,847 eee Oe ee 
1Standard International Trade Classification. 
Starting with 1977, uranium data are included in radioactive materials, instead of with thorium ores. 
5Less than 1/2 unit. | 

Source: U.S. Department of Commerce, Bureau of the Census. U.S. Exports, Commodity and Country, FT 410; U.S. Imports, General and Consumption, FT 246. 

Table 10.—Value of U.S. exports of selected mineral products in 1977, 
by destination area 

(Million dollars) 

Products by SITC code" America Europe Asia Africa Oceania 
(Nos. 271-689) North South West East | Oe | 

Fertilizers, crude _._____________ 13.8 19.7 124.2 36.1 110.5 QO  # & Stone, sand and gravel __._________ 37.1 1.5 4.6 (?) - 3.7 0.2 0.3 Sulfur and unroasted iron pyrites _____ 1.3 4.5 406 (*) () 1.3 
Natural abrasives and industrial diamond 8.7 2.6 47.4 l 10.1 8 2.5 
Other crude minerals ____________ 87.0 20.1 132.6 1.2 65.2 5.8 7.5 

Iron ore, concentrates ____________ 62.6 (??) (??) — 1 (?) oe 
Nonferrous base metal ore, concentrate _ 20.9 17.4 228.9 10.5 52.0 1.2 1.4 
Nonferrous metal scrap ___________ 39.4 10.3 89.8 8 125.8 8 A 
Uranium and thorium ores, concentrate _ 29.7 __ 36.2 — _— — __ 

. Inorganic chemical elements, oxides ___ 187.8 122.6 113.7 9.1 120.1 38.7 38.4 
Other inorganic chemicals ~________ 150.6 62.5 96.7 1.2 72.0 15.1 14.6 Radioactive materials __________ __ 12.5 2.5 337.3 3 195.2 3 1.8 ' Tar, chemicals from coal, petroleum, gas _ 8.5 3.9 48.6 (7) 8.2 6 19 

Lime, cement, fabricated building material 26.4 2.1 6.1 2 16.8 7 4 
Clay, refractory construction material __ 74.1 21.4 19.5 3.5 14.4 6.4 3.5 
Other mineral manufactures ________ 88.6 13.9 | 59.0 2.3 41.6 5.7 6.2 

Iron and steel: . 
Scrap —__ ~~ __ 49.6 8.5 126.5 9 222.0 4.3 9 

_ Pig, shot, ferroalloys ~.__________ 29.6 5.9 6.4 6 6.8 1 2.8 
Ingot ___-_--  ~>- 16.0 14.2 2.3 (*) 10.1 l (7) Bar, rod, angle, section ___________ 73.3 35.4 13.1 5 13.0 2.7 2.6 
Plate andsheet ________________ 119.0 45.3 37.4 9.0 44.3 12.8 4.3 
Hoop and strip ——— =a --— 30.5 11.9 18.5. 4 4.9 1.8 "2.3 Rails and track construction material _ _ 21.4 11.1 8 (7) 5.6 5 1 
Wire, except insulated electric ______ 18.1 2.2 7.3 a) 2.7 9.2 2 Tube, pipe, fittings ..___________ 224.8 74.0 93.2 24.7 180.7 69.4 9.8 Rough cast, forgings ____________ 292.7 4.4 21.3 1 4.3 8 2.0 Silver, platinum-group metals ______ _ 10.5 1.8 29.3 (7) 48.9 (?) 6 Metals and their alloys: 
Copper poe ee 63.3 10.0 95.3 3.2 20.1 2.3 1.3 Nickel __._-______~___________ 41.7 7.7 101.5 wl 7.2 6 2.3 Aluminum ___~_~___~___________ 203.1 62.2 129.2 1.8 56.0 16.5 6.2 Lead __-- 3.4 4 3.0 @) 1.1 1 1 Zine __ 3.9 7 1.9 (7) 9 A 3 Oy 5.1 2.2 1 __ 6 (??) Jl 
Uranium, thorium ~~ ___________ 1 (*) oe) __ ?) __ (?) 
Other base metals ______________ 37.4 16.4 98.5 2.6 35.4 2.4 3.4 

eee 

1Standard International Trade Classification. 
2Less than 1/2 unit. 

Note: Eastern Europe includes Albania, Bulgaria, Czechoslovakia, German Democratic Republic, Estonia, H , Latvia, Lithuania, Poland, Romania, the U.S.S.R., and Yugoslavia. Not shown are $8.7 million in exports to centrally planned Asian countries. 

Source: U.S. Department of Commerce, Bureau of the Census.
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Table 11.—Value of U.S. imports of selected mineral products in 1977 7 a 
- by area of origin pe 7 oo. 

(Million dollars) a Oe 

Products by SITC code? America Europe . | . Nenanig 00. : 
(Nos. 27130-56130) = +=—Worth South West Bast 4 m@ = Africa Oceania | 

Crude phosphate and apatite ________ 2.7 (7) — __ __ B84 © Leo! 
Gypsum and gypsum cement ________ 21.8 ae 01 | ae 02. ae 
Sulfur _.__-_-_____-___----_--~- 63.8 0.9 Jl a re . 
Emery, pumice,corundum _________ | ) 3.2. 2 “1 2 ee 
Graphite, natural ____________ ~~~ 18 l 11 06 =| 1.6 1.2 — so: . 

Magnesia ____________-=--_~- ~~ (*) en 11.4 (7) 20. e. 0.2 : . 
Salt _____--____---------=-+- 24.6 2 18 __ 
Asbestos ____________L_____ 131.4 Le a) 19 ?) Wl ) LL 

. Mica ~_~______~--_-~---~--~-~=+-~. (*) 5 ?) | _o., 120. 1 - 
Fluorspar —___________=__---- 33.8 (7) 12.4 a Bo 187 a 3 

Barium sulfate, carbonate _______.— 86 55. 5.6 ~- 18 - 23 Le os 
Tale ~~~ eee A — 1.0 — oT Boo ke 
Iron and steelscrap ___~________=_ 184.1 _— 4.7 oe 2 _- __ a : 
Ores and concentrates: =. ° a eo 
Iron _____-~~~-__---~------~_- 695.5 215.2 4.0 Lt (7) 36.1 5.8 
Copper ____________________ 20.7 4.3 (?) oe 20.7 7) 28° 
Bauxite __________________--- 242.1 75.6 A aw (*) 44.0 @ 

a Lead ____ =e 22.4 3.4. ae oe ee 8.9 
Zine ~___~____~.__ ~-------- 324 46 3 — 18 _. 1.0 oe 

. Tin _— 604 °° LL. _- Ao. @ ae 
Manganese ____.~___--__----_. 330 «old _- — _- 39.8 1.7. 
Chrome, oreonly —=_...~-__----~- a 3 20.3 “1121 8.6 © 25.9 os , 
Tungsten __-_______.1--_---_--~ | 21.7 18.5 2.4 ie 6.6: 14... #11 
Tantalum, molybdenum, vanadium _ _— 7.6 1.4 18. Lk RS) 1.6 . 40° | 
Titanium _._~_~_____~_---_-~--~ 2.5 1.8 1.6 ae oe _- 11.2 . 
Zirconium, ore only __________-_— 2 __ __ en ao. (7) 11.2 — - 
Antimony ores and needles __—— ~~~ ~ 3.2 1.6 ~ i] an -_. 24 —_ 
Beryllium __~ _____-__-_----~--~- a_ 3 (?) (7) — - ?) oe 
Columbium __________..-~---~-~ 3.0 1.2 3 _- 6 1.3 a 
Platinum-group metals? _________- 9.5 1.0 7.3 a _- 3 A . 
Uranium, thorium ___________-- — _- _— _- A _- 5 

Waste and scrap: . a 

Copper __.__-___---_-----~-- 30.0 (7) 18 _- A _- _- 
Nickel ____________-----~--- 3.4 () 3.0 _- 1 _- (*) 
Aluminum _________-___~-__-~ 28.4 3 7.4 277.0  ©.@ __ _- 
Magnesium _____________--__~- 2 __ 3.2 | _- 2 2 (*) 
Lead ___________-_--------- 1.2 _- 6 _- (7) _- _- 
Zine ~_-________.-_-___----- 5 (7) 1.6 — (7) _- a 
Tin ~~ -______ eee 2 A (7) —_ 2 ) _- 
Mercury, except alloys ___________~ 1 _- 1.0 3 __ 1.1 (7) 
Alumina ________~________-___ 111.2 54.4 22.8 — 7.2 — 318.8 

. Potassic fertilizer _._.§_._._________- | 347.3 3 8.8 1.4 8.1 a — 

1Standard International Trade Classification. 
2Less than 1/2 unit. 
3Also includes scrap and waste. 

Note: Eastern Europe includes Albania, Bulgaria, Czechoslovakia, German Democratic Republic, Estonia, Hungary, 
Latvia, Lithuania, Poland, Romania, the U.S.S.R., and Yugoslavia. Not shown are imports (in millions) of $5.3 from 
centrally planned Asian countries, consisting of tungsten ores, $4.3; graphite, $0.7; and columbium ores, $0.4. 

Source: U.S. Department of Commerce, Bureau of the Census.
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ee Table 12.—U.S. consumption of selected mineral products, and projections of - 
a , : consumption to year 2000 | | 

| Commodity, mineral content measured 1973 1974 1975 1976 1977 2000 

Iron ore_ — — — __ ___. thousand ‘short tons__— 92,500 90,800 77,200 79,900 73,400 129,000 
Steel _.___________i_____~-do____ 142,500 138,400 104,100 115,000 128,100 188,000 

| Chromite_________________~-~do____ 1,387 1,447 881 1,006 1,000 1,240 
oo Cobalt____.____._.._—-—~-short tons__ 9,371 9,431 6,394 - 8,241 8,289 20,200 
4 Columbium ____~___.~__=-~-~-~- ~do_ _-- 5,598 7,193 4,231 6,003 4,777 23,600 

Manganese ore (35% or more Mn) 
. thousand short tons__ 2,140 1,880 1,819 1,601 1,359 2,130 

so Molybdenum ____-——— — thousand pounds__ 57,049 - 63,476 51,743 50,448 54,557 188,000 
Be . Nickel ________-—-— thousand short tons__ 198 208 146 163 155 580 

oe Tungsten_______-— —~— _ thousand pounds__ 15,386 16,298 14,012 16,107 17,100 58,000 
7 Vanadium __________._~—--_short tons__ 8,549 8,453 7,858 9,779 8,019 33,000 

Aluminum ___——__—-— thousand short tons__ 5,825 5,428 | 3,904 5,118 5,472 20,000 
. Antimony, primary __————-—-—-short tons__ 20,613 ' 18,041 12,987 15,337 18,823 48,000 . 

Cadmium ________________~-do____ 6,267 6,050 3,368 5,932 4,480 12,700 : 
oper refined ____ thousand short tons__ 2,437 2,194 1,585 1,992 2,185 5,100 

| Gold (industry, arts) _ thousand troy ounces__.—>_ 6,729 4,651 3,993 4,648 4,859 8500 

us Lead ______._.-~ thousand short tons__ 1,541 1,599 1,297 —_ 1,490 1,582 2,330 
4, Mercury _________-_-_-—-~- flasks__ 54,283 59,479 50,838 ™64,870 61,259 102,000 
ey Platinum-group metals 
ye . . thousand troy ounces_ _ 1,834 1,981 1,309 1,603 1,592 3,058 

ae Silver (industry, arts) __million troy ounces__ 196 176 158 171 154 310 
Se Silver (coinage) ___— thousand troy ounces__ 920 1,017 2,740 1,315 . 91 ' NA 

ee Tin ___________ thousand metric tons__ 76 66 = 86 68 61 62 | 
wig - ‘Titanium concentrate _ thousand short tons__ 1,366 1,402 1,127 1,264 1,155 1,414 
- Uranium, UsOg! __________-short tons: _ 6,900 8,000 8,100 10,700 12,900 68,000 7 
‘ : Zinc _____._ ~— _-~ _ thousand short tons__ 1,932 1,673 1,232 T1537 1,508 2,200 
Be Asbestos _____________._-%_-do___- 883 846 608 726 672 ~—~—«:1,088 

“ Barite____________________-do___- 1,820 1,835 1,952 2,139 2,449 NA 
te Cement________-— —- million short tons_-_ 90 83 70 14 82 130 
1 Clays ___.___.— _- thousand short tons_ _ 64,814 61,087 49,388 52,389 58,468 174,000 
? Fluorspar ______________-_~-do__~_- 1,352 1,525 1,245 1,273 1,162 NA 

, Gypsum _______ ~~ ~ million short tons__ 21,156 19,291 15,124 17,927 20,321 37,900 

: - Mica .__......._.~ ~ thousand pounds_ _ 6,443 7,160 5,369 5,559 4,592 NA 
. ‘“Lime ________--_-~ thousand short tons_ _ 21,090 21,606 19,133 20,229 19,947 43,120 
o Phosphate rock? ___ thousand metric tons__ 28,328 31,491 31,022 31,131 34,365 50,600 
: Potash ______.__ — thousand short tons__ . 9,641 10,538 8,671 10,517 11,406 ° 12,000 
! Salt _.____________-_._-__-do___- 46,508 49,373 42,913 47,536 46,933 136,400 

ot Sand and gravel______ million short tons__ 984 979 789 885 898 1,150 
7 Stone _________________-_--do___- 1,060 1,044 901 . 902 955 1,600 

Sulfur_________—— _thousand long tons_ _ 10,235 10,818 10,603 10,768 11,473 30,000 
Talc______.__-_ thousand short tons__ 1,189 1,064 931 901 1,114 NA 

. "Revised. NA Not available. | 

i 1For enrichment. 
. 2Phosphate rock is not in mineral content, but instead is marketable phosphate rock. . 

\
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Table 13.—Employment, turnover rates, hours, and earnings oe 
in selected industries o 

(Employment in thousands, turnover per hundred). 

1972 1973 1974 1975 —_: 1976 1977 

All mining, including fuels ; 1 
All employees __-_____________-____ 628 642 697 752 779 809 
Production workers ___________________ 475 486 530 571 592 615 
Accessions ________§ ~~~ 3.8 4.1 4.5 . 88 3.9 4.0 x 
Separations _________~_______-___ 3.8 3.9 3.9 3.4 3.6 3.6 
Weekly hours _-_____________________ 42.6 42.6 41.9 41.9 42.4 43.4 
Hourly earnings ____________________-— $4.44 $4.74 $5.23 $5.95 $6.46 $6.94 

Metal mining 
All employees ____________________ 82.7 87.4 95.4 93.5 94.1 91.1 

: Production workers ___________________ 65.8 69.4 75.8 73.0 72.7 68.8 
Accessions _- ~~~ ~~~ 3.3 3.7 3.6 | 2.7 3.2 2.9 
Separations _________~______ 3.4 3.3 3.2 3.2 2.9 3.6 
New hires ____________~_______ 2.3 3.1 3.0 2.0 2.1 2.1 
Quits ____________________________ 17 = 20 20 1.4 1.4 15. 
Layoffs __-________-~__~_-~___ -______- 8 3 3 1.0 8 1.2 
Weekly hours ___________=_-_________ 41.4 41.7 41.5 40.7 41.0 41.7 
Hourly earnings _______.__________-_-_ $4.56 $4.83 $5.44 $6.13 $6.76 $7.32 ; 

Iron ore mining ae 
All employees ___________._______-_-_ 22.0 23.6 23.8 23.5 24.5 19.4 , 
Production workers ______~_—_~~ ~~~ 17.7 © 19.1 19.5 — 19.0 19.8 14.7 me 
Accessions ____ ~~ > 5 5 ee 2.9 2.7 2.6 — 2.3 2.7 2.6 ° 
Separations _____________--_-__-~_-_--~ 3.2 2.1 2.1 2.7 2.7 3.8 oy 
New hires _________-~___~-~_-__ Le 9 1.7 1.8 1.2 1.5 1.4 oo 
Quits _____ LLC 1 8 9 1 6 6 
Layoffs ________~_________-_-___---- 1.7 5 A 1.3 1.0 2.1 ote 
Weekly hours ____________~_-__-~__~-_- 40.9 41.9 43.1 41.9 41.5 41.2 7 
Hourly earnings _______.___-_.___-_-_ $4.60 $4.88 $5.52 $6.29 $7.03 $7.49 

Copper ore mining 
All employees ___.__/_-__~_____~_-_-_-_-- 37.4 40.3 43.7 39.0 36.7 35.6 
Production workers _____~_~_~_~~_~_~________ 29.8 32.2 34.6 30.0 28.1 27.1 
Accessions ________ ~~ 3.2 3.9 3.2 1.8 3.4 2.0 
Separations __________.___ 2.8 3.4 3.1 3.1 2.7 3.3 
New hires ____________________ Le 2.5 3.2 2.6 1.0 16 ° 1.1 
Quits __-________ Le 17 2.1 1.9 39 9 1.0 
Layoffs _.__-.__-_~_~____ 2 we 3 1.4 1.1 14. 
Weekly hours ______________~_____-_-_ 42.0 42.0 40.9 39.7 39.8 38.6 

. Hourly earnings _________.___.___-_-_ $4.66 $4.89 $5.54 $6.37 $7.04 $7.52 

Nonmetallic minerals, except fuels . : 
All employees _____§__§_§_ ~~ eee 116.2 118.6 © 121.8 116.7 114.6 116.5 
Production workers __________~_________ 93.4 95.2 97.6 92.2 90.4 92.2 
Accessions _____.§. ~§ 5 5 3.8 4.9 | 4.6 3.6 3.4 3.9 
Separations ____________ 3.9 4.4 4.4 (39 3.5 3.8 
New hires _________________________ 3.0 3.8 3.7 2.4 2.2 2.5 
Quits ~~. ____ 2.1 2.6 2.4 1.4 1.4 1.6 
Layoffs ____________~____ ee 1.1 1.0 1.3 1.8 1.5 1.6 
Weekly hours _____.__________________ 44.7 45.5 45.0 43.5 44.2 44.6 
Hourly earnings ________.____________~ $3.94 $4.21 $4.50 $4.94 $5.36 $5.79 

Crushed and broken stone 
All employees ____§_§________2_-_____ 42.8 43.5 44.3 41.0 39.5 40.0 
Production workers ________._________ _ 35.6 36.1 _ 86.5 33.4 32.4 33.2 
Accessions ___§_ 9 _~§_ § 5 ee 3.8 5.2 4.9 3.6 3.5 4.5 
Separations __.______________________ 4.2 4.9 — 48 4.3 3.5 4.5 
New hires ________________~____ 2.8 3.9 3.7 | 2.2 2.0 2.4 
Quits __-_-___ 2.0 2.9 2.4 1.2 - 412 1.5 
Layoffs ________________ 1.5 1.3 1.7 2.4 1.7 2.4 
Weekly hours _____§____________-_-___ 45.4 46.5 46.3 43.8 44.7 44.8 
Hourly earnings _____§______-~____-_~_ $3.93 $4.20 $4.48 $4.83 $5.19 $5.66 

Sand and gravel 
All employees ___________-_--_--____- 37.3 38.4 37.6 34.9 34.0 34.5 
Accessions ____§_._-§__. ->___-----_~--_____ 4.4 49 3.9 4.3 4.5 5.0 
Separations _._______________~_______ 4.4 4.3 4.2 4.6 4.7 AT 
New hires ___________-_-~------~-~- 3.5 3.6 3.0 2.7 2.6 3.0 
Quits __-________ LL 2.3 2.4 1.9 1.6 1.6 1.9 
Layoffs __-______________-_~_~~_______ 1.5 1.3 1.6 2.4 2.5 2.1 

Manufacturing 
All employees _._ _____----------__-_~_ 19,151 20,154 20,077 18,323 18,997 19,647 
Production workers ___.__---~--_~____ 14,046 14,838 14,637 13,043 13,638 14,110 
Accessions ___________~_~__~_-~_ ~~ 4.5 48 4.2 3.7 3.9 4.0 
Separations ____________~___________ 4.3 4.7 4.9 4.2 3.8 3.8 
Weekly hours ______-__.__--_---_______ 40.5 40.7 40.0 39.5 40.1 40.3 
Hourly earnings __________-_--_______ $3.82 $4.09 $4.43 $4.83 $5.22 $5.67 

Chemical, fertilizer minerals 
All employees _______-_-__----_--___~- 18.6 19.1 20.9 22.7 23.1 23.2 

Hydraulic cement 
All employees __ ________--------___-_- 31.9 32.4 33.2 31.2 30.5 30.6 
Production workers __.—~___-~--~---_____ 24.9 25.4 26.1 24.4 24.1 24.2 
Accessions _____________-~-~-~~-~_-___ 1.6 1.7 1.5 2.9 3.0 2.6 
Separations ____________--~-~~-~_____ 1.6 1.6 2.2 4.0 2.7 2.6 

See footnotes at end of table.
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. Table 13.—Employment, turnover rates, hours, and earnings 
| in selected industries —Continued 

(Employment in thousands, turnover per hundred) 

1972 1973 1974 1975 1976 1977 

Hydraulic cement —Continued 

New hires __._____._._-.----------- - 12 1.3 1.2 7 9 1.1 
Quits ________~--.-----~--~-------- 6 1 1 A 5 6 
Layoffs ________.-.__-_------~~--+--- 5 3 9 3.1 1.7 1.4 
Weekly hours _____.__.-----~~---+-~---- 41.9 42.4 42.3 41.6 41.9 42.4 
Hourly earnings .____._-._-~--------- $5.15 $5.51 $5.92 $6.36 $7.24 $7.88 

Blast furnaces and steel mills | 
All employees ____..___.~~----------~- 488.3 519.0 521.4 468.7 469.0 469.6 
Production workers .__.__.-~_.—~------- 390.4 417.4 418.3 367.9 369.2 368.4 . 
Accessions ____.__.____~--.~~------- 3.1 2.5 2.0 28 3.2 2.8 
Separations ______..-.--------~-----+- 2.2 2.2 2.3 4.1 3.1 3.0 
New hires _-____ ~~ _~_-~---~---~-~---- 9 1.7 11 3 1 7 
Quits _.__________~- ~~ 6 9 4 2 3 4 . 
Layoffs __.._..___.---------~-+-+--+--- Jd A 4 2.9 18 | 1.6 
Weekly hours _____...__-.---~-----+--- 40.4 41.5 41.2 39.4 40.1 40.3 
Hourly earnings _......__.-------~---- $5.16 $5.61 $6.41 $7.13 $7.79 $8.59 

Primary nonferrous metals 
All employees _____.._.---.~-----------~ | 62.6 66.3 71.8 66.3 66.2 64.8 
Production workers ____~___—.——~----~--- 49.6 52.3 56.5 51.1 §1.3 49.7 
Accessions _______.~__._..--~-~---~-~- 2.1 2.2 2.2 1.4 2.5 —=+18 
Separations _____________-------~---- 21 2.1 1.9 2.9 1.8 1.7 

New hires _________.-.--------~-+--- 1.2 1.7 1.9 6 1.2 1.1 
Quits _.________-_-~~--_--------+--- 9 - 10 1.0 5 6 6 
Layoffs _______.____..-.---~-------- 5 3 3 1.7 5 5 a 

Weekly hours _._._____.-_---~----~--- 41.9 42.1 42.1 40.9 41.9 41.7 

Hourly earnings __________----------- $4.59 $4.97 $5.62 $6.25 $6.86 $7.66. 

Primary aluminum 
All employees _....__..--_-----+-+-~+--- 2.5 30.0 33.6 29.3 30.7 32.3 

Production workers _._.._._-.~-~-----+- - 22.5 24.4 27.3 23.2 24.8 26.0 

Weekly hours ________.--_-----~-~----- 42.0 42.2 42.5 41.3 41.8 41.4 

| Hourly earnings _.__._..-------~~----- $4.95 $5.38 $6.06 $6.64 $7.26 $8.23 

Mining machinery . | 
All employees ___...__._.~---~------+--+- 23.6 24.9 27.5 - 318 34.1 33.8 

Production workers ___.__._~.~.~~------ 15.5 16.2 18.2 21.1 22.0 21.7 

Weekly hours ___-____._-~------~----- 41.2 41.5 42.4 41.2 . 39.8 40.5 

Hourly earnings _..__._.--_-~--~-.----- $4.22 $4.56 $4.93 $5.45 $5.86 $6.42 
ee ee 

Note: All data were revised to 1977 benchmark levels and recoded to the 1972 Standard Industrial Classification as 
explained in the October 1978 issue of “Employment and Earnings.” Hours and earnings data are for production workers. 

Some categories for sand and gravel, chemical, fertilizer minerals, primary aluminum, and mining machinery are not 

available. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings, United States, 1972-78, : 

Bulletin 1312-11 (MD. 

| Table 14.—National income, wages and salaries by industry 
and earnings by employee | 

mn mr ca A 4 TS PS SS SS LS 

| 1972 1973 1974 1975 1976 = «19777 

National income by industry: 
All industries __.______.- ~~ ~~ billions. — $957 $1,078 $1,152 $1,245 *$1,894 $1,555 
Manufacturing — _ ~~ --~~------- do___- 252 284 298 312 363 409 
Mining, including fuels _ - —_ _ ~~~ millions... _ 8,700 10,149 15,589 18,149 *20,267 28,179 
Metal mining ____._.____------do__~- 1,073 1,489 1,596 T1,635 T1,900 2,067 
Nonmetallic minerals, except fuels _ _ _ _ do__ — — 1,571 1,883 2,074 T2211 T2261 2,340 

Total wages and salaries paid: 
All industries ______~--------- billions_ — 633.8 701.2 764.1 7805.9 890.1 983.6 
Manufacturing - _-_-----~------ do_ _ ~~ 7175.2 196.2 211.4 211.0 237.5 266.3 
Mining, including fuels __.._. ~~ millions__ 6,625 7,290 8,827  *°10,828 12,200 14,055 
Metal mining _____._____------do_-~_~ 918 1,012 1,196 1,317 1,462 1,566 
Nonmetallic minerals, except fuels _ . _ . do_-_— 1,101 1,218 1,349 1,405 1,512 1,649 

Average annual earnings: 
All industries _ - _~.-----~-~-------- -- 8,760 9,290 9,991 10,885 11,602 12,872 
Manufacturing -_ -—~—-----~-------- -- 9,449 10,027 10,847 11,908 112,838 18,892 
Mining, including fuels _._.__.___.---~ -~-- 10,790 11,683 12,905 14,765 "16,0538 17,352 
Metal mining _._____.-.-~-------- -- 10,675 11,500 12,458 14,161 15,720 17,022 
Nonmetallic minerals, except fuels _____.~ ~~ 9,919 10,591 11,432 12,825 18,381 . 14,598 

a a OSU 

"Revised. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business, July 1976-78.
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Table 15.—Indexes of mining expenses, and productivity in copper and iron ore mining 

(1967 = 100) . . 

ee SS : 

Category of expense or productivity 1972 1973 | 1974 1975 1976 1977" 
ea 

MINING EXPENSES . . 
PS ee sa Shih 

All principal expenses __ 1 =_~_~______ 123 133 168 189 198 218 
fabor Hn eee ee 126 135 172 190 196 218 
Supplies - oe ee 120 128 157 177 188 202 
Fuel _~ LL 119 146 208 245 266 302 
Electric power... -- ~~ __ 122 129 163 193 208 233 

= et rege ger 

. PRODUCTIVITY 
eee EC GC DAC SS A PS 

Copper (recoverable metal): 
bor costs per unit of output ~_-__._______ 138 154 190 202 190 206 

Labor costs per dollar of product _._._-..______ 104 100 95 121 106 119 
Product value per production-worker period __ _ _ 136 150 178 160. 203 193 

Copper ore mined: 
eremployee _____._____~________ 124 127 121 124 139 129 

Per production worker ___-._§_§_.___.________ 119 121 117 123 134 128 
Per production worker-hour _____________ 118 118 118 129 143 1386 

Recoverable copper metal mined: 
Peremployee ___.~_-_._~_-___________ 107 105 92 92 110 105 
Per production worker ___.§_§_-.$___§__..______ 104 100 89 92 110 104 
Per production worker-hour ___._________ 102 97 89 96 113 111 

Iron ore (recoverable metal): . . 
Labor costs per unit of output ~___.________ 115 118 _ 155 180 201 228 
Labor costs per dollar of product ___._-__._____ 109 105 118 109 110 115 
Product value per production-worker period __ _ _ 126 134 143 177 196 198 

Crude iron ore mined: 
Per employee _-___.~_-___-__-_.______- 119 127 121 , 117 119 105 
Per production worker __ .§_.9.-.____-___ 122 129 122 120 . 122 115 
Per production worker-hour _______._.__~ 124 127 118 117 119 113 

Usable iron ore mined: 
Peremployee -___________-_--__-__- 7114 T120 Till 107 107 93 
Per production worker _________________ TH7°— i (as«éT':22 T1183 109 109 102 
Per production worker-hour _____§§ ._-_____ 119 T120 109 107 107— (i 100—C—*= . 
AT LS SC SS TS SSS SSS SSS SSS SSP SSS iS SSS ss SSS FSS ise sh SSD 

"Revised. Preliminary. 

Note: Indexes pertaining ing to mining expenses and recoverable metals were computed from U.S. Bureau of Labor 
Statistics data found in “Wholesale Price Indexes” and “Employment and Earnings.” | 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Productivity Indexes for Selected Industries.
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Table 16.—Indexes of value of minerals produced __ | | 
(1967 = 100) 

_ Mineral group 1971 1972 1973 1974 1975 1976 1977" 

| IMPLICIT UNIT VALUE . | 

All minerals, except fuels _________- 112.8 117.5 126.8. 156.7 184.3 194.8 202.6 

All metals ____________..___~_ 124.1 127.3 142.1 187.8 196.6 209.0 219.1 - 
Ferrous metals _______.___.-_—- 115.6 119.5 123.7 157.5 204.2 232.2 254.0 
Nonferrous metals _~__..__._-__—- | 128.7 131.4 153.3 205.8 - 192.3 196.8 204.2 

Base __.§__--_-_-_~_-_~ ~~ 130.1 130.6 151.0 202.4 176.9 187.6 186.3 
Monetary _______~~__--~--~- 107.9 136.2 212.2 369.4 356.5 312.2 347.6 
Other _____.___~-__-_---~- 132.0 136.4 141.3 1563 225.1 210.3 241.6 

All nonmetals _______._______-_- 107.3 112.5 119.2 141.8 178.3 187.5 195.3 
Construction _.__.__...-_---—- 112.8 120.6 127.0 146.5 169.9 184.1 197.4 
Chemica] ____.__.__.___-_~- 86.9 84.6 90.2 126.6 204.6 196.6 188.7 
Other ______________-__-~_- 115.2 119.8 128.0 145.0 169.5 190.2 198.3 

. AVERAGE UNIT MINE VALUE . 

All minerals, except fuels _________ - 110.8 116.3 124.7 154.1 185.7 197.1 207.2 

Allmetals _.______.~__--_--~- 121.5 125.5 139.6 184.6 206.6 222.0 238.0 
Ferrous metals ________.._____~- - 115.9 120.2 125.5 159.5 207.3 235.6 260.3 
Nonferrous metals ______.__--~- 127.8 181.5 155.5 212.8 205.8 206.7 212.7 

Base... ~~ 129.9 130.7 151.1 205.7 181.5 191.5 188.7 
Monetary ___.___.__-~----~- 108.8 138.1 222.3 380.2 373.5 319.4 361.1 
Other __________-~_~_--_-~- 130.0 131.2 136.7 150.1 211.6 206.2 227.8 

All nonmetals _____________-___ 106.9 113.0 119.4 143.1 ~ 178.2 188.1 196.0 
- Construction _...-..-_-------> 112.7 120.8 127.2 147.2 170.6 184.8 198.3 

Chemical _____._...-~__-- _- 86.2 85.2 91.1. 128.5 204.1 198.0 . 187.5 
Other _______-_----_------~ 115.7 123.4 1382.5 148.7 172.2 192.0 . 201.4 

ee 

PPreliminary. 

Note: These indexes measure price changes between the given years and base year, 1967. The first index is calculated 
by dividing the Bureau of Mines Index of Value figures (not published) by the Index of Physical Volume of Mineral 
Production. The second index uses an actual or estimated mine value in all cases where a refinery or mill value was 
reported in the Bureau survey figures used in the first index. Weights are of the given year in the first index, and of the 
base year in the second index.
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Table 17.—Wholesale price indexes of selected products 

(1967 = 100) . 

Product 1972 1978 1974 1975 . 1976 1977 

All commodities... ._-.____- 119 135 160 175 183 194 
Metal; metal products ___.._____.._-_.___ _ 124 133 172 186 196 209 

—— Nonmetallic mineral products —___—-=.--.~~-- 126 130 153 174 186 200 

Iron ore_ ~~ 103 107 128 154 171 186 
Iron and steel _. ~~~ ~~ Le 128 136 179 201 216 230 
Iron and steelscrap ~__-_-___.-_------- 122 188 353 246 259 231 

. Semifinished steel products ___._~_ ~~. ~___ 131 134 169 207 223 240 . 
Finished steel products ..._..___...-____- 130 134 170 197 209 229 . 
Pig iron, ferroalloys ~...__..-_.-.--_-___ 125 129 188 265 262 256 

| Nonferrous metals _.. 2 117 135 187 172 182 195 
Primary aluminum ______~____.__-.-_-- 97 102. 151 160 177 206 
Lead, common pig _.__._.-__.____-____- 110 117 ~=—s«éd) 154 164 219 
Zinc, prime western slab ~..—___.__.../.-__- 123 147 249 270 . . 261 240 
Nonferrous scrap ___—__---..----------- 103 148 198 . 128 155 162 . . 

Concrete ingredients ___._._._..._.__._____ 127 131 149 172 187 199 
Sand and gravel, crushed stone ~.__.________ 122 125 135 151 161 171 
Gypsum products ~ -——---~--------~----- 115 121 138 144 154 183 
Building lime ____..._.--..____-._-.-- 122 127 153 186 205 220 
Insulation material _.....-.-__._--___- 137 137 156 196 213 236 
Fertilizer material _.__..__.._ ~~ ~~ 74 77 124 199 164 160 
Phosphate rock _._ ~~ 80 80 184 429 375 330 
Potash __.-.------------~------~-~-- 100 106 133 167 167 156 

Coal _. Le 194 218 332 386 369 389 
Coke ____.__~ ee 156 167 248 331 347 379 ( 
Gas fuels _._. _-_ ~~ ee 114 127 162 217 287 388 
Petroleum products ~.____.__.—~_.______- 109 129 223 258 277 308 
Electric power __ ~~. -- 122 129 163 193 208 233 
‘Industrial chemicals ___.§...§_-.______._-- 101 103 152 207 219 224 

. Lumber ____ ~~ Le 159 205 207 192 233 277 
Explosives _.__....__._-_-_---------- 115 120 147 178 187 194 . 

Construction machinery and equipment _.—_— ——~ 126 131 152 185 199 214 
Mining machinery and equipment _.________- 117 121 144 184 212 229 
Cranes and excavators _. _ .__ ._..._.--.-_-- 126 130 152 184 201 214 
Scrapers and graders... $2. ~~ 124 136 160 196 211 226 
Mixers and pavers _______-____.____u___ 126 130 145 161 169 183 
Tractors other than farm ____.. >. _-_______ 127 132 155 188 2038 219 

sources U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes, Supplements 1973- . 

Table 18.—Annual profits on equity, and dividends paid in selected industries 

_ Average annual profits after Dividends pai 
’ * paid 

| Industry a On orcent) (million dollars) 
| 1975 1976 1977 1975 1976 1977 

Primary metals _-_____________________ 8.6 8.5 49 1188 1,186 1,226 
Iron and steel __...-_______-__--___- 10.9 9.0 3.5 746 173 802 
Nonferrous metals _._. ~~. ~_..__.-_____ 5.0 TA 7.2 442 © 414 423 

Stone, clay, glass products wee eee 8.3 11.9 13.4 413 440 517 
Chemicals and allied products _._§___._______ 15.2 15.5 15.1 2,768 3,136 3,643 

All manufacturing ____________-.-__-__- 11.6 13.9 14.2 19,968 22,763 26,650 

Note: 1976 data have been revised to reflect the reclassification of companies by industry in early 1977. 

Source: Federal Trade Commission. Quarterly Financial Report for Manufacturing, Mining and Trade Corporations. 
lst and 4th Quarters 1977, tables 4, A-1, B-1, D-1. ,
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Table 19.—Failure statistics and liabilities in mining and manufacturing 
ene 

Industry . 1971 1972 1973 1974 1975 1976 1977 
Ka SSS 

Mining, including fuels: 
Failures______§____.____-____.____-_number__ 38 44 32 9 26 37 30 
Current liabilities. ._.§_.$_._§_§_____________millions__ $15 $12 $24 $10 $9 $106 $42 

Manufacturing: 
Failures_____-__________________ thousands__ 1.9 1.5. 1.4 1.5 1.6 1.3 1.1 
Current liabilities. _.__.__§_._._.________ ___ billions__ $.7 $.8 $.7 $.8 $1.0 $1.0 $1.2 

All industries: . 
-Failures_____.____.._.__._______- thousands__ 103 9.6 9.3 99 11.4 9.6 7.9 
Current liabilities___._........_._...__ billions. $19 $20 $23 $81 $44 ° $80 $81 

CL 

Source: Dun and Bradstreet, Inc., Business Economics Division. Monthly Failure Report. 

Table 20.—Investment in plant and equipment in selected industries 
- Billion dollars) 

Industry 1971 1972 1973 1974 1975 1976 1977 
eee CL LD SSA SS 

. All mining, including fuels _________ 2.16 | 2.42 2.74 3.18 3.79 4.00 4.50 
All manufacturing ~~~ ~§ ~~ _-_____ 29.99 31.35 38.01 46.01 47.95 52.48 60.16 

_ Primary iron and steel ____________ 1.37 1.24 1.38 2.12 3.79 ' 3.81 3.44 
Primary nonferrous metals _________ 1.08 1.18 1.67 2.33 2.28 2.16 2.24 
Stone, clay and glass products _______ 85 1.20 1.49 1.44 1.42 1.72 1.99 
Chemicals and allied products _______ 3.44 3.45 4,46 5.69 6.25 6.68 6.83 
Petroleum ___~_____~_~__ 5.85 5.25 5.45 8.00 10.51 11.62 13.87 

eee 
Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business, March 1972-78. 

Table 21.—Investment in plant and equipment by foreign 
affiliates of U.S. companies | | 

(Million dollars) . 

Industry and year Canada avatin Europe Other Total 
nner ee 

A SS SS SR See 

Mining and smelting: . | 
1970 __--_ Le 411 477 15 484 1,387 
1971 _--- LLL 827 209 5 424 1,465 
1972-2 593 147 6 421 1,167 
1978 _- Le 554 185 11 351 1,101 
1974 427 270 9 374 1,080 
1975 _--- Le 534 317 6 316 1,173 
1976 ~ 2 L 490 192 13 221 916 
1977 ~~ = 391 74 11 332 808 

Manufacturing: 
1970 __--_-_- Le 1,159 669 3,614 1,081 6,523 
1971-2 Le 1,153 648 4,260 1,045 7,106 
1972 __-__- 1,504 840 4,082 708 7,134 
1973 _-_-_- ~~~ 1,814 1,043 5,357 1,033 9,247 
1974-2 L Le 2,677 1,217 6,374 1,358 11,626 
19756 ~~~ LLL 2,094 1,356 6,500 1,292 11,242 
1976 ____-_-________~ 2,165 1,615 6,547 1,140 11,467 
1977 ~~ Le 2,629 1,615 6,985 1,332 12,561 

rr 
Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. September 1976-77.
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Table 22.—Proceeds from primary security offerings | 

. (Million dollars). | 

Industry and year | Bonds Preferred Common ‘Total - 

Extractive, including fuels: | a oe | 
1972 _______ eC 706 3 1,301 2,010 
1978 _-___-___ eee 232 10 831 1,073 
1974 eee 258 _- 723 — 980 

- 1975 ~~ ee 685 75 871 1,631 
1976 __-__________ eee 1,023 140 606 1,771 
1977 ____-____ eee 1,343 25 1,307 2,674 

Manufacturing: . | . 
1972 ~--_________ Lee 4,821 202 1,607 6,629 
1978 ____________ ue 4,241 107 537 4,885 
1974 _______ e+ 9,881 115 430 10,426 
1975 ____ = eee 17,097 «687 1,134 18,767 — 
1976 _____ e+ 13,243 344 1,893 15,479 
1977 _-_ e+ 12,510 541 124 — 18,776 

| Total corporate: | 
. 1972 ~ eee eee eee 28,896 3,367 9,694 41,957 

1978 _.--___ ee eee ee 22,251 3,383 7,800 33,434 
1974 __._-.___ ee eee 31,567 2,254 4,050 37,871 
1975 __._.-____ e+ 41,740 8,458 7,426 52,624 . 
1976 ____.____ e+ 41,069 2,789 8,305 52,161 
1977 ___-_____ e+ 40,050 3,878 8,135 52,062 

Note: Proceeds include new issues of securities exceeding $100,000 in value maturing in more than 1 year. . 

Source: U.S. Securities and Exchange Commission. Statistical Bulletin, v. 37, No. 4, April 1978, pp. 13-14. 

- Table 23.—Income from, and investment position in foreign affiliates engaged in — 
| | mining and smelting, by geographical area 

| (Million dollars) : 7 
. . . - . 

Total income consisting of | 

invested Yearend 
Selected major areas | antares Reiners of investment. 

unincorporated incorporated position 
. earnings iates -: . 

Oc 1974 | i | 
All countries___§___§_§-______________---------+----+-- 680 187 5,790 

Canada __________________ eee 125 84 2,794 
Australia. _.§_-§_§_.$___-_______-____--____--+--+-+---+--+-- 129 58 952 
Latin America _______._~__~_-_-~-_~_-~~--~---------+--+- 281 40 1,131 

Argentina ____________--___---~-~~-------------- () 5 50 
Brazil _..-_-__-______-______u-_--~-~-~----+-----~+-+--+-- W 10 94 
Chile. _.___-________ ~~ ee ee 4 1 25 

Mexico _____________.___--~~--~_~-~-~----------+- 10 23 83 
Peru _____.__________ eee ee ee eee 68 1 412 

1975 
All countries. ____.______-__---~-~-----~-------~-~---+- 448 238 6,548 

Canada ______________-~--~.-~-----~-~-+-~-~-~-~-+-+------ 99 150 3,053 
Australia... ______-_~-------~~-+--~+~-~---~-------- 189 43 1,055 
Latin America __________--_----~-----~----------- 94 32 1,476 

Brazil _.-_-__._-_______--_----------------+------ WwW 19 130 
Mexico _________----~-~_~--_----~---~-~~-+-~-~--~---- 6 10 80 

Peru__________________-~~- ee + - 17 Ww 700 

1976 . 
All countries. __________~_-_-------_-~-~-~-~-~--_------ 591 338 7,060 

Canada ______________-__---------~--+--~-+--------- 126 127 3,200 
Australia. _______________------~-~-+-~-~-~-------+--- 225 126 1,238 
Latin America _______________~--~_~~-~--_--~-----~-~-+-~~-+ 233 42 1,601 

Brazil __-_______~_~_______~_-~-_-~-~ +--+ 10 14 140 
Chile. = eee (4) -2 5 
Jamaica_____§_______~~__~---------~-~~-~--------- 64 (2) 302 
Mexico ______________~___--~---~-+-~-~+-~+-~-~-~-------- 5 4 89 

1977 
All countries. __________-_-~--_-~----~~---~--+-+----- 632 180 7,066 

Canada _______________~--__------~-~-~-+----~-+------ 160 12 3,212 
Australia. __-__________-__-~_-__-__-~-~-+~-+----~---+---- 229 77 1,255 

See footnotes at end of table.
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. _ Table 23.—Income from, and investment position in foreign affiliates engagedin its 
| mining and smelting, by geographical area—Continued = an : | | (Million dollars) Be 

| | ee | Total income consisting of —_ | re 
-"Thterest.  Reingestad  Yearend 

Selected major areas dey, Reimeaed investment — 
unincorporated incorporated Position 

earnings affiliates — oo eeeeeeeeeeeeeeeeEFEESSOSeeeeS 
ee 

. 1977 —Continued . 
New Zealand and South Africa, Republicof_.________________ 4 12 294 . Latin America ~___ ee 194 24 1,579 - Mexico ________- 3 5 97 Other African countries_._.._____________.__________ 41 WwW 544 _ Other Asian and Pacific countries__________...._-________ WwW WwW 182 

W Withheld to avoid disclosing company proprietary data. 
1Less than 1/2 unit. 

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business, August 1976-78. 

| Table 24.—Mineral freight originating on rail and water carriers | 
(Million short tons) : 

LL CE LCA Pr epee SSRS 
. ; " 

. / 

Commoditi t fuels Rail Water , m , except fue —_—_——— Orr : | ms, exer 1974 +1975 +1976 +«~=~=«1974.~=SC«WASTSS~S~*«*WOTO 
. Bauxite ____-_____________=__L eet 6.7 —  §.2 5.7 0.6 0.4 0.4 Copper ores _____________ 10.8 6.6 8.4 _- (*) (4) Iron ores and concentrates ________________ 103.1 89.6 T7.7 79.9 69.3 73.6 Lead and zinc ores _-_________________ 2.1 1.7 1.9 NA NA NA Manganese ores ___.§_-§________§___________ 1.1 8 8 1.2 1.1 9 

Other ores __________________ 2.7 2.5 2.4 ‘6 1 9 Steel works, rolling mill products ____________ 56.0 41.0 38.5 11.3 8.7 8.4 . Iron and steel castings ____._.§_-____.________ 3.0 2.2 2.1 -- -- _- Nonferrous metals and primary smelting products _ _ 7.4 5.1 5.8 7 5 1 Other primary metal products ae 4.0 3.1 3.1 -- -- -— 

Tron and steel scrap ~~. _-_-______________ 38.9 28.9 26.2 2.3 1.6 2.1 ' Nonferrous metal scrap __________________ A 2.1 2.0 1 @) - 2 , Abrasives and asbestos __________________ 32.3 27.5 27.2 _- _- ne Cement ______.-- ~~~ 17.7 15.4 16.2 9.9 8.3 8.5 Clay _-_-______~ 3.3 2.6 3.0 1.7 1.5 18 

Fertilizer _____§_§.~---____-______ 19.6 18.5 15.9 6.1 6.0 . 66 Gypsum ____________ 2.0 1.5 1.7 By | 6 1.0 Limestone, agricultural and lime ____________ 8.8 7.4 6.2 1 5 yf Limestone, flux _.___________________ 11.7 9.1 7.9 36.3 29.1 29.6 Phosphate rock __._-_-.§_-________________ 41.9 42.2 39.0 85 9.4 8.7 _ 

Sand and gravel___$__~_~§_~_~____ 48.3 39.8 — 36.0 16.4 67.9 61.2 Stone, crushed _______________________ 45.7 38.8 31.4 + -- _- -- Sulfur____~___--~_~--~ 5.1 48 41 8.8 8.1 3.7 Other nonmetallic minerals __._._§_________ 11.0 10.2 8.7 71 6.6 6.9 rr 
Total _____-_-__- ~~~ ee 483.6 406.6 371.7 252.9 220.4 216.1 

Other processed nonfuel minerals ____________ (*) (?*) 63.9 (?) (*) 30.4 

Grand total _________-_______-______ (7) (7) 435.6 (7) () 246.5 
ee 

CCC A 
er reeeneesaeses . NA Not available. 

1Less than 1/2 unit. 
2Not computed prior to 1976. 

Source: Interstate Commerce Commission, Bureau of Accounts. Freight Commodity Statistics, Class I Railroads in the United States, 1975-76. Department of the Army, Corps of Engineers. Waterborne Commerce of the United States, Part 5. National Summaries, table 2, 1975-76. |
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Table 25.—Metallurgy and materials research funds obligated by fiscal year 

(Million dollars) 

1976 research 1977 research 1978 research 

Federal agency SE eee 
Basic Applied Basic Applied Basic Applied Total 

Department of Defense ___________ 29.7 80.3 33.7 16.2 37.1 7996 1168 
Energy Research and Development 

Administration ____________--~_ 40.2 13.2 56.9 15.6 63.2 18.1 81.3 

National Aeronautics and Space 
, Administration _______.__----- 1.3 34.7 47 — 62.8 5.8 103.6 108.9 

Bureau of Mines ______________- 1 43.4 . Jl 41.8 Jl 40.9 41.0 

National Science Foundation ___——__~— 16.7. 2.1 17.4 1.2 14.5 1.2 15.7 

Department of Commerce __________ 1.0 1.2 1.1 1.3 9 1.1 2.0 

Other ___________________-_- (2) Jl () 5 (4) 5 6 

Total? ____ > -- _-_-_______ 95.0 175.5 113.9 199.4 121.1 245.1 366.3 

ee tp is SS 

4Less than 1/2 unit. 
2Data may not add to totals because of independent rounding. 

Source: National Science Foundation. Federal Funds for Research, Development and Other Scientific Activities, Fiscal 

Years 1976-78, v. 26, Detailed Statistical Tables, Appendices C-D. NSF 77-317, July 1978, tables C-24, C-25, C-43, C-44, C-62, 

Table 26.—Mining and mineral research and development funds | 

obligated by Bureau of Mines, by fiscal year 
(Million dollars) | 

1972 1973 1974 1975 1976 T. Qtr. 1977 1978° 
a 

. 

Applied research ____—_~- 32.8 34.6 24.9 51.0 72.5 24.3 48.3 | 48.4 

Basic research ____——_~~-- 7.8 6.9 5.6 1.9 8 2 4.0 — 8.6 

Development ___~_----- 30.2 36.0 35.6 48.7 58.0 20.3 49.6 57.0 

Total research __ ~~~ 40.6 41.5 - 80.5 52.9 73.3 24.5 52.3 57.0 

Total research and 
development _____---- | 70.8 17.5 66.1 101.6 131.3 44.8 _ 1019 . 114.0. 

Research science: 
Engineering ______—-~ 28.7 30.5 23.9 47.7 67.5 23.0 44.0 42.38 

Physical _________-~~ 10.5 928 5.3 1.9 1.8 5 3.7 3.5 

Mathematical _____—_~_ 5 6 5 1.3 1.6 | 1.6 29 

Environmental ___ —___ 9 1.1 8 2.0 2.4 6 2.9 7.0 
a 

°Estimate. | 

Fiscal year 1976: 7/1/75-6/30/76. 
Transition quarter: 7/1/76-9/30/76. 
Fiscal year 1977: 10/1/76-9/30/77. 
Fiscal year 1978: 10/1/77-9/30/78. 

, Table 27.—Strategic and critical materials stockpile at yearend | 

(Million dollars) 

a 
. Acquisition cost Approximate market value 

Inventories — $$$ $= 
~ 1975 1976 1977 1975 1976 1977 

National stockpile ______-__-_---~-- 2,554.8 2,479.2 2,501.1 5,258.9 6,013.9 7,121.8 

Supplemental stockpile _______-~—-~- 1,095.1 1,076.1 1,058.5 1,947.9 1,899.9 1,893.2 

Defense Production Act ______--~-~- 310.4 . 297.1 161.3 225.9 246.7 187.8 

Totalon hand! _______-_--_-- 3,960.2 3,852.3 3,721.0 7,432.7 8,160.4 9,152.8 
Total less unshipped sales _______- NA NA NA 6,320.8 6,410.1 8,786.4 

a 

. NA Not available. 
1Data may not add to totals because of independent rounding. | 

Source: General Services Administration, Office of Finance. Status of Defense Materials Inventories, Dec. 31, 1977.
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Table 28.—Sales commitments of mineral commodities from stockpile in fiscal year 1977 _ 

Commodity _ Quantity Sales value 
OO ee 

NATIONAL AND SUPPLEMENTAL STOCKPILE INVENTORIES © 
eee 

Asbestos, amosite_ .___._____..____~ ~~ ____-_ short tons. _ 121 $45,884 
Cobalt__—~_-_-____-_ ~~ ~~ eee ~pounds__ -31,364 -161,215 

. Diamonds, industrial, bort ~~. 222 -~-_---_-_-________________ carats. _ 2,600,975 5,990,733 
Diamond tools_ _________.._-_._..---_-..______________. pieces__ 15,396 64,979 

_ Magnesium ____ LLL short tons. _  §00 885,000 
Manganese, battery grade, natural ore_____.___.___._._._..__ short dry tons__ 3,368 164,200 
Mica, muscovite film____.....____._-___-___..______..___ pounds__ 67,337 _ 212,546 
Mica, muscovite splittings ___.._._-___________________________ do___ 970,564 608,430 
Mica, phlogopite splittings ___..§_/$_-9_-__________________________ do____ 232,181 143,672 
Ruartz crystals —- eee dO 63,225. 726,389 
Rare earths oxide____________......___...________-_ short dry tons__ 2,574 1,063,790 
Talc, steatite.___§.-._____.___ LL ___ short tons. _ 527 2,498 
Talc, steatite, block andlump __.________-____-__________-_-__ do____ 4 1,075 
Thorium nitrate __________..-____---.-___.____________ pounds__ 22,000 49,500 

: Tin ~~~ eee long tons__ 2,353 25,974,768 
Tungsten ores and concentrates _______..--._..._._...._______~— pounds__ 2,922,679 25,661,434 

Total __..~_--.-____-_-_~~--~-~----~---------------------- _— 61,433,683 

. . DEFENSE PRODUCTION ACT INVENTORY 
Re a Le 

. Manganese, metallurgical grade_____._-__.._._........_  _ short dry tons__ 72,016 1,807,744 
Mica, muscovite film________.--_-_----.__.__-___._-.____~ pounds.._ 4,569 17,201 
Tungsten ores and concentrates ___._..~-_-_____-_-________________ do____ 540,801 5,229,577 

Total ee __ 7,054,522 

OTHER | | | | 

Lithium ___________________________________________ pounds. 3,456,275 —=-2,578,075 
Mercury ____§_§-_§-__~ LL flasks__ 1,200 149,319 

Total _.-_ Le SO 2,727,394 

Grand total ___.______..-.-____-----_ eee _- 71,215,599 
EEE 

_ Source: General Services Administration, Federal Preparedness Agency. Stockpile Report to the Congress, October 
1976-March 1977, April-September 1977. 

| | Table 29.—United Nations indexes of mineral industry production 
| : by area of world : 

(1970= 100) 

Industry sector and geographical area 1973 1974 1975 1976 1977 

| EXTRACTIVE INDUSTRIES 

Metals: | 
Market economy countries __.____________ 104 104 97 101 101 

Developed! _..____________________ 100 100 93 95 94 
United States and Canada _____________ 103 104 95 100 96 
Europe ___-__~-~---_~~-~__------- 104 106 98 96 90 
European Economic Community? _______ 90 88 88 78 71 
Euro Free Trade Association® ______ 112 119 105 105 95 . 

Australia and New Zealand woe ee 102.— 102 104 100 110 
Developing _____________-_________ 110 111 108 110 112 
Latin America _____..___-_.___---- 109 118 108 117 124 
Asia _.~__---__~~~ 103 95 97 100 100 | 

Centrally planned (Europe)* ______________ 118 119 122 123 124 
World ____.__~-_-_--~~___~~____ 107 108 103 106 106 

Total extractive industry: (see note) 
Market economy countries ___________-.. 112 112 106 112 116 

Developed? ____..___-.-.______-___ 104 104 101 108 106 
United States and Canada ___§_§_____.___ 105 104 108 104 107 
Europe ___-_-~-~------__-_--~---~- 100 99 95 98 100 
European Economic Community? _______ 100 97 93 96 97 
Euro Free Trade Association? ______ 110 111 102 108 96 

Australia and New Zealand ------- 136 144 144 144 152 
Developing ________-__-_-----.---_-- 123 125 114 126 131 

Latin America ___~_~~. ~~~ ______ 105 108 102, 105 109 
; Asia _________ 145 148 185 152 156 

Centrally planned (Europe)* ____._________ 118 124 182 188 142 
World ______~-__~-~~_ 114 116 114 120 124 

See footnotes at end of table.
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| | : | 

OO Table 29.—United Nations indexes of mineral industry production 
by area of world —Continued , | 

(1970 = 100) 

Industry sector and geographical area 1973 1974 1975 - 1976 1977 

. PROCESSING INDUSTRIES . 

Base metals: 
_ Market economy countries _______.__---~-~- 117 120 102 111 112 

Developed? _________________---~-- “117 118 99 1080 (asd 
United States and Canada __.________~~_ 117 115 92 . 102 2 ~=~=~=—«108 
Europe _____~-____~---_------~~-- 112 117 100 107 105 

European Economic Community? ____—_~- 109 112 93 101 98 
European Free Trade Association? ______ 113 116 102 105 108 

_ Australia and New Zealand __.—_-____-~- 107 111 109 105 101 
Developing ___..____.-_-~---------~- 121 136 142 153 161 
Latin America ________._-_-----~~- 128 145 148 152 162 
Asia ______ ~~~ 105 121 136 164 169 

Centrally planned (Europe)* ___.._______-- 128 126 135 146 151 
World ______.~___~~----~~-~--~--- 118 121 112 121 =: 128 

i. Nonmetallic mineral products: . 
Market economy countries _______ ~~~ 122 121 114 124 131 

Developed? _________-________---_- 121 118 109 119 ~=124 
United States and Canada _____.___.____- 123 120 ~ 111 / 125 133 
Europe ___ 2 _~__-~____-~-_--- 118 118 109 116 119 

| European Economic Community? _______ 116 116 106 113 115 
Euro Free Trade Association? ______ 117 © 119 108 104 2—s«di107 . 

Australia and New Zealand Hone ee 122 - 114 ~ 116 122 123 
Developing ____._____-_--~~-------- 131 139 149 162 176 7 
Latin America ._________.------~--. 135 143 151 161 170 . 
Asia __-______~____.~~_---=------ 125 135 148 170 197 

Centrally planned (Europe)* __________-~-- 125 135 144 152 159 
World ________----~-~-----~----~---- 124 126 126 185 142 

OVERALL INDUSTRIAL PRODUCTION (see note) 

_ Market economy countries __._____----~-----~ 120 121 115 125 130 
Developed! ___._________.---_--~----~- 119 119 112 121 126 

United States and Canada ___._-_=------~ = 120 119 111 123 129 
CO Europe _.__§_______—-____~~-----_-- 116 118 111 119 122 

European Economic Community? _______~- 114 115 108 116 118 
European Free Trade Association® ________ 115 119 112 114 116 

Australia and New Zealand ___________-_~- 115 116 117 120 121 
Developing __. __.. _______---_----~_--- 128 135 137 -148 157 , 
Latin America _______.______-__--~-- 181 141 138 146 150 
Asia ~~~ _________ ee 123 139 142 158 173 

Centrally planned (Europe)* ___________—_- 129 140 152 163 175 
World -.__________~-~-_~~_-~-~_----~-~- 122 -126 125 . 185 142 

1Includes nations shown plus Israel, Japan, and the Republic of South Africa. 
Belgium, Denmark, France, Ireland, Italy, Luxembourg, the Netherlands, the United Kingdom, and the Federal 

Republic of Germany. . 
Austria, Norway, Portugal, Sweden, and Switzerland. | 

“Bulgaria, Czechoslovakia, German Democratic Republic, Hungary, Poland, Romania, and the U.S.S.R. 

‘Note: The world category does not include Albania, the People’s Republic of China, Mongolia, North Korea, and 
Vietnam. Data for the extractive industries of coal, crude petroleum, and natural gas; and for the processing industries of 
chemicals, petroleum, and coal products are included in the respective subtotal and total figures. Bata for these excluded 
fuel categories, including all quarterly data for 1977 for this table, are presented in volume III of the 1977 Yearbook. 

Source: United Nations Monthly Bulletin of Statistics. August 1978, pp. 14-27.
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Table 30.—Value of world export trade in major mineral commodities | . and indexes of prices 

Commodity group 1972-1973 1974 1975 1976 1977 OE 
VALUE OF WORLD EXPORTS (BILLION DOLLARS) | 

. ene 

All commodities________________ 413.5 ™574.6 ™838.2 *872.2 988.8 NA 
Total minerals ________ | 784.6 124.7 T265.0 253.5 287.8 NA 
Total metals __________ | --- 39.8 T57.8 86.8 ™78.3 81.9 NA Metal ores, concentrates, scrap ____ - 7.7 11.0 715.6 14.4 15.8 NA Iron andsteel _.__________ 20.1 28.5 46.4 45.8 44.7 NA Nonferrous metals ____________ 11.9 18.3 24.8 18.1 21.5 NA Total nonmetals, crude ________ ™3.0 3.8 5.8 ™6.2 6.8 NA Mineralfuels _.._________ T41.8 ™63.0 "172.4 169.1 199.6 NA 

INDEXES OF EXPORT PRICES (1970= 100) 

All crude minerals ~----- ee 131 173 473 494 510 554 
Metalores_-__________ 107 130 175 206 209 214 Fuels __-_-__--__ 140 189 577 588 616 674 
Developed areas: / 

Total minerals ___________ 118 150 274 301 302 315 Nonferrous base metals _._______ 89 119 149 125 137 146 
Developing areas: 

Total minerals ___________ | 136 182 555 571 595 650 Nonferrous base metals ________ _ 82 127 160 109 121 128 

"Revised. NA Not available. 

_ Source: United Nations Monthly Bulletin of Statistics. March 197 8, p. 162; and June 1978, pp. 32-84. | .
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ining and Quarrying Trends 
in the Met tal in the Metal and Nonmetal 

I tri ndustries 

By Franklin D. Cooper! 

The value of nonfuel raw mineral pro- ment of entire boring heads up to 20 feet in 
duction in the United States for 1977 in- diameter when only the stem is broken. 
creased over that of 1976 by 5%, from $16.7 Although pneumatic drill rigs dominated , 
billion to $17.5 billion. Metals declined by in most underground mines, hydraulic per- 
0% from $6.1 billion to $5.8 billion, chiefly cussion drills with one single moving part 
because of strikes in the iron ore industry gained favor because of faster penetration 
and a depressed copper market. Subsidi- and less noise while requiring less energy 
zation of mining industries in some foreign and maintenance. 
countries accounted in part for the excess of A twin-boom tunneling jumbo equipped 
copper and some other metals on world with a dry dust collector met the strict 
markets. Weak metal markets and contin- requirements of environmental inspectors 
ued slowdowns in the world economy were in an underground limestone mine. : 
the main reasons of the virtual absence of The Bureau’s continuous spiral drill-and- 
new mine projects. blast concept, when tested in the White 

Increasing domestic governmental in- Pine Copper mine, indicated advance rates 
volvement affecting mineral industry activ- four times that of conventional drill-and- 
ities, such as pricing controls, public land blast methods. 

| withdrawals, and the Surface Mining Con- Explosives manufacturers introduced a 
trol and Reclamation Act, effective August new plastic connector, the Safe-T-Tube, to 
3, continued to be controversial and to be prevent premature detonation of detonating 
criticized by various segments of the indus- cord. Two new explosives were made avail- 
try. a able for underground blasting. 

Large capital outlay and the long lead Diesel-powered haulage continued to in- 
time to attain production from a new facil- crease in noncoal underground mines. 
ity were also of concern. Because of increas- A roof-support system using 14- to 18-foot- 
ing costs and depletion of higher-grade re- long fiberglass beams permitted a contin- 
serves, the mining industry relied heavily uous mining operation, as demonstrated in 
on technology to develop more efficient a Pennsylvania mine, to advance 20 feet 
mining and processing methods. farther than with steel beams previously 

The use of raise- and shaft-boring was used. The Bureau of Mines developed an 
popular, compared with former develop- improved method for anchoring roof bolts, 
ment practices, because less completion using a cartridge containing quick-setting 
time was required. Mine ventilation was portland-gypsum cement and microencap- 
improved and less maintenance was needed __ sulated water. 
after the boring was completed. Four U.S. Tungsten-halogen lighting was initially 
companies produced raise-boring machines, introduced in underground mines as were 
one of which could produce a 350,000-foot- two new designs of roof bolts. 
pound torque and a 2-million-pound thrust. In the surface mining sector, trends in 
One manufacturer patented a “taper-lock” new equipment were diversified. A 16-cubic- 
removable stem to eliminate the replace- yard hydraulic-type shovel was being tested 

37
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py Reserve Mining Co. Ten of these units Duval Corp.’s Sierrita mine to replace 12 © = 

-- were reportedly sold to the U.S.S.R. How- trucks by a $30.6 million conveyor haulage = ==s—i‘“8s 

ever, for sizes larger than 11.5 cubic yards, system. To provide continuous ore flow by |... 

-_- gable operated shovels, according to opera- preventing bridging problems in Duval’s 

tors’ statistics, tend to be more reliable, 6,540-ton-per-hour system, each of two 60- pe 

have a longer life, and are cheaper to inch-diameter gyratory crushers was pro-— | - 

operate. A new small walking dragline cap- vided with a boom-mounted, 20,000-foot- 

able of using a 10- to 16-cubic-yard bucket pound hydraulic hammer delivering 400 to 

on a 140- to 200-foot boom was introduced. 500 blows per minute. 

The modular design of the machine permit- Growing use of computers was made for 

ted it to be assembled in 124 hours, using an mine planning and production and haulage- - 

experienced 6-worker crew. Disassembly re- truck assignments. | 

quired 76 hours by the same crew. A new Progress in beneficiation and processing 

front-end-loader weighing system was intro- was highlighted by; automation of crushing 

duced that recorded single and cumulative and grinding circuits, process control using 

| load weights for inventory control and pro- radioisotopic probes, onstream particle 

ductivity measurements. Two new 6-ton- measurements, 1,000-cubic-foot flotation 

| capacity load-haul-dump (LHD) machines cells, new flotation reagents, smaller dimen- 

were introduced. One featured two loading sioned but more efficient thickeners, and 

buckets; the other had a 21,000-pound new ion exchange resins for absorption of 

breakout force. precious and noble metals. | 

Drilling and blasting practices continued One company used a steel reinforced 

to change because of increasing governmen- polyurethane medium to eliminate vibrat- 

tal regulations limiting noise and surface ing screen blinding. oe 

vibration. In a joint effort with the Engi- Because of improved engineering and con- 

neering Contractors’ Association of South struction procedures, earth-bottom thick- 

Florida, the Bureau of Mines developed an eners were increasingly used in porphyry- 

explosive-loading technique that can elim- copper operations and for countercurrent | 

inate the often dangerous “kelly-bar” stem decantation. — | | 
_ loading method. A spiral, inductive magnetic separation | 

More rotary drilling was used in open pits technique was developed that could produce 

as higher benches, wider spacing, and large- a single-stage iron ore concentrate having 

diameter holes became more commonplace. — the same metal content as normally recov- 

Bulldozers continued to increase in size. ered in two drum-type separators. 

Three new machines were introduced. | The Bureau of Mines developed economic 

Rated horsepower ranged from 620 to 720, methods for producing concentrates con- 

or about 15% higher than for previous taining 28% to 31% P;O; at 60% to 70% 

models. One manufacturer introduced a_ recovery from complex western phosphate 

track-type tractor with shock-proof rock. 
sprockets that support the tractor, above The use of analog loop instrumentation 

the track roller frames. increased the productivity of a uranium 

For practical reasons, most U.S. mine mill from 1,800 tons per day to 2,700 and a 

haulage trucks remained below 200-ton ca- similar control system monitored the grind- 

pacity. Reasons usually given were: Over ing circuit of a lead-zinc mill. | 

200-tons, electric-wheel trucks require tires In one plant a controller, in conjunction 

that are not readily available; the trucks with sensors evaluating the reflectance and 

have high initial and operating costs; and scattering of 2,950-nanometer-wave-length 

they require special conditions to realize light, kept the moisture content of green 

maximum efficiency. A new 100-ton rear- iron ore pellets at the required level. 
dump truck with an all-hydraulic braking Autogenous and semiautogenous grinding 
system was undergoing preproduction test- units continued to increase in number. A 
ing. The truck was said to be readily teamed new mill liner system, with a reputed 15% 
with front-end loaders and loading shovels to 20% reduction of energy consumption, 
currently in use. was introduced. This system has liners of 

In operations handling large tonnages, square cross section instead of the conven- 
the greater depth and steeper grades in tional wave pattern. 

some pits increased the expense of truck Magnitude of the Mining Industry.—The 

haulage. It was found advantageous in number of metal and nonmetal mines
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a decreased from 15,279 in 1976 to 14,784 in was the leading State followed by Florida 
1977. Eight additional metal mines were . and New Mexico. These three States han- 
added and 503 nonmetal mines discontin- dled 29% of the US. total. 

. ‘ued operations. a Value of Principal Mineral Products.— 
_. In 1977, 25 of nonfuel mines produced The values shown in table 4 represent crude . 

_ . more than 10 million tons of crude ore, the ore treated or, in the case of some nonme- 
same as in 1976. The principal commodities _ tals, crude ore shipped. 
produced in these mines were copper (11 The average value for all commodities 
mines), phosphate rock (7), iron ore (4), including byproducts increased 2% com- 
stone (1), sand and gravel (1), and other (1). pared with that of 1976. Of the metal 
Heading the list of metal mines in output of commodities and byproducts, approximate- 
crude copper ore were the Utah Copper ly 60% showed an increase in value and the 
mine of Kennecott Copper Corp. and the average value increased 10%. The metals 
Sierrita mine of Duval Sierrita Corp. The showing the greatest increases were silver, 
Minntac mine of United States Steel Corp. mercury, and lead with zinc showing the 
and the Peter Mitchell mine of Reserve greatest decrease. For the nonmetal com- 
Mining Co. were the leading iron ore pro- modities including byproducts, 56% showed 
ducers, while the largest producer of mo- an increase in average value. The overall 
lybdenum ore was Climax Molybdenum Co., average of the nonmetals increased 5% 
a division of AMAX, Inc. The leading pro- compared with that of 1976. Among the 
ducers of crude nonmetal ore were three nonmetals, talc, soapstone, and pyrophy]l- 
Florida phosphate rock mines - Suwanee of lite, pumice, natural sodium carbonate 
Occidental Petroleum Corp., and the Nor- showed the largest increases in average 
alyn and Kingsford mines of International value, with barite showing the largest 
Minerals & Chemicals Corp. _ decrease. | 

The Utah Copper mine of Kennecott Cop- Byproducts were responsible for increas- 
per Corp. was the leading metal mine in ing the average value of all but five of the 
total materials handled, followed by the metal mine products and all but five of the 

Sierrita mine of Duval Sierrita Corp. The nonmetal products, as shown in table 4. The 
Kingsford and Noralyn phosphate mines largest addition to average value by bypro- 
were the leading nonmetal mines in total ducts occurred in ores of fluorspar, 30%, 
materials handled. and gypsum, 22%. 

The 25 leading metal mines, on the basis The value of byproducts in 1977 from 
of crude ore produced, included copper (11), underground metal mine ores averaged 7% 
iron ore (9), and titanium (2), while phos- of the total value of ores from which they 

phate rock (17) and stone (7) comprised the were produced, while byproduct value aver- 
majority of the 25 largest nonmetal crude aged 8% of the total value of surface mined 

. ore producers. metal ores. Byproducts from all nonmetal 
Materials Handled.—The U.S. mineral- mines, excluding stone, and sand and grav- 

producing industry, excluding fuels, han-_ el, contributed about 2% of the total value 
dled a total of 4.3 billion tons of crude ore of the nonmetal ores. 

| and waste, a decrease of 2% compared with Ratio of Treated Ore to Marketable 

that of 1976. Of the total materials handled, Product.—The number of tons of crude ore 
crude ore comprised 64%. In 1977, total treated to obtain a unit of marketable 
materials handled decreased 300 million product in the metals, varied from a high of 
tons for metal mines and increased 200 826 for uranium to a low of 0.1 for silver. 

| million tons for nonmetal mines, compared For most nonmetals, the ratio generally is 
with those of 1976. The largest decrease in 1:1. 
metals occurred in copper mining; in Comparison of Production From Sur- 
nonmetal mining the largest increase was face and Underground Mines.—In 1977, 
in phosphate rock. surface mines produced 94% of the total ore 

The amount of waste handled in 1977 and accounted for 96% of the total mate- 
totaled 1,520 million tons compared with rials handled by the U.S. mineral industry, 
1,510 million tons in 1972, and 1,030 million the same as in 1972. The respective figures 

tons in 1967. for 1967 were 94% and 95%. 
| In 1977, more than 100 million tons of Crude iron ore (31%) and copper ore 

' materials were handled in each of 9 States, (47%) comprised 78% of the total crude ores 
compared with 10 States in 1976. Arizona produced in metal mines. Iron ore and
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copper mining together accounted for 76% ed the cost and usefulness of their explor- : 

of the total materials moved in 1977 in ation programs. . 

surface metal mines. On a regional basis, Alaska, Arizona, 

In nonmetal surface mining, phosphate Wisconsin, Michigan, and Maine had the 
rock (20%), sand and gravel (86%), and most active exploration programs during 
crushed and broken stone (39%), accounted ash ' 
for approximately 95% of all nonmetal © Exploration companies spent approxi- 
materials handled in 1977. mately $40 million in Alaska. Many of the 

~The production of 9 metallic crude ores more than 13,000 new claims recorded in 
and 18 nonmetal ores came entirely from the State were in the Delong Mountains of 

surface mines. Underground mines ac- the Brooks Range. _ 

counted for all production of potassium mh the coniguous ewe States the 

salts, and natural sodium carbonate. southern extension of the = Viburnum tren 

| | Exploration and Development.—Total ™ Missouri, and the Tennessee-Kentucky 

reported footage for development work per-  210¢ district were explored by base metal 

formed in the United States in 1977 increas. ™ining companies. A significant discovery 
ed 151% while the total reported explor- of massive sulfide was made near Ashland, | 

ation footage increased 46% compared with Mame. f the Mississipoi Ri \ 

1976. Metal mine exploration work increas- ot of the “eoout tf a 1 ot 

ed 54% while nonmetal exploration work POFPRYTY Copper eposit was found at 
Francisco Grande, Ariz. A deposit of | 

decreased 60%. hyrv-t lwbd , found i 

Metal mining accounted for 84% of the PB Ivy” eb. mates . fm ivbde te 
total development footage and 99% of the sou vali: ti 8 "Ox ted Butte Col 

exploration footage. The major portion of mineralization near \VIes utte, 0. 
. were raised to 165 million tons. An aero- . 

the metals development footage was 1) magnetic survey of Idaho’s Coeur d’Alene 

Se Cee a anit fetes was of District indicated the existence of a deeply _ 
~ Shosphate rock and fluorspar buried intrusion east of Mullan. Under- , 

P E yl fa aril ea . t hing f ground workings were completed to permit 

en wold. an 2 bauxite reac ne «, diamond drilling beneath the Twin Buttes 
9196 of th g0 tale. forati footae E Or open pit copper mine in Arizona. Fifteen 

@ of the metals exploration footage. Exp- yaior shafts totaling 8,100 feet of depth | 
loration drilling and trenching for fluorspar yore completed at a uranium operation 

and phosphate rock accounted for 71% of joar Uravan. Colo 

the total nonmetals exploration footage. Most uranium ex . ploration was designed 

Of the total reported exploration footage to locate lateral and vertical extensions of 

tone feet, the Bo teed vend ore in Wyoming, Colorado Plateau, Ambro- 
» OIA; » 92; » 470, ANd sig Lake, and the Texas Coastal Plain. 

| zinc, 2%. Drilling and trenching for copper, There was also an intense interest in “por- 

coer OOO fe iron ore, and silver phyry” uranium deposits in conglomerates __ 

’ eet. in the North Central States, in Triassic 
Of the total 162 million short tons of ores pasins in the East and Southwest, and in 

and wastes handled in mine development the Nevada-Oregon intermontane basins. 
projects, 92% an stripping. OF this No major discoveries of interest were re- | 

, uranium, @; iron ore, 0; an rted from th reas. po rom these areas 

copper, 7% accounted for most of the mate- = The largest expenditures for exploration 
rials produced in development work. Lead- jn 1977 included those by the U.S. Depart- 
ing Btates on the basis of matewus pro- ment of Energy, Exxon Co. U.S.A., Wyo- 

uced in development work were: Wyoming, ming Mineral Corp., Gulf Mineral Re- 
40%; Minnesota, 19%; and Michigan, 11%. sources Co., Kerr-McGee Corp., the Tennes- 

U.S. mineral exploration in 1977 resulted see Valley Authority, Getty Oil Co., and a 

in only a few announcements of new discov- West German consortium. Many smaller 

eries, some of which resulted from explor- groups spent sums in the $1 to $3 million 
ation started 3 to 10 years earlier. New range. 
exploration-related equipment resulted Governmental and private industry ex- 
from modifications of the past art rather ploration programs for uranium explor- 

than major technological breakthroughs. ation amounted to $258 million, but overall 

Some large mining firms seriously examin- it was not a very productive year.
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_ No breakthroughs in ore-finding techni- during 1977 increased 11.4% compared with 
ques were announced in 1977. Newmont . that of 1976 to a record high of 3.7 billion | 
Mining Corp. advocated the use of a ground pounds. This is the third successive year 
search system, called electromagnetic-pulse that the. total surpassed 3 billion pounds. 
(EMP), for massive sulfide exploration. The Bulk blasting agent consumption rose 15%, 
developer of this instrument stated that the water gels and slurries declined 6.5%, per- 
practical limit of the system is near and missible explosives rose 9.5%, and other 
that few additional advances can be ex- high explosives declined 7.2% compared 
pected. with 1976. 

- Landsat imagery data and its interpre- Nearly two-thirds (65.4%) of the total 
tation was used on ore bodies that lie at, or weight of explosives and blasting agents 
near, lineament intersections. was used in coal mining. This total consist- 

Despite its relatively high cost, side- ed of 95.4% of all permissible explosives and 
looking-radar was proven to be useful for 62.5% of cylindrically packaged blasting 
rapid structural interpretations in thickly agents and bulk blasting agents consumed. _ 
forested or deeply weathered terrain. Quarrying, (33.9%) and_ construction, 

An improved drill hole logging system, (27.6%) consumed the majority of all other 
using neutron-activation analysis, was high explosives. Metal mining used the 
announced. Core drilling may be unneces- majority (48.8%) of the water gels and 

- sary because sufficient data may be obtain- _ slurries. 
ed by lowering the instrument through a Seven States, namely Kentucky, Pennsyl- 
percussion- or rotary-drilled borehole for vania, Alabama, Ohio, Virginia, West Vir- 
quick results onsite. ginia, and Arizona, consumed 58.8% of all 

A process was developed at Stanford Uni- explosives and blasting agents used in the 
versity to efficiently sort particles as small United States in 1977. 

_ as 1.7 millimeters and to detect fluorescent The apparent differences in 1977 con- 
minerals. Photometric sorting was used sumption shown in tables 17-18, compared 
elsewhere on gold, uranium, and copper with prior years, are due to a change in 

. ores. category classification made by the Insti- 
Major diamond drilling contractors esti- tute of Makers of Explosives (IME). In the 

mated that the average depth of drill holes change, processed blasting agents were add- 
for base metals was increasing about 5% ed to the cylindrically packaged blasting 
annually. | | agent category and the other processed 
Many base metals exploration groups blasting agent category now includes only 

_ switched emphasis from general explor- unprocessed ammonium nitrate. 
ation to exploration for massive sulfides. More detailed explosives information is 

There was some shift to exploration on published in the annual Explosive issue of 
private lands, particularly in the Eastern Mineral Industry Surveys, prepared by the 
States in areas not under control of the U.S. Division of Nonmetallic Minerals, Bureau 

Forest Service. | of Mines. | 
Explosives.—Apparent consumption of — 

industrial explosives in the United States 1Physical scientist, Division of Ferrous Metals.
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7 Table 1.—Material handled at surface and underground mines in the : 
: : United States, by type | | 

| | (Million short tons) : | | 

Surface - Underground All mines! | 

Type and year Crude Crude “1 Crude | “ore Waste Total? ore Waste Total? ore -Waste Total 

| Metals: | | 7 | | 
: - 1972 ~~ ___ 491 1,080 1,570 86 5 91 576 1,080 1,660 

1973 ____ 574 1,280 1,860 82 9 91 655 1,290 1,950 
: 1974 ____ 5AT 1,210 1,760 80 i 91 627 1,220 1,850 

| | 1975 _...._  . 585 ~=—«:11,170 ~——=*2,700 74 13 87 609 1,180 1,790 
| 1976 573 ‘1,250 1,820 73 15 87 646 1,260 1,910 | 

1977 2 490 1,030 1,580 — 74 12 87 564 1,050 1,610 

| 1972 ______ 2,020 415 2,430 17 5 82 —- 2,100 420 2,520 
1978 2 2,240 418 2,650 82 1 83 2,320 419 2,740 
1974. 2,220 . 418 2,640. 82 5 87 2,300 423 2,720 

- 1975... 11910 —s:872 2,290 9 6. 84 1,990 378 2,370 
a 1976 2,000 393 2,390 80 86. 86 2,080. 399 2,480 

- 1977 2,120 472 2,590 80 #866 86 2200 478 2,680 
| _- Totalmetalband a | | 

nonmetals:* = , = | . | 
1972 ee 2,500 1,500 4,000 163 10.178 2,670 1,510 4,180 

a 1978 ~ 2810 1,700 . 4,510 163 =o 174 2,970 1,710 4,680 
| 1974 __-___.  -2,760-.._—-1,630 4390 162 16 178 2,930 1,650 4,570: 

: 1975 ~_ 2 2450 1,540 3,990 — 153 18 171 2,600 . 1,560 4,160 
| / 1976 ______ 2,570 ~—-1,640 4,210 153 21° 114 2,720 1660 4390 © 
: 1977 __--_. 2,610 1,510 4,120 155 18 178 2,760 1,520 4,290 

| Data may not add to totals shown because of independent rounding. —
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Table 5.—Crude ore and total material handled at surface and underground mines 
in 1977, by commodity 7 

(Percent) 

——— 
Crude ore Total material 

Commodity Sur- Under- Sur- Under- 
face ground face ground ee 

Antimony __-_.___~~-- WwW 1100.0 WwW 1100.0 
Bauxite ____-_______ 100.0 — 100.0 -- 
Beryllium —~- ~~__________ 100.0 — 100.0 — 

Copper Ho - ee 90.3 9.7 96.8 3.2 
Gold: 

Lode _-~ 63.4 36.6 90.0 10.0 . 
Placer -_-____~ 100.0 _- 100.0 — 

Iron ore __ ~~ 5 96.0 4.0 97.6 2.4 
Lead __~ ~~ _. 100.0 _- 100.0 
Manganiferous ore _._§__-_-_§__§_-_-- 100.0 — 100.0 _- 
Mercury ___-______~__ 100.0 _— 100.0 a. 
Molybdenum wee ee 39.1 60.9 69.5 30.5 
Nickel ~~. 100.0 -- 100.0 -- 
Rare-earth metals __._-_____§__________ 100.0 _- 100.0 -— 

rr 37.4 62.6 45.1 54.9 
Titanium, ilmenite _____.~§_-_~_-_~_~§________ 100.0 _— 100.0 _— 
Tungsten __-___ ~~ 57.3 42.7 46.2 53.8 
Uranium —_________ 76.5 23.5 96.2 3.8 
Vanadium _____ ~~ ' 100.0 - -_ 100.0 -- 
Zine _-~ Le Ww 1100.0 Ww 1100.0 

Total metals _________._~___________ 86.8 © 13.2 94.6 5.4 

NONMETALS - 
Aplite _____. ~~~ ~~ LL 100.0 _- 100.0 -- 
Asbestos _~__________ 1100.0 WwW 1100.0 Ww 
Barite ____________-___-_~ ~~ 1100.0 Ww 1100.0 Ww 
Boron minerals _____-§________~_________ 100.0 ee 100.0 -- 

_ Clays _ ~~ 98.4 1.6 98.4 1.6 
Diatomite __.__________________ ee 100.0 a 100.0 _— 
Emery ___.__.-_______- ie 100.0 -- 100.0 —- 
Feldspar _________~_____~--___ i ee 1100.0 W 1100.0 WwW 
Fluorspar —__________ 9.4 90.6 16.0 84.0 
Garnet ___-_- 100.0 —_ 100.0 _e 
Graphite _________________ 100.0 _- 100.0 -__ 
Greensand marl ________-__-______________ 100.0 _- 100.0 — 
Gypsum _.-_________ 82.4 17.6 89.7 10.3 
Iron oxide pigments (crude) __________..-_.____ 100.0 _— 100.0 -- 
Kyanite __-____. 22 LL . 100.0 a 100.0 -- 
Lithium minerals ____-§_-_§_-§_-§________________ 100.0 100.0 _- 
Magnesite _..___________________ 100.0 _- 100.0 -_- 
Mica (scrap) _-_______~._____~_~_u__ ee 100.0 mo 100.0 _- 
Millstones __-__.__ = = 100.0 -—_ 100.0 _- 
Olivine ____-_ ~~~ Le 100.0 -_ 100.0 _. 
Perlite _~~-__-__________- 100.0 —_ 100.0 —_ 
Phosphate rock _________________________ 1100.0 WwW 1100.0 WwW 
Potassium salts _~____-___-§_-§_______________ _- 100.0 _- 100.0 
Pumice ________. ~~~ 100.0 _- 100.0 _- 
Salt ~_._-- Le 41 95.9 3.9 96.1 
Sand and gravel _____________§_________ 100.0 _— 100.0 __ 
Sodium carbonate (natural) eee ee -- 100.0 _- 100.0 

ne: 
Crushed and broken ._____ > _-___ 96.7 3.3 96.7 3.3 
Dimension _____~_~-~-__ ~~~ ~~~ 98.8 1.2 98.8 1.2 

Talc, soapstone, pyrophyllite _________________ 717.8 22.2 89.8 10.2 
Tripoli --_--__.__-_-_ LL 42.6 57.4 47.5 52.5 
Vermiculite _.._-___.-______ 100.0 __ 100.0 __ 
Wollastonite _______________--_-__-_---- — 100.0 _- 100.0 

Total nonmetals ____________________ 96.4 3.6 96.6 3.4 c,h aaaaaaoaaamananQnaemeaemeaeameaomeeeee: 
Grand total _._-___.____.-___-______ 94.4 5.6 95.9 41 

eee 

W Withheld to avoid disclosing company proprietary data; included with “Underground or Surface.” 
‘Includes surface or underground; the Bureau of Mines is not at liberty to publish separately.
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Table 6.—Crude ore and total material handled at surface and underground 
: mines in 1977, by State | 

(Percent) 

er 
. Crude ore Total material 

State _ Sur- Under- Sur- Under- 
. face ground face ground 

Alabama ___________---------~-------- 1100 Ww 1100 W 
Alaska ~______ 2 eee 100 _— 100 __: 
Arizona —____—~_.____-_-----~--~--------+ . 89 11 96 4 
Arkansas _________ ~~ ee 99 1 99 1 

- California _~_~__ ~~~ ~~ ee 99 1 , 99 1 
Colorado _____ ~~ eee 69 31 73 27 . 
Connecticut _~_~__~.________~~__-~-+-----+-- 100 a 100 _- 
Delaware ___________~____-~-~_ 100 __ 100 — 
Florida —~___.--__.-~__~-~-~~------+-+-+- 100 __ 100 — 
Georgia ______~-_.~__-._-~----~--~--~--+~+-- 99 1 99 1 
Hawaii ________-____~----~---~----~--+-+- 100 —_ 100 -- 
Idaho _~____________~_~-~-~-~------~--+- 93 7 97 3 
Illinois ~~. _~_-_-__-_____ ~~ +--+ +--+ 97 3 97 3 
Indiana ~___ __ eee 97 3 97 3 
Towa _________-_-__ wee ee 96 4 96 4 
Kansas _______~_ ~~~ 92 8 92 8 
Kentucky _~._.-____.---~--~-~--+-------+- 84 16 84 16 
Louisiana ___ ~~~ _ 2 85 15 84 16 
Maine ____ 1100 WwW 1100 Ww 

. Maryland __________-~~---~-~-~+--~----- 1100 Ww 1100 Ww 
Massachusetts ___.-§ _______~__~-_--~-~------ 100 _— 100 _- 
Michigan ______-.____.__--_---~-------- 95 5 96 4 
Minnesota _____________-~--~--~-~------- 100 _- 100 _— . 

Mississippi ____.________-----~-~------~- 100 a 100 _-. 

Missouri —__.__-___-_--_---------~------ 79 21 TT 23 

Montana __________~-____~-~~~-~-~--~-++-+-~ 99 1 99 1 
Nebraska _____.__._.______~-~-~-~--------- 1100 Ww. 1100 Ww 
Nevada _____. ~~~ +--+ 99 1 99 1 

New Hampshire _______.—-__-~-~--~----~--+- 100 —_ 100 — 

New Jersey _. _.__------~-~--~-~~~-~------ 99 1 99 1 

New Mexico ___________-~_-_~~--~---+--- 69 31 89 11 
New York _________1-_~_-~ ~~~ +--+ _ 92 8 92 8 
North Caroling ~_.___~__~____~_~~--~----~-- 100 __ 100 _— 

North Dakota ________-__.-~--~--~------- 100 a 100 __. 
Ohio _____________ ee 96 4 96 4 

. Oklahoma —___ ~~ 2 ~~~ ~~ +--+ 97 3 97 3 
Oregon _____~___--~----~-~-~-~-~----~+-----+ 100 _— 100 _— 
Pennsylvania ___—____~___-~-~~~-~------- 94, — 6 94 6 
Rhode Island ___~____-___-~_~-~.-~~--~--- 100 _— 100 _- 
South Caroling ~~~ ___~.-_~--~-----+- 100 __ 100 _- 
South Dakota _________________--------- 1100 Ww 1100 WwW 
Tennessee __________~__~-~~-_--~~---+-~-~- 88 12 88 12 

. Texas _._____ eee 99 1 99 1 
Utah ________ eee 98 2 99 1 
Vermont __________--_~-~~-~----~--~--- 1100 W 1100 WwW 
Virginia _.____._._-_------~-----~-----~-+- — Of 3 97 3 
Washington __._.________----~--~--~----- 99 1 99 1 
West Virginia _._.____.__---~--~--------- 86 14 86 14 
Wisconsin __.___-_~__--~--_---~--~--~--~--- 1100 Ww 1100 Ww 

' Wyoming ____._--_---------~-~--~-~-~----- 62. 38 91 9 

Total _._-___.___-_-~-~~_~-----~---+-- 94 6 96 4 
oem rr ee i Oe A a SSS SS SS SS SSS SSD 

W Withheld to avoid disclosing company proprietary data; included with “Surface.” 
1Includes underground; the Bureau of Mines is not at liberty to publish separately.
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Table 7.—Number of domestic metal and nonmetal mines in 1977, by commodity 
and magnitude of crude ore production’. | 

SS TC CC TC a CS SS gS SS se Phi ic PSSST 

Total Less 1,000 10,000 100,000 1,000,000 More 
-. Commodity... number than to to to to than 

y of 1,000 10,000 100,000 1,000,000 10,000,000 10,000,000 
. mines tons tons tons tons tons — tons . —— OSS 

METALS 

Coppa, 2 222777227777777 2 2 __ 3 | i 20 ‘ll 
r____....... _ . 

Gold: : | 
Lode__ ~~ 43 25 7 5 4 2 --— 
Placer... 2 __ _ 32 8 10 11 2 1 _— 

Iron ore__ 53 __ 3 7 16 23 4 
Lead ee 35 16 7 — i 5 -- 

ercury _.__.__________ —_ -- -- --. 
Silver. 2.-~--__________ 43 24 6 8 5 — _- 
Titanium, ilmenite _________ 1 $0 3 “| i 6 | _— 

Uranium __ ~~~ 236 50 99 64 20 . 3 _- 
Zine ~~~ 32 2 4 3 22 1 -- 
Other? ________________ 13 1 1 4 3 3 1 
ea 

Total metals _________ 632 192 150 113 . Of 64 16 
TL SSS ST SS tS SSS SS SSS —— a ene 

NONMETALS 
Abrasives* ______________ 12 _- 5 6 1 __ __ 
Asbestos _______________ 4 — — 1 2 1. _- 
Barite___._~-~_-_-__________ 33 1 3 20 9 -- _- 
Boron minerals ___________ 3 — _- -_ 2 1 _- 
Clays __-.-_____________ 1,075 52 270 620 133 _- _- 
Diatomite _..___________ 13 _- 5 2 6 i _- 
Feldspar _______________ 20 . -- 7 8 5 -- a 
Fluorspar ______________ 7 — 3 2 2. (Ct a ee 
Gypsum wee ee ee 69 3 5 17 44 -_— — 

ica (scrap) _-_______-___ 20 3 4 11 2 -- _- 
Perlite _.~_~_. ~~~ 12 1 3 6 2 — _- 
Phosphate rock ___________ 44 ~- 6 1 12 18 7 
Potassium salts ___________ 8 _- _- — 1 7 _- 
Pumice ~~ __________ 131 26 48 49 8 — _— 
Salt ~~ 18 _- 1 2 8 7 _- 
Sand and gravel___________ 7,349 217 1,326 3,574 2,147 84 1 
Sodium carbonate (natural) _ _ _ _ 4 _- — — 1 3 _- 

ne: . 
Crushed and broken ______ 4,840 446 815 1,696 1,725 157 1 
Dimension ____________ 406 190 184 32 -- —_ -- . 

Talc, soapstone, pyrophyllite _ _ _ 49 9 22 17 1 -- -- 
Other* __-_____ 35 9 8 11 6 1 _- 

> ee nnn ncn LL LL LL LTO 

Total nonmetals _______ 14,152 957 . 2,715 6,075 4,117 279 9 
i a th i a ee 

——————oooooo———_———=_===k=:===_" 
Grand total _.________ 14,784 1,149 2,865 6,188 4,214 343 25 

———— 

1Excludes wells, ponds, or pumping operations. 
2Antimony, beryllium, manganiferous ore, molybdenum, nickel, rare-earth metals, and vanadium. 
‘Emery, garnet, and tripoli. 
Aplite, graphite, greensand marl, crude iron oxide pigments, kyanite, lithium minerals, magnesite, millstones, 

olivine, tube mill liners, vermiculite, and wollastonite.



| MINING AND QUARRYING TRENDS 5l1 

Table 8.—Twenty-five leading metal and nonmetal! mines in the United States 
in 1977, in order of output of crude ore oe 

TE eee ere . 

Mine State .- Operator Commodity method 
ea 

Utah Copper _______ Utah __..__._.__ . Kennecott CopperCorp __. Copper ___ Open pit. 
Sierrita _.________ Arizona ______ Duval Sierrita Corp. —- —— - do ___ Do. 
Minntac _________ Minnesota ____ United States Steel Corp... Ironore ___ Do. 
San Manuel _______ Arizona ______ Magma Copper Co_ —-— — — - Copper ___ Do. 
Climax _____-____ Colorado ___._. Climax Molybdenum Co., Molybdenum Caving and 

a division of AMAX Inc. open pit. 
- Peter Mitchel] ______ Minnesota ____ Reserve Mining Co ___...  Ironore ___ Open pit. 

Morenci _________ Arizona ______ Phelps Dodge Corp _____. . Copper ___ Do. 
Berkeley Pit _______ Montana _____ The Anaconda Company___ ____do ___ Do. 
Erie Commercial __ _— Minnesota ----+. Fickands Mather & Co — — — - Iron ore --- Do. 7 Tyrone ______~___ ew Mexico ___ elps Dodge ~~. Copper ___ . 

-  . Pima _~_ oe Arizona ______ Cyprus Pima Mining Co ~~ ~-—-do ___ De. 
Pinto Valley _______ ~-—-do ______ Cities Service Co___.._.. ____do ___ Do. ; 

. Empire __________ Michigan ____. __ Cleveland-CliffsIronCo __. Ironore ___ Do. 
Twin Buttes _______ Arizona ______ Anamax MiningCo_____. Copper ___ Do. . 

: Copper Canyon _____ Nevada ______ Pennzoil Co... = ____do ___ Do. 
Ray Pit __________ Arizona ______ Kennecott Copper Corp --- ~-.do ___ Do. 
Metcalf __________ —--do _.__ Fhelpe Dodge rp---_. —~~.do ___ Do. . 
St. Anthony _______ New Mexico ___ United Nuclear Corp__.___ Uranium __ Do. 
Thunderbird _______ Minnesota ____ Oglebay NortonCo _____. Ironore ___ Do. . me 
Butler Project ______ _..-do _.____ Hanna Mining Co - ~~ -—- edo Lu Do. 
Hibbing Taconite ---- _——-do ______ Pickands Mather &Co__._ do ___ De. 
Eagle Mountain _____ California__.___  Kaise r Steel Corp -~-----~ — ~~ do __. Do. 
Tilden __-_________ Michigan _____ Cleveland-Cliffs IronCo _.. ____do —__ De. 
Trail Ridge _._._____ Florida ______ E. I. du Pont de Titanium __ Dredging. 

. Nemours & Co.. . ae . 
Highland _________ ----do_----- 0 wa don ~—~do ___ De. : 

NONMETALS 
rN 

Suwannee ________ Florida ______ Occidental Petroleum Corp _ Phosphate Open pit. 
rock. 

Noralyn ~~ ~_______ ~__-do _~_____ International Minerals & _._—-do ___ Do. 
Chemical Corp. 

Kings ford ~~ ~_____ ~-.-do _-____ a: | eT  (» Do. 
Ft reen ________ . ica’ —---e Continental Oil Co, == -=- Sine -_.- Opens. 

cite ~_._______ ichigan _____ Uni tates Steel Corp.._ _ tone ____ n quarry. 
-  F.Meade ________ Florida ______ Mobil Oil Corp_________ ‘Phosphate Open pit. 

: roc . . 

Haynsworth _______ ~.—-do ______ Brewster Phosphates___.. ___ do ___ Do. 
Payne Creek _______ _.~—-do ______ Continental OilCo ______  ____do ___ Do. 
Clear Spring ___.___ _~_~-do____. International Minerals & __~.do ___ Do. 

Th Tllin General Dyna sine Co Sto Open qu: | ornton _________ inois ___ ___ _ ne ics Corp ___ me Mm quarry. 
Tampa Agricultural Florida ~_____ Gardinier, Inc _________ Phosphate Open pit. . 

Chemical Operations. rock. 
Hookers ~________ ~---do__.___._ WG.R.Grace&Co_______  ____do ___ Do. 
Rockland _________ ~—-do ______ United States Steel Corp... ____do ___ Do. 
Feld _._--_-______ Texas _______ Texas Crushed StoneCo___ Stone ____ Open quarry. 
Lee Creek ________ North Carolina _ Texasgulf Inc..________ Phosphate Open pit. 

rock. 
Bonny Lake ee mene eae W.R. Grace & Co He Sigze%° --- Opens 

oneport ________ ichigan _____ Presque Isle Corp _______ tone ____ n quarry. 
Silver City ________ Florida ______ Swift Agricultural Phosphate Open pit. 

Chemicals Corp. rock. 
Nichols __________ _~_-do ______ Mobil Oil Corp_________ ____do ___ Do. 
Pennsuco _________ —~-—-do _.____ Maule Industries,Inc__..._ Stone ____ Dredging. 
International ______ New Mexico __ _ International Minerals & Potassium Open stopes. 

Chemical Corp. salts. 
Westvaco _________ Wyoming _____ FMC Corp_____.._____ Sodium . Artificial 

. . carbonate. stopes. 
Watson __________ Florida ______ Swift Agricultural Phosphate Open pit. 

Chemicals Corp. rock. 
Beckman _________ Texas _______ McDonough Bros.,Inc...._._ Stone ____ Open quarry. 
McCook __________ Illinois _____ __ Vulcan MaterialCo__.__. ___ do ___ Do. 

eee 

1Brines and materials from wells excepted.
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Table 9.—Twenty-five leading metal and nonmetal! mines in the United States 
| in 1977, in order of output of total materials handled 

en OOOO nn ea 

Mine State Operator Commodity Mining 
LD 

; METALS 
a EE 

Utah Copper __—~__~- Utah _______- Kennecott Copper Corp __. . Copper —__~_ Open pit. 

Sierrita ________~~- Arizona ___—_-— Duval Sierrita Corp__.__.. —~-~-do __~_ Do. 

Tyrone ___._._._____ . NewMexico ~~~ Phelps Dodge Corp — - --—— __--do __— Do. | 

Twin Buttes ______~- Arizona ___~_~_ Anamax Mining ~----—)) ~~~ -d0 __ Do. 

Berkeley Pit ne Montana ____~— The Anaconda Company... —---do___ | Do. 

Eagle Mountain — __ _~— California __ — —_— Kaiser Steel Corp____..-—  Ironore __~ Do. 

Shirley Basin ~—— ~~ - Wyoming __-_-—~_ Utah InternationalInc__.. | Uranium __ Do. 

Morenci ~__———~-~- Arizona ______ -PhelpsDodgeCorp _____- Copper _~-~- Do. 

Pinto Valley ____-_~_- __--do __.--~ Cities ServiceCo.._.__.._. --~~-do __~ Do. 

Ray Pit _.__._-_-~-- ___-do ___-_~ Kennecott Copper Corp _.._  —--~-do ___ Do. 

Highland _______~- Wyoming ____~_ Exxon Corp____.-.---- Uranium _~- Do. 

Pima ____~--~--- Arizona ___—_~— Cyprus Pima Mining Co _._ Copper ——~- Do. . 

Chino ________--- New Mexico — ~~ Kennecott Copper Corp --- —-~-~-do __- De. 

Bagdad _______-~~~- Arizona —————-— Cyprus Bagdad CopperCo__ _~--do ___ Do. 

Bear Creek __ ~~~ -- Wyoming _—__- Rocky Mountain EnergyCo. Uranium -_ Do. 

Climax _______~-- Colorado ____~ Climax Molybdenum Co., Molybdenum Caving and 
a division of AMAX Inc. open pit. — 

Jackpile-Paquate _—~_ _ New Mexico __-— The Anaconda Company _ ~ — Uranium _~_ Open pit. 

Hibbing Taconite __ —~_ Minnesota _-_-_~— Pickands Mather&Co___.  [ronore __— Do. 

Shirley Basin —_——~~-- Wyoming _~-—-- Getty OilCo ______.--- Uranium -_~_ Do. 

Erie Commercial —— — — Minnesota _—-—-— Pickands Mather & Co __ _— Iron ore ___ Do. 

Minntac ______-~-~- ___.do _._____. United StatesSteel Corp... ___-do __~ Do. 

Metcalf _._____--~- Arizona ____~—-— Phelps Dodge Corp ___._. Copper —_- Do. 

Mitchell Pit ___-__~_- Minnesota —_—~—~— Reserve MiningCo ___.__— Ironore __~ Do. 

Empire ~ oe ee eee Michigan ----- Cleveland-Cliffs IronCo _.. —~--do ~~~ Do. 

Ruth _~___-_----- Nevada ___~__— Kennecott Copper Corp — —— Copper _--— Do. 
SS DSnnSTTUNT 

NONMETALS 
OOOO 

Kingsford ~~ __--~- Florida _~__ ~~ International Minerals & © Phosphate » Open pit. 

| Chemical Corp. rock. 

Noralyn _.~_----~- ___-do ~__--- ___do-_______---..~ —--~-do ~~~ Do. 

Ft. Green _____-_-- ___-do ~~~ Continental OilCo _.__._. -—---do __~ Do. 

Lee Creek _._._-~-~- North Carolina — TexasguifInc_.._._.._._._._. ~~--do __- Do. | 

Payne Creek __ ~~~ -~- Florida _____— Continental OilCo _.___.  -—-~--do —__ Do. 

Haynsworth __—--~~— ___-do ____.- Brewster Phosphates ~ — - — - ___-do __- Do. 

Rockland _____~_—-~ ___-do ____-- United States Steel Corp... - ---do ___ Do. 

Bonny Lake __—~_—-~- ___-do .__~-~- W.R.Grace&Co ___.--. —---do __~_ Do. 

Ft. Meade _______- ___-do __.--- Mobil Oil Corp___._.__--- —---do __- Do. 

Clear Spring __—_—— - ___-do _.._- International Minerals & do _.- Do. 

Chemical Corp. 
Suwanee _____~__~ ___-do _____~_ Occidental ChemicalCo _.. —~_-do __-~ Do. 

Lonesome _____—~~ ___-do ____-- Brewster Phosphates._._._. —_~-do __- Do. 

Tampa Agricultural ___-do ___--- Gardinier, Inc _....._._.  -—---do ~~ _ Do. 

Chemical Operations. 
Hookers __ ~~~ -- ___-do W.R.Grace&Co _.___.-.~ -—---do __- Do. 

Nichols ___._--~-- ___-do _____- Mobil Oil Corp___._-__---. -—~---do ~~~ Do. 

Silver City _.___--~- ___-do _~_--- Swift Agricultural ___-do —_- Do. 
Chemicals Corp. 

Calcite ________-- Michigan ___-—~— United States Steel Corp__._. Stone __~- Open quarry. 

Watson ______-_-_- Florida —~____~- Swift Agricultural Phosphate Open pit. 
Chemicals Corp. rock. 

Conda _______--~-- Idaho ______- J.R.SimplotCo_..__._--._ -— -~-do __~ Do. 

Westvaco _____-_-- Wyoming _—__- FMC Corp.____.------ Sodium Artificial 
carbonate. stopes. 

Gay ______~----- Idaho ___~_--- J. R. Simplot Co __.___--- . Phosphate Open pit. 
rock. 

Thornton _____-~-—- Illinois __ ____~ General amicsCorp__. Stone ___- Open quarry. 

Vernal _____~_--~- Utah _______- Senter Cheniesl Coe 222 Phosphate Do. 
rock. 

Wooley Valley __--—-—~- Idaho _____-~-~- ___-do_-__________.. —--do __~- Open pit. 

Feld _________--_-- Texas ______~- Texas Crushed Stone Co _ _ _ Stone ____ Open quarry. 
a SoD 

1Brines and materials from wells excepted.
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: Table 12.—Mining methods used in open pit mining in 1977, by commodity : 
(Percent) 

eer eee mnt a i iS ee SG SS SS Te RA TGS 

. . . Total material handled 

| . Commodity Preceded Not preceded 
by drilling by drilling 

. and blasting and blasting’ 
a Ree ener eee e ree ee ee eee errr re ener eee eee 

Antimony ___________-_.~-~-----~---~--=----+---- _- 100 
Bauxite ~-- ~~~ ----~--~~----~--~-----~-- 777777 80 20 

foo ee LL ee ee ee 7 , 

Gola: : | 
Lode ____ ~~ _ ee eee 100 _— . 
Placer ____~_. ~~ eee ee 100 

Iron ore. ~~ - 5 eee eee 91 9 
Lead ____________ ee ee _— . 100 
Manganiferous ore .___ _ __ __/ __-__-_-------~--~--~--- 98 2 
Mercury ________--.~-----_---=----~-----+----+-- -- 100 
Molybdenum ___________--___~_-~~_---~----~-~--~-+-- 100 — 
Nickel ~_.._-§__.__-__ 2 __ eee 16 84 

Rare-earth metals ____§___._.____--------~~~-----~-~+-+ 100 a 
Silver __________~______ e+ 95 5 
Titanium, ilmenite _________._.___--_-------+------- 2 98 
Tungsten_______.___~____-----~-~---------+------ 2 98 
Uranium ___§_ ~~ ee 59 41 
Vanadium ___ $5 eee 50 50 
Zine $5 5 5 eee 100 . — 

NONMETALS . | 
. Aplite.__________.-._-___-----~--------~-~--+-+-+--+ 17 83 

Asbestos ____. __- ____ eee 95 5 
Barite.__§_§_$_§__._______- ee 22 78 
Boron minerals ___ . _§ __ _/. _____-~~_~---~-------~---+-+ 100 _- 
Clays _.__-_ ~~~ ~-------+--~---+~~-+~-+-+--- -- 100 : 

. Diatomite ___________________--~---~~-+~--~------+- _- 100 
Emery ______~----.~----~----------+~---+-+----- 100 ae 
Feldspar ______.____-_.----~---~-----~+-~-------- 84 16 
Fluorspar ___________~~--_---~----------~+----=+-- . 8 92 
Garnet _____ __--_--___~--_--~-~-_-----+--~--~------ 92 8 
Graphite ___________-_---~----~~~+-~----~-~------ -~ . 100 
Greensand marl. __§__...-§_-__-.§_-___-~~-~-----~----+-+-- _— 100 
Gypsum ________-_____-_---------_~-~---~~------ 87 18 
Iron oxide pigments (crude)_ —_ _ _ _ ____/___--.-~---~-~----- _- 100 - 
Kyanite_______________-------------~-~-------- 55 45 - 
Lithium minerals_____.______~._-_---_-~--------- 100 _- 
Magnesite _._._._. ___/ __ ____-----~---~~-_--++~------ 100 _- 
Mica (scrap) __ _______-_-------~----+--~-----~--+--+- 29 71 
Millstones ______.$__________---~~_----~-~~-------+- 73 . 27 
Olivine ________________ ee 63 37 
Perlite _________~__ ~~ ee eee 49 51 
Phosphate rock _ ___-——------=+-----------+-------- 4 96 
Pumice ____________~~.--~~~~- ~~ +--+ 3 97 
Salt $$ _-§__ > eee eee 100 —_ 
Sand and gravel. ______..~___------------~---~------ _— 100 . 
Stone: 

Crushed and broken ___ _ - -_ _ -_~------~—-----~---+ 97 3 
Dimension_______.__~._----.~.------~---~-~--- _— 100 

Talc, soapstone, pyrophyllite _____.______--_----.--~---- 719 21 
Tripoli _..___~___~.-__----~----~---~-+---~-+~-~-~+--- 100 __ 
Vermiculite ____..___--~____~~_~---+-~-~--~-~--~-+-~-~- —_ 100 

Total. _._ ~~ ee 55 45 
ee ec a ee PS ST SOAS SES 

1Includes drilling or cutting without blasting, dredging, mechanical excavation and nonfloat washing, and other — 
surface mining methods. .
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Table 13.—Exploration and development activity in the United States in 1977, by method 

| Metals Nonmetals Total? | 

Method _ Percent . Percent Percent 
Feet of Feet of Feet of 

| total? total? total? 

| ‘DEVELOPMENT | . 7 oe 
Shaft and winze sinking ________—_ 19,400 0.6 125 (3) 19,500 0.5 
Raising ___-_______ ~~~ Le 131,000 3.9 1,310 0.2 132,000 3.3 
Drifting, crosscutting, or tunneling — __ - 958,000. 28.7 629,000 99.8 1,590,000 40.0 
Solution mining___~____._~______ . 2,220,000 66.8 -- _- 2,220,000 56.2 

Total* woe 3,330,000 100.0 630,000 100.0 3,960,000 100.0 

EXPLORATION OO 

Diamond drilling ______________ 1,470,000 7.0 196,000 53.8 1,660,000 7.8 
Churn drilling. __-_____________ 116,000 6 20,000 5.5 136,000 6 
Rotary drilling __.____________ 13,200,000 63.0 140,000 38.3 13,300,000 ' 62.6 
Percussion drilling ____________~_ 5,330,000 25.5 7,370 2.0 5,330,000 25.1 
Other drilling __ ______________ 755,000 3.6 745 2 756,000 3.6 
Trenching __________________ 52,900 3 900 2 53,800 3 

Total! —§ ~_- = 20,900,000 100.0 365,000 100.0 21,200,000 100.0 

Grand total? _ __ ----- He 24,200,000 XX 995,000 — XX 25,200,000 . XX 

XX Not applicable. 
1Data may not add to totals shown because of independent rounding. 
2Based on unrounded footage. 
5Less than 1/2 of 1%.
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Table 16.—Total material (ore and waste) produced by mine development 
in the United States in 1977, by commodity and State 

| (Thousand short tons) 
ee ee 

. Shaft Drifting, 

and Raising crosscutting, Stripping | Total! 

: sinking tunneling 
nn 

COMMODITY 
mene ae eee SSSSG SSS Sys ss Svs SSS sR 

METALS 
Copper ~~ ee 245 100 1,010 10,300 11,600 
Gold: 
Lode___ ~~~ 1 43 168 195 1,010 
Placer___§_-§_-_~_ ~~~ (?*) __ @?) . 272 272 

Iron ore >_> 4 a 437 49,300 49,700 
Lead ____ 2 20 1,790 a) 1,810 
Silver __-_- ~~~ 1 41 178 606: 825 
Tungsten ___ ~~~ 2 14 242 (?) 258 

_ Uranium ______~ 57 94 1,930 66,300 68,400 
Zine ~~ -§ -§ 7 - 41 19 1,330 95 1,490 

oe Other? _________ _- 29 545 292 866 

Total metals? ___§_§_._______ 352 358 7,620 128,000 136,000 
. ———T—T—T—T———=—2X==== 

NONMETALS 
Fluorspar —~__ ~~~. 2 4 34 _— 40 
Gypsum ___ ~~ _— _- _- 6,790 6,790 
Phosphate rock ~oe ee _ _- 20 10,200 10,200 
Pumice ______________________ _— __ -_- 195 195 
Salt _-. _— _- 151 —_ 151 
Talc, soapstone, pyrophyllite _________ _— 1 1 196 198 

. Other* __-__-_ -- es) 5,000 ~ 8,300 8,800 

Total nonmetals! ___________ 2 7 6,240 20,700 . 25,900 
LO eT se USS SS sti ESS ST pS OPSD 

Grand total’ ~-_____-§_-_____ 354 365 12,800 149,000 162,000 

STATE | 

Alabama _____ ~~~ —- _- -__ W Ww. 
Alaska ____ ~~ 5 _- _— -— 251 251 
Arizona _ 45 93 912 ' 7,010 8,060 
California _~_____~..~ ~~~ _______ 1 10 70 4,630 4,710 
Colorado ___.~_~_~ 28 53 991 105 1,180 
Idaho ____ - - 3 55 205 4,260 4,530 
Mlinois ~~ Ww Ww W _- Ww 
Towa. LL -- -- -- Ww WwW 
Kentucky ~___________________ WwW -- Ww -- Ww 
Louisiana ~_____~_____ ~~ ____ _- -- WwW -- Ww 
Maine ____ ~~ 5-5 -— -- Ww _- WwW 
Michigan __ ~~~. ____ -- _-. 37 17,500 17,500 
Minnesota ___ ~~ _-§__..__________ -- — _ 30,800 30,800 
Missouri ____.__~§____._________ -- 3 1,960 _- 1,960 
Montana ___________..~__.____. 1 () 52 641 694 
Nevada ____________~_____ 2 7 255 3,610 3,880 
New Mexico ___________________ 38 57 1,140 2,620 3,850 
New York _______~_____________ -- 3 127 1,550 1,680 
Ohio ___~ ~~~ -— -- WwW -- Ww 
Oklahoma ____._~______________ —_ oe — WwW Ww 
Oregon _________________-___- (7) 1 3 59 63 
Pennsylvania _____~______.______ Ww WwW Ww _- WwW 
South Dakota _____.~_-_.________ -- Ww WwW _- W. 
Tennessee ____________________ 39 4 1,060 66 1,170 
Texas _. ~~~ -§ -- -- _- 4,180 4,180 
Utah _-_________-~ Le 191 22 347 4,530 5,090 

Wt aca as NM ~~~ _- , , 
Wisconsin ___.____~___________ -- — WwW __ WwW 
Wyoming - = 77 ttt ttt ttn _- 6 5,220 60,070 65,300 
Undistributed _...______________ 10 50 423 733 1,210 ) LY 

Total? ~- 2 354 365 12,800 149,000 162,000 
eee 

W Withheld to avoid disclosing company proprietary data; included with “Undistributed.” 
Data may not add to totals shown because of independent rounding. 
2Less than 1/2 unit. 
5Antimony, bauxite, beryllium, and molybdenum. ; 
“Asbestos, barite, garnet, mica (scrap), perlite, natural sodium carbonate, tripoli, and tube-mill liners.
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Table 17.—U.S. industrial consumption of explosives 

(Thousand pounds) | 

cr er tc ee pA 0 A A TS SL SSNS 

. Quarrying 
Year - Coal Metal and Total mine- Other Total 

. mining mining nonmetal ral industry industrial 
mining 

1972_ 2 1,212,585 430,686 498,677 2,136,948 532,841 2,669,789 
1973_ $e 1,177,062 495,879 643,292 2,316,233 438,713 2,754,946 
1974. 1,186,614 465,490 551,380 2,203,484 558,806 2,762,290 
1975 2 2 ee 1,652,251 449,271 493,125 2,594,647 524,380 3,119,027 
1976_ 1,798,873 488,653 493,656 2,781,182 547,347 3,328,529 
1977 __._-__------~ 12,093,312 446,406 522,678 13,062,396 647,354 3,709,750 
nd 

Data not comparable to prior years due to change in reporting by the Institute of Makers of Explosives. 

: - Table 18.—U.S. consumption of explosives in the minerals industry | 

. (Thousand pounds) , 

Ns 

Quarrying 
Coal Metal and 

Year _ mining mining nonmetal Total 

EOE 

PERMISSIBLE EXPLOSIVES . 
romnarnemmmmenenmme erat ic SS SS SPS AD 

1975 41,996 241 1,083 43,320 
1976... 41,128 204 1,090 42,417 
1977. ee 46,663 225 694 47,582 
renee este EE SEEPS ener arene 

OTHER HIGH EXPLOSIVES 

1975. 36,875 25,118 74,796 136,789 . 
1976__§_ ~~ --- $4,521 | 24,265 65,891 124,677 
1977_._ 34,407 25,174 63,378 122,959 
cre A Gg A A SS SA 

CYLINDRICALLY PACKED BLASTING AGENTS | 
nee 

. 197§_ 286,608 4,845 28,551 320,004 
1976__ 269,778 3,471 65,922 339,171 . 
1977 _/_ - 634,283 - §9,059 189,266 1882.608 

ern rere rp he SS SS a SSS 

PACKAGED AND BULK WATER GELS AND SLURRIES 

19756 2 Le 24,118 181,809 73,872 279,799 
1976___ 30,871 205,429 74,176 310,476 
1977_ 42,406 . 154,704 75,062 272,172 

OTHER PROCESSED BLASTING AGENTS AND UNPROCESSED AMMONIUM NITRATE 
an A 

1975 2 1,262,654 237,258 314,823 1,814,735 
1976_ ee 1,422,580 255,284 286,577 1,964,441 
1977__ 2 E 1,335,558 207,244 194,278 11 737,075 
a elena nnnnennn nana 

TOTAL EXPLOSIVES 
a ce 

1975 2 ee 1,652,251 - . 449,271 493,125 2,594,647 
1976___ 1,798,873 488,653 493,656 2,781,182 
1977___-______-------- 2,093,312 446,406 522,678 ° 13,062,396 
i 

1Data not comparable to prior years due to change in reporting by the Institute of Makers of Explosives.



Statistical atistical Summary 
By Staff, Office of Technical Data Services 

| This chapter summarizes data on crude ed under the ‘“‘Nonmetals” group. There has 
mineral production for the United States, been no change in the components of the 
its island possessions, and the Common- “Metals” group. 
wealth of Puerto Rico. Included also are Although crude mineral production may 
tables that show the principal mineral com- be measured at any of several stages of 
modities exported from and imported into extraction and processing, the stage of 
the United States, and that compare world measurement used in this chapter is what is 
and U.S. mineral production. Except for the normally termed “mine output.” It usually 
mineral fuel commodities, the detailed data refers to minerals or ores in the form in 
from which these tables were derived are which they are first extracted from the , 
contained in the individual commodity ground, but customarily includes the output 
chapters of volume I and in the State from auxiliary processing at or near the 
chapters of volume II of this edition of the mines. 
Minerals Yearbook. Because of inadequacies in the statistics © 

| In October 1977, responsibility for the available, some series deviate from the fore- 

collection of data on mineral fuels—coal, going definition. In cases of gold, silver, 
petroleum, natural gas, and natural gas_ copper, lead, zinc, and tin, the quantities 

| liquids—was transferred to the newly creat- are recorded on a mine basis (as the recover- 

~ ed Department of Energy. Although chap- able content of ore sold or treated). How- 
ters covering these commodities will no ever, the values assigned to these quantities 
longer appear in Volume I of the Minerals are based on the average selling price of 
Yearbook, quantity and value data have refined metal, not the mine value. Mercury 

| been included in most of these summary is measured as recovered metal and valued : 
tables to maintain statistical consistency in at the average New York price for the 
State and national value of overall crude metal. 

| mineral output. This shift in responsibility The weight or volume units shown are 
has also resulted in changes to the composi- those customarily used in the particular 
tion of the ‘“Nonmetals”’ and ‘Mineral industries producing the commodities. Val- 
Fuels” groups in table 1 and table 2. The ues shown are in current dollars, with no 
commodities—asphalt and related bitumens adjustments made to compensate for 
(natural), carbon dioxide (natural), helium, changes in the purchasing power of the 

and peat—have been removed from the _ dollar. | 
“Mineral Fuels” group, and are now includ- | 

61
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- ‘Table 1.—Value of crude mineral production! in the United States, by mineral group? 
ee (Million dollars) 

Year — Metals Nonmetals” Total = =‘ Mineral fuels? Grand total 

1973 ~2 2  k 4,362 7,476 11,838 24,949 36,787 
1974 5,501 8,687 "$14,187 40,889 355,077 
1975 ~- pe 5,191 9,570 14,761 47,505 . 62,266 
1976 _-.-_-____- 6,086 10,616 16,702 52,484 *69,186 
1977 _--_________ - . §,810 11,701 17,511 | 59,575 77,086 

"Revised. : | | 
1 Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
2 The commodities comprising the Mineral fuels and Nonmetals groups have been revised. See table 2 for the complete 

listing of the commodities which now comprise these two groups. 
| * Data do not add to total shown because of independent rounding. 

Note: Beginning with 1977, data on mineral fuels supplied by the Department of Energy.
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Table 3.—Minerals produced in the United States and principal producing 
States in 1977 | 
a  ——— 

: ' Principal producing States . 
Mineral in order of quantity Other producing States 

METALS AND NONMETALS 

Antimony ore and concentrate__ Idaho and Mont. 
Aplite..._._.__.__-------- Va. 
Asbestos ________________ Callif., Vt., Ariz., N.C. 
Asphalt (native). ._.__._._-_--- Tex., Utah, Ala., Mo. 
 Barite.._~_.__-__------- Nev., Mo., Ark.,Ga ~_----~ Idaho, Il., Mont., Tenn. 

Bauxite. _________-~---~~- Ark., Ala., Ga.. . 
Beryllium concentrate._.._._.__. Utah andS. Dak. 
Boron minerals __ ____.—__—- Calif. 
Bromine _______.—-—---~- Ark. and Mich. 
Calcium-chloride -..___._._.. Mich. and Calif. . 

Carbon dioxide (natural) ___.__  N. Mex., Colo., Calif., Utah. 

Cement______----~_----- Calif., Tex., Pa., Mich _ __—_ Ala., Ariz., Ark., Colo., Fla., Ga., 

. . Hawaii, Idaho, II., Ind., lowa, Kans., 

. Ky. La., Maine, Md., Miss., 
0., Mont., Nebr., Nev., N. Mex., 

N.Y., N.C., Ohio, Okla., Oreg., S.C., 
S. Dak., Tenn., Utah, Va., Wash., 
W. Va., Wis., Wyo. 

, Clays _.___.-_.--------- Ga., Tex., Ohio, N.C__.___. — Allother States except Alaska, R.I, Vt. 

Copper (mine).__.___.-----  Arriz., Utah, N. Mex., Mont _ Alaska, Calif., Colo., Idaho, Maine, — 
Mich., Mo., Nev., Oreg., Pa., Tenn., 

. Wash. . 

Diatomite _.____.________- _ Calif., Nev., Wash., Oreg. . 

Emery _____----------- N.Y. 
Feldspar _.____-_-------- N.C., Conn., Ga., Calif —__- Ariz., Colo., Maine, Okla., S. Dak., 

yo. 

Fluorspar _______._------ Ill, Ky., Tex., Mont _____-_ Ariz. and Nev. 

Garnet, abrasive _____~-~-~- Idaho and N.Y. . . 

Gold (mine) __________---  Nev.,S. Dak., Utah, Ariz _ ~~ Alaska, Calif., Colo., Idaho, Mont., 
N. Mex., Oreg., Tenn., Wash. - 

. Graphite__._.__.___------ Tex. - . 

Gypsum ______.___-----~  Mich., Tex.,Calif.,lowa __~ Ariz., Ark., Colo., Idaho, Ind., Kans., 
La., Mont., Nev., N. Mex., N.Y., 
Ohio, Okla., S. Dak., Utah, Va., 
Wash., Wyo. 

Helium __________-~--_-- Kans., Okla., Tex ~.—-~-- Ariz. and N. Mex. 

; lodine______________-_. Okla. and Mich. 
Tron ore_______.___------— Minn.,, Mich., Calif., Wyo _-_— — Colo., Ga., Mo., Mont., Nev., 

. N.J., N.Y., Pa., Tex., Utah, Wis. 

_ Kyanite___.__._..._--_---- | Va.and Ga. @ 

Lead (mine) ______—----~-- Mo., Idaho, Colo., Utah __ —— Ariz., Calif., Ill., Maine, Mont., — ; 
Nev., N. Mex., N.Y., Okla., Va., Wash., Wis. 

Lime ______-_~----~---- Ohio, Pa., Mo., Tex ~_—---~ Ala., Ariz., Ark., Calif., Colo., Conn., 
Fla., Hawaii, Idaho, Il1., Ind., Iowa, 
Kans., Ky., La., Md., Mass., Mich., Minn., 
Miss., Mont., Nebr., Nev., N.J., 
_N. Mex., N.Y., N. Dak., Okla., Oreg., 
S. Dak., Tenn., Utah, Va., Wash., W. Va., 
Wis., Wyo. 

Lithium minerals___——— ~~ -—-_— N.C., Nev., Calif. 
Magnesite _______------- Nev. ; 

Magnesium chloride____._.__. Tex. 
Magnesium compounds ~_ _ _ _ — — Mich., Calif., Fla.. NJ ———~- Del., Miss., Tex., Utah. 

Manganiferousore_...._____  Minn.,N. Mex.,S.C. 
Marl, greensand _.______-. NJ. 
Mercury ______---------  Nev.and Calif. 
Mica, scrap ____--------~- N.C., S.C., N. Mex., Ala ___— Ariz., Conn., Ga., Pa., S. Dak. 

Molybdenum —____--~----—- Colo., Ariz., N. Mex., Utah __ Calif. and Nev. 

Nickel __.__.____------- Oreg. 
Olivine_______________. N.C. and Wash. 
Peat_________________.  Mijch., Fla., Ind., Ml. .___ ~~ Calif., Colo., Ga., lowa, Maine, Md., 

Mass., Minn., Mont., N.J., N. Mex., N.Y., 
N. Dak., Ohio, Pa., S.C., Wash., Wis. 

Perlite _________-----~- N. Mex., Ariz., Calif., Idaho — Colo. and Nev. 

Phosphate rock _.___._._----  Fila., Idaho, N.C.,Tenn -~~_- Calif., Mo., Mont., Utah, Wyo. 

Potassium salts _______~--- N. Mex., Calif., Utah. 
Pumice_____________-~_-— _ Oreg., Nev., Calif., Ariz _ _ _— Colo., Hawaii, Idaho, Mont., N Mex., 

.  Okla., Utah, Wash. 
Pyrites ore and concentrate_ — — — Tenn., Colo., Ariz. 
Rare-earth metal concentrate _— Calif. and Fla. 
Salt _._________------- La., Tex., N.Y., Mich —~___~_ Ala., Ariz., Calif., Colo., Kans., Nev., 

N. Mex., N. Dak., Ohio, Okla., Utah, W. Va. 

Sand and gravel. ___.__._--_  Calif., Alaska, Tex., Ohio _ _ _ All other States. 

Silver (mine). __ ______---—-— Idaho, Ariz., Colo., Mont _ — — Alaska, Calif., Tll., Mich., Mo., 
Nev., N. Mex., N.Y., Oreg., S. Dak., 
Tenn., Utah, Va., Wash. 

Sodium carbonate (natural)__._._. Wyo. and Calif. 
Sodium sulfate (natural) __— —— Calif., Tex., Utah. 
Staurolite _._______----- Fla. 
Stone __________--~-__-~-- Tex., Pa. fll,Mo ~___-_- All other States except Del. and N. Dak.
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Table 3.—Minerals produced in the United States and principal producing 
_ States in 1977 —Continued | : 

. Principal producing States : Mineral . in order of quantity Other producing States 
eee 

METALS AND NONMETALS — 
Continued 

Sulfur (Frasch) _....______ Tex.andLa. — . 
Talc, soapstone, pyrophyllite___  _ Vt., Tex.,Mont., N.Y _____ Ark., Calif., Ga., Nev., N.C., 

Oreg., Va., Wash. 
Tin ~~ Colo. . 
Titanium concentrate__._.___ | NJ., Fla, N.Y. 
Tripoli _.._..__..__._._..____ IL, Okla, Ark., Pa. 
Tungsten concentrate__._.___ Calif.,Colo, Nev________ Alaska, Ariz., Idaho, Mont., Oreg., Utah, Wash. Uranium.______________ N. Mex., Wyo., Utah, Colo __ Tex. and Wash. 
Vanadium __________.___  Ark.,Colo., Utah, Idaho ___ N. Mex. - 
Vermiculite _____________ Mont. andS.C _________ Tex. 
Wollastonite.____________ NY. 
Zinc (mine)__.__._._.__..._.__. Tenn.,Mo.,N.Y.,Colo ____ Ariz., Calif., Idaho, Ill., Maine, . 

Mont., Nev., N.J., N. Mex., Okla., Pa., 
Utah, Va., Wash., Wis. a 

Zircon concentrate__._______ _ Fla. 

Coal____________._____  Ky.,W.Va,Pa,Il______ Ala., Alaska, Ariz., Ark., Colo., Ga., 
. Ind., Iowa, Kans., Md., Mo., Mont., 

N. Mex., N. Dak., Ohio, Okla., Tenn., 
Tex., Utah, Va., Wah. Wyo. . 

. Natural gas ____.__._......_ La, Tex.,Okla., N. Mex ___ Ala., Alaska, Ariz., Ark., Calif., Colo., 
- Fla., Il., Ind., Kans., Ky., Md., 

Mich., Miss., Mo., Mont., Nebr., . 
N.Y., N. Dak., Ohio, Pa., Tenn., 
Utah, Va., W. Va., Wyo. 

Natural gas liquids___§______ Tex., La.,N. Mex., Okla ___ Ala., Alaska, Ark., Calif., Colo., Fla., 
Ill., Kans., Ky» Mich., Miss., Mont., 
Nebr., N. Dak., Pa., S. Dak., Utah, 
W. Va., Wyo. 

Petroleum, crude___.._..___  Tex., La., Calif., Alaska____ Ala., Ariz., Ark., Colo., Fla., 
Ill., Ind., Kans., Ky., Mich., Miss., 

. Mo., Mont., Nebr., Nev., N. Mex., 
N.Y., N. Dak., Ohio, Okla., Pa., S. Dak., . 
Tenn., Utah, Va., W. Va., Wyo. - 

EE TS :
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| Table 4.—Value of mineral production in the United States and 
| principal minerals produced in 1977 
i 

Value Percent , ; ; 

State | (thousands) Rank oft Us. | Principal minerals, in order of value | 

nen Nc 

Alabama ___~_—-— $1,159,952 19 1.50 Coal, petroleum, cement, stone. 

Alaska ______ ~ 1,233,519 18 1.60 Petroleum, sand and gravel, natural gas, stone. 

Arizona ___-_-~- 1,621,256 . 12 2.10 Copper, molybdenum, coal, cement. 

Arkansas _____— _ 574,469 - 25 15 Petroleum, bromine, natural gas, cement. 

California ____— 4,311,824 3 5.59 Petroleum, cement, natural gas, sand and gravel. 

Colorado ___—~- 1,397,039 15 1.81 Petroleum, molybdenum, coal, natural gas. 

Connecticut ———~- 43,708 44 _ 06 Stone, sand and gravel, feldspar, lime. 

Delaware _..—_~— 12.091 50 @) Sand and gravel, magnesium compounds, clays, 
gem stones. 

Florida —___~-- 1,618,557 13 2.09 Phosphate rock, petroleum, stone, cement. 

Georgia __-_--~- 486,256 28 63 Clays, stone, cement, sand and gravel. 

Hawaii _____-_- 39,980 47 05 Stone, cement, sand and gravel, pumice. 

_ Idaho ~~~ -__- + 252,670 32 33 Phosphate rock, silver, lead, zinc. 

Illinois _____~~ 1,663,280 10 2.15 Coal, petroleum, stone, sand and gravel. 

Indiana ______— 697,558 23 91 Coal, cement, stone, petroleum. 

Iowa _______-_ .. 288,208 33 ol Cement, stone, sand and gravel, gypeum. 

Kansas ___ ~~ 1,369,497 16 1.78 Petroleum, natural gas, natural gas liquids, cement. 

- Kentucky. ___-~— 3,217,860 5 4.17 Coal, stone, petroleum, natural | gas. 

Louisiana ___~ - 10,911,885 2 14.16 Natural gas, petroleum, natural gas liquids, sulfur. 

Maine _____-_~_- 43,225 45 .06 Sand and gravel, cement, zinc, stone. 

Maryland ____~- 186,699 36 24 Coal, stone, cement, sand and gravel. 

Massachusetts __— 77,268 43 10 Stone, sand and gravel, lime, clays. 

Michigan ——_—~- 1,622,547 11 2.10 Petroleum, iron ore, cement, natural gas. 

Minnesota __—~-— 875,603 22 1.14 Iron ore, sand and gravel, stone, lime. 

Mississippi ~~ —-—-— 492,234 27 64 Petroleum, natural gas, cement, sand and gravel. 

Missouri __~—~-~ 893,372 21 1.16 Lead, cement, stone, iron ore. 

Montana __~—~- 691,188 24 .90 Petroleum, coal, copper, natural gas. . 

Nebraska ___-_-— 144,029 39 18 Petroleum, cement, sand and gravel, stone. 

Nevada __-_.~~— 270,845 31 35 Copper, gold, sand and gravel, cement. 

New Hampshire — — 20,701 48 03 Sand and gravel, stone, clays, gem stones. 

New Jersey —_--— 117,060 40 15 Stone, sand and gravel, zinc, titanium concentrate. 

New Mexico _~-_— 2,910,804 8 3.78 Natural gas, petroleum, natural gas liquids, uranium. 

New York __ ~~ 461,807 29 .60 Cement, stone, salt, sand and gravel. 

North Carolina ~~ 231,511 34 30 Stone, phosphate rock, sand and gravel, cement. 

North Dakota —_—- - 272,066 30 35 Petroleum, coal, sand and gravel,natural gas liquids. 

Ohio _____--.- 1,607,454 14 2.08 Coal, natural gas, petroleum, stone. 

Oklahoma ___-—- 3,497,447 4 4.54 Petroleum, natural gas, natural gas liquids, coal. 

Oregon __-_—-- 109,132 42 14 Stone, sand and gravel, cement, nickel. 

Pennsylvania —_—_ 3,043,964 qT 3.95 Coal, cement, stone, natural gas. 

.  Rhodelsland __~_ 6,299 49 01. Sand and gravel, stone, gem stones. 

South Carolina _ — 144,201 38. Ci 18 Cement, stone, clays, sand and gravel. 

South Dakota __— 110,740 Al 14 Gold, cement, stone, sand and gravel. 

Tennessee ___~— 521,371 26 68 Coal, stone, zinc, cement. 

Texas ________ 19,519,631 1 25.32 Petroleum, natural gas, natural gas liquids, cement. 

Utah __--___- 1,085,339 20 1,41 Petroleum, copper, coal, uranium. . 

Vermont ___—_- 41,454 46 .05 Stone, asbestos, sand and gravel, talc. 

Virginia ____~_ 1,341,686. 17 1.74 Coal, stone, lime, cement. 

Washington ———-— 216,124 35 .28 Cement, coal, sand and gravel, stone. 

West Virginia ——_ 3,208,068 6 4.16 Coal, natural gas, petroleum, natural gas liquids. 

Wisconsin _.——~ 150,128 37 19 Sand and gravel, stone, iron ore, lime. 

Wyoming —-_--- 2,331,349 9 8.02 Petroleum, coal, sodium compounds, natural gas. 

Total ___ 77,086,000 _— 100.00 . 

Sn van a 

1Incomplete total. 
2Less than 1/2 unit. ;
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Table 5.—Value of mineral production per capita and per square mile in 1977, by State 
a 

| 1977 Value of mineral production 
Area popula-_ —<——— 

State (square tion Total Per square mile Per capita 
miles) (thou- (thou- eo sands) sands) Dollars Rank Dollars Rank 
a 

Alabama __.—~_____~--~_~ 51,609 3,690 $1,159,952 22,476 15 314 16 
Alaska ______________ 586,412 407 1,233,519 2,104 45 3,031 2 
Arizona ________--~~_~-~ 113,909 2,296 1,621,256 14,233 20 706 11 
Arkansas _____________ 53,104 2,144 574,469 10,818 25 268 18 
California ____.__~~--~- 158,693 21,896 4,311,824 27,171 12 197 23 —C 

~ Colorado _-__________- 104,247 2,619 1,397,039 13,401 21 533 13 
Connecticut ___________. 5,009 3,108 43,708 8,726 80 14 47 
Delaware _________-~-_- 2,057 582 12.091 1,017 50 4 50 
Florida _.-.__--_______ 58,560 8,452 1,618,557 27,639 11 191 24 
Georgia ___________-_- 58,876 5,048 486,256 8,259 - 31 96 32 
Hawaii _~____________-— _ 6,450 895 39,980 6,198 32 45 39 
Idaho ______~_____---~- 83,557 857 252,670 3,024 41 295 17 
Illinois ~___.-____---- 56,400 11,245 1,663,280 29,491 9 148 29 
Indiana _____~___--—--- 36,291 5,330 697,558 19,221 16 130 30 
Iowa _.~ -____-------- 56,290 2,879 238,208 4,232 38 83 35 
Kansas _____________- 82,264 2,326 1,369,497 16,648 18 589 12 
Kentucky ~~~ -_____- 40,395 3,458 3,217,860 79,660 3 931\, 8 
Louisiana _.._______~~ 48,523 3,921 10,911,885 224,881 1 2,783" 3 
Maine ____________-~~ 33,215 1,085 43,225 1,301 48 40 42 
Maryland ____~____~~- 10,577 4,139 186,699 17,651 17 45 40 
Massachusetts _.______—- 8,257 5,782 77,268 9,358 28 13 48 
Michigan __________~---~ 58,216 9,129 — 1,622,547 27,871 10 178 26 
Minnesota __________-- 84,068 3,975 875,603 10,415 26 220 21 . 

. Mississippi ___-___—---- ~ 47,716 2,389 492,234 10,316 aT 206 22 
Missouri ______—___-_-— 69,686 4,801 893,372 12,820 22 186 25 
Montana ___________~~- 147,138 761 691,188 _ 4,698 34 908 9 
Nebraska __..___-_.---~ 17,227 1,561 . 144,029 _—,_ 1,865 46 92 33 
Nevada _________.---~- 110,540 - 633 270,845 2,450 43 428 14 
New Hampshire __.___~_ | 9,304 849 20,701 2,225 44 24 45 
New Jersey ___..-__-_- 7,836 7,329 117,060 14,939 19 16 46 
New Mexico ____-____~-~ 121,666 1,190 2,910,804 23,925 13 2,446 4 
New York ___~______~-~-~ 49,576 17,924 so1 807 9,315 29 26 44 — 
North Carolina ______~~-~ 52,586 5,525 . 1,511 4,403 36 42 41 
North Dakota ___.___-~~ 70,665 653 272,066 3,850 39 417 15 
Ohio ________.--___--~ 41,222 10,701 1,607,454 38,995: 7 150 28 
Oklahoma __.___-___-- 69,919 2,811 3,497,447 ‘60,021 6 1,244 7 
Oregon ___.______~-—-- 96,981 2,376 109,132 1,125 49 46 38 
Pennsylvania ____—__---~ 45,333 11,785 3,043,964 67,147 5 258 20 
Rhode Island ___.____~~- 1,214 935 6,299 5,189 >) 7 49 
South Carolina _~_______- 31,055 2,876 144,201 4,643 35. 50 0—ti‘éSH‘TZ. 
South Dakota ______ ~~~ 77,047 689 110,740 1,437 47 161 a7 
Tennessee ____________ 42,244 4,299 521,371 12,342 24 121 31 
Texas ~_.____________- 267,338 12,830 19,519,631 73,015 4 1,521 6 
Utah ________~-____-_ 84,916 1,268 1,085,339 12,781 23 856 10 
Vermont ______~_____- 9,609 485 : 41,454 4,314 37 85 34 
Virginia _~___._____~-~- 40,817 5,185 1,341,686 32,871 8 261 19 
Washington __________~~- 68,192 3,658 216,124 3,169 40 59 36 
West Virginia _______—-_- 24,181 1,859 3,208,068 132,669 2 1,725 5 
Wisconsin __________-~- 56,154 4,651 150,128 2,675 42 32 43 
Wyoming _.________--- 97,914 406 2,331,349 23,810 14 5,742 1 

Total? ~-________ 3,615,055 215,642 77,086,000 21,324 XX 356 XX ere eee eee 

XX Not applicable. 
1Incomplete total. . 

pone ludes Washington, D.C., with an area of 67 square miles and a population of 690,000 (which had no mineral 
production).
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| Table 7.—Mineral production’ in the islands administered by the United States | 

— (Thousand short tons and thousand dollars) | 

. - 1974 1975 1976 1977 | 

- Area and mineral Quan- Quan- Quan- Quan- 

tity Value — tity Value tity Value tity Value _ 

American Samoa: | 
. 

Pumice _____----------- 27 183 15 16° AY 30 ‘1 10 

7 Stone _____-_---------- 50 122 —— 34 147 30 156 6 31 

Total_______-------- XX  __ 305 XX 162 XX 186 XX 41 | 

Guam: Stone ____----------- 798 1,444 781 1,837 457 1,438 517 1,897 

Virgin Islands: Stone _ - - - - ----- 638 3,869 253 1,813 279 2,050 262 2,076 

XX Not applicable. | | | ) | 

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

: Table 8.—Mineral production’ in the Commonwealth of Puerto Rico | 

: . (Thousand short tons and thousand dollars) 

. - 1974 1975 1976 1977 

Mineral Quan- | Quan- Quan- Quan- 
| ‘tity Value tity Value tity Value — tity Value 

Cement ___—----- 1,881 70,277 1,582 60,968 1,558 66,150 1,367 67,775 

Clays ___------- 291 332 341 440 W WwW 272 387 . 

Lime ____------ 39 2,923 28 2,231 ‘28 2,513.. "40 3,007 

Salt _._.__-_---- 29 "624 27 639 27 ~ 639 27 639 

Sand and gravel _ — — - NA NA NA NA NA NA “12,000 21,000 

Stone ____------ 14,362 41,640 13,595 47,515 13,404 47,124 12,187 44,281 

Total _____- XX 7115,796 XX 111,793 XX  7116,426 xX 137,089 

€Rstimate. NANot available. W Withheld to avoid disclosing company proprietary data. XX Not applicable. 

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

2T otal does not include value of items withheld or not available. | | a
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: Table 9.—U.S. exports of principal minerals and products 

1976 1977 

Mineral | 4 Value ; Value | 
Quantity (thousands)  @¥antity «housands) 

Aluminum: 
_ Ingots, slabs, crude_____..__.—_ ~ short tons__ 152,366" $118,644 97,771 $94,498 
 Serap_.__-___-__~---___-----_. do____ 108,958 . 68,245 101,663 64,060 
Plates, sheets, bars, ete __.______.-_-~ do____ 208,848:  . 261,759 190,118 284,199 

- Castings and forgings ___________-~~ do___~_ 5,611 21,232 6,895 27,432 
Aluminum sulfate ________~__.___--_~ do____ 50,758 1,569 . 12,019 900 
Other aluminum compounds ~~ ~~~ do____ 911,460 166,084 33,623 17,575 
Antimony, metals and alloys, crude_____~~ - do__~~_ 341 853 742 1,219 
Bauxite, including bauxite concentrates 

- thousand long tons__ 15 1,297 25 2,344 
Beryllium —~..__._____-_____-_.-~_~— pounds __ 114,143 1,756 160,505 1,911 
Bismuth, metals and alloys______._.____.~ do__~~_ 168,488 1514 95,334 637 
Cadmium ____________—~—~ thousand pounds__ 504 713 236 316 
Calcium: 

Carbonate __________.__.—_-~-~ short tons_— 3,411 735 14,887 4,053 
. _ Chloride _.__.______________~-~_~ do____ 33,533 2,578 ——- 89,552 3,383 

Dicalcium phosphate_ ______...__... do.__~ 32,302 7,612 53,309 9,550 
Chrome: 

Ore and concentrates: 
. ‘Exports _____._.. ~~ thousand short tons__ 124 5,609 187 10,105 

Reexports ______._.____.__~- _~ do___. 85 5,475 © 61. 4,913 
Ferrochrome _________~__~~_ ~~~ do___-~ 14 8,785 12 7,268 

Cobalt__.._.__.__.__.. ~~ thousand pounds_ _ 3,892 12,427 2,585 11,149 
. Colurnbium metals, alloys, other forms_—_—_— do____ 67 778 15 1,408 

pper: 
Ore, concentrate, composition metal, and un- 

refined (copper content). _.__.__-~ short tons._ . 22,689 19,769. 35,953 24,708 
Scrap .._____.- ~~~ ~~~ do____ 37,473. 37,079 37,892 36,006 . 
Refined copper and semimanufactures ____ do___~- 176,877 313,377 146,004 331,265 
Other copper manufactures________.__ do__—_ 4,923 . «8,485 "6,920 10,923 
Copper sulfate or blue vitriol _.__.____  do____ 2,071 2,935 2,616 3,370 
Copper base alloys _._______.._. ~~~ do____ 110,665 177,270 112,097 167,306 

Ferroalloys: 
Ferrosilicon ______._.-__._--_~- ~~~ do___~ 12,416 7,449 10,548 6,035 
Ferrophosphorus _ _____._.___.-~-- do___~_ 1,636 153 2,381 297 
Ferroalloys, n.s.p.f ~.._.__..__-..-~ do.__. 6,687 13,121 7,982 8,558 

. Gon eeeteten - --------- == - =n no =~ do. ___ 5,471 901 40 13 

- Ore and base bullion ____.__._ ~ troy ounces. _ 337,517 41,624 395,760 57,477 
' Bullion, refined __ __.§___._§______----~ do____ 3,193,248 333,424 8,275,095 1,055,234 

Iron ore_____________— _~ thousand long tons_ — 2,913 82,192 2,143 ——s- 62,756 
Iron and steel: 

Pig iron... ____.__.-_-_-_-__~-~-~ short tons. _ 57,480 5,408 51,357 4,266 
- Iron and steel products (major): 

Semimanufactures_______..__...~ do___ _ 1,856,573 592,126 1,444,572 525,592 - 
. Manufactures and steel mill products _.__ do_——~— 1,814,776 1,870,281 1,653,428 1,758,832 — 

Iron and steel scrap: 
- Ferrous scrap, including rerolling materials 

thousand short tons. — 8,168 636,758 6,211 415,345 
Slag____.-___-..__._._ ~~~ short tons__ 38,718 1,264 38,376 961 

Lead and zinc ores and concentrates _____. — do.__~— 148,787 28,892 128,056 28,753 

. Pigs, bars, anodes, sheets, ete________.. do___ _ 5,877 5,320 9,845 8,425 
Scrap... -_.--_--------~-~--- ~~ do____ 46,883 - 11,589 85,411 22,442 

Magnesium, metal and alloys, scrap, semi- 
manufactured forms, n.e.c _.~._____--_~ do____ 13,444 26,902 28,061 51,848 

Manganese: 
Ore and concentrate ________._.-.~ do____ 127,971 7,510 138,250 9,221 
Ferromanganese ______—__—~~~-- ~~ do___~ 6,789 3,462 6,051 3,391 
Metal __.____-_-_~-_-~------~-~ d____ 4,654 3,434 2,953 3,208 

Mercury: . 
Exports. _._._.____..~-. ~~~ 76-pound flasks_ _ 501 306 852 287 
Reexports ________~—-_~---~--~.. do____ 12 6 101 36 

Molybdenum: 
and concentrates (molybdenum ; 

content) ______..__.— _-.-~ thousand pounds._ 62,474 183,536 65,666 245,777 
Metals and alloys, crude and scrap _____~ do____ 223 390 332 851 
Wire ____________~~__-~-__--~ ~~ do___ 343 3,672 475 6,047 
Semimanufactured forms, n.e.c _._.._.. do.___ 184 1,584 164 2,441 
Powder _________.__--_---~~-_~ do___ 25 136 151 759 
Ferromolybdenum ____.—-_._.~_~—-~~ do.__~_ 3,596 9,447 1,595 4,863 

Nickel: 
Alloys and scrap (including Monel metal), 
ingots, bars, sheets, etc ________ _ short tons__ "37,748 141,824 29,958 132,093 
Catalysts__.________.-__-_---_.. da ___ 4,442 16,282 4,064 15,674 
Nickel-chrome electric resistance wire ____ do ___ 769 5,253 764 6,006 
Semifabricated forms, n.e.c__.._______ do.___ 4,207 30,736 4,626 36,807 

See footnotes at end of table.



. 98 MINERALS YEARBOOK, 1977 | 

Table 9.—U.S. exports of principal minerals and products —Continued 
ee 

a 1976 1977 
Mineral 

Quantity —@pousands) Quantity gq, Value, | 

METALS —Continued . 

Platinum: 
Ore, concentrate, metal and alloys in ingots, 

bars, sheets, anodes, other forms, including 
scrap __._________...._ ~~ troy ounces__ 325,805 $37,868 289,307 $33,076 

. Palladium, rhodium, iridium, osmiridium, — 
ruthenium, and osmium (metal and alloys 
including scrap) _______.__._____ do____ 186,602 14,885 137,324 13,414 

Rare earths: 
Ferrocerium and alloys __________ short tons__ 60 335 260 1,043 
Compounds ______.___.________— pounds__ 1,465,364 2,720 1,931,245 6,038 

Selenium —————-—~—~-— ~~~ thousand pounds__ 118 2,131 68 1,145 
icon: 
Ferrosilicon ____..._..__..____ - short tons__ 12,416 7,449 10,548 6,035 

Si Silicon carbide, crude and in grains______ do____ 10 - 6,174 11 7,062 
ver: 
Ore, concentrates, waste, sweepings 

thousand troy ounces_ _ 7,000 28,849 13,400 45,480 
Bullion, refined____$-/§_._-___________ do____ 7,596 32,586 8,994 39,165 

Tantalum: 
Ore, metal, other forms ______ thousand pounds__ 7426 6,711 587 12,874 

Tine ree ~~~ o-oo nnn do. _._ _ 219 7,982 234 - - 9,380 

Ingots, pigs, bars, etc.: 
Exports _._________.___._ metric tons__ 540 2,998 545 5,176 
Reexports.......-_--_.._________ do____ 1,798 13,967 4,935 50,175 

Tin scrap and other tin-bearing material 
except tinplate scrap _.___________ do____ 6,927 7,391 NA - 9,328 

Titanium: . 
Ore and concentrate ___________ — short tons__ 4,802 477 22,679 743 
Sponge (including iodide titanium 

; and scrap)_____~_-__._______-_ do____ 6,144 8,547 ~ 3,394 5,643 
Intermediate mill shapes and mill products, n.e.c. . . 

do____ 1,065 15,039 1,050 14,254 
Pigments and oxides_______________ do____ 20,580 16,229 16,336 12,628 

Tungsten: . 
. Ores and concentrates: 

Exports ____________ _ thousand’ pounds__ 1,729 11,189 1,283 11,400 
Reexports___§__9__.__________ do__._ 887 1,903 NA _ NA 

Ferrotungsten.__§__§__§___.________ do____ _— -- 2 - 31. 
. Uranium: ae 

Ores and concentrates (UsOs content) ___ pounds__ 1,495,130 24,432 = 1,929,467 65,913 
Metal._-_ = § = 2 dol 7,108 146 NA. NA 
Compounds ____________________ do ___ 369,036 7,232 245,570 2,848 
Isotopes (stable) and their compounds ______.___ NA 2,103 NA 4,627 
Radioactive materials ________thousand curies__ 31,474,488 25,905 33,605,884 32,862 — 

. Special nuclear materials _________________ NA 426,423 NA __ 501,590 
Vanadium: 

Ore and concentrate, pentoxide, 
_ etc. (vanadium content)___________ pounds__ 197,035 742 384,000 1,959 

zi Ferrovanadium__________________ do____ 2,421,776 9,180 1,316,000 4,954 
inc: 

Slabs, pigs, or blocks ____________ short tons__ 3,513 2,306 237 210 
Sheets, plates, strips, other forms n.e.c____ do____ 2,271 2,817 2,681 3,144 
Waste, scrap, and dust (zinc content) _____ do____. 8,945 3,535 9,230 3,698 
Semifabricated forms, n.e.c___________ do____ 9,320 6,076 6,147 4,618 

Zirconium: 
Ore and concentrate ________ thousand pounds__ 18,856 2,784 28,727 2,242 
Oxide _____-_~____._ ~~ ____ dol 5,325 6,104 3,704 3,846 
Metals, alloys, other forms ___________ do____ - 2,304 43,809 1,965 36,828 

. NONMETALS 

Abrasives: 
Dust and powder of precious or semiprecious stones, . 

including diamond dust and powder 
thousand carats_ — 14,155 35,450 17,272 42,714 

Crushing bort ___.____-___________~ do____ 77 182 6 42 
Industrial diamonds _______________ do____ 639 3,677 376 1,854 
Diamond grinding wheels____________ do____ 730 4,911 797 5,900 
Other natural and artificial metallic 

abrasives and products ~__._~_~__________ NA 68,979 NA 71,069 
Asbestos: 

Exports: 
Unmanufactured ___________ short tons__ 46,317 12,640 37,390 11,701 
Products __-__-__-_____________ do____ NA 60,276 NA 78,350 

Reexports: 
Unmanufactured ______________ do____ 606 151 247 30 
Products _~_-_____§=~___________ do____ NA 296 NA 472 

See footnotes at end of table.
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Table 9.—U.S. exports of principal minerals and products —Continued . 

1976 - 1977 
Mineral . Value Value . Quantity (thousands) Quantity (thousands) | 

NONMETALS —Continued 

Barite: . 
, Natural barium sulfate and carbonate _ short tons_ _ 41,063 $2,871 49,551 $3,426 Lithopone _______________ do.___ 779 937° 435 698 Boron: 

Boricacid _-..__________ do____ 36,492 12,363 35,992 12,931 Sodium borates, refined_____________ do____ 211,362 49,156 265,470 64,634 Gement————-_--____ do____ 466,055. 26,601 238,906 23,740 ays: 
Kaolin or china clay ______ thousand short tons__ 839 57,649 952 71,907 Eire clay ————~-~-~---------_-_ do____ 296 12,895 307 11,632 Otherclays _.._________ do____ 1,351 81,409 1,302 77,251 Diatomite _______________ do____ 149 16,932 152 18,876 Feldspar, leucite, nepheline syenite_ thousand pounds_ _ 12,289 - 352 - 12,404 — — -394 Fluorspar ___.._______ short tons__ 4,923 764 6,642 975 Gem stones: 

. Diamonds _______________ thousand carats_ _ 313 306,098 ~ 316 335,991 Pearls -- 
NA 581 NA 545 Other ----- ee NA 30,896 — NA 24,050 Graphite____________________ short tons_ _ 12,236 © 72,388 13,783 2,662 Gypsum: 

Crude, crushed or calcined __ thousand short tons__ 284 6,739 143 6,090 Manufactures, n.e.c we eee NA 25,855 NA 9,613 Helium _________________ million cubic feet_ _ 174 8,790 168 10,561 Lithium hydroxide___________ thousand pounds._ 534 674 665 730 Kyanite and allied minerals __________ short tons_ _ 63,329 4,942 38,832 3,417 Lime _-___-_______ do____ 55,852 2,981 | - 82,954 2,185 esium compounds: 
to. esite, dead-burned_____________ do____ 71,878 13,466 76,489 16,477 ' Magnesite, crude, caustic calcined, lump or ground : . do___ — 10,121 5,422 12,040 6,336 Mica sheet, waste and scrap, and ground____. pounds. _ 14,449,150 38,477 18,202,383 3,557 Mica, manufactured_________________ do. _-- 2,481,151 3,776 1,012,977 3,267 Mineral-earth pigments, iron oxide, natural . and manufactured________ short tons_ _ 11,867 11,387 15,529 16,815 Nitrogen compounds (major) _ __ thousand short tons_ _ | 4,714 449,147 5,103 . 587,739. Phosphate rock _______-____ thousand metric tons_ _ 9,994 327,410 14,014 362,223 Phosphatic fertilizers: 

Superphosphates________ do____ 1,210 110,835 1,181 110,534 Ammonium phosphates_____________ do._ —- , 2,182 269,855 2,581 335,883 Elemental phosphorus___________ short tons_ _ 29,038 30,387 17,954 20,722 Mixed chemical fertilizers _ thousand metric tons__ F219 30,284 177 26,908 _ Pigments and compounds (lead and zinc): 
Lead oxides: 

Figment grade____________ short tons__ 2,620 1,661 NA NA ergrade __.____________ do. _ 345 438 NA NA 
Zine odes: d d 4,261 2,587 

igment grade________________ do. ___ 261 , a 
6,771 3,634 Other grade ____-________ do. 577 524 Zinccompounds__________________ do____ 779 937 - . 435 698 Potash: 

Fertilizer..._-________________ | do _ 1,669,691 91,887 1,650,200 90,186 Chemical___.._______» do. __ 60,025 19,422 40,013 18,805 Pumice and pumicite ~---- dol 1,011 271 1,797 516 
. Crude and refined _______ thousand short tons_ _ 1,007 10,326 1,008 10,881 Shipments to noncontiguous territories ___ do____ 18 2,230 17 2,205 Sand and gravel: 

Sand: 
Construction________________ do. ___ 559 1,337 632 1,610 Industrial.__________________ do. 2,553 17,080 2,457 18,707 Gravel __-____________ do____ 579 1,099 600 1,198 Sodium and sodium compounds: 

Sodium sulfate _._________________ do. ___ 57 3,636 43 2,801 Sto etm carbonate —-~-—-~~-~-~~~___. do____ 645 47,004 759 52,943 ne: 
Dolomite, block _-___.____________ do_ _ 63 1,486 12 484 Limestone, crushed, ground, broken _____ do____ 3,191 10,537 3,235 10,365 Marble and other building and monumental do____ NA 2,596 NA 3,476 Stone, crushed, ground, broken ________ do.___ 866 7,073 694 6,048 5 Manufactures o stone______________ do.__ NA 2,273 NA 2,242 
Crude. ______________ thousand long tons__ 1,183 60,226 1,059 47,599 Crushed, ground, flowersof__________ ~ do___ 15 3,358 12 4,512 Talc, crude and ground _____________ short tons__ 212,344 9,034 . 822,000 9,166 -——————_——— rr E™™ CY L008 Total ~~ ee XxX 8,484,889 XX 9,171,199 
"Revised. NANotavailable. XX Not applicable. 
1 Adjusted by the Bureau of Mines.
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Table 10.—U.S. imports for consumption of principal minerals and products 

. 
: 

. . . . , 

, 1976 1977 

Mineral — : ‘Value . Value | 
Quantity (thousands) Quantity (thousands) 

METALS 

Aluminum: 
Metal __________----------- short tons_- 575,350 $439,570 670,200 $631,601 

Scrap ____-_--~---------------- do___— 85,714 46,166 89,895 63,168 

Plates, sheets, bars, etc ______------- do___— 87,560 96,312 75,459 103,736 

Aluminum oxide (alumina) ______-__---~ do_---- 3,624,367 404,478 4,145,000. 512,413 

Antimony: , 

Ore (antimony content) ___-—--------- do. __— * 10,023 — 16,911 3,438 6,832 

Needle or liquated ___------------- do_ — —— Al 129 259 580 

Metal_.______----------------- do---- 2,083 4,986 1,722 4,536 

Oxide_________--_-~----------- do_-_-- 11,611. 17,029 9,641 15,150 

Arsenic: 
White (As203 content)_____.__--_---- do__~- - 4,262 1,528 5,981 1,962 

Metallic __._-__---------------- d0---- 288 1,735 357 1,381 

Bauxite, crude_____—------ thousand long tons_~_— 12,548 NA 12,784 NA 

Beryllium ore ___- —------------- short tons_ — . 1,058 380 746 298 

Bismuth, metal and alloys, gross weight — ~~ — pounds_ _ 2,328,051 14,154 2,013,333 10,238 

Cadmium: 
. Metal___________---------- short tons_- 3,411 14,511 2,570 11,680 

Flue dust (cadmium content) _______---— do__~- 246 536 14 4 

Calcium: 
7 Metal_______---_------------- Pounds__ 461,965 475 458,319 706 

Chloride ___.__-_----------—-— short tons__- 16,046 480 19,708 1,002 

Cesium compounds _ —————----------- pounds_ — 3,621 147 7,865 329 

Chromite: 
_ | 

Ore and concentrates (Cr2Os content) 
. 

thousand short tons_ — 533 . 90,075 538 68,697 . 

_ Ferrochrome (Cr2Os3 content)_ ~~ - - +---- do_.—— 150 124,819 134 100,528 

Metal_______-_--------------- do----~ 2 9,142 2 10,893 

Cobalt: 
Metal_______-_----~—--—- thousand pounds_ _ 15,129 66,299 16,833 91,381 

Oxide (gross weight) _ _ - -----~------ do_ _ ~~ 138 573. 506 2,346 

. Salts and compounds (gross weight) - — — - —- do_ _ —— 235 365 246 381 

. Columbium ore _____-_-------------- d0---- 3,968 T5567 8,364 6,771 

Copper (copper content): 
and concentrates _____._—-—-—-—- short tons_- 35,197 49,861 18,007 21,423 . 

Regulus, black, coarse _ ._----------- do_ _—— 14,097 - 54,878 3,257 12,153 

Unrefined, black, blister _____._.-_---~ do__-- 19,388 - 22,144 9,063 11,843 

Refined in ingots, etc. ____--~-------- do. __-— 381,343 453,279 386,865 471,666 

Old and scrap ______--_----------- do.--- 19,735 19,231 19,856 20,741 

Ferroalloys, ns.p.f __-_--------------- do____ 98,524 740,550 107,387 46,541 

Gallium _________-___------~~-—-—kilograms_ - 4,920 2,326 2,884 1,242 

- Germanium __________-__------~ pounds__ 7,646 1,022 5,904 1,059 

Gold (general imports): 
Ore and base bullion ____..____-- troy ounces__ 166,312 20,007 239,444 35,319 

Bullion __________------------- do__-- 2,489,679 311,011 4,214,656 638,707 

. Hafnium _________--------------— pounds__ - 3,270 31 3,322 Al 

Indium __________—-~—-—-~ thousand troy ounces__ 290 1,808 291 2,254 

Iron ore______------~--—-—- thousand long tons_~— 44,390 980,348 37,905 956,584 

Tron and steel: 
Pig iron ____--------------- short tons_ — ™414,663 51,142 372,767 44,916 

Iron and steel products (major): 
Iron products. ___------------- do__—-— 44,877 32,002 55,758 35,895 

Steel products _ _-.------------ do_——- ¥14,563,278 T4,372,464 19,619,662 5,695,171 

Scrap ____ ~~~ thousand short tons__ 496 34,524 601 39,723 

LesninPlate ------ == noon n nnn do__—_ 12 596 13 / | 918 

Ore, flue dust, matte (lead content) — —~ short tons_ — 88,988 29,492 97,862 39,812 

Base bullion (lead content) ___.__--__---~ do__~- 2,334 955 8,068 4,244 

Pigs and bars (lead content)_ _ — ~- — ------ do. _—— 141,980 60,245 253,608 149,419 

Reclaimed scrap, etc. (lead content) .__..~ do___- 2,644 1,022 3,884 1,935 

Sheet, pipe, shot ___-~------------ do_ __— 294 495 980 1,516 

Magnesium: 
etallic and scrap __.___---------- do_--- 13,066 19,020 5,599 6,684 

Alloys (magnesium content) ———------- do_ _—- 1,820 3,604 299 1,073 

Sheets, tubing, ribbons, wire, other 
forms (magnesium content) _-------- do_ — — — 21 38 66 219 

Manganese: oO 
Ore (35% or more contained manganese)_ _ — do_ _—_ 649,245 73,627 454,228 56,357 

Ferromanganese (manganese content) - — - - do_ — —— 417,433 164,698 416,081 155,662 

Metal _______-_---------------- do---- 7,082 5,258 6,841 5,244 

Mercury: 
Compounds ______—-------=~--- pounds. _ 35,536 90 21,961 100 

Metal ___________-------— 76-pound flasks_ _ 44,415 4,325 28,750 3,263 

Molybdenwirn: 
(content) _________--------- pounds_-~ 2,092,623 4,850 2,106,501 5,361 

Waste andscrap _______-_--------- do__-- 297,554 1,183 2,107,988 1,468 

Metal___________-_----------- do_--- T136,108 TR44 143,458 1,536 

Compounds ____.--------------- do_ _ —— 679,289 690 491,484 573 

See footnotes at end of table.
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Table 10.—U.S. imports for consumption of principal minerals and products —Continued 

1976 1977 

Quantity (thousands) tity (thousands) 

METALS —Continued 

Nickel: . 
Ore _________________.__ ~~ short tons__ 6,706 $272. 111 $2 
Pigs, ingots, shot, cathodes ___________~ do____ . 111,255 456,398 103,269 451,582 

. Plates, bars, etc______......-.. _. do____ 3,223 20,348 9,341 33,280 . 
Slurry _____________________ ~~ do____ - 88,280 98,178 24,762 78,039 
perap ss Tr do____ . 2,359 4,827 ~ 3,175 6,546 . 
Powder and flakes _______________~ do____ 10,181 45,267 13,760 67,708 | 
Ferronickel _._§_§_.§__._____._.-_-~ do____ 55,721 72,161 80,436 95,275 
Oxide ________~ ~~ dot 5,932 - 21,948 4,914 17,477 

Platinum-group metals: . 
Unwrought: __ : . . 

Grains and nuggets (platinum) __ troy ounces__— 596 88 6,632 1,118 
Sponge (platinum)______________ do____ 904,048 139,378 771,843 125,328 

_ Sweepings, waste, scrap __________ do____ 146,773 20,080 247,865 . 18,463 
Iridium ___________--___-_~_~ do____ 18,179 5,045 _ 8,288 2,225 

' Palladium ______ doe 994,360 48,535 1,102,607 59,683 
Rhodium ______~__________~~_ do____ 62,260 . 18,342 79,290 31,560 

' Ruthenium____~_____________~ do____ 75,673 3,580 53,741 4,639 
Other platinum-group metals__.____ do____ 224,560 32,195 126,921 16,076 

Semimanufactured: 
Platinum ______________-_-__ do __ 95,653 15,623 44,405 ” 7,495 
Palladium —~_.______________~ do____ 128,951 6,325 49,070 2,719 
Rhodium _______________-__-~ do____ —-:1,864 382 650 276 

. Other platinum-group metals_______ do____ 14,142 1,963 19,062 2,391 
Radium: Radioactive substitutes _______._.______ NA 12,200 NA . 15,869 
Rare-earth metals: 

Ferrocerium, other cerium alloys ___— short tons_ _ 20 ~ 167 23 , 262 
Monazite ..._.._._-______________~ do____ 2,103 . 431 5,480 900 
Metals, including scandium and yttrium__ pounds__— 74, 9 91 12 

Rhenium: | | 
Metal, including scrap___._....----~ do____ 82 . _ 38 148 56 

- Ammonium perrhenate _____._...... do____ . 4,047 1,407 6,411 1,620 
Selenium and selenium compounds _______. do____ 811,257 12,118 585,673 9,322 

con: 
Metal (over 96% silicon content)_____ short tons_ _ 9,630 11,708 26,806 26,158 

5 Ferrosilicon (silicon content) _ _..__._. . do____ ™63,681 39,648 15,254 44,371 © 
ilver: 

oo ; Ore and base bullion _ __ _ _ thousand troy ounces__ 16,716 ~ 10,206 7,071 30,460 
. Bullion ___..-__..____________— do____. 67,187 — 289,032 69,450 315,343 

_ Sweepings, waste, dore _.__._________ do____ 4,454 ' 18,823 2,626 . 10,150 
Tantalum ore ___________._~— thousand pounds_ _ 2,557 15,025 1,524 8,941 
Tellurium ________._.__.._______ pounds._ © 203,534 1,745 171,291 3,158 
Thallium — -——--—-—--~-~-~~~---~--~ do. _ __— 66 1 25 2 

Ore (tin content) ____________-_ metric tons_ _ 5,733 38,529 6,724 60,840 
Blocks, pigs, grains, etc _.__________~ do____ - 45,055. 325,453 41,774 459,544 
Dross, skimmings, scrap, residue, , 

oo and tin alloys, n.s.pf .~._________-- do____ | 2,666 3,550 813 1,816 . 
Tinfoil, powder, flitters, ete ________________ NA 8,148 NA 3,733 
Tin scrap, and other tin bearing material 

exluding tinplate scrap ___________. do___~_ NA 7,391 NA 9,328 
Tin compounds ____.. 22. ~_______. do____ 176 1,195 170 1,448 

Titanium: 
Ilmenite!__________._______ _ short tons__ 431,718 18,715 568,307 21,717 

. Rutile... ~_______________~ do____ 281,712 — 54,849 123,800 24,481 
Metal ______-_~___________--_~ do____ 3,688 9.752 6,881 15,551 
Ferrotitanium and ferrosilicon titanium ___ do__ __ 899 1,438 1,136 1,991 
Compounds and mixtures______.....~ do____ 70,398 58,806 117,078 87,728 

Tungsten (tungsten content): 
Ore and concentrate _______. thousand pounds_ _ 5,301 28,320 6,919 55,927 
Waste and scrap ____________.____ do____ 170 694 315 2,510 
Other alloys _.._____________-___ do____ 1,898 11,104 2,473 14,255 
Ferrotungsten and ferrosilicon tungsten___ do____ 844 5,451 505 4,565 

Uranium and other uranium-bearing and 
nuclear materials: 
Oxide UsOg ___________________~ do____ 11,074,298 203,926 1,717,679 88,150 
Compounds, n.e.c __ - . -§. dot 33,876,908 441,603 23,531,191 413,028 
Metal _____________ _._ ~ thousand pounds__ NA NA 70 284 
Isotopes (stable) and their compounds __________ NA 1,067 NA 1,121 
Radio isotopes, elements, etc _____thousand curies__ 60,302,966 12,200 71,695,692 12,492 

Vanadium (content): 
Ferrovanadium _________-—~ thousand pounds__ 518 2,448 673 3,438 
Vanadium-bearing materials (vanadium pentoxide 

content) ___________________-_ do____ 10,702 7,721 10,057 8,269 

See footnotes at end of table.
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Table 10.—U.S. imports for consumption of principal minerals and products —Continued 
TY 

1976 1977 

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

METALS —Continued , 

Zinc: - 
Ore (zinc content)_ ___________-_ - short tons_— 155,803 $50,553 120,457 $37,897 

Blocks, pigs, slabs. _________.__----~ do____ 695,131 482,265 555,147 359,134 

Sheets, ete__._._._______----------do____ . 209 | 329 205 211 

Fume (zinc content) _________.----~ do____ 6,927 2,558 257 516 

Waste andscrap ___.___-_-_-~-----~-~-~-- 1,803 - 516 10,128 - 2,175 

Old, dross, skimmings _________.---- do___~ 12,445 4,884 12,940 5,204 

Dust, powder, flakes _______________ do___-— 6,009 5,134 7,388 _ 6,277 

Manufactures ___________-__~-_--~----- NA 96 NA 262 
Zirconium: . 

Ore, including zirconium sand ____— — short tons__ 64,643 13,733 65,204 11,401 

Metal, scrap, and compounds______--_- do___~_ 914 1,153 1,380 10,269 

NONMETALS . 

Abrasives: 
Diamonds (industrial) _____ thousand carats_ _ 17,047 ™61,102 22,640 79,122 

Other abrasives ____________~--__------ NA -96,130 NA 113,168 

Asbestos __________.____----~-~~- short tons__ 657,851 142,145 607,022 . 145,146 . 

Barite: ; 
Crude andground ___—_~_-~ thousand short tons_ _ ‘918 17,829 _ 914 18,176 
Witherite ___________.__--_~-- short tons__ T284 ™61 518 103 

Chemicals ________-_-_---------- do__-- 16,913 5,095 24,871 7,362 

Boron: ; 
Carbide_________________.---~~~ do___~_ 15 240 111 695 

Boric acid ______-_-__-_--------~-- do__~~_ 56 14 14,132 5,596 

Calcium borate, crude ______-__-_~ -- do___-_ 30,247 1,953 51,087 3,695 

Cement — _--_-___.——~~—-~- thousand short tons__ 3,107 67,085 4,038 - 94,005 

ays: _ 

. Raw... short tons_ _ 34,359 1,207 31,212 1,335 

Manufactured____._______.-_~--- do____ 4,309 607 4,787 582 

Cryolite_ -—-—--------=-=--~-----— do____ 11,825 4,329 11,776 4,279 

Feldspar: 
Crude________________-__---~~ do____ 93 17,614 _— _- 

Ground and crushed _ __________-~-- do.___ _- —- 242 8,115 

Fluorspar ________.___------~--~-~--~ do____ 895,254 56,580 971,355 60,298 
Gem stones: . 

Diamond ____________--—~ thousand carats_ _ 75,551 1,011,839 6,411 1,444,537 
Emeralds___.. ___________-~---~~ doL__~_ _ 1,165 55,286 1,563 64,375 

Other ____________~-_~-----~-~----- NA 112,241 NA 129,192 

Graphite ________.___.______-~ ~~ short tons. - 79,098 | 6,753 87,556 8,058 

Gypsum: . 
Crude, ground, calcined _ _ _ — thousand short tons_ — 6,253 18,285 7,078 22,139 
Manufactures _____________--------~--- NA ¥3,471 NA 9,259 

Iodine, crude. __._.____.______-— thousand pounds_ _ 6,482 18,824 6,940 13,831 

Kyanite—— ~~ —----~~~---~---—-- short tons_ — 110 12 53 7. 
e: 
Hydrated. __________---_------~ do___~ 48,461 1,814 52,875 1,878 
Other__.________________--_~-~ do___~_ 316,442 8,816 370,012 11,192 

Lithium: . 
Ore _____________-___----~--- do__ ~~ 68 1 a __ 
Compounds _____--------------- do____ 48 621 23 419 

Magnesium compounds: . . 
de magnesite ____________-----~ do___~_ r20 2 . 249 ‘il 

Lump, ground, caustic-calcined . 
magnesia _____________-_--.-~ do.___ 8,194 808 5,788 566 

Refractory magnesia, dead-burned, fused 
magnesite, dead-burned dolomite_____— do___~_ 88,035 | 14,518 75,624 12,995 

Mie ~- eee dL 27,039 2,267 41,878 3,086 
ca: 
Uncut sheet and punch ___ ~~~ thousand pounds__ 1,654 941 2,179 988 

Scrap __.__------------~------ do____ 4,213 7205 2,348 112 
Manufactures____________-_--~_~ do____ 3,328 3,193 3,267 3,373 

Mineral-earth pigments, iron oxide pigments: 
~ Ocher, crude and refined ______—~— ~ short tons__ 53 11 44 13 . 

Siennas, crude and refined ______-_---~ do__~_ 624 122 620 _ 171 
Umber, crude and refined__________~~ do___- 6,908 561 6,957 591 
Vandyke brown.._________-__----~-~ do___~ 739 147 1,052 194 
Other natural and refined __________- do__~_~ 1,231 190 1,102 226 

_ Synthetic. ____.______----------~ do__~~ 40,547 15,523 48,918 19,402 
Nepheline syenite: 

Crude__________________~-_~-~~ do____ 2,112 38 860 17 
Ground, crushed, ete_________-.-—_-~ do___- 499,135 8,785 501,696 9,118 

Nitrogen compounds (major), including urea 
~~ ~_~_______ ~~. thousand short tons_— 3,467 296,814 4,738 447,050 

See footnotes at end of table.
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Table 10.—U.S. imports for consumption of principal minerals and products —Continued 

1976 1977 

Mineral Quantit Value Quantit Value . y (thousands) y (thousands) 

NONMETALS —Continued - 

Peat: 
Fertilizer grade __._.__.__.__._____ - short tons__ 332,433 $28,939 324,058 $30,310 
Poultry and stable grade __.__________ do____ 5,618 553 6,252 612 

Phosphate, crude ________.______~ metric tons__ 42 2,209 158 6,079 
Phosphatic materials: 

Fertilizer and fertilizer materials 
thousand metric tons_— . 43 6,631 54 5,095 

. Ammonium phosphates used as fertilizers__ do____ 317 44,250 338 39,331 
Elemental phosphorous _ __________-~ do___~_ 1 1,604 (??) 1,461 
Other phosphatic materials. _______... do____ . 4 1,032 6 1,133 

Pigments and salts: 
Lead pigments and compounds___—— — short tons__ 17,836 9,462 22,316 14,724 
Zinc pigments and compounds _________ do____ 27,969 15,557 30,154 17,382 

Potash _________________________ do____ 7,595,246 360,756 8,405,338 392,235 
Pumice: 

Crude or unmanufactured __________~_ do____ 3,344 148 6,291 205 
Wholly or partly manufactured _-_____~ do____ 78,057 350 247,172 993. 
Manufactures, n.s._p.f_....._____-_-______ NA 70 NA 133 

Quartz crystal (Brazilian pebble)___.____— pounds__ 1,148,801 368 1,333,863 780 
t.______________ thousand short tons__ 4,352 23,476 4,529 26,694 

Sand and gravel: . 
Glass sand _________________ ~~~ do____ 61 489 35 333 
Other sand and gravel __. __________~ do____ 292 431 351 392 

Sodium compounds: 
Sodium carbonate and bicarbonate ______ do____ 2 155 5 594 
Sodium sulfate _..-. -____.______~ do____ 316 16,111 223 11,230 

“Stone and whiting ~______________________ NA 46,211 NA 48,581 
Strontium: 
Mineral... ..§_.._______.___ - short tons__ 35,711 1,486 42,986 1,915 
Compounds _____.._____________~_ do____ 5,375 72,335 1,759 — 1,021 

Sulfur and compounds, sulfur ore and other forms, n.e.s. 
thousand long tons. _ 1,727 59,494 1,977 65,154 

Talc, unmanufactured_____......  _ short tons. _ 20,071 1,861 22,090 2,094 

Total ~~ XX 14,109,153 XxX 16,744,111 

TRevised. NA Not available. XX Not applicable. 
Includes titanium slag averaging about 70% TiOz, for detail see Titanium chapter. 
2Less than 1/2 unit.
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Abrasive Material 
By W. Timothy Adams! | 

The production of natural abrasives var- ue. Garnet production decreased both in 
ied in quantity and value compared with quantity and value. The production of em- 
1976. Output of tripoli-type materials was ery increased and the production and value 
approximately the same in both quantity of manufactured abrasive material was 
and value. Special silica stone products approximately the same. 
decreased in quantity and increased in val- , 

Table 1.—Salient abrasives statistics in the United States | 

OSE EE EE EEO Spree apnea 

Natural abrasives (domestic) sold or used 
by producers: . 

_ Tripoli (crude) __.________ short tons__ 101,519 85,121 80,562 124,281 | 125,661 Value___________ thousands__ $929 $623 $565 $776 $777 . Special silica stone products! __ short tons__ 3,466. 3,134 2,953 2,696 | 2,200 | Value___________ thousands__ $667 $717 $1,061 $1,404 $3,236 | Garnet _______________ short tons__ 22,772 24,684 17,204 24,565 20,022 - Value_______*___ thousands__ $2,380 $2,551 $1,690 $2,740 $2,234 Emery___________.______ short tons__ 2,884 2,520 3,487 Ww W Value__________-_ thousands__ WwW WwW WwW Ww Ww Artificial abrasives? _________.___short tons. _5645,813 730,405 3528, 307 36 20,328 640,723 Value _________-_____- thousands._ $108,808  °$175,678  °$141.580 $176,064 $186,654 Foreign trade (natural and artificial abrasives): 
Exports (value) __________ do__ $82,969. $115,508 $102,849 $113,199 $121,579 Reexports (value). ________ do__ $29,413 $29,829 $28,362 $29,285 $35,363 Imports for consumption (value) do_ _ $136,655 $142,974 $121,863 ™$157,740 $192,870 ESO 

*Estimate. "Revised. W Withheld to avoid disclosing company proprietary data. 
Includes grinding pebbles, grindstones, oilstones, tube-mill liners, and whetstones. oe 
Production of silicon carbide and aluminum oxide (the United States and Canada); shipments of metallic abrasives 

(the United States). ; 
3Includes production of aluminum zirconium oxide (the United States and Canada). 

~ FOREIGN TRADE : 

Imports of abrasive materials were 23% diamond, loose, were 3.9 million carats, an 
more in value than in 1976, and exports increase of 26%, and the value was $35.0 
plus reexports increased in value 10%. Net million, an increase of 21%. The diamond 
imports, the excess of imports over exports content in diamond wheels, exported and 
and reexports, were $35.3 million. The vol- reexported, was 830,166 carats, an increase 
ume and value of all abrasive materials ex- of 11%, and the declared value was $6.1 
ported varied. . million for an increase of 22% in value. The 

Industrial diamond imports totaled 22.6 imports of diamond wheels are listed by 
million carats of loose material valued at number and value; the value in 1977 in- 
$79.7 million, an increase of 883% in quan- creased to $1,882,000 from $1,302,000 in 
tity and 29% in value from those of 1976. 1976. | 
The exports of industrial diamond, loose, The 1977 imports of industrial diamond 
were 17.7 million carats, an increase of from Ireland were 7.6 million carats valued 
19%, and the value was $44.6 million, an at $17.7 million, for an increase of 29% in 
increase of 13%. Reexports of industrial quantity and 27% in value over those of 
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1976. The share of imports from Ireland was million carats valued at $12.9 million and 

| 34% of the total quantity and 22% of the natural diamond was 8.6 million carats 

value. Of the industrial imported bort, pow- valued at $18.4 million. | 

der, and dust, synthetic diamond was 6.4 

Table 2.—U.S. exports of abrasive materials, by kind 

_ (Thousands) . 

I
 

1976 tis 
Kind — I 

Quantity Value Quantity Value 

: NATURAL ABRASIVES 
. 

Dust and powder of natural and synthetic precious or semi- 

precious stones, including diamond dust and powder -_ -_ — carats_ — 14,155 $35,450. 17,272 $42,714 

Crushing bort, except dust and powder _ —- — ----------- do_ — 77 182 6 42 

Industrial diamond_____-_-_-_------—--------
---- do_ — 639 3,677 376 1,854 

, Emery, natural corundum, other natural abrasives, 

net ______-------~----~------=--=---- pounds__ — 33,619 6,189 38,803 8,147 

MANUFACTURED ABRASIVES. 
. 

Artificial corundum (fused aluminum oxide) —~~-----—---- do._ 43,682 14,820 - 39,361 13,226 

Silicon carbide, crude or in grains _ _ _ _ -- ------------ do_ _ 20,212 6,174 22,441 7,062 

Carbide abrasives, n.e.c _. _- _-_----------------- do_-_ 1,919 5,331 2,074 4,513 

Grinding and polishing wheels and stones: 

Diamond ______------_-------------—-—
 carats_— 730 4,911 797 5,900 

Pulpstones__—---------=-------------- pounds. _ 1,109 657 1,545 966 

Polishing stones, whetstones, oilstones, 
. . 

hones, similar stone __ _ _ - _ -----~------------ do_ — 739 - 1,222, 660 1,303 

Wheels and stones, n.e.c _-_- - -- --------=----- _do__ 5,027 13,759 5,268 . 14,526 

Abrasive paper and cloth, coated with natural or artificial 

abrasive materials___
__ _ ____----------------— Treams__— 436 17,051 536 17,017 

Coated abrasives, n.e.c _____---------------------7-- NA 3,776 NA 4,309 

Total _._.____--------------------
--- 7-7-7 7 XX 113,199 XX 121,579 

: NA Not available. | XX Not applicable. 
| 

Table 3.—U. S. reexports of abrasive materials, by kind 

(Thousands) 
OT 

. 

. . 1976 1977 

Kind —_—_——ererererereeeereee SCN alee 

Quantity Value Quantity Value 

NATURAL ABRASIVES 
oe 

Dust and powder of natural and synthetic precious or semi- . 

precious stones, including diamond dust and powder _ _ — carats_ _ 302 $744 464 $1,372 

Crushing bort, except dust and powder _ ~ _ ---------- do__-- | 356 2,108 320 1,758 

Industrial diamond___
 — - -------------------- do_ ——-— 2,438 26,027 3,132 31,839 

Emery, natural corundum, other natural abrasives, 

nec ___---~_---------=---~-==<=5---- pounds_ _ 2 6 -- _- 

MANUFACTURED ABRASIVES 

Artificial corundum (fused aluminum oxide) -——-—---- do. __-— 129 38 _- _- 

Silicon carbide, crude or in grains _ _-------------- do___— (4) 2 oo __ 

Carbide abrasives, n.e.c __ _- - ----~+------------ do_—__ 7 90 5 34 

Grinding and polishing wheels and stones: 

Diamond_.______----------------------
 carats. - 19 122 33 235 

Wheels and stones, n.e.c____ - _----------+--- pounds_ — 30 51 16 60 

Abrasive paper and cloth, coated with natural or artificial 

abrasive materials_____-_--—---------------r
eams_-— 1 47 (4) 5 

Coated abrasives, n.e.c __ - --------------------7-7--77 NA 50 NA 60 

Total _.___.---_-----------------------7-7-7
 XX 29,285 XX 35,363 

NA Not available. XX Not applicable. 

| 1Less than 1/2 unit.
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Table 4.—U. S. imports for consumption of abrasive materials . 
| (natural and artificial), by kind © 

(Thousands) , 

tr err 

197 . Kind | 976 1917 

Quantity Value Quantity Value Eee ee ees 

Corundum, crude_______________________ short tons__ 2 $230 2 $241 
. Emery, flint, rottenstone, tripoli, 

crude or crushed _________________________ do____ 5 379 9 363 
Silicon carbide, crude ______~_________________do____ 89 21,191 93 25,339 

° Aluminum oxide, crude __________________=____ do.___ 174 37,628 180 42,740 
Other crude artificial abrasives _________________ do____ 1 198 3 712 

_ Abrasives, ground grains, pulverized or refined: , 
Rottenstone and tripoli ____________________ do____ (3) - 1 (4) () 
Silicon carbide _~______..~_~_______________ do____ 1 1,356 3 2,731 
Aluminum oxide ____§_§___________________ do____ 5 2,059 3 1,889 . 
Emery, corundum, flint, garnet, other, including 
artificial abrasives. _________ 9 _________ do____ 1 762 3 1,752 

Papers, cloths, other materials wholly or partly 
coated with natural or artificial abrasives _______________ (?) 24,492 (*) 27,952 

Hones, whetstones, oilstones, polishing stones _____ __ number_ _ 207 194 203 182 
Abrasive wheels and millstones: 

Burrstones manufactured or bound up into 
millstones_____________________-__~ short tons__ _- oe ?) 2 

Solid natural stone wheels ________________-_—number__ 10 ‘18 8: 32 
Diamond __________________~__________-~ do____ 41 1,302 55 1,882 
Abrasive wheels bonded with resins. ____________ do____ 1 3,270 1 3,556 
Other ea 2,255 @. 2,729 

Articles not especially provided for: oF =. 
Emery or garnet ~_______§____ (7) 25 () 36 
Natural corundum or artificial abrasive materials _________ . (?) 418 4 345 
Other ________-~__-_--_-------------------- oo) 352 (7) 685 

Diamond: mo , . 
Diamond dies _________________=-~---~~~number__ 712 ™508 16 580 
Crushing bort ________________.-__----~-~-~carats__ 186 402 260 592 
Other industrial diamond___________________~ do____ 4,484 31,344 6,263 40,822 
Miners’ diamond ________________________ do____ 1,119 5,591 1,342 6,986 
Dust and powder _________~______________ do____ 11,258 23,765 14,775 30,722 

Total _______-_------------------------ XX "157,740 XX 192,870 

ee "Revised. XX Not applicable. a , 
1Less than 1/2 unit. | . 
2Quantity not reported. 

| a | TRIPOLI | | 

Fine-grained, porous, silica materials are The Carborundum Co., which produced — 

grouped together because they have similar crude in Ottawa County, Okla., and finish- 
properties and end uses. Production of @d4 material in Newton County, Mo. Illinois 
crude tripoli (table 1) increased 1% in Minerals Co. and Tammsco, Inc., both in 

_SrIpo | 7° Alexander County, Ill, produced amor- 
quantity and had the same value. Processed phous silica. Keystone Filler and Mfg. Co., 
tripoli sold or used (table 5) increased 2% in jin Northumberland County, Pa., mined and 
quantity and 14% in value. The uses for processed rottenstone. | 

processed tripoli in 1977 were 61% for _ Prices quoted in Engineering and Mining 
abrasives and 37% for fillers compared with 4 ourna’, December ee ee tripoli and 

. . 1ca wer Ws: 60% and 35%, respectively, in 1976. amorphous © as Tollows 
Tripoli producers in 1975 were Malvern Tripoli, paper bags, carload lots, fob, in 

Minerals Co., Garland County, Ark., which _ cents per F pound: Ill: Air floated through 
. . . , Elco, M.: oa 

produced crude and finished material; Mid- 200 mesh’ 2.30 

western Minerals Corp., Ottawa County, Rose ane see Seneca, Mo. and 

Okla., which produced crude and finished Deen qrtrrcrcrccccccc RS 
| material; and American Tripoli Co., Div. of Air float___________________-_ 3.15
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Table 5.—Processed tripoli’ sold or used by producers 
in the United States, by use? : 

Use 1973 1974 1975 1976 1977 

Abrasives _________________~--~~ short tons__ 55,420 50,615 38,815 68,874 70,631 
Value_______________________thousands__ $2,233 $2,251 $1,518 $2,525 $2,805 

Filler ________________________ short tons__ 32,407 33,361 27,630 40,247 42,599 
Value_______________________thousands__ $1,158 $1,346 $1,205 $1,811 $2,212 

Other________________________ short tons__ 2,105 2,025 1,739 5,000 2,689 
Value_______________________thousands__ $62 $66 $60 $175 $119 

Total® ___________----_---~ short tons._ 89,932 86,000 68,184 114,121 115,919 
Value?____________._____thousands_ _ $3,453 $3,665 $2,783 $4,511 $5,136 

1Includes amorphous silica and Pennsylvania rottenstone. 
2Partly estimated. 
3Data may not add to totals shown because of independent rounding. 

SPECIAL SILICATE STONE PRODUCTS 

Special silica stone products produced in ry, Lorrain County, Ohio. J asper Stone Co. | 

1977 included oilstones from Arkansas, produced grinding media, rough and round- 
whetstones from Arkansas and Indiana, _ ed, from its quarry in Rock County, Minn., 

grindstones from Ohio, grinding pebbles and Baraboo Quartzite Co., Inc. produced 
and deburring media from Minnesota and deburring media at its quarry in Sauk 

Wisconsin, and tube-mill liners from Minne- County, Wis. 
sota. 

Producers of oilstones and whetstones in Table 6.—Special ailica stone product 
Garland County, Ark., were John O. a .—Special silica stone products 

Glaseford; Hiram A. Smith, Inc; Arkansas sold or used in the United States’ | 
Abrasives, Inc.; and Norton Pike Division of ~~" ___——s ?éuantity. Value — 

Norton Co. Whetstones were produced by Year (short (thou- 

Milroy and Smith in Hot Springs County, tos) seins) 
Ark., and by K & K Mines, Inc., in Pike 1973 ________________ 3,466 $667 | 

| County, Ark. Hindostan Whetstone Co. op- 19/4 ---------------- 31g 
erated a plant in Lawrence County, Ind., to 1976 —-="~-=--~=_==__- (2,696 1404 
finish stone obtained from a quarry in 1977 ---~------------ 2,200 3,286 
Orange County, Ind. Cleveland Quarries Co. 1Includes grinding pebbl indsto ‘Istones, tube- 
produced grindstones at its Amherst quar- _ mill liners ardwhetstones. 

| NATURAL SILICATE ABRASIVES | 

Garnet.—Sales of domestic garnet The use of garnet in tire treads has been 

decreased 18% in quantity and value in approved by the States of Oregon, Washing- 

1977. Three producers were active in 1975— ton, Minnesota, and Michigan. One pound 

—two in Idaho and one in New York. of garnet is added to 10 pounds of rubber 
Barton Mines Corp., Warren County, N.Y., tread compound used on winter tires for 

sold garnet for use in coated abrasives, glass trucks and automobiles. Patents are held by 

grinding and polishing, and metal lapping. Ae Ger netread viet a Forvand, reg. based 

Emerald Creek Garnet Milling Co. and net v sewed in 197 e717 Sons 0 0 gar- 
Idaho Garnet Abrasive Co., both in Bene- w m . 

wah County, Idaho, reported their garnet | 

was used in sandblasting, water filtration, | Table 7.—Abrasive garnet sold or used by 
as a filler in rubber products, and as an producers in the United States 

additive in decoration. _—~CS~*:””” Qnty —=«w ale 

The Peampaludo rutile deposit, situated Year (Ghort (thou- 

in the Liguria region around Genoa, Italy ~@®=—@ ————_____—__- 

also contains approximately 30% garnet. a —-=-------------- reer $2,580 

Early testing work suggests that a grade of 1975 TTT TTT 17,204 1,690 
. : Woe 4,565 2,740 garnet suitable for sandblasting can be jo 2727727 50002284 

recovered by magnetic separation at an 2 

early stage in the recovery process.” Estimate.
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NATURAL ALUMINA ABRASIVES 

Corundum.—No domestic corundum was _nonslip additive for floors, pavements, and 
produced in 1977. Requirements for domes- stair treads. The minor use for domestic 
tic consumption were met by imports main- emery was in abrasive materials for coated 

| ly from the Republic of South Africa. A abrasives and tumbling or deburring media. 
| small quantity of corundum was imported World production data for emery are 

from India. Total imports were 2,160 tons at principally for Greece and Turkey. In 1976, 
a declared value of $240,683. production of emery in Greece was estimat- 

Prices quoted in Engineering and Mining ed to be 7,165 tons. Production of emery in : 
Journal, December 1977, for crystal corun- Turkey in 1976 was reported as 71,500 tons. 
dum, per short ton of crude, c.i.f. U.S. ports, No value was placed on the production in 

| were $150 to $160. either country. 
Emery.—Two producers of emery were Prices quoted in Industrial Minerals, No. 

active in 1977: De Luca Emery Mine, Inc. 123, December 1977, for emery, per metric 

and Emeri Crete, Inc., both near Peekskill ton, c.iff. main European port, were as 
in Westchester County, N.Y. Domestic em- follows, in dollars: Coarse grain, $185 to 
ery was used mostly in aggregates as a $144; medium and fine grain, $144 to $162. 

Table 8.—Natural corundum: World production, by country 

(Short tons) , | 

7 Country! | 1975 1976 1977” 

India ____________--------~-~--------~-~--~--~----~-+---+-~+-+- 7343 582 &590 
South Africa, Republic of _._....._-._.________~_____~_____________ 266 157 © 152 
USSRe_ eee 8,300 8,300 8,800 
Uruguay ____-___-______~_____-_~___-- ~~ +--+ 460 420 ©420 

Total._____-________ eee 9.369 9,459 9,962 

°Estimate. Preliminary. ‘Revised. 
1In addition to the countries listed, Southern Rhodesia presumably continued to produce natural corundum at a 

significant level (several thousand tons annually), and both Argentina and Kenya may have produced minor quantities of 
this commodity, but output is not reported and available information is inadequate for the formulation of reliable 
estimates of output levels. 

| INDUSTRIAL DIAMOND 

Domestic production of synthetic indus- State officials in Colorado have confirmed 
trial diamond in 1977 was estimated to be the discovery of diamond in a north-to-south | 
30.8 million carats, an increase of 5.5 mil- belt straddling the Colorado-Wyoming bor- 
lion carats over that of 1976. Secondary der extending southward to Fort Collins 
production, comprising salvage from used and to areas west of Boulder. All diamonds 
diamond tools and from wet and dry found so far are very small which limits 
diamond-containing wastes, was estimated them to industrial use. The value of the 

to be 2.7 million carats from a consumption deposit cannot be estimated until a 13-cubic- 
canvass by the Department of Commerce. yard sample of diamond-bearing ore is 

The Government stockpile inventory as of mined and assayed. 
December 31, 1977, was 28.4 million carats The United States is the largest consumer 

of crushing bort and 20.0 million carats of of industrial diamond stones and is totally 
stones. The objective for crushing bort was dependent on foreign sources. At this time 
15.0 million carats and 5.6 million carats of supplies from Angola are disrupted. Sup- 
stones. Excesses are 13.4 million carats and plies from the Territory of South-West Afri- 
14.4 million carats, respectively. Available ca, Zaire, and other areas also are in poten- 
for disposal from prior enabling legislation tial danger of disruption. Output of indus- 
were 4.7 million carats of bort. The invento- trial stones is largely dependent on the 
ry of small diamond dies was 25,473 of output of gem diamond, which is limited by 
which the objective was 0 and 25,473 was economic and other factors not directly 
excess. related to the diamond for industrial stones.
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World reserves are not expected to be suffi- closed by flooding. Workers. have been 
cient to meet world demand for industrial transferred to the DeBeers and Wisselton 
stones through the year 2000. mines in the Kimberly division. The .com- 

. - Exports and reexports of industrial dia- pany did not estimate how long it would 
' mond dust and powder, which included take to revive production from the affected 

synthetics, were 17.7 million carats valued mines, but divisional production of stones is 

at $44.1 million. Crushing bort, except dust expected to be maintained.’ | 
and powder, exports and reexports were — U.S.S.R.—According to the Belgian trade © 

| 325,239 carats valued at $1.8 million. Ex- magazine Diamant, Russalmaz NV of 
| ports and reexports of stones were 3.5 mil- Antwerp, described as the most important 

lion carats valued at $33.7 million. The total Soviet sales office for cut diamonds in Eu- 
of exports and reexports of dust and powder, rope, is setting up a new department to 
bort, and stones was 21.6 million carats purchase industrial diamonds on _ the | 
valued at $79.6 million. Antwerp market. These stones are destined | 

| exclusively for the Soviet diamond industry. | 
: . | : The goods in question are presumably tool 

Table 9.—U'S. imports for cons umption and die stones and, if confirmed, would 

: | (excluding diamond dies) So ly ne indicate - demand n excess of 
, _ supply from the Yakut mines and also tha 

| (Thousand carats and thousand dollars) manufactured polycrystalline diamond tool _ 
| - Year Quantity Value elements cannot meet technological re- 

1975 14291 «58,888 quirement in certain demanding require- 

' 1976______._______-_____ 17,047 61,102 ments.® 
| 1977 ______---------------' 22,640 79,122 Zaire.—Société Miniere de BaKwanga 

| | } (MIBA) is Zaire’s principal producer of in- | 
: dustrial diamond. The average export value 

WORLD REVIEW of MIBA production has been between $3 to 
$4 per carat. MIBA is suffering from many 

Central African Empire.—Data recently of the same supply problems of other Zair- 
released by the Director-General of Mines jan firms: Shortages of fuel, food, and spare 
and Geology indicate that diamond output parts. It also has suffered a cash squeeze 

. continued to decrease. Total diamond pro- that has prevented it from making normal 
| duction was 286,000 carats in 1976 and investments to maintain and upgrade capi- 

barely half of the 524,000 carats mined as_ tal equipment. As a result, MIBA pro- 

: recently as 1972. Part of the decline in  quction and exports are approximately 15% 
diamonds mined is due to legal difficulties below its export quota of 13.5 million 
between the leading alluvial diamond  carats.° 

- mining company, Société Centrafricaine. 
d’Exploitation Diamantifere (SCED) and TECHNOLOGY | 
the Government. Operations relating to . | 

| SCED status under the investment.and tax Tighter machining tolerances than ever = 
code led to a temporary suspension of min- re needed for a wide variety of parts. These 
ing in 1976.5 , include mirrors with complex shapes, com- 

Sierra Leone.—The difficulties exper- _ puter memory discs, ordnance parts, gra- 
ienced by the diamond mining industry in ure printing rolls, hydraulic pumps, and | 
1975-76 with 732,000 and 481,000 carats plastic lenses. For such parts, the single 

| produced, respectively, were expected to crystal diamond can give contour tolerances | 

continue to 1977 with an anticipated pro- to 10 microinches per inch and surface 
duction of 450,000 carats. Small producers finishes down to 1 or 2 microinches. Dia- 
in the alluvial diamond mining scheme are mond machining to those tolerances gives 

_ reputed to have fared better in 1976. an optical surface in a fraction of the time ~ . 

Smuggling to Liberia declined due to the of conventional lapping and grinding tech- 
Government cutting the export duty on niques. The single crystal diamond, used in 
larger stones from 71% to 21%, thus mak- an ultraprecise machine tool is the quickest 
ing smuggling to Liberia uneconomic.*® way to cut nonferrous metals to tight toler- . 

South Africa, Republic of.—DeBeers ances. The special machines required for 

Consolidated Mines Dutoilspan and Bult- diamond turning are made by two compa- 

fontein mines, which contributed over nies: Moore Special Tool Co., Inc., Bridge- | 

369,000 carats to the total 1976 Kimberly port, Conn., and Pneumo Precision Inc., 

output of over 1 million carats, have been Keene, N.H.’°
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| Table 11.—Diamond (natural): World production, by country! 

(Thousand carats) 

en SS SSSA 

1975 | 1976 | 1977° . 

Country Indus- Indus- Indus- Gem trial Total Gem trial Total Gem. trial Total 
SS any Sa 

Africa: 
Angola ___________ T7438 7248 = -991 255 85 340 265 88 353 
Botswana _________ 7359 -*2,088 ~—s-2,397 358 2,026 2,384 404 2,287 2,691 

~ Central African Empire _ 220 119 339 172 114 286 182 119 301 
Ghana ___________ 233 §=2,095 ~—s-2,828 228 2,055 2,288 230 «2,070 += ©2300 

| Guinea® __________ 25 55 80 25 55 80 25 55 80 
Ivory Coast_________ 84 125 209 24 36 60 26 39 &65 
Lesotho _._________ 24 29 23 24 24 25 6 22 €28 
Liberia __________- T3944 3162 = 8406S 9176 3144 3320-'s—s«d163-Sti«i1683 326 
Sierra Leone ________ 293 439 732 192 289 481 180 270 ©450 

South Africa, . 
Republic of: . 

remier mine ____ 509-1527 ~—- 2,086 458 1,375 1,833 502 1,508 2,010 
Other DeBeers 

. properties" _ouue 2,518 2,061 4,579 2,549 2,086 4,685 2,796 2,287 5,083 
Other __________ 408 272 680 3338. «222 555 564 376 940 

Total ________ 3,485 3,860 7,295 3,340 3,683 7,023 3,862 4,171 8,033 
South-West Africa, 

Territory of _______ 1,660 gg «1,748 ~—Ss‘1,609 85 1,694 1,901 100 2,001 
Tanzania __________ 224 224 448 219 219 438 187 188 €375 
Zaire ____________ 395 12,415 12810 $591 11,230 11,821 561 10,652 11,213 

Other areas: 
Brazil ____________ "131 131 262 38 38 s76 100 100 ©200 
Guyana --_-------~ 8 13.21 6 8 14 7 10 17 
India ___.________ 17 3 =. 20 17 3 20 19 . 8 ©22 

 Indonesia® ________- +} 12 15 3. 12 15 3 12 15 
USSR __~_______ 1,950 7,750 9,700 2,000 7,900 9,900 2,100 8200 10,300 
Venezuela _________ 239 821 1,060 190 643 833 160- 540 700 

: - Worldtotal _-_____ 10,264 80,600 740,864 9,444 28,629 38,073 10,381 29,089 39,470 

Estimate. Preliminary. ‘Revised. | 
1Total (gem plus industrial) diamond output for each country is actually reported except where indicated to be an 

estimate by footnote. In contrast, the detailed:separate reporting of gem diamond and industrial diamond represents 
Bureau of Mines estimates in the case of every country except Lesotho (1975-76), Liberia (1977), Venezuela (1975-76), and 

- Zaire (1975), where sources give both total output and detail. The estimated distribution of total output between gem and 
industrial diamond is conjectural in the case of several countries, based on unofficial information of varying reliability. — 

sExports of diamond originating in Lesotho; excludes stone imported for cutting and subsequently reexported. 
Exports. 

“All company output from the Republic of South Africa except for that credited to the Premier mine; also excludes 
company output from the Territory of South-West Africa and Botswana. 

Polycrystalline diamond layers bonded to _ tals in the polycrystalline layer are exposed 
tungsten carbide may provide better bit- so that a fresh cutting edge is always 
cutting edges. Drill bits with composite forward. The diamond composite blanks 

- inserts have been successfully tested in have been deemed commercial by the man- 
several wells as well as in the laboratory. ufacturer, but are not applicable to all 
Composite inserts exhibit high impact and_ drilling situations. Very hard, abrasive 
abrasion resistance while out-drilling con- formations are not drilled economically by 
ventional cone bits. The new inserts consist the new material; however, penetration 

of a diamond layer 0.02 inch thick bonded to rates in soft, medium, and medium-hard 
a cemented tungsten carbide substrate 0.11 formations can be increased dramatically 
inch thick. The blank is brazed to tungsten. under certain conditions." ( 
carbide as an insert or press-fitted into Many different diamond synthesis tech- 
specially designed bits. The diamond layer niques are known. The most widely practi- 
is polycrystalline. Numerous, tiny, random-_ cal method of producing industrial diamond 
ly oriented diamond crystals in the upper on a commercial scale involves the rear- 
layer are bonded to each other and to the rangement of the graphite lattice into the 
substrate. During drilling the diamond will diamond lattice through the catalytic action | 
not fracture as a natural single diamond ofa suitable metal solvent with the simulta- | 
stone may, but rather will chip in small neous application of ultrahigh pressure and 
discrete amounts limited by the random temperature. Current techniques of synthe- 
orientation of the individual grains. By sis and theories on the mechanism of 
microfracturing, more of the diamond crys- synthesis are reviewed.”
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Improvements in diamond anvils for essential to the safety of the craft and 
high-pressure studies have opened areas of subject to severe dynamics and static loads 
application for research in solid-state phys- in addition to shock loads at high tempera- | 

_ics, geophysics, mineralogy, and chemistry. tures. High-speed steels containing a high ae 
Further development of diamond anvil percentage of cobolt and tools tipped with , 
technique has brought about significant K20-grade carbide have been found suitable 
advances in these areas. Current technolo- for the machining of titanium alloy. The use | 
gy, present state-of-the-art, and possible im- of natural diamond tools is restricted be- 
provements and areas of application are cause of the limited size of the cutting edge 
viewed.'3 - and poor shock resistance when used for 

The high refractive index of diamond interrupted cutting. The use of polycrystal- : 
(average 2.417) is exploited in an advanced line diamond as a cutting tool material — 
far-infrared spectrometer system for organ- makes possible substantial improvements 
ic chemical and other research analysis. in production techniques involving the ma- a 
The instrument in which diamond micro-_ chining of titanium alloys.'® CS 
meter-size powders are used as filters is Heavy metals and acids are used exten- __ : 
described as a complete far infrared sively in the production processes of dia- a 
spectrometer consisting of a Michelson in- mond polishing and processing plants. The | 
terferometer with stabilized arc source, handling and disposal of the materials 
multisample reflectance and transmittance represent a potential health hazard. Prob- 
module with multiposition filter holder, and lems associated with the handling of toxic 
a 3-millimeter diamond-windowed Golay de- wastes are described.'¢ | | 
tector, plus associated electronics for plot- . Abstracts relative to properties of dia- 
ting and recording. The use of diamond mond-hard materials, machines, and pa- | | 
results in an improvement of throughput in _ tents were published monthly in the Indust- | 
the interferometer by a factor of 2." rial Diamond Review. Each issue, January 

Titanium alloys are used for manufactur- _ to December 1977, contained from 11 to 25 
ing aircraft and space vehicle components pages of abstracts and patent information. 

| ARTIFICIAL ABRASIVES 

Five firms produced crude fused alumi- reportedly used for abrasive applications. oe 
num oxide in the United States and Canada The output was 59% of the capacity of the a 
in 1977. Operators of plants in both coun- furnaces assigned to the production of fused —- 
tries were: The Carborundum Co., Div. of alumina zirconia. Stocks were reported as 
Kennecott Copper Corp., Norton Co., and 212 tons for December 31, 1976. 
General Abrasive Co., Div. of Dresser In- Six firms in the United States and Cana- 
dustries, Inc. The Exolon Co. and Unicorn da produced silicon carbide in 1976. The 
Abrasives of Canada, Ltd., Div. of Fusion du Carborundum Co. operated plants in both 

Saquenay (Simonds Canada Abrasive Co. countries. Electro-Refractories & Abrasives 
Ltd.) operated plants in Canada. The pro- Canada, Ltd.; Exolon Co.; Norton Co.; and 
duction of white, high-purity material was General Abrasive Co., Div. of Dresser In- 
26,967 tons and production of regular mate- dustries, operated in Canada. These five 
rial was 158,775 tons. Of the combined companies produced crude for abrasive, re- 
output of white and regular material, 13% _fractory, and other nonabrasive uses. Satel- 
was used for nonabrasive applications prin- lite Alloy Corp. operated in the United | 
cipally in the manufacture of refractories. States and produced crude for nonabrasive 
The production was 63% of the rated ca- applications. Production by the six firms 
pacity of the furnaces used to produce fused was virtually at capacity and 31% was 
aluminum oxide. Stocks were reported as reportedly used for abrasive applications. 
15,140 tons for December 31, 1977. Nonabrasive use was 69% of the output and 
One firm, General Abrasive Co., Div. of was mostly for refractory and metallurgical 

U.S. Industries, produced fused alumina applications. Stocks were reported as 8,888 
zirconia abrasive in the United States and tons for December 31, 1976. 
in Canada; and three firms, The Carborun- In the Stockpile Report to the Congress 
dum Co., Norton Co., and Exolon Co., oper- by the General Services Administration, the 
ated plants in Canada. All production was inventory of crude fused aluminum oxide in
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: Table 12.—Producers of metallic abrasives in 1977 

_ Company | Location Product abet | 

Abbott BallCo ~_~____~____~_ = ______ West Hartford,Conn _____________-— _ Steel. 
Abrasive Materials, Inc __.__._._..________ Hillsdale,Mich _._________.____—. Steel and stainless | 

steel cut wire. 
Abrasive Metals Co. $9 _-§_§__~__________ Pittsburgh, Pa ______~_~-_____---_ - Chilled iron and 

annealed iron. 
The Carborundum Co., Pangborn Div _____ __ Butler, Pa____~~_~____~_~_________ Steel. 
.Cleveland Metal AbrasiveCo_.__._______.. Birmingham, Ala ___________~_-_~_ Do. 

Do _______________________ Cleveland, Ohio ___-______-_______ Do. 
Do _____~-_ ee Howell, Mich____..-__-_.---_-~~- Chilled iron. 
Do ____ ~~ Le Springville, N.Y _.-_______-__-_-~- Do. 
Do _______________________ Toledo, Ohio ___________________ Steel. 

Durasteel Co___________._____-._.— Mt. Pleasant, Pa_____________--_- Do. 
Ervin Industries, Inc________.-__-__-_ Adrian, Mich___~_~_.~_~_____~____-_ _ Chilled iron and | 

_ Globe Steel Abrasive Co__._-__.________ Mansfield, Ohio _____-______._--_-~—- Chilled and _ 
. annealed iron. 

Metal Blast, Inc. ~~ ~~~ Cleveland, Ohio __ ~~ _-_~__~____-__ Do. 
National Metal AbrasiveCo _.__.__._._.__ _ ~ -do______-__-____-__-.--~ Steel. 
Pellets, Inc__.._-_____________.____ = Tonowanda,N.Y~_~..________-_-_~ Steel and stainless 

. steel cut wire. 
Steel Abrasives, Inc _~___._______-___ _ Hamilton, Ohio ____________-_--_ Chilled and 

annealed iron. 
Wheelabrator-FryeInc _.__.__._-__-_-_-_-_  Mishakawa,Ind _______._____-_-_— Steel. . 

calendar year 1977 was reduced to 248,868 of the facility has started and is scheduled 

tons, with 73,544 tons uncommitted excess; to come onstream in 1979.* : 

the stock of aluminum oxide grain was The Carborundum Co. began construction 
unchanged at. 50,905 tons with the goal of a research and development and pilot 
increased to 75,000 tons; and the stock of production facility devoted exclusively to 
silicon carbide crude was 80,619 tons with alpha-phase silicon carbide. Primary focus | 
the goal increased to 306,628 tons. of the new facility will be the development 7 

__ Metallic abrasives were produced by 13 of ceramic parts to replace ductile metals in 
firms in the United States in 1976. Steel turbines and diesel engines where metal 
shot and grit comprised 85% of the total alloys have reached their temperature lim- 
quantity sold or used; chilled iron shot and its. Other applications include heat ex- 
grit, 12%; and annealed iron shot and grit, changers and other types of vehicular en- 
3%. The amounts from Michigan were 28% gines. The process consists of mixing a 

| of the total sold or used, the highest of the powder of alpha-phase silicon carbide witha _ 
producing States. Ohio, Pennsylvania, In- plastic resin, injecting it into a mold by 
diana, Virginia, Alabama, Wisconsin, and techniques long used in the plastics indus- | 
Connecticut followed in quantity sold or try then firing it in an electric furnace at 
used. Three companies recycled material: 200°C or more to burn out the plastic and 
Copperweld Steel Co. of Glassport, Pa.; In- sinter the part. The final density of the part 
dusteel Corp. of Pittsburgh, Pa.;and Kohler i, more than 98% of its theoretical maxi- 

Co. of Sheboygan, Wis. » mum, with an average grain size of 7 
| micrometers and no open porosity. Volume 

TECHNOLOGY shrinkage is about 40%, but final dimen- 
The Carborundum Co. will add 16,000 sions are within 1% to 2% of the final 

: tons of new capacity for silicon carbide by desired value. The strength of the material 
early 1978. Process improvements are is essentially constant up to 1,650°C, the 
claimed to double the tonnage produced per maximum limit of the testing equipment. 
square foot of building space. The expansion The average size of the powder is 0.4 mi- 
will include new and significantly larger crometer and Carborundum is reported to 
furnaces and transformers. A materials have built a production facility for this 

handling system with vacuum equipment material.’ 
will minimize pollution. The Carborundum Fans, spouts, feed screws, sprockets, and 
Co. claims to be the world’s largest manu- other high-temperature furnace componets 

facturer of silicon carbide.” are fabricated from recrystallized silicon 

A new plant to produce 27,560 short tons carbide by Industrial Ceramics Div., Norton 

per year of silicon carbide will be built near Co. Parts fabricated are said to feature high 

Hennepin, Ill, by Electroschmelzwerk strength, lightweight, high thermal shock 

Kempten Gmbh of Munich, Germany a_ resistance, corrosion resistance, and high 

subsidiary of Wacker-Chemie. Construction thermal conductivity. Applications at
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| = 0 adi - 289, No. 7403, July 8, 1977, p. 31. oe 
temperatures up to 1,550°C are predicted in “"S. ivistrial’ Diemond Review. News. December 1977, p. 
heat-treating, annealing, powder metallur- 9. 
gy sintering, brazing, and forging.” . %U.S. Consulate, Lubumbashi, Zaire. State Department 

A solid-reductant, direct-reduction pro- irgram, A-5, Feb. 17, 1977, p. 10. : : 
: 1 

cess can accommodate a wide variety of iron ena Age. Technology. V. 221, No. 23, June 6, 1977, pp. 
ores or pellets, reductants or fuels while 110i] and Gas Journal. Diamond Composites Used in _ 

, turning out product of high quality. The New Bits. V.75, No. 16, Apr. 18, 1977, pp. 71-72. 
e e . ° e 1 i ; 1 1 | 

Kimglor-Metor reduction unit consists of a aoe oe Bo. 1977 oe 198 109. Industrial Dia 
vertical-shaft furnace surrounding six sili- 13Holzapfel, W. B., W. Dieterick, and R. Keller. Diamond | 
con carbide reactors that reduce the iron Anvil Techniques in High Pressure Physics. Industrial 
ore or llets in th f lid Diamond Review, June 1977, pp. 201-203. 

pe in the p resence or a soli 14Industrial Diamond Review. A Novel Use of Diamond 
reductant at about 1,050°C. The system Micron Powders for Far Infra-red Filters. May 1977, p. 157. 

_ features low capital and operating costs and An ie A. Syndite for the Machining of jitanium 
it is intended for small-producer markets.» 5°" “aust Diamond Review, August 1977, pp. 27 
Cylindrical brushes made of nylon fibers 16Meiger, G. Health and Environmental Protection in a 

| impregnated with silicon carbide grain are Giamond gpglishing Factory. Industrial Diamond Review, 
ee ‘ October ,p. 348. 

being used to clean carbon and rust deposits ~i7chemicai Marketing Reporter. V. 211, No. 8, Feb. 21, 
from steel mesh conveyor belts used in  1977,p.5. | oe 
glassware annealing lehrs.”? *American Metal Market and Metalworking News. 

Silicon Carbide Plant in Illinois Being Built by Germany’s 
TPhucioal aclomtist, Division of Nonunetellie Minérals ESK. V. 86, No. 7, Jan. 11, 1978, p.8. 

ysical scientist, Division of Nonmetallic Minerals. °Chemical and Engineering News. Technology, Car- 
"Industrial Minerals. Italian Rutile. No. 117, June 1977, borundum Plans Silioen Carbide R&D Facility. V5, No. 

| PPS Pentazich P. Garnets in Tires Promoted as Stud 41 Oct. 10, 1977, p. 36. se aoe : 2°Metal Progress. New Products. Ceramic Furnace Fix- | 
Spee The Oregonian. Portland, Oreg. Nov. 8, 1977, tures Handle High Temperatures. V. 111, No. 5, May 1977, 

4 ee +e ° Pp. ° , 
Jue pngineering. Industry Newswatch. V. 29, No. 6, 21Chemical Engineering. Pr Technology Sponge- . 

5Mining Magazine. Panorama. V. 136, No. 5, May 1977, Iron process Combines Flexibility, Low Costs. V. 84, No. 9, 
p. 335. . pr. 25, » Pp. . 7 , 

, 228 Na aS Ape De TTT Bde oF Mining. Ve oven Anroating Operation V2 Ne 0. bones art , No. , Apr. 22, , p. 304. proves Annealing Operation. V. 58, No. 10, r , 
. 7™Mining Journal. Production, Kimberly Flooding. V.  p. 31. 

: Table 13.—Crude artificial abrasives produced in the United States and Canada | 
(Thousand short tons and thousand dollars) 

Kind , ) 1973 1974 1975 1976 1977 

agg —anneanennn ot a eof ue ~_~-~--~-~-~-~~-—--—-~-~-~-~-~~+-~--------+ ’ 9 ’ ’ ’ 
Aluminum oxide (abrasive grade)! _~____________ 196 241 141 191 - 185 

Value ___ ~~ $27,339 $40,906 | $28,368 $43,356 $48,819 
Aluminum zirconium oxide ______._.___---~-_-- 22 25 17 20 20 

. Value __-__________~________ ee $6,223 $9,839 $8,506 $11,383 $11,281 
Metallic abrasives? ____§_.§_-§____________----- 266 301 236 250 243 

. Value _-_____~---.----------------~ $49,775 $91,061 $72,864 $75,372 $72,740 

: Total _--_______________________- 646 730 528 620 641 
Value ___________~-_____..- ~~ $108,808 | $175,678 $141,580 $176,064 $186,654 

1Figures include material used for refractories and other nonabrasive purposes. 
*Shipments for U.S. plants only.
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Table 14.—Production, shipments, and annual capacities of metallic abrasives in the 
United States, by product 

Manufactured Sold or used Annual 

| Year and product Quantity Value Quantity Value capacity" . 
P (short (thou- (short (thou- (short 

tons) sands) tons) sands) tons) 

1976: | a | | 
Chilled iron shot and grit __ ___________-— 26,556 $5,433 34,025 $8,015 124,550 
Annealed iron shot and grit _._________-~- 21,109 4,598 21,688 5,699 52,540 
Steel shot and grit _.__________-____~ 188,717 48,125 193,300 61,054 320,670 
Other? _________________-------- 798 451 851 604 2,140 

Total___________ ~~______~_----- 237,180 58,607 249,864 75,372 499,900 

1977: a 
Chilled iron shot and grit __________---- 22,533 4,481 28,934 6,238 86,600 
Annealed iron shot and grit _________-~- 7,372 1,244 8,308 1,940 25,600 
Steel shot and grit _. ..________------ 191,316 49,215. 205,612 64,282 . 305,100 
Other? ____________-__-~~~~----- 27 140 78 280 oo 

Total. ~~~ ee 221,248 65,080 =. 242,932 72,740 417,300 
El 

1The 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. 

2Includes cut wire shot. |



Alumi 

By John W. Stamper! and Christine M. Moore? : 

Domestic primary aluminum production increased 9% during 1977, but world pro- 

was 7% above that in 1976. Demand as_ duction capacity increased only 2.5%. Pow- 
measured by net shipments of aluminum _ er interruptions caused production cutbacks _ 
ingot and mill products to domestic indus- during the year in the United States as well 
try increased 5% compared with the 1976 asin Ghana, the Netherlands, and Taiwan. 

_.. level. Exports decreased 15% from the 1976 Legislation and Government Pro- — 
- _ level, and imports of crude and semicrude grams.— There were no shipments of alu- _ 
_.... aluminum including scrap increased 12%. minum from Government inventories dur- 

..-. . - Domestic primary aluminum production ca- — ing 1977. Stocks held at yearend totaled 
pacity remained at.5.2 million tons in 1977. 1,687 short tons. _ cn oe 

_........ World production of primary aluminum a So Se 

able 1.—Salient aluminum statistics oe 
oe  Bhousand short tons and thousand dollars) we 

a Oo — az ” a a — 7 TS ) = " — 1978 - - 1974 ! 1975 1976S 197 os 

oo “ UnitedStates: = tt” ee oe ‘ 
. Primary. production ~______~--~~------~- _. 4,529 4,903 3,879.,. 4,251... 4,589 oo 

nValue eon ae eee a--------~ $2,206,440 $3,005,640 $2,976,427 °$3,785,397 $4,683,949 | 
—_ _ Price: Ingot, average cents per pound ...--_-_ 253. 841 398 446 516 0° 

Secondary recovery _____-______-----. __1,040 993 980 1,155. 127.00 
- Exports (crude and semicrade) re 561 524 440 484 411 

7 a Imports for consumption (crude and semicrude) _ — 614. 629 550 749 836 . 
Aluminum industry shipments? _______-__- 6,873 6,394 4,555 75,956 6,315 
Consumption, apparent ____________-__- 5,825 5,428 3,907 5,113 5,472 

| World: Production -_-.----------------- _ 18,864 14,516 13,387 "13,771 15,049 | 

"Revised. | . | 
*To domestic industry. _ . . 

DOMESTIC PRODUCTION 

Primary.—Primary aluminum pro- when the coal distribution system froze. 
duction was 4,538,710 short tons, compared One potline at the Alcoa smelter at Alcoa, 
with 4,251,395 tons in 1976. Production Tenn., was shut down due to a drought 

capacity of domestic primary aluminum caused power reduction by the Tennessee 
remained at 5,193,000 tons during 1977. Valley Authority. Reynolds Metals Co. shut 

Operating levels at several smelters were down one 25,000-ton-per-year potline at its 
reduced due to weather-caused electrical Jones Mills, Ark., smelter due to natural 

power shortages. Three potlines of the gas shortages. 
Aluminum Company of America (Alcoa) A prolonged drought forced the Bonnevil- 
smelter at Evansville, Ind., were shut down le Power Administration to withdraw inter- 

| 119
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ruptible power used by its commercial cus- quirements for natural gas during periods 
| tomers, and Alcoa shut down a 23,000-ton- of high consumer demand for natural gas. 

per-year potline at its Vancouver, Wash., The plan was to be implemented by late 
smelter. The Anaconda Aluminum Co. facil- 1978. oo 

| ity at Columbia Falls, Mont., cut production Alcan Aluminium Ltd., withdrew its offer 
by 27,000 tons per year. The Kaiser Alumi- to purchase the Revere Copper & Brass Inc. 
num & Chemical Corp. (Kaiser) primary smelter and sheet mill facility at Scottsboro, 
smelter at Mead, Wash., stopped production Ala. | 
in two potlines. Other primary aluminum — Under a jointly sponsored contract, Alcoa 
smelters affected included Intalco Alumi- and the U.S. Energy Research and Develop- 
num Corp. at Ferndale, Wash., and Martin ment Administration (ERDA) agreed 
Marietta Aluminum Inc., at The Dalles, to build a $5 million pilot plant near 
Oreg., and Goldendale, Wash. Pittsburgh, Pa., to develop a process to 

| _ Alumazx, Inc., owned 50% by AMAX, Inc., produce an aluminum-silicon alloy by direct 
45% by Mitsui & Co. Ltd, and 5% by _ reduction. The process would use low-grade 
Nippon Steel Corp., announced plans to aluminum-bearing ores and would reduce 
build a 197,000-ton-per-year primary alu- energy consumption in the aluminum re- 

oo minum smelter in Berkley County, S.C. The duction process by using coal. 
$400 million facility would use alumina Secondary.—Aluminum recovery from 
from Australia, and power would be sup- purchased scrap, calculated from reports to 
plied by the South Carolina Public Service the Bureau of Mines, was 1,271,226 tons, 
Authority. Construction was scheduled to 10% higher than the quantity recovered in 
start in 1978. _ 1976. The Bureau estimated that full cover- 
Alumax began construction of a third age of the industry would indicate a total 

88,000-ton-per-year potline at the Eastalco consumption of purchased aluminum-based 
Aluminum Co. smelter at Frederick, Md. scrap of 1,854,000 tons in 1977. On this 

The expansion, scheduled for completion in basis, aluminum recovery would total 

1980, would increase capacity of the plant to 1,494,000 tons, and total metallic recovery 
264,000 tons per year. . would be 1,605,000 tons. 

Anaconda Aluminum Co. announced Alcoa extended its contract to purchase 
_ plans to expand its Sebree, Ky., smelter by aluminum scrap from the Ames, Iowa, mu- 

- 60,000 tons per year to 180,000 tons per year nicipal resource-recovery facility. Alcoa also 
| by 1979. announced plans to double the recovery 

, _ Kaiser completed construction of a $32 capacity of its Alcoa, Tenn., aluminum can 
million dry-scrubbing air pollution control reclamation center. Completion was sched- 
facility at its Chalmette, La., primary alu- uled for 1979. Apex International Alloys, 
minum smelter. , Inc., a subsidiary of Alumax, closed its 

Reynolds announced plans to utilize alter- Carson, Calif., secondary smelter. Kaiser © 
| nate energy sources during the year at its began an aluminum can reclamation oper- 

125,000-ton-per-year primary smelter at ation at Edison, N.J. Reynolds announced | 
Jones Mills, Ark., in order to reduce the plans to expand the capacity of its Sheffield, 

' burden on electric utility companies during Ala., secondary smelter to 100,000 tons per 
peak periods and to reduce the plant re- year. | 

Table 2.—Consumption of and recovery from purchased new 
and old aluminum scrap in 1977! | 

(Short tons) 

Class Consumption Calculated recovery 

Aluminum Metallic 

Secondary smelters __________-___-_______- 841,258 665,505 717,428 
Primary producers _______________--_____- 425,733 366,965 393,168 
Fabricators _~___________________ Le 137,720 120,344 128,638 
Foundries __~___§_§_§__~ Le 105,387 90,545 96,985 
Chemical producers ~_________-___________ 58,117 | 25,780 26,678 

Total _.__________~_______ ee 1,568,215 1,269,139 1,362,892 

Estimated full industry coverage ______________ 1,854,000. ~—~—«+41,494,000.~~—~S«&;005,000 
ee —E$—SE>E__j{, EO 

1¥xcludes recovery from other than aluminum-base scrap.
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Table 3.—Aluminum recovered from purchased scrap processed in the 
United States, by kind of scrap and form of recovery 

(Short tons) 

Kind of scrap 1976 1977 . Form of recovery 1976 1977 . 

New scrap: | - Unalloyed ____-_________- 1,685 1,748 
Aluminum-base_.......-— 1818,907 2857,651 Aluminum alloys _._....._ ~~ 1,080,300 1,218,100 
Copper-base __ ~~ 83 - 84 In brass and bronze ____ ~~ 77 90 
Zinc-base __.__§_-§_§ 238 260 In zinc base alloys — — --------— 1,308 1,389 
Magnesium-base ___.___ ~~ 140 249 In magnesium alloys ____—.—__ 446 567 

. Dissipative forms®...._..._.... 71,202 49,337 ; 

Total________------_ 814,868 858,244 Total _..___________ 1,155,018 1,271,226 

Old scrap: . 
Aluminum-base__........ 1339,209  7411,488 
Copper-base _________..- 65 AT 
Zinc-base __... ._.____--- 1,070 1,129 

. Magnesium-base ______ ~~ 306 318 

Total _._......._._... 340,650 412,982 

Grand total _.____..--~ 1,155,018 1,271,226 

1Aluminum alloys recovered from aluminun~-base scrap in 1976, including all constituents, were 868,301 tons from 
. new scrap and 370,113 tons from old scrap and sweated pig, a total of 1,238,414 tons. 

2Aluminum alloys recovered from aluminum-base scrap in 1977, including all constituents, were 915,205 tons from 
new scrap and 447,687 tons from old scrap and sweated pig, a total of 1,362,892 tons. 

3Includes recovery in deoxidizing ingot assuming 85% aluminum content in such ingot.
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Table 4.—Stocks, receipts, and consumption of purchased new and old aluminum scrap 
and sweated pig in the United States in 1977: 

(Short tons) 

ks Net 
. Class of consumer and type of scrap Stoc 1" rec eipts? Consump- Stocks 

Secondary smelters: | 
New scrap: . 

Solids and clippings ______________________ 14,626 274,347 266,810 22,163 
‘Borings andturnings ____________________ _ 7,198 141,479 139,165. - 9,512 
Foil __-____.__~ ~~ Le 142 1,895 1,604 433 
Dross and skimmings _____________________ 9,954 127,687 128,766 8,875 
Other _______ -§- te 868 22,933 23,502 299 

Total newscrap ___.~___________ Le 32,788 . 568,341 559,847 41,282 

_ Old scrap: 
- Castings, sheet, clippings _.__..____________ 11,185 135,875 135,777 11,283 
Aluminum cans___ ~~~ ~~ ~~ 509 18,249 15,925 2,833 
Other? __-_ 4,363 32,643 32,871 4,135 | 

Total oldscrap ____..-§_-_________________ 16,057 - 186,767 184,573 18,251 
Sweated pig ___________________ 29,539 86,110 96,838 18,811 

Total all classes -_______------------~-- 78,384 841,218 841,258 18,344 

Primary producers, foundries, fabricators, , 
chemical plants: 
New scrap: 

Solids and clippings ___________.__________ = 45,467 379,877 373,481 51,863 
Borings andturnings __.____________--____ ° 214 17,385 17,202 397 
Foil _-__._-_-___~______ 1,167 6,032 5,653 1,546 
Dross and skimmings _____________________ 530 47,906 47,915 521 
Other _____________ ~~ 1,595. 68,120 66,909 2,806 

Total newscrap _-_____________________ 48,978 519,320 511,160 57,138 

oes ting h li 1,533 58,140 58 322 1,351 tings, sheet, clippings ..________.________- , | , , 301 | 
Aluminum cans__ = _—-§ 5§-§ 5 5§ 5 5 2 LL 5,544 122,277 116,737 11,084 
Other? __--_- 385 24,013 22,066 2,332 

Total oldscrap _________~_~________ 7,462 204,430 197,125 14,767 
Sweated pig _._____________ ~~ ___ 1,232 18,268 18,672 828 | 

- Total all classes __-.§_§_§_§_§___§_->_-__ 57,667 742,018 726,957 72,728 

Total of all scrap consumed: 
New scrap: . 

Solids and clippings __.__-__._~_____~_______ 60,093 - 654,224. 640,291 74,026 
Borings andturnings _________..__________ 7,412 158,864 156,367 9,909 
Foil _._____~___ Le 1,309 1,927 7,257 1,979 
Dross and skimmings _____________________ 10,484 175,593 176,681 9,396 
Other ____-________ LL 2,463 91,053 90,411 3,105 

Total newscrap _______________________ 81,761 1,087,661 1,071,007 98,415 

Old scrap: 
Castings, sheet, clippings ___._______________ 12,718 194,015 194,099 12,634 
Aluminum-opper radiators _________________ 3,881 18,278 18,998 3,161 
Aluminum cans_____ ~~~. 6,053 140,526 132,662 13,917 
Other _________~____~__ LL 867 38,378 35,939 3,306 OO 

Total old scrap ____________-__---______ 23,519 391,197 381,698 33,018 
Sweated pig ____________________________ 30,771 104,378 115,510 19,639 OO DY 

. Total all classes ____________._________ 186,051 1,583,236 1,568,215 151,072 ———— eee 

Revised. 
1Includes imported scrap. According to the reporting companies 8.46% of total receipts of aluminum-base scrap, or 

133,875 short tons, was received on toll arrangements. 
2Includes inventory adjustment. 
3Includes data on aluminum-copper radiators.
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Table 5.—Production and shipments of secondary aluminum alloys 
by independent smelters 

_ (Short tons) 

sr ers SSS SSS i SS ——————————— 

1976 1977 
Production Netshipments Production Net shipments 

Re eeeeeeeeeeeeee eee re rer eee eee eee ee area cerca 

Die-cast alloys: 
13% Si, 360, etc. (0.6% Cu, maximum) _______ 73,323 71,535 82,825 | 83,580 

: 380 and variations ___________________ 375,383 372,804 413,364 416,661 
Sand and permanent mold: 

95/5 ALSi, 356, etc. (0.6% Cu, maximum) ____ __ 20,045 20,202 24,487 24,306. 
No. 12 and variations __.~___.----~----— 8,179 8,219 Ww WwW 
No. 319 and variations _____________--_-_ 44,053 48,642 48,674 49,761 

| F-132 alloy and variations ______________- 15,163 15,047 15,771 15,778 
Al-Mg alloys _________.____________- 1,260 1,154 1,355 1,249 
Al-Zn alloys ______________.________ 14,675 15,022 - 18,328 17,671 
Al-Si alloys (0.6% to 2.0% Cu) _____-__--_- 4,272 4,129 4,548. A748 
Al-Cu alloys (1.5% Si, maximum) __________ | 3,970 3,830 3,050 “8815 | 
Al-Si-Cu-Ni alloys __.________________ W WwW 3,573 ——- 3,673 
Other _____~______~__-~_~__-~--~_- +--+ ' 2,893 2,899 3,684 3,616 

Wrought alloys: Extrusion billets ____________ 59,254 59,245 87,979 87,500 : 
Destructive and other uses: Steel deoxidation: 
' Grades 1,2,3,and4 ~_~~-___________-_~- 29,486 28,450 27,714 28,524 
Miscellaneous: _. 

Pure (97.0% Al) _.__--______-__-____- 1,685 2,250 WwW WwW 
Aluminum-base hardeners ______~.—__-_- 2,763 2,952 2,548 2,574 
Other! ___._____----_------------ 20,675 20,2138 28,983 29,309 

Total ne 677,079 671,598 766,338 772,265 

_ Less consumption of materials other than scrap: 
Primary aluminum —_____~~_~__-~~~~-~~-~-. 23,140 _- 26,403 __ 
Primary silicon _______-_---~-------- 38,243 —- 40,239 | -_- 
Other _____________~_ ~~~ ~~ +--+ 3,685 — 4,712 a 

Net metallic recovery from aluminum scrap 
and sweated pig consumed in production of . 
secondary aluminum ingot? __________~--- 612,011 _- 694,979 _- 

. W Withheld to avoid disclosing company proprietary data; included in “Miscellaneous,” and “Other categories.” 
1Includes data withheld (other die-cast alloys, “No. 12 and variations,’’ “Other sand and permanent mold,” “ Pure 

(97.0% Al),” “Other miscellaneous”). _ 
2No allowance made for melt-loss of primary aluminum and alloying ingredients. 

CONSUMPTION - 

The Bureau of Mines estimate of appar- 1,448,000 tons. Shipments to the containers 
ent aluminum consumption in end products and packaging industry increased 8%, and 
such as automobiles, cans, air conditioning shipments to electrical markets increased 

equipment, and residential siding, asshown 2% compared with those of 1976. 
in table 6, increased 7% from 5,113,000 tons The average quantity of aluminum used 
(revised) in 1976 to 5,472,000 tons in 1977. in 1977 model automobiles was about 100 

Domestic consumption as measured by pounds per unit compared with 87 pounds 
net shipments of aluminum ingot and mill per unit in 1976. Estimates indicated that 
products to domestic industry was 6% high- approximately 114 pounds would be re- 
er in 1977 than in 1976. Shipments to the quired per unit in 1978 models. 
building and construction industry, the It was estimated that approximately 750 
largest user of aluminum, increased 5% to tons of aluminum was used in solar energy 
1,539,000 tons. Transportation applications collector plates in 1977 and that aluminum 
were the second largest use of aluminum, consumption by this industry could reach 
increasing 18% from the level in 1976 to 10,000 tons in 1980.
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Table 6.—Apparent aluminum supply and consumption in the United States 

(Thousand short tons) | , 

1973 1974 1975 1976 1977 

Primary production ~~ ~.~9_~§_~§_~9_~_~§_~_________ 4,529 4,903 3,879 4,251 4,539 
- Change in stocks:! 

| Aluminum industry _~________.--___.-___ +248 -395 421 *+179 -23 
Government _.- ~~ 2-2 +730 +511 +2 +9 —_ 

Imports ~--~---5----~-----~------------ 614 629 550 749 836 
Secondary recovery: . 

Newscrap _______--- ~~ 977 978 899 1,062 1,074 
. Old scrap _. ~~~ 265 304 337 409 531 

. . eS eer gs san punereSRSSRS cs 

Totalsupply ~~ -_.-_______._______ 7,363 6,930 ¥5,246 6,659 6,957 
Less total exporta _. ~~. 561 524 440 484 411 ch od ooo" 

. Apparent aluminum supply available — 
r domestic manufactinng wee ee eee 6,802 6,406 4,806 6,175 6,546 

Apparent consumption ® _~_~.__-_-___.________ 5,825. 5,428 3,907 5,118 5,472 
TC cE SS CT re rrr ister 

1Positive figure indicates a decrease in stocks; negative figure indicates an increase in stocks. 
2Metallic recovery from purchased, tolled, or imported new and old aluminum scrap expanded for full industry 

coverage. . 
- ‘Apparent 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. 

| 1976 1977 

Industry Quantity Percent Quantity Percent 
(thousand of (thousand of 
shorttons) | total short tons) - total 

Building and construction... $$. -.§ -§_-. ._.___ F470 ™23.0 1,539 23.1 
Transportation _.. $$ -§./_.._..-________ T1230 19.3 1,448 21.7 
Containers and packaging ~._.-_.________ 1,285 20.2 1,389 20.8 
Electrical... 2-2 LL "656 10.3 668 ; * 10.0 
Consumer durables__ 2 22 2 = = 518 8.1. 531 7.9 
Machinery and equipment _______________ __ 452 7.1 460 6.9 ° Other markets _..- 2 = == 306 4.8 . 298 4.5 Statistical adjustment __________._.._____ F+39 6 -18 -3 . a 

Total to domestic users ______________ T5956 93.4 6,315 94.6 Exports. ~~~ F418 6.6 363 5.4 ee ge 
a 

Total _--- 6,374 100.0 6,678 100.0 
ene A AAT See 

neepennanenenereineee 

Source: The Aluminum Association, Inc. a
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Table 8.—Net shipments of aluminum wrought! and cast products by producers 

| | (Short tons) 
er te nA 

1976 1977 

Wrought products: | | 
Sheet, plate, foil. _..__________-_.-.-___----------------- 3,178,127 3,423,149 
Rolled and continuous-cast rod and bar; wire ________—~-----~------~- 492,652 467,623 
Extruded rod, bar, pipe, tube, shapes; drawn and welded 

tubing and rolled structural shapes__________.---------------- 1,070,683 1,197,998 ‘ 
Powder, flake, paste _. .___________---------~------------- 66,187 60,561 
Forgings (including impacts) _ ..____..--_------------~-------- 50,108 60,644 

Total_______-___--___.--_---______------------------ 4,857,757 5,209,975 

| Sand eee 109,824 113,373 
Permanent mold ___________-.__---_-~~---.~-----------~-+-+- 188,678 ' 219,633 
Die ___.._~__________ ee eee 605,240 652,292 . 
Other________~_~_______ ~~ ee 18,848 19,178 

Total _~_-_-_______ ue 922,590 1,004,476 | 

Grand total ___._._______----~ ~~~ ee 5,780,347 - 6,214,451 

1Net shipments derived by subtracting the sum of producers’ domestic receipts of each mill shape from the domestic 
industry’s gross shipment of that shape. | 

. Source: U.S. Department of Commerce. 

: Table 9.—Distribution of wrought products | 

(Percent) 

| 1976 1977 

Sheet, plate, foil: 
on-heat-treatable ~__.____._.~--__~---~~~-~-~----~--+-+-+-+-+-+-~-+--+ 54.4 53.8 

- Heat-treatable _______________~-___-~_ 3.1 41 
Foil _____________-__-_-_-_---------~---- ---------------— ‘79 1.7 

Rolled and continuous-cast rod and bar; wire: 
Rod, bar, wire __.. _. -./-_____~.--~--_~_-~~_---~--~--------+~+~ +++ +++ 3.7 2.3 
Cable and insulated wire ____________________-------~--+-~ ~~ 6.4 6.7 

Extruded products: 
Rod and bar __________________-u eee 1 8 
Pipe andtubing ~__________-~-----_-------~--~---~-------~----- 2.0 1.8 
Shapes! _________-_____---_--_~-------------------+-+-+-+-+-+ 17.4 18.3 

Tubing: . 
Drawn ______________ ee eee 10 1.0 
Welded, non-heat-treatable? _____.___________------~--------~----- 1.0 1.1 

Powder, flake, paste __.._____.____---------------~--------~--~-~---- 1.4 1.2 
Forgings (including impacts) eee ee ee ee ee ee 1.0 1.2 , 

Total _p -- ee eee eee 100.0 100.0 

1Includes a small amount of rolled structural shapes. 
2Includes a small amount of heat-treatable welded tube. 

Source: U.S. Department of Commerce. 

STOCKS : 

Metal inventories held at reduction and Domestic Commerce (BDC) increased slight- 
other processing plants as reported by the _ ly from 2,815,324 short tons at yearend 1976 | 
U.S. Department of Commerce, Bureau of . to 2,842,718 tons at yearend 1977. 

PRICES 

The price of 99.5% pure aluminum ingot pound on March 28. On July 5, the price 
as quoted by the American Metal Market quoted was increased 2.0 cents per pound to 
was increased from 48.0 cents per pound at 53.0 cents per pound where it remained at 
the beginning of the year to 51.0 cents per yearend.
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The range of prices of smelters’ secondary price of secondary scrap increased from a _ 
aluminum ingot as quoted in the American range of 22.5 to 30.0 cents per pound on , 
Metal Market rose from 47.0 to 57.0 cents January 2 to 27.5 to 36.0 cents per pound at 
per pound at the beginning of the year to yearend. | | | 
50.0 to 64.0 cents per pound at yearend. The | - | 

| FOREIGN TRADE | | - 

Exports of crude and semicrude alumi- Imports of crude and semicrude alumi- . - 
num including scrap decreased 15% during num including scrap increased 12% from 

_ 1977. Major recipients of ingot shipments 748,624 tons in 1976 to 835,554 tons in 1977. 
_. were Canada (22%) and Venezuela (10%). Canada was the major source of metal and . 

- Japan imported 52% of U.S. scrap ship- alloy imports, supplying 75%. Imports of , 
ments, and Canada received 18%. Exports metal from Ghana were 16% of the total. 

of plates, sheets, and bars were received by Imports of scrap increased 5% from those of 
Canada (46%) and the United Kingdom the previous year, and principal sources Oo 
(13%). — | were Canada (47 %) and the U.S.S.R. (86%). | 

So | a Table 10.—U.S. exports of aluminum, by class Oo | | 

. | Class Quantity - Value Quantity =; Value © 
, (short (thou- (short (thou- 

| ae . | tons) sands)  _— tons) ~=~—Sssandss) 

- Crude and semicrude: oS . . 
_ Ingots, slabs, crude ____~ ~§ »§ 25 5 LL 152,366 $118,644 97,771 $94,498 
Scrap _--__- 2 108,958 63,245 101,663 64,060 , Plates, sheets, bars,ete _..__-______________ 203,843 261,759 190,118 284,199 .... Castings and forgings _______. ~~ =_________ 5,611. 21,232 6895  . 27,482 | 

oo . Semifabricated forms, n.e.c _____§_____________ . 12,987 31,016 14,509 33,840 
a | Total ___2-_-__--_-----------_----_ 483,715 495,896 410,956 504,029 

. Manufactures: . | ] 
Foil and leaf _.-.--§-_-___ ee 14,785 31,921 13,174 29,475 Powders and flakes.» === 8,440 11,445 3,615 4,883 
Wire and cable ———__——~_----------------___ 26,419 32,576 28,279 82,695 

— Total_-__ ee 49,644 75,942 40,068 67,053 

| Grand total ____. $e 533,359 571,838 451,024 ~ 571,082 es etneeeeses eee
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Table 12.—U.S. imports for consumption of aluminum, by class 
i 

. 1976 ~ 1977 

Class . . Quantity Value ~ Quantity Value 
(short (thou- (short . (thou- 

| tons) sands) tons) sands) 

Crude and semicrude: 
Metals and alloys, crude ___._______.___-_---- 575,350 $439,570 670,200 $631,601 
Circles and disks _-_-________________--_-_- 8,475 10,166 7,681 10,994 
Plates, sheets, etc.,n.e.c ~. . 5 5 5 Le 67,042 69,884 57,697 77,205 
Rods and bars _-_________~_~______ 11,563 14,563 9,586 13,644 
Pipes, tubes, etc _._... -___-_____-__-.___-~-~- 480 1,699 - 495 1,893 
Scrap ________---___--__----~---~-+---- 85,714 46,166 | 89,895 63,168 

. Total _____.__-.-------------------- 748,624 582,048 835,554 - 798,505 

| Manufactures: | 
Foil _.___-_-___________ Le 4,924 14,395 4,882 16,482 
Leaf __ ee (4) 114 ?) 109 

Flakes and powders ~___________-_-_-~-_--- 285 ' 601 07 860 
Wire _._-__-_-___--_---------------- “928 1,180 1,249 1,706 

Total _____________-____ ee 6,137 16,190 6,838 19,107 

Grand total _._____._________________- 754,761 * 598,238 — 842,392 _—s- 817,612 

11976—Aluminum leaf not over 30.25 square inches in area, 1,401,194 leaves, and aluminum leaf over 30.25 square 
inches in area, 42,803,390 square inches; 1977 aluminum leaf not over 30.25 square inches in area was 1,121,786 leaves and 
aluminum leaf over 30.25 square inches in area was 76,728,151 square inches.
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| WORLD REVIEW 

World production of primary aluminum announced that production at its Sorocaba 
in 1977 increased 9% from the 1976 level. aluminum smelter would increase to 88,000 
Stocks of primary aluminum held by mem- tons per year in 1978 when a $120 million 
bers of the International Primary Alumi- expansion was completed. The facility was 
num Institute (PAD, which represents the scheduled to be expanded to 132,000 tons - 
bulk of inventories held outside the central- per year by 1982. . 
ly controlled economies, increased 8% from Canada.—Alcan Aluminium Ltd. an- 
yearend 1976. nounced plans to build a 63,000-ton-per-year 

World primary aluminum production ca- primary aluminum smelter at La Baie, 
pacity increased 2.5% from the 1976 level to Quebec. The $200 million facility was sched- 
17.8 million tons. Significant capacity ex- uled to come onstream in 1981. Alumina 
pansions were completed in Argentina, would be supplied by Alcan’s plant at Arvi- 
Australia, the People’s Republic of China, da, Quebec. Two potlines, each with a ca- 
the U.S.SR., India, Turkey, and Venezuela. pacity of 63,000 tons per year, may be added 

Plans for additional capacity in 15 countries _ later. : . 
were being considered during the year. Kaiser reportedly began studies for a 

| Argentina.—Aluminio Argentino S.A. primary smelter at Whitehorse, Yukon Ter- 
(Aluar) increased the capacity of its Puerto ritory. The project was contingent on the 
Madryn primary aluminum smelter to development of additional hydroelectric 
154,000 tons per year. facilities. The 180,000-ton-per-year smelter 
Australia.—Alcan Australia Ltd. an- was tentatively scheduled to start pro- 

nounced plans to expand its Kurri-Kurri duction in 1985. | 
smelter by 25,000 tons per year to 75,000 Costa Rica.—The Government of Costa . 

| tons per year. The new potline was schedul- Rica sought participation by several Jap- 
ed to come onstream in 1979. anese and United States firms in an inte- 

Comalco Aluminium (Bell Bay) Ltd. com- grated aluminum project. Reportedly — 
missioned half of the fourth potline at its included in the plans were a 600,000-kilo- 

Bell Bay, Tasmania, smelter. The capacity watt hydroelectric power station, a 660,000- | 

of the facility at yearend was 123,000 tons ton-per-year alumina refinery, and a | 
per year. 330,000-ton-per-year aluminum smelter. 

Brazil.—Cia. Vale do Rio Doce (CVRD) Dubai.—Dubai Aluminium Co. (Dubal) 
continued planning for an 88,000-ton-per- signed an agreement with Alcoa of Austra- 
year primary aluminum smelter at Santa lia Ltd. to purchase 200,000 tons of alumina | 
Cruz, near Rio de Janeiro. Construction of per year over a 10-year period. Dubal plan- 
the $270 million project was scheduled to ned to build a 150,000-ton-per-year primary 
begin in early 1978. Alumina would initially smelter at Jebel Ali, which was scheduled to 
be supplied from Australia and the Eurallu- come onstream in 1979. Expansion to 
mina §.p.A. refinery in Italy. Reynolds Me- 200,000 tons per year in the early 1980’s was 
tals Co. was expected to supply technology planned. Nissho-Iwai Co., Ltd. withdrew 
for the facility. from the project, and Alcan reportedly was 

Nippon Amazon Aluminium Co. (NAL- interested in becoming a partner. 
~ CO), a consortium of 32 Japanese firms, was Egypt.—An agreement was reached for 
formed to help finance the Alunorte, S.A., the U.S.S.R. to supply alumina to the Nag | 
800,000-ton-per-year alumina refinery and Hamadi primary aluminum smelter. Ex- 
the Albras S.A. 320,000-ton-per-year pri- pansion of the smelter to 166,000 tons per 
mary aluminum smelter at Belem. Mitsui year was planned. 
Aluminium Industry Co. reportedly would France.—Pechiney Ugine Kuhlmann 
supply technical assistance for the smelter, announced plans to expand the production 
which was scheduled to begin production in capacity of its Lannemezan primary alu- 
1982. minum smelter to 91,000 tons per year and 

Pechiney Ugine Kuhlmann reportedly to expand the St. Jean de Maurienne facil- 
would provide technical assistance for an ity to 120,000 tons per year by early 1981. 
88,000-ton-per-year primary aluminum re- Germany, Federal Republic of.— Plans 
duction facility at Pernambuco. Cost of the to expand its Innwerke, Toging, smelter to 

smelter was estimated at $240 million. 78,000 tons per year were announced by 
Companhia Brasileira de Aluminio (CBA) Vereinigte Aluminium-Werke A.G. (VAW).
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The $85 million project was scheduled to be _vited Reynolds to undertake a feasibility 
completed in 1981. study for a primary smelter and a hydro- 
Ghana.—A power failure shut down three _ electric plant at Labuan. 

of the Volta Aluminium Co.’s five potlines Netherlands.—An explosion and fire at 
at its 220,000-ton-per-year primary alumi- the Holland Aluminium N.V. primary alu- 
num smelter at Tema. minum smelter at Delfzijl shut down the 
India.—The Government-owned Bharat 196,000-ton-per-year facility for 6 weeks. Aluminium Co. increased the production New Zealand.—New Zealand Aluminium 

. capacity of its Korba primary smelter to Smelters Ltd. agreed to pay a 400% price 
83,000 tons per year. Hindustan Aluminium increase for power. The 165,000-ton-per-year | 
Co., owned by the Indian Government (73%) Bluff smelter was owned 50% by Comalco 
and Kaiser (27%), increased the capacity of Ltd., 25% by Showa Denko K.K., and 25% its Renukoot facility to 110,000 tons per by Sumitomo Chemical Co. Ltd. ) year. Norway.—A/S Ardal og Sunndal Verk 

Iran.—Iranian Aluminium Co. continued (ASV) completed modernization of its Ardal | plans to expand its 55,000-ton-per-year pri- Primary aluminum facility, Increasing the mary aluminum smelter at Arak to 132,000 Capacity by 15,000 tons per year to 184,000 
tons per year by 1980. Alcan Aluminium ‘°nSperyear. — | Ltd. undertook a ‘feasibility study for an Lista Aluminiumverk A/S announced 
aluminum smelter to be located at Qeshm plans to add a fourth 25,000-ton-pe ryear . or Bandar Abbas. The 300,000-ton-per-year _ potline at its Lista, Farsund, facility. Gov- 
facility reportedly would use alumina from tie amen ine rower _ was pending ‘or addi. 

_ India and natural gas as a power source. lona db y Aloo 50% ) po 4d Elk r Plant 1s 
Italy.—The Italian aluminum industry het A 1S 50 % . o7an em wpigerver- 

ore ae d hong one ines Norsk Hydro A/S applied to the Govern- 
| . ment for additional power in order to in- production and the Teel handle the crease the capacity of its Karmoy smelter to , Japan.—Stocks of rime aluminum 185,000 tons per year. Construction of the 
held b ° od _P od. f sbout $90 million expansion was scheduled to ven ucers increased from about <+41+ in 1978 with production startup sched- 103,000 tons at yearend 1976 to 818,000 tons uled for 1980 
at yearend 1977. The production rate at Taiwan.—A typhoon caused power inter- 
yearend was 71.3% of the rated capacity of ruptions that severely damaged the Tai- 
1,616,000 tons per year. wan Aluminium Corp.’s older smelter at Sumikei Aluminium Co. began Pro” Kaohsiung. Production startup was slowed duction at its Sakata primary smelter. Pri- at the new 60,000-ton-per-year smelter. 
mary aluminum production was scheduled Trinidad.—The Government of Trinidad , to reach 90,000 tons per year by 1979. The announced plans to build a 75,000-ton-per- firm is a subsidiary of Sumitomo Light year aluminum smelter without the par- Metal Industries Ltd. ticipation of Guyana and Jamaica. N ippon Light Metal Co. Ltd. scrapped 132 Turkey.—The capacity of the primary 
pots at its Kambara primary smelter, re- aluminum smelter at Seydisehir was re- ducing capacity by 8,000 tons per year to portedly increased to 96,000 tons per year. 116,000 tons per year. Venezuela.—Aluminio del Caroni S.A. _ Libya.—Plans continued for a $900 mil- (Alcasa) completed the expansion of its lion primary aluminum smelter in Libya to smelter at Ciudad Guayana to 132,000 tons be built with Yugoslav assistance. Energoin- per year. 
vest, Jadral, and Progress-Invest were re- New Venalum, comprised of ‘Corpora- 

_ portedly considering the project, which cion Venezolana de Guayana (80%), and a would include a thermal powerplant and a Japanese consortium consisting of Showa petroleum coke facility. Alumina would be Denko K.K., Sumitomo Metal Mining Co., 
supplied by Yugoslavia. Mitsubishi Metal Corp., Marubeni Corp., Malaysia.—Reynolds Metals agreed to and Kobe Steel Ltd., agreed to distribute the study two proposals for primary aluminum production. The Japanese consortium would smelters. In Sarawak State, plans reported- _ receive up to 165,000 tons of the annual ly included a 110,000-ton-per-year smelter production of 310,000 tons when the project and hydroelectric facilities at Bintulu. The is completed. Startup of the first 77,000-ton- $300 million smelter would use alumina per-year potline was scheduled for early from Western Australia. Sabah State in- 1978.
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Yugoslavia.—Startup of Energoinvest’s would use alumina produced at the site. 

primary aluminum smelter at Mostar in Plans were announced to expand the 

Bosnia Hercegovina was scheduled for 1980. Sibenik smelter to 110,000 tons per year by 

The 92,000-ton-per-year facility, which was 1981. The German Democratic Republic re- 

: designed by Pechiney Ugine Kuhlmann, portedly agreed to finance the project. — 

: Table 14.—Aluminum: World production,’ by country 

(Thousand short tons) 
. 

. a 

- Country 1975 1976 1977" 

North America: 
Canada ___.-_-_.--+--------

-------7 7-77-77 978 698 | 1,060 

Mexico ___.-----~---------------
----- 7-7-7777 44 4T AT 

United States _____-----------------
-------7-- 3,879 4,251 4,539 

South America: 
Argentina ____-----------------------------

 TOT 48 ©45 

Brazil _..___--------------------
--------77- 134 153 “185 

Surinam ______-----------------------
----- T46 49 . 264 

Venezuela ____.--------------------------7--
 64 51 52 

Europe: 
. 

eiAustria __--------------------------------- 98 98 101 

Czechoslovakia ._..------------------------"-
7 48 44 44 

France ______-~---------------
---*- 5707-7777 422 424 429 

German Democratic Republic” _ ee ee eee ee eee 65 65 65 

Germany, Federal Republic of _-~-----------~-------- T47 768 818 

_ Greece __.--------------------
----9 0-7-7077 F150 148 ©140 

Hungary eee eee eee 77 78 79 

Iceland... 0 nw ne eee 68 72 82 

Italy _____-.-_~-_------------------------- 210 228 ©9987 

Netherlands _____-__---------------------
--77 288 282 . 266 

Norway ___-—----=+---------------
--7 7-7-7777 656 658 693 

. Poland® _______.__-----------------
-------7-77- - 118 114 €115 

Romaniat _________------------------------
 225 228 230 

Spain ___._._._--~---------~-------------- T9239 232 233 

Sweden _._____-_--------------------
-----7 85 91 90 

Switzerland ......__--.--------------------- 87 «86 88 

USS.R® _________------+-------------
------ 1,690 1,760 1,810 

- United Kingdom ~~ ---------------------------
 340 369 385 

Yugoslavia __ __-------------------------
---- 183 218 218 

Africa: 
Cameroon ______-~---~-------------

---- 7-7-7 ‘BT 64 ' 61 

cr 2 65 98 

G on ee ee ee ee ne eer rer 158 162 169 

South Africa, Republic of Wee ee ee ew ee ee ee 84 86 86 

Bahrain _____-_----------------------
----- 128 135 134 

China, People’s Republic of _—-~------------------ T2200 220 280 

India _______----------------------
------- 184 234 203 

Iran ___.____----------------~----
--------- 56 84 23 

Japan® ________---------------------
------ 1,117 1,013 1,310 

Korea, Republic of ____------------------------ 20 19 19 

Taiwan __..___-_---------------------
------- 31 28 33 

Turkey _____-.----------------------
------ 18 41 35 

Oceania: 
Australia _.______----------------

---------- 236 256 273 

New Zealand ______-----------------------
-- 120 154 160 

Total _.___-_--------------------------- 13,387 13,771 15,049 

Estimate. Preliminary. "Revised. NA Not available. 

1Qutput of primary unalloyed ingot unless otherwise specified. 

2Exports. 
3Includes secondary unalloyed ingot. 
gincludes primary alloyed ingot. alu . 

Includes production of superpuri uminum (99.99% Al), a ntly included in the reported total unalloyed ingot 

production, as follows, in short tons: og S274, 19764251; i977 NA. pe yee
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Table 15.—Aluminum: World capacity, by country’ 

. (Thousand short tons) 
en 

Country 1975 1976 1977 

North America: 
: Canada _________________-_____------------------- 1,175 1,175 1,175 

Mexico _________________-____-_----_------------- 50 50 50 
United States ____________________---__------------ 5,021 5,198 5,193 

South America: 
Argentina ___________--~-~-_--~--~---------~-------+- 40 66 154 

Brazil __________________-________--_------------- 140 187 198 | 
Surinam ______________________-~---_~------+-+-+---- 73 . 48 73 
Venezuela ______________-_~_--~-~~~~--~~-----+--+-+---+-+ 55 55 132 

Europe: - 
Austria®.______=__________-____-----------------+- 102 101 ~ 101 : 
Czechoslovakia ________.----~------------~-+-+~+-~----+-+- 72 72 12 . 
‘France ____________~_~---~~-~----~------~-~+~-----+- 448 452 452 
German Democratic Republic ~____._--__------~--+-~------- - 88 94 94 
Germany, Federal Republic of ________--_-~~------------+-- - 832 841 841 
Greece Vee eee 160 160 160 

ungary _____.-____-_-----_-~-~--~--~--~-~------------ 
Iceland ___________-_--~~-~-----~-~--~--~-~-~~~----+-- 84 84 84 
Italy________________---___._.----_------+-+------ 340 321 321. 
Netherlands ~~~ TTT TTTT 293 293 293 
Norway ____~——__-------~-~---~-~--~--~--~---~-~+--+----- 733 768 780 
Poland __________________-_--_-~---------------- 122 122 122 
Romania ______________---_~_~-----_-----------~- 132 132 132 | 
Spain _________________--__--__---_------------- 238 2A0 - 240 
Sweden ________________-___-____-~-~_------------ 95 94 94 
Switzerland _________________________------------- 105 104 104 

— USS.R ~~ ee ee eee eee ~ BIO om 2555 ,69R 
_. - United Kingdom _____ 5 5 eee eee +--+ - 399 4038 403 

Yugoslavia_______________-____.-_--___----------- 221 199 199 
Africa: . 

Cameroon ~~ ~—-~-~n2-n29e non rma 110 1000 t_._______________ eee | | 
Cee TITIT TTI IT ITT IT TTT TTT TTT TTI TTT Te 169 220 220 

Agate Africa, Republic of ~ eee 88 88 88 

~ 1a: : 

Bahrain ________________-___------------~------- 132 132 132 
China, People’s Republic of _________.__----------------- 270 270 300 
India ___________________-_____--~--_--------+----- 289 330 3638 
Iran __________________--_--- +--+ -------+-- 55 55 5B 
Japan_______________~___ eee 1,492 1,627 1,616 
Korea, Republic of ___________-___---------~----------+- 20 20 20 
Taiwan ____________ es 42 - A 0 17 
Turkey ______~_______-------_~-~-~-~+-+~-~~----~------ | 66 66 96 

Oceania: 
Australia________________-____-------.----------- ‘254 256 274 
New Zealand __________-------------~-~------------ 123 165 165 

Total________-_---_---------------------+----- 16,398 _ *17,380 17,808 
a SS 

1Detailed information on the individual aluminum reduction plants is available in a 2-part report which can be 
obtained from Chief, Division of Finance, Bureau of Mines, Bldg. 20, Federal Center, Denver, Colo. 80225. Part One of 
“Primary Alumimum Plants, Worldwide,” which costs $9.70 details location, ownership, and production capacity for 
1976-83, and sources of energy and aluminum raw materials for foreign and domestic primary aluminum plants, 
including those in centrally planned economies. Part Two, which costs $2.55, summarizes production capacities for 1976- 
83 by smelter and country. 

| TECHNOLOGY 

Developmental research on a new process’ similar to that used in blast furnaces in the 
that promises to reduce the amount of iron and steel industry. This process does 
energy needed to produce aluminum was not require the use of electricity in contrast 

- begun under a cost-sharing agreement to the conventional (Hall-Heroult) alu- 
between the Department of Energy (DOE) minum-making method. | 
and Alcoa. The DOE share under the agree- According to DOE, ores containing alu- 
ment was expected to be approximately $3 minum mixed with a coal-derived fuel are 
million, with Alcoa contributing about $2 heated in a closed furnace, producing ferro- 
million. The agreement called for con- silicon (used in the steel industry), and an 
structing a small-scale pilot unit to explore aluminum-silicon alloy. Carbon monoxide 
the feasibility of making aluminum-silicon (CO) is a byproduct. DOE indicated that 
alloy from ores by a direct reduction process successful application in commercial-scale
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production depended upon experience gain- portedly is an important part of the energy 
ed from the unit and subsequent units to economics of the new process because it has 
be built at the Alcoa Laboratories near value as a fuel or as a chemical feedstock. 
Pittsburgh. The project was expected to In addition to the potential energy sav- — 
take 5 to 7 years to complete. If the process ings, the new process is based on coal, an . 
appears commercially feasible, it would be abundant and domestically available fuel 
made available to others. | source; a high proportion of lower-grade 

| Demand for aluminum-silicon alloy by aluminum ores, which are abundant in the 
the auto industry is expected to grow be- United States, can be used; and the capital 
cause this material offers an important peeded for aluminum plant construction 
means of reducing overall weight, and thus, was expected to be reduced. | 

| fuel consumption of passenger cars and Alcoa also continued to develop its new 
trucks. A commercially-pure form of process for electrolytically producing alu- 
aluminum can also be obtained from the minum metal in a chloride bath, at a 
aluminum-silicon alloy, according to DOE, semicommercial facility at Palestine, Tex. 
using technology being developed by Alcoa | | 

as a part of the agreement. . Physical scientist, Division of Nonferrous Metals. 
The byproduct, carbon monoxide, re- Mineral specialist, Division of Nonferrous Metals.
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By John A. Rathjen! 

With the exception of domestic mine pro-_ strike at the Sunshine mine in Kellogg, 
duction, exports, and secondary virtually all Idaho. : : 

phases of the antimony industry registered Legislation and Government  Pro- 
decreases in 1977. Reported consumption of grams.—Government stocks of antimony _ 

, primary antimony dropped 1,514 tons to a remained at 40,728 tons. On October 1, 1976, 
total of 13,823 tons during the year. Sec- the Federal Preparedness Agency (FPA) of 
ondary smelter production totaled 30,601 the General Services Administration (GSA) 

tons, up from 19,799 tons produced in 1976. established a new goal for antimony of 
Imports of antimony in all forms declined 20,130 tons. This action created a surplus of 
39% to 13,335 tons during 1977. The most 20,570 tons, but Congressional approval is 
noticeable shortfall was in ores andconcen- required for disposal. Antimony remained 
trates, which dropped from 10,023 tons of on the list of commodities eligible for exp- 
contained antimony in 1976 to 3,488 tons in loration assistance under the program 
1977. This severe cutback was attributed to administered by the Office of Miner- 

| the phaseout and closing of NL Industries, als Exploration (OME). However, funds for 
Inc.’s smelter at Laredo, Tex., and the © exploration projects have not been request- 
continued pattern of importing crude anti- ed from Congress since fiscal year 1974. 
moriy oxide as an alternate to smelting ore Federal income tax laws under the Tax 

| _ domestically. — Reform Act of 1969 provided a percentage 
Domestic mine production of antimony in depletion allowance of 22% for domestic 

1977 rose to 610 tons from 283 tons in 1976 production and 14% for U.S. production 
and reflected termination of a year-long from foreign sources. 

, | Table 1.—Salient antimony statistics 

| _ (Short tons) 

| - | 1973 1974 1975 1976 1977 

United States: | 
Production: 

Primary: 
‘Mine __________-_-_-_____________---- 545 661 886 283 610 
Smelter! ______________________----- 17,206 16,657 12,189 14,618 12,827 

Secondary ____________________------. | 24,062 23,570 17,964 19,799 30,601 
Exports of metal and alloys__________--__---__- 515 871 340 341 TAQ 
Imports for consumption (antimony content) __———--—-—- 21,265 22,119 18,706 21,770 13,335 
Consumption!________.._______.----------- 20,613 18,041 12,987 15,337 13,823 
Price: New York, average cents per pound_________~_~ 68.50 181.76 176.58 165.26 178.00 

: World: Production ___.____---_--------------- 76,920 79,113 77,114 "6,576 78,977 

"Revised. 
1Includes primary antimony content of antimonial lead produced at primary lead refineries. 

135
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DOMESTIC PRODUCTION 

MINE PRODUCTION (USAC), at Thompson Falls, Mont., also 
Domestic mi -oducti f ori increased production to 164 tons in 1977, 

| ti stic mine production of primary an” compared with 150 tons in 1976. The up- 
imony in 1977 was 610 tons, an increase of t late in th 5 edited to 
327 tons from the total mined in 1976. =7 0” Be Oe Fee oe hai an 

| Primary antimony was produced at two improvement oY _maning techniques and 
| domestic mines. The Sunshine mine, oper- Power distribution along with improved 

ated by the Sunshine Mining Co. in the materials handling. Stibnite, the most com- 
Coeur d’Alene ‘district of Idaho, produced ™ of the antimony minerals, was the 

- 446 tons, an increase of 313 tons over the Primary source of antimony from the 
| 1976 total. The increase was attributed toa Babbitt, Bardot, and Black Jack mines, 

return to work after a prolonged strike operated by USAC at Thompson Falls. 
which ended in March 1977. Antimony was _ Antimony is also produced as a byproduct 
produced at the Sunshine operations as a in smelting of primary lead from domestic 
byproduct of the treatment of tetrahedrite, concentrates. Antimonial lead produced in 

| a complex silver-copper-antimony sulfide, this process during 1977 was 598 tons, a 
one of the principal ore minerals in the 68% increase compared with 1976 output. 

, Kellogg area. Two primary lead refiners reported pro- 
The United States Antimony Corp. duction in 1977. 

Table 2:—Antimony mine production and shipments in the United States | 

| (Short tons) 

‘ Antimony 

: Yeor concentrate —Prodused Shipped 
1978____________________- e+ +++ 2,468 545 494 
1974___ eee e-e 3,217 661 593 
1975______-__ eee e+e 4,505 886 966 
1976_________ e+e 1,111 283 310 
1977. +--+ 3,496 610. 534 

SMELTER PRODUCTION The Chemetron Corp. moved its antimony 
| . . a . oxide facilities to LaPorte, Tex., from Cleve- 

Primary.—Production of primary antimo- jand, Ohio. Harshaw Chemical Co. con- 
ny products in 1977 was 12,827 tons, @ tinued production of antimony oxide at 
decline of 12% from the output recorded in (Gioycester City, N.J.. and M&T Chemicals 
1976. With the exception of residues, all of Inc. produced oxide at Baltimore, Md. 
the categories were lower than in 1976. The ASARCO Incorporated had a small pro- 
largest decline was in production of antimo- duction of antimony oxide at its Perth 
ny metal, which totaled 1,877 tons, adropof Amboy, NJ. plant, although it was an- 
39% from 1976. This reduction was attrib- nounced that this plant was being closed. 

uted to the closing of the antimony smelter Sodium antimonate, which is used in the 

at Laredo, Tex., which was operated by NL glass industry for color television tubes, was 
Industries. The lack of proper raw material, produced at Thompson Falls, Mont., by 
obsolescence, and reduced demand for anti- USAC. 
mony metal were factors that contributed to ASARCO continued work on a new anti- 

closing the plant. Antimony metal was also mony smelter at El Paso, Tex. The plant 
produced at the Kellogg works of the Sun- will treat byproduct antimony from the 
shine Mining Co. for consumption in the Coeur mine in Idaho and should be fully 
battery industry. operational in 1978. 

The pattern of antimony oxide production Secondary.—Production of antimony 
changed slightly as two new plants were from secondary sources increased 10,802 
brought onstream. McGean Chemical Co. tons to a total of 30,601 tons in 1977. Of this, 
Inc. started up a new plant near Cleveland, 26,580 tons, or 87% of the total metal, was 
Ohio, which was to be capable of producing recovered by treating battery scrap. Other 
antimony trioxide from ores and concen- items such as cable sheathing, drosses, old 

trates, metal, and imported crude oxide. bearings, and type metal provided the bal-
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ance of secondary production. As the auto- ondary lead smelters. New refining techno- 
motive industry continued its shift to logy was being studied that should make 
maintenance-free (MF) batteries there was __ this recycled metal available in the future. 
a buildup of residual antimony at the sec- : 

Table 3.—Primary antimony produced in the United States | 

| (Short tons of antimony content) 

| Class of material produced _ 
Y Byproduct Total 

ear Metal Oxide Sulfide Residues antimonial ° 
lead 

1978. 2,859 11,273 92 1,839 1,148 17,206 
1974 3,030 10,445 54 2,066 1,062. 16,657 
1975 9 3,254 7,890 _. 595 450 12,189 
1976 __ 3,102 10,628 _ 191 697 14,618 
1977 ____-__--------------- 1,877 9,907 _- 277 766 12,827 

~ Table 4.—Byproduct antimonial lead produced at primary lead refineries in the | 
United States | 

| (Short tons) _ 

. Antimony content 

Gross From From Total : 
Year weight domestic foreign From $$ _— 

ores? ores scrap Quantity Percent | 
ER ee er re eerrearnae rece eee ree errr rere eee ree eee arene rear eee ee Tae 

1978 __________--.---__-.. 15,455 731 412 24 1,167 7.6 
1974__________ 1... 12,518 658 404 35 1,097 8.8 
1975 ___-____ 6,029 268 182 117 567 9.4 
1976 _______-~___~-_____ Le 6,743 355 342 33 730 10.8 
1977 7,557 598 168 134 900 11.9 

1Includes primary residues and a small quantity of antimony ore. 
2Includes foreign base bullion and small quantities of foreign antimony ore. . 

~ Table 5.—Secondary antimony produced in the United States, by kind of scrap and form 
| of recovery | 

| (Short tons of antimony content) 
en ISSO pT SS SSS SS SSS SSS 

Kind of scrap 1976 1977 Form of recovery 1976 1977 
NE eee I eee eee eee ee eres eeerees enero ee ee ee eee eee e reer reece reer 

New scrap: In antimonial lead!______________ 16,498 26,580 
. Lead-base ________-~___- 2,116 4,037 In other lead alloys __._______-~~- 3,294 4,013 

Tin-base ________---___.-~ - 26 24 In tin-base alloys _..______ ~~ -- 7 8 

Total __.____._______.. 2,142 4,061 Total....-..__._________ 19,799 30,601 

, Value (millions)__.________. $65.4 $108.9 
Old scrap: 

Lead base ~--- ~~ ~—-17, 642. 26,526 
Tin-base _________..----- 1 14 

Total _._______.__.-.--~ 11,657 26,540 

Grand total _.________--~— 19,799 30,601 
eer reer eee ee eee tere eee enero eee eee eee eee eee 

Mncludes 33 tons of antimony recovered in antimonial lead from secondary sources at primary plants in 1976 and 134 
tons in 1977.
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| CONSUMPTION AND USES | 

Domestic consumption of primary anti- Nonmetal products totaled 4,211 tons in 
mony in 1977 dropped 1,514 tons to atotal of 1977, 674 tons less than in 1976. All of the 
13,823 tons. A decline in use for metal and use patterns were down with the exception 
nonmetal products was partially offset by a of consumption in plastics, which increased 
gain in consumption of antimony trioxide as 226 tons during the year. Use of antimony 
a flame retardant. in plastics was increasing because of its 
Antimony metal used in manufacture of dual ability to react as a mordant or stabil- 

starting-lighting-ignition (SLI) batteries for izer in conjunction with attendant flame- 
the automotive industry continued adecline retardant properties. 
that began several years ago with the intro- Antimony oxide consumed directly asa | 
duction of MF batteries. Increased use of flame retardant increased 213 tons to a 
antimony in ammunition, solder, and type total of 5,765 tons in 1977. Use in plastics, 
metal was not sufficient to compensate for adhesives, and rubber cumulatively was 320 
the loss in batteries, and the total consump- tons higher than in 1976, but the increase 

| tion of antimony metal in 1977 was 3,847 was tempered by less consumption in pig- 
tons, a drop of 1,053 tons from the 1976 ments, textiles, and paper, which together 
consumption. used 107 tons less than in 1976. 

Table 6.—Industrial consumption of primary antimony in the United States 
(Short tons of antimony content) . . 

Class of material consumed 

Year Oreand = Metal «Oxide «= «‘Sulfide © Residues annmonial Total 
| tat ad 

1978____________- 582 5,824 —s-10,970 255 1,839 1,143 20,613 
1974___ 1,032 4362 9,457 62 2,066 1,062 18,041 
1975 369 4,229 7,311 33 595 450 12,987 
1976____________. 640 3,375 10,397 37 191 697 15,387 
1977___ 160 2,625 . 9,959 36 277 766 13,828 wees Ee 

STOCKS ' 

- Yearend industry stocks of antimony 6,030 tons from the total inventory at year- 
dropped sharply in 1977 to 8,591 tons, as end. This sharp reduction in raw material 
compared with 15,070 tons at the close of stocks was attributed to the continuing shift 

| 1976. All categories registered a downturn from smelting antimony domestically to the 
with the exception of antimonial oxides and purchase of semifinished products from a- 
antimonial residues where a nominal gain broad. The growing dependence on second- 
of 41 tons was reported. The largest short- ary lead smelters as a source of antimony 
fall was in holdings of ore and concentrate, was also a factor in reduction of primary 
which dropped to 1,869 tons, a decline of raw material inventories in 1977.
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Table 7.—Industrial consumption of primary antimony in the United States, by class of 
material produced 

(Short tons of antimony content) — | 

rr 
prep eee 

Product 1973 1974 1975 1976 1977 ee TT 
. Metal products: . 

Ammunition. ______________________ 122 121 239 63 ‘138 
Antimonial lead ____________________ 8,027 7,251 4,568 3,861 2,936 
Bearing metal and bearings _____________ 527 476 402 405 265 
Cable covering _____________________ 12 16 23 19 16 
Castings ~._______________________ 65 31 18 24 13 | 
Collapsible tubes and foil _._.____________ 12 18 9 23 16 
Sheet and pipe ~____________________ 97 69 60 74 56 

| Solder 191 205 133 188 220 
Type metal - ~~ --_-__--~~---------- 134 107 75 79 83 
Other ___________ 104 135 120 164 104 

Total _.________________________ 9,291 8,429 5,647 4,900 3,847 

Nonmeta] products: 
Ammunition primers _________________ 18 11 14 13 13 
Fireworks ______~_._______________ 5 11 10 12 9 
Ceramics and glass ___________________ 1,917 1,384 989 - 1,260 1,547 
Pigments ________.---§_-_____________ 644 460 321 415, 400 
Plastics _.________...-_..__________ 2,920 1,431 1,091 1,277 1,508 
‘Rubber products __________-__________ 693 664 458 578 473 
Other ___.--__-____---___________ 2,219 1,268 658 1,330 266 

Total __________---------------_ 8,416 5,229 3,541 4,885 4,211 

Flame retardant:? | 
Plastics 5 5 5-5 5 ee 2,711 2,501 3,777 3,972 
Pigments ___ ~~ _______~_______ ie 172 92 183 ' 149 
Rubber __________________________ \ 2,906 252 172 199 219 
Adhesives _._____-_-»_-______________ 231 126 141 246 
Textiles_____§ 5-5 5 5 ee 980 748 1,055 997 
Paper ___________- | 37 160 197 182 

: Total _...__________________-___ 2,906 4,383 3,799 5,552 5,765 

Grand total __-____________________ 20,618 18,041 12,987 15,337 13,823 

1Flameproofing chemicals and compounds shown separately by use starting in 1974. 

| Table 8.—Industry stocks of primary antimony in the United States, December 31 
(Short tons of antimony content) 

: ~ Stocks ) 1973 1974 1975 1976 1977 

Ore and concentrate _______~____ ~~~ 5,585 6,275 8,364 7,899 1,869 
Metal ___________________--_-_-_-_- 1,540 809 1,380 1,662 1,359 
Oxide ____.__________-_-_--___---_- 2,074 3,732 3,886 4,560 4,576 
Sulfide _..--- - -  e 31 35 32 31 24 

Residues and slags eee ee ee 526 549 921 415 516 
Antimonial lead? _.__.-§»»_/»_/»_» ~~ 322 294 374 443 247 

Total __-_____________________-__ 10,078 11,694 14,957 15,070 8,591 

1Inveritories from primary sources at primary lead refineries only. 

PRICES 

The New York price for RMM brand York delivery. The New York dealer price 
99.5% antimony metal remained firm at for foreign metal was quoted in a range of 
$1.78 per pound through 1977. This quot- $1.00 to $1.55 per pound in January but 
ation was calculated from a base price of dropped steadily through the year to $1.10 
$1.75 per pound f.o.b. the NL Industries to $1.15 per pound in December. The decline 
smelter at Laredo, Tex., with a freight was attributed primarily to a drop in de- 
differential of 3 cents per pound for New mand for antimony metal in the automotive
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storage battery industry. The industry quot- during the first half of 1977, to a range of 

. ation for antimony trioxide was $1.80 per $17.50 to $20, same basis, for the remainder 

pound in January and remained firm until of the year. | 
August 3, when Harshaw Chemical Co. . 

| reduced its antimony trioxide price by 16 Table 9.—Antimony price ranges in 1977 
cents per pound to a new base price of $1.64. —_____ EE SSSSSSSSSSSSSses 

per pound. The Metals Week quotation for Type of antimony | per pean 2 | 

antimony trioxide was published in a range _—©@_<———— TOTO. __ 

of $1.64 to $1.80 per pound where it remain- Domestic metal’ -_--------------  $1.75-§1.78 
ar ae pe re h © t emain . Foreign metal? meee ee ee ee ee 1.00- 1.55 

or the ance 0! the year. The Eu- Antimony trioxide® ___..._------- 1.64- 1.80 

ropean Market quotation for lump ore, on @ 0 

60% antimony basis, dropped from a range Pete nt delivery Laredo, Tex. 

of $25.50 to $27.50 per metric ton unit, c.if., SQuoted in Metals Week. . | , 

| | 7 | FOREIGN TRADE | 

Imports of antimony in all forms totaled the category of ores and concentrates, 

13,335 tons (metal content), a decline of 39% which dropped to 3,438 tons in 1977 as — 

| from the 1976 total. The largest loss was in compared with 10,023 tons received in 1976. 

Table 10.—U.S. imports for consumption of antimony, by country 

nT 
| 1976 | 1977 

Country Quantity Value Quantity § _— Value 

. (short tons) (thousands) (short tons) (thousands) 

‘Antimony metal, including needle or liquated:* | 
Belgium-Laxembourg - - —_--------------- 392 $611 55 $146 

Bolivia __._________-___------------- 236 743 666 2,081. 
Canada_______________------------- 1 360 CO 1 | 50 
Chile ________________-.----------- 14 36 110 291 
China, People's Republic of - = -------~---~~~ 209 613 483 1,137 

Germany, Federal Republic of __ _____------- 1 16 ?) 15 

Italy_______________--------------- 22 70 mo _ 
Japan. _.____-_----~-~------------- ' 44 131 -- _- 

Malaysia_________-_---------------- 11 30 __ _ 
Mexico ______________-------------- 273 443 222 405 
Netherlands. _________-_------------- -- _- 51 104 

South Africa, Republic of ______.___------- __ _o 214 443 
Spain _-_ eee ++ 41. 108 43 85 

; Thailand... 222.2 99 284 _— __ 

United Kingdom _________-----_------- 230 462 25 90 
Yugoslavia.________-_--------------- 551 1,532 111 269 

Total... _----------------------___ 21% 55 981A - 

Antimony oxide: - . 

Belgium-Luxembourg — ------------------ 350 965 376 1,110 
Bolivia _______________-------------- 110 293 744 1,997 
Chile _____________---------------- __ __ 20 37 | 
China, People’s Republic of _ _ __.----------- 1,288 3,441 391 1,211 

France _____________---------------- 1,464 4,198 1,300 - 3,858 
Germany, Federal Republic of __------------ 22 69 78 214 

Italy. eee 20 53 3 184 
Japan_______---_------~----------- 597 1,638 228 641 

Netherlands. _______-__--------------- 50 143 22 76 

South Africa, Republic of __ __------------- 6,005 1,504 4,693 1,405 

Switzerland _________---------------- (?) (??) 20 83 

Taiwan___________----------------- 82 218 11 34 
United Kingdom —____-_--------------- 1,623 4,507 1,685 4,805 

Total.________-__--------------- 11,611 17,029 9,641 15,150 
re 

1Includes needle or liquated (value in thousands): 1976 Belgium Luxembourg 18 tons ($53), the United Kingdom 23 

tons ($76); 1977—Belgium-Luxembourg 25 tons ($66), the Republic of South Africa 214 tons ($443), the United Kingdom 20 

tons ($71). 
2Less than 1/2 unit.
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‘The decline was attributed to closing of the 959 tons, reflected a 78% drop from the 1976 | 
NL Industries smelter at Laredo, Tex., and _ total; Bolivia at 757 tons (including Bolivian 
a continuing changeover to importation of antimony shipped via Antofagasta, Chile). 
crude antimony oxide in lieu of smelting was 68% lower; Mexico, 869 tons, was down 
foreign ores domestically. Imports of anti- 48%; and Canada, 823 tons, was 25% lower 
mony oxide were 9,641 tons (gross weight),a than in 1976. 
decline of 1,970 tons from the 1976 level. Total imports of refined metal dropped 
Metal imports including liquated totaled 143 tons to 1,981 tons in 1977. A sharp 
1,981 tons during 1977 and were 143 tons decline in receipts from Belgium-Lux- 
under the 1976 level. — embourg, Mexico, the United Kingdom,.and | 

Three countries supplied 80% of antimo- Yugoslavia, which cumulatively shipped 
ny oxide imports during 1977: The Republic 1,033 tons less in 1977 than in 1976, was 
of South Africa, 4,693 tons (includes crude partially offset by a combined increase in 
antimony oxide imported for further refin- receipts of 1,259 tons from Bolivia (includes 
ing); the United Kingdom, 1,685 tons; and Bolivian antimony shipped via Antofagasta, 
France, 1,300 tons. A sharp drop in receipts Chile) and the People’s Republic of China. 
from the People’s: Republic of China was Exports of antimony, metal, alloys, and 
partially offset by increased shipments from scrap totaled 742 tons in 1977, a rise of 401 
Bolivia, the Federal Republic of Germany, tons over shipments in 1976. The largest 

| and Italy. Receipts of antimony ores and customers were the United Kingdom, 244 
concentrates in 1977 were 3,438 tons (metal tons, 33%; Bulgaria, 123 tons, 17%; Japan, _ 

content), a 66% decline from the 1976 total. 78 tons, 11%; India, 70 tons, 9%; and Cana- 
All of the principal suppliers recorded lower da, 68 tons, 9%. The balance was shipped in 
imports. The Republic of South Africa, with small parcels to 15 additional countries. 

Table 11.—U.S. imports for consumption of antimony ore, by country 

| 1976 a : G Ant 
Country  weeht “content” Value weight content’ ‘Value 

(short (short ‘ds) (short (short vas) 
. ' tons) tons) san tons) tons) sands’ 

Bolivia_________------ 3,179 1,992 $3,820 499 312 $675 
Canada______________- 1,756 1,091 1,949 1,267 823 1,701 
Chile ________________ 711 411 804 687 4a 938 
China, People’s Republic of _ _ _ -— _- _ = 8 6 17 
Colombia_____________-_ 219 91 12 = 70 24 26 
Guatemala_________—-~-~- 949 474 384 --_ | — oe 
Mexico ____________--- 6,625 1,513 2,458 3,869 869 1,498 
South Africa, Republic of _ _ — 7,495 4,446 7,378 1,642 959 1,982 
Thailand _-_-----------_ MN ee 

Total ____._.______- 20,945 10,023 16,911 8,042 3,438 6,882 

| | ‘Table 12.—U.S. imports for consumption of antimony 

Antimony ore _Needle or liquated __Antimony metal’ __ Antimony oxide_ 
Anti G G G Year weight content” «Value eign, © Value weight © Value weight, Value 

ry~—Ststmwy=—=«ands) = ogy sands) onsy sands) = fomay sands) 
1975 _______ 20,736 8,320 $14,535 74 $255 2,112 $5,677 9,908 $12,588 
1976_______ 20,945 10,028 16911 41 129 2,083 4986 11611 17,029 
1977_______ 8,042 3,438 6,832 259 580 1,722 4,536 9,641 15,150 

1Does not include alloy containing 83% or more antimony.
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oo fable 13.—Antimony: World production (content of ore | . Co 
| - _ + unless otherwise indicated), by country _ | | Oe 

ae . (Short tons) — —— ae | a 

Gs | | Country a (1975 «1976 19779 - 

North America: Oo ne | . 
Canada®? _______________-_ eee 2,020 2,585 '.2,3840 — 

| Guatemala-_-____ 944 1,285 ©1950 pe 
_ Honduras ___________1_-__---~-_---------------=-- ‘114 129 7 . 

: Mexico? ________________________ el 3,458  —-2,806 ©3,000 
_ United States? _______1__ eee 886 * 988 «Ss «6:10 
South America: ~ . sO SO 

' Argentina ._______-+__--__-----+----------+----+-- 3 2 . 2 
Bolivia _________~---~~-_-+-___------~-------~-~--- £13,136 516,873 516,707 | 
Brazil] __-___§ =. ~~~ LLL Le __ 39 " €40 ; 

. Peru (recoverable) ______________-__-__-_-----~----+- . 305 . 665. -- 670 a 
. Europe: | oe . 7 7 (U 

- _ Austria (recoverable)_ _____._______-----------~------- ~ 661 588 - 564 
oe Czechoslovakia®______. 9-2 -- ee Lee 770 T7710 830 

/ Greece _. 5 ee t—si«éBT 243 oo 
-Ttaly,_-- Le 1,113 - 1,112 909° 

. Spain ___-_ ee 88 168 357 oe 
USSR°®_ ~~ ee _ 8,300 - 8500 8,700 

- Yugoslavia. 5 2 5 eee LLee--e_-—ttsi«, 06 2,228 - ©2300 - 
Africa: SO a . - oe oe 

a Algeria _-________-L-_--~--~--~-~--+----+--~------- 66°: 66 &66 a 
: Morocco _________.-_-_-_____-__-_-- eee. 1,160 1,560 1,558 . 

- Rhodesia, Southern® ____$_§____§____ ee eee 330 — 330 —. 330 
aco Africa, Republic of __________.-_________-_____- 17,553 11,890 12,930 | 

1a: z ieee 

Burma _____________-_-.+~--------------------- . | _ 806 524 TBA 
| China, People’s Republic of€ _.._§_.____/_»_ 2 ee 13,000 13,000. - © 13,000 . 

Korea, Republic of .. .-_._.___.-______~----------~--~--- 44 11 __ , . 
. Malaysia (Sarawak). ___________-_---------+---------- | 275 295 CO75 

Pakistané ____________________ ee 144 | . 43 €45 
| Thailand ________________~~_______ eee 8454 «4,047. 5,238 | 

Turkey _-_______________--- ete: 4010. 4,771. 4900. 
. Oceania: AustraliaS ___-________------------------+-+-- 2,431 - 1,883 “1,550 

) | Total__-_-______-----------------------------° 71M 76,576 78,977 | 

€Estimate. Preliminary. Revised. | oe oO OS , 
1Partly estimated on the basis of reported value of total production. — 

_ °  2Antimony content of ores for export plus antimony content of antimonial lead and other smelter products. 
5Production from antimony mines; excludes a small amount produced .as a byproduct of domestic lead ores. 7 
“Production by COMIBOL plus exports by medium and small mines and so-called “other producers.” 

_ 5Total national production. . , - 
, SAntimony content of antimony concentrates, lead concentrates, and zinc concentrates. —_. 

oe oe WORLD REVIEW — | | 

World mine production of antimony in mine near Nullagine in the Pilbara region | 
1977 increased slightly to 78,977 tons. The of Western Australia. The Blue Spec mine, oe 
principal producers continued at levels con- which reopened in 1976, was to be operated a 

ss sistent with former years with minor at recovery levels of 80% for antimony and 
declines more than offset by increased pro- 75% for gold. In actual practice the factors _ 
duction from developing countries. Bolivia Were only 59.7% for antimony and 44.7% — 

| continued as the world’s largest producer in ar go as a result te praes has been | 
1977 with a total of 16,707 tons. The Peo- °° oeed that the mi » an id be “al : ood | 

--___ ple’s Republic of China and the Republic of OURS at the mine wou ere : 
South Africa retained strong positions as early in 1978. | 

| li f antimony to the S d market Vam Ltd. was planning a substantial 
_ SUP . 1eTs © bien, te d y bined production f increase in antimony production with the | 

with an estimated combined production Of  Gnening of a fourth mine, Garibaldi, in New 
about 25,980 tons. | ; : South Wales. Proven ore reserves are 23,000 

Australia—Production of antimony 1n tong assaying up to 5% antimony, and there 
| Australia in 1977 was estimated at 1,550 are 100,000 tons of inferred reserves. | | 

tons, a decline of 333 tons from output in Bolivia.—Bolivia continued as the world’s 
1977. Increased production by Vam Ltd. at largest antimony producer in 1977 with a 
its Hillgrove mines near Armidale in New total output of 16,707 tons. Much of the 
South Wales was offset by disappointing production was utilized at the new smelter 
results at the Blue Spec antimony-gold operated by Empresa Nacional de Fun- |
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_..  diciones (ENAF), where metal and oxide The major portion of the company’s pro- o 
were produced for export. Metal production duction was exported and sold in Europe - 
assayed in a range of 99.5% to 99.6% and North America. Prior. to export, a _ 
antimony, and trioxide was 99.85% pure. significant percentage of the antimony con- _ 

| Concentrates and cobbed ore not consumed _ centrate was treated by Antimony Products ~ 

at the smelter were exported to traditional (Proprietary) Ltd. for the production of. 
: markets including the United States, Eu- crude antimony oxide. 

| rope,and Japan. — , . . Research and exploration programs con- 
oe Canada.—Two companies continued as tinued throughout the year in aa effort to 

the principal producers of antimony metal improve gold recovery and expand the cur- 7 
| - In Canada. Cominco Ltd. at its lead smelter - rent reserve at the mine. . 

~ . and refinery at Trail, British Columbia, and —§ Thailand.—Thailand was the fifth largest | 
. _ Brunswick Mining and Smelting Corp. at world producer of antimony in 1977 with | | 

Bene ck ens sneer Belledune, N ew 5,238 tons of metal content mined duriig 
- | SWICK, produ yyproduct antimonial the year. Antimony was produced in the 

_ lead.in their refining operations. == _— north, central, and southern regions of : 
| __ Antimony was mined and concentrated in Thailand. There were many small pro- 

_ Canada by Consolidated Durham Mines and  qucers, and mining was frequently intermit- 
Resources Ltd. at its Lake George property tent, reflecting the price of metal in the 

a near Fredrickton, N ew B runswick. The world market. The largest producing 

_ ‘Main ore is stibnite, which is upgraded to a Provinces in the north were Phrae and 

——Braminm grade 66% antimony concentrate Lampang, ‘minor quantities came from 
. m | : 3 ~. Chiang Rai, Chiang Mai Tak, Lamphum, 

. combined. The concentrates were shipped to d Sukhothai. In th tral a , - 
_. Europe and the United States. > and Suknomal: 7D me cenira’ area ore was 

| . Con-Am Resources Ltd. announced a 2 roduced in the Provinces of Kanchana | 
a three-phase study of its antimony prospect Bari, Chanthaburi, Rayong, and Rat Buri, | 

_ _ . wae ~. and in the south, there was production in 
in the Wheaton River district of the Yukon Nakhon Si Th t. and Surat Thani: | 

_.. Territory. Previous investigations have in- | ton Ss) tAammarat, ane oura an 
.° dicated a reserve of 175,000 tons of 3% to Provinces. _ ve ea 

| 5% stibnite. Reconstruction of access roads ‘Yugoslavia.—The Rajiceva Gora antimo- = 
- and adits prior to additional core drilling 2Y-™ine and mill on Kopaonik Mountain in — 

and metallurgical testing will be the main Serbia, operated by Rudarsko Topionicki 

_ thrust of the ongoing study. | _  Bazen Zajaca (RTB-Zajaca), started regular 
| China, People’s Republic of.-—China production following 12 months of trial - 

- maintained its: position as the world’s production. Output should reach 300,000 

-” gecond-ranking producer with an estimated ns of ore by 1979. Reserves of antimony | 
18,000 tons in 1977. A review of internation- OFS at Rajiceva Gora were estimated to be 
al commerce and activity at the Canton between 10 and 15 million tons. The gr ade 

_ Fair seemed to indicate a production level of the ore was not made public. . ; 
| - somewhat lower than .these current esti- Exploration in the general area of Ruje- 

- ° mates. China’s reserves of antimony ore, Vac, in Serbia, has led to the discovery of | 
which are believed to contain an excess of 2. important reserves of lead, zinc, and anti- 
million tons of metal, are the largest known mony ores. Development of a new mine was 

: world resource. Most of the deposits are in to start during 1979. In the vicinity of Kriva , 
- gouthwestern Hunan Province with other Palanka, Serbia, exploration for bentonite _ 

| occurrences reported in the Provinces of by geologists of Bentomak, a local producer 
Kweichow, Kwangsi, Kwangtung, and Yun- of bentonite, have led to discovery of anti- 

| an. oo | mony ore. During exploration work, about. | 

South Africa, Republic .of.—The third- 18,000 tons of ore was produced; it was . 
ranking world producer of antimony in 1977 considered that the deposit could justify | 

-was the Republic of South Africa with construction of a mine and mill. | 
12,930 tons. A single company, Consolidated _ A decision to build Yugoslavia’s first anti- 
Murchison Limited, which operated in the . mony oxide plant, of 400. tons per year ~~ 
Letaba district of the Transvaal, produced capacity, was taken by RTB-Zajaca. The 
all of the antimony mined and treated location of the facility was not. announced, 
during the year. A number of separate but it was believed it would be at Zajaca, 
deposits. were mined along the Murchi- where the only Yugoslav antimony smelter 
son Range, of which the Gravelotte sec- was in operation. | | | a 
tion proved to be the most productive. | . 

Antimony was produced as a concentrate §———___ , 

and in the form of high-grade cobbed ore. _—‘'Mineral specialist, Division of Nonferrous Metals. _





By R.A. Clifton* 7 

- Shipments of asbestos (mostly chrysotile) lower than that for 1976, and shipments | 
in 1977 from mines in the United States from Canada to the United States were 6% 

- decreased 11% from those in 1976. Imports less than those in 1976. Imports from the 
were 8% lower than those in 1976 because U.S.S.R. were 1% of total U.S. imports, and 

U.S. demand continued to lag well below those from the Republic of South Africa 
the peak year of 1973. | accounted for 4%. : 

Canadian production in 1977 was 8% | 

Table 1.—Salient asbestos statistics 

BT SGT , 
United States: | | 

Production (sales)____._..___ short tons. 150,036 109,091 98,654 114,842 101,704 : 
Value _____________ thousands__ $16,288 += $18,759 $14,220 $23,693 $25,267 

Exports and reexports (unmanu- 
actured)._____________ short tons. 66,442 61,723 36,447 46,923 37,637 

Value _____________ thousands.. $9,342 $9,192 $10,667 $12,791 $11,731 
Exports and reexports of asbestos 

products (value)... do____ $40,777 $60,396 $60,776 $60,572. $78,822 
Imports for consumption (unmanu- . 
factured)_____________ short tons. 792,473 766,164 538,553 657,851 607,022 , 

Value _____________ thousands... $98,914 $123,822 = $111,011 $142,145 $145,146 
Released from stockpile 
(unmanufactured) ________ short tons__ 6,761 28,851 6,877 552 207 

Consumption, apparent!_________ do.___ 882,908 = 845,825 607,687 _ 726,322 671,543 
World: Production ________--_-----_do_.__ 4,613,717 4,582,320 4,562,624 5,623,211 —_ 5,878,829 

1Measured by quantity produced, plus imports, plus stockpile releases, minus exports. 

Legislation and Government Pro-_ rials that contain respirable free-form 
grams.—Again, no date was set by the asbestos. The ban on emberizing materials 
Occupational Safety and Health Admin- became effective December 15, 1977, and 
istration (OSHA) for the public hearings that on patching compounds becomes ef- . 
mandatory for the proposed revisions to its fective January 16, 1978, for all such com- 
asbestos standard for manufacturing. The pounds manufactured after that date. 
proposal for a permissible-exposure level of On November 10, 1977, the Environmen- 
0.5 fibers per cubic centimeter (0.5f/cc) is tal Protection Agency (EPA) gave advance 
well into its third year without the hear- notice of intention to propose an asbestos — 
ings. standard for the production and use of 

On March 18, 1977, President Carter crushed stone. 

signed Public Law 95-12. This act repealed Under a new State law, all California 
the Byrd Amendment, which had exempted firms manufacturing asbestos products or 
strategic minerals from the economic using asbestos in their processes had to 
sanctions in force against Southern Rhode- register that fact prior to September 1, 1977. 
sia. . As shown in table 2, there was little 

The Consumer Products Safety Commis- change in stockpile inventories in 1977. 
sion (CPSC) banned all consumer patching Crocidolite was sold from the stockpile at 
compounds and artificial emberizing mate- $301 per ton. 

145
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Table 2.—Stockpile goals and 
Government inventories as of December 31 

. (Short tons) 

Stock- Totalinventories Sales of 
pile ————""—"—————__ excesses, 
goals 1976 1977 1977 

Amosite ____ 26,291 42,628 42,416 207 
- Chrysotile __— _- 110,960 110,960 __ 

| Crocidolite _--__-- 74 ATA 
Total ____ __ 756,057 55,850 207 , 

T Revised. 
1 Adjusted figure, Federal Preparedness Agency. 

Environmental Impact.—Isolating the gence in that year of the paths of new 
impact of environmental considerations on construction and asbestos consumption is 
the demand for asbestos is difficult because quite likely the result of lessened demand ~ | 

of the many interacting variables. It is brought on by the environmental problems — 

demonstrable, however, that in the past, _ associated with asbestos. Indications are 
asbestos consumption has risen with rising that future asbestos consumption in the 
construction activity and declined with United States may have a nongrowth pat- 
each decrease in construction activity. This tern, and that environmental consider- 
is shown in figure 1, and is true for the 9 ations will be a causative factor. 
years preceding 1977. The sudden diver- | 

DOMESTIC PRODUCTION | 

Mines in the United States shipped 11% the mine with the highest production of 
less asbestos in 1977 than in 1976. Value asbestos in the United States. Its output 
was 7% higher than in 1976. Four States was less than that of the Calaveras Corp. | 
produced asbestos: California was the lead- mine. The Lowell mine is owned and oper- 
er, with 74%, followed by Vermont, Arizo- ated by an employee group which, though 
na, and North Carolina. Total output was successful in its operation, is considering | 
101,704 tons valued at $25,267,000. selling it. 
Output from the copperopolis mine made Arizona production in 1977 was below the 

Calaveras Asbestos Corp. California’s lead- 1976 level. The Jaquays Mining Corp. in 
ing producer. At yearend, two mines were Gila County had the only active asbestos 
also active on the Joaquin Ridge near Coal- mine in the State. 
inga. Atlas Asbestos Corp. worked its Santa Powhatan Mining Co.’s mine in North 
Cruz mine in Fresno County and Union Carolina was active, and a few tons of 
Carbide Corp. operated its Santa Rita mine anthophyllite was mined and shipped in 
in San Benito County, both on the ridge. 1977. U.S. asbestos producers and mine sites 

The Vermont Asbestos Group’s Lowell follow: 
mine in Orleans County, Vt., is no longer 

State and company County Mine Type of 

Arizona: Jaquays Mining Corp _______- Gila ___________ Chrysotile ______ Chrysotile. 
California: 

Atlas Asbestos Corp. _ _______~ Fresno__________ Santa Cruz ______ Do. 
Calaveras AsbestosCorp ___.____  Calaveras________ Copperopolis ___ __ Do. 
Union Carbide Corp_________— SanBenito _______ Santa Rita ______ Do. 

North Carolina: Powhatan MiningCo ___ Yancey ~________ Hippy ________-_ Anthophyllite. 
Vermont: Vermont AsbestosGroup_____ Orleans ________~ Lowell________- Chrysotile.
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| CONSUMPTION AND USES 

The end use data on asbestos fiber as flooring products, which represent 23%, 
reported by respondents to the Bureau of were the largest end uses of asbestos. 
Mines questionnaire remain difficult to Friction products totaled 14%, and roofing 
analyze. Patterns of use that may beindica- products, the 1976 leader, was fourth at 9%. 
tive of trends are not apparent. The data Other major asbestos-using end products 
may t Det crete na readjust- were asbestos cement sheet (6%), coatings 
ment baat started wiin the economic reces- and compounds (5%), packing and gaskets, 
sion and Canadian strike in 1975 and was as well as paper (4%), insulation (3%), 

complicated by the environmental picture, plastics and textiles (1% each), and other 
or the lack of clarity may be due to incon- end uses (6%) ( 
sistency of reporting. If the former is true, Th followin from a Canadian trade 
then the readjustment period is still taking blic ti . . tes th t of 

_ place. Three-fourths of the end uses show- PUbDIICation, Indicates the “4 prod 0 nd 
ed increases in asbestos consumption; the bestos used in some of the end pr ucts an 
others decreased. The asbestos used in its contribution to the cost of the article: 

asbestos cement pipe increased 14% and 
that in asbestos cement sheet, 92%. Further roe 
increases were in flooring products (86%), __ Product Weight- imate 
packing and gaskets (38%), thermal insu- | Percent percent 
lation (150%), electrical insulation, (61%),__§ ——o--——_—_—_—___—_____—___—_- 

. coatings and compounds (80%), and textiles Asbestos waterproofing products and — 
(1%), The asbestos used in roofing products Friction material Guided) --=-~ 50-0 er , 
in was repo at just 25% of that in iction material (woven) _ _ __ ~~ _ 
1976, asbestos used in plastics was only 37% Aes papers felts) yarn) ~~-- 30.90 | 60 
of the 1976 level, and in paper, 79%. Asbestos inished sheets — _ _ _ ____ 10-15 a0 : 

Asbestos cement pipe, which represented ‘Asbestoe-vinyltiles_-_--__~~~-—t« é 
24% of the total asbestos consumption, and =_———___ 

PRICES | 

7 Quoted prices for Quebec asbestos, all As of January 1, 1977, Vermont chrysotile 
chrysotile, were raised 14% during 1977. asbestos, f.o.b. Morrisville, was priced as 
The last rise was effective on July 1, 1977. follows: a o 
British Columbia asbestos chrysotile prices 
rose 12.8% on that date. 

Prices for Vermont chrysotile asbestos | 
rose 4% on January 1, 1977. Arizona prices | 
did not increase during 1977. The latest Grade Description Per short 
prices are still those that went into effect on §£————____________ 
July 1, 1976, and quotations, f.o.b. Globe, 4T----___-__ Fiber__________ $477 
are shown below: _ Dee Wasi nT. 

pee Roa —-- ee 08! 0 ---—— 
— 8S ___.______ Shorts eee TT 62 Grade . Description Per short ton Hooker No.1 __ Pac in 50-pound $$ EEE ee kaged evi 

Groupl]__ Crude ___________ $3,000 bags Powvinyl 1,110 
Group 2 _— -~--de---------- 1,800 Hooker No.2 __ Packaged in 100- 

Group3__ Nonferrous filtering polyvinyl bags —__ 555 
and spinning _____ $750- 8400 ————— 

Group 4 __ Nonferrous plastic and 
filtering ________ 750- 840 a. . 

Group7__ _ Whiteshorts_______ 100- 200 Quotations for Canadian (Quebec) chryso- 
se —————_ tile, f.o.b. mine, as of July 1, 1977, follow:
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Grade Description Fer ahort Grade Description | Per short 

Group 1 __ Crude ________ Can$3,300-Can$4,000 CLINTON MINE 
Group 2 __ ___-do _______ 1,800- 2175 ——$<<——_$$—_— $$$ 
Group3__ Spinning fiber _ ~~ 850- 1,700 cCpP_____  Asbestos-cement fiber __..  Can$730 
Group 4 __ Asbestos-cement " CT ____ ___ do 650 

fiberr________ —_‘580- 700 Gy _---- L do 420 
Group 5 _ _ Paper fiber ____~— 315- 400 CZ __.__ inj do 320 
Group 6 __ Waste, stucco, or . cen 

. ; plaster oo 245- 275 , 

. Group7_.  Refuseorshorts __ 90- 200 . . 
$$ African asbestos producers privately 

7 oo | _ negotiate sales, thereby ruling out market 
Prices for chrysotile asbestos from British quotations. The following tabulation shows 

Columbia and the Yukon Territory, Cana- the average value per short ton of South 
da, effective July 1, 1977, f.o.b. Vancouver, - African imports, regardless of grade, calcu- 
follow: | lated from U.S. Department of Commerce © 

: data: 

Grade = Description Per short ETON 
ie Type . 1973 1974 1975. 1976 1977 | 

eo Me C4 Cride _____________ Can$3,621  Grocieolite ---- sae an 83 M0 0 
. “AAA ___ Nonferrous spinning fiber _ _ ™ 2,000 Chrysotile ---- | 284 82, cae 254 Be eM. BS fee a o 

A do «i600 rs oo a 
os . A ----- ~--do_/ ~~~ 1,050 oo . oy ne oo, a eg a - . / 

a \ a Aspen sacchi Bbee a The increased demand for.and the short- 
ag srtT ESP ene -ll.«BTO.- age Of most types of asbestos, and the =~ 

Ce AR epee prado nn enon n-= =n". 580 increased mining costs resulted in price 
AZ TTT TT T4022 2772 TTTT2 - 399 «increases in almost all categories. Other > 

a -—— ee _s«*#price rises were expectedearlyin1978. 0 

a /  FOREIGNTRADE i —es—<“‘“<Cw 

: _ There was a 23% increase from 1976 to asbestos was recovered by exporting and ts 
_ 1977 in the value of exports of asbestos reexporting fibers and products. __ no ees 

. products manufactured in the United In 1977, the United States imported 90% | 

_. _ States. The number of articles exported of its asbestos consumption. This wasslight- 
increased. | | | ly below the 1976 percentage. Canada pro- : 

_ Major groupings of exported products and vided more than 94% of the imports, the . 
- their share of the total value were textiles Republic of South Africa provided 4%, the , 

and yarns, 22%; friction products, packing U.S.S.R. provided 1%, and four other coun- _ | 
‘and gaskets, and asbestos-cement products, tries provided the remainder. Chrysotile, 
17% each; insulation products, 5%; and with 98%, dominated the imported types. 

other products, 22% (table 4). The dollar value of imported fibers was 2% 
In 1977, 62% of the cost of imported higher than that in 1976. 

Table 4.—Countries importing U.S. asbestos products in 1977, by type 
(Thousand dollars) 

“Federal” A | , . United Canada Republi C Mexico tr ali a King dom Other Total 

oO 

Friction products ________~_ 10,436 _ 927 62 ~ 121 153 3,398 15,097 
Packing and gaskets _______ 3,602 266 552 469 326 9,725 14,940 
Asbestos-cement products __ _ _ 1,934 1,825 32 58 54 11,782 15,685 
Textiles and yarn_________ 4,282 1,767 4,939 718 162 8,200 20,068 
Insulation products _______ 1,103 13 93 40 49 3,373 4,671 
Other __________-____- 2,458 5,148 498 273 726 10,487 19,590 

Total _____________ 23,815 9,946 6,176 1,679 1,470 46,965 90,051
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Table 5.—U.S. exports and reexports of asbestos and asbestos products - 

| a ) «dA 1977 
Products Quan- Value Quan- Value 

tity (thousands) tity (thousands) 

EXPORTS OO | 
Unmanufactured: . 3 oe 

rude and spinning and nonspinning | 
- fibers. ~~~ short tons. — 21,470 $7,179 17,906 $7,483 

Waste and refuse. -§_-____________ do____ 24,847 5,461 19,484 4,268 

Total____-_-__ ~~ dol ~ 46,317 12,640 87,390 11,701 - 

Products: . 
Gaskets and packing____________... do_.___ 2,460 11,330 - 3,784 14,940 
Brake linings _.__....._....~.-__-- do____ 6,239 11,536 6,381 12,968 
Clutch facings, including 

- linings __ __-_ i. -..._____.——~— number... 1,007,551 1,660 1,110,280 2,129 
Textiles and yarn. _________.—~ ~ short tons__ 7,522 7,907 8,782 11,323 
Shingles and clapboard _._______..—-— do_.__ 10,610 (8,547 7,206 2,484 
Articles of asbestos cement _.______—_. do____ 15,151 6,326 24,454 13,201 
Protective clothing _._______.____-~--.-_- NA 898 NA 1,312 
Insulation, heat and sound —~_~_~_~_~__~__~______ NA 4,819 NA 4,671 
Manufactures, n.e.c ~~ ___~__. ~~~ NA 12,253 NA 15,322 

Total ~---+------~------------------ | XX 60,276 . XxX 78,350 

REEXPORTS : 
Unmanufactured: . . 

Crude and spinning and nonspinning 
fibers___..-._______..._-~-~- short tons__ 606 151 -- —_ 

. Waste and refuse _____________~~-~ do____ -_- _- - QT 30: 

: Total_______________________ do.___ 606 151 Qa7 30 

Products: . . 
Gaskets and packing_____..__.._.-~ do__.~ 4 19 12 126 
Brake linings _.__-____________-~~ do___~— 22) 251 197 197 
Clutch facings, including 
linings _..________.___.—_.—~— ~ number__ 28,143 23 720 7 

Textiles and yarn... ._._____.—~—-~ short tons__ _- _- 8 35 
Shingles and clapboard ___...__..--. do___- 12 3 _- _— 
Articles of asbestos cement _______________ _: _— _- oe __ 
Manufactures, n.e.c —____~=-------------_ -- -- NA 107 

Total _.- = XX 296 Xx AT | 

NA Not available. XXNotapplicable  —_ | | 

Table 6.—U.S. imports for consumption of asbestos from specified countries, by grade 

: (Short tons) 

1976 1977 

Grade _ Republic southern , Republic southern Canada of South Rhodesia Canada of South Rhodesia 

Chrysotile: 
ude. __________- 635 1,745 3,451 134 3,810 2,451 

Spinning fibers _..._______ 5,872 61 247 6,685 3,764 _— 
other _______________ 611,068 6,557 -_~ 561,985 2,360 345 

Crocidolite (blue) ____________ -- 10,177 _- 71 11,968 _— 
Amosite ___~..~~.~________- 20 1,554 -- 1 582 _— 

Total _.-_-__ ~~~ 617,595 20,094 3,698 568,876 22,484 2,796 
eee renee eens ren OE SS
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| Table 7.—U.S. imports for consumption of asbestos (unmanufactured), by class 
| and country 

| eet abes) Textile fiber Allother Total 

Year and country “Quantity Value Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 

| 1976 | | 
Australia __....______-_ 99 $46 ~ _- _- _- _— 99 $46 
Canada ______________ 655 272 5,872 $4,613 611,068 $121,977 617,595 126,862 
Germany, Federal Republic of __ — oo __ 1,909 383 1,909 383 
Hong Kong ____________ __ __ _- _ 2 () 2. (?) 
Mexico ____________- 378 209 _- -— 1,091 146 1,469 355 
Rhodesia, Southern ____ __ 3,451 2,099 247 208 __ __ 3,698 2,307 
South Africa, Republicof ___ 18,476 6,932 61 38 6,557 2,616 20,094 9,586 
USSR __ __ __ _. 12,421 © 2324 12,421 2,324 
United Kingdom ________ 564 282 __ _- __ __ 564 «282 

| Total _...__.----_ 18,628 9,840 = «6,180 «4,859 += 688,048 ~=—«127,446 657,851 142,145 

1977 ee | 
Canada ______________ 206 90 6,685 6,224 561,985 124,940 568,876 131,254 
Mexico ______________ __ __ _- __ . 8,615 139 3,615 139 
Rhodesia, Southern ______  ——2,,451 2,368 _ | _- 345 199 2,796 2,567 
South Africa, Republic of ——_ 16,360 7,721 3,764 309 2,360 1,273 22,484 9,303 
Sweden __________~____ -- oe __ __ 1 ) 1 (*) 
Taiwan __ __ __ __ 312 7 312 q 

| USSR ~~ __ __ 2,190 443 6,748 1,433 8,938 1,876 

Total _____.------ 19,017 10,179 12,689» 6,976 575,366 ~—-127,991 607,022 145,146 

1Less than 1/2 unit. . 

WORLD REVIEW 

- Industrial Minerals magazine discussed Australia.—Although production for the | 
the asbestos market, the recession, and year ended June 1977 more than doubled 

environmental factors by describing the the record high set in 1972, the future of the 
“uniqueness” of a mineral that maintains a Woodsreef Mines Ltd. mine at Barraba, 
reasonably strong demand in spite of an New South Wales, still does not seem as- 

| intensive campaign to either ban or limit its sured. New on-site reserves of fibers have 
use at a time of industrial recession.® been found, and the Baryugil property re- | 

The world market for asbestos is appar- mains promising, but the receivership has 
ently in a period of transition away from not been vacated. ) | 
the older, longer established trends. Canada Canada.—The eight companies that pro- 
has been supplanted as the world’s number duce and ship asbestos in Canada reported a 
one producer and the United States as the 7% decrease in shipments to the United 
number one consumer; the Soviet Union States and Western Europe. The Canadian 
enjoys premiership in both areas. Government established an emission stand- 

Consumption growth rates in the more _ ard of 2 fibers per cubic centimeter of air for 
developed countries are, at least for now,on air surrounding crushing, drying, milling, 
the decline, but consumption is increasing and storage operations of the asbestos 
in developing countries. This is indicated by mining industry. The standard will become 
the 8% reduction in U.S. consumption and __ effective on December 31, 1978. 
12% reduction in British imports, but world In Quebec, the Provincial government’s 
production rose 4.5% from 1976 to 1977. interest in the asbestos industry was greatly 

There is even the possibility that there clarified by the end of 1977. Instead of the 
are trend changes among the grades of industrywide takeover reported earlier, 
choice in the marketplace. During much of only one company (Asbestos Corp. Ltd.) is 
1977, there were inventories of the spinning now targeted for acquisition by the new 
grades available from producers; during $Can250,000,000 crown corporation, Société 
part of that time, shorts (grade 7) were also Nationale de l’Amiante, being proposed in 

- available. Demand for the cement grades, the legislature. Asbestos Corp. Ltd., with 
however, continued to exceed supply 35% of the Province’s production capacity, 
throughout the world. is not a willing seller. Improvement of the
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industry’s health and safety standards re- Creek deposit in northern British Columbia. 
mains a goal of the Government, as does job Among the asbestos properties either un- 
creation, by having more provincial manu- dergoing exploration or awaiting develop- 
facturing of asbestos -containing products. ment or financing decisions are Abitibi 

In this regard, a study financed by the Asbestos Mining Co. Ltd. and its property at 
Quebec Asbestos Mining Association isolat- Amos, Quebec; Great Northern Pulp and 

| ed five product areas as the most promising Paper Group Ltd. and its Daffodil property 
for local manufacturing: Molded friction in Deloro Township, Ontario; Hollinger 

7 products, asbestos-cement pipe, asbestos- Mines Ltd. and its discovery in Newton 
cement sheet, asbestos papers, and asbestos Township near Timmins, Ontario; McAdam 
flooring felts. Details of the second phase of Mining Corp. Ltd. and its own chrysotile 

| the study were unavailable at yearend, but property at Roberge Lake, McCorkill Town- 
the study was not expected to promise much _ ship, near. Chibougamau, Quebec, and a 
hope of achieving the Government’s goal of joint exploration with Campbell Chibou- 
20% of Quebec fibers being used in local gamau Mines Ltd. on its discovery at 
manufacture. . : McKenzie Bay, Roy Township, Quebec; and 

United Asbestos Inc. was placed in de- Pathfinder Resources Ltd. and its 750-acre 
fault by its bondholders and bank in March, Lili property in Cleveland Township, Que- | 
and the mine at Midlothian, Ontario, clos- _ bec. 

ed. At yearend, Woodsreef Minerals, Ltd., Greece.—In January 1977, Cerro Corp. . 

was studying the property relative to acqui- sold its rights in the Zindanion asbestos 
sition, and was doing some testing at its mines near Kozani to the Government’s 
facility in Australia. Hellenic Industrial Development Bank 

Asbestos Corp. Ltd. closed its Normandie (ETVA). The bank’s own company, Asbestos | 
mine in September, reserves were de- Mines of Northern Greece, Mining Society 
pleted. , Anonyme, will carry out the Government’s 

_ Canadian Johns-Manville Co., Ltd. at priority for development of the mine. In 

first reconsidered, then reinstituted its November, the company applied formally to | 
announced plan to spend $77 million over the Government for a $68 million invest- : 

_ the next 5 years for facility development at ment to establish a 100,000-ton-per-year 
its Jeffrey mine in Asbestos, Quebec. asbestos plant. A Canadian consulting firm 
Carey-Canadian Mines Ltd. completed a has been retained as technical advisor for _ 

$3 million air purification plant for its plant construction, and at yearend, the firm 

230,000-ton-per-year-capacity mill. Thecom- was conducting site-selection tests. | 
pany employed 550 people at its open pit © Japan.—An article discussed the role of 
mine and mill. asbestos in Japanese industry.‘ As seen in 

Cassiar Asbestos Corp. Ltd. announced the following tabulation, Japan, like the 
formation of its own marketing department, United States, is largely dependent on 
closure in 1978 of its Clinton mine, and foreign sources for its asbestos. 
resumption of exploration of its Kutcho | 

, Short tons 

 -1972—~C*<“‘«‘~CSTS:C*é~“‘TA*~«~=STS~!~#~«wASTG 

Production __________.-_______________ 13,088 7,489 4,654 4,184 6,988 

Imports: 
Canada ______________________ ee 107,083 . 130,637 123,994 62,443 130,778 
South Africa, Republic of ~_..22-~_-_______ 90,932 101,782 112,621 90,567 87,676 
USS.R ~--~------------------------ 37,379 42,284 58,933 65,681 49,293 
Italy _____--_--------------------- 17 _- 30 1,258 11,974 
United States ___________________ 4,173 7,179 5,782 4,086 9,157 
Australia ____~§_§_~______~____ Le 11,546 27,329 14,297 4,204 3,947 
China, People’s Republic of _._.____________ 45 69 1,265 1,092 2,084 

Moambique ~~ 2222222222222 27227777 485 __ 1,820 _ _ 

Total _______________________ Le 252,521 309,280 318,742 229,331 294,854 
Exports ___-------------------------- 688 233 163 1,958 3,202 

Apparent consumption? ___________________ 264,921 316,536 823,233 231,557 298,640 
—_— eee ee 
1Measured by quantity produced, plus imports, minus exports.
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‘The source countries are of interest, with be exhausted by 1988. The fact that the 

the exception of 1975, the major suppliers Swaziland Government is a 40% partner 

share of the Japanese market has not with Turner and Newall Ltd. in the venture 

varied widely in several years. In 1975, the may prove helpful. — | 

year of the Canadian strike, Canada’s share United Kingdom.—Imports of asbestos 
dropped from a nominal 45%-50% of the into the United Kingdom were 12% less in 
market to 27%; the U.S.S.R. rose from a 1977 than in 1976, and it was a general — 
nominal 14%-17% share to an alltime high rather than patterned, decrease. Each sup- 
of 29%. The Republic of South Africa’s plying country lost some market. The major 

share is normally about 30% of the market, supplying countries were Canada, with 
and the United States captures 2% to 3%. 69%; Swaziland, with 12%; the Republic of 
Canada, the Republic of South Africa, and South Africa, with 11%; Cyprus, with 6%; | 
the U.S.SR. had more than 90% of the and Italy, with 1%. The Asbestos Advisory | 
market in 1976. | Committee (ACA) issued the following in- 

Usage of asbestos in Japan differs signifi- terim recommendation for exposure to 

cantly from that in the United States, and is asbestos: 0.2 fiber per cubic centimeter of 

undergoing changes. It is reported that air for exposure to crocidolite measured 

currently, asbestos-cement sheet uses over a 10-minute period; and 2.0 fibers. per 
between 50% and 60% of the total consump- cubic centimeter for other types of asbestos : 

tion of asbestos. This is down from 66% of when averaged over a 4-hour period. : 
the 1973 level of consumption. In 1973, 88% U.S.S.R.—The following tabulation is 
of the consumption went into asbestos- based on planned production data supplied 
cement products. Two reports of product by the Johns-Manville Corp. after some of 

| composition seem noteworthy: One. states its officers visited and consulted with Soviet 

| that a few thousand tons of reprocessed  fficialsduring thesummer of 1977: 
asbestos is used each year in asbestos- a : . 
cement sheets; this is the only report of ~~~ "Thousand short tons 
asbestos recycling use. The other reports Complex 16198119086 
that the chrysotile-to-crocidolite ratio in@©@©£—@——@_—_——________—_ 
asbestos-cement pressure pipe is always 1:1, Uralasbest: 6 ) 700 1700 1700 

which is a higher than normal usage of Group 7... 500 "500° 7500 
crocidolite. : Dzhetygara -~------- 128 0 B0 
Kenya.—Under contract to the Kenyan  xiembayev____. 2. 8B 550 

Government, a joint Kenyan-Austrian team a 

is geologically surveying and mapping a ___Total_-------_ 8,025 3,575. 3,850 
20,000-square-mile area near Taita-Taveta , : | 
which is known to have reserves of asbestos The Molodezhyy asbestos deposit complex _ 
and other minerals. was designed in 1974 for construction when 

Oman.—Exploration of an asbestos dis- the western section of the Baykal-Amur 
covery in the northern mountains near railway is built. | 
Saham continued. The Government hopes — The following, also based on data from 
to use the fibers in its new 36,000-ton-per- Johns-Manville, shows expected U.S.S.R. 

year-capacity asbestos-cement pipe factory. | export distribution, in thousand short tons: 
South Africa, Republic of.—Although 

the South African asbestos industry is ~—————————~jane 0, 
experiencing larger yearend inventories Year . astern economy Total | 
than anticipated, its growth continued. The Pe countries Se 
inventories forced some layoffs in both am- i976 ____ 275 395 600 
osite and crocidolite production personnel. tts ---- 375 375 750 
The asbestos production-machinery indus- es ---- 
try received a 1-million-Rand order for a 
milling plant in Turkey. South Africa re- Of real interest is that of the planned 
mains firmly in third place among the 825,000-ton increase in production by 1986; 
world’s asbestos producers. less than half is scheduled for export, and 

Swaziland.—Havelock Asbestos Mines only 125,000 tons of the increase is destined 
Ltd. announced that, without further adja- for market economy countries. 

cent ore body acquisition, its reserves would
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Table 8.—Asbestos: World production, by country | 
| , (Short tons) | 

: Country? 1975 1976 1977 

North America: | 
Canada (shipments) _______.____~____________- 1,163,673 1,693,250 1,700,000 

. Mexico ____________~________ 29 1 _— 
United States (sold or used by producers). ___________-- 98,654 114,842 ' 101,704 

South America: 
Argentina ____________________-_-_-_--__-- 1,238 980 972 
Brazil. $2 eee 81,547 102,187 ©105,000 Europe: : | 4 ; | 
Bulgaria ___________________--____-_-__-- - 24,251 £22,000 22,000 
Finland? ___. »§ 5 5 5 »_/_J»____ eee 3,073 __ __ 
Italy_____________________ i i eee ™162,034 181,649 170,000 

| USS.R&__. eee 2,090,000 2,520,000 2,710,000 
Yugoslavia____________________ Lie 713,451 14,380 9,994 

Africa: 
Egypt _.__.____.----__--____i------------ 528 1,208 ©1,210 
Rhodesia, Southern®______________....________ 180,000 180,000 220,000 

South Africa, Republic of _..._-__________--__-____ 391,001 - 407,679 419,059 
Ago eziland? - - ------------------------------ 45,436 46,128 - ©50,000 

‘China, People’s Republic of€ _____________________ 165,000 190,000 220,000 
Cyprus ____________--__-_-- 1 ie 39,015 38,050 38,600 
India _______________-__ eee 21,999 24,965 22,375 
Japan___ ~~~ Le 5,084 8,491 | ©8,800 
Korea, Republic of _. ~~. ~~ 4,790 5,249 6,812 
Taiwan ______________~___-~~ 1,915 940 - “660 
Thailand >>>» ee __ «16 16 

| Turkey _-________-_---______ Le 17,081 10,557 11,000 
Oceania: Australia ____.___/___2_-_-________-L_____ ™52,825 60,689 60,627 

Total.-__-___________________________e 4,562,624 5,628,211 5,878,829 

Estimate. Preliminary. ‘Revised. | : | 
1In addition to the countries listed, Czechoslovakia, North Korea, and Romania also produce asbestos, but output is not 

. officially reported, and available general information is inadequate for the formulation of reliable estimates of output 
eveis. 

2Includes asbestos flour. 
3Exports. 

| | TECHNOLOGY a | 

Environmental Research.—At least mission electron microscope (TEM) and the _ 
three papers in 1977 commented on the lack scanning electron microscope (SEM) as — 
of specificity in the light optical method of equally capable of counting asbestos fibers 
identifying asbestos.’ Because this method in circumstances where specificity is not 
is the only one in present OSHA and MESA required.” 
(Mining Enforcement and Safety Admin- There has been much research aimed at 
istration) regulations for use in the working producing asbestos-dust-monitoring equip- 
environment, enforcement of the regula- ment for the workplace, and some sophisti-  - 
tions is difficult. The National Institute for cated instruments have been developed by 

| Occupational Safety and Health (NIOSH) at least four companies. One, using beta ray 
document, for example, states, “This tech- attenuation, has been selected by the Que- 
nique is not specific for asbestos fibers or bec Asbestos Mining Association for both 
any other fiber type.” These papersdemon- site and personal monitoring. These instru- 
strate the need for further research in this ments are also nonspecific for asbestos, and 
area. The Rohl document proposes another are not useful for identifying asbestos 
method of identification, using electron mi- among other particulate matter. 
croscopy to count all fibers, including the In a health-related matter, a National ” 
very short fibers, but acknowledges that the Academy of Sciences (NAS) publication 
scientific community does not yet know states that, “. . . evidence of the toxicity of 
anything of the biological activity of short ingested particles of asbestos minerals is 
chrysotile fiber.« Another paper reporting not conclusive. Further research is neces- 
on such research describes both the trans- sary to resolve this problem.”® While the
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foregoing report was being written, a U.S. in some areas, such as alkali-resistant glass 

Army group was writing another, demon- fiber for reinforcing cement, is acknowledg- | 

 gtrating that if the fibers in Lake Superior ed, but they are said to have a long way to 

were asbestos, and if they represented a go on both technical and economic grounds. 

health hazard, the standard U.S. Army In August, Turner and Newall Ltd. of the 

Water Purification Equipment (ERDLater United Kingdom announced a new research : 

Unit) could be used to completely remove unit with a first-year budget of $1.3 million | 

them.* The process is interesting: A posi- for the sole purpose of accelerating the | 

tively charged cationic polyelectrolyte is development of asbestos substitutes. | 

added to the water. The electrolyte neutral- DuPont Co. announced plans for a multi- 
izes the negatively charged single particles, million dollar Nafion intermediates plant at 

which then aggregate or“bridge” on the Fayetteville, N.C., to start production of © 

long chain polymer. The resulting larger four intermediate materials necessary to 

aggregates are easily filtered out when the production of its Nafion perfluorosulfo- 

passed through diatomite. | nie acid copolymers. Films of these copoly- 

: he effort to isolate the health effects of mers are finding increasing use as asbestos 

the various types of asbestos continued. It replacements in chlorine-caustic diaphragm 

was made difficult by the fact that most cells. Japan’s planned replacement of all-of 

asbestos workers in the manufacturing seg- its mercury cells with asbestos or membra- 

ment of the industry were probably exposed ne diaphragms by March 1978 may be 

to two or more types if they worked in that delayed by 2 to 3 years owing to the need to 

: environment long enough to have passed evaluate fully the technologic and economic — 

the long “latent” stage of the asbestos- feasibility. 
| related diseases. The importance of this Some uses of alkali-resistant glass fiber _ 

work lies in the fact that some evidence being proposed as an asbestos substitute 
clearly indicates that at least crocidolite is were discussed in an article in The Glass 
much more dangerous than chrysotile. Industry.1* The two advantages cited were | 

Some interesting evidence comes from the higher impact strength and shatter resist- | 
Journal of Occupational Medicine, in which ance, plus the lack of known health hazard. 

a 80-year historical cohort mortality study Limitations of cost, fiber strength, durabil- 
was made of workers exposed only to chry- ity, and incompatibility with asbestos- 
sotile asbestos.*° The data demonstrate a cement machinery were not discussed. A 

| favorable mortality experience, and the later announcement by the British firm, / 
author concludes that the study suggests Stelmo International Ltd., of three installa- 
that the hazard of chrysotile in asbestos- tions being built in Iran may overcome one 
products manufacturing is minimal and of these, at least partially. Stelmo claims 
that the study is consistent with what is that the plants are fully automated and 
known of the relative dangers of crocidolite, can produce glass-fiber-reinforced cement — 

| amosite, and chrysotile, with chrysotile sheets at high speed. A West Germandesign 
being the least dangerous. - team developed an experimental structure 

Substitutes.—Although synthesis re- having a load-bearing hyperbolic paraboloid 
search on asbestos is still being done, envi- roof in which glass fibers replace the 
ronmental problems involving asbestos reinforcing steel.’ | 
have aroused interest and research into Cape Board and Panels Ltd., a subsidiary 
finding substitutes. A comprehensive of Cape Asbestos Fibers Ltd., developed a 

- yesearch paper in a leading journal re- new fire-resistant, noncombustible, insu- 
emphasized that no economic route to lating board comparable to its Asbestolux, . 
asbestos synthesis has been found.'! The but containing no asbestos. Details are 
high temperatures (300° to 400° C), hydro- sketchy, but probably cellulose fibers and 
thermal pressure, and long time (up to 30 vermiculite in a calcium silicate binder may 
days) for synthesis of submicroscopic chrys- be major ingredients. 
otile demonstrate the impracticality, so far, General.—The Quebec Natural Resources 
of this approach. Department announced a new method of 

Industrial Minerals magazine, in a mid- extracting magnesium from asbestos tail- 
year comment, hypothesized that due tothe ings. However, query of the researchers 
essential nature of asbestos-containing pro- revealed that although the work looked 
ducts, limitation on asbestos usage would be promising, the announcement was prema- 
possible only when acceptable alternatives ture. 
exist.12 The appearance of true alternatives



ASBESTOS 157 | 

. . No. 119, August 1977, p. 7. . 

Asbestos is among the minerals amenable 9 ““ty;,}in, P. The Industrial Minerals of Japan, Part IL. 
to the photometric sorting technique devel- _Ind. Miner., No. 119, August 1977, pp. 15-39. 

oped by Rio Tinto Zinc Ltd. This method _ ,,,"etional Bureau of Standards, A repos, on the Fo 
‘uses electronic processing of reflectance and | Using the Procedures of the Occupational Safety and 

iy] inistration. May , ol pp. 
measurements to actuate air jets, thereby SQonl’a N, A. M. Langer, and I. } Selikoff, Environ- 
deflecting selected pieces of ore to another mental Asbestos Pollution Related to Use of Quarried 
conveyor. Serpentine Rock. Science, v. 196, No. 4299, June 17, 1977, 

e e e pp. 7 . 

Asbestos cement is the material of choice a Zumwalde, Pym and i, M. Dement. Review and 
; + ; ? : valuation 0: 1 e or nvironmen 

in building hyperbolic cooling towers. It was Studies of Fibrous Particulate Exposures. NIOSH Rept. 77- 
used in building Europe’s largest towers at 204, May 1977, 66 pp. 

“ : : Second work cited in footnote 5. 
the Gosgen nuc lear power statio n in the 7Gerber, R. M., and R. C. Rossi. Evaluation of Electron 
Federal Republic of Germany. This 499-foot- Microscopy for Process Control in the Asbestos Industry. 
high tower can reduce the temperature by perospace Corp. Rept. EPA-600/2-77-059, February 1977, 

14° C of 114,000 cubic meters of water per 8National Academy of Sciences. Drinking Water and 
hour at the station’s rated output. Health. Summary Rept, 197, 65 pe. aLF Sh 

. , RK. P., D.C. ston, and T. F. Shannon. 
Asbestos-cement pressure pipe was also  Decontaminating Lake Superior of Asbestos Fibers. Envi- 

the material of choice to carry the cooling ronmental Sci. and Technol. v. 11, No. 5, May 1977, pp. 

water necessary for underground transport- —_1°Weiss, W. Mortality of a Cohort Exposed to Chrysotile 
ation of power at a 380-kilovolt range from a Asbestos, Occupational Medicine, v. 19, No. 11, November 

. . ° » Pp. ° . 
West Berlin power station to substations 11Yada, K., and K. lishi. Growth and Microstructure of 

around the city. Synthetic Chrysotile Am. Mineral., v. 62, Nos. 9-10, 
. piem r-October 1977, pp. . 

a ork cited in footnote 3. 

1Physical scientist, Division of Nonmetallic Minerals. 13 Jones, J. Glass Fiber Reinforced Cement. Glass Ind., 
2Bulletin of the Quebec Asbestos Mining Association. _ v. 58, No. 6, June 1977, pp. 26-28. 

V. 2, No. 2, February 1978, p. 7. 14Engineering News-Record. Glass Fiber Reinforces Self- 
3Industrial Minerals. Asbestos—Now and To Come. Supporting Concrete Roof. V. 198, No. 17, Apr. 28, 1977.





Barit 
| Oo By Stanley K. Haines? | | | 

Domestic production of barite reached an increase, reaching 955,000 tons in 1977. Oil- a 

alltime high of 1.49 million tons in 1977, an and gas-well drilling activity remained high a 

increase of 21% over that of 1976. Nevada, and pushed total consumption of crushed 

with production of 1.16 million tons, was the and ground barite to 2.57 million tons, also : 
leading producing State. Other principal a record high. Of the total crushed and ~ 

_ producing States were Arkansas and Mis- ground barite, 91% was consumed in dril- 
| souri. Imports of crude barite continued to ling muds. — | | - 

oe Table 1.—Salient barite and barium-chemical statistics | / : 

(Thousand short tons and thousand dollars) _ | | ce 

| - 1973 1974 1975 1976 1977 

United States: . | | 
Barite: : 

Primary (sold or used by producers) ~____--- | 1,104 1,106 1,318 1,234 1,494 
Value _______.______________-_-_.— $16,688 $16,822 $21,200 += $28,689 $30,264 

Exports Wee 68 61 57 41 50 
alue _______# -.--__-----.---- $2,884 $2,518 $2,871 $2,871 $3,436 

| Imports for consumption —__—__~—------- 116 729 634 905 955 
alue ______..-__________-.-_._ $7,596 . $8,680 $8,541 $17,677 $18,055 

Crushed and ground (sold or used by producers) — 1,571 1,637 1,807 2,204 2,593 
Value _______.--_-____--------_ $54,478 $64,394 $73,075 $93,283 $110,409 

Barium chemicals (sold or used by producers) _ _ — — 62 56 43 52 56 
Value ____~___.___----~----~--~— $18,899 $15,751 $15,556 ¥$19,698 $23,151 

World: Production _____-__-------------- 4,945 5,109 5,419 5,666 — ‘5,892 
i a 

| DOMESTIC PRODUCTION | 

| U.S. production increased 21% in quan- Montana, and Tennessee. Nevada remained 
tity and 5% in value to 1,494,000 tons of the leading producing State with 78% of the 
primary barite valued at $30,264,000. This total quantity and 61% of the total value. 
output was 13% -higher than the previous The other producing States in descending 
record set in 1975. Primary barite is the order of production were Missouri, Arkan- 

| first marketable product, and includes sas, Georgia, Montana, Illinois, Idaho, and 
crude or run-of-mine barite, flotation con- Tennessee. — 
centrates, and other beneficiated material Run-of-mine barite sold or used by pro- 
such as washer, jig, or magnetic separation ducers represented 38% of total production, 
concentrates. down from 48% in 1976; other beneficated 

Barite was produced at 30 mines: 13 in material was 57% compared with 44% in 
Nevada, 9 in Missouri, 2 each in Arkansas 1976; and flotation concentrate was 5% 
and Georgia, and 1 each in Idaho, Illinois, compared with 8% in 1976. 

159



160 MINERALS YEARBOOK, 1977 

The leading producers of domestic barite Utah, five each; Arkansas, California, and 

for use in well drilling were (in alphabetical Georgia, two each; and Alaska, Illinois, 
order) Baroid Div., NL Industries, Inc., with Montana, and Tennessee, one each. 
mines in Arkansas, Missouri, and Nevada; In May 1977, IMCO Services dedicated a 

Dresser Minerals Div., Dresser Industries, new barite beneficiation plant near Battle | 
Inc., with mines in Missouri, and Nevada; Mountain, Nev. The plant has a capacity of 
IMCO Services Div., Halliburton Co., with 225,000 tons per year of drilling-mud-grade 
mines in Nevada; and Minerals Div., Mil- barite. Ore comes from the Mountain 
chem, Inc., with mines in Missouri and Springs mine of FMC Corp. The benefi- 
Nevada. ciation plant is the first in the United © , 

Barite for chemical, glass, and filler uses States to include three distinct concentra- 
was sold by C. R. Wood Co., Inc.; Dresser tion techniques-jigging, tabling, and flota- 

_ Minerals Div., Dresser Industries, Inc.; In- tion. 
dustrial Chemical Div., FMC Corp.; IMCO — IMCO also initiated its mining plan for 
Services Div., Halliburton Co.; New River- the Clipper mine and associated jigging 
side Ochre Co.; De Lore Products, Industrial plant south of Battle Mountain, Nev. The 

Chemicals Div., NL Industries, Inc; Paga ore was mined by a contractor and fed 
Mining Co.; Minerals, Pigments, and Metals through a plant containing three Bendelari 
Div., Pfizer, Inc.; and Standard Slag, Inc. three-cell jigs. The capacity of the Clipper 

Imported and/or domestic barite was plant is 150,000 tons per year. The barite 
ground at 41 plants in 12 States. Texas with will be ground in the grinding plant at 

eight plants and Louisiana with seven had Battle Mountain, Nev., or at Houston, Tex.?, 

the heaviest concentration of grinding Tom Norris, Inc., operating under con- 
plants, due to the availability of port facili- tract to NL Baroid, completed assembly of a 

| ties for imported barite and the close prox- jigging plant at NL Baroid’s Rossi mine 
imity. to areas of high drilling activity. outside of Battle Mountain, Nev. The two . 
Other States with grinding plants were  Bendelari jigs provide an upgraded feed for : 
Missouri, with six operations; Nevada and __ the flotation plant 30 miles away.? . 

Table 2.—Barite sold or used by producers in the United States, by State 
° (Thousand short tons and thousand dollars) . . 

: 1976 1977 
State i a 

Quantity Value Quantity Value 

Missouri _________________ | 124. 3,860 117 4,061 
Nevada _________-________ 900 18,379 -1,158 18,329 
Other States? ---_----------_ 0 ABN BA 

Total _-- ~~ --_-________ 1,234 228,689 1,494 30,264 

1Includes Arkansas, Georgia, Idaho, Illinois, Montana, and Tennessee. 
2Data do not add to total shown because of independent rounding. 

CONSUMPTION AND USES 

Total consumption of barite in 1977 increase of 19% over 1976, and corresponds 

reached a record high of 2,592,000 tons, an _ closely with the increase of 18% in total 
increase of 18% over that of 1976. Barite for drilling footage from 181.7 million feet in 
use as a weighting agent in oil- and gas-well 1976 to 215.0 million feet in 1977. The 
drilling fluids continued as the dominant average depth drilled was 4,626 feet in 1977, 
end use, accounting for 92% of total con- with an average of 22 pounds of barite 
sumption or 2,372,000 tons. This was an consumed per foot of drilling.
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-Barite for use in barium chemicals in- down any stocks. | 
creased 4% to 81,000 tons in 1977. The Barite is the principal raw material used 
largest increase in consumption was in the in the production of barium chemicals. Pro- 
end use for other filler, from 14,000 tons in ducers of barium chemicals in 1977 were J. 

1976 to 31,000 tons in 1977. Paint usage of T. Baker Chemical Co., Phillipsburg, N.J.; 
barite remained about the same asin 1976, Chemical Products Corp., Cartersville, Ga.; 
at 50,000. Other uses declined 22% to 59,000 Industrial Chemical Div., FMC Corp., Mod- 
tons and included filler in rubber and plas- esto, Calif.; Mallinckrodt, Inc., St. Louis, 

tics; flux, oxidizer, and decolorizer in glass Mo.; and Chemical Div., Sherwin-Williams 

manufacture; and miscellaneous uses such Co., Coffeyville, Kans. Sherwin-Williams - 
as ballast for ships, heavy concrete aggre- also produced lithopone. Total production of 
gate, and other unspecified uses. barium chemicals increased 8%. Sales of 

The data in table 3 are mainly for ground barium carbonate increased 2% to 35,700 | 
| barite, but include the relatively small tons in 1977. The average value was $300.73 

quantity of crushed barite used primarily in per ton in 1977 compared with $138.82 per 
the barium-chemical industry. In 1977, ap- ton in 1976. Barium carbonate was used in | 

_ parent consumption was less than reported the manufacture of television picture tubes 
consumption. The heavy demands for dril- (for screen control), in brick and tile, in 

_ ling mud caused most producers to ship all barium ferrite manufacture, and for many | 
the barite they could produce plus draw other purposes. 7 | 

| Table 3.—Crushed and ground barite sold, by use! — | : 
| (Thousand short tons) - . 

2 ee 

~ Quantity | Poreent Quantity “Fereent 
Barium chemicals? _________________--_-------- an: 4 81 3 

' Filler or extender: . 
| Paint _____________________-______-____- 50 2 50 2 

, Rubber _________________-__------- = - iii W _- Ww a 
Other filler _-_.______-------_---~--_---~-----+- 14 1 31 1 

Well drilling. ___._____-_-_______ ee 1,986 90 2,372 92 
Other uses —_---__-_----~~---~-~-~-~--~---~-----__ 76 

_ ‘Total __-_----------------------------- 2,204 100 «2,598 100 : 

W Withheld to avoid disclosing company proprietary data; included with ‘Other uses.” | 
1Includes imported barite. . 
7Uses reported by producers of ground and crushed barite, except for barium chemicals. 
SQuantities reported by consumers. | 

| Table 4.—Barium chemicals produced and sold by producers in the United States in 1977? 

Te Bold by producers 
Barium chemical Plante? roduction ——~o tity Value 

hort tons) (thousands) | 
Barium carbonate __———_-------------------- 4 35,300 35,700 $10,736 
Barium chloride __________~_____.~.~-_--~-- 3 WwW WwW WwW 
Barium hydroxide ___________~_._-_.---_ __- 3 WwW Ww Ww 
Black ash____~_____~_~_~_~ ~~~ ee 2 WwW Ww WwW 
Blanc fixe _~______ ~~ 1 WwW W Ww 
Other barium chemicals _______...-___._.__-_-- 4 29,600 - 20,400 12,415 

Total ____________________ ee 6 64,900 56,100 28,151 | 

- W Withheld to avoid disclosing company proprietary data; included with “Other barium chemicals.” 
1Only data reported by barium-chemical plants that consume barite are included. 
2A plant producing more than one product is counted only once.
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| PRICES 

Prices for barite remained constant, ac- that of 1976. The drop in average value may 
cording to the Engineering and Mining be partially attributed to the continued 

- Journal. The prices listed in table 5 are increase in production of Nevada barite, 

from trade publications; they serve as a which is cheaper to mine and process than 
general guide but do not necessarily reflect ore of other areas. The average value per 
actual transactions. ton of crushed and ground barite was 

The average value per ton of crude barite $42.60, compared with $42.56 in 1976. 
was $20.26, a decrease of $2.99 per ton from 

| Table 5.—Barite price quotations in 1977 | | 

Barite:? | 
. Chemical, filler, glass grades, f.o.b. shipping point, carload lots: 

Handpicked, 95% BaSO., not over 1% Fe __________-----------~--~-~--~--~--+- $46.50- $55.00 
Magnetic or flotation, 96% BaSOu, not over 0.5% Fe _.__-_______----------~--~- 60.00- 70.00 
Water-ground, 99.5% BaSOx, 325 mesh, 50-pound bags __ ________--_----_----~- 60.00- 80.00 

Drilling-mud grade: 
Ground, 83%-938% BaSO., 3%-12% Fe, specific gravity 4.20-4.30, f.o.b. shipping point, 
carload lots. ___________~ ~~ __- eee 71.00- 78.00 

Crude, imported, specific gravity 4.20-4.30, c.i.f. Gulf ports _____..-.---_-__-_---- 19.00- 28.00 
Barium chemicals:* . 

Barium carbonate: 
° Precip., bulk, carload lots, freight equalized____._._.-__-__-_-_-_------------- 250.00- 275.00 

Electronics grade, bags, same basis __. __. _. __ _________-~----------~-~-~---~-~-~~- 255.00 
Barium chloride: 
Purified cryst., 400 pound drums, at works (per pound) -_ ________.__--_-__-___- 1.24 
Technical cryst., bags, carload lots works ___________.~______--_----------- 300.00 

Anhydrous, bags, carload lots, same basis _. __ _ ________-______-~--~--~-~--~+- 400.00 
Barium sulfate: 
USP X-ray diagnosis grade, powder, 250-pound drums, 1,250-pound lots (per pound) ____-_ . 20 

Barium suifde (black ash) drums, carload fots, works ____._-§____.~~~_~~__-______- 115.00- 150.00 

1Unless otherwise noted. | 
2Engineering and Mining Journal. V. 178, No. 12, December 1977, pp. 46-47. 
3Chemical Marketing Reporter. V. 213, No. 26, Dec. 26, 1977, p. 27. . 

: FOREIGN TRADE , 

Exports of barite increased 21% to about Ground barite imports increased to 19,000 

50,000 tons in 1977. The average value of tons valued at $121,000 in 1977. Mexico was_ 

the exports was $69.34 per ton. Canada the leading source country. Imports of natu- 
remained the leading recipient of these ral ground witherite were 1,036,000 pounds 
exports with 31,000 tons. Barite, primarily valued at $102,600 in 1977. These data are 

ground material, was shipped principally open to question since there has been no 
from the following customs districts: Seat- reported production of witherite since 1969. 
tle, Wash. (88%); Laredo, Tex. (19%); De- These imports, mainly from the Federal 

troit, Mich. (10%); New Orleans, La. (10%); Republic of Germany, were probably preci- 

and Great Falls, Mont. (10%). pitated (manufactured) barium carbonate. . 
Imports of crude barite increased 6% to Imports of barium chemicals increased 

955,000 short tons valued at $18.91 per ton. 47% to 25,000 tons in 1977. Barium car- 
The principal source countries and the aver- _bonate and blanc fixe, the major compounds 
age values per ton were Peru, $17.68; Ire- imported increased 186% and 10%, re- 
land, $12.60; and Mexico, $17.69. spectively. The leading source country for 

Most of the crude barite imported was _lithopone, hydroxide, carbonate, and blanc 
drilling-mud-grade and entered the United fixe was the Federal Republic of Germany. 
States through the following customs The People’s Republic of China was the 

| districts: New Orleans, La. (47%); Laredo, leading source for chloride and nitrate. 
Tex. (18%); Galveston, Tex. (17%); Houston, The large increase in imports of barium 

Tex. (11%); and Port Arthur, Tex. (7%). carbonate was the indirect result of the
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| closing of Kaiser Industries’ strontium car- cals are made with the same equipment, _ bonate plant in Canada. The FMC Corp. FMC cut back on production of barium 
chemicals plant at Modesto, Calif., increas- carbonate. U.S. consumers found the Fed- ed strontium carbonate production to meet eral Republic of Germany ready to supply the demand resulting from Kaiser’s shut- their needs through exports to the United | _ down. Since barium and strontium chemi- States. 

Table 6.—U.S. exports of natural barium sulfate and carbonate _ 

| 1976 1977 | 
Count Quantity Value Quantity Value . uniey (short (thou- (short (thou- 

tons) sands) tons) sands) SO ets) sands) 
Argentina ____________________ 97 $4 394 $19 Australia. 2-2 20 4 — -— | Belize __-________ —_ _— 500 44 Brazil] ____________._ 287 21 146 15 Cameroon moe ee _- _—_ 600 61 Canada ___ 26,382 1,875 31,485 1,782 Chile —---- -- — . 83 1 Colombia -____-____-__- 212 . a) __ __ Costa Rica ~--- 34 1 __ —_ Dominican Republic —-i- ee ee _— _— 28 1 El Salvador ~- ee 123 17 oo _- France -________ __ __ 51 11 Germany, Federal Republic of — eee 57. 3 -- _- Guatemala_______________._ 9,064 543 —_ _- Hong Kong--.____.____________ —- _- 40 2 Israel __ 2 600 53 _- a Italy____-_-_-__-_-__ en -_- 66 3 . Jamaica ------- ee 39 2 — — Japan _________ 49 24 27 4 Korea, Republic of —~-- —_ _— . 148 6 Mexico -_-_______________ 704 32  ~—Ss-:10,782 1,021 Netherlands ____-____________ 14 1 88 4 Netherlands Antilles__.___.._________._____._ ee 204 ~ 16 New Zealand -~-+------- _— _~ 638 67 Paraguay_______________________.. 351 27 1,101 88 Peru___—~__ 5 1 ae -_- Philippines —-- = Le 174 | 11 33 7 South Africa, Republic of —-- ee 130 6 "79 6 Switzerland me 44 2 —_— __ Taiwan _____-______ 52. 2 147 6 Trinidad and Tobago_________________._.____. 2,500 220 2,500 220 Venezuela ----- ee 125 "18 199 28 Zaire —__ = __ a 262 24 

Total _-- ~~~ — 41,068 2,871 49,551 3,426 a eer 

Table 7.—U.S. exports of lithopone 
eee 
Quantity Value 

Year ‘(short (thou- 
. tons) sands) . 

a eee 

1975__-_ 1,833 $1,060 1976___ 779 937 1977__-__ 435 698 
A
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Table 8.—U.S. imports for consumption of barite, by country 

(Thousand short tons and thousand dollars) . 

1976 1977 

Country —_—_— ee rT OTT 
Quantity Value . Quantity Value 

Crude barite: 
Canada __________----~----------------- 

- 62 861 78 1,429 

Chile __________-___-_----------+--------- 12 283 27 770 

France _________-__---~---------------- 27 ~ 1,079 _- -- 

German Democratic Republic ____-_----------- (4) 1 __ _- 

Germany, Federal Republic of __.-_------------- 4 77 _- _- 

Greece ________-_--------~------------- 17 385 17 242 

Ireland __________~-----~-----~---------- 199 2,328 211 2,659 

Malaysia _____--_-----~----------------- 
_- _- 3 42 

Mexico ____._--_---------------------- 106 1,605 115 2,034 

- Morocco ____-----~-~-------------------- 101 3,078 74 2,339 

Mozambique __—— —--=--+------------------ 18 , 561 _— __ 

Peru__________------------------------ 
210 3,246 267 4,721 

oo Thailand __________.-~-----------~----- _- — 15 1,266 

Turkey _...___-----~-------------------- 149 4,173 88 2,553 

Total _._______-_----------~-~----------- 905 17,677 955 18,055 

. ————————————————— 

Ground barite: . 
Belgium-Luxembourg ————-—---------------- _- _- (7) 1 

Canada _______-----_------------------ ) 7 ) 2 

‘Colombia _____.__.--------------------- (*) 2 (4) 1 

Germany, Federal Republic of ___-------------- () (4) (4) 1 

Mexico ________----------------------- 13 143 19 116 

Total _._-___-----_------------------ 18 152 19 121 

. * Less than 1/2 unit. | 

Table 9.—U.S. imports for consumption of barium chemicals _ 

Blanc fixe . . 
. te Barium Barium 

Lithopone _ (precipitated | chloride | hydroxide 

: Quan” Value «= AR Value «Value Quan- value 
, Ghert —(thou- hore = (hour hort (thou. (short —(thou- 

tons) sands) tons) sands) tons) | sands) tons) sands) . 

1975 ________---_------ ee 3) $6 5,443 $2,047 1,199 $358 2,595 $1,492 

1976 ___-_____-___-_--~~- 69 25 7,971 2,643 3,425 690 2,422 1,090 

1977 __-__ 65 27 8,729 3,069 5,384 1,170 2,448 1,222 

: . Barium carbonate Other barium 

Barium nitrate precipitated compounds 

Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 

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

1975 ____-__--------- 598 $233 681 $111 An $196 
. 1976 __________-_----- 520 122 2,420 423 86 102 

1977 _________-~-_---~+-- 899 197 6,911 1,391 395 286 

nnn
 a 

Table 10.—U.S. imports for consumption of crude, unground, and crushed or ground 
witherite 

Crude, unground Crushed or ground 

Year Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 

1975 _-_--__---------------- 1 ) 84 AA 

1976 _-_________----~----~---- 6 ' $5 278 6 

1977 _.___-_______~------~---- -- _- 518 103 

1Less than 1/2 unit.
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WORLD REVIEW . 

_ World barite production for 1977 increas- Mai in the north, Nakhon S. Thammarat in 
ed 4% to 5.9 million tons. U.S. production the south, and Loei in the northeast. In the | 
was 25.4% of the world total. north (435 miles from Bangkok), reserves of 
Japan.—Barite ore reserves were esti- 6 million tons have been delineated. Pro- 

mated at 8 million tons of 24% BaS0,. The duction over the last 2 years has been : 
principal producers were Dowa Industry depressed by the decline in drilling in 
Co.; with mines at Fukazawa and Kosaka Southeast Asia. About one-half of Thai- ; 
and a total capacity of 5,000 short tons per land’s barite is exported, with the majority | 
month, and Sakoi Chemical, with amine in going to Singapore and Indonesia.® : 
Hokkaido and a capacity of 1,100 short tons Endeavor Resources Ltd. of Australia sold 
per month. Most of the domestic production its barite interests to NL Industries for 
was used for well drilling, with the remain- about $1.1 million. Plans for a 120,000-ton- 
der used for barium chemicals. Japan also per-year barite operation were announced — 
imported between 11,000 and 22,000 tons of by Pand S Barite Mining Co. The opera- | 
barite from the People’s Republic of China, tion is to be in Nakhon Si Thammarat | 

- Thailand, and India.‘ Province.” | 
India.—Mining commenced on a barite U.S.S.R.—Barite production reached a- 

- deposit located near Mangampet in the bout 495,000 tons in 1977, about 60% of 
Cuddapah District of Andhra Pradesh; re- domestic consumption. Imports were chiefly 
serves were estimated at over 55 million from N orth Korea, Yugoslavia, and Bul- 
tons. Andhra Pradesh Mining Corp. shipped 8@ria. Georgia, Kazakhstan, and West Sibe- 
12,000 tons to Abu Dhabi during the years ria continued to be the principal source © Iran.—IMCO Services formed a new com- 2reas of barite. Construction continued on a 
pany, Doreen/IMCO, to develop a barite 45,000-ton-per-year complex at Khaishi in 
mine near Keshan, 155 miles south of Teh- Svanetia, Georgia." | 

_ ran. The processing plant is expected to "Physical ecient +, Division of N | tallic Minerals | 
have an annual capacity of 120,000 tons per; Jackson, "D. New Plante Move IMCO Services Into 
year or 30% of Iran’s requirements.® Front Ranks of Nevada Barite Producers. Engineering and Ireland —Shetlands Barytes Co. Ltd. set Myung Journal I\No-T July itt op tea. up a barite grinding plant with a capacity of Engineering and Mining Journal, v. 178, No. 6, June 1977, 
40,000 tons per year. The plant was set up in Pe ben. P. The Industrial Minerals of Japan, Part 2 

_. Shetlands due to its function as a major Industrial Minerals, No. 18, August 1977, p. 2. ior. 
supply point for North Sea drilling activity.’ shardi, G. R. India. Min. Ann. Rev., June 1978, p. 487. 
IMCO Services began operation of a jig- guigine E ugineering. Industry Newswatch. V. 29, No. 7, 

| ging plant near Sligo to be operated by its _undustrial Minerals (London). No. 117, June 1977, p. 14, 
_ Sligo Bay Barytes Co. subsidiary. The  poumfineené Barbe. Coie No tO Octane gation 

$600,000 plant will have an annual capacity 168 dustrial Minerals (London). The Industrial Mi: 
of 50,000 tons and the product will be  o¢hailand No. Tit dame 17 on oe eae rial Minerals drilling-grade barite.® *°Mining Annual Review. Thailand. June 1978, p. 454. Thailand.—Most of Thailand’s barite pro- 577 Mining Annual Review. U.S.S.R. June 1978, pp. 576- 
duction came from three Provinces, Chiang
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Table 11.—Barite: World production, by country 

- (Thousand short tons) 

rene eg 
eee 

Country 1975 1976 1977" 

North America: — 
Canada ___________---------------------------- 90 111 £139 

Mexico ______-----_-------------------~-------- 331 298 309 

United States?’ ________-____--_--------+---------- 1,318 1,234 1,494 

South America: 
Argentina ________-_---------------------------- 43. 45 46 

: . Brazil. __._____------------~---=----------~----- 59 56 °55 

a Chile ______________-~~----~-----+--------------- 7. 19 929 

Colombia ____._-___-_---------------------------- 3 °3 °3 

a , Peru_____________-_-~=--~-------+~-------------- ©255 365 €310 

Europe: / . 7 - 

Austria _....._.-------------------------------- . (5) - 8). °) 

Czechoslovakia® ____ ___-_-------------------------- 8 8 8 

- France __________----~_-~------~-+-------------- 101 165. ©165 

. German Democratic Republic® __ ___ ___----------------- 34 34 34 

_ Germany, Federal Republic of ____.._-_----------------- 273 289 - 320 

Greece*___ _______________--------------------- "96 48 43 

Jreland _____s2_-_--~---_---~-+-~--=-----—------------ 325 356 ©3380 

oe Italy... __.__--------------------------------- 235 197 ~ 150 

_ . Poland _______.-_----~------------------~------ | 59 89 "94 

- Portugal _.____---_----------------------------- ; 3 BA 1 , 

: . ~ Romania® ____________-__--------------+-------- 128° 128 130 

oe ‘Spain _____________-___-----------_--~----+--- 85 °g5, £99 
U.SS.R®& _____ ee 380 440 495 

United Kingdom _______-------------------------- 56 55 °55 a 

Yugoslavia. _.__.-.---~------------------------ 67 62 65 

Africa: 7 . po 

: Algeria _.________----------------------------- 15 _ Feqy e792 
| Egypt __-___--_-__---------------------------- 1 Qe) 1 

Kenya __.-------------------=----------------+ (3) €(3) (°): 

Morocco __________-~--~----------------------- T151 152 °154 

South Africa, Republic of _______--------------------- 1 2 3 

Swaziland _______________--.--~-------~--~-~------- (°)  €8) (3) 

Tunisia _________-_~-~__-~--~--~~~—-----—------~-~+---= — 916 26 18 © 

Asia: . . 

Afghanistan? ________________-_----------------- 6 6 °6 
Burma ____________---------~----~-----~+------- 17 15 —  4T 

China, People’s Republic of ________-./---------------- 275 300 330 

India _________________ ~~~ - 193 215 347 

Iran® _____ eee eee e+ 161 ©190 ®190 . 

Japan _________-----------~----~--------~-------- 41 59 62 

Korea, North® __ ___________-----_--------+--------- T130 130 ‘130 

Korea, Republic of __.._.___-_--__----~--------------- 2 5 3 

Malaysia ______.___--_-_-------~---~----—~--------- 1 7 13 

Pakistan _._________________-~-_~_-------+ +--+ + 5 10 "14 

Philippines __________-_-__---------------------- 4 4 6 

Thailand ____________-------~--------—----------- 285 167 “110 

Turkey ____________-_-----~---------+-----+----- 73 208 45 
Oceania: Australia ______________-_~-~-----~---~-~--~~+~---- 26 12 13 

Total___________---~---};}-------------------- 75,419 5,666 5,892 
en 

€Kstimate. Preliminary. ‘Revised. 
1In addition to the countries listed, Bulgaria and Southern Rhodesia also produce barite, but available information is 

inadequate to make reliable estimates of output levels. 
Sold or used by producers. 
SLess than 1/2 unit. | 
*Barite concentrates. 
5Year beginning March 21 of that stated.
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auxite and Alumina | 

By Horace F. Kurtz! 

World bauxite production rose 6% and alumina increased 14% to over 4 million 

. reached a record high level of over 81 tons. Imports provided about 88% of the 

million long tons in 1977. Producers in bauxite used by domestic alumina produc- 

Australia and Jamaica provided most of the ers and 38% of the new supply (production 

| _ increase over the previous year. The pro- plus imports) of alumina. 

duction of alumina (aluminum oxide), the . Legislation and Government Pro- 

: intermediate product between bauxite and grams.—The Federal Preparedness Agency, 

aluminum metal, also was a new record, General Services Administration (GSA), 

_ totaling over 32 million short tons in 1977. : stockpile inventories at the end of 1977 

The increases in the output of bauxite and included about 14.2 million long tons of 

‘alumina. largely reflected a continued metal-grade bauxite (excluding excess that 

growth in world demand for primary alu- had been sold), 173,000 tons of calcined 

minum, the principal end use of these refractory-grade bauxite, and no alumina. 

commodities. Stockpile goals at yearend were 0.5 million 

In the United States, bauxite production long tons of metal-grade bauxite, 2.1 million 

increased slightly to nearly 2 million long tons of refractory-grade bauxite, and 11.5 

tons. Alumina production rose about 4% to million short tons of alumina. - 

6.65 million short tons, while imports of , | 

Table 1.—Salient bauxite statistics 

(Thousand long tons and thousand dollars) | 

| 1978 1974 1975 1976 1977 

United States: 
Production, crude ore (dry equivalent) ______~~- 1,879 1,949 1,772 1,958 1,981 
Value ________________________------ $26,685 $25,663 $25,088 $26,645 $28,018 

. Exports(as shipped) _.____.-__-------~--- 12 16 19 15 25 

Imports for consumption’ _________------- 13,403 14,976 11,529 | 12,548 12,784 
Consumption (dry equivalent) _________--___ 16,650 16,904 12,388 13,817 14,299 

World: Production “____..-_-_-------------- 69,244 78,362 773,610 776,602 81,102 

"Revised. 
1Rxcludes calcined bauxite. Includes bauxite imported into the Virgin Islands. 

DOMESTIC PRODUCTION 

Bauxite production in the United States In Arkansas, bauxite was mined by Alum- 
increased 1% to 1.98 million long tons (dry inum Co. of America (Alcoa), American 
basis) in 1977. Output increased in all three Cyanamid Co., and Reynolds Mining Corp. 
producing States, Alabama, Arkansas, and in Saline County, and by Reynolds in Pulas- 
Georgia. Arkansas again produced 85% of ki County. American Cyanamid calcined | 
the total. All of the bauxite was mined at bauxite at its plant at Benton, Ark., and 
open pit operations, as the only under- Porocel Corp. (owned by Engelhard Mine- 
ground mine active in recent years did not rals & Chemicals Corp.) produced activated 
produce in 1977. bauxite at its Berger plant. 

167
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In Alabama, the second largest producing ed about 4% to an estimated 6.87 million 
State, bauxite was mined in the Eufaula _ short tons (6.65 million tons calcined alumi- 

district, Barbour and Henry Counties, by na equivalent) in 1977. The total production 
Abbeville Lime Co., A. P. Green Refracto- included an estimated 6.15 million tons of 
ries Co. (U.S. Gypsum Co.), Harbison- calcined alumina, 620,000 tons of commer- 
Walker Refractories Co. (a division of Dress- cial alumina trihydrate, and 100,000 tons of 
er Industries, Inc.), Mullite Co. of America tabular, activated, and other alumina. 
(C-E Minerals Div. of Combustion Engi- Shipments of alumina by producers total- 
neering Inc.), and Wilson-Snead Mining Co. ed an estimated 6.79 million tons (6.57 
(NL Industries, Inc.). Drying or calcining million tons calcined equivalent) and were 
plants were operated by A. P. Green, valued at $970 million. Calcined alumina 
Harbison-Walker, and Wilson-Snead. shipments to primary aluminum plants to- 

Bauxite was mined in Sumter County, _ taled 5.8 million tons, or 88% of the calcined 
Ga., by American Cyanamid and Mullite equivalent of total shipments. The chemical — 
Co. of America. Both companies operated industry, including producers of aluminum 

| processing plants near Andersonville, Ga. fluoride fluxes for aluminum plants, receiv- 

The production of alumina (excluding ed over half of the remaining tonnage, 
aluminates) at the eight Bayer-process alu- largely as hydrate. Other shipments of alu- 
mina plants in the United States and the mina went mainly to producers of abrasives, 

| one plant in the U.S. Virgin Islands increas- ceramics, and refractories. 

Table 2.—Mine production of bauxite and shipments from mines and processing | 
plants to consumers in the United States | | 

| (Thousand long tons and thousand dollars) — . 

| Mine roduction enn ae 
State and year TT COUdy AsO Dry 

Crude equivalent Value! shipped equivalent Value? . 

. 1975: , — 
Alabama and Georgia _..______- | 302 230 2,127 175 236 ™6,117 | 
Arkansas ______________- 1,862 1,543 22,956 1,883 1,599 25,412 

Total? _.._____________ 2,164 © 1,772 25,083 - 2,058 1,836 ™31,529 

1976: | 
Alabama and Georgia ________ 369 291 2,165 135 214 78,909 
Arkansas _______________ 2,013 1,667 24,481 2,035 _ 1,728 27,580 

| Total? 2,382 1958 § 26,645 2.170 1,941 ™36,489 

1977: 
Alabama and Georgia ________ 381 305 3,166 - 1038 185 8,006 
Arkansas ---------------_ 2,016 1,676 24,851 1,988,657 26,532 
Total?» § ee 2,397 1,981 28,018 2,036 1843 - 34,588 

1Computed from values assigned by producers and from estimates of the Bureau of Mines. 
2Data may not add to totals shown because of independent rounding. 

Table 3. Recovery of dried, calcined, Table 4.—Percent of domestic bauxite , e shi wae 

United States __Spments, by silica content 
(Thousand long tons) SiO2 (Percent) 1978 1974 1975 1976 1977 

Total processed Less than 8 — - — 6 Z 4 6 2 
Year Crude bauxite recovered! Morethan 1522283 28 34k 
a 

covered ‘alent 

1976 _._______ 360 172 284 
1977 _. 412 167 289 , 

1Dried, calcined, and activated bauxite.
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Table 5.—Production and shipments of alumina in the United States 
(Thousand short tons) — 

Calcined Other 9 ———___1ta) r 
Year alumina alumina! | As produced Calcined 

or shipped equivalent 

Production:? 
1978 _._-_-_____ 6,834 734 7,568 7,844 
1974__ 7,059 753 7,812 7,589 
1975 5,223 624 5,847 5,660 
1976-29 . 5,900 ~~ 700 6,600 6,400 
1977® 8 6,150 720 6,870 6,650 

Shipments: . 
~19738_ 2 eee 6,822 738 37,561 7,335 
1974 7,051 745 7,196 5T5 
1975 5,232 628 5,860 5,671 
1976 ~= 5,900 700 6,600 | 6,400 
77® 8 6,070 720 6,790 6,570 

°stimate. | | | 
1Trihydrate, activated, tabular, and other aluminas. Excludes calcium and sodium aluminates. 
Includes only the end product if one type of alumina was produced and used to make another type of alumina. 

| 5Data do not add to total shown because of independent rounding. 

| Table 6.—Capacities of domestic alumina plants, December 31, 1977! : 

(Thousand short tons per year) : | 

Company and plant , Capacity 

Aluminum Co. of America: | | 
Bauxite, Ark ____.___________-~-~-~--~~-~_____ eee 375 
Mobile, Ala ~~ ~~ ~____~_~___ Le 990 
Point Comfort, Tex _____________-_--_--~------~--~-~-~-~-~-~--~-+--~-+-~~-~ +--+ +--+ 1,335 

Total _.__________________ eee 2,700 
Martin Marietta Aluminum, Inc.: St. Croix, V.I__-~~~_~9_~9_ ~~ ee 520 

Kaiser Aluminum & Chemical Corp: | 
Baton Rouge,La _____________________-___________ eee 1,025 
Gramercy, La ____________~_~___ eee 800 

Total _._- Le 1,825 
Ormet Corp.: Burnside,La _~__..______-__-___-~------_ Le 600 

Reynolds Metals Co.: _ 
Hurricane Creek, Ark _____________________---~ ~~~ ee 840 
Corpus Christi, Tex _.._.__________-__~______ ee 1,385 

Total _.__________________ eee 2,225 

Grand total ~~~ LLL LL 7,870 | 

1Capacity may vary depending upon the bauxite used. . 

| CONSUMPTION AND USES 

The consumption of bauxite in the United used mainly bauxite mined in Arkansas, 
States (including the U.S. Virgin Islands) and the other seven alumina plants used 
increased nearly 0.5 million long dry tonsor only imported ore. 
about 3% in 1977. Consumption rose in each The refractories industry reported con- 
of the major bauxite consuming industries. sumption of bauxite totaling 426,000 tons 
About 88% of the bauxite used during the (dry weight basis), an increase of 6% over 
year came from foreign countries. the previous year. (Data may exclude some 

The production of alumina in various bauxite blended with clay by producers and 
forms required 13.3 million long dry tons of not reported as bauxite consumption.) Near- 
bauxite or 93% of the total bauxite con- ly all of the bauxite consumed in refracto- 
sumption. An estimated average of 2.01 long ries was used in the calcined form, which 

tons (dry basis) of bauxite was used to weighs about 65% of the dry equivalent 
| produce 1 short ton (calcined basis) of alu- weight. Imports comprised 79% of the baux- 

mina. The two alumina plants in Arkansas _ite used in refractories. Refractory manu-
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facturers reported receipts of about 90,000 tions, principally refractories. 
tons (dry basis) of domestic bauxite and Bauxite consumption in the chemicals 
325,000 tons of foreign ore. About 94% of industry increased 6% to 195,000 tons in 

_ the imported ore came from Guyana and 1977. Guyana and the United States were 
| nearly all of the remainder came from the principal sources of bauxite for this 

Surinam. The trends in domestic consump- industry. The production of commercial 
| tion and availability of refractory raw mate- aluminum sulfate in the United States, - 

rials were reviewed.” ! according to the Bureau of the Census, . 
_Five companies consumed imported cal- decreased from 1.23 million short tons (rev- 

_ ined bauxite in the manufacture of artifi- ised) in 1976 to 1.16 million tons (prelimi- 
cial abrasives. Over 60% of the bauxite nary) in 1977 

| received by thesé companies came from Other consumers of bauxite, in descend- 
Surinam. Australia and Guinea provided ing order of magnitude included the ce- 

. most of the remainder. Data on consump- g t oil and agn teel d ferroall | 
tion by the abrasives industry include baux- indi f on an d gas, § al ? te ks oys 

| ite fused and crushed in Canada because ‘CUStHICS, an US 5 1 Waterworks. — 
much of the fused product is made into | Thirty-one U.S. primary aluminum 

: abrasive wheels and coated products in the. plants consumed 8,701,000 short tons of 
| United States. About 10% to 15% of this calcined alumina, 7% more than the 

- material is used for nonabrasive applica- 8,117,000 tons consumed in 1976. Alumina 
| | | consumption data for other uses were not 

| oe . - available. A significant quantity was used 
; Table 7.—Bauxite consumed in the to make aluminum fluoride and synthetic | United States by industry | : c.f . 

(Thousand long tons, dry equivalent) cryolite, which is also used in the pro- 
| ne Mons ay eA duction of primary aluminum. | 

| Year and industry Domestic Foreign Total! | | | 

1976: | Table 8.—Crude and processed bauxite 
Alumina -___~--- 1,652 11,254 = 12,905 consumed in the United States . 

co Abrasive? _______ _- 260 260 j 
Chemical ________ 367 3184 184 (Thousand long tons, dry equivalent) 

ee er ~_______~~_ mestic oreign 1 —$—$ Type se ss Total 

| Total’? _______ 1,806 12,012 18,817—_§_ ———______ 
| oo _ 1986: 

1977: 
. : 

Alumina ________ 1,589 11,750 18,389 Grude and dried — — - 16690 LS 18,102 
Abrasive? _______ __ 270 270 activated _____ 137 578 715 
Chemical ______ __ 359 3205 195 OOo 
Refractory _______ 88 338 426 Total _._.____ 1,806 112,012 13,817 

| Other __________ WwW Ww 69 —— 
2 1977: | 

| Total? ________ 1,736 12,568 14,299 Crude and dried _ __ 1,602 11,950 18,552 

W Withheld to avoid disclosi i osetivated ‘ 134 613 TAT 
data; included with “Chemical.” ing company Proprietary eS 

1Data may not add to totals shown because of indepen- Total _______~- 1,736 12,563 14,299 
dent rounding. ——_ 

2Includes consumption by Canadian abrasive industry. 1Data may not add to totals shown because of indepen- 
3Includes other uses. | dent rounding.
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. Table 9.—Production and shipments of selected aluminum salts in the United States, 
7 in 1976 . 

(Thousand short tons and thousand dollars) oo 
a 

. Total shi ts 
Ite Number Produc- including interplant 

m producing tion transfers 

| | _ Plants Quantity Value 

Aluminum sulfate: | 
Commercial (17% Al2Os) ..___-__------ 67 1,230 1,157 84,843 | 
Municipal (17% Al2Os) _____-_--------~- 2 WwW XX XX 
Iron-free (17% AlgOs) _________-__--_- 18 174 156 8,461 

Aluminum chloride: 
Liquid (82°Bé) __________________-__ 5 Ww Ww Ww 
Crystal (32°Bé) 
Anhydrous (100% AICls) _.______-_--_- 6 35 29 20,483 

Aluminum fluoride, technical __________-_- 4 132 | 133 50,238 
Aluminum hydroxide, trihydrate 

(100% Al2Ose8H20) _________-__-_---- 6 | 488 WwW Ww 
Other inorganic aluminum compounds? _ _ _ — __ — XX XxX XX 40,162 

W Withheld to avoid disclosing company proprietary data. XX Not applicable. . 
Includes sodium aluminate, light aluminum hydroxide, cryolite, and alums. 

Source: Data are based upon Bureau of the Census report Form MA-28E.1, Annual Report on Shipments and 
Production of Inorganic Chemicals. | 

| a | | STOCKS | 

Bauxite inventories in the United States bauxite, 5,719,000 tons of Surinam-type 
increased about 2% to a total of 20.9 million bauxite, and 175,000 tons (270,000 tons, dry 

long dry tons during 1977. Most of the basis) of calcined refractory-grade bauxite. 
increase was attributed to a buildup of About 420,000 tons of the Surinam-type 
bauxite stocks at alumina plants. Invento- bauxite had been sold and was reported as 
ries at domestic bauxite producers rose excess. | | 
100,000 tons. GSA reports indicated that Total inventories of calcined and other — 
Government stockpiles were reduced over forms of alumina at plants producing alumi- 
200,000 tons during the year. na and primary aluminum metal increased 
Government stockpiles at the end of 1977 from 1.44 million short tons (revised) to 1.67 

consisted of 8,859,000 tons of Jamaica-type million tons by the end of the year. The 
Government held no stocks of alumina ex- 

Table 10.—Stocks of bauxite in the cept in the form of abrasive grain and crude 
United States? fused aluminum oxide. These stockpiles 

(Thousand long tons, dry equivalent) were reduced 3% to 312,000 short tons. 

Dec. 31, Dec. 31, ° ° 
Sector 1976 1977 Table 11.—Stocks of alumina in the 

NEN United States ! 

Consumers? gana (Thousand short tons, calcined equivalent) 
Government __.._____-__-- 15,066 14,849 —_—_——— 

- —— Sector Dec. 31, Dec. 31, 
Total® _..___________ _ *20,428 20,879 1976" =—-1977 

"Revised. Producers® _________--_-_~- 175 250 
1Domestic and foreign bauxite; crude, dried, calcined, Primary aluminum plants -__ ~~~ _ 1,263 1,423 

activated; all grades. a 
Includes bauxite stockpiled by the U.S. Government Total ____------------ 1438 1,678 

during World War II and purchased by Reynolds Metals 9 OO ..000O0 
Co. *Estimate. "Revised. | 

’Data may not add to totals shown because of indepen- 1Excludes consumers stocks other than those at pri- 
dent rounding. mary aluminum plants.
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‘PRICES | . 

| Prices on most of the bauxite and alumi- prices on super-calcined, refractory-grade 
na produced throughout the world are not’ bauxite imported from Guyana, car lots, per 
quoted because the large tonnages used by metric ton: 
the aluminum industry are usually obtain- : | 

| ed from affiliated companies or purchased nur Marc 
under long-term negotiated contracts. February November December 

The Bureau of Mines estimated the aver- r 5 ” ) 
age value of crude domestic shipments in “‘Raitimore,Md . $117.28 «$135.27 «$138.42 
1977, f.o.b. mine or plant, at $11.60 per long Fob... 
ton. The average value of shipments of _MobleAla--— 117-28) 185.77 188.42 ' 

: domestic calcined bauxite was estimated at 
$69 per ton. The Bureau’s estimates of the The estimated average value of domestic 
value of shipments were based on incom- shipments of calcined alumina was $139 per — 
plete data supplied by producers. Bauxite short ton in 1977, compared with $128 | 
values among producers varied widely be- (revised) in 1976. The average value of 

| cause of differences in grade. imported alumina (including small quanti- 
The value of imported bauxite consumed ties of hydrate), as reported by the Bureau 

- at alumina plants in the United States was of the Census, was $124 per ton at port of 
believed to have increased in 1977, but shipment and $131 per ton at U.S. ports 
sufficient company data were not available  (c.i-f.). Exports of alumina from the United 
to determine an average value. Engineering States and the Virgin Islands averaged $149 
and Mining Journal published the following _ per ton. | 

Table 12.—Average value of U.S. imports of crude and dried bauxite in 1977! | 
(Per long ton) 

. Country? | Port of shipment Delivered tons. ports 

Dominican Republic ________________ | $29.62 $34.23 
Guinea ___________ 20.27- 28.15 
Guyana_______ ee 22.69 33.45 
Haiti _______ 26.67 30.66 
Jamaica _______________________ 27.95 © 30.95 
Surinam ____~§____ 23.18 - 32.11 
Other ____--__-_-__ 9.93 14.97 

Weighted average ___.-__________ 25.73 30.74 

1Not adjusted for moisture content. 
?Excludes bauxite imported into the U.S. Virgin Islands. 

crore: Based on data reported to U.S. Customs Service and compiled by the Bureau of the Census, U.S. Department of 
mmerce. : 

| Table 13.—Market quotations on alumina and aluminum compounds 
(Per short ton, in bags, carlots, freight equalized) 

Alumina, calcined ________-------_-_-__- ee $158 $207 
Alumina, hydrated, heavy _______-__-___-__~__.~-~_ 118 130 
Alumina, activated, granular, works __-________________________ 320-360 320 
Aluminum sulfate, commercial, ground (17% AlgO3) _~_._-_-___________ 121 129 
Aluminum sulfate, iron-free, dry (17% AleOs)_ _-_-._/__-_-._-____________ 140 140 

OE 

Source: Chemical Marketing Reporter. 

FOREIGN TRADE 

Exports from the United States classified excluding alumina” totaled 25,000 long tons 
as “bauxite and concentrates of aluminum in 1977 and were valued at $2.34 million.
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Canada received 65% of the total. | U.S. Virgin Islands increased 2% to 12.8 
Alumina exports declined 18% to 944,000 million long tons in 1977. Receipts from 

short tons, including 37,000 tons of alumin- Surinam increased over 300,000 tons and 
um hydroxide. The total also included ship- showed the largest gain among supplying 
ments of 326,000 tons of alumina to the countries. Jamaica again provided nearly 

| U.S.S.R. and 38,000 tons to Norway from half (49%) of the total. Imports from Guinea 
the alumina plant in the U.S. Virgin Is- provided 23% of the total, Surinam provid- 
lands. Most of the other exports were ship- ed 15%, and Haiti, the Dominican Republic, 

ments from domestic alumina plants on the and Guyana provided most of the remain- 
lf coast to aluminum plants in Ghana, ©: | 

Mexico, and Canada. P Calcined bauxite imports decreased 23% 
Aluminum sulfate exports fell sharply to 238,000 ong calcined tons. ot ot ens 

from 51,000 short tons in 1976 to 12,000 fonnage was re! ractory grace auxae irom 
tons, valued at $900,000, in 1977. About {Yana « to Canada for ms facta nto 
7,000 tons were shipped to Canada. Exports ™P0 into vanada for manutacture in 

see . crude fused aluminum oxide, much of which : 
of artificial corundum or fused aluminum . . 
oxide decreased about 2,000 tons to 20,000 W® subsequently used in abrasive and re- 
t alued at $13.2 aK Canad ? th fractory products in the United States. This 
lors. t ved a t , - 5 jon. t anada, te bauxite was imported into Canada princi- 

| od 9.0 00 tons. Export. , scified an “other pally from Surinam but also from Austra- 
(000 tons. Exports classified as other ji. Guinea, and other countries. 

| aluminum compounds” declined 7,000 tons Alumina imports, including small quanti- 
to 34,000 tons, valued at $17.6 million. Much tig of aluminum hydroxide, increased 14% 

__ of the tonnage in this category was believed to a record high level of 4.15 million short 
to be aluminum fluoride and synthetic cry- tons, valued at $512 million at the port of 
olite shipped to other countries for use as a shipment ($544 million, c.i.f.). Imports in- - | 
flux in making primary aluminum. About creased from all three of the principal 
9,000 tons was shipped. to Ghana, 8,000 tons supplying countries, Australia, J amaica, 

to Surinam, 5,000 tons to Canada, and 4,000 and Surinam. Shipments from Australia, 
tons to Venezuela. largely to aluminum plants in the Pacific 

The United States imposed no duties on Northwest, provided 69% of the total im- 
imports of bauxite, alumina, or aluminum ports. Imports of crude aluminum oxide 
hydroxide in 1977. All duties on these com- abrasive, virtually all of which came from 
modities were suspended in 1971. Canada, totalled 180,000 short tons in 1977, 

Imports of crude, partially dried, and compared with 174,000 tons in 1976. 
dried bauxite into the United States and the | 

Table 14.—U.S. exports of alumina,' by country 
(Thousand short tons and thousand dollars) 

”«*TSC“‘“CONCSO™#!#™;#~#;#4497#6~~“—sS*S*SSSCNSN 
Country —_———. $$ — 

. Quantity Value Quantity Value Quantity Value 

Australia. ___________________ 2 896 2 862 2 7157 
Belgium-Luxembourg ____________ 1 598 1 413 1 872 
Brazil ____________-_____ 1 496 2 1,087 5 1,588 
Canada_____________________ 217 30,350 314 47,912 80 17°929 
France ____________-________ 2 556 4 1,329 4 1,851 
Germany, Federal Republic of _______ 4 2,565 4 3,091 4 3,679 
Ghana ________________ 156 15,112 243 29,410 237 29,183 Japan ________-- ~~ 222 le 4 4,329 2 2,879 2 2,765 
Mexico ______________-._____ 131 16,483 124 17,407 136 20,947 
Netherlands __________________ 1 543 -1 727 1 818 
Norway________~~~_~_________ 164 19,961 48 5,390 38 4,255 
Poland _______________-_____ (7) 21 28 3,248 _- _- 
Sweden __ = 1 442 29 3,420 60 8,027 USSR_- ~~ =~ 158 16,935 272 26,808 357 38,208 
United Kingdom _______________ 4 2,181 6 2,509 5 2,198 
Venezuela ____________________ - 104 9,812 73 9,503 2 1,363 
Yugoslavia___§_-§__________ -____ 69 7,258 -- _- _- _— 
Other ----------------------____ 1055858978105 

Total _-- ~~~ 1,029 134,073 1,158 159,918 944 141,016 $$ EE 
Mnclud rts of alumi hydroxide: 1975—24,000 tons, 1976—35,000 , 1977—37, si i exported from the U.S. Virgin Islands to foreign countries: 1975~-263,000 tons, 1976'-309,000 fone, 197 S64 oO eee 

unit. -
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- Table 15.—U.S. imports for consumption of bauxite, crude and dried, by country’ 

(Thousand long tons) 

en nnn 
Country 1975 1976 1977 

eee 

Australia____-_-§____________-__~---------------- | 93 _- (??) 

- Dominican Republic? ______.____-_--------~--------- 142 ——- 609 574 

Greece _______________--_.------~-~-+~+--+------- 26 _— 56 

Guinea __________________ ~~~ 2,598 3,016 2,981 

Guyana__________--_---------~----------------- 295 635 _ 374 

Haiti _-________________ ee 495 606 -- §18 

Jamaica? _ _________________ ee ee 5,396 6,185 «6,254 

. Sierra Leone. ______________~_------++---------- 27 53 79 

Surinam ________~____—___--~---~---~-+-+---------- 1,857 1,544 1,888 

Other ____________________--------+-+---------- __ oo) 7). 

Total ______________~__~~-~--__---~-+-~-+-------- 11,529 12,548 12,784 

er ee 

1Includes bauxite imported into the US. Virgin Islands from foreign countries: 1975—939,000 tons, 1976—902,000 tons, 

1977—858,000 tons. 
2Less than 1/2 unit. 
3Dry equivalent of shipments to the United States. 

| | Table 16.—U.S. imports for consumption of bauxite (calcined), by country : 

. (Thousand long tons and thousand dollars) 

nn Nn a 
1975 1976 1977 

Country a Oo 
: Quantity Value ! Quantity Value? Quantity Value 1 

China, People’s Republic of ______---- 14 350 11 861 | -- _- 

Guyana _________-__---------- 255 22,585 263 22,546 216 21,635 

Surinam _________---~------~-- 64 2,291 33 1,790 21 1,755 

Trinidad and Tobago® __________-~- 15 1,463 & 25 -- -- 

Other ________--__----~~+---+--- (°) 3 2 176 1 54 

. Total _._________-_--_------- 348 26,692 309 25,398 238 . 23,444 
ee 

1Value at foreign port of shipment as compiled by U.S. Bureau of the Census. , 

2Shipments probably originated in Guyana or Surinam. 
3Less than 1/2 unit. | 

Table 17.—U.S. imports for consumption of alumina,’ by country 

(Thousand short tons and thousand dollars) 

te 
1975 1976 1977 

Country —_——$—$—$——$————— ee ————————X——ooee OO rr 
Quantity Value? Quantity Value? Quantity Value? 

Australia ____________--------- 2,154 201,748 2,751 284,497 2,855 318,76 
Canada __________-~--------~-- 21 3,289 14 2,504 23 4280 
France _______---_-_---~---~-- 11 14,563 10 13,734 9 039 
Germany, Federal Republic of _____ ~~ 4 2,126 6 3,485 28 6,996 
Guyana —— ---~-~~-~-~-~~-~-~--- 22 1,651 13 839 59 6,610 
Italy ae 29 2°673 __ _ __ __ 
Jamaica _________~-~__~~-~-~-~-~- 7719 96,609 616 79,526 693 106,889 

Japan ______-____----------- ) 22 @) 91 57 6,813 
Surinam _______~-_-~--------- 487 46,969 210 18,699 421 47,750 

Other _____----~--------~+---- (°) 389 4 1,103 eo) 197 

Total __________---~------- 3,507 370,039 3,624 404,478 4,145 512,413 

1Includes small quantities of aluminum hydroxide; excludes shipments from the U.S. Virgin Islands to the United 
States: 1975—131,000 tons ($16,410,000), 1976—165,000 tons ($19,394,000), 1977—104,862 tons ($17,492,940). 

2Value at foreign port of shipment as compiled by U.S. Bureau of the Census. 
3Less than 1/2 unit. 

WORLD REVIEW 

The total bauxite production of the 27 long tons in 1977. Australia was by far the 
producing countries throughout the world largest producer, accounting for about 32% 
rose an estimated 6% to over 81 million of the world total. Australia increased out- 

9
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put by nearly 2 million tons, Jamaica by by 10%. The company decided to alter its 
over 1 million tons, and Indonesia and alumina plant by 1980 to produce the sandy | 
Greece by about 0.5 million tons each. type rather than the floury type of alumina 
France was the only country that showed a and to increase nominal capacity to 1.2 
large decline in production. The bauxite million tons. 
industries of the Caribbean and northern Alcoa of Australia, owned by Aluminum 
South American countries were included in Co. of America (51%) and three Australian 

| a review of mining activities in this area.* mining companies (49%), mined bauxite in 
. World production of alumina gained an the Darling Range of Western Australia. 

estimated 10% to 32.4 million short tons. All of the bauxite production was used in 
The largest increase occurred in Canada Alcoa’s two alumina plants, located at Kwi- 
where production had been curtailed by nana and Pinjarro, which had a combined _ - 

_ strikes in 1976. Major increases were also annual capacity of about 3.75 million short 
recorded in Australia, Jamaica, and Japan tons. Alcoa withdrew from a proposed con- 
in 1977. Australia and the United States sortium to build an alumina plant at Wa- 
together produced 43% of the world total. gerup, south of Pinjarra, and was expected 
World alumina capacity did not change to proceed with construction of a new plant 
significantly during the year. at that location without other partners. 

_ At its annual ministerial meeting, the The consortium from which Alcoa 
International Bauxite Association, an or- withdrew asa potential partner, planned to 
ganization of 11 bauxite exporting coun- proceed with its project, relocating the 

_ tries, recommended a minimum cif. price plant site to Worsley, Western Australia, 
of $24 per metric ton ($24.39 per long ton) and was reportedly seeking additional parti- 
for “base-grade” bauxite in the North Am-  cipants to join Reynolds Metals Co. and 

| erican market for 1978. Alwest Pty. Ltd., owned by Dampier Mining 
Australia.—Comalco Ltd., Nabalco Pty. Co. Ltd. and News Ltd. The proposed alumi- — 

Ltd., and Alcoa of Australia (W.A.) Ltd., na plant would have an annual capacity of , 
accounted for virtually all of the bauxite 0.9 to 1.1 million tons and would cost an | 

| and alumina produced in Australia, the estimated $650 million. 
world’s largest producer of both commodi- Alumax, Inc., was reported to be engaged 
ties. in feasibility studies for the development of 

Comalco, owned by Kaiser Aluminum & bauxite deposits on leases it held in the 
Chemical Corp. (45%), Conzine Riotinto of Mitchell Plateau area of Western Australia. 
Australia, Ltd. (45%), and the public (10%), The possibilities of a bauxite-alumina com- 
produced 9.9 million long tons of bauxite at plex and the production of refractory-grade 

| its mines in the Weipa area of the Cape bauxite were reportedly under investi- 
York Peninsula in Queensland. The mining _ gation. 
and processing procedures and facilities at Brazil.—Construction continued at the 
Weipa were described.* An expansion of Trombetas River bauxite project of Min- 
bauxite production capacity to over 11 mil- eracdo Rio do Norte S.A., and bauxite ship- 
lion tons was underway in 1977. Bauxite ments were scheduled to begin early in 
shipments during the year totaled about 9.3 1979. The joint venture was to have an 
million tons, of which 52% went to the initial annual production capacity of 3.3 
affiliated alumina plant of Queensland Alu- million long tons, and increases to 5 million 
mina Ltd. at Gladstone, 19% to Japan, and tons and possibly 10 million tons were being 
29% to Italy and other countries. The pro- considered. At yearend Rio do Norte was 
duction of calcined bauxite, largely for the owned by Cia. Vale do Rio Doce (CVRD), 
abrasives industry, declined marginally in 46%; Alcan Aluminium Ltd., 19%; Cia. 
1977. Alumina production by Queensland Brasileira de Aluminio S.A., 10%; Reynolds 
Alumina reached a record level of 2.34 Metals Co. 5%; and four European alumi- 
million short tons. num companies, 5% each. Rio Tinto Zinc 

Nabalco, owned by Swiss Aluminium Ltd. (RTZ) sold its 5% interest in the venture to 
(Alusuisse) (70%) and Gove Alumina Ltd. CVRD during the year. Construction of an (30%), produced bauxite at Gove, Northern alumina plant of 880,000 short tons capacity 
Territory, both for export and for conver- at the Trombetas shipping port has been sion to alumina at its adjacent plant. Baux- proposed. 
ite production totaled about 5.1 million long RTZ’s Mineracéo Vera Cruz Ltda. was ' tons, and alumina production exceeded the conducting exploration and feasibility nominal capacity of 1.1 million short tons studies on its large bauxite deposit in the
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Paragominas area south of Belém during Africa. Frialco was owned by Noranda 

1977. The Government approved an agree- Mines Ltd. (88.5%), PUK (36.5%), British 

ment for CVRD to purchase a 36% interest Aluminium Co., Ltd. (10%), Alusuisse 

in Mineracéo Vera Cruz. Ethyl Corp. was (10%), and VAW (5%). | , 

reported to have sold its bauxite-kaolin The third bauxite producer was the Kin- 

concession in the Jari area of Amapa to dia Bauxite Office (OBK), owned by the 

Gulf & Western Industries, Inc. The bauxite Government of Guinea and operated with 

at this site was reportedly less extensive the U.S,S.R. assistance. Production was be- 

than originally believed. Bauxite occur- lieved to have been about 2.5 million tons, 

rences in the Amazon Basin were de- most of which was exported to the U.S.S.R. 

scribed.® The Government and the U.S.S.R. signed a 

Cia. Mineira de Aluminio, owned 50% by protocol in January for increased assistance 

Alcoa, undertook an expansion of its inte- by the U.S.S.R. in the exploration of bauxite 

grated facilities at Pogos de Caldas, Minas deposits in Guinea. More intensive explor- 

Gerais, including an increase of 44,000 tons ation was to be carried out in the Kindia, | 

- in the annual capacity of its alumina plant Gaoual, Pata, and Labé regions. _ 

to a total capacity of 198,000 tons. Alusuisse reported that prospecting had 

The Alunorte project, a proposal to been completed fora feasibility study on the 

construct an 880,000-ton-per-year alumina development of the Ayékoyé bauxite depo- 

plant near Belém, was scheduled for initial sits, located near the CBG concession. The 

production in 1982. Alunorte will be owned study was for a proposed large bauxite- 

by CVRD, 60%, and 32 Japanese companies, alumina complex to be ‘constructed by a 

40%. The refinery was expected to use joint venture of the Governments of Guin- | 

either Paragominas bauxite supplied by ea, Egypt, Iraq, Kuwait, Libya, Saudi Arab- | 

Vera Cruz or Trombetas bauxite supplied ia, and the United Arab Emirates. 

_ by Rio do Norte. | Guyana.—The Government-owned baux- . 

France.—Bauxite production in France ite producing companies, Guyana Bauxite 

declined for the fifth consecutive year and Co. Ltd. (Guybau) and Berbice Mining En- | | 

totaled less than 2 million long tons in 1977, terprise (Bermine), were merged into one 

the first time since 1963. Bauxite deposits company, Guyana Mining Enterprise, Ltd. 

: and mining techniques in France were (Guymine), which will operate as a subsid- 

described.® - iary of the Government-owned Bauxite In- 

Greece.—Nucleonics Hellas S.A. an- dustry Development Co. Ltd. (BIDCO). A 

nounced the discovery of a gibbsitic bauxite paper was presented describing the pro-— 

deposit in the Florina area of northern duction of specialty grades of bauxite in 

Greece. The deposit was believed to contain Guyana, the world’s largest producer of 

, 100 million tons, and proved reserves were _refractory-grade bauxite.* 

reported at 25 million tons. Greek bauxite India.—The Government of India was 

export quotas for 1978 were increased 26% considering the construction of two export 

to 2.9 million tons. oriented 660,000-ton-per-year alumina _ 

Guinea.—Guinea Bauxite Co. (CBG) was plants to be located on India’s east coast. 

the largest of three bauxite producers in The plants would be based on huge bauxite 

Guinea and produced 7.1 million long tons deposits still being explored in the States of 

in 1977. CBG was owned by the Government Orissa and Andhra Pradesh. It was reported 

of Guinea (49%) and Halco (51%), aconsor- that the U.S.S.R. had agreed to prepare a 

tium of aluminum producers owned by Al- feasibility study for bauxite mining and an 

coa (27%), Alcan (27%), Martin Marietta alumina plant in Andhra Pradesh and indi- 

Aluminum, Inc. (20%), Pechiney Ugine cated its desire to take half of the plant’s 

Kuhlmann Group (PUK) (10%), Vereinigte output in return for financing. A feasibility } 

Aluminium-Werke AG (VAW) (10%), and study for construction of an alumina- 

Alumetal S.p.A. (6%). CBG’s mining oper- aluminum complex in Orissa was expected 

ations at Sangaredi and the transportation to be awarded to one of the major interna- 

and processing of bauxite from this mine tional aluminum companies. This project 

were described in the literature.’ was expected to have excess alumina avail- 

Friguia, also owned by the Government of able for export even if an aluminum smelter 

Guinea (49%) and a consortium of alumi- is constructed. 

num producers, Frialco, (51%), produced Ireland.—In November, Alcan Alumi- 

bauxite entirely for its alumina plant locat- nium Ltd., Billiton B.V. (a company within 

ed at Kimbo, the only alumina plant in the Royal-Dutch Shell group), and The An-
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aconda Company announced agreement to provide a 40-year supply of bauxite for its 
construct an 880,000-short-ton-per-year alu- two alumina plants in Louisiana and an 
mina plant on Aughinish Island in the initial production levy rate of 7.5%, with 
Shannon River estuary, County Limerick. provisions for adjustments of that rate. In 
The plant will be operated by Aughinish April, Reynolds and the Government signed 
Alumina Ltd., 40% of which will be owned a similar agreement, under which the Gov- 
by Alcan, 35% by Billiton, and 25% by ernment would purchase all of Reynolds 
Anaconda. This project was launched in land holdings and a 51% interest in the 
1974 by Alcan with different partners but mining assets of Reynolds Jamaica Mines : 
deferred in 1975 because of the world reces- Ltd. Reynolds was also assured of a 40-year. 
sion. supply of bauxite and an initial production © 

Construction of the plant was to begin in _ levy of 7.5%. The new joint mining venture 
1978, and production was expected to start was to be called Jamaica Reynolds Bauxite 
in 1982. The plant will employ approximate- Partners. , : 
ly 800 people and will be based on the use of Total production at the Ewarton and 
imported bauxite, probably from Guinea Kirkvine alumina plants, owned by Alcan 
and Brazil. The total cost of construction Jamaica Ltd., increased 5% to 887 ,000 short 

_ was estimated to be in excess of $500 mil- tons. Talks between the Government and 
lion. It will be possible to expand alumina Alcan regarding ownership of land and 
capacity at this location up to a maximum bauxite reserves and Government particip- 
of 2.6 million tons per year. ation in Alcan’s equity continued during 
Jamaica.—Bauxite and alumina were 1977. | 

produced by affiliates of five North Amer- The bauxite mine and alumina plant of a 
ican aluminum companies, Alcan, Alcoa, Revere Jamaica Alumina, Ltd., have re- 
Anaconda, Kaiser, and Reynolds. In addi- mained closed since August 1975. In a suit | | 
tion to the bauxite produced to supply the filed by Revere against the Government, a 
four alumina plants operated during the Jamaican Court ruled that the bauxite pro- 
year, Jamaican bauxite was exported to the duction levy imposed on Revere was valid 
United States by Alcoa, Kaiser, and Rey- but that no levy was payable for a year 

| nolds. Total bauxite exports increased 1% (1976) in which there was no production.?° 
to 6.25 million long tons (dry basis) in 1977. The Overseas Private Investment Corp. 
Exports of alumina increased 25% to 2.24 (OPIC), a U.S. Government insurance agen- | 
million short tons. An agreement was sign- cy, reportedly denied a claim by Revere for 
ed by the Government of Jamaica to sell 1.1 expropriation compensation regarding its 
million short tons of alumina to Venezuela facilities in Jamaica. However, Revere con- 
over a 7-year period beginning in mid-1978. _ tinued to press its claim through arbitration 
Reportedly, the Government will purchase _ proceedings, asserting that the Jamaican , 
the alumina from Alcan. production levy was in effect expropriation. 

The Government established the bauxite Japan.—Japan was completely dependent 
production levy rate for 1977 at 7.5% of the on imports for its supply of aluminum raw 
average realized price of aluminum ingot. A materials and was the world’s second lar- 
base levy, which assumed a price of 5lcents gest importer of bauxite. Bauxite receipts 
per pound for primary aluminum, was set in 1977 totaled 5,234,000 long tons, of 

| at $17.79 per ton of bauxite. The past use of which 3,423,000 tons came from Australia, 
_ Jamaican bauxite lands and current gov- 1,189,000 tons from Indonesia, 513,000 tons 
ernment land use policies were reviewed.® from Malaysia, and 109,000 tons from Guya- - 

Kaiser and the Jamaican Government na and other countries. An additional 
signed an agreement in February to forma _ 1,027,000 short tons of alumina was import- 
bauxite mining partnership under terms’ ed for use in making aluminum. Virtually 
similar to those reached in a preliminary ll of the alumina came from Australia. 
agreement in 1974. The Government was to During the year, N ippon Light Metal Co., 
purchase 51% of the mining assets of Kaiser Ltd. was converting its alumina plant at 
Bauxite Co. at book value over a 10-year Tomakomai from the production of floury- 
period, and a new mining company, Kaiser type alumina to sandy-type alumina. 
Jamaica Bauxite Co., was to be created. Solomon Islands.—A feasibility study 
Kaiser also agreed to sell to the Govern- was completed on the development of a 
ment all of its bauxite land and other lands _ bauxite-alumina complex in the Solomon 
not needed for plant operations. In return, Islands based on bauxite resources of 50 to 
Kaiser was assured of mining leases to 60 million tons on Rennell and Wagina
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Islands. A request by Mitsui Mining and 90% of the bauxite exported was shipped to | 

Smelting Co. Ltd., that the project be defer- the United States, and most of the remain- 

red was rejected by the Government, and der was shipped to Canada and Europe. 

the future of the project was uncertain. Alumina exports increased 4% to 1.22 mil- 

Mitsui was to have had a 50% interest in lion short tons. About 53% of the exports of 

the project, and Pacific Aluminium Ltd.,a alumina was shipped to Europe, and 37% 

subsidiary of Conzinc Riotinto of Australia, was shipped to the United States. 

Ltd., and the Government would each have Yugoslavia.—Reports indicated that Yu- 

had a 25% interest. goslavia planned to double its production of 

Surinam.—Metallurgical and special bauxite to about 4 million long tons per 

7 grades of bauxite were mined by Surinam year and to increase alumina production to 

Aluminum Co. (Suralco), an Alcoa subsid- about 1.8 million short tons by 1980. In 

iary, in the Moengo area of eastern Surin- 1977, alumina plants” were under con- 

am and by Suralco and N.V. Billiton Mij. struction at Obrovac, Croatia, and Zvornik, 

Suriname in the Paranam area. Suralco Bosnia-Hercegovina. Production at the 

also produced alumina and aluminum and  330,000-ton-per-year plant at Obrovac was 

converted bauxite to alumina for Billiton. not expected to begin until 1978, although it | 

| Exports of bauxite from Surinam totaled had been previously scheduled for an ear- 

2.17 million long tons in 1977, an increase of lier date. The plant at Zvornik, which will 

about 10% from the previous year. Over have a designed annual capacity of 660,000 

Table 18.—Bauxite: World production, by country 

| (Thousand longtons) | 

Country 1975 1976 197° 
ee een IRL 

, 

North America: 
Dominican Republic! 2 ______________---------------- 742 508 632 
Haiti? == eee 514 650 579 
Jamaicat ___________-~--~---------------------- 11,388 10,149 11,253 

United States! ____________-__--~-------~---~------- 1,772 1,958 1,981 

South America: 
Brazil _-______________--_--------------------- 954 983 €985 
Guyana®! ___________---------------------*+---- 3,200 2,640 2,690 

Surinam ____________-------------------------- 4,850 “4,540: 4,730 
Europe: 

France® __________________~ 2,523 2,293 1,996 

Germany, Federal Republic of _________---------------- 1 T(8) __ 

Greece _____________---_---------------------- T2958 2,511 2,936 
Hungary ___________--__----------------------- T2844 2,872 2,901 
Italy ____________---_---------~---------------- 32 24 34 

Romania _______________-~__~-~----~---~-~-~--~------- 767 876 886 

Spain _________________-----~---------~--+------- 11 13 14 

U.SS.R.67.__-_- eee + 4,300 4,400 4,500 
Yugoslavia _____-_______-.-_-------------------- 2,270 2,001 2012 

Africa: 
Ghana _____--------~-------------------------- 314 263 240 
Guinea ______________________-_----=---------- ™8 273 11,137 11,140 
Mozambique _ —_—~—_-~---~--~------~-------~---------- TS 5 5 

Rhodesia, Southern® ______________-___----~~-+------ 2 2 2 
Sierra Leone __ ________---~_----------~-~-~--~------- 705 650 740 

Asia: | . 

China, People’s Republic of _________----------------- ™970 970 1,180 
India’ ________-_----__--_____-__--------------- 1,258 1,425 1,487 
Indonesia _ _ - --_--------~------------------------- 977 925 1,435 
Malaysia _____-__-_-_-----_---------~------------- 692 650 606 
Pakistan _______-_-_----~-----------~------------ __ (8) (°) 

Turkey ___-------------~----~------------------- 621 454 480 
Oceania: Australia _______-___-~-~--~-----_--~-----~--~-+--- 20,672 23,7038 25,658 

Total __..___------------------------------- 73,610 76,602 81,102 
ee 

Estimate. Preliminary. ‘Revised. 
1Dry bauxite equivalent of crude ore. 
2Shipments. 
8Dry bauxite equivalent of ore processed by drying plant. 
“Bauxite processed for conversion to alumina in Jamaica plus exports of kiln-dried ore. 
5Includes bauxite identified as “usable for fabrication of alumina” as follows in short tons: 1975, 2,311; 1976, 2,214; 

1977, not available. 
SLess than 1/2 unit. 
"In addition to the bauxite reported in the body of the table, the U.S.S.R. produces nepheline syenite concentrates and 

alunite ore as sources of aluminum. Estimated concentrate production of nepheline syenite was as follows in thousand 
long tons: 1975, 3,350; 1976, 3,440; 1977, 3,540; and estimated alunite production was as follows, in thousand long tons: 
1975, 590; 1976, 590; 1977, 590. Nepheline syenite grades 25% to 30% alumina and alunite ore grades 16% to 18% 
alumina. These commodities can be converted to a bauxite equivalent by using factors of 1 ton of nepheline syenite 
concentrate equals 0.55 ton bauxite and 1 ton of alunite equals 0.34 ton bauxite.
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Table 19.—Alumina: World production, by country | 

(Thousand short tons) 

Country” 1975 . 1976 1977" 

North America: 
Canada _________________ ~~ 1,250 - §50 1,200 

Jamaica _________________-------~----+-+-+------- 2,489 1,787 2,244 

United States ________---_--~_-~-----------------+-- 5,660 &6,400 &6,650 

South America: , 
Brazil _.______________------~---+----=-+---+------- 7295 334 ©410 

Guyana ____.__-_--------------------~--------- > 343 309 299 

Surinam ___________---~--~--~-~-~------+-+---------- 1,265 - 1,146 1,290 

Europe: 
Czechoslovakia® _____._._______-_-------------+-+----- 110 100 110 

France ________~_-_--~_----~-~~-~----~~+~+---------- 1,206 1,124 1,192 

German Democratic Republic _____-._--------~--------- 53 49 61 

Germany, Federal Republic of eee e+ 1,874 ‘1,470 1,540 
Greece ___________--.-------------+------------ ™506 495 "523 
Hungary ___----_------------------------------ 834 882 "840 

Italy® _.________.__----------+----------------- 820 *830 830° 

Romania ______________--_-~~~-----------~------- 440 440 ©440 

‘United Kingdom _______________-_---_------------- 91 106 €110 
USS.R® ~~ eee + + + -- 2,600 2,800 2,900 . 

Yugoslavia _..._____-_---------------~----------- 312 502 530 
Africa:Guinea __________-_~~~---~---~--~--------+---- 709 617 &660 , 

Asia: 
China, People’s Republic of ________------------------ 500 500 600 
India ~__________-_--_-~-~~ ~~~ -~+ +++ +--+ 371 487 ©430 

Japan ________------------~--------~~----------- 1,725 1,556 1,967 
Taiwan _______________--_---------~-~--------- 51 53 °55 
Turkey _______________-___--------------------. 90 154 — ©200 

Oceania: Australia _______--___--------------~----+---- 75654. 6841 — 7,841 

Total _._. -_-____~-_-~--~___=--+-------~-~-------- 728,748 ~ 29,482 32,412 
i 

_ Retimate. Preliminary. ‘Revised. 
1Figures generally represent calcined alumina equivalent of total alumina production. . 
2In addition to the countries listed, Austria produces alumina (fused aluminum oxide), but output is entirely for 

abrasives production. Output totaled 31,110 short tons in 1973; production data for 1975-77 are not available. 

Table 20.—World annual alumina capacity | 
(Thousand short tons, yearend) . | 

eee pt ES SSS? : 

Country 1975 | 1976 1977 

North America: . 
Canada _______________----~~------~-+~--+--+------ 1,387 1,387 1,887 

Jamaica ___________~_--_---~-~-~--------~-------- 3,365 3,365 3,365 

United States ______________----~---------~------- : 7,805 7,805 7,870 

South America: 
Brazil ___.____-----~-------~--~-------~----------- 365 430 430 
Guyana ____________--------~--~------------+---- 390 390 390 
Surinam ___________-~~ ~~ 1,490 1,490 1,490 

Europe: 
Czechoslovakia _______._____--~~-----------~+---+-- 110 110 110 
France __________~_ ~~~ ee ee 1,460 1,440 1,440 
German Democratic Republic ____..____--~-----~-~------ 70 70 70 
Germany, Federal Republic of eee ee eee 1,916 1,906 1,906 
Greece __________--~--~~~~~~-~-~--~ +--+ 551 551 551 

Hungary ___-----~----~------~-----~------------- ©2800 851 - $71 
Italy ______------~----~------------------------ 1,014 1,014 1,014 
Romania —_--------------------+---------------- 550 550 550 
United Kingdom. ______-_--_-~---------~---~~-------- 110 138 143 
USS.R® ~~ eee eee eee 3,500 3,500 3,750 
Yugoslavia ______._-_----------~---~-----~-------- 683 F683 683 

Africa:Guinea _---~---~----------~---------------- 772 772 112 
Asia: 

China, People’s Republic of © ________~----------------- 400 500 600 
India ~_____________-~~-~~_~ ee 725 749 752 
Japan ______~_-------~--------~---~-~-~+----------- 2,709 2,904 2,904 
Taiwan _______~__-~_~~__~~_- ee 84 84 154 
Turkey __._---+------------------------------- 220 220 220 

Oceania: Australia _.________.-_-~.---~--~----~-----~-+- 7,385 7,430 7,535 

Total __._______-__---~--------------------- "37,861 738,339 38,957 

*Estimate. ‘Revised.
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tons, was also expected to come onstream in about 1983. 
1978. Interamericana de Alimina, C.A. (IN- 

Venezuela.—Corporaci6n Venezolana de TERALUMINA) was incorporated in Octo- 
Guayana (CVG), a Government regional ber 1977, to produce alumina at a new 1.1- | 
development agency, announced the discov- million-short-ton-per-year plant to be con- 
ery of a major bauxite deposit near Los structed at Ciudad Guayana, on the Orinoco 
Pijiguaos, south of the Orinoco River, inthe River. Interalumina is owned by CVG 

Cedefio district in the Guayana area of (85%), Alusuisse (7.5%), and Billiton Inter- 
Bolivar State. Exploration had confirmed 50 national Metals B.V. (7.5%). Ground break- ° 
million tons of trihydrate-type bauxite of ing for the plant was scheduled for 1978, 
over 50% Al,Os, and the total tonnage in and production from the first unit was 

this area was believed to be on the order of scheduled for 1981. The plant, which will 
500 million tons. The ore contains 6% to cost an estimated $680 million, was ex- 

10% SiO. but averages only 2% to 2.5% pected to use imported bauxite initially and 
reactive SiOz. Mining at a rate of 2 to 3 Venezuelan bauxite when production at the 
million tons per year was expected to begin Los Pijiguaos deposits comes onstream. 

| TECHNOLOGY : | 

A report prepared for the U.S. Environ- analysis in the second task of the contract. 
mental ection agency concerns the Be third task " re the design of a 25-ton- 
use of mud wastes genera in the domes- _ per-day pilot plant based on the most pro- 

tic production of ane concluded that mising process. Contracts totaling $0.3 mil- | 
7 there was no possibility for utilizing the lion also were awarded to Colorado School 

muds that could significantly reduce the of Mines Research Institute and to PEDCO 
need for impoundment in the near future." fnvironmental, Inc., for studies on the envi- 
The report recommended further research yonmental factors involved in metallurgical 
on ue cowatering, utilization, and meth- processes utilizing domestic resources in the 
Th "Fed, enaninn £ Mj tinued production of alumina. . : 

‘ts . oh eran ° the recovery. f The Energy Research and Development 
ms research Program on the overy ° Administration (ERDA) announced that it 
alumina from clay, anorthosite, and other would participate with Alcoa in jointl , 
raw materials abundant in the United funded party Oh k wl devel coa ‘ai et y | 
States. The most promising technologies for duc ed research 10 ak op la rec ‘Ik | 
extracting alumina were being tested and @UCtion process to make aluminum-sili- 
developed in small pilot plants, or mini- © alloy from low-grade aluminum raw 
plants, at the Bureau’s Boulder City (Nev.) ™aterials.* The process, which would also 
Metallurgy Engineering Laboratory. Addi- Produce ferrosilicon, would use coal rather 

tional research in support of this effort was than electricity as its source of energy. 
being conducted at other Bureau research ERDA, together with Iowa State Universi- 
centers. The miniplant program was initia- ty, was also investigating processes to re- 
ted to evaluate the various processes on a_ cover alumina from fly ash generated at 
comparative basis and to obtain cost and _ coal-burning powerplants. 
engineering data for the design and oper- The possibilities of an integrated alumi- 
ation of large-scale demonstration plants. num industry based on the kaolinitic clays 
Six companies were participating with the of Georgia were examined.® Processes to 
Bureau in the miniplant project on a coop- recover alumina from alunite were also 
erative cost-sharing basis. In 1977, the maj- discussed. ; 
or emphasis of the miniplant program was 

| ame ydroshlovi acid process for recove: duty one, Din Neeru Ma rin mina from clay, and test runs o icks, J. C. Refractory Raw Materials: Status of Sup- 7 
several sections of this miniplant were By Tagger Soc. Bull., v. 56, No. 9, September 1977, 
completed.’ *Engineering and Mining Journal. The Caribbean: 

The first task of a three-part, $1.6 million F ces in a Mixed Mining Soene. . 178, No. 11, November 
7 » Pp. - . . contract awarded by the Bureau to Kaiser ‘Roberts, R. H. Bauxite Mining-Weipa 1967-1977. Soc. 

Engineers in 1976 was completed. Six raw Min. Eng., AIME, Fall Meeting, Oct. 19-21, 1977, Preprint 
material/process technology alternatives 7711328, 40 Pai. and H. A. Norton. Ceol 1 Geo. 

. : , W. H., _ A. n. 
were evaluated for their potential commer. chemistry of Bauxite Deposit in the Lower Amazon Basin 
cial success as a source of alumina from a on. Geol., v. 72, January-Februa » Pp. ; 
domestic nonbauxitic material. The Bureau, “"e#, E. W. ‘Trombetas and Other Amazon Bauxites, , : Brazil. AIME Ann. Meeting, Mar. 6-10, 1977, Preprint 77- 
selected two processes for a more detailed H-92, 34 pp.
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SDeschamps, J. M. Bauxite Mining at Les Baux de Muds. U.S. Environmental Protection Agency Technol. 
Provence, France. Soc. Min. Eng., AIME, Fall Meeting, Series, EPA-600/2-76-301, December 1976, 143 pp. 
Oct. 19-21, 1977, Preprint 77-H-392, 12 pp. . 2Poppieton, H. D., and D. L. Sawyer. Hydrochloric Acid 

Mining Magazine. Mining Bauxite in France. V. 138, No. Leaching of Calcined Kaolin to Produce Alumina. Proc. 
6, June 1978, pp. 546-553 106th AIME Ann. Meeting, Atlanta, Ga., Mar. 6-10, 1977. 

"Hoppe, R. W. Sangaredi Pit in Guinea Carves Up aRich Light Metals, v. 2, 1977, pp. 108-114. 
Deposit of Solid Bauxite. Eng. and Min. J., v. 178, No. 6, 13American Metal. Market. ERDA to Join Alcoa in 
June 1977, pp. 138-140. Striving for Coal-Fueled Aluminum Smelting. V. 85, No. 
—--Sangaredi—An African Plateau of Bauxite. Eng. 173, Sept. 7, 1977, pp. 12, 17. 

and Min. J., v. 178, No. 8, August 1977, pp. 83-90. “Energy Research and Development Admininstration. 
“Lachmansingh, S. V., and G. A. Nooten. The Occur- ERDA Coal Waste Recovery Process Could Help Meet U.S. 

rence and uction of Specialty Grades of Bauxite in Aluminum Needs. Information from ERDA, Weekly An- 
Guyana. AIME Ann. Meeting, Mar. 6-10, 1977, Preprint 77-  nouncements, v. 2, No. 39, Oct. 8, 1976, 1 p. . 
H-31, 15 pp. Environmental Science and Technology. V. 11, No. 9, 

*Lyew-Ayee, P. A. Special Paper, Optimal Utilization of | September 1977, p. 846. 
Bauxite Lands in Jamaica, Policies and Strategies. I.B.A. Husted, J. E. An Integrated Aluminum Industry for 

: Quarterly Review, v. 3, No. 2, Dec. 31, 1977, pp. 27-32. the Southeast—Concerns and Outlook. Min. Cong. J., v.63, 
10Smith, C. J. Opinion in Suit No. C. L. 1976/2.004. In No. 9, September 1977, pp. 28-33. 

the Supreme Court of Jamaica, May 30, 1977, 41 pp. 16] 6pez, W. X. Three Methods to Produce Alumina From 
11Parekh, B. K., and W. M. Goldberger. An Assessment Alunite. Proc. 106th AIME Ann. Meeting, Atlanta, Ga., 

of Technology for Possible Utilization of Bayer Process Mar. 6-10, 1977. Light Metals, v. 2, 1977, pp. 49-58.





~ Berylli 

By Benjamin Petkof: 

Bertrandite mined in Utah was the major ing 1977. There were no releases of beryl- 
source of beryllium used in the United lium materials from the strategic stockpile 
States and was a significant part of the during the year. | : 
world beryllium mineral supply. A minor Public hearings were held in August and 

. amount of beryl was produced domestically. September by the Occupational Safety and 
Consumption of beryllium .ore increased, Health Administration (OSHA) of the US. | 
imports declined, and exports of beryllium Department of Labor on proposed beryllium 
materials increased. , occupational safety and health standards as 

Legislation and Government Pro- published in the Federal Register, October 
grams.—Strategic stockpile goals issued 17, 1975. Additional written statements _ 
October 1, 1976 by the Federal Pre- were accepted for the record until De- 
paredness Agency of the General Services cember 12, 1977. - 
Administration remained unchanged dur- | | 

Table 1.—Salient beryllium mineral statistics - | 

1973 1974 1975 1976 iT 

United States: . - 
Beryl, approximately 11% BeO: 
Shipped from mines________________ short tons_ _ WwW Ww WwW Ww Ww 
Imports _____________-__--..------do___- 1,586 1,868 1,479 1,058 746 
Consumption! _________________----_do__-- 8,695 9,279 4,850 3,740 4,165 
Price, approximate, per unit BeO, imported 

cobbed beryl at port of exportation _______.___--- $30 $30 $32  -FE36 $40 
Bertrandite ore: Utah, low-grade, shipped from 

mines _________________---~-~-~-short tons_~— WwW ‘WwW WwW Ww Ww 
World production of beryl. _____-_------------do__~- 3,963 3,469 ¥3,290 ¥2,675 2,656 

"Revised. W Withheld to avoid disclosing individual company confidential data. 
1Includes bertrandite ore, which was calculated as equivalent to beryl containing 11% BeO. 

DOMESTIC PRODUCTION | 

Brush Wellman, Inc. (Brush) at its Spor droxide at a facility north of Delta, Utah, 
Mountain operation in Millard County, and shipped the hydroxide to its facility at 
Utah, was the only major domestic producer Elmore, Ohio for conversion into various - 
of beryllium concentrates. The company beryllium products. 
mined bertrandite for processing into bery]l- During 1977 Brush closed its Elmore, 
lium hydroxide. A small quantity of beryl Ohio beryl-processing plant and completed 
production was reported in South Dakota. construction and startup of a facility to 

Brush converted its ore to beryllium hy- process imported beryl ore at its Delta, 
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Utah location. In addition, Brush announc- — and beryllium oxide declined significantly 
nounced that it expected to recover ura- from that of the previous year. Beryllium- 
nium oxide as a byproduct from its beryl- copper master alloy production declined 
lium extraction operations. | slightly. Production of beryllia ceramic and 

| Kawecki-Berylco Industries, Inc. (KBI) eryllium-copper master alloy was expected 
roduced beryllium metal, alloys, and oxide to increase to meet the fut ure demands of 

PFO f —? ann the electrical and electronic industries. Im- 
at its plants in Hazelton and Reading, Pa. proved production of metal will occur with | 
from imported beryl ore that was converted the inception of new space and nuclear 

_ to beryllium hydroxide. — energy programs specifying the use of beryl- 
Domestic production of beryllium metal lium metal. 

CONSUMPTION AND USES 

The domestic beryllium industry consum- by the business machine, appliance, trans- 

ed beryllium ore equivalent to 4,165 tons of portation, and communications industries. — 
beryl containing a nominal 11% BeO, an _ Beryllium-copper alloys were also widely 
increase of 11% from that of 1976. used in electrical and electronic systems for . 
Beryllium metal, with its high stiffness-  onnectors,. sockets, switches, and temp- 

to-weight ratio and excellent thermal Pro erature- and pressure-sensing devices to 
perties was used in items such as inertial ‘de reliabilit dl ice lif 

| navigation systems, satellite structures, Provide renabuity and tong service lite. . 
space optics, nuclear devices, and military _ Beryllium oxide ceramics were used in 
aircraft brakes. lasers, microwave tubes, and semicon- 

| Products utilizing beryllium-copper alloys ductors, primarily for heat dissipation. Be- 
accounted for the greatest quantity of beryl- ryllia was used as a substrate in various 
lium consumption. These alloys were used electronic devices and equipment. 

STOCKS | 

Consumer stocks of beryllium minerals those of 1976. Dealer stocks of beryl were 
containing nominal 11% BeO totaled 3,557 not reported. 
tons at yearend 1977, a 10% decrease from . 

PRICES AND SPECIFICATIONS 

Metals Week quoted the price of imported beryllium-copper master alloy, $78 per 
beryl at $40 to $42 per short-ton unit of pound of contained beryllium; beryllium- 
contained BeO throughout the year. At copper casting alloy, $2.75 to $3.15 per 
yearend, American Metal Market quoted pound; beryllium copper in strip, rod, bar 
the following prices for beryllium materials: and wire, $4.31 per pound; beryllium- 
Vacuum cast ingot, $109 per pound; metal aluminum alloy ingot (100,000-pound lots) , 
beads (1,000-pound lots), $86.50 per pound; $78 per pound; and beryllium oxide powder, 
metal powder (5,000-pound lots), $96 per $26 per pound. All beryllium metal quot- 
pound; metal rod, $166.90 per pound; ations were for 97% purity metal. 

FOREIGN TRADE 

Exports of wrought and unwrought beryl- 1976. The average value of imported mate- 
lium alloys and of waste and scrap increas- rial was $399 per ton. compared with $359 
ed 41% in quantity over those of 1976. Total per ton in 1976. Major sources of imports 
value of exports increased 9%, but average were Brazil (63%) and Argentina (24%). In 
value declined from $15.38 per pound to addition, 9,174 pounds of wrought, un- 
$11.91 per pound. On the basis of quantity, wrought, and waste and scrap beryllium 
538% of total material exported went to metal valued at $35,598 were imported pri- 
Japan, 28% to Canada, and 8% to France. marily from Mexico and the United King- 

Beryl ore imports decreased 29% in dom. 
quantity and 22% in value from those of
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Table 2.—U.S. exports of beryllium alloys, wrought or unwrought, and waste and scrap! 
ee 

1976 1977 

Country . Value . Value 
: Quantity (thou- Coamety (thou- 

sands) sands) 

Argentina _________________________._ __ __ 967 $21 
Australia, 5 _- a 797 3 
Austria. 5 5 5 32 $1 __ __ 
Belgium ____.______~ 2 4 2 549 5 
Canada____ 3,204 63 44,472 28 
‘France _____§_-__-_» 5 5 eee 4,718 325 13,414 571 
Germany, West _____________.~---__--~--__------ 701 92 855 65 
Hong Kong. __ ~~~ 3,000 8 _-— ' --— 
Italy____-_____ 2,419 49 56 1 
Jamaica __________ LL __ -- 832 4 
Japan______ 12,591 255 84,410 | 624 
Mexico __~_~_______~____-~_~-~- et 73,960 61 4,000 a) 
Netherlands... __§_» >») -- 1,407 63 1,356 38 
Switzerland ____9_. 2 2 LL 2,374 89 30 11 
United Kingdom __ > 5 5 eee 9,568 § 742 7,912 521 
Other _________ 2 ee 165 6 855 10 

Total _____________ 4 eee ee 14,148 1,756 160,505 1,911 

1Consisting of beryllium lumps, single crystals, powder; beryllium-base alloy powder; beryllium rods, sheets, and wire. 

Table 3.—U.S. imports for consumption of beryl, by customs district and country 

| 1976 1977 | 
Customs district and t Quantity Value | Quantity Value | 

ms cisirict and counery (short (thou- (short (thou- 
tons) sands) tons) sands) - 

Philadelphia district: 
Argentina ______~_______~ ~~ _— —- 66 $22 
Australia..______-_____ ee 108 $38 15 3 
Bolivia _.___.______. ee 11 3 __ __ 
Brazil...» 512 201 370 162 
France _..~_______~~~_~___ ee 103 35 _- _- 
India _-_-___~ 120 46 __ __ 
Rwanda ________ ~~ ee 66 ‘14 —_— _- 
South Africa, Republic of ~~ - -- ~- ------------------ 97 34 8 12 

Uganda_--_-_--___-~-~-~~~-__-_~-~~~_____- 44  °& 9 __ a 

Total.________-__---_----------_---_-__- 1,056 380 492 208 

Los Angeles district: 7 | 
Argentina ___..._-__.-___-_-----~-----~------~-- -- -- 111 38 
Brazil 9-9-2 ee --~- --. 99 42 
Mozambique___.-— -.~_____---~~~-~------~------- -- -- 22 6 
Rwanda ______________~_~~ ~~~ ee -- _- 22 a) 

Total. _______________-_-.------------- _- _- 254 95 
New York City district: Mozambique __—___.-____---~--~~ 2 (4) _— _- 

Grand total... _-__-__ ee 1,058 380 746 - 298 

1Lees than 1/2 unit. | 

WORLD REVIEW 

In 1977, world production of beryl contin- grade bertrandite ore has maintained the 
ued its downward trend of recent years. position of the United States as a significant 
Only one major producing nation had any source of commercial beryllium minerals. 
significant increase in production. Pro- In addition, the United States and the 
duction in all other producing nations re- U.S.S.R. are the major consumers of world 
mained at the same level or declined. beryllium mineral production. 

The capability to mine and process low-
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| Table 4.—Beryl: World production, by country 

(Short tons) _ 
a EE SE. Se ee MsieED Y)p)\)|)|_I“u.UU | 

Country! | : 1975 1976 1977” 

Angola® _________-__-.----------------------------- 35 (7) _ 
Argentina _________--_-__.-_------------------------ 303 123 “110 
Brazil® _.-_________________ ee eee eee ™70 500 470 
Madagascar _. ..__________-----------~--------------- 17 19 €15 

Mozambique __ ______.-_--_--------------------------- a) “10 “10 
Portugal ______.____--..---_-------------------------- ™23 _- _- 

_ Rhodesia, Southern® __________.------------------------- 70 70 10 
Rwanda _________________ eee 20 &70 60 

South Africa, Republic of _._______------------------------ Fg 3 ey 

Uganda® eee ee ee 60 60 50 

USSRe___ eee 1,760 1,820 1,870 
United States______________________--------_----+----- Ww W W 
Zambia® _________________________.----------------- — 220 __ __ 

| Total _._.______--_.---------------------------- ™3,290 2,675 2,656 : | 

Estimate. Preliminary. ‘Revised. |W Withheld to avoid disclosing individual company confidential data. 
1In addition to the countries listed, Bolivia and the Territory of South-West Africa (N amibia) may also have produced 

bery) but available information is inadequate to formulate reliable-estimates of output levels. 

. vised to zero. 

TECHNOLOGY 

_ Studies relating to the formation of beryl- trations in particulate matter using chela- 

lium deposits in western Utah have been tion gas chromatography was developed. | 

| reviewed to develop favorable indicators of This technique was used to observe beryl- 

the presence of epithermal beryllium and lium levels in suspended particulate matter 

associated deposits.” | in ambient air conditions over rural, subur- 

A method was devised for manufacturing ban, and industrial environments. A de | 

a thin-walled beryllium metal structure. scription of experimental data and techni- 

The process required beryllium powder that ques was presented.‘ : 

was mixed with a minor quantity of silicon ~~~ 
powder. The mix was plasma-sprayed on to Physical scientist, Division of Nonferrous Metals. 

2Lindsey, D. A. Epithermal Beryllium Deposits in 
a substrate, removed, exposed to a wet Water-Laid Tuff, Western Utah. Econ. Geol., v. 72, 1977, 

@. e e Ppp. . 

atmosphere to pick up moisture, placed ina ""spovis V. M. Jr., and W. G. Northcutt, Jr. (assigned to 
sizing die with a coefficient of expansion the Us. Energy Research and | Development Administrs- | 

* want Warr . tion). Met or ricating Beryllium Structures. U.S. 
similar to that of beryllium, out-gassed in @ 52+" 4.011.076, Mar. 8, 1977. 

vacuum at high temperature, and finally na tone W. D. J. L. Pyle, and } R. E. Sievers Analysis for 
* ad in : ium in ient Ai icula y Gas Chromato-  — 

sintered in an inert atmosphere.* graphy. Environmental Sci. & Technol., v. 11, No. 5, May 
A method to measure beryllium concen- 197’, pp. 467-471.



Bismut a ismuth 

By James F. Carlin, Jr.! 

Exports of bismuth increased during the downward trend of recent years: The price 
year; domestic consumption, domestic pro- held firm at $7.50 for the first half of the 
duction, and imports of bismuth all declined year, but by September had fallen to $4.50 
in 1977. Consumption was 2.4 million per pound where it remained through 
pounds, the same as that of 1976-Exports December. World bismuth mine production 
increased to 95,334 pounds, a gain of 39% was 8.8 million pounds, an increase of 4% | 
over the 1976 level. Imports declined 14% to over that of 1976. The general pattern of | 
2.0 million pounds. The decline was production was unchanged from that of — 
attributed to reduced demand. The domestic 1976. | 
producer price for bismuth continued its 

Table 1.—Salient bismuth statistics | : 

, (Pounds) , 

. 1973. - 1974 1975 1976 1977 

United States: . 
Consumption -__-_------------- 2,906,219 2,283,978 1,406,021 . 2,410,584 2,379,635 
Exports! _.____________-._--__ _ 151,053 329,926 128,893 68,488 95,334 
Imports, general __._____._______ 2,683,671 1,893,744 1,331,173 2,328,051 2,013,333 
Price: New York, average per pound (ton 
lots)2__.._-________---._--_- $4.92 $8.41 $7.72 $7.50 $6.01 

Stocks Dec. 31:Consumer____.______ _ 540,756 596,757 _ 451,250 483,810 436,092 
World: Production?______.___._.____ 8,205,000 10,631,000 —_ 8,776,000 ™8,532,000 8,844,000 

TRevised. 
1Includes bismuth, bismuth alloys, and waste and scrap. 
2Excludes the United States. 

Legislation and Government Pro- for exploration assistance under the pro- 
grams.—Government stocks of bismuth gram administered by the U.S. Geological 
remained at 2,081,298 pounds, including Survey’s Office of Minerals Exploration. 
567,186 pounds in the national stockpile However, no funds were available in 1977 
and 1,514,112 pounds in the supplemental for exploration projects, and none has been. 
stockpile. On October 7, 1977, the stockpile available since fiscal year 1974. 
goals were reaffirmed by the President, Federal income tax laws under the Tax 
including the goal of 771,000 pounds for Reform Act of 1969 provided a percentage 
bismuth. No action was taken to dispose of depletion allowance of 22% for domestic 
the 1,310,298 pounds of excess. Bismuth production and 14% for U.S. companies 
remained on the list of commodities eligible producing from foreign sources. 
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| | DOMESTIC PRODUCTION a 

| Bismuth was produced almost entirely bismuth was also recovered by recycling 
from the treatment of lead ores and bullion secondary material at the United Refining 

_ of both foreign and domestic origin. Asingle and Smelting Co., Franklin Park, Ill. US. : 
, primary refinery operated by ASARCO Inc. refinery production statistics are withheld 

at Omaha, Nebr., accounted for all pri- to avoid disclosing company confidential 
mary U.S. production. A small quantity of data. 

CONSUMPTION AND USES | 

Consumption of bismuth in the United the same as that of 1976. Fusible alloys 

States during 1977 was 2.4 million pounds, registered an increase of 18%, to 611,219 

| the same as the quantity consumed in 1976. pounds. Experimental uses declined to 601 

Consumption in most categories was about pounds from 8,756 pounds in 1976. 

, Table 2.—Bismuth metal consumed in the United States, by use 

a (Pounds) | 

. a ec i ge a — 

- | . Use oo 1976 1977. | 

Fusible alloys _______.__-_-------------------------------- 518,648 611,219 | 
Metallurgical additives _________._-------------------------- 455,940 461,573 
Other alloys _.____-_-_----------~------------------------- 20,263 18,617 

Pharmaceuticals! ____________-__------------------------- 1,391,663 ‘1,274,510 
_ Experimental uses _. . __. -_ __- -- --------------------------- 8,756 — 601 

: Other uses. ___---__----------~---~---------=---- 15,314 18,115 

Total -- ee ------------------ 2,410,584  —«-2,879,635 , 
nee 

Includes industrial and laboratory chemicals and cosmetics. — —— 

| STOCKS | 

Consumer stocks at yearend totaled during the year. No data are available on | 

436,092 pounds, a decline of 47,718 pounds producer or dealer stocks. | 

PRICES | 

The domestic producer price for refined quotations started the year at $4.65 to $4.80 

bismuth was $7.50 per pound at the begin- per pound and ended the year at $2.70 to 

ning of 1977 and declined in several stages, $2.80 per pound. Price weakness was evi- 

ending the year at $4.50 per pound. Dealer dent throughout the year. 

FOREIGN TRADE | 

Exports of bismuth in all forms rose to The principal recipients were the Nether- 

95,334 pounds, an increase of 26,846 pounds lands (47 479 pounds), Canada (17,648 

over the 1976 figure. During 1977, bismuth pounds), the United Kingdom (11,657 

was exported to 13 countries, with 5 coun- pounds), India (9,686 pounds), and Belgium- 

tries receiving 95% of the total shipments. Luxembourg (4,247 pounds).
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Table 3.—U.S. exports of bismuth’ 

Gross 
Year weight Value 7 

1974 329,926 $1,520,105 
19757 _~_____________ 128,893 635,717 
19767 ~9 68,488 513,660 : 
1977 _______________ 95,334 636,506 

Includes bismuth, bismuth alloys, and waste and scrap. 
. 2Adjusted by the Bureau of Mines. a 

General imports of metallic bismuth in Republic of Korea (8%), Belgium-Luxem- 
| 1977 totaled 2.0 million pounds, down bourg (7%), and Canada (2%). Chile doesnot 

314,718 pounds compared with those of produce bismuth in any form; however, | 
_ 1976. The imports were from Peru (81%), official U.S. statistics report Bolivian 

the United Kingdom and the Federal Re- bismuth shipped, via a Chilean port, as 
public of Germany (12% each), Chile (Boliv- originating in the intermediate nation. 
ia) (10%), Japan and Mexico (9% each), the | 

Table 4.—U.S. general imports! of metallic bismuth, by country 

| 1976 1977 

Country Quantity Value Quantity Value 
. (pounds) (thousands) (pounds) (thousands) 

 Belgium-Luxembourg ____._____________ 151,690 $790 137,606 $687 
Canada _______ ~~~ __ Le 100,983 612 20,020 124 
Chile ____________- ee 107,364 694 208,792 1,296 
Germany, Federal Republic of _. 9... ____ 288,028 2,152 (243,465 1,635 
India ___ 55,000 299 _ __ 
Italy. ee 2,203 12 __ __ 
Japan__-_ =e 278,995 1,634 187,948 946 
Korea, Republic of _..-__________. ___ 177,666 970 156,784 499 
Mexico __________________=2________ 248,120 1,509 182,175 843 
Peru___________________ 569,078 3,261 632,368 2,766 
United Kingdom _____________________ 307,818 2,037 : 244,175 1,442 
Yugoslavia ——-—---~~~--~-~---~------ AL NOG BA 

Total _.____-________________-__ 2,328,051 14,154 2,013,333 10,288 

1General imports and imports for consumption were the same in 1976 and 1977. 

WORLD REVIEW 

World production of bismuth in 1977 was _ the residue was then shipped forward to the 
essentially the same as in 1976. This was United Kingdom for bismuth recovery and 
attributable primarily to the lack of full refining. Small amounts of bismuth were 
economic recovery throughout the world, also shipped from Australia as byproducts 
especially in Europe and Japan. All of the in lead ores and concentrates; however, the 
major bismuth-producing countries pro- bismuth assays were too low to be account- 
duced at levels comparable with those in able for production purposes. 
1976. Bolivia.—Bolivian production of bismuth 
Australia.—Mine production of bismuth in 1977 was 1.4 million pounds, virtually the 

in Australia rose nominally, from 1.4 mil- same output as in 1976. Most of the bismuth 
lion pounds in 1976 to 1.5 million pounds in’ was either mined directly from high-grade 
1977. Production continued to be less than deposits or produced from complex copper- 
maximum since copper mining by Peko- tin ores. The new Corporacién Minera de 
Wallsend Ltd. at Tennant Creek in the Bolivia (COMIBOL) refinery at Quechisla, 
Northern Territory remained dormant. The Potosi, continued its production of high- 
main source of bismuth in Australia was a_ purity refined bismuth. Bolivia’s output 
gold-bismuth bullion from the Mount Isa ranks it among the top five countries in 
mine in Queensland, which was shipped world bismuth production. 
through northern Europe for gold recovery; Canada.—Bismuth metal was produced
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| by two companies in Canada. The bismuth co was 1.3 million pounds, up slightly from 
section of the Belledune plant of Brunswick the 1976 output. The two companies that 
Mining & Smelting Corp. Ltd. was largely produced bismuth were Industrial Minera 
inactive during 1977 due to the declining Mexico, S.A., at its Chihuahua, Chihuahua 
price of bismuth. Bismuth was also pro- plant, and Met Mex Pefioles, S.A., which in 
duced by Cominco Ltd. at its lead-zinc plant 1977 moved its bismuth production from 
in Trail, British Columbia. Most bismuth Monterrey to its new lead refinery in Tor- 
produced in Canada came from Canadian _reon, Coahuila. : | 
ores, with small amounts derived from im- = Pery.—Bismuth production in Peru con- 

| ported ores. Under a new agreement with tinued at a steady level, totaling 1.3 million 
aver aening rou: Billiton Explor- pounds in 1977. Bismuth was produced at 

| Soo il a h 3 f th a ali extensive the Oroya works, managed by Centromin- 
| easibility study of the sullivan-owne¢@ Peru, and marketed worldwide by Minero 

tungsten-bismuth-molybdenum project in pory Comercial } | a , 

- the Mount Pleasant area of southern New - | 

| Brunswick OL... Spe yee 
me ° . . . . Physical scientist, Division of Nonferrous Metals. 

_ Mexico.—Production of bismuth in Mexi- | 

| Table 5.—Bismuth: World mine production, by country 
. . (Thousand pounds) 

nt 
a Country! : 1975 . 1976 1977" 

ha A 

Argentina (in ore) _________---~----~----------- " __ __ 

Australia (in concentrates) _______-_-------------- T1,861 1,398 1,455 

Bolivia ____________--__------------------- 21,348 1,349 ©1350 
Canada ________________ eee 345 286 310 | 

China, People’s Republic of (in ore)®___ ____--_-_-------- 550 550 550 

France (metal)... ____-___--------~------------ 123 139. ©145 

Germany, Federal Republic of (in ore)® __________-~----- 23 23 23 

Japan (metal) _________-_------~-------------- T1,436 1,501 1,523 
Korea, Republic of (metal) _____.--_-------------- 249 384 ©400 

Mexico®?_____-____ 2 ee ++ ——-F1,008 1,228 ©1260 | 
Mozambique® ___________-------------------- 9 __ 

Perus_ eet 1,354 1,149» 1,300 
Romania (in ore)®_.- -_-_- ___/______-_------------- 180 — 180 180 

Sweden (in ore)’. ___-___-_______------------+-- 33 33 33 

Uganda (in ore!® __.._--___------------------- 9 10 7 

US.S.R. (metal® __________________---------+- 130 | 130 145 
United States _____________-_={-~--~---~---~-~--~--- WwW WwW af 

Yugoslavia. -____________-__---------------- 122 172 163 

Total___________-__-__-_--------------- ™3.776 8,582 8844 
eer Ns SS LLL 

€Rstimate. Preliminary. ‘Revised. W Withheld to avoid disclosing individual company confidential data; not 

included in total. 
In addition to the countries listed, Brazil, Bulgaria, German Democratic Republic, and the Territory of South-West 

Africa (Namibia) are believed to produce bismuth, but available information is inadequate for formulation of reliable 

estimates of output levels. 
2Production by COMIBOL plus exports by medium and small mines. 
SBismuth content of refined metal, bullion, and alloys produced indigenously, plus recoverable bismuth content of 

domestic ores and concentrates exported for processing.



By Sandra T. Absalom! | 

USS. production and sales of boron mine- (paper wool) consumed another 15%, and 
. Yals increased dramatically in 1977, attain- textile-grade glass fibers and borosilicate oe 

ing an alltime high of 1.5 million tons glasses accounted for 12% each. While the 
valued at $236 million. Unprecedented mar- three classifications of glasses have histor- : 
kets for energy-saving materials, spurred by ically accounted for about half of the an-_ 
rising fuel prices and the national energy nual borate consumption, use of borates as 

conservation program, were responsible for flame retardants for cellulosic materials 

| the strong demand for borates in insulation became a major end use in 1977. oo 7 
- products and glass-fiber-reinforced plastics. California was the domestic source of = © 

Production of borate minerals and com- borate minerals, mostly in the form of oe 

: pounds approached capacity levels of the sodium borate, but also as calcium borate | 
major producers; with respect to boric acid, and sodium-calcium borates. Imports from. 
insufficient domestic capacity to satisfy the Turkey of calcium borate (colemanite), pri- - 
demand of the cellulosic insulation industry marily for textile-grade fiberglass manu- 
resulted in a significant quantity of imports facture, nearly doubled in 1977. Although : 

_ for the first time in history. domestic markets for borates were extreme- 
Fiberglass insulation (glass wool) mate- . ly active, the United States provided most ~~ 

rials constituted the largest end use for of the domestic supply while maintaining : 
_ borates, representing more than one-fifth of its position as the primary source of sodium - 
the total U.S. consumption of 121,090 short borate products and boric acid to foreign mo 
tons of boron content. Cellulosic insulation markets. | oO oo 

Table 1.—Salient boron minerals and compounds statistics in the United States | 
(Thousand short tons and thousand dollars) . 7 

| ne | a 1973 1974 1975 1976 1977 

Sold or used by producers: . 
Quantity: . 

Gross weight _.___________________ 1,225 1,185 1,172 1,246 1,469 
Boron oxide, content_ ____________--—- 664 619 . 603 630 735 
Boron, content ____________________ 207 193 188 196 228 

Value____________ ~~ ui ~~ = $118,648 $128,306 $158,772 $184,852 $236,163 
Imports for consumption: 

Colemanite: 
Quantity -.---~~--~--~----------- 18 21 28 30 51 

alue ~___________________ uae $568 $852 $1,560 $1,953 $3,695 
Boric acid: 
Quantity. _______________1__----- (4) (2) () () 14 
Value ______~__-~__~__-___---~---- $3 $149 $59 $14 $5,596 

'Leas than 1/2 unit. | 

DOMESTIC PRODUCTION 

Production and sales (including exports) in value in 1977. Kern County, Calif., pro- 
of boron-containing minerals and com- vided about three-quarters of the supply 
pounds increased 18% in tonnage and 28% and San Bernardino and Inyo Counties 

| 191
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provided the balance. Boric acid sold or used and overseas shipping point for bulk ship- 
by U.S. producers increased to 158,500 short ments. A large percentage of U.S. Borax’s 
tons valued at $42.4 million, compared with exports were shipped to Europe via the 
130,000 tons valued at $30.5 million in 1976. warehouse and distribution facility at Bot- 

At Boron, in Kern County, the open pit lek, Rotterdam, Netherlands. RTZ Borax, 

tincal-kernite mine and adjacent refining Ltd., another member of the RTZ Group, 
plant of U.S. Borax and Chemical Corp., a maintains this facility. 
member of the RTZ Group of London, Eng- U.S. Borax operated a plant and ware- 
land, continued to be the primary world housing facility at Burlington, Iowa, for 

supplier of sodium borates. U.S. Borax min- compounding, packaging, and distributing 
ed daily as much as 12,000 tons of ore, from household soaps and other consumer pro- 
which it processed at the Boron refinery ducts to the Eastern and Midwestern Unit- 
crude and refined hydrated sodium borates ed States. The combined capacity of U.S. 
and their anhydrous derivatives, and anhy- Borax operations in 1977 exceeded 600,000 | 

drous boric acid. At a plant located at short tons of boric oxide (B.O;) equivalent 
| Wilmington, Calif., U.S. Borax produced (about 187,000 tons of contained boron). 

boric acid and a variety of specialty chemi- Kerr-McGee Corp. operated the Trona 
cals. Toward yearend 1977, the company and Westend plants at Searles Lake, San 
began production of a boric acid-sodium Bernardino County to produce sodium bo- | 
sulfate chemical .in the temporarily idle rates and boric acid from the mineral-rich 
anhydrous boric acid plant at Boron. This lake brines. Coproducts included potassium 

- product was produced for the cellulosic compounds, lithium carbonate, soda ash, 
insulation industry. Future production will and salt cake. Combined capacities of the 
depend upon continued strong demand for two plants normally approach 130,000 tons 
flame-retardant chemicals in cellulose. of B.O; equivalent per year; however, in | 

During the year, the U.S. Borax project to response to the expansive market for boric | 
‘ expand productive capacity for sodium bo- acid during 1977, Kerr-McGee adjusted ‘its 
rates was redirected to the proposed con- products ratio, effectively increasing output Se 
struction of a new boric acid facility at of boric acid by 26% while decreasing out- — 
Boron. Due for completion in 1980, the $74 put of refined sodium borates by 18%. Asa 
million facility will have double the capaci- result, total output and sales were 8% | 
ty of the existing Wilmington plant, which below the 1976 level. Kerr-McGee’s market- 
eventually will phase out production of able supply of borax pentahydrate, which is 
technical-grade boric acid. _ used to produce boric acid, was most af- | 

Despite the redirection of its expansion fected by the adjustment; output and sales 
program, U.S. Borax increased output and of this compound decreased 65%. 
sales of all primary borate products in 1977. At the Trona plant, Kerr-McGee utilized | 
Output of refined decahydrate, pentahy- its differential evaporative process, with 
drate, and anhydrous borax increased 41% annual capacity of 100,000 equivalent tons 
and accounted for over one-half of the of B.Os:, to produce pentahydrate, decahy- 

| company’s total sales. Production and sales drate, and anhydrous borax, and boric acid. 
of crude sodium borates, Rasorite 46 (a Solvent-extraction capacity to produce addi- 
pentahydrate) and its anhydrous derivative, tional boric acid from weak lake brines and 
for foreign markets increased 2% over the recycled plant liquors was expanded during 
1976 figure. In the past, the crude products the year. Production of borates by the | 
represented almost one-half of U.S. Borax’s carbonation process at the Westend plant 
output and sales; however, the substantial was formerly limited to 25,000 tons of BO; 
increase in refined sodium borate products capacity in the form of sodium borates, but 
in 1977: had the effect of reducing this during the latter part of 1977 equipment for 
proportion to slightly more than one-third. boric acid production was installed. Kerr- 

The previously planned 25% expansion of McGee predicted that overall capacity for 
boric acid capacity at Wilmington was _ boric acid at both plants would soon double 
achieved in 1977 despite engineering prob- that of 1976, contingent upon continued 
lems in the 50-year-old plant, which is also growth of the market. | 
used for the manufacture of borate soap American Borate Corp., the third U.S. 

: - products, herbicides, and other high-quality producer, increased sales of colemanite (cal- 
. specialty chemicals. In addition, the Wil- cium borate) and ulexite-probertite (two 

| mington facilities served as a warehouse similar sodium-calcium borates mined and
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sold as one) by 36% and 31%, respectively. insulation and cellulosic insulation. 
The company’s two deposits, each composed Two significant developments concerning 
of various proportions of the three minerals, American Borate were announced in 1977. | 
are located within the Death Valley Na- The parent company, Texas United Corp., 
tional Monument, Inyo County. By yearend, entered a joint venture with Owens-Corning 

7 both open pits were nearly depleted of Fiberglas Corp. to develop and mine the 
| economic-grade ore, and American Borate Billie ore body. This mine, due to become 

was attempting to extend the ore supply operational in 1979, is unique because the 
| until development of the Billie underground entrance shaft, positioned outside the Death 

Mine is completed. Methods of extension Valley National Monument, will provide 
involved stockpiling of mined ore and re- subsurface access to the colemanite-ulexite- | 
ducing the average B.O; content ofthe final probertite deposit located within the Monu- 
products below that of previous years. Cole- ment boundary. In a related development, 
manite was processed at the company’s American Borate announced the signing of _ 

, washing and calcining plant at Lathrop a contract to build a 100,000-ton-per-year 
Wells, Nev. The average B.Os content of froth-flotation plant (adjacent to the exist- . 
opens. Seatined pearly for ae ing pacilities at atnrop vee N ev.) to 
grade fiberglass manufacturers, was ©, process colemanite. Experimen studies . 
compared with an average of 48% B.O, in were conducted at the Colorado School of. 
1976. a ny robertite ore was ground, wines and a te hae prant was to 
screened, and blended to an average B.O, gin early in . The flotation process 
content of 27% at the storage and shipping shows promise to virtually eliminate the 

| pactities at Dunn, vat, ‘on transported need for the energy-intensive, less efficient 
y rail to customers. In , Most ship- calcining operation. | 

ments went to manufacturers of fiberglass : . 

CONSUMPTION AND USES | Oo 

__ In terms of boron content, about half of retardants in other cellulose products (par- 
the total Le output of boron mineras and ticle board and cotton batting) and in paints 
compounds was consum omestically in and plastics increased 42%. 
1977. This ratio of domestic consumption to The prevailing practice of combining bo- 
production was similar to that of 1976. U.S. ric acid and borax to impart flame retar- 

consumption, including imports of cole- dance to cellulosic insulation, which is pro- | | manite and boric acid, amounted to 121,090 duced mainly from shredded newspapers, 
short tons of equivalent boron, compared created such unusually heavy demand for 
with 93,550 tons in 1976. The increase in boric acid that the domestic producers, U.S. domestic consumption of 29% was supplied Borax, Kerr-McGee, and Stauffer Chemical 

: ty a Signivicant rise parenPors as el 8 Co., were unable to supply industry require- 
d € record output of the major U.S. pro-  jonts, Despite the U.S. producers’ record 

a "Bee se 1977 f th td . output and sales of 158,500 tons valued at 
, vecause Be Pah nam $42.4 million, imports of boric acid went __ ic years in the history of the boron minerals £7 56 tons in 1976 to 14.182 tons in 1977 industry, the Bureau of Mines initiated a di rt prices tripled th f the U g. 
survey to collect data on U.S. consumption 2?” oducers prices trip ose of the Ui: 
of boron minerals and compounds. Canvass P 7 “the f lies f llulosi forms were sent to producers to obtain . ™t e furor over supplies for cellulosic 
comparative data for 1976 and 1977 on insulation, the fact was sometimes overlook- 
domestic shipments by end use. Response ©4 that boric acid had long-established ap- was 100%. Tables 2 and 3 present the plication in other major industries in the | 
results of the survey. United States and abroad. Using 1975 as an 

The spectacular  arket for thermal in- example of the pattern of U.S. consumption 
sulation increased demand by 18% for bo- of boric acid before cellulosic insulation 

rates (mostly as borax pentahydrate and became dominant, borosilicate glasses | 
ulexite-probertite) in the manufacture of accounted for about 19% of total boric acid 
fiberglass insulation. Consumption of a va- sales to U.S. consumers; textile-grade glass 
riety of borates in cellulosic insulation, the fibers consumed about 23%; ceramics, 18%; 
second largest category in 1977, increased agricultural uses, 8%; metallurgical uses, 
232%. In addition, use of borates as flame 3%; soaps and detergents, 1%; and nuclear
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applications, 1%. About 6% of boric acid one of the most promising markets for | 

was consumed in cellulosic insulation in reinforced plastics, was turning to these 

1975; whereas in 1976 and 1977, this per- composite materials as substitutes for the 

- centage increased to at least 21% and 33%, metal structural parts used in the past. 

respectively. | Although borosilicate glasses have always 

According to the results of the Bureau of been a substantial end use category, con- — 
Mines end use survey, 45,310 tons (H;BO; sumption of borates (colemanite, anhydrous 

content) of boric acid was used in cellulosic borax, borax decahydrate and pentahy- 

insulation in 1977. The survey also indicat- drate, boric acid, and anhydrous boric acid) 
ed that another 20,750 tons was sold to in their manufacture did not increase at a 

distributors, and more than likely a large ate comparable to that of the other major 
: percentage of this boric acid ultimately borate markets. Consumption in 197 7 was 

went to cellulosic insulation manufacturers. 2% greater than consumption in 1976; 

Assuming this possibility, use of boric acid however, a related application of borates, in 

| in cellulosic insulation may have approach- porcelain enamels, frits, and ceramic glazes, 

ed half of the total U.S. consumption of increased 17%. 
boric acid of 137,310 tons. Boron compounds in cleaning and bleach- 

| Those manufacturers who were unable to ing increased 4% over the 1976 tonnage of 

obtain enough boric acid or were unwilling equivalent boron. More than one quarter of . 

to pay the open-market price dealt with the these compounds were used to produce so- 

situation in various ways. Some companies dium perborate detergents. Consumpt ion of 

extended their boric acid by adding other boron f compounds increased te mn the 

boron compounds to their products. Exam- chemi ae ° bio nner ee owt aoe 

- ples of these extenders (collectively totaling chemicals for use In aigicides an water 
10.350 tons of boron content) were the treatment, fertilizers, herbicides, and in- 

7 ? . . secticides. Boron compounds were consum-: 
minerals ulexite-probertite, and the refined ed in metallurgical processes as fluxes, as 

| compounds po avo pentaly drat porax deca shielding slag in the nonferrous metallurgi- 

ydrate, anhydrous borax, and a boric acic- ea) industry, and as components in plating 

, SE on of borax pontaby chemical. Con baths in the electroplating industry. Small 

; ; we + amounts of boron and ferroboron were con- 

common constituent of insulation in addi- stituents of certain nonferrous alloys and of 

| tion to boric acid, amounted to 52,900 tons gnecialty steels, respectively. Compared to 

eBOSHLO content, Oey, mentor th 197 comumpion in metallic apr ‘ plications, equivalent boron tonn de- 
extenders or as substitutes, but the appar- a rensed 189 Consumption of borntes in 

ent inadequacy of substitute chemicals to nuclear applications decreased 25%. 

| retard flammability of cellulose brought the Many important but small-percentage 

entire industry under the scrutiny of Fede- end uses for borates and boron-containing 

ral and State regulatory agencies, the U.S. chemical derivatives comprised a diverse 

Congress, and consumer advocate groups. miscellaneous category that increased by 

Purthermore, some o bese chemicals a 12% in 1977. According to the Bureau of 

peared to exacerbate problems of potential Mines end use survey of the boron minerals 

Orson moisture accumulation, and producers, another ‘proup of borate com- 

ungal growtn. pounds that were sold to chemical distribu- 

A third major growth market for borates, tors was enlarged by 33%. Their ultimate 
textile-grade glass fibers, represented an end use was unknown. 

increase of 37% (in equivalent boron) in Having rebounded in 1977 from the pre- 
consumption of colemanite, boric acid, and ceding years of reduced activity, markets 

anhydrous boric acid. These high-tensile- for boron are projected to show continued 

strength fibers are used to reinforce light- strength in the near term. Growth in de- 

weight plastic materials in a variety of mand will be most significant with respect 

products. In its effort to facilitate fuel to insulation products and textile-grade 

economy through manufacture of lighter glass fibers. 
weight vehicles, the automobile industry,
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: | Table 2.—U.S. consumption of boron minerals and compounds, 1976 and 1977 
. . (Short tons of equivalent boron and short tons of equivalent boron oxide) 

1976 1977 
End use a 

B B2Os B BoOs 

Fiberglass insulation___.______.___.___________-_-_-_ 21,595 69,440 25,400 81,670 
Fire retardants: 

Cellulosic insulation? ____________________________-_ 5,510 17,730 18,280 58,775 
Other ________________ ee 1,350 4,340 1,920 6,180 

Textile-grade glass fibers?_____________________________ ~ 10,970 35,275 14,990 48,190 
Borosilicate glasses__________________ ~~ ~~~ ____- 14,460 46,505 14,720 47,340 : 
Soaps and detergents _______________________________ 13,150 42,270 13,700 44,035 
Enamels, frits, and glazes $$ 2» -§ 2§ 5 5 5 Le 4,485 14,260 5,170 ~—-: 16,630 
Agriculture ________§_-________~ ee 3,480 11,185 5,190 16,680 
Metallurgy. ___§__§_______~___ 1,810 5,810 —— 1,800 4,190 
Nuclear applications. __§_________.____._ ~~ ie 240 785 180 590 
Miscellaneous uses _______________________~___ ee 8,180 26,290 9,140 29,380 
Sold to distributors, end use unknown _____________________ 8,370 26,910 11,100 35,700 

Total consumption______________________________ 93,550 300,800 121,090 389,360 

1Data were collected on the basis of B203 equivalent; boron equivalents were calculated. | 
2Includes imports. 

Table 3.—U.S. consumption of boric acid, , 
| | 1976 and 1977 | 

(Short tons H;BO; content) . 

. End use 1976 1977 

Fire retardants: 
Cellulosic insulation ___._.__— 20,640 145,310 
Other ____.____________ 3,940 6,570 

Textile-grade glass fibers ____... 19,680 23,980 
Borosilicate glasses__.____.___. 12,950 12,250 

| Metallurgy — - ~~ -~-~~~-~--~ 2,580. 2,080 
' Soaps and detergents _________ 790 1,355 
Enamels, frits, and glazes ___ ____ 1,210 980 
Nuclear applications _.._._.____ 1,010 730 . 

pgriculture oe eee 100 100 
Fiberglass insulation ______—_—_ _- _- 
Miscellaneous uses ______.___.~ 18,340 § 23,255 
Sold to distributors, 

end use unknown __________ 16,400 20,750 

Total consumption _______. 97,640 137,310 

1Includes imports. | 

| PRICES 

U.S. borate mineral and chemical ship- ton of product in carlots, f.o.b. U.S. plant or 
ments had an average value of $322 per port. Other conditions of final preparation, 
short ton of B.O; in 1977, compared with transportation, quantities, and qualities are 
$293 in 1976. Prices of borate compounds subject to negotiation and/or somewhat 
were increased at least 7% (depending upon different price quotations. | 
the product) at the beginning of the year. General inflationary pressure plus the 
U.S. producers raised boric acid prices continued accelerating cost of energy for 
about 7% in February, 8% to 9% in July, industrial purposes in California prompted 
and, in one instance, another 6% in Octo- the domestic producers to announce an 
ber. Open-market prices for boric acid sky- increase in the price of refined borate com- 
rocketed as the year progressed, first dou- pounds (including boric acid) of about 15%, 
bling then tripling the producers’ prices. to take effect in January 1978. 

Figures quoted in table 4 are per short
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- Table 4.—Borate prices per short ton, 1977 | . 

: | Product —_ Dec. 31, 1977 

Borax, technical, anhydrous, 99%, bulk, carlots, works ~ eee eee ee eee 1$266 . 
Borax, technical, granular, pentahydrate, 99-1/2%, bulk, carlots, works ______-_--—-------- . 1117.50 
Borax, technical, granular, decahydrate, 99-1/2%, bulk, carlots, works ______-_----------- 197.50 
Boric acid, technical, granular, 99.9%, bulk, carlots, works __._.__—-_----------------- 2$265-281 
Boric acid, technical, granular, 99.9%, bags, carlots, works __________----------------- 2301-317 
Boric acid, anhydrous, 96.0% B2Os, bulk, carlots, works________-_-.----------------- +3559 
Colemanite, American Borate Corp., calcined and screened, minus 70 mesh, 

35% BeOs, f.0.b. railcars, Dunn, Calif _..._.____-__---------~--------~--------- 4140 
__ Colemanite, Turkish, 44%-46% B2Os, crude, lump, f.0.b. railcars, U.S. east coast port .__..-~.--- . ' 5140 

Ulexite-probertite, American Borate Corp., screened, minus 7 mesh, 29% BgQOs, f.o.b. railcars, Dunn, 55 

1Chemical Marketing Reporter. V. 213, No. 27, Jan. 2, 1978, p. 51. . 

- 2Chemical Marketing Reporter. V. 213, No. 27, Jan. 2, 1978, p. 19. . 
3U.S. Borax & Chemical Corp. 
“American Borate Corp. 

. 5Philipp Brothers. — — 

| | : FOREIGN TRADE 

U.S. exports of boric acid decreased to exports of crude sodium borates, would 
35,992 short tons valued at $12.9 million in indicate (in decreasing order) that France, 
1977, compared with 36,492 tons valued at the Federal Republic of Germany, the 

$12.4 million in 1976. Exports of refined United Kingdom, Belgium, Spain, and Italy 

: sodium borates increased 26% in tonnage ‘ consumed greater tonnages of borates than : 

and 31% in value to 265,470 tons valued at did the Netherlands. 
$64.6 million. Exports of crude sodium bo- The United States imported from Turkey 
rates (mostly Rasorite 46 of 48% B,O; con- 51,087 short tons of commercial-grade cole- 

a tent) increased slightly over 1976 exports. manite (calcium borate) valued at $3.7 mil- 

Because there is only one producer of crude lion. It was used principally for textile- 
sodium borates, the Bureau of the Census’ grade fiberglass manufacture. This was an 

_ does not publish export data on these pro- increase of 69% in quantity and 90% in 
ducts. value over the 1976 imports of 30,247 tons 

Table 5 presents a detailed breakdown of valued at $1.95 million. | 

the reported exports in 1977. Although data - US. imports of boric acid were significant 
. for countries outside of Western Europe are for the first time in 1977; 14,132 short tons 

considered accurate, the large quantity of valued at $5.6 million was imported from 14 
refined sodium borate exports to the Ne- countries. Virtually all of these imports 
therlands tends to distort the data for other went to the cellulosic insulation industry. 
European countries. The Netherlands is Four countries provided 87% of the supply: 
actually a major transshipment point for Turkey, Italy, France, and the U.S.S.R. 
Europe rather than the final destination. A Table 6 presents comparative figures on 
more meaningful tabulation, including U.S. _ boric acid imports for 1976 and 1977.
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| Table 5.—U.S. exports of boric acid and sodium borates, in 1977 

Boric acid Sodium borates 
(HsBOs content) (refined) 

Destination Quantity: Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 

Australia___. $$. eee 2,563 $982 6,927 $1,548 
Belgium-Luxembourg ______________-__---~----- 48 15 11 an) 
Brazil _.________~_ ~~~ ee 3,016 1,375 15,589 3,753 
Canada __________~ ~~ ee 4,137 1,052 49,241 8,205 . 
Chile _-____-~_ ~~ Le 4 4 420 143 
China, Republic of ~...__~.~- ~~ ~~ ~~ ~~ — a 1,102 168 
Colombia _____ ~~. ____~____ ~~ ee L 538 196 1,348 302 
Costa Rica _-_ ~~~ ek 13 6 136 41 

-  Eeuador ____~ 12 3 231 113 
' ElSalvador __________~__-_ LLL 4 3 809 356 
Finland___~§ ~~~ > 5 ee ee 5 2 296 67 
France _______~-~_--_--~-------~--~--~~--+-+-- 18 8 476 221 
Germany, Federal Republic of __ ._______.________ _ 1,581 602 _ 60 29 
Greece _________-~____-~ ~~~ _- —_ 83 11 

' Guatemala_________.~ ~~~ __ ~~ Le 6 3 — 42 25 
Hong Kong. ___.___-_______~~~~-~_____--___-_- 212 89 3,190 881 
Indonesia___ —~___§~_-__ ~~~ Le 38 15 ' 1,546 263 

~ Jran 2 LLL _— _— 772 - 249 
Israel __ -§ - § 5 ee ee 106 46 198 . BT 
Italy________________- Le 601 189 11 . 5 
Japan ___-_ ~~ 12,130 4,584 47,196 11,749 
Korea, Republic of _~__~_§_$__$__§_~___~___ Le . 1,569 599. 12,312 1,937 
Madagascar _______~_._~ __ __ 33 16 

‘ Malaysia ___§ $2 > Le 8 / 4 235 39 
Mexico ____._§_ 2 3,660 1,104 23,006 » 4,263 

_ Netherlands —______§________ ee 2,087 723 49,530 15,566 
- New Guinea ________________-~~_ ee 105 42 150 48 
New Zealand _________________ 412 158 3,150 1,105 
Nicaragua _____§_§_§_~__ ee _ ae 229 104 
Norway______~___~ 158 - 48 __ a 
Pakistan ____.__§_______~____-~~__-~-__ Le 130 . 62 274 46 
Peru___ ~~ ee 23 13 44 8 
Philippines _______§__________~__ ee . §88 167 1,407 . 381 . 
Singapore ___________~__~___ ~~ 286 104 . 343 _63-. 

. South Africa, Republic of _._~_-__. 9 -_..___2_-___-__ 364 136 2,448 787 
Spain ~~~ '- 36 15 _~ —- 
Sweden ______§_______~~-__ ee 50 16 322. 29 
Switzerland ___________________ ~~ ee —_ __ 98 15 
Taiwan ___§_ =~ > ~~ 583 211 4,612 1,055 
Thailand _________________~_~~_~_~____e 278 129 964 200 
United Kingdom ____~_______ ~~ LL 73 - 22 34,343 10,246 
Uruguay _______ Le 198 73 225 71 
Venezuela _-____ 308 113 1,872 436 
Other _______ ee Al - 18 159 48 

Total. > - ee 35,992 12,931 265,470 64,634 

Table 6.—U.S. imports for consumption of boric acid, by country 

(Short tons H;BO, content and thousand dollars’) 

. . 1976 1977 
Exporting sources TT Te 

Quantity Value Quantity Value 

entina ~~ _-____ ~~ — Le 785 342 
Bolsa ~ oe ee _- _- 232 102 
Canada _______~_____ ~~ ee 56 - 414 - 48 24 
China, People’s Republic of _.__._________-__-__--_~_--__ a _- 55 24 
France _____§_ _- _- 2,677 974 
Germany, Federal Republic of ______________.____~_..--__ _- _- - 162 88 
Italy___ ~~~ eee _- _- 3,000 1,471 
Japan .__§_§__ ~~ ee _- -- 107 60 
Netherlands ______~________~-__~~__L ee _- — 60 26 
Romania _______________~~~-~_ ~~~ ee _- _- 110 52 

. Spain __________------_--~---------------~-----+- -- _- 194 99 
qurkey nog - ~~~ oat rrr rr rr rrr _- __. 5,135 1,744 

United Kingdom _________________~____ — _- 118 61 
USS.R_~- ee _- _- 1,449 529 

Total _.-________ ~~ ee 56 14 14,182 _ 5,596 

1U).S. Customs declared values.
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WORLD REVIEW 

| Argentina.—Argentina, the foremost pro- Borax y Articulos Quimicos S.A.), 11,000 
ducer of boron minerals in South America, tons; the United Kingdom (Borax Consoli- 
revised reported output and exports in dated Ltd.), 11,000 tons. 
1976 to 88,900 short tons and 10,400 tons, Peru.—Ulexite was mined by two compa- | 

respectively.? Boroquimica Samicaf, an RTZ nies in Arequipa (southern Peru) for local 
Borax Ltd. subsidiary, provided most of the use in glass manufacture. Annual capacity 
output in recent years from its Tincalayu of Boratos del Peru S.A. was 33,000 tons, 

mine in the Salar del Hombre Muerto basin and capacity of Boroquimica S.A. is pro- | 
in the Salta region of northwest Argentina. jected to reach 33,000 tons in 1978.6 _ 

_ Additional production came from the Com- — Turkey.—The Turkish boron minerals in- | | 
pania Productora de Boratos. In 1977, a dustry, dominated by the mines, washing _ : 
third company, Minera Simon Grandinetti concentrators, and refineries of Etibank | 

_ Asociados S.A., was planning mining and (the Turkish Government mining corpor- 
processing facilities to extract ulexite from ation responsible for all State mining activi-, = 

vs _ Laguna Guayatayoc, located 13,000 feet ties) was second only to the US. boron: oe 

above sea level and about 160 miles from minerals industry. In 1977, output was esti- ee 
| the Boroquimica Samicaf operation. Prob- mated to have increased about 20% tol2 

| able and possible reserves in this subsurface thillion tons.” Etibank’s annual productive = 
us deposit were estimated at 620,000 tons of capacity for colemanite concentrates of 40% 9 | 

_.  ulexite with 30% to 35% B.O; content. The to 47% B.O; content was 496,000 tons; 
- proposed plant may employ flotation techni- capacity for tincal concentrate of 834% BO, 

| - ques. Facilities for producing boric acid also _ was 440,000 tons. Facilities at Bandirma- oo 
| _ may be constructed at the mine site. Cur- Edincik to process concentrated ore into = 

_rent boric acid capacity in Argentina is refined borates had capacities of 61,000 tons —=_—> 
oO estimated at 2,000 to 3,000 short tons per of borax decahydrate; 11,000 tons of borax «sis 

year. : — 7 pentahydrate; 27,500 tons of boric acid; and a 
__ Chile.—Productos Quimicos Pareschi 22,000 tons of sodium perborate. An expan- — : 

... Limitada (Proquipal) produced borates and _ sion to 38,600 tons of boric acid capacity was 5st 
boric acid from the Minera Ascotan ulexite scheduled forearly1978. ss a 
deposit. In 1977, Proquipal was planning to | Completion of the new 110,000-ton-per- , 

| build a new boric acid plant near Antofaga- year boric acid plant, planned for 1979, was itt 
, sta as part of a joint venture with Trans’. reported to be a year behind schedule.* The = 
a Boron Ltd. In exchange for technology, delay was attributed to a shortage of fin- 

plant financing, and access to the U.S. ancing to purchase plant equipment. Cost of | — 
_ market, Proquipal will sell 33,000 tons of the project was estimated around $20 mil- : 

boric acid to Trans Boron Ltd. All of this. lion. | a ee Sa ee 
boric acid is destined for the United States, | Construction of facilities to produce so- 
with shipments to begin early in 1978. dium borates at Kirka has also been delay- | | 

China, People’s Republic of.—Although ed. Plans for the modern refinery include | 
little is known about the industry, it is annual capacities of 200,000 tons of crude ~ 7 

believed that China produced a sufficient borax pentahydrate; 55,000 tons of crude 
amount of borate minerals for domestic anhydrous borax; 10,000 tons of refined 

consumption with some available for ex- anhydrous borax; and 19,000 tons of refined 
port. Japan reported 374 tons of boric acid borax decahydrate. | 
imports from China in 1977.5 China also It was reported that project studies are 
exported 55 tons of boric acid to the United underway for annual production of 150,000 
States. tons of washed colemanite ore of low arsenic | 

Europe.—Several European countries im- content from the Bigadic area.® In addition, 
ported colemanite from Turkey and sodium modern handling facilities for boron exports 
borates from the United States to produce are scheduled to be completed at the port of 
boric acid and other borate chemicals. An- Bandirma by 1979. A total of 5,000 tons of 

nual boric acid capacities were estimated as. crude and refined products will be stored in 
follows: France (Borax Francais S.A.), covered silos and 50,000 tons of ore will be 

| 42,000 tons; Italy (Sta. Chimica Lardarello stored as open stockpile. 
S.p.A.), 30,000 tons; Spain (La Productora de U.S.S.R.—The U.S.S.R. announced plans
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to commission a new facility for the pro- time, the United States imported boric acid 
duction of 23,000 tons per year of sodium from the U.S.S.R. Japan reported imports of 
perborate and 10,000 tons per year of anhy- 578 short tons of Soviet borax and 1,786 
drous borax by 1980.'° In 1977, for the first short tons of boric acid." 

TECHNOLOGY | 

| During 1977, boron minerals producers rocket fuel) by heating boron trichloride 
were engaged in technological research to and hydrogen produced many useless bypro- 
improve the efficiency of their operations. ducts. The University of Alabama is also 

| U.S. Borax continued research to utilize studying the laser synthesis of boranes and 
offgrade and difficult-to-process ores in its related compounds, which have numerous , 
refining system. American Borate’s re- potential applications, but are currently — 

- search into froth flotation of colemanite had prohibited from widespread use by their 
| advanced to an announcement of plans to high cost. . a | ; | 

construct a 100,000-ton-per-year flotation The trend to greater use of fiberglass- | 

| | plant in 1978. Kerr-McGee was investigat- reinforced plastics has promoted research 
a ing techniques of brine enrichment to en- into effective ways to strengthen these com- _~ 

| _ hance borate extraction.  __ - posite materials beyond their former limit- = — 
_. With the switch by industry and utilities ations. The result has been a better under- , 

: to firing boilers with coal instead of oil, standing of the strengthening mechanism, 7 

_. several chemical producers have developed which has led to increased strengthening = 
_ proprietary formulations to combat slag ability of glass fibers embedded in a poly; 

accumulation in boiler bottoms.and scale mer.'* Through improved techniques to in- 
| _ buildup in boiler tubes.!? One type of addi- crease.fiber length, control fiber orienta- a 

| tive, Coaltrol R, is described as a proprie- tion, and raise fiber content, the same fibers = 
tary combination of inorganic and organic that doubled or tripled plastic strength in _ | 

-._boron-containing chemicals. It was develop- the past now have potential to increase 

| ed by Apollo Chemical Co. to lower the plastic strength by at least a factor of 10. 
__. fusion point of coal. Unlike oil, coals contain — Until recently, glass content of 20% to 30% - 
te alkali metals and iron, silica, and alumina, by weight was typical of most fiberglass-— : 

| _. which along with the ash resulting from reinforced plastics; however, newly devel- 

_.... combustion are left behind to foul the boiler oped techniques allow for glass content of — 
a system and reduce its efficiency, usually to 70% or more. Considered a significant engi- a 

the point of eventual shut down. Addition of neering achievement among plastics formu- | 

an - chemicals to either lower the fusion point or _lators, the capability to add high concentra- a 

| raise it (depending upon the type of coal and __ tions of glass reinforcement has one disad- __ 

| boiler system) appears to be an effective vantage in that raw materials costs, includ- : 

_ - means for improving boiler efficiency. _ ing costs of boron compounds, may increase - 

- Although still in its infancy, research on as much as 35%. | 
a use of the tunahle laser is expected to have U.S. military aviation researchers have | 

considerable impact on the chemical in- experienced considerable success in devel- 
dustry.'* Promising applications include the oping lightweight advanced composite | 
production of rare isotopes, synthesis of materials for structural components of air- 
specialty chemicals, and use in ultrasensi- planes and helicopters.'* Composites are a 
tive analytical instruments. Among the mixture of two or more materials that exist 
thousands of materials potentially amen- in continuous and discontinuous phases and 
able to laser chemistry, the most promising that provide a material with properties 
initial targets will be substances that are different from the sum of the continuous 
presently very expensive to produce. Fore- properties. The most recent filamentary 
most among these is the isotope boron-10, reinforcements are boron fibers and graph- 
which costs about $3,000 per pound.’* With ite fibers. When used as reinforcements in 

respect to the synthesis of specialty chemi- epoxy, other plastic matrices, or in some 
cals, U.S. Government scientists at the Los metals such as aluminum, these fibers offer 
Alamos Scientific Laboratory (New Mexico) remarkable advances in both strength and 
have produced essentially pure dichlorobo- stiffness, compared on a weight basis to 
rane. In the past, synthesis of this chemical metals or glass-fiber-reinforced plastics. An- 
(once considered to have potential as a other advantage is the simultaneous fab-
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 yication of the composite material and the ee Minin doc a eenety Tarkich Dilemma vy. 290 
structural part, which eliminates several No. 7448, May 19, 1978, pp. 370-371. oO 

teps in the traditi f i SChemical Age. Financial Problems Delay Turkish Boric 
Steps in t : dit onal manu acturing Pro- Acid Venture. V. 115, No. 304, Nov. 4, 1977, p. 8. , 
cess. In a related development, Avco Corp.’s  ““sigustrial Minerels. Etibenk as ¢ Boron Producer. No. 
Specialty Materials Division, a major manu- 128, December 1977, pp. 51-52. | , 
facturer of boron filaments for use in aero- Steps Un inresteen One ae coephate voit 
-space vehicles and sporting goods, announc- _ 5. 41. Se a! 
ed plans to reduce manufacturing costs of ork cited in footnote 5 Len Boiler Slag. V 

_ boron filament and boron. tape preimpreg- 122, No 1. o. 4 1978, oped ba ne Coal Boiler Slag. V. 
nated with epoxy by substituting a carbon Horeca, Week. Lase a Loon, Bright , on Chemical | 

17 orizon. V. 121, No. 22, Nov. 30, » pp. . 
substrate for tungsten. 96. portune. Laser Alchemy is J lust Around the Corner. V. 

TT , No. 3, September » Pp. . 

_ Physical scientist, Division of Nonmetallic Minerals. 15Materials Engineering. Pumping More Strength Into 
2US. Embassy, Buenos Aires, Argentina. State Depart- Reinforced Plastics. V. 87, No. 5, May 1978, pp. 27-30. 

ment Airgram 1 18. Mar. 18, 1978, p. 1 of enclosure 1, and Meech C.F. and i B. Lockhart, Ur. Navy Composite 
p. 1 of enclosure 5. teri . Nat. ense, November- mber 

Industrial Minerals. Argentina-High Hopes for Borate 1977, pp. 220-223, 250, 259. 
Production. No, 126, March 1978, p. 9. Immen, F. H. Army Helicopter Composites. Nat. 

on 8. Embassy, Santiago, Chile. ps Department of Defense, November-December 1977, pp. 224-225, 230-231, 
mmerce Airgram 507. January 12, » 1p. . 
5Japan Chemical Week. Borax, Boric Acid Imports 17American Metal Market. No Machining Necessary 

Regover. Mar. 23, 1978, Pp. US. De eit of Co With New Composite. V. 86, No. 20, Jan. 30, 1978, pp. 12- 
S. Embassy, Lima, Peru. U.S. Department of Com- 13. .



B i romine 
By Russell J. Foster! 

Domestic producers sold or used nearly and bromine compounds sold by producers 
434 million pounds of elemental bromine in was $203 million. 

| 1977, a decrease of 6% from that of 1976. Bromine capacity in Arkansas continued 

Demand for the industry’s primary product, to grow as a producer completed an expan- 
ethylene dibromide, as a leaded-gasoline sion of its bromine production facilities. § 
additive was down, but sales of the com- Several Federal agencies were evaluating 

pound for agricultural use improved. Con- some bromine compounds that could pos- 
sumption of other bromine-containing com- sibly. be hazardous to consumers and 
pounds declined. The total value ofbromine workers. | 

DOMESTIC PRODUCTION | 

The amount of elemental bromine sold or the Arkansas legislature. | 
used by domestic producers in 1977 declined Great Lakes Chemical Corp. brought ad- 
6% to 434 million pounds. Sales of bromine ditional brine production and bromine ex- 
compounds by producers were down 7%. traction facilities onstream at Marysville, 
Producers’ sales of methyl bromide rose 6%, Ark., and acquired Drug Research, Inc., a 
but the quantities of ethylene dibromide Michigan-based firm which produces bro- 
and other bromine compounds sold decreas- minated chemicals primarily for swimming 
ed 6% and 10%, respectively. The total pool sanitation. Great Lakes’ new research 
value of elemental bromine and bromine and development laboratories were com- — 
compounds sold dropped $13 million. The pleted at West Lafayette, Ind.2 | 
unit value of elemental bromine declined, Emery Industries, Inc., signed an agree- 

but the average price of manufactured com- ment with Dead Sea Bromine Co., Ltd., of 
pounds was essentially unchanged. Israel to market certain nonagricultural 

Six companies operated nine bromine- bromine compounds in the United States. A 
| producing plants in two States, Arkansas jointly owned U.S. plant for the manu- 

and Michigan. Three of these companies facture of bromine derivatives is being con- 
combined sold or used 88% of the US. total. sidered. Dead Sea Bromine will continue to 

The Governor’s Brine Study Commission market some bromine products in the 
in Arkansas proposed legislation covering United States through its subsidiary, 
unitization and royalty payments. The bill Ameribrom.® , 
was referred to a joint interim committee of 

201
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Table 1.—Elemental bromine sold as such or used in the preparation of bromine 
| Bo : compounds by primary producers in the United States 

7 . (Thousand pounds and thousand dollars) 
A 

] ] } 1976 1977 : 

Quantity” Value*™ Quantity Value EE 

Sold _._-________~___~-----~--_--+-- 57,405 12,859 59,036 12,763 . 
Used _________-_ ee 402,655. 99,488 374,782 86,915 

Total!__>_~_§_9_ eee 460,061 112,348 433,818 99,678 
a 

| — FRevised. | 
. 1Data may not add to totals shown because of independent rounding. 

Table 2.—Bromine compounds sold by primary producers in the United States 
(Thousand pounds and thousand dollars) . 

oo 1976" 1977 

Quantity Quantity 

- Gross Bromine -~ Value’ Gross Bromine Value 
weight content , weight content — 

Ethylene dibromide __~_~— ~-----— 298,752 254,149 77,286 279,581 237,840 75,061 
Methyl! bromide. __________-~-~- 31,032 26,120 13,773 32,930 27,717 15,701 
Other compounds! ____________ 138,417 97,191 112,007 125,066 86,650 99,200 

Total?___§______________- 468,201 377,459 208,067 437,576 352,206 189,962 

Revised. 
. ; . 

1Includes hydrobromic acid, tetrabromobisphenol-A, ethyl, ammonium, sodium, potassium, and other bromides. 
2Data may not add to totals shown because of independent rounding. - 

Table 3.—Bromine-producing plants in the United States 

State and company County Plant | Production 

Arkansas: | - . . | | 
Arkansas Chemicals, Inc _~______ — Union ~~~ ___ El Dorado _____— Well brines. 
The Dow Chemical Co ~~___.~___~ Columbia ________-~~- Magnolia ____—-— Do. 
Ethyl Corp ________.--_-____ ___-do _~___ ~---do ____- Do. 

. Great Lakes Chemical Corp _______ Union __.~_______- El Dorado ___—___ Do. 
Do __-_______ ___-do _.-_______. Marysville ____~_ Do. 

Velsicol Chemical Corp —..—____~ _~__-do __________-_ El Dorado _____~— Do. 
Michigan: 

The Dow Chemical Co _._______-_ Mason ________~~_-_ Ludington —___~— Do. . 
Do _.___ ~~ ee Midland __.._______~_ Midland ______~ Do. 

Morton Chemical Co ___ ~~ _____~ Manistee __________ Manistee _____— Do. 

CONSUMPTION AND USES | 

Total demand for ethylene dibromide de- prompted the Environmental Protection 
| clined in 1977, primarily because reduced Agency (EPA) to examine ethylene dibro- 

requirements for lead in gasoline necessi- mide under the rebuttable presumption 
tated a corresponding reduction in lead- against registration process. However, pre- 
scavenging additives. The decline was _ liminary EPA studies have recognized its 
tempered by increased consumption of the importance, since elimination could result 
compound as an agricultural fumigant in losses to grain and other crops, increased 
brought about by the removal of 1,2- pest control costs to farmers for substitute 
dibromo-3-chloropropane from the market- pesticides, and restricted movement of cer- 

place. Ethylene dibromide accounted for tain fruits and vegetables in interstate and 
55% of bromine sold or used by domestic overseas commerce.‘ The Occupational 
producers. Results of National Cancer Insti- Safety and Health Administration (OSHA) 
tute (NCI) carcinogenicity studies have issued guidelines recommending that work-
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er exposure in air be limited to the lowest dents indicated that the duration of expo- 
possible concentration.® EPA was also con- sure to the compound was as important as : 
sidering adding ethylene dibromide and 37 the intensity. However, tentative findings other compounds to a proposed list of 23 of the Michigan Public Health Department 
hazardous pesticides that can only be ap- Showed no significant pattern of immuno- plied by trained applicators.* joBicall problems related to exposure 

the 23 substances on the original ‘¢Vvels. 
list ae cette bromide. Consumption of __ The agricultural fumigant 1,2-dibr omo-3- . this fumigant was up in 1977 Methyl bro. chloraprepene, was suapected of causing — mide’s share of bromine sold or used by dental y Chemical Co.’s pesticides plant in 
producers was 6%. Total demand for other J otion Calif. and at the facilities of the bromine ne pean we reprewented two major producers of the compound, The ~~ % of the total sold or used by pro ucers, Dow Chemical Co. and Shell Chemical Co." declined, although consumption of certain — The State of California prohibited the use or rame retardants, calcium bromide, and manufacture of pesticides containing the other compounds increased. compound.'* Emergency temporary worker _ Preliminary NCI data released in Feb- exposure limits Were cahoUneed by OSHA ruary showed that tris(2,3-dibromopro- in September, and stringent permanent ex- pyl)phosphate, a flame retardant used in posure limits were proposed in November. textiles including children’s sleepwear, was In addition, the Food and Drug Administra- 
a carcinogen.” The Consumer Products Safe-__ tion began monitoring foods for residues."® 
ty Commission (CPSC), after placing an EPA ordered a halt to all sales and use of __ initial ban on the sale and manufacture of the compound in late October, but may “tris”-treated garments, banned tris and all allow limited utilization if producers agree | treated fabric, yarn, and fiber in May.* to the application of the compound only by 
However, a U.S. District Court in South trained personnel.*¢ Tests conducted by Dow | Carolina prohibited CPSC from enforcing 4 yearend indicated that the sterility may the ban.* CPSC has since voted to propose pereversible d that results of 
rules to eliminate the portion of the child- the first. ear ° fa Qven, stud on vinel 

ren's mecperear Standards that necessitated bromide showe d that on danger y its pla y t | the use of flame retardants.° . } oo. workers existed at present. exposure levels. 7 In August EPA announced that it would Although a statistical increase im cancer regulate the flame retardant polybromin- \,, observed among rats inhaling 1,250 and ated biphenyl under the Toxic Substances 250 parts per million (ppm) vinyl bromide, 
Control Act, by prohibiting its use as a fire no adverse effects occurred at levels of 100 retardant, requiring new uses to come un- and 50 ppm. Monsanto’s plant exposure 
der review, and applying quality-control standard is 1 ppm, with actual exposure limitations to manufacture for export." levels far less. Other firms sponsoring the | Results of a continuing study by a New study are The Dow Chemical Co., Dow- York medical team on the health effects of Badische Co., and Ethyl Corp.'s polybrominated biphenyl on Michigan resi- 

. 
PRICES 

The average price of bulk elemental bro- from the 1976 average price of 22.40 cents mine, f.o.b. plant, as reported by producers per pound. Quoted prices for bromine and in 1977 was 21.62 cents per pound, down 3% selected compounds at yearend follow:
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Product Value per I pound 

Bromine, purified: . . 
Carlots, truckloads, delivered ______----------------=-----3

- 7-777 15 

Drums, carlots, truckloads, delivered east of the Rocky Mountains? _____--_--—--------- 55-62 

Bulk tank car, tank trucks (45,000-pound minimum), delivered east of the Rocky Mountains? _ _ _ 25-30 

Ammonium bromide, national formulary (N.F.), granular, drums, carlots, truckloads, freight 

equalized _______------------~-=-~--
--------- 5 nt 74 

Bromochloromethane, drums, carlots, f.o.b. Midland _-—-~---------------------7-7-7 98 

Bromoform, pharmaceutical grade, 5-gallon drums, f.o.b. works _ — _ — -----------~-------- 270 

Ethyl bromide, technical, 98%, drums, carlots, freight allowed, East ___----------------- 61.5 

. Ethylene dibromide, drums, carlots, freight equalized __ -_ —- ~~~ -------~------------- 37 . 

Hydrobromic acid, 48%, drums, carlots, truckloads, f.o:b. works _ _ — - - ------------------ 39-41 

Hydrogen bromide, anhydrous, cylinders, 30,000 pounds, f.o.b. works. ______------~------- 65 

Methyl] bromide, distilled, tanks, 140,000-pound minimum, freight allowed __—-~-—---------- 41 . 

Potassium bromate, granular, powdered, 200-pound drums, carlots, f.o.b. works ____~-------- 106 

Potassium bromide, N.F., granular, drums, carlots, f.o.b. works ___-___-_-+-------------- 67 

Sodium bromide, 99% granular, 400-pound drums, freight, f.o.b. works _____—_------~----- © 65 . 

1Delivered prices for drums and bulk shipped west of the Rockies, 1 cent per pound higher. Bulk truck prices 1 cent per 

pound higher for 30,000-pound minimum and 2 cents per pound higher for 15,000-pound minimum. Price f.o.b. Midland 

and Ludington, Mich., freight equalized, 1 cent per pound lower. - 

Source: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 213, No. 26, Dec. 26, 1977, 

pp. . 
. 

FOREIGN TRADE | 

The quantity of elemental bromine and of U.S. bromine imports were shipped from | 

bromine contained in compounds that was Israel. . | 

exported by domestic bromine producers The U.S. Treasury Department initiated 

declined 11% in 1977 to 59 million pounds, a countervailing duty investigation into im- 

and represented 14% of total bromine sold ports of bromine from Israel. A petition 

or used. The amount of exported elemental filed in July by Velsicol Chemical Corp. | 

bromine rose 21%, but exports of bromine alleged that the Government of Israel made 

compounds were down 13%. The value of all — benefits available to Israeli manufacturers — 

bromine exports decreased 6%. . and exporters of bromine and bromine com- 

Bromine imports amounted to less than pounds which may constitute bounties or 

0.2% of domestic consumption. About 95% grants under U'S. law.” 

Table 4.—U.S. exports of bromine and bromine compounds _ 

(Thousand pounds and thousand dollars) 

Elemental bromine Bromine compounds ~ 

Year 
Con- 

. Gross . Quantity Value . tained Value 
weight bromine 

1975 ______________ +--+ +--+ - 3,635 1,037 72,395 61,598 25,791 

1976_______________ ~~~ +++ ++ + - = - - 4,435 944 74,063 62,589 29,244 

1977 ______________ ee ee 5,379 1,096 64,381 54,061 27,278 

i
 

. WORLD REVIEW 

The United States continued as the world Israel.—Dead Sea Bromine Co., Ltd., com- 

leader in bromine production with about missioned a 110-ton-per-day chlorine plant 

two-thirds of the total. Other principal at Sodom which will provide an assured 

bromine-producing nations included Israel, supply of chlorine for existing and future 

the United Kingdom, France, the U.S.S.R., bromine production. Present bromine ca- 

and Japan. pacity of 44,000 tons per year at the Sodom 

Canada.—The Department of Fisheries plant should reach 66,000 tons per year by 

and the Environment has banned the im- yearend 1978, with further additions ex- 

port, manufacture, and use of polybromin- pected. A new bromine-compounds plant, 

ated bipheny] fire retardants.” due onstream at Ramat Hovev in 1978, will
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consist of three single-product units— applications.” | 
methyl bromide, tetrabromobisphenol-A, Netherlands.—A bromine-derivatives 
and inorganic bromides—plus_ several plant constructed by Dead Sea Bromine Co., 
smaller multipurpose plants. Production of Ltd., of Israel came onstream at Terneuzen 
compounds will increase export value and in October.” _ | 
reduce the transportation and distribution United Kingdom.—ISC Chemicals, Ltd., 

problems associated with the corrosive brought a new plant onstream for the pro- 
nature of elemental bromine.?! duction of brominated diphenyl oxides, 

Japan.—Daikin Kogyo Co. brought a tri- which are used as flame retardants in 
fluorobromomethane plant onstream based _plastics.?4 Steetley Chemicals, Ltd., acquired 
on Produits Chimiques Ugine Kuhlmann _§a sodium and potassium bromides and bro- 
technology. The compound is used as a_ mates plant located at Gillingham from 
fire-extinguishing fluid for high-value Akzo Chemie (UK) Ltd.5 | 

Table 5.—Bromine: World production, by country 

(Thousand pounds) . 

] Country? 1975 1976 1977” Oe 

| France _________ eee 36,971 33,466  °35,000 
Germany, Federal Republic of ___..§ -.-§_/_-____--_~_~__ Le 9,414 9,158 £9,000 
India® _____ eee eee eee 600 600 620 
Israel __~_ ~~~ 222 2222222222222 222 39,700 46,100 69,445 
Italy? ~9 ee TLATT ©1500 ©1,500 
Japan® _§_-_ == eee 24,900 25,400 26,500 
Spain ____________-_-__-~______ eee 838 “880 900 
USS.R ~~~ ee 28,000 30,000 33,000 
United Kingdom _______________ 62,391 65,918 66,000 
United States? ~~. §_-§_- eee 407,163 460,061 433,818 . 

Total ____.__________-___-_--------------------- "611,454 673,088 ~=—«675,788 

“Estimate. Preliminary. "Revised. 
1In addition to the countries listed, several other nations produce bromine, but output data are not reported and 

available general information is inadequate for formulation of reliable estimates of output levels. 
Figure for 1975 is from official Italian sources; figures for 1976 and 1977 are U.S. Bureau of Mines estimates. Officially 

reported figures for years prior to 1975 are as follows, in thousand pounds: 1971—11,515; 1972—9,965; 1973—3,073; 1974— 

” 3§old or used by producers. 

7 , TECHNOLOGY 

Bromine chloride could be an alternative aqueous metalworking fluids. The liquid 
to chlorine for disinfecting secondary waste rapidly decomposes in water to produce 
water treatment plant effluent because of ammonia, carbon dioxide, and bromide 
its greater effectiveness and lower toxicity. 10ns.7* oo a. 

_ The rate of hydrolysis is faster than for h Researchers at the University of ene 
either bromine or chlorine alone. Bromine #V¢ found that pertiuoroocty! bromide can 
chloride reacts with ammonia in waste effectively coat the gastrointestinal tract, . 

: water to form bromamines which are supe- connection with a pra es a 
rior to corresponding chloramines in terms exercise, the chemical may provide treat- | 
of bactericidal and viricidal activity.** Envi- ment for obesity. Apparently none of the 
ronmental officials of the State of Virginia perfluorooctyl bromide is absorbed into the 

and Ethyl Corp - were conducting tests with bJoodstream, but further tests are needed to | 
bromine chloride and chlorine at a Newport determine the safety of the compound and 
News sewage treatment plant to compare whether it accumulates in any of the body 
their effectiveness as well as the toxicity of _ tissues.?° 

. treated effluent on fish.?’ ——__ 
The Dow Chemical Co. introduced 2,2-di- physical scientist, Division of Nonmetallic Minerals. 

s,s : . as emi arketin rter. Bromine Chemical Firm 
bromo-nitrilopropionamide as a fast-acting, Bought by Great Lakes V. BL, No. 25, June 20, 1977, pp. 7, 
broad-spectrum, industrial antimicrobial 20, pen, E Report From Great Lakes Chemie 
for water-cooling towers, paper mills, and cal Corp. Oct. 28, 1977 2 pp.
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3Chemical Marketing Reporter. Emery, Dead Sea Group 16Chemical & Engineering News. EPA Puts the Lid on 
Sign a Marketing Pact. V. 211, No. 11, Mar. 14, 1977, pp. 3, | DBCP. V. 55, No. 45, Nov. 7, 1977, p. 24. 

53. oe OO 17Chemical Marketing Reporter. DBCP Comparison Run 
4Chemical Marketing Reporter. EDB Review Ordered by by Dow Chemical Turns Up Reassuring Statistics on — 

Environmental Unit; Risks, Benefits Assessed. V. 212, No. ww, 212. No. 21, Nov. 21, 1977, p. 1 orkers. V. 212, No. 21, Nov. 21, , p. 15. 

25, Dec. 19, 1977, pp. 5, 53. a ” 18Chemical Marketing Reporter. Monsanto Reports Re- 

—_pGhgmical Week EPA Says: "Prove It" V. 121, No. 25, suit of Vinyl Bromide Studies. V. 212, No. 20, Nov. 14, 
5Chemical & Engineering News. OSHA Issues Guide- ee 4, a“ Marketing Re Bromi Probe 

lines on EDB Exposure. V. 55, No. 51, Dec. 19, 1977, p. 18. ‘Chemica 3 ar ae pOoT t romine Pro 
6Chemical & Engineering News. EPA Proposes List of Launched. V. 212, No. 15, Oct. 10, 1977, p. 7. -, 

Hazardous Pesticides. V. 55, No. 37, Sept. 12, 1977, p. 8. European Chemical News. Technology. In Brief. V. 31, 

“7Chemical Marketing Reporter. Tris Ban Demanded by _ No. 818, Nov. 25, 1977, p. 26. | 
EDF. V. 211, No. 7, Feb. 14, 1977, pp. 3, 53. ; European Chemical News. Israel Set To Expand Stake 

®Chemical & Engineering News. Concentrates. Govern- in World Bromines Market. V. 31, No. 800, Aug. 19/26, | 
ment. V. 55, No. 19, May 9, 1977, p. 7. ' 1977, p. 21. . 

®Chemical Week. Tris Ban Nullified. V. 121, No. 1, July I Buropean Chemical News. Section tt Israel Chemical 

6, 1977, p. 14. ndustry Ready for New Export Drive. V. 31, No. , . 

10Chemical Marketing Reporter. CPSC Votes Rule for 9, 1977, p. 28. 
Child Sleepwear. V. 212, No. 12, Sept. 19, 1977, p. 68. 22Chemical Age.-New Daikin Plant. V. 115, No. 3047, 

11Chemical Week. PBB Effects Cited. V. 121, No.6, Aug. Dec. 9, 1977, p. 3. 
10, tone p. a Ww k. Two V PBB V. 11 No. 22 a, Work cited in footnote 21. 

emic eek. Two Views on » V. tat, INO. ad, ‘European Chemical News. New Flame Retardant 

| NO 177, Pe neering N More Tests Link Plant. V. 30, No. 772, Feb. 4, 1977, p. 16. | 
emica ngineering News. More Tes in : ; Ie t, _V. 

DROP to Worker Sterility. V.55, No. 36, Sept. 5, 1977, pp. 99, ruropeat, Chemica Nege Akzo Sells to Steetley. V 
>6. emical Week. Workers Found Sterile V. 121. No. 6 26Chemical & Engineering News. ‘Bromine Chloride 

Aug 10, 1977 p 21 _ , a Looks Good As Disinfectant. V. 55, No. 4l, Oct. 10, 1977, p. 
ag. 10, 1977, p. 21. 3. 

Aug. 24,1977 wear More DBCP Problems. V. 121, No.8, ““s7chemical Week. Testing Disinfectant. V. 121, No. 1, 
18Chemical Marketing Reporter. OSHA Sets Workplace July 6,1977,p.18. 

Rules for DBCP Worker Exposure. V. 212, No. 19, Nov. 7, European Chemical News. Technology. In Brief. V. 30, 
1977, pp. 7, 37. No. 787, May 20, 1977, p. 36. 

Chemical Week. Crackdown on DBCP. V. 121, No. 11, 29 Chemical Week. Chemical May Gain As Weight-Loss ° 
Sept. 14, 1977, p. 19. Aid. V. 121, No. 5, Aug. 3, 1977, pp. 33-34...



Cadmi a 
By John M. Lucas! 

Domestic cadmium metal production In October, the EPA issued a.notice of | | 
posted a minor decline from that of 1976. rebuttable presumption against the reg- | 

_ Although apparent consumption in 1977 istration of pesticide products containing 
exceeded the quantity consumed during the cadmium. Cadmium is one of 20 substances 
recession year of 1975, it was less than that that the EPA is investigating to determine 
consumed in 1976. Shipments of metal re- whether the evidence of health risk is 
ported by producers were below those of sufficient to revoke registration of pesti- 
1976, but, far above those of 1975. cides containing these substances. Pesti- 

Six companies operating seven plants pro- cides containing cadmium have been used 
duced all of the domestic cadmium. Canada for several years to control moles and plant 
continued as the major source of zinc con-_ diseases affecting residential lawns and golf : 
centrates from which cadmium was ex- courses. Producers of registered cadmium 
tracted as a byproduct. The producer price pesticides were notified to submit evidence 
of cadmium remained at $3.00 per pound in rebuttal of the presumption prior to 
until December, at which time it was re- December 12, 1977. | 
duced to $2.25 to $2.50. | On October 22, pursuant to provisions of 

Legislation and Government Pro- the Federal Clean Air Act Amendments of 
grams.—The Environmental Protection Ag- 1977, the EPA initiated inquiries into the 
ency (EPA) issued interim final pretreat- health effects of cadmium, arsenic, and 
ment standard (effective July 12, 1977) cov- polycyclic organic compounds in the am- 
ering effluent discharges into publicly own- _ bient air. 
ed treatment works operating within the The national stockpile goal of 12,351 tons 
electroplating point source category. Short- of cadmium established in 1976 by the 
ly after issuing the new regulations, which Federal Preparedness Agency (FPA) was 
did not specifically address cadmium, the reaffirmed by the President on October 7. 

: EPA began considering the inclusion of six The inventory of stockpile metal was 3,163 
other metals, including cadmium. tons on December 31, 1977. 

Table 1.—Salient cadmium statistics 

} 1973 1974 1975 1976 1977 

United States: 
Production? ____________..._ ~~ short tons__ 3,751 3,333 2,193 2,256 2,204 
Shipments by producers? ______.____-_- do____ 4,304 3,250 818 T2984 2,025 

Value____________________ thousands._ $28,891 $21,405 $4,166 $10,498 $7,072 
Exports___________-----~--~~ ~~ short tons__ 153 31 198 252 118 
Imports for consumption, metal ________~- do___- 1,948 1,985 2,618 3,411 2,570 
Apparent consumption _______.__.---- do___- 6,267 6,050 3,368 5,932 4,480 
Price: Average per pound®’ ____________-___-~- $3.64 $4.09 $3.36 $2.66 $2.96 

World: Production _________------~-~ short tons__ 18,925 19,041 716,793 "18,180 18,898 

1Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used directly in 
production of compounds. 

2Includes metal consumed at producer plants. 
SAverage quoted price for cadmium sticks and balls in lots of 1 to 5 tons. 

| 207
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DOMESTIC PRODUCTION : 

Total domestic production of cadmium as well as a combination of possible factors 
metal during 1977 was 2,204 tons, slightly such as a greater percentage recovery of 
below the 2,256 tons produced in 1976. zinc as compared with cadmium and an 
Metal production was 631 tons in the first overall decrease in the cadmium content of 
quarter, then declined to 428 tons in the the ores and concentrates. 

- third quarter. Production of cadmium Cadmium sulfide production (including 
| during the fourth quarter rebounded to 583 cadmium sulfoselenide and lithopone) was 

tons following the September settlement of 12% below the production level of 1976. 
the nearly 5-month labor strike at The Production of other cadmium compounds _ 
Bunker Hill Co. smelter. | (cadmium content), which includes both 

For every ton of slab zinc produced during electroplating salts and cadmium oxide, 
the year, an average of 9.8 pounds of cad- declined about 14% from production levels 
mium metal was recovered. In 1976, the of the previous year. However compared 

| recovery rate averaged about 7 pounds of with 1974, production of other compounds 
| metal per ton of zinc compared with 10 has increased nearly ninefold. Cadmium 

pounds in 1975 and 12 pounds in 1974. Prior oxide was produced at two primary-metal- 

to 1973, an average of 10 to 12 pounds of producing plants. Data on cadmium oxide 
cadmium was produced for every ton of slab production are not published to avoid 
zinc. This decline in cadmium metal recov- disclosing individual company confidential 
ery may reflect a growing tendency by data. — 
producers to make more cadmium com- 

Pounds at the expense of metal production == 7a, 3.—Cadmium sulfide’ produced in 
the United States 

Table 2.—Primary cadmium producers in | (Short tons) 
the United States in 1977 _ | 

Company Plant location Year (cad ie tent) 

AMAX Zinc Co.Inc____..- Sauget, Ill. 5 5 re 1,412 

ASARCOInc _________-  CorpusChristi,Tex.  1974___.-___----------- 1,085 
Do ______._____--- _ Denver, Colo. 1975 ___..____---__------- 987 

- The Bunker HillCo __.__~ Kellogg, Idaho 1976____________------~- 804 
National ZincCo ______--— _ Bartlesville, Okla. 1977 __ ~~ 704 
New Jersey ZincCo __..--  Palmerton, Pa. eee 

| St. Joe ZincCo ~-___---- Monaca, Pa. d 1Includes cadmium lithopone and cadmium sulfoselen- 
—_—_—_—_—_—_OOC a ide. 

~ CONSUMPTION AND USES 

The apparent consumption of cadmium the apparent consumption. Red, orange, 
was 4,480 tons, 24% less than that of 1976. yellow, and maroon pigments formulated 
Over 95% of the consumption of cadmium from cadmium compounds consumed an 
was accounted for under five principal use estimated 15% of the supply. The balance 

| categories: Plating, pigments, alloys, bat- was consumed in nickel-cadmium batteries, 
teries, and plastic stabilizers. Electrically or special-purpose alloys, and compounds em- 
mechanically plated hardware used in ployed to impart heat and light stability to 
transportation vehicles and fixed electrical some plastics, particularly polyvinylchlo- 
and mechanical equipment was estimated ride. 
to have consumed between 40% and 45% of



Table 4—Supply and apparent 
e e 

+ consumption of cadmium 

(Short tons) 

eee 
1976 1977 

: Stocks—beginning ___________ 2,841 2,387 
Production__~____________ 2,256 2,204 
Imports,metal _____________- 3,411 - 2,570 
Shipments from Government 

stockpile excesses __________ 63 —- ———___ == 
Total supply ___________ 8,571 7,161 

Exports ________________ 252 118 . Stocks—end __-_________ 2,387 2,563 8 | 
Apparent consumption! ____ 5,932 4,480 —— 

1Total supply minus exports and yearend stocks. . 

e 

Inventories of metal held by producers at pounds rose 15% above those held at year- 
‘ ° | the end of 1977 were 1,553 tons, 18% over end 1976. Inventories of metal held by | 

eo . . e those held at the close of 1976. Compound distributors were essentially unchanged 
3 e manufacturers’ stocks of cadmium com- from those reported at the end of 1976. 
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| , Table 5.—Industry stocks, December 31 | 

(Short tons) 

1976 1977 

Cadmium Cadmiumin Cadmium Cadmium in 
metal compounds metal compounds 

Metal producers .~.._______-__-------------- 1,369 WwW 1,553 ' Ww 
Compound manufacturers ________--_----------~- 163 547 79 6380 
Distributors ______________---_---~--------~-- 279 29 281 20 

| Total _._-_____________.-------------- 1,811 576 1,913 650 
ere ns Gs i SS SS 

WwW Withheld to avoid disclosing individual company confidential data; included with “Compound manufacturers.” 

| PRICES © - | 

Despite continued weakening demand ed earlier by National Zinc. For the remain- 

and expanding inventories, the producer der of the year, all domestic cadmium pro- 

| price of cadmium remained unchanged at ducers were quoting prices in a range of 

$3 per pound throughout most of the year. $2.25 to $2.50 per pound. Dealer prices for 

On December 1, National Zinc Co. reduced cadmium remained firm throughout most of 

its quoted price for cadmium by $0.50, to the first quarter at $2.90 to $2.95 per pound. 

$2.50 per pound. On December 7, Bunker In late March, the price began to weaken, 

Hill lowered its price to $2.25 per pound.On and by yearend it had declined to $1.85- 

the following day, ASARCO Inc., aligned its. $1.95 per pound. | 

quote at the $2.50 per pound level establish- | 

| FOREIGN TRADE 

_ Exports of cadmium metal and scrap mium-bearing flue dust was imported from 

decreased sharply to 118 tons compared Canada. No imports of flue dust were re- 

with Boe tons exported oe 19eT 76. ee ceived from Mexico, which shipped 246 tons 
principal recipients durin re tk . . 

Federal Republic of Germany (87%), % the United States in 1976. | 
Belgium-Luxembourg (33%), and Canada a 

(13%). . . Table 6.—U.S. exports of cadmium metal 

Cadmium metal imports for consumption = and cadmium in alloys, dross, flue dust, 
were received from 16 countries. Canada residues, and scrap 
continued to be the principal source of ©=—————————__—_____________ 

imports with 18%; followed by Australia Year raat thovsee ds) 

and Mexico (17% each), Yugoslavia (14%), ——-————__-_--7-._" 

Belgium-Luxembourg (10%), Finland and ior ~-------------- 18 5 

. the Netherlands (5% each), and the Repub- j977 7 118 316 
lic of Korea (4%). Fourteen tons of cad- ——————————_l_ 

Table 7.—U.S. imports for consumption! of cadmium metal and 
cadmium flue dust, by country 
a 

1976 1977 

Country Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 

Cadmium metal: 
Australia__________-------------- 421 $2,008 448 $2,353 
Belgium-Luxembourg __—_~----------- 279 1,330 246 1,322 

Canada? ___________-----~-------- 1,052 5,361 472 2,519 

Finland________.____------------- 43 237 131 580 
France _______--_~-------------- 130 533 13 74 

Germany, Federal Republic of _ __-------- 133 576 44 217 

India ____________-_------------ 40 187 6 20 
Italy__________-_--------------- 32 146 __ __ 
Korea, Republic of __--_------------- 110 478 105 462 

Mexico __________-~---~------------ 393 1,696 436 2,202 

Netherlands ________--------------- 52 220 121 581 

Spall 2222222 o lo tlt tele lle a 22 98 

See footnotes at end of table. .
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Table 7.—U.S. imports for consumption’ of cadmium metal and : 
cadmium flue dust, by country —Continued 

1976 1977 eee Country Quantity Value Quantity Value | (short tons) (thousands) (short tons) (thousands) 
Cadmium metal —Continued . | . a . 

USS.R_-- 2193 2133 __ __ | United Kingdom ___________________ 11 65 - 6 $25 Yugoslavia_____..-._._______ 822. 611 351 483 Zaire -___- 66 343 217 _ 4 
Total __-_- 2 3,411 14,511 2,570 11,680 Flue dust (cadmium content): 

| Canada_______._____ -- _- 14 4 Mexico ___________________ 246 536 -—_~ -- —<—$—$— $e - 
Total_-_._-_- 246 586 14 4 —————_—SX_—X—X=a=_q_qEEE - Grandtotal _..-_---- = 3,657 15,047 2,584 11,684 

2 . ° 
, 1General imports and imports for consumption were the same in 1976 and 1977. 

"Includes waste and scrap (gross weight). 

| WORLD REVIEW | 

Total world smelter production of refined and Japan (16% each), the United States 
cadmium was 18,898 short tons. This repre- (12%), and the Federal Republic of Ger- 

: sented an increase of 4% above production many (8%). Apparent U.S. consumption of | 
levels achieved during 197 6. The four larg- cadmium amounted to nearly 24% of the 
est cadmium producers were the U.S.S.R. total world production. 

| _ Table 8.—Cadmium: World smelter production, by country! 
(Short tons) . . 

enna 

Country 1975 1976 1977" 
erent erie ins 

North America: . . Canada (refined) ---- ee 1,314 1,448 1,321 United States? —------ ee 2,193 2,256 2,204 Latin America: 
Mexico (refined) _ - .______-----____--._ eee 646 783 “800 Peru__—_-_.----_-~_ + 176 192 ©200 | Europe: . 
Austria woo anon eon ----- ++ 2 - +--+ - $e 33 32 26 Belgium | - ------~--~---------~------------ etl oa7 96 874 Bulgaria’ a2 ----- ee 220 250 250 Finland _ ~~ ______-~_-~__- ee 239 470 579 France ____--~_____~___-- 502 586 ©605 German Democratic Republice _.._.____-.__________. 22 22 22 Germany, Federal Republic of ~~ + LL 1,122 1,405 1,470 © Italy _____--__-_- 451 480 466 Netherlands® _______._________ ee 300 ™439 340 Norway -_-----~--_-~_~---~-~_- ee 52 89 106 Poland®_________-__---- ~~ 390 ™390 440 Romania —________~-__-_- 97 110 110 Spain _____-- "296 271 332 USS.Ro 2,300 3,000 3,050 United Kingdom ________-____ 303 209 326 Yugoslavia® ____-_§-§_____________ ee 300 300 330 Africa: 
South-West Africa, Territory off __._.______________________ 180 91 96 Zaire ~~ 291 293 176 Zambia ___ ~~ __________ rq 8 4 

Asia: . 
China, People’s Republic of _.___________________________ se 120 120 120 India ______-______ ~~ ee 58 37 40 Japan _________ 2,929 2,756 3,048 Korea, North® __________._______ 120 130 130 Oceania: Australia (refined) ~-_.____-__________________ T605 717 733 

Total __-_-_-_ ~~~ ee 16,793 18,180 18,898 — eee ees 
°Estimate. Preliminary. ‘Revised. 
1This table gives unwrought metal production from ores, concentrates, flue dusts, and other materials of both domestic and imported origin. Sources generally do not indicate if secondary metal (recovered from scrap) is included or not; where known, this has been indicated by footnote. Data derived in part from World Metal Statistics (published by World Bureau of Metal Statistics, London) and from Metal Statistics (published by Metallgeselischaft Aktiengesellschaft, Frankfurt am Main). Cadmium is produced in ores, concentrates, and/or flue dusts in several other countries, but these materials are exported for treatment elsewhere to recover cadmium metal; therefore, such output is not recorded in this table to avoid double counting. 
2Includes secondary. 
SOutput of Tsumeb Corp. for calendar years.
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TECHNOLOGY 

In February, the First International Cad- The degree of toxicity of metal oxide 

mium Conference was convened in San fumes generated by various materials dur- 

Francisco, Calif., to review technological, ing different welding and brazing processes 

| occupational health, and marketing aspects was evaluated. The threshold limit value 

of cadmium; over 50 papers on cadmium (TLV) for cadmium was found to be 0.05 

were presented.? During the first week. of milligram per cubic meter of air. The con- 

October, the Government-Industry Work- trol of airborne pollutants.and the use of 

shop on Alternatives for Cadmium Electro- special breathing and ventilating apparatus 

plating and Metal Finishing was held at the were also discussed.? A systematic study 

National Bureau of Standards, Gaithers- of factors such as acid strength and tem- 

| burg, Md. Representatives from both Gov- perature that may influence the leaching 

ernment and industry appraised various of cadmium from solid acrylonitrile-buta- 

anticorrosive coatings and processes such as_diene-polystyrene (ABS) plastic toys con- 

zinc and aluminum coatings, mechanical- taining cadmium selenide or sulfide pig- 

plating techniques, and several relatively ments has been undertaken in the Neth- 

new electroless organic coatings. | erlands.® | 

Research focusing on cadmium in the Photovoltaic solar cells using cadmium 

environment and its possible effects upon compounds received much attention during 

human health continued to be an important _ the year. The use of cadmium sulfide may 

area of investigation. The accumulation and lead to lower cost solar cells that could be a 

distribution of heavy metals, including lead, competitive energy source within a few | 

zinc, and cadmium, were studied in the soil years.? Pressure-sintered electrodes of cad- 

profile at two sites, which had been irrigat- mium selenide, subsequently, doped with 

| ed for an extended period of time with cadmium vapor have demonstrated solar 

treated wastewater and sludge-injected energy conversion efficiencies approaching 

wastewater. No serious contamination of three-fourths of those of single crystal speci- 

the soils by heavy metals was found in mens in sunlight experiments. Expanded 

either areas Another study noted that use of these polycrystalline electrodes may 

although biological accumulations of cad- result in a substantial cost advantage over 

mium are found in many living organisms, single crystal electrodes.” 

most of the dissipated cadmium eventually A new process developed in the United 

becomes fixed in soil, sediment, and ocean Kingdom for producing a grid alloy for 

sinks.‘ maintenance-free batteries employs a lead ~ 

The results of a sampling program con- matrix in which a cadmium-tin eutectic 

ducted around and below several copper phase has been dispersed. The recommend- 

and zinc mills and smelters in high runoff ed levels of cadmium and tin are 0.6% to 

regions detected up to0.1% cadmium in the 0.8% by weight." Electric automobiles pow- 

suspended sediments of some streams used ered by nickel-cadmium batteries are being 

for irrigation and drinking water. The re- developed as a semipublic rent-a-car net- 

port recommended techniques for control work to serve the downtown area of Amster- 

and treatment of contaminated wastewater dam, Netherlands. The batteries in the | 

destined for discharge into these streams.* small two seat, three-wheeled vehicles can 

Samples of polished and unpolished rice be quickly recharged at strategically lo- 

were analyzed for zinc and cadmium, and cated stations.’? 

the results indicated that polishing brings Cadmium telluride probes are being em- 

about a loss of zinc, an essential dietary ployed clinically to diagnose venous throm- 

trace element, but no loss of cadmium. In bosis of the leg and to detect concealed 

countries where rice is a major food staple, dental infections in patients scheduled for 

uncontrolled cadmium may be taken up by cardiovascular and orthopedic surgery.** 

the rice and result in excessive absorption A new liquid barium-cadmium-zinc heat 

of the metal.® stabilizer is expected to find application in
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f : : : . 5Environmental Protection Agency. Heavy Metal Pollu- 
fle xible automotive Pp lastics such 88 po ly _ tion From Spillage at Ore Smelters and Mills. EPA 600 . | vinylchloride. The stabilizer is reported to 2.77 171, 1977, 125 pp. — 
provide protection to rolled and extruded “Masironi R., S. R. Koirtyohann, and J. O. Pierce. Zinc, 

: : 7 Copper, Cadmium, and Chromium In Polished and Unpol- plastic sheet against color change for upto 2 ished Rice. Sci. Total Environment (Holland), 7, Ne 1, 
weeks of testing at 175°F (79°C). January 1977, pp ors. ada in Welding Brazing & , . . | . oreton, J. Fume Hazards in Welding, Brazing Developments in cadmium technology are sidering "Metal Constente Bt. Welding J. (United | abstracted in Cadmium Abstracts, a bi- Kingdom), v. 9, No. 1, January 1977, pp. 33-34. 
monthly publication available from the Fowles, G. W. A. The Leaching of Cadmium From e e . ° . Plast: T . Sci. Total E t (Holl d), . 1, No. 8, Zinc Institute Inc., 292 Madison Ave., New May 1977, pp. v6 NS York 10017. _ °Hammond, A. L. The Semiconductor Revolution Comes 

to Solar. Science, v. 197, No. 4302, July 29, 1977, pp. 445- 

———  t—e Miller, B.A. Heller, M, Robbins, 8. Menzies, K. D. 
1 : * anti seas : tals. g, and J. Thomson, Jr. Solar Conversion Efficiency o: Metal Bulletin Cina ean ale. ced: Pressure Sintered Cadmium Selenide Liquid Junction 

ings, First International Cadmium Conference. San Cells. gd Electrochem. Soc., v. 124, No. 7, July 1977, pp. . Franci 31-0 . 268pp eb.2, 1977. January 1978, —““11Tin International. V. 50, No. 10, October 1977, p. 374. 
$Sidle, R. C., J. E. Hook, and L. T. Kardos. Accumulation *2Bell, L. Electric Automatic. Ind. Design. V. 24, No. 2, 

of Heavy Metals in Soils From Extended Wastewater March-April 1977, pp. 50-51. . ; | 
. Irrigation. J. Water Pollution Control, v. 49, No. 2, *%Entine, G., D. A. Garcia, and D. E. Tow. (Review of 

February 1977, pp. 311-318. ‘Cadmium Telluride Medical Applications). Revue De. 
‘Environmental Protection Agency. Multimedia Levels Physique Applique (France), v.'12, No. 2, 1977, pp. 354-359. 

Cadmium. EPA 600 6-77 032, September 1977,156 pp. 1¢Modern Plastics. V. 54, No. 9, September 1977, p. 61.





Calci d Calci 

By J. W. Pressler | 

Calcium metal was manufactured by one Synthetic calcium chloride was manufac- 
company in Connecticut. Calcium chloride tured by one company in New York and 
was produced by two companies in Califor- twocompaniesin Washington. — 
nia and three companies in Michigan. | 

| | DOMESTIC PRODUCTION | | 

Pfizer Inc. produced calcium metal at production. | - 
Canaan, Conn., by an aluminothermic pro- = The Dow Chemical Co. announced that it 

cess, in which high-purity quicklime and intended to build a new plant at Ludington, 
aluminum powder are briquetted and heat- Mich., which will be completed late in 1978. 
ed in vacuum retorts; at a temperature of It will include the production of calcium 
1,170° C, calcium vaporizes and is collected chloride pellets. | 
at the oer ene the retort, which has a Allied Chemical Corp. recovered synthe- 

water-coo condenser section. . ., tic calcium chloride as a byproduct of soda 
National Chloride Co. of America and 421 at Syracuse, N.Y.; Reichold Chemicals 

Leslie Salt Co. produced calcium chloride I yt ed , ‘the tic calci hlorid , 
from wells in San Bernardino County, Cal- ne., byorodi ene © hl shen , oride = 
if; average output increased 6%. The Dow 8 4 byproduct of pentac Oropheno’ manu 
Chemical Co., Velsicol Chemical Corp., and anu eo Wash; and cone 
Wilkinson Chemical Corp. recovered cal- emi fiastics Vorp. manutactur 
cium chloride from brine in Gratiot, Lapeer, carn chloride at Tacoma using limestone 
Mason, and Midland Counties, Mich; aver- an ydrocnioric acid. 10 output o 
age output increased 10%. Total production synthetic calcium chloride was 257,000 tons, 
of natural calcium chloride was 710,000 an increase of 4% compared with that of 
tons, an increase of 9% compared with 1976 1976. 

CONSUMPTION AND USES 

' Calcium metal was used as a reducing an aid in removing bismuth from lead in . 

agent to separate refractory metals euch as refining. Some minor, but interesting, uses 
tantalum, uranium, and zirconium from were in the preparation of vitamin B, and as 
their oxides; to form alloys with metals such a cathode coating in some types of photo 
as aluminum, lead, and silicon; as a desul- tubes 
furizer and deoxidizer in steel refining; in “U0: 
the manufacture of calcium hydride used in 4 high growth rate was forecast for the 
the production of chromium, titanium, and use of calcium in the battery sector, particu- 
zirconium in the Hydromet process; and as_ larly in the maintenance-free lead-calcium 
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(0.1% Ca) automotive storage battery. As other high-quality steels. | 
with nickel-cadmium batteries, the lead § The principal use of calcium chloride was | 
batteries were completely sealed, and re- to melt snow and ice from roads, streets, 
placement of the electrolyte is not neces- bridges, and pavements. Calcium chloride is 
sary. They were sold particularly on their more effective at lower temperatures than 

| merit of being of long life. Demand in the _ rock salt and is mainly used in the northern 
United States continued strong throughout and eastern States. Because of its consider- 
the year. — . | ably higher price, it is used in conjunction 

In addition to the use of calcium in the with rock salt for maximum effectiveness 
refining of steel, beneficial effects were and economy. It was also used to stabilize 

| reported in steel manufacture, in which the surface of roads and driveways for dust 
calcium was used largely as an additive to control and as a set-accelerator for concrete. 
high-tensile steels, such as those used in oil Demand continued strong throughout the 
pipelines, although research has pointed to year for liquid, pellet, and flake forms of | 
possibilities of using calcium additives in calcium chloride. 

| PRICES AND SPECIFICATIONS — | 

The price of calcium metal crowns in- CaCl: or as a concentrated liquid averaging 
creased from $1.33 per pound to $1.49 per about 40% CaCl: The price of calcium 
pound on January 17, 1977, and maintained chloride increased 10% during the year, 
that level throughout the year. The price of aithough published prices did not indicate 

calcium-silicon alloy remained at 5 1 cents this. Published prices and specifications at 
per pound in 1977. Published prices and nd were as follows: | 
specifications at yearend were as follows: yeare © " 

Valu a 
pound Te | 

Cumpea lope epampisgum aml es et TT 8% 
_ Calcium metal, 1-ton lote, 50 pound fut crowns Calcium chloride, liquid, 40% to 45%, colby ines Cas Mg bre Mg Qa = $149 CH nator a 

f.o.b. shipping point _______________-_ ST | 
——— Differences between high and low price are accounted 

_ Source: Metals Week. V. 49, No. 1, Jan. 2, 1978, p. 4. for by differences in quantity, quality, and location. 

Calcium metal is usually sold in the form gan SUS ee Marketing Reporter. V. 218, No. 27, 
of crowns, broken pieces, or billets, shipped . 
in 55-gallon metal containers with a max- § As reported by producers on an f.o.b. 
imum of 300 pounds; and gasketed to pro- warehouse basis, with conversions of all 

vide an airtight condition, with argon products to a 75% CaCl, basis, the average 
atmosphere provided if desired. The value value in 1977 for natural calcium chloride 

for imported calcium metal in 1977 ranged was $63.41 per ton; the average value for 
from $0.63 to $1.61 per pound, and averaged synthetic calcium chloride was $68.74 per 
$1.54 per pound for the year. This did not ton. Combining natural and synthetic pro- 

| include the assessed tariff, which was either ducts, the average value of solid 75% CaCl, 
7.5% ad valorem for preferential status, or for the year was $72.62 per ton, and the 
25% ad valorem for statutory status. average value of liquid 40% CaCl. was 

Calcium chloride is usually sold either as $26.88 per ton. 
solid flake or pellet averaging about 75% 

| FOREIGN TRADE 

Exports of dicalcium phosphate were $3,383,000, compared with 33,533 tons val- 
53,309 tons valued at $9,550,000, compared ued at $2,578,000 in 1976. Exports of precip- 
with 32,302 tons valued at $6,460,000 in  itated calcium carbonate, mainly to Canada 

1976; leading destinations were Canada, and Mexico, totaled 14,887 tons valued at 
Mexico, Taiwan, and Thailand. Exports of $4,053,000, compared with 3,411 tons valued 
calcium chloride, mainly to Canada and _ at $735,000 in 1976. 
Mexico, were 39,552 tons valued at Total imports of calcium and calcium
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compounds were 207,000 tons valued at mainly from Norway; 51,087 tons of calcium 

519.4 aan penports of calcium metal borate from Turkey; 32,473 tons of chalk 
| rom Vanada, the U.0.0.n., and france were whiting, mainly from France; 8,127 tons of 

229 tons valued at $705,600. Imports of as  nale} . 
calcium chloride maainly from Canada were precipitated . calcium carbonate, mainly 

, wae , from the United Kingdom and Japan; 5,994 
19,708 tons valued at $1.0 million. Imports tons of calci bide f Canada. 1.708 
of other calcium compounds, mainly from ns 0 cram carbide trom wanada, '; : 

| Norway, Turkey, Canada, the United King- 'n8 of calcium cyanamide, mainly from 
dom, and France totaled 187,000 tons, Canada; 1,146 tons of calcium cyanide, 
valued at $17.7 million. | mainly from Canada; and 5,820 tons of | 

_ Imports of other calcium compounds other compounds, mainly from the United 

~ included 80,619 tons of calcium nitrate, Kingdom, West Germany, and Canada. _ 

Table 1.—U.S. imports for consumption of calcium and calcium chloride, by year 

7 Calcium Calcium chloride | 

ee Gound) Value’ = hort tone) —=—‘Value! 
1973______________ ee 110,407 $77,864 7,357 $317,007 | 
1974_______ 109,252 120,883 3,599 155,727 
1975__-________ 70,128 77,684 _ 12,021 597,758 
1976 ee. 461,965 475,119 © 16,046 480,259 | 
1977___________ 458,319 705,634 19,708 1,002,386 

: 1US, i ; i in forei , and, th , ing US. i 
duties freiche Insurance, and ether charges incurred ix shipping merchandise to the United States, POT 

| Table 2.—U.S. imports for consumption of 
| calcium chloride in 1977, by country 

Country (ror tore) Value? 

Coe Uxembourg ~---- 19,671 979/381 | 
| France ____________-- () 262 

Germany, West _______-- 18 19,087 

Japan ~-------------- 8S 
: ‘Total _- 719,708 1,002,386 | 

11).S. Customs import value. See detailed explanation in 
footnote 1 of table 1. 

: 2Less than 1/2 unit. | 
5Data do not add to total shown because of independent 

rounding. 

WORLD REVIEW ) 

Canada.—Chromasco Corp. Ltd. produced France.—Planet Wattohm S.A., a sub- 
- calcium metal at its Haley smelter near  sidiary of Compagnie de Mokta, produced 
Renfrew, Ontario. Canada continued tolead calcium metal by the Pidgeon process. 
all other countries in the production of About 2 tons valued at $14,000 was exported 
calcium metal, producing about 1.1 million to the United States. . | 

| pounds per year, with most of it exported to Japan.—Production of calcium silicide in 
the United States, Mexico, and European Japan was 5,635 tons in 1975 and 4,297 tons 
countries. About 216 tons valued at $691,000 in 1976.* 
was exported to the United States. U.S.S.R.—Some calcium metal was pro- 

Allied Chemical Canada, Ltd., completed duced in the U.S.S.R. Only 11 tons of Soviet 
a 42% expansion of flake calcium chloride calcium metal valued at $16,070 was ex- 
conversion capacity at its Solvay soda ash ported to the United States. This was a 
plant at Amherstburg, Ontario. Canada was major decrease compared with the 65 tons 
the leading source of U.S. imports of cal- exported in 1976. 
cium chloride.
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TECHNOLOGY 

Demand is accelerating rapidly for cal-- ufactured by U.S. ferroalloy producers for 
cium bromide. It is usually mixed 50-50 with deoxidizing, desulfurizing, and refining of | 

calcium chloride and water to form a high- specialty steels in the ladle. Calcium- | 
density brine solution (specific gravity 12 to . ‘li calci licid d oth 
15 pounds per gallon), and used as a packer barium-s con, calcium suicide, and omer 
and completion fluid for completing oil and metallic alloy formulations were used in the 

gas wells and filling the annulus between form of wire or pellets. The choice of which 

casing and tubing his vinhpres fluid a to use was often made on the basis of price 
especially applicable in -pressure 0 | . . 
and gas wells, and where formation sensi- and technical ease of using the material. 
tivity to mud damage is common. It is ————_ 

: reported that this fluid is relatively noncor- _—‘*Physical scientist, Division of Nonmetallic Minerals. 

rosive and of low ecological impact.‘ | *State Journal (Lansing, Mich.). Sept. 18, 1977, p.3. | 
The use of calcium carbide and calcium Roskill Information Service Ltd. (London). Roskill’s 

alloys in steel refining had an increased Letter From Japan. RLJ No. 18, Oe te Pa 
wth demand. The injection of calcium —P#2#® Ine. Private communication, ey ew 

gro . . og - 4Great Lakes Chemical Corp. Progress Report for Nine 

carbide directly into the torpedo ladle was  yontns Ending Sept. 30, 1977. Oct. 28, 1977, 2 pp. | | 
practiced by at least two companies in the Dow Chemical Co., Dowell Div. (Tulsa, Okla.). Heviwater 
United States during the year. Several Completion Fluid. Brochure No. DWL 1734, August 1973, 
different calcium-bearing alloys were man- 10pp.



Cement 

| By Earl G. Hoover’ oo. 

Shipments of portland cement including total of 1.32 million new units started, 

cement imported and distributed by domes-__ reflecting the increasing migration toward 

tic producers from plants in the Unit- the Sunbelt. Private construction of nonre- 

ed States and Puerto Rico in 1977 were  sidential buildings, and public utilities were 

77,850,000 tons, 8% greater than in 1976, up; however, public construction of build- | 

and the highest since 1974. However, ship- ings and highways was down. 

ments were 11% below the record of 86.6 Energy, taxation, and environmental 

million tons in 1973. When compared with matters were major concerns, since profits, 

the 5 year average, 1972-76, shipments in although up in 1977, were inadequate to 

1977 were 0.5% above the average. Total attract capital for construction of new 

mill value was $2.8 billion and reflected a plants. New construction costs per annual 

unit value increase of $2.50 per ton over ton of capacity now exceeds $100, Com- : 

that of 1976. pounding the problem is that since the early - 

In 1977, the cement industry contended 1960's cement’s return of investment has— | 

with severe winter weather conditions in failed to reach double digit levels, and 15% 

the first quarter along with high energy and is required as viable. The net result was 

labor costs throughout the year. But with that only 565,000 tons of net capacity addi- 

rebounding construction, cement demand tions were completed in 1977.? : 

rose sufficiently to allow a moderate in- Some companies were hard-pressed to 

crease of 7% in the average price of cement. finance programs of continued upgrading, — 

In contrast, the increase in average price added pollution controls, and conversion to 

between 1975 and 1976 was 9%, with a alternate fuel. 

corresponding increase in shipments of 6%. For several years the U.S. cement indus- | 

Price increases in the Eastern United try has been in a state of upheaval, as 

States have not offset escalating costs suffi- witnessed by plant closings, moderniz- 

| ciently to provide the return on investment ations, bankruptcies, acquisitions by foreign 

required to justify the enormous capital interests and domestic conglomerates, and 

demands necessary for major new plant retreats from diversification, and 1977 was 

construction. However, in the Western characteristic of this trend. 

United States, record sales and earnings As in every year since 1973, energy con- 

were reported for several companies. De- tinued to be a major concern. In 1977, the 

mand for cement outstripped production Federal Energy Administration (FEA) 

capability by midyear resulting in cement announced that the cement industry must 

shortages, principally in California and Ne- reduce by 15.7% its energy consumption per 

vada. Shifting population from Eastern and ton of production by January 1, 1980. Asa 

North Central States to Western, South- result of this action, renovation and mod- 

west, and Southeast States augurs well for ernization projects planned for the future 

continued strong profit potential in the high _ will be aimed at increasing energy efficien- 

growth Sunbelt areas and very likely in- cy. The Portland Cement Association (PCA), 

creased new plant construction in these using FEA’s own projections of 1980 product 

regions. demand and the final energy-efficiency tar- 

According to the U.S. Department of get promulgated June 9, estimated that 65 

Commerce, new private housing units new preheater kilns would be required, of 

started in 1977 totaled 1.99 million — an which only 13 are now planned or under 

increase of 28% over 1976. Southern and _ construction.° 

Western geographic regions combined had a Cement technologists gave major empha- _ 
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sis in 1977 to energy saving measures. tional abatement order requiring shutdown | 
Among these measures was the increased of Kaiser Cement & Gypsum Corp.’s largest 
use of insulating firebrick as an aid to cement plant, located at Permanente, 
better heat conditioning of the cement load, Calif. | 

_ thus permitting kiln production to increase Technology to find new ways to give 

with no increase in fuel consumption. Many cement plants more capacity and efficiency 
companies also were accurately controlling for less money was the theme at several. 

_ the chemical, physical, and mineralogical seminars held during the year. The 13th 
properties and obtaining higher energy effi- International Cement Seminar presented 
ciencies as a result. Energy savings in wet the latest in concepts, methods, and practi- 

_ process kilns focused on reducing the mois- cal plant experience geared towards achiev- 
fare content by of oats thinners. as a ing production efficiencies. Process technol 

| C ogy made a major step forward when the 
_ primary or backup fuel, conversion from PCA formed a manufacturing process com- _ 

wet- to dry-process operations, and the in- mittee to work with manufacturers of ce- 
stallation of preheaters were major items of jn,ent plant original equipment and with 
planned or actual ‘capital eee Sreloe consulting engineers to improve cement 

mpanies ar : he ‘OP manufacturing technology and to reduce 
their own coal reserves and mining facili- j,oduction costs. During the Institute of 
ties, a . Electrical and Electronics Engineers, Inc., 

Regulations and costs of compliance with 1977 Cement Industry Conference (19th) 
pollution control were significant areas of emphasis was on drive motors, general 

concern for cement producers in 1977. Dur- practices and process equipment, automa- 
ing the year, clean air act amendments tion, and power distribution. , 

were signed that will prohibit new station” "The PCA presented safety trophy awards 
ary sources Irom emitting suilur C10xide to 20 cement plants that operated injury- 
and particulates beyond speciiic increments free in 1977. Medusa Cement Co., Mani- 
above ' seed «will be appli ed to ©X —towoc, Wis., received its 30th award for 31 

permit prowsdurs will be applied fo any year without a disabling injury. 
ae ang ae per y Statistical data in some tables are arrang- 
of sulfur dioxide and particulates or 250 ed by Stat f States to f; 
tons per year of any other pollutant. States y State or groups 0 es to form | 
must meet primary ambient standards by cement districts. A cement district may 

the end of 1982; where these are impossible represent a group of States, a portion of a 
to meet, revised plans must then be sub- State, or in some cases, will correspond toa 
mitted for compliance by 1987.5 State. The States of California, N ew York, 

Several cement companies announced 2"4 Pennsylvania have been divided to — 
plans or awarded contracts to install dust provide additional marketing information. 

collection systems. Collection efficiences Divisions for these States are as follows: 
were designed to remove 99.9% of particu- California, Northern.—Points north and 
lates from exhaust gases, alkali bypass sys- west of San Luis Obispo and Kern Counties 
tems, and raw material processing oper- and the western borders of Inyo and Mono 

ations. | | unties. 
Pollution control equipment consisted of _ California, Southern.—All other counties 

both glass bag collectors and electrostatic in California. 
precipitators. Of the 222 kilns in wet- New York, Western. —All counties west of 
process plants, 44 were equipped with bag- 2 dividing line following the eastern bound- 

house collectors and 198 with precipitators. aries of St. Lawrence, Lewis, Oneida, Mad- 
The remaining 184 dry-process kilns were ison, Chenango, and Broome Counties. 
equipped with 95 baghouse collectors and 74 New York, Eastern.—All counties east of 

precipitators. An advantage of using bag- the above dividing line. 
house collectors is the elimination of a tall New York, Metroplitan.—The five coun- 
and widely visible stack from which steam ties of New York City (Bronx, Kings, New 
plumes emanate. York, Queens, and Richmond) plus West- 

Vigorous enforcement of particulate chester, Rockland, Suffolk, and Nassau 
emissions by regional pollution control Counties. 
districts caused problems for a number of Pennsylvania, Eastern.—All counties east 
cement producers. Most notable was the of the eastern boundaries of Potter, Clin- 
announcement that the Bay Area Air Pollu- ton, Centre, Huntingdon, and Franklin 
tion Control district was seeking a condi- Counties.
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Pennsylvania, Western.—All other coun- prior to actual employment in mines or 
ties in Pennsylvania. quarries. The accident frequency rates at 

| The Department of the Treasury began cement operations in 1977 were as follows: 
an investigation for the purpose of deter- : , 
mining whether or not imports of portland MESA accident frequency rates for cement _ hydraulic cement from Canada are being operations, 1977 
sold at less than fair value within the eee 
meaning of the Antidumping Act of 1921. Activity Number otal 
Sales at less than fair value generally occur ©§_——————_____ roe 
when the prices of the portland cement sold Mills ----_____________ 153 18,388 
for exportation are less than the prices in Deg Sad mines’ TTT 2 69 
the home market.’ | | ee | A citizens group filed in the U.S. district Total ~—~——=~==---—- are 20,745 
court a suit to halt air pollution from the =— es St*é<“<«~«<N Frequency ; ; Fatal accidents Numbe Missouri Portland Co.’s St. Louis, Mo. plant. eee tate 
Among the pollutants cited in the suit are mils... oe 3 0.08 
smoke, ashes, grime, fumes, vapors, odors, Quarries _-__-_.-__-____ 1 .22 
gases, dirt, dust, noise, and chemical ele- Total... = 4 10 
ments. | | | ——_——+~.esr—r 

Legislation and Government Pro- Nonfatal injuries 
grams.—The Mining Enforcement and Safe- Mills => ~--------~----- 338 148 
ty Administration (MESA) announced plans _ Dadcneeound uuu! 1 6.29 
to step up enforcement procedures at metal Total 737 i816 
and nonmetal mines and plants. As a —__ 

7 consequence inspections increased signifi- Nondisabling injuri 
cantly in the last part of 1977. It also Guat __ ae an _ 397 11.08 
announced that all self-propelled equip- indereround 22 TTT 31 19484 
ment be fitted or retrofitted with rollover "7 7 7- ————_»»{_ 4 
protective structures and seatbelts. Signed Total--~----------- 548 4 
‘into law during 1977 was the Federal Mine : 
and Safety Act of 1977. The Act among The National Institute of Occupational 
other provisions officially transfered MESA Safety and Health (NIOSH) presented pre- 
from the U.S. Department of the Interior to liminary details for a morbidity study of 
the U.S. Department of Labor, provides for cement plant workers. The study is to be a 
strong penalties for safety violations, in- cooperative effort with member companies 
creased worker participation in the enforce- of the PCA. | 
ment process and requires formal training | 

| : Table 1.—Salient cement statistics 
(Thousand short tons and thousand dollars) 

—BSS”*~“C*é‘“—T'SC*“‘CC™C#OOWSON™CN76 1977 
Eee O_O 

United States:! . 
Production? ______________ 85,513 80,917 68,139 72,950 78,647 . Shipments from mills? §_ ______ 88,665 81,033 69,102 73,668 80,247 
Value?##_ = $1,975,409 $2,150,659 $2,159,160 $2,510,100 $2,932,403 
Average value per ton 734___ $22.28 $26.54 $31.25 $34.07 $36.54 
Stocks, Dec. 31 at mills? _______ 5,512 7,467 6,930 7,154 6,041 Exports_________________ 268 199 417 343 236 
Imports for consumption __—___ 6,647 5,702 3,637 3,074 3,989 
Consumption, apparent’ ® ____ _ 90,679 . 82,862 70,062 74,136 81,587 World: Production 773,769 775,183 773,989 ™810,656 P856,939 eee ee Oe 
PPreliminary. "Revised. 
1Excludes Puerto Rico. 
2Portland and masonry cement only. 
5Includes imported cement shipped by domestic producers. 
“Value received, f.0.b. mill, excluding cost of containers. 
5Quantity shipped, plus imports, minus exports. 
SAdjusted to eliminate duplication of imported clinker and cement shipped by domestic cement manufacturers.
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DOMESTIC PRODUCTION 

During 1977, 1 State agency and 57 com- at 60 plants; 6 plants had both processes in : 
panies operated 163 plants in 40 States and operation. Dry-process kilns with preheat- 

- Puerto Rico to manufacture one or more ers, are the dominant systems replacing 

kinds of hydraulic cement. many older wet-process facilities. Dry pro- 
cess kilns, preheaters, and flash calciners 

PORTLAND CEMENT have attracted wide appeal in new plant 

Manufacturers in the United States and design because of their higher operating 
Puerto Rico produced 71,987,000 tons of efficiency and lower fuel consumption. By 

clinker and imported 1,613,000 tons of Y earend, 35 suspension and 17 grate pre- 
foreign clinker to grind 76,340,000 tons of heaters were in operation in 30 plants. A 
portland cement. Domestic producers ship- total of 13.6 million tons of clinker were — 

ped 77,850,000 tons of portland cement Produced by using preheater-equipped 
which included 969,000 tons of imported kilns. | 
cement. Stocks at mills decreased by Clinker Grinding Capacity.—Clinker 
1,081,000 tons. An additional 880,000 tons of grinding mills were associated with 163 
portland cement was imported and shipped clinker producing plants, 6 of which pro- 

or used by others not producing cement in duced white cement. Additionally, 12 plants 

the United States and Puerto Rico. — operated grinding mills only on imported, 

: Clinker Production Capacity—Twenty- purchased, or interplant transfers of clink- 

eight companies had multiplant operations er; 4 of these produced only masonry ce- , 

ranging from 2 to 14 plants. No single ment, 1 plant ground both portland and | 
company accounted for more than 6.0% of masonry cement, and 1 ground only calcium 
the Nation’s total clinker production capac- aluminate cement. Based on the fineness 

ity. Five companies provided 26% of the necessary to grind types I and II cements, | 

total clinker production capacity, while 10. and making allowances for downtime re- 

accounted for 46%, and the 20 had 72% of quired for maintenance, the cement indus- 
the total capacity. The 10 largest companies try in the United States and Puerto Rico 

in terms of clinker production capacity had an estimated grinding capacity of 103.9 
were: Ideal Basic Industries, Inc.; Lone Star million tons of cement annually. 

Industries, Inc.; General Portland, Inc.; New and Planned Plant Installations.— 
Martin Marietta Cement Corp.; Amcord, One new plant started up in 1977. In May, 

Inc.; Marquette Cement Manufacturing Co.; Citadel. Cement Corp. started up its new 

Medusa Cement Co.; Kaiser Cement & Gyp- 750,000-ton-per-year cement plant in Demo- 

sum Corp.; National Gypsum Co.; and Uni- polis, Ala. The plant is a dry-process system - 
versal Atlas Cement Div. of the United 4. preheater and kiln gas bypass capabil- 

States Steel vor 8 kilns 1 d 157 ity. Design, construction, and startup was 

At yearen ’ ns located at 1 handled by Lafarge Consultants, Ltd., Mon- 
plants were being operated by 52 companies treal. Canada 

and 1 State agency in 40 States in the Two lants were under constructio 
United States and Puerto Rico. Estimated They j r ded th N th P i n. 

24-hour daily clinker production capacity ey included the new Nazareth, Pa., plant 

was 285,000 tons. An average of 56 days of Coplay Cement Manufacturing Co., (sub- 

downtime was reported for kiln mainte- sidiary of Eurochem Inc. of Société des | 

nance and replacing refractory brick. Based Ciments Francais). Construction costs are 

on 309 days of operation, the annual clinker expected to be about $55 million for the 1.1- 

production capability of the industry was million-ton-per-year cement plant. It will be 

88 2 million tons. The industry operated at coal-fired, and reportedly will be the largest 

81.6% of its apparent capacity, 1.7% better size single, four-stage preheater kiln in the 

than in 1976. Average annual clinker ca- United States. The Polysius kiln has a 

pacity of each kiln in the United States was diameter of 17 feet, is 276 feet long, and is 

219,000 tons, that of each plant was 562,000 equipped with a planetary cooler. Kiln feed 

tons, and for each producing company, will be ground in a roller mill. This facility 

1,604,000 tons. Average kiln capacity rang- _ will replace 11 older, smaller kilns. 

ed between the smallest 100 tons per day to The other plant being constructed was by 

the largest 4,000 per day. Oregon Portland Cement Co. near Durkee, 

Clinker was produced by wet-process Oreg. A $37 million contract was awarded 

kilns at 91 plants and by dry-process kilns _ in late 1977 to Hoffman Construction Co. to



| CEMENT | 223 

| build a 500,000-ton-per-year cement plant Plant Closures.—One plant closure and 
designed by F. L. Smidth & Co. This plant one shutdown involving three kilns was 
will be coal-fired and incorporates a four- announced in 1977. General Portland Inc., 

stage cyclone preheater. Startup was sched- premanently closed its Houston, Tex. plant 
uled for early 1979. It will replace a 200,000- in April partly because of a court order 
ton-per-year plant at Lime, Oreg. requiring a reduction of capacity to be in 

Five companies announced plans to compliance with environmental regulations 

~ construct new plants. General Portland and partly because of production inefficien- 

Inc., will build in New Braunfels, Tex., an cy. | | 

$80 million, 800,000-ton-per-year, coal-fired, Louisville Cement Co., abandoned the 

dry-process with preheater system. The new _ operation of three old kilns at its Bessemer, 

plant is expected to be completed in 1980, Pa. plant. The kilns, installed in 1919, were 

and will replace the Houston, Tex. plant cost intensive and the capital investment 

shutdown in April 1977. Ideal Basic Indus- required to improve efficiency and bring 

: tries, Inc., announced the construction of a them into compliance with air pollution _ 

1.5-million-ton-per-year plant at Theodore, control regulations were prohibitive. There | 

Ala. Total cost is projected at $175 million was no production from the kilns in 1977. | 

and will be designed and built by Brown & Plant Modernizations, Expansions, and 

Root. Included in the cost is $20 million Terminals.—During 1977, seven plants — 

worth of pollution control construction. The ‘underwent modernization. Ash Grove Ce- 

plant will also have the largest dry-process, ment Co. at its Louisville, Neb. plant rebuilt 

suspension preheater system constructed in the 700-ton-per-hour raw materials portal 

a single-stage in the United States. Also scraper reclaimer. IFE Systems Inc., Ridge- 

included as a cost item is the development wood, N.J., was the contractor for the pro- 

of a new limestone quarry in Monroe Coun- ject that was completed in late 1977. . 

ty, Ala., approximately 110 miles from the _—_ Ideal Basic Industries, Inc. began a $24 

new plant. Raw materials, including coal million modernization program at its Boet- 

from Indiana, will be transported to the tcher Co. plant involving a grate preheater 

plant by barge on the Alabama River. When _ kiln designed to use kerogen in the lime- 

the plant is -completed in 1981, it will stone as part of its energy requirement. 

replace the closed Baton Rouge, La. plant — Kerogen; a solid, bituminous mineraloid 

and ultimately the Mobile, Ala. operation. substance that yields oil when the rock — 

Lehigh Portland Cement Co. (Heidelberg undergoes calcination, is estimated to be in 

Cement, Inc., a subsidiary of Portland Ze- sufficient quantity and quality to provide 

mentwerke Heidelberg A.G.) announced 25% of the fuel needed for burning clinker. 

that a new plant costing $25 million with an Other energy improvements include a re- 

annual capacity of 500,000 tons, is planned duction of 80% in electric power over the 

| for Mason City, Iowa. It will be coal-fired present usage. Projected overall energy sav- 

and will replace six old kilns currently in ings will make Boettcher one of the most 

operation at their Mason City, Iowa plant. energy-efficient plants in the world. Startup 

Marquette Cement Manufacturing Co., is expected in early 1979. 

(subsidiary of Gulf & Western Industries, Kaiser Cement & Gypsum Corp. an- 

Inc.) is planning to construct at Cape Girar- nounced plans to modernize its Perma- 

deau, Mo.,.a new plant costing about $85 _nente, Calif. plant. The plans call for a one- 

million with a design capacity of 1 million step replacement of all six wet-processing 

tons per year. Kaiser Engineers Inc. will kilns with a single 1.6-million-ton-per-year 

manage the construction of the planned dry-process, preheater, precalciner kiln that 

coal-fired operation scheduled for comple- will be coal-fired. | | 

tion in 1980. Once the new plant is opera- Lone Star Industries, Inc., at its Santa 

tional it will replace older capacities at Cruz, Calif. plant will spend $30 million 

Cowan, Tenn., and Rockmart, Ga. Site se- modernizing and rebuilding. The work con- : 

lection was determined to utilize low-cost _ sists of the installation of a single preheater 

: river barge transportation. Martin Marietta rotary kiln and cooler, a new self-contained 

Cement Corp. retained Kaiser Engineers roller mill, and electrostatic precipitators. 

Inc., and Lafarge Consultants, Ltd., of Completion date is set for 1979. | 

Montreal, Canada, to submit separate de- Martin Marietta Cement Corp. plans to 

signs for an $80 million plant for Daven- install a new raw mill, dust collectors, and 

port, Iowa. The design companies are to kiln ends at its Roberta, Ala. plant. 

focus on dry-process plant size within the Medusa Cement Co. will spend $50 mil- 

expenditures announced. lion modernizing its Charlevoix, Mich.,
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plant. Plans include conversion from wet- to at Redding, Calif. and San Andreas, Calif., 
dry-process with a resultant 33% fuel re- and Gifford-Hill Portland Cement Co. 
duction, installation of a flash calciner- plants at Midlothian, Tex. and Harleyville, 
preheater, and new dust collection equip- S.C. | 

- ment. Completion is scheduled for spring With the increased trend toward coal- 
1980. | fired kilns, many companies have either 

National Cement Co., Inc., (subsidiary of taken options, entered long-term leases, or 
S.A. des Ciments Vicat) during 1977 carried acquired coal Properties. At least ewe ce- 

: “Vea aes - ment companies follow at trend in 
ation: eee clon proeam at ito Rog. 1977. California Portland Cement Co. indi- 
land, Ala. plant. Cement production con- cated it may exercise an option to buy a 960- | 
tinued with minimal interruption during acre coal lease. In 1977, Keystone Portland 

| the construction phase. Capacity will be Cement Co., acquired coal reserves in west- 
. | ern Pennsylvania to meet all of its fuel 
increased from 1,500 to 2,000 tons per day. . se . 

Construction projects designed to expand requirements for 10 years. Mining began in 

. : Pros ned to expanc late 1977. . | 
| plant cement capacity were either planned Fuel efficiency improvement along with 

or started at four plants in 1977. conversions to coal will continue as high 
California Portland Cement Co. plans to priority profit improvement projects. In 

spend $40 to $50 million expanding ItS 1977, Ideal Basic Industries, Inc., began a | 
pclave: ooo esos Expected completion of fuel efficiency improvement project at its 

_ the project is “ol. Knoxville, Tenn. plant. Under a contract 
Northwestern States Portland Cement awarded to Fuller Co. a SF-130 suspension 

-Co. will spend $24 million on a new 500-foot- preheater and flash calciner, a 12- by 165- 

kiln, finish mill and rod mill. The new kiln _foot-kiln, and a 610S - 821S-breaker-1027H 

will add 850 tons per day to its Mason City, clinker cooler. The SF process increases 
Iowa plant, and result in a 837% increase in calcination from the usual 40% to about . 

capacity. | 90% by the addition of a stationary flash 

- Southwestern Portland Cement Co. (sub- furnace between the suspension preheater _ 

sidiary of Southdown, Inc.), announced that and kiln. The new system will replace four 

it will expand its Odessa, Tex. plant with wet-process kilns. , 
construction to start in the second quarter | Corporate Changes.—Aetna Cement 
of 1978. - | Corp. (subsidiary of Lake Ontario Cement, | 

New or improved cement distribution ter- . Ltd.) acquired Martin Marietta Cement’s | 
minals were included in capital expendi- Essexville, Mich. plant at a cost of $7 
tures at four locations in 1977. _ million. The plant will operate as a grinding 

Arkansas Cement Corp. built a 750 ton and storage facility for clinker from Lake 

bulk cement terminal in Shreveport, La. Ontario Cement’s Picton, Ontario, Canada 
California Portland Cement Co. put into plant. Clinker is shipped across Lake Huron | 

- . . in self-unloading bulk carriers. Prior to the 
operation its new French Camp, Calif., dis- : 

- gribution terminal in the second half of Purchase of the plant, Lake Ontario Cement 
1977 : had been supplying Martin Marietta with 

Dundee Cement Co. (subsidiary of Holder- cenive in nee a 4-year contract scheduled to 

| bank Management & Consulting Ltd. (Cana- In May, Lone Star Industries, Inc., and 
da), completed a new distribution terminal Canada Cement Lafarge, Ltd., agreed to 

and transfer station at Waverly, Ohio. At equally divide the jointly owned Citadel 
its Minneapolis, Minn. terminal, Dundee (Coment Corp. Under the division, Lone Star 
installed a cyclonaire pneumatic barge un- owns and operates the Roanoke, Va. plant 

loading system with a rated unloading cap- and Canada Cement Lafarge, Ltd. takes 

ability of 350 tons per hour. ) over the Birmingham and Demopolis, Ala. 
| Plant Energy Conversions and Efficien- plants. . 

cy Improvements.—In 1977, six plants were Lone Star Industries, Inc., announced 
either converted or construction start- that a newly formed affiliate, Lone Star 

| ed to burn coal; they include the Alpha Florida, Inc., made an offer to purchase the 

Portland Industries Inc. plant at Orange, operating assets of Maule Industries— 

Tex.; the Arkansas Cement Corp.’s Fore- including its cement plant at Pennsuco, Fila. 

man, Ark. plant, The Flintkote Co.’s plants :
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Table 2.—Portland cement shipped by producers in the United States, by district* ? 
(Thousand short tons and thousand dollars) 

a 
1976 1977 

District . 
Quantity Value aun Quantity § Value aoe ee 

New York and Maine ____________~~- 3,723 102,686 $27.58 3,745 ~ 108,094 $28.86 

Pennsylvania, eastern ________~-_--~- 4,045 125,671 31.07 4,111 132,013 32.12 

Pennsylvania, western. ____._._----~- 1,945 59,498 30.59 2,051 64,429 31.41 

Maryland and West Virginia ______.—-- 1,818 54,642 30.06 1,939 65,972 34.02 

Ohio_________~-_~-~_~--------- 2,130 65,656 30.82 1,970 65,899 33.45 

Michigan____..__-___-------~--- 4,931 145,381 29.48 5,582 166,803 29.88 

Indiana, Kentucky, Wisconsin __—__—~ ~~ 3,328 98,773 29.68 3,153 98,087 31.11 

Illinois _.__._-_______~----~----- 1,632 53,524 32.80 1,823 61,849 33.93 

Tennessee _____.____-~_---~---- 1,256 48,495 | 34.63 1,522 52,894 34.75 
Virginia, North Carolina, , 

uth Carolina ___.__.__------- 2,546 83,381 32.75 2,790 — 89,903 32.22 

Georgia_______.._-_------~-~-+-- 930 30,085 32.35 1,192 37,711 31.64 

Florida __________-~-_~------+-- 1,949 67,882 34.80 2,540 87,561 34.47 

Alabama _________~~-~---------- 2,184 70,365 32.97 2,351 79,302 33.73 

Louisiana and Mississippi_ ~~ —————~--~- 1,508 52,388 34.74 1,610 58,224 36.16 

South Dakota and Nebraska __—_—__--~- 1,473 52,506 35.65 ~ 1,399 54,944 39.27 

-Towa___._~_-._-~~--~----------- 2,438 86,107 35.32 2,645 99,383 37.57 

Missouri _______--------------- 4,353 142,976 32.85 4,654 155,945 33.51 

Kansas __________-~-~-_--~----- 2,005 66,478 33.16 2,020 72,815 36.05 

Oklahoma and Arkansas ____—_~~---- 2,551 86,695 33.98 2,863 102,367 35.76 

Texas __________~-------~----~--. 7,388 271,066 36.69 8,482 331,758 39.11 

Wyoming, Montana, Idaho _____~~-~-- 1,086 39,188 36.08 | 1,131 46,918 41.48 

-Colorado, Arizona, Utah, New Mexico _ ~~ ~— 3,612 134,279 37.18 4,021 167,841 41.74 

Washington __.____-__-_--------- | 1,238 48,669 39.31 1,462 65,281 44.65 

Oregon and Nevada __~_~__-~------ 920 37,667 40.94 867 39,071 45.06 

California, northern ________—~----~- 2,357 — 92,016 39.04 2,774 121,659 43.86 

California, southern __.___-_--~----- 5,589 , 201,630 36.40 6,496 284,526 43.80 

Hawaii __________-.----~------=- 328 17,747 54.11 320 16,315 50.98 

Puerto Rico __.____------------- 1,558 66,150 42.46 1,367 - 67,775 49.58 

U'S. total or average® * _______ 90,721 = 2,396,552 | 33.89 . 76,881 2,795,338 36.36 

Foreign imports® _______.--------- 1,201 38,843 32.34 969 35,348 36.48 
SE ESI TE OS . —aemmeneee 

. Total or average ~______--~-- 71,922 2,435,395 33.86 77,850 2,830,687 36.36 

eer rt ES AF eee 

Uncludes data for white cement facilities (seven in 1976 and six in 1977): Texas (three in 1976, two in 1977); . 

Pennsylvania (two); one each in California and Wisconsin. Includes data for grinding plants (six) as follows: Wisconsin 

(two); Michigan (two); and one each in Florida and New York. 

2Includes Puerto Rico. . 
8Data may not add to totals shown because of independent rounding. . . 

4Includes cement produced from imported clinker. | : 7 

5Cement imported and distributed by domestic producers only.
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_ . Table 5.—Daily clinker capacity, December 3112 

Short tons Number _ _ Total Percent 
‘ ee capacity . of total per 24-hour period Plants Kilns? (short tons) capacity 
eee RS _ Short tons) capacity | 

1976: 
Less than 600 ~-_-__~____________ 7 8 2,891 1.0 — 600 to 1,150 28 37 70 32,067 11.4 1,150 to 1,700 ~~ 2 AT 116 68,375 24.4 1,700 to2,800 ~..-__________________ 29 81 57,117 20.3 2,300 to 2,800 _-.- 2 14 44 34,831 12.4 2,800 andover _____________________ | 23 86 85,755 30.5 OO 

Total _..__ ~~ ee 157 405 281,036 100.0 
. Ae SS Sst VT sa | eee 

1977: 
Less than 600 ~~~ 2 6 8 2,841 1.0 600 to 1,150 ~~~ 5 ee 37 67 30,089 10.5 | 1,150 to1,700 ~~ == = 45 113 66,981 23.5 1,700 to 2,300 ~~ ee 32 92 65,389 22.9 
2,300 to2,800 ~~. 5 ~§_-_ 14 34 32,168 11.3 
2,800 andover ~___-__________ 23 89 87,919 30.8 , 

Total__-_________ 157 403 _ 285,387 100.0 _ 
eee eee enn en LT CT SL EC ET SECT eC  PES G S ASG ASSS 

1Includes Puerto Rico. 
“Includes white-cement-producing facilities. 
’Total number in operation at plants. | 

| Table 6.—Raw materials used in producing portland cement in the United States? 
- (Thousand short tons) 

Raw materials | 1976 1977 ee 
Calcareous: . . . 

Limestone (includes aragonite and marble) ___________._____________> 81,342 81,470 
Cement rock (includes marl) ___-_ ___._-_-_._-.- ~~~ 20,159 25,124 
Oystershell ____=_.----_-~- ee 2,390 2,076 

Argillaceous: 
Clay ~-.-____--_-~_ ~~ ee 7,009 ~ 6,859 

- Shale___-___~_- LL 3,655 3,950 
Siti Other (includes staurolite, bauxite, aluminum dross, pumice, and volcanic material) 187 200 
lsiceous: 

Sand _--__~_-___ eee eee 1,985 2,107 
Sandstone and quartz ________._~______ ~~ oe 707 603 

Ferrous: Iron ore, pyrites, millscale, and other iron-bearing material____._§________ 825 870 
er. , 

Gypsum and anhydrite - - ~--—-----~-~-~--~--~~----------------- 3,658 3,930 - 
Blast furnace slag _-__________-___-_____ ~~ ee 435 464 
Fly ash_________---~-------~--_--~---~------- +e 264 353 

Other, nec _-________-_-_-----_-~------ ~~ 8 39 

Total. _____.____-___-_____ eee 122,624 128,045 
Ean : 

MIncludes Puerto Rico. 

MASONRY CEMENT ed States. Four plants producing masonry 
o cement exclusively were, Cheney Lime & 

Shipments of masonry cement were Cement Co., Allgood, Ala.; G. W. Corson, 
3,764,000 tons in 1977, an increase of 14% Inc., Plymouth Meeting, Pa.; Campbell- 

_ over the previous year, but still 9% less Grove Div. of The Flintkote Co., Frederick, 
than the record shipments of 1973. The unit Md.; and Riverton Corp., Riverton, Va. Ma- 
price averaged over the Nation was $45.03 sonry cement was not produced in some 

per ton, 6% higher than in 1976. Total value parts of the country because many of the 
of masonry cement shipments increased to masons preferred to use portland cement 
$169 million, nearly 20% above the value of and add clay or lime on the job as needed for 
1976 shipments. By yearend, 107 plants the necessary plasticity. 
manufactured masonry cement in the Unit-
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Table 7.—Masonry cement shipped by producers in the United States, by district? ? 

. - (Thousand short tons and thousand dollars) 

1976 1977 
District a ane 

| Quantity Value aeeraee Quantity Value oes 

New York and Maine ____________~_-~ 86 2,828 $32.88 85 2,973 — $34.98 
Pennsylvania, eastern ____________--~- 240 = 11,581 48.25 256 13,286 51.90 
Pennsylvania, western _______..__---~- 139 5,322 38.29 155 6,640 42.84 
Maryland and West Virginia _________~ - 124 4,317 34.81 141 5,221 37.03 
Ohio. ________-_-~-_~~-----_-- 155 7,288 47.02" 186 8,875 47.72 — 
Michigan ______________.-~______.~ 218 8,370 38.39 246 9,761 39.68 
Indiana, Illinois, Kentucky, Wisconsin _ _ _ — — 560 22,377 39.96 620 26,287 42.40 
Tennessee __________..______---_- 175 6,476 37.01 195 7,878 40.40-- 
Virginia, North Carolina, South Carolina —___ 300 13,863 46.21 359 17,873 49.79 
Georgia and Florida ____...____-_--- 176 8,177 46.46 257 =: 112, 338 48.01 
Alabama ____________—~___~~--__- 314 = 18,671 43.54 345 14,255 41.32 
Louisiana, Mississippi, 

South Dakota, Nebraska __._____--_-~ 84 3,586 —— 42.10 92 3,883 42.21 
Iowa___________-___----------~~- 76 4,143 54.51 86 5,052 58.74 
Missouri ___________~~--__-~----- 76 2,718 35.76 82 3,286 40.07 . 

' Kansas _______-____~____-------~-- 72 3,281 45.57 79 3,742 47.37 
Oklahoma and Arkansas ______-------~ | 124 5,015 40.44 143 6,139 42,93 - 

' Texas ~~ _________~----_-~------- 213 = 10,596 49.75 254 13,095 51.56 
Wyoming, Montana, Idaho _________~_~~- 9 406 45.11 10 533 53.30 — 
Colorado, Arizona, Utah, New Mexico __ ~~~ 106 4,507 42.52 141 6,769 48.01 
Washington, Oregon, Nevada ________~_-~- 
California, northern ___—_____---~-~~- 8 430 . 53.75 9 605 67.22 
California, southern ___________----- 

; Hawaii. _____________~--__------ 11 663 "60.27 10 607 ~ 60.70 
Puerto Rico _________--~-~-~--_--~~ __ _— _- |. — __ __ 

US. total or average’ ________~- 3,266 139,564 42.73 3,753 169,101 45.07 
Foreign imports* ____________--_---- 38 1,291 33.97 11 390 35.45 

' otal or average ______----_- 3,304 140,855 42.63 3,764 169,491 45.03 
a 

1Does not include quantities produced on the job by masons. 
| 2Includes Puerto Rico. | . 

$Data may not add to totals shown because of independent rounding. 
4Cement imported and distributed by domestic producers only. Source of imports withheld to avoid disclosing company 

. proprietary data. 

Table 8.—Masonry cement production and stocks in the United States, by district' 

. (Thousand short tons) 

gegen ee eT rere ree ae ee, — 

1976 1977 

oe Plants “eo Plants 2 
District active -Produc- Stocs active Produe- Stocks 

uring tion uring ion 
year Dec. 31 year Dec. 31 
a 

New Yorkand Maine __________----~--- 5 82 7 3 86 11 

Pennsylvania, eastern _____.___-------- | 9 246 36 9 250 30 

Pennsylvania, western ____—___--—~------ 5 140 20 5 150 16 

Maryland and West Virginia __.--~-~------ 3 135 7 3 149 7 

Ohio _________~-~-_-~_------------- 4 157 15 4 184 14 

Michigan _____--__--_----~-------- 5 214 72 5 248 71 

Indiana, Illinois, Kentucky, Wisconsin __-—~--- qT 563 53 7 623 59 

Tennessee —~__________--~--~-------- 5 195 22 5 211 21 

Virginia, North Carolina, South Carolina ~~~ -~- 5 301 20 5 351 15 

Georgia and Florida _~______----------- 5 167 27 5 239 24 

Alabama _________-_-__---~----~--- 7 312 27 6 339 23 

Louisiana, Mississippi, South Dakota, Nebraska _ 6 66 8 5 80 7 

Iowa ________-------------------- 3 74 13 3 82 9 

Missouri _~____~__-~-_-~-----~------- 4 70 8 4 88 12 

Kansas _______________---~------- 5 70 18 5 70 8 

Oklahoma and Arkansas ___-~--~_~~---~--- 5 126 7 5 143 8 . 

Texas ___________-__---_---~------- 12 220 19 12 259 16 

Wyoming, Montana, Idaho _~_----------- 3 11 5 4 8 3 

Colorado, Arizona, Utah, New Mexico ~___--- . 6 103 8 6 141 8 

Washington, Oregon, Nevada __~--------- 
California, northern —~__~—_----_-------- 5 6 1 4 9 1 

California, southern __—.-__---~---~----- 
Hawaii __________--~--_-=----~----- 2 10 2 2 10 2 

Puerto Rico ____-_---------—---~----- -- a -- -- _- _- 

Total _._______-_---------- 111 33,268 395 107 33,720 365 
aN 

1Includes Puerto Rico. 
2Includes imported cement. 
SIncludes 2,597 tons produced from clinker, and 671 tons produced from cement (197 6); 2,947 tons produced from 

clinker, and 773 tons produced from cement (1977).
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| ALUMINOUS CEMENT plants in the United States: United States 
Steel Corp., Universal Atlas Cement Div., _ 

_Aluminous cement, also known as cal- Buffington, Ind.; Lone Star Lafarge Inc., 

cium aluminate cement, high-alumina ce- Chesapeake, Va.; and Aluminum Co. of 

ment, and “Ciment Fondu,” is a nonport- America at Bauxite, Ark. 
land hydraulic cement produced at three | | | 

| ENERGY | 

The largest single cost in cement manu- billion cubic feet of natural gas, and 10.0 
facture is the cost of energy which accounts billion kilowatt-hours of electricity in the | 
for about a third of the industries total production of 72.0 million tons of clinker : : 
production costs. Cement manufacture ac- and 76.3 million tons of finished portland 
cording to the U.S. Department of Commer- cement. In comparison, during the base _ 
ce is one of the six most energy-intensive year of 1972, the industry used 7.3 million | 

industries as rated by the energy necessary _ tons of coal, 12.2 million barrels of oil, 223.0 
to produce a ton of product. billion cubic feet of natural gas, and 10.6. 
In the Federal Regulations of June 9, billion kilowatt-hours of electricity to pro- 

1977, the FEA published its final industrial duce 77.4 million tons of clinker and 80.7 

energy-efficiency targets for the 10 most million tons of finished portland cement. | 
energy-intensive industries. The target Increased usage of energy-saving pre- | 
established for the portland cement indus- heater systems has become a standard fea- 
try (SIC 32) is a 15.7% reduction in energy ture in both new plant installations and 
by January 1, 1980. The industry comment- modernization projects. There were 34 sus- 
ed that there is not sufficient time to pension preheaters and 13 traveling grate 
complete the massive new construction and _preheaters. Kilns utilizing suspension pre- 
process conversion programs required in heaters used an average of 4.77 million 
the final target. In addition, the capital Btu’s per ton, those with traveling grate 
requirement is far beyond the industry’s  preheaters used an average of 5.86 million 
financial resources. Btu’s, and kilns without preheaters used an 

According to a report submitted to the average of 6.95 million Btu’s. | 
U.S. Department of Energy by the PCA, the Conversions from the more _ energy- 
United States portland cement industry intensive wet-process plant to dry-process is 
used 7.9% less energy per ton of cement another approach being used by the indus- 
manufactured in 1977 than in 1972. try to cut energy costs. Of the 157 plants 

The report showed that coal or coke was_ active in 1977, 91 were wet-process, 60 dry- 
used as the primary fuel for 65% of total process, and 6 utilized both wet- and dry- 
1977 output, compared with 38% in 1972, process. In contrast with 1972, out of 170 
the base year for the Federal Government’s plants, 107 were wet-process and 63 were 
voluntary industrial energy conservation dry-process. Average energy consumption 
program. Natural gas consumption was for wet-process plants in 1977 was 6.49 
56% under 1972 levels and petroleum usage million Btu’s per ton, while for dry-process 

| fell 31% in the same period. it was 5.11 million Btu’s per ton. 
The ‘all-industry average energy con- Pozzolanic additives are another means of 

| sumption in 1977 was 6.27 million British conserving energy but use of these additives 
thermal units (BTU) per ton of production, is not widespread, representing less than 
ranging from 12.90 to 3.38 million Btu’s per 0.5% of the total portland cement ship- 
ton. Electric power consumption rose 2% ments. Of the 367,000 tons of pozzolanic 
from the base period, reflecting increased cement shipped in 1977, almost 74% was 
power requirements for operating pollution- manufactured west of the Mississippi River. 
control and coal-handling equipment. Energy conservation will continue as a 

In 1977, the industry used 11.5 million major focus for cutting production costs. 
tons of coal, 8.1 million barrels of oil, 97.2
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‘Table 9.—Clinker produced in the United States, by kind of fuel? 

Clinker produced Fuelconsumed __ 

Year and fuel Flants Quantity Percent Coal? (th Oil q Natural gas 
during (thousand of total (thousand 1o-gallon (thousand 
year short tons) short tons) bocrels) cubic feet) 

1976: 
Coal ~--~—---- 38 316,447 24.0 3,773 — _- 

| Oil _--_--_-- 7 39497 —=«-s- 33.6 __ 2,322 __ 
Natural gas_________~ 12 34,304 6.3 __ — 26,617,431 

. Coaland oil _________~_ 21 9,487 13.8 | 1,920 1,026 —_ 
Coal and natural gas ____ 42 16,708 24.4 2,492 ——— 45,568,090 
Oil and natural gas _____ 27 13,069 19.1 — 3,928 53,376,632 
Coal, oil, natural gas ____ 14 6,067 8.8 1,103 330 6,657,355 . 

Total ___________ 161 68,579 100.0 9,288 7,606 132,219,508 

1977: | . 
Coal —----------- 35 317,523 24.3 3,912 -- — 
Oi} _--_----__--_----- 7 32,743 3.8 -- 2,468 _- 
Natural gas. _______~_ 10 32,727 3.8 _- _— 16,553,865 
Coal and oi] __ _______- 22 9,617 13.4 2,112 602 _— 
Coal and natural gas ___~— 42 17,239 ' 23.9 3,126 — 38,529,813 
Oil and natural gas ----- 15 8,494 11.8 _— 3,625 28,136,572 mo 

‘ Coal, oil, natural gas ___~— 26 18,643 19.0 2,340 1,414 13,983,078 

Total __-...______ - 157 = 71,987 100.0 11,490 8,109 97,203,328 

1Includes Puerto Rico. | : 
; ro7anciudes 96.5% bituminous, and 3.5% petroleum coke in 1976; and 97.9% bituminous, and 2.1% petroleum coke in — 

3 Average consumption of fuel per ton of clinker produced as follows: 1976-coal, 0.22940 ton; oil, 0.930 barrel; and 
natural gas, 6,184 cubic feet; 1977-coal, 0.22325 ton; oil, 0.900 barrel; and natural gas, 6,070 cubic feet. . 

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

Table 10.—Clinker produced and fuel consumed by the portland cement industry inthe __ 
United States, by process’ | | 

. | Clinker produced Fuel consumed 

Plants . ~~ Oil Y d : uantity Coal? Natural gas 
Oar ares ctive anny Percent (thousand (thousand _ (thousand 

ye ae short tons) short tons) barrels) cubic feet) 
eee eee reer ere eee ere aera eee 

1976: 
Wet _____~____~-_- 93 37,980 . 55.4 5,050 - 5,508 _ 88,107,261 
Dry ~___~~~-_-_--~--~- 61 26,720 39.0 3,947 1,347 35,245,967 
Both _________~-~--- 7 3,879 5.6 291 751 8,866,280 

. Total _.._______- 161 68,579 100.0 9,288 7,606 132,219,508 

1977; | 
Wet ________-__--- 91 39,308 54.6 6,494 5,860 62,705,475 
Dry ~~ ~--_-------- 60 28,987 40.3 4,698 1,592 25,656,621 
Both ________----~-- 6 3,692 5.1 298 657 8,841,232 

_ Total ___-------- 157 71,987 100.0 11,490 8,109 97,203,328 
a 

1Includes Puerto Rico. 
2Includes 96.5% bituminous, and 3.5% petroleum coke in 1976; and 97.9% bituminous, and 2.1% petroleum coke in 

1977.
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| TRANSPORTATION | 

Bulk and bagged portland cement in the Areas of interest included intermodal ser- 
United States was transported by highways, vice, rail costing, communications, rail car 
railways, and waterways. Trucks were the availability, and rail car innovations. Form- 
dominant carrier, hauling 87.5% of the ing the basis for these discussions was a 
total 77,850,000 tons, followed by rail with report prepared by Reebie Associates titled 
10.6%, and barge at 1.6%. Since 1972, truck Bulk Cement Transportation. This study 
deliveries have increased from 82.6%, rail was undertaken by the association for the 

| shipments have declined from 15.8%, and purpose of determining whether to partici- 
waterway shipments have remained about pate in formal proceedings involving trans- 
the same. portation rates and services. A second ob- — 

In May, the National Association of Ce- jective was to determine whether action | 
ment Shippers met primarily for the pur- could be taken to ‘reduce overall bulk ce- 
pose of analyzing the present and future ment distribution costs. Another goal was to 
role of railroads in the transportation of improve transportation efficiency of the 
cement. Several railroad executives partici- inbound fuel and raw materials used by the 
pated and were optimistic for the future. cement industry.. 

Table 12.—Shipments of portland cement from mills in the United States, in bulk and in 
containers, by type of carrier! 

(Thousand short tons) 

Shipments to ultimate consumer OOO 
Shipments from ~ From terminal From plant . 

Year and type plant to terminal to consumer to consumer Total 
of carrier re ship 

In In In men In In In , con- con- con- bulk taners «OUI tainers bulk tainers 
. 

1976: 
Railroad _______ 8,054 204 746 22 7,259 254 8,281 Truck _________ 1,282 151 16,389 977 40,077 4,808 62,251 Barge and boat____ 7,333 15 464 Le 609 __ 1,073 : Unspecified? __ _ __ 260 Le 204 __ 102 10 316 eee 

Total _______ 16,929 370. 17,803 999 48,047 5,072 3 471,929 | ONE TS 1,922 —aooooooaooooeeeeeeee——— 
1977: 

Railroad _______ 8,080 360 1,324 37 6,665 250 8,276 , Truck _________ 1,430 94 17,336 1,041 45,081 4,698 68,156 
Barge and boat_ _ __ 8,421 12 107 -- 820 330 1,257 Unspecified? ___ __ 59 1 _- __ 150 9 159 

Total _______ 17,990 467 18,767 1,078 52,716 5,287 3 477,850 
LN 

‘Includes Puerto Rico. . 
2Includes cement used at plant. 
SBulk shipments were 92.0% (65,850 tons), and container (bag) shipments were 8.0% (6,071 tons) for 1976. Bulk 

shipments were 91.8% (71,483 tons), and container (bag) shipments were 8.2% (6,365 tons) for 1977. 
Data may not add to totals shown because of independent rounding.
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Table 13.—Cement shipments, by destination and origin’ 

‘(Thousand short tons) 

i 

| ___Portland cement” __ Masonry cement 
1976 1977 1976 1977 

Destination: . . 

Alabama _________--~--_--~-~--~--+-- 1,376 1,400 117 187 

Alaska? __-__________-_-----~--~--- - 134 120 Ww Ww 

Arizona __________----_---~-~-~---- 1,111 - LATT WwW Ww 

Arkansas _________~__---~--~----- 885 929 69 77 

California, northern ___—------------ 2,734 3,246 __ (4 

California, southern ___—_—-~-------- ~ 4,569 5,289 _- 2 

Colorado _~______-_-_------------- 1,197 1,407 30 38 

. Connecticut? _________-_---------- 568 648 14 13 

Delaware? _____-________~------- 142 149 7 8 

District of Columbia? _________------- 196. ' 155 8 8 

Florida _________-~-------------- 3,347 3,831 222 283 

Georgia _______-__--~------------ 1,614 | 2,074 166 187 

Hawaii ___________------------- 328 308 10 10 

Idaho _________-~_-~--~---------- 511 509 2 3 . 

Illinois__ ___-___-__-_-_------------- 3,760 3,622 117 133 

Indiana ______ ~~ -_-----~-------- 1,700 1,684 116 122 

Iowa. _______-_-~--------------- 1,800 1,758 32 33 

Kansas ___________-~~_---~-~----- 1,229 1,230 34 33 

Kentucky ___.____--------------- . 1,046 1,157 — 118 127 

Louisiana ____________~---------- 2,486. 2,524 79 93 

Maine _________-_--------------- 308 259 11 10 

Maryland __.-------------------- 1,188 1,254 101 114 

Massachusetts®? ________----------- | 811 859 35 36 

Michigan ____-~---~------------- 2,596 2,681 139 158 

Minnesota __._____-------------- 1,551 1,654 50 60 

Mississippi ____---------~-------- 830 946 66 74 

Missouri ____-_-~-~-------------- 1,723 1,781 50 . 64 

Montana ________-~-------------- 335 350 4 4 

Nebraska ________----~----------- 1,029 1,002 18 20 

Nevada ______------------------ 359 511. (4) (4) 

New Hampshire? ______------------ 236 264 138 12 

New Jersey? ____--_-------------- 1,366 1,335 54 56 

New Mexico _____-_--------------- 543 619 16 17. 

New York, eastern _._-_-_--—-------- 745 483 26 28 

New York, western ____-_--_--~------- 872 887 43 47 

New York, metropolitan? ______------- 866 876 32 24 

NorthCarolina ____—-------------- 1,459 1,537 220 250 

North Dakota? ________------------ 412 429 10 10 

Ohio ________-__--------------- 2,804 3,199 188 223 —C 

Oklahoma _______---_------------ 1,262 1,594 61 71 

Oregon ______----~--------------- 794 841 ot. . 1 

Pennsylvania, eastern _———----------- 1,756 1,861 15 17 

Pennsylvania, western ___——---------- ~ 1,102 1,085 91 103 

Puerto Rico __ _____-_--------------- 1,433 1,368 (*) — 

_ Rhodelsland? ____---------------- 142 ~ 139 5 5 . 

South Carolina ___—___------------- 782 853 119 135 

. South Dakota ______-------------- 373 369 10 11 

Tennessee ________-_---—---------- 1,309 1,467 172 187 

Texas _________.-_--~---~-------- 6,469 7,877 194 240 

Utah __________-_---------------. 920 900 . 2 2 

Vermont? _______---------------- 109 131 : 5 6 . 

Virginia _______-__-------------- 1,599 1,624 182 205 

Washington ____~---------------- 1,168 1,355 9 10 

West Virginia ______--_------------ 579 573 51 59 

Wisconsin _______~_-~---~--------- 1,602 1,739 67 78 

Wyoming _____-_----~------------ 418 389 5 5 

Total United States .____---------- 72,583 78,608 3,266 3,699 

Foreign countries®> ___~_-----=------ 250 . 122 63 91 

Total shipments ____-_------------ 72,833 78,730 3,329 3,790 

eee == 

Origin: . 

United States® ________------------ 69,171 75,514 3,266 3,753 

Puerto Rico ______---------------- 1,550 1,367 _- __ 

Foreign:’ 
Domestic producers _—_-——---------- 1,201 — 969 38 11 

Others _______--------------- 911 880 25 26 

Total shipments ___—-------------- 72,833 78,730 3,329 3,790 

W Withheld to avoid disclosing company proprietary data; included with “Foreign countries.” 

1Includes cement produced from imported clinker and imported cement shipped by domestic producers, Canadian 

cement manvfacturers, and other importers. Includes Puerto Bico. 

2F cludes cement (1976—397; 1977—458) used in the manufacture of prepared masonry cement. 

. 3Has no cement-producing plants. 

. 4Less than 500 short tons. 
5Direct shipments by producers to foreign countries and U.S. possessions and territories; includes States indicated by 

symbol W. 
6Includes cement produced from imported clinker by domestic producers (1976—1,024; 1977—1,483). 

7[mported cement distributed by domestic producers, Canadian cement manufacturers, and other importers. Origin of 

imports withheld to avoid disclosing company proprietary data.
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Table 15.—Portland cement shipped from plants in the United States, by type’ - 
(Thousand short tons and thousand dollars) . 

. . -. 1976 1977 

Type Quantit Value? Average : 2 — Average | y ue per ton Quantity Value per ton 

General use and moderate heat 
- (TypesTandID ________________ _ 66,598 2,222,426 $33.37 71,648 2,569,836 $35.87 

_  High-early-strength (Type II) _______- 2,217 77,013 34.74 2,699 97,263 36.04 , 
Sulfate-resisting (Type V) ___.________~ 279 10,567 37.87 339 14,716 43.41 
Oilwell _-_---_- 1,275 46,765 36.68 1,575 61,852 39.27 
White _____-__________________ 362 31,359 86.63 368 35,176  —«- 95.59 
Portland slag and portland pozzolan _~_-— 344 10,760 _ 31.28 367 12,188 33.21 
Expansive ____________________ 97 4,243 43.74 95 4,115 43.32 
Miscellaneous* _________________ 750 32,262 43.02 759 35,541 46.89 

Totaloraverage __________ 71,922 —_ 2,485,895 33.86 77,850 2,830,687 - 36.36 

1Includes Puerto Rico. . 
2Mill value is the actual value of sales to customers, f.o.b. plant, less all discounts and allowances, less all freight 

charges to customer, less all freight charges from producing plant to distribution terminal if any, less total cost of 
operating terminal if any, less cost of paper bags and pallets. . . 

3Includes waterproof cement and low-heat (Type IV). | . 

| - CONSUMPTION AND USES , 

Shipments of cement into various States vada, where shipments were up by 152,000 
are considered to be an index of consump-__ tons, a 42% increase over 1976. The second 
tion. Portland cement consumption increas-. largest increase was in Arizona, where 
ed 8% over that of 1976. Domestic producers 366,000 tons more was used than in 1976, a 

shipped 77.9 million tons of portland ce- 33% increase. Next in order of increasing 
ment, which included 1.4 million tons of consumption were Georgia, up 460,000 tons 
imported cement. In addition to the im- or 29%; Oklahoma up 332,000 tons, a 26% 
ported cement shipped by domestic manu- increase; and Texas up 1,408,000 tons, a 

- facturers, 880,000 tons of portland cement 22% increase over 1976. . 
was imported and shipped or used by others Ready-mix concrete producers were the 

: not producing cement in the United States primary consumers of portland cement, 
or Puerto Rico. accounting for 66% of the total shipped by 

Consumption increased in all but 15 domestic producers. Manufacturers of 
States, the District of Columbia, and Puerto concrete products used 14% to make 
Rico. The greatest regional reduction in concrete blocks and pipe, precast, prestress- 
usage was in the eastern New York area, ed, and other concrete products. Building 
down 35%. Maine was the State showing material dealers received 8% of the total 
the largest drop where shipments were consumed. Highway contractors used 6% of 
down 16%. Other large decreases in con- cement shipped to customers in 1977, while 
sumption were the District of Columbia, other contractors used 4% of the total. The 

down 21%; Alaska, down 10%; Wyoming, remaining 2% was consumed by various 
down 7%; and Hawaii, down 6%. The larg- government agencies and other miscella- 
est increase in consumption was in Ne- neous users. | 

: PRICES | 

The average mill value® of all types of in Waianae, Hawaii. The highest price in 

portland cement was $36.36 per ton in 1977, the continental United States was $58.40 at | 
$2.50 per ton higher than in 1976. The mill Redding, Calif. Bagged cement prices rang- 
values ranged from a low of $28.86 in New ed from $1.68 at Louisville, Ky., to $3.25 per 
York and Maine, to highs of $49.58 in 94-pound bag at Waianae, Hawaii. The area 
Puerto Rico, and $50.98 in Hawaii. price for bulk cement reached a high of 

According to Engineering News—Record $82.80 per ton in Anchorage, Alaska. Base 
at yearend bulk mill prices ranged from prices for portland cement in carload lots 
$28.80 per ton in Louisville, Ky., to $60.20 f.0.b. were reported monthly in Engineering
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News-Record for 20 cities in the United the commission ruled in February that the 
States. The yearend average for bulk ce- systems violated the antitrust laws. 

ment was $44.79 per ton. This compares 
with $41.06 per ton at yearend 1976. Bulk 

prices in the 20 cities ranged from $33.98 Table 16.—Average mill value in bulk, 
in Philadelphia, Pa., to $62.40 in San of cement in the United States’ 
Francisco, Calif. | (Per short ton) 

The Federal Trade Commission began an ———————___——________—_______— 
investigation of the portland cement indus- Year Portland Prepared cee 

try for possible antitrust violations. A major | cement Cement! of cement 
focus of the investigation is the delivered i973 === go. $29.43 $29.98 
price system, a method which requires the 1974__-__- 26.52 32.98 26.79 

customer to take shipments by transport- jg7¢_----- «3886 12.63 34.95 
ation provided by the cement company.Ina 1977 __----- 36.36 == 45.03 36.76 
similar investigation of the delivered price’ 1), des Puerto Rico. 
systems used by plywood companies, 2Masonry cement made at cement plants only. 

| FOREIGN TRADE | 

Hydraulic cement exported from the quantity and 40% in value over those of 
United States decreased 48.7% in quantity 1976. Imported cement amounted to 5.2% of 
but only 10.8% in value from those of 1976. domestic shipments by weight and 3.3% of 
Exported cement was equivalent to 0.3% of _ the value. 
domestic shipments by quantity and 0.8% of Canada continued to supply the largest 
their value. Six countries - Canada, Lee- amount of imported cement and clinker, 
ward and Windward Islands, Bahamas, providing 55% of the total, followed by 
Mexico, Saudi Arabia, and Guyana - receiv- Mexico, 16%, Japan, 10%, and Norway, 
ed nearly 89% of the 239,000 tons of cement France, and the United Kingdom, each 5%. 
valued at $23.7 million, which was exported Clinker comprised 40% of the total im- 
to 95 countries. | ports in 1977, compared with 31% in 1976, 

Hydraulic cement and clinker imported 33% in 1975, 32% in 1974, and 41% in 1973. 

into the United States increased 30% in 

| 
| 

|
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Table 17.—U.S. exports of hydraulic cement, by country 
ee 

1975. 1976 1977 

Country Quantity Value Quantity Value Quantity Value 
(short . (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) - sands) 

Austria —_-__—------------------ 4,671 $147 205 $57 143 $44 

Australia. “2 5 ee E 212 - BT 581 151 161 50 

Bahamas ___~ __----------------- 1,666 135 1,455 121 12,514 641 

Belgium-Luxembourg — ~~ ——---------- 391 71 1,167 168 105 31 

Belize. _________________------- 269 14 110 14 255 16 

Bermuda____________-~__---~---- 49 - 12 72 25 201 36 

Brazil _~§_.9_-____.--~-_.---------- 2,117 185 702 112 72 49 

Canada_____________~~__~-~------ 274,236 16,105 218,932 15,995 156,047 13,156 

Colombia_____._______----------- 10 10 1,111 66 234 43 

Chile ~________~—__--~~_-----+~+-- | 22 14 242 54 84 26 

Dominican Republic _____.___-_------- 34,862 788 8,508 361 1,503 286 oo. 

Ecuador _______—-~_~-------~~----- 428 73 5,534 300 124 53 

France _________~_-~-~-~------~-+-+-+- 165 43 161 52 158 46 

French West Indies__ _______-------- 728 19 290 17 986 25 

Germany, Federal Republic of ____—-—-~--- 105 44 404 116 347 115 

Guatemala___________-_---------- 578 55 849 89 _ 2,748 221 . 

Guyana_______-___-------~------- _- a 1 3 3,091 159 

Haiti ____________-~~_-----+----- 37 10 1,973 105 —=«:1,445 94 

Indonesia_ _________—~-___----—---+-- 3,061 2,407 336 57 183 69 

Italy_______------_--~---------- 949 140 640 159 435 — 141. 

Jamaica ___________------------ 1,221 184 418 128 188 113 

Japan_________--_-------------. | 1,075 313 844 276 848 493 

Korea, Republic of _ _____---_-------- 143 63 53 13 323 147 

Kuwait ________-__------------- 12 . 11 83 35 69 16 

Leeward-and Windward Islands _ — ~ — — ---- 23,498 651 - 24,148 655 . 24,715 933 

Libya ______-_----_---~--------- 11 17 313 | 214 1,167 237 

Mexico __________--.~-~--~-~------- 108,503 . 3,910 127,803 - 8,625 10,407 2,011 

Netherlands Antilles_ ________------- 6,791 212 4,057 123 833 8st 

Nicaragua ______---------------- 413 36 50 22 984 79 

Nigeria ___._____--------------- 14 5 3 1 1,522 98 

Other Pacific Islands, n.e.s.) _~___._____-- 360 22 12 | 5 565 46 

Panama ________~--~----~-~--~—----- 49 15 1,746 138 17 9 

Peru__________.__------------- 3,119 368 2,165 183 1,888 221 | 

Philippines _______-------------- 67 18 313 95 230 68 

Saudi Arabia _____—____-_-~--------- 1,540 243 732 306 5,826 1,792 

Singapore ____-__-_---~---------- 126 35 180 86 94 36 

South Africa, Republic of .______------ 168 59 476 72 395 62 

Spain ________----~------------- 114 63 135 55 140 69 

Switzerland _________-__--_-------- 170 51 151 ' §T 278 104 

Taiwan _________---—----------- 359 113 214 38 68 21 

Trinidad and Tobago_ _____-~-~------ 62 94 49 16 3,083 306 

Turkey _______-~-_-~-------~----=+-- 20 24 58 29 234 94 

Turks and Caicos Islands _ _____—-~-—-—-- -— —_ 644 34 556 34 

United Kingdom _____-_--_~--~----- 338 120 426 121 186 77 

Venezuela _________-_~---~-------- 16,120 589 56,178 1,527 705 281 

Yugoslavia________-----~--------- 552 142 -101 24 296 204 

Other _________---~-------------- T4731 T692 1,370 T701 2,453 797 

Total. -___-_--------+----- 494,182 28,409 466,055 26,601 238,906 223,740 
ee 

ee eee 

FRevised. 
Uncludes U.S. Trust Territory of the Pacific, previously listed separately. 

2Data do not add to total shown because of independent rounding.
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Table 18.—U.S. imports for consumption of hydraulic and clinker cement, by country 

(Thousand short tons and thousand dollars) 

| 1976 1977 
Country — 

Quantity Value Quantity Value 

Bahamas ________________________L__~__--__-_-__ 242 6195 90 2,562 
Belgium-Luxembourg ___—.—_________~_-_~~-_-~--~----- 14 750 21 1,143 
Canada __________~___ ee 1,801 38,833 2,203 52,197 
Colombia ______.__.__~-.~--~---~-+~-----~--~----+-+- _- _- 5 170 

. France _____________~_-_--_~----- ~~ 178 5,279 196 _—‘5,452 
Germany, Federal Republic of __ __________-__-_----~-~--~-- (?) 48 (2) 35 
Japan. ___ eee 6 139 384 5,332 
Mexico ________________~~-_ ~~~ ++ 175 3,678 635 16,449 
Norway____-__~_-~~_---~--~~--~-+---~--~-~-+-~-~---+-+-+- 265 4,410 210 4,462 
Spain _.___-___-_~-_~~---__~~~--~-~--+ +--+ ++ 314 5,630 104 1,974 
Sweden ___.__§______-~___ eee 20 361 _— a 
United Kingdom ___________~~_-~--~---_~--+--~----- 90 1,590 186 3,968 
Yugoslavia______.-_______--~_---~---~------~--+-+--. 2 170 3 243 
Other __________________ ee ~ Q) 2 (4) 17 

: Total? _______________-- ee 3,107 «67,085 4,088 94,005 — 
ee 

1Less than 1/2 unit. | 
Data may not add to totals shown because of independent rounding. 

Table 19.—U.S. imports for consumption of cement | 
(Thousand short tons and thousand dollars) 

a La a — —_ : . 

Roman, portland Hydraulic White 
and other cement nonstaining Total 

Year hydraulic cement clinker portland cement 

Quantity Value Quantity Value Quantity Value Quantity Value 
a a 

1975 ee 2,474 49,286 1,207 20,218 21 1,116 3,702 70,620 
1976 __._-___-__~------ 2,122 46,635 . 962 19,136 23 1,314 3,107 67,085 
1977 _..-__--_----~--- 2,394 62,920 1,613 29,224 31 1,861 4,038 94,005
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Table 20.—U.S. imports for consumption of hydraulic and clinker cement, by customs 
district and country | - 

(Thousand short tons and thousand dollars) . 

1976 
Customs district and country —_OO —__ 

Quantity Value Quantity Value . EE YC tule 

Anchorage: 
Cana @—~ -_---- ~~~ ee 33 1,105 51 2,014 
Japan______ 2 (7) 3 - 6 157 

Total... 33 1,108 57 2,171 
Boston: Canada _________~ __ —_ (3) 5 

Buffalo: _ — . 
Canada .____--~~__ 515 11,260° 579 13,112 
‘Germany, Federal Republic of _..§ $$ / 72-7 5 (4) 83 _- __ 
Mexico _______~____ Le -- — 1 14 

Total... 515 11,263 580 «13,126 

Chicago: | 
Belgium-Luxembourg _______________.__________ _- —_ — — 
Canada ___ ~~~ Le -- _- 6 160 
Netherlands ____________-___.-.-_~____-__ Lu - __ _- GQ) 3 
United Kingdom ________ — __ (3) 1 

Total.____________ LL -— _- 6 165 
Cleveland: Canada ___~_-______~ ~~ 30 621 8 177 

Detroit: 
Canada________~_._ Le 525 10,336 655 13,158 
United Kingdom __________~_~ ~~~ eee (4) (4) i __ 

; Total.__. ~~ LLL 525 10,336 655 13,158 

El Paso: . 
Canada _______~___~____ LLL () 1 __ __ 
Mexico _________---~-_--~----~-_---__--___-= 14 605 92 2,569 

Total.___-_-_________~___ LL 14 606 92 2,569 

Galveston: . . 
Mexico _.__-_______~___ i LLL _- -_- 5 129 
Spain ___._______-___-i_- ~~ ~~ -- -_- 30 551 

United Kingdom ------------------------------ _- -- 28 525 

Total._________-_______-_-___-- __ __ 63 1,205 
Great Falls: Canada _. _-_-_.) »5- - 5 eee 6 234 6 305 
Honolulu: Japan ______-______________ ee 6. 136 _- __ 

Houston: . 
. Germany, Federal Republic of _._-.__-________________ __ —_ () 10 

Mexico ___-______________~_~~ ~~~ -- _. 33 755 
United Kingdom ________-_-____-_---_-_-_--____- (4) 1 63 1,365 

Total__________-_------ ~~~ ~~~ -- (2) 1 99 2,130 
Laredo: Mexico ______------------____-~-_-----~-- 1 57 100 3,384 

Los Angeles: ae 
Germany, Federal Republic of ___________________ ___ (7) 10 (3) 10 
Spain ___________-_-_-__--~_----_ ee 1 42 1 85 
Yugoslavia_______-____--___--_~__~-_~_-__- -—- _— (#) 55 

Total. ______-___~_-_--~____~__ Le 1 52 1 150 

Miami: 
Bahamas___________~_~___-~~_-~~-____ 46 1,271 63 1,753 
Belgium-Luxembourg __._______-_-_-_---___----_-- 4 205 6 335 
Mexico _________----_---_--~-~--_-~---_--_-_-- 36 874 130 2,644 
Norway____.__-_---~----------------_----~-- 50 827 -_- _- 
Spain _____-___ 112 1,470 23 284 

- Total. ~~ eee 248 4,647 222 5,016 
_ Milwaukee: Canada ______________--________-_--_-- 31 7166 (#) 2 

New Orleans: 
Bahamas ___________-_---~_---~----~--~-~--_-- 2 53 _- __ 
Canada__________-____-__-__-___---__~--____ (3) (3) (3) 6 
Germany, Federal Republic of _.____________________ (3) 17 __ __ 
Mexico _________---_---~-~-~-~--~-~_~-~-~--+--~-- _- _- 73 1,680 
United Kingdom _________-~___-~--__~_---~-~---~-- 90 1,588 21 495 

Total.__§_.__-_-___________ Le 92 1,658 94 2,181 

See footnotes at end of table.



‘CEMENT | 241 

Table 20.—U.S. imports for consumption of hydraulic and clinker eement, by customs 
district and country —Continued 

(Thousand short tons and thousand dollars) 
ee eee 

1976 
Customs district and country —_—_— er 

Quantity Value Quantity Value Oe OO eC 

New York City: Norway________~____~________ 215 3,583 208 3,925 
Nogales: Mexico _.___~§_~_ 5 5 eee _- _— 1 40 

Norfolk: - . , 
Bahamas____§ ~~~ = 103 2,339 _ a 
Canada_____ > (4) 3 __ — 
France ___ ~~ 178 5,264 36 2,231 
Mexico __ ~~~ 5 ee — __ 30 572 
Spain 2-2 Le -— 16 187 . _— __ 

Total. LLL 297 7,793 66 2,803 

Ogdensburg: 
Canada__ ~~~ LLL 108 2,618 151 3,770 . 
Yemen (Aden)_______________~_~---_-------_-- _. _ (#) 4 

Total... 108 2,618 151 3,774 

Pembina: 
Canada ___~ ~~ LL 102 2,621 116 4,132 
Mexico __ ~~~ _-§_ LLL @) 2 __ __ 

Total.._---________________________ 102 2,623 116 4,182 

Philadelphia: - | —_ : . 
Germany, Federal Republic of ___._____________.--__- (4) 18 (7) 5 
Yugoslavia. .______________-__~_-~---~---~----+- 2 170 3 188 

Total___________-__-___-_-_--- ee 2 188 3 «198 
Port Arthur: Mexico ___§_______~_~~___~_________ ee __ _ 21 - 299 
Portland, Maine: Canada ____~__~§ _-> 5 ee 41 1,256 34 1,041 
Providence: Canada _____§_§__§__ ~~ _- _— 1 38 

St. Albans: . 
Canada____ ~~~ LLL 181 3,820 289 7,730 
Germany, Federal Republic of ______________._---.-- _- __ (7) (7) 
Italy______________-~--_-_~_---~-~ ~~~ ~~~ +e (3) 1 _- _- 
Japan____ LL A) (4) a _ 
Norway____—___~_-_~__~ ~~ ~~ ee (4) (1) —_ __ 

Total. ~~ LL 181 3,821 289 7,730 
San Diego: Mexico __________-__---_~--~-_-----~_---- (7) 1 19 1,008 

San Juan: 
Belgium-Luxembourg ________~_______---._------ 10 532 15 800 
Colombia__ ____._~§____ Le _~ — 6 170 
Denmark___~_____~_~___~_~__ ~~~ a __ (7) 4 
Dominican Republic ____§ ___.._//__~>____ ~~ ee __ __ (7) 5 
France ______~_~______~~-~_~_~_ ee (4) 15 (7) 11 
Spain ______-______________ 23 751 7 500 

Total. _______-______________________ 33 1,298 27 1,490 

Savannah: 
Denmark______~________~ ~~ ek (4) | __ __ 

Spain ~_ ~~~ 4 43 __ __ 

United Kingdom ~----- +--+ eee (7) 1 __ __ 

Total. _-_____ ee 4 45 _— a 

Seattle: 
Canada _______ Le 229 4,192 305 6,547 
Japan. ___-___~~.-~_--~-+--~---~-~-~-~-~-----+-- -- _- 377 5,175 
Mexico ______—~_~_-~__---~--~~--~-~--~--~------ _- _- (7) 6 

Total. _. -._-_ -  e 229 4,192 682 11,728 

Tampa: 7 

Bahamas -______~_~_-_--~-~--~~-~---+---~----+-- 91 2,582 27 809. 
Belgium-Luxembourg _________.-__-------~------ ) 13 en) 7 
France ____ ~~ __ ~~ ee _- ae 160 3,210 
Germany, Federal Republic of _. ______.___-____-----_ —_ __ (4) 9 
Mexico ____________-~_ ~~~ eee 124 2,139 130 3,348 

See footnotes at end of table.
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Table 20.—U.S. imports for consumption of hydraulic and clinker cement, by customs 
district and country —Continued 
(Thousand short tons and thousand dollars) 

Customs district and country —__ ee nn 

Quantity Value Quantity Value _ 
Tampa —Continued 

Norway________________________________ __ __ 2 538 
Spain ______ ~~ Le 158 3,187 43 554 
Sweden __-_____________-___-----_----------- - 20 361 _- —_ 
United Kingdom _______-~-_------~-----~------_ == Ti 8B 

Total_._-____________ ee 393 8,182 433 10,058 

Grand total? _______ ~-§ ee 3,107 67,085 4,038 94,005 

1Less than 1/2 unit. 
2Data may not add to totals shown because of independent rounding. 

| . WORLD REVIEW a 

Building industries in many countries lion turnkey cement plant project in the 
were affected by a recession caused by Kandahar region. The 1,760-short-ton-per- 

_ political instability, soaring inflation, un- day plant and associated facilities will be 
employment, and economic uncertainty. “the nation’s largest industrial complex. 

— Three trends on the cement international Completion is scheduled for mid-1979." 
scene during 1977 were the growing number __ Total production of 150,000 short.tons in | 
of nations achieving their own cement self- 1977 was from two plants, the largest one 
sufficiency; the domination of dry-process, at Ghori was built in 1964 is rated at 440 

| preheater manufacturing technology; and short tons per day. The second plant at | 
further moves toward clinker as a major Jhabulsaraj has a capacity of about 110 
material of export production.°® short tons per day. 

Western Europe was the leader among Production was hampered by the lack of 
the main cement producers in the world spare parts to operate one of the two finish 
according to the European Cement Associa- mills which did not function for about 10 
tion (CEMBUREAU). Total production for months. Czechoslovakia had refused to ship 
Western Europe was 227.9 million short the parts unless the Ghori Cement man- — 
tons, followed by Eastern Europe and the agement agreed to reemploy two Czech | 
U.S.S.R. with 222.6 million short tons. experts.’ 
There were 237 companies producing ce- Algeria.—An estimated 1.9 million short 
ment in Western Europe. Italy, the Federal tons were produced in 1977. Algeria’s So- 
Republic of Germany, and Spain were the ciété Nationale des Materiaux de Con- 

only countries with more than 20 compa-_ struction (SNMOC), the nation’s public con- 
nies in operation in 1977. Seven countries struction corporation, had several ongoing 
have effective monopolies, Norway, Den- programs for expanding cement capacity. 
mark, Sweden, Ireland, Iceland, Lux- Self-sufficiency in cement is projected to be 
embourg, and the Netherlands.*° 10 million short tons by 1980. 

Fuel systems were a major cost item and Prospective Engineering Gestion (PEG), 
concern, and a few countries were heavily Geneva, is acting as consulting engineer for 
committed to the production of pozzolanic two major projects—a 1.1-million-short-ton- 
cement as a means of cutting fuel cost, most per-year dry-process plant at Zhana and 
notable were Finland and Luxembourg a 1.1-million-short-ton-per-year dry-process 
where better than 96% of the production plant at Beni-SAF. : 
consisted of pozzolanic cement. The most Kawasaki Heavy Industries Ltd., Japan, 
popular forms of pozzolan used incementin is involved with two programs, one is a 
Europe are pulverized fuel ash and slag 550,000-short-ton-per-year plant at Saida 
from blast furnaces. scheduled for startup in 1978; and the other 

World cement production rose to 857 at El Asnam, a 1.1-million-short-ton-per- 
million tons, 6% more than the 1976 total. year plant with suspension preheater set for 
The largest increase in production was in completion early in 1979." 
the People’s Republic of China where over- Other projects include a 1.1-million-short- 
all production averaged 33% above 1976. ton-per-year plant at Constantine and a 1.1- 

Afghanistan.—Fuller Co. heads an Amer-_ million-short-ton-per-year operation at Ain 
ican consortium undertaking a $50.5 mil-_ el Kebira.
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Argentina.—The Argentinian cement in- Itapetinga in the State of Ric Grande do 
dustry is entirely in private ownership. Norte. The plant consists of a raw material 
Production during 1977 totaled 6.6 million grinding plant equipped with a mechanical 
short tons. edge mill utilizing waste gases from the 
New construction projects included a kiln, shaft preheater, rotary kiln, cooler, 

550,000-short-ton-per-year plant to be built impact crusher, and finish mill.* 
__ by Juan Minetti S.A. with major equipment Canada.—At the end of 1977, the indus- 

to be supplied by KHD Industrieanlagen try’s total theoretical capacity was about 
AG Humboldt Wedag. Another announced 16.5 million short tons per year. Canada 
project involves an expansion of a plant Cement Lafarge, Ltd., completed an expan- 
owned by Loma Negra Compaiiia Industrial sion program at its Brookfield, Nova Scotia, 
Argentina, S.A. Expansion will be perform- plant which consisted of the installation of. 
ed by Polysius Corp. and consists of adding a second kiln, a new finish grinding mill, 
a precalciner and preheater." | and clinker storage facilities.2° _ 
Bahamas.—In mid-1977, United States In Ontario, St. Marys Cement Co. increas- 

Steel Corp. closed its wholly owned subsi- ed the production rate at its Bowmanville 
diary, the Bahama Cement Co., in Freeport. plant by about 50,000 tons per year by 

_ The company announced that it is negotiat- improving the efficiency of the grinding 
ing with a European firm to open part of circuit. 
the plant for use in mineral processing In early 1977, St. Lawrence Cement Co. 
other than cement. The plant is not for sale. announced the purchase of the Hudson, 

Reportedly, Bahama Cement closed down N.Y., plant of Universal Atlas Cement Div. 
because it had lost $500,000 in its operation of United States Steel Corp., for $8.2 mil- 
in 1976 and had failed to receive authoriz- lion. The plant will be used as a distribution 
ation from the Price Commission for a 75 terminal and grinding plant until business 
cent per 100-pound bag increase. Approxi- volumes warrant a modernization program. 

| mately, 25,000 tons were produced before In March, Lake Ontario Cement, Litd., 
the plant was closed." | _ purchased the Essexville, Mich. plant of 
Benin.—The Arab Development Bank Martin Marietta Cement Corp. for $7 mil- 

has extended an $8 million credit for the lion. Aetna Cement Corp. is the wholly 
construction of a new cement plant in owned subsidiary that will operate the 
Cotonou. In addition, a joint Beninese- plant using clinker output from Lake On- 
Nigerian cement clinker plant rated tario’s Picton, Ontario operation. 
at 500,000 short tons per year is under Inland Cement Industries Ltd. (subsidiary 
construction.'¢ | of Genstar Ltd.) continued expansion at its 

Bolivia.—Financing for a $48 million ex- Edmonton, Alberta plant. Equipment and 
pansion of a cement plant at La Paz was facility additions include a dry-process kiln, 
approved by the Inter-American Develop- a clinker grinding mill, and cement silos. At 
ment Bank. F. L. Smidth & Co. is to supply startup in 1980, the capacity will be about 
the complete 180,000 short tons per year 1.1 million short tons per year. 
program for the Sociedad Boliviana de Ce- Canada Cement Lafarge, Ltd., is expand- 
mentos, S. A. Facilities will include a rotary ing the Exshaw, Alberta, plant to about 
kiln, a four-stage preheater, a plantary 740,000 short tons per year by 1980. Lafarge 

: cooler, raw and finish mills, and a electro- Consultants, Ltd., was appointed the engi- 
Static precipitator. Startup was scheduled neering consultants for the expansion. 
for 1978.17 In September, an “Antidumping Proceed- 
Brazil.—Camargo Correa Industria S.A. ing Notice” was published in the Federal 

of Saéo Paulo, has contracted with Bendy Register.21 The notice was to advise the 
Engineering Co., to provide extensive engi- public that there were reasonable grounds 

| neering services for a 1.1-million-ton-per- to suspect that sales of portland cement 
year precalciner-preheater kiln addition to from Canada to the United States was at 
the Cimento Portland Eldorado plant at less than fair value within the meaning of 
Apiai, Séo Paulo. The expansion includes the Antidumping Act, 1921. 
primary crushing, an overland conveyor, Colombia.—Société des Ciments Fran- 
raw and finish mills, and packing-shipping cais, Paris, was awarded a contract with the 
facilities.1® ironworks company Acerias Paz del Rio as 

Pragoinvest reported that the first ce- consulting engineers for a new cement 
ment plant of Czechoslovak Concept using plant at Belencito. The plant will have a 
the dry method is operating successfully at capacity of 1,100 short tons per day of
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clinker and obtain blast furnace slags from Expansions are planned for Tabbin, 

the neighboring steel mill. Grinding capaci- Alexandria, Tourah, all are due onstream 

ty will be 2,200 short tons per day.” in 1979. | 

Compafiia Colombiana de Clinker open- France.—S.A. des Ciments du Sud-Ouest 

ed a new cement plant in Cartagena in converted one wet kiln to dry-process at 

December.) It was originally designed to Lexos. Design and engineering was by La- 

produce 660,000 short tons per year but it farge Conseils et Etudes.*! The pyroprocess- 

will be enlarged to produce 1.1 million short ing system utilizes the RSP calcining sys- : 

tons per year, with most of the production tem developed by Onoda-Kawasaki, Japan, _ 

slated for export. | | and consists of a four-stage preheater and 

Costa Rica.—Allis-Chalmers Corp., Mil- rotary kiln rated at 825 short tons per day. 

waukee, Wis., was awarded a contract by Ciments Francais is building a 1,980- 

Corporacion Costarricense de Desarrollo to short-ton-per-day preheater kiln system at 

build a new cement plant in the Guanacasta _Bussac. Polysius Corp. is supplying a Dopol 

| Province.2*: Process, equipment, and engi- cyclone-type preheater, rotary kiln, plane- | 

neering for the 1,430-short-ton-per-day tary coolers, raw mills, and separators. | 

plant includes a roller mill, a suspension Ciments d’Origny is expanding its semi- 

preheater, a rotary kiln, a stoker cooler, a wet process. Polysius Corp. is supplying the 

finish grinding mill, plant and process de- - precalcining system, rotary kiln, and dryer. 

sign, project management, equipment in- The system is rated at 1,925 short tons per : 

stallation, and operator training. day. | 

Czechoslovakia.—Output of a new cement Ciments Lafarge France at its Hau- 

plant at Turna is 2,200 short tons per day. bourdin plant is converting from wet- : 

Pragoinvest built the completely computer- process to semidry with pressure filters to 

controlled operation. The kiln line consists produce filter cake for the preheating grate 

of a double-flow shaft preheater, a 260-foot- Lepol of Polysius. Lafarge Conseils et Et- — 

long, oil-fired rotary kiln, and a grate udes has been awarded the contract for 

cooler.?5 design and engineering for a plant schedul- — 

A new 1.2-million-ton-per-year dry-pro- ed for startup at the end of 1978. : | | 

cess operation is being constructed at Pra- Gabon.—In Gabon’s third 5-year plant for 

~ hovice. Startup is scheduled for 1979. economic and social development, 1976-80, 

Ecuador.—La Cemento Nacional report- mention is made about clinker and cement 

edly started its new 1,800-short-ton-per-day plants at Owendo and Franceville.* : 

cement plant at Guayaquil. Allis-Chalmers Société des Cimente du Gabon awarded a 

| supplied the rotary kiln, suspension pre- contract to Creusot-Loire Enterprises and 

heater, stoker cooler, raw grinding mill, and Lafarge Conseil et Etudes, France, for a new 

finish mill.? | wet-process plant at N’tuom. The kiln re- 

Allis-Chalmers was also awarded a con- portedly will have a rated daily capacity of | 

tract by Cementos Selvalegre of Quito to 1,100 short tons.” 

build a new 380,000-short-ton-per-year ce- Greece.—Expansions were announced by 

ment plant. Major equipment includes a Titan Cement Co. S.A. at its Kamari plant. 

preheater, a rotary kiln, a stoker cooler, F. L. Smidth is supplying a 3,300-short-ton- 

and raw and finish grinding mills. The per-day rotary kiln equipped with a four- 

operation is scheduled to be onstream in stage cyclone preheater and a Unax plane- 

1979.27 tary cooler, and raw and finish mills with 

Egypt.—As a result of extensions to exist- air separators. National Cement Co. has a 

ing works and new cement plants now being new 1.65-million-short-ton-per-year plant 

built or in the planning stage, cement program underway next to its dry-process 

production in Egypt should increase by 6.2 Volos facility. The operation has the largest 

million short tons in 1981.” Loesche mill and the largest IHI SF flash 

Suez Cement Co., Eastern plant south of calcining system ever installed outside of 

Suez City, is building a new 1.1-million- Japan. Fuller Co. is supplying the grinding 

short-ton-per-year plant. Fuller Co. is sup- mill systems. Halyps Cement Co. S.A. 

plying a single preheater-precalciner kiln, awarded contracts for equipment for a. 

and raw and finish mills. H.K. Ferguson 1,650-short-ton-per-day expansion at its 

Co., San Francisco, Calif., undertook an Paralia Aspropyrgou plant. Fives-Cail Bab- 

engineering and economic feasibility study, cock S.A. is providing the general engi- 

for a second plant for the Suez Cement Co. neering service and the cyclone preheater 

Size and location were not firmed.?® equipped kiln, and Clauduis Peters is pro-
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viding the blending system and grate cooler. P. T. Semen Gresik is currently expand- 
Startup is scheduled for 1979.*4 ing the Gresik plant for the third time since 
New plant construction has been an- 1957. The expansion project includes the 

nounced by M.A. Karageorgia S.A. fora1.1- construction of a dry-process plant by 
million-short-ton-per-year operation at Mes- Morrison-Knudsen International. Equip- 

| sinia. Kaiser Engineers is handling engi- ment includes two four-stage preheaters 
neering and construction management.*5 and two kilns. The expansion will boost 
Guatemala.—Cementos Novella, S.A. will capacity to 1.5 million tons.” 

expand its San Miguel plant by 1,760 short Iran.—Hamadan Cement Co. awarded a | 
tons per day. F. L. Smidth & Co. willsupply contract for the building of a new 770,000- _ - 
the complete process equipment and ser-  short-ton-per-year, dry-process plant at 
vices. The expansion will include covered Hamadan to APCEM Engineering A.G. | 
limestone storage, raw mill grinding cir- Construction of the plant will take about 3 
cuits, a four-stage suspension preheater, years.*! 
Unax kiln with planetary coolers, and a Rey Cement Co. is expanding the Rey 
dust collection system.*¢ | plant. Pragoinvest, Czechoslovakia, sup- 
Hungary.—Two new large-capacity, dry- plied the 2,200-short-ton-per-day rotary kiln 

process cement plants were announced for equipped with a heat exchange unit. Start- 
Hejécsaba and Belapatfalva. Hejécsaba is up is scheduled for 1978. 
rated at 1.8 million short tons per year and Fars & Khuzestan Cement Co. is building 
features two Polysius kilns with Dopol sus- a new 3,200-short-ton-per-day plant at Beh- 
pension preheaters and planetary coolers. bahan. Ishikawajima-Harima Heavy In- 
Belapatfalva will be a 1.3-million-short-ton- dustries Co., Ltd. (HI) Japan, will supply | 
per-year operation equipped with two pre- the clinker manufacturing and handling 
heater kilns from the U.S.S.R. Startup is plant which includes a four-stage preheater 

| scheduled for 1978.37 and rotary kiln. | 
India.—The Cement Machinery Div. of | Shemal Cement Co. is building a 770,000- 

| Larsen & Toubro was awarded seven major _short-ton-per-year plant near Abe-Ali. The 
cement plant contracts. In the Northern contract was awarded to KHD Industriean- 
Region a 600-short-ton-per-day, dry-process lagen AG Humboldt Wedag. : 
kiln equipped with a four-stage cyclone Soufian Cement Co. is expanding its plant 
preheater and planetary cooler was being near Tabriz. Equipment supplier is F. L. 
installed at Rajban for the Cement Corp. of Smidth and includes a raw mill, air separa- 
India Ltd. At Neemuch and Akaltara three tors, a rotary kiln with four-stage suspen- 
1,200-short-ton-per-day, dry-process units sion preheater, and a planetary cooler. New 
are being built for the same company, while added capacity will be 2,200 short tons per 
at Yerraguntla in the Southern Region a_ day. 
new raw mill and coal mill are being Gharb Cement Inc., will build a new plant 
installed. near Kermanshah. KHD Industrieanlagen 

Also in the Southern Region at the Mai- AG will supply the equipment for the 2,400- _ 
har Cement plant of Century Springs and _short-ton-per-day plant. 
Manufacturing Co., Ltd., two 1,200-short- Gorgan & Mazandaran Cement Corp. has 
ton-per-day dry-process units are being con- awarded to KHD Industrieanlagen AG a 
structed. contract to supply equipment to a new plant 

. At Rajasthan, the J. K. Cements Co. is at Neka. The plant capacity is rated at 2,200 
expanding its plant by the addition of a short tons per day with startup in 1979.” 
1,200-short-ton-per-day, four-stage preheat- Iraq.—F. L. Smidth & Co. is constructing 
er, dry-process kiln.** | a new plant for the Republic of Iraq at 
Indonesia.—The cement industry has Kufa. Major equipment includes four rotary 

been among the most dynamic industries in kilns with coolers, four raw mills, and six 
Indonesia over the past 10 years, growing packing machines. Each kiln will have an 
from 680,000 short tons per year in 1968 to output of 1,650 short tons per day. 
4.0 million short tons per year in 1977. New Fives-Cail Babcock reported it had signed | 
plants will bring the capacity to 5.6 million a contract in Iraq for a cement plant with a 
short tons by 1979. capacity of 1,650 short tons per day. 

A second cement plant is to be built at The Badoosh Cement plant in northern 
Padang by the State-owned P. T. Semen Iraq reportedly put onstream its new Poly- 
Padang Co. The 600,000-ton-per-year plant sius dry-process system rated at 1,650 short 

- is due to come onstream in 1979.°* tons per day. The kiln is equipped with a
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counterflow preheater. Included in the ex- four-stage cyclone preheater. : : 

pansion were new, Polysius built, raw and Cementos Maya S.A. will undertake an 

finish mills.“ . | expansion of its Merida plant. Major equip- 

Ireland.—Expansion by Cement Ltd., at ment supplied by F. L. Smidth includes a 

its Platin plant, added 1 million tons per 1,250-short-ton-per-day kiln equipped with a 

year to its capacity. Major equipment sup- two-stage preheater and planetary cooler. . 

plied by F. L. Smidth included a rotary kiln Cementos Mexicanos S.A. will expand its 

equipped with twin four-stage suspension Monterrey plant with an F. L. Smidth | 

_preheaters and a planetary cooler.“ supplied 1,350-ton-per-day rotary kiln, 

Japan.—Aso Cement Co. completed ex- equipped with a four-stage cyclone pre- 

a pansion of its Tagawa plant. Major equip- heater and a planetary cooler. . 

ment includes an F. L. Smidth rotary kiln Morocco.—The World Bank is financing 

equipped with twin cyclone preheaters and a new cement project for Asment de Tema- 

a precalciner.* ra at Temara. Fuller Co. has been awarded 

Korea, Republic of.—Sung Shin Chemi-_ the contract to supply equipment and ser- 

cal Co., Lid., has arranged for Polysius to vices for the 1,700-short-ton-per-day kiln 

| expand its Tanyang cement plant. The kiln equipped with suspension preheater and 

has a capacity of 3,300 short tons per day, grate kiln cooler. All equipment is designed 

and is equipped with a preheater and plane-__ to accommodate the later addition of a flash 

tary cooler.‘ calciner. Startup is scheduled for 1978.*° 

Ssang Yong Cement Industrial Co., Ltd., Nepal.—Onoda Engineering and Con- | 

| has awarded Polysius Corp. a contract for struction Co. was awarded a contract for 

expansion of its Tonghae plant. The 9,200- construction of a 275,000-short-ton-per-year | : 

short-ton-per-day operation will include two cement plant with completion scheduled for — 

rotary kilns each equipped with cyclone 1981. The project is financed by the Asian 

preheaters and precalciners, and planetary Development Bank.** | 

coolers.*7 — | Nigeria.—Ashaka Cement Co., Ltd., 

Tong Yang Cement Manufacturing Co. started up its new two-kiln operation near 

Ltd. started expansion at its Sam Choh Ashaka.. Plant capacity is rated at 880,000 

plant. Fuller Co. is supplying two rotary short tons per year. The Blue Circle Group, 

kilns with four-stage preheaters and England, participated as management part- 

| coolers.** : ners. — 

Kuwait.—The Saudi Arabian Ministry for Scheduled for startup in 1978 is a new 

Industry and Electricity and Kuwait Ce- plant at Yandev. The two kilns are rated at 

ment Co. have formed a joint venture to 1,600 short tons per day each. Major equip- 

develop a plant close to the Arabian Gulf ment was supplied by KHD Industriean- 

Coast that will produce 7,700 short tons per lagen AG, which included two rotary kilns 

day of clinker. Prospective Engineering equipped with four-stage preheaters, and 

Gestion has been engaged as consulting two raw grinding mills.55 

engineer for the project. The plant is sched- Associated Portland Cement Manufactur- 

uled to be operational in 1982.* ers Ltd. (APCM), have signed contracts with . 

Libya.—Fives-Cail Babcock, France, is Nigeria to export 825,000 short tons of bulk 

supplying the new plant at Homs with a cement to Nigeria each year for 3 years.*® 

four-stage cyclone preheater equipped ro- Norway.—Norcem has decided to add a 

tary kiln with a grate cooler. The rated second kiln at its Raelingen plant. Con- 

capacity is 3,300 short tons per day. struction began in the second half of 1977. 

At Souk el Khamis a new 3,850-short-ton- Production was down because of the clos- 

per-day plant went onstream. Equipment ing of one kiln each at the Slemmestad and 

supplied by KHD Industrieanlagen AG Dalen plants. The reason for the shutdown 

included two rotary kilns with preheaters.°° was that environmental investments re- 

Malaysia.—A 500,000-ton-per-year ce- quired would remove any economic basis for 

ment plant is being developed in Perak bya continued production from the kilns. 

_ joint venture consisting of Phillippine In- A study concerning the building of a new 

vestment Management Consultants, Ltd.; cement factory in Nord-Trondelag was un- 

Engineering Development Corp.; and L. S.. dertaken. The proposed plant site was se- 

Diaz and Co.*! lected for a coast location for transportation 

Mexico.—Cementos Guadalajara S.A. is purposes.*” 

expanding its Ensenada plant; F. L. Smidth Oman.—Kuwait Cement Factory and the 

is supplying the rotary kiln equipped witha Sultanate of Oman are to setup a new
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company to construct a 1.1-million-short- Hyundai International Inc., the Repub- 

ton-per-year cement plant near Muscat." lic of Korea, was awarded a contract to 
Pakistan.—Pakistan’s State Cement construct a 1.5-million-short-ton-per-year | 

Corp. is expanding the Javedan and Mu- cement plant at Jizan for Southern Pro- 

ee oem Sen year PY anoteer vince Cement Works Co. Completion date is 

supplied the rotary kiln with a four-stage scheduled for 1981. 

preheater, cooler, and dust collectors for the Yanbu Cement Co., ; Ltd., and KHD In- 

Javedan plant. KHD Industrieanlagen will dustrieanlagen have signed a contract for 

supply ‘the major equipment for the Mu- the construction of a new cement works on 

stehkam expansion.** _ the Red Sea near Ra’s Baridi. This new 

Peru.—Cemento Yura S.A. will increase cement plant will have two kilns with a 

its production by 1,320 short tons per day total output of 3,300 tons per day of clinker. 

with the installation of Fuller Co. supplied It is to go into operation in 1980.* 

raw and finish mill, clinker cooler, raw El Kasseim Cement Co. placed an order 

| feed, tenes genizing, and preheater kiln with KHD Industrieanlagen for the erection 

| a ; oo, of a new 2,200-short-ton-per-day cement 

Ate mentos Lima S.A. is expanding its works near Buraydah. Startup is scheduled 
congo plant by 3,300 short tons per day. . 

Major equipment includes a precalciner for late 1979 or early 1980. The rotary kiln 

kiln and grinding mills. Holderbank Man- Will be equipped with an inclined-grid 
agement & Consulting Ltd. (Canada), is cooler.% | | 
responsible for the engineering. South Africa, Republic of.—Anglo Alpha | 

| Cementos Norte Pacasmayo started up its Cement Ltd. expanded its Duffield cement | 

expanded Pacasmayo plant. Plant capacity plant by 2,200 short tons per day with the , 

is now 3,300 short tons per year. Fuller Co. installation of a dry-process kiln equipped 

will supply the equipment, which includes with a four-stage cyclone preheater and 
raw and finish open-circuit mills, a rotary planetary cooler supplied by F. L. Smidth. 

kiln, a id cheater with flash calciner, cool- tyojGderbank Management & Consulting 

| “~~ olan reine ee rze Cement plant Ltd., was consultant for the mechanical and 

went onstream with its expanded operation. _ electrical portions of the system. 

F. L. Smidth supplied two kilns equipped Cape Portland Cement Co. installed a | 

with a four-stage cyclone preheater. Each Polysius preheater kiln system rated at 

- kiln is rated at 3,850 short tons per day.*: 1,600 short tons per day. Included in the 

Qatar.—The Qatar National Cement Co. expansion were raw and finish grinding 

brought online its third kiln, bringing the mills.* 

output of the plant up to 1,200 short tons Spain.—Hornos Ibericos S.A. began con-— 

per ey me iain was Supple by punter struction of a 3,600-short-ton-per-day plant 

or the = fredera public Of near Almeria. KHD Industrieanlagen AG 
Germany. | . t BEN. 

Saudi Arabia.—Against the backdrop of a Fam oN eee: m cooperation witt vent 

projected annual requirement over the next union of macnic, was awar e turnkey 

few years of 11.1 million short tons of contract. A large portion of the equipment 

‘cement for Saudi construction projects, Will be manufactured in Spain. — 
plans were finalized for the construction of Sudan.—Maspio Cement Corp. is expand- 

two large cement plants in the Eastern ing the Atbara plant by installing an 

Province area. One of the plants is the 825-ton-per-day F. L. Smidth rotary kiln 

Saudi Kuwaiti Cement Manufacturing Co.’s equipped with a single-stage cyclone pre- 

new 7,700-short-ton-per-day plant on the heater and planetary cooler.” 

Arabian Gulf Coast. Pe (Switzerland) ° Sweden.—Cementa AB is adding 5,200 
consulting engineer for the project schedul- short tons per day production equipment to 

ed “ be i perational in 1982, ene omer t its Slite plant. Polysius Corp. is supplying 

Abecig, THI, Japan, was awarded the con. the rotary kiln with a precalcining and 
tract for construction of the 6,600-short-ton- °C clone preheater unit. Startup is scheduled 

per-day plant. Operation is scheduled for for 1979.7 

1981. Four kilns will be installed. Holder-  Taiwan.—Cheng Tai Cement Co. Ltd. 
bank Management & Consulting Ltd., is near Taipei completed its expansion, which 

acting as consultant on the project.“ consisted of a Fuller Co. rotary kiln with
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' a four-stage preheater, a clinker cooler, and 21.9 million short tons per year. | 
dust collectors. Canakkale Cimento Sanayii A.S., Istan- . 

Chia Hsin Cement Corp., Taipei, is ex- bul, awarded a contract to Fuller Co. to 
panding its plant with a Fuller Co. rotary supply the process equipment and engi- — 
kiln with a four-stage preheater and a neering for a 2,750-short-ton-per-day ce- 
clinker cooler. Hsin - Hsin Cement Co. ment plant. A rotary kiln with preheater 
awarded a contract to Polysius Corp., fora and clinker cooler are among the major 
2,400-short-ton-per-day rotary kiln equipped equipment supplied by Fuller on this pro-— 
with a cyclone preheater and precalcining ject which are expected to be complete by 
system, and a traveling grate cooler.7? 1978. . 
Tanzania.—Tanzania Saruji Corp. is Eskisehir Cimento Fabrikasi completed 

building a new plant at Tanga. F.L.Smidth an 880-short-ton-per-day expansion at its | 
is supplying the 1,830-short-ton-per-day ro- Eskisehir plant. Buhler-MIAG supplied a 
tary kiln with a four-stage cyclone preheat- suspension preheater rotary kiln with grate 
er and a planetary cooler. cooler.’? . : 

Tanzania Saruji Corp., awarded a con- United Arab Emirates.—Gulf Cement Co. 
tract to F. L. Smidth to supply an 830-short- Ltd. of the United Arab Emirates signed a 

- ton-per-day rotary kiln equipped with a_ contract to construct a 1.1-million-short-ton- 
four-stage cyclone preheater and planetary per-year cement plant with Ube Industries, 
cooler for a new plant at Mbeya.”* Japan. The project will be a full turnkey 

Togo, Ivory Coast, and Ghana.—Les Ci- suspension preheater kiln system. The 
ments de ]’Afrique de l’Quest (CIMAO) is a_ plant will be located at Ras al Kahaymah, 
regional clinker project formed by three where limestone is available in large 

| countries for the purpose of utilizing a high- quantities.’* . 
quality and abundant limestone deposit lo- Union Cement Co. started up its second 
cated near Tabligo, Togo. Clinker from the 770-short-ton-per-day dry-process kiln with | 
plant will be shipped to grinding plants a one-stage preheater cyclone. The system 

| located in Togo, Ghana, and the Ivory was ordered from THI. The company will 
Coast.7* add a kiln scheduled to come onstream in 

The plant under construction is a 1.3- 1979. The new kiln will be the first cement | 
million-short-ton-per-year clinker operation works in the Middle East to employ the 
consisting of a two-kiln, dry-process system. suspension flash calcining kiln system deve- 
Blue Circle Consultancy Services Div. is loped by IHI. | | 
providing engineering services for the The Emirate of Sharja awarded a con- 
new plant scheduled for startup in 1979. tiact to Société .Fives—Cail Babcock for 
Polysius is supplying the two-rotary kiln a 1770-short-ton-per-day dry-process plant 
equipped with planetary coolers.” scheduled to be operational in 1978. Equip- 
Turkey.—The Turkish national cement ment included a rotary kiln with planetary — 

enterprise (Turkiye Cimento Sanayii (TAS) _ cooler.”® 
has placed an order with the KHD Indust- United Kingdom.—Ketton Portland Ce- 
rieanlagen AG, Cologne, for the erection of ment Co. started up its new dry-process 
seven cement plants. kiln, the seventh kiln at its Lincolnshire 

All plants will be dry-process systems site. F. L. Smidth was the main equipment 
using Hulmboldt preheaters. The plants manufacturer with design under the di- 
will be built according to one concept re- rection of Ketton’s engineers. 
taining the same plant dimensions. Their Rugby Portland Cement Co., Ltd., is 
clinker production will average about 1,925 adding a Polysius grate preheater coupled 
short tons per day.7° with a F. L. Smidth rotary kiln with plane- 

The new cement plants will be erected tary preheaters. Operation is scheduled for 
according to a proven model, in cooperation 1978.* . 
with Turkish building contractors. A great Uruguay.—Administraci6n Nacional de 
portion of units and structural elements Combustibles, Alcohol y Portland awarded 
will be installed by Turkish companies on a contract to Fuller Co. to build a 550-short- 
the basis of plans from KHD Industriean- ton-per-day addition to an existing 440- 
lagen who will supply the essential plant short-ton-per-day cement plant in Paysan- 
sections from the Federal Republic of Ger- da. Major equipment supplied by Fuller Co. 
many. ATX (Pty) Ltd. of the Republic of South 

By 1980, capacity of the Turkish cement Africa, are a rotary kiln with a four-stage 
industry is expected to be approximately preheater and cooler. Startup is scheduled
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for 1978.83 ed from Polysius AG, France, a rotary kiln 
Venezuela.—Cementos Caribe C.A. is to be added to the Kien-Luong cement plant 

building a new dry-process plant rated for of Cimenterie de Ha Tien. The kiln will | 
1.1 million short tons per year at Puerto have a capacity of 1.1 million short tons per 
Cumarebo. Holderbank Management & year and will go into operation in 1980. : 
Consulting Ltd. of Canada is providing the Major equipment includes a precalcining 

Ee a a Fal Teas ue Sea ae .».A. has been awarded the equi : - bs. 
ment contract =“ mith to Supply oquipment for a new 
Cementos Catatumbo C.A. is building a 2 #UU-Short-ton-per-day plant at Moang 

new 495,000-short-ton-per-year plant in the Thach. Major equipment includes four-stage 

State of Zulia. Lafarge Consultants, Ltd. tery cole a rotary kiln, and a plane- 
(Canada), has contracted for design, pro- 7 . , : 
curement, project management, and startup Yugoslavia.—Beocinska Cement started assistance. The Wedag Div. of De up a new 3,300-short-ton-per-day Polysius . ag Div. o uty Corp. . . . . 
(U.S.A) will . . precalciner kiln at the Beocin plant. With | S.A. supply the major equipment, . : Paneer | . . . . the new kiln, total production capacity is including the preheater equipped kiln. mae 

C.A. Vencemos Mara started up its "°W 2.3 million short tons per year.® 

expanded Maracaibo operation The. new “Salonit ANHOVO” ANHOVO added a 
. | rotary kiln equipped with a heat exchanger. 

kiln sy a dded 825 short vons per day Pragoinvest of Czechoslovakia supplied 
| epee "FP. Smidth amd acluded « wer. the 2,200-short-ton-per-day kiln and ac- 

Peas) rotary kiln ith a cooler and an cessories.*° , 2 . Dalmacija Cement awarded a contract to 
| oe A tien Pree tos sta rted p ° Polysius to supply its expanding plant at 

i. Venezolana de Vemen TO Paitiyan with a 3,520-short-ton-per-day, dry- 
duction of its 950-short-ton-per-day expan- process kiln equipped with a precalcining 

sion at Pertigalete. F. L. Smidth supplied preheater. The favorable coastal location of 
the wet-process rotary kiln with planetary the plant is to assist both internal supply 
cooler. — | and exports to the Middle East. 

a Fabrica Nacional de Cementos awardeda —s Fabrika Cementa Novi Popovac is ex- 
_ contract to F. L. Smidth for rebuilding one panding the Popovac plant by adding a 

of the kilns of the Ocumare plant. The one- 2,200-short-ton-per-day- rotary kiln. Major 
stage cyclone kiln will be shortened and an equipment is being supplied by F. L. Smidth 
integral precalcining system will be incor- and Pragoinvest and includes a rotary kiln 
porated along with a four-stage preheater. equipped with a-four-stage cyclone preheat- 

_ The improvements will raise production er, and a planetary cooler. Full capacity is 
| from 1,100 to 1,760 short tons per day.*? _ expected in 1978.% 

Vietnam.—Technoimport of Hanoi order-
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Table 21.—Hydraulic cement: World production, by country 

(Thousand short tons) 

a 
SO Country 1975 1976 1977” 

North America: . 

Bahamas ____________------------+----------------- 420 299 25 

(Canada _______--------------~----~---------------- "10,985 10,609 10,588 
Costa Rica ________~__________-_~~-----+-----+--~------ 364 399 439 

Cuba ___________.------------------------------- 2,296 2,757 ©3,300 
Dominican Republic __________-_---------~-------------- ¥647 585 961 

El Salvador ________________-__-~----------+--+-+------ T366 356 408 

Guatemala _________-___----------------~---------- 429 498 543 

Haiti __-__________-_-_--------------------------- 170 253 293 

Honduras __.___~--------~-------~--~--------------- _ 828 245 416 

Jamaica ~___________-_--------------------------- 447 403 _ 867 

Mexico ____________-_____------+----+-+-+---+-------- 12,800 13,871 14,580 

Nicaragua _________-_-------~--------------=--------- 195 230 244 

Panama ________-__----------~----------~--------- 305 343 365 

Trinidad and Tobago _________-_-_-----~----------------- . FQ85 265 238 

United States (including Puerto Rico) _______-_------~--------- 69,721 74,495 80,060 

South America: 
. 

Argentina _ oo ee ee ee 6,023 6,296 6,616 

Bolivia __________-_-----------------~-------------- F294 243 292 

Brazil _._________________ +--+ +++ -- 19,221 21,106 20,348 

Chile _________=___-=______ ee + 1,118 1,062 1,238 

Colombia __.___----------------------------------- 3,407 3,982 3,635 

Ecuador _____________-_---~---~-----~--+~--~---------- 654 679 690 

Paraguay ___.__ __ -___--~-----------------~----------- 152 171 220 

Peru____________-__ ee eee ee 2,097. 2,167 2,172 

Surinam _________------~------~-------------------- 34 55 49 

Uruguay _______--_------------------------------- 702 745 752 

Venezuela ___________-__--_--~--_---~--+-------------- 3,855 3,900 3,457 

Europe: 
Albania® _________________---_--_--+--+-------------- 717 882 882 

Austria ___________--__-i.--------+---------------- 6,206 — 6,482 - 6,606 

Belgium ________-_------------------------------- 7,588 - 8,272 8,558 

Bulgaria ________--------------------------------- 4,804 _ 4,815 5,146 

_ Czechoslovakia’: ______--_~--------------------------- 10,257 10,529 10,754 

Denmark _______________-_------------+-------------- 2,466 2,596 2,545 

Finland ____._________-__-_---~---~------------------ 2,274 2,012 1,887 

France _____________-_~_-----------+------------- 32,615 32,401 31,677 

German Democratic Republic _.._-.------_---------------- 11,747 12,505 | 18,334 

Germany, Federal Republic of _____----------------------- 736,927 37,649 35,454 

Greece __________-_-__-__--------+-+-+---------------- ~ -F8.755 9,640 11,667 

Hungary _________------------------~-------------- 4,144 4,738 5,093 

Iceland ___________-__-_------~---=---------------- 175 160 153 

Ireland _______________-~---------~---------------- 71,721 1,730 1,759 

Italy ___________--------------------------------- 87,738 | 40,044 42,113 

Luxembourg ______--_-------~---------------------- 378 330 ~ 320 

Netherlands ____________-_-_----~------------------- . 4,085 3,837 4,295 

Norway _______--------~--------------------------- 2,994 2,961 2,572 

Poland __________-_-__-=--_~----------------------- 20,393 21,826 23,479 

Portugal _______-----+----------------------------- 3,801 4,093 4,736 

Romania ____________--_-_-------------------------- 12,699 13,832 . 15,295 — 

Spain (including Canary Islands) ——_----------------------- 26,558 127,780 130,859 

Sweden ____________-____---------+--~--+------------- 3,440 3,084 2,788 ; 

Switzerland _____________~------------------------- 4,150 3,909 4,022 . 

U.SS.R ____________--_--------------------------- 134,545 136,958 140,000 

United Kingdom __~_---__---~------------------------ 18,619 17,394 17,040 

Yugoslavia _______-----~--------------------------- 7,188 8,414 - 8,903 

Africa: 
Algeria ___--_------------------------------------- 71,045 1,433 ©1,900 

Angola® ______----------------------------------- 720 *720 720 

Cameroon _______-__------------------------------ 7262 330 400 

Cape Verde Islands® ____.____~------------------------ 4 4 4 

Egypt _______------------------------------------ 3,951 3,706 3,590 

Ethiopia ________-------~------------------------- 
T160 164 €165 

Ghana _________-_------------------------------- T7134 r e720 670 

Ivory Coast ______---------------------------------- 
2 2 __ 

Kenya ____-------------------------------------7-7 989 1,088 1,139 

Liberia __________--_----------------------------- 
99 €110 €110 

Libya ____---------------~----------------------7-- ™678 1,653 2,756 

Madagascar ____~_--------------------------------- 64 82 57 

Malawi _______~_--------------------------------- 112 94 104 

Mali _____--------------------- 73-3 54 55 55 

Morocco _______-------------------------7 7-7-7777 2,235 2,334 2,870 

Mozambique ___ _ - ---------------------------------- 
310 939 €540) 

Niger _____-------------------------------------- *20 40 44 

Nigeria _____------------------------------------- 
T1504 1,402 ©1940 

Rhodesia, Southern ________-------------------------- F741 595 542 

Senegal __________-------------------------------- *396 425 364 

South Africa, Republic of ________-----------~------------ 7,910 7,769 7,245 

Sudan _________-_------------------------------77- 7238 143 151 

See footnotes at end of table.
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Table 21.—Hydraulic cement: World production, by country —Continued | 

(Thousand short tons) . 

, | : Country | 1975 1976 19779 | 

| Africa —Continued : 

Tanzania __-_$_$__~__§_ 293 266 287 
Togo _____--------------~-~----_-_---~--+---------- () () __ 
Tunisia ____§_§_§__ ee 679 527 631 | 
Uganda -___-__-_----~~-----------------+-~-~-~----- 108 97 88 
Zaire ____________________------------ +--+ ------- 692 T €720 539 
Zambia __________-.~_~~-__~--~-----~-~~__--------- 498 ©424 ©420 

Asia: . . 7 
Afghanistan? _____§_________ eee eee 162 184 150 
Bangladesh ~____________ Le T186 254 356 . 
Burma ______________~~~___-~_----------~---------- *203 257 297 
Democratic Kampuchea _____§_____~.~___. ~~~ . 55 55 55 
China, People’s Republic of€ _-_-.__________________________ 33,100 33,100 44,100 
Cyprus ________________------- eee 674 1,130 1,184 
-Hong Kong - _-__.-_____-_------~--_-~---~----__-----~-- 634 843 1,184 
India __.______~_______~__-~ ~~~ ~~ eee 17,897 20,596 21,010 
Indonesia ___ ~_- ~~~ LLL 1,187 1,995 2,952 
Tran ~__ ~~ Le 5,919 6,834 8,818 
Iraq _-_-___---~----~-_-----_~--~----~-~~~~+~_ ~~~ -- 2,629 . 2,756 2,800 
Israe] _- - § 5 5 2 Le 2,413 2,204 2,041 
Japan _____-- 5 72,220 75,742 80,621 
Jordan ______~________ ee 631 588 624 
Korea, North® ____§___-§___________ Le 7.700 ™7 700 7,700 
Korea, Republicof ~.._________--___~~~ 11,165 13,088 15,651 

7 Kuwait eee 314 320 €320 7 
Lebanon ___________________ Le T1825 ©1880 1,499 
Malaysia _.__________~_-__-~-~-~----~_-~-_-~__ ee 1,594 1,917 1,918 
Mongolia _____.§_§__________-~---___-_~~_~.~---___-- 175 “176 “176 
Nepal _______________ eee 11 33 46 

| Pakistan ___________________---__-----.----------~ 8,489 3,459 ©3,400 - 
Philippines _~_~___._~_~_____~____. ~~~ ~~~ 4,700 4,957 4,301 
Qatar ________________--------------------------- 181 190 185 | 
Saudi Arabia ________________-_-_~~ ~~~ T1240 1,322 - ©1392 

Singapore® ____________________ ee T1455 Fy 490 1,490 
Srilanka ____~~~~~~~~~2~~~222 22222222 222727227277 433 470 440 
Syria ________________________2 eee ---- 1,096 1,224 ©1345 
Taiwan ______________________ 7,491 9,644 11,376 
Thailand _________.______----__------------------- ™4,383 4,919 ®5,600 
Turkey ___________-__._-_-~----------_--------_-- 11,786 13,649 15,248 
Vietnam® _______ ee *770 F770 770 
Yemen _______~_~~~_____ eee °66 “66 66 

Oceania: 
Australia ______________-__~__---________--___---_- 5,530 5,580 5,537 

Fiji Islands __________-__-_-_--__---------------------- *82 76 85 
New Caledonia __________________--~~~------_------- ™64 60 “60 
New Zealand. ______________~___~---~-~~-~~ ~~ ee 1,184 1,101 1,003 

| Total _...__.______________---+------------+----- "773,989 810,656 856,939 

Estimate. Preliminary. "Revised. . 
1&xcludes natural cement. 
2Revised to none. Production reported in previous editions of this chapter was derived from imported clinker, which is 

produced and included elsewhere in this chapter. 
3Year beginning March 21 of that stated. 

TECHNOLOGY 

Cement Manufacture.—The PCA formed _ tion which includes using waste lubricating 
a manufacturing process committee to oil as part of the fuel requirements for 
establish a dialogue on ways to advance kilns; burning chlorinated hydrocarbons 
cement technology in the United States and and polychlorinated biphenyls (PCB) in the 
Canada. Objectives are to recommend ways’ kiln, without adverse effects on air pollu- 
to improve cement manufacturing technolo- tion levels; and using flyash from the 
gy and efficiency and to reduce production powerplants in the manufacture of a special 

_costs. This work is to be performed in  pozzolanic cement (Dundee 1-P), which is | 
cooperation with original equipment and recommended for use in concrete for sani- 
consulting engineers.®” tary engineering structures in direct con- 

Dundee Cement Co. presented details on tact with sewage (sewage treatment plants 
its contributions toward energy conserva- and sewer pipes).**
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| A US. patent covering the firing of and all the program modules can be inter- | 
refuse-derived fuels in cement kilns was connected as desired even while the system 
issued to the APCM, a British firm with is online. A clear self-documentation facili- 
worldwide cement industry interests. Firing tates the correction and modification © 
refuse permits the replacement of at least work. 
15% of conventional fuels in the production The 19th Institute of Electrical and 
of quality cement clinker. Gordian Asso- Electronics Engineers Cement Industry 
ciates Inc., a New York based subsidiary of Technical Conference held in Omaha, . 
Pullman Inc., is the sole U.S. agent for the Nebr., in May included presentation of 
licensing of the APCM process.®® papers on Automation, Drives and Related 

Asland S.A. Barcelona, Spain, developed Products, General Practices and Process 

, a method to determine the initial (24 hours) Equipment, Maintenance and Safety, and | 

and final (28 days) cement resistances in Power Distribution and Related Products.? _ 
less than 6 hours. Standard machinery and The Verein Deutscher Zementwerke 
techniques are applied, with the only var- (VDZ-Association of German Cement 

iation that a water bath heated by three Works) held its international congress on 

1,500-watt resistors is used. It has two grids the Process Technology of Cement Manu- 

at different heights allowing water and facturing in September in Dusseldorf, the 

steam treatment to be used at the same Federal Republic of Germany. The empha- 

: time. The mortar used is put into 4 by 4 by sis was on the practical aspects of cement 

16-cm molds which are covered with a rigid manufacturing. Its objective was to shorten 

top. Within the 15 minutes following mixing the innovation period of technologies avail- 

| completion, the mold is immersed in a _ able and to indicate trends which are of 

| boiling water bath for a maximum of 2 significance for technical development. Sub- 

hours and 15 minutes. Half of the speci- jects covered included Raw Materials Quar-. | 

: mens so treated are broken within 15 min- rying and Preparation, Size Reduction, 

utes after having been taken out of the Pyro-Processing, Process Control, General 

bath; they show resistances equivalent to Installations, Environmental Protection 

those obtained after 24 hours in astandard and Energy Utilization, and Influence of 

test. Process Technology on Cement Properties.® 

The other half are put into the autoclave The Pyroclon system is a technology of . 

| at 21 atmospheres and 216 C for 15 minutes clinker burning in a rotary kiln equipped 

to 1 hour and 15 minutes according to the with a multicyclone raw meal preheater 

characteristics of the cement to be tested upstream and a clinker cooler downstream 

| (coefficient of fineness, clinker percentages, of the kiln developed by Humboldt. It is of — 

etc.); they show resistances equivalent to interest to note that the Pyroclon system 

those obtained after 28 days in a standard can be very suitably applied in connection 

test. The reproducibility of this method has with the conversion of wet-process cement 

been checked over a period of 6 months by works to the dry-process. 

testing the various types of cements a mini- In this way, with the shortened rotary 

mum of 10 times, having found standard kiln, it is possible to attain increases of 

deviation and variance coefficient equal 300% to 400% in clinker output, while the 

or lower to those obtained by official specific heat consumption can be reduced by 

methods.” more than 50%. 

Siemans AG has developed a system Two types of plant design are possible: (1) 

which allows the operators of its line pro- Conversion from wet to dry grinding. Here 

cess control computers to do their own a portion of the long rotary kiln is modified 

programing. The Simat Cemat System is _ to serve as a rotary dryer in which exhaust 

operated by a Siemans process computer gases from the preheater and from the 

330 with peripheral storage. It not only clinker cooler are utilized for drying the 

covers all the tasks of measured-value moni- material. If the raw material has a low 

toring, binary signal processing, open-loop moisture content, utilization of part of the 

control, controller identification, and text kiln as a rotary cooler could be considered. 

processing, but it also handles the opera- This procedure is applied for dealing with 

tor’s dialog through function keys and fairly hard initial materials containing less 

graphic, alphanumeric, and curve display than 20% moisture and not suitable for 

units. converting into slurry. (2) The existing wet 

This system permits straightforward preparation process for the raw materials is 

planning by reference to block diagrams, retained. The slurry thus produced is fur-
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ther processed by filter presses and a sus- An infrared spectroscopic method to de- 
pension dryer to make it suitable for feed- tect the presence of those siliceous minerals 
ing to a multistage Humboldt preheater. which present a danger of alkali-silica 
The rotary kiln, appropriately shortened, is reaction in concrete was developed at the 

_ also retained; other parts thereof can be German State Atomic Research Center, Ju- 
modified to serve as coolers. This procedure _ lich, the Federal Republic of Germany. This 
is preferable for dealing with soft initial method allows the number of silanol groups 
materials containing more than 20% mois- in siliceous compounds to be directly meas- 
ture and suitable for converting into ured. It has been established that only the - 
slurry.” | amorphous and cryptocrystalline silicas 
Concrete.—The St. Ives, Cambridge- cause the expansion phenomena in aggre- 

shire, England, factory, is one of the first in gates as a result of their reaction with 
the world to be especially built for the alkalies in concrete. All these reactive sili- 
production of glass reinforced concrete cas have a large number of silanol groups at 
(GRC) pipes. Advantages include lighter their internal interfaces. | 
weight, no bell end, 30% less trenching, and Miscellaneous.—Trelleborgs Gummifab- | 
40% less bedding. riks AB developed and manufactured a new 

At the Lakeshore mine near Casa Gran- loading chute system for cement clinker. 
de, Ariz., shotcret (a mixture of aggregate, The chute, which is based on a flexible-wear 
sand, and cement) is sprayed with a pres- rubber construction, controls approximate- 
sure gun onto excavated or exposed rock ly 1,000 tons per hour of material into ship 
surfaces to act as a sealing agent, and is holds. It is equipped with a special external 
used as either a secondary or primary dust air evacuator which has a capacity of 
means of ground support. In weak areas, 5,000 cubic meters per hour. The loader is 
such as extraction drifts or slusher drifts,a designed to operate at temperatures up to 
2- to 3-inch thickness has proved adequate 80°C. vy and... has --. position indicators 
for temporary support and preventing air that «govern j. height: and angular 

: slacking. In declines, maintenance bags, variations to compensate for. ships’ 
and production drifts for sublevel caving, movements.®* _ | 
shotcrete as a primary means of support has A new and patented design of a cargo 
proven superior to the point loading sling which locks a load of cement bags 

- system. tightly together and holds them securely for 
A new method of monitoring the strength an entire journey has been developed by 

_and safety of high alumina cement (HAC) Safex Equipment Ltd., a South Wales subsi- | 
concrete beams has been developed by diary of the “W” Ribbons Holding Group. 
Acoustic Emission Ltd., a subsidiary of The unique locking action of these cargo 
Cambridge Consultants Ltd., and Tekell slings is claimed to make it virtually impos- 

| Holdings Ltd., England. The company found _ sible for a unitized load of bagged cement to 
from laboratory and site tests on HAC that separate or break down in transit. The | 
listening to the natural -ultrasonic signals slings are of the “one trip” disposable type, 
produced by the material under load allows thus avoiding administrative and opera- 
them to determine its structural integrity tional problems of ensuring their return 
with great accuracy and also to predict its . after shipment. Use of the slings enables 
likelihood of failure.* | preslinging at the cement plant of 21 110 

A/S Norsk Hydro, in collaboration with pound bags of cement at a time.’ | 
the Norwegian cement producer A/S Dundee Cement Co. designed and imple- 
Aksjeselskapet Norcem, developed an addi- mented a unique system of unloading ce- 
tive to concrete which significantly im- ment barges equipped with roll covers that 
proves its corrosion resistance. Production can accept return cargo of grain or other 
and marketing of the additive is under bulk commodities. The system, named 
Norcem’s direction. The additive is highly ‘Docksider,” consists of a nozzle whose 
effective in an environment where corro- function is to mechanically aerate the ce- 
sion is caused by nitrates.*” ment and convey it to the suction point. 

The British Standards Institution strong- When in front of the suction opening, the 
ly recommended that calcium chloride no cement is lifted up through the conveying . 
longer be used as a quick setting agent for pipe and carried to one of two pressure 
concrete in which metal strengthening is vessels (reloaders). These pressure vessels 
embedded due to fears that it hastens metal have built in filters to clean the transport 
corrosion.** air before it enters the vacuum pump.
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Ch ~nrTrOomium 
| : By John L. Morning! 

Although domestic producers of chro- Law 95-12, which in essence repealed the 
mium alloys operated at about the same Byrd Amendment that allowed the import- rm 
level as in 1976, demand for chromium ation of Rhodesian chromium materials be- 

_ alloys increased about 9%. A high level of ginning in 1972. The new law also prohibits 
ferrochromium imports, primarily from the importation of steel mill products contain- 
Republic of South Africa and Southern ing Rhodesian chromium. | 
Rhodesia substantially added to supply. — World production of chromite exceeded 10 

In March, the President signed Public million short tons for the first time. | 

| Table 1.—Salient chromite statistics Oo : 
(Thousand short tons) 

| | 1973 1974 1975 1976 1977 eee 
United States: 
1 | 18 139 124 187 Reexports _______.______________________ 34 99 45 85 61 
Imports for consumption _____________________ 931 1,102 1,252 1,275 1,336 | . Consumption ____________________________ 1,887 1,450 881 1,006 1,000 : ‘Stocks, Dec. 31: Consumer ~- eae 597 578 952 1,009 13388 

World: Production ____._-§____~ ee 7,381 8,244 9136 9,454 10,804 . 

| "Revised. | 

Legislation and Government  Pro- The Committee of Low-Carbon Ferrochro- 
grams.—On March 18, the President signed mium Producers in January petitioned the 
a bill, Public Law 95-12, that amended the International Trade Commission (ITC) for 
United Nations Participation Act of 1945 to import relief under Section 201 of the Trade 
halt the importation of Rhodesian chro- Act of 1974. After holding hearings, the ITC 
mium. This in essence repealed the Byrd reported to the President that imports of 
Amendment that was part of a military low-carbon ferrochromium were not caus- 
procurement bill, Public Law 92-156, that ing serious injury or the threat thereof to | 
allowed the importation of strategic and the domestic industry. 
critical materials from Rhodesia, beginning In another trade import action, the Com- 
in 1972. In addition, the new law prohibits mittee of Producers of High-Carbon Ferro- 
the importation from any country of ferro- chromium in July also petitioned the ITC 
chromium and of steel mill products con- for import relief. After hearings were held 
taining more than 3% chromium (primarily in October, the majority of the ITC commis- 
stainless steel) that contain Rhodesian chro- sioners in a report to the President held 
mium. The Department of the Treasury that high-carbon ferrochromium imports 
established a certification and monitoring were a substantial cause of the threat of 
system for enforcement of the law. serious injury to domestic producers. Early 

257
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in 1978, the President determined that pro- metallurgical-grade chromite, 106,072 tons 

vision of import relief was not in the nation- of chemical-grade chromite, and 303,264 

al economic interests of the United States. tons of refractory-grade chromite were de- 

Although there were no sales of Govern- _livered to purchasers under prior-year sales 

ment stockpile excesses of chromium mate- contracts. 
- yials during the year, 198,371 tons of 

| | Table 2.—U.S. Government chromium stockpile material inventories and goals | 

(Thousand short tons) 

: Material Goal . Defense Supple- 
auen National Production mental Total! 

stockpile Act stockpile 

Chromite, chemical-grade_____--_-------- -  _ 784 242 a __ 242. 
Chromite, metallurgical-grade _______—_---- 2,550 2,164 381 323 2,869 

Chromite, refractory-grade _________------ 642 | 301 _- 100 401 

. Ferrochromium, high-carbon _ — ~~ ——~~—-——-—-- 236 126 __ 276 403 

Ferrochromium, low-carbon —_ ~~~ ———-—---- 124 128 = 191 319 

Ferrochromium-silicon ~——...—-_------~--- 69 26 _- 33 58 

Chromium metal __________----------- 10 ——— -- 4 4 

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

| DOMESTIC PRODUCTION 

a Domestic mine production of chromite domestically in 1977, the United States 

essentially ceased in 1961 when the last continued to bea substantial chromite con- 

| - Government Defense Production Act con- sumer in producing chromium ferroalloys 

tract was phased out. A small quantity, and metal, chromium-containing refracto- | 

however, was produced in 1976 for export. ries, and chromium chemicals. The princi- _ 

Although chromite was not produced pal producers of these products follow: 

te
 

Company . Plant 

Metallurgical industry: 
Airco Alloys, Air Reduction Co.,Inc ______----~---------------- Calvert City, Ky. 

Niagara Falls, N. Y. 
Charleston, S. C. 

Chromium Mining & Smelting Corp ______~~-~~---------------- Woodstock, Tenn. 

Foote Mineral Co______________~---~-------~-~-+-~-~--------- Graham, W. Va. 

Interlake, Inc_________________-___--_---_------------~ Beverly, Ohio. 

Prairie Metals and Chemicals, Inc _________________-_-_--------- Prairie, Miss. 

Satralloy Corp __________-_-_-------~-------------------- | Steubenville, Ohio. 
Shieldalloy Corp., Division of Metallurg, Inc _______-_----~----~----- Newfield, N. J. 
Union Carbide Corp ________________~-------------------- Niagara Falls, N. Y. 

Marietta, Ohio. 
oe Alloy, W. Va. 

Refractory industry: . 

Basic, Inc ___. ______-~-___---------~-~--~-~-----~-------- Maple Grove, Ohio. 
Corhart Refractories Co., Inc____________________------------ Pascagoula, Miss. 
Davis Refractories, Inc _________-___-___------~----~--~------- Jackson, Ohio. 
General RefractoriesCo _______________-________-___..__.-~— Baltimore, Md. 

Lehi, Utah. 
Harbison-Walker Refractories (a division of Dresser Industries, Inc.) ______- Hammond, Ind. 

Baltimore, Md. 

Kaiser Aluminum & Chemical Corp _____________________------ Mboss Landing, Calif.’ 
Columbiana, Ohio. 
Plymouth Meeting, Pa. 

North American Refractories, Co. Ltd _.____._____________..----- | Womelsdorf, Pa. 
Chemical industry: 

Allied Chemical Corp ____-------------------------------- Baltimore, Md. 
Diamond Shamrock Corp____________---------------------- Castle Hayne, N.C. 
PPG Industries, nc ________________-__-~---------------~- | Corpus Christi, Tex. 
nn
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Table 3.—Production, shipments, and stocks of chromium ferroalloys and chromium 
. me 

(Short tons) 

An | ___ Production Ship- Pr cer | 0 : 8 | ” weight content” ™®Rt Dee. Bi 
a : 1976: . | 

Low-carbon ferrochromium______________________ 29,386 19,686 33,091 11,394 High-carbon ferrochromium __________________ 162,577 105,237 164,088 63,294 Ferrochromium-silicon _~._._.___________________ 55,328 19,776 51,867 16,785 
Other! ---------~---------__-_-----------___ 1988912909 20218 4,648 : 

‘Total _-- ee 267,130 157,608 269,264 — 96,116 
1977: 

Low-carbon ferrochromium —______________________ 24,068 16,135 22,392 — 12,412 High-carbon ferrochromium _____________________ 179,606 112,450 193,035 40,802 Ferrochromium-silicon ________________________ 53,123 18,897 44,798 23,595 Other? ______-_ 15,865 10,611 16,605 3,234 | 
Total _-_-_____-___- 272,662 158,093 276,880 80,043 

all MIncludes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium oys. 

: CONSUMPTION AND USES 

_ Domestic consumption of 1 million tons of refractory purposes increased 3% over that | 
chromite ore and concentrate, containing used in 1976. | 
about 290,000 tons of chromium, was 1% The chemical industry consumed chro- 
below that of 1976. Of the total chromite mite for manufacturing sodium bichromate 

| consumed, the metallurgical industry used and potassium dichromate which are base 
57.8%; the refractory industry, 20.8%; and materials for a wide range of chromium . 

__ the chemical industry, 21.4%. The metallur- chemicals. Chromite consumption in this 
| _ gical industry consumed 578,000 tons of | industry increased 3% compared with that 

chromite, containing 163,000 tons of chro- of 1976. | 
mium, in producing 273,000 tons of chro- Development of a process to coat titanium 
mium alloys and metal. About 43.9% of the with chromium was expected to find wide- 
metallurgical ore had a chromium-to-iron spread use in the aerospace industry. The 

_ ratio of 3:1 and over, 26.4% had a ratio process does not cause embrittlement or 
between 2:1 and 3:1, and 29.7% had a ratio affect strength or fatigue properties of the 

_ of less than 2:1. titanium. Because the chromium coating 
Producers of chromite-bearing refracto- greatly lowers the surface friction of the 

ries consumed 208,000 tons of ore contain- titanium, the material. was expected to be 
ing 51,300 tons of chromium. The chemical usable in a wide range of components where 
industry consumed 214,000 tons of chromite _ titanium has been unsuitable. 
containing 65,400 tons of chromium, in Chrysler Corp. planned to use a nickel- 
producing 157,037 tons of chemicals (sodium chromium-plated, stamped aluminum 
bichromate equivalent). bumper on its 1979 R-body cars. Aluminum | 
Chromium has a wide range of applica- alloys were being tested with alloy 7146, a 

tions in the three consuming industries. In leading candidate. The bumpers were re- 
the metallurgical industry, its principal use portedly to have a nickel-chromium plating 
was in stainless steel. Of the total chro- of about 0.002 inch, a little thicker than 
mium alloys consumed, stainless steel that on conventional plated steel. 
accounted for 71%, full-alloy steels for 15%, KOLORIN, a trade-named process which 
high-strength low-alloy and electric steels reportedly adds a glowing color but allows 
3%, cast irons 3%, and other uses 8%. Total _ the luster of stainless steel to show through, 
chromium alloy consumption increased 9% was being licensed worldwide including the 
over that of 1976. United States. It comes in four basic shades; 

The refractory industry utilized chro- blue, gold, red, and green. Applications 
mium in the form of chromite for manu- range from architectural accents to identi- 
facturing refractory bricks to line metallur- _ fication of surgical tools. 
gical furnaces. Consumption of chromite for
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Table 4.—Consumption of chromite and tenor of ore used by primary consumer groups . 

in the United States | | , 

Metallurgical Refractory Chemical Total ” 

industry industry industry 

Gross Gross Gross Gross 

Year weight Aver ” weight Aver- weight Ne ° weight — Aver- 

(thou- _ 28 (thou- a6} (thou- (thou- ag 

sand Cr20s sand Cr20s sand Cr20s sand Cr2Os 
(per- (per- (per- (per- 

short short. short short 

tons) cent) tons) cent) tons) cent). tons) cent) 

1973__~___ . 920 48.1 261 — 35.0 ‘206 45.3 1,387 45.2: 

1974_____ 904 47.0 295 35.2 251 44.8 1,450 44.2 

1975___—- 532 44.6 183 34.5 166 44.9 881 42.5 

 1976___ 597 43.4 202 35.0 207 44.8 1,006 42.0 

1977____- 578 41.3 208 36.0 214 44.7 1,000 40.9 

7 Table 5.—U.S. reported consumption of chromium ferroalloys and metal in 1977, by end 

, use and form 

(Short tons, gross weight) 
. 

I 
. Low- igh- | 

Ferro- 

7 carbon carton chromium —Other Total 

. 
chromium chromium silicon 

Steel: 

| 

Carbon ________-------------- 1,520 3,759 919 208 6,401 

Stainless and heat resisting -__-~---- 36,892 237,317 48,141 492 322,842 

Full alloy __.----------------- 15,588 44,422 3,796 5,130 68,936 

High-strength low-alloy and electric ~~ —- 1733 2,303 2,068 1,7 8 Veet 

ool _____-~_----~------------ ’ . , , 

Cast irons ______----------------- 1,213 11,684 139 581 13,617 . 

Superalloys nn eee eee te 3,972 | 4,971 180 2117 11,240 

love (excluding steels and super- 
oys): 

: 

Welding and alloy hard-facing rods 
and materials _.___.._--------  ——_ 704 986 _- 326 2,016 

Other alloys! _______------+---- 1,311 1,286. 18 2,583 5,198 

Miscellaneous and unspecified ____-—----- 2,454 597 44 53 3,148 

Total_________------------- 66,5381 -—-318,187 55,451 213,300 453,419 

- Chromium content ___---------- 44,988 194,793 20,571 8,282 268,634 

Stocks, Dec. 31,1977 ___-_------------- 6,247 66,114 4,777 | 32,228 79,366 

1Includes magnetic and nonferrous alloys. 
| 

2Includes 3,948 tons of chromium metal. 

3Includes 1,041 tons of chromium metal. - 

STOCKS : 

Chromite stocks increased 33% over that a 

of 1976 as imports exceeded consumption. Table 6.—Consumer stocks of chromite, 

All three consuming industries registered December 31 

higher stocks; the metallurgical industry (Thousand short tons) 

stocks were up 18%, the chemical industry 

188%, and the refractory industry 28%. Industry 1973 1974 1975 1976 1977 

Ferrochromium stocks were mixed as con- Metallurgical 339340 -701«762~=«00 

sumer stocks were 138% higher than in 1976, Refractory ~ ~t«d‘BASC“‘<‘izSCOCdS4)SO186~—Ss«174 

while producer stocks were 17% lower, Chemical_-_---. 104 64, 97_—sidA'LSC 6 

Stocks of chromium chemicals (sodium bi- Total _.___._ 597 578 952 1,009 1,338 

chromate equivalent) at producing plants —<—<—_— ee 

decreased from 16,257 tons in 1976 to 8,897 

tons in 1977. .
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Table 7.—Consumer stocks of chromium ferroalloys and chromium metal, December 31 
: - (Short tons, gross weight) ; 

| Product ] 1978 1974 1975 1976 1977 ee“ 
Low-carbon ferrochromium ___-_-_._-_-§_»_-_-_-__ 15,802 14,937 10,974 10,100 6,247 
High-carbon ferrochromium ___________________ 24,162 25,280 50,076 52,558 66,114 
Ferrochromium-silicon ______________________ 6,740 10,227 4,418 3,995 4777 
Other? _--_-_- = 1,752 3,303 2,352 3,300 2,228 

_ Total _--._____ ee 48,456 58,747 67,820 69,948 79,366 
EO 

all MIncludes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium | 
oys. 

| | PRICES 

| Published prices for Russian and Turkish _ per ton for the balance of the year. | 
chromite in 1977 remained at the same Despite a strong, but not a record, de | 

' level as in 1975. Russian chromite was mand year for chromium alloys, ferrochro- 
quoted during the year at $150 per metric mium prices decreased under pressure of 
ton, f.o.b. Black Sea ports, while Turkish large imports of lower-cost foreign material. 
chromite was quoted at $132 to $142 per However, the quoted price of ferrochro- 
long ton, f.o.b. Turkish ports. The published mium silicon remained unchanged during 

. price of South African Transvaal chromite the year. Prices of selected chromium alloys | | 
began the year at $38 to $46 per long ton, and metal as published in Metals Week 
and moved higher in March to $56 to $61 follow: 

Material . January December 

Cents per pound of chromium 

Domestic charge chromium (50%-55% chromium) ______________________ 42.25 40 
Imported charge chromium (50%-55% chromium) ___.___________________ 36.5 32.5 
Imported charge chromium (55%-60% chromium) ______________________ 37.5 33.5 
Imported charge chromium (60%-65% chromium) ______________________ 38.25 35 
Domestic charge chromium (66%-70% chromium) ______________________ 43 4l 
Domestic low-carbon ferrochromium (0.025% carbon) _____._.______________ 90 80 
Imported low-carbon ferrochromium (0.05% carbon)_.__._________________ 64 57 
Domestic low-carbon ferrochromium (0.05% carbon)____________.________ 85 15 
Simplex _________. ~~ ~~ 85 15 

. Cents per pound of product . 

Aluminothermic chromium metal - - —-——_------_------------------ 263 263 
Electrolytic chromium metal \_ ~~~ _--§-§ 5» 2 eee 263 263-279 
A 

FOREIGN TRADE | 

Exports of chromite in 1977 increased quantity and 17% in value compared with 
51% in quantity and 80% in value com- those of 1976. Canada (59%), the Republic of 
pared with those of 1976. Reexports were Korea (18%), and the Federal Republic of 
lower, however, decreasing 28% in quantity Germany (18%) were the leading recipients. 
and 10% in value. Most export shipments Exports of chromium and chromium al- 
were to Canada (49%), Sweden (20%), and loys (wrought and unwrought) totaled 579 
the Federal Republic of Germany (20%). tons valued at $1.4 million. Of the 34 
Smaller quantities were shipped to seven countries receiving shipments, Canada 
other countries. Reexports were shipped to accounted for 22%, Jamaica 18%, France 
four countries: Mexico (70%), Canada (15%), 18%, the Federal Republic of Germany 7%, 
Spain (12%), and Brazil (8%). the United Kingdom 6%, Iran 5%, and 
Ferrochromium exports totaled 12,472 Japan 4%. 

tons, valued at $7.3 million, and went to 13 Exports of pigment-grade chromium 
countries. Shipments decreased 8% in chemicals totaled 551 tons valued at $1.2
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million. Japan (51%), Canada (23%), and Record shipments of ferrochromium were 
France (12%) received 86% of the ship- imported during the year as 224,082 tons 
ments; the balance was dispersed among 22. were received. Of the low-carbon ferrochro- 
countries. Exports of nonpigment-grade mium shipments, Southern Rhodesia sup- 
chromium chemicals totaled 4,473 tons plied 26%, Japan 21%; the Republic of 
valued at $7.4 million. Japan received 23%, South Africa 19%, and Sweden 14%. Five __ 
the Republic of Korea 20%, Canada 20%, other countries supplied the balance. High- 
and Taiwan 15%. The balance was received carbon ferrochromium was received from : 
by 36 countries. the Republic of South Africa (56%), South- — 

Exports of sodium dichromate increased ern Rhodesia (21%), Yugoslavia (12%), and 

10% compared with that of 1976, rising to Brazil (6%). Six other countries supplied the 
15,676 tons valued at nearly $8 million. balance. 

Canada was the leading recipient with 36% Ferrochromium-silicon imports decreased 
of the shipments. Other countries receiving 74% compared with those of 1976, to 4,140 
significant shipments were the People’s Re- tons valued at $8.7 million. Southern 

| public of China (24%), Argentina (13%), the Rhodesia supplied 62%, the Republic‘ of 
Republic of Korea (9%), and Colombia (8%). South Africa 36%, and Canada 2%. : 

_ Thirty other countries received the balance. 
Imports of chromite in 1977 increased | 

nearly 5% in quantity and decreased 2% in Table 8.—U.S. exports and reexports of 
| . chromite ore and concentrates 

, value over those of 1976. The Republic of 
South Africa supplied 49% of the total, (Thousand short tons and thousand dollars) | 

: followed by Finland with 20%. Shipments ~~~ Exports Reexports 
from the U.S.S.R. were sharply reduced as _ Year “Quantity Value Quantity Value 
80,000 tons were received, compared with = ————————————?__ 

| 189,000 tons in 1976. Turkey also exported 1975-------- —:189_——-6,896 45 2,111 
_ less chromite to the United States than in 1376 ee a7 16108 et 1913 
the previous year. — ll 

Table 9.—U.S. imports for consumption of chromite, by grade and country | | 

_ (Thousand short tons and thousand dollars) — 

Not more than 40% More than 40% but 46% or more Total 
oo, CreO3 less than 46% Cr2O3 Cr203 . 

Country Gross ©7203 Val Gross F203 Val Gross , ©7203 vVal- Gross 293 Val- 
weight tent ue weight tent - ue weight ‘tent ue weight tent ue 

1976: : | . 
_ Albania _____ - eee 18 8 1,858 - 18 8 1,858 

Canada _____ (4) (4) 1 -- _- _- ) ) 1 (4) () 2 
| Colombia___._ 4 1 211 Bee — ee 4 1 211 

Finland _____ 120 36 4,437 Bo 49 35 1,462 169 71 5,899 
India ______ 18 7 845 Mo kk - Le 18 7 845. 
Philippines _. ——-:168 53 5,614 — 1. LOB 2 169 166 55 5,783 
Rhodesia, . 

Southern __ 12 4 369  #@Q 4 879 14 7 650 35 15 1,398 
- South Africa, 

Republic of _ 26 9 732 318 141 9,737 94 44 3,617 438 194 14,086 
OS Sweden _____ 26 4 68 ee - Le 26 4 68 

Turkey _____ 115 44 8,334 31 14 3,161 66 31 7,461 212 89 18,956 
USSR -----___ 6927 4,885 0-20 6216,084 18989 20,969 

Total ____ 553 «185 25,496 376 =: 167 15,135 346 181 29,444 1,275 533 70,075 

1977: 
Albania _____ ) ) 1 25 11 2,488 -- eee 25 11 2,489 

| Colombia ____ 4 1 255 eee ee 4 1 255 
Finland _____ 269 71 8,835 ae - LL 8 71 8,835 
Greece _____ 3 1 321 _— — _— Le — _- 3 1 321 

“Norway _____ (2) () 1 ~~ -- =e _- -- -- (*) (*) 1 
Philippines __. 166 58 8,202 2 1 108 4 2 265 172 56 8,570 
South Africa, 

Republic of _ 19 7 1,047 521 281 «20,946 119 68 6,538 659 306 28,531 
Turkey _____ 41 16 2,952 40 17 3,202 43 20 4,957 124 58 11,111 
USSR -----__-80_—=12:—* 1900668898 

Total ____ 532 161 28,514 588 260 26,739 216 117 18,444 1,836 588 68,697 

1Less than 1/2 unit. .
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| Table 10.—U.S. imports for consumption of ferrochromium, by country 
eee 

; Low-carbon ferrochromium High-carbon ferrochromium 
(less than 3% carbon) (3% or more carbon) 

Year and Gross Chromium Gross Chromium | 
. . country weight content aaiue weight content enue 

short — short — short short 1 
tons) tons) sands) tons) tons) sands) SOS) OS) 

1976: . 
Brazil» _-_______________» 937 530 $722 26,896 15,459 $10,126 

| Canada ____________________ (7) (7) 1 ) (4) 1 France ___________________ 3,426 2,460 3,335 _ __ _ , 
Germany, Federal Republic of ___ __ 3,695 2,667 3,899 1,661 1,075 1,081 
India - __ _- __ 440 284 142 | Italy, 20 44 20 1,098 707 481 
Japan_______- 28,986 19,359 23,582 9,849 6,045 5,098 
Mozambique____§____________ —_ __ __ 1,462 816 616 
Norway___________________ 2,857 1,974 2,414 1,156 787 687 

’ Rhodesia, Southern ___________ 8,194 5,785 8,098 39,193 26,561 15,132 
South Africa, Republic of ________ 11,022 6,829 8,168 75,706 41,380 26,650 
Sweden___________________ 3,008 2,218 3,470 __ __ __ : Turkey ___________________ 1,109 777 989 __ __ __ | 
United Kingdom _____________ () (4) 1 __ — _- Yugoslavia_________________ 496 348 85 21,385 14,193 10,021 O14 193 10,021 

Total. 63,750 42,961 54,784 178,846 107,307 70,0385 . 
TS SSeS SPSS ros SSS SPSS —eeeeeeeeeeeeeee——eeeeeeeeeeeeee 

1977: 
Brazil. ==§ 5 __ __ __ 10,797 - 6,072 3,706 
Canada ___§__~§________ _— __ _— 2. i TS 
Finland __~__§_§_~§_~= ~~ ~~ ___ 20 14 20 — oe __ 
France __._§_______________. 824 601 773 _— —_ _— 
Germany, Federal Republic of _____ 2,215 1,617 2,365 1,444 916 975 
Italy. 38 28 38 __ __ __ : 
Japan______ 7,669 5,136 6,738 275 176 163 

| Norway___________________ 3,840. 2,561 . 3,348 1,328 908 657 
Rhodesia, Southern ___________ 9,464 6,692 7,496 40,450 27,036 16,109 7 
South Africa, Republic of ________ 6,844 4,187 4,513 106,376 56,807 35,578 
Spain ______-_ __ __ __ 1,103 599 4638 
Sweden_______-_-= 4,854 3,527 5,321 3,409 2,078 1,496 
Yugoslavia_________________ __ __ Le 23,130 15,254 10,762 

Total. -_-______ 35,768 24,363 30,612 188,314 109,847 69,916 
S$ 
1Less than 1/2 unit. | 

Imports of chromium metal (wrought and chromium oxide green, 1,035 tons; molybde- 
unwrought) and waste and scrap, increased num orange, 246 tons; strontium chromate, _ 
to 2,433 tons valued at $10.9 million, from 277 tons; and zinc yellow, 1,626 tons. Total 
2,306 tons valued at $9.1 million in 1976. value of these products was $7.8 million, | 
The United Kingdom supplied 54% and 27% lower than in 1976. Chrome yellow. 
Japan 38% of the shipments. Five other accounted for 44% of total value of these 
countries supplied the balance. products, followed by zinc yellow with 23%. 
Chromium carbide imports, totaling 555 Sodium chromate and dichromate im- 

tons valued at $3.6 million, increased three- ports totaled 113 tons valued at $63,000. The 
fold over those of 1976. The Federal Repub- Republic of South Africa supplied 98% of 
lic of Germany supplied 81% and the Uni- the imports. The balance was supplied by 
ted Kingdom 18%. Four other countries five other countries. Three tons of potas- _ 
supplied the balance. sium dichromate valued at $4,700 was im- 

Imports of chromium-containing pig- ported from the Federal Republic of Ger- 7 
ments in 1977 were as follows: Chrome many and Sweden. 
green, 87 tons; chrome yellow, 2,852 tons;
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-. Pable 11.—U.S. import duties 
| | 

Tariff 
. a 

Claseifi- Article . yee faut 

_ CHROMIUM ORES AND METAL PRODUCTS _ 

601.15 Chromium ore ________-_-------------------------- Free. 
607.30 Ferrochromium, less than 3% carbon — _— ~~ ----~------------ 4% ad valorem. 

607.31 Ferrochromium, over 3% carbon _ _ ——---------------------- 0.625 cent per pound 
on chromium content. 

682.18 Unwrought chromium other than alloys: Waste and scrap? _ - - - - - ~_- 5% ad valorem. 

| : CHROMIUM CHEMICAL AND RELATED PRODUCTS 

420.08 Potassium chromate and dichromate ______---------------- 1.1 cents per pound. 

420.98 © Sodium chromate and dichromate —_—--------------------- | 0.87 cent per pound 

422.92 Chromium carbide ______._.-------~-------—--------- 6% ad valorem. 

| CHROMIUM PIGMENTS 

473.10. Chromium green Wo ee ee ee eee 5% ad valorem. 

473.12 Chromium yellow ______-_-----------------~-------- Do. 
473.14 Chromium oxide green _ _ _ _ ___~----------------------- Do. 

473.16 Hydrated chromium oxide green - —---~----7~ 7777777777777 Do. 

473.18 olybdenum orange —_-_---------------------------- _ Do. 

473.19 | Strontium chromate _. .—.—_—_-_----~------------------r Do. 

473.20 Zinc yellow___________---------------------------- Do. 

. Not applicable to centrally planned economy countries. 
2Duty temporarily suspended on waste and scrap. 

| | | ‘WORLD REVIEW 

Australia.—Chromite occurs as a subsi- chromite concentrate of low chromium con- — 

diary mineral in ultrabasic rocks on the tent and low chromium-to-iron ratio. 

Island of Tasmania, but rarely in sufficient . Greece.—The Hellenia Industrial and Mi- 

- eoncentration to warrant mining. Small ning Investment Co. reportedly was study- 

deposits of chromiferous gravels of -ing the feasibility of a 33,000-ton-per-year 

economic-grade, and lower-grade alluvium ferrochromium plant. 

overlie serpentine. rocks near Beaconfield India.—In an effort to conserve chromite 

and larger low-grade deposits of alluvial - resources for a planned 500,000-ton-per-year 

chromite occur in gravel deposits at Mon- _ pelletizing plant in Orissa, the Government 

. tagu Swamp. Chromite also occurs at placed restrictions on export of low-grade 

Adamsfield, Tasmania. lump chromite ore and beneficiated chro- 

- Brazil.—Brazil’s principal. chromite re- mite concentrate. The Government also 

sources are located in Bahia. Cia. Ferro banned exporting chromite containing more 

Ligas da Bahia S.A. (Ferbasa), the dominant than 40% Cr.Os and less than 12% silica. 

chromite producer, was also the sole pro- Mysore Minerals Ltd., a State-owned com- 

ducer of ferrochromium. Ferbasa operates pany of the Karnataka State Government 

two mines near Campo Formosa and seven in southern India was studying the feasibil- 

mines in the Jacurici Valley. Reported mea- ity of a charge-chromium smelter in the 

sured and indicated reserves of Ferbasa Byrapura district with help from Japanese 

total 44 million tons grading 20% Cr.Os, interests. Feasibility depends on obtaining 

including 11 million tons grading 20% Cr.0; power from a neighboring State, since Kar- 

measured at Campo Formosa, and 1.7 mil- nataka is deficient in electrical power. Ac- 

- lion tons grading 38% Cr.O; measured at cording to reports, chromite resources in 

- Jacurici Valley. | the State total about 550,000 tons of low- 

Canada.—A review of research on Cana-_ grade chromite. . 

dian chromite’ was published. The Bird The Orissa Government reserved 564 

River chromite deposit in Manitoba isa low- square miles of potential chromium-bearing 

grade, high-iron chromite, containing over areas in Cuttack, Dhenkanal, and Keonjhar 

16 million tons of chromite ranging from districts for exploration by public sector 

18% to 25% Cr.O;. Research demonstrated organizations. The State has considerable 

that chromium additives for the steel in- tonnage of chromite resources, but only 4 

dustry, chromium metal, and sodium di- million tons of reserves. India’s demand for 

chromate can be produced from Bird River chromite was expected to rise threefold
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within the next 10 years. A crash program 2.4 million tons. During the year, 345,000 
by Orissa’s Directorate of Mines in collabor- tons of ore was milled to produce 94,000 tons 
‘ation with the Geological Survey of India, of concentrate. Over 100,000 tons of chro- | 
the Mineral Exploration Corp., and Orissa mite was sold or shipped during the year. 
Mining Corp. was expected to improve In- Much of the new equipment ordered under 
dia’s reserve position by the middle 1980's. Acoje’s expansion program was on site and 

Indonesia.—Reportedly, Japanese and_ being installed. A novel slimes retreatment 
Indonesian interests joined together to ex- plant being installed was reportedly the 
plore for chromite in Sulawesi, Indonesia. first of its kind worldwide. 
P.T. Perto (Indonesia) has mining rights in Rhodesia, Southern.—Anglo American 
an 80,000-square-mile area. Initial surveys Corp. reportedly stopped prospecting activi- 
indicate chromite deposits containing ties in Rhodesia owing to the security si- 
200,000 tons of ore grading 33% Cr.Os. If. tuation. About 100 employees were affected. 
sufficient chromite is found in a 2-year In a parallel move, the Department of 
program, a joint venture would be formed Geological Survey also suspended mapping 
for commercial development. operations in some areas. 
Japan.—The Rare Metals Association Rio Tinto (Rhodesia) put its North Dyke 

(RMA), formed in 1976 with some assistance chromite mines on a standby basis, as well 
from government funding, was established as a pilot ferrochromium smelter. These 
as a stockpiling corporation for chromium, developments were attributed to a slow- | 
nickel, cobalt, and tungsten. During the down in exports of chromium from Rhode- 
year, RMA acquired nearly 2,900 tons of sia. Rio Tinto showed a loss on its chromium 

| ferrochromium. | operations in 1976 and the first 6 months of | 
Mexico.—During 1977, Ferroaleaciones 1977. _ 

de Mexico was considering building a ferro- South Africa, Republic of.—Chromite 
chromium plant to expand its line of fer- production increased significantly during 
roalloys. the year to 3,656,000 tons, an increase of 
Pakistan.—The Baluchistan Develop- 38% compared with 1976. Forty-five percent 

ment Authority announced a plan to deve- contained less than 44% Cr.03:, 53% 
lop chromite mines at Muslimbagh in the between 44% and 48% Cr.Os, and the re- 
Zhob district of Pakistan. Also planned was maining 2% over 48% Cr.0s. 
a 60-ton-per-day concentrator and a re- The Tubatse ferrochromium plant at 
fractory brick manufacturing plant. Steelport in the eastern Transvaal, jointly 

Philippines.—Chromite production in the owned by Union Carbide Corp. and General 
Philippines was slightly higher in 1977 than Mining and Finance Corp. Ltd. officially 

| in 1976. Seventy-five percent was opened in May. The facilities were 
refractory-grade and 25% metallurgical- described.? A feature of the plant is the air 
grade. Six companies produced refractory- pollution control system which reportedly 
grade chromite although the traditional uses the latest technology so that the plant 
supplier, Consolidated: Mines Ltd., account- can meet the same standards as those of the 
ed for 88% of the output. Twelve companies United States. 
produced metallurgical chromite of which South Africa Armco Steel Corp. (ARMCO) 
Acoje Mining Co. Inc., a long-time producer, reportedly purchased substantial mineral 

: accounted for 63% of the total. | rights to chromite deposits in the Marico 
Philippine chromite producers petitioned district of the western Transvaal. ARMCO 

the National Economic and Development Broone (Pty), South African subsidiary of 
Authority and the Department of Finance ARMCO, purchased 50% of a farm that was 
to withdraw or reduce the 20% export tax jointly owned by Vereeniging Refractories 
on chromite. The producers were backed by Ltd. and located between the chromite 
the Philippine Chamber of Mines and the mines of Marico Minerals Co. and Zeerust 
Philippine Export Council. The tax report- Chrome Mine Ltd. ARMCO also purchased 
edly is levied on the difference between mineral rights of five other farms in the 
current export prices and world market district. 
prices, and was considered by producers to Middleburg Steel and Alloys (Pty) Ltd., 
hinder expansion plans. South Africa’s sole producer of low-carbon 

Chromite exploration at Acoje in 1977 ferrochromium, temporarily suspended pro- 
strengthened the firm’s reserve position, as duction due to low world demand. 
reserves increased from 1.9 million tons to South African Manganese Amcor Ltd.
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| (SAMANCOR) reportedly purchased two _ United Arab Emirates.—The Ministry of 

chromite properties in the Rustenburg area Petroleum and Mineral Resources of the — 

a formerly owned by Consolidated Chrome United Arab Emirates awarded a contract 

. Corp. | to Hunting Geology and Geophysics Ltd. 

| Sudan.—Contracts were reportedly sign- (United Kingdom) to investigate mineral — 

ed between a Japanese group and the Su- deposits throughout the Emirates. An ear- 

danese Government for a feasibility study of lier survey in the six northern Emirates 

a ferrochromium industry, based on chro- located deposits of chromite, copper, and 

mite deposits in the Ingessana Hills area. industrial minerals. : | 

Table 12.—Chromite: World production, by country | 

(Thousand short tons) 

| . , : Country’ 1975 1976 1977" 

| Albania®?____. ete e------- 889 875 - 970 
_Argentina eee ee a re (°) -— --— 

Brazil_______________-_-_-____---------------------------- 191 205 ©210 

| Colombia® ________________-_----------------------------- 13 i 11. 

7 Tus —______ a a rrr 

. Egypt _.._________-------+-----------------~------------ 
(4 ey __ . 

- Finland ___-_______-_______----------------------------- 365 456 655 

Greece®__.___ _____ _ 
rrr - *39 38 €44 

| India®___________---_----------------------------------- 551 448 387 

lran________________---------------------------------- 190 176 ©1380 

ascar __ ___ ee nr rrr 

Now Celedonia DTT = + ------------=- 2 11 e11 | 

_ Pakistan _______-___------------------------------------ 11 12 ©13 

7 Philippines -_-____-_-----------------------------------7 573 471 592 

| Rhodesia, Southern® ____________---------------------------- 650 670 660 

| South Africa, Republic of __________--------------------------- 2,288 2,656 3,656 

Sudan_________------------+---------------------------- 17 24 “30 

Thailand ____----_-_------------------------------------ (4) — _- 

- Turkey® _________-_------------------------------------. 5790 7780 700 

| USSR®______________ ee eee === ---- 2,230 T2300 2,400 

Vietnam® _________________-~__--------------------------- NA 10 15 

Yugoslavia —________---_--------------------------------- 2 2 €9 

Motel. e+ ------------- 79,186 9,454 10,804 

- Rstimate. Preliminary. Revised. NA Not available. | 
. lfm addition to the countries listed, Bulgaria and North Korea may also produce chromite, but production is not 

reported and available information is inadequate for formulation of reliable estimates of output levels. 

2Figures represent crude ore output, not marketable production. 

3Revised to zero. | | . 
“Less than 1/2 unit. 7 : 
5Exports of direct-shipping ore plus production of concentrates. 

6Kstimated production of marketable product (direct-shipping ore plus concentrates) based on reported production of 

run-of-mine ore, which was as follows in thousand short tons: 197 5—1,043; 1976—1025; 1977—(estimated) 911. Revised 

estimated for marketable output for prior recent years are as follows in thousand short tons: 1971—875; 1972—575; 

1973—475; 1974—600. | 

- JECHNOLOGY 

During the year, Bureau of Mines re- cate of Analysis for Standard Reference 

searchers investigated recovery of chro- Material 64c, High-Carbon Ferrochromium. 

mium from laterite processing residues, im- Characterization and certification testing 

proved methods for recovering chromite procedures were described.* — 

from low-grade ore, recovery of chromite A vacuum carbon reduction of chromium : 

from used refractories, recovery of chro- oxide process to produce chromium metal 

mium from metallurgical and tanning was announced by Union Carbide Corp. The 

wastes, and conservation of chromium process involves the same technology as the 

through surface alloying. firm’s proprietary low-carbon ferrochro- 

An industry-American Society for Testing mium Simplex process. The new process 

and Materials, National Bureau of Stand- involves mixing chromium oxide and car- 

ards (NBS), cooperative analytical program bon prior to compacting the mixture into 

was completed, leading to the NBS Certifi- _briquets. The briquets are then heated in a
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_large vacuum furnace. As the carbon reacts liquid lead medium heated to 1,950° F to with the oxygen, carbon monoxide gas is transport the alloying material to the sur- removed from the system, leaving pure face of the steel where alloying takes place chromium metal. The new product will be _ by diffusion. 
used to supplement the firm’s 2,800-ton-per- The removal of chromium and cyanide year electrolytic chromium metal capacity, from waste water by the precipitation- : . flotation method was Investigated and ex- Chromized steel may replace Type 409 . . stainless steel j tomobil fi ta perimental results were described.5 Both . n automobile usage for cata- chromium ‘and cyanide were successfully lyst retainers, exhaust pipes, and couplings eliminated. : 
and fittings of various converter assemblies. 

| Chromized steel has a ferritic stainless stee] *Physical scientist, Division of Ferrous Metals. coating on a special titanium-stabilized car- mar nicevics, d River Creo et romium Gecovery trom : bon steel base. Ferrochromium powder is 98, No. 1, Noveraber 1977, pp. 61-68. hern Af Rieid . | Coal Go inerals of Sout ica. Rigi app: lied to both surfaces of the base and Pollution Standards Set at Tubatee. V. 25, No. 5, May 1977, | then diffused into the steel at high tempera- pp. 49, 55, 57. oo _ ture in a special atmosphere. acter a “Certification oF NBS Seaeen Her. A possible substitute for stainless steel by Carbon Ferrochromium. Electric Furnace Proc., AIME, v. . . 1 35, 1977, pp. 52-56. a diffusion alloying process reportedly gave ‘Nakahiro, Y., T. Wakamatsu, and S. Mukai. Study on ordinary carbon steel the resistance proper- Water tn tie Precipitation Fler ig aod Inter. ties of stainless steel. The process employs a__nat. Miner. Process. Cong., Sao Paulo, Brazil, 1977, 30 pp.
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Clays 
By Sarkis G. Ampian? 

Clays in one or more of six classification clay product manufacturers. Industrywide | categories (kaolin, ball clay, fire clay, ben- efforts were made both to economize and to 
tonite, fuller’s earth, or common clay and obtain standby fuels. The costs of environ- 
shale) were produced in 47 States and Puer- mental protection equipment and environ- 

__ to Rico. Clay production was not reported in mental restrictions and rising capital costs 
Alaska, the District of Columbia, Rhode also continued to adversely affect pro- 
Island, or Vermont. The States leading in duction during 1977. 
output were Georgia, 7.6 million tons; Tex- Production of the specialty clays—kaolin, 
as, 3.8 million tons; and Ohio, 3.6 million ball clay, bentonite, fire clay, and fuller’s 
tons; followed in order by North Carolina, earth—and common clay and shale, all 
Wyoming, Alabama, and California. Geor- increased with the exception of fire clay. A 
gia also led in total value of clay output small upturn in construction that increased 
with $288.2 million; Wyoming was second demand for building materials (brick, light- 
with $48.4 million. Compared with 1976 weight aggregate, vitrified clay pipe, clay 
figures, clay production increased in 29 floor and wall tile, etc.) was responsible for 
States and value increased in 32 States. the rise in production of common clay and 
Total quantity of clays sold or used by shale. Production of ball clay increased 
domestic producers in 1977 was 1% higher; 12%, bentonite, fuller’s earth, and kaolin 
total value rose 18% to an alltime high. 6% each, and common clay and shale in- Increases in value per ton were reported for creased slightly. Fire clay decreased 12%, all clays in 1977 owing to increased labor, largely because lower steel production rates 
fuel, and material costs. The energy crisis, brought about by strikes at most iron ore or more specifically, the increasing shortage mines and plants in the Lake Superior 
and costs of fuels, continued to causeconsid- district reduced refractory demand. Al- erable concern among clay producers and though bentonite shipments to the struck 

Table 1.—Salient clay and clay products statistics in the United States! 
(Thousand short tons and thousand dollars) 

1978 1974 1975 1976 1977 SE 9 1977— 
Domestic clays sold or used by producers: 

Quantity ~-- eee e 64,351 60,796 49,047 52,389 58,196 Exporta, ue ~~ $354,058 $422,542 $424,556 $528,745 $579,170 
Quantity eee 2,097 2,451 2,315 2,487 2,561 alue —___~ $79,774 = $114,212 = $120,298 + $151,958 += $160,790 Imports for consumption: 

cay role o-gonnspggeeeeo222222 off? $218 soe ogists gol Clay construction products, shipments: Value —-- _Srru'mas  fgaator « $A0BBTS udev gatscaan 
1Excludes Puerto Rico. 
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pelletizing plants were curtailed from reduced fire clay and iron ore pelletizing 

August 1 until settlement during December, demands. : 

the short-fall in this end use was taken up Kaolin in 1977 accounted for only 12% of | 

by increased demand in other areas, such as__ the total clay production but for 52% of the 

drilling muds and foundry sands. The coal _ value. 

strike that began at yearend also led to | 

Table 2.—Clay sold or used by producers in the United States in 1977, by State! 

(Short tons) 

I
 

Common : ’ 
Ball Ben- Fire Fuller’s : Total 

State clay tonite ang pal e clay earth Kaolin Total value 

Alabama __ ~~~ --— __ W 2,079,973 266,534 __ $80,298 22,676,805 $21,984,807 

Arizona __—_---- WwW 33,322 WwW Ww -- _- 131,742 668,952 

Arkansas _ —— — — —— _- _- 908,413 _- _- 79,678 988,091 5,406,935 _ 

California __—_ ~~ " 148 95,269 2,411,658 Le _- 68,950 2,576,020 12,178,572 | 

Colorado ___——-- _ W 926,608 34,036 _- __  #960,644 24,712,339 

Connecticut ___— ~~ _— _- 95,163 _— _- _— 95,163 250,023 

Delaware ___—~~—- _- -— 10,935 -- -- oo 10,935 _ 6,561 

Florida ____-—--~- — _ 119,411 - _. 483,795 27,370 580,576 322,312,987 

Georgia ____-~--- _- __ —-1,993,185 __ 576,731 4,983,610 7,553,526 288,223,200 

Hawaii __.----- -- -- WwW a _- -- - W WwW 

Idaho ___--_--~- _- Ww WwW . WwW -_- ' WwW 22,543 92,127 

Illinois _____--- __ __ 918,887 36,548 (GseWW __  4950,880 45,117,809 

Indiana _____-_- _ __ 1,266,328 1,205 __ __ 1,267,528 2,236,552 

Iowa__—~_-----~-- _- -- 882,505 _- -— -- 882,505 2,460,989 

Kansas _______- __ W 1,117,488 _ Le __  *1,117,483 21,965,100 

Kentucky __--~- Ww __ 618,921 —-96,533 __ __ . 5715,454 52,499,768 | 

Louisiana __—_—- __ __ 401,873 _- _ __ 401,373 784,976 

Maine______——- __ a 98,081 __ __ __ 98,081 160,427 

Maryland ____—- W. __ 892,859 __ __ __  5892,859° ——-: 52,843,614 

Massachusetts __ — — _ __ _ 149,389 __ __ __ 149,389 274,856 

Michigan ___ _ ___ __ __ 2,007,391 _- __ __ 2,007,891 * 5,125,835 

Minnesota __ —__- __ __ 162,637 __ __ Ww $162,637 $276,483 

Mississippi __ — _ —_— W 340,130 1,142,869 __ W __ . 1,707,554 16,030,657 

Missouri ——--——-- __ __ 1,481,734 871,516 Ww 69,068 42,372,318 “16,891,956 

Montana ____ ——- __ 195,262 28,231 730 __ _- 224,223 3,557,444 

Nebraska___ _ ___ __ __ 160,571 __ __ __ 160,571 367,533 

Nevada _____—--~- _- 9,635 - WwW _— WwW WwW 53,518 521,367 

New Hampshire _~— _- _- WwW _- -- -- WwW WwW 

NewJersey _----  -- -- 52,024 16,088 __ __ 68,112 374,248 

New Mexico _ — _ _- Lo __ 69,415 W Le __ 669,415 6112,734 

New York _____-_ WwW __ 564,869 __ __ __ _ 5564,869 51,728,329 

North Carolina —__ __ __ 8,022,055 __ _- W 33,022,055  °4,989,585 

North Dakota — —_— _- _- WwW _- -- _— Ww WwW 

Ohio_________- __ __ 2,841,822 725,689 __ __ 8,567,511 12,834,544 

Oklahoma __——_- __ _~_ 1,015,891 __ a __ 1,015,891 1,686,862 

| Oregon ____-_-- _. __ 118,916 __ __ __ 118,916 192,578 

Pennsylvania ___— _ __ 1,748,184 561,206 __ W 32,304,890 918,074,564 

Puerto Rico __—_- _— _— 271,993 — _— _. ___ 271,993 387,246 

South Carolina __- Le __ 1,447,827 __ W ‘728,585 «= 42,171,862 #18,705,139 

South Dakota —___ __ W 197,440 __ __ _. _7197,440 2239.727 

Tennessee ___._. 628,428 W 949,668 __ Ww __ 1,681,088 17,784,727 

Texas __________ WwW 39,592 3,585,633 56,097 W W _ 3,809,929 16,271,957 

-Utah ___------ — 6,880 222,670 14,134 Ww Ww 249,394 828,261 

Virginia _-_-__- _- __ 889,812 _- _- _ 889,812 1,293,836 

Washington — —____ __ __ 309,346 Ww __ __ $309,346 81,091,008 

West Virginia _— —_ = __ 889,041 Ww _- __ 389,041 6599,333 

Wisconsin ._ ~~ ~~ _- _- Ww _- _- _- WwW WwW 

Wyoming — -—-——- __ 2,761,888 203,871 _- _ __ 2,965,709 48,368,571 
Undistributed ____ 265,651 264,559 + 280,559 285,296 417,800 206,049 ~—71,043,204 "22,549,843 

Total _.. 894,227 3,746,487 37,945,031 2,965,607 1,428,826 6,488,558 53,468,236 579,557,961 
nm
 

W Withheld to avoid disclosing company proprietary data; included with “Undistributed.” 

1Includes Puerto Rico. 
2 xcludes bentonite. 
3Excludes kaolin. 
*Excludes fuller’s earth. 
5Excludes ball clay. 
®Fxcludes fire clay. 
7Incomplete total; remainder included with State totals. 

| +
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Table 3.—Number of mines from which producers sold or used clay in the United States 
, in 1977, by State 

Common ; , 

at a ee 
shale 

Alabama _______-~-~----- _- 1 36 5 -- 5 AT 

Arizona_______________- 1 4 2 1 __ __ 8 
Arkansas __ _______~-~---~- _- — 11 a -_ |. 6 17 

California ______________ 1 7 53 __ __ 4 68 
Colorado _____~-~_--~-~-~- -- 2 46 .—«6aB _- _— 54 

Connecticut ____§_-_—-__-- __ __ 3 __ __ — 3 

Delaware_____.___--~~_-—- -- a 1 __ _— — 1 

Florida ________--~-_--~- _— _— 3 __ 3 1 7 
Georgia_______________- __ __ - 28 __ 7 52 87 
Hawaii ________________ __ __ 1 __ Lo __ 1 
Idaho _______-_________ __ 2 2 1 __ 1 6 
Illinois ___________-___- __ _- 18 2 2 __ 22 
Indiana ____$______—_-_-~~__- — _- 23 3 — _- 26 
Iowa_____ ~~ __ ~~~ _— - 15 —_ _- _— 15 
Kansas _______~_-~~--_~_- -- 1 18 _— — — 19 . 
Kentucky ~___-----~--~-- 5 -- 11 7 -- _- 23 
Louisiana _____________- _ __ 13 __ __ __ 13 . 
Maine_________-__--~---- _- — 6 __ _— _— 6 
Maryland ______--~-~---- 1 -- 9 _ _- _- 10 

Massachusetts. __§____----- _- -— 3 _- one __ 3 
Michigan _________---~--~- -- -- 9 _- —_ -- 9 
Minnesota ________~-__--. _— _- 3 __ __ 1 4 
Mississippi _______________ 2 3 18 __ 2 __ 25 
Missouri ______~____-~--- __ — 19 53 1 8 81 
Montana _____~_~--~_--- -- 4 8 1 — — 13 
Nebraska __ ______~-—---~-_- _— __ 6 _— _- — 6. 
Nevada ________---~-~-~-—-~- __ 6 2 _ 1 1 10 
New Hampshire __—_-_~~-~- _— -- 1 -- _- — 1 
New Jersey _____-_---_---~ _- _— 1 3 -_- _- 4 
New Mexico __________-~_—-— -— a 4 2 a __ 6 
New York ~_______--_-~- 1 _- 12 __ _- _— ; 13 
North Carolina ________-~-~- _- _— 43 _— _— 2 45 
North Dakota ___________- _- _- 4 -- . -__ _— 4 
Ohio_________________-_ __ __ 68 24 __ __ 92 
Oklahoma ______~__~_-~_- __ -- 14 _ __ __ 14 
Oregon ______---~--~---~-~- _— _- 14 -- a __ 14 
Pennsylvania __—_~-~—~—-~- -- -—. 33 33 _- 1 67 
Puerto Rico ~~ __.___-__-_- _— _— 2 — a — 2 | 
South Carolina __________-_ __ __ 84 __ 1 13 48 | 
South Dakota ____________ __ 2 4 __ __ __ 6 
Tennessee __§_.__________- 18 1 17 _— 1 — 37 
Texas ___________~-_~--~ 1 7 81 4 — 83 1 97 

| Utah _________________ __ 2 17 9 2 3 : 33 
Virginia ______________-_ __ __ 27 __ a. __ QT 
Washington _________--~~- _- — 11 2 a a 13 

. West Virginia _________-~- _- — 8 4 _— oe 12 
Wisconsin _________~-__- -- _- 1 -__ _— _— 1 
Wyoming ____.___~------ _- 55 4 _— a _- 59 

Total ___________ 30 97 767 160 23 102 1,179 

DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, BY TYPE OF CLAY 

KAOLIN lina, and Texas but declined in California, 

: Domestic production of kaolin in 1977 tdano, and © defi d hite. claylik 
increased 6%, and the value increased 7%. . ined as a white, Claylke 
The average unit value for all grades of material approximating the mineral kao- 
kaolin in 1977 was $46.82 per ton, $0.65 linite. It has a specific gravity of 2.6 and a 
higher than in 1976. Kaolin was produced at fusion point of 1,785°C. The other kaolin- 

mines in 14 States. Two States, Georgia 8TOUP minerals, such as halloysite and 
(77%) and South Carolina (11%), accounted dickite, are encompassed . 
for 88% of the total U.S. production in 1977. In 1977, Thiele Kaolin Co. completed the 
Alabama ranked third; North Carolina, eXPansion of its Reedy Creek plant near 
fourth; and Arkansas, fifth. Output in 1977 Wrens, Ga., to include production of slurry 
increased in Alabama, Arkansas, Florida, kaolin. Anglo-American Clay Corp., a subsi- 
Georgia, Minnesota, Missouri, Nevada, diary of English China Clays Co. (ECC), also 
North Carolina, Pennsylvania, South Caro- completed an enlargement of its Georgia
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flotation facility, which produces high- value of kaolin exported was attributed to 
brightness coating-quality clays. Anglo- both the greater percentage of the higher | 

: American also planned to produce calcined quality paper-coating grades shipped and _ 
kaolins by scheduling a new Georgia facility higher prices. | 
for completion in 1979. A new calciner was Kaolin, including calcined, was exported 

brought onstream by Engelhard Minerals to 66 countries. The major recipients were 
and Chemicals Corp. at McIntyre, Ga.’ Cal- Japan, 33%; Canada and Italy, 16% each; 
cined or dehydroxylated kaolins are finding the Federal Republic of Germany, 10%; 
increasing uses as an extender and replace- Mexico, 5%; and the remaining countries 
ment for TiO, pigment in paints and ina 99, Exports increased to 46 countries and 
mao nase petroleumcraccing cataly e decreased to 20 countries. Kaolin producers 

(HGMS) continue making inroa asin to kao. reported the end use for their exports as 

lin processing. Georgia Kaolin Co. installed follows: Paper coating, 57%; foundry sand, 
a second magnet at its American Industrial 23%; rubber, 5%; and others, including 
Clay Co. facility near Sandersville, Ga., and adhesives, ceramics, paint, paper filling, 
ordered another for its Dry Branch, Ga., 204 Plastics,15%. = 
operation. Engelhard Minerals ordered a Kaolin imports in 1977 decreased from 
second magnet for its McIntyre facility for 23,106 tons valued-at~$836,000 in 1976 ‘to 
late 1978 startup. There are now eight 19,663 tons valued at $874,742. The United 
production magnets installed in the Georgia Kingdom supplied 95%; Canada, 4%; and 
kaolin operation and two in England.* three other countries, 1%. ! 

Agreement was also reached in 1977 for | Kaolin prices quoted in the trade journals 
Nord Resources Corp. to buy the Twiggs in 1977, remained unchanged from 1976. _ 
County waterwashed paper-grade kaolin op- Chemical Marketing Reporter, December 
eration in Georgia from Cyprus Industrial 26, 1977, quoted prices as follows: 
Minerals Co.‘ The sale included plant, land, . | 
building, machinery; equipment. xeon Waterwashed, fully calcined, 

eases, and working capital. e e Carload 1018, 1.0.0. 

| excluded the Sandersville, and Jefferson-. Pare eiaye Tnenlcined, same $145.00-$182.50 
ville, Ga. and Aiken, S.C. airfloat oper- basis, per cating 61.50 

ations of Cyprus. No.2coating ___________ 47.00 
Four unnamed domestic alumina produc- _,_ No.3 coating _-_-----_-- 43.00- 46.00 - 

ers were reportedly acquiring claims in the “pes,Srne"ByPurpose same 30.00- 31.00 
kaolin belt of Georgia, between Macon and _ Delaminated, waterwashed, 
Augusta.’ Exploration and interest were Sermo peunterade, | 
reported to be on the high-alumina “gray’’ _ same basis, per ton _-________ 115.00 
kaolins, which are unsuitable for most of 02 basset eee soft, 20.00 
the conventional filler and extender kaolin AO eB hOO deena ke 

USES. | works, per pound ___________ 07 
Exports of kaolin, as reported by the U.S. National Formulary, colloidal, , 

Department of Commerce, increased from por, pound drums, works, 36 
839,000 tons valued at $57.6 million in 1976 

to 951,670 tons valued at $71.9 million in The average unit value reported by do- 
1977. The tonnage of kaolin exported in mestic kaolin producers was $46.82 per ton, 
1977 increased 13%, while the value rose an increase of $0.65 above the 1976 value. 
25% over that shipped in 1976. The unit
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Table 4.—Kaolin sold or used by producers in the United States, by State 

State | 1976 1977 
| Short tons Value Short tons Value 

Alabama__________________________ 134,408 | $3,601,617 330,298 $13,393,459 
Arkansas___~__~ ~~~ 48,486 2,160,519 79,678 4,214,770 
California _..______.-. ~~~ -___ 128,808 5,605,286 68,950 1,357,043 . 
Florida __.__-~ ~~~ ~~ 24,550 1,032,759 27,370 WwW 
Georgia_______._-~~__.~___~_~~__-_-_ 4,924,648 250,864,949 4,983,610 261,864,326 
Idaho ________~__~ ~~ WwW WwW wis. Ww 
Missouri __~__.___~_~.~~~__-~-~_--~. 67,519 1,067,600 69,068 1,172,775 
Nevada __~_____-~.--.-----~-------=-- W Ww Ww Ww a 
South Carolina ___ > -- 5 623,222 | 13,180,173 723,535 15,178,925 
Other States? _-____ -_- ee 176,119 5,390,466 206,049 6,609,336 

Total wee ee ee 6,127,760 282,903,369 6,488,558 303,790,634 

W Withheld to avoid disclosing company proprietary data; included with “Other States.” | ; 
1Includes Minnesota, North Carolina, Pennsylvania, Texas, Utah, and data indicated by symbol W. 

Table 5.—Kaolin sold or used by producers in the United States, by kind 

1976 1977 
‘Kind Oe 

. Short tons Value Short tons Value 

Airfloat _______~ ~~ 1,252,433 $28,642,768 ~ 1,401,550 $35,778,431 
Calcined? 1,067,931 75,034,960 1,127,980 78,999,878 
Delaminated ___ ~~~ ___ 396,444 27,494,005 — 420,133 28,960,143 
Unprocessed __ ~~ _- 2 624,629 6,992,100 776,035 5,446,971 
Waterwashed _______§_ 2,786,323 144,739,536 2,762,860 154,605,211 

Total ~-_-_- ~~ LL 6,127,760 282,903,369 6,488,558 303,790,634 

. 1Includes both low-temperature filler and high-temperature refractory grades. 

_ Table 6.—Calcined kaolin sold or used by producers in the United States in 1977, by kind 

State | High temperature _ Low temperature | 

Short tons’ Value Short tons Value 

Georgia_____._-________________ ' - 448,824 $26,455,984 212,234 $31,212,568 
Other States... - ~~ 1416,811 118,227,670 255,111 23,108,656 

Total _-__- 860,635 44,683,654 267,345 34,316,224 
a 

1Includes Alabama, Arkansas, and California. 
2Includes Idaho, Pennsylvania, and Texas. 

Table 7.—Georgia kaolin sold or used by producers, by kind 

se 197 Kind | 6 1977 

Short tons Value Short tons Value eee EO COTS CU 

Airfloat _-___.-----------~_-- 746,037 $14,754,411 882,228 $20,709,493 
Calcined? -~----- eee 787,158 62,089,465 656,058 57,668,552 
Delaminated ___.______._______ 396,444 27,494,005 420,133 28,960,143 
Unprocessed __ . -§- /§ 5 - 5 256,740 3,852,894 308,087 1,077,116 
Waterwashed _________________ 2,738,269 142,674,174 2,717,104 153,449,022 ee ee EE IS 10 449 US 

Total _-_.__-__._~_______ 4,924,648 250,864,949 4,983,610 261,864,326 eee Se OOOO ee 
Includes both low temperature filler and high-temperature refractory grades.
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Table 9.—South Carolina kaolin sold or used by producers, by kind 
eee 

1976 1977 
Kind ee 

Short tons Value Short tons Value 

Airfloat -§_--.$-_-§_~__- 445,881 $12,084,315 486,967 $13,736,001 
Unprocessed ________________ 177,341 1,095,858 236,568 1,442,924 en a EE 

| Total ~~ ~~ 623,222 13,180,173 723,535 15,178,925 —_——— 

Table 10.—South Carolina kaolin sold or used by producers, by kind and use 
(Short tons) 
A 

Kind and use 1976 1977 
CL 

Airfloat: 
Adhesives ________-______ 19,329 18,814 
Animal feed and pet absorbent ____.__________________ 28,542 23,410 
Ceramics’ _-§__. $$ 8 ee 12,560 - 18,409 
Fertilizers ~.-...--_-____~__ ee 9,150 12,170 
Fiberglass ~-~-_____________- 53,369 77,139 
Paint ______________ . 136 1,644 
Paper filling _.-___________________ 3,287 4,389 
Pesticides and related products __________________ 25,136 16,181 
Plastics ~~. _-_-_-_-_-_-_ 2,247 11,614 
Rubber ________ 215,941 237,377 
Other refractories? _.-._______________ 1,911 6,541 
Other uses? = 6,754 6,023 

. Exports® _~______.___ 66,919 55,256 

Total ~----____-_~_ 445,881 488,967 
Unprocessed: Face brick, firebrick, block, and shapes, and high- oo 

: umina refractories (1976) _..____.__-___________ et 177,341 234,568 

Grand total ________________ 623,222 728,585 | 

4Includes floor and wall tile (1976), pottery (1977), quarry tile (1977), roofing granules, sanitary ware, and miscellaneous. . 
Includes high-alumina refractories, refractory mortar and cement, foundry sand (1977), refractory grogs and crudes 

(1976), and miscellaneous. 
qincludes common brick, crockery and other earthenware, drilling mud (1976), linoleum (1976), asphalt and roof tile, - and ink. . 
“Includes ceramics, pesticides and related products, rubber, and miscellaneous.
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cember 27, 1976, listed ball clay prices compared with 157,000 tons worth $3.6 mil- 
unchanged from 1976 as follows: | lion in 1976. The tonnage and value ex- 

ported decreased 25% compared with those 
Domestic, air-floated, bags, — of 1976. Unit value increased $0.32 per ton. ~ 

carload lots, Tennessee, 99.00 _ These shipments were made to 11 countries. 
Dencetic, crushed, moisture SSS $18.00-$22. The major recipients were Mexico, 62% and 
repellent, bulk, carload lots, 8.00. 11.25 Canada, 35%; nine countries accounted for 

ennessee, per ton _.._____.----~ . . nity 
Imported, air-foated, bags, carload the remaining 3%. 

lots, Atlantic ports, per ton — — _ — - —- 70.00 Ball clay imports, from Canada and the 

import, Tum: bulk, Great oo 40.60 United Kingdom, increased from 10,644 
tons valued at $342,000 in 1976 to 11,338 

Ball clay exports in 1977 amounted to tons valued at $432,340. : | 
117,333 short tons valued at $2.7 million, : 

Table 12.—Ball clay sold or used by producers in the United States, by type and State 

y 2 State Airfloat . Unprocessed Total 

. caren _ Short tons Value Short tons Value Short tons Value 

: 1976 | | 
Tennessee _______________ 295,777 $6,290,301 © . 217,968 $3,706,073 513,745 $9,996,374 
Texas _-_____ 549 9,300 15,224 99,900 15,773 109,200 
Other States _.____________ 1194,409 14,391,663 - 276,944 2907,140 271,353 5,298,803 . 

Total ~.-_-_________ 490,735 10,691,264 310,136 4,713,113 800,871 15,404,377 

1977 
Tennessee _______________ ' 428,610 9,400,964 199,818 3,110,204 628,428 12,511,168 
Texas _.. _— -_- WwW W WwW WwW 
Other States _.... __________ 1171,996 14,954,518 293,803 71,164,805 265,799 6,119,323 

, Total _.__________ 600,606 14,355,482 293,621 4,275,009 894,227 18,630,491 . 

W Withheld to avoid disclosing company proprietary data; included with “Other States.” 
| 1Includes Kentucky, Maryland, and Mississippi. 

"Includes Arizona, California, Kentucky, Mississippi, and New York. 

_ Table 13.—Ball clay sold or used by producers in the United States, by kind and use : 
(Short tons) ee 

i 1976 : 1977 
Use Air- Un- Air- Un- 

float processed Total float processed Total 

Adhesives __.____________________ 782 __ 782 ~ 200 _ 200 
Animal feed _. ~~ ~~~ ee WwW _— WwW WwW _- WwW 
Brick, face __-._-_-§_-_-___ 2 _— Ww W __ Ww . WwW 
China and dinnerware _______________ _ 50,664 _- 50,664 W WwW 42,114 
Crockery and other earthenware _________ 2,650 1,216 3,866 | 6,665 __ 6,665 
Drilling mud_______________~_______ WwW — WwW WwW __ WwW 
Electrical porcelain ___________-__-_- WwW W 29,470 13,489 5,781 19,270 
Fiberglass and catalysts (oil refining) __ _ _ _ _ _ -- —_ —_ 123,353 _— 123,353 
Firebrick, block, shapes ee ee -— 5,738 5,738 WwW WwW 7,186 
Glazes, glass, enamels _______§_________ WwW WwW 2,803 WwW WwW 1,332 
Grogs and crudes, high-alumina; 

mortar and cement refractories _________ WwW WwW 20,700 60,181 12,000 72,181 
Kiln furniture______________----__- WwW WwW 7,476 WwW WwW 6,400 
Paper coating and filling ______________ 9,290 -- 9,290 82,091 _- 82,091 
Pesticides and related products _________~_ Ww -- W —_ -- _- 
Pottery _________ ~~ LL 174,142 87,110 261,252 113,154 146,453 259,607 
Rubber _-—— === Ww -_ Ww W a W 
Sanitary ware___§___ 14,624 63,749 78,373 __ 74,345 74,345 
Rewer pipe — —-~—-—--~~----~---~~-~- -- 465 465 __ _— __ 

e: 

Floor andwall _-_______________ 68,915 22,473 91,388 33,063 17,997 51,060 
Quarry..____________________ __ 992 992 __ __ __ 

_ Other_____--_-_----__-_---__ 326 2,494 2,820 3,240 Lo 3,240 
Miscellaneous ___________-_-_-_------_ "77,942 110,486 °1127,979 105,385 3,146 151,449 
Exports__________________ 91,400 15,413 106,813 59,835 33,899 93,734 

Total______________--_--_-_ 490,785 310,186 800,871 600,606 +©—-293,621 «894,227 
ee Eee 

‘Revised. W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous.” 
1Incomplete total; remainder included with total for each specific use.
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FIRE CLAY | Exports of fire clay increased from 
. . 296,000 tons worth $12.9 million in 1976 to 

Fire clay sold or used by dome produc. 307,383 tons valued at $11.6 million in 1977. 
os nes rported at 2900017 ont Fre clay exprta increased 4% in tonnage 

. oe . . and. decreased 10% in value. The price of | 

tik detrital materia 1, oe ecae tases ‘of rock: exported fire clay decreased by $5.67 to 
ike, containing tow pe . _ $87.89 per ton, indicating a larger percent- : 
oxide, lime, magnesia, and alkalies to en age of standard quality shipped. 
able the material to withstand tempera- . : . 

| tures of 1,500° C or higher. Fire clay is ie clay wh exportes he 6 ene 
basically kaolinite but usually contains WW! and a, the Predera. 369 299 nd 
other materials such as diaspore, ball clay, ™#®Y, an Mexico receiving 36%, 22%, an 
bauxite clay, and shale. Fire clays common- 11%, ree. Ne oapborts of fire clay 
ly occur as underclay below coal seams and Were reported during mo 
thus are generally used for refractories. | There are no price quotations in domestic 
Some fire clay was previously reported in journals ir fire lay » but the Per-ton 33 tn 
other end uses. : reported y producers ranged from to 

Fire clay production was reported in 1977 about $50. The reported average unit value 
from mines in 17 States. The first four for fire clay produced in the United States 
States in rank, Missouri, Ohio, Pennsylva- increased 4% from $11.97 per ton in 1976 to 
nia, and Alabama, accounted for 82% of the $12.49 in 1977. | 
total domestic output. | 

Table 14.—Fire clay sold or used by producers in the United States, by State’ 

Sta | 1976 1977 | 
te Short tons Value Short tons Value 

Alabama _____________________- 872,971 $4,049,077 266,534 $3,024,488 
California | 86,189 383,648 __ __ 
Colorado ______.__~__~__________ 29,317 421,722 34,036 188,359 

| Illinois _- 2 2 5 e 50,883 381,752 36,5438 327,368 
Indiana_______________________ 2,065 - 20,780 1,205 20,351 
Kentucky _~__~_______~~_~~___~__- 85,814 580,457 96,533 622,081 
Missouri _..§_§__________-_--_____ 809,273 11,728,406 - 871,516 12,529,415 
Montana ___-_-_-_-_______________ 1,266 5,792 730 3,402 | 
New Jersey _____.____.~_~____~--_- 11,549 80,712 16,088 114,128 
Ohio. ee 700,078 5,330,220 725,689 6,016,198 
Fennsylvania ~---~-------------- epee 18 Oe 561,206 8178 oes 

Utah __ ~~~ 22222222227 2227 722 4'590 26/889 14°134 87/200 
Other States* -___---------------_ "305,163 4,925,988 285,296 5,068,207 

Total _._--____________ 3,352,250 40,118,972 2,965,607 37,052,413 . 

"Revised. | . 
1Refractory uses only. . 
2Includes Idaho, New Mexico, Washington, and West Virginia. . 

BENTONITE | ming, Montana, California, and South 

Bentonite production in 1977 increased tonites are ve cate th . other one ben- | 
6% in tonnage and 14% in value over that . : . 
of 1976. A general increase in domestic |; °0°re! Bentonite Div started devel- 
consumption, particularly in foundry sand ai g a M at? I n ‘th prope 4 ederal 

and drilling mud, and in exports was noted, bousht ont.® In another move, Federal 
along with a large increase in animal feed O°USht certain assets of the Hallett Mine- 
and a slight increase in waterproofing and Is Co., in particular its Vananda mining, 

sealing. crushing, and drying operation at Forsyth, 

Increased bentonite production was report- Minn. The Glasgow project, scheduled for 
ed for Alabama, Arizona, California,Colora- Completion in early 1978, will include the 
do, Idaho, Montana, Nevada, Texas, Utah, necessary facilities to feed its newly acquir- 
and Wyoming. Production decreased in ed mill in Minnesota. 
Kansas, Mississippi, South Dakota, and American Colloid Co., which operates 
Tennessee. bentonite plants at Upton and Lowell in 

Generally, the high-swelling or sodium Wyoming and at Belle Fourche, S.D., 
bentonites are produced chiefly in Wyo- announced plans for a new 1-million-ton-
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_ per-year bentonite operation in Carter increase of $1.23 from the $16.61 average of 
County, Mont.%° In another bentonite- 1976. Per-ton values reported in the various 
related move, Gulf Resources and Chemical producing States ranged from $4 to $41, but ; 
Corp. acquired options to purchase Indus- the average value reported by the larger 
trial Mineral Ventures, Inc. (MV) of Gold- producers was near the Montana average 
en, Colo. The options, at Gulf’s discretion, figure of $17.76. 
were up to 2 years and included a credit Bentonite exports in 1977 increased from 
agreement for IMV. IMV has large reserves 187,000 tons in 1976 to 787,767 tons; value 

| of bentonite, sepiolite, saponite, calcium decreased from $50.4 million in 1976 to . 
carbonate, and hectorite in a mixed deposit $45.8 million in 1977. Although the tonnage 
on the California-Nevada border. It present- exported increased slightly above that ship- 
ly is operating a sepiolite-processing plant ped in 1976, the value decreased 9%. This | 
inthe area. decrease in value was the result of a de- 

| Industrywide improvements continued to crease in the unit value of exported benton- 
be made in environmental controls systems ite from $64.04 per ton in 1976 to $58.09 per _ 
and in automating, bagging, and handling ton in 1977. This decrease in per-ton value | 
procedures. Some experimental work was _ of exports was attributed to the return to a 
also underway exploring the practicality of larger percentage of the lower cost pelletiz- 
switching from oil and gas firing in dryers ing grades shipped. Exports in recent years 
to coal burning. | included increasing percentages of higher 

On December 26, 1977, Chemical Market- cost drilling muds and foundry sands. Do- 
ing Reporter. quoted bentonite prices mestic bentonite producers were facing in- 
unchanged. Domestic material, 200-mesh, creased competition in foreign markets. 
bags, carload lots, f.o.b.‘mines, was. priced Bentonite from the Greek Island of Milos’. 
from $15.50 to $16.00 per ton; and imported was being blended with the U.S. clay for 
Italian, white, high-gel material, bags, 5-ton pelletizing Canadian taconite ores on a 
lots, ex-warehouse at $337.60 per ton  largescale. | 
($0.1688 per pound). The average unit value Bentonite was exported to 84 countries. — 
reported by domestic producers for benton- The major recipients were Canada, 48%; | 
ite sold or used in 1977 was $17.84, an the United Kingdom, 12%; the Federal 

Table 15.—Bentonite sold or used by producers.in the United States, by type and State 

State __Nonswelling Swelling Tt 
| Short tons Value Short tons Value Short tons Value — 

1976 
Arizona ___ Ww Ww Ww WwW 27,921 $361,386 
California ____________ 28,902 $747,082 58,822 $1,900,980 87,724 2,648,012 
Colorado _____________ 1,200 12,000 Ww Ww WwW WwW 
Mississippi ____________ 373,457 6,739,559 __ __ 373,457 6,739,559 
Montana __________ __ ae 158,695 2,304,871 158,695 2,304,871 
Nevada _______________ __ __ 7,512 174,300 7,512 174,300 
Oregon ______________ __ __ 1814 29,024 1,814 29,024 
Texas ________________ 39,414 850,344 _ __ 39,414 850,344 
Utah _-__ ae _- 2,000 8,000 2,000 8,000 
Wyoming _____________ __ _ 2,495,797 39,514,743 2,495,797 39,514,748 
Other States ___________ 1154,130 12,254,208 7198638 3,929,505 $396,047 35,834,322 

| Total _._______ 597,108 10,603,138 2,923,278 47,861,428 3,520,381 58,464,561 

Arizon wn Ww Ww | ma___ WwW WwW 33,322 
California. ____________ 33,545 461,290 61,724 2,220,692 95,269 2,681 982 
Colorado _____________ 850 12,000 WwW WwW W W 
Mississippi ____________ 340,130 6,388,789 __ __ 340,130 6,388,789 
Montana _____________ a. _- 195,262 3,468,329 195,262 3,468,329 
Nevada _______________ _- -- 9,635 157,950 9,635 157,950 
Texas _______________ 39,592 973,981 _- __ 39,592 973,981 
Utah _—- 880 12,320 6,000 24,000 6,880 36,320 
Wyoming _____________ __ _- 2,761,888 47,762,228 2,761,888 47,762,228 
Other States _____.__.____ 176,154 18,044,380 2120877 22,306,415 $264,559 34,919,271 

Total _________ 591,151 10,892,760 3,155,336 55,939,614 3,746,487 66,832,374 

W Withheld to avoid disclosing company proprietary data; included with “Other States.” 
1Includes Alabama, Idaho (1977), and data indicated by symbol W. 
?Includes Idaho, Kansas, South Dakota, Tennessee, and data indicated by symbol W. 
3Incomplete total; remainder included with totals for specific States.
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Republic of Germany, 6%; the Netherlands, tons valued at $362,000, compared with | 
4%; and others, 30%. Domestic bentonite 2,945 tons valued at $466,000 in 1976. The 

. producers reported that the end uses of 2,378 tons of chemically activated bentonite 
their exports were iron ore pelletizing, 36%; was imported from six countries, with Mexi- 
foundry sand, 33%; drilling mud, 27%; and co supplying 49%; Canada, 38%; J apan, 
others (including pet absorbent, waterproof- 11%; and the Federal Republic of Germany, 
ing and sealing, and fertilizers), 4%. ' France, Brazil, and the United Kingdom the | 

Bentonite imports in 1977, including remaining 2%. 
chemically activated material, totaled 2,514 

Table 16.—Bentonite sold or used by producers in the United States, by type and use 
(Short tons) 

} 1976 } 1977 . 
Use . 7 . a 

swelling Swelling Total swellaag Swelling Total 

Domestic: 
Adhesives ___ ~~~ _~_____ WwW Ww 1,583 WwW 4,922 WwW 
Animal feed _____________ _— 156,652 156,652 84,704 110,222 194,926 Brick, face _.____________ __ _ __ W WwW 3,564 Catalysts (oil refining) _____ __ 2,208 9 2,217 12,133 __ 12,133 
Cement, portland _.________ _— 250 250 _— 450 450 Drilling mud __.____.______ - 28,451 950,099 973,550 22,205 1,087,962 1,060,167 Fertilizers .~.____________ 9,160 __ 9,160 2,380 30 2,410 

Filtering, clarifying, 
ecolorizing: , 

Animal oils and mineral 
oils and greases _______ 32,638 3,969 36,607 72,275 33,037 105,312 

. Vegetable oils__.________ 158,334 — 158 34 65,038 — 65,038 
Foundry sand ____________ 288,769 - 857,704 646,47 289,559 577,746 867,305 
Glazes, glass,enamels _______ _— WwW W _— 120 120 
Gypsum products eee ee ~— 470 470 _- 303 303 
‘Medical, pharmaceutical, Lo 

cosmetic __-____§________ -- 1,533 1,533 -- 4,498 4,498 
Paint _________________ Ww ; WwW 3,570 —- 16,516 16,516 
Pelletizing (iron ore) ________ _— 868,947 868,947 —- 629,353 629,353 Pesticides and related products _ _ 8,556 . 50 3,606 1,740 3,260 5,000 

. Fet absorbent ____________ . -- 35,416 35,416 5 25,496 25,501 
(i 

Floor and wall _________ ATT _- ATT _— —_ _- Roofing _.___________ 15,470 __ 15,470 __ __ __ 
. Other__________=____ 31,052 1,925 32,977 91 ee 91 Waterproofing and sealing ____ 2,402 63,389 65,791 18,589 59,752 78,341 Miscellaneous ____________ 187 _—-:18,766 18.800 5,510 103,795 110,668 OO ON 010 108,795 110,668 

Total _.______________ 567,704 2,454,179 3,021,883 574,229 2,607,462 3,181,691 ——— SE EE CRY 6001406 9,181,091 ooo 
Exports: 

Drilling mud _____~§________ _- 184,572 184,572 200 150,771 150,971 
Foundry sand ____________ 16,331 153,749 170,080 16,5388 — 168,683 185,221 
Pelletizing (iron ore) ________ _- 129,596 129,596 _— ‘203,501 203,501 
Other _________________ 13,068 1,182 14,250 184 24,919 25,103 re ONE IF 25,108 

Total _.-_-_____________ 29,399 469,099 498,498 16,922 547,874 564,796 ONO BTA 564,796 —eeeeeeoeeeeoeeeeeeeeeee 
Grand total _.__________ 597,103 2,923,278 3,520,381 591,151 3,155,886 = 3,7 46,487 Eee NOE 

W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous.” 
1Incomplete total; remainder included with total for each specific use. .
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Figure 2.—Bentonite sold or used by domestic producers for specified uses. _ 

| FULLER'S EARTH clay or claylike material, usually high in 
. | . — magnesia, which has adequate decolorizin: . 

Production of fuller’s earth in 1977 in- and purifying properties. 8 
creased 6% in quantity and 13% in value. Production £ th oe that includ. 
The unit value assigned by domestic pro- A r 1 10n rom wae Count ay includes 
ducers increased $2.42 in 1977 to $41.51 per ‘ttapulgus (Decatur County), Ga. and 
ton. This increase in value was due to large Quincy (Gadsden County), Fla., is composed 
increases in unit value by Florida, Georgia, Predominantly of the lath-shaped amphi- 
Illinois, Mississippi, and South Carolina bole clay mineral attapulgite. Most of the 
producers. fuller’s earth produced in other areas of the 

from operations in 10 States. The two top morillonite. | 
producing States, Georgia (40%) and Flori- Prices for fuller’s earth were not publicly 

da (30%), accounted for 70% of the domestic quoted in 1977, but the value per ton for 
production. The other eight States account- attapulgite reported by producers ranged 
ed for the remaining 30%. All States except from $25 to over $55; montmorillonite 
Illinois and Tennessee showed slight gains prices ranged from $24 to $46. 
in production. Missouri reported production The tonnage of fuller’s earth exported to 
for 1977 but not 1976. 35 countries increased in 1976 from 42,274 

Fuller’s earth is defined as a nonplastic to 45,135 tons. The unit value of exported
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fuller’s earth declined $2.68 to $61.80 per remaining 25%. 
ton. The major recipients were Canada, Imports of fuller’s earth in 1977 were 68 | 

27%; the Netherlands and the United King- tons valued at $5,684 from Canada and the 

dom, each 24%; and other countries, the United Kingdom. _ | 

| - ‘able 17.—Fuller’s earth sold or used by producers in the United States, by type and State : 
eee TS SLSR A 

y d State Attapulgite Montmorillonite Total 

caren Short tons Value Short tons Value Short tons Value “ 

| 1976 
Florida ___________-_- 412,832 $19,006,753 __ __ 412,882 $19,006,753 
Georgia _______-_-~--- 345,249 14,159,671 176,037 $3,755,858 521,286 17,915,529 

Nevada _______--~_--~-- Ww vf _— _— WwW WwW 

Utah _-~_______--~_--~- -_- -- 2,238 55,950 2,238 55,950 
Other States __________- 194140 11,184,481 2381,086 714,276,302 405,226 15,460,788 

Total _________ 782,221 34,350,905 559,361 18,088,110 1,341,582 52,489,015 
eee 

1977 
Florida ___..__------- 433,795 22,055,305 -- —_ 433,795 22,055,305 
Georgia __ ____-__----- 397,948 17,051,255 178,783 4,500,344 576,731 21,551,599 
Nevada ____~_~—-_-~_-~-~ WwW WwW -— _- ww. WwW 
Utah _________--_--_- oe _- Ww Ww Ww WwW 
Other States ________-_- 196,719 11,107,773 2391,081 714,579,287 417,800 15,687,010 

Total ________- 858,462 40,214,333 569,864 19,079,581 1,428,326 59,293,914 
a 
W Withheld to avoid disclosing company proprietary data; included with “Other States.” — 
1Includes Texas and data indicated by symbol W. 
2Includes Illinois, Mississippi, Missouri (1977), South Carolina, Tennessee, and data indicated by symbol W. 

Table 18.—Fuller’s earth sold or used by producers in the United States, by type and use 

. . (Short tons) . 
eg SS SS SSS 

1976 1977 | 

Use Atta- | Montmoril- Atta- | Montmoril- , 
pulgite lonite Total pulgite lonite Total 

Domestic: oO 
Adhesives _._§_____-~- ~~~ 3,278 -- 3,278 7,235 — 7,235 
Animal feed __________--_ 202 _. 202 251 oe 251 
Cement, portland ____—-_~~- Ww WwW 50,244 -- _— -- 
Drilling mud ____~_.--~--~~- 74,824 5,478 80,302 98,995 —_ 98,995 
Fertilizers ~_.____~_-.-_ 35,652 9,309 44,961 45,600 ~ 10,857 56,457 
Filtering, clarifying, and 

decolorizing mineral oils 
and greases _______~_-~~ 22,674 - 2,118 24,787 26,226 _— 26,226 

Medical, pharmaceutical, 
cosmetic ________-____ 51 __ 51 72 : __ : 72 

Oil and grease absorbents _ __ _ 210,222 120,954 391,176 271,745 168,352 440,097 
Paint ______.-__-_---~- 2,791 _- 2,791 7,656 _- 7,656 
Paper filling _.______-_-~- 150 -- 150 3,527 _— 3,527 
Pesticides and related 

products ____~___--~--_~- 154,180 50,839 205,019 187,885 57,295 195,180 
Pet absorbent _____.__~-~- 127,588 294,722 422,310 200,803 196,066 396,869 
Rubber ______~-~---~-- 5 __ 5 53 ~ 53 
Miscellaneous ____—~___~~ 26,510 44,978 121,244 14,300 62,468 76,768 

Total _________~-~--~- 718,127 528,393 1,246,520 814,348 495,038 1,309,386 

Exports: 
Drilling mud __________~- 457 _- 457 958 _- 958 
Fertilizers ~_____-_---~-- -- -- -- 3,135 _- 3,135 
Oil and grease absorbents — _ —_ 31,923 141 32,064 5,906 39,669 45,575 
Pet absorbent _____~_-~_-- 23,218 22,830 46,048 17,603 33,739 51,342 
Miscellaneous ___________ 8,496 7,997 16,493 16,512 1,418 17,930 

Total _..______-_-_-_ 64,094 30,968 95,062 44,114 14,826 118,940 

Grand total _______-_-~ _ 782,221 559,361 1,341,582 858,462 569,864 1,428,326 

W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous.” 
1Incomplete total; remainder included with total for each specific use. 
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chased thé manufacturing facilities of Lo- fication..of Humboldt Brick and Tile Co., 

well Brick Co., Everett, Wash., and will Humboldt, Kans. into clay flower pot ~ 
operate it aS Clayburn, Inc." The physical manufacturing. | 
assets of the Major Brick Co., Henderson, The output of the energy-intensive com- | 

| Tex., were bought by Henderson Clay Pro- mon clay and shale industry was hindered 
ducts Inc., also in Henderson, andthe Mer- again by shortages of fuel and _ labor. 
ry Conipanies Ine. expanded its Clay Divi- Construction rates increased in 1977. 
sion by acquiring Georgia-Carolina Brick Industrywide attention:-was focusing on 

a and Tile Co., Augusta, Ga., and Guignard coal, sawdust, and woodchip firing, in the ; 

Brick Works, Lexington, S.C. Plans for new Northwest .and Southeast, as a possible 
plants, were announced by the Acme Brick escape from the high cost and shortages of 
Co. for Oklahoma City, Okla., and by Entra- oilandgas. = | 
da Industries for its Interstate Brick Divi- Exports of common clay and shale are not _ 

. sion. ‘. . collected by the U.S. Department of Com- 
. Other expansions and/or modernizations merce. Most countries have local deposits of 

were announced for 12 of, Acme Brick’s 14 either clays or shales that are adequate for 
plants; Jannock Corp.’s brickmaking sub- manufacturing structural clay products, ce- 
sidiary, Michigan Brick, Inc., at Corunna, ment clinker, and lightweight aggregates, 
Mich.; the Palmetto Brick Co. plant in and thus have no need to import such 
Cheraw, S.C.; Wheeler Brick Co.’s first tun- materials. _ 

, nel kiln in Jonesboro, Ark.; and the diversi- | 

Table 19.—Common clay and shale sold or used by producers in the United States, by | 
: State! | 

Og ~ 1976 1977 
= - State CR 

; Short tons Value Short tons Value 

_ Alabama ______-__-________--- 1,781,341 $2,674,718 2,079,973 $5,566,910 
Arkansas _____________--__---- 998,033 1,235,755 908,413 1,192,165 
California _____________-___--_ 1,992,487 4,928,352 2,411,653 8,138,769 
Colorado ______________-____-_ 450,202 1,554,488 926,608 4,523,980 
Connecticut ____________--_---- 130,483 427,080 95,163 250,023 
Delaware ______________-____--_ 11,241 7,900 10,935 - 6,561 
Florida ~________-____--___-_-_ 242,638 632,326 119,411 257,682 
Georgia _______.--____---_---- - 2,015,540 4,305,011 1,993,185 4,807,275 

7 Mlinois ~-________-________--_ 1,258,136 2,889,933 913,837 4,790,446 
Indiana ______________--___-__ 1,262,642 2,287,649 1,266,323 2:216,201 
Towa. -______- 1,016,772 2,244,873 882,505 2,460,989 
Kansas ______________--___---_ 1,063,831 1,868,714 1,117,433 _ 1,965,100 
Kentucky __.___._-__-_-_----- 668,425 1,814,500 618,921 1,877,687 
Louigjana FUL e leek 512,572 1,158,137 401,378 784,976 
Maine ___________-____=_----- 133,617 216,060 98,081 - 160,427 
Maryland ~_______-___________ 702,361 1,816,949 892,859 2,343,614 
Massachusetts ____.______________ 125,934 237,706: 149,389 . 274,856 
Michigan _____-___-_---------- 1,934,334 4,741,192 2,007,391 5,125,835 
Minnesota ________-_---------- Ww '  oW 162,637 276,483 
Mississippi _____________-_-_~-- 1,113,723 2,109,552 1,142,869 2,451,899 
Missour® _____________________ 1,256,298 2,123,604 1,431,734 3,189,766 
Montana _________-____-__----_ - 31,660 45,971 28,231 85,713 
Nebraska _____________________ 149,275 344,683 160,571 367,533 
New Jersey ~.___--~—---~-~---- 50,000 250,000 52,024 260,120 
New Mexico _______--___-__--~_ 55,926 116,086 69,415 112,734 
New York _~-~-------~-------- 649,543 2,089,523 564,369 1,728,329 

~ North Carolina —~_--~--~~-----~--~- 2,750,011 4,677,254 3,022,055 - 4,989,585 
Ohio _______-__----__---__---- 3,587,644 9,373,707 2,841,822 6,818,346 
Oklahoma _____________-___--_ 1,154,656 1,678,247 1,015,891 1,686,862 
Oregon _____------~---------- 145,258 286,407 118,916 192,578 
Pennsylvania ——_-~-—--~------~---- 1,452,729 4,108,000 1,743,184 4,301,041 
Puerto Rico ________-----~----- Ww WwW 271,998 387,246 
South Carolina ____________-_-__ 1,631,062 3,457,856 1,447,827 3,526,214 
South Dakota _____________-____ 128,842 137,066 197,440 232,727 
Tennessee ____________~~___~_ 1,015,924 1,581,536 949,668 1,457,249 
Texas —~___-_____-~~--_--~----- 3,596,912 7,627,532 . 3,585,633 10,212,691 
Utah —_____-__ lili 197,340 "440,094 222,670 589,595 
Virginia. _______-_------------ 862,036 1,210,199 889,812 1,293,836 
Washington ~--_~---~~---~-~~--- 380,856 1,140,537 309,346 1,091,008 
West Virginia -____-_-_~-----~---- 275,138 463,583 389,041 599,333 
Wyoming _________-__---____-_ 201,440 500,460 203,871 606,343 
Other States? .._________-___--_ 647,770 1,025,138 230,559 757,408 

Total _.-___-_________-_ 37,579,632 79,828,378 37,945,031 93,958,135 

W Withheld to avoid disclosing company proprietary data; included with “Other States.” 
1Includes Puerto Rico. 

w 7Includes Arizona, Hawaii, Idaho, Nevada, New Hampshire, North Dakota, Wisconsin, and data indicated by symbol
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, CONSUMPTION AND USES . | 

| The manufacture of heavy clay products Refractories.—All types of clay were used 
(building brick, sewer pipe, and drain, roof- in manufacturing refractories. Fire clay, 
ing, structural, terra cotta, and other tile), kaolin, and bentonites accounted for 51%, 
portland cement and clinker, and light- 18%, and 16%, respectively, of the total — 
weight aggregate accounted for 39%, 19%, clays used for this purpose. Bentonite was 
and 12%, respectively, of the total domestic used primarily as a bonding agent in pro- 
consumption for 1977. In summary, 70% of prietary foundry formulations. Minor ton- 
all clay produced in 1977 was consumed in _nages of ball clay, fuller’s earth, and com- 

_ the manufacture of these clay- and shale- mon clay and shale (the remaining 15%) 
based construction materials. The foregoing were also used, primarily as bonding agents. 
clay tonnage relationships were similar to The tonnage used for refractories in 1977 
those reported for 1976. The utilization of increased to 10% of the total clays produc- 
clays in 1977 for heavy clay products and eq. This slight increase in the use of clay- : 
portland cement increased 16% and 5%, based refractories continued for a sixth 
respectively, over that reported in 1976. year, a reversal in the downward pattern — 
Heavy Clay Products.—The values re- set for a number of years. The increase was 

ported for shipments of heavy clay products que primarily to both the continued expan- for 1977 increased 27% to $994 million from sion in refractory aggregate production and 
__ the 1976 value of $784 million. Trendsinthe ,, upsurge in the manufacturing of more 

various product categories were less consist- conventional brick-type refractories. Re- 
ent. Thousand-unit counts for building or factory aggregates are used mostly in plas- | common face brick increased 16% in 1977 tic, gunning, ramming, and castable mixes 

| from that shipped in 1976, shipments of Filler ~All clays are used to some extent glazed and unglazed ceramic tile and glazed as fill ers in on y or r f 
brick increased 2%, and clay floor and wall Kaolin, fuller’s earth nd be ‘tonite ° ‘the : 

tile increased 12%. The tonnage of unglazed principal filler clays Kaolin was used in the structural tile decreased 30%, and vitrified " | clay sewer pipe and fittings shipped during manufacture of a aree number a products, 

the year increased 4%. The value of these Puller’s rr eth vas Ue primarily in eesti 
| shipments increased 32% for building brick ~*~. qe . a i 

and clay and 25% for “toon and wail tile. cides and fertilizers. Clay 5 in pe sticides and 
The value increased 14% for clay sewer pipe fertilizers are used either as carriers, dil- 
and remained the same for the structural Used rneday in ani oer Bentonites were 
tiles. ’ Lightweight Aggregate.—Consumption of __ In 1977, 8% of the clay produced was used 
clay and shale in the making of lightweight 2 filler applications. Of all the clay used for 
aggregate increased in 1977 to 6,256,195 these purposes, kaolin accounted for 88%, 
tons. This was a 1% increase from the 6.18. fuller’s earth 7%, and bentonite 5%. Ball 
million tons used in 1976. This small rise onay and common clay and shale accounted 
was attributed to both an upturn in con- for the remaining 5%. The total amount of 
struction rates and growing uses in newer kaolin consumed by this end use category 
markets, such as running tracks, golf increased 11%. In the individual kaolin 

| courses, potting, and a host of other horti- categories, an increase of over 100% was 
cultural applications. recorded for linoleum. Other increases were - 

The tonnage of raw material mentioned gypsum products (86%), fertilizers (17%), 
in tables 20 and 23 for lightweight aggre- paper coating (14%), plastics (13%), adhe- 
gate production refers only to clay and  sives (11%), and rubber (8%). Total quantity shale and does not include the quantity of of fuller’s earth used in insecticides and 
slate and blast furnace slag similarly used. fungicides decreased 5%. 
In 1977, 491,603 tons of slate was expanded Absorbent Uses.—Absorbent uses for 
for lightweight aggregate, a 6% decrease clays, 960,623 tons, consumed 2% of the 
from the 1976 figure of 523,000 tons. The total 1977 clay production. Demand for 
amount of slag used for lightweight con- absorbents in 1977 increased 3% over that 
crete aggregate and in block manufac- reported for 1976. Fuller’s earth was the 
ture decreased 1% from 1,492,000 tons in principal clay used in absorbent applica- 
1976 to 1,475,345 tons in 1977. tions; 87% of the entire output was consum-
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| ed for this purpose. Bentonite was used toa order of demand, were used in manufac- 
lesser degree. Demand for clays in pet turing floor, wall, and quarry tile. This tile 
absorbent, representing 51% of the 1977 end use category accounted for less than 1% 
absorbent demand, decreased 7% from that of the total clay production in 1977. De- | 

- reported for 1976. Demand for use in floor mand in 1977, 395,042 tons, increased 4% 

absorbents, chiefly to absorb hazardous oily from that shown in 1976. 
| substances, represented the remaining 49% Pelletizing Iron Ore.—Bentonite is used 

. of absorbent demand and increased 14% asa binder in forming hard iron ore pellets. 
from the 1976 figure. Demand decreased in 1977 to 629,353 tons. 

Drilling Mud.—Demand for clays in This decrease in the use of bentonite for 
rotary-drilling muds increased 10% in 1977, iron ore pelletizing, reflecting a downturn 
from 1,055,113 tons in 1976 to 1,159,601 in taconite pellet production because of the 

tons. This increase in demand, mostly in iron ore strike, was compounded by inroads 
exploratory gas well drilling and toa lesser made by cheaper foreign bentonites into a 
degree in oil well drilling, was spurred by traditional U.S. clay market and the coal 
the deregulation of “new” gas introduced strike at yearend. Of the total bentonite 

_ into the interstate market after April 6, produced in 1977, about 22% of the swelling 
1972. Drilling muds consumed 2% of the variety was consumed for this purpose. U.S. 
entire 1977 clay production. Swelling-type deposits continued to be the major source 
bentonite is the principal clay used in dril- for swelling bentonites. = 

| ling mud mixes, although fuller’s earth or Ceramics.—The total demand for clays in 
nonswelling bentonite is also used to a the manufacture of pottery, sanitary ware, 
limited extent. Bentonite and fuller’s earth china and dinnerware, and related products 
accounted for nearly 100% of the total (excluding clay flower pots) accounted for 
amount of clay used for this purpose. Small 2% of the total 1977 clay output. The total 
amounts of ball clay and kaolin were used clay demand, principally ball and kao- 
in specialized formulations. lin clays, increased from approximately 

__ Floor and Wall Tile.—Common clay and 1,052,343 tons in 1976 to approximately 
shale, ball clay, kaolin, and fire clay, in 1,146,747 tons in 1977.
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Table 21.—Shipments of principal structural clay products in the United States 
eee 

Products 1973 1974 1975 1976 1977 . 
A 

Unglazed common and face brick: OO 
Quantity ~-----_~ ~~~ million standard brick__ 8,674 6,673 5,854 6,973 8,060 

alue _._______.__________ million dollars__ $451 $376 $358 $461 $607 
Unglazed structural tile: . 

Quantity —--~-------~—... thousand short tons__ 94 100 88 71 50 
alue ____________________ _wmnillion dollars__ $4 $4 — $4 $3 $3 

Vitrified clay and sewer pipe fittings: 
Quantity —~-~-—-~.~_——_.~ thousand short tons__ 1,647 1,454 1,190 1,099 1,140 
alue __-___________________mnillion dollars__ $138 $134 $124 $123 $140 

Unglazed, salt-glazed, and ceramic-glazed structural . 
facing tile, including glazed brick: : . 

Quantity —------~-~~~-~~~_~— million equivalent__ - 122 97 79 62 63 
alue ____________________ million dollars. _ $13 $13 $11 $10 $11 

Clay floor and wall tile, including quarry tile: 
Quantity -~---—--_-~-_— ~~ million square feet__. 301 273 236 259 291 

alue ____________________- million dollars. _ $168 $168 $159 $186 $233 

Total value’ _______.______________do____ $773 $695 $656 $784 $994 —_——_— eee 

1Data may not add to totals shown because of independent rounding. 

Table 22.—Common clay and shale used in building brick production in the United States 
in 1977, by State 

—_—_— eee 
State Short tons Value _ State Short tons Value —_— Oe 

Alabama _____________ 834,120 $1,268,615 Mississippi ____________ 830,263 $1,812,334 
Arizona, Hawaii, New Mexico 120,106 210,932 Missouri _____________ 222,174 613,129 " Arkansas ___- ~§§ _-§____ 510,381 703,344. Nebraska and North Dakota _ 159,302 310,457 | California ~_._________ 541,041 1,280,980 NewJersey____________ 50,000 250,000 Colorado _____________ 899,518 4,422,689 New York_____________ 208,998 513,701 | Connecticut _..________ 95,163 249,942 NorthCarolina _________ 2,422,364 3,923,556 | Delaware _____________ 10,935 6,561 Ohio __ ~~ 1,442,046 . 3,632,812 Florida _-_.-_-___§_____ 48 74 Oklahoma ____________ 432,412 768,286 Georgia ____._________ 1,707,856 4,305,270 Oregon ______________ 42,360 60,467 Idaho, Montana, Utah _____ 112,552 338,288 Pennsylvania __________ 1,206,790 3,037,607 Illinois ~_-_-_._________ 350,008 1,121,122 SouthCarolina__________ 1,037,727 2,502,595 Indiana and Iowa ____._____ 751,022 1,321,526 South Dakota _________ _ 16,760 19,641 Kansas ______________ 303,289 607,529 Tennessee _____.______ 543,704 795,957 Kentucky __-_________ 187,384 271,004 Texas _--___~___ 1,747,518 6,078,636 Louisiana ~___________ 187,373 303,383 Virginia._..__________ 782,004 1,136,654 Maryland and West Virginia _ 456,615 1,251,803 Washington __________ 169,390 488,500 Maine, Massachusetts, Wyoming _____________ 62,676 288,508 
New Hampehire ~- eee 165,663 360,544 

Michigan, Minnesota, . Total _..__...______ 18,766,879 45,153,186 
Wisconsin ___________ 157,317 896,740 

_— eee 

Table 23.—Clay and shale used in lightweight aggregate production in the United States 
. in 1977, by State and kind 

eee 
Short tons Total 

State Concrete Structural Highwa . y 7 block concrete surfacing Other Total value eee 

Alabama and Arkansas __________ 990,468 145,588 5,851 17,525 1,159,482 $8,819,967 California _-_______-.-__-____ 362,096 228,012 _- ~~ 590,108 3,513,830 Colorado, Florida, Georgia _._______ 30,600 20,400 —_ 351 51,351 86,700 {ilinois, Indiana, lowa ____________ 472,252 128,400 1,900 _- 602,552 4,088,516 Kansas, Kentucky, Louisiana ______ _ 404,390 103,614 13,845 23,287 605,136 1,230,649 Maryland, Massachusetts, Minnesota _ _ _ 664,243 12,970 __ 35,955 713,168 1,524,958 Mississippi ___________________ 116,200 26,700 166,100 _. 309,000 "632,000 Missouri, Nebraska, North Carolina ___ 311,986 123,200 __ 45,028 480,214 1,479,462 Montana _______________-___-_ 7,000 _— __ __ 7,000 11,200 New York ___-_______._______ 144,600 67,400 __ 2,500 214,500 992,200 North Dakota, Ohio, Pennsylvania ____ 191,728 15,500 __ 200 207,428 540,431 Oklahoma ___________________ 140,883 80,424 __ __ 221,307 376,222 South Dakota, Utah, Washington _____ 135,972 60,763 __ -_ 196,735 386,305 Tennessee __-_________________ 205,728 3,000 __ __ 208,728 434,959 : Texas _~_--____----_ ie 271,067 150,238 159,881 «2,672 «583,808 ~—‘1, 189,003 Virginia -_-_________________ 99,040 1,855 -- 4,833 105,728 154,362 . . 
eerie en ee, 

Total --_._-.________. 4,548,253 —- 1,168,064 407,527 182,851 6,256,195 20,460,759 —_ eee Eee ee tS
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| Table 24.—Shipments of refractories in the United States, by kind © 

Unit of 1976 1977 Product hit 0 Quan an tit Quan- Value Quan- Value wanny tity (thousands) tity (thousands) 
e
H
 (thousands) 

CLAY REFRACTORIES 
. Superduty fire clay brick and shapes _____ 1,000 inch 57,053 $36,342 54,259 $38,863 equivalent Other fire clay, including semisilica, ----do___ 184,879 - 74,306 182,759 ~ 77,188 brick and shapes, glasshouse pots, 

tank blocks, feeder parts, and upper 
structure parts only for glass 

. High-alumina (50% to 60% AleOs) brick _~_~-do ___ 63,337 78,588 68,002 90,168 _ and shapes made of calcined dia- 
spore or bauxite.! 

Insulating firebrick and shapes ________ ~__-do___ 51,787 27,189 59,792 33,046 | Ladlebrick..._.______.__ ----do___ 197,075 43,668 195,893 46,793 Sleeves, nozzles, runner brick, tuyeres ___ _ ____do___ 36,209 21,837 35,690 21,704 Hot-top refractories _._____________ Short tons _ 22,940 2,645 22,865 3,144 Kiln furniture, radiant heater ele- ~——~do___ NA 15,659 NA 17,406 ments, potters’ supplies, other 
miscellaneous-shaped refractory 
items. 

. Refractory bonding mortars __________ ~~. do ___ 88,645 17,425 98,900 20,225 . Plastic refractories and ramming --~-do___ 238,917 47,632 — 148,845 24,457 mixes containing up to 87.5% 
AlszOs.? 

Castable refractories__________ | ~-~-do___ 267,699 57,708 279,680 63,876 Gunning mixes _____________ ~~ do ___ 57,865 10,159 64,597 12,787 Other clay refractory materials sold —~._-do___ 282,867 15,313 310,507 15,785 in lump or ground form.® 4 . 

NN . Total clay refractories meee XX 448,471 XX 465,442 8 ——_——— —  owrwO00708 O —S_ 
NONCLAY REFRACTORIES — . Silica brick andshapes _______ | 1,000 9-inch 38,669 35,721 29,126 28,254 . 

equivalent Magnesite and magnesite-chrome ~~ _do___ 85,106 187,135 89,248 212,611 brick and shapes. 
Chrome and chrome-magnesite brick —~--do___ 13,428 29,455 - 11,402 30,345 and s . 
Shaped refractories containing nat- Short tons _ 19,852 24,236 20,449 26,835 al graphite. 
Other carbon refractories: Forsterite, 1,000 9-inch 28,582 84,159 29,823 107,117 pyrophyllite, dolomite, dolomite-mag- equivalent . 

nesite, molten-cast,* other brick 
and shapes. 

Other mullite, kyanite, sillimanite, or __—do___ 3,716 12,356 3,519 12,815 andalusite brick and shapes. 
Other extra-high-alumina (over 60%) _~—do___ 4,205 23,797 6,622 - 26,548 brick and fused bauxite, fused-alu- 

mina, and dense-sintered alumina os shapes.® 
Silicon carbide brick, shapes, and _~~~-do___ 4,639 27,975 3,833 27,906 kiln furniture. 
Zircon and zirconia brick and shapes _____ _——.do___ 1,828 13,287 1,559 11,522 Refractory bonding mortar_______ Short tons _ 26,994 8,551 30,600 11,511 Hydraulicsetting nonclay refractory ~_-do___ 45,869 19,836 37,659 17,737 es. 

Plastic refractories and ramming mixes ___ ----do___ 172,510 50,085 172,739 56,802 Gunning mixes — eee ----do___ $25,160 62,237 376,619 13,845 Dead-burned magnesia or magnesite®>7 ___ 2 ____ -do___ 526,542 78,137 412,719 71,384 Other nonclay refractory material ----do___ 491,326 25,661 499,727 33,984 sold in lump or ground form.® 
——eeeeeseseSFsa—se Total nonclay refractories ~- eee ee LLL XX 682,628 XX 749,211 —_—_—— 7211 . 

ee Grand total refractories -- eee Xx 1,131,099 XxX 1,214,658 
NA Not available XX Not applicable. | eated short of fusion; volatile materials are thus driven off in the presence of chemical » Zivi 1 

material fore ry une, P emical changes, giving more stable 
2More or less plastic brick and materials which, after the addition of any water needed, are rammed into place. SMaterials for domestic use as finished refractories, and all exported material. “Including calcined clay, ground brick, and siliceous and other gunning mixes. Molten cast refractories are made by fusing refractory oxides and pouring the molten material into molds to form finish pes. 

, ®Completely melted and cooled, then crushed and graded for use in a refractory. "Includes shipments to refractory producers for reprocessing in the manufacture of other refractories.
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: | , Table 26.—U.S. imports for consumption of clay in 1977 

. 
Quantity Value . ° Kind (short (thou- 

tons) sands) 

China clay or kaolin, whether or not beneficiated: 
Canada _____ 740 $55 Germany, Federal Republicof _.._.._._______________._._. 3 2 - Japan 3 a 1 Netherlands ___________._______-_ 232 13 United Kingdom ~___________ 18,684 804 

Total? 19,663 875 . Fuller’s earth, not beneficiated: United Kingdom_____________ ---------- 22 2 

Fuller’s earth, wholly or ly beneficiated: ; : Canada ey enehiciated . 45 3 United Kingdom _______________ 1 (4) 

Oo Total. _--_______ es 46 3 
Bentonite: | | | Brazil -_-______---____---__ ~~ 11 (3) Canada _~__— $= 36 11 Germany, Fedeyal Republicof _...._._...______________.________ 88 se 8 

Total? ~--------------------------- +--+ 28 - ee 136 19 
Common blue and other ball clay, 

not beneficiated: | 
Canada ___- = = 551 51 | United Kingdom ________________ 5,634 225 

—  Total-_-_- 6,185. 276 Common blue and other ball clay, wholly or partly beneficiated: . United Kingdom ___.___- = 5,153 156 : 
Clays, n.e.c., not beneficiated: . . 
Germany, Federal Republic of mew 3 1 Italy____ = 1 2 United Kingdom ______________ 2 (4) 

- Total? | 7 4 
Clays, n.e.c., wholly or partly beneficiated: — . . 

Belgium Luxembourg ~----- + 44 6 | Canada ___________- 321 13 Germany, Federal Republic of ~---- 265 51 in 2222222222227 a 
United Kingdom -—-------- 1,752 167 

. _ Total? _~_____ 2,409 239 
Clays artificially activated with acid: | | anada —____- == 903 73 France ________--_.-___- ) 1 | Germany, Federal Republicof __.______.._____________.... 57 39 Japan —______ 

251 98 Mexico ~—- ~~ --- + 1,164. 129 United Kingdom -~------- + ee el 2 3 | a 
Total? ~------- ~~ 2,378 - 343 ES ——_—_—_—_—_—_—___—_— Grand total -----____-_- ee 35,999 1,917 

1Less than 1/2 unit. 
2Data may not add to totals shown because of independent rounding. 

WORLD REVIEW 

Argentina.—The Instituto Tecnologico de __ tralian Kaolin Co. Pty., Ltd., and Consoli- Mineria y Aquas Subterraneas reported the dated Goldfields of Australia, is near the discovery of kaolin deposits at Los Alamos.2_ Gabbin kaolin deposit. | . The kaolin reserves and quality were not Brazil.—A second paper-grade kaolin pro- included in the announcement. ject using J. M. Huber Corp. technology was Australia.—A semicommercial pilot plant announced."* The first project at Morro do for recovering paper-quality kaolin was Felipe in the Territory of Amapa in north- scheduled to be operational in 19781: The ern Brazil, operated by Caulim Da Amazon- new plant, owned equally by Western Aus- ia (a subsidiary of National Bulk Carriers
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and a member of The Ludwig Group), isnow State.?! The area is also rich in sillimanite 

producing normally and is expected to be and glass sands. The Industrial Promo- 

approaching its design capacity of over tion and Investment Corp. of Orissa Ltd. 

200,000 short tons per year. The second (IPICOL), with an eye towards an unnamed | 

project, also in the north, is near the Capim potential export market, was attempting to — 

River, some 170 miles up the Amazon from induce the private sector to construct a 

Bélem, the capital of Para State. This pro- central washing plant for improving the 

ject, operated by Caulim Da Para, a joint recovery and quality of local kaolins.?2 Re- 

| venture between Huber and Construtora serves in Orissa State were estimated at 35 

Mendes Junior, was to have a capacity of million metric tons (38 million short tons), 

280,000 tons per year, of which 200,000 tons . and the fire clay reserves at 62 million 

is coating quality and the remainder is filler metric tons (68 million short tons). | 

grade. Because of a limited domestic mar- Japan.—A wholly owned subsidiary of 

ket, the bulk of this production is targeted ITC Enterprises Ltd., Baltimore, Md., ITC- 

for export to Japan and Europe. - Japan Ltd., has taken over Fuji Kaolin Co., 

Canada.—A 60,000-short-ton-per-year Litd.,* a competing supplier of paper-grade 

bentonite-processing plant is to be built by kaolins. ITC, one of the largest exporters of 

Avonlea Mineral Industries Ltd., of Wilcox, U.S. paper-quality kaolins, was also the 

Saskatchewan.'* A portion of the $1.4 mil- Japanese representative for Georgia Kaolin 

lion required for the planned construction Co. and the ECC USS. subsidiary, Anglo- 

was to be supplied by the Government. _American Clays Corp. 

: Chad.—The economic reserves of undis- Nigeria.—High-quality kaolin deposits in _ 

closed-quality kaolin were announced as commercial quantities were discovered in 

500,000 tons by the Director of Mines and Kaduna State by the Nigerian Mining Corp. 

| Geology. in conjunction with the Federal Institute of 

France.—The new chamotte facility, to Industrial Research of Oshodi, Japan. 

, produce refractory calcined kaolin and/or _ Pakistan.—The Azad Kashmir State Gov- 

kaolin-bauxite mixtures, at Oriolles was ernment approved ‘a 5-million-rupee ex- 

reported to be fully operational at mid- penditure on mineral surveys and explora- 

year.” The new plant is operated by tion in two districts of Poonch and Katli.* | 

SARCA, a joint subsidiary of the French The areas are believed to contain clays and 

MOKTA group and the Italian SIRMA bauxite. 

group. In a kaolin transaction, the Berrien South Africa, Republic of.—The Otavi : 

deposit in Brittany was acquired by ECC in Mining Co. was awarded a contract to 

: association with some of the existing area supply a wide range of refractory materials, 

producers.** A subsidiary company, Kaolins including clays and chamottes, to Japan.”* 

du Finistere S.A., was formed to operate the Sudan.—The Government of the South- 

deposit and recover a high-quality ceramic- ern Region retained Hunting Geology and 

grade kaolin. The deposit was operated Geophysics Ltd. of the United Kingdom to 

formerly by a group which included Engel- undertake mineral surveys of 30,000 square 

hard Minerals and Chemicals Corp. and kilometers (18,642 square miles) of the 

marketed mostly a paper-quality clay. region.?” This survey follows up an earlier 

Guyana.—Laboratory tests of cores, on reconnaissance. Kaolin and other clays 

unknown centers, from several kaolin de- were of primary interest in order to permit : 

posits have reportedly proved out “many local industrial development. 

millions of tons” of top-quality paper grades United Kingdom.—The English China 

beneath the bauxite deposits.° Plans Clays Group changed the name of its mar- 

included converting the mined-out bauxite keting arm from English China Clay Sales 

areas into potential kaolin mines. to ECC International.* In another move 

Italy.—The Italian bentonite producer, ECC set up its own sales unit in Helsinki, 

S.A. Mineraria Isole Pontine (SAMIP), Finland-ECC International Oy. This was to 

forced to cease mining on the holiday island permit a closer working relationship with 

of Ponza, was actively investigating anum-__ the Finnish paper industry. 

ber of bentonite and other smectitic clay Permission was granted to ECC Ball 

deposits in Italy.2° The investigation was Clays, after an appeal, by the Dorset County 

particularly centered in the Nuoro region of Council to mine on the Arne Peninsula of 

Sardinia. Dorset.?? The appeal was granted subject to 

India.—An extensive kaolin deposit of the company meeting stringent environ- 

unreported quality was discovered in Assam mental conditions on the methods of work-
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Table 27.—Kaolin: World production, by country 

(Thousand short tons) 

i 

Country? 1975 1976 1977" 
hk 

North America: ‘ 

- Mexico ______________---~---------~~+-------- 133 79 97 

United States? __________.-_-.--------~------- 5,334 6,115 6,469 

South America: 
Argentina ______-_----~-------------------- 104 92 98 

Brazil (beneficiated) _________------------------ 191 231 €230 

Chile _______________ + - 66 74 55 

Colombia® _.__..._-------------------------- 138 165 165 

Ecuador ________-_____-------------+------- 3 °3 2 

Paraguay ____-____~---~---~---~-------------- 13 15 24 

Peru ____________--~_-~+~----+-+-+-+-~-+-~--~------ °6 10 | 12 

Venezuela ______________~-~--~--------------) 17 11 “11 

Europe: 
Austria (marketable) __ _______-__------~-~--------- 83 719 82 

Belgium® ___._-___------_--------------+----- 110 110 220 

Bulgaria® __________-__----~----------------- 165 165 165 

Czechoslovakia _.___.~—-_------~-------------- 580 601 "610 

Denmark® _______________-~_---------+--+--+--- 20 20 22 

France® ?____ § $5 > 5 eee + - F830 830 850 

Germany, Federal Republic of (marketable) __—.-~-----~-- 462 487 *500 . 

. Greece _______________-_---~---+--+~-+-+-+-+---- 80 78 12 

Hungary _____-~__-------~-~--------~---------- a 79 °77 
' Italy: : 

Crude _______~____-~_-~~~-+-=-----+-~-+------- 86 90 90 

Kaolinitic earth _____._____----_----~----+--- 31 29 23 

Poland _____________~~-~---------+--------- 92 105 £100 

Portugal ____.____-_-------~--~-------------- 57 «66 60 

- Romania® _________-_._-------------------- 96 100 ~ 100 

Spain (marketable)* __________------~-~--------- 229 228 ©2380 . 

USS.R® ____ ee + 2,400 2,400 2,500 

. United Kingdom —~_________------------------- ° 3,549 4,241 ©4,245 

Africa: 
Algeria __. _______---------~-----~---~------- 12: 9° 13 

Angola _________--~-~--~--~--~-----~---------- ) __ 1 

Burundi —__________~_-_-_-—_--~+---~--+-~~+--~+---- __ 3. eg 

Egypt _______-_--------------------------- 37 31 54 

Ethiopia (including Eritrea) ____._—_~--~--------~+--- 55 50 °45 | 

Kenya _~_____-_--------~---~---------------- -- _- 1 

Madagascar ___________---~---~------~--------- 5 28 Ct 2 

Mozambique® __________--_-------------~------ os | 1 1 

Nigeria® ________-------------------------- 1 1 1 

. South Africa, Republic of ....____-_~----~---—------ 63 66 98 

Swaziland _________~____-~-L-—-------~--+-+-+---- 3 1 __ 

Tanzania ______________~-~~~~------~-~~------ 1 . e] - €F 

Asia: 
Bangladesh ___________-_-~~----~------------+- 4 2 ey 

Hong Kong _ ______--_~--~--------------------- 2 1 3 

India: 
Salable _______-_-_--~--~-—---------~-----+- 259 328 ©240 

Processed _____-_-_--~------------------ 107 114 98 
Indonesia __ _______.._-___---~-~--_--~--+--+-~--- 28 CO; 32 40 

Tran _. ~~ _-+-_-~-+--~-----------------+--- *110 ©140 ~ °145 

Israel _--_ 5 5 ee 13 1l 6 

Japan ________~___-~-----~--~-~---~----------- 227 249 250 

Korea, Republic of ____._____--------------~---- ¥42\ 418 393 

Malaysia __________-__----~---------------- 19 29 35 
Pakistan __________-_---------~-~-~---------- F (5) 1 (5) 
SriLanka _________-___-_~~-~~--~---~--~-~-+---- 4 5 es 
Taiwan®® ______§__ eee 23 23 23 
Thailand __________~__~-~-_~---~---~--~-~-+~--- 17 18 27 

Turkey ___________-_-----~-~-------------- 38 72 €g0 
Oceania: 

Australia ___.___.__--_-----------~----~----- 89 r egg £99 

New Zealand ___.___-__-_-_------------------- 30 €30 eon 

Total ____._-_.----------------------- "16,542 18,247 18,795 
NS 

*Estimate. Preliminary. ‘Revised. . 
. In addition to the countries listed, the People’s Republic of China, the German Democratic Republic, Lebanon, 

Nigeria, Vietnam, Southern Rhodesia and Yugoslavia also produced kaolin, but information is inadequate to make 
. rehable estimates of output levels. Costa Rica, temala, and Morocco each produced less than 500 tons in each of the 

years covered by this table. 
2Kaolin sold or used by producers. 
SIncludes kaolinitic clay. 
‘Excludes unwashed kaolin as follows, in thousand short tons: 1975—187; 1976—150 (estimated); 1977—Not available. 
5Less than 1/2 unit. 
*Data given are for ceramic and pottery clays.
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: _ Table 28.—Bentonite: World production, by country 

(Short tons) 
a 

Country’ 1975 1976 1977" ene 

North America: 
Guatemala _________________-_ ee “10 “10 _- 
Mexico ___________~____ ee 35,833 61,270 65,223 
United States ____________ ~~~ LLL 3,229,267 3,520,381 3,746,487 

South America: 
Argentina _-_-_________~_~~ 127,870 145,850 160,318 
Brazil ___-_._____-----_--~- Le 128,733 =: 157,871 ©165,000 
Colombia® _-________-__-_-__--_- ~~~ ee 1,100 1100  —— 1,100 
Peru_____-__-_-__=- ~~~ Le 28,000 43,591. - 45,795 

. Europe: 
France® ____ 5-5 5 5 5 ee ee 22,000 22,000 24,000 
Greece ___________-_~_ 476,165 345,538 462,363 
Hungary _-_______________~2_ Le 96,890 134,590 ©143,300 
Italy___-----_______ 308,691 258,648 309,011 
Poland®______ ~~ ee 55,000 55,000 55,000 

. Romania® __-________ 69,200 70,000 70,000 . 
Spain ____-___-___----~- 83,060 119,213 ©120,000 

Africa: (be: e 39,000 43,000 27,000 eria (bentonite clay)” ~__.__-__________ ~~~ ________e , 000° : 
Men nr 3,363 4,430 5,299 
Mozambique ___________-__-___- 1,988 2,588 "4,000 

Agee ath Africa, Republic of He 41,391 43,654 41,029 | 
Asia: . —_ 

Burma _-__________-__-_~ 1,008 - 1,053 1,075 
Cyprus (bentonite clay)? _-______-____________________ 12,690 3,123 14,558 
Tran __- ~~ eee 55,000 = °55,000 55,000 
Israel (metabentonite) _________-.§_-__-_-._-.__~_________ 3,300 16,500 8,800 

| Japan ______-_--__~ 444,965 “440,000 ©440,000 
Pakistan _.________-___---_~__ Le PT44 823 “720 

. Philippines __________ ~~ LL 729 2,334 2,512 
Turkey __-_-___________--~__ Le 35,997 23,287 28,000 

Oceania: 
Australias _-_ = 2 ee ¥3,698 £3,300 3,300 

. _. New Zealand (processed) _-._-§-§ $e 45,783 1,149 1,100 

Total -__-___---------~-~~------------------ | *5,311,465 5,575,248 5,999,990 
a 

1In addition to the countries listed, Austria, Canada, the People’s Republic of China, the Federal Republic of Germany, 
and the U.S.S.R. are believed to have produced bentonite, but output is not reported and available information is 
inadequate to make reliable estimates of output levels. / 

2Exports. 
| ‘Including bentonite clay. 

| “Includes unprocessed bentonite. a 

| Table 29.—Fuller’s earth: World production, by country! 
(Short tons) , 

—_— eee 

Country” 1975 1976 1977" 
LC 

Algeria ______--_-__~~-__-_-_~-__ 24,250 £24 300 £27,600 
Argentina _-_________________ 260 3,454 3,406 Australia ___-_____-__ ~~~ 20 €99 e990 
Italy --_-_-__-_-_~__-___ ee 77,700 27,402 6,993 Mexico ____-___-_____-____~_____ 42,105 22,165 67,648 Morocco (smectite) __-___-_____~-.____ Le 26,147 40,530 23,176 
Pakistan —--~~---~------~ ~~~ ee 18,382 17,637 ©16,500 
Penegal (attapulgite) wee eee LLL 18,407 5,100 3,089 United Kingdom _______________ 180,779 179,677 178,574 United States ______________~_ ee 1,189,064 1,341,582 1,428,326 EE OS OLD 

Total _____-_-------- ~~~ -_-_~--- ee ie 71,572,114 1,661,869 1,755,834 
TT 

“Estimate. Preliminary. ‘Revised. " 
1Excludes centrally planned economy countries, some of which presumably produce fuller’s earth, but for which no information is available. 
In addition to the countries listed, France, Iran, Japan, and Turkey have reportedly produced fuller’s earth in the past and may continue to do so, but output is not reported, and available information is inadequate to make reliable estimates of output levels. 

ing and restoration. The original ruling was ture of its products, in particular wall and 
overturned in part because the whiteware floor tiles, depends on continuing supplies 
ceramic industry was deemed important to of Dorset whiteware ball clay. 
the national economy, and the manufac-
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| | TECHNOLOGY 

The Federal Bureau of Mines and six study comparing six nonbauxitic alumina 

| aluminum producers (three fewer than in processes with the objective of selecting the 
1976) continued cosponsoring research on two most promising candidate processes for 

extracting alumina from domestic mate- further study.*? The comparisons covered 
rials that are plentiful, which could ease both technical and economic aspects of alu- 
our dependence on imported metallurgical- mina process plants of commercial size in 
and refractory-grade bauxite. Using mini- the United States. The processes considered | 

plant facilities at the Boulder City (Nev.) were hydrochloric acid-clay (evaporative — 
Metallurgy Engineering Laboratory, and and gas-induced crystallization), nitric acid- 
with support from the eight other Bureau clay, sulfurous acid-clay, anorthosite-lime 
research centers, researchers were investi- sinter, and alunite. This was the first 

gating several methods for extracting alu- study of a three-part program. The clay- 
mina from clays, anorthosite, alunite, and hydrochloric acid (gas-sparging crystalliza- 
dawsonite-bearing oil shales. Each partici- tion) and clay-nitric acid processes were 
pating company was contributing $50,000 selected by the Bureau of Mines for more | 
annually, with the cost to the Bureau aver- detailed evaluation. Some factors affect- 

aging $700,000 annually. : ing the chlorination of kaolin were dis- | 
| The clay-nitric acid miniplant, the first cussed.** | 

acid process studied, using calcined kaolin In other clay work, the Bureau continued 
was successfully completed. The miniplant to aid State geological surveys and other _ 
study showed that with four stages of count- Federal agencies in delineating undevel- 
ercurrent decantation (CCD), over 90% of oped deposits of ceramic raw materials by 
the alumina was recoverable. A patent was clay testing and evaluation, and by devising | 
granted describing a solvent extraction pro- flowsheets to upgrade marginal materials. 
cess for removing iron from a concentrated Also included within the scope of this pro- 
aqueous solution, containing about 50 to gram was research to develop wear- and 
56.8 weight-percent of the nitrate.*°Current polish-resistant aggregates from materials 
work was being devoted to the design, such as expanded clays, shales, and slates. 
construction, and operation of a kaolin clay- This test program for clay and ceramic raw 
hydrochloric acid miniplant. This miniplant materials was described in a Bureau 
has already been operated for several con- publication.* 
tinuous campaigns of the leaching, solvent The outlook for an integrated aluminum- 
extraction, and solids-liquid separation from-kaolin industry in the Southeast, 
sections, mainly to optimize alumina recov- principally from Georgia kaolins was 
ery from the leach solutions. Preliminary discussed.** Another method of producing 
data show that recovering over 95% of the aluminum from clays was patented during 
acid-soluble alumina during leaching is pos- the year.** In this process the aluminiferous 
sible with a CCD circuit. clay, either kaolin or bauxite, is mixed with 

Emphasis was also given during the year byproduct kaolin-containing sludge~ from 
to the gas-sparging crystallization step in papermaking and then calcined to both 
order to optimize recovery of the AIlCl;.6H20 carbonize the cellulose fraction and dehy- 
crystals in a suitable size range for subse- drate the clay. The solids are separated by 
quent thermal decomposition in a fluidized filtration and chlorinated, and the chloride 
bed to alumina. To date, specially built is eventually converted to aluminum metal. 
rubber-lined equipment has been operated A two-part treatise covered the industrial 
successfully in the crystallizer. Miniplant minerals of Japan. The first part dealt with 
problems, investigated at the other centers the production, reserves, imports, and geo- 
in support, were in the areas of determin- logical distribution of the industrial mine- 
ing the best materials for construction rals by Prefectures, along with a special 
(emphasizing corrosion), fluidized-bed de- section on raw materials that could be 
composition of the hexahydrate, testson the logically grouped as ceramics and/or 
sulfurous acid leaching of clays, lime sinter _refractories.s’7 Of particular interest in this 
processing of anorthosites, reduction roast- section was a description of the unique 
ing of alunite, and disposal of processing Japanese clay nomenclature and classifica- 
wastes. In addition, three contracts of parti- tion scheme. The major clay-producing ar- 
cular interest were granted. Two contracts eas in northern Honshu, Gifu, Mitsuishi, 
were for delineating the environmental and the Kyushu and Sikoku Islands, along 
factors in recovering alumina from domest- with selected operations, were also covered. 
ic ores.*! The other contract provided fora The high-alumina materials, such as baux-
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ite, siliimanite, and synthetic mullites, bas- interpretations of the stratigraphy, the 
ic refractory materials, pottery, whiteware, reasons for the beneficial low iron content, 
and the glass industries, were afforded simi- and finally why the anatase (Ti02) contami- 
lar treatment. The second part detailed nant is more abundant in Tertiary than in 
construction and chemically oriented mate- Cretaceous kaolin. A map of the kaolin and 
rials.** The wide range of lightweight aggre- bauxite districts in the Coastal Plain of the 

gates including expanded clays and shales ‘Southeastern United States and electron 
| were included in the construction section. micrographs of typical Tertiary and Creta- 

The section on chemically oriented mate- ceous kaolins were also included. In an 

rials emphasized the paper and pulp and analogous paper, scanning electron micro- 
paint industries, which are large con- staphs (SEM) were shown for three repre- 
sumers of high-cost kaolin fillers and exten- sentative types of Georgia kaolin: Soft 
ders. The industrial minerals of the Repub- Cretaceous-age clay, © hard fine-gr ained 
lic of South Africa and Thailand were Clay, and “flint kaolin.” Evidence was 

| covered in other articles. The South African cited claiming the Sparta Granite and a 
article began with a general introduction thick deposit of its overlying saprolite as the 

and then profiled some of the major indus- Probable rock sources for these kaolins. The 
trial mineral deposits and operations.» The Proof consisted of correlating micrographs, 
fire clay, bentonite, and kaolin deposits morphology, chemical analyses, and X-ray 

| were detailed in a special clay section. The difraction data with similar data from the 

Thailand article discussed its geology and three distinct kaolin types. . 
: enormous potential for producing a wide © The international pulp and paper’ indus- 

variety of industrial minerals including tries, as markets for a wide variety of 
kaolin, | | industrial minerals, were treated in detail, — 

The properties and uses of sillimanite- in aL. article highhignting Pe ap. develop- 
type refractories and their alternatives, facts > paper proper ‘ale an ih shemical 
synthetic mullites produced from kaolin acturing processes along with enemic 
and/or bauxitic mixtures, were discussed in and mechanical pulping and pulping: 

. > 45 

great detail.*1 The discussion included the technology. The chemical and industrial 
| . . minerals used in both pulping and manu- 

| principal worldwide producers of natural facturing were treated. in depth separately. 
and synthetic mullitic mate rials, their pro- The entire spectrum of kaolin grades for 

Cesses, and typical chemical analyses of filler and coating, their consumption levels, 
these high-alumina refractories. A special and use of other mineral pigments, such as 
section elaborated on the factors to consider TiO, and talc, were correlated with the 
before selecting a high-alumina refractory future outlook for paper. | 

for a particular job. In another refractory The dehydroxylation phases of kaolinite 
paper, the present and future worldwide from Zettlitz, Czechoslovakia, were investi- 
supply of the major refractory raw mate- gated by radial electron density distribution 
rials, including fire clays and kaolin-based (RED) and X-ray spectroscopy.* Special em- 

grog, was correlated with both the techno- phasis was devoted to two amorphous or 
logy of refractories and the consuming poorly crystallized transition phases- 
industries? The work maintained that as metakaolinite (600° to 800° C) and spinel 

supplies are exhausted, time, favorable eco- structure (900° C). This detailed structural 
nomic factors, and new technologies, us- analysis of these transition phases in the 
ing presently uneconomic sources or for aolinite-mullite thermal sequence, or any 
synthesizing substitutes, must be forth- mullite research, could affect the commer- 
coming to assure adequate supplies for the cial production of calcined and sintered 
refractories industry in the future. __ kaolins. The calcined grades are used large- 

The geology of Georgia kaolin deposits ly as fillers and extenders, whereas the. 
and problems associated with their use was_ sintered kaolins are used in refractories. 
published.“* This excellent effort consisted The paragenesis, composition, and unit cell 
of two sections, a deposit section and a dimensions of analyzed mullites either 
problem section. The deposit discussion de- crystallized from a melt or formed by solid 
fined the general types of kaolin found— _ state reaction were researched.*? The re- 

soft and hard—their occurrences, and_ search revealed that the arc-melted mul- 

their geological age. The problem section lites contain between 67 to 68 mole-percent 
discussed the lack of convincing proof on Al.0;, whereas solid-state varieties were all 
the mode of deposit formation, conflicting under 63 mole-percent Al.0;. In addition,
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it vee found that the composition was con-— 1Physical scientist, Division of Nonmetallic Minerals. trolled by many factors, the most important —_*Murray, H. H. Kaolin 1977. Min, Eng. v. 30, No.5, May being firing time, initial bulk composition, 1978, pp. 532-583. 
. . . Tannicelli, J. Kaolin: Production Reaches New High in the nature, grain size, and efficiency of 1977. Eng. and Min. J., v. 178, No. 8, March 1978, pp. 139- mixing of starting materials, and finally, 140. ‘ 

whether or not corundum or free Al.O,; ‘Chemical Marketing Reporter. Kaolin Operations Sold leated to Nord By Cyprus Mines. V. 212, No. 16, Oct. 17, 1977, pp. nucleated. Bay 
The phosphate-bonded mullitic or alu- 5Mining Journal (London). Industry In Action. minosilicate plastic refractories (monoli- Exploration Georgia: Kaolin Interest. V. 289, No. 7417, ° ° . 14, » Pp. . thics), which have captured a large share of Albany slip clay is included with ball clay solely for the refractory markets since the early statistical convenience. | 

1950’s because of their ease in installation "Bulletin of the American Ceramic Society. News Notes: and extraordinary mechanical strength in er Purchases Bell Clay. V. 56, No. 2, February 1977, p. 

service, were covered in two papers. The “styansferred in mid-1976 within the Panhandle and first paper, on refractory plastics containing Baste tern Co. from the Youghiogheny and Ohio Coal Co. to 
P,Os with hot modulus-of-rupture (MOR) at the Aurora Metal Co. | 0 ° Pit and Quarry. Industry News: Bentonite Production temperatures between 1,500° and 2,500° F, Facilities Under Construction in Montane "V. tior ni 6, dealt with only three types of aggregates- December 1970, p. 40. 
calcined flint clay, calcined bauxite, and No trial Annerals. Company News and Mineral 
tabular alumina. It was determined that “‘1prick and Clay Record Industry Newsfront. V. 169, the conventional phosphate binders-phos-__ No. September 1977, p. 18. | 

phoric acid, liquid aluminum phosphates, __{?Page 49 of work cited in footnote 10. . : . oy : Engineering and Mining Journal. This Month In ° and/or their mixtures-did not play an im- Mining: In the Pacific-Australia. V. 178, No. 9, September portant. role in hot MOR’s. The second 1977, p. 358. } 
ized ea Industrial Minerals. World of Minerals: Brazil-Kaolin paper summarized the progress made since Project No. 2. Uses Huber Technology. No. 121, October | an earlier classic study in 1950, in which the 1977, pp..10-11. 

alteration of the bond thermally and ap- ‘Industrial Minerals. Company News and Mineral | plications of phosphate-bonded refractories Notes. No. 121, October 1977, p. 48. . | : Page 49 of work cited in footnote 10. | were treated. This present work, unlike ‘Industrial Minerals. Company News and Mineral 
the earlier study, covered both the acid and Notes. No. 123, December 1977, p. 69. 
basic refr jec-hri ; Industrial Minerals. World of Minerals: France-ECC asic refractories-bricks, mortars, ramming = Over Berrien Kaolin. No. 115, April 1977, p. 13. mixes, plastics, and cold-setting castables.*° 1tndustrial Minerals. Company News and Mineral 
The mechanisms of bonding and uses for Notes. No. 120, September 1977, p. 69. 

| these refractories were treated, and se- Noten tstrial Jurals. Company News and Mineral . . . No. 117, » p. 66. lected properties were compared with ~2imdustrial’ Mivomic Company News and Mineral those of refractories containing nonphos- Notes. No. 114, March 1977, p. 44. 
phatic bonds. In addition, new and novel , “U.S. Embassy, New Delhi, India. State Department h hate-bondi h ‘cal dis- Airgram A-225, Dec. 6, 1977, 9 pp. phospha nding chemicals were dis “Industrial Minerals. World of Minerals: Japan-Kaolin cussed. Clay and nonclay binders used in Takeover. No. 120, September 1977, p. 11. 
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Cobalt 

By Scott F. Sibley’ 

‘There was a moderate increase in de- copper, of which cobalt is a byproduct, was 

mand for cobalt in 1977 compared with that ‘southerly, via Zambia, Southern Rhodesia, 

of 1976. Total reported consumption of co- and Botswana to the Republic of South 

balt in the United States was 16,577,000 Africa’s port of East London. Much of 

pounds, a small increase over that of 1976. Zaire’s cobalt production was also shipped 

An increase in commercial aircraft engine to Zaire’s own port of Matadi on the Atlan- 

production accounted for the significant tic, a route that is much less vulnerable to 

recovery in consumption of superalloys disruption than the southern route. 

from the relatively low levels of 1976. Con- The cobalt stockpile goal of 85.4 million 

sumer stocks reached a record monthly pounds announced by the General Services 

high of 3.1 million pounds in August but Administration (GSA) in October 1976 was 

| declined in the last quarter. reaffirmed in October 1977, subject to an- 

Zaire reportedly made increased use of nual review. The actual stockpile inventory 

the Tazara rail line linking Zambia, Zaire’s at yearend totaled 40.9 million pounds. 

southern neighbor, with the port of Dar es Legislation regarding purchases or sales of 

Salaam in Tanzania to the east. However, critical commodities for the stockpile was 

the principal shipment route for Zairian pending in Congress at yearend. 

Table 1.—Salient cobalt statistics 
- (Thousand pounds of contained cobalt) . 

BE 
United States: 

Consumption ____________-------- 18,741 18,861 12,787 16,482 16,577 
Imports for consumption ___——___~~- 19,238 16,122 6,608 16,487 17,548 
Stocks, Dec. 31: Consumer__ _ ___—~___ 2,451 2,047 1,801 3,180 3,738 
Price: Metal, per pound ____________ $2.45-$3.10 — $3.10-$3.75 — $3.75-$4.00 — $4.00-$5.40 —-$5.20-$6.40 

World production, mine _________---~- 64,856 68,090 ™68,000 62,394 — 65,222 

DOMESTIC PRODUCTION | 

Although no cobalt was produced from situation was to be made to set production 
domestic mining operations in 1977, AMAX levels for the rest of 1978. The move report- 
Inc., recovered significant quantities from edly was made to avoid excessive invento- 
imported matte at its Port Nickel refinery ries. Consequently, shipment levels were 
in Braithwaite, La. AMAX announced in expected to match production levels closely 
October that production at the refinery in 1977 and 1978. According to AMAX’s 
would be held to 75% of capacity. Nickel annual report, 487,000 pounds of cobalt 
and cobalt production were expected to be were produced at the facility in 1977. 
maintained at the reduced rate until mid- AMAX Exploration, Inc., conducted the 

1978, at which time a review of the market preliminary development phase of its Min- 

| 303
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namax copper-nickel-cobalt project in able, mining would not begin until the mid- | 

northwestern Minnesota. The purpose of 1980's. | 

- the activity at the site was to (1) determine Metallurgie Hoboken-Overpelt, S.A., of 

the continuity of mineralization through Belgium, early in the year announced that 

diamond drilling; (2) determine the mining it would undertake detailed studies on the 

and environmental parameters; and (3) ex- construction of a plant in the United States 

cavate bulk samples for concentrating tests. to produce extra-fine cobalt powder. Tenta- 

About 25,000 tons of ore per day could tive plans called for construction of a plant 

eventually be produced from the ore body, with an annual capacity of about 1 million 

which grades about 0.01% cobalt. A shaft pounds per year of extra-fine cobalt metal 

was sunk to a depth of 1,728 feet, and by powder, to be in operation by 1980. By 

yearend 3,600 feet of drifting was to have yearend, no announcement had been made 

been completed. Baseline environmental on selection of a plant site. In a related 

studies were also conducted in cooperation significant development, GTE Sylvania 

with the Minnesota Department of Natural Corp. announced that it planned to produce 

Resources. The mine evaluation was sched- extra-fine cobalt powder, using secondary 

uled for completion by the end of 1981, at material as feedstock (See section on Tech- 

which time a decision on whether to pro- nology). 
- ceed would be made. If results are favor- 

| CONSUMPTION AND USES | 

Consumption of cobalt in the United ket for these magnets could expand from $6 
States remained strong throughout 1977, million per year to $100 million per year in 
rising 0.6% over that reported in 1976. Of 1987. The magnets are especially useful 
the cobalt consumed, 70% was as metal, because of their greater energy product 
93% as salts and driers, 3% as oxide, 3% as compared with other types of magnets of . 

purchased scrap, and 1% in other forms. the same size. The automotive industry was 
_ Consumer stocks at yearend remained at a_ especially interested in cobalt-rare earth 
relatively high level, reflecting acontinuing magnets because of the possibilities for 
concern over the possibility of disruption of weight reduction in such devices as wiper 
supply from southern Africa. motors, electric fuel pumps, fan motors, 

Major uses in 1977 were transportation distributors, and other uses. The ultimate 
(aircraft) (24%), electrical (magnets) (25%), potential for use of cobalt-rare earth mag- 
machinery (principally cutting tools) (16%), nets was estimated at 2.2 pounds per car. 
paints (mainly driers) (15%), ceramics These magnets were too expensive for auto- 
(11%), chemicals (8%), and other (1%). motive use in 1977, but the mischmetal- 

A conference on the market for cobalt- cobalt (a combination of rare-earth metals 
rare earth magnets, sponsored by Gorham and cobalt) magnet cost was entering the 
International, Inc., was held in lateSeptem- price range where it would be attractive to 
ber near Chicago, Ill. Reportedly, the mar- the automotive industry. If the auto indus- 

Table 2.—Comparison of selected end uses, 1976-77 

Percent of total 
Use —_—_ 

1976 1977 

Steel: 
Stainless and heat resisting _~_._..______--___--~~_~~~~_~___________ 0.3 0.5 
Fullalloy _-_____------------------~------~~~-+-+-~-~ ~~~ 1 2 

uperailo ~o eee ee te ee ee eee 

Alloys (excludes alloy steels and superalloys): 22 
Cutting and wear-resistant materials _-_______________-_-_-__-_-_--- 10 9 
Welding and alloy hard-facing rods and materials ____________________~-- 3 3 
Magneticalloys _~_________-___-~--~-----~-~-----~-+-+-+~-~-~----~-- 21 21 
Nonferrous alloys __.-_____-~--------------~-~-~-~-------------- 5 4 

Chemical and ceramic uses: 
Pigments ___________~_-~_---------------------~~~--~-~-~-~--~- 1 1 
Catalysts ____________________-__-__--------------_--_--- 9 8 
Ground coat frit _._____-.__---_-------~--_-----~------------ 5 5 
Glass decolorizer __ ______-___----------+~---~--~-~-~-~-~-~~~-~-~-~-~-+-- 2 2 

Salts and driers _____________-~-_------~--~-~-~~-~-+-~-~--~~+-~-~-~~-+-~--- 24 23
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Table 3.—Cobalt materials consumed by refiners or processors in the United States , 

_ (Thousand pounds of contained cobalt) 

A 
ee 

Form! 1973 1974 1975 1976 1977 

re  UEEItIAIEIEI EEE 
ee 

. Alloy and concentrate? _______-_---------------------- 14 245 340 1,186 266 

Metal_______________-____--~_~--~---_---------- 4,028 4,754 3,162 5,001 4,772 

Hydrate _..______--------1---------------------- 60 46 41 47 40 

Other __________________-_-------~-~-~-+-------+----- 26 153 110 130 77 

nett 

1Total consumption is not shown because some metal and hydrate originated from alloy and concentrate, and a total 

would involve duplication. 
2For 1974-77, quantity given is cobalt content of imported matte (general imports). 

Table 4.—Cobalt products: produced and shipped by refiners and processors 

: | in the United States | 

. (Thousand pounds) 
. 

- a , 

1976 1977 

. Production Shipments - Production Shipments 

: Gross Cobalt Gross Cobalt Gross Cobalt Gross Cobalt 

weight content weight content weight content weight content 

Metal __________----~-- 363 363 NA NA 487 487 NA NA 

Hydrate ____--_------- 952 588 730 451 1,046 647 950 588 

Salts? _________-_---- 10,876 2,545 10,888 2,444 9,929 2,334 9,324 2,161 

. Driers _._________--~-- 12,783 1,112 12,551 1,089 12,972 1,095 11,897 1,029 

Total __._.__-__- 24,974 4,608 24,169 3,984 24,434 4,563 22,171 - (3,778 

. NA Not available. . 
1Figures on oxide withheld to avoid disclosing company proprietary data. 

| 2V/arious salts combined to avoid disclosing company proprietary data. 

Table 5.—U.S. consumption of cobalt in 1977, by end use | 

(Thousand pounds of contained cobalt) 
eee en ep SE TEES eee ee 

. Use Quantity . 

Steel: , . 
Carbon________-_______ eee ee - -  - - - - - - - - +--+ (4) 

Stainless and heat resisting ______.___-_-_------~------------~-------------- 75 

- Fullalloy _.___.____---------------------------------------------- 359 

High strength, low alloy _______------~--------------------~-------------- af 

Electric _________________-_~___--~-~------+-----~--+---~----------------- Ww 

Tool _____________--_~_--- ee ee ee ee ee 307 

Castirons __________._~___-__~___ +--+ ee Ww 

Superalloys oe eee ee ee ee 3,712 

oys (excludes alloy steels and superalloys): 
Cutting and wear-resistant materials? ______________-_--_-----------------~---- 1,428 
Welding and alloy hard-facing rods and materials _________-—------~-----------~----- 442 

Magnetic alloys ___._______-----------------------+------------------ 3,478 

Nonferrous alloys _______.___--_-------------------------------------- 650 

Other alloys.___________--_--~------------------------------------- 276 

Mill products made from metal powder______-------------~-------~--------------- WwW 

Chemical and ceramic uses: 
Pigments ___________-_-~_--~------~-~------------------------------- 187 
Catalysts __________-------------~--------------------------------- 1,285 
Ground coat frit ___.__________-------~---~--~---~-~-+-+---~----+----------- 78 
Glass decolorizer__ ________-_-~~-------~---~--~--+-~----~-+-~-—-----~--------- 27 
Other___________________ eee ee ee ee 6 

Miscellaneous and unspecified ______ _ _ _- __-_------+-~------------+-------------- 489 

Total. ______------~-------- ~-------------------------~----------- 12,799 
Salts and driers: Lacquers, varnishes, paints, ink, 

pigments, enamels, glazes, feed, electroplating, etc _._________---------------------+- 3,778 

Grand total. __________{------------------~-----+-~------------------ 16,577 
SS SSD 

W Withheld to avoid disclosing company proprietary data; included in “Miscellaneous and unspecified.” 
1Less than 1/2 unit. 
2Includes cemented and sintered carbides and cast carbide dies or parts.
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Table 6.—U.S. consumption of cobalt, by year and form 

(Thousand pounds of contained cobalt) __ 

Form 1978 1974. 1975 1976 1977 $$ ETT 
Metal___----_________________ i sia 240 14,420 9,202 11,706 11,547 Oxide_____-______ 668 536 372 462 426 Purchased scrap ~.._______________ 264 270 342 329 507 Other _____-_-__ (2) 4) (2) GQ). 319 Salts and dries__.________________ 3,569 3,635 2,871 3,985 3,778 

Included in purchased scrap. . 

try should decide to make greater use of temperatures of about 380° F. To avoid 
cobalt, production of cobalt might increase frequent replacement of well tubing, the 
by 20% to 40% in response to this new petroleum industry reportedly turned to 

- demand. | special alloys, one of which was MP35N, 
A special technical problem of the energy containing 34.4% cobalt. Using this alloy, 

industry resulted in expanded usage of lifetime of tubing could be multiplied at 
cobalt-containing alloys. Gas wells drilled to least tenfold. Moreover, because a constant 
depths of about 20,000 feet may encounter tubing diameter could be maintained, gas 
severe operating conditions. These condi- production per well could be doubled. This 
tions include (1) high corrosion because of alloy was used in such parts as logging 
the presence of up to 40% hydrogen sulfide tools, valve stems on wellheads, springs, 
(sour gas), (2) bottom hole pressures of about and safety valve systems. 2 | 
20,000 pounds per square inch; and (3) 

PRICES : 

The producer cobalt price of $5.40 per -of cobalt for the year was $5.58 per pound 
pound at the beginning of the year was for specification-grade material. All dealer | 
lowered to $5.20 per pound in January. In prices were quoted f.0.b. New York or Chica- 
July, the price was raised to $6.00 per go and applied to granules (shot) or broken 
pound. The last increase in price occurred cathodes in 551-pound (250-kilogram) 
in December, when the price was raised to drums. From December 1972 to December 
$6.40 per pound. The first price change 1977, the price of cobalt rose at an annual 
reportedly was the result of a currency rate of 20%, not adjusted for inflation..In 
realinement of the U.S. dollar versus the terms of 1977 dollars, the price increase 
Belgian franc; the second was brought averaged 13% per year over the same 5-year 
about by increased mining costs. The De- period. These price increases may be com- 
cember increase was brought about by pared with average annual increases for a 
weakening of the U.S. dollar versus the 20-year period (1957-77) of 5% and 1% for 
Belgian franc. The weighted average price actual and adjusted prices, respectively. 

FOREIGN TRADE 

Exports of unwrought cobalt metal and pounds, contained weight) were up 6% over 
waste and scrap totaled 1,842,877 pounds, those of 1976. The top five sources of cobalt 
gross weight, valued at $4,974,026, and were imports to the United States in 1977 were 
shipped to 20 countries. The Federal Repub- Zaire (48%), Belgium-Luxembourg (22%), 
lic of Germany and Japan received the Zambia (14%), Finland (7%), and Norway 
largest quantity—476,804 pounds (gross (5%). Material originating in southern 
weight) valued at $621,906 and 466,700 Africa (that imported from Zaire, Zam- 
pounds (gross weight) valued at $883,799, bia, Belgium-Luxembourg, and Botswana) 
respectively. Exports of wrought cobalt me- accounted for 79% of total imports. The __ tal and alloys—741,839 pounds gross weight _ reported figure for imports from Botswana 
valued at $6,175,305—were shipped to 27 was the estimated cobalt content of the 
countries. material received for processing. 

Total imports of cobalt (17,548,000
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| , Table 8.—U.S. imports for consumption of cobalt, by class | 

(Thousand pounds and thousand dollars) 

Class | 1975 - 1976 1977 

Metal:! - 
Gross weight _______________-________________--_- 6,092 15,129 16,833 
Cobalt content®___________ ee 6,092 15,129 16,833 

—  Walue ___________ eee eee $25,611 $66,299 $91,381 
_ Oxide: 

Gross weight __________________~-~-------~------+-+ 233 138 506 
Cobalt content®________________________ ee 168 102 374 
Value _____________~_ eee $779 $573 $2,346 

Salts and compounds: » . 
Gross weight ______________________.___ ee 41 235 246 

- Cobalt content®__§-_-§______ 8 70 74 
Value ____ ~~ eee $73 $365 $381 

Other forms:? . 
Gross weight ______________~___-~_____ 25,931 39,426 21,954 
Cobalt content®_________________ ~~ Le 340 1,186 267 

Value -~-~~~---------~--~~------~------~------___ 89,897 970,293 $24,557 
| Total: | 

Gross weight________________________________- 32,297 54,928 39,539 
Cobalt content® __________________--___-----__- 6,608 16,487 17,548 

 “Ketimate. 
1Includes unwrought metal and waste and scrap. 
2Contained cobalt in nickel-copper and nickel matte. | 

| WORLD REVIEW _ 

Ocean Mining.—The sixth session of the each consortium would be compensated — 
Third United Nations Conference on the from the fund up to a maximum of $350 | 
Law of the Sea (LOS) began May 23 in New’ million. Even in the absence of an invest- 
York and ended in late July. The composite ment guarantee, most proposals would re- 
negotiating text that emerged from the quire U.S. companies to obtain licenses 
meetings was considered unacceptable by from the U.S. Government. However, many 
several principal participants. Another ses- observers agreed that an individual consor- 
sion was scheduled for March 1978 in Gene- __ tium already had the legal right to mine the 
va, Switzerland. Failure of the interna- ocean floor under existing international 

tional meetings to produce any acceptable statutes. At yearend, chances for passage of 
results provided impetus to passage of do- an international treaty appeared remote, 
mestic legislation to enable seabed mining. — while passage of domestic legislation seem- 

Two bills dealing with seabed mining ed imminent. : 
were debated in Congress. One bill was the A leading ocean mining consortium, 

_ Deep Seabed Hard Minerals Act (H.R.3350), Ocean Mining Associates, reportedly began > 
introduced by Representative John B._ tests in March on recovering of manganese | 
Breaux of Louisiana and Representative nodules from 15,000 feet of water in the 
John M. Murphy of New York. The second, Pacific Ocean. The tests were to last 6 to 8 
the Deep Seabed Mineral Resources Act months. The test system was approximately 
(S.2053), was introduced by Senator Lee one-fifth scale. In 1970, the same organiza- 
Metcalf of Montana. One of the principal tion demonstrated a nodule mining system 
points of contention in domestic legislation in about 3,000 feet of water on the Blake 

was the issue of investment guarantees. Plateau off the coast of Florida. According | 
Under this provision, companies would re- to the group, these tests proved that nodules 

ceive a monetary guarantee against invest- could be collected and airlifted to the sur- 
, ment losses that resulted from any treaty face. The consortium’s oceanographic ves- 

the United States might sign. A related sel, the R/V Prospector, conducted exten- 
controversial point was the question of sive exploration in the Pacific nodule area, 
whether or not an ocean mining fund where a mining claim was staked. The 
should be established. Companies would pay location for prospective mining operations 
into this fund an annual fee, and if an was in the middle of a triangle formed by 
international law of the sea treaty eventual- Hawaii, the Marquesas Islands, and Baja 
ly prohibited mining by private consortia, California. A converted, diesel-driven, 560-
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foot ore carrier, renamed the Deepsea Miner Botswana.—The operations of the Selebi- 
IT, was to be used for the mining platform. If Pikwe nickel-copper-cobalt project in Bot- 
the nodule lifting phase proved successful,a swana were investigated in October by a — 
10-ton-per-day pilot plant was to be con- team from AMAX Inc., and Anglo America- 
structed and operated. n Corp., two principal shareholders. The 
Sumitomo Metal Mining Co., a major Selebi-Pikwe project, which is operated by 

participant in the Ocean Management, Inc. Bamangwato Concessions, Ltd., and fi- . 
(OMD, consortium, reportedly planned to nanced by Botswana RST Ltd., reportedly 
begin construction of a seabed nodule test- showed a $17.8 million loss in the first half 
ing plant at its Niihama smelter in Ehime of 1977. This brought total indebtedness to — 
Prefecture, Japan, late in 1977. The OMI $301 million. The team attempted to find 
consortium was composed of INCO, Ltd., of | ways to increase production to yield a posi- 
Canada (25%); West German interests, _ tive cash flow in the shortest possible time. 
Arbeitsgemeinschaft Meerestechnische- High capital and operating costs, and nu- 
gewinnbare Rohstoffe (AMR group) (25%); merous technical problems, combined to 
Deep Ocean Mining Co. (23 Japanese com- produce continual losses. _ 
panies, including Sumitomo) (25%); and Production of matte at Selebi-Pikwe in 
Sedco, Inc., of the United States (25%). the 6 months to June was about 12,500 tons, 
Prior to plant construction, OMI planned to versus about 16,800 short tons produc- 
begin major mining equipment trials in the ed during the same period of 1976. The 
Pacific Ocean in October. As with the Ocean decrease partially resulted from a 6-week 
Mining Associates consortium, which began smelter shutdown in April and May to 
such tests in March of 1977, OMI scheduled modify equipment. However, production ca- 

7 a 6-month mining test phase during which pacity reportedly was reached at least once 
about 3,306 short tons of nodules were tobe at the project, in June. According to offi- 

| lifted several thousand meters from the sea __cials of Bamangwato Concessions, Ltd., the 
floor to the surface. project achieved significant production im- 

_ Australia.—As of the third quarter 1977, provements after installation or modifica- 
the Greenvale nickel-cobalt project contin- tion of major pieces of equipment, particu- 
ued to encounter financial difficulties. The larly at the smelter. Production first began 
laterite project, located in Queensland, is a in late 1973, and subsequently many prob- 
joint venture of Freeport Queensland lems, including lack of skilled labor and 
Nickel, Inc., and Metals Exploration shortage of trained supervisors, were over- 

_ Queensland, Pty, Ltd. The financial losses come. Situated 35 miles east of the main 
. were attributed to a deterioration of the rail link connecting the Republic of South 

nickel market during the year, while costs Africa with Southern Rhodesia, Zambia, : of fuel, labor, and materials continued to and Zaire, the mining complex produced 
rise. Nevertheless, output improved modest- high-grade copper-nickel-cobalt matte (78% 
ly in the third quarter and signs pointed Ni plus Cu, and 1.25% Co) for shipment by 
toward improvement in 1978. rail to the Indian Ocean port of Maputo in 

Because of these financial problems, op- Mozambique. From there, the material was 
erators of the Greenvale project reportedly shipped to the Braithwaite, La. refinery of canceled plans for a $17.6 million installa- AMAX Inc. Some of the refined metal was 
tion of two new roasters, which would have sold in the Federal Republic of Germany 
raised productive capacity substantially. In under contract. Production during the last the first quarter of 1977, byproduct cobalt quarter of 1977 was about 3,300 short tons production at the Greenvale site was only of matte per month, an amount significant- ! 45% of capacity. About 488,000 pounds of ly less than capacity. 
cobalt in mixed sulfides were produced in In November, officials of AMAX Inc., the first quarter. In 1976, cobalt production stated that a study of its Botswana interests reached 57% of capacity. Although the was being initiated. AMAX holds a 29.8% outlook brightened somewhat at yearend, interest in Botswana RST Ltd. The study operation of the Greenvale plant had been followed the continuing deterioration of the continuously impaired by technical diffi- copper market, as well as the aformention- culties since operations were begun in1974. ed problems. It was expected to be comple- The Electrolytic Zinc Co. of Australia Ltd. ted by yearend. 
continued to produce byproduct cobalt oxide Canada.—Cobalt production at the Fort at its Risdon Works in Tasmania. About Saskatchewan refinery of Sherritt Gordon 40,000 pounds of cobalt oxide are produced Mines, Ltd. reached a record level of at the plant annually. 1,012,000 pounds during the year. Feed
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material purchased for the plant during the joined together in 1975. Deep Ocean Mining 

first quarter allowed it to operate at in- Co. in turn became a partner with other 

creased capacity for the balance of the year. foreign interests in the OMI consortium. | 

| More than 1 million pounds of cobalt was Sumitomo Metal Mining Co. produced 

also expected to be produced in 1978. | cobalt at the rate of about 80 short tons per 

Falconbridge Nickel Mines Ltd. and month by midyear, while Nippon Mining 

INCO, Ltd. of Canada cut back nickel pro- Co. produced at only about 50 short tons per 

duction during the year because of a rela- month. The latter rate was about 50% of 

tively low demand for nickel. This was capacity. Demand for cobalt in Japan repor- 

expected to reduce production of byproduct _tedly was 200 to 250 short tons per month. 

cobalt... _ | SO Philippines.—Mechanical problems at 

~ Indonesia.—According to reports at year- the Nonoc Island refinery of Marinduque 

end, plans were still being made to go ahead Mining & Industrial Corp. in Surigao Pro- 

with construction of the $900 million nickel- vince, reportedly continued to hold down | 

cobalt smelting project of P.T. Pacific Nik- production, but the situation improved in 

kel Indonesia, Ltd., (PND. PNI is owned by _ late 1977. The refinery was shut down for 

United States Steel Corp.:and Hoogovens annual maintenance and installation of a 

Ijmuiden BV of the Netherlands. In early new boiler late in 1976. Operation at about 

1977, these were the only companies that 55% of design capacity of 3.3 million pounds 

remained of the original six American and per year of cobalt was reached: during 

European partners, including Sherritt Gor- January and February 1977. According to 

don Mines, Ltd., and. Newmont Mining company officials, the mechanical difficul- 

Corp. However, at midyear, Amoco Mine- ties were being resolved but were taking. 

rals Co., a subsidiary of Standard Oil Co. of longer than anticipated to overcome. The | 

Indiana, tentatively agreed to equity parti- operation experienced considerable finan- 

cipation in the project. — . cial difficulty during the year, partly -be- 

| In 1969, the Indonesian Government re- ‘cause of strong downward -pressure on , 

oe portedly granted the original consortium world nickel prices. As a result, the firm fell 

the right to evaluate the Gag Island deposit, into technical noncompliance with terms of 

located near Irian Java. After extensive a 1975 loan agreement that refinanced the | 

drilling, Pacific Nikkel outlined minable project. This meant that under certain cir- 

| deposits in excess of 90 million tons of cumstances creditors could begin to insist 

laterite ore. There was a possibility that the on accelerated payment of debt. The under- 

Indonesian Government would purchase lying financial problem was the mainte- 

20% equity in the project. The company nance of certain working capital and stock- 

planned to produce about 55,000 short tons holders’ equity levels. At midyear, it was 

of nickel per year using Sherritt Gordon announced that the Development Bank of 

Mines, Ltd.’s, hydrometallurgical process. the Philippines had agreed to provide assist- 

Japan.—The Japanese Ministry of Inter- ance in meeting debt service and working 

| national Trade and Industry estimated that capital requirements. By yearend, the pro- 

because of price increases in 1976, demand ject was expected to reach at least 60% 

: in 1977 would decline by 5% to 6 million of capacity. Operations were begun at 

pounds, a decrease from the 6.3 million the Surigao facility in October of 1974. 

pounds consumed in 1976. Magnetic mate- Marinduque_ reportedly planned to 

rials were expected to account for about construct a cobalt refinery in the Philip- 

47% of demand, and superalloys, about pines to refine 7 million pounds per year of 

12%. No further breakdown was available. cobalt contained in mixed sulfide concen- 

Production of refined metal was expected to trates. The $16 million project was expected 

reach 3.3 million pounds, or about one-half to be financed by the Asian Development 

of capacity. Because of reduced demand, Bank. Concentrates currently produced are 

imports were also expected to decline to sent to Japan for refining. If a capacity 

about one-half that. of 1976, or about 4.2 production of 7 million pounds per year of 

million pounds. — cobalt metal were reached, the Philippines 

A manganese nodule processing plant would be among the top five producers of 

was planned by Sumitomo Metal Mining _ refined cobalt in the world. Company offi- 

Co. at its Niihama smelter, with con-  cials planned to increase capacity to im- 

struction to begin late in 1977. Sumitomo is _ prove the profitability of existing operations 

a partner in the Deep Ocean Mining Co., at the Nonoc Island nickel-cobalt processing 

which includes 23 Japanese companies that facility. Marinduque expected to maintain
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_ the 1977 nickel production level in 1978, edly were about $13 per ton cheaper than | 

: thereby limiting cobalt production. those of the longer southern route. Zambia 
| _ Zaire.—The invasion of Shaba Province made greater use of the Tazara line, since it | 

_ +... in early 1977 by troops based in Angola was for Zambian metal that the rail line -— : 
ae apparently had little effect on cobalt .pro- was originally built under contract with the — 
a duction in, or shipments from, Zaire. How- People’s Republic of China. Although the | 

| _ ever, the Benguela Railroad through Ango- capacities of both the rail line and the port 7 
a la remained meen ouring te year. ane of Dar es Salaam were limited, Zaire was. 

, - ‘Major portion of 4aire’s cobalt production expected to make greater use of the rail line | 
_.__-was shipped out of the country via rail and in the future because of the greater vulner- ss - 

- barge to the au antic port of Matadi at the ability to disruption of the southern route. | - 
mouth of the Congo hiver. 7 _ An. official of Société Géné in- 

a Construction of the 1,200-mile Inga-Shaba erais (SGM) of Belgium, in rave des are : 

_ high-tension transmission line was halted pared for a meeting of the National Associa- 
| _ early in the year. Morrison-Knudson Corp., tion of Recycling Industries in Pittsburgh, 4 

— the US. contractor, withdrew its engl stated that expanded production of cobalt in | 
| neering team from Kolwezi, delaying ‘fur- Zaire and Zambia should provide a supply _ 

ther the startup of new expansion projects. of cobalt sufficient to enable projected world a 
: One of these expansions was the Tenke demand through 1985 to be met. The expan- __ 

Fungurume copper-cobalt project, which sion of the Chambishi plant of Roan Con- 7 
was to be postponed and scaled down be- .oiidated Mines, Ltd., in Zambia was to add 
cause of cost escalation and civil distur- 4 million unds to its roduction by th 7 | 
bances. Two principal partners in the pro- |. My 7? MINTS 
. nN a) end. of 1978. Moreover, GECAMINES in 
Wrote Minerale Ca. along with Jerasee _ Zaire was expected to raise its production | 

and French interests. Cobalt content of the by ae illion pon per i ear to 42 million 
resource was estimated at 0.45% Co or Pounds per year by fa 1978. The latter 
about 250,000 short tons of cobalt metal. At ore gram alread y financed and underwar on 
earend, various forei ners of th > ag . 

Zaire Government in the a erwortiurn, So. addition, GECAMINES was studying the | 
- iété Miniére de Tenke Fungurume (SMTP), possiblity of recovering significant quanti- 

proposed a scaled down project, in which 1€5 0 cobalt from residues accumulated in 
10,000 short tons of copper-cobalt concen- stockpiled tailings. If these progr ams come 
trates would be delivered to the Zairian onstream as scheduled, cobalt production m 
state company Générale des Carriére et des Zaire could reach 40 to 50 million pounds 
Mines (GECAMINES) for refining. The new P® year by about 1980. . a 
project would cost $14 million in compari- Zambia.—Zambia relied principally on 
son with the original project cost estimate the Tazara railway to transport copper and 
of $800 million. Target capacities of the Cobalt out of the country. Although trans- 
aborted project were 130,000 short tons of Portation was not as serious a problem as it 
refined copper and 6,500 tons of cobalt. W@S in former years, loss of expatriate 
However, promoters of the smaller project personnel and low copper prices continued 
reportedly were having difficulty obtaining to plague the mining operations. Production | 

| loans. By yearend, $280 million had been Was not seriously impeded and expansions 
spent on the original project to build the were planned. According to reports, Zambia 
basic infrastructure. | planned to double its cobalt production in 

According to reports, Zaire made increas- 1979 to about 8 million pounds per year. 
ing use of the Tazara rail line linking aes to be accomplished by expansion of 
Zambia with Tanzania’s port of Dar es the Chambishi facility, Roan Consolidated 
Salaam. However, the principal shipment Mines, Ltd.,on the Copperbelt. _ 
route for Zairian copper and minor amounts |§ Zambia and Angola reportedly planned a 
of cobalt was through Zambia, Southern rail link with Zambia’s Copperbelt, thereby 
Rhodesia, and Botswana to the Republic of bypassing Zaire. The line would run from 
South Africa’s port of East London. These Mwinilungo in Zambia to the town of Luena 
shipments amounted to about 24,000 short in Mexico Province, Angola, where it would 
tons of metal per year. In March, April, connect with the Benguela railway. Al- 
May, and June, Zaire shipped 836, 1,320, though Zambia did not rely on Southern 
1,540, and 1,540 short tons of metal, re- Rhodesia’s transport system, its common 
spectively, on the Tazara line. Transport- border with Southern Rhodesia resulted in 
ation costs for the Tazara route report- numerous conflicts.
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Table 9.—-Cobalt: World production, by country 

. (Short tons) 

Mine output, metal content?! Metal? 
Country eee > OO ——_-? _CoOIC}oONMoOMNyyLyLT 

1975 © 1976 1977” 1975 1976 1977" 

Australia____._______ 2986 3,741 3,759 __ a __ 
Botswana __________- 89 165 182 “9 + 378 “90 

. Canada* ____________ 71,492 1,494 1,662 280 328 506 
Cuba® 1,800 1,800 1,800 _- _- _- 
Finland _____------~- 1,545 1,410 1,462 904 983 1,086 
France ____.-.____-- _- —_ _- 848 874 "940 
Germany, Federal | 

Republic of _.______- _- -_- | _- 375 385 €385 
Japan _.____.____-~__ _— _ —_ 53 568 1,205 . 
Morocco _________-—- * 2,162 950 1,721 __ __ __ 
New Caledonia® *_______ *3,770 4,570 4,630 _- _- __ 
Norway® _________-_- NA NA NA 852 635 777 
Philippines ________~_ 129 567 1,195 _- _ __ 

: USS.R& *2,000 . 2,000 2,100 *2,000 2,000 2,100 
United Kingdom®7______ -- _- _- 510 760 890 
United States _.______- oe ne ~— 33 182 244 
Zaire ______-------~- ©15,400 12,100 ©11,600 15,033 11,779 11,260 
Zambia ___._..-----~ 2,627 2,400 2,500 ¥2,032 1,786 1,877 

:  ‘Total__.____-_- 34,000 31,197 «32,611 22,929 20,358 21,360 

€Ketimate. Preliminary. ‘Revised. NA Not available. - 
1In addition to the countries listed, Bulgaria, Cyprus, the German Democratic Republic, Greece, Poland, the Republic 

of South Africa, Spain, Sweden, and Uganda are known to produce nonferrous ores that contain recoverable amounts of 
cobalt, but recovery, if any, from ore. produced in these countries is not reported, and available general information is 
inadequate to permit formulation of reliable estimates of output levels. Other copper and/or nickel producing nations 
neither listed in the body of the table nor in the preceeding part of this note also may produce ores containing cobalt as a 
byproduct component. | 

*Czechoslovakia presumably recovers cobalt from materials from Cuba. Belgium continues to refine cobalt but output 
is not reported and available general information is inadequate for the formulation of reliable estimates of output levels. 

Sales. - vO 
“Actual output is not reported. Data presented for mine output are total cobalt content of all products derived from 

ores of Canadian origin, including nickel oxide sinter shipped to the United Kingdom for further processing, and nickel- 
copper-cobalt matte shipped to Norway for further processing. Data presented for metal output represent the output 
within Canada of metallic cobalt from ores of both Canadian and non-Canadian origin. a . 

5Series revised to reflect estimated total cobalt contained in all ores mined, rather than only the cobalt content of 
ferronickel and nickel matte produced in New Caledonia. Corresponding figures for other recent years are as follows in 
short tons: 1972—3,110; 1973—3,300; 1974—3,930. The estimated cobalt content of metallurgical products produced in 
New Caledonia (nickel matte and ferronickel) for recent years is as follows, in short tons: 1972—1,870; 1973—1,920; 1974— 
2,120; 1975—2,260; 1976—2,040; 1977—1,720. The user of this data is cautioned that not all of the cobalt contained in either 
the total ore production or in the intermediate metallurgical products is recovered as cobalt or cobalt chemicals; a 
significant part of the total output remains in nickel products. . 

Data on domestic mine production, if any, are not available, but if output has continued, a small part of the recorded 
metal output may be from domestic raw materials, rather than from imported Canadian nickel-copper-cobalt matte. 

Can natimated recovery of elemental cobalt and cobalt in compounds from intermediate metallurgical products from 
ada. 

TECHNOLOGY | 

The Bureau of Mines conducted research laterite material. As part of the process 
during the year on four separate projects being used, a procedure was developed for 
dealing with cobalt. Researchers at the recovery of cobalt from ammoniacal nickel 

_ Albany Metallurgy Research Center, Al-  raffinate solutions by solvent extraction- 
bany, Oreg., continued to develop a process __electrowinning. Cobalt was extracted in one 

| for recovering nickel, cobalt, and copper stage with an experimental reagent sup- 
from the laterites of northern California plied by industry. Ammonia was removed 
and southern Oregon. Research on the pro- from the loaded reagent in two water- 

: cess was initiated in 1971 and progressed ammonium sulfate wash stages and one 
from batch tests to tests of 20 pounds per dilute acid wash. Cobalt was then stripped 

hour of laterites in semicontinuous process- from the organic extractant in one stage 
ing circuits in 1974. After a technical study with the cobalt electrolyte and electrowon 
showed the feasibility of the process, a ina nondiaphragm cell. 
development unit was constructed and com- At the Rolla Metallurgy Research Center, 
pleted in September 1977. The continuous a froth flotation technique that isolated the 
circuit unit processes 1 ton per day of cobalt and nickel fractions in a flotation
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residue was under development. Success in recovered, depending on market condi- 
| laboratory-scale tests led to a cooperative  tions.® | | 

agreement with Cominco American Corp. to Improvements in corrosion-resistant, 
install a 60-kilogram-per-hour demonstra- nickel-based, superalloys reportedly were 

| tion unit in its Magmont mill near Bixby, made by a leading British research com- | 
Mo. A small fraction of the Magmont circuit pany. The firm’s efforts were concentrated _ 
was diverted to the demonstration plant. on overcoming the deleterious effects of the 

_ Composition of the diverted stream ranged prime corrosive agents, sodium sulfate and 
from 0.3% to 1.38% cobalt. Over 60% of the sodium chloride. Marketed under the trade , 

| contained nickel and cobalt was recovered names NIMONIC and NIMOCAST, the al- | 
in the flotation residue, which graded high- loys contain about 20% cobalt. The corro- 
er than 5% cobalt. Ongoing research was _ sion resistance of the alloys was significant- 
directed toward recovery of the upgraded ly increased through addition of 20% to 

_ product by various hydrometallurgical tech- 30% chromium, and a former tendency 
| niques. On an annual basis, the unprocessed toward decreased creep resistance and 7 

| concentrates in the Missouri region contain-, formation of an embrittling phase after 
ed about 650,000 pounds of cobalt. addition of chromium was largely over- 

Werk continued at the Twin Cities come. The alloys were particularly well 
_ (Minn.) Metallurgy Research Center on re- suited to marine environments but could | 

covery of nickel, cobalt, and platinum-group also be used in other applications, such as 
metals from the Duluth Gabbro, located for valves in automobiles and diesel en- 
near Ely, Minn. Pyrometallurgical proce- gines. Moreover, with respect to the alloy 
dures were used te preduce low-iron mattes itself, the fuel or incoming air used in gas 

| _from bulk sulfide concentrates. Cobalt re- turbines would require less purification. ‘ 
covery in this stage was 80%. A two-stage Several leading superalloy manufactur- | 
sulfuric acid leach was used to extract and ers reportedly were active in research to 
separate the copper ard nickel values from develop directionally solidified (d/s) eutectic 
the matte. Efforts of the researchers were alloys. One promising series of nickel-based _ 

| directed toward development of techniques alloys are the “nitaes” - an acronym for | 
for optimum recovery of cobalt. : nickel, tantalum, and carbide. These alloys . 

The Caron process, which consists of a contain 50% to 55% nickel, with lesser 
reductive roast and ammonia leach treat- amounts of cobalt, chromium, rhenium, and 

| _ ment, was used to obtain favorable metal hafnium. Tantalum carbides in the alloy | 
: _ recoveries from Pacific Ocean nodules at form rods about 25 micronsindiameterina —— . 

the Salt Lake City Metallurgy Research conventional superalloy matrix. The ob- | 
Center. Various hydrometallurgical techni- jective of the research was to develop an 
ques to recover manganese, copper, nickel, alloy that could be used for airfoils in jet — 
and cobalt from the nodules were tested. engines at temperatures up to 2,000° F, or | 

Kennecott Copper Corp. developed anew about 250° F higher than temperatures that | 
hydrometallurgical process for extracting superalloys marketed in 1977 could with- | : 
nickel, copper, cobalt, and molybdenum stand. | | 
from manganese nodules. The process According to one company official, an 
(termed the Cuprion Process) involved re- alloy of this type might be ready for engine - 
duction leaching at atmospheric pressure in tests in 1980 and be in use by 1982. Stress- 
the temperature range of 45° C to 50°C. A rupture properties have been tested, and , 

. pilot plant that continuously processed 800 work was ‘to focus next on fabrication of | 
| pounds of nodule ore per day reportedly was _ hollow airfoils. Two principal disadvantages 

successful. In the process, an ammonium of the alloys were (1) melting for casting 
carbonate solution, containing cuprous ions, takes place at over 3,000° F, too high for 
is contacted with the nodules in order to conventional molds in investment casting; | 
leach the metal content. Cobalt is recovered and (2) excessive time is required for grain 
along with molybdenum by chemical means growth in the d/s process. Alternative mate- 
after nickel and copper are recovered by rials and techniques were being tried in 
liquid ion exchange and electrowinning. order to correct these problems. 
The leaching reagents are recyclable. How- According to reports, a principal maker of : 
ever, carbon monoxide is consumed for re- superalloys developed a powder metal alloy 
duction and is one of the major cost items. for valve seat inserts. The alloy could dou- 
Manganese is rejected to the tailings. In- ble the life of rebuilt diesel truck engines. 
cremental quantities of manganese can be Reportedly, the inserts have twice the wear
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resistance and 65% higher transverse rup- alloy of cobalt, iron, and boron, with silicon 

ture strength than the cast insert they were _ or nickel, that was superior to molybdenum- 
designed to replace. The alloy contained permalloy or ferrite magnets. Applications 

| 31% chromium, 12.5% tungsten, and 2.3% for the magnet included magnetic devices in 
carbon, with residuals of nickel, iron, and TV sets, power transformers, and magnetic 

manganese; the balance was cobalt. Because heads in tape recorders. In Japan, most — 
of the homogeneous microstructure and the cobalt is used in magnetic materials. Signi- 

fine grain size inherent in powder metal icant developments in this field were also 
materials, the alloy can withstand tempera- made in the United States. Bureau of Mines 
tures to about 900° C. The inserts were also research to evaluate metal substitution in 
proposed as original equipment in the praeseodymium-cobalt-copper alloys conti- 
manufacture of diesel engines. ° | nued. The objective was to develop a low- 

Increased recycling of cobalt contained in cost permanent magnet with superior 
cemented carbides resulted from develop- strength properties to replace platinum- 

a ment work performed by a leading alloy cobalt alloys and to supplement samarium- 
manufacturer, Metallurgical International, cobalt magnets. , 

Inc. New equipment designed to process A leading aerospace contractor suggested 
cemented carbide scrap reportedly increas- that the manufacture of cobalt-rare earth | 
ed the company’s productive capacity of magnets in the future might occur in space. 
carbide powders by 50% and permitted An earth-orbiting factory would consist of a 
production of high-purity, coarse-grained habitation module and a general-purpose 
material. Residual titanium and tantalum laboratory module with manufacturing 
contents of the carbide powders were re- equipment capable of producing 20,000 
ported to be virtually undetectable, and pounds of magnets per year. With the use of 
depletion of the original carbon was almost such magnets, of higher strength than could — 
nonexistent. The powders were suited for be produced on earth, the weight of small 
production of cemented carbide used for motors in automobiles and a number of 
metal cutting tools, mining drill bits, steel appliances might be reduced. 
mill rolls, and drawing and forming dies. A new cobalt-iron alloy with exceptional 

A significant related development was noise damping properties reportedly was 
announced by the major cemented carbide developed. The alloy combined a high noise- 

: producer, GTE Sylvania Corp. The company _loss factor with good strength, low cost, and | 
announced plans to produce extra-fine co- corrosion resistance. Development _re- 
balt powder suitable for use in cemented searchers claimed that it would absorb vi- 
carbide cutting tools, using secondary mate- bration over a wide temperature range and 
rial as feedstock; future plans included sale would be easily and economically fabri- 
of the powder as well as its use in the firm’s cated. The damping effects were related to 
operations. Until this development, this the microstructure of the material. Methods 
special powder had been produced for U.S. of forming the alloy included casting, for- 
consumption mainly by Metallurgie Hobo- . ging, and cold working and the alloy could 
ken Overpelt in Belgium. Officials stated be cold rolled into foil. The cost of making 
that the process was proprietary and that the cobalt-iron alloy was estimated at $3 per 

| the new operation would be housed in a_ pound. Although the material was designed 
25,000-square-foot addition to the com- for military use, commercial applications 
pany’s existing plant in Towanda, Pa. The could be feasible. For example, machinery 
plant was scheduled to be completed by might be made quieter by using the super- 
yearend and the product was to be placedon damping alloy in noncritical parts, such as 
the market during the first quarter of 1978.6 washers, that do not require high strength. 
In a related development, according to the One military application was the torpedo 
annual report of Sherritt Gordon Mines, propeller, in which a significant 10-decibel 
Ltd., a new extra-fine grade of cobalt pow- noise reduction was achieved. ” 
der suitable for maufacture of carbide parts, A number of patents were issued during 
and an improved cobalt-tungsten carbide the year, many dealing with extraction of 
composite powder to be used for wear- cobalt from manganese nodules. Other pat- 
resistant coatings, were produced in devel- ents issued included those related to ex- 

opment quantities. traction of cobalt values from cobalt-nickel 
| Japanese researchers at the Research ore; recovery of nickel, cobalt and other 

Institute of Metals at Tokhoku University metals from a solution produced by leaching 
reportedly developed an amorphous magnet a silicate ore with sulfuric acid; and liquid-
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* aas re Mar. 2, 1978, Preprint No. 78-b-89, 6 pp. . liquid solvent extraction of cobalt from an ‘Wallis, P. B. High Temperature Corrosion Resistant 
acidic sulfate ore leach solution containing Alloys. Turbomachinery Internat., v. 18, No. 6, November- 

i December 1977, pp. 52-54. 
both cobalt and nickel. ®Trainor, T. Cobalt P/M Insert Resists Wear. Am. Metal | 
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Columbi Cant: olumbium and Tantalum 

| By Thomas S. Jones? 

All columbium and tantalum raw mate-_ er than those of 1976. | 
rials were imported in 1977; there was no Legislation and Government  Pro- 
U.S. mine production and there were no grams.—Changes in U.S. Government in- | 
stockpile releases of any consequence. Com- _ventories of columbiiim and tantalum mate- | 
pared with the 1976 figures, imports of rials were insignificant in 1977, and there 
mineral concentrates, tin slags, and other were no sales of stockpile excesses. Stocks of 

raw material forms were, on the basis of columbium concentrates declined by 32 
content, 8% less for columbium and 42% pounds of contained columbium, while 
greater for tantalum. Receipts of raw mate- those of tantalum minerals increased by 
rials of such byproduct origin as tin slags 3,513 pounds of contained tantalum. 
were a particularly large part of tantalum In February 1977 the U.S. Government 
raw material imports. Consumption of raw imposed a moratorium on requests for new 
materials decreased 9% for columbium and _ stockpile acquisitions and disposals, pend- 
2% for tantalum, both again on a content ing review of stockpile policy and of goals 
basis. Tin slag constituted the majority of established on October 1, 1976. On October 
raw materials inventories. | 7, 1977, the moratorium was lifted when 

Increases in raw materials prices for both President Carter reaffirmed major elements 
columbium and tantalum helped lead to of the strategic and critical materials stock- 
higher prices for most primary and inter- pile policy developed in 1976. Long-range 
mediate products. For columbium, raw _ stockpile goals were not changed by this 
materials prices rose about 138%. For tanta- action. However, progress towards the goals 
lum, ore and concentrate prices increased was to be achieved through an Annual 
about 40%, and product price advances Materials Plan as developed by an Inter- 
made more probable the substitution of agency Annual Materials Plan Steering 
alternate materials in tantalum end uses. Committee chaired by the Federal Prepar- 
Consumption of ferrocolumbium was at edness Agency (FPA) of the General Ser- 

the second highest level on record. The vices Administration. Subsequently, FPA 
amount consumed was 29% greater than in announced a policy whereby shortages of a 
1976, as nearly twice as much was used in given material would be offset by surplus 
superalloys and higher amounts‘were used _ inventories of a related material. 
in all main steelmaking categories. Imports As of yearend 1977, under the offset 
provided the greater part of ferrocolum- concept 94% of the goal for columbium 

- bium supply and were about twice the concentrates was met. However, goals for 
quantity produced domestically. | all three tantalum stockpile items were far 

At about $24 million, the value of colum- greater than inventories, and no offsets | 
bium and tantalum exports was a record could be applied. The inventory of tantalum 
amount. Tantalum in various forms made minerals was about one-half of the goal. For 
up much more of the total than did colum- tantalum carbide powder and tantalum 
bium. Tantalum also constituted a greater metal, inventories represented only 3% and 
share of the combined metal, alloy, and 12% of the respective goals. 
scrap imports, which were over 100% great- 
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| a OO Table 1.—Salient columbium statistics | | 
oo, . (Thousand pounds) a 

Co . . . - . 1973 | 1974 1975 — 1976 1977 

_ . United States: _ : ae . . 
- ‘Mine production of columbium-tantalum — Oo 

concentrates __._.___~. ee __ __ -- |. __ _- 

ee ' Releases from Government excesses (Cb content)! _ _ __ _ _ 2,344 2,739.  ~463 70 __ 
a Consumption of raw materials (Cb content) _____=____ 2,806 3,250 © 2,137 3,379 3,080 

Production of primary products: . 
ae Columbium metal (Cb content)... 2.2 WwW WwW OW WwW wis 

Se .,Ferrocolumbium (Cb content) ________..--_~- 1,496 1917  — °985 1565 1,455 | 
Te Consumption of primary y products: a 

: Columbium metal (Cb content) ___.__.~.._____ 254 221 130 291 Ww 
oe . Ferrocolumbium, ferrotantalum-columbium, 

an and other columbium and tantalum . . . 
oe _ materials (Cb and Ta content) _2~..~_~_______ 4,056 4,626 3,348 3,389. 4,389 
Do : Exports: Columbium metal, compounds, and . 

alloys (gross weight) _..._.-_.- {0-2 __ iLL 96. 33 53 67 9B 
_. Importsforconsumption: =. . . oo 

' Mineral concentrate (Cb content)®_ =. _____ 1,314 . 1,583 845 2,201 1,551 
a Columbium metal and columbium-bearing : 

me ‘alloys (Cb content) _...-..-2.- 22 4. | 3 (7) 2 
. Ferrocolumbium (Ch content)® __....2....._.. 12,748 ™3,030 71,947 2,221 - 2,676 

. - Tin slags (Cb content)® .._-_..2»§ ~~~ 2 25 603 460 _ 144 296 880 
World: Production of columbium-tantalum 

concentrates (Cb content)® _-......._..-__.____._ 32,452 20,597 "17,824  *20,862 22,719 . 

“Estimate. ‘Revised. W Withheld to avoid disclosing individual company confidential data. 
Includes columbium content in raw materials from which columbium is not recovered and material released as 

payment-in-kind for upgrading. — a 
2Less than 1/2 unit. | 
SReceipts reported by consumers; includes other low-grade materials and synthetic concentrates in 1977. 

Table 2.—Salient tantalum statistics 

7 (Thousand pounds) . 
ee cere nanemmeananreneeneernatn recor 

. 1973 1974 1975 1976 1977 
ee SS gO AD SC ST ssh te seh cht i et fi cE 

United States: 
Mine production of columbium-tantalum concentrates — _ _ — _- -_- _- _- + 
Releases from Government excesses (Ta content)! _______ 266 884 87 8 2(4) 
Consumption of raw materials (Ta content)_.......... 2,221 2,425 1,077 2,005 1,958 
Production of primary metal (Ta content)...._...______ 1,619 1,849 844 1,873 1,390 
Consumption of primary products: — 

Tantalum metal (Ta content)____.___....______ 1,096 1,159 450 1,098 732 
_  Ferrocolumbium, ferrotantalum-columbium, Oo 

and other columbium and tantalum 
Expo materials (Cb and Ta content).._____._______ 4,056 4,626 3,348 3,389 4,389 
xports: . 

Tantalum ore and concentrate (gross weight) _______ 16 201 60 . 69 118 
Tantalum metal, compounds, and alloys 
(gross weight). $222 LLL 344 503 471 367 470 

Tantalum and tantalum alloy powder (Ta content). _ _ _ 202 233 161 219 234 
Imports for consumption: a 

Mineral concentrate (Ta content)®*___§_.§.§___.______ 428 786 631 827 657 
Tantalum metal and tantalum-bearing alloys 

(Ta content). _. -_. ---_~ 2 LLL 101 184 66 52 226 
Tin slags (Ta content)?__._-.__._____________ 719 760 236 431 1,275 | 

World: Production of columbium-tantalum 
. concentrates (Ta content)® _.. 2-2 5 5 5 eee 847 962 906 756 861 

i 

“Estimate. "Revised. . 
Includes material released as payment-in-kind for upgrading. 
2Net change in inventory report. 
3Receipts reported by consumers; includes other low-grade materials and synthetic concentrates in 1977.
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| Table 3.—Columbium and tantalum materials in Government inventories 
- _ asof Dec, 31, 1977 | 

(Thousand pounds of columbium or tantalum content) : | 

7 “es National Suppl | Material Stockpile (etrategic) Froduction = mental =Total | . OO . ; stockpile - inventory stockpile . 

Columbium: . | Concentrates _________________ 3,131 11,781 (7) _- 31,781 Carbide powder______-__________ _- . 21 _— 321 oo Ferrocolumbium ____________.__ __ 4931 __ oo 3931 . Metal___2_-_~_____ Le 45 __ __ 345 Tantalum: i 
| Minerals "__=-_-__- 22-2. | 5,452 52,552 a 2,552 Carbide powder_______1______ 889 29 _— ee 29 Metal __ == 1,650. "6201 oe -- 201 

Includes 869,000 pounds of non-stockpile-grade material. : - *Lessthan |/2unit. a ; - 
. 5All surplus columbium carbide ‘powder, ferrocolumbium, and columbium metal were used to offset columbium = concentrates shortfall. Total offset = 1,173,000 pounds. 

“Includes 333,000 pounds of non-stockpile-gradé material. ° 
‘Includes 1,152,000 pounds of non-stockpilegrade material. 7 - | “Includes negligible quantity of non-stockpile-grade material. - 

— _ DOMESTICPRODUCTION sits 

All columbium ahd tantalum source Consequently, the company undertook a | materials continued to be imported in 1977, _ major expansion of wire drawing and spool- - _ as there was again no reported domestic ing facilities that was to be completed early | mineral, production of either columbium or _ in 1978. : BS 
tantalum.: —s_— 2 _ Kawecki Berylco Industries, Inc., (KBD) | 
 Columbium metal and ingot‘were pro- and Kennametal, Inc., were both involved 
duced by too few companies to permit dis- in changes of ownership. The approximate- _ Closure of production data. According to ly 49% ownership of KBI held by Molycorp, 

_ reports from five firms, production of ferro- Inc., passed to Union Oil of California when 
columbium, expressed as contained colum- Molycorp was merged into Union Oil late in — bium, was 1,455,000 pounds, a 7% decrease J uly. Litigation over a loan by KBI to . from that of 1976. Value of ferrocolumbium International Chemalloy Corp., the owner | production rose to an estimated $10.8 mil- of Tantalum Mining Corp. of Canada Ltd. 
lion, the, rise. reflecting both higher unit (Tanco), was settled; KBI continued to own 
value and an increased proportion of high- just under 25% of Tanco stock. Early in the 
purity ferrocolumbium in the total. _ year Kennametal made its first public offer- 
Tantalum metal. powder production in ing of stock, sales of which raised a net $10 

1977 of 1,390,000 pounds was a decrease of million. — | . : 26%. Production of tantalum ingots was In November, Foote Mineral Co. an- 
578,000 pounds, virtually unchanged from nounced its appointment as sales agent in | 1976. Domestic producers reported strong North America for standard ferrocolum- ' demand for tantalum, particularly by the bium produced in Brazil. This arrangement electronic industry. For Fansteel, Inc., this was made between Foote and Mineracdo 

- caused facilities for producing tantalum Cataldo de Goias S.A., which began pro- 
wire to be operated nearly at capacity. duction of ferrocolumbium in 1977.
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Table 4.—Major domestic columbium and tantalum processing and producing companies | 

in 
| 

| Company Location Colum Tantalum Tere Se” —_columbium 

Fansteel,Inc_____--------  Chicago,I1_.__----  X X X _- | 
_ Muskogee, Okla _ ~~~ - X X x _- 

General ElectricCo _.---~--- Warren, Mich _ ~~ --- —- -- X _- 

Kawecki Div., Kawecki- Boyertown, Pa _ —~—--- xX X Xx xX 

Berylco Industries, Inc. 
Kennametal, Inc ___------- Latrobe, Pa _———---- xX xX ».4 — 

Mallinckrodt, Inc___.------  St.Louis,Mo--__---- XX x __ __ 

NRC Inc ____--~--------- Newton, Mass __---~- xX xX xX — 

Newcomer Products, Inc ~~ —-- Latrobe, Pa____.--- _- _- x __ 

The Pesses Co __ __-----~--- Pulaski, Pa__-__---—- xX _- _- X 

Reading Alloys Co.,Inc ~__---- Robesonia, Pa ___-~-~—- x _- _- f x 

Shieldallo Corp ant w~sCNewfield, NJ ------  X -- _- X 

Teledyne Wah Chang Albany —_— Albany, Oreg_——---- xX xX x X 

CONSUMPTION AND USES | 

_ Major end uses other than in steelmaking demand for columbium, more so worldwide 

continued to be in aerospace for columbium than in the United States. Not including 

and in electronics for tantalum, according countries with centrally planned economies, 

to data of the Tantalum Producers Associa- pipeline mileage laid in 1977 was reported 

tion. In each case, these end uses accounted to have established a record, at more than a 

for over 60% of total consumption aside third above that in 1976. For the United 

from steelmaking. Electronics uses again States the increase was 4%. 

were a small but growing share of overall Consumption in stainless and _heat- 

| columbium consumption. resisting steel increased and was in propor- 

Reported consumption of ferrocolum- tion to a greater production of columbium- 

bium, ferrotantalum-columbium, and other bearing type 347. Because of its stabilizing 

| columbium and tantalum materials increas- capability, potential future uses of colum- 

ed 29% over that of 1976 to the second bium in stainless steel included heat- 

highest total on record. Usage in super- exchanger tubes of austenitic grades for 

' alloys nearly doubled and accounted for fluidized-bed units for coal combustion and | 

more growth in consumption than any steel sheet and plate forms of molybdenum- 

category. Consumption in steel, which con- bearing ferritic grades. 

tinued to amount to four-fifths of total Expanding demand for tantalum capaci- 

consumption, was higher for all main cate- tors, in such applications as automotive 

gories and was up by 21% overall in spite of electronic ignition systems, tended to be 

a slight decline in steel production. For offset by a trend toward powders with 

7 carbon steel the consumption increase higher capacitance. Union Carbide Corp. 

approached one-third, while average con- formed an Electronics Division that in- 

~  gumption per ton of carbon steel produced cludes manufacture of tantalum capacitors. 

rose even more. Union Carbide significantly increased do- 

In high-strength, low-alloy (HSLA) steel, mestic productive capacity for capacitors 

consumption of columbium units was high- just prior to 1977 by beginning operations at 

er by one-fifth. Additional applications of a new plant at Columbus, Ga. Sprague 

HSLA steel were developed in such trans- Electric Co. also enlarged its capabilities 

portation end uses as truck side rails, truck for manufacture of tantalum capacitors 

trailer frames, one-piece bumpers, and through an expansion in 1977 of facilities at 

bumper backup systems. Trends in speci- Sanford, Maine. | 

fications for pipeline steels also added to the
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| ' Table 5.—-Reported shipments of columbium and tantalum materials | 
| (Pounds of metal content) | _ 

| | _ Material _ | 1976 1977 (percent) 

Columbium products: 
Compounds, including alloys. .____.______________ 791,300 ~ 889,000 +12 . - Metal, including worked products__________________ 101,600 178,900 +76 | | Other -_--__ tg 00 10,700 74 : 

TS a a A TT SSSR fSSPSSPEE 

| Total columbium __._.__________________ | 933,900 1,078,600 +15 
SE Se avs Sy arya SSVSCRSGSGROEE 

ST ES SSeS rsa SSNASHAH SR SSGERSGSSGAn? 

Tantalum products: . 
| Oxides andsalts ~-._____________________._- 55,400 62,800 +18 7 . Alloy additive ________. 2 13,200 12,200 -8 | Carbide _- 2 93,300 118,500 +27 Powder and anodes __.________________.___.__ 759,000 759,200 — Ingot (unworked consolidated metal) _._._.._-________ 7,700 8,000 +4 Mill products __-_______._._______.___...____ 238,500. 292,400 +23 Scrap 130,700 168,300 +29 Other oe 2,300 _ 

- Total tantalum __._~-~_______-_ 1,297,800  —=_1,428,700 +10 
Source: Tantalum Producers Association. a ee | 

— Table 6.—Consumption of ferrocolumbium, ferrotantalum-columbium, and other colum- : _ bium and tantalum materials in the United Statesin1977,byenduse = 

End use | . columbium . . St . - and tantalum 

Steel: . | . Carbon -__ ~~ ee 1,169,028 . Stainless and heat-resisting ww ee ee ee en ee ee ee 567,588 Full alloy wor ne ee eee 583,001 . High-strength, low-alloy ween eee ne ee en ee ee ee 1,188,363 
Electric rr we nn ee ee ee ee ee —— Tool Wt nnn ee ee ee eee Ww. . Unspecified - - ----~----~------- 2 " 18,688 | 

 Totalateel ee 8,521,663 
| Alloys (ercluding alioy stasis and waperailoya) 1777~~~~-~7-7------------------- "e987 exclud: ry 8 and superalloys) __--.---..---.----- ieee 64, Miscellaneous and unspecified ___._____..- 5,044 

Total . -------------~---------------------e neni 4,888,682 
_ W Withheld to avoid disclosing individual company confidential data; included with “Steel: Unspecified.” 

| | STOCKS | | 
| Aggregate stocks of columbium and tan- eS 

talum raw materials reported by processors _ | Material Dec 31, Dec. 81, 
and dealers for yearend 1977 contains ———————— —>_ 

| 000 pounds of columbi COLUMBIUM | : ed 3,272,000 po of columbium and per COM andingot _____ 147,808 262,245 ' 3,867,000 pounds of tantalum, which were Scrap_-_..-.-..-._.____ 106,958 119,764 
increases of 17% and 1%, respectively, over Oxide and other compounds .-- 589,094 689,485 
earend 1976 inve ies. Tin slag - Primary metal _..__..____ 802,274 218,274 ye nd 197 . ntories. ag con Capacitor-grade powder ______ 94,088 97,246 stituted the majority of the inventories. Ingot __-__--_____-___- 114849 11168 
Processor and dealer inventories of other Scrap ----------------- 174457 188181 " ; Oxide__.______________ 49,174 30,287 columbium and tantalum materials at year- Potassium tantalum 98.572 94.959 

end follow, in pounds of contained colum- 40° compounds_---__-_-. 45028 , $8295 | 
bium and tantalum: —_ Oe
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Producer stocks of .ferrocolumbium at | 

yearend 1977 were 655,000 pounds of con- ~ 7 Dee. 81, Dee. 31, | 
tained columbium, an 18% decline from the Material 1976 1977 

794,000 pounds in stock at the end of 1976. gy 

Consumer stocks of predominantly ferro- Ferrocolum pia and ------- 982,244 637,058 

alloy forms of columbium and tantalum _ tantalum materials ___---- 30,361 53,704 : 

decreased by nearly 30% overall, in pounds ‘Including ferrotantalum-columbium. _ : 

of contained columbium and tantalum: 7 

| PRICES | 

Price increases in 1977 for pyrochlore and $383 at the end of 1977, a 37% increase for 

columbium oxide led to higher prices for the middle of the range. The price changed 

most commonly used forms of columbium. in April and again in July, with most of the : 

The price of pyrochlore rose 13% in May, increase coming in April. Prices for U.S. 

from $2.25 to $2.55 per pound of Cb.0s. reactor-grade columbium metal powder 

Price listings had been based on Canadian changed at the same times, declining from | 

pyrochlore but were discontinued in March $30 to $45 per pound at the end of 1976 to 

: and replaced by a listing for Brazilian $29 to $37 at the end of 1977, an average 

pyrochlore on the basis of the approximate 12% decrease. | 

official Brazilian export price, f.o.b. ship- | Prices for tantalum raw materials in- | 

ping point, 50% to 55% Cb20;. The price of creased sharply because of continual up- 

purified columbium oxide, calcined grade, ward pressure throughout the year. For 

| went from $4.90 to $5.60 per pound at the spot tantalite ore, 60% basis c.i.f. U.S. ports, | 

end of March, a 14% increase. Higher raw the price range moved from $17.25 to $18.00 : 

material and labor costs were said to have per pound of contained Ta.O; at the begin- | 

| necessitated the increase. On the other ning of the year to $22.75 to $26.50 by ? 

- hand, the price of spot columbite concen- yearend, an average 40% increase mostly 

trates was relatively stable, the range of taking place in August. The list price of _ 

$3.00 to $3.50 broadening in March and ‘Tanco tantalite, which went up 11% on 

holding thereafter at $2.85 to $3.50 per January 1, 1977, from $16 to $17.75 per 

pound of combined columbium and tanta- pound of contained Ta.Os, jumped 35% to | 

lum pentoxides, c.if. U.S. ports. — $24 late in September and remained at that 

Prices of both steelmaking and high- level the rest of the year. 

purity grades of ferrocolumbium responded The cost of tantalum was a factor in 

to the price increases for raw materials. The raising the price of U.S. grade tantalum 

| spot, regular grade of ferroalloy with 63% - metal powder. Per pound of tantalum, the 

to 68% columbium, formerly listed as the price range rose in May to $40 to $58.25, an 

spot, low-alloy grade, went up 8% in pricein average 18% above the $35.40 to $48 range : 

July, from $4.73 to $5.12 per pound of that prevailed throughout 1976. However, 

contained columbium, f.o.b. shipping point. the price quotation for U.S. grade tantalum 

The price of high-purity ferrocolumbium metal rod stayed as in 1976 at $52 to $80 per 

rose 14% during May, the same percentage pound. The quoted price range for US. 

increase as for the purified oxide from tantalum metal sheet, which in 1976 had 

which it is made; the change was from ranged from $48 to $118 per pound, was 

$11.80 to $13.45 per pound of contained revised in March to $72 to $82, a level which 

columbium. The price of nickel columbium, applied for the rest of 1977. | 

also in high-purity form, increased 15% at The price per pound of tantalum carbide 

the same time, going from $14.30 to $16.47 rose by about the same proportion as that of 

per pound of contained columbium. tantalum metal: powder, advancing from 

The price range for U.S. reactor-grade about $33.50 at the beginning of the year to 

| columbium metal ingot advanced from $18 $40 in September. 

to $25 per pound at the end of 1976, to $26 to 

FOREIGN TRADE 

Exports of columbium and tantalum of 197 6 by 26% in quantity to 896,000 

metals, alloys, powder, scrap, ores, and pounds overall and by 53% in value to a 

concentrates increased compared with those record $23.7 million. Half the increase in
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value was because of greater exports of and scrap at a value of $4,982 from the 
tantalum metals and alloys in crude form Federal Republic of Germany and 2,000 | and as scrap. This class of tantalum exports pounds of unwrought columbium alloys at a 
also rose in unit value by 65%, and together value of $7 075 from Brazil. Chief sources __ with powder continued to be the most signi- of tantalum metal and alloys were the ficant part of columbium and tantalum Federal Republic of Germany (84,813 exports. | pounds, $2,625,393), Mexico (59,215 pounds, 

Countries accounting for 99% of both $431,555), and the United Kingdom (28,803 _. quantity and value of all columbium and pounds, $180,946) out of a total of 200,460 
tantalum exports were Austria, Belgium, pounds of unwrought tantalum metal, 
Canada, France, the Federal Republic of waste, and scrap at a value of $3,389,686; 
Germany, Israel, Italy, Japan, Poland, the Federal Republic of Germany (19,842 
Spain, the United Kingdom, and the Pounds, $658,001) out of a total of 19,942 
U.S.S.R. Of these 12, the Federal Republic pounds of unwrought tantalum alloys at a of Germany, Japan, and the United King- value of $661,701; and the Federal Republic 
dom were the chief recipients, together Of Germany (4,487 pounds, $152,516), Bel- . _ accounting for 87% of quantity and 83% of gium (1,121 pounds, $71,014), and Austria value. At least one-fifth of every export 821 pounds, $62,201) out of a total of 5,990 class went to the Federal Republic of Ger- Pounds of wrought tantalum metal at a 
hon Munich took all ship mous of tanta- "A mporte Foe “consumption of columbium um ores and concentrates. untries re- : | . ceiving sizable portions of the various other Woe ke (or oon ne ter « ee less than in export classes were, in thousand pounds unit value rose. Be %, “Aver ie crade wos and thousand dollars, Belgium (19, $72) and estimated as 56% Ch 0 Gon Te O.. com. 
the Federal Republic of Germany (16, $174) pared with 58% C O° os ‘Pa O. i 176 

‘or unwrought columbium and columbium me 3.364.000 pounds of imports were esti- 
alloy Ss; including waste and scrap; the Unit- mated to contain 1,322,000 pounds of colum- | ed Kingdom (10, $503), the Federal Republic bium and 171,000 pounds of tantalum. Ca- 

| of Germany (8, $186), and the USSR. (8, nada accounted for about half of both total $113) for wrought columbium and colum- quantity and value of imports and displaced | bium alloys; the Federal Republic of Ger- Brazil as the leading source. Nigeria, Ma- many (340, $6,661), Japan (31, $1,015), laysia, and the People’s Republic of China _ and the United Kingdom (29, $233) for remained the next most important supply- unwrought tantalum and tantalum alloys, ing countries. | } | including waste and scrap; the United King- Imports of tantalum mineral concen- 
dom (17, $1,038), the Federal Republic of trates amounted to 1,524,000 pounds and 
Germany (17, $1,000), and Japan (14, $853) contained an estimated 486,000 pounds of for wrought tantalum and tantalum alloys; tantalum and 229,000 pounds of columbium. and the Federal Republic of Germany (76, Average grade was estimated as 39% Ta,O, 
$2,652), Japan (54, $2,542) and the United and 29% Cb.0;. Tantalum concentrates Kingdom (88, $1,725) for tantalum and tan- were received in greatest amount from talum alloy powder. Canada, which provided about one-third of Imports for consumption of columbium both total quantity and value. 
and tantalum metal, alloys, waste, and Receipts of tin slags, other low-grade _ Scrap totaled 228,000 pounds at a value of materials, and synthetic concentrates were $4.4 million. This was more than twice the substantially greater than in 1976. Such 
1976 quantity at not quite double the value. materials accounted for about one-third of Imports were received from 11 countries, of the columbium units and two-thirds of the which especially the Federal Republic of tantalum units in all nonmetallic raw mate- Germany followed by Mexico, the United rials received. Receipts of tin slags were Kingdom, the Netherlands, and Belgium again reported to be predominantly from were the source of all but a few percent of Thailand and Malaysia. On November 8, total quantity and value. Imports of colum- 1977 , the duty on synthetic tantalum- bium metal and alloys continued to be columbium concentrates was suspended un- relatively insignificant, amounting to 120 til J uly 1, 1980, through enactment of Pub- 
pounds of unwrought columbium, waste, lic Law 95-161. |
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Table 7.—U.S. exports of columbium and tantalum, by class 

Oo oe (Thousand pounds, gross weight, and thousand dollars) . 

, | | 1976 oe, 1977 . : 

, Class . 
lOO" mT 

_ 
. Quantity Value Quantity Value 

| Columbium and columbium alloys, unwrought, and : | | i 

wasteandscrap ______---~---~---------------
-. 24 175 42 349 

Columbium and columbium alloys, wrought __------------- 43 604 33 1,059 

Tantalum ores and concentrates ___----------------
--- 59 317 | 118 944 

Tantalum and tantalum alloys, wrought ______----------- 45 2,571 63 3,957 

_ Tantalum metals and alloys, in crude form and scrap —~-—----—-- 322 3,823 406 . 1,973 

‘Tantalum and tantalum alloy powder ~-_----------+---- 219 7,982 . 234 9,380 

| - Table 8.—U.S. imports for consumption of columbium-mineral concentrates, by country 

(Thousand pounds and thousand dollars) 

a eT 
. Gross . r Gross 

| - . weight Value weight Value 

. ee __. se 

Brazil ________-__---------------
---------- 1,868 2,197 566 1,107 

Canada _________--_---~-_--------
----------- 1,196 1,792 1,669 3,042 

China, People's Republic of = = ~~ -----~-77 7777777777 179 224 154 387 

Germany, Federal Republic of _-_------~------------ 23 65 68 81 

Japan _______-_-~---------------
----------- _- -- 22 47 

_ Malaysia _____------------------------
----- T156 351 153 - 418 

Netherlands _________--------------
--------- : _— _— 100 188 

Nigeria _______---_------~--------
------7--- . 417 763 506 1,071 

Rwanda ________---------------------
----- _- _- 15 61 

Spain _____--------------------
----------- 11 54 _- —_ 

Taiwan ___________-_------------
---------- 40 51 27 37 

Thailand ______.____--------------
---------- 5. 19 33 100 

_ United Kingdom ___~__-~---------------------
 ee _- . dil 26 

Zaire _______-_--~-----------------
-------7 13 51 40 206 

| ‘Total_.-----------------------------= 8,968 5,567 3,364 6.771 

Table 9.—U.S. imports for consumption of tantalum-mineral concentrates, by country 

. (Thousand pounds and thousand dollars) | 

1976 - 1977 

Gross - Gross’ 

. : . , weight Value weight Value 

Australia________-_----------------+------- 229 1,655 61 428 

- Belgium-Luxembourg! _—-_-------------~-------- 1 6 17 85 

. Brazil _________-_---------------
----------- 148 677 145 1,244 

Canada ________-_-----------------
---------- F498 2,534 491 2,909 

China, People’s Republic of _ _- -------------------- 5 3 -- _— 

France _________--------------------
------ 2 31 1 16 

Germany, Federal Republic of? ~__----------------- 1,067 7,678 91 901 

Malaysia ___---------------------
---------- 22 48 50 25 

Mozambique _ _ - - - - -------------------------- 53 ATA © 18 128 

Netherlands ______----------------
---------- 22 114 16 76 

Nigeria __ _._____---------------------
------ _- Le 56 160 

Portugal _____------------------------
----- _- __ 17 87 

Rwanda ________---------------------
----- 99 250 85 339 

_ South Africa, Republic of ___--------------------- 9 39 _- _- 

Spain ______--------------------
--------->- 40 185 40 266 

Tanzania ________----------------
---------- 7 24 _- _- 

Thailand ________----------------
---------- 199 709 217 882 

United Kingdom —___---~----------------------
 _- _- 44 378 

Zaire ________-_-------------------
-------- 156 598 175 1,017 

Total.._____------------------------- 2,557 15,025 1,524 8,941 

Revised. 
1Presumably country of transshipment rather than original source. 

2Includes synthetic concentrates for 1976.
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Australia.—Goldrim Mining Australia tallgesellschaft A.G. purchased through its 
Ltd., late in the year, reportedly started Canadian subsidiary a 10% equity in Teck. 
mining tin and tantalite from the Wodgina Operations of Tanco at Bernic Lake, 
deposit in the Pilbara region of Western Manitoba, were reported to have continued 
Australia. Alluvium with a tantalite con- satisfactorily, and the company was able to 
tent of 0.56% or greater was to be mined at carry out further underground exploration. 
the rate of about 25,000 tons per year. This This was achieved even though Interna- 
export-oriented operation, which could be tional Chemalloy Corp., owner of just over 
hampered in the future by water shortages, 50% of Tanco’s shares, was in receivership 
was anticipated to last for approximately 5 status..On the other hand, efforts to solve 

_-years. } _ the financial problems of St. Lawrence Co- 

Another tin-tantalite mining operation in !umbium and Metals Corp. did not succeed. 
Western Australia appeared to be heading Consequently, some of the company’s assets 
for a change in ownership, from Vultan Were sold, but not the mine and mill at Oka, 

| Minerals to Greenbushes Tin N.L. Green- Quebec, and other properties. Negotiations | 
-bushes has been mining leases under li- underway prior to the sale could have | 
cense from Vultan, but reportedly was en- culminated in a conversion from under- 
larging its shares in Vultan, to a 44% Sround to open pit mining. Proven reserves 
interest before the year was over. were judged sufficient to support open pit 

Brazil.—Production and exports of ferro- Perations for 17 years. i, 
, columbium were both reduced from the New Insco Mines explored for uranium | 

record quantities of 1976. Production was and columbian. at the company s cae 
32% less at 7,500 tons; the new producer, drill P Sr y bo northern ie indi ted 
Mineracdo Cataldo de Goias S.A., accounted ChMtIngs 0 Cho. natite Oe 50, indica 
for 14% of the total, and the established 7 average (bss content of 0.257. 

; or . alaysia.—The Malaysian Government producer, Companhia Brasileira de Metal- . . f 
urgia e Mineracéo (CBMM), for the balance took steps to increase tin output even as : Exports of ferrocolumbium were 7.700 tons. production by the world’s largest tin pro- 

the third highest annual total and 22% less ducer was falling by nearly 10% from the than in 1976. - } _ 1976 level. Mining and export taxes were 

Eventual extraction of columbium as a reduced, and exploration was encouraged byproduct of phosphate mini bei for both hard rock and offshore deposits. 
YProquch OF Paosphate mining was being The Governments: of Malaysia, Indonesia, 

planned by Mineracéo Vale do Paranaiba nq Thailand were arranging joint financ- 
S.A. (Valep), which is 99% owned by ing of a mining and refining technology | 
Companhia Vale do Rio Doce (CVRD). Oper- center to be located in Malaysia, possibly 
ations at the Tapira minesite In western with cooperation from other Asian pro- 
Minas Gerais were to begin in 1978, the qycers. — 

_ initial product being phosphate concen- —_Nigeria.—Sales of byproduct columbite by 
trate. Future projects to recover columbium Amalgamated Tin Mines of Nigeria (Hold- 

. and minerals other than phosphate in the ings) Ltd. in the fiscal year ending March 
| _ deposit were being formulated. Columbium 1, 1977, decreased by a third from those of 

reserves were stated to be among the lar- the previous year to 165 tons. However, 
gest in the world. revenues from sales of this relatively high- 
Canada.—The first full year of pro- tantalum-content columbite were nearly 

duction from the Niobec Inc. mine at St. the same in a strong market. Congestion at 

Honore, Quebec, yielded 5,342,000 pounds of the port of Apapa and delays in issuance of 
Cb:0s. A total of 584,000 tons of ore grading export licenses contributed to interruptions 
0.71% Cb,0; was milled in 1977 at an _ in shipments in 1977. | 
average rate of 1,600 tons per day; recovery Thailand.—Although apparently favor- 
was 64%. Niobec, jointly held by Teck Corp. ing increased production, the Government 
Ltd. and Société Québécoise d’Exploration _ raised the royalty on mined tin. The state- 
Miniére (SOQUEM), an exploration com- controlled Offshore Mining Organization 
pany owned by the Government of Quebec, signed a 5-year contract with Billiton Thai- 
became associated with German interests land Ltd. for dredging for tin in Phangnga 
in the latter part of the year when Me- Bay off Phuket Island, in the same area as
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| the former Thai Exploration and Mining minimum capacity of 3,300 tons per year to 
| Co. (Temco) concession. Also, the Govern- provide competition with the much larger 

ment invited bids for a new smelter with a and dominant Billiton Thaisarco smelter. | 

oe Table 10.— Columbium and tantalum: World production of | 
7 - mineral concentrates by country’ | - 

. | (Thousand pounds) . 

Co try? 7 Gross weight? Columbium content* Tantalum content* 
uu — —————  ——__——_ -?. 0z“CC] COO oeeEE 

a my 1975 1976 1977” | «1975 1976 1977" 1975 1976 1977" 

| Argentina: . - 
Columbite _______- 2 () () 1 () () 1 () ©) 
 Tantalite ______-_- 1 @) 2) (°) (°) (°) 1 (5) (°) 

Australia: Columbite- . 

B tantalite® eee ene 291 273 348 29 69 — 62 95 87 118 
: ri : . : 

- Columbite-tantalite __ . 220 436 ©440 42 98 €80 65 128 £140 
Pyrochlore__.____.— 132,198 41,894  °%44,000 713,504 717,571 °17,800- _- mh -- 

Burundi: Columbite- 
tantalite _________- Le 9 . 10 _- 2 °2 _- 2 °2 

. Canada: , os me | | 
. Pyrochlore ____-—_- ©7500 *°6,600 °11,000 72,560 72,300 73,900 _— oe _- 

Tantalite ________-— &740 ©520 “500 Tr e900 rei ©14 71324 © 7230 £220 
Malaysia: Columbite- — 

tantalite ....______ 110 101 99 39 43 39 17 12 15 
Mozambique: . . 

| Columbite ___———_- __ °4 __ _.. re _- °2 __ 
Microlite _____--~-~ 97 123 €95 4 5 &4 53 68 °52 
Tantalite _________ 101 r e¢2 £82 13 reg €14 45 reo7 ©33 

Nigeria: * se 
Columbite ______—_— 2,183 1,433 —s«- 1,698 960 631 691 144 82 156 

Tantalite ________- 8 °2 1 1 * (5) 1 ° 1 
Portugal: Tantalite _____ 24 11 5 6 3 2 6 3 2 
Rhodesia Southern: 

Columbite-tantalite® __ 90 90 90 10 10 — 10 25 25 25 
Rwanda: Columbite- 

~ tantalite _.________ 103 100 *100 29 29 €31 23 24 ©21 
_ Thailand: . 

Columbite _______~- 15 88 — €gg A 23 ©24 3 14 “15 
Tantalite ________— 227 15 €15 54 4 &4 54 4 4 

Uganda: Columbite- 
tantalite® _._______ 5° 5 5 1 , dl 1 1 1 1 

Zaire: Columbite- 
tantalite __________ 176 174 183 _ 47 48 41 48 46 56 

Total _ __ _ ----~—  ©44,086 51,940 58,759 17,3824 20,862 22,719 T906 756 861 
senna ree eT sh i SSS 

€Kstimate. Preliminary. ‘Revised. , 
1&xcludes columbium and tantalum-bearing tin concentrates and slag. , 
2Tn addition to the countries listed, Spain, the Territory of South-West Africa, the U.S.S.R., and Zambia also produced 

or are believed to produce columbium and tantalum mineral concentrates, but information is unavailable to make 
adequate estimates of output levels. 

3Data on gross weight generally has been presented as reported in sources, divided into concentrates of columbite, 
tantalite, pyrochlore, and microlite where information is available to do so, and reported in groups such as columbite- 
tantalite where it is not. 

4Unless otherwise specified, metal content is based on U.S. Bureau of Mines estimates. Figures specifically listed as 
estimates are derived from an estimated gross weight. 

5Less than 1/2 unit. . 
SExports. 
7Reported in official country sources. 

7 TECHNOLOGY 

| High-temperature reaction between pyro- of the original pyrochlore sample was re- 
chlore samples from the St. Honore deposit covered in a condensate.? : | 
in Canada and chlorine gas was studied in Studies on the metallurgy of HSLA steels, 
the laboratory. Formation of volatile com- also known as microalloyed steels, conti- 
pounds was observed at all three reaction nued to provide information on steels con- 
temperatures investigated, 1,000° C, 1,400° taining small contents of such alloying el- 
C, and 1,800° C. Under the 1,800° C test ements as columbium, vanadium, molybde- — 

conditions, 84% of the columbium content num, and titanium. The proceedings of an
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: By Harold J. Schroeder! and James H. Jolly: 

. In 1977 world mine production of copper land, and the Philippines. Despite the high- 
was a record 8.50 million tons. The United est recorded world consumption stocks of 
States, despite reduced production, contin- refined copper continued to rise, keeping a. 
ued to lead the world in mine output with downward pressure on London Metal Ex- 
18% of the total, followed by Chile, the change prices, which trended down from an 
U.S.S.R., Canada, Zambia, Zaire, Peru, Po- average 63 cents per pound for January to 

Table 1.—Salient copper statistics 

1973 1974 1975 1976 1977 eS 

United States; . 
Ore produced_____.__ thousand short tons__ 289,998 293,443 263,003 283,736 ' 259,974 
Average yield of copper _ ___ _ _ _ _percent_ _ 0.53 0.49 0.47 0.51 0.52 

Primary (new) copper preduced— 
From domestic ores, as reported by— 

Mines _____________- short tons__ 1,717,940 1,597,002 1,413,366 1,605,586 1,503,966 
Value____________-_ thousands. _ $2,044,349 $2,468,964 $1,814,763 $2,234,975 $2,009,297 

Smelters ___________-_short tons__ 1,705,065 1,532,066 1,374,324 1,461,256 1,394,432 
Percent of world total _.__._______ 22 19 - 18 18 17 ——— 

Refineries. ____________short tons__ 1,698,337 1,420,905 1,286,189 1,422,723 1,410,997 
From foreign ores, matte, etc., as . 
reported by refineries. _____.___do____ 170,151 233,753 157,189 © 116,585 85,187 2 POE 
Total new refined, 

domestic and foreign ________do____ 1,868,488 | 1,654,658 1,443,378 1,539,308 1,496,184 
Secondary copper recovered 
prom old scrap only____________do____ 486,214 483,432 369,173 419,126 451,868 

ports: , 
Metallic copper ________._____do____ 292,504 246,205 304,712 *217,063 192,200 
Refined______.~_.~_________do____ 189,396 126,526 172,426 111,887 51,528 

Imports, general: 
Unmanufactured_____________do____ 420,513 608,602 324,126 534,713 516,729 . 
Refined___________________do____ 202,955 313,569 146,805 381,524 390,776 ee ENE 

Stecks Dec. 31: Producers: 
Refined___________________do____ 37,000 101,000 207,000 190,000 234,000 
Blister and materials in solution__ __do____ ' 265,000 324,000 312,000 321,000 346,000 eee 
Total___________________do____ 302,000 425,000 519,000 511,000 580,000 

Consumption: 
Refined copper ______________do____ 2,437,048 2,194,168 1,534,508 1,991,885 2,184,959 
Apparent consumption, 

primary copper___________*_do____ 1,902,000 1,778,000 1,812,000 1,826,000 1,791,000 
Apparent consumption, primary 

and old copper (old scrap only)_ ___do____ 2,388,000 2,261,000 1,681,000 2,245,000 2,243,000 
wrice: Weighted average, cents per pound ____ 59.5 717.3 64.2 69.6 66.8 orld: 
Production: 

Mine _______________~_-_short tons__ 7,844,901 8,047,959  °7,725,676 T8 272,228 8,503,477 
Smelter___________________do____ 7,878,480 8,067,651 7,684,297 8,088,574 8,268,030 

Price: London, average cents per pound___ ___ 80.86 93.13 56.08 63.92 59.44 eee eS 
"Revised. 
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57 cents for December. Meetings held dur- The U.S. Department of Commerce 
ing the year by the Intergovernmental amended Schedule A of Defense Materials 
Council of Copper Exporting Nations System Order 4 to revise the base period 
(CIPEC) and by copper producer and con- and the set-aside percentages for copper- 
sumer nations under United Nations spon- controlled materials. The amendment 
sorship failed to agree on ways to reduce _ changes the base period from calendar year — 
copper market instability. | 1975 to calendar year 1976, and the set- 

In the United States, consumption of aside percentages from 7% to 4% on unal- 

refined copper increased for the second year _loyed rod, bar, shapes, and wire; from 10% 
of recovery from the severe slump in 1975 to 6% on alloy seamless tube and pipes; and 
and was only slightly below the 1974 level of from 3% to 2% on copper foundry products. 
consumption. Mine production of recover- Import duties on copper ores, concen- 
able copper, affected by strikes and pro-_ trates, blister, and refined copper remained 

| duction cutbacks, declined significantly. at 0.8 cent per pound. The duty remained 
Strikes by copper workers at many produc- suspended on copper and copper-base scrap 
ing units, starting June 30, were of much through June 1981. | 
shorter duration than was generally antici- The Generalized System of Tariff Prefer- 
pated and did not result in a material ences (GSP), which was implemented in 

reduction of the prestrike buildup of inven- 1976, in accordance with Title V of the 

tories. The buildup of inventories along Trade Act of 1974, remained in effect. The 
with reduced consumption in the latter half system consists of duty-free treatment for a 
of the year led to production curtailments, period up to 10 years, on a wide range of 
some mine closures, and a serious unem- designated articles imported directly from 
ployment situation in the domestic copper any developing country designated as a 
mining industry. Various market factors beneficiary developing country (BDC). All 
resulted in domestic producer prices for copper items imported from BDC’s have 
refined cathode copper increasing in three been granted GSP status. There are a num- 
steps, from 65 cents per pound at the start ber of limitations to the program such as 
of the year to 74 cents in mid-March, then the provision that a country does not re- 
decreasing in four steps between May and _ ceive GSP coverage if the imports of a 
August to 60 cents, and followed by an particular article from that country exceed- _ | 
advance to 68 cents in mid-December. ed $25 million during the previous calendar | 

Legislation and Government Pro- year. This provision is reviewed every year 
grams.—The stockpile goal of 1,299,000 tons for possible changes. The review for 1977, 

- of copper, established by the Federal Pre- with respect to copper, resulted in denial of 
paredness Agency (FPA) in 1976, remained duty-free treatment for refined copper from 
in effect. No program has been announced Peru, Yugoslavia, Zambia, and Chile; black 
for purchases against the new goal. How- and blister copper from Chile; copper matte 
ever, 20,261 tons from the previous stockpile from Botswana; and copper wire from Chile. 

that remained unused from transfers to Duty-free status will be restored for cement 
other Government agencies were transfer- and blister copper from Peru, and for cupro- 
red back into the new stockpile. nickel plates from Mexico. 

DOMESTIC PRODUCTION 

PRIMARY COPPER of a few days to 10 weeks, post-strike shut- 
. . ; . downs, reduced work schedules and some 

Mine Production.—Domestic mine pro- jine closings. 
duction of recoverable copper was 1.5 mil- Open pit mines accounted for 88% of 
lion tons, a 6% decrease from 1976. Princi- mine output and underground mines 

pal copper producing States were Arizona, accounted for 17%. The production of cop- 
with 61.4% of the total, Utah (12.9%), New per from dump and in-place leaching, main- 

Mexico (11%), Montana (5.7%), Nevada ly recovered by precipitaion with iron, was 
(4.5%), and Michigan (2.8%). These States 134,215 tons or 9% of mine output. Total 
accounted for 98.3% of total production. mine production of copper recovered by 
The decrease in production was the result of leaching methods was 264,962 tons. 
a copper worker’s strike in midyear at most The Anaconda Company mine production 
of the major operations lasting for periods of copper decreased approximately 5% from
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| Figure 1.—Sources of copper supply for United States copper consumption. 

that of 1976. The Berkeley pit at Butte, ore electrowinning plant where output was 
_ Mont., accounted for approximately 73% of 19% over that of 1976. | 

the total and the remainder was from the |§Anamax and ASARCO Incorporated, 
Yerington mine at Weed Heights, Nev.,and partners in the Eisenhower Mining Co., 
the Victoria mine near Ely, Nev. Because of continued to develop the Palo Verde copper 

: the depressed conditions in the copper in- deposit, located 6 miles from the Twin 
dustry, the Victoria mine and mill were Buttes operation and between two ASARCO 
closed in September and operations were operations. The Palo Verde ore body con- 
curtailed at the Yerington mine in October. tains an estimated 125 million tons of ore 
Development of the underground mine and averaging 0.6% copper. Stripping of over- | 
concentrator at Carr Fork, Utah, about 25 burden was in pregress and mining of the __ 

| miles west of Salt Lake City, continued with underlying ore was expected to start early | 
production scheduled to start in late 1979 in 1979. | 
and building to a production level of 60,000 ASARCO operated three copper mines in 
short tons of copper per year as market the vicinity of Tucson, Ariz., the Mission, 
conditions warrant. Silver Bell, and San Xavier units. The 
Anamax Mining Co., a joint venture of mines were not operated during July 

The Anaconda Company and AMAX Inc.,_ through October, due to a copper worker’s 
operated the Twin Buttes, Ariz., open pit strike from June 30 to September 8, and a 
mine and produced 335,975 tons of copper shutdown until November 1 when pro- 
concentrates from processing sulfide ore duction was resumed on a curtailed basis. — 
and 34,387 tons of electrowon refined copper The Mission and Silver Bell units produced 
from processing oxide ores. Copper concen- 23,300 tans and 15,500 tons of copper in 
trating operations were held to about 60% concentrates and precipitates compared 
of capacity, as in 1976, because of the with 35,200 tons and 22,300 tens in 1976. 
depressed copper market but improved Output from the San Xavier mine and leach 
metallurgical recoveries resulted in a 36% plant was 10,600 tons of copper in precipi- 
increase in copper production over that of tates compared with 11,400 tons in 1976. 
1976. Production also improved at the oxide The Sacaton open pit mine near Casa
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Grande, Ariz., preduced 19,900 tons of cop- yon open pit copper mine in Nevada. Out- oe 
per in concentrates compared with 22,000 put from these mines accounted for approxi- 
tons in 1976. The Sacaton unit was not mately 9% of the tetal U.S. production. 
affected by the copper strike and operated Operations ceased for 6 weeks in late sum- __ | 
at full production except for a 7-week shut- mer at all four mines as a result of low , 
down in September and October because of copper prices. The Esperanza property re- | 
the depressed copper market. Development mained closed except for the waste dump 
of an underground ore body was resumed leaching operation. | | 
in July when sinking of the main shaft Hecla Mining Co., in a joint venture with 
commenced. By yearend the shaft had El Paso Natural Gas Co., operated the 
reached a depth of about 1,200 feet. Lakeshore underground copper mine until 

Cities Service Co. operated mines in Ari- early September when activity was sus- 
zona and Tennessee that produced 71,500 pended because of losses incurred from low - 
tons of copper compared with 86,600 tons in copper prices. The closure of the mine was | : 
1976. A strike and shutdown from July 1 also due to an inventory buildup of cement | 
through September 11, at the Pinto Valley copper precipitates resulting from strikes at — : 
mine in Miami, Ariz., and a strike at the receiving smelters. The suspension of oper- oo 
Copperhill mine in Tennessee from mid- ations continued through yearend. Copper © | 
April te mid-August were contributing production from both oxide and sulfide ores 
factors in the decreased production. Expan- during the year was 20,410 tons of copper. | 
sien plans at the Pinto Valley property An additional 15,410 tons of copper in 
were suspended pending improvement in purchased concentrates was recovered by 
the copper market. The Miami East under- processing in the electrowinining plant. 
ground mine development program in Ari- Inspiration Consolidated Copper Co. 7 
zona was also on a standby basis. | operated the Thornton, Red Hill, and Joe 

The Cyprus Pima Mining Co. operated Bush open pit copper mines in the vicinity 
. the open pit Pima mine near Tucson, Ariz., of Inspiration, Ariz. 6.1 million tons of 
milling 14.1 million tons of ore averaging waste and 2.5 million tons of ore were _ 
0.48% copper. Output of copper in concen- mined for a combined 8.6 million tons ef — . 
trates was 53,255 tens. Proven ore reserves material handled. The combined production 
at yearend was estimated to be 146 million from in-plant processed ore in the form of 
tons averaging 0.48% copper, sufficient to concentrates, precipitates, and electrowon 
sustain the operation for at least 8 mere cathodes was 14,561 tons of copper. Waste 

| years at past preduction levels. The mine dump leaching of mined material, too low in 
, was shutdown in September for an indefi- copper content for in-plant treatment, yield- oe 

nite period primarily because of low copper ed an additional 5,325 tens of copper. At the | 
_ prices. Cyprus Bagdad Copper Co., at its Ox Hide mine, 1.5 million tons of ore was 

_ Bagdad, Ariz. property, mined 3.6 million mined for heap leaching dumps and 2,320 
: tons of sulfide ore averaging 0.59% copper, tons of copper was recovered in the form of 

yielding concentrates containing 15,640 precipitates. At the Christmas open pit | 
tons of copper. In addition, 7,500 tens of mine, southeast of Miami, Ariz., output was 
cathode copper recovered by a leach- 5,194 tons from processing slightly less than _ 
electrowinning process were produced. The 1 million tons of ore and removal of 4.2 
expansion program, begun in 1974, to million tons of waste. Total mine production 
enlarge the open pit mine and the con- from all operating mines was 27,400 tons of 
struction of a 40,000-ton-per-day concentra- copper compared with 48,864 tons in 1976. 
tor, was completed as scheduled in late All of Inspiration’s Arizona operations were 
1977. Ore reserves at yearend were approx- shutdown by a strike from July 1 through _ 
imately 290 million tons of proven ore August 26. Following the strike, operations 
averaging 0.49% copper. Sufficient explor- resumed at the smelter, refinery, and rod 
ation work was completed to establish addi- fabricating and sulfuric acid plants. Recov- | 

| tional mineralization, although further ex- ery of copper by leaching at the Ox Hide 
_ploratory and development work and eco- mine resumed in October. The mines and 
nomic analysis must be completed to deter- other treatment plants remained shutdown 
mine if mining will be profitable. for the remainder of the year. 

Duval Corp., a subsidiary of Pennzoil Co., Kennecott Copper Corp. operated mines 
operated the Sierrita, the Esperanza, and in Arizona, Nevada, New Mexico, and Utah; 
the Mineral Park copper-molybdenum open these mines produced a combined total of 
pit mines in Arizona and the Copper Can- 358,150 tons of copper, a 3% increase from
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the 1976 output. The Utah Copper Div. leaching-solvent extraction-electrowinning accounted for 195,353 tons of the total process at its Bluebird mine near Miami, followed by the Ray Mines Div. (Arizona) Ariz. The in situ leaching operation at the with 80,326 tons, Chino Mines Div. (New Old Reliable deposit near San Manuel, Mexico) with 57,263 tons, and the Nevada Ariz., remained on standby throughout Mines Div. with 25,208 tons. Better equip- 1977, awaiting more favorable marketing ment and facilities and more effective conditions. Almost 400 tons of copper was methods enabled the Utah Copper Div. to produced from the leaching operations at improve production. The Chino Mines Div. the Big Mike mine near Winnemucca, Nev. brought a precipitate plant on line at the UV Industries, Inc., operated the Conti- new Lampbright waste dump to take advan- _nental mine near Bayard, N. Mex., mining tage of low cost copper found in waste dump 664,000 tons of ore with an average copper | | material. The increase in production at the assay of 1.66% from underground oper- Ruth pit, Nevada Mines Div., was the result ations and 1,687,000 tons of ore with an of resumption of mining and milling oper- average copper assay of 0.82% from open pit ations following a 10-month Suspension in operations. Concentrates produced from the previous year. Development projects at milling the ore totaled 86,000 tons with an the potential copper ore deposit beneath the average copper content of 25%. Estimated perimeter of the Utah Copper Div., Bing- reserves at yearend were 18.1 million tons _ ham Canyon mine and at Flambeau, Wis., averaging 0.86% copper suitable for open were temporarily suspended. pit mining and 16.4 million tons averaging Magma Copper Co. operated two under- 2.06% copper suitable for underground ground copper mines in Arizona with a mining. An exploration program at Bayard combined output of 163,000 tons of copper was reported to be highly successful and compared with 145,000 tons in 1976, an - initial indications were that a second open increase of 12%. The San Manuel mine pit may be a possibility. Present estimates | continued to operate at curtailed levels indicated ore reserves in excess of 10 mil- | _ throughout the year. However, at the lion tons of copper ore averaging approxi- smaller Superior mine, production was mately 0.6% copper. 
maintained at full capacity. A limited de- The White Pine, Mich., operations of velopment program continued to gain acce- Copper Range Co., milled 3.5 million tons of ss for underground drilling in the adjoining copper ore yielding 46,060 tons of copper in Kalamazoo ore body at San Manuel. The concentrate compared with 3.7 million tons mills at Superior and San Manuel conti- of ore which yielded 44,380 tons of copper in | nued to re-treat copper-bearing smelter slag concentate in 1976. The mine was closed | accumulated in previous years. during August by a strike from August 1 : Mines of the Phelps Dodge Corp., pro- through August 15, followed by a 2-week duced 276,700 tons of copper in concen- shutdown. . trates, ores, and precipitates compared with Smelter Production.—Output of copper 331,000 tons in 1976, a decrease of 16.4%. at primary smelters in the United States Output at Morenci, Ariz., Tyrone, N. Mex., was 1.48 million tons, a 6% decrease from Metcalf, Ariz., and Ajo, Ariz., was 100,700 — production of the preceding year. | tons, 84,700 tons, 50,500 tons, and 36,000 ASARCO completed the first phase of a tons, respectively. The Bisbie, Ariz., oper- major comprehensive modernization and ation contributed 4,300 tons and miscella- air quality control program late in the year heous sources contributed 500 tons. The at its EF] Paso, Tex., copper and lead smelt- decrease was due to the strikes which closed ers. The program was expected to reduce the Arizona operations from J uly 1 to substantially the need for curtailment to August 12, the post-strike shutdown of the meet Governmental air quality standards. Ajo mine until October 2, and reduced work Construction began on the second phase of . schedules at the mines during the balance the program scheduled for completion in of the year. Development work continued at 1978 which includes construction of an the deep ore body at Safford, Ariz. However, enclosed ore handling system to minimize no further development work was done on dust from incoming ore shipments, and an _ the Copper Basin property southwest of 800-ton-per-day sulfuric acid plant to cap- Prescott, Ariz. ture sulfur dioxide emissions during the Ranchers Exploration and Development roasting of copper and lead ores. The pro- Corp. produced slightly less than 9,000 tons gram at the Tacoma, Wash., smelter to of copper cathodes - a record high - by a_ improve the capture of solid-particle emis-
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sions proceeded on schedule. In addition to duction during the year to stay within 

the strike-caused loss of production at sulfur dioxide emission limits during un- 

ASARCO’s three copper smelters, there was favorable atmospheric conditions resulted 

also curtailments in production during ad- in some loss of production. In mid-year, ' 

verse weather conditions to remain in com- Magma undertook conversion of its rever- 

pliance with environmental control require- bertory furnaces to burn coal as a primary 

ments. © fuel. The conversion was expected to be 

Kennecott commenced the phaseout of completed in 1979. 

the old Utah copper smelter and the new Refined Production.—In 1977 production 

smelter modification project began to come of refined copper from primary materials 

on line in September. The transition was decreased 3% to 1.50 million tons. Refined 

being made with insignificant loss of pro- copper produced from scrap was 385,418 

duction. The changeover was to be com- tons compared with 37 5,155 tons in 1976. 

pleted by mid-1978. The McGill, Nev., Total production of refined copper in the | 

smelter reopened in January, following a 5- United States was 1.88 million tons, 80% 

month closure in the previous year, and derived from primary and 20% from scrap | 

continued full scale operation throughout sources. . OS | 

the year. | | _ The Anaconda Company closed the Arbi- : 

The Phelps Dodge Hidalgo smelter oper- ter plant, a hydrometallurgical refinery at 

ated for the first full year and produced Anaconda, Mont., for an indeterminate 

82.500 tons of copper anodes, mainly from period. The feed that had been designated 

the Tyrone, N. Mex., concentrator, com- for treatment at the Arbiter plant was 

: pared with 37,900 tons in 1976, when. it processed at the company’s nearby conven- 7 

operated for only half of the year. Installa- tionalsmelter. _. | —_ 

tion of a second acid plant and other facili- Duval Corp., continued testing of its new 

ties was completed in November on sched- CLEAR process (an acronym for copper, 

ule. - : : | leach, electrolysis, and regeneration) plant 

San Manuel smelter operations of Magma for the electrolytic production of copper 

Copper Co., were adversely affected during . crystals. The patented CLEAR process 

the fourth quarter of 1976 and the first creates no solid, liquid, or gaseous pollution. 

quarter of 1977 by an unusually high num- The plant, designed to produce 44,000 short 

a ber of intermittent curtailments required tons of copper crystals annually, was run- 

for air pollution control during atmospheric ning at about 85% of design capacity. 

inversions. The problems were corrected by Copper Sulfate.—Copper sulfate was pro- 

the end of the first quarter of 1977, and duced from electrolytic tankhouse solutions, | 

| production returned to normal by the end of blister copper, and secondary metal by com- 

April. Periodic curtailments of smelter pro- panies with plants located as follows: 

Company Plant location 

The Anaconda Company eee ---
------ Great Falls, Mont. _ 

Chevron Chemical Te ee ee ere Richmond, Calif. 

Cities ServiceCo ______---------------
------------ 50 Copperhill,Tenn. | 

Phelps Dodge Refining Corp _-------------------------- 7770070077 
Laurel Hill, N.Y., 

E] Paso, Tex. 

Van Waters & RogersInc __---------------------
------ 7-3-7777 7577777 Wallace, Idaho. . 

Copper sulfate production decreased for was produced at 14 copper smelters from - 

the fourth consecutive year to 30,100 tons, the sulfur contained in offgases, and output 

the smallest quantity since 1934. Shipments increased for the 10th consecutive year 

including consumption by producing com- from 2,281,600 tons to a record 2,357 ,400 

panies increased 2% over those of 1976 and tons on a 100% acid basis. | 

exceeded production by 857 tons, drawing 

down stocks from the relatively high level SECONDARY COPPER AND BRASS 

of 8,557 tons at yearend 1976 to 7,7 00 tons at 

yearend 1977. Of the total shipments of Domestic recovery of copper in all forms 

30,957 tons, reports indicated that 16,487 from all classes of purchased scrap totaled | 

tons was for agricultural uses, 12,799 tons 1.20 million tons in 1977, a 4% increase over 

was for industrial uses, and 1,671 tons was the 1976 total. Recovery from copper-base 

for other uses. . scrap advanced from 1.11 million tons to 

Byproduct Sulfuric Acid.—Sulfuric acid 1.16 million tons. Brass mills accounted for
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| 46% of the recovered copper, secondary ing of 61% new scrap and 39% old scrap. Of 
| smelters for 26%, and primary producers the major categories of copper and copper- 

for 23%. The remaining 5% was reclaimed alloy products derived from scrap, the out- . 
| at chemical plants, foundries, and manu- put of unalloyed copper, brass mill pro- 

facturers. ducts, and brass and bronze ingots was 
Consumption of purchased copper-base 402,000 tons, 664,000 tons, and 244,200 tons, 

scrap in 1977 was 1.57 million tons consist- increases of 3%, 2%, and 7%, respectively. 

) ‘CONSUMPTION | 

Consumption of refined copper in the first Wire mills accounted for 69% of refined 
half of 1977 was 17% above the comparable copper consumption, brass mills accounted 

_ period for 1976, but this rate of consumption for 29%, and all other categories accounted 
| was not sustained in the second half. Con- for the remaining 2%. — 

| sumption for the year advanced 10% to 2.2 Apparent withdrawals of primary refined 
million tons, the second year of recovery copper on domestic account was 1.79 million 
from the drastic slump in 1975, and approx- _ tons compared with 1.83 million tons in 
imately the same as consumption in 1974. 1976. | 

STOCKS 

Stocks of refined copper at primary pro- ed to 123,000 tons by the end of November 
ducers were drawn down from 190,000 tons and ended the year where they began at | 

. at the start of the year to 79,000 tons by the 150,000 tons. Stocks of refined copper in 
end of June, then moved up to 234,000 tons Commodity Exchange, Inc., warehouses in- 
by yearend. At wire rod and brass mills, the creased from 201,000 tons at the start of the 
stocks of refined copper increased from year to 213,000 tons at the end of March, 
150,000 tons at the start of the year to then declined to 184,000 tons by yearend. 
213,000 tons at the end of July, then declin- 

PRICES | | | 

Prices of copper on the London Metal price for refined cathode copper increasing 
Exchange (LME) increased from an average in three steps, from 65 cents per pound at | 

| 63.3 cents per pound for January to 68.6 ‘the start of the year to 74 cents in mid- 
cents for March followed by a generally March, then decreasing in four steps 
downward trend to 52.5 cents for August between May and August to a price of 60 | 
and a rise to 57.1 for December. The average cents. A modest advance in the LME prices 
estimated price for 1977 was 59 cents com- led to a 3-cent increase in the domestic 

- pared with 64 cents for 1976. | producer price in mid-December. The aver- 
Producer price in the United States age for 1977 was 67 cents compared with 70 

approximated the LME pattern with cents per pound in 1976. 

FOREIGN TRADE 

Exports of alloyed copper scrap, in gross from 381,500 tons to 390,800 tons and a 54% 
weight, were 82,000 tons compared with decrease in exports from 111,900 tons to 
76,700 tons in 1976. Imports of alloyed - 51,500 tons. Of the total imports, Canada 
Copper scrap were 13,400 tons, gross weight, supplied 25%, Chile 283%, Zambia 15%, and 
or 8,800 tons copper content. Peru 12%. Imports of blister copper were 

Net imports of copper continued to be a 46,200 tons compared with 44,500 tons in 
relatively large supply component in 1977 1976. The other import categories of ore, 
as imports of unmanufactured copper ex- concentrates, matte, and unalloyed copper 
cluding alloyed copper scrap fell slightly scrap totaled 79,800 tons, and the other 
from 534,700 tons to 516,700 tons and ex- export categories of ore, concentrates, 
ports decreased from 172,000 to 125,400 matte, blister, ash and residues, and unal- 
tons. The largest trade category, refined loyed scrap totaled 73,800 tons. 
copper, had a small increase in imports |
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WORLD REVIEW 

| World mine production of copper increas- tions forced some mine closures and pro- : 

ed 2.8% to an estimated 8.50 million tons in duction cutbacks. In August, Gunpowder 

1977. The United States continued to lead Copper Ltd., owned 48% by Consolidated 

| thé world in mine production with 18% of Gold Fields Ltd., closed its mine in Queens- 

the total, followed by Chile 14%, the land. Mount Isa Mines Ltd. (MIM), for the | 

U.S.S.R. 11%, Canada 10%, Zambia 9%, fiscal year ending June 30, produced 153,340 

Zaire 6%, Peru 5%, Poland 4%, the Philip- tons of blister copper, 11,600 tons less than 

pines 3%, Australia 3%, the Republic of fiscal 1976. Although more ore was treated 

| South Africa 3%, and Paupa New Guinea in fiscal 1977, the grade was lower resulting 

2%. Markét economy countries produced in decreased production. Copper ore re- 

about 81% of the total production. . serves at the end of the fiscal year were 133 

| According to the World Bureau of Metal million tons averaging 3.2% copper. MIM’s 7 

Statistics, refined copper consumption rose Townsville copper refinery produced 

about 6% to 9.97 million tons, the highest 153,400 tons of refined copper, a decrease of 

recorded; however, because of higher world 4.6% from the previous year. A $17 million 

copper production and further buildup of program to mechanize the refinery’s 

world stocks, the price of copper, except for tankhouse was underway and in August 

a temporary rise in March, trended down- MIM announced an $8 million program to 

ward in 1977. CIPEC held two ministerial install copper anode casting facilities at 

level meetings during the year but failed to Mount Isa to save energy by eliminat- 

arrive at a unanimous decision to imple- ing the blister remelting process at the 

ment measures to reduce mine and refined Townsville refinery. The new plant was 

production to levels below those of 1976. expected to be operational by mid-1979. | | 

The major copper producing and consuming . Mount Lyell Mining & Railway Co. Ltd., 

countries held four meetings in 1977, under (MLM), operators of copper mines near | 

the auspices of the United Nation’s Confer- Queenstown, Tasmania, reduced production 

ence on Trade and Development (UNCT- by 3,000 tons of realizable copper in concen- 

AD), to examine the causes of market insta- trate in fiscal 1977 to 19,500 tons to reduce 

bility and to consider possible ways to cor- costs and minimize losses. MLM’s North 

rect the problem. No agreements were Lyell mines were closed and the work week 

made but among items for further consider- shortened from 7 to 5 days. Late in 1977, the | 

ation were the formation of commodity Government approved in 1977, short-term © 

agreements involving buffer stocks and the assistance to keep the mine from closing. 

formation of an International Common Owing to mine closings and the severe 

_ Fund to finance commmodity agreement economic situation, MLM’s ore reserves 

| operations. | were: reduced by 23 million tons to 6.4 

World stocks of refined copper, as report- million tons grading 1.47% copper. 

ed by the World Bureau of Metal Statistics, EZ Industries Ltd. (EZI) reported increas- 

grew to 2,010,000 tons by yearend, repre- ed copper production in concentrate from 

| senting an increase of 9% over 1976. The 3,520 tons in fiscal 1976 to 4,180 tons for the 

| reported stocks included producer, con- year ending June 30, at its West Coast 

sumer, and merchant inventories of 622,000 mines in Tasmania. Ore reserves in the 

tons (including 184,000 tons in COMEX three operating mines fell by 0.5 million 

warehouses) of refined copper in the United tons to about 8.3 million tons grading 0.7% 

States, 323,000 tons in Japan, 261,000 tons copper with significant zinc, lead, silver, 

combined between France, the Federal Re- and gold values. 

public of Germany, and the United King- Cobar Mines Pty., Ltd., a subsidiary of BH 

dom, plus 707,000 tons held in LME ware- South Ltd., curtailed production at its 

houses. The total reported refined stocks, copper-lead-zinc CSA mine at Cobar, New 

valued at $2.4 billion represented the equiv- South Wales. Copper output in concentrate 

alent of 3.2 months demand based on the _ fell 18% to 7,680 tons in fiscal 1977 owing to 

average monthly world market economy reduced ore production and lower ore 

consumption of refined copper of 628,000 grades. The copper concentrate was sold to 

tons in 1977. The Electrolytic Refining and Smelting Co. 

Australia.—Australian copper production of Australia Ltd. at Port Kembla. . 

continued at about the same level, 242,440 Exploration by base metal companies con- 

tons in 1977, for the third year; however, tinued although the depressed state of the 

refinery production decreased about 4% to copper market prompted EZI and its joint 

169,928 tons. Continued poor market condi- venture partners, Amax Exploration (Aus-
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tralia) Inc. and Aztec Exploration Co. Pty. 7 ,000-ton-per-day concentrator was built 
Ltd., to suspend further work on their containing two circuits, one a standard 
Golden Grove, Western Australia, deposit flotation circuit to recover sulfides and the 
which has a resource potential of 15 million othera gravity circuit to recover significant 
tons grading 3.59% copper. Western Mining quantities of native copper present in the 
Corp. reported significant copper-uranium- ore, Because of the high copper (66%) and 

_ Yare earth mineralization in holes drilled at low sulfur (5%) content in the combined 
its Olympic Dam prospect particularily at mill concentrate, a top blown rotary con- 
the Roxby Downs site. Ore grades averaging verter (TBRC) smelter, to be operational in 
1.3% tore ha ane pound Oo oranium oxide February 1978, has been adapted to smelt 

_ per ton have n repo Over inter- the ore. In the TBRC operation, concentrate 
sections ranging from 25 feet to 800 feet mixed with lime and iron is melted by a 

thick. Economic evaluation of MIM’s Teu- natural gas-oxygen mixture resulting in a 
tonic Bore prospect in Western Australia slag-metal separation from which a 99% | was continuing. Drilling has delineated 2.8 pure blister copper can be drawn off. A 

_ million tons of ore with an average grade of qecision to build the smelter was in part 
3.5% copper, 9.5% zine, and 5 troy ounces of prompted by passage of the Province’s Cop- 
silver per ton. Bamangwato Concessions P° Smelting and Refining Incentives Act 

| pines , : x which authorizes payments up to $500,000 
: Ltd. (BCL) owned 85% by Botswana RST, per year for 10 years to smelters to en- 

Ltd., and 15% by the Government, reached courage upgrading of concentrate in British design capacity, 3,500 tons of copper-nickel Columbia. - | - 

matte per month after 2 years of difficult Bethlehem Copper Corp. Ltd., milled 6.1 
record 21 O75 6 P ropeems. Productio n was a million tons of ore grading 0.43% copper 
the 1 t 6 on ° OTT, Fi e ee in from open pit mines in the Highland Valley 

as montis or w/t. Bor the year, and produced a 44.84% copper concentrate however, matte production was only 33,920 containing 22.764 tons of co co red 
_ tons, 1,910 tons less than in 1976, owing to [ion Be] vag in 1976. The lower cotunt 

technical problems and overhaul of the ™ 00! tons in 1976. The lower output 4 1: : ly attributable to a 45-day labor _ flash furnace early in the year. All of the strike at « y d R t th ti 
matte produced was shipped to AMAX’s I mike a dJe year. nes total 5 4 villion tone 
Port Nickel (Louisiana) refinery for process- 60.40% ersey ‘nable ota tl mi te t ons ing into metal. Ore milled at the Pikwe- 0 (47 copper minable at a 1:1 waste to ore 

_ Selebi operation during 1977 was 2.1 million , . . 
tons containing 1.02% nickel and 0.88% ., Owing to operating losses since late 1974, 
copper, compared with 2.3 million tons the Granduc mine, managed by the Gran- grading 1.07% nickel and 0.86% copper in duc Operating Div. of Newmont Mines Ltd. 
1976. Proven and probable reserves at 2nd half owner with ASARCO Incorporated, 

_ BCL’s Pikwe-Selebi deposits totaled 48.7 Was expected to close in May 1978 when 
million tons of ore grading 1.07% nickel and evoloped oe eeausted. Kor the year, 1.17% copper. | randuc mi -47 million tons of ore 

| | Canada.—-Mine production increased 7% srading 1.31% copper producing 18,200 tons 
in 1977 to 860,500 tons of recoverable cop- of copper in concentrates, 5% more than in per. Smelter output increased 2.4% to 1976. Promising intersections of copper ore 
551,500 tons but refinery production Were encountered by drilling in the north- 
decreased slightly to 560,900 tons. Because ern extension of the main Granduc mineral 
of poor copper market conditions, some structure in 1977 and were to be further | 
Canadian producers scaled-down production explored in 1978. 
plans through mine clesures, cutbacks, and Similkameen Mining Co. Ltd., a subsi- 
expansion deferrals. British Columbia was diary of Newmont Mining Corp., operated 
the leading copper producing Province with its open pit mine and mill near Princeton at 
37% of the total followed by Ontario 36%, close to design capacity, 22,000 tons per day 
Quebec 14%, Manitoba 8%, and the remain- since April, but owing to the milling of 
ing Provinces 5%. lower grade ore, production of copper in 

Reviewing the activities of the Canadian concentrate fell slightly to 25,300 tons. 
copper industry for the year by Province, in Mining in the southwest zone of the Inger- 
British Columbia, Afton Mines Ltd. 56% belle pit was completed in February and the 
owned by Teck Corp. Ltd., began mine and area was being backfilled with waste remov- 
mill operations at its $80 million Afton open ed from other parts of the pit. The company 
pit mine near Kamloops late in the year. A began engineering and pit design studies to
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prepare the neighboring Copper Mountain improved recovery resulted in a production 

ore bodies for eventual production. Reserves increase of 1,700 tons of copper. Copper 

| at the end of 1977 were 49.9 million tons concentrate produced since April was 

_ averaging 0.54% copper compared with 54 sold in Japan. and Korea at LME prices. 

| million tons averaging 0.53% l year earlier. Brenda’s ore reserves at yearend totaled 109 

_Craigmont Mines Itd., 44.59% owned by million tons grading 0.165% copper and 

Placer Development Ltd., announced in 0.040% molybdenum. — 

December that its copper mine near Merritt Noranda’s Bell Copper Div. in Granisle, 

would be closed down in early 1979 due to British Columbia mined 4.9 million tons of 

exhaustion of economic ore. Exploration for ore grading 0.428% copper and 0.009 troy | 

additional ore reserves near the mine con- ounce of gold per ton. Concentrate output of 

tinued with no significant results by year- 65,500 tons contained 17,500 tons of copper 

end. In 1977, Craigmont milled 2 million and 23,000 troy ounces of gold. Reserves 

tons of ore grading 1.17% copper producing were 25 million tons averaging 0.492% cop- 

| 81,000 tons of concentrate containing 22,658 per with 0.012 troy ounce gold. 

tons of copper, 2,625 tons less than that of In Manitoba, Sheritt Gordon Mines Ltd., . 

1976. | | which operated the Ruttan and Fox mines 

Granby Mining Corp., operated the Gran- in 1977, milled a combined total of 3.4 

-  jgle and Phoenix open pit mines. Granisle | million tons of copper-zinc ore producing | 

for the year ended September 30, treated 5.0 37,192 tons of copper in concentrate. In 

million tons of 0.44% copper ore compared November a revised pit mining plan was . 

with 4.3 million tons of 0.42% copper ore in initiated at the Ruttan mine to raise the pit 

the previous year. Copper production in bottom by over 100 feet to the 600 level. The 

concentrate increased 23% to 18,890 tons. new plan reduced the open pit size, the 

Ore reserves at the end of September were stripping ratio, and ore reserves. Ore lost to 

52.9 million tons with an average copper pit mining was to be recovered through . 

” content of 0.42% at an average stripping underground stopes ‘permitting sustained 

ratio of 1.65 tons of waste per ton of ore. annual production rates of 2.5 million tons 

During the year new contracts with Japa- through 1982. Ruttan open pit reserves at 

nese smelters were negotiated. Production yearend were 5 million tons grading 1.37% 

| at the Phoenix mine, 3,280 tons of copper in copper and 1.78% zinc. Reserves at the Fox 

: concentrate, was 29% lower than in 1976,. mine were 7.1 million tons averaging 1.838%. 

owing to difficult loading and crushing con- copper and 2.12% zinc. | 

: ditions in handling stockpiledore. = | The Canadian Metals Div. of Hudson Bay 

| Gibraltar Mines Ltd., a Placer Develop- Mining and Smelting Co., Ltd., operated | 

ment Ltd. subsidiary, milled 14.1 million nine copper-zinc mines and a copper smel- 

tons of 0.88% copper ore in 1977, up sub- ter in the Flin Flon-Snow Lake area. About 

stantially from the 8.5 million tons of 0.45% 1.82 million tons of ore averaging 2.2% 

copper ore milled in strike-ridden 1976. copper were mined and milled to produce 

Concentrate production totaled 154,500 tons 202,765 tons of 18.13% copper concentrate. 

containing 43,391 tons of copper. The Gran- The copper smelter produced 68,938 tons of 

ite Lake, Stage I pit was mined until Sep- anode copper from feed supplied 49.6% by 

| tember when it was replaced by the Polly- Hudson Bay mines and 50.4% purchased 

| anna Stage I pit from which ore production from other companies. Proven reserves in 

was expected for the next few years. Esti- the company’s mines in the Flin Flon-Snow 

mated ore reserves on December 31, at a Lake area at yearend totaled 17.5 million 

cutoff grade of 0.25% copper, were 286 tons of 2.75% copper with 2.7% zinc, 0.036 

million tons at an average grade of 0.37% troy ounce of gold, and 0.53 troy ounce of 

copper. 7 silver per ton. 

Brenda Mines Ltd., a Noranda Mines Ltd. Falconbridge Copper Ltd., 50.2% owned 

subsidiary, operated one of the world’s low- by Falconbridge Nickel Mines Ltd. (FNM), 

est grade porphyry copper-molybdenum produced 46,185 tons of copper in 1977 

mines at Peachland, British Columbia. compared with 41,470 tons in 1976, from its 

Brenda milled 10.6 million tons of 0.19% three operating divisions, Lake Dufault and 

copper and 0.047% molybdenum ore pro- Opemiska in Quebec, and Sturgeon Lake 

ducing 68,000 tons of concentrate contain- Joint Venture in Ontario. Ore reserves at 

ing 17,800 tons of copper. The tonnage yearend were as follows: Lake Dufault Div., 

milled was below the 1976 record, 11.2 4 million tons of 3.22% copper; Opemiska, 

million tons, but higher ore grades and 3.74 million tons of 2.44% copper; and
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Sturgeon Lake Joint Venture, 0.9 million 1.99 ounces of silver per ton. 
tons grading 2.59% copper. Copper pro- The Geco Div. of Noranda Mines Ltd., in 
duction at FNM’s Intergrated Nickel Oper- Manitouwadge, Ontario, milled 1.75 million 
ations was significantly lower owing to 5 tons of ore grading 1.94% copper, 2.62% 
weeks total curtailment of operations begin- zinc, and 1.22 troy ounces of silver per ton 
ning in September at Sudbury, Ontario, producing concentrates containing 31,700 | 
owing to depressed nickel prices and in- tons of copper, 20% more than in 1976. 
creasing nickel inventories. Ore delivered to Reserves at yearend were 25.6 million tons 
treatment plants from FNM mines in the averaging 1.80% copper, 3.73% zinc, and 
Sudbury area amounted to 2.9 million tons 1.53 troy ounces of silver per ton. 

: grading about 0.77% copper compared with Gaspé Copper Mines Ltd. (Noranda) at 
3.2 million tons of similar grade in 1976. Murdochville, Quebec, milled 1.4 million 
Low levels of production were projected for tons of 1.18% copper ore from the Needle 
1978. | | Mountain underground mine and 10.8 mil- 
Copper output at INCO Ltd.’s, nickel lion tons of 0.46% copper ore from the 

operations at mines in Ontario and in Mani- Copper Mountain open pit. The smelter 
toba fell to 164,000 tons from 172,500 in processed 207,200 tons of concentrates, 52% . 1976 owing to cutback in nickel production. of which was from Gaspé operations, pro- 
INCO suspended or reduced operations at a ducing 49,300 tons of copper in 1977 com- 
number of mines in 1977, and was planning pared with 69,700 tons in 1976. Reserves at 
further reductions in operations in 1978. Needle Mountain were 12.8 million tons 
Except for the small depleted Victoria mine averaging 1.15% copper and at Copper 
in Sudbury, the affected mines were to be Mountain combined oxide and sulfide re- 
maintained on a standby basis so they can _ serves were estimated to be 212 million tons 
be brought back into production when war- averaging 0.40% copper. 
ranted. , Chile.—Copper production in Chile was 

At the Mattagami Lake mine, owned by 1,164,260 tons in 197 7, the highest output so. | 
Mattagami Lake Mines Ltd., ore milled was far achieved by the industry. Production by 
1.0 million tons grading 0.52% copper and the Government-owned Nacional del Cobre 
6.6% zinc compared with 1.2 million tons of Chile (Codelco-Chile), operators of four divi- 
0.55% copper and 7.3% zinc milled in 1976. _ sions: Chuquicamata, El Teniente, Salva- 
Production of copper concentrate was dor, and Andina, accounted for almost 85% 
16,974 tons averaging 24.4% copper, down of total production and was a record 984,000 
from the 20,641 tons of 24.2% copper pro- tons of copper, 50,500 tons higher than in 
duced in 1976. Reserves at yearend were 8.6 1976. The Chuquicamata Div. produced 
million tons averaging 0.58% copper and 526,000 tons or 58.5% of Codelco-Chile’s 
7.2% zinc. All development at the com- copper output; the El Teniente Div. pro- 
pany’s Lyon Lake ore bodies was suspended duced 304,000 tons or 30.9%; Salvador, 
at the end of November pending improved 89,000 tons or 9.0%; and Andina, 65,000 tons 
market conditions. Lyon Lake ore reserves or 6.6%. Production by type of copper pro- 
were estimated to be 4 million tons grading duct was as follows: Electrolytic, 511,600 
1.15% copper, 6.66% zinc, with significant tons; blister, 187,900 tons; fire refined, 
lead, silver, and gold values. 133,100 tons; and concentrates, 151,400 tons. 

Because of the poor world market condi- Codelco-Chile invested $100 million in its 
tions for copper and zinc, Texasgulf Inc., operations during the year to replace equip- 
was stretching out construction of the Kidd ment, improve operating efficiency, and 
Creek copper smelter and refinery and the increase byproduct recovery. 
development work in the No. 2 under- The Government’s program to encourage 
ground mine. The last ore was blasted at foreign investment in copper mining re- 
the open pit, in April. Stockpiled ore from sulted in three agreements of exploration 
the pit was adequate to supply the concen- and development in 1977. Noranda Mines 
trator for the next 3 years. The No. 2 shaft Ltd. signed an agreement with Empresa | was bottomed at 5,105 feet in September Nacional de Minera (ENAMD to explore 
and was expected to be fully commissioned and if attractive, to develop the Andacollo 
by late 1978. Kidd Creek ore reserves at the porphyry copper deposit located about 25 _ 
end of 1977 were estimated at 119 million miles southeast of the Port of Coquimbo. 
tons of which 108.3 million tons were classi- Reserves at the deposit were estimated at 
fied as proven and probable containing 300 million tons averaging 0.69% copper. St. 2.84% copper, 5.03% zinc, 0.18% lead, and Joe Minerals Corp. agreed to explore and
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possibly invest about $100 million in devel- plexes, both of which were expected to be in 

opment of the El Indio copper-silver-gold operation by 1978. Construction of a copper 

deposit near La Serena. Joint development refinery with an annual capacity of 175,000 

of the Quebrada Blanca deposit, 100 miles tons of electrolytic copper was expected to 

southeast of Iquique was agreed to by the begin in 1978 with completion in 1981. The | 

Government who will hold (49%) with the refinery complex was to include a nickel 

. Superior Oil Co., Falconbridge Nickel Mines sulfate plant and facilities for recover- 

Ltd., and McIntyre Mines Ltd. holding 51%. _ing precious metals. . 

A 100,000-ton-per-year copper project cos- Korea, Republic of.—A 10-year contract : 

ting about $500 million was envisioned. beginning in 1979 to import 360,000 tons of 

Reserves were estimated at 165 million tons copper concentrate per year for smelting 

at an average grade of 0.7% copper. | and refining at a $180 million facility under 

At yearend Exxon Minerals Corp. was construction at Onsan was signed late in 

formalizing an agreement for the purchase the year. The contract between Onsan Cop- 

of Compafiia Minera Disputada de Las per Refinery Co. (OCR) and US. and 

Condes (MDC), for about $100 million. MDC, Australian dealers, called for Onsan to 

located near Calera about 30 miles east of import copper concentrates from the Phi- | 

Santiago, had reserves estimated at 800 lippines, Canada, Mexico, and Chile. OCR : 

million tons grading 0.82% copper. In 1977, also concluded a separate agreement with | | 

| MDC produced about 25,000 tons of copper Chile to import 33,000 tons of copper con- — 

in concentrate from ore averaging 1.15% centrates ona long-term basis. _ 

copper. | Malaysia.—-The Mamut Mines Develop- 

- Indonesia.—Freeport Indonesia Ltd. ment Co., a joint venture of private Malay- 

(FIL), produced about 189,000 tons of copper sian interests, the Sabah Government, and — 

concentrate (30% copper) from its mine at a consortium of seven Japanese firms, in- | 

Tembagapura, Irian Jaya. Production de- creased production of copper in concen- 

clined 17% from that of 1976 owing to the trates from 20,100 tons in 1976 to 26,500 

mining of lower ore grades and brief dis- tons in 1977. Technical problems in the mill © | 

ruption of operations by political dissidents. were corrected early in the year, and in 

FIL’s original ore body, 32 million tons of March, mill throughput was increased from | 

ore grading about 2.35% copper, has been 13,000 tons of ore per day to 18,000 tons. By 

mined since 1972 and was expected to be mid-1978, Mamut expected to reach design _ 

exhausted in 1982. A second nearby ore capacity of 20,000 tons per day and a copper | 

body of similar size and grade, called Guung production of 33,000 tons per year. . | 

Bijih Timur (East Ore Mountain) was being Mexico.—Mine production of copper was 

explored. Proposals called for development _up slightly in 1977, and smelter production 

of an underground mine beginning in 1978. at 107,428 tons was up 14%, but refined 

, Costs were projected to be about $80 mil- production at 80,537 tons declined 3%. A 7 

| lion. new Mexican mining tax and development | 

Iran.—Iranian ore reserves in active law, to become effective on January 1, 1978, 

mines were estimated to be over 1 billion was enacted to simplify the tax structure 

tons. The Sar Cheshmeh mine of Sar and to provide for permanent and well- 

Cheshmeh Copper Mining Co. (SCCM), a_ defined tax incentives to stimulate con- 

Government-owned company, had 850 mil- tinued development of the mining industry. | 

lion tons of 1.2% copper and the Qal’eh Zari Compafiia Minera de Cananea, S$.A., lo- 

mine, of the Minak Co., a Japanese-Iranian cated 40 miles south of the Arizona border, 

joint venture had 200 million tons of 3% to completed early in 1977, an expansion pro- 

4% copper. Small operating copper mines gram to increase mill capacity to 73,000 

had reserves of about 600,000 tons. tons of ore per day and copper production to 

Production at the Qal’eh Zari mine, 77,000 tons per year. A further increase to 

which opened in. 1975, was about 15,400 tons 111,000 tons of copper per year was under 

of 30% copper concentrate in 1977, all of study. 

which was being exported to Japan. The Mexicana de Cobre, S.A., 44% owned by 

mine, located south of Birjand in Khorasan the Government, planned initial production 

Province, was being mined by underground at its $900 million La Caridad copper pro- 

methods. ject in Sonora to begin in December 1978, 

SCCM was stockpiling ore at Sar Chesh- but owing to delays in completing the con- 

meh awaiting completion of the 40,000- centrator, production was not expected to 

ton-per-day concentrator and smelter com- begin until early 1979. The 100,000-ton-per-
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day open pit mine and mill operation was to ped mainly to smelters in Japan, the Fed- 
be followed by a flash smelter and refinery eral Republic of Germany, and Spain under 

| complex near the railroad at Nacozari.Con- long-term sales agreements. Shipments to 
struction on the smelter complex, which has Japan were curtailed during 1975-76, but — 
a planned capacity. of 200,000 tons of copper full contractual deliveries were resumed in 

| per year, was expected to start in 1978 and 1977. At the end of 1977, the BCL ore body | 
be in operation 28 months later. Ore re- contained 838 million tons of reserves av- 
serves were reported to be 760 million tons eraging 0.45% copper and 0.015 troy ounce 
of 0.76% copper and 0.016% molybdenum. of gold per ton. | | 

| _Norway.—Eleven mines produced a total Exploration drilling in 1977 by Frieda 
of 124,700 tons of copper concentrate con- Exploration Pty., Ltd. (FEL), a consortium 
taining about 30,985 tons of copper, compar- of six Japanese companies headed by Sumi- 
ed with 31,210 tons of copper produced in tomo Metal Mining Co., increased the po- 
1976. Because of the poor copper market, tential reserves at the Frieda River cop- 
the Government established a copper fund per prospect in the north foothills of the 
to ease the financial burden of the copper Schatteburg Mountains to 550 million tons 
companies to insure that the mines remain averaging 0.5% copper. FEL could earn a 
open. The fund was designed to subsidize 40% interest in the deposit from MIM 
copper production if the market price was Holdings Ltd., by spending $6 million on 
more than 10% lower than a stipulated exploration. When the feasibility study is 
trend price for copper and conversely, if the completed in 1979, talks are to be held with 
market price moves higher than 10% above the Government concerning the future of 
the trend price, the producers would reim- the Frieda River deposit. - 
burse the fund, such that reserves could be The first phase of a drilling program at 
built-up for the next market downturn. ‘the OK Tedi copper deposit in Western 
Panama.—<A detailed feasibility study of Papua New Guinea was completed in Jan- 

the large Cerro Colorado porphyry copper uary by a consortium composed of Dampier 
deposit, held by the State-owned Corpo- Mining Co., Ltd. (a subsidiary of Broken 
racion de Desarollo Minero (80%) and Hill Pty. Ltd.), 37.5%; Mt. Fubilan Develop- 
Texasgulf Inc. (20%), was expected to be ment Co. Ltd. (a subsidiary of Standard Oil 
completed by Texasgulf in May 1978. The of Indiana), 37.5%; and Kupferexplorations : 
companies involved envisioned a $1 billion Gesellschaft m.b.H. (a West German group), 
project consisting of a 30-million-ton-per- 25%. The program proved the presence of at 
year mine-mill operation, a smelter produc- least 275 million tons of ore grading 0.85% 
ing 200,000 tons of blister copper per year, copper. A second drilling phase was under- | oo 
and a phosphoric acid plant producing way as part of a feasibility study that was | 
290,000 tons of acid per year. Production expected to be completed in 1979. If the - 

_ was anticipated to begin in the mid-1980’s. deposit is developed, the Government has 
The concentrator was to be located adjacent the right to acquire 20% equity interest in , 
to the mine while the smelter would be the project. An open pit mining operation is | 

| _ located on the Pacific coast at La Popa, 39 envisioned for possible start-up in 1983-84; 
miles from the mine site. Concentrate was however, development costs have been esti- 7 
to be transported to the smelter by slurry mated to be about $700 million and may — - 

| pipeline. Reevaluation of the mineralization delay development. oe 
in 1977 at a cutoff of 0.4% copper, indicated Peru.—Owing to new mines and smelter | 
the deposit contained 1.5 billion tons of ore developments Peruvian copper mine and | 
grading 0.78% copper and 0.01% molybde- smelter production increased 59% and 67% : 
num with 0.003 troy ounce of gold and 0.164 to 337,592 and 354,000 tons, respectively. 
troy ounce of silver per ton. | Refinery production, aided by increased out- 

Papua New Guinea.—Bougainville Cop- put from the Ilo refinery increased 30% to 
per Pty., Ltd. (BCL), owned by Conzinc 201,600 tons. Copper exports increased 83% 
Riotinto of Australia Ltd. (53.6%); the Gov- to 363,200 tons with refined copper repre- | 
ernment (20.2%); public shareholders senting 52% of the total compared with 
(25.8%); and the Panguna Development only 20% in 1976. 
Foundation Ltd. (0.9%), treated 37.6 million Southern Peru Copper Corp. (SPCC), a 
tons of ore in 1977 producing 200,940 tons of consortium composed of ASARCO Incor- 
copper, 719,324 troy ounces of gold, and 1.53 porated (51.5%), Cerro-Marmon Corp. 
million troy ounces of silver in 679,000 tons (22.25%), Phelps Dodge Corp., (16%), and 
of concentrates. The concentrate was ship- Newmont Mining Corp. (10.25%), was
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Peru’s largest copper producer accounting mentation plant at the Cerro de Pasco mine 
for almost 75% of the country’s copper ~ with a 7,000-ton-per-year copper solvent- 
output. SPCC milled 14.5 million tons of extraction electrowinning plant._ | 
0.91% copper ore at its Toquepala mine The new Aquila mine, owned by Mines oe 
compared with 16 million tons of 1.05% AquiloS.A. and located at Huaraz in Sihuas a 

_ copper ore milled in 1976. Output of copper Province, was scheduled to come onstream_ | 
In concentrates was 107,800 tons, 14.6% in March 1978 with an annual productionof = —_—- 

_ lower than in 1976. The new $726 million 2,200 tons of copper per year. Concentrates . 

Cuajone mine, a joint venture owned 90% from the mine were to be mixed with water, | 
by SPCC and 10% by Billiton B.V., a subsi- pumped across the Continental Divide, and oo 

diary of Royal Dutch Shell Oil Co., comple- then trucked 100 miles to the Port of |. 
ted its first full year of operation. Ore and Chimbote. The Aquila mine has proven and — 
waste mined were 74.7 million tons, ore probable reserves of 22 million tons of 1.4% 
treated was 15.2 million tons grading 1.41% — copper, with possible reserves of 45 million _ 
copper, and 179,000 tons of concentrate tons. Oo 

were produced. Copper concentrates from Philippines.—The Philippines was the 
both the Toquepala and Cuajone mines ninth largest of the world’s copper pro- 
were shipped to SPCC’s Ilo smelter 60 miles gucers. Mine production increased 15% to 

_ away on the Pacific coast; blister copper 996 000 tons of copper in concentrate and | 
production attributed to each operation in direct shipping grade ore in 1977. The 

1977 was 108,400 and 175,800 tons, re- increased production was mainly attribut- | 
spectively. At J earend, Cuajone ore reserves able to initial production by Atlas Consoli- 
were 455 million tons averaging 0.97 % COP- dated Mining and Development Corp. | 
per and those of Toquepala were 210 million (Atlas) at its Carmen project and by the 

tons averaging 0.87% copper. reopening of the Mankayan mine of Lepan- 
Empresa Minera del Peru (Minero Peru), pening © ankay. Pp 

: . to Consolidated Mining Corp. (Lepanto). A 
a State-owned vo Ver » brought the oxide number of smaller operations, however, | 

_ Zone of its Cerro Verde copper mine’ into were temporarily closed during the year 
| production in May and reached full capaci- en g to the depressed copper market 

| ty of 3,000 tons of copper’ per month mn The Philippine Associated Smelting and 
September. Development of underlying sul- Refining Corp. (PASAR). a joint venture of 

. fide zone of the porphyry deposit, one of the h Gon P. t fj ‘Phil . } 
largest in Peru, was delayed and the scale of the vernment, five fauippine copper 
the project reduced by three-fourths. Mine- panies, and foreign investors, decided to 
ro Peru, however, expected to arrange fi- build the country’s first copper smelter near 

nancing for the project in 1978. Plans Palompom on Leyte Island. PASAR was 
called for construction of a 22,000-ton-per- core to eanaraw from tanen Dre | 
day concentrator which will produce » De , , 
220,000 tons of concentrate annually, Luzon because of strong environmental op- 
equivalent to about 66,000 tons of copper. Position. A  150,000-ton-per-year copper 
Cost of the initial phase was estimated at Smelter, up from the 93,000-ton-per-year , 
$250 million. Ore reserves of both the oxide Unit originally proposed, was expected to be 
and sulfide zones were estimated to be 1.2 operational nee ' od | 
billion tons grading 0.7% copper. as, one of the largest copper producers 

Empresa Mineea del Contes del Peru in Asia, milled 828 million tone of ore in 
(Centromin), the State-owned mining agen- 1977, an increase of 8.3 million tons over 

cy which operates six underground mines that milled in 1976. The Carmen project, _ 
and one open pit copper mine, began a $467 rated at 35,000 tons of ore per day, came 
million program to modernize and expand .onstream 4 months early accounting for the 
existing facilities and mines. Ore pro- large increase in milled ore. At yearend the 
duction at the Cobriza copper mine was to company’s combined milling capacity was 
be increased at a cost of $160 million from about 110,000 tons per day, comparable to 
2,100 tons per day to 10,000 tons per day. the Bougainville, Papua New Guinea mine 
Projected output in 1980 was expected to be__in size. Production increased 25% to 142,186 
60,000 tons of copper in 246,000 tons of tons of copper contained in 467,556 tons of 
concentrate. Other projects to be under- concentrate. At yearend, Atlas ore reserves, 
taken by Centromin included increasing the including 350 million tons grading 0.43% 
copper capacity at the La Oroya copper estimated for the Carmen deposit, totaled 
smelter and refinery from 62,500 tons per 1.08 billion tons grading 0.46% copper. 
year to 80,000 tons and replacing the ce- Marinduque Mining and Industrial Corp.
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| operated the Sipalay open pit in Negros ed in concentrate from 10.8 million tons of = 
Oriental and Bagacay mine in Samar. At ore milled. Production at the Sto Nino mine. 

: _ Sipalay production was 29,906 tons of cop- continued to suffer because of poor recovery | 
| per in concentrate from a total tonnage (64%); nonetheless, production was 5,170 | 

a milled of 6.5 million tons grading 0.53%. tons of copper in concentrate, up 340 tons | 
| copper. Owing to depressed copper prices over that of 1976. Philex’s ore reserves at = 

| _ the Bagacay operation was temporarily yearend were 167 million tons grading a 
closed, and as a result production fell to 0.41% copper and 0.023 troy ounce of gold = 

_ 1,560 tons of copper in 1977 compared with perton. | 
5,980 tons of copper in 1976. The Sipalay Several copper projects progressed during | 

_ mine ore reserves at yearend totaled’*716 the year. Benquet Consolidated Inc. was 
a million tons averaging 0.491% copper..The arranging financing for development of its | 
-. -. Bagacay mine reserves totaled, about 0.9 Dizon copper-gold deposit near San Marceli-- 

: million tons with a grade of 4.53% copper no, Zambales Province. Planned output of 
and 2.70% zinc. | | _ . the $85 million project was projected to be , 

7 Western Minolco, operator of the Boneng 30;000 tons of copper and 100,000 troy 

| and Lobo mines at Benquet in northern ounces of gold in concentrate per year. Ore 
| Luzon, produced 35,452 tons of concentrates reserves were estimated to be 85 million 

containing 8,490 tons of copper from 4 tons grading 0.47% copper. Consolidated 
million tons of ore milled in 1977. Copper Mines planned to have the new, 16,500-ton- 
production was 14% lower than in 1976  per-day copper mill at its Ino deposit (112 | 
owing to suspension of milling operations in million tons of ore grading 0.53% copper) on 

_ November due to depressed copper prices Marinduque Island in operation in 1978. — | 
and a shortage of exposed good minable ore The Construction and Development Corp. of | 

_in the pits. Ore reserves for the Boneng and the Philippines (CDCP) planned to have its | 
- Lobo deposits at yearend were 98 million newly completed 11,000-ton-per-day concen- | 
tons grading 0.34% copper with 0.011 troy trator at Basay, Negros Oriental, in com- 

| ounce of gold per ton. | mercial operation early in 1978. CDCP’s ore 
| -Lepanto, operators of the Mankayan un-_ reserves were reported to be 113 million 

derground mine in northern Luzon, milled tons containing 0.544% copper. Sabena | 
915,000 tons of ore producing 64,000 tons of Mining Corp. was granted tax-exempt sta- 
concentrate containing about 20,500 tons of tus by the Government to mine and mill 
copper, 75,000 troy ounces of gold, and copper from its property in New Bataan, 

: 263,000 troy ounces of silver. Mining of Davao del Norte. Construction of an 11,000- 
higher grade reserves (3.5% copper) in the ton-per-day mill began in May with startup 
lower levels was expected by 1979 by way of expected in 1979. Ore reserves were 38 
the recently completed Tubo shaft. The million tons grading 0.502% copper. Cost of. 
company’s reserves at yearend were about 8 the Sabena project was $28 million, of 
million tons grading 2.57% copper and 0.0138 which $17 million would be supplied by 
troy ounce of gold per ton. foreign loans. 

Marcopper Mining Corp., a subsidiary of Poland.—The $1 billion Sieroszowice- 
Placer Development Ltd., milled a record Cedyina project, which includes new mines 
10.1 million tons of ore in 1977, up from 9.7 and a smelter and expansion of existing 
million tons in 1976. Copper recovered in mines and facilities, was expected to boost 
concentrate, however, fell slightly to 52,069 the country’s copper production to about 
tons owing to the processing of lower grade 550,000 tons by the early 1980’s. Develop- 
ores. Mining operations in the Tapian pit ment of mines at the Sieroszowice I and II 
reduced reserves to 75 million tons with an copper deposits was underway and on com- 
average grade of 0.58% copper at a cutoff pletion is expected to yield about 55,000 

| grade of 0.4% copper. Marcopper began _ tons of copper per year from ore grading 2% 
development of its nearby San Anton- copper. A second smelter-refinery section 
io deposit which has estimated reserves ata employing an Outokumpu-designed flash 
cutoff grade of 0.4% copper in excess of 200 smelter was under construction at the new 
million tons grading 0.57% copper. After 165,000-ton Glowgow-2 copper refinery. Full 
removal of extensive tailings overbur- production at the refinery was expected by 
den, mining was expected to commence in 1980. 
1981. Rhodesia, Southern.—M.T.D. (Mangula) 

Philex Mining Corp. increased production Ltd. (MTD), a subsidiary of the Messina 
7% in 1977 to 36,260 tons of copper contain- (Transvaal) Development Co., operated the
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Mangula, Norah, and Silverside mines tons grading 0.55% copper at yearend. . 
during the year ended September 30, 1977. O’okiep Copper Co. Ltd., as part of a cost 
At the Mangula mine 1.42 million tons of reduction program, halted production in | 

_ 0.93% copper ore were milled yielding July at some higher cost mines resulting in | 
| 12,228 tons of copper in 27,970 tons of a30% decrease in mine output inthe latter : 

- concentrate. Although the tonnage milled half of 1977. For the year ore milled was 
_. was up 9% over that of 1976, the ore grade 2,148,000 tons grading 1.46% copper com:  __— 

'. declined about 9% owing mainly to dilution pared with 2,628,000 tons grading 135% = = | 
in mining pillars which constituted 40% of -copper milled in 1976. Copper produced | : 

_. the ore mined. The Norah and Silverside from O’okiep ores was 28,700 tons, 12% less | 
- _ mines, respectively, produced an additional than.in 1976. At the end of 1977, total a 

. _ 6,837 tons and 830 tons of copper in concen- O’okiep ore reserves were 30 million tons _ a 
trate. Expansion of the Norah concentator averaging 1.70% copper compared with 30 

~~ to a capacity of 46,000 tons per month was million toris averaging 1.67% copper l year © 
| completed in June. A 14% expansion of the _ earlier. a 

_ Mangula concentrator was completed in South Africa’s copper ore reserves, in- | 
- November; this plus the Norah expansion cluding those of the Messina (Transvaal) = = = 

- was expécted to increase MTD’s copper Development Co. and Prieska Mines Ltd, = = 
| output by 5,200 tons in 1978. Mining at the totaled 887 million tons averaging 0.64% Se 
- Silverside mine stopped in May owing to copper. — re | 

: exhaustion of reserves. MTD’s ore reserves § South-West Africa, Territory of—The —_ 
- at the end of September were 16.5 million _Tsumeb Corp. Ltd. (TCL), mined 490,200 | oe 

| tons averaging 1.25% copper at the Man- tons of ore averaging 4.71% copperfrom the. =| | 
| gula mine and 3 million tons averaging Tsuméb mine, compared with 488,800 tons | Ss 

1.22% copper at the Norah mine. | averaging 4.25% copper mined in 1976. At 7 | 
Lomagundi Snielting and Refining Ltd. the Matchless mine, TCL mined 122,000 | 

(LSR), also a Messina Transvaal subsidiary, tons of ore averaging 2.23% copper; the _ | 
_ produced 6,995 tons of copper in concentrate Kombat and Asis Ost mines were not in el 

at its Shackleton mine and 306 tons at the production in 1977 but were scheduled to = 
Alaska mine. LSR, which milled 690,000 restart production in late 1978. The TCL 
tons of 1.15% copper at the Shackleton smelter produced 39,650 tons of blister cop- _ | 
mine in 1977, reported that reserves at the per compared with 31,700 tons in 1976. 
mine were only 815,000 tons averaging Slightly more than 63% of 1977’s smelter | 
1.58% copper at yearend. LSR’s smelter was output was from TCL mines; the remainder | | 
-_hampered by the quality and quantity of was from toll and purchased material. Ore 

a concentrates received and copper pro- reserves of TCL mines were as follows: 
_ duction declined from 34,222 tons in 1976 to Tsumeb mine, 4.9 million tons averaging | 

31,064 tons in 1977. 4.4% copper; the Matchless mine, 996,000 | 
| Corsyn Consolidated Mines Ltd.,a Lonrho _ toris averaging 2.32% copper; Kombat mine, 

subsidiary, produced 5,485 tons of copper, 790,000 tons averaging 1.89% copper; and - | 
down from 5,645 tons in 1976, at its Inyati Asis Ost, 280,000 tons averaging 2.83% cop- | 

and Muriel mines in the year ended Sep-_ per. At Asis West tentative ore reserves 
tember 30. Because of low copper prices the total 1.5 million tons averaging 7.8% cop- : 
ore production rate at the Inyati mine was per. | | 
reduced in the last quarter from 30,000 tons The Oamites Mining Co., Ltd., a subsi- 

_ per month to 14,000 tons and ore reserves diary of Falconbridge Nickel Mines Ltd., 
were greatly reduced. milled 683,000 tons of ore grading 1.2% 

South Africa, Republic of.—Palabora copper. Recoverable copper in concentrate 
Mining Co. Ltd., produced 117,400 tons of totaled 7,105 tons, 8% greater than that of 

copper, a 14% increase over production of 1976. At yearend ore reserves were 3.9 
1976. Milled ore was 27.4 million tons million tons grading 1.19% copper and 0.45 
grading 0.52% copper in 1977, compared ounce of silver per ton. 
with 21.6 million tons grading 0.55% copper The Ojtihase underground mine of 
milled in 1976. Production was expected to Johannesburg Consolidated Investments 
be even higher in 1977, but two new auto-_ Ltd., was placed on a care and maintenance 
genous grinding mills, part of a recently basis at the end of 1977. The mine, which 
completed $100 million expansion program, experienced operating problems since its 
developed cracks and were shutdown for 2. startup in July 1976, was no longer viable 
months. Ore reserves totaled 580 million owing to low copper prices and higher
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operating costs. | Minerals Co. (28%); Mitsui Co. (14%); and 

Yugoslavia.—Estimated production of three other partners (10%), announced in 

copper by Rudarsko Topionicarski Bazen December that it planned in 1978 to restart 
(RTB), Bor, Serbia, in 1977 included 133,400 development work suspended since January 

tons of copper in concentrates, 182,000 tons 1976 at its Tenke-Fungurume deposit (55 

of blister, and 84,350 tons of primary refin- million tons of ore grading 5.5% copper and 

ed copper. RTB completed development of a 0.4% cobalt). The new effort was expected to 

nearby ore body, designated “X”, and trial represent an initial investment of about $14 

production was started. Reserves at the new million. Since beginning the project in 1970, 

ore body were estimated at 9 million tons SMTF has invested $280 million and to 

grading 1.1% copper. Development work carry the project to completion, a further 

continued on the 660-million-ton, 0.5% cop- $500 million was expected to be necessary. 

per deposit at Veliki Krivelj. The first phase To obtain economies in cost and production, _ | 

of development was planned for completion SMTF reduced its initial production target 

in 1980 with initial production scheduled at from 165,000 tons copper of per year to 

| 27,000 tons copper in concentrate. When 110,000 tons. | : 

fully developed in 1981 Krivelj, plus pro- In 1977, SODIMIZA produced about 

_ duction from a small nearby rich deposit at 30,890 tons of copper contained in 89,300 : 

Cerova, was expected to have an annual tons of concentrate at its Musoshi mine. 

capacity of about 70,000 tons of copper in The concentrates are shipped to Japan for 

concentrate. processing. In October SODIMIZA brought 
At Bucim, Macedonia, development of a the Tchinsenda (Kinsenda) mine into pro- 

| copper mine and construction of a mill was duction; about 45,000 tons of ore averaging 

continued by a Macedonian state enter- about 5% copper was produced from this 

prise, Bucim Rudnik za Bakar u Osnivanju. operation in the last quarter of 1977. Plans 

Plans called for production to begin in 1978 called for production of 250,000 tons of ore 

at an annual capacity of 23,000 tons of in 1978, 300,000 tons in the following 2 

copper in concentrate. Recent exploration years, and 350,000 tons in 1981. The Kinsen- | 

reportedly confirmed 100 million tons of da operation was expected to significantly 

ore, enough to sustain capacity output for lower the unit cost of SODIMIZA’s output 

28 years. | owing to the fact that the ore grade at 

| Zaire—In 1977, Zairian copper pro- Kinsenda is about twice that of the com- 

duction in concentrate was 530,800 tons, 8% | pany’s Musoshi mine (2.5% copper). | | 

higher than that of 1976 but 3% lower than GECAMINES, which operated 10 mines, 5 | 

output in 1975. Total smelter and refinery mills, a copper smelter at Lubumbashi, and 

production increased 11% and 50%, re- 2 copper-cobalt refineries at Kolwezi and | 

spectively, from that of 1976. Enormous  Luilu in Shaba Province, produced 499,000 

problems owing mainly to the continual tons of copper in concentrate, 497,000 tons 

closure of the Benguela railroad were en- of blister, and 108,900 tons of refined cop- 7 

countered in shipping output as well as_ per. Plans to increase annual production to 

importing parts and equipment. Fuel short- 628,000 tons by 1980 continued to progress 

ages also continued to hamper new pro- under GECAMINES $600 million, 5-year 
duction and pit development. Copper ex- production development plan. The develop- 
ports were channeled out of Shaba Province ment program called for the opening of 
by way of a tedious internal route to the open pit mines at Dikuluwe and Mashambe 
Zairian Port of Matadi, by railroad to and construction of a 38,000-ton-per-year 
East London in South Africa, and by the flash smelter and a_ 110,000-ton-per-year 
Tanzania-Zambia Railway to DaresSalaam electrolytic refinery which, at a later date, 
in Tanzania. was to be enlarged to produce about 385,000 

Copper was produced by two companies, tons of copper per year. Expansion of the 
the Government-owned La Générale des refinery at Lubumbashi to 176,000 tons 
Carriéres et des Mines du Zaire (GECA- annual capacity by 1980 continued. 
MINES) and a joint Government-private Zambia.—The Zambian copper industry 
Japanese concern, Société de Development continued to be plagued by worsening trans- 
Industriel et Miniére du Zaire (SODIMIZA). portation and production problems, loss of 
A third company, Société Miniére de Tenke- skilled and experienced labor, and a short- 

Fungurume (SMTF) comprised of the Gov- age of essential supplies. Faced with conti- 
ernment (20%), Charter Consolidated Ltd., nuing depressed prices, some plant expan- 
and associated companies (28%); Amoco sions, mine development, and exploration 

o*
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programs were delayed to reduce expendi- duction. The unsatisfactory results were 
- tures. Benefits accruing to the industry by mainly attributed to the loss of skilled labor 

the 20% devaluation of the Kwacha in July an¢ phe shortages of spare, parts both of 
1976 were rapidly eroded by increasing which resulted in deteriorating mainte- 
labor and production costs. Because of nance in major plants. The Chingola Div. 
numerous problems, mine production for was the only profitable division; however, 
1977 fell 7% to 728,115 tons of recoverable because of production | interdependence 
copper, blister production was down 8% to between divisions, uneconomic operations 
718,168 tons, and refined production im other divisions could not be readily closed 
decreased 7% to 71 5,000 tons. | down to reduce working costs. NCCM stop- 

- In the year ended June 30, 1977, Roan ped mining in the upper ore body in the 
Consolidated Mines, Ltd. (RCM), mined 16.9 Underground mine at Chingola Div. and put _ 
million tons of ore with an average grade of re R on Sait at the wanda eouon of 
1.99% copper yielding 302,050 tons of re- e ° ode bio, on a nso aff tedb heavy 
coverable copper from mines at Mufulira, asis. t TOCUCHION Was also allec y heavy 

- Chambishi, Luanshya, Chibuluma, and Ka. #98 early in the year which hampered the lengwa For the fiscal year, total production mining of high-grade mineralization in the 
fini h d 998 190 tons « ised Nchanga open pit and the underground 

Of TINISNEC COPper, 200, vons = comprised mine of Chingola Div. Small-scale mining at 
of 193,396 tons of wirebar, 77,405 tons of _ Kansanshi Hill began in June at a rate of 7 
cathode, and 17,389 tons of leach cathodes- 16500 tons of ore per month. A total of 
was 21,502 tons less than in fiscal 1976, 140,000 tons of ore grading 3.8% copper was 
mainly because the electric furnace at delivered by road to Chingola. 
Mufulira was out of commission for mainte- The copper reserves, including indicated 
nance for most of the first half of 1977. The and possible, of NCCM divisions as of De- 

wirebar casting plant at Mulfulira was cember 31, 1977, were as follows: 
closed in January owing to increasing mar- | 
ket preference for cathodes over wirebars. ——_— oo 
All wirebar casting after January was done Division none copper 
at the Ndola copper refinery. Ore reserves | (percent) 
at RCM’s operations as of June 30, totaled pyona = 140 2.36 
354 million tons averaging 2.87% copper. Chingola _____________ 307 3.23 
Nchanga Consolidated Copper Mines Ltd. Konkola -------------___183 3.52 

(NCCM) for the year ended March 31, 1978, Totalor 

produced 415,743 tons of finished copper ___9VeT98® ---------- 898.09 
from operations at its Rokana, Konkola, | 
and Chingola divisions. Production was’ Comparable reserve estimates for 1976 
about 53,000 tons less than targeted for the were 592 million tons of ore grading 3.08% 
year and 12% lower than fiscal 1977 pro- copper. 

TECHNOLOGY 

A study of alteration zones surrounding grades and other factors affecting costs of 
Chilean porphyry copper deposits revealed production.‘ The Bureau of Mines reported 
an anomalous rubidium content that may on field tests on in situ leaching of copper 
be useful in providing an enlarged explor-_ ore in a pit bottom and ore covered by 200 
ation target.2 Exploration for massive sul- feet of overburden with data collected on 

_ fide deposits may be guided by evaluation of parameters such as fragmentation, per- 
hydrothermal systems as related to various meability, leaching rates, and ground water 
geologic conditions and the intensity of flow.’ Laboratory studies on leaching native 
copper mineralization.’ An article described copper ores may be useful in determining 
a case example of the use of an airborne conditions for further field testing.*® 
electromagnetic survey in the discovery of a Experimental work on processing a 
massive sulfide copper-nickel deposit. Ap- copper-nickel ore by differential flotation 
plication of gamma-ray analysis techniques resulted in producing a copper concentrate 
to small-diameter drill holes provides addi- containing 25% copper and 0.5% nickel and 
tional deposit information at reasonable a nickel concentrate containing 10% nickel 
cost.5 and 1% copper.® An evaluation of an electri- 

| The trends in copper mining methods and _ cal induction process to upgrade native 
practices were related to declining ore copper ore concluded that, if the capacity of
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ce the equipment can be increased, it would : ; An experimental furnace for the contin- 

oe have an application in improving the effi- uous smelting of copper-bearing scrap waS 

ciency of mining native copper deposits.*° developed: Test results indicated a substan- 

- Research on equilibria in the lead-copper- tial savings in energy needed and an up- 

arsenic-sulfur system as applied to copper grading of the scrap to a product ranging 

dross smelting concluded that one of the from 83% to 95% copper.” 

| principal factors in the selectivity of the | Information was published on develop- 
separation between copper and lead was a ment of a new copper radiator design that 

| proper copper to arsenic ratio in the speiss !™Proves manufacturing efficiency to main- — 

phase of the smelting." A laboratory invest- ‘ain competitiveness with substitute 
igation indicated the feasibility of recov- materials.22 An investigation of accelerated 

| ering copper from chalcopyrite concentrates COTrosion of copper-nickel piping indentified 
by a complex procedure of reaction with turbulence as a major contributing factor 

: CaO and hydrogen followed by separation of and resulted in @ numer recommenda- 

the reaction products by screening, magne- — =~ P " 

| tic separation, leaching, decantation, filtra- _ 1 Physical scientist, Division of Nonferrous Metals. 

tion, and electrolytic refining of the metal- —?Armbrust, G. A., J. Oyarzun, and J. Arias. Rubidium as 
lic copper residue."? Another laboratory in- a Guide to Ore in Chilean Porphyry oer, CPOE LION. 
vestigation showed that a chlorination- vy Hodgson, C; J, and J. W. Lydon. Geological Setting of 

~N + An. : . olcanogenic Massive Sulphide Deposits and Active Hy- 

- carbon reduction flotation of segr egated drothermal Systems: Some Implications for Reexploration. 

copper recovered more than 98% of the CIM Bull., v. 70, No. 786, October 1977, pp. 95-106. 
: ‘ Blecha, M., H. Thalenhorst, and A. Komura. Techk’s 

copper in a product suitable for a subse- Monteshn Copper Nickel Deposit: AEM Survey Brings 

_ quent refining stage.” Bench-scale tests ob- Major Discovery. Can. Min. J., v. 98, No. 4, April 1977, pp. 

tained good conversion of chalcopyrite con- 2 Nargolwalla 5. and H. O. Seigel. Insitu Mineral 

centrates to copper-iron chlorides and elem- _ Deposit Evaluation With the Metalog System. Can. Min. 

| ental sulfur by reacting the concentrates 4»,7,98,No A April 1077, pp, oe iques in Copper Mining 
_ with chlorine in a vertical shaft reactor at Min. Mag., v. 538, No. 2, February 1978, pp. 111-118. 

550° to 750° C.** It has been demonstrated cue eer DV Oo mete R Fletcher, thing 

that injection of carbon into molten copper Research ina Copper Deposit at the Emerald Isle Mine. 
. ° a717 uiviines ’ ’ pp. 

slag could yield a product containing ap- ®Hockings, W. A. Kinetics of Leaching Native Copper 

proximately 95% iron and 2% copper Ores With Dilute  Aamonium Carbonate Solutions Re 
‘ search grant No. . BuMines Open File Rept. 87- 

that can be used in recovery of copper by 771, September 1976, 95 pp.; available for consulation at the 

cementation.'® A review article compared Bureau of Mines facilities in Tuscaloosa, Ala., College 

the advantages and disadvantages of var- Path, Md., Twin ‘Alben Oren Pelle, Mone Gite Vial, 

ious smelting processes, especially with re- the National Library of Natural Resources, US. Depart. 
° ment o e Interior, Washington, D. C.; and from the 

spect to energy requirements."® National Technical Information Service, Springfield, Va. 

A paper analyzed the technical and eco- PB 266798/AS. _ 

nomic factors that must be considered if rena I a Ey et Sitorential of Copper Nickel 

hydrometallurgical processes for applica- Smelting Matte, Separation, Process (Research grant No. 
. : ° . ines n e pt. » 4NOV. ’ ? 

a to sulfide concen tae. are Mn 132 pe. available for consulation : at the Bureat of Mines 

widespread acceptance.’?7 Cyprus ines facilities in Tuscaloosa, Ala., College Park, Md., Twin 
Co P d P f tensive te f Cities, Minn., Rolla, Mo., Boulder City and Reno, Nev., 

rp. aoe etiall: »a ae st nsive tests 0 t Albany, Oreg.. and Salt Lake City, Jtah,; the National 

1 ion- - ibrary of Natural Resources, U'S. ment of the 

new, essentially pollution-free hydrometal: nt. Washington, D.C:; and from the National Techni- 
lurgical process, that the process was cal Information rvice, Springfield, Va. PB 266 853 /AS. | 

iti ; i 4 hultz, C. W., and C. W. Karkkainen. An Evaluation 

cee with conventions’ smelting Pro of the USBM Sorting Machine on Native Copper Ores of 

cesses. The process starts with two leaching the Keweenaw District ( (Research contract No. J0265060). 
. . . uMines Open File Rept. , July 1, 1977, 63 pp; 

steps USING a chloride solution followed by available for consulation at the Bureau of Mines facilities 

_ erystallization to obtain cuprous chloride in Tuscaloosa, Ala., College Park, Md. Twin a Cities, Minn., 
\ . a, Mo., Boulder City an no, Nev., y, Oreg., 

crystals, then reduction of the crystals and Salt Lake City, Utah, the National Library of Natural 

in a hydrogen bed reactor to obtain pure Resources, U.S. Department of the Interior, Washington, 

copper.!* Research indicated that the use of D.C+ and vend. Vie National Technical Information Ser- 
. ° . vice, Springfield, Va. . 

fluid bed electrolysis can recover good- 11Matyas, A. G. Metallurgy of Lead-Copper Dross 

quality copper from heap-leach solutions Smelting, Trent, Ing: Min: Met (Sez- Mineral Broce 
with low copper concentrations.’* Other re-  C190-C194.__ 

search indicated that a silver catalyzed, ,.., bo bashi, Fd osteo eT pe iLle COPY" 

ferric sulfate oxidative leaching process 13Marcuson, S. W., and H. H. Kellogg. Studies on 

developed for copper sulfide concentrates Segregation of Roasted Copper Concentrate. Trans, Inst. 

has promise for commercial applications.” lurgy), v. 86, December 1977, pp. C195-201.
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= | 19Simpson, C. C., Jr. Purity of Copper Produced by Fluid sgh RoBi, Sey tnd FE cumple peated fe Heaptous Wien I Mee ea 
15Paulson, D. L. and W. L. Hunter. Recovering Iron 20g pred PP. ‘ sas . ’ . 2 nell, G. J., and M. C. Sze. New Oxidative Leaching 

From Coppe remelting Purnace Slags by Carbon Injection. Process Uses Silver to Enhance Copper Recovery. Eng. and — "Sharma, S.N. and WL, Davis, Jr. Enerey Conserva- Min. J., v. 178, No. 10, October 1977, pp. 100-105, 167. | 
tion: A New Challenge for Copper Smelting. Soc. of Min. Pulling, D. H., and F. A. Garner. Application of a 
Eng., May 1977, pp. 38-41. Continuous Technique to Secondary Copper Smelting. CIM 
Agarwal, J.C, D.S. Davies, V. K. Kakaria, and N.L. Bull., v. 70, No. 788, December 1977, pp. 122-134. 

Nemser. Comparative Analyses of Hydrometallurgical **International Copper Research Association, Inc. The 
Processes. Pres. at 16th Ann. Conf. of Metal, and 7th Ann. Automotive Radiator - Cost-Saving Copper/Brass Radiator Hydrometallurgical Meeting, Can. Inst. of Min., Vancou- ‘Introduced In Europe. INCRA, No. 7, September 1977, 8 
ver, British Columbia, Canada, Aug. 21-25, 1977, pp. 1-12. pp. 

18Engineering and Mining Journal. Cyprus Reveals 23National Materials Advisory Board. Accelerated Cor- 
Details of New Copper Process. V. 178, No. 11, November _rosion of Copper-Nickel Piping. Nat. Acad. Sci.-Nat. Res. . 
1977, pp. 27-338. _ Council, December 1977, 36 pp. 

Table 2.—Copper produced from domestic ores, by source 
. . (Thousand short tons) oe 

Year . Mine Smelter Refinery 

1973______-.--- eee 1,718 1,705 1,698 
1974202 1,597 1,582 1,421 
1975 0 1,413 1,374 1,286 
1976 1,606 1,461 1,423 T_T 1,504 1,394 1411 

Table 3.—Copper ore and recoverable copper produced, by mining method | 
_ (Percent) | . 

| Year Open pit Underground 

— . Ore —- Copper? Ore Copper? 
. " : ° " . 

1973 _-_- 89 73° li 22 1974 89 81 11 19 
1975 _ 9 89 80 ll 20 1976 99 = 84 | 10 16 - 1977 eI LITT TTT IITTTTTIIIIT= +83 10 17 oo 

Includes copper from dump leaching. 
Includes copper from in-place leaching. . 

| Table 4.—Mine production of recoverable copper in the United States, by month 
. (Short tons) 

Month 1976 1977 

January _________~__ 119,319 138,178 
February _____-.~-. ~~~ ete 115,507 129,831 
March ____~__________ 132,516 147,939 
April ---- 134,931 139,500 

ay —~--_~---~--~— 135,438 138,024 
June ________ 128,140 135,990 
July _-_~____- 126,244 97,932 
August ___ ~~~ 142,096 100,930; 
September _________._-____ 142,825 108,019 
October ____~__---__-_~_ ~~~ 146,210 119,741 
November _________~___--_~_u 141,209 123,914 
December ______________-~~ 141,156 123,968 

Total _.----_-__________ eee 1,605,586 1,503,966 
LR
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Table 5.—Mine production of recoverable copper in the United States, by State 
(Short tons) 

State . 1978 1974 1975 1976 1977 

Arizona. ee 927,271 858,783 - = 818,211. 1,024,421 923,778 
. California __..---..-------------. 369 194 34400 — 83T5 221 . 

Colorado ~~ eee 3,123 8012 | 3,560 © - 2,431 _ 1,896 - 
‘Idaho eee ae s«83, 625 - 2,841 3192 © 38862 © ~~ 4,052 os 

. Maine____.__.-.--------------~ |  _1,107 1,622 _ 2,024 1,766 .> 1,887 — a 
/ | Michigan. 22 ee 72,221 67,012 = 178,690 43,707 42,875 

Missouri __.__.-.-_-_---------- - 10,273 _ 12,665 14,258 11,050 . 11,737 
_ Montana... 182,466 . - 181,181 87,959 91,111 | 86,203 oe 

| Nevada... 22 ~~ ee 93,702 84,101 © 81,210 . 58,160 67,061 , 
. _ New Mexico .___..---------------~ 204,742 196,585 146,263 172,360 164,698 - 

Oregon _._..____----~.-~~------- Ww. — OW UW -- 6. 7 
Pennsylvania __....-.i.--.-----~- 1,845 Co ee -— Ww. WwW 

- ‘Pennessee ... i --------~ ___ 8,500 - 6,804 10,041 11,131 6,187 
Utah __- ee 256,589 280,593 = =: 177,155 185,458 - 194,130 . 
Other States?! __._._.._....------- 2,107 2,259 459, 254 0—C ws BS oe 

. Total _..__._.___.--.------~ | 1,717,940 1,597,002 1,413,366 . 1,605,586 1,503,966 

W Withheld to avoid disclosing company proprietary data; included in “Other States.” ._- 7 “ . 
1Includes Pennsylvania and Washington (1977), | 

: Table 6.—Twenty-five leading copper-producing mines in the United States in 1977, - oo 

- _ in order of output | a . | Oo 

Rank . ‘Mine - County and State Operators. | Source of copper 

. 1 ' Utah Copper... Salt Lake, Utah __ ~~ Kennecott Copper Corp ———-—-- Copper ore, cop- Se 
. per precipi- . 

2 Twin Buttes __.. Pima,Ariz __.._._._.. Anamax Mining Co_-_-_~~-~- Copperore. 

3 _ San Manuel ____ _—i Pinal, Ariz -.___~~ Magma Copper Co_ ..__.---- Copper ore, cop- 

} | | _ | per tailings. 
4 Morenci__.___._. Greenlee, Ariz _._._... Phelps Dodge Corp _____-~~- Copper ore,cop- 

| : oo | per precipi- : 
, » Copper . 

oe Oo SO tailings. | 
5 Sierrita _...... Pima, Ariz _____~~ Duval Corp __...-.-.---- Copper ore. . 
6 Tyrone _.._.... Grant, N. Mex _.~ ~~ Phelps Dolge Corp ee ee Copper ore, cop- 

| : : | | per precipi- | 
. 7 Berkeley Pit _.._. Silver Bow, Mont _ ~~ The Anaconda Company eee eee Do. 

8 Ray Pit _.._... Pinal, Ariz _-____-_- Kennecott Copper rp... Do. 
9 Pinto Valley _.._. __ Gila, Ariz _-____-~- Cities Service Co. ~~ Do. | 

10 Chino _____—_- Grant, N. Mex _ ~~ Kennecott Co t Corp ~e eee Do. 
11 Pima__....-.. Pima, Ariz __.._-- Cyprus Pima Mining ------ Do. 
12 Metcalf ____.._. Greenlee, Ariz _ ___- Phelps Dodge Corp ___._....- | Copper ore, cop- 

per tailings, 
copper cleanup. 

13 White Pine _.... | Ontonagon,Mich —_- Copper Range Co... -_--- Copper ore. 
14 Magma ____... _ Pinal, Ariz _____-~- Magma Co per Co... --.- . 
15 New Cornelia __. _ Pima, Ariz ___-~~_~- Phelps Dodge Corp eee eee Do. 
16 Yerington...... Lyon, Nev______-- The Anaconda Company... Copper ore, cop- 

per precipi- 
tates. 

17 Ruth Pit_._._.__._. | White Pine, Nev _ _ _- Kennecott Copper Corp one ee Copper ore. . 
18 Bagdad ___.... Yavapai, Ariz ___~-~ Cyprus Bagda Copper Co ____ . 
19 Mission __._._... Pima, Ariz _.___~- ARCO corporated — — ~~ ~~ - Do. 
20 Continental ___._ Grant, N. Mex ___~ UV Industries, Inc __...~__— Do. 
21 Lakeshore _._.__. _ Pinal, Ariz ______- Hecla Mining Co__ ~~~ Do. 
22 Sacaton Unit__.. —. do -__~-~-~-- ASARCO Incorporated — — — — . . — Do. 
23 Inspiration _.... Gila, Ariz _.__..-- Inspiration Consolidated Copper Copper ore, cop- 

per precipi- 
tates. 

24 Silver Bell _..._. Pima, Ariz __.__~_~- ASARCO Incorporated _ _ — — ~~~ Do. 
25 Mineral Park ._. Mohave, Ariz. ~~~ Duval Corp __._..-.-~~--- Do. 

ree ee eS
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oe Table 7.—Mine production of recoverable copper in 1977, by method of treatment _ 

oe .  Oretreated Recoverable copper _ aan . . 
. Method of —_—_———— 

-- (thousand Remarks - treat t . Thousand . Percent 
en _ Short tons) pounds yield 

. oe Copper ore: . a 
. Byconcentration ____..._____ 240,151 - 2,482,773 0.51 See table 9, 

By smelting _. ~~ 29 5. - 300 : 1,842 31 See table 10. - _ By leaching —-_____-_______ 19,523 __ 261,494 - eT See table 11. a 
_ Total. = 259,974 2,696,109 BR 

Tailings, dump, in-place material by TS ot . a . 
| “leaching... __ 268,430 __ See table 11. 
_ - Miscellaneous from cleanup, tailings, . 

: noncopper ores. ae - 43,393 —_ . 

oi Total __--__...------.-_ XX 8,007,982 XX | BS — 

- XX Not applicable. 

| Table 8.—Copper ore shipped directly to smelters or concentrated in the United States, : 
| by State in 1977, with copper, gold, and silver content in terms of recoverable metal 

oe Ore shipped Recoverable metal content Value of 
a OT RR gold and 

- State concentrated PPC Gold Silver silver 
thousan: Thousand © ' (roy roy er ton 

oS short tons) pounds Percent ounces) ounces) tf ore 

Arizona. ~~~ 153,005 1,494,038 0.49 87,720 - 6,680,543 $0.29 
Idaho __________ 150 - °° 1,846 .62 Ww 58,282 _ Ww 
Michigan. _~_.________ 3,510 84,750 1.21 | ~— 335,479 44 
Montana .____.______ 15,476 149,130 48 21,181 3,081,451 1.12 
Nevada __.§_-_________ 10,211 68,526 34 ~ W 387,248 W 
New Mexico _______.__ 24,266 285,924 59 10,985 757,793 21 
Tennessee?__ = 1,250 12,374 9 13 60,246 22 
Utah ~~ ——- 82,583 . 838,020 52 WwW Ww Ww 

Other States? --------- T1010 225,848 1,884,348 1.85 
+ Total_-_ 240,451 2,434,615 51 345,747 "18,245,390 47 

| W Withheld to avoid disclosing company proprietary data; included in “Other States.” . 
1Copper-zinc ore. . 7 
2Includes data for Alaska, Idaho, Nevada, Oregon, and Utah. 
’Less than 1/2 unit. oo a | 

Table 9.—Copper ore concentrated! in the United States, by State in 1977, 
with content in terms of recoverable copper 

. LSE ST TC a TTT a Pi SS sh is sSNA 

Ore Recoverable copper 
concen- content 

State ( {rated a ‘Thousand . thousan ousan 
| short tons) - pounds Percent a anne ee 

Arizona__ ~~~ 5 Le 152,814 1,492,877 . 0.49 
Idaho ___ ~~ LL 150 1,846 62 
Michigan ____-_____~.__~___~_~ ~~ 3,510 84,750 1.21 
Montana _____ ~~ 5 15,476 149,130 48 
Nevada _______ ~~ Le 10,159 67,998 — 33 
New Mexico _______-________~ 24,221 285,896 59 
Tennessee?_____§__ 1,250 12,374 49 
Utah __-__-_-__-_ eee 32,571 337,902 52 

Total _.__ ~~ 240,151 2,432,773 51 
rr TT SS SSS iS ts sits ett 

Includes following methods of concentration: “Dual process” (leaching followed by concentration); “LPF” (leach- 
precipitation-flotation); and froth flotation. 

2Copper-zinc ore.
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| _ Table 10.—Copper ore shipped directly to smélters* in the United States, CS 
| by State in 1977, with content in terms of recoverable copper — a . a 

a. - Ore shipped to smelters . 

. State | a a | . Recoverable copper content _ : oo 

co Short tons = —————— > 7 
oo . | | a a Pounds Percent 

_ Arizona-__ 2 eee 191,282 1,160,887 0.30 | Nevada _—__ === 51,762 527,995 51 | 
New Mexico ______________________ 45,098 28,273 . 03 
Utah meee ee ee ee 11,980 117,541 | AQ a _ Other States _- LLL IIS ELIII IIT ITT ITI. 35 7,069 101000 

oO Total _- ~~~ ~~ 800,157 © 1,841,765 © 31 . 

1Primarily smelter fluxing material. / . 

Table 11.—Copper precipitates:(leached from dump and in-place material and tailings) — — 
| shipped directly to smelters, and copper ore and tailings leached 

| (heap, vat, or tank) in the United States, by State in 1977, : 
, with content in terms of recoverable copper | 

Precipitates = = . . a 
~ and tailings’ Recoverable Ore Recoverable _ | oO 

State _ leached or copper content leached copper content Percent 
, Shipped. (pounds) . .~ (short tons) (pounds) oe | | | -. hort tons) _— : — _ | 

Arizona___ ~~. 84,116 -1141,565,206 715,595,484 208,345,801 0.67 
Montana ______§=~____ 16,771 22,786,718 _- __ _— 
Nevada ____________ . 8,986 12,439,904 3,927,049 53,148,087 68 
New Mexico _________ 28,652 42,260,800. -- -- _ 
Utah __- ~~ Le - 31,447 . 49,377,160. . -- 0 _- ~— 

Total _-.__-_____ - ~ 169,972 268,429,788 _ | 19,522,583 261,493,888 67 . 

‘Includes copper from newly zenerated tailings. 7 
Includes 9,126,649 short tons of ore leached for electrowinning. 

| Table 12.—Copper ore smelted and copper ore concentrated in the United States, | 
and average yield in copper, gold, and silver | 

Smelting ore Concentrating ore Total 

- Value 
Thou- Yield Thou- Yield Thou- Yield Yield Yield per 

Year sand in sand in sand in perton per ton ton in 
short copper | short copper short copper ingold _in silver gold 
tons (percent) tons!? (percent) tons! (percent) (ounce) (ounce) and 

| silver 

1973 _______ 337 1.40 272,688 0.53 289,998 0.58 0.0018 0.058 $0.32 
1974______ , 805 1.26 269,016 .50 293,443 AQ. .0014 .048 45 
1975 _~__-___ 357 1.85 239,614 48 263,003 AT 0014 051 44 

- 1976 260 32 258,371 50 283,736 51 .0013 .053 39 
1977 ______ 300 31 240,151 1 259,974 | 52 0014 .055 AT 

. — 

Includes some ore classed as copper-zinc and minor amount of tailin gs. 
_ #Excludes tank or vat and heap leaching. (See tables 7 and 11.) 

Table 13.—Copper produced by primary smelters in the United States 
(Short tons) 

A 
Year Domestic Foreign -. Secondary Total —L Lr Dr SSP SSS 

19738 _--_-_-- Le 1,705,065 38,898 77,815 1,821,778 
1974 _--_ LL 1,532,066 37,750 79,543 1,649,359 
1975 _-_-____ LLL 1,374,324 72,804 49,357 1,496,485 
1976 _-_-_-_ Le 1,461,256 73,366 51,045 1,585,667 

. TT ~~ LLL 1,394,432 40,744 49,434 1,484,610 eee
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Table 14.—Primary and secondary copper produced by primary refineries and 
_ electrowinning plants in the United States 

(Short tons) . 

1973 1974 1975 © 1976 1977 

. PRIMARY 
From domestic ores, etc.:! . . 

Electrolytic _..___.._.--------- 1,510,884 | 1,275,545 1,140,754 1,221,140 1,160,188 
Electrowon ~_____..---------- 26,485 23,167 30,972 103,941 139,456 
Fire refined _. ._-___.-_-------- 161,518 122,193 114,463 97,642 111,353 

Total __._____---~-------- 1,698,337 1,420,905 1,286,189 1,422,723 1,410,997 
_ From foreign ores, etc.: : 

Electrolytic ? _..___._.-------~-- 170,151 233,753 157,189 116,585 85,187 
Electrowon _____.----..------ _- WwW WwW W WwW 
Fire refined ------------------ Ww Ww Ww -- Ww 

Total refinery production of 
primary copper ___~..__-__-~- 1,868,488 1,654,658 1,443,378 1,539,308 1,496,184 

PT A TT ST Te 

_ SECONDARY | . . 
Electrolytic? _.._.._.------------- 377,523 398,976 265,413 281,070 265,163 
Electrowon__._.._-_--~----~~------ _ WwW WwW Ww WwW 
Fire refined _.__..__------------- 14,290 13,543: 5,467 7,616 Ww 

Total secondary _._____--~--- 391,818 412,519 270,880 __—=—-288,686 265,168 

Grandtotal _._...___.------ 2,260,301 2,067,177 1,714,258 1,827,994 1,761,347 

W Withheld to avoid disclosing company proprietary data; included in “Electrolytic.” 
1The separation of refined copper into metal of domestic and foreign origin is only approximate, as accurate separation 

is not possible at this stage of processing. : 
2Includes electrowon and fire refined quantities indicated by symbol W. 

| | Table 15.—Copper cast in forms at primary refineries in the United States 

| . — ——-1976 1977 

Thousand Thousand 
short tons Percent short tons Percent 

Billets_______________-__--_-__-------__-_-- 50 8 50 3 
Cakes ~~ ee eee 76 4 71 4 

- Cathodes _____-_ eee ee 910 50 932 58 
Ingots and ingot bars _ _ - __-_------------------ 125 q 180 7 
Wirebars ~_____________.~_-_~----------- 643 35 545 31 
Other forms ______________---~~----.------ 24 1 33 2 

Total _..___.--------_-~------+------| 1,828 100 1,761 100 

Table 16.—Production, shipments, and stocks of copper sulfate 

| (Short tons) 

. Production Stocks 

Y - Shi ts ™ 7 Quantity Copper oe Dee. 81’ 

rc 43,360 10,840 44,092 4,580 
1974 _-_______u ee 42,092 10,523 43,598 8,074 
1975 _.-__________ wee 35,614 9,204 31,822 6,866 
1976 _.___________~_- 32,122 8,421 30,431 8,557 
1977 ~-________---_-~~ 30,100 7,935 30,957 7,700 
an 

ome small quantities are purchased and used by producing companies, so that the figures given do not balance 
exactly.
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Table 17.—Byproduet sulfuric acid'(100% basis) produced in the United States 
. (Short tons) 

_ Copper Lead Zine 
| Year | plants? plants plants? Total 

1973 _-_ Le 1,088,322 146,591 819,537 2,054,450 
1974__§_ Le 1,277,440 132,594 830,969 2,241,003 
1975 ~. ~-- 5 ee ee 1,784,744 129,756 - 711,769 2,626,269 
1976 _~_- $e Lee 2,281,591 145,872 199,773 3,227,236 
1977_§ 5 ee 2,357 3866 140,983 737,781 3,236,130 

Includes acid from foreign materials. — | 
2Excludes acid made from pyrites concentrates. _- 

. SExcludes acid made from native sulfur. | 

Table 18.—Secondary copper produced in the United States __ 

. (Short tons) 

| | — 1973 «1974 1975 —- 1976 1977 

Copper recovered as unalloyed copper ________._-— 484,623 513,308 355,512 390,729 402,036 
Copper recovered in alloys’ _.__._._._-___--_----- | 892,534 831,012 616,458 754,545 794,440 . 

So Total secondary copper! ~~~ Le 1,377,157 1,344,320 971,965 1,145,274 1,196,476 
urce: a 

Newscrap ~~ _.--_~-~---~-~--~-------- 890,943 860,888 602,792 726,148 744,608 
Oldscrap ______.~~-_-~_---------~-~--=- 486,214 483,432 369,173 419,126 451,868 

Percentage equivalent of domestic 
mine output -..-_- ~~~ ee 80 84 69 71 80 

- Mncludes copper in chemicals, as follows: 1973—-3,704; 197 4—-2,649; 197 5—-2,480; 1976—-4,007; and 1977—-3,619. 

| Table 19.—Copper recovered from scrap processed in the United States 
by kind of scrap and form of recovery 

: Do (Short tons) _ , . 

| | : | 1976 1977 | 

| . Kind of scrap . . : 
New scrap: 

Copper-base _.____...__-~_--~~----~--~-~-~--~--~-+---- +--+ + 705,392 722,709 
Aluminum-base ______~ 9 ~~ ee eee ee eee 20,444 21,724 
-Nickel-base ~~ 2~-__.--_-~--_~_~_-- + - e 282 142 
Zine-base _____—_-_---------~-~------------~---~-------------- 30 33 

Total ____________-------------------------------------____726,148 __744,608 

Old scrap: 
Copper-base .___.____.-_---_------~-+--~-~--~~-~-~--+~ +--+ +++ 404,144 435,830 
Aluminum-base __________~__ ~~ ee eee 14,516 15,482 

° Nickel-base _~__~_~_____________ eee eee ee 321 296 
. Tin-base ~~ ~___ ~~ eee eee eee 8 8 

. _ Zine-base _____-----~-------------------~----~----~---------- 137 252 

Total _..________________u--__ eee eee 419,126 451,868 

Grand total _.______________--_______-- eee _-----_ _:1,145,274—_—:1,196,476 

Form of recovery 
As unalloyed copper: 

At primary plants ~- ee ee ee eee + 288,686 265,163 
At other plants ___________--~-~-_--~_----~----~--~---~-------~~-~-+- 102,043 136,873 

Total _._____________-_-__- 2 390,729 402,036 

| In brass and bronze ___________________-_--_-_------ =e 700,844 739,333 
In alloy iron and steel _._.___________-_-~---~~--~-- +--+ ee 2,186 2,249 
In aluminum alloys ~..~_..____.__-_.----~----~~-~-~~-~-~-~ ~~~ eee 47,017 48,742 
In other alloys _._______._~-.~--~--~_-~---~~---~--~ ~~~ ee 491 497 
In chemical compounds __.__-______~-_.-_------~~-~--~----+--~------ 4,007 3,619 

Total _.-_-_--~~______-__ ie eee 754,545 794,440 

Grand total __._______.__-~__--.___-~ ee 1,145,274 1,196,476
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Table 20.—Copper recovered as refined copper, in alloys and in other forms oe 
. . from copper-base scrap processed in the United States — : 

(Short tons) a 

| . ae Rec od by ~ From new scrap Fromoldscrap ) Total 

ee 1976 ~=—SO«1977—s—(‘iéaTGSC“‘dTT:*«CO*«édNQTG:C*«‘«CTTC 

Secondary smelters _ _ _ _ __ __-_-__i_ 57,419 74,926 «=—-188,162 224,191 245,581 299,117 
Primary copper producers ______.____.-_ ~~ 144,215 128,214 144,471 136,949 288,686 265,163 . 
Brass mills ~~~. -_§_~§_-_§- ~~ eee 486,878 501,383 30;207 30,529 517,085 581,912 
Foundries and manufacturers ~______~__—~____ 14,698 15,795 39,455 42,921 54,153 58,716 
Chemical plants. _§_§_.§_§.§_____________-__- 2,182 2,391 1,849 1,240 4,031 3,631 

Total _______ ------------------- 705,892 722,709 404,144 435,830 1,109,536 1,158,589 

| Table 21.—Production of secondary copper and copper-alloy products : | , 
7 | | | in the United States | | | | 

(Short tons) | 

Item produced from scrap 1976 1977 

-UNALLOYED COPPER PRODUCTS 
_ Refined copper by primary producers _________._____-_~_---_-_~------ 288,686 265,163 

Refined copper by secondary smelters ________..-_______-__-_-~_--~-- 86,469 120,255 
Copper powder _____________. ~~~ eee 15,564 16,605 
Copper castings __ ________-__-____-~--_-_--_--_------------- 10 13 

Total ________________________-__- eee 390,729 402,036 

ALLOYED COPPER PRODUCTS ae 
Brass and bronze ingots: 

Tin bronzes ___ >» 5 5 5 ee 34,421 20,868 
Leaded red brass and semired brass ___________-----~--------~-- 120,233 144,872 
High-leaded tin bronze eee eee 26,143 26,552 
Yellow brass ______________u ee 13,089 15,045 
Manganese bronze ___.__ . ___ __.-_____-=+-~-~~~-~ ~~~ 9,850 10,544 
Aluminum bronze ______§_§~§_~§_§ ~~ ee eee 6,736 7,028 
Nickel silver _.____§________~__-_-___-~_-~ 3,090 3,179 
Silicon bronze and brass ______.._.__-_____--_-____--~~-_~-_~ 2,911 4,278 . 
Copper-base hardeners and master alloys ____._§____.______.~-_-_---~- 12,204 11,804 

Total _-_______________ eee 228,677 244,170 
Brass-mill products___ _§_-§_§ ~~ ~~ __ 649,713 664,043 
Brass and bronze castings ____$______—_._-~.-_--_-~--_----~--~------- 36,486 41,544 
Brass powder _____________ ee ee 614 715 

Copper in chemical products _________-__.__--_--_.-~-~~--~-__----- 4,007 3,619 

Grandtotal _____________ 1,310,226 1,356,127 

Table 22.—Composition of secondary copper-alloy production 

(Short tons) 

| . . ae Alumi- Copper Tin Lead Zinc Nickel num Total 

Brass and bronze production: ? 
1976_________________— 173,060 11,398 16,870 26,831 449 69 228,677 
977__ LLL Ss«d194, 976 13,257 19,747 29,147 446 59 257,632 

Secondary metal content of 
brass-mil] products: 
1976____ LSC, 676 322 3,371 124,485 3,826 33 649,713 
1977__-_____________._ 580,314 561 4,507 125,479 3,129 53 664,043 

Secondary metal content of 
brass and bronze castings: 
1976__ Le 29,195 946 2,211 4,059 31 44 36,486 
I977__ we 33,666 1,067 2,486 4,246 44 35 - 41,544 

1 About 92% from scrap and 8% from other than scrap.
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Table 23.—Stocks and consumption of purchased copper scrap 
in the United States in 1977 

(Short tons) 

Stocks Consumption Stocks 

Class of consumer and type of scrap Jan. 1 Receipts New Old Total Dec. 31 | 

_ scrap scrap 

SECONDARY SMELTERS . 
No. 1 wire and heavy copper _—~_____~~— 2,098 29,207 3,609 24,628 28,237 3,068 
No. 2 wire, mixed heavy and light copper _ 6,227 93;526 24,441 67,949 92,390 7,363 
Composition or red brass ________~ ~~ 4,691 66,894 13,817 52,994 66,311 4,174 
Railroad-car boxes _~________-_-~-_-~ 450 2,099 _— 2,294 2,294 255 
Yellow brass ______-____-.--__-- 6,532 46,660 5,583 39,647 45,230 7,962 
Cartridge cases and brass __________~ 126 70 — 125 125 71 
Auto radiators (unsweated) _______-_- 4,139 710,629 —_ 70,160 70,160 4608 
Bronze __________-_---~_~----~- 2,046 _ 20,990 3,334 17,638 20,972 - 2,064 
Nickel silver and cupronickel ___—___ ~~ 747 3,154 231 2,833 _ 8,064 837. 
Low brass _~_________~~-~-_-~__~- 560 3,322 1,248 2,050 3,298 584 
Aluminum bronze _________~—~__- 114 - 458 382 47 - 429 143 
Low-grade scrap and residues ______—~_~ 13,323 94,783 72,199 17,879 90,078 18,028 

Total _.__- ___--_____~_---- 41,053 431,792 124,844 298,244 423,088 49,757. 

PRIMARY PRODUCERS 
No. 1 wire and heavy copper —~—_—~__-_- 2,621 119,556 48,237 63,448 ~ 111,685 10,492 
No. 2 wire, mixed heavy and light copper _ 15,639 124,634 77,405 50,323 127,728 12,545 
Refinery brass __._____~__------- 3,129 367 3,273 3,640 

. 17,730 16,247 
Low-grade'scrap and residues ____~__~ 155,189 42,931 113,230 156,161 

Total _.--_---____- ~~ -- 35,990 402,508 168,940 230,274 399,214 39,284 

BRASS MILLS? " 
No. 1 wire and heavy copper _—_———-_- 12,814 163,611 134,411 29,200 163,611 13,985 
No. 2 wire, mixed heavy and light copper _— 5,042 61,383 59,729 1,654 61,383 8,094 
Yellow brass _________-___--~-~--- 26,342 270,115 270,115 _— 270,115 27,275 
Cartridge cases and brass ________~—_~ 9,334 82,109 82,109 __ 82,109 13,959 
Bronze ____________--~--_---~- 800 5,212 5,212 _— 5,212 796 
Nickel silver and cupronickel _ ~~ _~ ~ 4,558 27,957 27,957 _— 27,957 2,652 
Low brass _______~____~~---~_- 4,026 67,407 67,407 _- 67,407. 3,876 
Aluminum bronze ___~_~___-~---—-~- 53 353 353. -- 353 44 

Total! _-_______________. 62,969 678,147 647,293 30,854 678,147 70,681 

FOUNDRIES, CHEMICAL PLANTS, . 
AND OTHER MANUFACTURERS 

No. 1 wire and heavy copper ___— ~~~ 2,858 32,453 9,214 23,378 32,592 2,719 
No. 2 wire, mixed heavy and light copper _— 1,277 7,426 3,301 4,459 7,760 943 
Composition or red brass _____~_-—_~ 435 5,875 1,894 4,049 5,943 367 
Railroad-car boxes ___.___—_-~_-~_- 1,370 5,434 _- 5,919 | 5,919 885 
Yellow brass ___________-_-~-~_- 426 8,922 5,963 2,882 8,845 503 
Auto radiators (unsweated) _____.____ 750 10,848 — 10,365 10,365 1,233 
Bronze ___~______-_-__-~---~---- 146 1,588 58 669 727 1,007 
Nickel silver and cupronickel ~__~_ ~~~ 6 121 _- 116 116 11 

Low brass ____________~_--~---- 67 1,490 989 473 1,462 95 
Aluminum bronze _~_____~_--~-~~-- 84 345 113 255 368 61 
Low-grade scrap and residues ______ ~~ 29 -— 20 _- 20 9 

Total _________-___-_--~_- 7,448 74,502 221,552 752,565 74,117 7,833 

GRAND TOTAL 
No. 1 wire and heavy copper ___.___-—- 20,391 344,827 195,471 140,654 336,125 30,264 
No. 2 wire, mixed heavy and light copper _ 28,185 286,969 164,876 124,385 289,261 28,945 
Composition or red brass _——_~~- ~~~ 5,126 72,769 15,711 57,043 72,754 5,141 
Railroad-car boxes ___._____~.-_~- 1,820 7,533 __ 8,213 8,213 1,140 
Yellow brass __.______-._--~---~- 33,300 325,697 281,661 42,529 324,190 35,740 
Cartridge cases and brass __________- 9,460 82,179 82,109 125 82,234 14,030 
Auto radiators (unsweated) _________~ 4,889 81,477 _— 80,525 80,525 5,841 
Bronze ___~-~___--~------~---~- 2,992 27,790 8,604 18,307 26,911 3,867 
Nickel silver and cupronickel _ ~~~ ~~ 5,311 31,232 28,188 2,949 31,137 3,500 
Low brass ~_____________-~--~_- 4,653 72,219 69,644 2,523 72,167 4,555 
Aluminum bronze __~_~____~_-~~- 251 1,156 848 302 1,150 248 
Low-grade scrap and residues® ________ 31,082 253,101 115,517 134,382 249,899 34,284 

Total _._._-.________---__- 147,460 1,586,949 962,629 611,937 1,574,566 167,555 

1Brass-mill stocks include home scrap; purchased scrap consumption assumed equal to receipts, so lines in brass-mill 
and grand total sections do not balance. 

2Of the totals shown, chemical plants reported the following: Unalloyed copper scrap, 2,502 tons new and 1,292 old. 
SIncludes refinery brass.
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Table 24.—Consumption of copper and brass materials in the United States 
_ by principal consuming groups 

(Short tons) 

. | Foundries, 

. Primary Brass Wire ehemic Secondary | | 
Year and item producers mills mills plants, and smelters Total 

miscella- | 
neous users 

1976: ae | 
Copper scrap ______ 425,790 662,454 ~ 68,912 356,789 1,513,945 
Refined copper! ____ _ 584,755 1,364,048 35,563 7,519 1,991,885 

| Brass ingot _______ aH 8,320 — 2228,204 —_ 236,524 
Slab zinc _________ _- 157,398 _- 2,252 6,594 166,244 

197 Miscellaneous _____ _- _- _— 200 5,702 5,902 

: Copper scrap ______ 399,214 678,147 __ 74,117 423,088 1,574,566 
Refined copper! ____ —_ 628,619 1,511,202 38,511 6,627 2,184,959 
Brass ingot _______ _- 7,282 _ 2250,907 __ 258,189 
Slab zinc __________ _- 131,957 _ 2,486 6,995 141,438 
Miscellaneous ____— __ — — 200 7,848 8,048 

i 1Detailed information on consumption of refined copper will be found in table 28. 
Shipments to foundries by smelters plus decrease in stocks at foundries. | 

Table 25.—Foundry consumption of brass ingot, by types, _ 
| in the United States _ 

| | (Short tons) — : 

| . : 1978 1974 1975 1976 _ 1977 

Tin bronzes ___.____________-_--~__-_- 47,963 58,702 40,982 33,117 38,193 
Leaded red brass and semired brass _________._- 136,012 117,038 84,839 97,732 107,029 
Yellow brass _.____-__2 ~~~ ____ LL 34,820 58,922 65,799 23,167 26,280 

- Manganese bronze ______~___.~____--l_- 10,868 9,773 6,843 5,695 5,838 
-Hardeners and master alloys __._-__._________ 6,633 6,053 4,420 3,385 3,841 
Nickel silver _._._§.§_-._-_-._.____._--__- _- 2,908 3,104 - 2,437 2,249 2,311 
Aluminum bronze ____~_.__._.___---_---~- 6,882 7,743 5,287 5,923 6,748 

Total _.. ~~~ ~~ LLL 246,086 256,335 210,607 171,268 190,240
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ca re - -.. COPPER sits ; - — 859 - 

-... ‘Pable 27.—Primary refined copper supply and withdrawals on domestic account ; 
- . a | . (Short tons) . : - | 

. rs oO ee 1973 (1974 = «1975 1976 1977 

. Production from domestic and SO | : 
foreign ores,ete ~.~____§_______________» 1,868,488 1,654,658 1,443,378 1,539,308 1,496,184 . 

_ Imports?__ 2 ee 202,955. 313,569 146,805 381,524 390,776 
Stocks Jan. 11 -~---------------~-~ +--+ 57,000 37,000 -101,000 207,000 190,000 

a _ Total available supply_____.___.________ 2,128,448 - 2,005,227 = 1,691,183 2,127,832 2,076,960 

/ Copper exports? _~______~__ 189,396 126,526 172,426 —«- 111,887 51,529 . 
Stocks Dec. 31? ~_____“=__-____-__- __- 37,000 101,000 207,000 190,000 234,000 

Total oe | 226,396 227,526 379,426. 301,887 285,529 
oo Apparent withdrawals on 

domestic account ?______________- ----- 1,902,000 1,778,000 1,312,000 — 1,826,000 1,791,000 

1 May include some copper refined from scrap. _ | 
2 Excludes copper, if any, delivered to industry from national stockpile sales. 

: | Table 28.—Refined copper consumed by class of consumer 

| | . _ (Shorttons) | : | 

Year and class . Wire and aKeS . 
ae | of consumer Cathodes bars — ingot and Billets Other Total — 

. bars 

1976: . . 
Wire mills__.____._______ 588,604 766,863 WwW a -. 8,581 1,364,048 
Brass mills _.___________ 263,834 23,792 92,141 121,911 83,077 -~ 584,755 
Chemical plants __________ oo _- _ _— a 501 501 
Secondary smelters ________ 3,645 Ww 3,872 _— _— 2 7,519 
Foundries ___._.__.______ 1,193 1,159 12,653 oe Ww 361 15,366 
Miscellaneous! ___________ ~~ 8,627 WwW 7,077 148 W 8,844 19,696 

Total _-_-_______ 860,903 791,814 115,743 122,059 83,077 18,289 1,991,885 i a ID 
—_—_—_—_—_—_—_—_—_——££*£_=K*<«x#_«——<*zF=[[_Z*<[_[___]_{_;£;_&—~CS<xxqx—————Xi—>ee—i——i—i—=w 

1977: . 
Wire mills___§___________ 672,035 827,992 Ww —_ —~— 11,175 = 1,511,202 

. Brass mills _-____________ 290,071 33,275 86,986 115,022 103,265 — 628,619 
Chemical plants __________ -- ae _- —_ _- 418 418 
Secondary smelters __._____ 8,413 -- 3,212 — _- 2 6,627 
Foundries ______________ 675 Ww 12,391 —_ WwW 1,108 14,174 
Miscellaneous! ___.§_§______ 4,599 WwW 8,089 Ww W $11,231 23,919 ON EY . 

Total _.. ~~ ~~ 970,793 861,267 110,678 115,022 103,265 28,984 2,184,959 
— eee 

W Withheld to avoid disclosing company proprietary data; included in “Other.” 
MIncludes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper powder and 

copper shot, and miscellaneous manufacturers. 

Table 29.—Stocks of copper in the United States, Dec. 31 

(Short tons) 

—— eee 

Blister and Refined copper 
e e ne 

Year materials in : : New York process Primary Wire rod Brass . : 
of refining!  _—iproducers mills mills Other? Smechy 

eo OO eS 

OF 265,000 37,000 42,000 30,000 5,600 5,900 
1974__ 2 324,000 101,000 108,000 36,000 6,900 43,200 
1975 2 ~~ 312,000 207,000 119,000 31,000 6,100 100,000 
1976___§___ 321,000 190,000 114,000 36,000 7,000 201,000 
1977 _____ 346,000 234,000 ~ 116,000 34,000 7,000 184,000 a eee ee eens 

1 Includes copper in transit from smelters in the United States to refineries therein. 
? Includes secondary smelters, chemical plants, foundries, and miscellaneous plants.
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Table 30.—Dealers’ monthly average buying price for copper scrap and consumers’ 
| aHoy-ingot prices at New York in 1977 

(Cents per pound) | 

| Grade. ) Jan. Feb. | Mar. Apr. - May June 

No. 2copper scrap _______~--- 34.00 35.73 41.50 40.63 39.62 35.91 
No. 1 composition scrap ________ 28.50 30.10 39.50 38.93 37.31 . 85.32 . 
No. 1 composition ingot ___ __—_- 69.00 70.84 74.70 - 76.00 73.81 72.00 

July Aug. Sept. Oct. Nov. Dec. Average 

No. 2copper scrap __.....__-. 35.00 34.04 33.00 33.00 33.00 33.00 35.70 
No, 1 composition scrap _._._.--- 35.00 34.04 33.00 33.00 33.00 33.00 | 34.23 
No. 1 composition ingot _..._--_- 70.40 66.39 65.00 65,00 66.50 66.50 69.68 

Source: Metal Statistics, 1978. | | 

| Table 31.—Average monthly quoted prices of electrolytic copper for domestic delivered, 
| in the United States and for spot copper at London 

(Cents per pound) 

| } 1976 } 1977 
Domestic delivered London Domestic delivered London 

Month American _ spot” American : spot” 
Metal Metals Metals Metal Metals Metals 

Market Week Week Market Week Week 

January _.._--_.-- 63.63 63.63 54.09 66.13 66.24 68.29 
February ___._ ~~. - 63.63 63.63 55.29 68.63 68.63 64.66 
March .________.- 64.73 64.68 60.25 72.28 72.55 68.63 
April eee 69.26 69.24 68.50 74.41 74.39 64.75 

Y ~~ ~-----_ a. 70.68 70.63 68.56 72.77 72.61 62.19 
June _~_-_______-__- 70.63 70.63 . 9026 — 70.18 71.20 59.51 
July _---_-______- 74.63 74.63 74.66 68.10 68.00 . 56.60 , 
August __________-_ "74.63 74.68 69.73 63.89 63.79 52.54 
September ______._- 74.63 74.63 66.20 60.63 60.63 - 54.20 
October ___________ 72.34 72.06 58.30 60.63 60.63 54.86 
November ________- 70.63 70.63 57.98 60.63 60.68 58.62 | 

_ December _______-- 66.10 65.77 58.41 62.11 61.94 57.13 

Average ______- 69.620 (C9. «8.9 66.96 66.77 50.4400 

‘Based on average monthly rates of exchange. _ | 

Fable 32.—Average weighted prices of copper delivered 

(Cents per pound) 

| | . | Domestic Foreign 
Year , copper copper 

1973__________-_ eee eee 59.5 80.8 
1974__________ 17.3 93.5 
1975. eee 64.2 56.0 
1976_______ ee 69.6 63.5 

: 77 ee 66.8 59.3 

Source: Metals Week.
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| | Table 34—U.S. exports of copper, by class : 

Ore, concentrate ] ae } Refined copper and matte (copper Blister and . content) . " -semimanufactures 
- Quantity Value Quantity = Value Quantity Value - (short (thou- (short | (thou- (short (thou- —— tons) sands) tons). sands) tons) sands) : LS Sa ASS i eaySenSa - " $c SNOT — — neem . " ™ ; . - . . 

- 1975 ~-- LL 8,307 $6,917 1,545 $1,270 - 258,165 $465,553 1976 __--___ ee 14,853 13,960 2,723 2,622 176,877 313,377 1977 2 15,820 12,654 8,304 6,062 146,004 331,265 I npn 

Other copper manufactures! | Total , 
eee 

Quantity Value Quantity Value — (short tons) (thousands) . (short tons) _ (thousands) 
. : an . _ LL TC CL LA CC TD . " " — : 

| 1975 = 9,518 $14,158 277,585 $487,898 | 1976 ¥4,922 8,435  ¥199,875 . 338,394 | 1977 ~~~ 6,920 10,923 177,048 . 360,904 

1Does not include wire cloth: 197 5-2,268,914 square feet ($1,064,516); 197 6-1,238,812 square feet ($832,196) and 1977- . 2,903,787 square feet ($1,259,741). . a 

: Table 35.—U.S. exports of copper-base alloy (including brass and bronze), by class | 
as _ "1976 77S 

Cl . . Quantity = Value . _ Quantity — _ Value ass . : hort. (thou- Quen _ (thou- os Oo tons) == == —~—s sands) ~» tons) = = — sands) ~—— 

Ingots ._~_-_____ ~~ ee 483 $2,042 356 © $1,541 oo Scrap and waste _________________.__.__ 76,706 64,120 = 82,023 | 65,596 . Bars, rods, shapes._____________________ 1,584 18,945 7,938 15,281 — Plates, sheets, strips _....________.______ 4,126 18,318 4,313 18,069 Pipes and tubing _-_-._________-__________ 6,213. ~~ 19,596 3,521 10,001 Pie fittings meee eee 8,588 28,365 7,160 26,316 . Plumber's brass goods ___________________ 1,472 - 4,592. _ 1,536 - 8,060 Welding rods and wire wee eee 2,403 - 8,655 - 2,086. 7,862 | - Castings and forgings -..._.________.___. 958 ss 2,868 882 2,577 oo Powder and flakes _.____________-______ 1,849 4518 - —° 1,741 4,356 _ Foil, ~~~ 283 1,490 541 2,528 : Articles of copper and copper-base alloys,nec (*) 8,766 - | 10,119 ol 
Total ~---_~---- eee 106 C~ 177,270 112,097 - 167,306 

‘Quantity not reported. | . ae | 

Table 36.—U.S. exports of unfabricated —— | 
copper-base alloy’ ingots, bars, . Oe OO rods, shapes, sheets, and strip : Table 37.—U.S. exports of copper sulfate — 

$$ | (blue vitriol) So | 

Year (short = (thou- a --—- Quantity — Value . - tons) sands) . Year ~~ (short (thou- — earners . . tons) sands) . 1975 2 Le 112450 $26,767 eee a 1976 _-- 12,193 34,305 1975... 1,248 - $2,067 - 1977 _-_2 Le 12,607 34,891 1976_.__._____ 2,071 2,985 . ne «= I9TT._ 2,616 - 8,370 1 Includes brass and bronze. | Oe :
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. Table 38.—U.S. exports of copper scrap, by country 
TOL ee 

. Unalloyed copper scrap Copper alloy scrap 

1976 1977 1976 1977 

Country Quan- Value Quan- Value Quan- Value Quan- Value 

ity (thou- tity (thou- tity (thou- tity (thou- 
(short ds) (short ds) (short nds) (short ds) 
tons) sands tens) sands’ tons) san tons) san 

Argentina ___.___-_-~- 170 $198 _. _- 83 $59 _. a 

Belgium-Luxembourg ~~ —— 2,658 1,701 1,479 $861 8,889 5,710 6,689 $3,450 

Brazil _.______-_---- 51 108 59 45 111 82 714 720 

Canada _________---~- 6,374 7,632 5,949 5,584 6,194 6,961 5,645 "6,885 

Denmark _____.—~_~__—~_~ _- — — _- 80 50 18 43 

Finland _____.-_----- _- a a -- 354 391 554 1,053 

France _______-_- _-- 4 4 4 3 4,442 2,582 170 136 

German Democratic Republic —- -- 118 105 -- So 159 111 

Germany, Federal . 
Republic of __._~--~-- 1,771 1,301 2,824 2,618 3,809 — 3,481 6,971 3,796 

Hong Kong _ __~—------ 282 269 465 . 478 722 680 788 727 : 

India ____-_.--_---- 363 405 693 808 3,091 2,637 7,213 6,712 

Italy __.__---------- 1,137 855 596 465 9,452 7,282 3,751 2,730 

Japan _.__.-_.----_---- 4,723 5,899 5,988 5,339 15,563 13,986 - 18,286 15,388 

Korea, Republic of _____- 12,481 13,034 14,907 15,357 10,093 9,113 16,239 - 14,689 

Mexico __.-___-_----- 2,018 1,656 302 222 254 187 135 107 

Netherlands ______---- 209 256 60 58 815 805 398 401 

Pakistan __._.._.---- 35 14 459 460 40 35 192 168 

a Portugal _____----=--- _. __ _. _— _- _— 371 285 

Spain ______-------- 1,496 1,502 454 414 5,128 4,703 5,807 2,989 

Sweden _____-___---~- 619 290 249 213 728 511 834 1,023 

Switzerland ______~--- _. —_ _- Le 1,444 1,318 1,444 . 792 

Taiwan ________--_--- 2,156 1,818 2,159 © 2,030 3,009 1,586 3,488 2,738 

Thailand _______--_-- 79 91 224 257 176 166 594 518 

Turkey ___-___------ _- _. _- _- 379 360 399 359 

United Kingdom ____ ~~~ 776 479 618 - 378 1,494 - 1,233 661 822 

Venezuela ______-_--~- -- _- _- _- 139 119 346 286 

Other ____-__------- 71 67 285 $11 F217 *83 157 . 168 

Total _..___=--- 87,473 37,079 37,892 36,006 76,706 64,120 82,023 65,596 - 

"Revised.
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Table 39.—U.S. imports for consumption of copper scrap, by country 

Unalloyed copper scrap (copper content) 

Country ee TT 
Quantity Value Quantity Value 

. (short tons) (thousands) (short tons) (thousands) 

Bahamas _________._.____ 32 $35 59 $55 
Belgium-Luxembourg ~~~. ——_— 8 14 127 169 
Canada ___ ~~. __- 11,199 11,218 13,234 13,779 
Canal Zone__._._-_.-.---- 97 108 178 249 
Chile _.-_._--_-____._-___- 1,098 1,491 -- me Lo 
Dominican Republic ____._-_-_ 277 285 469 451 
France ___._...__._-_-_- 112 242 481 1,080 
Germany, Federal Republic of _ _ _ 17 13 75 122 

; Guatemala___...__.___._- 213 149 102 80 
Honduras _..-...-.--.--- 27 23 53 44 
Hong Kong... ._._._._-_~ - 137 149 9 8 
Jamaica _.______.__-_.-- 86 55 116 91 
Japan ~~. Le 36 43 66: 35 
Mexico ___..._.-.---~--~- 5,507 4,541 4,114 3,724 
Netherlands Antilles. _____._. 234 124 272 271 
Nicaragua ____._._..-_-_~- 181 176 QW 76 
Panama ..__._.-.---.--. 7 6 89 93 
Trinidad and Tobago — __ _. _. —— 64 67 38 38 
Other _____-.-----_----- 7408 7492 308 . 376 

Total_____...--.--- 19,735 ; 19,231 19,856 20,741 

- Copper alloy scrap 

1976 | 1977 

. Gross Gross 
. Content Value . Content Value 

| weight “hort (thou. «= Welight (short (thou- 
tons) tons) sands) tons) tons) sands) 

Bahamas ____ ~~... _- 151 9% $97 125 78 $85 
Belgium-Luxembourg _—_——~_- 20 14 17 198 139 204 
Canada ___...-_~.._-_-_. 10,865 6,924 10,122 11,372 7,376 10,024 
Canal Zone___...___.-.- . 21 15 16 67S. 53 51 
Dominican Republic ___.____- 184 146 128 249 168 162 
Guatemala___ ~~~ ___ 2 2 1 39 27 22 
Hong Kong_—~ _-_.-.-.-.--- 1,446 1,112 1,329 175 171 156 
Israel _-.- --§ --/ - 27 . 27 27 _- — _-- 
Jamaica _____.~_.~_._-_-_- 17 10 1 54. 33 31 
Japan. Le 18 16 70 9 - 4 4 
Mexico _____.._-.-.-.-_- 1,126 714 760 803 501 467 
Netherlands Antilles_ ____.__ 122 96 87 89 64 65 
Nicaragua __.._...__----- 8&8 62 62 14 9 9 
Norway... -- _- —_ _- 31 23 25 
Panama __.._______-_-_- 389 265 336 60 44 45 
Trinidad and Tobago __ ___.__— 13 9 11 22 16 17 
United Kingdom __________-~ 39 39 32 ~— -- — 
Other _____-.-_----~--- 755 39 45 53 44 32 

Total. _.---.-.-_-.- 14,643 9,646 18,141 13,360 8,753 11,399
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Table 40.—U.S. imports! of unmanufactured copper (copper content), | . 
. | by class and country 

Ore, concentrates Matte | . « Blister . 

Year and country Quantity Value Quantity Value Quantity Value — 
(short (thou- (short (thou- (short (thou- 

7: - tons) ~- sands) tons) sands) tons) sands) 

1976 _ .§_ __._____________-_-_-_- 64,879 $71,821 9,092 $35,781 88,951 $96,879 

1976: a 
Australia... _-_.__.___-_-_-- 465 332 _- _- 9 17 
Belgium-Luxembourg ._________-- _- — _ _— _- ~— 
Botswana —______._-_-___-_--~ _- a 14,224 55,665 _- — 
Canada ____________--__-_--- 47,179 60,696 110 88 158 131 
Chile ~_____2-____~_-___-_--- _- _— _- _— 30,817 35,280 
Honduras ________-_-~--~--_-~- 160 169 ae a -- — 

. Italy__-_______-__-_-_---_--~- . -_ __ __ : __ __ Ll . 

Japan_________----.~+{_-_--- _- -- -- -- <= ~— 
Mexico __________._~_-~_-_---~ 4 1 _- _— - 8,144 — 3,467 
New Guinea ________________ 1,949 2,884 — _- _- _— 
Nicaragua ___._____--_-_-_--~ 533 611. ae —_ = _— . 
Norway__-____.-.-~---~------~) —_ —_ _- _- —_ _- 
Peru_________._--_-_-_-_--. © 4,828 5,351 _- -- 6,726 8,269 
Philippines ___-._._-_-___-_--~- 15,047 19,295 . _— -- — _- 

. Rhodesia, Southern ________-_--~- 1,025 574 __ _- _- eo 
South Africa, Republic of _.._____-- _— _- 3,949 22,524 _- _- 
South-West Africa, Territory of ____ —~_ -- -- -- -- 2,521 2,780 
United Kingdom ___________--~- _— -— _- -- _- — 
Yugoslavia_____.__-.._-_----- _- _- _- -~ -- ~~ 
Zaire ~.---~_---_-~_-~-_--~----~- —_ oe -- -- ~— _— 
Zambia __________-.-_------- -- -- _— a 1,108 1,407 
Other ______~_____________-- 2 (7) ae __ 1 2 

Total________._____.____-_ 10,687 89,913 18,283 78,277 44,484 51,353 

1977: 
Australia. -_._-___._.__-_--- 3,352 2,775 _- __ _- — 
Belgium-Luxembourg _______-_-~- _- me _— oe -— . _- 
Botswana ________~_~__---_-- —_ ce 12,411 49,427 — ae 
Canada _______--_-__~__----- 16,547 20,332 _ 254 103 _- _— 
Chile _._-___-_-------------- -- _- 172 61 . 31,945 35,481 
France ____________~_-_----- _— _- _- — -— ~~ 
Germany, Federal Republic of __ —_—_—_ ee -_— -- -- _- —_ 
Mexico _____.______.---_-~-- Ree —_ — 4,668 6,730 : 
Netherlands. __§_____._____---~- _- —_ —- -— _— -~- 
Nicaragua ____.__-__.--____-~- 324 396 _- _- -- -- 
Norway__-._.-___._-------_- _- Doe __ _— _- _- 
Peru___§_-__~_____-___-_-_--- 3,793 4277 _- _- 9,551 11,480 

. Philippines _.._________.-_--. . 18,057 20,713 _- a -- = 
South Africa, Republic of __________ 1 2 4,993 30,518 —_ — 
Sweden ___._§_§_~__.-~_-~-___---- _- -- _- _— _- _- 
United Kingdom _____~_________- = _— _- _- 21 27 
Yugoslavia._________._ i .--~- — — -- _- -- _— 

. Zambia ________-~_-_--------- oe oe _- _- -- — 
Other ___-_____-_-_-------~-- 8 5 _- —_ (4) 9) 

Total... __-______-~___-__-- 42,082 48,500 17,830 80,109 46,185 53,718 

Refined Scrap Total 

Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- © 
tons) . sands) tons) sands) tons) sands) 

1975 146,805 $170,086 14,399 $14,459 324,126 $389,026 

1976: 
Australia____§§.9_- ~~ ~_-~__----- 1,329 1,525 60 50 1,863 1,924 
Belgium-Luxembourg ________--~_-~- 3,664 3,846 8 14 3,672 3,860 
Botswana ________~--_-------- _- _- -- _- 14,224 55,665 
Canada ____________--_-----~- 94,025 123,115 11,199 11,218 152,671 195,248 
Chile __-___________---_-_--~ 69,8738 81,295 1,098 1,491 101,788 118,066 
Honduras ________~-~_-_--~--~---~- _- _- 27 23 187 192 
Italy____-_-___-__-_--------- 3,307 3,175 _- _- 3,307 3,175 
Japan _________~__---~------ —- _- 36 43 36 43 
Mexico ________.~__=--------- 424 536 5,507 4,541 ‘9,079 8,545 
New Guinea ____________--_---- -- —_ _- _- 1,949 2,884 
Nicaragua __________-_--_---- _- _- 181 176 714 787 
Norway__________-~-----_---- 180 204 — __ 180 204 
Peru. -_-__-§__- 29,034 32,274 -- _- 40,083 45,894 
Philippines __________-------- _- -- _- _- 15,047 19,295 
Rhodesia, Southern ________-__-~_ 162 217 _- __ 1,187 791 
South Africa, Republic of _.______-- 992 1,046 _- _- 4,941 23,570 
South-West Africa, Territory of _____~- _- _- _- _- 2,521 2,780 
United Kingdom ____________--~- 3,316 3,510 25 19 3,341 . 3,529 
Yugoslavia___________.-___-~- 44,984 49,599 _- —_ 44,984 49,599 
Zaire ________.____~__._-_-- 2,582 2,779 _- __ 2,582 2,779 

See footnotes at end of table.
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Table 40.—U.S. imports! of unmanufactured copper (copper content), | : by class and country —Continued 

_ ) a ‘Refined } Scrap Total | 
Year and country - Quantity Value Quantity Value Quantity Value 

‘(short (thou- (short (thou- (short (thou- 
tons) sands) _ tons) sands) . tons) sands) 

1976 —Continued | 

Zambia_.-________________ 127,162 $149,881 _- —_ 128,270 $151,288 _ Other____._- 2 490. 323 1,594 $1,656 . . 2,087 1,981. Le 
Total. 2-2 381,524 458,325 19,735 19,231 534,713 692,099 

1977: . Se | . Australia. 22 221 283 — — 3,573 3,058 Belgium-Luxembourg ____________ 14,083 17,389 127 169 14,210 17,558 . Botswana ______________ _— —_ _— _—_ 12,411 49,427 Canada __-._-= = 101,184 133,239 13,284 13,779 131,219 167,453 Chile _-____--___ 87,565 101,269 ~~ _— 119,682 136,811 ‘France __. 22 18 . 88 481 1,080 499 1,118 | Germany, Federal Republic of ______ _ 10,416 13,116 75 122 10,491 13,238 Mexico ___-__._~-2 6,327 7,701 4,114 3,724 15,109 18,155 Netherlands___$_-§______________ 10,442 10,928 (?) ‘1 10,442 10,929 Nicaragua _.__-_______________ a a 71 16 395 472 Norway___._~-.__~______ 156 192 _- _- 156 192 Peru_____~_~_~~ =~ 48,979 57,041 __ _— 62,323 72,798 Philippines: 2 22 == = —_ a. 25 18 18,082 ~ 20,781 South Africa, Republicof _.______ __ 5,956 7,571 -- _- 10,950 38,091 Sweden________ 10,304 11,902 54 30 10,358 11,932 United Kingdom _______________ 404 525 a — 425 552 Yugoslavia-_-.~2_~_-________ 16,794 20,031 _. _- 16,794 20,031 Zambia____________________ _ 77,866 94,914 __ _— 77,866 94,914 Other ~~ 61 93 1,675 1,742 1,744 1,840 

Total__-_-_-_-_~_____~__ 390,776 476,232 19,856 20,741 516,729 679,300 

1 Data are general imports, that is, they include copper imported for immediate consumption plus material entering the country under bond. . 
co ? Less than 1/2 unit. 

: Table 41.—U.S. imports for consumption of copper (copper content), by class 

So Ore and . : concentrates Matte Blister —— 
Year . Quantity Value Quantity Value Quantity Value > (short (thou- - (short (thou- (short (thou- tons) sands) tons) sands) tons) sands) —_—-——_—_—__—-——_- - —— ee 8S) 

19758 ~- 29,301 $35,649 5,675 $20,560 78,969 $90,846 1976 ~__ 35,197 49,861 14,097 54,878 19,388 22,144 1977 ~2 18,007 21,423 3,257 12,153 9,063 11,843 —_" 
genre ne erence TS 

Refined Sc : —<—. rap Total Quantity Value Quantity Value value ’ (short (thou- (short (thou- . (thousands) tons) sands) tons) sands) 

1975 2 142,945 $166,159 14,399 $14,459 $327,673 1976____ 381,343 453,279 19,735 19,231 599,393 1977 __- 386,865 . 471,666 19,856 20,741 537,826 

Table 42.—Copper: World mine production, by country! 
(Short tons) 

Country 1975 1976 1977 rer 

North and Central America: 
Canada? a ----- 808,905 805,712 860,501 | Cuba --_--- 3,043 3,175 13,200 Guatemala ________________- 2,822 3,185 2,275 Honduras -________- “220 401 539 Mexico ~—~-------- 86,196 98,073 98,835 Nicaraguas ___-_______-_ 711 696 589 United States? ~---- + - ee 1,413,366 1,605,586 1,503,966 South America: 
Argentina -------- 419 298 371 Bolivia ______________ ee £7,045 5,277 4,045 Brazil _-______---_-__-_-_ ie 2,119 — 60 28 

See footnotes at end of table. _ .
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Table 42.—Copper: World mine production, by country’ —Continued 

(Short tons) 

Country 1975 1976 - 1977 

South America —Continued | | : 7 

Chile _____________-_u- un ee ee ee eee 913,043 1,108,042 1,164,260 © . 

Colombia ___._____-_--------~------------------------) 
8): 575 992 

Ecuador __.____---------------+----------------=- 268 300 ©3830. 

Peru_____---------~-----------------------77 777-7 213,020 . 242,805 385,809 — 

Europe: 
. . a 7 

Albania® ______________-----+--~--+------------------ 
*10,000 ~ F11,000 11,000 _ 

Austria. __._______-----------------------+-------- 2,186 1,295 - ee 

‘Bulgaria __...------------~+---------------- +0 - 60,580 T €63,000 “63,000 

Czechoslovakia®___._. _-+-------------------+-------- 
11,800 79,400 — 9,900 

Finland. _._____---------------------------------- 
. 42,770 45,842 50,982 : 

France ____._-.-_-----------------+-------------- 
551 . 550 - 330 

German Democratic Republic _..._.---------------------- | 18 200 17,600 18,700 a 

Germany, Federal Republic of _ __ _------------------------ 2,162 1,778 1,824 

Greece ________-_-_---~----++-----+--------------- 
1,533 . 1,080 __ 

Hungary ~ ~---------------+------- 2053 rr rt crt 440 330 220 

Ireland Te a eee 10,803 4,519 - 5,291 

Italy? _.......----.---------------------+-------- 
_ 880 1,020 —970~— 

Norway’ __...------------------------+----------- 
30,991 31,210 30,985 

Poland ____-~--------------------------------7-7-77 
254,000 294,000 313,900 © 

Portugal? _.___.-------~-----------------------77-7- 5573 4,955 ~ 4,273 

| Romania® ® _._____-------------------------------- 
50,000 60,000 55,000 

Spain? ® __..____-------~---------=+----------- 99-77 43,344 39,193 ©45,000 

Sweden __.__--------------------<--------- 070-7 00- 44,791 49,450 _ 49,344 

USS.R°&267___ ee 880,000 930,000 940,000 : 

United Kingdom __..-----------------~+-------------- 719 608 440 

- Yugoslavia... .-------------------------------7-7-7- 
126,649 132,420 128,108 

Africa: . Se 

Algeria® ._.._.------------------------------7---7 
440 440 440 

Botswana __.____------------------------- + ------- 9,154 13,759 12,994 

Congo (Brazzaville)? ___._..-~-------------------+------ 
1,010 450 1,114. 

Ethiopia®____._..--------------------------------- 
440 440 - 440 

Kenya _..._------+------------+---------------77- 
80 80 a 

Mauritania __..______---~--------~-------+----------- 7,839 8,231 10,606 

Morocco® ____._.__-_---~-------+- == -- 2 - rrr 5,291 4,514 3,338 

Mozambique’ _ .____.------------------------------- 755 —-«* ©2200 ©3300 

Rhodesia, Southern __—.------------------------------ 43,531 34,969 €29,000 . 

South Africa, Republic of? _____._----------------------- 197,233 217,023 229,597 

South-West Africa, Territory of (Namibia) ~ — ----~----~------------ 38,471 47,950 55,226 . 

Uganda__._..------+-------------------- 5-9 9,370 r e7 700 _ ©7700 

Zaire _________-__---- +  e T545,423 . 489,902 530,817 

Zambia _____..----------------------------------- 
746,177 781,391 723,115 

Asia: 
Burma” _____________-_-------------------------- 94 101 49 

China, People’s Republic of ©? _.____--------------------- 110,000 110,000 110,000 

Cyprus’. -—---------- 952202000 
10,882 8,818 1,538 

India __._..______-------------------------------- 
_ 26,720 31,747 34,392 

Indonesia. ______--_-------------------------------- 
69,140 76,137 62,964 

Iran!!.___________--_-_------------------- +--+ ----- 4,184 6,600 *6,600 

Israel _._____. -___--__~---------+----------------- 
8,270 2,755 ae 

Japan? 12 ___________----------------------------- 93,674 89,955 89,723 

Korea, North® 2________----------------------------- 20,000 22,000 22,000 

Korea, Republic of ___-------------------------------- 
2;944 2,486 1,927 

Malaysia (Sabah) _ ___-------------------------------- 4,189 20,062 25,351 

Nepal ____.----------------------------------7777- 
oe _- 1 

Philippines ___------------------------------------ 249,366 256,463 295,760 

Taiwan® _________-------------------------------- 2,100 2,200 2,200 

Turkey ___.._---------------------------------7-77 
40,319 25,794 24,886 

Oceania: . 
Australia. ________-_------------------------------ 

241,363 240,833 242,440 

' Papua NewGuinea® _______--------------------------- 190,123 193,793 200,652 

Total ___________--_---------------------------- 
7,725,676 8,272,228 8,503,477 

€Estimate. Preliminary. ‘Revised. . 

1Data presented represent copper content (recoverable, where indicated) of ore mined wherever possible. If such data 

are not available, the figures presented are the nonduplicated total copper content of ores, concentrates, matte, metal 

and/or other copper-bearing products measured at the least stage of processing for which data are available. 

2Recoverable. | 

3Copper content of concentrates produced. 
“Actual production by Corporacion Minera de Bolivia (COMIBOL) plus exports by medium and small mines. 

5Revised to zero. 
®Smelter production. 
7Includes copper content of cupriferous pyrite. . 

8Fxcludes an unreported quantity of copper iron pyrite which may or may not be recovered. 

®°Year ending September 30 of that stated. 
10Copper content of matte produced. 
11Y ear beginning March 21 of that stated. 
“copper content by analyses of run-of-mine ore was as follows in short tons: 1975—93,952; 1976—90,181; 1977-—Not 

available.
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Table 43.—Copper: World smelter preduction, by country! 
(Short tons) 

Country 1975 1976 1977” 

North America: , 
Canada? __ Le 547,076 538,582 551,457 
Mexico®’_ 2 2 84,188 93,889 107,428 
United States _.______ ~~ ee 1,447,128 1,534,622 1,435,176 

South America: 
Argentina ________--__------~.---------------------- © F1,100 1,693 | “1,650 
Brazil ______.-_--_._--~-___-----~--~-~-_ ~~~ 1,442 428 —_ . 
Chile?__________ eee 798,513 943,908 979,292 
Peru? = "172,633 203,430 337,592 

Europe: 
Albania___.-__--.______----------------------~---- 9,370 11,000 “11,000 
Austria __. ~~~ eee 1,874 992 “1,100 
Belgium®. —§ = Le 716,500 715,400 14,300 
Bulgaria® ~~ Le 66,000 . 66,000 . 66,000 
Czechoslovakia®_ 22 27 2 Le 11,000 11,000 11,000 
Finland? ~~ > 5 25 eee 51,731 56,787 67,838 

7 German Democratic Republic® ?7__-_-§ $929 5-5 5 5 ee eee 18,200 17,600 19,800 
Germany, Federal Republic of _... .____.. 2 Le 194,974 213,512 208,990 
Hungary? ______________ ee 2,760 5,730 6,060 
Norway..______.~_~___~-~-~. eee 29,045 25,786 29,294 
Poland?__ Le 254,000 265,000 287,000 
Portugal _--__ ~~~ LL 3,527 3,086 3,638 
Romania? __________. ee 44,100 46,740 45,668 
Spain... Le 91,490 101,960 109,680 
Sweden __ 5 Le 45,793 51,236 51,440 
USS.Re_ 880,000 . 930,000 940,000 
Yugoslavia_____.___. 22 2178,587 ©158,886 107,362 

Africa: 
Rhodesia, Southern ________ 2 2 33,100 25,900 30,900 
South Africa, Republic of? ~_..__-.______._ ~~~ 183,865 185,188 207,675 

. South-West Africa, Territory of (Namibia) ___...._-______________ 40,135 - 39,793 58,863 
Uganda___________-_---~_-~~-~-- ~~ eee 9,149 7,716 °7,700 
Zaire ~~ 509,929 449,996 498,638 

ng eet ~~ — ~~~ nnn nnn nnn nanan 726,453 778,127 718,168 
ia: . 
China, People’s Republic of 7? ~. >» 5) 5 5 ee 110,000 110,000 110,000 

- IndiaS_ Le 24,273 27,342 25,892 
. Iran® ~2 ee 4,400 4,400 7,700 

Japan________ Le 817,914 848,117 935,260 
Korea, North®___._-__-_____~___~____ et 20,600 22,000 22,000 
Korea, Republic of __ -. __. ->_- / / ee ee 18,739 14,991 21,164 
Taiwan? 9 Le 7,826 12,897 12,677 
Turkey ______._____-_--__-_-------~~~~ ~~~ +--+ -+--- 29,026 30,373 34,192 | 

Oceania: Australia... = 2 LLL 198,457 184,467 184,496 

Total _.._______ 7,684,297 8,038,574 8,268,030 

“Estimate. Preliminary. "Revised. 
1Unless otherwise noted, data presented for each country represent pritnary copper metal outpyt, whether produced 

by thermal or electrowinning methods. 
2Including secondary. 
5A pparently including secondary, if any is produced (output is regarded as negligible).
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: | Table 44.—Copper: World refinery production, by country’ | oe 7 
(Short tons) a 

Country | : 1975 1976 1977? 

North and Central America: . 
Canada*® _____ ee 583,339 562,695 560,819 
Mexico ____________ ee ee 69,610 | 83,134. 80,537 
United States _. eee 1,443,378 1,539,308 1,496,184 

South America: 
Argenting _______.______.-.-_----_----------------- —™ *1,100 1,698 ©1650 , 
Brazil? _.. 2 5 ee T1442 428 = 
Chile __-____ eee ee 589,960 - 646,700 745,162 
Peru. ee ee 58,390 154,451 200,620 

Europe: . . 
Albania® _____§____ ee 8,540 8,800. 8,800 
Austria? _-___§__ 2 eee 29,686 31,514. 34,951 
Belgium*_____..-.-______~--_.____-___--_-~------- 393,551 531,080. 620,909 
Buigaria ____ eee 57,276 © F58,000 °57,000 
Czechoslovakia?___._§_§.9__.~~. ~~ 25,159 24,306 -©25,000 
Finland. 22 ee - 89,423 42,052 47,129 
France _.. 2.22 eee 21,491 21,264 24,491 
German Democratic Republic®____.. 5 25 75» 2» 25 7 pe ee eee 52,900 52,900 55,000 
Germany, Federal Republic of _......~..-----.____..----- ™284,619 - 314,799 | 304,414 
Hungary! .._._________-______________-_ nan 12,677 14,440 15,482 

. Norway... 2 ee eee 21,688 19,574 - 22,020 
Poland _______-_-_-__-_--_-__----------.----------. "274,084 297,624 338,409 
Portugal ________________-__-____-_---a------=---- ™3 023 3,036 3,739 
Romania® ____. ~~~ 5 ee 55,000 55,000 53,000 
Spain _.. ee 152,833 165,640 176,370 
Sweden _. 2 -- eeee 54,529 61,240 60,142 
USS.R°_ eee ™840,000 T880,000 890,000 
United Kingdom __... eee ee 83,226 56,832 48,927 . 
Yugoslavia. eee —ti«éd8'6, 2 134,027 102,489 

Africa: . 
Rhodesia, Southern® ___..__-_________________ ee F29,800 25,900 31,100 
South Africa, Republic of ......._.____.-_----------+------ *96,900 105,400 —s_. 160,800 
Zaire®__ eee 249,128 72,772 108,807 

- asieBmbia ce ee ee ee ee 693,518 766,043 715,399 
ia: 

, China, People’s Republic of€ _...._..__..._..__.-_...------ 165,000 165,000 165,000 
India ~2 0 ee 18,016 _ 23,040 23,214 
Iran® __-_. ee 7,700 7,700 7,700 
Japan? _. eee ™817,891 848,549 935,405 
Korea, North®____.______._.__- ~~~ ieee F20,000 28,000 - 28,000 
Korea, Republic of ______-_-.-_-_-_-----------_------- 24203 34,074 47,267 
Taiwan __-~ Le eee 9,413 12,853 - 12,689 
Turkey __________.___.-_-_____-_~_~--_--------__- T27'300 30,900 34,943 

Oceania: Australia... 2222. eee 182,730 176,719 169,928 

Total _______._..------.----------+-----~-~----~-~, 7,635,535 8,057,487 8,413,446 

. _ "Estimate. Preliminary. ‘Revised. — 
1Unless otherwise noted, data presented represent total primary refined copper (both fire refined and electrolytically 

refined), including material produced from imported crude copper (blister and electrolytic anode). 
2Including secondary. | 
5Series revised to exclude secondary. 
“Data include leach cathodes from Zaire, secondary and alloy material. 
5Data exclude leach cathodes which are included with Belgium.



-——- Diatomit 
By A. C. Meisinger* 

U.S. production of processed diatomite in during the year. Exports of processed diat- 
1977 increased 3% in quantity and 16% in omite, as in 1976, increased and again | 
value compared with that of 1976. Filtra- represented 24% of domestic production. 

‘tion, with 59% of domestic demand, con- Imports, however, declined substantially 
tinued to be the major use for diatomite from the record year of 1976. | 

DOMESTIC PRODUCTION | 

Production of domestic processed diato-. Taft, Calif; Airox Earth Resources, Inc., 

mite in 1977 was 648,043 tons valued at $64 Santa Maria, Calif; Eagle-Picher Indus- 
million. Compared with that in 1976, pro- oe Minn Sparks and J Lovelock, News Cy- 

. . ae rus es Corp., ey, Nev.; erican 
cuction increased 3% in quantity and 16% Fo mc. Christmas Valley, Oreg; and 
in value. Inorganic Specialties Div. Witco Chemical 

U.S. output came from four Western Corp., Quincy, Wash. 

States: California, Nevada, Oregon, and Witco Chemical Corp. held dedication 
Washington, of which, California diatomite ceremonies (October 18, 1977) for its new 
operations accounted for 61% of the na- diatomite-processing plant at Quincy, 

tional total. The Kansas operation of NL wee ee company , through its Inorganic 
. : pecialties Division, mines diatomaceous’ 

Industries, Inc., was shutdown in 1977, but oth in Grant County, about 19 miles from 
_ 15 mine and plant facilities were in oper- . . 

. . | the new plant site. The highly automated 
ation by the following producers: Johns- lant will enable Witco to substantially 
Manville Sales Corp. at Lompoc, Calif; increase its production of Kenite diatomite 
Grefco, Inc. (Dicalite Div.), at Lompoc, products, particularly filter aids. 
Calif., and Mina, Nev.; Excel-Minerals Co., | 

Table 1.—Diatomite sold or used by producers in the United States 

ss «agsS~*~<‘iz‘A~*~“‘zB~~«sT6.~«wSTT 

Domestic production (sales)... short tons.__ 608,906 664,308 «=s«5572,582 = 631,380 648,043 
Average value per ton __-__-__----_-----~~-~- $59.26 $76.31 $80.01 $87.08 $98.56 

CONSUMPTION AND USES 

Consumption of diatomite increased 3% insulation. Other end uses for diatomite 
compared with that of 1976. With the excep- (table 2) included abrasives, absorbents, 
tion of diatomite used for pozzolans, light- additives, admixtures, carriers, and coating 
weight aggregates, and fertilizer coatings, agents for numerous applications, primarily 
all end uses increased in 1977, with filtra- in the agricultural, chemical, and con- 
tion accounting for 59% of domestic de- struction industries. 
mand. Other major uses were fillers and 
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Table 2.—Demestic consumption of diatomite, by principal use | 

(Percent of total consumption) 

eVects ite SSS 

Use } 1973 1974 1975 1976 1977 

Filtration ~...__~____________~---------eeC 61 60 60 60 59 
Fillers ~.-_-________-_ ~~ WwW WwW Ww Ww WwW 
Insulation _.__ 9 _-_____-_~~~-~_--------~--- 4 5 4 5 5 
Other_______._____________i eee 35 35 36 35 36 

W Withheld to avoid disclosing individual company confidential data; included with “Other.” 

ee PRICES 

The weighted average price per ton of Price increases were substantial for diat- | 

| processed diatomite sold by producers was omite in all major end-use categories, as 

$98.56, an increase of 18% compared with shown in table 3. Insulation use, which did 

the 1976 price of $87.08. The continued high _ not increase in price in 1976, increased the 

cost of fuels used in the processing plants least in 1977. | | 
was a major factor for the increase. | 

, Table 3,—Average annual value per ton of diatomite, by use a 
| | 
Use . 1976 1977 

‘Filtration ___.____________-------------------------------- $99.34 $109.79 

Insulation _________-_~_---------_-------------------+------ 62.36 70.08 
Abrasives ______.____-_---_---__---~-------------~-+-------- 146.04 156.07 

i dala 48.10 «62.12 

Weightedaverage _______--------------------------------- 87.08 98.56 
eer eeS oo EE 

| FOREIGN TRADE 

The quantity and value of U.S. exports of The average value of exports was $124.18 

- processed diatomite increased 2% and 11% pen comparee with § 36 | per on. in 

tivel ed with those of 1976. - Viatomite impo only 
The cuont i soot 52 388 tons) repre- tons, compared with the record quantity of 

eq y exported (152,388 tons) repre- 5154 tons imported in 1976. Canada (336 
sented 24% of domestic production in 1977, tons), Mexico (314 tons), and West Germany 

as in 1976. Principal destinations were Can- (1 ton), were the import sources in 1977. 

ada (34,533 tons); Japan (17,918 tons); West —-——_——_ 
° e 1 : eee . . 

Germany (15,019 tons); the United Kingdom __, Industry See Mites Che of Nonmetallic Minera e 

(18,645 tons); and Australia (10,994 tons). Plant in Quincy, Wash. V. 70, March 1978, pp. 88-89. 

Table 4.—U.S. exports of diatomite 

(Thousand short tons and thousand dollars) 

Year Quantity Value 

1975 _-_________----- 147 15,314 
1976 ___________----- 149 16,932 
1977 ___________-_--- 152 18,876 
nS



Table 5.—Diatomite: World production, by country 

. , (Short tons) | 

Co, Country . 1975 1976 1977" 

~ * - Canada® _ eee eee De Bb BO 
0 Costa Rica eee eee eee 00 TBD 
a ‘Mexico — en ee . 26,048 28,984 $1,000.  . 

_. United States --_.----i-+-----+--+------ | : 572,582 ss «681,880. i (N88 
- -  §outh America: — re a 

7 Argentina -._...---..-----1--.-------- ti‘“CStSsC«*d BH OT BAA, 
- Brazil (marketable). _.-.--..--..-.---.--- F088. ee 5,989. a 5,100 ne 

So —. Colombia _.- 2 eee 733069 * *83,109 -  ©30.100 : 
ae Peru. =~ eee; . 14,000 - 49, - 920000 2 | 

: Austria... _2----.--- eee BOT BT 

_—«*Diatomite® ~- le 88,000. 98,000 i(“(s:t«~<«C a 
oe Moler® a eee eee ele _ 250,000 ss «250,000 _ 260,000 ©— 

>. Brance® 2 — -F210,000 7220000  #.. 230000 «| 
oe Germany, Federal Republic of (marketable) .------  . -—--—s«-60,219 «ss i(“at(tsiB 865 880000 

: — Ieeland? 22 ee i ti s—( si ws BON 
~ Ttaly® ~0 ee _ $6,000 -  ~=—~—-85,000..-—‘UC*C«O8B8#OOO*O UF 
Portugal .--2--.------- eee ee eee eee (i, B04 2859 | 8787 7 ew 

-  Romania® ~~~ eee a -.40,000 .. .. 45,000 (wi 46000 
a . Spain wenn ee eee eee ee / 722,454 . : - ©29:000 vo a “22,000 . = - - 7 

7 - Sweden 1. e eee a 880 880 
oo USSR eee eee _ 450,000 —-—s:—s«460,000 =——i(‘(‘(rdé470«,0000=~—CS ee 

- United Kingdom 2.22.22 eee $8858. 8,800 re: S|, | 

a - Algeria 2-2 : 11,000. «© 16500. %16500..  ~ | 
‘Egypt .----------- e+ PLGA 860 2.) BT ee 
Kenya fe dp ee oe te ee ee —=«24988~—Ci(“<ti‘;C;S;S™:*C «84 CT 2,691 Se 
Sou Africa, Republic of _.-—---.------=+-+-- NB - 682... 184 So 

: _ Asia: Korea, Republic of... 2.-_........------- , 21,258 | 14,862 ©25.381 a 

: Australia. 0.2 eee 6,110: ON TD 
L New Zealand we eee ee i ee ee ee ces - 3,368 ae soe -?) - -_— . : 

+ Potala eee eee----- is ,886,207— ss«i2 98,768 siiTG0GZ 

*Revisedtonone. __ | a | : | co o I





- Feldspar, Nepheline Syenite, _ 

ee | By Michael J. Potter’ a 

The quantity of feldspar produced in 1977 _ steadily advancing. : 
: (table 1) was slightly lower than in 1976, In the latter part of 1977, Indusmin, Ltd., 7 

| and some sharp ups and downs took place of Canada purchased all shares of Lawson- 
during the year. With the severe winter of United Feldspar and Mineral Co. in Spruce | 

| | 1977, transportation, mining activities,'and Pine, N.C. Indusmin produces nepheline 
| gas supplies for customers were severely syenite at Nephton, Ontario. _ | 

curtailed. Because of these problems there Legislation and Government  Pro- 
_ was a temporary shortage of feldspar later grams.— According to provisions of the Tax 

in the year when customers began to catch Reform Act of 1969, which continued in 
_ up. Costs of electric power, fuel for drying, force throughout 1977, the depletion rate 
and equipment were advancing at the rate allowed on feldspar production (both do- 
of 10% per year or more. Transportation mestic and foreign operations) was 14%. 
costs of feldspathic products were also _ . : | 

| | Table 1.—Salient feldspar statistics | 

: ~ ) 7 a 1973 1974. ~+:1975 1976 1977 

United States: : | | | 
Feldspar produced?_________..___-_ short tons__ 791,900 762,723 669,898 739,684 733,963 

alue__________________- thousands__ $12,830 $11,396 $11,728 $17,581 . $17,186 
Exports_____________________~ short tons__ 9554 18,319 9,543 6,144 6,202 

_ Value __. _________-— thousands_ _ $466 $662 $507 $352 — $394 
Imports for consumption _____———_~—~— short tons__ _ 867 92 290 93 242 

Value __________________~~ thousands_ _ $26 $4 $23 $18 . $8 
Consumption, apparent? _________-. short tons._ 782,713 744,496 660,645 733,633 728,003 

oS World production _ _ _ ~~ ~~~ _-~—_thousand short tons_ _ 3,050 3,319 2,895 72,936 3,045 

"Revised. sO 
1Includes hand-cobbed feldspar, flotation-concentrate feldspar, and feldspar in feldspar-silica mixtures. oe 
2Data represent a more refined product and are not comparable to previous years. oS 
3Measured by quantity produced plus imports, minus exports. 

FELDSPAR | a 

DOMESTIC PRODUCTION refined product. 

_ Feldspar was mined in 10 States with | 
The quantity of feldspar in 1977 ready to North Carolina in the lead, followed in | 

be put into final form for use (that is, the descending order by Connecticut, Georgia, 
total quantity of hand-cobbed feldspar, flo- California, Oklahoma, South Dakota, Ari- 
tation concentrate feldspar, and feldspar zona, Wyoming, Colorado, and Maine. The 
content of feldspar-silica mixtures) was combined output of the first four States 
down slightly in tonnage and value com- named amounted to 93% of the US. total. 
pared with that of 1976. The values in table Most of the feldspar used in glassmaking 
2 for 1976 and 1977 represent a more is ground no finer than 20 mesh, and 
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substantial tonnages of feldspathic sands Arizona, Colorado, Connecticut, Georgia, | | 
(feldspar-quartz mixtures) enter into glass Maine, Oklahoma, South Dakota, and Wyo- | . 
furnace feeds with no further reduction in ming. In October of 1977, Indusmin, Ltd., of | | 
particle size. Feldspar to be used in ceramic Canada purchased all shares of Lawson- 
and filler applications is usually pulverized United Feldspar and Mineral Co., Spruce 
to minus 200 mesh or finer. In 1977, 14 U.S. Pine, N.C., through its subsidiary, Ameri- _ 
companies operating 16 plants produced can Nepheline Corp., Columbus, Ohio.* In- 

_ feldspar in 10 States for shipment to desti- dusmin produces nepheline syenite at 
nations in at least 24 States, Puerto Rico, Nephton, Ontario. In Maine, operation of 

Canada, and Mexico. North Carolina had the feldspar mill at West Paris was to 

five plants, California had two, and the resume in the spring of 1978 under the new | 
other producing States had one plant each: owner, Oxford Feldspar and Mineral Corp. — 

| Table 2.—Feldspar produced in the United States 

(Thousand short tons and thousand dollars) 

Flotation Feldspar-silica 
Year Hand-cobbed concentrate . mixtures?! Total? . 

| Quantity Value Quantity Value Quantity Value Quantity Value 

1978 ~-.- ~~ 58 636 546 9,789 193 2,406 792 12,830 
1974 46 412 580 8,784 137 2,199 763 11,396 
1975 17 274 531 9,260 122 2,198 670 11,728 
19768 ____-______ 28 321 601 13,606 lil 3,603 740 17,531 
19777 ___ 23 309 568 12,602 142 4,276 734 17,186 

1Feldspar content. 
2Data may not add to totals shown because of independent rounding. 
3Value data represent a more refined product and are not comparable to those of previous years. 

| Table 3.—Feldspar sold or used by producers, by use 

1976 1977 
Use Quantity Value Quantity Value 

(short tons) (thousands) (short tons) (thousands) 

Hand-cobbed: . 
Glass ___._______ ee 100 $4 _— _- 
Pottery _...._-_.-______~~---_-_--- WwW Ww WwW WwW 
Other ________ eee 26,903 925 24,600 $988 

Total _-...--__-_--------------. 27,008 929 24,600 | 988 

Flotation concentrate: 
Glass -___________-______________ 401,899 8,474 309,233 6,652 
Pottery __.________________________ 180,200 4,827 W W : 
Other’____________-___ 731 13 259,644 7,982 

Total __.________________ 2 eee 582,830 ' 18,814 568,877 14,684 

Feldspar-silica mixture:! . 
Glass ___________--_________-_ 89,679 2,911 104,851 3,208 
Pottery _______------~----+--------- W WwW W W 

| Other _.___ 31,301 1,232 36,293 1,665 

Total _..________---__.----.---- 120,980 4,148 141,144 4,873 

Total: 
a 

Glass _______________~_-_--_---__ 491,678 11,389 414,084 9,860 
Pottery wen ee ee ee ee 221,740 6,102 253,375 7,755 
Other? _--_- 17,395 895 67,162 2.880 

Total _..________-____--__-__ ee 730,813 18,386 734,621 20,495 

W Withheld to avoid disclosing individual company confidential data; included with “Other.” 
1Feldspar content. 
2Includes soaps, abrasives, sanitary ware, rubber, electrical insulators, etc.; totals for “Quantity” and “Value” do not 

correspond to the sums of the subtotals of the three ‘Other’ categories above.
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| Table 4.—Feldspar sold or used by producers in the United States in 1977, by State 
(Short tons) 

Destination — } Quantity 

Arkansas__________________________ ee 5,488 
California _~________~_ ee eee 40,151 
Colorado ______~_ Lee ee eee WwW 
Illinois ~_-.~__~__~____~_~__~_ ee ee ee eee 36,971 
Indiana _______________ 2 Lee eee 30,820 
Kentucky _~__~_.____~-__-~--~ ~~ +--+ eee ee ee 10,145 
Louisiana _________~_~_ ~~~ eee ee eee 16,189 
Maryland ___________-~_-_--~--~_ ~~ +--+ 5,041 
Massachusetts ____.____ ____-~_~_-~_--_ ~~ ee ee eee 18,369 
Michigan _____§______~__~__ ~~~ eee eee ee ee 848 
Minnesota ______________-~~-_-_-- ~~~ ee eee ee Ww 
Mississippi __________.-_.-_~-__--~~-~---~- +--+ ee ee ee 20,780 
Missouri —~_____§_____~__~_ ee ee eee 7,618 
‘New Jersey __~_____-~____ ~~ eee eee ee 45,064 

io 2 ee eee eee ee ee , 
Oklahoma _________~_~_-~.-~~-~~~-_ ~~ eee eee 34,339 
Pennsylvania -~_._~_._-____--~-~--~~---.-~~~~--+--~-~~--+-~-~-~~-~-~~~~-+-~~+ ~~~ +--+ 53,737 
RhodeIsland ~__~._______-_---~--~---~-~-~-~----~--+--~--~-~-~- ~~~ + Ww 
Tennessee _______.__ ~~~ + ee ee eee ee 21,677 
Texas _.__ ~~~ __ eee eee eee eee 39,423 
Washington ______________-__--~--~--~~-~~ +--+ eee ee WwW 
West Virginia _________.____-~- ~~~ ee eee 36,978 
Wisconsin _.~____~~_~-~~_-~_~ ee eee WwW 
Other destinations’ ________ ~~~ ee 227,054 

Total ________-_---_------------+----------------------------- 734,621 

W Withheld to avoid disclosing individual company confidential data; included with “Other destinations.” 
1Includes other States, States indicated by symbol W, and exports to foreign destinations. 

_ CONSUMPTION AND USES : PRICES 

In 1977, there was as usual no significant Engineering and Mining Journal, Decem- | 
consumption of feldspar in the raw, unpro- ber 1977, listed the following prices for 
cessed state in which it is taken from the feldspar, per short ton, f.o.b. mine or mill, 

- mine. The majority of users acquired their carload lots, bulk, depending on grade : 
- supplies already ground and sized by the . (prices were generally about $2.50 per ton 

" higher than the corresponding quotations of 
feldspar producers, although some manu- the preceding year): 
facturers of pottery, soaps, and enamels | " 
continued to purchase feldspar for grinding North Carolina: 
to their preferred specifications in their 20 mesh, flotation ~e eee $20.25 
own mills. It should be noted that a substan- Oh heer rTttt 7 Bee 88 
tial portion of the material classified as Georgia: granular 29.00. 30.50 
feldspar-silica mixtures serves in glassmak- 200 mesh _______________ 39.50- 43.30 
ing without additional processing. Connecticut: granular... 24.50 

The 1977 end use distribution of feldspar 200 mesh ____________=_- 32.00 

in the United States indicated that 56% of . . | 
the total was consumed in glassmaking and Feldspar prices were quoted by Industrial 
3 qj Th a Minerals (London), December 1977, as fol- 
4% was used in pottery. The remaining ows (converted from pounds sterling per __ 

10% was used in a diversity of applications, metric ton to dollars per short ton): 
including glazes, enamels, soaps, abrasives, 

sanitary ware, rubber products, and electri- Ceramic grade, powder, 200 mesh, 
: ; bagged, ex-store _________________ $77-$86 

cal insulators Sand, 2-3 millimeters, ceramic and/or glass 
grade, c.i.f. main European port —__ ____ 43- 55 

3;
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FOREIGN TRADE amounted to only a small fraction of the 
7 quantity exported (4% of the tonnage, 2% of 

spon ve vt and ech sino avon ite | ‘oat the total value). In addition to feldspar and 

presumably all or mostly feldspar) amount- nepheline syenite, U.S. imports in 1977 
ed to 6,202 tons valued at $393,845. This was cluded 1,431 tons of material, probably 
about the same tonnage reported in 1976 feldspathic in nature, that was classified as 

and a 12% increase in value. Chief ree | Other mineral fluxes, crushed” with a 
cipients of the exported material were otal value of $197,255. 
Canada, 70%; Mexico, 9%; and Ecuador, The tariff schedule in force throughout 
6%. The remaining 15% was shared among 1977 provided for a 3-1/2% ad valorem duty 
11 other countries. . on ground feldspar; imports of unground 

_US. imports for consumption of feldspar . feldspar were admitted duty-free. 
in 1977, although higher than in 1976, still | 

Table 5.—U.S. imports for consumption of feldspar | | | 

| | 1976 1977 
Country a a 

(chor! tons) Value (Short tone) Value 
Crude: Canada _____ ee 93 $17,614 . _- __ 
Ground, crushed, or pulverized: Sweden ________ _- _— 242 $8,115 

| | WORLD REVIEW _ mercially for quartz and feldspar in the past 

Japan.—A comprehensive journal article dozen years. The potash feldspar varies 
featured the industrial mineral industries vet voral One and 12.5% K20. The anim 
of Japan.‘ Feldspar was briefly discussed; mera’s Quartzogr ano organization 20 ds 
annual production has been about 50 000 some 10 concessions for feldspar, all within 
tons per year during the past few years, | 93 miles of Oporto. Two quartz-feldspar 

largely from the Taishu mine in Nagasaki ines were in operation. The company 
Prefecture operated by Kyoritsu Ceramic Predicted that production for 1977 would be 
Materials Co., Ltd. Another producer is 6,600 to 11,000 tons of potash feldspar and 

| Kamamare Feldspar Co. To supplement the 1,100 to 2,200 tons of soda feldspar.* 
domestic production, some 5,000 tons per § Thailand.—Thailand’s feldspar mining 
year of feldspar is imported from the Repub- industry began in February 1972, with the 
lic of Korea, the People’s Republic of China, startup of an operation in Rat Buri Pro- 
and India.® vince with a production of 1,400 tons.9 
Norway.—Very good results were achiev- Subsequently, production was begun in 

ed in the purification of a feldspar-quartz three or four other provinces. In 1975, 
“otation feed curing 2 arene a ew production for the entire country was ap- 
e oh-gra dient magnetic sep arator Gras u od proximately 14,300 tons. The main produ- 

: Although the feed contained fairly. large Both sod v oe Prathan Co. and Cermas Co. 
amounts of tramp iron, there was no clog- fae a a and potash feldspars were pro- 
ging requiring plant shutdown.°® ., . 

Pakistan.—Large reserves of nepheline United Kingdom.—Imports of feldspar 
, syenite were said to have been reported in (ground and unground) in 1976 amounted to 

North-West Frontier Province. Although 146,308 tons. Principal countries of origin 

domestic demand is limited, the provincial 2nd the share supplied were Norway, 57%; 
government was expected to make detailed Finland, 27%; and Sweden, 13%. Nepheline 
investigations of the deposit to assess its Syenite imports were 43,000 tons in 1976 
potential in terms of export markets.’ and came from Norway, 81%, and Canada, 

Portugal.—Large outcrops of graniticand 19%.'° 
pegmatitic rock have been exploited com-
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Table 6.—Feldspar: World production, by country . 

(Short tons) 

Country! 1975 1976 1977" 

North America: 
Guatemala_____________-___--------~----~----+------ €33,000 . * ©22,000 14,408 
Mexico _________-___~-~-~-------------~-----+-+--- 158,521 80,732 €83,000 
United States ______________-----_----~--------+--+- 669,898 739,684 733,963 

South America: 
Argentina _______-_--~-~~-~-+~---~-+-~---~-+-------~--- "63,934 75,204 85,274 
Brazil? ~_-_§___-§_-____ eee 773,167 92,742 €94,000 
‘Chile _.______~___~_-~_~--_-~-~-+-~ +--+ +--+ +--+ 421 106 “110 

Colombia _.______.._~.--~------~--~-+--+-~-~~-+-~--~--~--- 36,376 ©36,500 36,500 
Peru___ ~~~ + €3,300 — 4,305 ©4,500 

. Uruguay __._________~_~-~~_-~-~-~ ~~~ + 1,939 1,262 1,700 
Europe: 

Finland___~_§___.--~_~~~~-~--~---~~---~_-~-+-+----~--+-- 75,593 75,192 ©77,000 
France __._._.__-.~--~_~-_-~-~--~-+~~-~~+-~~-~--~-+~-+----+ ™219,360 207,234 €215,000 
Germany, Federa] Republic of ______.__-_._----------+--~-- 436,331 462,944 ©475,000 
Italy... _._____----~_---~--~~--~~~--~----------- 206,522 201,287 244,000 
Norway? ______________~_--_--- ae 49,557 41,546 44,000 
Poland®______ 22 33,000 33,000 33,000 
Portugal ___________~_-~------+-=-----~-~~--~-+~--+-+-- 14,506 14,686 11,908 
Romania® _____________~~.-_---~~ ~~ Le 64,000 64,000 66,000 
Spain ____________-_-----~------------~--------- 95,102 ¥ €100,000 “100,000 
Sweden_________________--_-- ee- 49,320 49,324 €50,000 
U.SS.R& eee eee 310,000 310,000 320,000 
United Kingdom (china stone)® _______.____._._--------- 55,000 55,000 55,000 
Yugoslavia. ...______-__--~-~~~--~---~--~-+~-+-~---~-- 60,129 27,983 ©27,600 

Africa: 
Egypt _.________._-_______-____ eee "937 2,346 ©2400 
Kenya _____-.------~-----~-----~-~--~--------+--- 1,781 1,800 - 2.060 
Madagascar ___.___._~._-_--_----+-~-~~---~+-~--~+------ 753 -- a 
Mozambique® ___________-__~--------------------=- | 950 950 1,000 
Nigeria® ________-__..-.__-------~-----~---+--+--+--- 5,500 5,500 5,500 
South Africa, Republic of ____...___-_---------+-+-~----~-~-+-+ 33,460 50,858 56,172 
Zambia ____. ____-------~-~+--~-+-~---------~+------ 1,294. 570 “900 

Asia: . 
Burma _______~__-__~-_-_~~~-~---~ ~~~ +e 840 981 1,356 
Hong Kong. _ .-___----------------~----~------+----- 2,270 2,534 2,800 
India ___._____________.-__------------------ 46,817 58878  -°58,741 
Japan ______ _§_ e+ -- 43,494 - 45,484 ©47,000 
Korea, Republic of _. _._______-_.-------~----------~--- 22,198 28,889 54,425 
Pakistan ___.____-____----~-~---~--+---~--~-----+-- 2,981 3,299 “3,300 
Philippines _______._.__-_--_~-~----~-~-~---~------- 4,307 16,799 15,988 
SriLanka _______.__-_--.------------~----~-----+-- 859 3,526 3,600 
Thailand ________________~-~----------~--------~+-- 14,358 13,511 “14,000 

Oceania: Australia ________..-_.-.-----------~-+---~----- 8,866 4,958 €3,300 

Total. __________~-~___-~-------~-+_-~-~-~-~--~-+--- 2,895,141 2,935,564 3,044,505 

Estimate. Preliminary. ‘Revised. 
1In addition to the countries listed, the People’s Republic of China, Czechoslovakia, and the Territory of South-West 

Africa (Namibia) produce feldspar, but output is not officially reported and available general information is inadequate to 
formulate reliable estimates of output levels. | 

2Series revised to represent sum of (1) run-of-mine production for direct sale and (2) salable beneficiated product; total 
run-of-mine production was as follows in short tons: 197 5, 84,248; 1976, 93,822; 1977, (estimated) 95,000. 

3Described in source as lump feldspar; does not include nepheline syenite as follows in short tons: 1975, 203,326; 1976, 
£200,000; 1977, not available. 

“Includes pegmatite. . 
“Jn addition, the following quantities of aplite were produced in short tons: 1975, 357,056; 1976, 394,533; 1977, not 

available. 

| TECHNOLOGY on the anorthosite testing was being per- 
; formed; however, for the time being, empha- 

Extracting alumina from anorthosite (es- gis is being placed on recovering alumina 
sentially a monomineralic soda-lime feld- from clays, using nitric and hydrochloric 

spar rock) was one of the processes slated acid processes. 

for testing by the Federal Bureau of Mines A patent was granted for the purification 
in its program on extracting alumina from of feldspar (and other minerals) containing 
nonbauxitic sources. Some laboratory work titanium oxide or iron oxide gangue mine-
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rals. This is done by passing the particulate automobiles and boats, is finding new ap- 
7 mineral through an elongated chamber plications in construction materials such as 

having a plurality of parallel ferromagnetic gypsum products and cement. Products 
filaments." | such as decorative gypsum ceiling wall 

The importance of air with constant panel systems were entering the market- 
temperature and humidity in glass melting place. Development was being carried out 
was discussed. Large amounts of air (fan, on fiber glass reinforced concrete slab-on- 
blower, and compressed) are used around a__ grade foundation construction.” 
glass plant for cooling and combustion for Glass-fiber reinforced plastics are finding 
tanks, mold cooling, tempering of flat glass, use in pressure vessels, especially in the - 
etc. Air temperature and its humidity vary chemical processing industry. Pressure ves- 
greatly between night and day, from day to _ sels have long been a bastion of an all-metal 
day, and over the different seasons of the technology. Switching to plastic rests on the 
year.!? | right combination of structural strength 

_ Glass fibers might replace the copper in with chemical resistance, weight, and cost 
cable for telephone and other telecommuni- __savings.*5 : | 
cation uses. In this new field of glass circui- § As part of an energy conservation pro- 
try, telephone conversations, television gram at its sulfur mine, a U.S. company was 
broadcasts, etc., are sent through glass fi- converting from use of a thin, low-density, 

bers.instead of conventional copper wires. A blanket-type pipe insulation to a thick, 
typical copper telephone cable used under high-density, molded fiber glass insulation. 
big city streets is 3 inches thick and weighs As a result, this new reusable fiber glass 
9 pounds per foot. A comparable glass cable insulation saved both energy and mainte- 
would be one-half inch thick and would nance costs.* 
weigh one-tenth pound per foot. A major Information on production and producers, 
difficulty is manufacturing glass of a very trade, consumption, etc., of the raw mate- 
high purity. Several firms in North Amer- rials used in the glass industry became 
ica, Japan, and Europe, and two independ- available.17 Another work dealt with the use 
ent scientists in the United States were of waste glass in the production of foam 
working to produce highly pure glass fiber glass insulation, both in the bulk or rigid 

, at the lowest possible cost.'* board form and pellet form.*® | | 
| Fiber glass, a popular reinforcement for 

NEPHELINE SYENITE 

Nepheline syenite is a light-colored reck tonnage and a 22% increase in value com- 
that, although resembling medium-grained pared with that of 1975. The quantity ex- 
granite in texture, contains a significantly ported to the United States in 1977 was 
smaller proportion of quartz and consists 502,556 tons. 
principally of nepheline and alkali feld- Other than Canada, only two countries 
spars, usually in association with minor are known to produce significant quantities _ 
amounts of other minerals. Large quantities. of nepheline syenite—Norway with 345,000 
of nepheline syenite (after processing to re- tons in 1976, and the U.S.S.R. where, 
move objectionable substances, especially although production figures are not re- 
iron-bearing minerals) are consumed in ma-__ leased, the mineral is known to serve the 
king glass and ceramics. There is no dom- customary applications of the glass and 
estic production of nepheline syenite in ceramics industries and also as a major 
grades suitable for these purposes, however, source of cell-feed alumina for electrolytic 
and U.S. needs are wholly supplied by aluminum plants. 
imports. The price range quoted for imported 

In Canada, two firms mine nepheline nepheline syenite in Ceramic Industry mag- 
syenite from the deposit at Blue Mountain, azine, January 1978, was from $13.60 to 
Ontario: Indusmin, Ltd., and International $36.75 per ton, depending upon grade, pu- 
Minerals & Chemical Corp. (Canada) Ltd. rity, grind, packaging, transportation, quan- 
Canadian production in 1976, the last year tity sold, and other factors. Industrial Mine- 
for which an estimate is available, totaled rals (London), December 1977 , quoted price 
approximately 596,000 tons valued at $10.8 ranges for Norwegian nepheline syenite, 
million. This represented a 15% increase in c.if. main European port, as follows (con-
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verted from pounds sterling per metric ton Prices for Canadian material were listed 
to dollars per short ton): as “nominal.” 

The June 5, 1978, issue of American Paint 

Glass grade, 32 mesh (Tyler), bulk, & Coatings Journal quoted paint-grade 
ober Short ton S98 mesh Tyien, $46-$48 nepheline syenite in 50-pound bags, carload 

bagged, per short ton _____-________ 71 ~ lots, f.o.b. Ontario, at $38.50 to $56.00 per 
ton. | 

Table 7.—U.S. imports for consumption of nepheline syenite 

Crude Ground 

Year Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 

1975.» ee eee 6,275 $98 424,838 $6,869 
1976______ 2,112 38 499,135 8,785 
1977 ~-- eee 860 17 501,696. 9,118 

| APLITE | . 

Aplite is another natural material of plant.” | 
granitic texture containing quartz mixed ——————— - | 

: : : ime- 1Physical scientist, Division of Nonmetallic Minerals. 
with varying proportions of soda or lime "Rogers, C., Jr. Feldspar. Min. Eng., v. 30, No. 5, May 

| soda feldspar; it is usually not suitable for 1978, p. 530. 
Hn : ; ; i 3American Ceramic Society Bulletin. Indusmin Buys 

use in ceramics but, if sufficiently low in Ti mited V 87, No. 1, January 1978, p. 155, 
iron, finds ready acceptance in the manu- Matiarben, P. The Industrial Minerals of Japan. Ind. 

: : iner., No. 118, July , pp. 17-53. facture of glass, especially container glass. Page 33 of work cited in feotnote 4. 

Japan, with an annual production of — ‘Industrial Minerals. Feldspar/Quartz and Magnetic 
- 400,000 to 500,000 tons, is the world’s fore- Separation. No. 120, September 1977, p. 12. | 

, , —. Company News and Mineral Notes. No. 120, 
most producer of aplite. September 1977, p. 70. 

’ : : ——. Quartzograno (Feldspar/Quartz/Mica Producer). 
Aplite of glassmaking quality was pro- 4, 119 January i977, p.40. e 

duced in the United States in 1977 only ; aH The _jndustrial Minerals of Thailand. No. 117, 
: . ° une 1977, p. 29. 

from two open pit operations in central ““io_” ‘GK 1976 Mineral Imports. No. 115, April 1977, p. 
Virginia. The Feldspar Corp. mined aplite 48. 

: Clark, N. O., and J. H. P. Watson (assigned to English 
near -Montpelier, . Hanover County » and Clays, Lovering Pochin & Co., Ltd.). Magnetic Separation. . 
treated the material by wet-grinding, clas- Can. Pat. 1,015,816, Aug. 9, 1977. Ar 3 ; 

. . . : ramic ustry. Controlling Air Temperature an 
sification, and gravity separation, followed  jyymidity in Glass Melting. V. 108, No. 2, February 1977, 
by dewatering, drying, and high-intensity  p. 26 Washington Star. Glass Fibers About To Revol 

: : se . e Was. n . ass Ts u 0 volu- 

magnetic separation to eliminate iron- tionize Communications. Aug. 28, 1977, pp. A-l, F-6. 
bearing minerals. IMC Chemical Group, ceramic Industry. Fiber Glass Now. Reinforcing Inor- 

. . . ganic Minerals. V. 109, No. 6, ember » p. 9. 
Inc., operated an aplite mine near Piney “ 18Forger, G. R. Light, Chemical-Resistant Plastics Give 
River, Nelson County, and removed ferrugi- Fressure Vessels a. Boost. Mater. Eng., v. 86, No. 5, 
nous material from the dry-ground ore by a ; "Engineering and Mining Journal, Reusable Pipe Inu: | 
ioh-i i agn i ation Saves Ene an peeds nstallation an 

hig intensity m etic process. Maintenance. V. 178 | No. 2, February 1977, pp. 80-81. 
Domestic output tonnage was about the 1, Raw Materials for the Glass Industry, Metal Bulletin, 

in 1977 in 1 . . (London) special publication, , pp. 
same in 1977 as in 1976. The amount of ““iGctseson, W.G.,3.G. Lee, S. K. Goyal, Robson, and 
aplite sold during the year was estimated at 1 B. Cutler. Foam Glass Insulation From Waste Glass. The 

: . niversity o , t. of Materials Science and Engi- 190,000 to 200,000 tons. The price for low neering, alt Lake City, Utah, 1977, 140 pp. g1 
iron material was $16.00 per ton, f.o.b. 1°Work cited in footnote 2.





- | By Frederick J.Schottmam’ —e . 

_ +. Total production and shipments of fer- The trade deficit in ferroalloys increased | 
- _ Yroalloys were about 8% lower in 1977, slightly, with lower exports and higher / 

_.. compared: with those in 1976. The most imports. Exports remained only a small 
a important change was 4 significant decline fraction. of imports. Imports of ferroalloys = 
_.. in’ the production of: manganese alloys. totaled over 1 million tons, valued at over =| 
_°. - Domestic producer prices of the major fer- $452 million: Imports from Japan were  ._ 
_.-_ roalloys were generally lower to compete. down sharply from those in.1976, while = —__ 
__» with foreign alloys offered at low prices. those from Canada and Latin American = 

_ Prices of special ferroalloys including ferro- countriesincreased)5 = == = sn 
oo. _ columbium and ferromolybdenum were Legislation and Government Pro- — - 
_.... higher. There was concern about the ability grams.—The inventory. of ferroalloys in.  . 

_ of molybdenum producers to meet rising Government stockpiles is shown in table 1. . 
ss demandinthenearfuture. = = =. After study, the administration reaffirmed 

Consumption of manganese and silicon the stockpile goals, based.on planning fora _ 
alloys was little changed, but consumption 3-year emergency, which had been adopted 

7 _ increased for many of the other alloys used’ in 1976. Of the materials listed in table 1, _. 
__ to provide special properties in steel. In- ‘stocks of four were. below: goals. These —_. 

_ creased stainless steel production resulted materials and goals were as follows: Fer- 
| in higher demand for ferrochromium and rochromium-silicon, 69,000 tons; medium- __ 

oe _ferronickel. Consumption. of ferroboron, carbon ferromanganese, 99,000 tons; silico- 
a _ ferrovanadium, and ferrocolumbium in- manganese, 81,000 tons; and ferrotungsten, - 

a - creased. | 7 a 8884tons = si 

| Table 1.—Government inventory of ferroalloys, December 31,1977 

(Thousand short tons) a 

SO rats Supple- 
: | | Alloy —_ ocionie ental Total? | 

Ferrochromium: | — | 
High-carbon______.___________--__---_---_.______- 126 276 408 a 

_ Low-earbon ___ Te 128 191 819 
Ferrochromium-silicon ———..-_.___-----_----~--------____ 26 33 58 
Ferrocolumbium (contained columbium) — .__............-______- 0.5 -_— 0.5 
Ferromanganese: . 

High-carbon__________-----._--_--_----__--__-__-_ 30 570 600 
Medium-carbon ~__~-_.__---._-----~-- eee 29 ~- 29 

Ferrotungsten (contained tungsten)_____..__.__.-_ 2 ~~ 1 ae 1. 
Silicomanganese __...--_-...~~-_______i 24 -- 24 

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

| 388
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Table 2.—Ferroalloys produced and shipped from furnaces in the United States: 
Nn 

7 7 | 1976 : 1977 

| | | ae Production Shipments’. Production Shipments 

ae | Gross element Gi G lement  G a 

. . in 

tons) (average tons) sands). tons) (average tons) sands) 

- Ferromanganese?________ 482,662 79 494,222 $207,505 334,134 ‘79 387,930 $141,560 
7 . Silicomanganese ______-- 128,917 66 182,864 52,649 119,753 66 121,651 43,112 

| Ferrosilicon® ____------___ 860,799 57_890,844__—409,726 _894,765_—56_—898,455 _ 302,102 

. Chromium alloys: 7 oe : 

Ferrochromium: 
High-carbon —_ ~~ _~- 167,125 66 161,757 82,774 177,552 68 193,006 84,932 

Low-carbon ____— 28,140 69 30,912 39,059 23,126 70 23,107 24,703 

_ Ferrochromium-silicon — 54,182 37s +50,680 32,620 53,273 37 42,949 . 20,770 

a Other alloys‘ _------___ 19,800 60 20,195 21,481 15,886 631,228 20,292 

~ otal... - 269,247 60 268,544 175,934 269,787 62 276,290 159,697 

Ferrocolumbium ___.._--- _ 1,205 65 933 6,359 1,119 65 1,211 10,851 

Ferrophosphorus ~------- 110,903 «24 92,689 11,173 88,644 24 85,467 12,026 

Other? ___-~._-------- 56,485 XX 50,942 134,322 46,029 XX 49,745 159,813 

Grand total _..__._- 1,910,218 XX 1,925,538 997,668 1,754,231 XX 1,770,749 919,211 

XX Not applicable. . , 

_ 1Does not include alloys consumed in the making of other ferroalloys. 

2Includes fused-salt electrolytic low-carbon ferromanganese (massive manganese). 

3Includes silicon metal, silvery iron, and miscellaneous silicon alloys. 

Uncludes chromium briquets, exothermic chromium additives, other miscellaneous chromium alloys, and chromium 

m . 
. 

“SIncludes ferroaluminum, ferroboron and other complex boron additive alloys, ferromolybdenum, ferronickel, 

ferrotitanium, ferrotungsten, ferrovanadium, ferrozirconium, spiegeleisen, and other miscellaneous alloys. | 

DOMESTIC PRODUCTION 

- Total production and total shipments of nomical in the current market for ferro- 

ferroalloys were lower in 1977 than in the manganese. The only blast furnace produc- 

previous year. The gross weight of both ing ferromanganese in the United States 

production and shipments, and the value of was closed by Bethlehem Steel Corp. when | 

shipments, all declined 8%. Of the major its Johnstown, Pa. plant was heavily — 

- alloy groups, production and shipments of damaged by a flood. As part of a plan to’ 

the silicon alloys and the chromium alloys reduce steelmaking activity at the plant, it 

: each increased slightly, while those for was decided not to restart ferromanganese 

manganese alloys dropped. Production of production. 

ferrochromium continued to shift from low- A new 40-megawatt ferrosilicon furnace 

carbon to high-carbon grades. The Ferroal- was started at the new Bridgeport, Ala. 

loys Association reported that its members plant of Tennessee Alloys Co. This new | 

used 8.27 billion kilowatt-hours of electrici- plant was to be operated by the TAC Alloys 

ty in 1977, 8% lower than that used in 1976. division of International Minerals & Chemi- 

With lower overall production, several cal Corp. (IMC) and was owned 75% by IMC 

plants were shutdown, at least temporarily. and 25% by Allegheny Ludlum Steel Corp. 

Ohio Ferro-Alloys Corp. permanently closed The new furnace replaced the three small 

its ferrosilicon plant at Brilliant, Ohio, and furnaces at the old Bridgeport plant. This 

temporarily stopped production at Powha- resulted in a 50% increase in capacity to 

tan Point, Ohio. The Brilliant plant had a 75,000 tons per year of 50% ferrosilicon. 

reported capacity of 30,000 to 40,000 tons Molycorp, Inc., a producer of specialty 

| per year of 75% ferrosilicon. Union Carbide _ferroalloys, merged with and became a sub- 

Corp. stopped production of ferromanganese _ sidiary of Union Oil Co. of California. Moly- 

at the Tenn-Tex Alloy plant in Houston, corp’s holdings of stock also gave Union Oil 

Tex. The plant had three furnaces with a an interest in Kawecki-Berylco Industries, 

capacity of 40,000 tons per year. Union Inc., a producer of silicon metal and ferroco- 

Carbide leased the plant from Sandgate lumbium. 

Corp. until 1980, but found the plant uneco-
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Table 3.—Preducers of ferrealloys in the United States in 1977 oe 

Producer Plant location Products! Type of furnace OO ee eA 

Calvert City, Ky _-______ : 
Airco, Inc., Charleston, S.C ________ Petr, FeCrsi, Electric. . Airco Alloys Div. Mobile, Ala___________ SiMn. 

. Niagara Falls, N.Y ______ ° 
Alabama Alloy Co.,Inc _._._._.___ Bessemer, Ala_________ FeSi ~_-______ Do. Aluminum Co. of America, Addy, Wash __________ Si, FeSi _~_____ Do. Northwest Alloys, Inc. 
AMAX Inc. Langeloth,Pa __.___._.__. FeMo _______ Metallothermic. 

Climax Molybdenum Co. Div. 
Bethlehem Steel Corp _____.__._.__ Johnstown, Pa_________ FeMn ~______ Blast. 
Chromasco Ltd., Woodstock, Tenn _______ FeCr, FeSi ____ Electric. 
Chromium Mining & Smelting Corp. 

iv. 
Diamond Shamrock Corp., Kingwood, W.Va _______ FeMn _______ Fused salt Chemetals Div. ; electrolytic. 
Engelhard Minerals & Chemicals 

rp.: 
oo Minerals and Chemicals Div __ _ _ Strasburg, Va _________ FeV ________ Metallothermic. 

Philipp Brothers Div. Rockwood, Tenn________ FeMn, FeSi Electric. 
Roane Electric Furnace SiMn. 

: Co., Inc. . 
Foote Mineral Co., Cambridge, Ohio _______ { FeSi, FeV, 

Ferroalloys Div. Graham, W. Va _________ silvery pig Do. 
Keokuk, Iowa _________ iron, other.” 

Hanna Mining Co., The: 
Hanna Nickel SmeltingCo______ _ Riddle,Oreg __________ FeN i, FeSi ____ Do. 
Silicon Div________________ Wenatchee, Wash____ _ _ _ FeSi, Si ~_____ Do. Interlake, Inc., Beverly, Ohio ___._.__.__ FeCr, FeCrSi, 
Globe Metallurgical Div. Selma, Ala___________ FeSi, Si. Do. 

International Minerals & Chemical . 
Corp., Industry Group 
TAC Alloys Div. , . 

TAC Alloys__._.__._._._._.__  Kimball,Tenn__________ FeSi ____.____ Do. 
Tennessee AlloysCo __.____ Bridgeport, Ala ________ FeSi ________ Do. 

Kawecki-Berylco Industries, Inc.: . 
National Metallurgical Div_..._.. Springfield, Oreg _______ Si__-_-_______ Do. 
Penn Rare Metals Div_________ Revere, Pa ___________ FeCb ________ Metallothermic. 

Metallurg, Inc., . Newfield, NJ ~..-_-____ FeAl, FeB, FeCb, Do. 
Shieldalloy Corp. FeTi, FeV, 

Brill On other.” 
. rilliant, Ohio —________ FeB, FeMn, | Ohio Ferro-Alloys Corp ___._..___ < Montgomery, Ala _______ \" "Regi gi Electric. Philo, Ohio. __-________ SiMn 

Powhatan Point, Ohio ____ /- s 
Pennzoil Co., Duval Corp ____ ______ Sahuarita, Ariz _.______ FeMo _______ Metallothermic. Pesses Co, The _.______._.._.___  Solon,Ohio.__________—s- FeCb__ Do. 
Reactive Metals and AlloysCorp ____ West Pittsburg,Pa ______ FeTi, other? ___ Electric. 
Reading Alloys, Inc_____________ Robesonia, Pa _______._ FeCb, FeV ____ Metallothermic. Reynolds MetalsCo ____________ Sheffield, Ala _.-.._____  Gi__________ Electric. 
Sandgate Corp., . Houston, Tex__....__._.  FeMn,SiMn ___ Do. 

Tenn-Tex Alloy Corp. of Houston 
. (leased to Union Carbide Corp.) - 

SatraCorp., Steubenville,Ohio _._._._  FeCr, FeCrSi, Do. 
Satralloy, Inc. Div. FeMn. 

Teledyne, Inc., Albany, Oreg__________  FeCb______ Metallothermic. 
Teledyne Wah Chang, 

. Albany Div. - , 
Alloy, W. Va__________ FeB, FeCr, 
Ashtabula, Ohio________ FeCrSi, FeMn, 

Union Carbide Corp., Marietta, Ohio. ________ FeSi, FeV, Electric Metals Div. Niagara Falls, N.Y ___.___ (. FeW, Si, ° 
Portland, Oreg_-_._._..... )  SiMn, other.? 
Sheffield, Ala -..______ 

Union Oil Co. of California, Washington, Pa________- FeB,FeM, Electric and Molycorp. Inc. FeW. metallothermic. Ferrophosphorus: . 
Electre-Phos Corp ___________ Pierce, Fla _._.________ FeP ________ Electric. 
FMC Corp., Pocatello, Idaho__..__._._. FeP ________ Do. 

Industrial Chemical Div. 
Mobil Oil Corp., Nichols, Fla -.__._.____.._ FeP ________ Do. 

Mobil Chemical Co. Div. 
Mensanto Co., Columbia, Tenn ________ \ FeP ________ Do. 

Monsanto Industrial Chemicals Soda Springs, Idaho_____ _ 

Occidental Petroleum Corp., Columbia, Tenn ________ FeP ________ Do. 
Hooker Chemical Div., 

Heoker Chemicals & Plastics 

Stauffer Chemical Co., Mt. Pleasant, Tenn _____ _ . Industrial Chemical Div. Silver Bow, Mont ______ _ FeP ________ Do. 
Tarpon Springs, Fla____ __ 

ees" 
1FeAl, ferroaluminum; FeB, ferroboron; FeCb, ferrocolumbium; FeCr, ferrochromium; FeCrSi, ferrochromium-silicon; FeMn, ferromanganese; FeMo, ferromolybdenum; FeNi, ferronickel; FeP, ferrophosphorus; FeSi, ferrosilicon; FeTi, ferrotitanium; FeV, ferrovanadium; FeW, ferrotungsten; Si, silicon metal; SiMn, silicomanganese. 
Includes specialty silicon alloys, zirconium alloys, and miscellaneous ferroalloys.
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CONSUMPTION AND USES 

Consumption of ferromanganese, silico- with a larger amount going into alloy steel 

_ manganese, and ferrosilicon was little but less into carbon grades. 

changed in 1977 compared with that in The total consumption of ferrochromium . 

1976. Ferromanganese consumption declin- increased 8%, largely due to increased pro- 

ed slightly with most of the decrease due to duction of stainless and heat-resisting steel. 

lower consumption in carbon steel. Total Consumption of low-carbon ferrochromium 

consumption of silicomanganese dropped continued to decline. The increased pro- 

, 4% with lower consumption in steel. Total duction of stainless and heat-resisting steel 

ferrosilicon consumption was up slightly, resulted in higher consumption of ferro- 

, Table 4.—Consumption by end use of ferroalloys as additives 

in the United States in 1977' : 

(Short tons of alloys) 
a 

End use . FeMn SiMn FeSi FeTi FeP FeB 

Steel: , 

Carbon __.__-------—----------- 701,182 81,293 120,472 778 13,470 623 

Stainless and heat-resisting _.__—---- 15,351 7,502 233.767 ——s«:1,867 8 18 

. Other alloy _._-_--------------- 161,642 34,810 290,399 670 1,163 511 

Tool ____.------------------ 1,095 55 22,500 WwW _- -- 

Unspecified .____-------------- 7718 - 2,808 17,897 -- -- a 

Total steel? _~._______------- 880,048 126,463 265,035 3,315 14,641 1,152 

 Castirons ___.__--~--------------- 21,305 16,514 408,924 92 6,990 13 

Superalloys oe ee ee ee ee eee eee 430 Ww 391 Ww -- 18 

Alloys (excluding alloy steels and 
superalloys) _-------------------- 16,194 2,412 62,944 205 68 35 

Miscellaneous and unspecified __._._.------ 2,130 2,370 53,329 57 14,587 _- 

Total ______-------------- 920,107 147,759 790,623 — 3,669 36,286 1,218 

Percent of 1976 _._.-----~----- 98 96 102 97 133 118 

W Withheld to avoid disclosing company proprietary data; included in “Miscellaneous and unspecified.” 

1feMn, ferromanganese including spiegeleisen and manganese metal; SiMn, silicomanganese; FeSi, ferrosilicon 

including silicon metal, silvery pig iron, an inoculant alloys; FeTi, ferrotitanium; FeP, ferrop osphorus including other 

phosphorus materials; FeB, ferroboron including other boron materials. . 

2Part included in “Unspecified.” 
3Except for data withheld. 

. 

Table 5.—Consumption by end use of ferroalloys as alloying elements 

: in the United States in 1977°' 

(Short tons of contained elements) . | | 

Ne
 are 

End use FeCr FeMo FeW FeV FeCb FeNi 

Steel: 
Carbon________-~---------------

---- 3,661 107 _- 694 585 _- 

- Stainless and heat-resisting __..___.__-_------- 186,924 637 47 27 283 24,553 

Other alloy _____---------------------
 51,285 888 3s 17 33 255 886 5,227 

Tool ______-_-----------------------
 3,322 368 259 603 (4) -- 

Unspecified ______-------------------- W W (2) WwW 7 __ 

Total steel> ______________--------- 245,192 1,995 383 4,579 1,761 29,780 

Castirons ________----------------------
 8,637 1,522 1 44 -- 175 

Superalloys ~~ oe ee ee ee 8,064 180 65 15 398 427 

Alloys (excluding alloy steels and 
superalloys).._-_---------------------- 4586 441 25 310 32 —«:1,885 

Miscellaneous and unspecified _ _ ____------------ 2,155 80 1 45 3 67 

Total ______--__---_--------------- 268,634 4,218 475 4,693 2,194 31,784 

Percent of 1976 _______-_-----------=- 108 97 92 113 129 102 
___ Percent of eS parr 

W Withheld to avoid disclosing company proprietary data; included in “Miscellaneous and unspecified.” 

1FeCr, ferrochromium including other chromium ferroalloys and chromium metal; FeMo, ferromolybdenum including 

calcium molybdate; FeW, ferrotungsten including melting base self-reducing tungsten; FeV, ferrovanadium including 

other vanadium-carbon-iron ferroalloys; FeCb, ferrocolumbium including small amount of ferrotantalum-columbium, 

tantalum metal, and other columbium-tantalum materials; FeNi, ferronickel. 

2“Unspecified” included with ‘Other alloy.” 
3Part included in “Miscellaneous and unspecified.” 
4Included with “Unspecified.” 

. 5With minor exceptions as denoted by W and footnote 3 where applicable.
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nickel. The total consumption. was only 2% columbium was for use in superalloys, for 
higher, however, because of lower consump- which consumption of ferrocolumbium in- 
tion in other steel and in cast irons. _ creased 89%. 

In specialty ferroalloys, consumption of Reported Cr ae bee of verrophospho- 
ferrotitanium and ferromolybdenum both TOUS Icreased ve %, but most of the in- 
declined 3%. Consumption of ferrotungsten °™°25¢ Was for miscellaneous nonmetallur- 8% | °° b P fl 6 ti gical uses. Consumption in steel and cast 
Was © 70 ower because Of ower consumption iron increased only 5%. Figures do not. 
in tool steels and superalloys. On the other include the substantial quantity of material 

| hand, consumption of ferroboron, ferrova- consumed for the production of vanadium 
nadium, and ferrocolumbium increased sig- materials. ~ 
nificantly. Much of the increase for ferro- | | 

| STOCKS = 

Total yearend stocks of both manganese lower due to lower stocks of high-carbon 
ferroalloys and silicon alloys declined ferrochromium. | 
slightly as an increase in producer stocks | Consumer stocks of ferronickel dropped 
was more than balanced by a drop in by 56%, as supplies of ferronickel were 
consumer stocks. Total stocks of manganese _ readily available from domestic and foreign 
ferroalloys were 17% lower, with the larg- suppliers. On the other hand, both producer 
est change being a drop in consumer stocks and consumer stocks of ferromolybdenum 
of silicomanganese. Total consumer stocks increased by almost 30%, reflecting fears of 
of silicon alloys were 23% lower. possible future shortages. Consumer stocks | 

While total and consumer stocks of ferro- of ferrophosphorus increased 24%, follow- 
chromium increased, producer stocks were _ ing significantly increased consumption. | 

Table 6.—Stocks of ferroalloys held by producers and consumers 
: in the United States at yearend 

(Short tons) . 
$e | 

Producer Consumer Total 

1976 1977 1976 1977 1976 1977 | 
(gross (gross (gross _ (gross (gross (gross 
weight) weight) weight) weight) weight) weight) $$ ett eit) Weight) 

Manganese ferroalloys! ___________ 154,820 174,830 218,164 181,267 372,984 356,097 
Silicon alloys? _._______________ 117,760 129,066 68,130 52,298 185,890 181,364 
Ferrochromium? _______________ 96,116 89,548 69,948 79,366 166,064 168,914 
Ferroboron* __________________ 485 395 246 292 731 687 - 
Ferrophosphorus®> ______________ 62,162 59,534 13,624 16,928 75,786 76,462 
Ferrotitanium® ________________ WwW Ww 1,232 986 1,232 986 

Total _» ~~. = 431,343 453,373 371,344 331,137 802,687 784,510 

1976 1977 1976 1977 1976 1977 
(con- (con- (con- (con- (con- (con- 

tained tained tained tained tained tained 
element) element) element) element) element) element) emer —o ement) __erement) 

Ferrocolumbium’? _______________ ™397 327 481 345 ™878 672 
Ferromolybdenum® _____________ 317 406 750 970 1,067 1,376 
Ferronickel ____._-___~_______=_ W WwW 6,905 3,895 6,905 3,895 
Ferrotungsten® ________________ WwW WwW 136 97 136 97 
Ferrovanadium’ _______________ 924 1,374 924 669 1,848 2,043 EN 04S 

Total __________________ ¥1,638 2,107 79,196 5,976 10,834 8,083 eee eee 
"Revised. W Withheld to avoid disclosing company proprietary data. 
Includes ferromanganese, silicomanganese, and manganese metal. 
Includes ferrosilicon, miscellaneous silicon alloys, and silicon metal. 
3Includes other chromium alloys and chromium metal. 
“Consumer totals include other boron materials. 
‘Consumer totals include other phosphorus materials. 
®Consumer totals include other titanium materials. 
(Consumer totals include small amount of ferrotantalum-columbium, tantalum metal, and other columbium-tantalum 

materiais. 

®Consumer totals include calcium molybdate. 
°Consumer totals include melting base self-reducing tungsten. 
1°Includes other vanadium-iron-carbon ferroalloys.
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PRICES 

Prices of the main ferroalloys nearly all 55% ferrochromium was quoted as much as 

declined as supply continued to exceed de- 20% below domestic list prices at yearend. 

mand and imported material was available An increase in the domestic producer 

at a substantial discount from domestic price for ferronickel announced late in 1976 

producer. price. List price for standard ferro- did not hold up in the face of persistent 

manganese decreased 6% in March, and, as oversupply and competition between the 

the year progressed, discounts were report- various forms of primary nickel. The list , 

‘edly being offered of over 10% for domestic price remained unchanged, but a market 

a material and over 20% for imported mate- price of $2.10 was reported towards the end : 

rial. of the year, which represented a 10% 

Although even larger discounts for im- decrease to a level below that at the begin- 

ported 75% ferrosilicon developed, the do- ning of 1976. For other specialty ferroalloys 

- mestic producer list price did not change. except ferrovanadium, prices were higher. 

For 50% ferrosilicon, the producer price While the price of ferrovanadium was 

decreased 3% in March. Producer prices for unchanged, the price of ferrocolumbium 

ferrochromium were reduced in August, by was increased by 8% at midyear, and that of | 

5% for high-carbon ferrochromium and by ferromolybdenum by 138% slightly later. 

12% for low-carbon ferrochromium. Im- The price of ferrotungsten fluctuated in 

ported high-carbon ferrochromium was _ response to ore markets, resulting at year- 

quoted at 10% to 15% below domestic prices end ina price 31% higher than that a year 

for much of the year, and imported 50% to __ earlier. 

| | | | | Price in 19771 
| Alloy —— 

. . Beginning Yearend 

Charge chromium (66% to 70%) __.-__--------=---~--------------- $0.43 $0.41 

Low-carbon ferrochromium, 0.02% maximum carbon (Simplex) _ ___--------- 85 15 

7 Standard 78% ferromanganese, per long ton of alloy... ___-_------------- 425.00 399.50 

Ferromolybdenum, lump _—_——-~-----------~----------------- 4,43 4,99 

Ferronickel _.______._-__--_----------------------------- 2.34 2.34 

Ferrosilicon, 50% ______.__--~-~----------------------------- 
845 835 

Ferrosilicon, 75% ____.__---------------------------------- ot oT 

1Per pound contained, except as noted otherwise. 

Source: Metals Week. 

FOREIGN TRADE | 

The trade deficit in ferroalloys rose 4% to Exports of ferrosilicon and ferromanganese 

$416 million in 1977, with imports valued 12 made up about two-fifths of total exports, 

times higher than exports. In terms of gross but were less than 2% of the production of 

weight, imports were almost 26 times that these materials. 

of exports. Total ferroalloy imports were little high- 

Exports of ferroalloys continued to er than those in 1976. The total value of 

decline from the relatively high levels of imports increased by an even smaller per- 

1975. Exports in 1977 were 17% and 58% centage. In the major groups, imports of 

lower than those in 1976 and 1975, re- manganese alloys were little changed, those 

spectively. The value of exports in 1977 of ferrosilicon were higher, and those of 

declined by 31% compared with that in ferrochrome decreased. Imports of silicon 

1976. The lower total value was largely due alloying materials were up strongly in 1977. 

to declines in exports of the high value In addition to the increase in ferrosilicon 

materials ferromolybdenum and ferrovana- imports, which consisted mostly of a 22% 

dium, both of which dropped by about one- increase in imports of the 60% to 80% | 

half. Although the quantity of alloys ex- ferrosilicon grade, imports of silicon metal 

ported in the “ferroalloys, n.e.c.” class in- increased 177%. 

creased slightly, the value was 35% lower. With lower consumption of low-carbon



a i | - FERROALLOYS - 389 

| _ ferrochromium, and a weakening market nickel, the Dominican Republic ($50 mil- | for it, imports dropped 44%. Some of that lion) and New Caledonia ($39 million) rank- a ‘decrease was made up by increased imports ed high based on the value of the material |. — of high-carbon ferrochromium and ferrosili- _ which they supply. The major suppliers for a _ con chromium, but total imports of chro- particular alloys,. in decending order of | mium alloys were 7% lower. With both quantity, were for manganese alloys, the. , lower prices and a shift from higher priceto Republic of South Africa, France, and Bra- _ _.' lower price material, the value of chromium il; for silicon alloys, Norway, Canada, and = | alloys fell by an even larger percentage. France; and for chromium alloys, the Ree | Imports of ferronickel were up 44%, but, public of South Africa, Southern Rhodesia, _ : mo due to lower prices, the value increased only and Yugoslavia. Ninety-three percent of | 32%. | | oe imported ferronickel was supplied by New | The principal sources for ferroalloy im- Caledonia and the Dominican Republic. In | _ ports were Western Europe and Africa, specialty alloys, Canada and Norway were a roe each with about a one-third share. Coun- the leading suppliers of ferrovanadium, and __ tries of the Western Hemisphere supplied almost all imported ferrozirconium was — about one-fifth of the total; Asia and Oce- from France. | : — | : sania combined, about 12%. A major shift | In March, Congress passed and the Presi- a occurred since 1976 when Asia and Oceania dent signed a bill restoring United States held a one-fifth share and the Western participation in the embargo of chromium Hemisphere held a 12% share. Imports ores, metal, and alloys imported from from Japan were down sharply in 1977 Southern Rhodesia. Chromium materials (59,000 tons and $29 million in 1977 com- had been exempted from the embargo since pared with 162,000 tons and $77 million in 1971. | - , 
1976). In the same time, imports from Cana- After an investigation in response to a da and Latin America were increasing. petition by domestic low-carbon ferrochro- The three leading supplying countries mium producers, the International Trade were the Republic of South Africa (293,000 Commission found that imports of low- tons and $99 million), France (151,000 tons carbon ferrochromium were not a substan- : | and $50 million), and Norway (92,000 tons tial threat or cause of injury to the domestic | and $36 million). Canada, Brazil, Southern industry, and recommended that no action : Rhodesia, and Japan each supplied between be taken against the imports. At the end of 59,000 and 73,000 tons of ferroalloys, valued the year final decisions were pending on at $29 to $30 million. As the two major trade cases involving several ferroalloys. , | suppliers of relatively high value ferro- 7 | 

Table 7.—U.S. exports of ferroalloys | 
| 1975 1976 1977 

Alley “ghort” how. = anore?” = alle Quantity" Value tons) sands) tons) sands) tons) sands) - seins) sands) 
Ferrocerium and alloys ____ 50 $300 60 $335 . 260 _ $1,043 Ferrochromium_________ 13,218 9,075 13,563 8,785 12,472 7,268 Ferromanganese ________ 32,487 10,748 6,789 3,462 6,051 3,391 Ferromolybdenum mene 1,121 4,798 1,798 9,447 798 4,863 Ferrophosphorus _______ _ 437 57 1,636 153 2,381 297 Ferrosilicon _._________ 39,712 15,782 12,416 7,449 10,548 6,035 Ferrotungsten__§________ 17 137 —_ _— 2 31 Ferrovanadium _________ 1,018 7,952 1,211 9,180 658 4,954 Ferroalloys, n.e.c ~_._____ 8,970 9,886 6,687 13,121 7,982 8,558 Spiegeleisen _.__-______ 335 208 5,471 901 40 13 Total__.._.._-___ 97,865 58,888 49,631 52,833 41,192 36,453 — cn OD
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- fable 8.—U.S. imports for consumption of ferroalloys and ferroalloy metals _ | a 

} | | 16 OTT | 
. oe Gross pat Gross Tea 

. Allo ° Content Value oi Content Value 

oe _ y weight (short (thou- weight . (short (thou- 

* / oe | a tons) tons) , sands) tons) tons) sands). | 

a . Ferromanganese containing less than ms ae : a . 

~ 196 barbon-_-------------. 1,704 1,461 $1,195 3,904 ©. 8830 $2,812. 

Oo Ferromanganese containing over 1% a . Ce re oo 

ee . and‘less.than 4% carbon __----- 73,903 60,025 34,577 ~~ 52,505 - 42,595 © 25,759 

2 |. Ferromanganese containing 4% or - 0 io . co oS 

Co -. morecarbon, __----------~- 461,802 355,947 128,926 478,014 —«- 70,156 =: 127,091 

_. Ferrosilicon-manganese (Mn content) — __ 80,118 53,693 24,549 87,900 + = «58,829 . 25,651 . 

- Metal manganese alloys .-.----- 617,527 471,126 __189,247 -g22,ge8 = «474,410 «181,318 os 

oe Ferrosilicon: __ ee I ae ane - OO 

ae 8%-60% silicon ____-----~~----- 31,575 13,983 11,368 32,717 14,5038: . 11,511 

+ §0%-80% silicon ____--------- 66,205 49,238 28,014 80,691 * 59,475 32,306 - 

| 80%-90% silicon ___-_-_------- 160 132 117 184 UpL 0. BO - 

Over 90% silicon -------------__ "B54 1828 T4996 8B 

“5 otal ferrosilicon --.---------__ "98,204 63,681 _*39,648 114,788 «75,284 AKT 
. ws so ca on . ————————— ————_—— " . = — _—— —— ———— — = — — — - —— —" = : . / , 

~ >.> Kerrochromium containing 3% or more . oe — a vo a 

oo ~ carbon 2. -------------- 178,846 107,807 70,085 § 188,814 109,847 69916 © - 

Ferrochromium containing less than * Re, ee — * So 

a 8% carbon _--------------- 68,750 42,961 54,784. 35,768 24,363 30612 °° .... 

oo oe Ferrosilicon-chromium ~---+---- 15,725 4 7,593 16,228 (?) 8281 

Total chromium alloys -------- 258,821 Xx 132,412 «240,810 «=i XX)—s108,8009 
>. Ferronickel _-.--------------- _ 55,721 @ 72,161 80,4386 (3) 95,275. mo 

-- .- > -Other ferroalloys: _ rr re a 

- °° Ferrocerium and other cerium alloys — 20 a (oe 167 23” — ex 262 a 

°° Ferromolybdenum ------------ 5 A 2 BO 96 64  ~ 612. — 

.*. Ferrophosphorous —_-—-------- 400 ~=— a) 6 ( 

os - Ferrotitanium and ferrosilicon co . oo an en 

. titanium _- --_---.-------- 899 A. 1,438 -1,186 | ) 19910 00 02 

a Ferrotungsten and ferrosilicon oe BS 8 = i 

a ‘tungsten =. 2 ------------ 82 422 B45. =i 809i (<ssti He (OH 

Ferrovanadium __~_—--------- 411 - 259. 2448 = —s«B0G 387 3,438 

oo _-Ferrozirconium _——----------- 671 554 BG (*) 785 , 

a Ferroalloys nec? ~~ ---=----- ~ 1,965 nw) ~ 1,817 - 2,201 ~~). 14,208 

Oo Total other ferroalloys ___—_-—- 4,532 XX «17912, 5,288 XK "99.865 

| Total ferroalloys ____.___---- 1,034,395. XX 451,380 1,063,090 - XX 452,633 

‘Metals: - _ 5 $3 ; SS . 

Manganese ___------------- 7,082 @) . 5,258 - 6,841 () - §,244 

Silicon (96%-99% silicon) __-_~--—- 8,257 - (7) 5,533 22,065 (#) 16,494 

. Silicon (99%-99.7% silicon) ~_—---- 1,269 1,255 . 950° 4,330 4,291 3,315 

Chromium -~ ---~----------- 2,306 - — () 9,142 2,493 ?) . 10,893. 

Total ferroalloy metals —— -__—- 18,914 XX _-20,883-~—=—s«35,729 XX 36,006 - 

- Grand total __---------- T1,053,309 XX ¥472,263 1,098,819 XX 488,639 

Revised. XX Not applicable. : | 

a -  4Not recorded. 
. 2Principally ferrocolumbium. 

. 

a WORLD REVIEW , oe 

Statistics on world production of ferroal- built near the supply of ore rather than 

loys are summarized in table 9. While most near the point of consumption. 

ferroalloys were in abundant supply due to Albania.—Albania, with the help of the 

the depressed state of world steel pro- People’s Republic of China, plans to develop 

duction, new production capacity was being _ its nickel reserves and to build a ferronickel 

| added. Most of the new capacity was being plant at Elbasan. A ferrochromium plant
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| was under construction at Buvrel. - total of 24,000 tons per year. Two projects 
'  Argentina.—Stein Ferroaleaciones of were intended to produce ferromanganese 
Mendoza was building a 3-megavolt-ampere principally for export. In the first, Maha- 
furnace for calcium silicon. The company rashtra Electrosmelt Ltd. started operation 
had a 3.5-megavolt-ampere furnace produc- of a new furnace with a capacity of 50,000 
ing rare-earth magnesium ferrosilicon. _ tons per year high-carbon ferromanganese. 
Brazil.—Production of ferroalloys in Bra- In the second, a new company, Uni-ferro 

| gil rose 19%: between 1976 and 1977 to International Ltd., was formed to build a 
409,000 short tons, and exports rose 28% to 50,000-short-ton-per-year per year ferro- 

_-———:« 127,000 short tons. The ferroalloy industry manganese and silicomanganese plant at : 
continued plans for expansion with 11 new Tumsar, Maharashtra. The company is 40% 
furnaces totaling 130 megavolt-amperes ex- owned by Philbros-Asia Ltd. A ferrochro- 

. pected to start production between 1978 and mium plant with a 3.5-megavolt-ampere 
1981. In 1977, Cia. Paulista de Ferro Ligas furnace was proposed for the Byrapura 

| started operations at a new ferromanganese District, Karnataka. The plant would be 
plant with two 4-megavolt-ampere furnaces built by Mysore Minerals with Japanese 

— at Corumba, State of Mato Grosso. Bozel help. A 50,000-ton-per-year ferrochromium 
.  Minerac&o Ferroligas A/S introduced a 12- plant, intended to use local chromite fines, 

megavolt-ampere furnace for calcium sili- was proposed for Orissa. Union Carbide 
| con, a Corp. was discussing with the Government 

a _ Canada.—Chromasco, Ltd. started a new of India the possibility of building a ferrova- : 
: -- 24-megavolt-ampere ferrosilicon furnace at nadium plant. oo 

an - its Beauharnois, Quebec, plant increasing | Indonesia.—Indonesia Nickel Develop- 

its capacity to 90,000 tons per year. ment Co. (Indeco), which had been formed 
| Colombia.—Empresa Colombiana de Ni- by seven Japanese companies, decided | 
. quel announced that a contract had been against building the nickel smelter which 

signed to construct a ferronickel plant at had been considered for Gebe Island. | 
7 Cerro Matoso, with construction to begin in §Japan.—With relatively weak demand 
a 1978 and production to begin in late 1979. and high imports, Japanese ferroalloys pro- 

| ‘The project is to have a capacity of 42 ducers were forced to idle a number of 
million pounds of contained nickel per year furnaces, and at least one ferrochromium 

— and is estimated to cost $300 million. Hanna producer went out of business. Japanese 
| _ Mining Co. and Standard Oil of California producers considered. several measures to | 

| have a two-thirds interest in the project. relieve pressure from low price imports, 
- Greece.—Nickel production capacity including cartel arrangements, changes in 

| | was being expanded by Soc. Miniére et import duties, and in the case of ferrochro- 
Métallurgique de Larymna S.A. (Larco). mium, attempted to negotiate a voluntary 
Larco’s mines on Euboea Island were restraint agreement with South African 

: expanded and a 6-mile conveyor belt to the producers. | | 
Port of Politika was under construction. In Mexico.—Three Mexican ferroalloys pro- | 

| addition, equipment improvements were ducers increased their capacity in 1977. Cia. 
being made to the smelting plant at Larym- Minera Autlan S.A. de C. V. started the 
na. The proposed nickel smelter to be built second of two new 33-megawatt ferroman- 
on Euboea Island by Eleusis Bauxite Mines ganese furnaces at its new plant at Tamés 
was awaiting Government approval. With with the result that this plant can provide 
respect to chromium, the Government- 100,000 tons per year of standard ferroman- 
sponsored Hellenic Industrial and Mining ganese. Ferralver, S.A. added a furnace. to 
Co. continued a study of the feasibility of bring its capacity to 15 megavolt-amperes 
building a ferrochromium plant. . and 23,000 tons per year of ferromanganese. 

Iceland.—Construction continued on the Ferroaleaciones de Mexico, S.A. added a 
Icelandic Alloys Ltd. plant. The 50,000-ton- furnace to bring its capacity to 50,000 tons 
per-year ferrosilicon plant is 55% owned by _ per year of ferromanganese. : 

. the Government of Iceland and 45% owned New Caledonia.—Amax, Inc. and Bureau 
by Elkem-Spigerverket A/S. First pro- de Recherches Géologiques et Miniéres, the 
duction is planned for 1978. French minerals agency, agreed to develop 

India.—Sandur Manganese & Iron Ores New Caledonian nickel deposits in a $620 
Ltd. commissioned a ferrosilicon plant with million project. Planned output was 26,000 
two 20-megavolt-ampere furnaces rated ata __ tons per year of ferroriickel. Amax will have :
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| _ a 45% interest in the project. . oe chrome is a joint venture of General Mining 
-._. Norway.—A/S Hafslund was building a and Finance Corp. Ltd. and Union Carbide 
"new furnace and rebuilding a second to Corp. The second new plant, at Lydenburg, 
_. . raise its ferrosilicon capacity from 35,000 to Transvaal, is owned by Consolidated Metal- > 

. 55,000 tons per year. The Government of lurgical Industries Ltd., a subsidiary of | — 
Norway approved a fourth furnace at the Johannesburg Consolidated Investment Co., _ 

—— Salten Verk of Elkem-Spigerverket A/S Ltd. In manganese, Samancor, at its-Met-  __ 
~ _. which will raise the company’s ferrosilicon alloys subsidiary at Meyerton, Transvaal, = § | 

capacity from 80,000 to 112,000 tons per started a 75-megavolt-ampere furnace. : 
year. Orkla Industrier A/S is also planning Transalloys (Pty.), a subsidiary of Highveld _ a 

- a new furnace, if power is available, which Steel and Vanadium Corp. Ltd. started = 
: .. will raise its capacity to 40,000 tons of operation of a new silicomanganese fur- a 

ferrosilicon per year in 1979. Producers in nacee  ©=§ = ©) ) 0. 
_. Norway were faced with present and future Spain.—The new 75-megavolt-ampere fer- = 

power shortages. Because. low rainfall re- rosilicon furnace at the Monzon plant of —_—s. 
duced the amount of available hydropower, Hidro Nitro Espafiola S.A. began operation : 

-.  noncontract:. power to metallurgical pro- in 1977, bringing the company’s 75% ferro =. 
_. ducers was cut off in September. The Gov- silicon capacity to about 50,000 tons per © 

: ernment of Norway also set a goal for year. A new plant built by Sociedad Es- oe 
_ future power consumption which may limit pafola de Carburos Metélicos S.A. at Dum-. 

growth of the industry. bria was not in operation because of lack 
South Africa, Republic of.—Total ferro- of electric power. The plant had a 50- 

alloy production increased 13% to 1,030,000 megavolt-ampere furnace for ferrosilicon 
short tons. South African Iron and Steel and an 18-megavolt-ampere furnace to be 
Industrial Corp. Ltd., the major iron and used for ferrosilicon or ferrochromium as — 
steel producer in South Africa, offered to needed. Ferroastur began production of | 
sell its 45% interest in South African Man- ferromolybdenum at its new works at 
ganese Amcor Ltd. (Samancor). How- Magua. —— | 
ever, the sale was blocked by the Govern- Yugoslavia.—A_ 71,000-short-ton-per-year 
ment on the grounds that it would be ferronickel plant was under construction in 
anticompetitive. Two new ferrochromium Davadarci Province and was.expected tobe | 

' plants were commissioned during the year, in operation by 1979. Plans were also 
each with a capacity of 120,000 tons per announced for mines and a plant in Kosovo 
year. The new Tubatse Ferrochrome (Pty.) Province to produce 54,000 tons per year of 
Ltd. plant, at Steelport, Transvaal, operated ferronickel plus a smaller amount of nickel 
two of its three 30-megavolt-ampere fur- and cobalt metal starting late in 1980. 
naces during the year. Tubatse Ferro- | 

Table 9.—Ferroalloys: World production by furnace type, 
alloy type, and country 

(Thousand short tons) 

| Country, famace | type,” and 1974 1975 1976 197° 

Argentina: Electric furnace: 
erromanganese ____-________~--~~------___ 26 32 26 £98 

Silicomanganese ______________-------_--___ 8 6 2 €2 
Ferrosilicon ________-____~------~-~-_-----__ r20 19 21 ©9202 

Total _________------_-_---------------- "54 57 49 °52 

Australia: Electric furnace:* 
Ferromanganese _____________ ~~~ ~~~ ~_____ AT 43 55 °66 
Silicomanganese __________________~--~____ 24 12 16 €17 
Ferrosilicon ____.-.-_-____------------~-~---~-_ 10 (5) 6 "16 , 
Ferrochromium ____~_~_~____ ~~~ ~~~ ~~ Tg 2 __ __ 

Total _______-___-__-_-~-_----~_ +--+ T84 57 17 €99 
Austria: Electric furnace, undistributed _______.______ - 7 7 9 8 
Belgium: Electric furnace, ferromanganese® 7 ___________ 144 108 93 80 

Brazil: Electric furnace: Ce 
Ferromanganese ______________-_----------- 88 ™96 110 142 
Silicomanganese _________________-_--__---_- 36 43 70 83 
Ferrosilicon _____________-----~-_~----__-- 57 60 50 66 

See footnotes at end of table.



_ FERROALLOYS 393 

| Table 9.—Ferroalloys: World production by furnace type, 

| alloy type, and country —Continued 
| (Thousand short tons) ; 

epee 
tS 

Country," furnace type,” and 1974° «195 1976 197 
alloy type 

Brazil: Electric furnace —Continued 

Ferrochromium _______________------------- 42 58 66 73 
Ferrochromium-silicon ______---_----------~--- 2 TO 7 4 

Ferronickel ____________----~------------- 11 11 11 12 

| Other_.________________-_____--_--------- 15 12, - 30 29 

Total _________------------------------ 251 T9g9 344 409 
Bulgaria: Electric furnace, undistributed __—-_-_--~----- 50 56 61 55 

Canada: Electric furnace: oo 
Ferromanganese®______________-------------- *100 T €56 T e886 °g1 

Ferrosilicon _____.._-__-------------------- 105 "63 reg] *109 

Undistributed® ® ___________._-.---_-------- 68 57 "71 23 

Total _________________---------------- 273 176 248 213 

Chile: Electric furnace: 
Ferromanganese ____—_~____~-~~-~------------ 9 7 9 2 

Silicomanganese _____~_____----~----------- 3 3 2 1 

Ferrosilicon ____________-~--~-------~--~----+- 3 4 5 3 

Other ____________________---_---------- 1 1 1 (5) 

Total ..._-_~_____=_____-_-~__---+-+--+-+-+---- 16 15 17 6 

China, People’s Republic of: Furnace and alloy type - 

undistributed® _______________-------------+- 660 — 660 720 — 770 

Colombia: Electric furnace, ferrosilicon ——.___-_-__------ (5) 1 1 1 

Czechoslovakia: . 
Blast furnace, undistributed ________-_----+--~----- 37 31 2 _- 

Electric furnace, undistributed _______------------ 1440 - 7145 150 193 

Total ______________--_---------~------- 177 176 152 193 

Dominican Republic: Electric furnace, ferronickel _ __————~—- &gg 67 75 78 

Egypt: Electric furnace, undistributed ____...___-_~----- v4 5 "5 105, 
Finland: Electric furnace, ferrochromium __—-_.___---—-- 53 44 44 37 

France: — 
Blast furnace: 

Spiegeleisen_ ._______-___---------~-------- 10 8 __ 10 

Ferromanganese ___________------~--------- 578 463 404 395 

Electric furnace: | 
Silicomanganese!! ______.._---------------- 9 13 138 22 

. Ferrosilicon _____________----------------- 261 267 261 260 

Ferrochromium!? ___________.__----~------ 123 T110 112 111 

Other#? ___________________---- +--+ "101 T94 108 117 

Total______________~_-~-------------- T1,082 7955 898 915 

German Democratic Republic: . . 
Blast furnace spiegeleisen__ ________----~-—------- 2 | _- _- 

Electric furnace, undistributed. ___._.-_-_-__-------- 158 164 166 166 

(Total _. __________________ 160 168 166 166 

Germany, Federal Republic of: _ 
Blast furnace: 

| Ferromanganese’? ____._________----------~-- 3538 238 243 193 

Ferrosilicon ____.___._____.---------------- 130 103 100 96 

Electric furnace, undistributed______.-___.-------+- 312 283 263 231 

- Total _-.--_-______ ~~~ +--+ +--+ 795 624 606 520 

Greece: Electric furnace, ferronickel®___________------ 61 61 67 89 

Hungary: Electric furnace: 
Ferromanganese ______-__-_---------------- 3 °3 °3 °3 

Ferrosilicon _____.§___-__._-~---------------- 9 eg eg eg 

Total _._-______________---~-+---------+-+- 12 11 11 11 

India: Electric furnace: 
Ferromanganese ______----__---------------- 161 157 194 184 

Silicomanganese _______--__---------------- 2 reg (®) 3 

Ferrosilicon ___________---~~---------~---+--+- 33 44 59 49 
Ferrochromium __________-—----------------. 17 11 19 19 
Ferrochromium-silicon __..____.-------~----~--- 2 4 6 4 

Other*®_ _§ _-_ _-_ > eee (5) (5) (°) 3 

Total ____________------------~--------- 215 7219 278 262 

See footnotes at end of table.
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Table 9.—Ferroalloys: World production by furnace type, 
: alloy type, and country —Continued : 

(Thousand short tons) . . 

1- 2 
Country, furnace type,” and 1974 1975 1976 197° 

alloy type ; 

Italy: . | 
last furnace: 
Spiegeleisen____§__§_-§__________ 6 4 3 7 
Ferromanganese _____§______________v_ --___ 771 64 69 64 

Electric furnace: 
Ferromanganese ______§_-___________________ 11 15 17 19 
Silicomanganese _______~____~__ ~~ ___ 45 ~ 40 46 44 
Ferrosilicon ___._§$_§________________________ 72 78 87 84 
Ferrochromium ______§_§__§__~ ~~~ ee 44 49 50 44 
Ferrochromium-silicon ________~_~9_~§_~§_~§_~§____~_____ __ (5) (24) (24) 
Other_____________ LL 19 1215 1219 1219 

Total... > ee 274 265 284 281 | 

Japan: Electric furnace: 
Ferromanganese __________________________ 688 716 697 581 
Silicomanganese ___________=__~__~______ 494 479 41] 368 
Ferrosilicon _.__§____~_____ ~~ Le 407 361 345 321 
Ferrochromium ______~__~§___~~_~_~_ ~~~ 597 536 511 440 
Ferrochromium-silicon ____~__~___~_~_____________ 16 28 12 13 
Ferronickel _.________~_~_~_~___~_ = 277 221 219 247 
Other _______________ LLL 20 17 18 13 

Total ___-____________ Le 2,499 2,358 2,213 1,983 
Korea, North: Furnace and alloy type undistributed® _____ __ 110 110 110 110 

Korea, Republic of: Electric furnace: 
Ferromanganese _______________~~___________ _- -- _- 28° 
Ferrosilicon ________~______-__ 2 ee 38 23 38 30 

Total ______-----~-~---~---~-_-~-------+---- 38 . 23 38 58 

Mexico: Electric furnace: 
Ferromanganese ___________________________ 54 71 60 110 
Silicomanganese _______________________ 16 18 19 30 
Ferrosilicon ____§_§______________ Le 22 20 20 25 
Ferrochromium _________~§_~~_~__~____ ee _- a 4 3 
Other ____-__________ (5) ) (5) | (5) 

Total _-_______ Le 92 109 103 168 
New Caledonia: Electric furnace ferronickel _-___________ 205 230 173 128 

Norway: Electric furnace: 
Ferromanganese __________§___~ ~~~ 370 ™373 413 276 
Silicomanganese ___________________________ 207 180 186 151 
Ferrosilicon _______§_-_____~__ = 342 325 306 260 
Ferrochromium ______§_§~$_-_~_ ~~ ee 34 30 35 26 
Ferrochromium-silicon _~___ 2229 2 ee 1 1 1 (5) 
Other ___-____________ LL 10 34 34 20 

Total __-________________---- 964 943 975 133 
| Peru: Electric furnace, ferrosilicon __________________ 1 1 (5) e7] 

Poland: OO 
Blast furnace: 
Spiegeleisen____________~~______ LL 9 10 9 12 
Ferromanganese ____________ ~~ ___~_______ 138 153 128 136 

Electric furnace, undistributed___________________ 173 183 180 193 

Total _--_____-______~ ee 320 346 317 341 

Portugal: 
Blast furnace, undistributed ____________________ 1 — __ _- 
Electric furnace, undistributed___________________ | 12 10 13 18 

Total ___-________ LL 13 10 13 18 
Rhodesia, Southern: Electric furnace, ferrochromium® ______ 200 ™200 205 110 

ooo 
South Africa, Republic of: 

Blast furnace and electric furnace undistributed:15 
Ferromanganese® _______§______ 391 371 386 441 
Silicomanganese® _~________________________ 11 17 24 28 
Ferrosilicon® _____._-§_-_-_______~__ 53 84 87 110 
Ferrochromium® _______§_§______~§_~_____ 213 329 ™386 419 
Ferrochromium-silicon® _~_-____§_§______________ 32 23 24 32 
Other 2 T Ty Ty (5) 

Total_________ ~~ 701 825 *908 1,030 

See footnotes at end of table.
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Table 9.—Ferroalloys: World production by furnace type, : 
alloy type, and country —Continued 

(Thousand short tons) | 

Country,! furnace type,” and amp | . ™ alloy type? 1974 1975 1976 1977 

. Spain: Electric furnace: . | . 
Ferromanganese _____.____.___._---------_- 124 140 146 164 
Silicomanganese ___________...---__-----___ Tg ™96 100 73 
Ferrosilicon _..__.___.._- ~~ ~_ ~~~ Le 60 61 - 63 74 
Ferrochromium _ ...—.._..._.--~.------_u-__- . F23 17 21 21 
Other _______ ~~ Le (5) (5) (5) (®) 

Total ______-_____ ee 295 314 330 332 

Sweden: Electric furnace: . a 
Silicomanganese __ ~~. ~~ ~~~ 11 10 8 a 
Ferrosilicon __._..--..__-__-_. ~~~ ~~ ee 56 55. 41 25 
Ferrochromium ____—_. ~~ ~~~ ~~ Le 111 102 128 148 
Ferrochromium-silicon _....-.-...-.-__-.----__- 20 17 7 9 
Other ____ ~~ ee 3 3 3 2 

Total _._-- Le 201 187 187 184 
Switzerland: Electric furnace, ferrosilicon® ___....._-___ 7 6 6 6 
Taiwan: Electric furnace, ferrosilicon... ~~ 30 26 17 17 

Thailand: Electric furnace: | | 
Ferromanganese _____________.~ ~~ _~__-=___-__ 2 1 2 -- 

_Ferrosilicon _..-__..- ~~~ ~~. eet 1 (5) 1 _. | 

Total _.- ~~ ee 3 1 3 _~ 
Turkey: Electric furnace, ferrochromium® wae ee eee 10 10 28 39 

USSR: | 
Blast furnace: 
Spiegeleisen________.--..-_-_-.-_---.---- 118 115 112 110 
Ferromanganese _______.-.-.__------_---~_ 947 968 937 937 
Other. _____ ~~~ ee 29 30 31 28 

Electric furnace:!” 
Ferromanganese® _________._____-___________ 99 90 99 104 
Silicomanganese® ________.__---__________- 28 28 28 33 
Ferrosilicon® _____.-~.~-.-_-.___-____-__---- 330 330 831 331 
Ferrochromium® ___..§-§_-_§__________________ 208 227 231 232 
Ferrochromium-silicon® ~~ —~_____-.-....______- 7 4 6 6 
Other® eee 198 ~ 180 198 198 

Total.____________ eee si, 959 1,972. 1,968 - 1,979 

United Kingdom: Blast furnace:!* + 
Spiegeleisen _____._-_-_______~-___-____-_____ an) (5) yo _- 
Ferromanganese _______________-__~-_~_- ___ . 91 94 134 107 

Total _.__._-______ ee 100 94 134 107 

United States: Blast furnace and electric furnace: 
Ferromanganese ____—_.._____~.-_---------- 544 576 483 334 
Silicomanganese __.-__......___-___-_------ 196 143 129 120 
Ferrosilicon ..-__....-. 2 ~~~ ~~ Lee 932 791 861 895 
Ferrochromium _______.____.___-.---------- 837 197 215 217 
Ferrochromium-silicon ___________--__-_-__-_~ 99 52 54 53 
Other#? 29 _ 0 176 167 168 135 

: Total __-______---_________-__ ie 2,284 1,926 1,910 (1,754 
Uruguay: Electric furnace, ferrosilicon ........_._.___. _-_ (5) (5) (5) (5) 
Venezuela: Electric furnace, ferrosilicon ____.._....___ — 2 3 3 e3 

Yugoslavia: Electric furnace: 
erromanganese __~____________~~~-_--~--__- 25 34 24 60 

Silicomanganese __________.-____---------._ 19 16 29 10 
Ferrosilicon _...-._.____._____-. Lee 115 92 109 61 
Ferrochromium ___...-......-.---._-__---__ 43 59 47 40 
Ferrochromium-silicon —~_...~_~._-___~. ~~ ~-i___ 5 11 8 6 
OtherS_ ee 2 3 4 2 

Total _..- Le 209 215 221 179 

See footnotes at end of table.
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Table 9.—Ferroalloys: World production by furnace type, 
alloy type, and country —Continued 

(Thousand short tons) 
RE 

1 2 
Country,” furnace type,” and 1974 1975 1976 1977” 

alloy type 

Grand total. .________---------------- | 14,703 13,923 14,067 13,480 

Of which: TTT 
Blast furnace: . 

Spiegeleisen?? _______________------- 154 "141 124 139 
Ferromanganese*? ______________----- 2,184 1,980 1,915 1,882 
Other?? ___________________ ee 7159 7138 100 91 

oe Unspecified________-__-_-_------~------ 38 31 33 33 

Total blast furnace __________----=---~ 2,585 ¥ 2,285 2,172 2,095 

Electric furnace: 
Ferromanganese”?_____________------- 1,951 1,942 2,034 1,927 

Silicomanganese”* 74 ____.______-----_-- T1,197 T1,107 - 1,083 - 985 
Ferrosilicon _____________-_-------=-- T2966 - 2,722 2,817 —~ 2,777 

Ferrochromium?> 2@_________---------- .__°2,053. 1,981 2,102 1,979 

Ferrochromium-silicon™ 7® _____.__-_---- 184 142 125 127 

Ferronickel?® 27 _____-________~-_---- 642 590 «545 —— «04 

Other?? ___________.-_-_----------- 546 527 572 539 

Unspecified”® _________-_-_.----------- 924 7910 918 892 

Total electric furnace_______._--------= 10,463 *9,921 | 10,196 - 9,730 

Furnace type unspecified: 
Ferromanganese...----------------- 7935 947 869 115 
Unspecified ___._____---------------- 770 770 830 880: 

Total furnace type unspecified __.____---- 1,705 1,717 1,699 1,655 | 
ree wr tA A SS 

€Estimate. Preliminary. ‘Revised. . 

1In addition to the countries listed, Romania is known to produce electric furnace ferroalloys, but output is not 
reported and no basis is available for estimation. OO 

2To the extent possible, ferroalloy production of each country has been separated according to the furnace type from 

which production is obtained; production derived from metallothermic operations is included with electric furnace 

- production. 
3To the extent possible, ferroalloy production of each country has been separated so as to show individually the 

following major types of ferroalloys: Spiegeleisen, ferromanganese, silicomanganese, ferrosilicon, ferrochromium, 

ferrochromium-silicon and ferronickel. Ferroalloys other than those listed that have been identified specifically in 

sources, as well as those ferroalloys not identified specifically but which definitely exclude those listed previously in this 

footnote have been reported as ‘Other’. For countries for which one or more of the individual ferroalloys listed separately 
in this footnote have been inseparable from some other ferroalloys owing to the nation’s reporting system, suc 
deviations are indicated by individual footnote. In instances where ferrealloy production has not been subdivided in 

sources, and where no basis is available for estimation of individual component ferroalloys, the entry has been reported 
as ’Undistributed’. 

*Data for year ending November 30 of that stated. . 
5Less than 1/2 unit. . 
6Flectric furnace output, if any, is not reported, and no basis is available for estimation. 
"Includes spiegeleisen. 
§Includes silicomanganese. 
®*Includes ferrochromium (1974 only), ferrochromium-silicon (if any) and ferronickel. 
10 A] ferrosilicon. 
11Includes silicospiegeleisen. . 
12Tncludes ferrochromium-silicon, if any was produced. 
13Includes ferronickel, if any was produced. 
14Included with other, if any was produced. . 
15In addition to the ferroalloys individually identified, ferronickel is also produced but output is not reported and no 

basis is available for estimation. 
16Ferrovanadium only. 
17Soviet production of electric furnace ferroalloys is not reported; estimates provided are based on crude source 

material production and availability for consumption (including estimates), and upon reported ferroalloy exports. 
18} addition to blast furnace ferroalloy production reported, electric furnace ferroalloys are known to be produced, 

_ but data are not published and no basis is available for estimates. 
191j.S. production ef ferromanganese cannot be separated by furnace type in order to conceal corporate proprietary 

information. Similarly, spiegeleisen and ferronickel production cannot be reported separately. All U.S. ferroalloy 
production except a portion of the ferromanganese output is from electric furnaces or by metallothermic operations. 

20Includes spiegeleisen and ferronickel. ; 
21Spiegeleisen for the Federal Republic of Germany included with ferromanganese. 
22Tncludes the following quantities specifically identified as ferrosilicon, in thousand short tons: 1974—130; 1975—103; 

1976—"91; 1977—96. The differences between the foregoing figures and the listed totals are not identified in anyway 
except that they are neither spiegeleisen nor ferromanganese. 

23Silicomanganese for Canada included with ferromanganese. 
24Includes silicospiegeleisen for France. 
25Ferrochromium-silicon for France included with ferrochromium. 
Canada’s production of ferrochromium (1974 only), ferrochromium-silicon (if any), and ferronickel included with 

unspecified. 
“ee Ferronickel (if any) for France, India, Norway, the U.S.S.R., the United States and Yugoslavia included with 

er’”’.
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| TECHNOLOGY 

Bureau of Mines recycling research on 1,000° C. These pellets, in amounts up to 
the pelletization and smelting of stainless 60% of the chromium units in the furnace 
steel wastes, which had previously been charge, were reportedly suitable for pro- 
conducted using induction furnaces, was duction of high-carbon ferrochromium.’ 
extended to the use of electric-arc furnaces. Plasma technology for metallurgical pro- 
Trials in heat sizes of up to 1 ton continued cessing and especially for ferroalloy pro- | 
to indicate that the process could be ex- duction was reviewed at the Republic of 
pected to be profitable. Application of the South Africa’s NIM. It was concluded that 
process could recover thousands of tons of use of plasma furnaces for making ferroal- 
valuable alloying elements, particularly loys should be seriously evaluated, as in 
chromium and nickel, which are now lost in production of ferrochromium from chro- 
fumes, mill scale, and grinding swarf.2 The mium ore fines.® 
Bureau, in a cooperative project, also used An “Extended Arc Flash Reactor” 
electric-arc furnaces to confirm the feasibil- (EAFR) which makes use of a plasma and 
ity of producing ferronickel from prere- has potential for ferroalloy production has 
duced nickel concentrate from the Yugosla- been developed by a Canadian company, 
vian Feni project. Test results indicated Tibur Metals, Ltd. A key component of the 
that similar technology would be applicable EAFR is a hollow electrode through which 
to the limited number of domestic nickel argon or another gas passes and is ionized 
ores. It was shown that ferronickel contain- to form a plasma giving rise to an extended 
ing 15% to 20% nickel as typically produced arc. An outgrowth of previous work on 
in the test program could be upgraded by electric-arc furnaces for steel production, 
selective oxidation to a nickel content of the EAFR appears to be particularly ap- 
over 50%. | plicable to reduction of fine iron-bearing 

A shell design for submerged-arc furnaces oxide dusts from steel plant operations. 
has been developed, by Elkem-Spigerverket However, its use for smelting such ferro- 

| A/S of Norway, which it is hoped will alloys as ferrochromium, ferromolybdenum, 
permit smelting of ferrosilicon and silicon and ferrovanadium is also visualized.® 1° 

| metal in completely closed furnaces. In this Laboratory investigation of a process aim- 
design the furnace body is divided into two ed at making molybdenum-iron compacts 
independently rotatable parts. The upper that could be used in place of conventional - 

| part is a ring whose interior cross section ferromolybdenum was reported by Ken- 
has the shape of a regular polygon typically necott Copper Corp. A process proposed on 
with nine sides. Smelting tests in laboratory the basis of the investigation consisted of 
and small-scale industrial furnaces have forming briquets from technical-grade 
shown that with this design an even distri- molybdenum oxide and iron oxide; reducing 
bution of the charge and off-gasses can be these briquets to metal in a cracked ammo- 
achieved with a closed top. This contrasts nia atmosphere in two stages, first at 600° C 

_ with a conventional furnace in which free and then at 900° C; and crushing and 
access for stoking at the furnace top is rebriquetting the product to obtain ade- 

reqpires to achieve satisfactory operation.** quate mechanical strength and high enough 
he Republic of South Africa’s National density to penetrate a steelmaking slag. 

Institute for Metallurgy (NIM) participated The two-stage reduction process was devel- 
in two developments in technology for oped to maximize usage of hydrogen from 
smelting ferrochromium in submerged-arc the gas atmosphere." 
furnaces. One was the devising of acomput- —————_—_—- 
erized monitoring system that was report- 2b hysical scientist, | Division of Ferrous Metals. A 

ed to have contributed to a near doubling of Furnace Recycli g of Chromium-Nickel From Stainless 
furnace productivity.* The other was deter- Steel Wastes. BuMines RI 8218, 1977, 10 pp. mination of a method for pelletizing fines raion, D. Land W.E,Anable: Smelting Prereguced 
from friable Transvaal chromium ores as a RI 8196, 1977, 16 pp. 

means of extending the South African chro- 4 nievemenis in the Developeent of the Moen Perea mium resource base. It was found that con J Furnace—the _Elkem Split Furnace Body. Proc. 35th 
satisfactory pellets could be produced using ric Furnace Cont, a, Chicago, Ll, Dec. 0-9, 
a bentonite binder and induration at about Petroleune Engines New York 19%, eee and
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re . Production. National Institute for Metallurgy (Randburg, 

jKrogsrud, H. (assigned to Elkem-Spigerverket A/S, _ South Africa), Report No. 1895, Apr. 14, 1977, 34 pp. 

Oslo, Norway). Rotatable Furnace for Smelting Furnaces. ®Canadian Chemical Processing. New Unit Smelts Oxide 
US. Pat. 3,975,575, Aug. 17, 1976. a Dusts & Ores. V. 61, No. 4, April 1977, pp. 32-34. 

Metals Week. Computer Helping Boost South African 10Segsworth, R. S., and C. B. Alcock (assigned to Tibur _ 

Al RleRae * oe aay 58 2 ee Diacn An Investigation Metals, Ltd., Toronto, Canada). Extended Arc Furnace and 

Into the Pelletizing and Prereduction of Transvaal Chro- Process for Melting Particulete Charge Therein. U'S. Pat. . 

mites. Ch. 20 in Agglomeration 77, Proc. 2d Internat. Aer a? nee oo 

Symp. on Agglomeration. Atlanta, Ga., Mar. 6-10, 1977. V. Crimes, P. B., N. F. Neumann, and P. R. Ammann. The 

1, ed. by K. V. S. Sastry. American Institute of Mining, Production of Molybdenum-Iron Composites as a 

Metallurgical, and Petroleum Engineers, New York, 1977, Ferromolybdenum Substitute. Pres. at 16th Ann. Conf. of 

pp. 356.377 . Metallurgists, The Metallurgical Soc. of CIM, Vancouver, — 

. 8Hamblyn, S. M. L. A Review of Applications of Plasma B.C., Canada, Aug. 23, 1977, 24 pp. © a . . 

Technology With Particular Reference to Ferro-Alloy Be oo



a | By Stanley K. Haines 

Domestic shipments of fluorspar decreas- to 64,000 tons. Imports of 70% HF were up 
ed 10% to about 170,000 tons in 1977; of this 5% to 90,000 toms in 1977. — 

| total, 41% was metallurgical fluorspar. Im- The average value per ton of domestic 
ports for consumption increased 9% to shipments and of imports was $97.23 and 
971,300 tons with 59% coming from Mexico. $79.38, respectively. Quoted prices were sta- 
Net import reliance was 81%. Reported ble during the year with the exception of a 
consumption dropped 9% to 1,162,000 tons. $3 to $5 per ton drop in price for European 
The principal end uses were hydrofluoric and South African fluorspar. A bill to re- 
acid (HF), 51%; basic oxygen furnace (steel) move duties on fluorspar imports for a 2- 
32%; open hearth furnaces (steel) 7%; and year period was reintroduced into Congress. 
electric furnaces, 7%. Domestic mine stocks However, by yearend it had not cleared the 

| of crude fluorspar increased from 89,000 Ways and Means Committee. | 
tons in 1976 to 204,000 tons in 1977. Fluosi- World production of fluorspar increased 
licic acid (H.SiF.) production as a byproduct 4% to 5,148,081 tons in 1977. 
from phosphoric acid plants decreased 9% _ . | 

Table 1.—Salient fluorspar statistics! 

) } «AQT 1974 ~~«1975 1976 1977 | 

United States: | | | 
. Production: 

Mine production_ _______short tons__ 561,149 447,253 376,601 611,133 613,000 
Material beneficiated_ _______ ___do_ _ ._ 663,361 409,005 401,477 574,678 538,000 
Material recovered ________ —do___- 232,891 207,816 | 132,060 182,582 164,600 
Finished (shipments) _ _ _ _ _ _ _ _ do__ —- 248,601 201,116 139,913 188,270 169,489 

- Value f.o.b. mine _ _ _ _ — thousands_ _ $17,381 *$17,297 ™$14,888 $17,927 $16,479 
Exports.___________.__short tons__ 2,428 5,847 1,384 4,923 6,642 

Value __.______ ~~ thousands__ $171 $316 $234 $764 $975 
Imports for consumption —_-—-—-_short tons__ 1,212,347 1,336,389 1,050,448 895,254 971,355 

Value? ___________ thousands__ $52,620 $60,988 $66,899 $64,881 $69,457 
Consumption (reported) _ _ _ _ _ short tons__ 1,351,705 1,524,532 1,244,988 1,273,498 1,162,336 
Consumption (apparent)® ________do____ 1,508,759 1,428,719 1,300,067 1,120,970 —_1,191,000 

Stocks Dec. 31: . - 
Se Domestic mines: 

Crude... _____do___- 57,901 44,196 57,833 88,905 204,466 
Finished __________do___- 8,675 13,668 11,386 14,870 12,248 

Consumer ____________do___- 327,703 430,642 319,552 277,783 226,320 
World: Production _________-__--do___- 5,043,787 5,355,079 = °4,985,568 4,932,084 5,148,081 

"Revised. | | | 
1Does not include fluosilicic acid and imports of hydrofluoric acid and cryolite. 
2F.o.b. foreign port in 1978-74; c.i.f. U.S. port, in 1975-77. 
SApparent consumption includes finished shipments plus imports, minus exports, minus consumer stock increase. 

Legislation and Government Pro- Stockpile goals for these grades were 
grams.—Government stockpiles of strategic 1,594,000 tons for acid-grade fluorspar and 
and critical materials contained 890,000 1,914,000 tons, for metallurgical-grade 
tons of acid-grade and 412,000 tons of fluorspar. 
metallurgical-grade fluorspar at yearend. The bill to suspend the duty on fluorspar 
No withdrawals were made during the year. for 2 years was reintroduced into Congress 
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in March. Although it had not cleared the develop methods for preparing synthetic or | 

committee by yearend, it was expected to be substitute fluorspar from fluosilicic acid for 

acted upon in 1978. use by the steel industry. | 

Bureau of Mines research continued to , 

| DOMESTIC PRODUCTION 

Domestic shipments of all grades of the total output. Smaller, some intermit- | 

fluorspar decreased 10% to 170,000 tons. tent, operations or only shipments from 

Shipments from the Illinois-Kentucky inventory in Illinois, Kentucky, and the 

district represented 85% of the total vol- Western States provided the remainder of 

ume; the balance came from Arizona, Mon- domestic shipments. Names and locations of 

tana, Nevada, and Texas. Two companies _ these facilities were as follows: 

operating in Illinois accounted for most of | 

. . . | 

State Company Mines Type oftmills 
Arizona. ____—_—~--—- Tonto Mining and Milling Co ____—- Bluebird —__~~-~ Flotation.? 

Western Fluorspar Co oe Turkey _______- None. | 
Ilinois __.____-—-- Allied Chemical Corp ____.___.--- | Spivey, Gaskin, Heavy-medium and 

Deardorf and Mi- flotation. 
nerva No. 1. 

Ozark-Mahoning Co ____-_-_~-~- Barnett, Knight, Heavy-medium, 
Oxford and H-M flotation and 

. shaft. briquetting. 
Hastie Mining Co ______--_--~-- Spar Mountain -_-_~- Heavy-medium. 

Kentucky ___.___-~- Frontier Spar Corp __._._.___-_---  Babb-Barnes ~~~ ~_~_ Heavy-medium and © 
otation. 

Montana ______—--- Roberts MiningCo ~____------ Crystal Mountain _ — Heavy-medium.? 

Nevada ______—-.~-- J. Irving Crowell, Jr. & Sons _ — _ ~~~ Daisy _____---~- None. 

Texas __-________-_- D&FMineralsCo ______-__-~~- Paisano ______—_- Do. 

1Processed crude ore from Bluebird and Turkey mines. | 
2Shipments from inventory only. 

Total shipments of acid-grade fluorspar sidiary of Marathon Oil Co., broke ground 
were 101,000 tons valued at $10.76 million, for its Lasher-Robinson mine north of Sa- 
compared with 116,000 tons valued at $12.47 lem, Ky. The ore was to be treated at the 

million in 1976. Production of metal- company’s facility at its Babb-Barnes mine 
lurgical-grade fluorspar also declined, drop- nearSalem,Ky.2 -— - 
ping from 72,000 tons in 1976 to 69,000 tons Eight processors, operating at 44% of 

in Koos Co -. Pave estimated annual capacity, supplied the 
| I Peblo i Co. Jom ee al O in€- steel industry with 241,000 tons of fluorspar 

rals Exploration U0. and “Armco Hee! LOrp:, — briquets averaging 68% CaF, and valued at 
ceased production in September after $19 million. These shipment ted 

amassing a large stockpile of crude ore. d sup S represented 
, Ozark-Mahoning Co., a subsidiary of ecrease of 17%. in volume and 21% in 

Pennwalt Corp., and Allied Chemical Corp. valve compared with those of 1976. Camet- 
continued as the largest domestic producers © 2"C- opened a new briquetting plant in 
of fluorspar, with operations in Hardin 1977 near steel mills in the Chicago area. 

County in southern Illinois. Output by Location of fluorspar briquetting plants op- 
Ozark-Mahoning consisted of acid- and erating in 1977 are as follows: 

metallurgical-grade fluorspar, including 
briquets, while Allied Chemical Corp.’s out- rg rion 

. . . rocessor Location 
put comprised acid and ceramic grades.<_£_—@——————__—_———- 

Both operators also recovered various a- Cametco, Inc_-___-_._-------- | Chicago, Il. 

mounts of lead, zinc, and barite concen- pelhiFoundry Sand Go _22222_ ~~‘ Brownsvile,” 
trates as byproducts from their flotation Tex. 
circuits Mercier Corp __________--- - Dearborn, Mich. 

. ; ; National Briquet Corp _________ East Chicago, 

U.S. Borax and Chemical Co. continued lebay N Co Ind. | 

its drilling and exploration activities in the Oglebay Norton and Co -------- Brownsville, 
Sweetwater, Tenn., area. Plans for 1978 OzarkMahoningCo ---------- — Rosiclare, Ill 

included the sinking of a test shaft. TTT Brownsville, 

Frontier Spar Corp., a wholly owned sub-__§_ ———————————________
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-Fluosilicic acid, recovered from the wet- a process manufacture of phosphoric acid —_______Processor sLocation from fluorapatite, continued to be an IMpor- AgricoChemicalCo __________ Pierce, Fla. : : Borden ChemicalCo __________ _ Norfolk, Va. 
tant domestic source of fluorine for use by eer on Phospha tes Ine 2227777 HO City, Fla, the chemical and aluminum industries. F- Farmland Industries__________ _ Bartow. Fla. “ven Phosphoric acid plants processing  fyisimier (SOPAG) Ine "——---—— Tampa, Fla. about 8 million tons of phosphate rock, Stauffer Chemical Co | catise. cit | recovered about 64,000 tons of fluosilicic Suffer Chemic ain Utah acid in 1977, a decrease of 9% below 1976 USS Agri-Chemicals ~~---~-~- Wilt ~ levels. About 43,000 tons of this acid was rs NC | shipped to consumers. A list of domestic W. R. Grace & Go 7777777777 -- nashville, Tenn. phosphoric acid plants reporting fluorine ee 
recovery in 1977 follows: . 

| . Table 2.—Shipments of finished fluorspar, by State 

1976 - 1977. 7 
. 

~ Value . Value 
State Quantity Total Average Quantity Total Average . (short (thou- per (short (thou- per tons) sands) ton tons) sands) ton 

. . . 
. : . Illinois --- 2 142,666 $14,563  —- $102.08 131,218 $13,941 $106.24 Other States? 9 ____ = 45,604 3,364 73.77 38,271 2,588  —- 66.32 $e 288 66.32 Total _-._.________ 188270 17,927 95.22 169,489 16,479 97.28 

Includes Arizona, Kentucky, Montana, Nevada, Texas, and Utah. | 

| Table 3.—Shipments and mine stocks of finished fluorspar in the United States, by grade | 

: 1976 | 1977 eee 
Grade Short Value? Value Yearend Short Value? Value Yearend (thou- (thou- tons sands) ton stocks tons sands) fon stocks OO 

Acid_____________ 216,300 $12,470 $107.23 9,063 7100,605 $10,755 $106.90 4,070 Metallurgical _______ 71,970 5,457 75.82 5,807 68,884 5,724 83.10 8,173 
Total________ 188,270 17,927 95.22 14,870 169,489 16,479 97.23 12248 

’Total value as reported by mine production. 
*Includes No. 1 ceramic grade. 

CONSUMPTION AND USES 

Acid-grade fluorspar, containing more widespread usage. than 97% CaF,, is feedstock for the manu- Major U.S. steel mills consumed 535,000 facture of hydrofluoric acid, a key chemical tons of fluorspar, a decrease of 12% from used in the manufacture of aluminum and the 1976 figure. Of this, basic oxygen fur- fluorochemicals. Ceramic-grade, containing naces consumed 69%; open hearth furnaces, between 85% and 97% CaF., is used in the 16%; and electric furnaces, 15%. Domestic ceramics industry for the production of production of raw steel decreased 2% to glass and enamel. Metallurgical-grade about 125 million tons according to the fluorspar, containing between 60% and American Iron and Steel Institute. The 85% CaF,, is used almost exclusively in the _ steel industry consumed 8.6 pounds of iron and steel industries. Traditionally, fluorspar per ton of steel produced. On the fluorspar containing a minimum of 7 0% basis of furnace type, the average fluorspar effective CaF, has been used in steel fur- consumption per ton of raw steel was as naces, but in recent times lower grade follows: 
material, including briquets, has gained
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| | | Acid-grade consumption by 12 domestic 

| ition hydrofluoric acid plants amounted to | 

uorspar cosumption 
. : 

of furnace pounds per ton 592,000 tons, a decrease of 6% from that 

Type of f — De  1977—~—SOS of 1976. Part of the decline was due to 

I =the closing of Allied Chemical’s plant at 

Open hearth _ __ ~~ 03 | 8.8 Claymont, Del., in April 1977. A yearend 

Flotue 73 23 list of domestic hydrofluoric acid plants 

———_—______--—a + follows: oe 

. Estimated 

Producer Plant location . capacity 
: tons per year 

Aluminum Company of America - Point Comfort, Tex eee e+ 55,000 

Allied Chemical Corp _....--- Baton Rouge, La - ----------------~----~-------- 1 

Geismar,La __._.----~-------------------- > 

Nitro, W.Va __---------------------------- ‘ 90,000 

Port Chicago, Calif ..__.---------------------- /% 

DuPont Company ~ = —~-~---~~ Strang, Tex _. _.--------------------------- 
75,000 

Essex Chemical rpo----~- 77 Paulsboro, NJ ._..----------------------7-
-- 11,000 

Harshaw ChemicalCo_.__...-. Cleveland, Ohio ~~~ ~----------~-----------7-77- 
18,000 

Kaiser Aluminum & Chemical Gramercy,La —.~--»--------------------7-7-7 
50,000 

rp. . 

Pennwalt Corp _.---------- Calvert City, Ky ..-------------------------- 
25,000 © 

Stauffer ChemicalCo .__..... Houston, Tex --------------------------777> 
6,000 

Total... _.--- eee ee eee ee ene eee 330,000 

Source: Chemical Marketing Reporter. . | 

Hydrofluoric acid produced and sold total- | | 

ed 179,000 tons in 1977, compared with Flupre- Chemical Molecular | 

182,000 tons in 1976. An additional 90,000 No. name formula 

tons, valued at $45 million, was available  ————————— TOW _ 

i inci Mexi n Fll .__  Trichlorofluoromethane - - — CClsF 

“om ee principally f vom Flupric a - F12 __— Dichlorodifluoromethane __ CCleF2 

anada. Major end uses 0 y ro uoric acl F22 ___ Chlorodifluoromethane _.. CHCIF2 

were fluorocarbon production, aluminum) F113_-- | Trichlorotrifluoroethane —-— CCl2F-CCIF2 

production, petroleum alkylation, uranium Fll4_-_ _Dichlorotetrafluoroethane -- CCIF2-CCiFs 

enrichment, stainless steel pickling, | the 

production of fluorine compounds other — Fluorocarbon production was halted by 7 

than fluorocarbons, and miscellaneous uses. {Union Carbide Corp. at its Institute, W. Va., 

Production of fluorocarbons F111 and F12, plant due to economic considerations.* The 

decreased 13% to ie tons according to following table presents the leading pro- 

the U.S. International rade Commission. ucers of fluorocarbons and their estimated 

Data on production of other fluorocarbons capacities: 

were unavailable. The five most common 

fluorocarbons are listed below: 

Producer Plant location to pety 
ns per year 

Allied Chemical Corp ___----- Baton Rouge, La __ -----_-----~--------------- 

Denville, I]_.__..___.__--------------------
 \ 185,000 

Elizabeth, N.J .~.....----------------------- , 

El Segundo, Calif ____-__---_---------------- j 

DuPont Company._.._------ Antioch, Calif. --_-------------------------- 

Deepwater,NJ ~__------------------------- 

Louisville, Ky ___-.--____------------------- 250,000 
Montage, Mich ___-~------------------------ 

Corpus Christi, Tex _.____-------------------- 

Kaiser Aluminum & Chemical Gramercy,La ~-----~---------~-------------- 40,000 

rp. 
Pennwalt Corp ____-------- Calvert City, Ky _..__--_--------------------- 45,000 

Racon Corp ___..--------- Wichita, Kans -_-----~---------------------- 23,000 

Total._________-_-----------------------
------ 55-7 rrr 543,000 

___ Total. ~~ ----~- === non 
~ Sources: Chemical Marketing Reporter and Arthur D. Little, Inc.
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Using a revised model, the National Cen- minum fluoride and synthetic cryolite. Do- 
ter for Atmospheric Research estimated mestic production of primary aluminum in . 
that the amounts of fluorocarbons in the 1977 was 4,589,000 tons. An estimated 56 
atmosphere would destroy 1.2% of the pounds of hydrofluoric acid was consumed 
ozone. The revised model decreased the for each ton of aluminum produced. This | 
estimated damage of high-flying aircraft on amounted to about 127 000 tons of HF. 

| the ozone and increased the effect of An estimated 15,600 tons of uranium 
fluorocarbons.‘ oxide, U3;Os, (contained in ore) was convert- 

The Consumer Product Safety Commis- ed to uranium hexafluoride in 1977. This 
sion and the Food and Drug Administration conversion required an estimated 17,200 
(FDA) issued rules dealing with labeling tons of hydrofluoric acid. This relatively 
and data submission requirements for pro- minor demand should continue to grow in 
ducts making use of chlorofluorocarbons as parallel with the growth of nuclear power. 
propellants. FDA also announced its intent In summary, reported domestic fluorspar 
to prohibit use of chlorofluorocarbon propel- consumption decreased 9% to 1,162,000 tons 
lants in all products subject to the Federal in 1977. About 60% of this consumption was 
Food, Drug, and Cosmetic Act.5 Oregon acid-grade; the remainder was metal- 
became the first State to ban the sale of lurgical-grade. Raw steel production 
aerosols containing chlorofluorocarbons accounted for 46% of total fluorspar con- 
exempting propellants for medical products. sumed; hydrofluoric acid production re- _ Twenty other States were considering simi- quired 51%. The remaining 3% was used in 
lar bans.® | | | stainless steel pickling, uranium enrich- 
DuPont announced a 50% increase in ment, glass, pottery, and other end uses. 

_ capacity for manufacturing facilities for Supplementing the domestic supply of 
fluoroplastics. The new facility would be at fluorine was byproduct fluosilicic acid re- 
Parkersburg, W. Va. Two of the products covered from wet-process phosphoric acid 
directly affected were Teflon PFA fluorocar- plants. In 1977, about 43,000 tons of fluosi- 
bon resin and Tefzel fluoropolymer.’ licic acid was shipped. Almost 72% of the 

_ Six major companies—Aluminum Co. of | total shipments went to producers of 
America, Allied Chemical Corp., Kaiser Al- synthetic cryolite and aluminum fluoride 
uminum & Chemical Corp., Olin Corp., for aluminum production. The remainder 
Stauffer Chemical Co., and Reynolds Metals went to manufacturers of other fluorine 
Co.—accounted for most of the domestic compounds including those used in water 
production, from hydrofluoric acid, of alu- fluoridation plants. 

Table 4.—Reported domestic consumption of fluorspar in 1977, by end use and grade 
(Short tons) 

Containing more Containing not 
End use or product than 97% more than 97% Total . 

CaF 2 CaF2 Se 
Hydrofluoric acid ————_____ 592,229 Ww 592,229 Glass and fiber glass___.______________._ ss 5,702 3,972 9,674 Enamel and pottery —~---- WwW 1,234 1,234 Welding rod coatings-_______.._____________.___ 686 1,948 2,634 Primary aluminum and magnesium ________________. 333 161 494 Iron and steel castings_____._._._.________________ _ 15,357 15,357 Open hearth furnaces _________.________________ -_ 84,980 84,980 Basic oxygen furnaces __________________________ —_ 369,217 369,217 Electric furnaces —.-.____.__._.______________ 3,813 77,114 80,927 Other uses or products____________________.______ 688 4,902 5,590 902590 

Total__________-- 603,451 558,885 1,162,336 Stocks, Dec. 31, 1977 —~--- ee 74,252 152,068 226,320 Stocks, Dec. 31,1976 _-___._ = 66,641 211,142 277,783 
. W Withheld to avoid disclosing company proprietary data; included with “Other uses or products.” 

| STOCKS 

Yearend stocks of U.S. producers totaled decrease from the 1976 figure. Metal- 12,300 tons of finished fluorspar. Acid- lurgical-grade material increased 41% to grade fluorspar totaled 4,100 tons, a 55% 8,200 tons. Yearend domestic consum-
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er stocks decreased by 19% to 226,000 tons. metallurgical-grade fluorspar and 117,000 

The General Services Administration Gov- tons of non-stockpile-grade metallurgical 

ernment stockpile inventory remained at  fluorspar. | 

896,000 tons of acid-spar, 295,000 tons of | 

PRICES | 

Domestic fluorspar prices, f.o.b. Illinois- for fluorocarbon refrigerants sold to origi- 

Kentucky, as reported in Engineering and nal equipment manufacturers. The yearend 

Mining Journal, remained level during the prices of bulk Freon 11 and 12 were 39 cents 

‘year. The only change from 1976 occurred and 43 cents per pound, respectively. Other 

in quotations on offshore-imported acid- yearend Freon prices, in cents per pound, 

grade fluorspar which dropped to $97 -$102 were Freon 22, 61; Freon 118, 56; Freon 114, 

per ton from $102.50-$105.00, c.i.f. U.S. port. 62; Freon 500, 67; and Freon 502, 124.8 

DuPont announced an increase in prices | , 

Table 5.—Prices of domestic and imported fluorspar — 

(Dollars per short ton) 
NNN 

. 1976 1977 

Domestic, f.o.b. Illinois-Kentucky: . | 

Metallurgical: 70% effective CaF 2 briquets _ ---—-~-~------------- 83- 91 83- 91 

Ceramic, variable calcite and silica: 

88% to 90% CaFe __-_____--_--------------------------- 90-100 90-100 © 

95% to 96% CaFp ________-_-__----------------------- 95-106 95-106 

97% CaFo________-_-_-_--_-~_------------------------ 100-115 100-115 

' Acid, dry basis, 97% CaF 2: 
Carloads __________-_-----~----------------------- 95-115 95-115 

88% effective CaF2 briquets_ __ __---_---------------------- 111 111 

European and South African:’ Acid, term contracts _ -___~~------------- 102.50-105.00 97-102 

Mexican:? 
Metallurgical: 

10% effective CaF, f.o.b. vessel, Tampico. __.—---~--~--~----------+ 65.52 65.52 

10% effective CaFo, f.o.b. cars, Mexican border ~~ ——-------~-------- 62.92 62.92 

Acid, bulk: 97% +, Mexican border ___ __---------------------- 79.38 79.38 ° 
__ Acid, bulk: 97% +, Mexican border ~~ ~~ ~~ ~~~ 7777p | 

1C.if. east coast, Great Lakes, and Gulf ports. | | 

2U.S. import duty, insurance, and freight not included. 

Source: Engineering and Mining Journal, December 197 6 and 1977. 

FOREIGN TRADE 

A total of about 7,000 tons of fluorspar Table 6.—U.S. exports of fluorspar 

was exported in 1977, mainly to Canada. ne TENT 

U.S. imports of fluorspar increased 9% to ‘Year and country Quantity Value 

971,300 tons in 1977. Mexico supplied 59% tons) 

of the total, followed by the Republic of 1974 5847 $815,852 

7 South Africa with 20% and Spain with 11%. 1975 Wee 1,384 283,602 

Of the total, 61% was acid-grade and the | ~~ ----------------__ 4923 768,787 

remainder was metallurgical-grade. U.S. 1977: 

imports of cryolite increased 4% to 12,000 Be 277 TT TTT 77 8 1884 

tons valued at $5 million. Japan and Den- Canada - — Rogublig 7772777 5,691 7 59,926 

mark supplied 66% and 20%, respectively. Mexico __ - nn 311 31,653 

Imports of 70% hydrofluoric acid increased Pte eeeieeuee of --- 21 res 

5% to 90,000 tons valued at $45 million. Venezuela ____________ 343 68,827 

Mexico and Canada were the leading source Total... 6642 975,435 

countries. 
nn
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| Table 7.—U.S. imports for consumption of fluorspar, by country and customs district ; 

| 1976 1977 
rarer Value Value Country and customs district Quantity (thousands) Quantity , (thousands) 

__Ghort tons) Come Gi RO Customs Cit 
_ CONTAINING MORE THAN 97 % CALCIUM FLUORIDE 

Canada: Galveston _________ __ 77 $6 $6 _— __ __ France:Cleveland _____.__ ss. 7,720 556 734 _- an _— . | eeeeeeeeeekesgQoaeaaoaoooQooooSE___ Italy: 
Galveston ~-- eee 49,510 3,765 4,194 54,323 $4,208 $4,745 New Orleans _.__________ 7,854 635 714 ae -- ao 

Total. ~~ 57,364 4,400 4,908 54,323 4,208 4,745 OO -——eeeeeeeeeeeeeeeeeeeEEEEEyy__z_z Kenya: 
. Detroit _._-.-..-~-______ 15,056 . 656 918 18,708 1,092 1,393 Houston ____~ = 6,366 398. 495 -- _- _- 

Total___..22 2 . 21,422 1,054 1,413 18,708 1,092 1,393 
Mexico: . 

El Paso __-________ 88,910 4,947 7,429 91,756 5,219 7,671 Galveston -_-________ _- _- _- 46 3 . 3 Laredo __-_____ 212,310 15,358 15,703. 192,154 14,180 14,700 New Orleans ____________ 4,334 339 372 _- _— — 
Total. 305,554 20,644 23,504 283,956 19,402 22,374 Morocco: Philadelphia... _ _ _ _ -- -- -- | 5,952 - 486 545 

. ° . 

nen South Africa, Republic of: ; a . 
Detroit _--_. 8,489 567 723 _- —- _- Laredo __-____________ 4,874 283 366 20,613 1,171 1,851 New Orleans ____________ 74,918 4,544 5,454 118,918 _ 1,541 9,268 Philadelphia___._________ -- _~ a _ 1,982 122 _ 167 

Total... 2 88,281 5,394 | 6,543 141,513 8,834 11,286 ; SSsS8S8S8S90$0.0.a eg : Spain: 
Cleveland _.-_________ 21,108 1,511 2,005 46,141 3,275 4,207 Houston __._______ 28,505 2,157 3,014 17,769 1,343 1,564 New Orleans ______ 9,941 836 1,031 __ _— __ Philadelphia._._________ 16,354 1,407 1,611 16,105 1,693 1,768 a ee a a 

Total __- ~~ 75,908 5,911 7,661 80,015 6,311 7,539 Taiwan: Houston __________ - 6,943 515 520 _— _— _— Thailand: New Orleans ______ __ 27,945 1,330 1,771 9,271 515 727 
Grand total ___________ 591,214 39,810 47,060 593,738 40,848 48,609 

CONTAINING NOT MORE THAN 97% CALCIUM FLUORIDE 
Brazil: New York _.-..-______ st 2. 1 1 _- _- ~- Canada: Detroit_____________ 43 4 2 7 -- _- Colombia: Laredo ____________ _- _ _- 455 29 29 . Tle 

Mexico: 
, Baltimore ______________ _- —_ _- 4,653 805 366 Buffalo _-._.._.0___ 20,366 1,248 1,425 25,525 1,417 1,736 El Paso ~._--___ 14,270 505 504 36,880 1,123 1,122 Laredo _-____________ 196,583 9,945 10,029 222,865 10,784 _ 10,789 New Orleans __._________ _ _— oe 57 4 4 Philadelphia_____..._____ 7,986 729 868 3,866 256 297  pggonk aaa Total __-_-~___-_______ 239,205 12,427 12,826 293,846 13,889 14,314 South Africa, Republic of: 

New Orleans _____________ 34,020 1,804 2,334 53,792 3,249 4,046 ——_—_——— EAD 4,046 
Spain: 

Baltimore ______________ 23,330 1,894 2,007 23,632 1,853 1,973 Philadelphia_____________ 7,440 640 _ 651 5,892 428 486 —-——_— OO 486 | | Total ~~ 30,770 2,534 2,658 29,524 2,283 2,459 ———_—_—_———— 28S 2,459 Grand total___________ 304,040 = 16,770 17,821 377,617 19,450 20,848
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Table 8.—U. S. imports for consumption of 70% hydrofluoric acid 

: } ———-1976 | 1977 i 

. 
V 

Country Quantity (thousands) Quantity (thousands) | 
(short tons) —————--—_ ‘short tons) ————— 

Customs Cif. Customs Cif. 

| Canada _________--------- 36,675 $17,041 $17,170 30,793 $15,336 $15,225 

Germany, Federal Republic of — — -- _— __ __ (*) (*) ~ ) 

Japan ______------------- 105 49 63 _- -- -- 

Mexico _________--------- 48,672 23,712 23,724 58,846. 29,249 29,303 | 

. United Kingdom __-_-------- 78 33 43 416 192 275 

Total _______--_------ 85,580 40,835 41,000 90,055 44,777 44,803 

1 Leas than 1/2 unit. | | | | 

| Table 9.—U.S. imports for consumption of cryolite' a 

: . tit . - Value 

Year and country | short 4 (thousands) | | 

| tons) Customs Cif. 

974 ene een nn en---- FP $6,969 $8,209 
1915 2. en ee 22,120 9,058 10,555 

1976 ________-__--_--_----------=--+-------------- 
11325 4,329 . 5,186 . - 

1977: | | 
| 

Canada __________-_------------------------------ 
508 218 232 

China, People’s Republic of ____ _------------------------~- 220 68 91 . 

Denmark ____._______-------------------------
7-77777 2,308 1,020 1,168 

Germany, Federal Republic of — ___------------------------ 83 36 43 

Greenland __________-------------------------7-
-7-7-7- 31 20 24 

Hong Kong. ___ -_-- --- - ---------------------777-777-7 276 140 85 

Italy_______-_---------------~------------7 
7-7-7 7777 601 228 — 241 

Japan_______-__---~-----------------=-----
-575-7 7,727 2,538 - 3,111 

Mexico _____________-------------------------0777
7 3 1 1 . 

Netherlands____._____-_-----------------------
--7-77- 16 9 10 

Tainan te  ------  t! 

. Total. _________-_----------------------------- 11,776 4,279 5,007 

10nly the material from Denmark is natural cryolite. All other material is synthetic. 

: WORLD REVIEW oe 

World production of fluorspar was Mexico.—Pennwalt Corp. notified the 

5,148,081 tons, an increase of 4%. Mexico Mexican Government that it intends to 

remained the leading producer with 20% of close its Villa de Zaragoza fluorite mine. 

| world production, followed by the U.S.S.R., Mining operations had weakened the hill in 

Spain, France, and the Republic of South which the mine was located. Cracks appear- 

Africa in order of volume. ed around the mouth of the mine causing a 

Canada.—Alcan Smelters and Chemicals safety hazard.’ 

Ltd. closed its fluorspar mining operations Pakistan.—The Baluchistan Develop- 

, near St. Lawrence, Newfoundland, in the ment Authority completed a report on : 

fall of 1977. The company, which had mined fluorite deposits at Dilband in the Kalat 

fluorspar in this area for 35 years, claimed District. The metallurgical-grade fluorspar 

that changing world fluorspar market con- could feed the Karachi steel mills at a rate | 

ditions caused the operations to be un- of about 4,000 tons per year. Plans also 

economical.® called for exports of about 1,000 tons per 

The Canadian Department of the Envi- year.” 

ronment decided to gradually phase out the South Africa, Republic of.—The fluor- 

use of Fll and F12 fluorocarbons for all spar industry experienced a substantial in- 

nonessential uses. The aerosol industry a- crease in production. Local sales dropped 

greed to cut its fluorocarbon use in half by for all grades of fluorspar. Exports increas- 

the end of 1977.’° ed 25% to 285,000 tons with acid and
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metallurgical grades experiencing gains of United Kingdom.—The British Steel Cor- 
30% and 180%, respectively, over those of poration let a contract for the construction 

the preceding year. These gains were par- of a fluorspar-processing plant at Weardale, | 
tially offset by a 58% decrease in exports of County Durham. The plant was to produce 
ceramic-grade material. Fluorspar reserves 90% CaF: briquets at a rate of 14 tons per © 
were estimated to be 118 million tons with hour. The plant was due onstream by mid- 
an average grade of 25% CaF... | 1979. Ore would be furnished by British 
Thailand.—A decline in exports and in- Steel’s fluorspar mines in Weardale, and 

creased production costs have forced about the products would be consumed in its 
200 Thai fluorspar mines to close..The various steelmaking plants." © | : 
U.S.S.R. stopped purchasing Thai fluorspar ‘Dresser Minerals International Div., 
because Thai exporters would not accept Dresser Industries, Inc. purchased the Hop- 
the requirement that they buy Soviet goods ton Works fluorspar-processing plant. The 
in return. Sales to Japan decreased.* ~. beneficiation plant was renamed the Ryder 

- The largest fluorspar producer is Univer- Point plant and has.a.capacity of 80,000 
sal Mining Co. Ltd. It had several mines, tons per year of acid-grade fluorspar filter 
mainly in the northern regions of the coun- cake. Byproduct barite was to be used in 
try, and operated a heavy-media separation drilling muds. Dresser is undertaking an 
plant at Ban Pa Plu, Laurphun Province, exploration and'development program aim- 
with a capacity of 60,000 tons per year of ed at securing more captive sources of high- | 
metallurgical-grade fluorspar.1® grade ore..7.*  — | a
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Table 10.—Fluorspar: World production, by country 

(Short tons) 

2 Country! and grade? 1975 1976 1977? | 

North America: 
Canada, acid grade? _-_________________»_______~------ 70,500 66,100 44,100 

Mexico: * . ; . 
Acid grade______________~--_-----------~----~----- 720,128 320,134 460,344 
Ceramic grade _______________-~-~~---~-~~-~-~--~-~-~-+-+--- _- 28,107 36,124 
Metallurgical grade ____________________----_-------- 480,085 411,798 496,483 
Unspecified. ____________~~~-----~-~----~-~--~--~-~-+-+-+-+-+ _- 346,297 59,826 

Total_____________----------------- 1,200,218 1,106,886 1,052,777 

United States (shipments): 
Acid grade. 2 5 56,944 116,300 100,605 
Metallurgical grade ________________------_---~---~--~-~-- 82,969 71,970 68,884 

Total.__-____________ ee 139,913 188,270 169,489 

South America: 
Argentina: — 
Acid grade® ___-___-_-__ eee + 12,566 13,253 14,707 
Metallurgical grade® _______________ ee 29,321 30,924 34,316 

Total... 5-5 5 5 ee eee 41,887 44,177 49,023 

Brazil, grade unspecified:® | . 

Direct shipping ore (sales) ____._______________________ 67 /e. | | 
f €33,000 

Beneficiated product (output) ________________-~--~----+--- 70,459 . 84,287 

Total. ___________~_~~__~~---~- ee 70,526 34,348 €33,000 
Uruguay, grade unspecified_ ___._______.---_---_---------~- 72 55 ©55 

Europe: - 
Czechoslovakia:® * 

Acid grade. $$ >§ -§ 5 -§ > ee 50,000 .  §0,000 50,000 
Metallurgical grade -..-. 2.222 50,000 50,000 50,000 

Total.___________________-_- ee 100,000 100,000 100,000 

France:® | 
Acid and ceramic grades ________.~-_-__-___--~~-~~-~~~~--~- ©194,000 €212,000 { 

40,855 
Metallurgical grade____________________-____________- €157,000  °179,000 $ | 

Total. _-.._-_-_-__________ Le 351,000 €391,000 407,855 

German Democratic Republic:* * 
Acid grade_____§__ > 25,000 25,000 27,600 
Metallurgical grade. $$ _-_ $5 5 7 ee Le 75,000 75,000 82,400 

Total.__________________- eee 100,000 100,000 110,000 | 

Germany, Federal Republic of (marketable):3 
Acid grade®____-_ = LLL; 74,051 63,701 67,488 
Metallurgical grade® _~_-_§_- §_ 5 5 5 5 LLL 8,228 7,078 7,499 

Total.__________~ ee 82,279 70,779 74,987 
Greece, grade unspecified_______________~-~____________ Le 1,102 ©1100 551 

Italy: 
Acid grade____§ __$ -§ _- _-§ 5 LLL 227,280 192,222 158,000 
Ceramic grade ____________-____~~-~_~-~-~_~~~~___ — 9,205 14,544 
Metallurgical grade ____ ___-________~_~__~ ~~~ 27,633 29,983 32,209 

Total. ___________________ ~~ Le 254,913 231,410 204,753 
Romania, metallurgical grade® 7 _~____§___________ 17,000 17,000 22,000 

Spain: 
Acid grade_______~-------~~-----~-----~---~------~--- 270,713 244,687 231,305 
Metallurgical grade ______________------------~-~~--~_- 67,496 70,191 208,488 

Total. _.______------------------------------- 338,209 314,878 439,793 

Sweden:? 
Acid grade®___________________~_~__------~---_--- 2,065 2,015 1,213 
Metallurgical grade ___________________~_~-~__~_--~____- 1,689 1,649 992 

Total_________________-____-~__--_---------__- 3,754 3,664 2,205 

See footnotes at end of table.
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| Table 10.—Fluorspar: World production, by country —Continued 

(Short tons) 
eget rrr ee eS SSS SS hs Ss SS SS SS SS SS 

Country! and grade? 1975 1976 1977" 

Europe —Continued 

U.S.S.R.:° 3 . 
Acid grade... 5 5 5 eee 250,000 260,000 265,000 

Metallurgical grade ~~ __2~~2222 222722222 270,000 280,000 287,000 ; 

Total. _____.______.- eee 520,000 540,000 552,000 

United Kingdom:’ 
Acid grade___.__________________--_-_-+------~--+- 140,000 148,000 | 

Metallurgical and ceramic grades. _________..-_..-.------ ™35,270 36,380 , 220,000 
Unspecified ._____________--__-_----------------- 93°76 55,100 

Total... _________________----~--~-+--+ ¥259,046 239,480 220,000 
Africa: 
Egypt, grade unspecified _________-_-_----------------- 2,607 1,716 1,548 

Kenya: . 
Acid grade__.____------------------------------- 3 | j 116,575 

‘ 82,703 - 
Metallurgical grade _____________-_-_____-_----_----- T 354 193 1 20,112 

- Total. _-_--_---____ eee eee + 54,193 82,703 136,687 | 
Morocco, grade unspecified... ____.__-__---------------- 52,273 56,714 44,100 
Rhodesia, Southern, metallurgical grade® ? _________._..------- 200 220 220 

South Africa, Republic of: 
Acid grade. 5 5 ee eee 189,895 232,449 258,656 
Ceramic grade _______ ~~~. -_-~-~-------~~----~---+- 11,347 43,543 — 12,378 
Metallurgical grade __ . __________-_---~-------+-+--+-+- 22,067 44,469 55,523 

- Total. ~~ -_-____ eee 223,309 320,461 386,557 
Tunisia, acid grade____. _..______-----_----~--~--~--+--+- 37,387 38,030 31,809 
Zambia, grade unspecified ____..._______------------.--- “110 3 "10 

Asia: 
China, People’s Republic of, metallurgical grade® > _~____________- 385,000 385,000 385,000 

India: : 
Acid grade. ____...---- ~~ eee +--+ 5,469 10,712 9,920 
Metallurgical grade _____.__.-_.--__--_------------- 5,794 - 4,708 7,500 

Total... _-_-_. ~~~ eee eee 11,263 15,420 ©17,420 
Korea, North, metallurgical grade® ?____.....-_...____------- 33,000 33,000 = 44,000 
Korea, Republic of, metallurgical grade _.___-.--__.--------- 31,191 22,344 14,309 
Mongolia, metallurgical grade® ? ~._.._________-...-------- 333,000 333,000 352,700 . 

. Pakistan, grade unspecified... _.___--_-------~--------+-- 12 11 ©22 

- ‘Thailand: | 
Acid grade_______-._.---~-----~--~------------~--- ™77,246 49,886 32,286 
Metallurgical grade ______.._..-.--~----------------- 192,814 141,679 213,093 

oo Total... ee F270,060 191,565 245,379 
Turkey, metallurgical grade ___._____----------.-------- 1,549 F €3 300 5,732 

Grand total. ___________~_-__------------------- T 4,985,568 4,932,084 5,148,081 

€Estimate. Preliminary. "Revised. NA Not available. 
1In addition to the countries listed, Bulgaria is believed to have produced fluorspar, but production is not officially 

reported, and available information is inadequate for the formulation of reliable output-level estimates. 
2An effort has been made to subdivide production of all countries by grade (acid, ceramic, and/or metallurgical). 

Where the subdivision is available in offical reports of the subject country, the data have been entered without qualifying 
notes; where a secondary source has been used to subdivide production by grade, the source of the information for this 
subdivision has been identified by footnote. Where no basis for subdivision is available, the country entry has been 
identified with the notation “grade unspecified.” 

SInformation on grade obtained from Bundesanstalt Fiir Bodenforschung Hannover and Deutsches Institut Fiir 
Virtechaftsforschung Berlin. Untersuchungen iiber Angebot und Nachfrage Mineralischer Rohstoffe IV. Flusspat, 

arc , p. 39. 
“Totals for all years are reported production for all grades of fluorspar; acid-grade and metallurgical-grade output for 

1975 also represent output as reported. Data by grade for 1976 and 1977 are exports and local sales as listed by Instituto 
Mexicano de la Fluorita (Mexican Fluorspar Institute). Metallurgical-grade fluorspar includes material listed as 
submetallurgical in nature, while unspecified material represents the difference between reported exports and 
production, and as such, is presumably indicative of additions to or deletions from stocks. 

5Official Brazilian sources list crude ore mined as follows in short tons: 1975—120,346; 1976—54,540; 1977—-NA. 
®Data for 1975 and 1976 are marketed production estimated from domestic consumption and trade data; it does not 

take into account changes in stocks. Total run-of-mine production (direct-shipping ore plus ore destined for concentration) 
was as follows in short tons: 1975—805,000; 1976—744,000; and 1977—NA. 

7Includes material recovered from lead-zinc mine dumps. 
®Acid-grade material listed for Thailand is beneficiated product resulting from proceasing of reported low-grade 

material; metallurgical-grade material is run-of-mine material reported under the term “high-grade.” Recorded 
production of low-grade material was as follows, in short tons: 1975—122,611; 1976—79,184; 1977—51 246
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Table 11.—Fluorspar: World trade! by source and destination, 1976 
. (Short tons) 

. Destination . 

Bel- Ger- , 

Source Aus- Aus- _— gium- Can- many; Nether- 
tralia? ria Luxem- ada France Federal Italy Japan lands* Republic 

bourg | of 

Argentina _____ NA _- _- _- -- _— _- __ __ 
Austria ______ NA XX _- _- _- _- _- _- -- 
Belgium- . 

Luxembourg* __ NA _- XX __ _- _- __ __ _- 
Brazil ________ NA -- -— _- -- _- _— _— __ 
Canada _______ _— —_ — XX _- -_- -- -- _- 
China, People’s 

_ Republicof —__ NA __ 5,526 _- 105 —_ 2,152 129,097 _— 
_ France _______ NA 768 7,636 a XX 2,771 5,804 __ 647 

German Demorratic 
Republic ___ __ NA _ 9,209 3,207 _- _- -- _- _- -- 

Germany, Federal 
Republic of ___ NA _ 5,550 _— __ 1,343 XX _— —_ 313 

Italy _.._-_____ NA 406 — _- 276 31,801 XxX _— 1 
Kenya _______ NA __ _— __ __ 7,870 -- 42,392 — 
Korea, North __ — NA -_- _- _— _- _- ne 662 _— 
Korea, Republic of NA. __ __ —_ a _— _— 6,801 — 
Mexico _______ NA _— —- 68,555 -- -- 18,522 _- _- 
Mongolia ____—_ _ NA _- So _— _- _— _— -- _— 
Morocco ______ NA a _- 10,010 — 11,043 6,063 — _— 
Mozambique __ —— NA -- _— -- -- ae _- -~ on -- 
Netherlands* ___ NA __ _- __ _- __ _- __ XX 
South Africa, 

Republic of __— NA — oe — __ 6,617 __ 109,607 _- 
Spain ________ NA _- _- 58,357 So 34,513 4,716 — _- 
Sweden _______ NA. _- -- -- _- -- _— __ _— 
Switzerland* ____ NA 165. __ _- -- _- -- _- _- 
Thailand ______ - NA _- — _- — __ . 184,055 _- 
Tunisia _______ NA _— _— __ _- oe 9,061 a — 
Turkey _______ NA — _— — _— _— _ _— __ 
United Kingdom _ NA _- 584 2,301 355 12,777 —- — a 
United States ___ NA _- _- 12,135 _— _- _- _- -- 
Unspecified 

and other ____ 33,000 6 908 _- 293 125,272 . 84 _— 28,200 

Total _____ 33,000 16,104 17,861 151,358 2,372 232,664 46,402 422,614 29,161 

Destination __ recnts Total 
-_— NT ee LL ; re- “ 

Nor- Po- Swe- United" Yugo- 5 bylisted Qo -ded 
way land den USSR. States slavia Other coun- exports 

tries 

Argentina _____ __ _- _- NA —_ __ _- _- NA 
Austriat ______ _— — —_ NA a 191 __ 191 _— 
Belgium- 
Luxembourg‘ __ _- __ __ NA __ __ _- __ 926 

Brazil ~~~ ____ _— -- _- NA 2 _- _- 2 224 
Canada _______ _- _- -- NA 120 _- _- 120 — 
China, People’s ; 

Republic of ___ 556 ~=—-6,004 6,142 NA — —_ 72 149,654 °155,000 
France _______ _- _- 7,754 NA 7,719 662 2,993 36,754 101,841 
German Democratic 

Republic _____ 855 21,835 2,249 NA — 3,237 463 41,055  ©41,000 
Germany, Federal 

Republic of ___ 8,921 -- 22 NA —_ 2,013 1,107 19,269 15,959 
Italy _________ 3,114 _- 33 NA 57,364 «8&8 4,623 97,706 115,312 
Kenya _______ _- — _— NA 21,422 a a 71,684 99,720 
Korea, North ___ __ __ __ NA __ __ __ 662 "660 
‘Korea, Republic of __ — _— NA — __ 301 7,102 7,283 
Mexico ______- _- _- _- NA 544,758 __ __ 681,885 °685,000 
Mongolia ______ —_ _- _- NA __ __ __ NA NA 
Morocco ______ 2,687 _- ~- NA —_ —_ —_ 29,803 30,366 
Mozambique ---- -- -- -- . NA _- _- _- NA NA 

etherlands ____ -- -- -- A -- _- 1,155 1,155 39 
South Africa, 9 

Republic of ___ _- — 80 NA 122,301 _— _. 238,605  °245,000 
Spain _______- 5,744 __ —— NA 106,678 -- 6,081 216,089 249,315 
Sweden _______ _- -- XX NA — __ 582 582 - 718 
Switzerland‘ ____ —_ _- __ NA __ __ __ 165 £990 
Thailand ______ _. 11,602 __ NA = 27,945 _- 13,780 187,882 313,372 
Tunisia _____ ~~ a ~- NA _- _- __ 9,061 £18,376 

Turkey — ele _- _- _- NA _- _- _. NA NA 
United Kingdom _ 20,346 _- 220 NA — — 1,383 37,966 38,084 

See footnotes at end of table.
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Table 11.—Fluorspar: World trade’ by source and destination, 1976 —Continued 
(Short tons) 

ee 

Destination . recnts Total 
Source Nor Po Swe aan United Yugo ce obylisted «= TE - go- 5 corded way land den USSR. States slavia Other ‘ries exports ee 

| United States se _- _- oe NA XX _- 380 =: 12,515 4,923 nspecifi 
. and other ____ 1 14,074 94 *550,000 6,942 1 4,765 763,640 NA __ OO ES __ CUWNA 

Total ___.__ | 42,224 58,515 16,594 “550,000 895,251 6,192 37,685 2,552,997 2,073,698 ER 

“Estimate. NA Notavailable. XX Not applicable. 
1Compiled from official import data of listed countries of destination except where otherwise Specified by footnote; figures in total receipts by listed countries column are simply summations of reported imports for all listed destinations, in contrast to figures in total recorded exports column which are either (1) actual reported exports of listed source countries or (2) estimates of total exports. Differences between these two columns are attributed to (1) time lag between date of shipment and date of receipt, (2) concealment policies of some countries, and (3) reshipment of material by intermediate countries which may be credited as the origin in the trade returns of the final destination countries. Official import statistics not available but assumed to be similar to previous years’ level. 5Excludes imports from Belgium-Luxembourg. 
“No recorded production of fluorspar; exports are generally derived from imported materials. >Data compiled from official import statistics of 10 nations and export statistics of 6 significant producing nations, the latter to determine apparent imports for 13 other countries for which official fluorspar import figures are not available. Nations reporting imports and total recorded imports for each are as follows in short tons: Algeria—130; Denmark— 4,375; Finland—4,161; India—4,478; Ireland—33; Spain —63; Thailand—125; the United Kingdom—22. Nations for which apparent imports have been derived and apparent imports for each are as follows in short tons: Brazil—36; Czechoslovakia—2,286; Greece—1,928; Hungary—672; Indonesia—198; Korea (Republic of)—8,598; Malaysia—438; Mexico—332; Philippines—779; Portugal—1,268; Romania—-3,591, Taiwan—4,068; Venezuela—53; Zaire—39. ®Includes fluorspar as well as any feldspar, nepheline and/or nepheline syenite exported. 

TECHNOLOGY 

| Power Reactor and Nuclear Fuel Develop-__ electrical resistance must be coupled with ment Corp. developed a process to produce high strength. These plastics were finding 
UF, from uranium ore using a simple wet- __ their way into many new areas such as processing technique. The UF, could be automobile gaskets, vascular grafts, and as) obtained by electrolytic reduction and hy- separators in fuel cells. Fluorocarbon coat- 
drofluorination of the ore through the fol- ings have been shown to provide increased lowing steps: (1) ore, (2) pregnant liquor, (3) Protection against corrosion in SO, scrub- 
solvent extraction, (4) chloride conversion, ers and power plant chimneys. A 3-year (5) electrolytic reduction, (6) hydrofluorina- study in the United Kingdom showed that a tion and precipitation, and (7) drying and hat ae ree oxe000 from Colebrand, dehydration. Conventional fluorination 4: off ts of provecte a TL e North techniques could then be used to upgrade ‘Arce etlec li oF Su f T CXL2000 . P jin the UF, to UF.. The process has the advan- Kelloze Co iwenser OF 18 Fulman tage of eliminating intermediate products BE 0. 
such as yellow cake. The production of the i physical scientist, Division of Nonmetallic Minerals. UF, could be carried out under relatively *Skillings’ Mining Review. Frontier Breaks Ground for low-temperature and pressure conditions, Fluorspar-Zinc Mine. V. 66, No. 29, July 16, 1977, p.6. . : Chemical & Engineering News. Business Concentrates. Costs should be lower since the equipment V. 55, No. 33, Aug. 15, 1977, p. 8. : . 

Science News. Prediction of Ozone Loss Down, and Up. 
is operated at low temperature and the V. 111, No. 24, June 24, 197 te Pp 
overall process is simplified.** "Federal Register. V. 42, No. 83, Apr. 29, 1977, part IV, ' _ pp. . A new thermoplastic fluorocarbon coat Federal Register, V. 42, No. 164, Aug. 24, 1977, part IV, ing that remains unharmed at 500° F was Pp. 42780-42784. 
announced by DuPont. The coatings, pro- Nos Marana Science & Technology. Currents. V. 11, duced by a powder called Teflon P, are inert "Chemical Marketing Reporter. Fluoroplastics Expan- to almost all chemicals.’ Fluoroplastics had sion, is, the Biggest for DuPont. V. 211, No. 5, June 31, 1977, : . PP. 9, 42. become a growing sector of the plastics pec hemical Week. Market Newsletter. V. 121, No. 24, : : . 14, » p. 38. market. Fluoroplastics are well suited for *Northern Miner. Newfoundland Fluorspar Mines Will applications where thermal, chemical, and Close Next Year. V. 68, No. 20, July 28, 1977. p. 18. .
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ee 
land. No. 117, June 1977, pp. 22-25. 

10&yropean Chemical News. Technology. V. 30, No. 273, 16{ndustrial Minerals. New Fluorspar Plant for Wear- 

Feb. 11, 1977, p. 27. : dale. No. 120, September 1977, p. 12. 

Industrial Minerals. Company News and Mineral 17Industrial Minerals. Ryder Point (ex. Hopton) Fluor- 

Notes No. 118, July P. OB. se Development. V, 289,  SPax,No. 122, November 1977, p. 13. 

No.7 402, July L 1977, p. 12. wort velopmen'. vem 18Asia Mining. New Uranium Ore Refining Technology. 

131J.§. Embassy, Johannesburg. State Department Air- V. 10, No. 2, February 1977, pp. 55-57. . 

gram A-05, Jan. 27, 1978, p. 34. Materials Engineering. Fluorocarbon Coating Stays 

14I dustrial Minerals. Company News and Mineral Tough at 500° F. V. 85, No. 4, p. 30. 

Notes. No. 112, January 1977, p. 44. 20Chemical & Engineering News. Concentrates. V. 58, 

15Tndustrial Minerals. The Industrial Minerals of Thai- _—No. 12, Mar. 21, 1977, p. 20.



Galli 

By Benjamin Petkof: 

The domestic gallium industry continued sumption were not available. Gallium was 
to provide the major portion of U.'S.demand consumed for the production of various 
for the metal as imports declined greatly in gallium compounds used to produce elec- 
1977. Data on world production and con- tronic devices. 

Table 1.—Salient gallium statistics | 
in the United States | - | 

(Kilograms) oo 

| ; 1974 1975 1976 1977 

Production _—___ Ww WwW WwW NA 
Imports for 

consumption _. 6,536 6,830 4,920 2,884 
Consumption ___ 6,989 7,493 8880 8789 
Price per . 

kilogram _____ — $750 $750-$800 $750-$800 $500-$600 

NA Not available. W Withheld to avoid disclosing 
individual company confidential data. | 

| DOMESTIC PRODUCTION 

The Aluminum Co. of America, using trichloride from zinc production residues at 
proprietary technology at its Bauxite, Ark., its Quapaw, Okla., facility. Production data 
alumina plant, recovered gallium as a co- are not available. Based on consumption 
product from residues of its alumina pro- and imports data, output was about the 
duction process. Eagle-Picher Industries, same as in 1975 and 1976. 
Inc., produced gallium metal, oxide, and 

CONSUMPTION 

Total domestic gallium consumption was used to manufacture electronic devices | 
decreased 1% from that of 1976. The quan- that required high-purity gallium metal. 
tity consumed for electronics decreased 3%, Intermetallic gallium compounds such as 
and that for research and development arsenide, phosphide, and arsenide-phos- 
increased 25%. The quantity used for dental phide were also used to manufacture semi- 
alloys increased slightly; unspecified uses conductor devices. Gallium oxide was used 
remained unchanged. Most of the gallium _ for the preparation of phosphors. 

413
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) Table 2.—Consumption of gallium, 
| "  - by end use. - | 

: mo (Kilograms) 

: - a Enduse 1976 1977 | - 

Alloys!__---_2+-----_- 4 4 
Electronics? _..__....___. . 8,210 7,965 
Research and development —_ _ _ — 609 763 
Unspecified uses oe eee eee 57 57 

 ‘Totals__---=--------- 8,880 8,789 

. Specialty alloys. . . | 
2Light-emitting diodes, semiconductors, and other 

electronic devices. os oe } 

: | Table 3.—Stocks, receipts, and consumption of gallium | 

: “.. (Kilograms) ss 

: Purity . Beginning "Receipts -. - Consumption Ending 

| 1976: re - 
97.0%-99.9%-.----------------- > 9 | 3 6 6 

| 99.99% _____------------------ |... 8 | 1 29 

99.999% ______---------------- 3 . 68 60 11 
99.9999%-99.99999% _..._.--------- | 912 «9575 8,813 1,674 

Total ...--------------e-e-- MT AT 8,880 31,694 
en | 

1977: “4 a oo - 
| 97.0%-99.9%_.------------------ . 6 6 “ “4 8 

99.99% __._------------------- ~ 33 re | 2 9 

99.999% ___________----------- Wo 62 61 13 
99.9999%-99.99999% ...__---------- 1,674 8,563 8,722 1,515 | 

Total __._.__.--------------- 1,694 38.639 8,789 1,545 
. . _ . — . hs ei 

1Consumers only. . a te . 

2Ending stocks for 1976 do not equal 1977 beginning stocks because of reported beginning stock adjustments. 

SData do not add to total shown because of independent rounding. = = | oe 

General acceptance by the public of var- electricity and further development of fiber- 

ious electronic devices using gallium-based optic light transmission cables that are 

components helped sustain gallium. de- actuated by gallium-based "light-emitting 

mand. Continued interest in the develop- diodes may stimulate demand.for gallium 

ment of gallium-based direct solar energy and-gallium compounds in the‘near future. 

conversion cells for the production of — + Co, 

6 STOCKS | 

Consumer stocks of gallium metal at purity grades, shown in table 3, decreased 

yearend 1977, both commercial and high- 9% from beginning stocks. -- 

| PRICES , 

Gallium prices are not formally reported of 99.999% purity at $750 to $800 per kilo in 

and are subject to negotiation between buy- 100-kilogram lots and reduced its price 

er and seller. At the beginning of the year quotation to $500 to $600 per kilo during the 

the American Metal Market quoted metal year. | ok



— GALLIUM AIR 

a FOREIGNTRADE ié=— | 

Data on the export of galliurn metal and Total U.S. gallium imports declined 41% compounds are not. reported separatély in quantity and 47% in value from those of | but are included in the category “base me- 1976. Sources of gallium imports were 
tals and alloys, not elsewhere classified, Switzerland (51%), the Federal Republic of 
wrought or unwrought, waste and scrap.” Germany (27%), Italy (12%), and Canada 
Significant quantities of gallium and gal- (10%). The average value of imports de- 
lium compounds are exported as parts of creased from $473 per kilo in 1976 to $431 . 
manufactured gallium-based electronic and _ per kilo in 1977. 
electrical components and equipment. a | | 

Table 4.—U.S. imports for consumption of gallium | : 
(unwrought, waste and scrap), by country = Oe 

AE 
a "Kilograms ‘Value. ~‘Kilograms~~~Vaiue 

Canada -_____-.__ 214 $100,706 276 $119,613 | China, People’s Republic of _.______________ !) 19,633 _- _- Germany, Federal Republic of ~~ 2,891 1,103,652 174 352,350 Hungary __-____________________ 199 66,890 -— —_ Italy. ~~ 75 27,210 - 849 121,610 Japan _.__-_-_ 50 70,115 _ __ Netherlands ___________.__..-~_______ 40 21,078 -— oo —- Switzerland ___.._._._-_-________ 1,799 873,854 1,485 648,017 United Kingdom ~~~ ee 90 40,319 -- | -- USSR 2 12 2,719 Le ot 
Total __---____----~----_---.-L 4,920 2,326,176 2;884 1,241,590 

. ce WORLD REVIEW oO 

Data on world consumption and pro- trénic and electrical industries. Based on 
duction of gallium are not available. How- 1977 U.S. imports of gallium, it is thought | 
ever, significant quantities of gallium metal that the rest of world gallium production 
and compounds are probably consumed by decreased. 
countries with large well-developed elec- | 

| TECHNOLOGY : 

The proceedings of two international _ iron filings to recover the gallium.‘ . 
symposia on gallium arsenide and related — a 
compounds were published in 1977. A wide Physical scientist, Division of Nonferrous Metals. range of research on gallium compounds _,."Brtman. 1: F. Callum Arvnide ond Relate Com was reported.? ° oo , and and Related Compounds, St. Louis Conf., Sept. 26-29, Gallium was removed from scrubber dust 1976. Institute of Physics, Bristol and London, 355 pp, 

. ..- : (Conf. Serv. No. 33b), 1977. . 

aluminum. The scrubber dust was mixed . Si tern. ymp. on ium Arsenide an . 5 . - Related Co. ds, Edinburgh Conf., Sept. 20-22, 1976. with sodium carbonate, sintered in air at Institute of Physics, Bristol snd London’ 436 ror (Con 
500- to 800°C, and the resulting sinter was Serv. No. 33a), 1977. | 
leached with water. Gallium was precipi- 1.3) Ken sion ot Cone yo neon Matthey and Co. _ tated by treating the leach solution with 3,969,108, July 13, 1977.





- Gem Stones 
| By W. Timothy Adams’ 

The value of gem stones and mineral turquoise mines and the sapphire mine in 
specimens produced in the United States Montana. Amateur collectors accounted for 
during 1977 was estimated to be $8.9 mil- much of the activity in many States. Com- 
lion, the same as that of 1976. Production in mercial operators sold mainly to wholesale 
the domestic commercial mining industry or retail outlets and also to jewelry manu- 
decreased, with the shutdown of many facturers. 

DOMESTIC PRODUCTION , 

Mines and collectors in 39 States produc- nated to the State of Maine by the Maine 
ed gem materials estimated at $1,000 or Retail Jewelers’ Association on May 25, 
more in value for each State. Nine States 1977. Two years in the making, the necklace 
supplied 90% of the total value, as follows: is made of Maine native gold and 24 pink 
Arizona, $4.5 million; Maine, $1 million; and green Maine tourmalines with the cen- 

Nevada, $1 million; Oregon, $520,000; Cali-' ter drop stone weighing 24.58 carats. The 
fornia, $230,000; Wyoming, $200,000; New necklace will be available for the First Lady 
Mexico, $170,000; Texas, $160,000; and of Maine to wear at official functions.5 
Washington, $160,000. Peridot was produced by about 200 indi- | 

Park authorities at the Crater of Dia- viduals of the San Carlos Apache Tribe at | 
monds Park in Arkansas reported 91,849 Peridot, Ariz. Twenty tons of crude mate- 
people visited the park and found 371 dia- rials valued at $17,000 was reported for 
monds. The largest was a 4-carat, 25 point 1977. Of this, it is estimated that 7% re- 
canary yellow stone, but no value was mains as salable material after processing 
placed on the stone. A campground for into faceted and tumble-polished gem 

| visitors with 60 class A campsites with stones. The major portions of the finished 
utility hookups is scheduled for completion stones are in the lower priced tumble- 
this year.? polished category. A report was completed 

A 2,400-pound boulder of Wyoming jade on the olivine resources on Peridot Mesa at 
was displayed in the lobby of the First the request of the San Carlos Apache Tribe.® 
National Bank Building in Denver, Colo. The production of turquoise of all grades 
The material came from a 1-mile-wide, and quantities reported was 44 tons and was 
4-mile-long jade strain discovered in south- _ principally from Arizona, Nevada, and Colo- 
western Wyoming. Much of the jade carved rado. About 10% of the turquoise produced 
in Hong Kong is supplied from Wyoming was gem-grade material, which sold for $10 
and imported into this country as finely to $100 per carat and averaged about $200 
carved Oriental jewelry.* per pound. Lower grade turquoise suitable 

The second largest ruby ever found in the . for stabilizing treatment sold for about $35 
Cowee Valley near Franklin, N.C., was per pound of rough material. The value for 
discovered at the Gregory Ruby Mine, adig- all types and grades of turquoise in 1977 
for-fee mine. The stone weighed 456 carats was estimated at $4.5 million. The market 
and is conservatively valued at $20,000. It is for turquoise seems to be decreasing some- 
3-inches in diameter, 1 inch thick, 85% what in the face of high prices and suspicion 
ruby, and the value could exceed $100,000 as to whether the material offered is a 
if a star is formed when the stone is cut.‘ synthetic made of other material and col- 

The Maine Tourmaline Necklace was do- _ ored to look like turquoise. 

| 417
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CONSUMPTION 

Domestic gem stone output went to am-_ stones (domestic production plus imports 

ateur and commercial rock, mineral, and minus exports and reexports) was $1,044.7 

gem stone collections, objects of art, and million, 48% more than that of 1976. 

jewelry. Apparent consumption of gem 

| PRICES 

Typical costs to retail jewelers in De- dealers in various U.S. cities were as 

cember 1977 for representative better qual- follows:’ 

ity gem stones as reported by colored-stone 

a 
Carat Pri Median prices per carat 

Gem stone ara rice range ————— 1...” 

ht t Early Early 
werg per care December November 

Amethyst _____----------------------------- 10 $17.50- $36 $30 $30 

Aquamarine ________----~-------------------- 5 110- 500 150 150 

Cat’seye ___________-_-_-------------------- 5 1,000- 2,400 1,600 1,600 

Citrine _____________-_--_------------------ 10 8- 30 16 16 

Emerald: 
Medium to better ________-~------~------------- 1  1,500-16,000 5,000 5,000 

Commercial ________-~-~-~-—----------------- 1 250- 7,000 1,500 1,500 

Garnet, green ___ _______----------------------- 1  -—%00- 1,400 1,026 1,026 

Opal, black __ _______------------------------- 3 500- 1,200 766 766 

Opal, white _________-----------~------------ 5 120- 220 150 150 | 

Peridot _____________-_-_~-----------=------- 5 76 120 90 90 
Ruby: : 
Medium to better ________~-_+----------------- 1 700- 9,000 2,000 2,000 

Commercial __________-_~----~----~---------- 1 250- 3,500 700 700 

Sapphire: 
Medium to better ____.____--_------------------ 1 450- 3,600 1,000 1,000 

Commercial __________-~_-~-------~--~--------- 1 100- 1,600 326 326 

Star sapphire: . . 

Sky-blue __________-_---------------------- 160- 1,600 600 600 

_ Grey ___--__----~-----~--+--------------- 46- 330 190 190 

Tanzanite _______________--___-------------- 5  500- 600 550 550 
Topaz _________-_____---------------------- 5 220- 440. 360 360 
Tourmaline, green __________~------------------ 5 60- 130 90 90 

Tourmaline, pink __________-----~--------------- 5 50- 160 125 125 

ae 

Typical costs to retail jewelers in De-~ reported by diamond dealers in various U.S. 

cember 1977 for representative diamonds as__ cities were as follows:° 

| a 

Carat Description, Clarity” Price range Medium price per carat 

weight color (GIA terms) _ per carat Early December Early November 

0.04-0.08 ____-_------ Gl VS:  $630-$1,088 $824 $744 

04- 08 __..__------ G-1 Sly 550- 882 730 634 

.09- .16 ________--~--- G-1 VS1 660- 1,198 940 850 

09- .16 ~.~______--~-- G-1 Shi 604- 954 800 708 

| wT 22 ~ 2+ G-l VS:  816- 1,246 1,050 1,000 
AT- .22 ~-_-.__------+ G-1 Shi 680- 1,016 902 864 

23-28 _ +e Gl VS:  848- 1,418 1,206 1,150 
28- .28 ~.______---- Gl Shi 794- 1,292 1,000 952 

.29- .85 ~_._-____----~ G-1 VS, ~—=‘:1,182- 1,618 1,312 1,304 

29- 85 ~~ _-_____--- G-1 Shi 906- 1,546 1,100 1,028 
A6- 55 ~~ -____-_-- G-1 VS; 1,486- 2,536 2,090 1,940 
46- .55 ~ ~__-____---- G-1 Sli  1,100- 2,000 1,680 1,528 
.69- 79 ___.~_____--- G-1 VS; ~——:1,738- 3,826 2,852 2,616 
69-79 ee G-1 Sli  1,338- 2,650 2,234 2,104 
95-115 ~. --______-- G-1 VS; 2,420- 6,244 4,410 4,410 
Cs G-1 Sl,  1,984- 5,632 3,410 3,232 

1.00 ______._______- D FL 17,000-21,000 20,000 16,000 
tN Dr 

1Gemological Institute of America color grades: D—colorless; G-1—traces of color. 
2Clarity: FL—no blemishes; VS1—very slightly included; Sli—slightly included.
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FOREIGN TRADE — 

Exports of all gem materials amounted to. were valued at $18.2 million; and synthetic $356.6 million, and reexports to $245.7 mil- or reconstructed stones, unset, were valued lion. Diamond accounted for 94% of the at $1.9 million. Reexports of all other gem value of exports and 95% of the reexports. materials amounted to $12.8 million in Exports of diamond totaled 316,160 carats categories as follows: Pearls, $1.1 million; valued at $336.0 million. Of this total, dia- natural precious and semiprecious stones, ‘mond cut but unset, suitable for gemstones unset, $11.6 million; synthetic or recon- hot over 0.5 carat, was 63,968 carats valued structed stones, unset, $0.1 million. | at $26.4 million; and cut, but unset, over 0.5 = Imports of gem materials increased 39% carat was 246,351 carats valued at $308.3 in value over those of 1976. Diamond million. - 7 accounted for 88% of the total value of gem 5 _ Reexports of diamond amounted to material imports. | | 1,240,469 carats, valued at $232.9 million,in - Although rough and uncut diamond im- | categories as follows: Rough or uncut, suit- ports were reported from 28 countries, 99% able for gem stones, not classified by weight, of the value was from 7 countries as follows: : 1,113,988 carats valued at $146.0 million; The Republic of South Africa, 1,096,493 cut but unset, not over 0.5 carat, 49,679 carats, $315.8 million; the United Kingdom, carats valued at $15.5 million; cut but 1,280,769 carats, $238.6 million; Sierra | unset, over 0.5 carat, 76,802 carats, valued Leone, 185,869 carats, $40.5 million; the at $71.4 million. Netherlands, 29,152 carats, $12.5 million; The 11 leading recipients of diamond Israel, 56,567 carats, $11.2 million; Belgium, exports accounted for 97% of both the 22,348 carats, $7.6 million; and Venezuela, carats and the value and were as follows: 154,814 carats, $5.4 million. = 7 Hong Kong, 107,902 carats valued at $131.6 Cut but unset diamond, not over 1/2 million; Belgium, 32,664 carats valued at carat, was imported from 33 countries; $45.2 million; Switzerland, 25,452 carats however, the imports of this category from 7 valued at $41.8 million; Japan, 33,190 carats countries amounted to 98% of total carats valued at $35.8 million; the Netherlands, and value as follows: Israel, 1,145,418 car- 24,327 carats valued at $32.1 million; ats, $256.2 million; Belgium, 1,106,815 car- France, 6,011 carats valued at $18.8 million; ats, $223.3 million; India, 765,482 carats, the United Kingdom, 9,809 carats valued at $129.3 million; the US.S.R., 35,207 carats, $7.2 million; Israel, 18,360 carats valued at $9.8 million; the Netherlands, 46,784 carats, $7.0 million; Canada, 11,789 carats valued $9.0 million; the Republic of South Africa, at $5.8 million; India, 31,758 carats valued 20,707 carats, $7.6 million; and the United at $0.4 million; and Austria, 4,381 carats Kingdom, 26,520 carats, $4.2 million. Cut | valued at $0.3 million. but unset diamond, over 1/2 carat, was The nine leading recipients of diamond imported from 28 countries; the imports | reexports accounted for 99% of the carats from 8 countries amounted to 99% of both and 98% of the value and were as follows: the total carats and value as follows: Bel- Israel, 466,101 carats valued: at $73.6 mil- gium, 150,059 carats, $84.5 million; Israel, lion; Belgium, 395,545 carats valued at $69.0 115,087 carats, $48.1 million; the Republic of million; the Netherlands, 185,544 carats South Africa, 12,900 carats, $9.8 million; the valued at $30.6 million; Switzerland, 9,111 USS.R., 9,239 carats, $4.2 million; the carats valued at $13.3 million; the United N etherlands, 7,608 carats, $3.5 million; the Kingdom, 40,444 carats valued at $12.2 United Kingdom, 4,479 carats, $2.8 million; million; France, 14,288 carats valued at Switzerland, 766 carats, $1.6 million; and $10.6 million; Japan, 15,981 carats valued at India, 3,905 carats, $1.2 million. $8.9 million; Hong Kong, 12,408 carats val- Emerald imports increased 34% in quan- ued at $7.9 million; and India, 84,874 carats tity and 16% in value. Emerald was import- valued at $2.0 million. ed from 34 countries; the imports from 10 Exports of all other gem materials countries amounted to 98% of the carats amounted to $20.6 million. Of this total, and 95% of the value as follows: Colombia, pearls, natural and cultured, not set or 73,948 carats, $25.1 million; India, 968,937 strung, were valued at $0.5 million. Natural carats, $12.5 million; Switzerland, 26,198 precious and semiprecious stones, unset, . carats, $7.3 million; Israel, 68,644 carats,
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$3.6 million; Hong Kong, 68,717 carats, $3.1 $0.6 million. 
million; the United Kingdom, 57,877 carats, Imports of other precious and semipre- 

, $2.9 million; Brazil, 212,974 carats, $2.4 cious stones, rough and uncut, increased 

million; the Federal Republic of Germany, 26% in value and came from 48 countries, 7 

30,318 carats, $1.9 million; France, 5,368 of which accounted for 80% of the value as 

carats, $1.4 million; and Belgium, 12,706 follows: Brazil, $3.9 million; Australia, $1.5 

carats, $0.8 million. Imports of ruby and million; Colombia, $0.8 million; Kenya, $0.7 

sapphire were imported from 32 countries; million; Switzerland, $0.7 million, Zaire, 

the imports from 10 countries amounted to $0.4 million; and Israel, $0.3 million. Other 

96% of the value as follows: Thailand, $22.5 precious and semiprecious stones, cut but | 

million; Switzerland, $2.0 million; Sri Lan- unset, increased 1% in value and were 

ka, $1.9 million; Hong Kong, $1.6 million; imported from 65 countries, of which 5 

India, $1.6 million; Belgium, $0.5 million; countries accounted for 84% of the value as 

Burma, $0.5 million; Israel, $0.5 million; the follows: Hong Kong, $17.8 million; Brazil, - 

United Kingdom, $0.5 million; and Canada, $4.2 million; the Federal Republic of Ger- 

: $0.4 million. Natural pearls and parts from many, $8.9 million; Australia, $2.7 million; 

12 countries decreased 28% in value of and Taiwan, $1.2 million. Synthetic gem 

| imports; 5 countries accounted for 92% of stones, cut but unset, increased 3% in value 

the value as follows: India, $369,000; Burma, and came from 17 countries, 6 of which 

$36,000; Japan, $35,000; Italy, $33,000; and accounted for 94% of the value as follows: 

Hong Kong, $27,000. Imports of cultured The Federal Republic of Germany, $6.4 

pearls increased 65% in value, and were million; Japan, $1.1 million; Switzerland, 

received from 17 countries; Japan, at $17.6 $1.1 million; France, $0.7 million; Austria, 

million, accounted for 96% of the value. $0.3 million; and Israel, $0.2 million. Imita- 

Imports of imitation pearls increased 39% tion gem stones increased 19% in value and 

in value; Japan, at $748,000, accounted for came from 22 countries, of which 5 coun- 

79% of the value. Coral, cut but unset, and tries accounted for 94% of the value as 

cameos suitable for use in jewelry decreased follows: Austria, $6.0 million; the Feder- 

32% in value of imports, which were receiv- al Republic of Germany, $2.8 million; _ 

ed from 15 countries; 3 countries accounted Czechoslovakia, $0.7 million; Japan, $0.3 | 

for 95% of the value as follows: Italy, $1.8 million; and the United Kingdom $0.3 mil- 

million; Taiwan, $1.8 million; and Japan, lion. 

Table 1.—U.S. imports for consumption of precious and semiprecious gem stones 

(Thousand carats and thousand dollars) 
I I I 

1976 1977 
Stones ——_—— 

Quantity Value Quantity Value 

Diamonds: 
Rough or uncut _____-----_-------------- 2,464 462,657 2,909 638,205 

Cut but unset ___________-_------------- 3,087 549,182 3,502 806,332 

Emeralds: Cut but unset________-_----------- 1165  _—i55,286 1,563 64,375 

Coral, cut but unset, and cameos suitable for 

use in jewelry_______------------------- NA 6,497 NA 4,410 

Rubies and sapphires: Cut but unset __------------ NA 27,165 NA 33,544 

Marcasites _______----_--~---------------- NA 20 NA 58 

Pearls: 
Natural.._________--__-------------- NA 755 NA 544 

Cultured _________---_--------------- NA 11,062 NA 18,260 

Imitation _________----_-------------- NA 680 NA 942 
Other precious and semiprecious stones: 
Rough anduncut - -- ——~---~~-----~~>777- NA 8,266 NA 10,448 

Cut but unset ______-_-_-~----~------------ NA 35,278 NA 35,617 - 

Other n.s.p.f ___----------------------- NA 2,565 NA 3,273 
Synthetic: . 

Cut but unset _.______.__----~ number-_-_ 18,705 10,115 15,753 10,391 

Other ____----------------------- NA . 766 NA ‘B64 
Imitation gem stones_ ~~ -—_--------------- NA 9,072 NA 10,841 

Total _.______-__------------------- NA 1,179,366 NA 1,638,104 

NA Not available.



GEM STONES | 421 

- OC SSF IK OO lHAWUMHO 1H [HO MOMED | IMEN , 
2 © CS ©&-S AHWHSOSSETDH No 

| 2] ERE 9S IN RSASA US 'SRSSSS | NE! 
oa w xo Oy coo te cis 

all> S om om m eH S 
3 or) re oO a 

~ . 

3 Sit 1H IDPANONA I> +s Is nN 
Qi wD | O° 6S 24 TH PMS Pre a | ! | | tot 
+ a> N re N if 
3 2] x oo 

| Ces 
, ~ 

a N 1ARAMMODNOFME I[FOIDMD IFO ! [OHM] 10 
“To ] © BS | Aw Od mE [NAO |OSo | SONS S 

3] = ae 19 6 tee a SS OQ OTN 

zfs ;> 3 = ses ge |g 
3| > oD ] eS 

>, ba 
in 2 NIST HOP ONDA IDA 19 > +s al, Q pe MPTe Ot TOR BSS | SINS 
=| 2) SE p> : aS Na | a ~~ m rm N 3 

© 2155 
@ 

~~ 
a) 0199 Ikt INN 10NF IRD IAwtweo IFOR InIN 

o Db aS Wn OH IH st LN 
~s we} SB] S'S AN [AG NARS WH AGE 'SS™ S| A 
3 2131/8 ta ag pt gf sa Ss Fg 
& S nN nN Y) 
e s 

_ 

= CD IMA IPT ISON MNO Io HAS ~ 
. E 2 4 © ] ww | jm oS Q je | ax (esc i= bo 

, om ~~ E> wt ud 1S Se 

S 61/33) 7 m os 
~~ 

8 © 
om” . 

do o ~ APAOWVMAO1ID | ISNA It THOM | OKANO! 
wR wA~ Sat Laa HOM M NN ,oOomn 19 COL 4 
Es si 3 {3s ASS | IAM SH NA IRBAN IR AAS! S 
=| ol 3S i) N co N S VS 69 16 Q 

eo 

Com 5 
Oo ~ Ol°MAADODA AH | ISH 1O Inte | 1noOmt NT! : oe “| oO Lo 1D Oa” | Sorte | & | 

> & 3 a> OO rot tN ~~ 
= zs — N 

= 
mm +O 
y ss 

© leo Om IbDNAYTHHO | 1OMN 19 O10 

w 5 2] 3 N Sa SAN ON iN st Qt &OS AS PIrnr 
~S ¥ 3 o8 a = & a Keo aN x 

- < 
gos 3 - - o° 
o ¢. 2 

© 2 DIMA 1H NOODRNAN | IONS come a 
= R QQ ’ a | jm 1 ets | j fo mN jee is oS 

Ss si[ gai om a 
as 0/35 “ 

Coat "oS Ye} 

Oo 4 {tt 
a 

< a = SiN lor 13 1 1 1M Ie IMODWMN 1 Iinwowl!] ~v 
Dm OO ae 6 N oO He So a Doo 

& 8 BS, SP ASA OBIS 'SHSS~ | 'RABS] B 
3 5 2 = oO ws ws vv S as Bow” tS 

— 3 >. = oD 

= re 
= ° 

a m1 iste IN 1 1 IM lat OID NE DS Tt Immo] at. 
a oD ¢ on I joo ! ty 76 4 {oo raw | p%O OO Com = 

3 > NS HOD en s | 18/2 a] 
gS 

Smt 
° 

om Prrderttrpttetadrtrrattttrtrtetragoo4 
wa Prrptdtd bb tt batt bt it tt tet debated at | 
: plete tb t bbe t ty be pb tba dbat bet dd | 
e Piapd tt t tbett ttt t ttrrrrapeet \ 
a, prudyt debt t t ttt att be trtertrdrdet 1 
= Pitt dtbtt ttetatt tt ttt tata proaa 1 

Ptedratttettrt ptt tt tt tr rtrtapeet i 
= pet drpebtt bttaprt td erttredttatard 
wh Pitadptd dt bret ttt tt tt tude yeu 1 

‘ Prrabrd dt t tt tat ttt etopertraredrrt 
— perce ds bt tbe tp tat pv bbbrdoptabaeteey 1 

| Ptttradttd trp t tte tt bt et trretevet \ 
J Pratta@dte@tet tated dt ta traraptutay ' 

pete t ttt tb tydt teeadt be tp aprovardpe | 
N Pirtredt tt tart atrpitprptterteta i 
2 prt rprdt dt bt t peat ttt tt tapttaud 
2 > ptrdptrte tt t tt tet ret et ppt teagtrara ! 
3 s pitarattadttprttatbpettreaparratda { 

aan 5 Ped bb tye t bb dvd’ vaetbrret td pr atag 
8 ptrrrroeonrt?t torre ttttervrrerrraas ' 

Pitti? tet rtt rtrd tttrtettr et tarea I 
Pid bt ee poet bbe bed db itge heb btt | 
biitg (Brrr rarrrrrrr1retrtretac \ 
Diite tha bbb db tit bb bette tbat | “3 

MP rm tQr rr rrr tea ttm pattie 4 = 
Q : < Ssi:1itgi Pritt rert t tiimrrirtret \ 3 

RiiiWiBirrrrtrtrrerrraesus ig it | a 
gelligtg®rtttrer etre rr QrriBrg 1 NO 

it tag tattadtetd tetera i1r1ew8 1 | - @ 3 i. oS 
err 128 1 Prtadpad4 gieg Lig igt = .§ 
Bir iG i iwr irri ig (82QE Ie ga | 8 Ss 
pile ip Brrr reg ees | es 1 © . 

8 .. 

PalSegas ‘a! | ste ai<e amas & 5 BEYSELEGvSsTaapsesessea8iss | 2 
eos oS OG £4 F455 a's EW'S S _— 

in Su — © @ te CS Smt 26.9 35 : & © SSaS5d8ed5n 8 § 8S 5szcn8heoosss



— 492 : MINERALS YEARBOOK, 1977 | | a 

| | ~ WORLD REVIEW . | SO 7 

Angola.—The Government of Angola in- Ontario, Canada, marketed ruby corundum 
creased its holdings in Compania de Dia- as individual crystals or dots of crystals in a 
mantes de Angola (Diamang) from 200,000 variety of rock matrix types. These stones 

| shares to over 1.5 million shares. This gave have exceptionally good color and fluoresce 
the Government a 60.85% majority interest. strongly under longwave ultravioletlight 
Foreign companies with interests in Dia- but somewhat less under shortwave ultra- 
mang will not be affected by the takeover.® violetlight: The firm anticipates. entering 

Australia.—Subject to obtaining the nec- the reconstituted ruby material market 
essary government approval, Conzinc Rio- since the quality of the material is suitable 

| tinto of Australia (CRA) Exploration Pty. for recrystallized laser applications. . 
was attempting to increase its 35% interest Israel.—Exports of cut diamonds for the 
in venture prospecting for diamonds in the first 9 months of. 1977 increased 42%. The 
Kimberley’s, Western Australia.*° Promis- diamonds were valued at $708 million with 

ing diamond finds in the Kimberley region the expectation that exports will total more 
of West Australia led to a confrontation than $1,000.millionin 1977.5 ~ , | 
between Western Australia’s State Govern- Pakistan.—Rich deposits of rubies occur 
ment and the Federal Government’s Di- in the Hunza area of northern Pakistan. In | 

_ rector of Aboriginal Affairs. Exploration order to properly explore the occurrences, 
permits issued by the State to CRA Explor- Pakistan Mineral Development Corp. took 
ation Pty., DeBeers Consolidated Ltd., and responsibility for the Hunza ruby project in © 
Broken Hill Pty. Ltd. were rejected by the 1974. The main marble formation having 
Director under his authority over aborigi- ruby mineralization was reported to have a 
nal lands. It is believed that diamondiferous _ stratigraphic thickness of 2,500 feet and was 
kimberlite pipe has been discovered." traced for an uninterrupted strike length of 

- Botswana.—Agreement has been reached more than 12 miles. Average weight of an 
between the Government of Botswana and individual ruby crystals being produced is 
DeBeers Consolidated Mines Ltd. on the slightly less than a carat. Crystals up to 2 
basic final arrangements for the develop- carats are. not uncommon. Color of the 
ment and operation of the iarge diamond stones ranges from dull red or brownish, 
mine at Jwaneng. Development of the mine pink, purple to red, bright red, and dark 
and infrastructure is expected to take about _pigeon-blood red.1* | 
Ayears.? 2 | | South Africa, Republic of.—Preliminary 

Central African Empire.—Diamond out- data on diamond production for 1977 show- 
put increased to 301,000 carats. In 1976, ed an increase of 14%. The total for 1977 
total diamond production was 286,000 car- was 8,033,000 carats; 4,171,000 carats of 

ats, half of the 524,000 carats mined as. industrial diamond and 3,862,000 carats of 

recently as 1972. Exports totaled 269,000 gem stones. The upward trend in sales has 
carats valued at $14.4 million. Exports prompted DeBeers Consolidated Mines Ltd. 
maintained their value, reflecting the em- to expand its exploration program and 
phasis on gem-quality stones. Part of the accelerate mine development at ongoing 
decline in production was due to legal operations. The Finsch open pit in northern 
difficulties between the leading alluvial Cape Province is being expanded to increase 
diamond mining company, Société Centr- production from 2.0 million to 3.0 million 
africaine d’ Exploitation Diamantifere carats per year by 1979. The Langhoogle 
(SCED), and the Central African Empire underground mine, Cape Province, is being 
Government. Questions relating to SCED reopened and is expected to supply 60,000 
status under the nation’s investment and carats per year beginning in July 1978. The | 
tax code led to a temporary suspension of Koingnaas mine on the Cape Province coast 
mining." was scheduled to begin production in July 

Colombia.—Colombia supplies 90% of the 1978 and produce 500,000 carats per year.1’ 
world’s emeralds. Legal production is esti- Expansion was also scheduled for the Kim- 
mated at $25 million, which represents berley District mines, however, the Dutoit- . 

about 10% of the nation’s total exports. span and Bultfontein mines were tempo- 
Fewer than 1% of the emeralds found are_ rarily closed by flooding. Mine personnel 
judged to be of top quality." were transferred to the two other mines in 

Greenland.—Fiscanex Ltd., Willowdale, the district. Production is expected to be
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| maintained at the 1976 level of over 1 port quota of 13.5 million carats per year, 
- million carats.'* | | which is set by Zaire—British Diamond 

Demand for the smaller sized gem stones _ Distributors, Ltd., an affiliate of the Central 
increased rapidly in 1977. The Central Sel- Selling Organization.. Miba has suffered 
ling Organization announced price 1n- from supply problems along with a cash 
creases of 10% and 17% during 1977 for a squeeze that prevented it from making 
compound increase of nearly 80% for ine normal reinvestments to upgrade and main- 
vent. increased P Orcs and gemand POF °° tain capital equipment to overcome a sub- 

| . entra’ Seling Vrganization sales Of ap- stantial shortage of exports below that al- 
proximately $2.1 billion in 1977, a 33% 21 ee : ae 4 lowed by the quota.47, 
increase over 1976." Zambia.—The Kafubu emerald mine is to .South-West Africa, Territory of —A new be devel ° d nercial 1 Recent 
diamond deposit was claimed in the Huns- eveloped on a have sh sca th oh 
berge area, east of the Restricted Diamond 8€0logical surveys have shown that the Area No. 1.2°. emerald deposits south of Kalulushi may be 

Zaire.—Société Miniére de Bakwanga more extensive and of much greater value 
(Miba), Zaire’s principal producer of low- than originally anticipated. The mine has 
grade industrial diamond, is operated by been clandestinely operated by small 
the Zairian Government. Miba has an ex-_ workers.” 

Table 3.—Diamond (natural): World production, by country! — 

(Thousand carats) 7 

| | 1975 | 1976 | 1977” 
| Country Indus- Indus- ..  Indus- 

Se 
Africa: . . - _ 

Angola ___________ 743 248 991 255 85 340 265 88 353 
Botswana _________ 359 2,038 2,397 358 2,026 2,384 404 2,287 2,691 
Central African - A 

Empire __________ 220 119 339 172 114 286 182 119 301 
Ghana ___________ 233 2,095 ~—s-2,828 228 2,055 2,283 230 2,070 °2,300 
Guinea® __________ 25 55 80 25 55 80 25 55 80 
Ivory Coast _________ 84 125 209 24 36 60 26 39 “65 
Lesotho ___________ 21 29 23 24 24 5 °)~—CCtCOS 22 28 Liberia ___________ 3244 3162-3406 3176 3144-3390 163 163 326 

' Sierra Leone ________ 293 439 732 192 289 481 180 270 ©450 , EON —ooooeeeooooeeeeeee 
South Africa, 

Republic of: . 
Premier mine ____ 509 1,527 2,036 458 1,375 1,833 502 1,508 2,010 
Other De Beers . 

roperties* ___ __ 2,518 2,061 4,579 2,549 2,086 4,635 2,796 2,287 5,083 
Other --- ee 408 272 680 333 222 555 564 376 940 EO DOO 

. Total _._._____ 3,435 3,860 7,295 3,340 3,683 7,023 3,862 4,171 8,033 
South-West Africa, 

Territory of _._____ 1,660 *88—s«*1,748 1,609 85 1,694 1,901 100 2,001 Tanzania __________ 224 224 448 219 219 . 438 187 188 375 Zaire ____________ 395 12415 12,810 591 =: 11,230 = 11,821 561 10,652 11,2138 Other areas: - 
Brazil ____________ 131 131 262 38 38 76 100 100 200 
Guyana — -----~--~- 8 13 21 6 8 14 7 10 17 
In -- + -- eee 17 83 20 17 3 20 19 3 “22 Indonesia® _________ t3 T12 15 3 12 15 8 12 15 
USS.R ~~ ~~ 1,950 7,750 9,700 2,000 7,900 9,900 2,100 8,200 10,300 Venezuela _________ 239 821 1,060 190 643 833 160 540 700 ————_———_— rE 
‘World total _______ 10,264 30,600 40,864 9,444 28,629 38,073 10,381 29,089 39,470 

Penryn esnasneeeryeorasnenerparee 

“Estimate. Preliminary. ‘Revised. . 
'Total (gem plus industrial) diamond output for each country is actuall reported except where indicated to be an estimate by footnote. In contrast, the detailed separate reporting of gem diamond and industrial diamond represents Bureau of Mines estimates in the case of every country except tho (1975-76), Liberia (1977), Venezuela (1975 and 1976), and Zaire (1975), where sources give both total output and detail. The estimated distribution of total output between gem and industrial diamond is conjectural in the case of a number of countries, based on unofficial information of varying reliability. 

sExports of diamond originating in Lesotho; excludes stone imported for cutting and subsequently reexported. 
ports. 

*All company output from the Republic of South \Africa except for that credited to the Premier mine; also excludes company output from the Territory of South-West Africa and Botswana.
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TECHNOLOGY : 

Grading and demonstrating cut diamonds The abstracted journals and monographs 
is said to be fast and accurate when using are worldwide and date from the 1880’s.25 
the Gem Proportionscope. When the dia- For many years it was said that opal 
mond is placed in the optical field of the could not be synthesized. However, synthe- 
instrument, any deviation from ideal pro- tics are now available from several sources. | 
portions is said to be clearly visible. Com- When the synthetics first came on the 
parisons can be easily made for establishing market, gemologists had to develop methods 
the grade of a diamond’s cut.”* of differentiating them from natural opals. 

Six isolated and totally enclosed inclu- Qne of the first indications was that synthe- 
sons ae recovered from P85 oom: tic opals were too perfect as compared wita 
lamond by Durning in air a - ney most natural opals, but better methods : 

are identified as (a) three euhedral crystals were necessary. A series of tests was devised 
| of chromian diopside, (b) a euhedral bicrys- and are presented to assist in the identifica- 

tal of chromian diopside plus orthopyroxene __ tion of synthetic opal. 
| with minor included matter, (c) anhedral Faceting may be described as the techni- | 

olivine plus a small amount of attached que of cutting a gem stone with a number of 

non ea tar ak Guanes at pied arto erenged in agian ’ ? ttern and at predetermined angles. e 

zinc, and potassium, (d) finely polycrystal- rain reason for faceting a stone is that this 
line periclase plus minor magnetite. X-ray style of cutting takes advantage of the 

diffraction, and chemical and morphological inherent brilliance of the material being 
data are given. The periclase may have | ¢yt The amount of brilliance a gem shows 
existed in the diamond as magnesite; if so, depends on the quantity of light reflected 
the observed inclusions bear resemblance to from its surface and, even more important 

equilibrium phases recently reported for the amount of internal reflection. Faceted 
silicate plus carbonate reactions under gems are usually cut from transparent 
mantle-like conditions. Interpretation of . 

eyeye . materials to take advantage of their proper- 
pressure-temperature equilibrium condi- . . 
tions for the diamond inclusion system ty of reflecting light. Even though stones 

7: . faceted primarily for their brilliance, | based on the silicate-carbonate reaction and are f th P Y luable st t 
the two-pyroxene geothermometer suggests for ty ° \ rs © Te Wa h stones fe re cu 

5x10¢ kbars and 1,300°C, but the olivine plus ‘0% their color. If color is the main feature, 
vitreous-like phase inclusion may indicatea °V€™ if a st one has just a little potential 
pressure well below 5x10* kbars.”4 brilliance, it will look. better faceted. The 

When does a science come of age? When it Potential brilliance of a gem is very impor- 
grows so fast and in so many parts of the tant in determining the style of cut that will 

world that its members need abstracts. help the stone achieve its potential bril- 
These data will be useful in two types of liance. There are two basic styles of cuts— 

laboratories: (1) The research laboratory the brilliant and the step (or emerald) cut. 
where the goal is new syntheses through Brilliant cuts are preferred for stones hav- 

flame, flux, and pressure; and (2) the testing 8 4 high refractive index and a high 
laboratory, which is under constant chal- 4ispersion; the step cut is effective for 
lenge to identify manmade materials and C0lored gems having a low to medium re- 
treatments. More than 1,750 entries are fractive index. The evaluation of equip- 
arranged in the alphabetical order of mine- ™ent, materials, methodology, and techni- 
ral species. However, garnet-type synthetics ques were discussed in a recent publi- 
such as yttium-aluminum garnet (YAG) and Cation.”’ 
gadolinium-gallium garnet (GGG) are ——— 

grouped together, as are double, triplets, _ sRhysslsdent DutionstNenmetalle Miwa 
and information about synthesis in general. _ Finds Mufreesboro Diamond. Jan 28, 1978, p. 1. 
Treatments such as irradiation, staining, U eocky Mountain News (Denver, Colo.) The Art and 

coating, and heating are also covered. Each Like Now an Obra Ni Grae Vl ’ ; nutracturer, retty one. June 16, , p. 40. 

identification data, and the name and date >Stevens, J. P. The Maine Tourmaline Necklace. Lapi- 

of the publication or patent describing it. | ts tae $1, No. 5, August 1977, pp. 1092, 1094, 1110,
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—________—_ 21 . . os . ®Vuich, J. S., and R. T. Moore. Olivine Resources on San US. Bureau of Mines. Region of Kasai: Zaire. Mineral Carlos Apache Reservation. Summer 1977 Fieldnotes, v.7, Trade Notes, v.74, No. 4, July 1977, p. 17. - No. 2, pp. 1, 6-10; available from the Arizona Bureau of 22World Mining. What’s Going on in World Mining? V. Geology and Mineral Technology, Phoenix, Ariz. 30, No. 18, December 1977, p. 90. 
Jewelers Circular-Keystone. JC-K Col- 8Gems and Minerals. What’s New? No. 476, June 1977, ored Stone Price Index. V.- 148, No. 1, Jan- . . uary 1978, p. 141. p. 77. Gem Proportionscope. 

, 8 Jewelers’ Circular-Keystone. JC-K Dia- ?4Newton, M. G., C. E. Melton, and A. A. Giardini. mond Index. V. 148, No. 1, January 1978, p. 141. Mineral Inclusions in an Arkansas Diamond. Am. Minera- seMlining Journal. Diamang Takeover. V. 289, No. 7412, _logist, v. 62, No. 5-6, May-June 1977, pp. 583-586. Foe oe EG BP. 20. . . 75Q’Donoghue, M. Synthetic Gem Materials. The Wor- May 231971 ge, mdustry in Action. V. 288, No. 7395, fui Company of Goldsmiths, London, 1976, 215 pp. 
1 Engineering and Mining Journal. Ex- 6Jobbins, E. A., P. M. Statham, and K. Scarratt. ploration jRoundup. Vv. 178, No. 12, Decem- Internal Structures and Identification of Gilson Opal. r » P. 146. G d Mi Is, No. 459, J 1977, pp. 15, 26, 12U.S. Embassy, Gaborone, Botswana. State Department 38.30 98. 42 merals, NO amuary PP Telegram Gaboro 03328, Dec. 31, 1977, 1 p. om, “ . . 18Mining Magazine. Panorama. V. 136, No. 5, May 1977, “Hemrich, G. I. Faceting for Beginners. Gems and p. 335. Miner.—Part I. No. 475, May 1977, pp. 28-29. ‘4New York Times. Hazards Abundant in Emerald —-.Faceting for Beginners. Gems and Miner.—Part II. Trade. Oct. 31, 1977, sec. A, p. 38. No. 476, June 1977, pp. 36-87. Mining Journal. Diamond Exports Sparkle. V. 289, No. —~-.Faceting for Beginners. Gems and Miner.—Part III. 7417, Oct. 14, 1977, p. 318. No. 478, August 1977 28-30. 93 ’6Farugi, S. H. Evaluating Rich Ruby Deposits of North- ate, AUgU » PP. — . ern Pakistan. World Min., v. 30, No. 13, December 1977, __—-Faceting for Beginners. Gems and Miner.—Part IV. pp. 60-61. No. 479, September 1977, pp. 28, 30, 31. 
17U.S, Consulate, Johannesburg, South Africa. State —--.Faceting for Beginners. Gems and Miner.—Part V. Department Airgram A-05, Jan. 27, 1978, encl. 1, pp. 31-33. No 480, October 1977, pp. 62-63. “Industrial Minerals. Company News and Mineral —-.Faceting for Beginners. Gems and Miner.—Part VL. Notes. No. 119, August 1977, p. 54. No. 481. November 1977, pp. 12-14 . 19Mining Journal. Mining Annual Re- we ill ’ . VI view, 1978, Gem stones and Abrasives. V. 290, Nov. 11, —~Faceting for Beginners. Gems and Miner.—Part I 1977, p. 125, 127, 128. . No. 482. December 1977, pp. 56-61. 
2°Engineering and Mining Journal. Ex- 

ploration Roundup. V. 178, No. 4, April 1977, p. 174,
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Gold 

By W. C. Butterman? 

The production of gold from domestic taled 6.4 million ounces, and deliveries 
- mines increased 5% in 1977, to 1.1 million from International Monetary Fund (IMF) 

ounces,? but production of secondary gold auctions totaled 4.5 million ounces. Exports 
from scrap fell 2%, to 2.45 million ounces. were 8.7 million ounces, including 1.7 mil- 
The mined gold came from 13 States, and lion ounces of monetary gold. Commercial 
76% came from 3 of them - Nevada, South _ stocks of bullion tripled, ending the year at 
Dakota, and Utah. Higher prices for gold 3.8 million ounces. | 
caused considerable interest in the exploita- Trading in gold bullion futures on U.S. 
tion of low-grade deposits and the rework- commodity markets in the first 9 months of 
ing of mine dumps in the Western United 1977 was at about twice the level of the 
States. Several operations using cyanide same period in 1976, averaging 5.7 million: 
heap leaching came onstream or were being ounces per month on the Commodity Ex- 
readied in 1977. World gold production was change, Inc. (COMEX) in New York and 5.1 | 
essentially unchanged at 39.0 million million ounces per month on the Interna- 
ounces, of which the Republic of South tional Monetary Market (IMM) in Chicago. 
Africa accounted for 58% and the U.S.S.R._ In the fourth quarter, trading grew rapidly, 
20%. the November volume reaching 18.5 million 
Consumption of refined bullion by do- ounces on COMEX and 17.3 million ounces 

mestic industry and the arts rose 5%, to 4.9 on IMM. Volume declined somewhat in 
million ounces. As in past years, more than December. 
half of the bullion consumed went into the Stocks of monetary gold held by the 
manufacture of jewelry. According to esti- market economy countries and their inter- 
mates by Consolidated Gold Fields, Lim- national monetary agencies declined 6.6 
ited., consumption by arts and industries in million ounces to 1,157 million ounces. U.S. 
the market economy countries rose 1%, to Treasury stocks rose 2.9 million ounces to 
44.6 million ounces, and purchases of bul- 277.5 million ounces, valued at $11,718 mil- 
lion for investment purposes took another lion. 
7.1 million ounces. | Legislation and Government  Pro- | 

The price of gold in the United States grams.—Legislation signed by the Presi- 
incteased from a low of about $130 per dent in October in effect nullified the part 
ounce in January to $148 in mid-September _ of the joint congressional resolution of June 
and, to $168 in November. The average for 5, 1983, that provided that no business 
the year (as quoted by Engelhard Indus- contract could be enforced if it required 
tries) was $148.31 per ounce. London prices payment in gold or in dollar amounts index- 
were generally 45 to 75 cents per ounce ed to the price of gold. In the late 1930’s, the 
lower than New York prices. Supreme Court interpreted the resolution 

The U.S. gold market expanded in 1977, to extend to contracts requiring payment in 
and the expansion was accompanied by an a foreign currency or in the dollar equiva- 
increased flow of gold into the market from lent of a foreign currency at a fixed rate of 
imports and bullion sales, and by increased exchange. The new ‘gold clause‘ législation, 
exports and larger stocks. Imports of gold an amendment to H.R. 5675, t legalized 
coins were estimated at 1.6 million ounces, multiple-currency contracts dnd contracts 
while imports of all other forms totaled 4.5 specifying payment in gold. /’ 
million ounces. Net deliveries to the market The Commodity Futures Trading Com- 
from earmarked foreign bullion stocks to- mission continued to study the question of 

/ 

| 427
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whether to permit trading in gold market million ounces, the amount sold at 8 of the 

options but had not ruled on the matter by auctions, was delivered in New York, and 

yearend. the rest was delivered in London and Paris. | 

The Federal Trade Commission on June6 After the first auction, of 780,000 ounces in 

proposed amending the Trade Practice January, the auctions were conducted on a 

Rules for the jewelry industry to allow monthly basis, and 525,000 ounces was of- 

jewelry items of less than 10-karat gold fered each month, beginning in March. The 

content to be labeled “gold”. By yearend, IMF also began its planned 4-year restitu- | 

: the Commission had not ruled on the pro- tion of 25 million ounces of bullion to 

posal. member countries, returning a total of 6 

The IMF sold 6 million ounces of bullion million ounces to 112 member countries in 

at 11 public auctions during the year; 4.5 the first 2 months of the year. 

Table 1.—Salient gold statistics 7 | 

en 

1973 1974 1975 1976 1977 | 
aaa O00 

United States: 
Mine production__- thousand troy ounces_— 1,176 1,127 1,052 1,048 1,100 

Value __________~—-—- thousands_ ~ $115,000 $180,009 $169,928 $131,340 $163,192 

Ore (dry and siliceous) produced: 
Gold ore _____ thousand short tons_ — 4,715 4,598 5,722 3,063 5,806 

Gold-silver ore _______---- do___- 124 65 137 1,027 481 

Silver ore _________--_---do__~~ 370 560 672 651 800 

Percentage of gold derived from: 
Dry and siliceous ores _ . _------~--- 52 58 62 61 60 

Base-metal ores ___..__---~------ 47 41 36 36 38 

Placers _______-_-_-~-~--------- 1 1 2 3 2 

Refinery production: 
From domestic ores? 

oe thousand troy ounces_— 1,210 1,021 1,093 954 956 

Secondary________------ do__-~ 1,779 1,926 2,696 2,504 2,454 
LL 

Exports:? 
. 

Commercial_________---- do__-- - 601 570 2,689 2,879 7,011 

Government ________--—-- do___- 2,384 3,293 807 652 1,660 

Total. __-_-__-_-__-__-----do__~- 2,985 © 3,863 3,496 - 8,581 8,671 

Imports, general? ________-—--- do__-- 3,845 2,651 2,662 2,656 4454 

Gold contained in imported coins_ __ do__ ~~ _- 3,090 . 1,673 1,333 1,614 

Sales from foreign stocks in Federal 
Reserve Bank _____._____--_do____ 1,704 2,144 577 2,125 6,573 

Stocks, Dec. 31: 
Monetary3___.____----- millions__ $11,652 $11,652 $11,599 $11,598 $11,718 

Industrial* ___thousand troy ounces_~— 4,498 5,670 788 928 1,976 

Consumption in industry and the 
arts_______-____-___---- do___- 6,729 4,651 3,993 4,648 4,859 

Price® Average per troy ounce ___--—--~-- $97.81 $159.74 $161.49 $125.32 $148.31 

World: 
Production _____ thousand troy ounces__ 43,297 40,124 738,476 39,089 38,966 

Official reserves® _______—-—-— miillions__ ™$49,658 ™$49,609 ¥$49,574 *$49,142 $48,862 

aa eee EE 

Revised. 
1Gources: 1973-74, Office of Domestic Gold and Silver Operations, U.S. Department of the Treasury; 1975-77, Bureau of 

Mines, U.S. Department of the Interior. 
2xcludes coins. 
3Gold valued at $42.22 per troy ounce. Includes gold in Exchange Stabilization Fund. 

4Gold content of all products in stocks held by manufacturers and refiners in 1978-74; gold content of bullion only in 

1975-77 (excludes trading stocks). Stocks at beginning of 1975 amounted to 1,896,000 ounces of bullion. 

5&ngelhard Industries quotations. 

6Held by market-economy-country central banks and Governments; gold valued at $42.22 per ounce. Source: 

International Monetary Fund. 

DOMESTIC PRODUCTION 

Refinery production of 995 fine, or better, Six percent of the ores and concentrates and 

gold totaled 3.47 million ounces in 1977. Of an estimated 10% to 12% of the scrap were 

the total, 1.02 million ounces was refined imported. 

from ores and concentrates, 1.04 million Mine production rose 5% in 1977, to 1.10 

ounces from old scrap, and 1.41 million million ounces. Production came from 12 

ounces from new (manufacturers’) scrap. Western States; the 3 leading States, in
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Figure 1.—Gold production in the United States, by sources. 

order of output, were Nevada, South Dako- compared with 5.3 million tons averaging 
ta, and Utah, and together they accounted 0.208 ounce per ton in 1976. Testing of a 
for 76% of domestic mine production. Gold new double-oxidation cyanide process de- 
production was reported by 169 mines, of veloped to handle high-carbon ores was 
which 183 were lode mines and 86 were completed, and full-scale equipment was 
placer mines. Placer mines produced only installed late in the year. The new process 
2% of the gold, mostly in Alaska. Placer allowed a considerable tonnage of high- 
production in California and Colorado wasa_ carbon ore in the deep easterly extension of 
byproduct of sand and gravel quarrying. the main pit to be counted as reserves. 
Thirty-nine percent of the gold from lode The Round Mountain mine (Smoky Val- 
mines, or 38% from all mines including ley Mining Corp.), north of Tonopah, started 
placer mines, was derived as a byproduct of its heap-leaching operation in early 1977 
base metal ores. Of the gold from lode and progressed rapidly toward a scheduled 
mines, 56% was recovered by cyanidation, production rate of 55,000 to 60,000 ounces . 
42% by smelting, and 2%. by amalgamation. _ per year.‘ Late in the year, Duval Corp. was 

As in past years, most domestic gold was engaged in converting its Battle Mountain 
mined at relatively few mines. The top 25 mine and mill from copper to gold pro- 
producers (table 5) accounted for 96% of the duction, a reflection of the relative shift in 
gold, and three of these - Homestake, Utah market value of the two metals. Startup 

Copper, and Carlin - accounted for about was scheduled for 1978. Freeport Minerals 
65%.5 Co., in a joint venture with FMC Corp., 

In Nevada, the principal mines (all sur- explored the Jerritt Creek area, 55 miles 
face mines) were the Carlin, Round Moun- north of Elko. The partners later announc- 
tain, Bootstrap, Copper Canyon, Atlanta, ed (April 1978) that drilling had outlined a 
Ruth Pit, Windfall, and Gooseberry. The possible 5 million tons of carbonaceous gold 
Carlin Gold Mining Co. produced, from the ore, averaging better than 0.3 ounce per 
Carlin and Bootstrap pits, 215,100 ounces of ton, and had located several other promis- 
gold from 803,000 tons of ore, recovering on ing areas in their 42 square miles of claims. 
the average 0.268 ounce per ton. Revenue Tentative plans called for a 1,500-ton-per- 
from bullion sales was $33 million; the day open pit operation by 1982, which would 
average price for gold was $154 per ounce. make the mine one of the largest in the 
Ore reserves at the end of 1977 were 6.2 United States. Argus Resources, Inc., ac- 
million tons grading 0.202 ounce per ton, quired the White Caps mine near Manhat-
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_ tan and planned to renovate the mine and pletedin 1977. on 
build a mill to extract gold and antimony The large quantities of gold produced in 
from the old tailings pile. Silver King Mines Utah and Arizona were almost entirely 
Inc. studied the feasibility of processing byproducts of copper mining, even though 
gold-silver ore from its East Robinson pro- several mines in the two States produced 
perties at a cyanide-leach plant to be built modest quantities of gold from other ores. 
at its Taylor silver property. Several compa- = At Republic, Wash., production from the 
nies, including Homestake Mining Co., were Knob Hill mine decreased as the mine 
reported to be exploring for gold in the approached depletion. Mining was suspend- 
Flowery Mountains, northeast of Virginia ed at the end of February 1978, and subse- 
City. quently Day Mines Inc. acquired the pro- . 

In South Dakota, the Homestake mine  perty and plant of Knob Hill Mines Inc. and 
accounted for essentially all gold produced. started exploration for new reserves. __ 
Homestake produced 304,769 ounces in 1977 In Idaho, the DeLamar silver mine (Earth 
(818,487 ounces in 1976) from 1,578,000 tons Resources Co. and Superior Oil Co.), located 
of ore, with an average recovery grade of in. the southwestern corner of the State, 
0.198 ounce per ton. Gold bullion sales poured its first silver-gold dore bars in April 

: totaled $44.9 million; the average price 1977; gold production was expected to be 
realized was $147.47 per ounce. Ore reserves about 40,000 ouncesannually. = 
at yearend 1977 totaled 14.87 million tons | Alaska Gold Co. operated two bucket line 
averaging 0.224 ounce per ton, compared dredges at Nome in 1977. Seasonal oper- 
with 14.25 million tons averaging 0.229 ations ceased for the winter the first week 
ounce per ton a year earlier. The Grizzly in November, somewhat earlier than antici- 
Gulch tailings dam and associated pollution pated; however, the company expected sub- 

- gontrol facilities were substantially com- stantially increased output in 1978. , 

CONSUMPTION AND USES | 

-Domestic gold consumption, as measured which had numismatic value. Another 2.7 
| by conversion of bullion into primary pro- million ounces was in the apparent domes- 

ducts, totaled 4.86 million ounces in 1977, tic supply surplus, most of which probably 
5% higher than in 1976. Consumption was reflected absorption of bullion into private, 
distributed among end uses as follows, in unreportedstocks,§ = = 
thousand ounces (with 1976 figures in pa- With gold prices rising through the year, 
rentheses): Jewelry and arts, 2,658 (2,562); industry continued its efforts to use less 
dental, 728 (694); various industrial uses, gold per manufactured item and to substi- 
mainly electronic, 1,205 (1,283); investment tute other metals for gold. In general, the 
products, 268 (159). Jewelry and arts efforts were a continuation of past trends, 
accounted for 55% of consumption, dental such as expansion of selected-area plating 
for 15%, industrial for 25%, and investment in the manufacture of electronic compo- 

products for 5%. An estimated 68% of the nents and the substitution of palladium for 
gold consumed went into karat gold alloys, gold wherever possible. Part of the jewelry | 
14% was used in electroplated products, trade wanted to be allowed to label as gold, 
and the rest: went into gold-filled articles, jewelry containing less than 10-karat gold, 
rolled gold, and other products. and approached the Federal Trade Commis- 

In addition to the 4.86 million ounces of sion (FTC) about the matter. The FTC on 
refined gold consumed, an estimated 4 mil- June 6 published proposed amendments to 
lion ounces of bullion and bullion coins its Trade Practice Rules for the Jewelry 
were believed to have been purchased for Industry, to allow such labelling, but had 
investment purposes in 1977. Of this, 1.6 not ruled on the proposal by yearend. 
million ounces was in imported coins, few of
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Figure 2.—Gold consumption in the United States. 
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STOCKS 

Monetary.—U.S. Treasury gold stocks at the IMF and the Bank for International 
- yearend 1977 were 277.57 million ounces Settlements, totaled 1,157 million ounces at 

and were worth $11,718 million, at the yearend. IMF stocks, 137.41 million ounces, | 

official valuation price of $42.22 per ounce. had decreased 12 million ounces during the 
No domestic monetary gold was bought or year because of IMF’s public auction of 6 
sold during the year. Earmarked gold held million ounces and the restitution of an- 
at the New York Federal Reserve Bank for other 6 million ounces to member countries. 
foreign and international official accounts Commercial Stocks.—Industrial stocks of 
amounted to 372.88 million ounces, a 995 fine or better gold held by refiners, 

decrease of 15.89 million ounces during the fabricators, and dealers at yearend totaled 
year. Official gold reserves of the market 1.98 million ounces, a nearly six-fold in- 
economy countries, including stocks held by crease over the yearend 1976 figure. 

PRICES 

The price for unfabricated gold, quoted London final prices generally were 45 to 75 
daily by Engelhard Industries, began the cents per ounce lower than US. prices and 
year at $136.10 per ounce, declined to the averaged $147.72 for the year. Most central 
year’s low of $130.25 per ounce on January banks in the market economy countries 
11, climbed to $154.05 on March 25, fell to continued to value gold at an official price 
$137.60 on June 14, and then increased to of $42.22 per ounce. The official IMF price 

about $148 in mid-September; thereafter it was 35 Special Drawing Rights (SDR) per 
rose rapidly to the year’s high of $168.45 on ounce; at the yearend exchange rate of 
November 11 and ended the year at $165.45. $1.21471 per SDR, this was equivalent to an | 

The average price for the year was $148.31. average of $42.51 per ounce for 1977. 

: Table 2.—U.S. monthly gold selling prices in 1977, per troy ounce 

Month Average Low High 

January ________ ee $132.92 $130.25 . $136.20 
February_____________~_ ~~ Le 136.74 132.60 143.25 
March __- =e 148.73 141,90 154.05 
April _-_ eee 149.68 146.10 152.70 

| May__________ 2-2 ee 147.28 143.45 148.85 
June __-.__-- 141.51 137.60 144.35 
July ee 144.02 141.05 146.90 
August _--_-_ ee 145.50 143.80 147.25 
September ____________________ 150.10 145.93 154.55 
October____-- ee 159.36 154.45 163.75 
November _______________~__~_ 162.84 156.65 168.45 
December _______________________ 161.14 158.10 166.50 

Year __-_____ 148.31 130.25 168.45 

Source: Englehard Industries. 

FOREIGN TRADE 

U.S. exports of nonmonetary gold in 1977 bullion was exported, 1.5 million ounces 
totaled 7.0 million ounces, valued at $985 going to Switzerland and 0.16 million 
million. Of this, 0.4 million ounces was _ ounces to Mexico. 
contained in ore, base bullion, and scrap, Imports of gold, all nonmonetary, totaled 
which went mainly to the United Kingdom 4.45 million ounces, valued at $674 million. 
(36%) and Belgium-Luxembourg (36%). The Of this, 0.24 million ounces was contained 
remaining 6.6 million ounces was refined in ore, base bullion, and scrap derived from 
bullion, which went mainly to the United 29 countries. The rest, 4.21 million ounces, 
Kingdom (51%) and Switzerland (41%). In was refined bullion and came mainly from 
addition, 1.66 million ounces of monetary Canada (40%), the U.S.S.R. (33%), and
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: Switzerland (15%). The average valuation gold coins, mostly the so-called bullion 

| of refined bullion imports was $151.54 per coins. 

ounce. In addition to conventional imports, The net inflow of gold to U.S. markets, 

the gold market was supplied with net exclusive of the movement of coins and 

deliveries of 6.41 million ounces of bullion monetary bullion but including deliveries 

- from foreign and international stocks held from foreign and international stocks, was — 

at the New York Federal Reserve Bank, and 8.81 million ounces in 1977, compared with 

4.45 million ounces of bullion delivered in 4.99 million ounces in 1976, 0.55 million 

New York from IMF auctions. Another 1.61 _ ounces in 1975, and 4.23 million ounces in 

million ounces was imported in the form of 1974. : CO | 

40 , 

Note: Chart includes monetary movements of gold; also includes 

IMPORTS as imports sales of gold in 1976 from foreign government 

”n stocks on deposit at Federal Bank, New York. 

wy 20 

z | 
> 

oO errata etetetatal 

oo : 

> | 
oO , | 

= 20 | | 
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40 , , , 
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Figure 4.—Net exports or imports of gold. | 

WORLD REVIEW | | 

World gold production in 1977, at 39 omy countries, 70% of the fabricated gold 

million ounces, was essentially unchanged went into jewelry, 10% into official coins, 

from that of 1976. A decrease of 434,000 6% into dental uses, 5% into electronics, 

ounces in the Republic of South Africa 5% into miscellaneous industrial and deco- 
production was offset by increases in pro- rative uses, and 4% into medals, medal- 
duction in the U.S.S.R., Australia, Papua lions, and fake coins. 
New Guinea, the Philippines, and Canada. A brief review by countries follows: 

Consolidated Gold Fields Limited, in its Australia.—Gold production increased 
annual review, Gold 1978, puts 1977 world 23% in 1977, to 620,605 ounces. The Telfer 
production at 45.9 million ounces and esti- mine (70% owned by Newmont Pty., Ltd.) in 
mates that the supply of gold available to the Paterson Range, Western Australia, 
private purchasers in market economy came onstream in March and was building 
countries increased 11%, to 51.7 million toward full production in the following 
ounces. Of the total supplies, 25% came months. Reserves were increased during the 
from central economy countries and 15% year by 0.4 million tons, to 3.9 million tons 
from “official” sales, mainly the IMF averaging 0.26 ounce per ton. 
auctions. Eighty-six percent of the gold was A $3.1 million rejuvenation and expan- 
fabricated, and 14% was purchased as bul- sion program was begun at the Mt. Char- 
lion. Developed countries took 56% of the lotte mine; by yearend, the new flotation 
fabricated gold. Overall, in the market econ- plant had been commissioned, and work
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continued on the mill and crushing plant. It in Bahia. In the region south of the Carajas 
was expected that the changes, when com- Hills in Para, the State mining company, 
pleted, would reduce production costs by Cia. Vale do Rio Doce (CVRD), discovered 

: $A10 per ounce. extensive gold mineralization over a 3,000- 

The Central Norseman mine increased square-mile area while drilling for zinc and 
production 32% to 24,500 ounces, by pro- nickel. The company moved to establish a 
cessing 9% more ore. Revenues benefited pilot operation in the area immediately, but 
from the rising market price for gold as well said that 2 years of further exploration 
as from increased production. would be required to delineate the gold- 

The Blue Spec antimony-gold mine in the _ bearing areas. | 
| Pilbara region of Western Australia, which Canada.—Canadian production, 1,717,000 

had been reopened in April 1976, lost $1.8 ounces, came from 21 mines, and was about 

million in the year ended June 30, 1977. The 1% higher than in 1976. All of the gold | 
grade had run 25% below expectation, and produced in the Atlantic Provinces, and 
costs soared. Because further exploration nearly all of the gold produced in the 
failed to increase reserves and losses con- Prairie Provinces and British Columbia, 

tinued, the mine closed January 12, 1978. was a byproduct of base metal mining. 
Australia’s largest antimony mine, the Among the Provinces, Ontario was the larg- 

Hillgrove mine in New South Wales, install- est producer with 48% of national pro- 
ed equipment for the recovery of gold from duction, followed by Quebec with 27% and 
antimony concentrates. The Jabiluka ura-_ British Columbia with 11%; the Northwest | 

| nium mining project in the Northern Terri- Territories accounted for another 11% of 
tory was reported to have reserves of gold national production. Details of the oper- 
ore of 585,000 short tons, grading about 0.5 ation of individual mines were published in 
ounce per ton. It was expected that gold the Canadian Minerals Yearbook. 

7 could be produced for at least 4 years of the Colombia.—Gold output dropped 14% in 
estimated 30-year life of the uranium mine. 1977, to 257,188 ounces. To increase pro- 

Bolivia.—Gold production fell 41% in duction in 1978 from small mines working 
| 1977, to 24,293 ounces, primarily due to alluvial deposits, the Government establish- 

flooding of gold-producing areas on the ed an 8% export subsidy and raised the 
Tipuani and Kaka Rivers early in the year. price it pays miners for gold. Mineros de 
The South American Placers Inc. dredge Colombia (the national mining company), 
was shut down 3 months during the year, which added six new dredges and expanded | 
and this, along with the depletion of the it operations, reported a 15% increase in 

_ ground worked by the gold cooperatives on production. Frontino Gold Mines, Ltd., the 

the Tipuani River, contributed to the last foreign-owned gold mining company in 
decline in production. Exploration contin- Colombia, went bankrupt and made plans 
ued in 1977 for economic alluvial gold depo- to settle debts and liquidate assests. 
sits along the Tipuani, Illica, Murmuntani, Costa Rica.—Production from the San 

Mapiri, and Kaka Rivers. Martin and Tres Hermanos mines, the only 
Brazil.—With the improving gold price in active gold mines in Costa Rica, increased 

1977, output by individual panners, or allu- 28% to 12,249 ounces in 1977. United Hear- 
vial miners, called garimpeiros, increased. ne Resources of Canada, in a 70 to 30 joint 
It was estimated that about 4,000 garimpei- venture with Canadian Barranco Corp., con- 
ros, in 30 to 40 camps, were recovering tinued exploratory drilling of the Santa 
alluvial gold, mostly along the Tapajos and Clara property. By early 1978 they had 
adjacent rivers in the upper Amazon.basin. proven about 7 million tons of ore grading 
The garimpeiros accounted for about 30% of 0.07 ounce per ton and were planning 
the production reported to the Government, milling-cyanide leaching facilities. Silver 
but it was believed that most garimpeiro Eureka Corp. began exploration for gold 
production goes unreported.5 Most of the and base metals on the Sacrafamilia and 
rest of Brazilian gold comes from the Morro Compania properties under an option agree- 
Velho mine in Minas Gerais. A 49% inte- ment with the owner, Aguacate Consoli- 
rest in Morro Velho was purchased in 1976 dated Mines, Inc. 
by Anglo American Corp. of South Africa. Dominican Republic.—Output of the 

The Anglo American Group looked for Pueblo Viejo mine fell 16% to 348,473 
gold ore by surface drilling and under- ounces, as the grade of ore declined. The 
ground exploration at the Jacobina deposit quantity of ore processed increased slightly
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in spite of problems with hard siliceous readying the Riscos de Oro and Blag mines 
ores. The company reportedly expected to feed the mill. 
grade to drop further and began installation Papua New Guinea.—By yearend 1977, 
of a primary crusher and an additional ball about 65,000 feet of drilling had been com- 
mill to raise ore throughput by 20%. Also pleted at the Ok Tedi gold-bearing copper 
begun was a new program of drill explor- orebody in the Star Mountains of northwest 
ation of the underlying sulfide deposit, Papua and a tunnel was being driven into 
which is estimated to contain 2.4 million the gold-enriched material above the main 
ounces of gold, grading 0.115 ounce per ton. orebody. The deposit was considered to have 
At yearend, the disposition of the Los Ca- considerable potential as a gold producer. 

| caos deposit, adjacent to the Pueblo Viejo Expansion of capacity at Bougainville Cop- 
deposit, had not been agreed upon between per Ltd., which produces virtually all of 
the Dominican Government and Rosario Papua New Guinea’s gold, helped raise gold 
Dominicana. | production above the 1976 level. 

Fiji.—Output of the sole producer, Empe- Peru.—Approximately 45% of Peru’s gold 
ror Gold Mines, declined 25% in 1977 to production in 1977 was placer gold, nearly 
49,067 ounces. The mine continued to oper- all won from alluvial gravels on the eastern 
ate at a loss and was receiving financial slopes of the Andes by individual miners. 

_ assistance from the Government until No- Another 40% was byproduct gold. The only 
vember. In January 1978 the mine reduced _ straight lode gold mine now operating in 
its labor force and cut back its mining the country, Minas Ocofia S.A., contributed 
volume in an effort to increase profitability. the remaining 15% of Peruvian production. 
The future of the mine was in doubt, but The Government of Peru actively encourag- 
there was a possibility that the Government _ ed gold mining in 1977. Exploration funded 
would acquire it and keep it in operation. by its Banco Minero located several pro- 
Mexico.—Gold output rose 31% in 1977, spects, of which the two most important 

to 212,709 ounces. The modernization of the were alluvial deposits in the Department of 
Tayoltita mine, operated by Minas de San Madre de Dios in southeastern Peru. The 

: Luis, S.A., was described. The described Alto Laberinto deposit was estimated to 
changes increased production 25%, to have potential reserves of 3.5 million 
32,000 ounces of gold and 55,000 ounces of ounces; an estimate of reserves in the Huay- 
silver per year. Toward yearend, Blythwood petue deposit was not available. The Gov- 

_ Mining Co. was attempting to raise capital ernment also invited the private sector to 
for exploration of a gold-cobalt-silver depos- participate in reactivating the old placer 
it in Sonora, and the Mexican Government deposit of San Antonio de Poto, in the — 

announced that a new gold mine reported to Department of Puno, which had been last 
be at Pinzan Moredo, in Guerrero, with a worked by dredge from 1961 to 1972. 

7 capacity of 1 metric ton (32,000 ounces) of Saudi Arabia.—Consolidated Gold Fields 

gold mine per year would come onstream in conducted a drilling exploration program in 
May 1978. | 1977 at the Mahd adh Dhahab mine, | 
New Zealand.—At yearend, the future of thought to be the site of King Solomon’s 

the large dredge operated by Kanieri Gold legendary mine. The first stage of the dril- 
Dredging, Ltd., was in doubt. The dredge ling program indicated a relatively small 
had accounted for nearly all gold pro- deposit that was of sufficient interest to 

duction of the past several years in New justify further exploration. 
Zealand, but had incurred a sizable oper- South Africa, Republic of.—Gold pro- 
ating loss in 1977, mostly because of low duction declined 2% to 22.5 million ounces 
gold recovery. in 1977. The 88 member mines of the 
Nicaragua.—The average grade of ore. Chamber of Mines accounted for 99.5% of 

‘mined by Empresa Minera de el Sentent- South African output. Figures published by 
rion (operated by Noranda Mines Inc.) fell the chamber showed that member mines 
in 1977, because an important area of good- milled 82.2 million short tons of ore, aver- 
grade ore was flooded in 1976. The company aging 0.27 ounce of gold per ton. Working 
began work on a pumping shaft, by which it costs averaged R75.92 per ounce ($87.31), 
hoped to reclaim the desired ores. The and ranged from R33.47 per ounce ($38.49) 
Rosario Mining Co. of Nicaragua converted at the East Driefontein mine to R163.51 per 
part of its La Rosita copper mill to a 500- ounce ($188.04) at Free State Saaiplass. 
ton-per-day gold cyanidation mill and was Production by the seven major mining
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groups follows, in million ounces: Anglo rescheduled for the first quarter of 1979, | 

American Corp. of South Africa, Ltd., 8.4; and it was estimated that full production, 

Gold Fields of South Africa Ltd., 5.1; Rand about 75,000 tons per month, would be 

Mines, Ltd., 2.3; Union Corp., 2.1; General reached by November of that year. Develop- 

Mining and Finance Corp., 1.6; Anglo ment work at the Deelkraal mine was | 

Transvaal Consolidated Investment Co. concentrated on sinking the twin shafts; No. 

- Ltd., 1.3; and Johannsesburg Consolidated 2 shaft-reached its final depth of 5,835 feet, 

Investment Corp., 1.3. The largest gold and work was continuing on the No. 1 

mines, in terms of output, were Vaal Reefs subvertical shaft at yearend. The mine was 

(2.06 million ounces), followed by West expected to go into production in 1979, 

Driefontein (1.70 million ounces) and East starting at about 60,000 tons per month and 

Driefontein (1.57 million ounces). Ten gold increasing to about 120,000 tons per month 

mines also produced uranium in 1977; total by yearend. At Elandsrand, innovative _ 

production was 3,926 short tons of U;Os (not development techniques moved the esti- — 

counting 345 tons reclaimed from tailings). mated startup date forward to mid-1979. 

| Vaal Reefs was the largest uranium pro- Production at startup was expected to be 

ducer, with a yield of 1,121 tons of U;Os. 60,000 tons per month, building to 135,000 

South African proven gold reserves at end tons by mid-1980, and to 180,000 tons by 

of the third quarter of 1977 were 164 million 1983. 

short tons, grading 0.44 ounce per ton. | Anglo American Corp.’s “Joint Metallur- | 

Three major mines were under develop- gical Scheme” in the Orange Free State, 

ment in 1977—the Unisel mine of Union designed to recover gold, uranium, and 

Corp., the Deelkraal mine of Gold Fields of sulfur from tailings at six mines, encoun- 

South Africa, and the Elandsrand mine of tered problems which kept gold production 

Anglo American Corp. The Unisel mine is down to about 10,000 ounces, less than one- 

south of Welkom in Orange Free State, and tenth of design production. Startup of the 

the Deelkraal and Elandsrand are adjoining Corporation’s East Rand Gold and Uranium | 

mines in the Far West Rand field, south of Co. (ERGO) operation took place in De- 

Carletonville, in Transvaal. At Unisel, the cember. ERGO’s production of the first gold 

shaft had been sunk to its final depth of from tailings piles in the Johannesburg 

| 6,500 feet, and surface construction pro- area was scheduled for the first quarter of 

-  gressed satisfactorily, but underground 1978; annual production was expected to be 

development lagged, partly because of 225,000 ounces at design capacity. 

| difficult ground conditions. Startup was 

50 . 

: WORLD TOTAL 

«40 F | . 

3 Republic of South Africa 

5 30 _nsmnnnneanngenenn oy 

~ a “tn, 

Oo om u, 

ae wo “ette5 4, Ooerseens 

5 20 a 

= f* 
10 

USSR. ee 

ronserees eas ae ited Sher rrrrettteeeteesacasseesae SONGI 
0 a eet 

1955 1960 1965 1970 1975 1980 

Figure 5.—World production of gold.
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TECHNOLOGY 

Interest continued in heap leaching with developing ways of separating and concen- 
dilute cyanide solutions as a means of trating the individual minerals in black 

processing low-grade gold ores. The techno- sands. Depending upon the composition of 
logy and economics of the process, including the black sand, various combinations of 
safe handling and disposal of cyanide, were 8tavity concentration with separation by 
summarized in a Bureau of Mines inform- ™agnetic, electrostatic, heavy-media, and 
ation circular.” The Bureau continued work Moration metnods free being investigated. | 
on methods of improving the flow of cyanide t e leasibility of recovering precious me- 

. . als from electronics scrap was examined by 
solution throu gh heaps of ore and old mine the Bureau of Mines. A large sample of 
tailings having clayey constituents. One scrapped military electronic gear, dis- 

promising technique involved agglomer- s.sembled by hand to allow measurement of 
ating the fines by adjusting the moisture the metals content, contained about the 
content of the ore and mixing it with lime, same amounts of gold and silver as do 
in amounts normally required for pro- typical ores of these metals. | 
tective alkalinity during cyanidation. The A new dental restoration, combining den- 
key to improved percolation rates was tal porcelain and an improved white gold 
found to be proper aging of the agglomer- alloy, was reported. The gold base alloy | 
ates, so as to develop sufficient green contains 4.5% to 8% combined tin and 

strength to withstand prolonged leaching. indium.* 
The addition of flocculants further enhanc- _ Three new types of gold epoxy, for use in 
ed agglomeration in some circumstances. electronics circuitry, were introduced. Each 

The addition of alcohols to the hot alkali Contains 88% gold and is reported to have _ 
solution used to strip gold from pregnant men electrical conductivity and high bond 
gold cyanide solution had been shown by ® Gu thick-fil conduct j 
Bureau of Mines research to cut stripping hed her nae ler are s by ulte y 
time drastically, and several domestic com- attac ed to other circult ¢ ements y ultra: - oe eN , sonically bonded aluminum wire or by 
panies adopted this innovation. Further indium-lead solders. Storage at elevated 
study was begun in 1977 to determine the temperatures tends to degrade bond or joint 
feasibility of substituting a high-boiling integrity. The changes in performance of 
alcohol for methanol or ethanol, in order to aged interconnections when alloying ele- 
cut evaporation losses and avoid the possi- ments are added to the gold compositions 
bility of forming toxic concentrations of were investigated and reported.?° 
alcohol in the air. Initial tests with ethylene The concept of using gold to encapsulate 
glycol were promising. nuclear wastes was developed further. It 

After several absorption and stripping was proposed to limit gold encapsulation to 
cycles, the loading efficiency of activated the most dangerous part of the high-level 

_ carbon used in cyanide-carbon systems Waste, the transuranic elements, produced 
drops markedly. Studies were begun on 2 a rate of about 2 liters per reactor per | 
regeneration of the carbon by distillation of ©": The ‘{ransuranics would be encased m 
adsorbed alcohol and by treatment with small stainless steel cy linders lined with superheated steam. cadmium and lead and coated in turn with 

Research was begun on the development 1-millimeter-thick electrodeposited gold, a 
" " ; thick layer of copper, and a thick layer of 

of simpler means of processing Merrill- asphalt. The cylinders would be buried at | Crowe gold precipitates that would be suit- great depth in the ground.” 
able for small operations. The Gold Bulletin, a quarterly journal of 

Sand and gravel are quarried in huge the Chamber of Mines of South Africa, 
quantities, and in some areas, such as cen- contained a variety of articles on new gold 
tral California, they contain gold and other uses and technology.?? 
heavy minerals. Gold is recovered at a 
number of pits, but usually the remaining _—————— 
heavy minerals, or black sands, are discard- physical scientist, Division of Nonferrous Metals. 

. nce means troy ounce. 
ot aes yeorery a re piatinum group welterican, Bureau of Metal Statistics Inc. Nonferrous 
me and other black sand constituents 4: wie. 7 ; 
could affect the economic feasibility of gold- Ounce Year’ of Dew Balhon ee Smoky Vallee Mining 
saving operations at some of the pits. The Rng. & Min. Jv ‘Ned » July 1977, pp. 70-72. 
Bureau of Mines continued research into |
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~ os a 10Horowits, S. J., D. J. Gerry, and R. E. Cote. Alloy 
“Haptonstall, J. C. Modernization of the Tayoltita Mine, fement Additions to Gold Thick Film Conductors: Effects 

One of Mexico's Major Silver and Gold rations. Min. . . . . 
Eng, v. 30, No. 2, February 1978, pp. 171-17 on Indium/Lead Soldering and Ultrasonic Aluminum 

“THeinen, H. J., D. G. Peterson, and R. E. Lindstrom. Wire Bonding. Solid State Technol., v. 21, No. 1, January 
Processing Gold Ores Using Heap Leach-Carbon Adsorp- » PP. 41-04. . 
tion Methods. BuMines IC 8770, 1978,21pp, **Gold-Plated Waste. Eng., August 1977. | 

®Tin International. V. 50, No. 10, October 1977, pp. 374. 12Chamber of Mines of South Africa Research Organi- 
*New Electronics. Gold Conductive Epoxies. Sept. 20, zation (Johannesburg). Gold Bulletin. V. 10, Nos. 1-4, 1977 

1977. . . issues (quarterly publication). 

Table 3.—Mine production of recoverable gold in the United States, by State | 
(Troy ounces) 

— State 1978. ~~~S*~*«*WN TA 1975 1976 ~~«:1977 

Alaska __--________________ 1107 9,146 14,980 22,887 18, 962 
Arizona __ _2_-____________--- 102,848 90,586 85,790 102,062 90,167 
Califonia __________________ 3,647 5,049 9,606 10,392 5,704 
Colorado __.~_-____ 2 ~~ 63,422 52,083 55,483 50,764 — 72,668 
Idaho ~~ ~~~ ee 2,696 2,898 2,529 2,755 12,894 _ 
Montana ________2 ~__~___i -_ 27,806 28,268 17,259 24,075 22,348 
Nevada _______~. ~~~ ~~~ 260,437 298,754 332,814 287,962 324,003 
New Mexico ______-_-~-_----~- ‘13,864 15,427 15,049 15,198 13,560 
Oregon ________-__~~~--1---- Ww - WwW WwW 28 675 
South Dakota _______________ 357,575 343,723 304,935 318,511 304,846 
Tennessee __-__ 68 ' 18 W WwW 13 
Utah _~______ 307,080 254,909 189,620 187,318 210,501 
Washington _________________ W OW W W 24,006 
Other States ~-~--------------- 29,200 26,025 24,187 26,085 ao 

Mota —§ 1,175,750 1,126,886 1,052,252 1,048,087 1,100,347 

| W Withheld to avoid disclosing company proprietary data; included in “Other States.” . , 

_ Table 4.—Mine production of recoverable gold in the United States, by month 
. (Troy ounces) : 

] ‘Month 1976 1977 

January _______ eee eee 91,121 . 90,768 
. February ________-____ eee - 82,215 81,705 
March _____________________----+~~---- +e 88,096 93,498 

April a 91,488 87,294 
Y ~~~ ee 93,317 | 94,166 

June ________ ee 87,760 86,924 
July ~~ eee 83,776 82,238 
August __-__________ eee 84,971 93,690 
September _________-__________ ee 88,727 85,855 
October ___________ ~~~ Le 93,195 99,402 
November _____§_________ LLL 81,377 101,034 
December __________________ eee 81,994 103,773 

. Total _-__________ 1,048,037 1,100,347
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Table 6.—Production of gold in the United States in 1977, by State, type of mine, 
and class of ore, in terms of recoverable metal 7 

SS SSS Ss ssl SSS SSS sss sss SSS ssp 

Lode. 

Placer Gold ore Gold-silver ore - Silver ore 
State (troy ee eS 

ounces of Troy Troy Troy 
gold) Short tons ouncesof Shorttons ouncesof Shorttons  ouncesof 

gold gold gold ————— eee 

Alaska _._________ 18,924 5 38 _- _- _— __ 
Arizona_—_________ _- _- -- —- —- WwW WwW 
California _._-_____ 3,210 521 1,642 WwW WwW _- _-= 
Colorado _________. 66 _— _— --- _— 103,552 870 
Idaho ____________ — . Ww Ww W WwW 571,875 1,159 
Montana __________. _- 3,658 314 3,059 223 61,068 622 — 
Nevada ___-_______ 7 4,176,343 - 280,755 _- __ 20,022 q 
New Mexico _.______ 927 W W _- _- 2,680 317 
Oregon _._-_-§_______ _— 2,978 675 _- _- _- _. 
South Dakota _______ 80 1,578,413 304,766 — _- -- —_ 
Tennessee _________ _- —_ _- _- _- en -_~ 
Washington ________ _- 39,750 28,992 _- _- Ww Ww 
Other States! _______ — 3,918 1,229 477,726 34,370 40,440 5,390 

Total ______ 28,214 5,805,586 613,411 480,785 34,593 799,637 8,365 
SE 

Percent of total , 
gold______ 2 XX 56 XX 3 XX 1 

Lode 
nn 

. . Copper ore Lead ore _ Zincore — 

. Troy ounces Troy ounces . b tar Troy ounces 
Short tons of g old Short tons of gol d Short tons of g ol d 

— 

Alaska ___________ —_ _— _— — _o _- 
Arizona____~§_______ 189,735,227 87,720 _- -- _— __ 
California _________ -~- _- _—_ _- _~ a 
Colorado __________ a __ 1,204 147 159,861 423 
Idaho ____ Ww WwW 182,950 1,095 9,680 6 
Montana __________ 15,475,605 21,181 2,000 8 me _- 
Nevada____~_______ WwW WwW 100 9 Ww WwW 
New Mexico ________ 24,266,264 10,985 150 3 WwW Ww 
Oregon ___________ . _- _— ~— _- -- 
South Dakota _______ -- _- _- -— _- a 
Tennessee _________ _- _- — — _— _- 
Washington ________ _- -- ~- ee See _- 
Other States? _______ 38,685,234 225,848 __ . —- 138,455 111 

. ‘ SS LL LLL LL 

Total ______ 218,162,330 345,734 186,404 1,262 807,996 540 
Oe 

Percent of total | 
gold_____-_ XX 31 XX (?) XX () ener SL ee ee Ste SS eS St SS SSeS SSeS 

. Lode 

Copper-lead, lead-zinc, 
copper-zinc, and copper-lead- Old tailings, etc. Total? 

. zinc ores 

Troy ounces Troy ounces Troy ounces | Short tons of gold Short tons of gold Short tons OF gold 
SS Ss SS a ete SSS snenranstoneneraste 

Alaska ___________ —-— —_ _- _- . 5 18,962 
Arizona_—________~- 40,710 154 Ww W 139,833,089 90,167 
California _________ _- —- Ww Ww 4,521 5,704 
Colorado __________ 783,687 71,161 1 1 1,048,305 72,668 
Idaho ____________ 755,438 434 _- _- 2,066,179 12,894 
Montana __________ —- _- -- _- 15,545,390 22,348 
Nevada ___________ 104,679 38 _- _- 10,253,898 324,003 
New Mexico ________ -- -- -- _- 24,411,047 13,560 
Oregon ___________ -- a _~ —- 2,978 675 
South Dakota _______ _- -- _- —- 1,578,413 304,846 
Tennessee _________ 1,250,130 13 _- __ 1,250,130 13 
Washington ________ WwW WwW __ __ 193,575 24,006 
Other States! _.______ 493,233 1,058 39,741 4369 33,022,827 210,501 NG, OCF 1 0UT 

Total ______ 3,427,877 72,858 39,742 370 229,210,357 1,100,347 $M OOF A LOW, 01 
Percent of total 
gold______ XX 7 XX (7) XX 100 eee 

W Withheld to avoid disclosing company proprietary data; included in “Other States.” XX Not applicable. 
Includes Utah and items indicated by symbol W. 
2Less than 1/2 unit. 
SData may not add to State totals because of items withheld to avoid disclosing company proprietary data. 
“Includes byproduct gold recovered from tungsten ore in California.
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Table 7.—Gold produced in the United States from ore, old tailings, etc., in 1977, 
by State and method of recovery, in terms of recoverable metal | 

7 Ore and old tailings to mills _ . 

Concentrates Crude ore, . Total Recoverable . Ited and old tailings, 
ore, old in bullion smeited ang etc., | tailings, recoverable metal to smelters? 

etc., . 

State treated! Thousand 
(thou. . short 9 ————————— 
sand tons’ — . 
short . ae 

Amalga- Cyani- Concen- Thou- | tons) mation — dation . trates Troy sand Troy 
(troy (troy (short ounces short ounces 

ounces) ounces) tons) tons 

Alaska _ 22 LL () _- -- _- ae _- () 38 
Arizona___...... °182,993 3182,686 —_. 1,900 8,377,614 87,842 307 425. 
California ...____ | $5 45 1,198 22 2,144 973 3). 301 
Colorado ~~. 1,222 1,217 25,408 | 127,268 46,711 5 483 
Idaho _2 22 2,078 2,075 oe, 10,184 139,928 2,705 3 5 
Montana . _ .. .. . . — 15,562 15,485 9 — 325,271 21,710 7 629 
Nevada_....--.. 918,451 318,390 ~- 280,761 = = 298,065 42,859 61 376 
New Mexico ______ 24,440 24,360 _- _- 768,734 11,098 80 1,535 Oregon _________ 3 __ __ _ 8 675 
South Dakota _____ 1,578 1,578 a 304,766- —_— a -~- a 
Tennessee 4,995 4,995 _- _—— 205,462 13 _— _- 
Utah _.- LL 33,054 32,910 a ee 739,252 183,405 144 27,096 Washington _.____ 194 194 __ oe 12,242 24,004 @) 2 

Total _._. 284,575. 283,895 26,615 . 597,638 10,990,980 421,320 680 31,565 

Includes some non-gold-bearing ores not separable. a 2Leas than 1/2 unit. - . 
- *Includes tonnages from which gold was recovered by heap leaching. 

“Excludes tonnage of tungsten ore from which gold was recovered as a byproduct. . 

Table 8.—Gold produced at amalgamation and cyanidation mills in the United States 
| and percentage of gold recoverable from all sources 

. s ° ° : “ . 

| Bullion and precipi- . Gold recoverable from all sources a 
| | Year | (troy ounces) / Co (percent) , 

. Amalga- Cyani- - Amalga- Cyani- eu: 
, : mation dation © _— mation dation Smelting" Placers | 

1978 WJ 15,381 583,311 1.3 49.6 48.1 1.0 
1974 -- 11,749 618,137 1.0 54.9 43.0 1.1 
1978 LL 13,783. 617,330 13 | 58.7 38.1 1.9 
1976 -0 18,207 587,540 1.7 56.1 39.6 2.6 1977 ~2 oe 26,615 597,633 2.4 54.3 41.2 2.1 

meena eee LA arisen hh retinas es sennnesseenin-etsneensnentncattee eens 

1Crude ores and concentrates. |
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Table 9.—Gold production at placer mines in the United States, by method of recovery 

. . Material Gold recoverable 

Mines . . . washed _ . 
Method and year pro- Washing (thousand Thou Value Average 

. ducing ? cubic troy (thou- per cubic 

, | | - OS yards) ounces‘ 82Nd8) yard 
. 

Bucketline dredging: | | 
1975 _..__________-------~- 4 5 12715. °—s«d14 $2,314 $0.852 
1976 _.. ~~ 3 4 12,816 17 2,124 154 

Drag 1977 ______.-~------------- 3 4 1,377 12 1,742 1.265 
agline dredging: 

1975 ~-- ~~~ ee 6 © 6 210 3 469 2.229 
1976 _-.____2___-~-_-~---~--- 3 3 245 5 606 2.474 . 

H rae wooo ee eee 7 7 210 32 311 45.982 
draulicking: 

y 1975 _...-.-____--~----~--~-- 16 17 131 1 171 1.302 
1976 _-_-- ee 14 14 129 1 157 1.212 

Nonfl 1977 oops tiene TT 12 13 273 5 154 2.762 
onfloating washing plants: . 

1976 mene ee ee 11 11 (*) 32 269 “(4 
1976 _- 25 26 2136 34 560 42.097 
1977 _.___-____-----~~~-~ ~~~ 7 7 2106 33 ATT 42.319 

_ Underground placer, small-scale 
mechanical and hand methods, 
and suction dredge: 

1975 _..---___-_-_-~-------- 12 8 27 9) 47 1.752 
1976 ~_-._-_. ~~~ 4 4 2 (5) 15 8.881 

— WIT Le 7 7 Al 1 159 3.901 
Total placers: 

1975 ~_-___---_-___----------- 49 47 1 23 083 320 63,269 4973 
1976 _- eee 49 51 123328 3 6928 3,462 T4958 
1977 _.__.-_~.~--_--------- 36 88 71,807 323 3,443 1.638 

ee rn en tt te Ss SNF SD - 

- FRevised. . 
. 1Does not include platinum-bearing material from which byproduct gold was recovered. 

2Excludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. 
3Includes gold recovered at commercial sand and gravel operations recovering byproduct gold. 
4Gold recovered as a byproduct at sand and gravel operations not used in calculating average value per cubic yard. 
5Less than 1/2 unit. . | 
®Data do not add to total shown because of independent rounding. 

| Table 10.—U.S. refinery production of gold 

- : (Thousand troy ounces) 

Source 1973 1974 1975 1976 1977 

Concentrates and ores:! 
Domestic _...___..-_.~~--_-_-~~--------~- _ 1,210 1,021 1,093 954 956 
Foreign _________-___~~-__---~---~------ 112 185 250 123 62 

Old scrap ___._-______.--~~--------------- . 1,122 1,068 1,040 
| 1,779 1,926 | 
New scrap ________-..-.---~-~---------~--~- | 61,574 1,436 1,414 

Total __._.________~___ ~~~ 3,101 3,132 4,039 3,581 3,472 

1Includes other primary sources. 

Sources: 1973-74, Office of Domestic Gold and Silver Operations, U.S. Department of the Treasury; 1975-77, Bureau of 
Mines, U.S. Department of the Interior.



| GOLD 443 

| Table 11.—U.S. consumption of gold, by end use 
: (Thousand troy ounces) 

ae End use! | . 1973 1974 1975 1976 1977 
. 

Jewelry and arts: — 
- Karat gold _-.___--__-______ NA NA 1,747 2,153 2,236 Fine gold for electroplating wee eee NA NA 31 — 2. Bt Gold filledand other ___._______.__ NA NA 302 380 385 EE 

Total __.-- ee L___8478 2,402 2,080 2,562 2,658 . Dental _--____ 2 679 509 595 694 728 a
 . ——e—eEe=ele="lo=Eeoeaeeee Industrial: 

Karat gold _-_...___________. NA NA 39 56 60 Fine gold for electroplating _..____________ NA NA 592 686 656 Gold filled andother___________ _NA NA 428 491 489 To 
Total ~~~ ee 2,577 1,740 1,059 1,233. 1,205 Investment?_____._._._.___.____.. _- _. 258 159 268° ——— 

| Total consumption____._.__._-_______ 6,729 4,651 33,993 4,648 4,859 

NA Not available. 
7 As reported by converters of refined gold. _ Fabricated bars, medallions, coins, and other products primarily for investment. “Data do not add to total shown because of independent rounding. _ . 

Sources: 1973-74, Office of Domestic Gold and Silver Operations, U.S. Department of the Treasury; 1975-7 7, Bureau of . . Mines, U.S. Department of the Interior. . 

So , Table 12.—U.S. exports of gold in 1977, by country: Se 

: “Ore, base bullion, ) Refined . Destinati and scrap bullion ination — SS 
. Troy — Value Troy _ Value _ ounces (thousands) ounces (thousands) 

_  Belgium-Luxembourg _____________ | 141,313 $20,798 2,535 $371 Brazi]____--___.~22 2 3,213 — §02 46,394 7,000 Canada_____. 21,797 3,095 222,608 35,455 France ma 5-H (87 10 —_ oe Germany, Federal Republic of _.________ 5,899 863 33,543 4,615 Hong Kong_._-__.--~_~_ = _- _- 1,007  . | 183 Italy, _- —_ 14,364 . 2,086 Japan____~ = 48,520 6,763 __ _- Mexico __-__._-__ 2 _- _—_ 265,826 22,684 Netherlands__________.._________ 1,380 197 102,430 15,000 Netherlands Antilles...__=§__._ -_- -- 386 56 Panama moe ee ee LL -- -- 198 on araguay_—-—__ _- _- Spain -__-_-__~_ 1,760 241 -- -. Sweden...-__._._______. 8,939 1,294 _- __ Switzerland -__._________ 21,102 3,094 4,236,746 450,806 United Kingdom _____________ 141,750 20,619 3,340,857 515,859 Venezuela_.___________._. = __ 8,203 1,140 — Oe C—i*“L*“‘LZO . _ Total.---- 395,760 257,477 8,275,095 1,055,234 
e e ° " Includes monetary exports of 1.5 million ounces to Switzerland and 0.16 million ounces to Mexico. *Data do not add to total shown because of independent rounding. .
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 Pable 13.—U.S. imports (general) of gold in 1977, by country 

Ore, base bullion, _ . Refined 

. Count: : and scrap . bullion 

unity Troy Value Troy Value 

| | | | ounces (thousands) ounces (thousands) 

| Argentina ___.------------------ a 83,225 $11,140 
Australia... ._....---.---------- 32,089 $4,725 _—. _- 

Belgium-Luxembourg ~~ — .—---------- -- -- 37,567 5,738 

Bermuda... ._.._--------------- 2 (7) _- _ | 

Brazil. 02 ee -- ~- 225 29 

Cameroon _._.------------------ __ __ 2,112 212 , 

Canada... __.------------------- 54,308 7,805 1,692,100 249,918 

Chile _._____-_--..------------ 5,816 850 64,836 9,493 

Colombia. _. .-----~------------- 319 48 _- “ _- 

Dominican Republic _..-.-----~----- 3,621 523 -— _- 

France _._..--.---------------- -- —- 1,032 ~ 151 

Germany, Federal Republic of — ~-...~---- 9,065 1,857 * 117 19 

Guatemala. ___.._..------------+- 241 35 . -— -— 

Guyana__.-_--.--~------------- -- _— 263 39 

. Honduras _..-._---..-~~---------- 947 128 50 7 

Hong Kong... - -- ----------------- 1,669 225 94 13 

. Igrael oe + 12 2 . _. __ 

‘Japan. _____------------------- 10 2 18,252 2,477 

Koreéa, Republic of .....------------ 2,825 . 387 -_— _- 

. Malaysia... -~----------+---- 15,270 2,145 _- _- 

Mexico ._..--..---.1------------ 3,977 559 614 © 80 

Netherlands... ...-------------- 81 10 _ - 1,081 161 

Netherlands Antilles. __ ...-..------- 388 55 -« _- 

New Zealand _..__.--.----------- 2 () __ _ 

Nicaragua __...----------------- 18,089 2,618 6,026 833 

Panama _..._-.-.--------------- ' 255 40 _ 287 43 

Paraguay. .—--------------~------ -- -- 1,479 - 185 

Peru___._.-----.--------+----- 13,008 1,886 48,112 6,927 

Philippines _.-..----------~------ 53,102 8,323 16 2 

Portugal ..._-.------~---------- ~ 10 1 _- _- 

Singapore —.._--...—------------- 10,260 . 1,492 64 10 

South Africa, Republic of _.------~---- 1,775 269 12,704 1,857 

Switzerland ._-.--~-~------------ 9,666 1,467 619,510 94,863 . . 

Taiwan ..._.—_-_..---~-~---------- 58 8 _- _- 

Trinidad and Tobago —— — —-~—--—------- 61 9 _-- _- 

USS.R_____ ee en . -- 1,410,811 — 220,134 

United Kingdom . ..---..~------~+-- 2,523 348 137,642 23,131 

Yugoslavia. __..-..-.------------ ; -—. . _ 16,437 . 11,244 - 

Total? wow een enn nnn 239,444 . 35,819 4,214,656 ; 638,707 se 

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

Table 14.—Value of gold exported from and imported into the United States 

| . (Thousand dollars) | | 
. 

. . . 
: - 

. Year Exports Imports 

1975 eee ee ee en ee en cena 492,932 | 456,638 

1976 _.______ ee en nn re 375,048 331,018 

1977 __.__-_--------------
---------- 9 1,112,711 674,026 

| Table 15.—Gold: World production,’ by country | 

. (Troy ounces) 

nnn 

ep 

Country? } 1975 1976 1977" 

ada .______-.-~~----+~------ 1,653,611 1,691,806 . 1,717,008 

Costa Rica _--__---------------- 18,000 9,600 12,249 

Dominican Republic _.__----------- 195,488 413,788 348,473 

El Salvador ___----------------- 8,713 3,007 2,156 

Honduras ._.._~~-------------- 2,520 2,280 2481 
Mexico _---------------------- 144,710 162,811 212,709 

Nicaragua -.-----~-------------- 70,281 75,855 65,764 

United States __.._._._----~--+----- 1,052,252 1,048,037 1,100,347 

See footnotes at end of table. |
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Table 15.—Gold: World production,! by country —Continued 

(Troy ounces) 

. Country” 1975 1976 1977" 

South America: - 

Argentina __.__~__-_-_.__---_-_-- 11,867 — ©12,000 "12,000 
Bolivia ___ _-.___.-__.---------- 58,019 41,519 24,293 
Brazil? ~..- $$ »§ 5 ee 172,038 158,246 ©170,000 
Chile*__§___ 2 ~~~ ee 130,651 129,143 112,736 
Colombia .__~___..-_-_-_--~--.-- 308,864 297,861 257,138 . 
Ecuador ________-~.-_--~--~----- 8,157 11,615 7,649 
French Guiana ____________--_--_. 2,443 2,797 €2,800 
Guyana_________~~_~ ~~~. 18,067 15,651 11,899 
Peru___ ee 78,796 80,730 96,227 
Surinam —~___$_~_~_~_ ~~~ ~~~ 141 39 __ 
Venezuela _____~___ ~~~ ~___-__ 18,3826 16,506 17,490 

Europe: oe 
Finland ~~... --- 22,216 26,299 27,392 
France ~~ ~~ 5 ee 47,004 50,991 °50,000 
Germany, Federal Republic of ________- 2,116 2,456 ©2380 
Hungary® ______.-.._-_-~-_-_-- 300 290 300 
Portugal wee ee ee 11,446 | 10,036 8,694 . 

. Romania® _______._._-_-_-_--- 60,000 60,000. 65,000 
Spain __ ~~~ ~~~ +--+ +--+ - 124,584 €270,000 ©270,000 
Sweden _________~_-_------~---- 63,176 62,179 “60,000 
U.S.S.R.° 2 ee 7,500,000. 7,700,000 7,850,000 
Yugoslavia... __-_--____--_-_-. 177,922 157,088 “160,000 . 

Africa: 
Angola® ~-_____ 1,000 1,000 1,000 
Burundi _________ ~~ Lee 368 426 ©450 

- Cameroon __________-_-.------ 96 — 261 182 
- Central African Empire® ____~___~_-~~- 529 400 100 

Congo __._.____~--.~----.~------ 528 482 ©400 
Ethiopia _.________._..-------- 19,981 30,000 10,000 
Gabon. ~~ 4,207 3,086 ; 2,572 
Ghana _______ 523,889 532,473 480,884 
Kenya _..__~_--------~------- T98 37 89. 
Liberia _._._________-.-~-.-_-- . 4,500 “4,500 ©4,500 
Madagascar __________-_------~-- 158 “160 16 
Mali® ~~~ 30 3,500 3,500 
Mauritania _~__..___._-__.-..--.- ©42,000 22,120 £20,000 | 
Nigeria .__.__.__-_--_-------~--- | 8 “10 “10 
Rhodesia, Southern® ______...-_-_~- ™600,000 . F600,000 ™600,000 
Rwanda _________-~--_----~--- 425 936 “1,000 
South Africa, Republic of __._._._._-- 22,937,820 22,935,988 22,501,857 

- Sudan® _____ 9 300 300 300 
Tanzania* _~__§_§ ~~» 5 48 10 _- 
Zaire®’_ = Le 103,217 102,882 81,661 
Zambia’ _________.__._~_-_-_-- 8,500 10,955 7,845 

Asia: 
| 

China, People’s Republic of _________- 50,000 50,000 60,000 
Democratic Kampuchea® _____.______ 500 1,000 1,000 
India*_ = 90,826 100,696 91,758 
Indonesia® _____________________ 74,954 85,690 64,466 
Japan? __-__ ee 143,503 137,669 170,431 
Korea, North®_______._~__.______-_ 160,000 160,000 180,000 
Korea, Republic of*__§ ___.$_/_/_/_________ 13,343 18,744 21,380 
Malaysia: 

eninsular Malaysia ~~... _-~ 2,484 3,574 4,306 
Sarawak ___..~_~__________. 1,192 965 608 

Philippines ._-____-___-_~_--~--- *502,577 501,210 559,937 
Taiwan ___________-_~_.-~----- 22,110 26,952 14,995 

Oceania: 
Australia. _-__ 526,821 502,741 620,605 | 
British Solomon Islands _ —. — ~~~ 804 600 372 
Fiji --.---------.-----~------- 68,744 65,757 49,067 
New Zealand _____-___---_------ 2,747 3,276 &3 500 
Papua New Guinea__~_________-~_-~_ 611,356 668,014 739,730 

Total. _____---------------- ™38,476,371 39,089,084 38,965,766 

*Estimate. Preliminary. ‘Revised. 
1Unless otherwise indicated, production is on the basis of mine output. 
2Gold is also produced in Bulgaria and Czechoslovakia, and probably small quantities are produced in Burma, the 

German Democratic Republic, Guinea, Thailand, and several other countries. However, available data are insufficient to 
make reliable output estimates. Data are lacking on clandestine activities. 

SExcludes unreported production from small placer mines, estimated at 150,000 ounces per year. 
. “Figures are reported as refined metal. 

5Chiefly in blister copper and refinery muds. 
*Excludes production from so-called “people’s” mines. 
"Refinery production for Japan was as follows: 1975—"1,123,489 ounces; 1976—-1,043,676 ounces; 1977—1,219,155 

ounces.
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Graphite 
By W.ThomasCock’ i si iaes—si—‘“—sN 

Natural graphite became more plentiful | Production of manufactured graphite in- 
in 1977. Domestic consumption decreased creased 11% ‘over that of 1976, owing 
slightly according to a canvass of major primarily to increases in production of | 
consumers. Domestic production was slight- electrodes, electric motor brushes, and 
ly less than that of 1976. Although some graphite shapes. a 

| known graphite deposits were investigated, Legislation and Government  Pro- 
_ there were no new mine openings and only grams.—-On October 1, 1977, the Federal 

| one mine remained in operation. National Preparedness Agency of the General Ser- 
stockpile goals were reaffirmed to cor-. vices Administration (GSA) reaffirmed na- .- . 

oe respond to 3-year totals, but no acquisitions tional stockpile goals for strategic graphite 
have beenmade. > - - to reflect the 3-year requirement proposed 

- Imports of natural graphite increased © in 1976. Stockpile totals and objectives for . 
7 - 9%. Total exports increased 18%. Prices each type of graphite are shown. in table 2. a 

| were down 3% for crystalline and,down 8% There were no acquisitions of strategic 
| for amorphous in 1977. Domestic prices graphite to reach the new goals, although 

generally follow those of imported mate- there has been a reevaluation of GSA pur- 
- rials. — — chase specifications for strategic graphite 

- | World production of graphite increased in materials. Careful consideration will be 
| _ 1977, with nearly all producers showing given to market conditions before any pur- | 

some increase. Supplies of amorphous chases are attempted. A decision will be 
graphite remained adequate and premium made in 1978 concerning the extension of 
grades of crystalline became more plentiful. the 3-year trial suspension on the import 
Substitutes of lower grade materials appear duty for crystalline flake graphite. 

_ to have fallen off. | | 

| Table 1.—Salient natural graphite statistics | 

| 1973 1974 1975 1976 1977 

United States: 
Consumption® ?___..._.____- short tons_— ™69,000 T69,000 54,000 ™65,000 71,000 
Exports. ...______..________ do____ 7,953 12,189 10,586 12,236 13,783 

Value _._.____________thousands__ $992 $1,693 $1,890 $2,388 $2,662 
Imports for consumption?_______ short tons__ 77,431 82,636 65,663 79,098 87,556 

“Value _________________thousands__ $4,494 $5,677 $5,698 $6,753 $8,058 
World: Production _._._._.._..._~ short tons.. 435,150 548,284  °497,500 "497,564 503,510 

$$ eS Eee 
°Estimate. "Revised. 
1 Apparent consumption has been substituted for the consumption survey results appearing as the total of table 4, since 

the latter are incomplete. 
2Includes some manufactured graphite; see table 6. 

DOMESTIC PRODUCTION 

In 1977, natural graphite production was and continued to account for only a small 
from a single source, the Southwestern portion of domestic supply. Graphite depo- 
Graphite Co. mine near Burnet, Tex. Ship- sits in Alabama, Idaho, Montana, New 
ments from the mine were less than in 1976 York, and Pennsylvania have received at- 

447
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tention from investigators contemplating $474 million. Electrode production was up 

the development or redevelopment of addi- 7% over that of 1976 to an alltime high of 

| tional mines. However, no mine openings 221,498 tons, while scrap and powder was | 

occurred by yearend. | - down 6% to a new low of 22,485 tons. 

| _ Plans for the development of flake gr aph- Production of high-modulus fibers was up 
. Geposits in the Ae oe er ae 8% in quantity while the price decreased 

district by Internationa’ Var n and Niin- 17% to less than $42 per pound. This would 

erals Corp. and in northern Saskatchewan ut the price for composite, materials at 
by Superior Graphite Co. appear slowed by eb $08 und PO co 

the relatively inexpensive flake graphite about }co per pound. | 

materials now plentiful in the world mar- Manufactured graphite was produced at | 
- 25 plants in 1977, with some additional _ 

| ket. } 

Reported production of manufactured production for in-house use likely. The fol- 

graphite increased 11% to 318,315 tons. lowing is a list of principal producers in 

Total value of production increased 26% to 1977: 

| Company | a Plant location | 

Airco, Inc., Speer Div ee Niagara Falls, N.Y. 

Do __________-u-- ee errr Punxsutawney, Pa. 

Do __________-- ~~~ ee ee ee ee errr St. Marys, Pa. 

Aveo Corp., Avco Systems Div _____~-_--------------------=------- Lowell, Mass. 

The Carborundum Co., Graphite Products Div ~_.~---------------------- Hickman, Ky. 

Do _______-~_-~ ~~ ~~~ - errr Sanborn, N.Y. 

Celanese Corp., Celanese Research Lab -_ . --------------------~------- Summit, N.J. 

Fiber Materials, Inc Woe eee eee eee ee ee er Graniteville, Mass. 

Great Lakes Carbon Corp ______-------~--------+--------~-------7- Rosamond, Calif. . 

Do ______-_-___-i 2  - - - - -  - - - - Niagara Falls, N.Y. - 

Do oe ee eee ee ee ee ee rrr Mor; anton, N.C. 

Hercules, Inc Wo eee eee eee ee ee en ne eee Bacshus, Utah. 

HITCO ___________-__------ ~~ = = Gardena, Calif. . 

Ohio Carbon Co _____-_---~=----~---------------------------- Cleveland, Ohio. 

Pfizer, Inc., Minerals Pigments & Metals Div. ___----------------------- Easton, Pa.. 

Poco Graphite, Inc ______-----~-----------------------------7-- ‘Decatur, Tex. 

Polycarbon, Inc ~~ eee er North Hollywood, Calif. - 

Stackpole Carbon Co __.____---------------------------------7 Lowell, Mass. 

Do ___________ ~~~ ee ee St. Marys, Pa. 

Super TempCo ___.____------------------------------------ Santa Fe § rings, Calif. 

Superior Graphite Co _ oe ee ee en eee Chicago, IL . a 

Union Carbide Corp _~________-------------------------------- Niagara Falls, N.Y. — 

Do __-________ ue ee ee ee Yabucoa, P.R.. 

Do ___________-__------------------------------------ Columbia, Tenn. 

Do ______ ee eee eee ee eee ee eee ‘Clarksburg, W.Va. 

The Carbon Products Div. of Union Car- ite Co. of Chicago completed construction of 

bide Corp. put a halt to construction of the a manufacturing facility in Hopkinsville, | 

| proposed electrode plant at Clarksville, Ky.? The new facility is producing synthetic 

- Tenn. There is the possibility of a 2- to graphite and desulfurized petroleum coke. — | 

3-year hold on this project. Superior Graph- OO | 

Table 2.—Government yearend stocks of natural graphite | 

(Short tons) | 

en LE 
SKS 

National 

. 
stockpile 

Type of graphite Goal inventory 
(Dec. 31, 

1977) 

Malagasy crystalline flake _______.-_------------------------------ 20,472 17,989 
Sri Lanka amorphous lump _____—_--------------------------------- 6,271 5,499 

Crystalline, other than Malagasy and Sri Lanka ~----------~--~~-----~--------- 34,798 1,933 

Non-stockpilegrade __________---------------------------------- -- 867 
a ate 

Source: General Services Administration. Stockpile Report to the Congress, October 1977-March 1978.
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Figure 1.—Graphite end use patterns, 1967-77. .
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| | | CONSUMPTION AND USES | | | 

Reported consumption of natural graph- consumed was greater than that shown in | 
ite in 1977 (table 4) decreased more than 3% table 4, which reports only the results of a | 
to 57,303 tons. Consumption increased for canvass of major known consumers. Esti- : 
batteries (33%), brake linings (23%), pencils mated graphite consumption, based on ap- 7 
(9%), powdered metals (48%), and refrac- parent consumption, was 71,000 tons in — 
tories (5%). All other categories showed 1977. | | 

decreases. The decrease in manufacture of. Figure 1 lists graphite end use statistics 
crucibles was due to Vesuvius Crucible Co.. obtained from the consumption canvass. - 

_ being on strike all of 1977. The three major Although the canvass probably gives a good 7 
uses, steelmaking, refractories, and found- indication of consumption patterns, caution | 

| ries, accounted for 63% of reported con- is advised in use of these data for absolute | | 
sumption. - amounts owing to incomplete coverage and 

Oo The actual amount of natural graphite inconsistencies in company reporting. | 

: Table 3.—Production of manufactured graphite in the United States in 1977, by use | 

. Quantity Value 
Use (short tons) (thousands) - 

Synthetic graphite products: — | | . 
Anodes. 20,116 $20,537 
Electrodes _-_______-______~____ eee 221,493 314,438 
Crucibles and vessels_ $$ 1.9 ~~ LLL 4,970 31,170 

_ Refractories .____.~_________-___ ew LLL WwW WwW 
Electric motor brushes and machined shapes ________________-_---_-__ Ww WwW 
Unmachined graphite shapes _________~_____~ ~~~ Le ' 14,668 20,463 oe 
Cloth and fibers (low-modulus) __ $$. ~~~ ~~~ 87 6,600 
High-modulus fibers _____________-___ ~~~ 58 4,450 
Other _____- eee 34,438 46,928 

| Total. ee 295,825 444,586 
Synthetic graphite powder and scrap _________-________~__~_~____ Lee 22,485 29,450 

| 1 318,310 474,036 

| W Withheld to avoid disclosing company proprietary data; included with “Other.” . 

Table 4.—Consumption! of natural graphite in the United States in 1977, by use 

. Crystalline | Amorphous? Total 

Use Quantity Quantity © ity y Quantity 
(short tons) Value (short tons) Value (short tons) Value NOE COS COE COS 

Batteries _____________-____ Ww Ww WwW WwW 1,509 $1,518,720 
Brake linings _____________ _ 801 $534,133 — 2,068 $1,219,769 2,869 1,753,902 
Carbon products? ____________ 851 716,507 908 659,213 1,759 1,375,720 
Crucibles, retorts, stoppers, so 

sleeves, nozzles _.-_~§________ WwW WwW WwW Ww 3,597 1,486,228 
Foundries ________________ 1,736 546,893 5,385 1,024,074 7,121 1,570,967 
Lubricants* _______________ 758 677,514 1,944 743,915 2,702 1,421,429 
Pencils __________________ 1,776 1,370,225 594 286,856 2,370 1,657,081 
Powdered metals ____________ 665 802,512 126 137,005 791 939,517 
Refractories _.___-__________ 2,024 441,436 9,899 1,364,292 12,423 1,805,728 
Rubber —----------~----~-- WwW Ww Ww Ww 359 182,065 Steelmaking __.____________ 88 58,878 16,503 3,445,781 16,591 3,499,659 

‘Other? ____- ee 9,040 4,083,692 1,637 760,411 5,212 1,662,090 ee ON ATE LE 1,662,090 
Total _-._____________ 18,239 9,226,790 39,064 9,641,316 57,303 18,868,106 a Ul 

W Withheld to avoid disclosing company proprietary data; included with “Other Crystalline” and “Other Amorphous.” 
1Consumption data incomplete. Small consumers excluded. 
Includes mixtures of natural and manufactured graphite. 
3Includes bearings and carbon brushes. 
“Includes ammunition, packings, and seed coating. 

; "Includes paints and polishes, antiknock and other compounds, drilling mud, electrical and electronic products, 
insulation, magnetic tape, small packages, and miscellaneous and proprietary uses.
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| : PRICES | 

| Average prices of graphite imports quotations represent the average of a range decreased in 1977. Prices were down 3% for of prices. The source of information for | crystalline and 8% for amorphous. Of the imported graphite is the average value per eight major sources of supply (98.5%), only ton computed from table 6; however, these materials from the Federal Republic of data mainly represent shipments of unpro- _ Germany, Norway, and the U.S.SR. in- cessed graphite. | | a | creased in price from 1976. The following tabulation? shows repre- 7 Actual prices are often negotiated sentative price ranges for several countries between the buyer and seller, so price from which natural graphite is imported. 

. 
. . Per short ton 

, 1976 : 1977 
3 . . 

. “China, People's Recublieg? ee —— $680- $998 | Germany, Federal Republic of ~-- ee $272-$1,270 = ———-:227-1,089 Madagascar saat a 136-680 136- 431 Norway —_-—------__ re 150- 236 154- 254. Srilanka ——_______ 163- 405 195- 603 Amorphous, nonflake, cryptocrystalline graphite (80% to 85% carbon): . . Korea, Republic of (bags) ~-- eee 36 36-45 Mexico (bulk) ~ => 7-7 ------ +--+ 8-8 44- 50 32- 36 

7 FOREIGN TRADE 

The broad upward trend in exports of vious high of 81,070 tons in 1974. A 5% natural graphite continued in 1977. Exports increase in total imports of amorphous increased 13% in 1977 to 13,788 tons. Po- graphite from Mexico (54,927) and the Re- land became the principal buyer with 3,242 public of Korea (12,696) and a 26% increase , tons. Other major recipient countries were in imports of all other natural graphite Canada (2,898 tons), the Federal Republic of brought the 1977 ratio of amorphous to. | Germany (2,796 tons), and the United King- crystalline down to 4:1. The ratio was near- _ dom (1,361 tons). Graphite was also export- ly 5:1 in 1976. This is a result of the easily ed to 35 other countries. _ accessible supply of crystalline flake mate- Imports of natural graphite increased 8% rials, imports of which: were up 48% over to 84,369 tons in 1977, exceeding the pre-__ that of 1976.
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| Table 5.—U.S. exports of natural graphite,’ by country 

. 
. oe 1976 1977 

: Destination © Quantity Quantity 

: (short Value (short Value 

. tons) . tons) 

Argentina oe eee ee ee eee err 197 - $45,553 106 $27,580 

Australia... _------------------ r
rr 514 77,824 614 86,867 

Austria ___-_------------------ 74 3rcrrrrr . 6 4,394 65 5,975 

Belgium-Luxembourg ———-----------------77--7-77 
35 6,533 57 - 9,225 

Brazil _..___------------------- 
7c 137 44,861 42 9,595 

Canada _.___----------------- o
or 3,394 773,893 © 2,898 624,187 

Chile OTT T TTT TIT L = -------------- 11 4,685 23 18,320 

Colombia ____----~----------- rr
r 198 69,104 58 20,402 

Denmark ____---------------- 7-7 16 10,941 54 8,754 

Finland .___--_-------------------
7 7077 26 3,243 8 1,516 

France ___-----------
----- "or 435 122,829 99 23,260 

Germany, Federal Republic of - ------------------~~- 1,638 326,999 2,796 481,265 

India __.___---_------------------
3--r rrr 41 - 5,316 51 6,656 : 

Iran _____-------- -- ne oS 17 6,250 21 4,230 

Ireland __.--------------------- 
770777 62 9,382 81 14,603 

- ‘Ierael __ .. _----------------
- or 24 4,576 38 14,645 

Italy____-------------------- or 28 3,166 195 30,188 

Japan ____./.----------- 
1,062 159,286 482 129,474 

Kenya .--.--~---------
-- 3 rrr ae _— 53 4,703 

Korea, Republicof _-—-------------------7--7777 
68 8,230 49 7,176 

Malaysia _ . ------------------- 7-3 10 1,099 —_ . -— 

Mexico ____-----------
----- 451 65,269 540 150,492 

- Netherlands ___------------
------- 9-077 500 18,293 21 8,368 

New Zealand ___..~--------
------ 37 - rr 72 9,784 60 4,993 

Peru___._—--- - - - -- - 
48 9,346 1 590 

Philippines 
ee . 105 34,621 45 10,084 

Poland __._.-------
---- orn “4,127 154,921 3,242 470,670 

Singapore —_------------
----- 97-0 29 13,020 47 6,162 

South Africa, Republic of __-------~-----~--------7- 
181 ~. 19,873 ~= _- 

Spain ____-------------
------ 300 ttrr — 352 84,114 _- _- 

Sweden ___--------------9 o-oo 97 11,229 39 7,452 

Switzerland ___.~------------
------3 rrr 33 6,462 10 11,124 

Taiwan ____------------- 9 ae —_ 67 7,598 

Thailand _______-----------------
- 7-7 37 4,131 ~~ _~ 

United Kingdom —.--------------------7-7- 77777 649 . 84,819 1,361 269,495 

. Venezuela __..------------
------ 3-7 rrr 449 154,768 459 173,679 

Other _____---------------- 
rrr 127 20,132 101 17,379 

Total __------~--.-------------- 777
7777777 12,286 2,388,446 13,783 2,661,707 / 

TRevised. - 
o 

1 Amorphous, crystalline flake, lump or chip, and natural, not elsewhere classified.
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Table 6.—U.S. imports for consumption of natural and artificial graphite, 
| | by country 

Natural - . 

. Crystalline Other natural Artificial? Total 
Crystalline lump, chip crude and mee. 

Year and country —_________ ___ordust ___refined — 
~ Quan- Quan- Quan- . Quan- Quan- 1 

a a a 
tons) sands) tons) sands) tons) sands) tons) sands) tons) sands) 7 

1975 ~. -- ~~ Le 4,270 $1,118 250 $91 59,770 $4,149 1,378 $340 65,663 $5,698 

1976: 
Austria ___________- __ _ __ _- 132 25 __ _- 132 25 
Canada _______.___ _- _- _- _- 44 26 434 60 478 86 
China, People’s . 

Republic of _____—~_ 120 82 — __ 2,479 . 669 55 19 2,654 720 
France ____~__-~-~- -- _- 10 3 61 27 1 1 72 31 
Germany, Federal 

Republic of _______ 259 125 —- — 1,180 399 317 89 1,756 613 
India ~_-______~_-~_ _- _— _— a= 17 15 — _- 17 15 
Italy. _-_-____.-___ __ — 5 7 _- _- (?) 1 5 8 
‘Japan __~_________ _- —- 20 7 60 21 354 135 434 163 
Korea, Republic of —___ __ __ __ _. 18,007 803 _— —~. 18,007 803 
Madagascar ______.__ 4,071 1,058 li 3 664 153 _- _. 4,746 1,209 
Mexico _______—-~--— —_ _— _- _-— 51,398 1,600 _- _. 51,398 1,600 
Norway ___________ 143 35 _- __ 411 73 __ _ 554 108 
Panama __________ __ __ —_ _. * 221 190 _— —- 221 190 
SriLanka _________ 57 14 255 104 1,444 528 _- _- 1,756 646 
Switzerland ________ — — — — 20 15 239 188 259 203 
Thailand __________ _- -— __ _— 57 20 _- _— 57 20 
United Kingdom —_ ~~~ _ 37 . 18 __ -- 71 15 _- _- 108 28 
USS.R ~~ _- _- _— _— 1,360 263 -- _- 1,360 © 263 
Vietnam ________~-_ —_ —_ 84 22 ~~ =e -- -- 84 22 . 

Total _.-._-_~______ 4,687 1,272 385 146 72,626 4,842 1,400 493 79,098 6,7 58 

1977: : oe | 
Australia ___________ __ _- _- _- _- _- (7) 2 (7) 2 
Austria ___________ _- _— _- _- 21 5. _- _- 21 5 
Brazil _._._______— 300 76 152 52 20 4 _. _- 472 132 
Canada -__________ 17. WW __ __ 284 113 167 33 468  — 168 
China, People’s ° 

Republic of _.~____~_ 33 12 -— = 2,531 651 _- _— 2,564 663 . 
Colombia _~________ _- _— — _- 3 1 _- — 3 1 
France _______.~ —_ _- _— __ — — 1 4 1 4 
Germany, Federal - 

Republic of _______ 381 187 -_ -_ 980 382 398 142 1,759 711 
India _..________-_ __ __ _ _. 22 20 __ __ 22 20 
Italy __ 2 ~~~ _-_ 20 20 = _- 20 4 3 7 43 31 
Japan ____________ 59 17 _- a 80 29 2,389 613 2,528 - 659 
Korea, Republic of — ___ _- -- -_- _. 12,696 655 _- _— 12,696 655 
Madagascar ________ 4,523 1,058 _— _- 456 119 _- _. 4,979 1,177 
Malaysia __________ _— -- -- _- 68 16 _- _— 68 . 16 
Mexico __________~_ _- -- -- -— 54,927 1,677 _— -— 54,927 1,677 
Norway ___~________ 1,159 350 _- a 632 161 — ~— 1,791 511 
South Africa, Republic of _— — _- -- 124 19 — _— 124 19 
SriLanka _________ 188 72 157 77 = ‘1,778 627 __ _— 2,128 716 
Sweden ___________ 1 . 1 —- _ 20 28 _- _— 21 29 . 
Switzerland ________ re -- -. 229 194 229 194 
Taiwan _________.- — -- — __ 88 38 a _- 88 38 
USS.R ~~~ -- -- -- _- 2,629 574 -- _— 2,629 574 
United Kingdom _____ __ __ __. a (?) 1 __ _- (?) 1 

Total _.________ 6,681 1,810 309 129 77,379 5,124 3,187 995 87,556 8,058 

'ncludes only that received in raw material form; excludes products made of graphite. 
2Less than 1/2 unit. 

7 WORLD REVIEW 

World production of natural graphite in- Canada.—Although a go/no go decision 
creased in 1977. Mexico and the Republic of had been promised by 1977 on the $4 mil- 
Korea continue to be the main producers of lion Deep Bay Graphite deposit in Sas- 
amorphous graphite. Supplies of crystalline katchewan,‘ none was reached. 
graphite were plentiful for the first time India.—Orissa State is the leading pro- 
since 1974. ducer of graphite, accounting for 50% to |
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60% of annual production. Important de- mated to:be 10 to 20 million tons. Commer- © 
-. posits are located in the Bolangir, Sambal- cial quantities of cryptocrystalline graphite = =8§=s«s 

-- "pur, Korapur, and Dhenkanal districts. were outlined,in the Azad Kashmir dis - 
Interest appears to be growing for estab- trict.® Reserves of 1.2 million tons of 15% to 

‘lishing a domestic graphite-based manu- 20% carbon were indicated. 7 
_ facturingindustry® = Sri Lanka.—At present, graphite pro 

+»... Japan,—Production of natural graphite is _ duction is confined to two principal mines, =. 
"restricted to about 350 tons per year by Bogala in Kegalle district and the Kahate-- 

. «Amor Graphite Co.* As a result, substantial gaha and Kolongaha (both linked under = 
... imports are required to meet the 60,000- to. ground) miries in Kurunegala district..°Two 
~~ 80,000-ton annualdemand.. == other mines, Rangala in Kegalle district = 
~~... Kenya.—The «small graphite deposit . and Ragedera in Kurunegala district, are 

~~ being. mined in the Machacos. district, under development. Geological. investi; = = 

although. still a promising deposit, was gations are being conducted at Siyambul- 
closed down.” __ - --. *- Japitiya in Kegalle district. ee | 

Pakistan.—High-quality crystalline |§ Thailand.—Graphite production to date 
_ graphite ore deposits were discovered in the has amounted to only the 30 tons produced 
Malakand area.* Initial reserves are esti- at Chiang Rai in 1975." | 

_ Table 7.—Graphite: World production, by country | 

| : | ‘(Short tons) | 

Country? | 1975: 1976 19779 

Argentina _______________________-_-------- . aa . 60 e159 
Austria________________________ ee 33,715 36,439 €38 600 
Brazil (marketable). __. _________-_~______-__-___- *5,798 6,634 ©6,700 . 
Burma ______--_-____-_--_----------------- , 96  @?) _- 
China, People’s Republic of€ ____...__._____-_--_----- ‘55,000 55,000 55,000 
Germany, Federal Republic of? ____________-.------ 14,944 15,461 ©15,900 
India ~____-» $5 5 eee eee 734,058 35,842 ©36,400 

-Italy___-_-_____--__-_-_ eee "1,645 4,242 £2,700 
Korea, North®_______.__._________--_--_-_--- 85,000 85,000 : 85,000 
Korea, Republic of ___...._.___.-____~----------- 52,064 45,955 ©50,000 
Madagascar _________________-__-.---------- 19,592 15,886 ©16,500 
Mexico _.______-____----_----------------- 67,036 66,510 ———©66,100 
Norway _______________~_-___-__--_~_--_-_--- 9,838 9,213 €8 800 
Romania® __________-__-_- LL — 6,600 6,600 6,600 
SriLanka ___- = 11,498 9,138 ©9400 
South Africa, Republic of _...-._..--_..---------- 577 584 “660 
USSR® eee 100,000 105,000 105,000 
United States -________----------------------_. CW COU CULWh 

. Total...» eee 497,500 497,564 503,510 

| Estimate. Preliminary. "Revised. _W Withheld to avoid disclosing company proprietary data. 
lIn addition to the countries listed, Czechoslovakia, Southern Rhodesia, and the Territory of South-West Africa 

(Namibia) are believed to produce graphite, but available information is inadequate for formulation of reliable estimates 
of output levels. 

?Revised to zero. 
3Data represent marketable production, including some produced from imported raw materials. 

TECHNOLOGY 

_ Research efforts continue to be concen- Because of its outstanding high-temper- 
trated on manufactured graphite, and there ature strength, graphite is also used as a 
were few new developments pertaining to mold material in ceramic applications." 
natural graphite. There are various other foundry and re- 

The increased use of powder metal parts fractory applications for which natural 
in the automotive industry has led to in- graphite is useful. It can be used as a water- 
creased use of graphite both as a lubri- based coating on metal, plastic, and ceramic 
cant and as a carbon raiser in steel alloy surfaces and in crucibles for coreless in- 
powders.'? Sintering processes involved in duction furnaces.'s 
this fabrication technique diffuse the graph- Graphite may no longer be added to | 
ite uniformly in the alloy for applications externally applied cosmetics.’* Use is being 
such as bearing parts.'* prohibited because graphite contains poly-



oe ~ ~ nuclear aromatics, some of which, according — than its conventional counterpart. Substitu- 
- to the Food and Drug Administration, are tion of graphite composites in truck bodies oe 

-.... Atlantic Richfield Co. introduced a Other new uses for graphite fiber compo- 
--... -- graphite-containing petroleum lubricant sites include extensive replacement of = 
...- called Arco-graphite.!” Tests show this new heavier materials in experimental electric me 
“high-grade motor oil containing submicron- — automobiles.?” Chemical. plants, _utilities, : 
“size graphite particles increases gas mileage _ffshore drilling rigs, wastewater treatment = 
-”\-. ‘and reduces engine wear. It is also market- Plants, and food processing plants are all = 
.". edata price belowsyntheticoils.. «=««——=(‘<iéiéargets «for composites. applications.” - 

"= "Graphite electrical discharge machine ‘Graphite aid & tape Houma tub ing nas been 
_ (EDM) electrodes have been machined into (eee ee eee te lleva 
eS tiny rod diameters." The material formu- and for speaker oon a used In ba va ves®. 

‘ation is substantially different from other ° Liquid metal infiltration and fiber coat- | 

graphite materials. Extremely fine grain ing rocesses have been developed for 
homogeneous sructure pus contro PO-  nakin g graphite metal c omposites.” ‘ 

rosity and inherent ‘ign s rengt | are Graphite-lead, for example, combines the 
characteristics especially adaptable for strength, stiffness, and density of steel with 
small EDM electrode sizes. Although graph- the acoustical absorption capacity of pure 
ite is the most widely used EDM material,a_ jo5q . 

15% tungsten-25% copper alloy reportedly A new supermaterial, tantalum carbide 

_ manufacture are reportedly 39% and 66%, _ is one of the hardest compounds ever manu- 
respectively, compared with graphite factured. The compound has a melting point 
electrodes. — of 6,760° F and is reported to have extraor- 

A new high-temperature graphite tube dinary wear resistance and excellent resist- 
furnace is designed to heat up quickly and ance to thermal shock. : 
maintain uniform temperatures up to 2,700° ———___ | —_ 
C under controlled atmosphere conditions.” i ‘Physical scientist, formerly with Division of Nonmetal- 

s ic Minerals (now wl nternationa ata an ysis). 

The furnaces are electrically heated and *Chemical Marketing Reporter. Superior Graphite Adds 
contain a resistance-type graphite element. Coke-Graphite Facility. V. 212, No. 12, Sept, 19, 197, p. 76. 
Reported uses for this furnace include  195°Ne, Nomoto igny O10 TONBY NEWS Briers. 
graphitizing carbon, making graphite cloth, octidustrial Minerals. Superior Graphite Facility. No. 121, 

: : r , p. 15. 
and producing carbon and graphite fibers. Skillings’ Nining Review. Superior Graphite’s Kentucky 

A 20,000-pound-per-square-inch isostatic Facility. V. 66, No. 39, Sept. 24, 1977, p. 26. 
. bl f Idi ta ] Engineering and Mining Journal. Markets. V. 178, No. 

press cCapabie of molding rectangular 12, December 1977, p. 56. | 
sections up to 12 by 26 by 72 inches is Engineering and Mining Journal. This Month in 

. Mining. V. 178, No. 1, J 1977, p. 147. 
reportee to be the largest presently in use industrial Minerals, Graphite Decision by Yearend. No. 
y the graphite industry.?! Another major Mining Mogazine Highligh 

. : . . . ts. V. 186, No. 1, J. 
advance in graphite molding technology is 1977, p. a. “anne ® ® ° . aneary 
the development of large graphite parts for yo Mpa eigTt Boe Onn World Mining. V. 30, 
use in fuel cell plates.?2 5U.S. Embassy, New Delhi, India. State Dept. Airgram 

Uses of grap hite fibers and composites Serban aw. Phe Industrial Minerals of Ja 
continue to grow. In addition to numer- Industrial Minerals, No. 118, July 1977, pp. 41-42, 
ous uses in aircraft and sporting goods olly, J. L. W. ip port: Mali, Niger, Nigeria, Kenya, 

: . . d Zambia. U.S. BuM M . i, » p. 42. 
applications,2*? automotive and other uses (available from author). ines Memo Dec. 1, 1977, p. 42 
have. developed.** Experiments in the past Industrial Minerals. No. 117, June 1977, p. 67. sae . ean _ M M . Highlights. V. 137, No. 1, ; 
utilizing graphite composites in automobile _ p. 65. “eee ‘ee 187, No. 1, July 1977 
springs, drive shafts, bumpers, and engine Ayer eerie Graphite Refractory News. No. 
push rods, have led to an experimental car ~= ———. No. 118, July 1977, p. 59. _ 
with wholesale substitution of composite >. Mining Journal. Industry in Action. V. 289, No. 7404, 

parts for steel in the body, chassis, and US. Embessy,, Colombo, § Sri Lanka. State Dept. Air- 
+1 25 : : . -~. gram A-16, Feb. 3, , pp. 1-3. 

power train.* The intermediate-sized, six- "ITT Gustrial Minerals’ The Industrial Minerals of Thai- 
passenger car will weigh 1,250 pounds less _ land. No. 117, June 1977, p. 37.



456 MINERALS YEARBOOK, 1977 

12American Metal Market. Trend Toward Big P/M Iron Age. Aircraft’s Composite Wing Drafted by Com- 
Parts Seen Forcing Large Firm Concentration. V. 84, No. _ puter. V. 219, No. 10, Mar. 14, 1977, p. 46. 
65, Apr. 4, 1977, p. 20. Materials Engineering. Composites News. V. 85, No. 6, 

13 Adams, J. S., and G. Douglas. Improved Bearing at June 1977, p. 58. 
Lower Cost Via Powder Metallurgy. Metal Prog., v. 112, 24Betz, R. O. Composites Poised for Plunge Into Auto 
No. 3, August 1977, pp. 39-42. - Materials Pool. Iron Age, v. 219, No. 11, Mar. 21, 1977, pp. 

14Ceramic Industry. V. 110, No. 1, January 1978, p. 80. 58-61. 
15Foundry Management and Technology. New Foundry Miska, K. H. Detroit Looks to Advanced Composites To 

Products. V. 105, No. 2, February 1977, p. 60, 64. Shed Weight, Improve Fuel Economy. Mater. Eng., v. 86, 
16S, Code of Federal Regulations. Title 21—Food and No. 3, September 1977, pp. 66-68. 

Drugs; Chapter I—Food and Drug Administration Depart- 25 American Metal Market. Ford Test Car To Have 

ment of Health, Education and Welfare; Subchapter A— | Composite Parts. V. 85, No. 211, Oct..31, 1977, p. 2. 
General; Part 81—General Specifications and General Chemical and Engineering News. Science & Technology. 
Restrictions for Provisional Color Additives for Use in  V.55, No. 44, Oct. 31, 1977, p. 15. | 
Food, Drugs and Cosmetics. Federal Register, v. 42, No. Chemical Marketing Reporter. Graphite Automobile on 
229, Nov. 29, 1977, p. 60734. Way for Ford. V. 212, No. 18, Oct. 31, 1977, p. 4. 

17Chemical and Engineering News. New High-Grade 2°American Metal Market. International Harvester 
Motor Oil Contains Graphite. V. 55, No. 29, July 18, 1977, | Testing a Composite To Replace Steel on Truck Cab, 
pp. 5-6. _ Frame. V. 85, No. 89, May 9, 1977, p. 20. 

Chemical Week. Technology Newsletter. V. 121, No. 3, 27Chemical Week. Research. V. 121, No. 8, Aug. 24, 1977, 
July 20, 1977, p. 39. p. 37. . . 
Teena of Metals. Inclusions. V. 29, No. 12, December igine Lamp (EXXON Corp.) Panorama. V. 59, No. 8, Fall — 

. ? Pp. ae ‘ > Pp. ° : 

19Metal Progress. New Products. V. 111, No. 5, May ?8Industry Week. Business Trends. V. 192, No. 6, Mar. 
1977, p. 104. 14, 1977, p. 79. 

20Flectronic News. Harper Electric Offers Graphite 29Materials Engineering. Versatility Marks Application 
Tube Furnaces. V. 22, No. 1136, June 27, 1977, p. 109. of Tubing for Mechanical, Structural Uses. V. 86, No. 2, 

Journal of Metals. Inclusions. V. 29, No. 9, September August 1977, pp. 45-47. 
1977, p. 6. 30______ Composites News. V. 86, No. 7, December 1977, 

21Brick and Clay Record. Executive Report. V.171, No. _ p. 34. 
1, July 1977, p.7. 31Scientific American. V. 236, No. 2, February 1977, p. 6. 

Materials Engineering. Prices and Supply. V. 85, No. 5, 52Metal Progress. Technology Forecast 1977. V. 111, No. 
. May 1977, p. 83. 1, January 1977, p. 42. . — 

?*American Metal Market. Brush Wellman Receives 33Chemical Week. Technology Newsletter. V. 121, No. 2, 
Order for Graphite Fuel Cell Plates: V. 85, No. 152, Aug. 8, = July 13, 1977, p. 55. 
1977, p. 28. _ Industry Week. Emerging Technologies. V. 194, No. 3, 

23Chemical Week. Stretching Carbon Fiber Uses. V.120, Aug. 1, 1977, p. 31. 
No. 9, Mar. 2, TGA pe. 32-33. Science News. Technology. V. 112, No. 2, July 9, 1977, p. 

Furness, V. I. Working with Textiles. Chem. & Ind. 25. 
(London), No. 24, Dec. 17, 1977, p. 974.



By J. W. Pressler' | 

The gypsum industry continued the ex- duction of calcined gypsum increased 14% 

pansion that started early in 1976, re- to 12.6 million tons. Sales of gypsum pro- 

flecting the 2 million housing unit starts in ducts increased 14% to 20.5 million tons. 

1977 (including a record 1.45 million single- Imports of crude gypsum increased 14% to 

unit starts). Output of crude gypsum in- 7.1 million tons. Total value of gypsum 

creased 12% to 13.4 million tons, Pro- products sold increased 39% to $911 million. 

| a Table 1.—Salient gypsum statistics : 

a (Thousand short tons and thousand dollars) 

1973 1974 1975 1976 1977 

United States: 
Active mines and plants! ______---------- 112 116 110 117 115 

Mined ___-...-_----------------- . 13,558 11,999 «9,751 11,980 —_13,890 
Value _____.__...____-__-_-__ $56,650 $52,894 $44,654 $59,888 $74,341 

Imports for consumption ___.___--~--~- 7,661 7,424 5,448 6,231 7,074 

Byproduct gypsum sales __-_._.-_----- 322 463 369 573 797 

. Calcined: . 
Produced ______________--------- 12,592 10,993 9,181 11,036 12,590 

Value _____...._-.__--_-___--~ $205,826 $205,718 $186,478 $236,775 $277,835 
Products sold (value) _.________.-------- $682,809 $623,102 $525,051 $654,860 $910,526 

| Exports (value)___________------------ $7,360 $10,844 $10,481 $32,594 $15,703 - 
Imports for consumption (value) _-_--------- $21,937 $21,889 $19,817 $21,756 $31,398 

World: Production _____.____--------------- 67,829 67,704 65,279 69,175 72,164 

"Revised. . 
Bach mine, calcining plant, or combination mine and plant is counted as one establishment; includes plants that sold 

byproduct gypsum. . ; 

DOMESTIC PRODUCTION | 

The United States was the world’s lead- production. Stocks of crude ore at mines at 
ing producer of gypsum, accounting for 18% yearend were 2.6 million tons. 
of the total world output. Leading companies were United States 

Forty-two companies mined crude gyp- Gypsum Co. (12 mines), National Gypsum 
sum at 69 mines in 22 States. Output Co. and Georgia-Pacific Corp. (6 mines 
increased 12% and was only 1% below the each), Celotex Div. of Jim Walter Corp. (4 
1973 record. Leading producing States were mines), The Flintkote Co. (3 mines), and H. 
Michigan, Texas, California, lowa, Nevada, M. Holloway Inc. (1 mine). These 6 com- 

and Oklahoma. These six States produced panies, operating 32 mines, produced 71% 
more than 1 million tons each and together of the total crude gypsum. 
accounted for 70% of the total domestic Leading individual mines were United 

457



A458 MINERALS YEARBOOK, 1977 

States Gypsum’s Plaster City mine in Impe- in 1976 and 124,000 tons in 1975. 
rial County, Calif.; National Gypsum’s Ta- Occidental Petroleum Corp., Allied Chem- 
was mine and United States Gypsum’s Al- ical Corp., Valley Nitrogen Producers Inc., 
abaster mine both in Iosco County, Mich.; and California Industrial Minerals Co. (all 
H. M. Holloway’s Lost Hills mine in Kern in California), Occidental Petroleum Corp. 
County, Calif.; Pacific Coast Building Pro- in Florida, Miles Laboratories, Inc., in In- 

_ ducts, Inc.’s Las Vegas mine in Clark Coun- diana, Texasgulf Inc., in North Carolina, 
ty, Nev.; United States Gypsum’s Southard and Allied Chemical Corp. in West Virginia 
mine in Blaine County, Okla.; and United sold 797,000 tons of byproduct gypsum val- 
States Gypsum’s Sweetwater mine in Nolan ued at $6.4 million for agricultural pur- 
County, Tex. These seven mines accounted poses. | 
for 34% of the national total. Average On February 19, 1977, Pacific Coast Build- 
output per mine for the 69 U.S. mines was_ ing Products, Inc., of Sacramento, Calif., 
194,000 tons, compared with 176,000 tons purchased the Las Vegas, Nev., gypsum 
per mine in 1976 and 143,000 tons in 1975. operations of Johns-Manville Corp., consist- 

Thirteen companies calcined gypsum at __ ing basically of the Apex open pit mine and 
71 plants in 29 States. Output increased the Las Vegas wallboard manufacturing 
from 11 million tons of calcine valued at plant with an annual capacity of 240 mil- 
$237 million in 1976 to 12.6 million tons lion square feet. Pacific Coast Building Pro- . 
valued at $278 million in 1977, a tonnage ducts also has a wallboard plant in Newark, 
increase of 14% compared with that of 1976. Calif. | : 
Output was only slightly below the 1973 In the first quarter of 1977, National 
record. Leading States were California, Gypsum Co. announced initiation of con- 
Texas, Iowa, and New York. These 4 States, struction of a multimillion-dollar gypsum 

_ with 24 plants, accounted for 39% of the wallboard plant on the Hudson River in : 
national output. Rensselaer County, N.Y., to be completed in 

Leading companies were United States 1978. Another wallboard plant. under con- 
Gypsum Co. (22 plants), National Gypsum struction in Wilmington, N.C., was also 
Co. (18 plants), Georgia-Pacific Corp. (9 scheduled for 1978 completion. 
plants), The Flintkote Co. (6 plants), and Eight gypsumboard plant expansions and 
Celotex Div. of Jim Walter Corp. (5 plants). one plant startup increased the national 
These 5 companies, operating 60 plants, production capacity an additional 0.5 billion 
accounted for 86% of the national output. square feet per year. The available capacity 

Leading individual plants were United of operating gypsumboard plants in the 
States Gypsum’s Plaster City plant, Impe- United States at yearend 1977 was 17 bil- 
rial County, Calif.; United States Gypsum’s lion square feet per year, a 3% increase 
Shoals plant, Martin County, Ind.; United compared with that of 1976. Total 1977 
States Gypsum’s Stony Point plant, Rock- gypsumboard production in the United 
land County, N.Y.; Weyerhaeuser’s Briar States was 15.4 billion square feet. This 
plant, Howard County, Ark.; Georgia- indicated a 91% national utilization of ca- 
Pacific’s Acme plant, Hardeman County, pacity for the year. Kaiser Cement & Gyp- 
Tex.; United States Gypsum’s Southard sum Corp.’s wallboard plant in Rosario, N. 
plant, Blaine County, Okla.; United States Mex., rehabilitated and started up in the 
Gypsum’s Sweetwater plant, Nolan County, first quarter of 1977, was sold to Drywall 
Tex.; and United States Gypsum’s Fort Supply, Inc., of Denver, Colo. A wholly 
Dodge plant, Webster County, Iowa. These owned subsidiary of Drywall Supply, West- 
eight plants accounted for 23% of the na- ern Gypsum Co., was operating the plant. 
tional output. Average output per plant for The Locust Cove underground gypsum mine 
the 71 U.S. plants was 177,000 tons, com- of United States Gypsum Co., Smyth Coun- 
pared with 153,000 tons (revised) per plant ty, Va., was reopened.
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Table 3.—Calcined gypsum produced in the United States, by State | 
| (Thousand short tons and thousand dollars) — . 

) 1976 7S a 

| mee Avive Quam value Active Quan” Value | 
Arkansas, Illinois, Indiana, Kansas, Louisiana, Oklahoma 12 2,193 49,076 12 2,441 52,021 ; 
Arizona, Colorado, New Mexico, Utah _~__________ 5 326 8,144 6 508 11,789 
California. _-_________________ 7 1476 21,481 7 1,740 32,632 
Delaware, Maryland, New Jersey, Pennsylvania, Virginia 9 1,286 29,511 8 1,350 36,778 
Florida ___________________ =e 3 378 7,359 3 571 «18,112 

| Georgia ___________________ ee 3 548 «18,181 3 — 687'—~—s«:16,870 
— Towa __ 5 - 1,003 20,828 5 1,049 24,118 a 

Massachusetts, New Hampshire, New York ________ 8 962 18,474. 7 1,061 24,978 
Michigan _____________________________ 4 456 18,924 4 529 18,087 
Montana, Washington, Wyoming ______________ 4 423 10,023 4 467 12,3385 
Nevada __________1________ 3 495 —- 10,005 3 593 9,119 
Ohio ___ ee 3 396 7,839 - 3 368 — 8,408 | 
Texas ______~_ LL 6 1,094 26,934 — 6 1,277 22,586 

Total! = =e 72 11,086 286,775 71 «12,590» 277,835 

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

a CONSUMPTION AND USES | 

Apparent consumption of crude gypsum three regions accounted for 47% of the | 
(production plus imports, minus exports) total. For agricultural gypsum, the Pacific 
increased 13% to 20.3 million tons. Imports _ sales region accounted for 68% of the total. 
provided 35% of the crude gypsum consum- Of the total calcined gypsum, 95% was 
ed. Apparent consumption of calcined gyp- used for prefabricated products and 5% for 
sum increased 14% to 12.6 million tons. | industrial and building plasters. Of the 

Stocks of crude gypsum at mines and prefabricated products, 80% was regular | 
calcining plants at yearend were 2.6 million wallboard, 18% was fire-resistant Type X 
tons. Of this, 1.9 million tons (73%) was at wallboard, and only 1% was lath. Of the | 
calcining plants in coastal States. regular wallboard, 86% was 1/2 inch and 

| Of the total gypsum products sold or used; 7% was 3/8 inch. The leading sales regions - 
| 9.8 million tons (28%) was uncalcined. Of for prefabricated products were the Pacific, — 

_ the total uncalcined gypsum, 4 million tons South Atlantic, and West South-Central; 
(68%) was used for portland cement and 1.7 these three regions accounted for 49% of | 
million tons (29%) was used in agriculture. the total. For plasters, the East North- 
The leading sales regions for gypsum used Central, Middle Atlantic, and Pacific re 
in cement were the Pacific, West South- gions accounted for 57% of the total. ) 
Central, and West North-Central; these | |
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| _ Table 4,—Gypsum products (made from domestic, imported, and byproduct gypsum) __ 
| | sold or used in the United States, by use | - CO _ 

| , . Oo (Thousand short tons and thousand dollars) a . | | 

aE 7 rT ir ae 

. oe ~ Quantity ‘Value §= Quantity .—-~ Value . - 

oo Uncalcined: _ ee Oo . 7 _ Co | —— a a : ee 
' . Portlandcement __._-______-_- ~~ LiL (8,417 24,908 - 8,950... 80,185 

Agriculture? ~. 9 ee eee ti—<“(i‘“‘i—i~i TA 12,229 — . 1675 —s- 18,176 
Other DIT ITT IIITIIITITIITII ITT T eg eR BT a 

| oo Total _ oe eee BTB 40,799 "5,802 - 5 47,085. a 
‘Calcined: - ce : oe me a CO So 

- Industrial plaster _.._.--.---2---------____ 30616556 858 20,674 oo 

Building plaster: | | ee oo o 
‘Regular basecoat _____________-____ 155 6,193 188 5855 | 
Millmixed base coat _.___§__.__~_.----_ — 128 - 6,056 114 6,053 . 

. Veneer plaster ~~... -_.--_- Le 86 6,270 97 7,344 . 
Gaging, molding, and Keene’scement _-_._-_. = .— 57 2,950 33 2,007 

, Other* ~~. LLL 640 2,412 50 - 1,924 

| —  Potal 2 490 23,881 427 23,188 | 
Prefabricated products? __-____..____-____ 11,849 573,624 18,956 819,584 . 

Total calcined ___-_-_--------------- 12,645 614,061, 14,741 863,441 

Grandtotal _____- ~~~ Le _ 18,020 654,860 20,548 ~ 910,526 

oe ‘Includes 573,300 tons of byproduct gypsum in 1976 and 797,049 tons in 1977. 7 | | 
“Includes roof deck concrete. and other uses. | . . . 
3Includes weight of paper, metal, or other materials. | . 

- Table 5.—Prefabricated products sold or used in the United States, by product | 

| | oO 1976 1977 a 

Product Thousand Thousand Value Thousand Thousand Value 
. square © short (thou- square short (thou- 

, feet tons! sands) eet tons! sands) 

Lath: . ; 
3/8inch ~~~ ~~~ Le 178,437 135 $7,461 156,348 120 $8,315 
W/2inch ~~~ ~~_--__-_1-_~-_- 9,267 8 430 7,788 7 438 

Total? _.-_._____________ 182,704 144 7,892 164,136 127 8,754 
Veneer base ________~_-_________ 362,981 345 16,677 419,798 438 23,182 
Sheathing __-_..-_____________ 272,567 254 12,818 291,435 280 17,136 

a Regular gypsumboard: oo —— | , 
3/8inch ~~~ ~~~ ~~ ~~~ LLL 983,762 157 39,124 893,288 685 42,970 
1/2 inch -_.--__-_.~-______- 8,766,838 7,747 352,634 10,609,567 9,311 525,787 
5/8inch ~.----__ ~~ _-_______. 561,503 530 28,951 647,223 609 40,056 
linch __-___-__~_~~.--_~_-__e 17,068 32 2,085 _ 23,166 37 2,372 
Other? _________ 164,737 118 7,032 166,004 116 8,063 

Total? _.~ ~~ _-__~ Le 10,493,908 9,183 429,826 12,339,248 10,757 619,248 
Type X gypsumboard ____________ 1,593,577 1,737 80,717 1,927,328 2,184 119,338 
Predecorated wallboard __________ _ 194,549 17] 22,974 235,682 207 28,436 
Other __.._-_-- _. ~~~ Le 17,293 14 2,721 13,613 18 3,490 

Grand total? ~~ ____ 13,117,579 11,849 573,624 15,391,240 13,956 819,584 

Includes weight of paper, metal, or other material. 
2Data may not add to totals shown because of independent rounding. 
3Includes 1/4, 5/16, 7/16, and 3/4-inch gypsumboard.
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| ENERGY > | | 
| More efficient production scheduling and in 1977 was 2.70 million, compared with 

a higher rate of operational capacity con- 2.76 million in 1976.2 — — . 
| tributed to a continued increase in the — As reported by the Gypsum Association, | 

energy efficiency of the gypsum industry in fuel sources for the gypsum industry in the 
_ 1977, with a 12:7% improvement compared first half of 1977 follows: Natural gas, | | with the base year of 1972. At yearend, the 7 2.74%; electricity, 5.73%; coal, 2:11%; pro- 

Gypsum Association announced improve- pane, 1.70%; fuel oil No. 1, 1.79%; fuel oil 
ment targets of 15% by 1980 and 22% by No. 2, 13.68%: and fuel oil Nos. 4 and 6, 
1985. British thermal unit consumption per 2.30%. oe SO 
thousand square feet of gypsumboard sales _ : | , | 

ee PRICES | | 
The average value of crude gypsum in- . plaster at $54.29 per ton, and uncalcined 

_ creased from $5.00 per ton in 1976 to $5.55 products at $8,12 per ton. 
in 1977. The average value of calcined Quoted prices for gypsum products are 

_ gypsum increased. from $21.45 per ton in published monthly in Engineering News- | 1976 to $22.07 in 1977. The average value of Record. Prices at yearend showed a wide | byproduct gypsum sold increased from $7.36 range, based on delivered prices. Regular | in 1976 to $8.04 pertonin 1977... _ 1/2-inch wallboard prices ranged from 
The average value of gypsum products $54.90 per thousand square feet at Dallas to 

sold or used increased from $36.34 in 1976 to $115. at Minneapolis. Prices for building 
$44.82 per ton in 1977. Prefabricated pro- plaster ranged from $57.45 per ton at Los ducts were valued at $58.73 per ton, indus- Angeles to $100.00 at Denver. 
trial plasters at $57.75 per ton, building ~——s | a 

| - FOREIGN TRADE : 
In 1977, the gypsum industry continued and Mexico. Total value of gypsum and to rely on imports for slightly more than gypsum products imported in 1977 was one-third of apparent consumption. Imports $31.4 million, an increase of 44% compared of crude gypsum were from Canada (75%), with the revised figure for 1976. Most of the Mexico (20%), Jamaica (3%), and the Do- increase was represented by the import- 

minican Republic, Japan, Italy, and the ation of 65 million square feet of wallboard United Kingdom, (the other 2%). Imports from Canada (84%) and Mexico (16%). Total increased 14% to 7.1 million tons. Most of value of gypsum product exports to all the imported crude gypsum was mined by countries was $15.7 million, a decrease of , subsidiaries of U.S. companies in Canada . 52% compared with that of 1976. 

Table 6.—U.S. exports of gypsum and gypsum products 
| | (Thousand short tons and thousand dollars) 

. | Other Year | Mereaicned (REMY ota 
| | Quantity Value als) 

eee cc 

1975 5 4,505 5,976 10,481 1976 ___ 284 6,739 25,855 32,594 977 143 6,090 9,613 15,703 
|
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Table 7.—U.S. imports for consumption of gypsum and gypsum products : 

(Thousand short tons and thousand dollars) 

i 

Ground or labast _ Other 

Crude calcined manufac manu: Total 
Year $$ — 1 factures lue 

Quan- Value Quan- Value eures n.s.p.f.? ve 

; tity tity (value) - (value) EE 

1975 _-_____- 5,448 16,021 2 172 1,365 2,259 19,817 
1976 _______- 6,231 18,061 22 224 1,572 1,899 21,756 
1977 __-_____- 7,074 21,949 4 190 1955 | 7,304 — 81,398 

rt 

Revised. . | 
Includes imports of jet manufactures, which are believed to be negligible. . 

2Revised in 1975 and 1976 to include “gypsum or plaster building boards and lath’ (TSUSA 245.7000), previously 

comprised of “‘articles, not specifically provided for, of plaster of Paris, with or without reinforcement” (TSUSA 512.4100 

and 512.4400). : 

Table 8.—U.S. imports for consumption of crude gypsum, by country 

(Thousand short tons and thousand dollars) 

Count | 1976 1977 

way Quantity Value Quantity Value 

Australia. _________----__~---------------------- (7) (1) _- _- 

: Brazil. _§_______________--_--+----~----+----------- 8 10 -- _- 

Canada_______-_________~___------------------- 4,468 13,811 5,307 18,282 
Dominican Republic __ ______-_----------------------- 84 1,496 70 582 

Italy_________________-_----------------------- (2) 7 (3) 10 
Jamaica ___________-_~~-----_---------~---------- 356 5T4 238 543 

Japan_________.__-_--------------------------- _— __ 12 - 151 

Mexico ___________--___-__---------------------- 1,315 2,163 1,448 2,381 
United Kingdom _________-_------------------------ —_ — (ty (4) 

Total __________________.-------------------- 6,231 18,061 27,074 21,949 
a 

_ Less than 1/2 unit. 
2Data do not add to total shown because of independent rounding. 

| WORLD REVIEW | 

Domestic and foreign resources of gypsum Provinces of Nova Scotia (69%), N ewfound- | 

are adequate for any foreseeable time. land (10%), and New Brunswick (1%). These 

World reserves are conservatively esti- quarries were operated by Canadian subsid- 

mated at 2 billion tons. iaries of U.S. gypsum products manufactur- 

Canada.—Production of gypsum in Cana-_ ers, and 98% of their production was ex- 

da is closely related to activity in the ported to the eastern seaboard of the United 

residential building sector in the Eastern States. 
United States and Canada. Normally, 75% The new underground gypsum mine of 

of Canadian gypsum production has been Westrock Industries Ltd., Drumbo, Ontario, : 

exported to the United States. Canadian was expected to be in production by May 

consumption has remained reasonably 1978. The difficult shaft-sinking technology 

steady during the past 5 years at a level of developed on this project is discussed under 

22 million tons, 72% in wallboard manu- Technology. The new mine will provide 

facturing plants, 25% as aset retardant in high-quality gypsum for 30 years at the 

cement manufacturing, and 3% in plaster planned rate of 1,000 tons per day; output 

manufacturing. will be used at the company’s plant at 

Canada was the second leading producer Clarkson, 62 miles distant in the manu- 

of crude gypsum, accounting for 11% of the facture of gypsum wallboard and joint 

world total. About 80% of the gypsum cements. 

mined in Canada was from the Atlantic Egypt.—The Government announced
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that a new deposit of gypsum had been South Africa, Republic of.—South Afri- 
discovered in the Western Desert near Sidi ca’s small gypsum industry once again 
Abdel Rahman. Initial tests on the gypsum experienced a dull year in 1977, reflecting 
samples taken from the deposit showed it to for the third consecutive year a sluggish 
be of high quality. To develop the new domestic market. Based on provisional data, 

discovery, a company will be established approximately 440,000 tons was consumed, 
with a joint capital of ££35 million ($45 with volume and value of local sales off 

million) by Egyptian and Kuwaiti interests. during the year by about 12% and 2%, 
Eighty percent of the production from the respectively. . 
deposit will be exported. Gypsum occurs extensively in the west- | : 

Another Government press release re- €FN and northwestern Cape Province, in the 
ported the discovery of a new gypsum mine Kimberley district of the Orange Free 

with reserves of 300 million tons in the ere and in central pransyaat we ince. 
Western Desert near Burg El Arab, west of The immer °Y district is ut rica’s 

Alexandria. Geologists estimated that the most pro f weave cimmit in f vaiit, d trans. 
find will meet domestic requirements for ecause oO! the proximity of rauroad trans- 

| . 4 - portation. The gypsum and gypsite horizons approximately 70 years. 710% d the mi 
France.—France was the fourth leading average d q by “00% ane me by washing 

: ‘gypsum-producing country, with 9% of the 1S upgraced to o sypsum Dy washing, | world total i principally to remove the unwanted clays, 

| Mexico.—In 1977, Mexico produced 1.65 rorfowed by dry ode for direct sale or calci- 
million tons of crude gypsum, 1.45 million naon as required. 
t £ which orted t th United Gypsum Industries, Ltd., the predecessor 

| Stat ° The was sder ee to q ~ at , of which pioneered the manufacture of 
_ States. The remainder was usec in i € gypsumboard in South Africa in 1928, re- 

_ cement industry as a set retardant and as ported that output from its three processing 
the raw material supply for two small plants was used in plasterboard manufac- 
gypsumboard plants owned by subsidiaries turing (61%), as a set retarder in cement : 
of United States Gypsum Co. and Kaiser manufacturing (87%), and in agriculture 

_ Cement & Gypsum Corp. At San Marcos (2%).7 
Island, Baja California, 1.34 million tons of Sudan.—Gypsum deposits of Miocene age | 
crude gypsum was produced and exported occur in three districts along the coast of 

| by the Mexican subsidiary of Kaiser Ce- the Red Sea north of Port Sudan. These 
_ ment & Gypsum Corp., Cia. Occidental deposits were formed by the evaporation of 

| Mexicana S.A. This deposit has large re- seawater in shallow. lagoons, and one ap- | 
serves of high-quality gypsum ore and parently accumulated in a fault trough _ 
serves the west coast of the United States. connected to the sea. The total amount of 
At yearend, Mexicanization of the subsid- gypsum reserves in the three districts was 
lary was proceeding according to the plan of reported as 92 million tons in one report,® 
the Mexican Government, which requires and as 224 million tons in another. | 
that 51% of the equity be sold to Mexican U.S.S.R.—The U.S.S.R. produced 8% of 
nationals and the Federal Government of the world’s gypsum in 1977 and ranked fifth 
Mexico.® in total world production. 

Table 9.—Gypsum: World production, by country 
. . (Thousand short tons) 
nee 

Country! 1975 1976 1977" a 
North America: 

Canada?$ ________ 76,305 6,616 7,759 
Cuba®__ ee 94 94 100 
Dominican Republict _________________=______ 162 140 184 
El Salvador® __________ ~~ ee 7 7 8 
Guatemala _____________~__ ee 14 15 22 , Honduras _____________-~__ 1 req 20 Jamaica ________________-__ eee "264 279 237 
Mexico ~--- eee ee 1,384 1,559 1,649 
Nicaragua ________________ ee €39 F €33 40 United States _____-__-________ 9,751 11,980 18,390 

See footnotes at end of table.
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~ .  Pable 9.—Gypsum: World production, by country —Continued _ | | 

0 EEE tnty CTC 

ae . Argentina a Heese ee _ Blea be aed -a-e eee oo 363 ! ‘539 7 612 

- Boliviat_ 2 = ee ee. oe -—- 
- . Brazil... 2 22 eee ---- 7 FAM 601 - 10 

Chile ~-2-- 2 ee “199 183 £130 
| - Colombia. e200 ©9900 | _ 
oe Beuador 2-2 ee eee eee *°88 oo 44 oo 48 

: ' Paraguay. 2 ee ee oo 
: Peru TTT TTITIIITELITITILILI LT EF &3380—-- 189 _ €220 | : 

/  Y. Venezuela 22 ee 233 193° 184 Co 
Europe: eS a eg TT a Oe co , a - 

| Asti? 2202 2 eg agg. 849 go2 | 
Belgium? -. 2 ee eee 242 185 

a Bulgaria _.--___-__22 ee ee 804 | 317 330 
Czechoslovakia ~--------~--- 2 = ib eee rg | eg ice oj 0 | 

o France? _____ ee CS, , 400 - 
German Democratic Republic __.___--2-.-.----.----_---- 337 332 e 350 

- - Germany, Federal Republic of (marketable)? _—_. wee ee ee ee 2,297 - 2,815 2,315 
So Greece _____ 2 459° 490 © 450 — 
, Ireland ~--_~---------~-2 ~~~ 22 eee eee 865 891. 400 

oo Italy 2 ee ee ees 74,680 4,680 4,608 
_ -- Luxenibourg 22 ee eee ok. 

Poland. 22 2222222222022 2777 “1,820 ~ F1,380 1,380 
~ Portugal _-- 2 ee Le ~ 165 176 -  ~—. «180 | 

Spain -_.__ 4,652 ©4650 ©4740 
0 Switzerland? 22200 800 oo USGRES oo eel. 5500 5500700 
8 United Kingdom? = 22. LLL ETlelil 88a 8898 ©3600 

|. Yugoslavia. 22 ee - _ 7496 - 465 £500 . 

0 Algeria® 2. eee ee eee 190 "190 199 
os Angola® ~o 0 44. 44 — . 44 _ 

ee Egypt.__--- 22-2 ee ™662 514 561 
Ethiopia _.- 22 ee fo oO 1 

ee Kenya® —_..------~~~~-~~--=-=+----2---=--+---5--, “Ne SO 8 304 OO 
, oo ya ~_.-- ~~. 2s ee - 

oe — Mauritania wee eee eee ee ee el - R il 
. Niger ~~ ee Lk , ; 

. a. South Africa, Republic of _ -__._-_.-.---<----+---------- 3 . 4 “8° 
~ Sudan wane eee ee ee . 

. Tanzania __~_-__ 2 _l4 E15 | ©15 
o - Tunisia —____~ ee ee BH 43 — 

oo Zambia ___. ek 8 4 a 
oe Asia: . me ~ TT . - | 

(od Burma —_- 2 eee a8 50 37 
_ China, People’s Republic of .... 222 - 7990 ~———s«d,100 1,100 

ae Cyprus 22-2 ee OB 60. 56 
| India. 2 ee eee «Fagg - 801 847 

~ Indonesia __ ~~ ~~ 2 ee ee (8) (8) _- | ~ Wran 2 ee 5,952 7,165 ©7,400 
: Lo “Traqg  L_ 8 , 171 £180 "180 a | Israel ___.------------ 22k eee eee 220 . 220 ©2920 | 

. Japan’ Boe eee ee oe 206 a a me Jordan _ BE 
‘Korea, Republic off © a a “440 *550 660 

7 . °° Lebanon --.2 2-2 ee "14 14 17 oo :  Mongolia® _-__-_ == F890 FB9 30 os Pakistan _-______.22 2 — «*362— 493 315 a Philippines’ _-_ == rg 3 __ oo 
es Saudi Arabia® __ 2 ee 19 19 22 

. Syrian Arab Republic® — - - - _~-_.~-_-~__---~-~---------- *°66 69 “79 
. alwan ____ LL 

Thailand __----_-_________~ ee 281 296 ©300 . Turkey ______._-~----2-_ ee "37 36 *33 
Vietnam® _________ 8 11 13 o Oceania: Australia ~-------------------- ++ - ee ¥1,028 | 1,020 992 

0, Total. eee "65,279 ~—s 69,175. = =ss«72,164 

“Estimate. Preliminary. ‘Revised. —__ | 
1Gypsum is also produced by Romania, but production data are not available. 
*Includes anhydrite. 
3Shipments. . 
‘Net exports. 
5Includes byproduct gypsum. 
®Revised to none. a 
7Excludes byproduct gypsum, which in 1975 amounted to 5,500,000 tons. 
®Excludes byproduct gypsum as follows in thousand short tons: 1975—122, 1976—65, 1977—NA.
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, TECHNOLOGY 

The utilization of gypsum-based com- den consisting of glacial till with several 
pounds in underground mining as fire- water-bearing zones complicated the pro- 
proof coatings, for speedy economical con- ject. After the 15-foot-diameter shaft was 
‘struction of explosion proof stoppings, and drilled with a rotary drill, drilling mud was 

, for backfilling of drift linings was demon- used to keep the sides from collapsing be- 
strated by British Gypsum Ltd. of Notting- fore liner emplacement. Ten-foot sections of 
ham, England. Emplacement was by a_ concrete liner encased in steel were pro- | 
slurry-spraying machine." gressively placed into the shaft, welded 

On May 9, 1977, National Gypsum Co. of together, and sunk to the bottom of the 
Dallas, Tex., and Yoshino Gypsum Co. of troublesome section of the shaft. After 
Tokyo, Japan, signed a major technical water tightness was achieved, the liner was 
exchange agreement. Yoshino, the largest surrounded by grout, the bottom casing 
gypsum manufacturer in Japan, will con- plug was drilled out, and drilling continued 

| tribute its expertise in the recycling of to the 455-foot level." 
_ byproduct gypsum into wallboard, and Na- 9 ——————_ | 

tional Gypsum will share its knowledge of physical scientist, Division of Nonmetallic Minerals e . ° 9. partment o nergy. Voluntar usiness E.ner- lightweight wallboard production, energy- gy Conservation Program. Prog. Rept. 6 April 1978, pp. Saving calcining techniques, and fire and SUSE , 5 
acoustical testing technologies.”! . A-146, Sept. 13 OT ee tate Department Airgram 

An_asbestos-free, fiberglass-reinforced A ‘BS Embassy, Lairo, Egypt. State Department Airgram 
1 “20, APF. > » & pp. By psumboard for protecting structural steel ‘Kaiser Cement & Gypsum Corp. Annual Report, 1977. beams from fire for 1 hour was tested to the P. M4. 

: +4 : uth Africa Department of Mines, Geological Survey. requirements of the British Standard in Mineral Resources of the Republic of South Africa. Hand. England. Its added strength and proven fire book fo Sth ed. 1976, pp. 42-43. 5 a * ‘ .0. Embassy, Johannesburg, South Africa. State resistance allowed it to be used in . the Department Airgram A-05, Jan. 27, 1978, pp. 42-43. formation of smoke and plenum barriers, Industrial Minerals (London). No. 122, November 1977, 
fire checks, and column casing." PP Ooh : . Medani, A. H. Preliminary Account of the Gypsum 7 Contracting for the largest purpose-built Deposit of. the Sudan. Econ. Geol, v. 69, No. 6, August | rilling rig in North America and using a _ 1974, pp. 693-696. : 
liner-sinking technique new to this conti- Airgram AB? keg ee pudan. State Department 
nent, the Canadian firm of Westroc Indus- P Mining Journal (London). U.K.-Made, Gypsum-Based | tri es, Drumb 0, Ontari 0, sunk a 12.5- by 455- ae ith Many Uses. V. 288, No. 7400, June 17, 1977, 

foot vertical access shaft as part of its new 05.9 national, Gypsum Co. (Dallas, Tex.). News Release . : e e wo ’ ay ’ , pp. 

BY psum mine development. . Shaft-sinking ?2Financial Times (London). Sept. 1, 1977, p. 6. time was reduced by one-third, and costs "’The Northern Miner. Hughes 230-Ton Drilling Rig were reduced 20%. A water table only 4 feet 59 17 Diameter Mine Shaft. V. 63, No. 29, Sept. 
below the surface and 165 feet of overbur- ees
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| He lum 

By Russell J. Foster’ 

Domestic sales of high purity helium lion cubic feet. The Bureau of Mines f.0.b. 
(minimum 99.995% purity) in 1977 increas- plant price for high purity helium remained 
ed 37% to 789 million cubic feet.2 The at $35 per thousand cubic feet, unchanged 
Bureau of Mines sold 28% of the total, and since 1961. High purity helium sold by 
private industry accounted for the remain- private producers averaged approximately 
der. Exports of high purity helium, all by $22.50 per thousand cubic feet. 
private producers, declined 8% to 168 mil- 

DOMESTIC PRODUCTION 

Nine plants with the capacity to extract crude helium extracted, and private indus- 
helium from natural gas were operational try the remainder. . 
in 1977. Seven of the plants were owned by The Bureau of Mines awarded two con- 
private industry and the other two were tracts to CTI-Cryogenics, a division of Helix 
owned by the U.S. Government and oper- Technology Corp., for the construction, 
ated by the Bureau of Mines. Five ex- startup, and testing of a new helium puri- 

_ traction plants were located in Kansas, two fication facility capable of producing 
in Texas, and one each in New Mexico and 600,000 cubic feet of pure helium per day 
Oklahoma. from a 70% to 78% crude helium feed gas, 

Total helium extracted from natural gas and a new 500-liter-per-hour-capacity 
in 1977, by private and government plants, helium liquefaction facility at the Bureau’s 
was 1.5 billion cubic feet, an increase of 12% Exell, Tex., plant. 
over the amount produced in 1976. High Liquid helium production capacity of the 
purity helium extraction increased 27%, Bureau will be increased to about 100 liters 
but the amount of crude helium extracted per hour with the addition of another 
declined 9%. High purity helium produced helium liquefier at the Amarillo, Tex., 
for sale comprised 64% of the total helium shipping terminal in 1978. The unit was 
extracted and crude helium constituted purchased from Kerr-McGee Corp.’s Na- 
36%. The Bureau of Mines accounted for vajo, Ariz., plant, which closed in 1976. 
23% of the high purity and 22% of the 
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Table 1.—Helium extracted from natural gas in the United States 

| (Thousand cubic feet) . 
LR 

1973 - 1974 1975 1976 1977" 

Crude helium: Oo | | 
Extracted at Bureau of Mines plants — _ ~~ -~- 175,976 169,414 183,725 195,758 117,686 

Extracted at private industry plants ____--~ 2,381,971 15,073 149,794 391,553 419,228 

Total________---------------- _ 2,557,947 184,487 333,519 °587,811 586,914 | 
i A Le 

High purity helium:? 
- 

Extracted at Bureau of Mines plants _ ~~ ~~ - 180,114 168,662 184,524 177,677 219,495 

Extracted at private industry plants _— — ~~~ 467,102 $530,312 3560,899 $574,087 $737,453 

Total___.______-_----_-------- 647,216 698,974 745,423 751,764 956,948 

Grand total __.__.___.-__-------- 3,205,163 883,461 1,078,942 1,339,075 1,493,862 

1%xcludes crude helium purified after interplant transfer. | — . 7 

2Includes only those quantities produced for sale; quantities entering conservation storage system after purification 

are included under crudehelium.- —- . . . 
Includes helium purified at the Bureau of Mines Keyes plant for the accounts of others. 
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Figure 1.—Major U.S. helium-producing gasfields.
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Table 2.—Ownership and location of helium extraction plants in the United States, 1977 
ee 

Category and owner or operator ; _ Location Product purity ——— eee eee 

Government owned: . 
_ Bureau of Mines _______________.______ Exell, Tex__________ Crude helium. 

— Do - eee eee____ =~ Keyes, Okla: ____ | Crude and high purity 
Boe, ' helium. 

Private industry: 
Alamo Chemical Co.-Gardner Cryogenics Corp ____._.__ Elkhart, Kans _______ High purity helium. 
Cities Service Cryogenics, Inc ____._.__._..___.___ ScottCity,Kans______ _ Crude helium! 
Cities Service Helex, Inc__._._._.__._._.__.._._._._.___ | Ulysses,Kans _______ Crude and high purity 

elium. 
Kansas Refined Helium Co__________________  Otis,Kans _______ High purity helium. 
Northern Helex Co_______..._.__..._..._.._ Bushton,Kans_______ _—‘ Crude helium. 
Phillips Petroleum Co ___§ > _>§_-§_» p> 5 5 Hansford County, Tex __ | “Do. 
Western HeliumCo __-.__§______=__________ Shiprock, N.Mex _____ High purity helium. 

1Output is piped to Cities Service Helex, Inc., plant at Ulysses, Kans., for purification. 

Table 3.—Summary of Bureau of Mines helium plant and Amarillo shipping terminal | 
| . | operations 

(Thousand cubic feet) . 
eee 

. moe 1975 1976 1977 ——$——$— eee 

Supply: . 
Inventory at beginning of period! _..-§_--___§_§__-_______ 9,291 9,805 8,381 
Helium extracted:? 

Exell plant: 
Crude -________-__ eee 36,111 12,443 8,733 

Keyes plant: . 
Crude ---~- +--+ ee 147,614 | 188,315 108,953 
High purity? ________ == 186,399 T178,966 218,876 

Total Keyes plant___.___.___-___.__.____________ 384,018 362,281 327,829 

Total extracted --______________________________” 870,124. 374,724 336,562 
Helium returned in containers (net)____§____-_____.__________ 1,349 T_1,891 -5,671 

Total supply ___________________-_________________ 380,764 399.638  -—=»--389,272 , 

es of high purity helium ~______________------_--_____ 184,524 177,677 219,495 
Net deliveries to helium conservation system* _________________ 186,435 196,580 114,056 
Inventory at end of period’ _____________._____u_________ 9,805 8,381 5,721 

. Total disposal ____________ ~~~ 380,764 382,638 339,272 
nnn A CCC TS eS espresso, 

"Revised. 
1At Exell and Keyes plants and at Amarillo shipping terminal. 

tonne ludes conservation helium produced from native gas withdrawal wells at Cliffside field that have been invaded by 
8 elium. 
Te tudes 39,396,000 cubic feet purified for others in 1975, 63,226,000 cubic feet in 197 6, and 169,970,000 cubic feet in 

“Excludes return of conservation helium produced as indicated in footnote 2 to conservation storage system.
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Figure 2.—Helium production in the United States, 1945-77. 

CONSUMPTION AND USES 

Principal domestic end uses of helium in ducer average price of $22.50 per thousand 

1977 were cryogenics, welding, and purging cubic feet, f.o.b. plant. 

and pressurizing. Other uses included All high purity helium sold by the Bureau 

synthetic breathing mixtures, chromatogra- of Mines was shipped in gaseous form in 

phy, leak detection, lifting gas, heat trans- cylinders, railroad tank cars, highway tank- 

| an and controlled atmospheres. Demane er trailers, and in liquid form in container- 

uring the year was centered mainly inthe i7.q dewars from the Amarillo shipping 
Pacific and Gulf Coast States. . . : aor 

. terminal. Private industry distributors 
Federal agency purchases in the form of hioped helj in both d liquid 

direct sales from the Bureau of Mines con- ' ippe M © h of th h lien tem an i 
stituted about 78% of the Bureau’s total forms. Much of the helium transported in 
high purity helium production. Almost all liquid form was delivered by semitrailer 
of the remaining sales of high purity helium and/or containerized dewars to distribution 

by the Bureau were to Federal agencies centers where it was regasified and com- 
through General Services Administration pressed into trailers and small cylinders for 

contracts with private distributors. Federal delivery to the end user. 
agencies are required by law to purchase 
from the Bureau. These contracts made . . . 
relatively small quantities of helium readily Table 4.—Total sales of high pur ity helium 

available to Federal installations at reduced ‘Ilion cubic f 
freight charges for small purchases. (Million cubic feet) 

The Bureau of Mines f.o.b. plant price of Year Quantity 

high purity helium in 1977 was $35 per ~— 

thousand cubic feet, unchanged since 1961, Mg TTT rrr oul 

and maintained for the purpose of financing 1975_______________________ 601 
the Government’s helium conservation pro- 13/6 ----------------------- pus 
gram. Except in special circumstances, this §£.————____»{""[{__EO 
was not competitive with the private pro- Estimate. Preliminary.
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Table 5.—Bureau of Mines sales of high purity helium, by recipient 

(Thousand cubic feet) - . 

: | | | a 1975  -——s-1976 _ 1977 

Federal agencies: . . | | 
Energy Research and Development Administration’ __.__________ 17,184 14,596 22,297 

. Department of Defense _____-_______-_---__-___-_------ 60,551 - 67,827 — 114,690 
National Aeronautics and Space Administration __ ~~ __. 2... - 21,046 8,884 24,694 
National Weather Service ___._______._~__~~---_.--~---~ 1,746 «21,515 1,682 , 
Other? ~~-------------------------------------- 4,968 4,757 8,868 | 

Total Federal agencies eee eee ee 105,495 97,579 172,231 
Private helium distributor sales? __________._.-...---_----- 77,049 77,577 45,023 
Commercial sales _ _ __ _ .___--_------------------------ 1,980 _ 2,521 2,241 

| Grand total _.___.__...__-_---------------------- 184,524 "177,677 | 219,495 

1Became part of Department of Energy on Oct.1,1977. —- : 
2Includes quantities used by the Bureau of Mines. a . | 
3Most of this was purchased by commercial firms which sold equivalent quantities to Federal installations under 

contract agreements with the General Services Administration. . , 
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| : - CONSERVATION © . Oo 

Helium held’ in the Bureau of Mines under contract with the Bureau in the | 
| conservation storage system, which in- conservation system (for future redelivery) a 

cludes the conservation pipeline network at yearend 1977. | a : | 
and ‘the Cliffside gasfield near Amarillo, The conservation storage system contains | 
Tex., increased 1% in 1977 to 39,475 million crude helium purchased by the Bureau of - | 

- cubic feet. Helium stored under the conser- Mines under contracts entered into with 
vation program was 37,780 million cubic four companies in 1961, and crude helium 4S 
feet, an increase of 114 million cubic feet accepted through November 12, 1973, under. : | | 
during 1977. Private producers had a_ a court order obtained during 1973 by three . : 
balance of 1,695 million cubic feet stored of the companies. | 

| Table 6.—Summary of Bureau of Mines helium conservation system! operations 
| | HG rere SO : (Thousand cubic feet) <- : 8 a 

| | 1975 1976 1977 : 

Helium in conservation storage system at beginning of period: Lo ee | | . 
Stored under Bureau of Mines conservation program? _____________ 37,283,348 37,469,783 37,666,363 
Stored under contract for private producers’ own accounts _ _—_____..__ 995,987 1,087,587 1,424,931 | 

o Total _______-----_-------------------------~--~ 38,279,835 38,557,370 39,091,294 | 

Input to system: oe | 
Net deliveries from Bureau of Mines plants? __________..-_____ 186,485 196,580 - 114,056 
Stored under contract for private producers’ own accounts — _—_—____~ 200,131 583,133 ' 582,935 . 7 

Total ___________ LLL. «886,566 779,718 696,991 
\ Redelivery of helium stored under contract for private producers’ own - a | 

accounts ____ ~~ i= -108,531 -245,789 —312,856 | 

Net addition to system ______-____--_--_-------=----------___ 278,085 588,924 384,185 | 

Helium in conservation storage system at end of period: - . oe 
Stored under Bureau of Mines conservation program?______._._._____ 37,469,783 37,666,363 37,780,419 
Stored under contract for private producers’ own accounts ______——__ 1,087,587 1,424,931 1,695,010 

| Total ___________-____-__--_----- + 1 -------- 38,557,370 39,091,294 39,475,429. 

Includes conservation pipeline system and Cliffside field. . | 
-  2Inchudes helium accepted after Apr. 4, 1973, under court order. | 

5 3Excludes return to system of conservation helium produced from native gas withdrawal wells at Cliffside field which 
have been invaded by stored helium. 

Table 7.—Deliveries and withdrawals of crude helium stored for private companies’ own | 
accounts in the Bureau of Mines conservation storage system, 1977 | 

(Thousand cubic feet) : 

Owner Plant location Delivered Withdrawn Net | 

Cities Service Helex, Inc ___________.__~ Ulysses, Kans ____ — 979 -979 | 
Northern HelexCo _____________-____ Bushton, Kans _ _ _ _ 347,210 121 347,089 
Phillips Petroleum Co ___________-___- Dumas, Tex__ __ _ _ 20,700 44,873 -24,173 
Jack B. KelleyCo ____________._._____.  Bushton, Kans____ __ 8,636 -8,636 
Kansas Refined Helium Co _..___.______  _____-do________ 215,025 142,886 72,139 
Linde Div., Union Carbide Corp _________- _~__-do________ — 96,532 -96,532 
Airco,Inc ~~~ ~_______ i ie Murray Hill, N. J __ - 18,828 -18,828 

Total’ = = 582,935 312,856 270,079 

1Data may not add to totals shown because of independent rounding.
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| | | RESOURCES | . | 

As of December 31, 1977, domestic mea- measured and indicated helium -reserves. 
sured and indicated helium resources were About 85% of these reserves are located in 
estimated at 255.2 billion cubic feet. The the Hugoton field in’: Kansas, Oklahoma, 
resources include measured and indicated and Texas; the Keyes field in Oklahoma, the 

reserves estimated at 91.6 and 50.5 billion Panhandle and Cliffside fields in Texas, and 
| cubic feet, respectively, in natural gas with the Tip Top field in Wyoming. Approxi- | 
- a@ minimum helium content of 0.3%. The. mately 53% of the measured and indicated 
a remaining resource base included 39.5 bil- reserves (0.3% or greater helium content) at 
! lion cubic feet stored in the Bureau’s conser- yearend 1977 were in. currently producing 

| vation storage system, 66.8 billion cubic feet gasfields. In 1977, about 20% of the helium- — 

! _of helium in measured natural gas reserves rich natural gas (0.3% or greater helium 
| with a helium content of less than 0.8%, content) produced was processed for helium 
| and 6.8 billion cubic feet of indicated helium extraction. Helium produced from the re- 
| in natural gas with a helium content of maining helium-rich natural gas output 
| 0.1% to 0.8%. Approximately 39% of the was dissipated incident to the consumption | 
j domestic helium reserves are under Federal of the gas. ce | oo 
| lease. Included are the Tip Top and Church  . The Bureau examined a total:of 362 gas 
| Buttes fields in Wyoming, the Keyes field in samples from 16 States and 1 foreign coun- 
| Oklahoma, and the Cliffside field in Texas. try during 1977 in connection with its ef- 
| The majority of domestic helium reserves forts to survey and identify possible new 
| are located in the midcontinent and Rocky _ sources of helium supply. None of the sam- | 
- Mountain regions of the United States. A ples collected and analyzed indicated the | 
: total of 69 gasfields in 10 States contain presence of major new deposits of helium. , : 

fo De : FOREIGN TRADE | | 

bo Exports of high purity helium, all by Table 8.—Exports of high purity helium _ 
| private industry, declined 3% in 1977 to 168 from the United States | 

: million cubic feet. Nearly 76% of exported (Million cubic feet) 
ty helium was shipped to Europe, primarily §©£—————__________.__ 

| the United Kingdom, 37%; Belgium- —  Yer_ Quantity 
| Luxembourg, 26%; and France, 10%. The 1973. = e117 

/ ss remaining exports were distributed as fol- 1974----------------------- (129 7 

: lows: Asia, 12%; North America, 7%; South i97¢.7777777777777777777772— 
| America, 3%; and Oceania, 2%. Continued 1977___________--------____ > 1168 | 
| exports of large quantities of helium to eRstimate~~OC~C~S~=Cs~SS 

Western Europe during 1977 were attri- Bann er the Census. : . | 
| buted mainly to its use in the exploration | 
i for and development of oil and gas deposits, 
| especially in the North Sea area. | | 

WORLD REVIEW 

/ World production of helium, exclusive of and the central economy countries of Eu- 

| the United States, was estimated at 149 rope produced an estimated 123 million 
! million cubic feet in 1977. Canada produced cubic feet. A helium extraction plant with a 

about 15 million cubic feet from one plant capacity of 150 million cubic feet per year 
in Saskatchewan owned by Canadian came onstream at Odolanow, Poland, as 
Helium, Ltd. However, depletion of the part of a natural gas upgrading facility, 
helium-containing natural gasfield forced which removes both nitrogen and helium 
this plant to close in 1977. Production from from the gas. Airco, Inc., has contracted to 

| a plant near Paris, France, was approxi- market all helium exported from this plant. 
| mately 11 million cubic feet. The U.S.S.R.
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oe | TECHNOLOGY | } 

| Midwest Research Institute prepared . a ment with General Atomics Co. to pool their | 
_ - report on helium.under a Bureau of Mines knowledge of helium turbine nuclear 
_. contract. The study included identification reactors. The system uses helium heated by 

. and description of present and potential the nuclear reaction to drive a gas turbine 
_ uses of helium; the volume currently re- that generates electricity, rather than a 

quired by each end use; and a forecast of conventional nuclear system which utilizes 
_ total U.S. helium requirements through the a steamturbinet a . 

year 2000. au hes developed analytical In December, project U-25B of the joint 
| ane oureau : : United States-Soviet magnetohydr a- . 

_ methods to meet the specialized needs of ics program began producing electricity | 
helium users. aaa analysis oe t0 for the Moscow power grid. The system 

20 parts per trillion freon was created to moves. ionized gas (Plasma) through a Administrati ‘th t p helium-cooled magnetic field which deflects 
ministration Wi upper atmosphere the ions to electrodes, creating an electric | 

ozone studies. To aid geochemical uranium current. 2 
| prospecting, an analysis for helium in air ~ " : : ee | | 

with a Sens to oe art penn ne a3 1Physical scientist, Division of Nonmetallic Minerals. 
generated. Analysis of air for e nenum- 2All helium statistics in this chapter are in terms of 
isotope down to 1 part per trillion was contained helium measured at 14.7 pounds per square inch 

developed for the Energy Research and eWall ‘Street Journal, Canadian Helium to End Ite 
| Development Administration’s analysis of Production ins Spring. V. 188, No. 121, Dec. 21, 1976. 

, | , | E User News. 9 Firms Study Helium-Turbi : 
stack gases. trom the Federal Republic of Restor V-1,No.7,Nov.15,1976. 

1g irms rom ere era epundlic 0 5Science News. U.S.-Soviet MHD Plant Generates First 
- Germany and Switzerland signed an agree- Power. V. 113, No. 1, Jan. 7, 1978, p. 6. |



Iron Ore 

By F. L. Klinger’ and C. T. Collins? , 

World production of, and trade iniron ore as shippers attempted to reduce unit costs 
in 1977 declined from the levels of 1976. of transportation. Transport of iron ore 
Production was estimated at 844 million — slurries by pipeline also increased. 
long tons,? about 5% less than in 1976. World production of iron ore pellets con- 
World trade declined about 6%, to 340 tinued to rise in 1977, and probably exceed- 
million tons, of which about 275 million ed 200 million tons. New plants or expan- | 
tons was oceanborne. The declines were due _ sions of existing facilities were completed or 
mainly to relatively weak demand for iron under construction in the United States, 
and steel in the United States, Western Brazil, Canada, the U.S.S.R., and several 

Europe, and Japan. World stocks of ore at other countries. World production capacity 
producers’ and consumers’ yards probably for pellets was expected to exceed 270 mil- 
totaled about 200 million tons at yearend, lion tons annually by the end of 1980. 
not including those in the U.S.S.R., Eastern Direct-reduction plants were also being 
Europe, or the People’s Republic of China. built in several countries having access to 

. Production of iron ore in the United low-cost natural gas. Most of these projects, 
States declined by 30% in 1977 owing to however, resulted from investments com- 
strikes by workers at major producing fa- mitted in previous years; few new projects 
cilities in the Lake Superior district. There were announced in 1977. The depressed ore 
were also significant declines in France, market and uncertainty about its recovery 
Sweden, and Venezuela, as well as reduced led to deferral of several mine and plant . 

output in major producing countriessuch as__ projects, and the closure of some mines 
the U.S.S.R., Brazil, Liberia, and India. A during 1977. 
notable exception was the Republic of South ‘The use of flotation and high-intensity 
Africa, where a large increase in output and magnetic separation processes for benefi- 
exports took place in 1977. The leading ciation of iron ore continued to grow. In the 
producing countries continued to be the United States, the substitution of coal for 

US.S.R., Australia, and Brazil; the leading natural gas or fuel oil in pelletizing of iron 
exporters were Australia, Brazil, and Cana- ore continued to be studied by the Bureau of 
da. Mines and private companies. Projects for 

Iron ore prices increased in 1977 but production of low-Btu gas from coal, for use 
increases were small, mostly less than 10% _in pelletizing, were also being organized by 
compared with those of 1976; many prices the Bureau and by a private company, in 
were unchanged from 1976 levels. The price cooperation with the Department of Ener- 
of Swedish high-phosphorus ore continued _ gy. ; 
to fall. Some price increases of up to 30% The first Preparatory Meeting on Iron 
were announced for Japanese contracts, but Ore was held at Geneva in 1977 by the 
these usually represented renegotiations of United Nations Conference on Trade and 
prices unchanged for 2 years or more. Over- Development (UNCTAD). Representatives 
supply of iron ore relative to demand was of more than 40 nations attended. The 
expected to result in lower prices for some object of the meeting was to investigate 
producers in 1978. ways by which less developed nations, who 

Transportation costs continued to in- depend to a large extent on income from 
crease, although ocean freight rates remain- iron ore exports, might be aided in stabiliz- 
ed low in 1977. The trend toward increasing ing or increasing such income. A list of 
size of iron ore cargoes continued, on the topics for study was negotiated by producer | 
U.S. Great Lakes as well as ocean routes, and consumer groups, and further meetings 

| ATT
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were scheduled for 197 8. The Association of ‘included Australia, Sweden, India, -Vene- 

Iron Ore Exporting Countries was joined by. zuela, Peru, Algeria, Liberia, Mauritania, | 

Liberia in 1977, but Chile and Tunisia and Sierra Leone. | | Oe — 

withdrew. At yearend, member countries : oe 

Table 1.—Salient iron ore statistics | 

(Thousand long tons and thousand dollars) 
. . . . | . 

| . c ——-:1978 1974 . 1975 1976 1977 

United States: | a 
Iron ore (usable, less than 5% manganese): 

Production? ___.____----------- 87,669 - 84,355 78,866 79,993 55,750 

. Shipmenis ____---------------- 390,654 384,985 375,695 277,076 254,053 

Value ~-_------------------ 3$1163,710 3$1,388,447  °$1,620,599 2$1,871,114 71,422,696 

Average value at mines per ton _ — — —- $12.84 $16.34 $21.41 $24.28 $26.32 

Exports ___..____-_---~--------- 2,747 2,323 - 2,587 2,913 2,143 

Value ______._--_~-------- $37,922 $35,148 $60,071 $82,192 $62,760 

Imports for consumption _ ___—---~--- 43,296 48,029 46,743 44,390 37,905 

Value _________-__-~----+-~-- $533,488 $696,298 $860,496 $980,348 $956,584 

’ Consumption (iron ore and 
agglomerates) _ _____-~-~—-+---- 146,922 138,160 114,126 125,424 116,034 

Stocks Dec. 31: - 
At mines______~~__~_--_-~---- . 10,876 9,405 12,299  _— 18,993 14,811 

- Atconsuming plants ____._-—--- 45,990 45,247 52,231 — 56,246 42,271 

- At US. docks ______---------- 3,053 3,272 4,614 4,763 _ 2,979 

Manganiferous iron ore (5% to a | 
35% manganese): Shipments_ __ —_—~~-—-- 181 T2A4 142 229 193 . 

‘World: Production __.—---------------- 832,343 881,244 ™888,178 ™886,157 844,000. 

"Revised. | | a 
1Direct shipping ore, concentrates, agglomerates, and byproduct ore (mainly pyrite cinder and agglomerates). 

2Includes byproductore. 
3Excludes byproduct ore. 
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Figure 1.—United States iron ore production and imports for consumption.
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Oe ce os. EMPLOYMENT. a 

_. Statistics on.employment and productiv- mines and plants, output of crude and =. 
| ity in the US. iron ore-industry in 1977 are usable ore declined by 30% in 1977; total = © 

__. Shown in table 2. Employment data were worker-hours declined by 22%; and average 
7 - ‘supplied by the Mining Enforcement and output per worker-hour dropped by about ae 

| _ Safety Administration (MESA). These sta- 10%. The decline in worker-hours was less |. 
tistics include persons employed in:mines than the decline in output of orein Minne- 

| _. and mills but.do not include approximately sota and. Michigan, probably because the se 
_ + 2,600 persons engaged in management, re-. large, High-productivity taconite operations => 

_ search, orofficework. === = ~~. ~=~were affected by strikes while several smal- 
_ The average number.of persons employed ler operations, including the natural ore ss 

| — in 1977 was 20,162, compared with 20,456 in pitsin Minnesota, continued tooperate. it 
- 1976. Owing to work stoppages at many 

OC DOMESTIC PRODUCTION coe ae 

| U.S. mine’ production and shipments of eligible for incentive pay would receive an - 
| iron. ore in:-1977 declined 30% compared increase of about 30 cents per hour, ef- 

, with those’ of 1976. Shipments of-ore from fective November 1, 1979. _ cts are 
_ the Lake Superior district were down 34%. -Crude ore production in 1977 was 1584. 

The reductions were due principally to million tons, a 29% decrease compared with = 
| strikes by most local ‘unions of the United that of the previous year. Six of the 54 : 

Steelworkers.of America (USW) inthe Lake producing mines in 1977 were underground. 
: Superior district. U.S. shipments for the The remaining 48 open pit mines accounted 

year totaled 54 million tons, valued (f.0.b.) for 96% of total output, and 99% of all ore 
at$1.4 billion. | tout was. shipped to beneficiation plants, the 

The work stoppages in the Lake Superior same proportions as in 1976 and 1975. The 
district began August 1 and lasted from 112 average iron content of crude ore produced 
to 1387 days. The earliest local: settlement in 1977‘was about 32%. The number of tons 
occurred on November 20, and the latest qn _ of crude ore mined for each ton of usable ore 

_ December 15. The stoppages affected about produced was 2.84, compared with 2.72 in 
| 15,000 workers, and all except 1 of the 14 1975 ahd 2.50 in 1978. 

pellet-producing operations in Minnesota, Production of usable ore in 1977 consisted 7 
Michigan, and Wisconsin. Natural ore of about 80% pellets and other agglom- 
mines of four companies in Minnesota and_ erates, 16% concentrates, and 4% direct 
one company ih Michigan were not affected, shipping ore. The average iron content of all 
nor were.iron ore; imines and pelletizing usable ore (including byproduct ore) was 

| plants in the rest-of the country; however, 61.9%. The Lake Superior district account- 
the strikes idled an estimated 75% of U.S. ed for nearly 79% of national production. 
production capacity for iron ore, 85% of Minnesota produced 55.5%, Michigan 22%, 
US. production capacity for iron ore pellets, and the remainder was produced in 15 other 
and (by October) about half of the U.S. ore- States, —- : 
carrying fleet on the Great Lakes until late In Minnesota, Inland Steel Corp. began 
in November. The principal demand by the production of iron ore pellets at the Minor- 
unions was for incentive pay for production ca taconite plant in March. The Minorca 
workers, such as that paid to USW workers project at Virginia, Minn., became com- 
at ironmaking and steelmaking plants. The pletely operational in May, and the first 
mining companies’ position was that the shipment of pellets was on June 9. The 2.6- 
issue of incentive pay ‘was covered by the million-ton-per-year-capacity plant is the 
Experimental Negotiatirig Agreement sign- eighth major taconite facility on the Mesabi 
ed by the USW in April 1977; that this was range and the first to use coal for pelletizing 
not a local issue; and that strikes by local fuel. Hibbing Taconite Co. shipped its first 
unions were therefore illegal. In the final trainload of pellets early in 1977, while 
settlements, the companies agreed to incen- construction continued on expansion of 
tive pay plans under which most work- facilities that were scheduled for comple- 
ers would receive 55 to 60 cents per hour _ tion in 1979. Construction also continued on 
increase in earnings, and workers not expansion of the Minntac facility oper-
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ated by United States Steel Corp. at Moun- underground mine near Dover. The historic 
tain Iron, where production capacity was mine had been closed since 1959. 
scheduled to increase to 18.5 million tons of In Pennsylvania, Bethlehem Steel Corp. 
pellets per year by late 1978. permanently closed the Grace mine and 

: Reserve Mining Co. began a major project pelletizing plant and the Cornwall pellet 
to switch tailings disposal from Lake Supe- plant on September 30. The closings were 
rior to an on-land site, after the Minnesota reportedly due tO ae OD ccs ore 
Supreme Court upheld a lower court’s ap- requirements and atiecte employees. 

- proval of the company’s proposed tailings The Grace mine had been operated since 

disposal basin at Milepost 7. Construction 1958. _. 
began June 1 at the 6-square-mile area In Wisconsin, a mining taxation law was _ 
located about 7 miles from the Silver Bay enacted on June 30, 1977. The law imposes a 
plant. Fine tailings will be pumped to the +@ of up to 20% on net proceeds of mining 

| site via pipeline, while coarse tailings will opera ens: mening hacamte Oe Re of 
be transported by rail. Other improvements ; 1 Wis. ounty Iron Co. at Black River | 

| were to include extensive modifications at MA 18. f six J ‘es head 
the concentrator and pelletizing plant to d be the Mi teubishi Cor "retorted! eac- 

| improve dust control, reduce particulate ©% 0Y he ™% subishi Vorp. repo y can- 
ve . : celed plans to exploit the Klukwan iron 

emissions, and to improve the quality of . . , 
. : deposits north of Juneau, Alaska, owing to 
iron ore concentrate. : : 

. . . reduced demand for steel in Japan. Nego- 
In May, the Minnesota legislature raised tiat; . 

: . iations had been conducted with United | 
| the production tax on taconite pellets to 

$1.25 t qj da tax of 10 cent. States Steel Corp. 
-4o per ton, anc > tuilin ‘Heche d into Several U.S. mines were temporarily | 

eta ton on eerie allings hi 1 a in , closed in 1977, owing to reduced demand for 
tate waters. The latter tax, which affected ion ore. Hanna Mining Co. announced on : 

| only Reserve Mining Co., was being contest- January 1 that the Whitney natural ore ; 
ed in the State courts. mine at Hibbing, Minn., would be closed for 7 
. In Michigan, Cleveland-Cliffs Iron Co. the year. Jones & Laughlin Steel Corp. 

continued expansions at the Tilden and announced the temporary closing of Benson 
Empire facilities. Productive capacities for Mines at Star Lake, N.Y., on October 22, 

pellets are scheduled to reach 8 million tons affecting about 300 employees. The Pea . 

per year at each facility, at Tilden in 1979 Ridge undergound mine and _ pelletizing 
and at Empire in early 1980. Inland Steel plant at Sullivan, Mo., was closed on 

. Corp. announced plans to begin phasing out December 23. About 1,000 employees were . 
production at the Sherwood underground affected. The operating company, Meramec 1 
mine at Iron River because of lack of Mining Co., was dissolved when Bethlehem 
demand for high-phosphorus ore. The mine Steel Corp. withdrew its 50% ownership, 
was scheduled to be closed in 1978. . and the mine was placed on a standby basis 
' In vew Jersey, Mt. Hope on Mining ( ae by the remaining partner, St. Joe Minerals 
nc., began production and shipments o orp. | 
magnetite concentrates from the Mt. Hope | 

CONSUMPTION 

Total consumption of iron ore and ag- 68.5% of all agglomerates consumed. Sinter 
glomerates in 1977 was 7.5% less than in made up 27% of all iron ore and agglom- 

_1976. Consumption in blast furnaces declin- erates consumed, and natural ores ac- 
ed 7%, while that in steelmaking furnaces counted for the remaining 13.5%. 
dropped 51%. Of total consumption, blast Consumption data are shown in tables 11 
furnaces accounted for 98.7%; steelmaking and 12. In these tables, iron ore concentrate 

furnaces, 0.5%; and the remaining 0.8% used to produce agglomerates such as pel- 
was used in the manufacture of cement, lets or sinter at mine sites is not reported as 
heavy-media materials, pigments, and other iron ore consumed; its consumption was 
miscellaneous products. In blast furnaces, reported when such agglomerate was used 
the weight ratio of iron ore and agglome- at the furnace site (table 11). Iron ore 
rates consumed to pig iron produced was_ concentrate and fines used to produce sinter 
approximately 1.57:1. at ironmaking and steelmaking plants are 

Iron ore pellets made up 59.97% of alliron reported in table 12 as iron ore consumed, 
ore and agglomerates consumed in 1977 and while consumption of agglomerates from
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this source is included in table 11. In table steel works, while the Bureau reports the 

12, the difference in weight between iron gross weight of sinter consumed in iron-— 
ore consumed and agglomerate produced making and steelmaking furnaces. The 
results from the elimination of moisture as AIOA figure thus does not include the 
well as the addition of materials such as weight of additives such as flue dust, mill _ 
flue dust, mill scale, lime, and coke. scale, slag, etc. that are used for production 

: Consumption of iron ore, as reported by of sinter and constitute part of the furnace 
the American Iron Ore Association (AIOA), charge. The AIOA figure also does not 
was 108.5 million tons in 1977. The differ- include iron ore used for miscellaneous 
ence between this figure, and that reported purposes, as listed in table 11. As a result, 

. by the Bureau of Mines in table 11, is the AIOA annual data on consumption are 

mainly due to different reporting proce- usually 6% to 7% less than those reported 
dures for sinter. The AIOA reports iron ore bythe Bureau. — ‘ | 
consumed in sintering plants at iron and | | 

| | _  $TOCKS | oe | | 

Stocks of iron ore and agglomerates at plants during 1977 ranged from a high of 
. U.S. mines, docks, and consuming plants 51.8 million tons in January to a low of 39 | 

| totaled 60 million tons on December. 31, million tons in April, while those at the 
1977, a decrease of 15 million tons, or 20%, mines ranged from a high of 26 million tons 

from the level 1 year earlier. The decline in April to a low of 14.4 million tons in 
. was due largely to reduced mine shipments November. Of the 45.3 million tons on hand a 

and a higher than normal rate of consump- at U.S. docks and consuming plants at 
tion from consuming-plant stocks during yearend, 38% consisted of domestic ores, 
the 4-month strike period; also, imports of 29% of Canadian ores, and 33% of other 

7 ore were lower than in recent years. foreign ores. : ° | 
Monthend stocks of ore at consuming ~ | | 

: | | PRICES Se 

_ Published prices for all grades of Lake increasing accumulations of ore stocks tend- 
Superior iron ore (delivered rail-of-vessel at ed to keep prices down. Most increases were 

| lower lake ports) increased 4.5% early in on the order of 5% to 10% compared with 
| 1977, but remained unchanged during the 1976, and while larger increases were | 

rest of the year. Prices for natural ores announced, these often applied to contracts 
(basis 51.5% Fe, natural) were increased by under which prices had not changed in 2 
92 cents per long ton in January, and pellet years or more. Many contract prices were | 
prices were increased in February by 2.4 unchanged from 1976 levels. Some prices 
cents per long ton unit (ltu) of contained declined, such as Swedish high-phosphorus _ 

: iron, natural. The new prices were $21.18 ore (Kiruna D; 60% Fe, 1.8% P), which fell 
for Mesabi non-Bessemer ore and $21.43 for to about $13 per metric ton c.i.f. Rotterdam 
Old Range non-Bessemer; iron ore pellets in mid-1977, compared with $16.10 in mid- 
were 55.5 cents per Itu. Increases in the cost 1976. . 
of transportation and handling after the In Canada, the price of Wabush pellets, 

effective dates of the new prices (January 7 _f.o.b. Pointe Noire, increased in February to 
to February 16) were to be borne by the 49.6 cents per ltu of iron and manganese 
buyer. | combined, up 4% from the price in effect 

The average value (f.o.b. mine or concen- since August 1976. Under Japanese con- 
trating plant) of usable iron ore shipped tracts, 1977 prices (f.o.b.) for other Canadian 
from domestic mines in 1977 was $26.32 per ores rose as follows: Carol Lake pellets, up 
long ton, compared with $24.28 in 1976 and 11% to 50 cents/Itu Fe; Carol Lake concen- 
$21.41 in 1975. These values were calculated trates, up 7% to about 20 cents/ltu; and 

from producers’ statements and approxi- Wesfrob (Tasu) pellet feed, up 11% to $14.25 
mated the commercial selling price less per dry metric ton (65% Fe). Lac Jeannine 
costs of mine-to-market transportation. concentrate, c.i.f. North Sea ports, was re- 

Prices for Canadian and many other portedly priced at $20.22 per metric ton, up 
foreign ores increased in 1977, but the 0.2% from 1976. : 

| relatively low level of world demand and The price of Brazilian iron ore, c.i-f.
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North Sea ports, was about $22 per metric ores under. most Japanese contracts indi- ce 
ton, up slightly from 1976. Contract prices cated the following ranges: For lump ore, ae 
(f.0.b.) for Brazilian pellets to West Eu- $10.30 to $18.80 per long ton; for fines, $9:90 © | 
-ropean and Japanese consumers were re- to $15.00; and for pellets (excluding Canada | 
portedly 43.5 and 45.3 cents/Itu Fe, re- -and Brazil), 32.5'to about 43 cents/Itu Fe. © | 
spectively. ot ae The f.o.b. value of Venezuelan ore im- . 

_ The price for Liberian (Bong Range) con- ported for consumption’ in the United 
centrate, c.i.f. North Sea ports, was reported States, as indicated by Bureau of the Census 
at $18.88 per metric ton, up 2% from 1976. data, averaged $19.27 per long ton in 1977, 

In late 1977, f.o.b. prices for foreign iron compared with $16.85in 1976. — a 

BE yO TRANSPORTATION | . a _ 

| Iron ore shipments from U.S. ports on the 22% at Escanaba, Mich., to 66% at Taconite a 

_ Great Lakes to lower lake destinations in Harbor, Minn. Shipments from Superior 
1977 totaled 41.5 million tons, 34% lessthan increased by 25%, partly due to large stock- 

7 in 1976. The decline was due to reduced piles of ore on hand and the greatly increas- | ; 
production and rail movements. of ore ed loading capacity of the port which was 
during the 1977 strikes. Shipments from all largely in place by midyear. Statistics on 
U:S. ports except Superior, Wis. were less shipments of ore from these ports in 1977 7 

_ than in 1976; declines ranged from about areshown in the accompanying tabulation: | 

Be 2 Number tool e _ Average ‘Largest | | 
a Lake shipping port = , aot i shipped! | cargo cargo | | 

| . | -* - loaded? eas tons). tons) 

Duluth, Minn ___________-__-_--__ B17 10,687 18,521 41,885 
Silver Bay, Minn _____§_____________ 253 4,449 17,585 47,810 

_° Taconite Harbor, Minn ______________ - 108 3,501 33,989 ; 55,861 
Two Harbors, Minn ________________ 107 3,201 29,920 49,988 | 
Superior, Wis... . 337 7,701, 22,852 , 55,144 , 

_ Escanaba, Mich _______-__------_- 414 > 7,890 - 19,058 233.704 | 
Marquette, Mich ______-_-_--_-__-___ 207 4,080 19,468 30,080 

| Total or average __-_____________. 1,998 41459 23,056 XX 

XX Not applicable. a oe oO a 
-  ncluding shipments in January 1977; excluding January-March 1978. . 

- 2A cargo of 51,922 long tons was loaded at Escanaba on Feb. 6, 1978. _ | 

Principal source: Annual Report of Lake Carriers Association, 1977. oo | 

' The average size of iron ore cargoes ship- rates were about 9% higher than those 
ped from Great Lakes ports increased about prevailing in 1976. | 
11% in 1977, as compared with 1976, contin- Most rail freight rates for iron ore in- 
uing a long-term trend. During 1977, the creased about 11% in 1977 compared with 
1,000-foot, self-unloading ore carrier Mesabi _ the previous year’s rates. Published rates in 
Miner began service during the summer _ effect in October 1977 included the follow- 
and was the fourth vessel of its size to begin ing (per gross ton): From the Mesabi Range 
operating on the Great Lakes. Seven more’ to Duluth-Superior, $2.90 to $3.09; from the 
carriers of this type were under con- Marquette range to Escanaba, $1.56; Mesabi 
struction or planned to start service by Range to Pittsburgh district, $22.00; Black 
1981, and will have carrying capacities of River Falls (Wis.) to Chicago, $4.57; Lake 
59,000 to 62,000 long tons of ore at maxi- Erie ports to Pittsburgh and Wheeling 
mum draft. districts, $5.78; Baltimore to Pittsburgh, . 

Lake freight rates for iron ore were in- $8.48; Benson Mines to Cleveland, $10.39; 

creased in April 1977 to the following values and Winton Junction (Wyo.) to Geneva, 
- (per gross ton): From the head of the lakes Utah, $4.31. 

to lower lake ports, $4.41; from Marquette, New port facilities were nearing comple- 
Mich., to lower lake ports, $3.62; and from tion by yearend at Superior, Wis., and Two 

_ Escanaba, Mich., to Lake Erie, $3.33 and to Harbors, Minn. At Superior, Burlington- 
lower Lake Michigan ports, $2.64. These Northern Railway raised its annual ore-
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| handling and shipping capacity to 18 mil- eastern Canada and $4 from Brazil, while 
lion tons compared with about 8 million those from Australia to Japan were about | 
tons previously, and ore storage capacity $4.50:to$5. — : Se 

| was increased to more than 5 million tons. Improvements in the capacity of foreign 
Cost of this project was reportedly $70 iron ore shipping and receiving ports to 
million. At Two Harbors, the Duluth, Mis- accommodate larger ore carriers continued. 
sabe & Iron Range Railway was increasing The port of Narvik (Norway), through | 

| its ore loading capacity to a reported which most Swedish iron ore exports are 
27 million tons per year at a cost of $35 shipped, was expected to be able to handle 
million; completion was expected in 1978. carriers of up to 350,000 deadweight--tons 
Late in 1977, Republic Steel Corp. an- (dwt) in 1978. The port of Saldanha Bay (the 

| nounced plans to build a $20 million iron Republic of South Africa) was loading car- 
ore transfer terminal on Lake Erie at the riers of up to 150,000 dwt in 1977, and 

mouth of the Cuyahoga River, to be com- loadings of 250,000-dwt carrjers were ex- 
pleted by the 1980 shipping season. All pected in 1978. A new port capable of 
three of these port developments are design- handling vessels of 150,000 dwt was com- | 
ed to accommodate 1,000-foot carriers. pleted at Ponta Ubu, Brazil. In India, the 

Reduced shipments of iron ore from U.S. ports of Mormugao and Vizaghapatnam 
lake ports in 1977 was accompanied by a_ were being improved to accommodate ves- 

_ rise of about 9% in Canadian ore shipments _ sels of up to 100,000 dwt. Record cargoes of 
| to receiving ports on the Great Lakes. Lake 269,000 tons at Tubardo, Brazil, and 182,000 

shipments from Canada rose to 25.6 million tons at Sept-Iles, Canada, were loaded in | 
tons, of which 75% came from ports in 1977; both shipments were destined for 
Quebec through the St. Lawrence Seaway Japan. The largest cargo of iron ore dis- _ 
and was mostly destined for U.S. ports. charged at Europoort (the Netherlands) in 

| Imports of Canadian ore in the customs 1977 was about 164,000 tons. In the United 
districts of Buffalo, Cleveland, Detroit, and Kingdom, where most incoming cargoes of 
Chicago were estimated at 19 million tons iron ore were less than 30,000 tons in the | 
in 1977. The vessel freight rate for iron ore 1960's, cargoes of 100,000 tons or more were 

from the Gulf of St. Lawrence to Lake Erie received at Port Talbot, Immingham, and | 

ports in 1977 was $3.01 per gross ton, Redcar during the year. In the United 
subject to St. Lawrence Seaway toll of 45 States, most incoming cargoes continued to 
cents per net ton in the Montreal-Lake be limited to 65,000 tons or less. oe 
Ontario section. Charges of $100 per lock in § The world’s longest iron ore pipeline be- 
the Welland Canal were paid by the ship- gan operating in 1977, at the Samarco © | 
owner. The published rail freight rate in project in Brazil. The pipeline extends : 
eastern Canada, from Schefferville to Sept- about 240 miles, from the Germano mine in . 
Iles, was $2.13 per gross ton in late 1977, Minas Gerais to Ponta Ubu on the Atlantic © 
compared with $1.10 in August 1976. The coast. The 20-inch-diameter pipeline is cap- _ 
rail rate from Ross Bay to Sept-Iles, which able of transporting about 12 million tons of 
affects ore shipped from Wabush Mines and iron ore: concentrate per year. Previously, : 
most ore shipped by Iron Ore Co. of Canada, the longest operating pipeline for iron ore : 
was $2.50 per gross ton in late 1977, com- was about 70 miles, located at the Savage 
pared with $1.40 in August 1976. River project in Tasmania, Australia. Other 

Ocean freight rates for iron ore remained _ pipelines under construction in 1977 were a . 
low in 1977. Rates published in Metal 20-mile line in Argentina and a 40-mile line 
Bulletin for individual cargoes indicated in western India. In New Zealand, offshore 
the following charges per ton destined for loading of magnetite concentrate by subma- 
European ports: $2 to $2.50 from eastern rine pipelines (about 1-1/2 miles long) in- 
Canada; $3 from West Africa; $2.75 to $4.00 creased at the Waipipi and Taharoa beach- 
from Brazil; $5 to $6 from western Austra- sand mines; about 3 million tons of concen- 
lia; and less than $2 from Norway. Rates to trate annually were being exported to Ja- 
the U.S. East Coast were about $1.50 from _ pan, in slurry-ships of up to 130,000 dwt. 

| FOREIGN TRADE | 

US. exports of iron ore in 1977 totaled 2.1 value, compared with those of 1976, and was 
million tons, valued at $62.8 million. This due largely to reduced shipments from 
was a decline of 26% in tonnage and 24% in mines in the Lake Superior district. The
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average value of exports rose to $29.28 per since imports have been reported by cus- os 
| ton in 1977, from $28.22 in 1976. : toms districts, Cleveland received the larg- | 

_ US. imports of iron ore for consumption est share of imports (23%) in 1977, followed 7 
in 1977 totaled nearly 38 million tons, a by Philadelphia (17%), Chicago (16%), and 

| decrease of 15% from the level of 1976. Baltimore (15%). oe 
Imports from Canada were 67% of the total, The value, f.o.b. country of origin, of 
an increased proportion that was due partly imports in 1977 was $956.6 million, a 
to reduced domestic output. Imports from -decline of 2% from that of 1976. The aver- 

| Venezuela made up 16% of the total, and age value of imported ore was $25.23, com- : 
those from Brazil and Liberia made up 6% pared with $22.08 in 1976 and $18.41 in | 
and 5%, respectively. For the first time 1975. 

| | . WORLD REVIEW _ | | : | 

Argentina.—Development of the Sierra’ G. McKee Co. of Cleveland, Ohio. Imple- 
Grande iron ore project in Patagonia was mentation of the project was reported to be 

| continued. Major facilities reportedly com- contingent upon construction of a gas pipe- = 
pleted during the year included the concen- _ line from Santa Cruz. Ce 

trator at the mine site; a 20-mile slurry  Brazil.—Production and exports of iron | 
pipeline from the concentrator to a pelletiz- ore products declined in 1977. Total ship- 
ing site at Punta Colorada; and port facili- ments were estimated at 73 million tons, 
ties at Punta Colorada capable of loading and exports at 59 million tons; both figures 

: vessels of 25,000 dwt. | | ‘were about 10% less than in 1976. Ship- 
Australia.—Shipments of iron ore pro- ments by the largest producers were (in | 

ducts totaled 89.7 million tons in 1977, million tons): Companhia Vale do Rio Doce 
about 5 million tons less than production. (CVRD), 46.8; Mineragoes Brasileiras Re- 

_ Exports totaled about 79 million tons and unidas (MBR), 13.1; Ferteco Mineracdo S.A., 
the balance was shipped for domestic con- 4.9;S.A. Mineracéo da Trindade (SAMITRD), 
sumption. Pellet shipments totaled about 5.0; and Companhia Sidertrgica Nacional 
9.4 million tons. Shipments of iron ore (CSN), 2.2. | 
products by company in 1977 were as fol- CVRD completed construction pf a third 
lows (in million tons): Hamersley Iron Pty. pelletizing plant at Tubardo. The plant 
Ltd., 32.4; Mt. Newman Mining Co. Pty. began production in January 1977 and has 
Ltd., 29.4; Cliffs Western Australia Mining an annual output capacity of 3 million tons. | 
Co. (Robe River), 12.9; Broken Hill Pty. Co. It is owned 51% by CVRD and 49% by 
Ltd. (BHP), 6.3; Goldsworthy Mining Ltd., Finanziaria Siderurgica S.p.A. of Italy. A 
6.5; and Savage River Mines, 2.2. pelletizing plant was also completed at 

The Hamersley and Mt. Newman com- Ponta Ubu, about 55 miles south of Vitoria, 
panies announced plans to build concen- by Samarco Mineragao S.A.; the plant has 
trating plants for lower grade ores; both an annual production capacity of about 5 . 
plants were scheduled for completion in million tons and is owned 51% by SAMITRI 
1979. These improvements were expected to and 49% by Utah International, Inc., of the 
raise annual production capacity at Ham-: United States. Completion of these plants 
ersley by 6 million tons and at Mt. Newman raised Brazilian production capacity for pel- 
by 5 million tons. Also, production capacity lets to about 15 million tons annually. 

__ for crude ore at Robe River was being raised The Samarco project, which includes the 
_ by 4 million tons per year; the project was Germano mine and concentrator in Minas 

_ 35% completed by yearend. Gerais, a 240-mile pipeline for iron ore 
Dampier Mining Co. Ltd., a subsidiary of concentrate from the mine to the pelletizing 

BHP, acquired a 50% interest in the rail- plant at Ponta Ubu, and port facilities at 
way and port facilities of the Robe River Ponta Ubu, was completed in 1977. Pro- 
project. | duction capacity of the project is 7.5 million 

Bolivia.—A 2-year study of the feasibility tons of flotation concentrate (67% Fe) per | 
of establishing a direct-reduction plant and year, of which 5 million tons can be pelletiz- 
a small steelmaking facility at Corumba, ed. The port facilities accommodate vessels 
Brazil, using iron ore from the Mutan of 150,000 dwt. Cost of the project was 
deposits of Bolivia and natural gas from the estimated at $600 million. 
Bolivian Santa Cruz field was completed for CVRD continued construction of a con- 
the Bolivian Government in 1977 by Arthur centrator at Conceicéo, near Itabira. The



IRON ORE A485 

plant will include 16 high-intensity mag- 3.4 million tons was being built to agglom- 
netic separators of the Jones type and was_ erate fines from CAP’s Algorrobo mine; 

| scheduled for completion in 1978. Total completion of the $250 million project was 
production capacity for ore products at expected by early 1978. 
Conceicao was expected to increase by about § European Community (EC).—Produc- 
50%, to 20 million tons per year. tion, trade, and consumption of iron ore by 
Companhia Siderurgica da Guanabara_ the EC declined in 1977, compared with 

(COSIGUA) completed construction of a those of 1976. Production was down 18% to 
direct-reduction plant west of Rio de Janei- 44.2 million tons; imports declined about 

ro. The plant has a production capacity of 119% to an estimated 112 million tons; ex- 
about 350,000 tons of sponge iron per year ports (almost all of which were from France 
and > the iret commercia’ planttoemploy to Belgium/Luxembourg) dropped by more 

e Furotrer reauction process. than 20% to an estimated 12.2 million tons; 
Plans by CVRD to develop the large high-_ and consumption was about 7% less than in 

grade iron ore deposits of Serra dos Carajas 1976. The declines in production and ex- 
for production in the early 1980’s received @ ports were mainly due to reduced output of 

major setback in 1977, when United States french mines in the Lorraine district; im- 
Steel Corp. decided not to participate and ports were mainly reduced by the Federal 

eRDio ee atea0 oS len the venture to Republic of Germany, the United Kingdom, 
. . and Belgium-Luxembourg. Imports by 

. Canada.—Ship ments of iron ore p roducts France increased 10% to nearly 15 million 
in 1977 totaled 55.4 million tons including tons. Competition from high-grade ores pro- 

29.3 million tons of p ellets. Shipments for duced outside the EC was expected to cause 
Taoe wee etined aon rons, or nich further production declines in EC countries, 

23% for Common Market countries, and 7 % especially 0 France but also 
my in the Federal Republic of Germany, 

for Japan. Exp orts to the United States Luxembourg, and the United Kingdom, 
increased, while shipments to Europe and : 

Japan were less than in 1976. Total ship- where the iron content of crude ores Pro- 
ments by the largest producers were as cuiced i anges from aout 2% to 31% and is 
follows (in million tons): Iron Ore Co. of uinicult to raise Dy Dene ciation. 
Canada, 24.8 including 15.5 of pellets; Que- , [W° new sintering plants were brought 
bec Cartier Mining Co., 13.3 (all concen- into production by the British Steel Corp. 
trate); and Wabush Mines, 5.6 (all pellets). (BSC) in 1977 and completion of a third was 

| Sidbec-Normines Inc. was building two  ©xPected in 1978. The 3-million-ton-per-year 
pelletizing plants at Port Cartier, one of pelletizing plant under construction at 

which was completed in 1977. Each plant beri s Redcar works O78, Gio expected to 
was designed to produce 3 million tons of n pr - 
pellets Der year. Plant feed will be concen- tinued on two direct-reduction plants at 

trate produced at Lac Jeannine, from crude Hunterston, Scotland, and another plant 
ore produced at Fire Lake; mining and Was under construction at Emden, West 

concentrating was being done for Sidbec by Germany; all three plants were of the Mid- 
Quebec Cartier Mining Co. rex type. Total annual production capacity 

The Hilton Mine, operated by Pickands for sponge iron was expected to be 0.8 
Mather & Co., was closed April 30, 1977. million tons at Hunterston by 1979 and 1.2 
Bethlehem Steel Corp. announced that its million tons at Emden by 1981. 
Marmoraton operations in Ontario would India.—Production, exports, and con- 
be closed in early 1978. Steep Rock Iron sumption of iron ore in 1977 were little 
Mines Ltd. was expected to cease production changed from the levels of 1976. In Karna- 
at Atikokan, Ontario, in 1979; thecompany taka State, production at the Donimalai 
also continued to evaluate low-grade mag- mine of the National Minerals Develop- 
netite ores at Bending Lake but decided to ment Corp. was scheduled to begin in late 
defer production plans due to poor market 1977; production capacity was to be about 3 
conditions. million tons per year. Construction of the 

Chile.—Shipments of iron ore reported by Kudremukh project near Mangalore was 
Compania de Acero del Pacifico (CAP) in continued, although cost of the $600 million 
1977 totaled 8.1 million tons, of which 7.5 project reportedly would increase by $100 

million tons were exported. A pelletizing million over the original figure. The pellet- 
plant with an annual production capacity of izing plant being built for Mandovi Pellets



48GB = ~SSs*~Sst—=<CSs MINERALS YEARBOOK, 19770 

_. ° Ltd. in Goa was still under construction at expansion of capacity by Pena Colorada, = 

“yearend. = ss was likely to reach 9 million tonsby 1979. 
.’ Japan.—Imports of iron ore reported by. An. important adverse development ~ Bale ies 

_ the Japan Iron and Steel Federation totaled in .1977 was that reserves of iron ore in 2 
180.5 million wet tons in 1977, slightly less Michoacan were reported to be less than 

~~. than in 1976. The major source countries half “the quantity previously estimated. 

continued to be Australia, Brazil, and India. Owing to the requirements of the Lazaro 
Consumption of iron ore was reported at Cardenas project, and increasing iron. = 

tama Fell n dry tons including 15.5 million making éapacity elsewhere in Mexico, addi-- 
---- tons.of pellets. =. Ss tional sources of iron ore, from domestic’) = 
. ... Libetia.—Exports of iron ore products in production. or imports, were likely to be - 

-.» 1977 totaled 17.4 million tons, the lowest neededby 1985. 0-5 
figure since the late 1960's. Large accumul- —_ New Zealand.—Production and exportsof 

_. ations of stocks were reported for the major magnetite concentrates from beach sands =. 
- producers; the total may have exceeded 7 on North Island were increased in. 1977, 
~ million tons by yearend. Shipments by com- . Exports by Waipipi Iron Sands Ltd. to = = 

pany were as follows (in million tons): Japan were 25% more than in 1976. Exports = . 
_. + Liberian-American Swedish Minerals Co. from Taharoa by New Zealand Steel'Litd. 89. 
,. (Lamco), 8.1; Bong Mining Co., 5.9; National were estimated at more than 1 milliontons; 
_ Iron Ore Co., 2.8; and Liberia Mining Co. and additional capacity for concentration = 
- (LMC), 0.6. LMC terminated mining oper- and offshore loading was reportedly being 
a ations in. March 1977. Lamco’s pelletizing installed. 

plant was closed for an indefinite period in phijippines.—No production of iron ore 
| late 1977, and- the company’s expansion was reported in 1977, following government ae 

ee at eeaaleted its doferrot oolhetiaing suspension of beach sand operations in 1976 _ | 

plant, raising its total production capacity eee OE million i vat na sintering 

Ho eee te ator oorts of iron ore by “So. facility was completed by Philippine Sinter 

ciété Nationale Industrielle et Miniére Corp., a subsidiary of pawraea tee! Corp. 

(SNIM) totaled 8.3 million tons in 1977, 13% f Japan. The plant reportedly had a pro” 
| less than 1976. duction capacity of 5 million tons of sinter 

Mexico.—Mexico apparently continued to per year. The product was being shipped to 
be essentially self-sufficient in iron ore. Japan in vessels specially equipped for 

| Production: of pig iron and sponge iron was transportation of sinter. The port facility 
. increased, and virtually no imports or ex- “* reportedly capable of accommodating 

ports of iron ore were reported. Published Vessels of up to 250,000 dwt and may be used 
Mexican statistics on output of iron ore, 25.4 stockpiling or transsnipment point for 
however, were too low to account for ap- ‘On Ore destined forthe Far East. = 
parent demand and it was likely that pro- | Spain.—Production and consumption of 

duction data shown in table 20 for 1977 are ron ore in 1977 were practically unchanged 
about 20% too low. Output of iron ore from those of 1976, but trade declined. | 

products by three of the five major produ- Exports dropped by almost one-third, to an 
cers in 1977 was as follows (in million tons): Stimated. 1.5 million tons, while imports | 

La Perla Minas de Fierro S.A., 2.0; Las declined about 25% to 4.7 million tons. 
Encinas S.A., 1.5; and Consorcio Minero A new ore loading pier was completed at 

Pena Colorada §.A., 1.3. Production by Fun- Sagunto in 1977 by Cia. Minera de Sierra 

didora de Monterrey S.A. in Jalisco and Méenera. The new pier accommodates ves- 
- Coahuila was not reported but was probably _ sels of 80,000 dwt, compared with 20,000 dwt 

1.5 million tons or more in 1977; at the older pier. In Vizcaya, production of 
the company completed a large low-grade (80% to 35% Fe) iron ore re- 
concentrator at Durango and a_ portedly began in 1977 at the Bodovalle- 
pelletizing plant at Monterrey in 1976. Also, Gallarte mining project. The ore was 
production data were not available from shipped to Sestao for sintering. | | 

Michoacan, where concentration of magnet- South Africa, Republic of.—Production 

ite began in 1976 to supply a pelletizing and exports of iron ore continued to in- 

plant at the Lazaro Cardenas steelworks. crease in 1977 as the recently expanded 
Mexican production capacity for iron ore Sishen mine and associated concentration 
products in 1977 was probably about 8 and transportation facilities were operated 
million tons per year, and with ongoing for the first full year. Shipments of benefi-
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| mo ‘ciated ore from Sishen totaled 17.3 million were estimated at about 40 million tons, of oo 

>.< tons, of which nearly 70% was exported which 90% was destined for East Euro- 

_ through the new port of Saldanha Bay. The pean. ‘countries, principally Poland and | 

mine was operated by South African Iron & Czechoslovakia. = — 
+. Steel Industrial -Corp. Ltd. (SCOR). ISCO- . Soviet output, of iron ore pellets was | 

ee Rs consumption of iron ore increased about estimated at 32 million tons in 1977. Pro- 

ee ee to 74 | million tons, as a new blast duction capacity for pellets reportedly in- 

Ode TY at Now and sintering plant wer e completed creased by a total of 5 million tons annual-. | 

ee O Shinmer te f byproduct magnetite ly, following completion of plant expansions 

oo Biaipments: OF py proce ea eee cat the Mikhailov and Lebedi projects in 
--- eentrate to Japan by Palabora Mining Co. K pd 

- ol Mg ag oon _ Kursk and Belgorod States. At Kremenchug 
~. Ltd. were expected to cease in early 1978 in the Ukrail struction continued | 

_.... .due-to termination of the export contract. » hs 5 additi veal hk ti rue line * sch dul, hto 

..” $waziland.—Swaziland Iron Ore Develop» {W0 2CC1082 PEN™ izing lines scheduled to 
“nent Co. ended mining operations in Nov-_ have a combined production capacity of 6 

ember 1977. Shipments of ore were expected meiion tons per year: these plants wer o / 
-.. = t9 continue until stockpiles were depleted, the grate-kiln type manu actured by Allis . 

possibly in 1979. re Chalmers Corp: of Milwaukee, Wis. Orders 

++." ‘Qweden.—Production and exports of iron for four. Midrex direct-reduction plants and 

..... ore declined in 1977 by 15% and 17%, 4 2.5-million-ton-per-year pelletizing facility _ 

---yegpectively, compared with those of 197 6. were reportedly received in 1977 by the 

Exports (18.6 million tons) were the lowest West German firms of Korf Stahl AG and _ | 

> gince 1962. Total shipments by the three Salzgitter, AG, respectively; the plants were 

: major producers were (in ome en to be constructed at Kursk. i 

uossavaara-Kiirunavaara \B), Venezuela.—Production and exports of 

18.9; -Gringes AB, 1.6; and Stora roti ore in 1977 were 23% to 25% less than 

Kopparbergs Bergslags AB, 1.1. Low de- in 1976. Shipments by C.V.G. Ferrominera 
mand in Europe led to a decline of 17% in Orinoco were reported at 11.9 million tons. 

the average f.o.b. value of Swedish ore Projects under construction for Ferromin- 
compared with that of 1976, and stocks of era included an expansion of output capaci- 

N Or hee tone a record level of nearly 15 ty of the ore drying plant to 14 million tons | 

: LKAB suspended production of pellets at annually, and a pelletizing plant designed 
Malmbei . . for an output of 6.5 million tons per year. 

| Imberget in March 1977, and mining wae . . | 
. . ; . The high-iron-briquet (HIB) reduction 

operations at Svappavaara in April await- lant. in which United States Steel Corp 

ing improved market conditions. Production Plant, mn wnie ty j ‘te t S t © iL " 

capacity at the Svappavaara pellet plant clo sed - minority 1 i > was ond exon y 

was increased to 3 million tons per year. 108d to permit modifications and expan- 
LKAB’s ‘expansion of port facilities at sion of production capacity to 600,000 tons 

Narvik, Norway, was completed in 1977; OF Briel: Pe peeeo Order to Matanzas 
carriers of up ; wi ac- | 

commodated, and a new shiploader was will be facilitated by a railway being built 

installed which has a loading capacity of up by Siderurgica del Orinoco (SIDOR). Con- 

to 10,000 tons per hour. Shipping capacity of struction also continued on direct-reduction 

the port was stated to be 30 million tons of plants of the Midrex and HyLSA types for 

iron ore per year. SIDOR at Matanzas. 

U.S.S.R.—Exports of iron ore in 1977 

TECHNOLOGY 

Technological improvements in the iron increase in number, although jet-piercing 

ore industry were mainly concerned with drills were still preferred at two operations 

increasing efficiency and lowering unit in Minnesota. Shovels with buckets of 16- 

costs of mining and milling, concentration, cubic-yard capacity were used by Hibbing 

agglomeration, and transportation. The Taconite Co. and a 22-yard unit was in use 

trend toward increasing use of larger min- at an Australian hematite mine. Front-end 

ing and raring equipment, such 8 drills, soaders were increasingly used in place of 

shovels, trucks, and grinding mills was shovels for clean-up and loading operations, 

evident worldwide. In U.S. taconite mines, and were the only loading equipment at a 

rotary drills capable of drilling blastholes large mine in Brazil. Trucks with haulage 

12 to 15 inches in diameter continued to capacities of 150 tons were in use at several
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US. and foreign iron ore mines, and 200-to in Australia. The Reichert cone, originally 
225-ton units were being used at two large developed for gravity concentration of 
Australian mines; however, smaller units of beach sand materials in Australia, was | , 
85- to 100-ton capacity were preferred by being used to upgrade magnetite concen- 
some operators because of lower initial cost, trates at Taharoa, New Zealand, and was 
higher operating availability, and ability to being installed by the Iron Ore Co. of .- 
navigate steeper grades. Canada as- a _ possible replacement for 

Autogenous grinding mills 36 feet in Humphreys spirals; low capital cost and 
_ diameter were installed by Hibbing Tacon- increased throughput capacity appeared to 

ite Co. in the United States, and mills 32 be advantages of this equipment. 
feet in diameter were in use in Canada at —- With restricted supplies of natural gas_— 
the Mt. Wright concentrator of Quebec and fuel oil for some iron ore pelletizing 
Cartier Mining Co. operations in the Lake Superior district, the 

The use of flotation and wet high-in- use of pulverized coal was being tested by 

| tensity magnetic separation, for concentra- Several pellet producers, as well as by the 
tion of fine-grained hematite ores, was also Bureau of Mines* which was also investigat- 

| increasing. Cationic flotation of silica, also coed pom deposits in and subbitumineus 
called reverse- or inverse-flotation, was r , ; L 
installed in 1977 at the Germano concentra- States. Production of low- and intermediate- 

torn Brasil and in Liberia a the Bong and Bu som con fr un spalling fel, amco concentrators, all of whic ave ; , td ? 
multi-million-ton throughput capacities. 20d 4 coe Bastication eo panned 

ichigan, which uses a process of selective : . , . 

foeculaton ‘and_deliming followed ‘hy A Sty of coal-gasifcation press, done 
| snillion tone of crude ore ne ycen Flotation. investigated the technical and economic | 

of silica from magnetite concentrate, as a joasibunty of gasifying coal for use mp pellet 

fina! ceaning step, trate also eg see a Direct reduction of iron ore continued to 
© empire concentrator in Michigan an grow, especially in fuel-rich countries. New 

will be installed in the new plant of Reserve _ lants were completed in 1977 in Canada 
. Mining Co. in Minnesota which is scheduled Brazil Mexico a d Venezuela. and other 

for completion in 1980. Flotation cells with plants were under construction or planned | 
vouumes op to Bee ic feet have been in 17 or more countries. World production . 

Wet hich-int pir t Plant. ti ti capacity for direct-reduced iron was esti- 
et aignintensity Magnetic separation ated at about 11 million tons annually at 

(WHIMS) was being used to produce high- the end of 1977, but owing to weak demand, 
grade hematite concentrate at large concen- operating problems, and other factors, total 
trators in Brazil and Liberia, and the first production was probably less than half of 

commercial unit of this type to be installed this figure. Production of direct-reduced 
in the United States was operating at the ion in the United States continued to be 
Sunrise concentrator of CF&I Steel Corp. jimited to three plants, and no additional 
near Guernsey, Wyo. Other WHIMS instal- plants were planned owing to restricted 
lations were scheduled in Canada, Norway, availability of natural gas. 
and Australia. 

The Bureau of Mines continued to investi- 1Supervisory physical scientist, Division of Ferrous 
gate cationic flotation and WHIMS as Metals. al specialist, Division of F Metals 
means of economically producing high- SUnless otherwise stated, the unit weight used in this 
grade concentrate from low-grade hematite chapter is the long ton of 2,240 pounds. vised Coal-Firi 

ores of the western Mesabi Range. — Systems for Induration of Tee Oxide Pellets. Proc. 2d 
Heavy-media (HM) concentration was Internat. Symp. on Agglomeration, Atlanta, Ga., Mar. 6- 

used at the large Sishen concentrator in the Yorke eg rT a eigt soe eBlomeration 1, AIME, New 
Republic of South Africa, which has an  _ ‘Skillings’ Mining Review. Erie Mining Chosen for Coal 
annual production capacity of 18 million Gasification Plant. vee No. 18, er ep. IL. Stud 
tons. HM is also to be the main concentrat- _ of Low and Intermediate BTU Gas From Coal for Iron Ore 
ing method at concentrators being built by Ac astizing. BuMines Open File Rept. Bot, 1977, oon pe 
the Hamersley and Mt. Newman companies _ Springfield, Va., PB 264 702/AS.
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Table 3.—Crude iron ore mined in the United States, in 1977, by district, State, and : 
| 7 | variety = | | 

(Thousand long tons and exclusive of ore containing 5% or more manganese) 

- . - Number a - ., oo Total 
District and State tienes Hematite - » Limonite Magnetite quantity! 

Lake Superior. . . oS . | 
Michigan. _-_-_-$_-_/ ~§_-§ _-_-_____ 6 © «= W _- W 31,439 . 
Minnesota __ $$ _.._-___________ 24 ~ 10,802 _- 86,329 © 97,1381 

’ Wisconsin __~.~_~_~_______________ 1 Fe a 2,100 — 2,100 . 

Total reportable’_______._______.. 31 10,802 _- 88,429 130,669 . 
Eastern States?___________________ 5. . wt Ww W 3,696 

Western States: - . | : 
Utah _____ 4 -_ oe 4,439 4,439 
Other? ____-_-_-_- > 14 — W W. - 15,818 19,578 

Total reportable _______________ 18 We. Ww 20,258 24,017 
Total withheld! #_______ = >= = ee __ 15,473 — 3,125 20,296 — 

Grand total! ___§ >» _-___________ 54 26,275 . 3,125, 128,982 158,382. 

W Withheld to avoid disclosing company proprietary data; included with “Total withheld” and “Total quantity.” . 
'Data may not add to totals shown because of independent rounding. . * . 
2Includes Georgia, New Jersey, New York, and Pennsylvania. , ae . 
Includes California, Colorado, Missouri, Montana, Nevada, Texas, and Wyoming. . 
*Total withheld data included with “Total quantity” for each respective district or State. - 

_ Table 4.—Crude iron ore mined in the United States, in 1977, by district, State, and , 
a : mining method | | 

(Thousand long tons and exclusive of ore containing 5% or more manganese) 

ar . . - Open. - Under- ‘Total | 
| District and State | pit ground — quantity! 

Lake Superior: | . | : 
Michigan ____________ ~____ ee WwW Ww 31,439 
Minnesota _____________~____--_- ~~ 97,131 ok 97,131 
‘Wisconsin _____~§_~§_§ ~~ LLL 2,100 _- 2,100 

: Total reportable?____- === (99,281. Ww 130,669 
Eastern States*? ____§________ ee Le WwW WwW 3,696 

Western States: 
Utah _________ eee 4,489 — 4,439 
Other® _________ ee 15,687 3,891 19,578 

Total reportable!__§_§_-§_-§___________________ ee 20,126 3,891 24,017 
Total withheld ______________~_____ LLL. 32,510 2,625 (4) 

Grand total! ~~ _§ = = 151,867 6,515 _ 158,382 

W Withheld to avoid disclosing company proprietary data; included with “Total withheld” and “Total quantity.” 
1Data may not add to totals shown because of independent rounding. 
2Includes Georgia, New Jersey, New York, and Pennsylvania. 
3Includes California, Colorado, Missouri, Montana, Nevada, Texas, and Wyoming. 
*Total withheld data included with “Total quantity” for each respective district or State.
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= oO Table 5.—Crude iron ore shipped from mines in the United States, in 1977, 
_ SO, oo : by district, State, and disposition 

oe (Thousand long tons and exclusive of ore containing 5% or more manganese) 

: ope a3 Direct to Fo bene- Total 
istrict and State © con- iciating . 

. . oo sumers plants quantity’  —— 

Lake Superior: . 
Michigan_________2__ ~~~ ___ ee WwW — OW 31,250 
Minnesota __________~__~~_~___ — 96,488 96,488 
Wisconsin _____________________ ee -- 2,100 2,100 - 

Total reportable’_______________-____-_ eee W 98,587 129,837 
Eastern States?_______________________ . _- 3,723 3,723 

Western States: OO | OT | 
Utah ______ wis. w 4,443 
Other’ ~-~------+~---- +--+ ee 206 19,464 19,670 

_ Total reportable ______._.________________________= 206 19,464 24,118 | Total withheld _________________ iii 1,614 34,079 (4) 

_ Grand total! 9. ee 1,820 155,854 157,678 
Se 

ier ne prance 

W Withheld to avoid disclosing company proprietary data; included with “Total withheld” and “Total quantity.” 
*Data may not add to totals shown because of independent rounding. 
“Includes Georgia, New Jersey, New York, and Pennsylvania. . a 

oo 3Includes California, Colorado, Missouri, Montana, Nevada, Texas, and Wyoming. , , 
| “Total withheld data included with “Total quantity” for each respective district or State. 

Table 6.—Usable iron ore produced in the United States, in 1977, 
| | by district, State, and variety | : 

| (Thousand long tons and exclusive of ore containing 5% or more manganese) . 
CT ESS Pt See 

ar : . . . Total . District and State Hematite Limonite Magnetite quantity? 
—_——— eee | 

Lake Superior: | co 
Michigan _____~__~~~_~ =e W a WwW 12,319 
Minnesota ________-__~-1_~ ~~ 4,544 © — 26,399 30,943 

_ Wisconsin ~-----------~--- +--+ ee _- _. 690 690 

Total reportable _.________._-_____._________ 4,544 _. 27,089 43,952 Eastern States? ____________-_.--------+-_------- Ww Ww Ww $2,020 

Western States: | — | 
Utah __-_____ -_-- _- 2,001 ' 2,001 

oo Other* ~------------~----+-------------- +--+ W WwW 6,326. 37,778 

Total reportable? _________.________---___ 8 wow 8,326 89,779 
Total withheld ~______________-~~____ Lee 6,934 621 7,719 (5) 

| Grandtotal’ ________- a9 621 43,184 $55,750 ene Oe 
W Withheld to avoid disclosing company proprietary data; included with “Total withheld.” . 
'Data may not add to totals shown because of independent rounding. 
Includes Georgia, New Jersey, New York, and Pennsylvania. 
3Includes byproduct ore. 
“Includes California, Colorado, Missouri, Montana, Nevada, New Mexico, Texas, and Wyoming. 
‘Total withheld data included with “Total quantity” for each respective district or State.



492 | MINERALS YEARBOOK, 1977 | 

Table 7.—Usable iron ore produced in the United States, in 1977, . 

7 by district, State, and type of product , 

(Thousand long tons and exclusive of ore containing 5% or more manganese) . | 

. Direct: Ag 1 Con- Iron 
woe - ghip- glom- content 

District and State ping erates trates (natural, 
ore _ percent) . 

Lake Superior: 
Michigan ______.__--------~---~----------------- Ww Ww ek - 63 

Minnesota ________________~~---~----~----~-~-~~----- a 26,343 4,600 62 

Wisconsin ____________-_~~----~---~--~-+-~-~--~----=+ _- 690 _— 65 

| Total reportable ___________-___----------------- W 27,038 4,600 62 
Eastern States! ?______________-_------------------- _- WwW 1,878 620 

Western States? ?_~_§ _-_§ ___._______~___--_----+--+-~------- Ww 5,444 2,768 60 

Total withheld __________.___---__---------~+-~------ 1,986 12,542 — a 

Grand total? ___________________--__i_--------- 1,986 — 45,019 8,746 62 

W Withheld to avoid disclosing company proprietary data; included with ”Total withheld.“ 

_ Hncludes Georgia, New Jersey, New York, Pennsylvania, and Tennessee. . . . 

2Includes byproduct ore. 
3Includes California, Colorado, Missouri, Montana, New Mexico, Nevada, Texas, Utah, and Wyoming.
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7 Table 9.—Usable iron ore produced in Lake Superior district, by range _ a - 

| oe (Thousand long tons and exclusive after 1905 of ore containing 5% or more manganese) _ / - 

. oo . Mern- tits ee 7 eg = Black = . 
ve | Mar- : . Ver- . ‘Spring =p: ‘Tats - 

_ Year . —quette «= 9 Gogebie milion Mesebi  Cuyuna Valley River Total! | 

- 1g541972____.. 408,724 10,995 320,834 103,528 2,876,807 70,886 8,149 2,564 4101485 2°” 
1978 ~~~ 9,036 2,404 —_ a ~ 60,021 - —- . -- - 956 ~—612,416 

1974 2 8,920 2419 = © _— 58,484. . —  .. . 899 70,723 oe 

1976 ~2 ~~ ee 12,448 . 2,331 _—— ol 61,177 — __. 784. 66,735 — me 

1976 ~-_-_-___------ 14,663 2318 - _. + --. °. 49,764 -— -- 668 67,413 . 

QM LIT ILL oe w  W. -_ TT. 30948 2383-690 48952 

otal WLW 820,884 108,528 8,127,196 70,886 8,149 6,561 4,422,674 Soo 

W Withheld to avoid disclosing company proprietary data; included in “Total.” | | oo 

. 1Data may not add to totals shown because of independent rounding. wo oo o _ | 

Table 10.—Average analyses of total tonnage’ of all. grades of iron ore shipped from a 

| | the U.S. Lake Superior district _. - | 

a Quantity, oo Se Content (percent)? a . a 

| Year (thousand ne ” Phos- a Man-. ; i. 

: | | —Tongtons). Iron ~~ Shorus ‘Silica. ganese Alumina Moisture ; 

| 1978_.__.__.------------- 76,281 60.66 ~=—(0.080 677 0.88 0.41 3.79 
1974____________-_------- 72,194 60.26 .030— 6.68 35 40 3.94 

1975__§ __ ee 64,174 60.91 - .030 - 6.72 28 29 3.53 

1976_.. -_- -_ _- 64,928 | 61.38  .029 6.72 26 43 3.20 

1977_______-__------------ 43,239 61.66 _—-«.028 6.60 28 44 2.99 

1Railroad weight—gross tons. - — . 

_ Tron and moisture on natural basis; phosphorus, silica, manganese, and alumina on dried basis. 

- Source: American Iron Ore Association. Iron Ore, 1977, p. 92; 1976, p. 94. 

, Table 11.—Consumption of iron ore and agglomerates in the United States in 1977 ; 

(Thousand long tons and exclusive of ore containing 5% or more manganese) 

- Tronoreand 2 | . 

| State ___concentratest_-_—ASHIOMONNISE. Miscella- Total 
, Blast. _Steel Blast Steel neous* —rreportable* 

7 furnaces furnaces. furnaces furnaces . | 

Alabama, Kentucky, Texas _______- 192  ###W 6,698 W Ww 8,623 
California, Colorado, Utah ~__--~--- 1,694 WwW 5,894 WwW WwW 7,089 

Ohio and West Virginia pee ee eee 2,261 101 21,171 59 WwW 23,592 

Illinois, Indiana, ichigan ~~------ 1,929 . —_ 39,251 WwW WwW 41,179 

Maryland, New York, Pennsylvania _-_- ' 6,246 196 27,932 56 WwW 34,430 

Undistributed ______---------- _— 135 _- 85 901 1,121 

Totalt _.___------------ 14,055 432 100,446 200 901. 116,034 
i 

 ——————— 

W Withheld to avoid disclosing company proprietary data; included in “Undistributed.” 

1Not including pellets or other agglomerated products. 

2Includes 55,414,320 tons of pellets produced at U.S. mines and 13,566,746 tons of foreign pellets and other 

agglomerates. 
Includes iron ore consumed in production of cement and ferroalloys, and iron ore shipped for use in manufacture of 

. paint, ferrites, and heavy media. 

“Data may not add to totals shown because of independent rounding.
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| Table Tee lron ore consumed in ‘ odue- Table 13.—Beneficiated iron ore shipped _ 
_ Hon of agglomerates at Iron and stee! from mines in the United States! _ 

- plants in 1977, by State . oo epg et 
. 7 (Thousand long tons and exclusive of ore containing 5% or 

(Thousand long tons) 7 _.,-: More manganese) . 

| Iron ore Agglomer- | , ——— 2 —— Proportion of 
State _ ¢onsum- ates __.  Bene- Total beneficiated - 

| a . ed! produced . Year ficiated iron | to total — 

, a - | Ore ore _ (percent) . 

. - Alabama, Kentucky, . ey! 
Texas______________ 2,643 3,264 1973_____- 86,894 90,654 — . 95.9 

California, Colorado, 1974_____. + 79,995 84,985 . 94.1 . 
Utah _. ~~ 1,766 2,004 1975______ 78,961 15,695 © 97.7 . 

Ohio and West : 1976 ___u__ 74,848 16,697 — 97.6 
Virginia _- 2,040 3,040 1977______ 52,061 _—>—-58,880 96.6 

Illinois, Indiana, RT 
Maree New York. esa 5,308 9,617 1Beneficiated by further treatment than ordinary 

| P ennsylv ania... 9,173 13,061 crushing and screening. Excludes byproduct ore. | 

Total ________..-. 21,530 230,987 | — | a | | 
Trubs domativand nnn Table 15.—Stocks of usable iron ore at : 

Includes domestic and foreign ores. __ - i 1 > 31. istrict — 
Data do not add to total shown because of independent | manes, Dee 31, by district 

rounding. : — . (Thousand long.tons) 

a - oo i ‘District “196 «1977 
| Table 14.—Production of iron ore agglom- ckeSucrin OES BOT | | 

. rates! j i e Lake Superior _-____..-._ 7,954 95207 — . | merates in the United States, by type Other States TTT TTTDt« OB tC« SO 
: a (Thousand long tons) | a \ ——— | 

oo , Total _._-_- 13,993 14,811. 

| : ~~ Agglomerates produced. | <= a 
Type | 1976 1977 . Excluding byproduct ore. = 

Ginter, nodules, cinder_-___. 32,955 831,381 | 
Pellets _-____________ 64,305 44,626 SD | | a 

Total __.-.------- 97,260 76,007 0 a 7 

‘Production at mines and consuming plants. . | 7 re oe 
2Includes 16,318,600 tons of self-fluxing sinter. — a | : 
Includes 16,131,480 tons of self-fluxing sinter. a 

Table 16.—Average value of usable iron ore’ shipped from mines or : 
, _  beneficiating plants in the United States in 1977 SO 

- . : (Dollars per long ton) - 7 . - 

Type of | . 
° ore . . Suite Eastern Western . 

Direct-shipping, hematite and magnetite wee eee eee eee eek Ww. Le 10.87 
Concentrates, hematite and magnetite _.__._._________-~ ~~ eee 14.27 18.65 16.88 

Concentrates, limonite____-..--._____-_-~~--~~-_ ee ae WwW WwW 
Agglomerates __-----_----~----------~-------------------- 28.86 Ww 29.33 

W Withheld to avoid disclosing company proprietary data. _ 
1F o.b. mine or plant. Excludes byproduct ore.
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Table 17.—U.S. exports of iron ore, by country 

(Thousand long tons and thousand dollars) 

} } 1975 1976 1977 
Country OOOO OOF PO 

Quantity Value Quantity Value Quantity Value 

Austria _~_§__§___ Le 5 132 _- _- _- __ 
Canada _____________ 2,485 59,170 2,897 80,981 2,136 62,539 
France _________.---_----------- 6 18 11 1,129 (4) 4 
Japan __________ Le 40 658 (3) 2 1 16 
Mexico _________________________ 1 12 (7) 5 (4) 3 
Norway _________~________________ __ _e _- _— 2 24 
Taiwan _________________________ _- _- _- — 2 107 
United Kingdom _____=_~____________ (2) 3 5 32 (2) 3 
Other ____________ (1) 18 (4) 43 1 62 

Total? 9 =» 2,537, 60,071 2,913 82,192 2,143 62,760 

1Less than 1/2 unit. 
2Data may not add to totals shown because of independent rounding. 

Table 18.—U.S. imports for consumption of iron ore, by country 

. (Thousand long tons and thousand dollars) 

1975 1976 1977 
Country $$ SC— 

Quantity Value Quantity Value Quantity Value 

Africa, Western, n.e.c ~-_____~_________ 112 1,702 __ — __ —_ . 
| Angola ______________~____-____- 213 4,961 _- —_ —_ —_ 

Australia. 922 ~~ = LL 803 8,512 616 12,384 305 5,771 
Brazil ___________________ ~~ ____~_ 7,525 120,947 5,388 111,797 2,243 53,342 
Canada ____________________ 19,111 420,116 24,962 625,588 25,283 693,384 
Chile ____________________ ee 932 - 12,172 608 7,962 566 8,346 
India ___ 164 1,661 130 1,198 (#) 2 
Italy. Lk __ __ 3 103 — — 
Japan _~__§_______________ ee 56 1,024 _- _- _- __ 
Liberia __-_______________________ 2,496 38,909 2,152 34,198 1,792 30,226 
Morocco ______________________~_- _— _- 11 259 _- _- 
Norway _________________________ 53 1,285 151 4,949 —_ __ 
Peru___ Le 1,551 32,627 716 15,233 1,020 35,478 
Philippines ______§________________ 14 478 4 170 __ —_ 
South Africa, Republic of ______________ 129 2,475 162 4,979 249 5,325 
Sweden _________ Le 182 © 5,783 442 9,412 153 3,989 
Tunisia ___§_§____________ —_ __ _- __ 27 509 
US.S.R 2 Le 265 2,518 44 471 86 1,125 
Venezuela ______________________e 13,137 205,304 9,001 151,635 6,179 119,076 
Other ___________________ Le (4) 22 (#) 10 (7) 11 

Total___._________________-_ 46,743 860,496 44,390 980,348 237,905 956,584 

1Less than 1/2 unit. : 
2Data do not add to total shown because of independent rounding.
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Table 19.—U.S. imports for consumption of iron ore, by customs district 

(Thousand long tons and thousand dollars) —— 

ne 
1975 1976 1977 , 

Customs district ——————————- -———rrr—- 
- Quantity Value Quantity Value Quantity Value 

' Baltimore ~~ _.~____._____------~-~- 10,832 181,979 9,279 197,218 5,629 141,660 
Buffalo __~__ ~~ 5 5 ee ee 2,759 62,775 - 3,471 93,307 2,575 69,602 
Charleston _____._.__.._-_-.---~-~---~-- 154 4,076 190 5,043 39 ~ 920 

. Chicago. ____-.__.___-.__------- 4,026 82,517 6,037 187,956 5,910 152,635 
Cleveland _____________~~_-~~__-~-- 5,556 116,315 7,736 193,430 8,724 242,332 
Detroit _-. ~~ 1,899 45,556 1,881 53,891 2,224 66,286 
Galveston _________ ee _- _— _— oe 102 3,031 
Houston __________ 690 14,938 153 3,228 852 22,188 
Los Angeles ___________-___-_~-_-- 56 803 150 2,707 217 3,872 
Mobile ______§_§_§__~____~__~_ 4,265 70,764 4,627 91,364 3,837 82,939 
New Orleans ______._§_-~__-~_-~-~--~-- 624 10,344 809 14,237 806 17,123 
Philadelphia. __.§._._____.-.--------- 15,274 256,820 9,597 176,787 6,502 140,847 
Portland, Oreg ____§_§________------- 310 5,407 198 3,451 «84 596 
Seattle _._________-------------- (*) (*) 34 809 —_ _ 
Wilmington, N.C ______-_-_-__--~---~-- 296 8,084 226 6,798 449 12,269 
Other ____ eee 2 118 2 122 3 284 

Total_______-.-_--_-~-----+-- 46,743 860,496 44,390 980,348 237,905 956,584 
nnn ve EO 

1Less than 1/2 unit. 7 
2Data do not add to total shown because of independent rounding. 

7 Table 20.—Iron ore, iron ore concentrates, and iron ore agglomerates: 
, World production by country , 

(Thousand long tons) . 

ee 
Gross weight? Metal content? . 

Country’. _—_——— Oe Oo 
. 1975 1976 1977” 1975 1976 1977? 

North and Central America: 
Canada* __________~____- 46,128 57,630 _ 65,421 28,724 36,030 34,649 
Mexico® _~____________-_- 4,974 5,380 5,296 = 8,816 8,586 3,530 . 
United States® ___________- 78,866 79,993 55,750 48,266 49,362 34,489 - - 

South America: , . 
Argentina ___.___-_-~--~-- 260 498 523 T1383 255 267 
Bolivia (exports) ________-~~- 81 _o 7 ~ -F20 oe 4 
Brazil _. ..__.._-_----~--~-~- 88,474 92,601 €86,000 57,508 60,191 “55,700 . 
Chile _._-___.__~_--~------ 10,833 9,896 7,771 6,664 6,088 4,802 
Colombia ___—~____-.------ 529 490 591 227 _ . 225 (272 
Peru_—~_~_~_~~_~----~----+- 7 631 . 4,701 6,087 4,987 3,040 3,937 
Venezuela _______--~---~~- 24,381 18,390 14,173 715,115 11,401 8,787 

Europe: — 
Albania? _______________._ | * %640 748 €748 T C924 ©262 262 
Austria __~__..~--_----~-- 3,172 3,724 3,395 1,182 1,147 1,052 
Belgium ______-_-~-_-_--- 92 62 46 28 19 14 
Bulgaria ___ ______-_---~--~-- 2,300 2,279 2,235 F763 736 716 
Czechoslovakia _____.__--~- 1,745 1,874 1,959 524 487 509 
Denmark ___..__..--__---~-- 13 8 5 5 3 2 
Finland® __________-__--- 894 1,149 1,123 ™510 687 668 
France ________..--~---- 48,863 44,467 36,056 15,067 13,574 10,873 
German Democratic Republic? _ _ _ 58 58 71 23 23 28 
Germany, Federal Republic of (sal- 

able) _._-____-~-~--~---- 3,236 2,220 2,431 1,036 738 803 
Hungary - --------------- 632 592 517 151 141 128 
Italy’? _~§_§_-_-_-__---------- 531 506 463 234 2538 194 
Luxembourg _ __ —---~---~---- 72,278 2,046 1,524 ™662 605 442 
Norway _ ___-----~---~----- 4,044 3,909 3,665 2,620 2,524 2,366 
Poland ___._-~~-~-~-~-----~-- 1,173 663 634 352 199 190 
Portugal?! ___.. ._______---- 55 47 51 23 27 27 
Romania _____~-__------- | 3,017 2,790 2,707 980 725 704 
Spain ____._..---------- 7,520 7,428 7,775 3,684 © 3,742 3,845 
Sweden _________-------- 30,379 29,390 25,015 19,332 18,807 16,009 
USSR ~~~. -_-------- 229,126 235,333 233,947 135,185 138,846 138,028 
United Kingdom _~-~~~~_--~- 4,419 4,510 3,685 1,193 1,172 958 
Yugoslavia___._.___--_--- 5,156 4,193 4,381 1,898 1,475 1,552 

Africa: 
Algeria _..._____------~~- ¥3,139 3,138 3,642 "1,695 1,695 1,966 
Angola _________-------- 2,707 cL ee 1,638 e__ e 
Egypt _..______-_-------- *1,070 1,223 1,365 534 611 683 
Kenya’? __________---_-- "7 “16 16 re19 reig £10 
Liberia ____..____-_------ €24,000 18,517 17,850 ©14,714 11,943 11,513 
Mauritania ______-_------ 8,540 9,511 9,639 75,509 6,135 6,217 

See footnotes at end of table.
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| Table 20.—Iron ore, iron ore concentrates, and iron ore agglomerates: 
World production by country —Continued : 

(Thousand longtons) i a, 
| Ne 

_ _ Gross weight? Metal content? _ . Country! OOO oO. OO: ooo 
— 1975 1976 1977? | 1975 1976 1977” 

Africa —Continued . . . 

Morocco ________________ 545 338 401 343 213 _. 257 
Rhodesia, Southern® ______ ___ 590 590 - 540 878 378 320 
Sierra Leone______________ 1,431 _- oo 7902 ee 
South Africa, Republic of! ____ 12,104 15,416 26,063 7,565 — 9,634 16,289 . 
Swaziland __._____.______. 72205  ~—>—«1,905 | 1,418 1,389 1,144 - $51 

Asie we ee ee 7606 ATT 339 7312 -i(iws«éG - 192 
ia: oo . a. . Co - 
China, People’s Republic of* _.._ - — 64,000 . 64,000 $64,000 32,000 — 32,000 —. 32,000 
Hong Kong_______________ 164 86 0 *83 19 oe 
India __ ~~~ 40,751 42,757 41,639 725,511 26,765 26,066 - 
Indonesia.______.~________ 347 287 307, 202 161 171 
Iran##___ 985 1,085 - — 1,085 600 660 660 
Japan®_ _=§_ = 715 746 673 T416 443 393 
Korea, North®_______________. 9,250 ~~ 9,350 9350 3,700 3,740 - 3,740 
Korea, Republic of __________ "565 629 648 . ~~ *316 352 360 | 

Malaysia _-_-__-.22~-~ ~~ ____ 343 303 325. 209 18 198 | 
Philippines _._.___________ 1,330 562. oe 799 315. _- 
Thailand. 22222 : 32 2) 62. 19 15 BT 
Turkey __-______________ T2322 3,394 3,368 ¥1,336 - 1,951 _ 1,937 

Oceania: 
Australia__-____.. ~~ ____ F96,109 91,782 94,580 60,578 57,779 «59,849 
New Zealand!® __-_________ 2,261 — 2,485 2,643 | 1,289 — 1,388 1,504 

eee . 

; Total _ — ~_ _ _ — _"888,178___ 886,157 844,000: 512,688 514,152 490,495 . 
en 

*Estimate. Preliminary. ‘Revised. — - oo | | | | 
1In addition to the countries listed, Cuba and Vietnam may produce iron ore, but definitive information on output 

levels, if any, is not available. . _ 
*Insofar as availability of sources permits, gross weight data in this table represent the nonduplicative sum. of 7 

marketable direct shipping iron ores, iron ore concentrates, and iron ore agglomerates produced by each of the listed 
countries. Concentrates and agglomerates produced from imported iron ores have been excluded, under the assumption 
that the ore from which such materials are produced has been credited as marketable ore in the country where it was - 
mined. . 

’Data represent actual reported weight of contained metal or are calculated from reported metal content. Estimated. _ 
figures are based on latest available iron ore content reported, except for the following countries from which grades are 
US. Bureau of Mines estimates: Albania, Denmark, Hungary, Southern Rhodesia, the People’s Republic’ of Ehina, and 

orth Korea. 

“Gross weight and metal content of shipments of usable iron ore, including byproduct ore, dry tons. _ . 
- 5Gross weight calculated from reported iron content based on grade of 66.67% Fe. a 
Includes byproduct ore. . | . 
™Nickeliferous iron ore. . . 
®Includes magnetite concentrate, pelletized iron oxide (from pyrite sinter) and roasted pyrite (purple ore). 
*Includes “roasted ore,” presumably pyrite sinter, not separable from available sources. 

. 10Fxcludes iron oxide pellets produced from pyrite sinter. : | 
11Includes manganiferous iron ore. . 
12For cement manufacture. | 
’3Includes byproduct magnetite as follows in thousand long tons: 1975—"2,873; 1976—'3,413: 1977—4,970. . 
1*Y ear beginning March 21 of that stated. . 

1977 acentrate including concentrate derived from iron sand as follows in thousands long tons: 1975—"174; 1976—191; 

16Largely concentrates from magnetite-titanium sands.



| xi igment ron Oxide Pigments 

a | By Cynthia T. Collins! | a 

- Production and trade in finished iron 1978. Iron oxide will be produced by the 
oxide pigments continued to rise in 1977. aniline-based process of Mobay’s parent 
Increased construction and durable goods company, Bayer AG of the Federal Republic 
production during the year stimulated de- of Germany. The process, which involves 
mand for. pigments in building materials reduction of nitrobenzene to aniline with 
and coatings of all kinds. The $73.9 million iron, reportedly is economical and environ- 
value of finished iron oxide pigment sales mentally sound. 
and the $20.6 million value of imports | Meramec Mining Co. ceased production at 
indicated a $94.5 million market in 1977, its Pea Ridge mine near Sullivan, Mo., on 

compared with an $81 million market in December 23.2 The company, a joint venture - 
1976. | of Bethlehem Steel Corp. and St. Joe Min- 
Ground was broken in September for erals Corp., mined iron ore principally for © 

Mobay Chemical Corp.’s $50 million iron production of iron and steel; they also 
oxide pigment plant at. New Martinsville, produced, as a byproduct, a high-purity | 
W.Va. The 45,000-ton-per-year-capacity magnetite concentrate (“M-25 Oxide’) 
plant will be the largest single iron oxide which was sold for use in ferrite manu- . 
pigment facility in the United States when facture. St. Joe Minerals Corp. continued 

~ completed in 1981. Completion of the initial production of M-25 Oxide from stocks of 
stage is planned for the third quarter of crude ore at the Pea Ridge plant. | 

Table 1.—Salient iron oxide pigments statistics in the United States 

. Mine production _____._____=_-_-~ short tons__ WwW WwW 743,335 66,848 59,238 
Crude pigments sold or used ___________ do____ WwW WwW 740,154 59,636 55,953 

Value ____i______.______ thousands__ $931 $1,429 $1,093 $1,263 $1,600 
Iron oxides from steel plant wastes ____ short tons__ ‘NA WwW 19,252 © 21,403 20,824 

Value _____.__________ — thousands__ NA WwW $1,102 $1,258 $1,638 
Finished pigments sold _________-_~— short tons__ 148,802 147,544 104,840 135,915 140,707 

Value __________________ thousands__ $43,514 $60,612 $46,206 $64,506 $73,851 
Exports______..__._._._____ ~~ short tons__ 9,888 ° 9,666 8,780 5,805 6,493 

Value __________________ thousands_ _ $3,101 $3,466 $2,523 $3,353 $4,065 
_ Imports for consumption ___—__—__— — short tons_ _ 51,183 54,215 27,979 50,102 58,694 

Value __________________ thousands__ $12,005 $16,367 $9,184 $16,554 $20,596 
eS pprrr 

"Revised. NA Not available. _W Withheld to avoid disclosing company proprietary data. 

DOMESTIC PRODUCTION 

Production of finished iron oxide pig- The value of overall sales was up 14.5%; 
ments, as measured by sales, increased this partly reflected increases in average 
3.5% over that of 1976. Production of natu- unit values for both natural and synthetic 
ral iron oxides remained very close to that pigments of about 9% in 1977. The average 
of the previous year, while synthetic pig- unit value of synthetic pigments was more 
ment production increased by nearly 7%. than five times greater than that of natural 
Production of synthetic blacks, browns, and _ oxides. 
reds all showed gains, but yellows declined Table 2 reflects sales data compiled from 
following a large increase in 1976. responses by 19 companies (see table 3) to 

499
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the Bureau of Mines annual canvass and facture of ferrites. | | | 
represents 95% coverage. While most com- | Domestic mine production of crude iron 

panies reported gains in 1977, a few showed oxide pigments declined 11% in 1977. Ship-- 
- a decline in production and two regular ments decreased by 6%, but total f.o.b. mine , 

respondents reported no production. | value increased 27%, indicating a larger 
. Domestic production of 20,824 short tons increase in unit values. The decline in crude 

of iron oxides from steel plant wastes was pigment production was due ‘in part to a | 
| slightly less than that of the previous year. strike in the iron ore industry which idled . 

Five companies produced iron oxide as a_ Cleveland-Cliffs Iron Co.’s Mather mine in 
byproduct from steel plant dusts or regen- Michigan from August 1 to November 21. 
-erated pickle liquor. Although a small The company produces _ pigment-grade 
amount of these oxides were used for pig- hematite from the Mather mine in addition . 
ment, the majority was used in the manu- to iron ore for the steel industry. 

Table 2.—Finished iron oxide pigments sold by processors in the United States, by type 

«+1976 1977 7 | 
Pigment Quantity Value Quantity . Value . 

(short (thou- (short (thou- 
tons) sands) tons) — sands) 

Natural: | | 
Black: Magnetite _._. ~~~. __ i _____-.- 7,235 $602 5,825 $475 
Brown: - . 

Iron oxide! ~_____~__ eee 8,252 2,306 8,730 2,665 
. Umbers: 

Burnt _________~-_________ ee 5,248 2,242 4,979 2,480 
Raw —-- eee S—~—=«idd2ST 768 2,066 954 

Iron oxide? _~_ 37,227 3,003 37,414 3,113 
Sienna, burnt _______~__ ~~ 2 672 401 - 789 475 

Yellow: — 
Ocher? ____ eee 5,461 589 6,438 619 
Sienna, raw ____________.--------------- — 645 319 108 361 

Total natural _________._______________ 66,567 - ~ 10,180 66,899 411,143 

Synthetic: | . 
Brown: Iron oxide®’ ____§__ = _~_~_______________ 7,682 6,305 10,149 8,650 

_ Red: Iron oxides __ ___ 5 5 eee 23,285 18,776 26,317 23,884 
Yellow: Ironoxide ~~~. LL 27,013 20,886 . 25,498 21,028 

Total synthetic________________________ 57,980 . 45,967 61,964 58,562 
Unspecified, including mixtures . 

of natural and synthetic 
iron oxides ____.. --. -- ee 11,368 8,359 11,844 9,147 

Grand total _.________-..______--_____ 135,915 64,506 140,707 473,851 | 

1Includes Vandyke brown. 
2Includes pyrite cinder. . : 
3Includes yellow iron oxide. . 
“Data do not add to total shown because of independent rounding. ; 
5Includes synthetic black iron oxide.
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| Table 3.—Producers of iron oxide pigments in the United States in 197 7 

Producer Mailing address Plant location . —— 

Finished pigments: 
; BASF Wyandotte Corp ___________ 100 Cherry Hill Rd. Wyandotte, Mich. 

Parsippany, N.J. 07054 
Blue Ridge Talc Co.,Inc_________ Box39 Henry, Va. 

. Henry, Va. 24102 
Chemalloy Co.,Inc____________ Box 350 Bryn Mawr, Pa. 

Bryn Mawr, Pa. 19101 . Chemetron Corp., Pigments Div____ 491 Columbia Ave. Huntington, W.Va. 
, Holland, Mich. 49423 

Cities Service Co., Columbian Div ___ Box 5373 St. Louis, Mo.; Monmouth 
; Akron, Ohio 44313 Junction, N.J.; Trenton, N.J. Combustion Engineering, Inc., 901 East 8th Ave. Camden, N.J. CE Minerals Div. King of Prussia, Pa. 19406 

DCS Color & Supply Co.,Inc ______ 1050 East Bay St. Milwaukee, Wis. . Milwaukee, Wis. 53207 7 E. I. du Pont de Nemours Pigments Dept. Newark, N.J. & Co., Inc. Wilmington, Del. 19898 
Ferro Corp., Ottawa Chemical Div __ 700 North Wheeling St. Toledo, Ohio. 

. Toledo, Ohio 43605 
Foote MineralCo_____________ _ Route 100 Exton, Pa. 

Exton, Pa. 19341 
Hoover Color Corp ____________ Box 218 Hiwassee, Va. 

Hiwassee, Va. 24347 
Mineral Pigments Corp _________ 7011 Muirkirk Rd. Beltsville, Md. 

" Beltsville, Md. 20705 
New Riverside OchreCo ________ Box 387 Cartersville, Ga. 

Cartersville, Ga. 30120 
Pfizer Inc., Minerals, Pigments 235 East 42d St. Emeryville, Calif.; East & Metals Div. New York, N.Y. 10017 St. Louis, Ill.; Easton, Pa. Prince Manufacturing Co________ 100 Lehigh St. Quincy, Iil., 

Bowmanstown, Pa. 18030 Bowmanstown, Pa. Reichard-Coulston Inc _________ 15 East 26th St. Bethlehem, Pa. 
New York, N.Y.10010 

George B. Smith Chemical 1 Center St. Maple Park, II]. Works, Inc. Maple Park, Ill. 60151 
Solomon Grinding Service _______ Box 1766 Springfield, Ill. 

Springfield, Ill. 62705 
Sterling Drug, Inc., Hilton- ~ 2235 Langdon Farm Rd. Cincinnati, Ohio. Davis Chemicals Div. Cincinnati, Ohio 45237 
Sterling Drug, Inc., Thomassett 120 Lister Ave. Newark, N.J. Color Div. Newark, N.J. 07105 

Crude pigments: , 
Cleveland-Cliffs Iron Co., 1460 Union Commerce Bldg. Negaunee, Mich. Mather Mine & Pioneer Plant. Cleveland, Ohio 44115 
Hoover Color Corp ____________ Box 218 Hiwassee, Va. ; Hiwassee, Va. 24347 
Meramec Mining Co__________ _ Martin Towers, Room 1836 Sullivan, Mo. _ Bethlehem, Pa. 18016 
New Riverside OchreCo _______ _ Box 387 Cartersville, Ga. 

Cartersville, Ga. 30120 a 

CONSUMPTION AND USES 

Consumption of iron oxide pigments in- continued popularity of brown and red- creased in 1977 because of strong demand brown shades in wood finishes, for which for coatings and building materials in the umbers and siennas were in strong demand. durable goods and construction markets. Demand for iron oxides, which are nontoxic, Demand for iron oxide pigments was also. was also increased by legislation in recent: strengthened by the continued popularity of years that bans toxic substances in coatings. brown and yellow shades in exterior and Data were not previously collected by the Interior paints.? A color preference survey Bureau of Mines on specific end uses, and in midyear found that 10 of the 15 most responses to a revised annual canvass for popular exterior paint colors, and 30 out of 1977 were incomplete. However, a 75% 50 interior colors, were shades of brown or sample of respondents showed the following yellow.* Furniture manufacturers reported end use breakdown for iron oxide pigments:



502 MINERALS YEARBOOK, 1977 

oe | | Further analysis of the end use data 

End uses Percent indicates that 50% of synthetic pigment 

TO production went into coatings and 12% 

ene vine cue trade sales 379 went into construction materials. The larg- 
Construction materials (cement, mortar, pre 9 | OS percentage of oxides consumed in ferrite | 

Ferrites and other electronic and magnetic manufacture were synthetic, although some 

—gppllcations = cachaseatalyatei__~«=««12g-Ratural pigments were sold oor 
Animal feed and fertilizers _..___.___~ 99 Coatings accounted for 21% of natural pig- 

Colorants for plastics, rubber, paper, glass, ment sales during the year and construction 

Foundry sands... .~-_. 2.1 22 ~=materials accounted for 19%. All iron ox- 

Heavy media for coal washing - ——- —_--- 4.0 ides used for animal feed, fertilizers, foun- 
Other (including cosmetics, jeweler’s rouge) — Oo dry sands, an d heavy media were n atur al . 

. Total ______--------------- 100.0 materials. : | 
er D 

PRICES 

Prices increased in July 1977 for many Prices for red domestic primers, and burnt 

categories of iron oxide pigments. Prices for umber decreased slightly, however. Some 

synthetic brown, red, and yellow oxides, and companies were also adding 5 cents to 8 

for raw umber, ocher, and Vandyke brown cents per pound on orders of less than 1 ton 

increased by 2 cents to 4 cents per pound. quantities.> — 

Table 4.—Prices quoted on finished iron oxide pigments, per pound, bulk shipments, 

| 7 . | December 31, 1977 

- Pigment Low High Pigment ' Low High 

Black: Red: 
Synthetic. ________-___- $0.3100  $0.3825 Domestic primers _____.___-- $0.1650  $0.2200 

. Micaceous __._________~- _ .8800 .4000 Pure, synthetic ___--_~---~.-- .4300 .4500 
Spanish __________-_---~--- _- .2625 

Brown: Yellow: 
Ground iron ore ________-- _ .0750 .0900 Synthetic ________-------- 3975 A1T5 

Metallic __-____________ ._.175 1275 Ocher, domestic _______~--~-- 1275 1275 

Pure, synthetic ______..___ _ .4000 4700 
Sienna, Italian, burnt ______ _ .3400 .4700 
Umber, Turkey, burnt ______ —_ .2400 .2600 
Umber, Turkey, raw ___ ~~ ~~ .2425 2125 
Vandykebrown ____.-__--~ | .2725 .2925 

Source: American Paint Journal. 

| FOREIGN TRADE 

Exports of pigment-grade iron oxides and .. Imports for consumption of iron oxide 

hydroxides in 1977 increased 12% in quan- pigments increased 17% in 1977 compared 

tity and 21% in value, compared with 1976. with 197 6 levels. The value of imports 

Exports to Canada comprised 62% of the increased 24%, reflecting price increases in 
total, and those to the United Kingdom, almost all categories of natural and synthe- 
10%. Exports of other grades of iron oxides _ tic oxides. The largest gain was in synthetic 
rose 49% and values 59% over those of the pigment imports, which comprised 83% of 
previous year. The largest gains were in total imports. Iron oxides from the Federal 
exports to Canada, Mexico, the Nether- Republic of Germany accounted for 54% of 
lands, and the United Kingdom. Average synthetic imports and those from Canada 

values for exports in 1977 were 31 cents per comprised 33%. Average value of synthetic 
pound for pigment-grade iron oxides and 71 pigment imports was 20 cents per pound. 
cents per pound for the category designated Crude and refined umbers and siennas from 
as other iron oxides, excluding pigment Cyprus accounted for 65% of natural pig- 
grade. ment imports and Vandyke brown from the
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7 Federal Republic of Germany accounted for imports from Cyprus to 28 cents per pound 
10%. Average values for natural pigment for imports from Austria. | | 
imports ranged from 4 cents per pound for. : | : 

Table 5.—U.S. exports of iron oxides and hydroxides, by country | 
| = 1976 1977 a a 

. Pigment grade Other grade _ Pigment grade — Other grade 

Destination Quan- Value © Quan- Value . Quan- Value’ Quan- Value 
tity (tho tity (thou- tity (thou- tity (thou- (short de) (short _ d (short ds) (short ds) 
tons) san is) ‘tons) sands) tons) Sands tons). san 

Argentina ____§____§_§_____ eee _- __ -- _. 16 $37 . 
Australia_ $9222 158 $110 59 $141 104 $85 205 474 
Belgium-Luxembourg _______ 1 1 261 262 8 22 32 61 
Brazil _ ~§_-_-§__~_ ~~ 35 Al 484 468 43 Al 287 443 
Canada _____§___________ 3,935 1,362 962 835 4,011 1,257 1,678 1,168 
Colombia _______________ 15 A8 41 34 27 16 10 8 

, Denmark ____§____-._____ _- — Le — 26 67 53 260 
Ecuador ____________~__ 9 12 1 1 13 13 6 3 
Finland __~_.____________ 28 22 _- _ 46 29 _- _- 
France __.__§___________ 158 . 196 149 157 138 211 160 222 
Germany, Federal Republic of _ _ 125 89 307 ~=—s 640 107 1738 497 973 
Guatemala______________. 2 2 71 85 3 3 3 3 . 
Hong Kong_______~.__..__- _- — _- _- ——-:163 217 12 24 
India _______~______ Le () 1 8 17 2 8 32 60 
Indonesia_____ ~~. 2 3 4 _- _- 89 39 152 206 
Tran ___- 2 2 2 _- _- 17 5 -- _- 
Ireland ______._._______ 5 9 58 93 8 ' 6 4 3 
Italy__- 9 Le 78 109 571 826 35 82 176 414 
Jamaica ____ > _- _- _- _- 16 19 _— _ 
Japan __-.__§____ 56 140 1,233 1,742 111 168 933 1,663 
Korea, Republic of ______2__ 151 153 254 399. 100 131 46 99 
Kuwait ________________ _- __ _- _- _- _- 170 222 
Liberia __-_._-_§ > _-§ Le 15 ‘12 —_ —_ 8 5 12 9 
Mexico _____~___________ 8 70 178 200 194 " 129 382 486 
Netherlands ________—=____ 96 75 41] 717 112 97 1,295 2,088 
Netherlands Antilles. _____ _— —_ -- 45 59 _- _— 49 70 
New Zealand ____________ 14 9 _- _- 19 12 _. -_- 
Philippines ____-________ 98 80 6 5 88 74 _- _- 
Portugal ~-.____. ~~ ____ _- __ 64 91 _. — 76 220 
Singapore ______________ 38 67 71 ~3.—s«16 49 110 _- _- 
South Africa, Republic of _____ 7 6 21 16 14 12 54 89 
Spain __-_______ 2 ____ 14 74 46 27 10 5 _— -- 
Taiwan __. ~~~ --.. _- 62 111 30 25 163 153 
Turkey ______§__________ _- -- _- —_ — _- 47 81 
United Arab Emirates _______ _- -- ~ 50 135 _- —- _— —_ 
United Kingdom __________ 454 449 — 524 852 625 770 1,518 2,366 
USS.R __ _- _— ae _- _- 822 748 
Venezuela ___-__ 82 80 66 47 219 150 92 31 
Yugoslavia______________ — — _- _— _- _- 18 12 

Other ______ 148 165 59 59 58 84 36 54 EO 

~ Total. ~~ Le 5,805 3,353 6,062 8,035 6,493 4,065 9,036 12,750 
eee 

1Less than 1/2 unit.
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Table 6.—U.S. imports for consumption of iron oxide pigments 

| 1976. 1977 

Kind Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 

Natural: , . | 
Crude: 

Siennas _________________ 466 $82 . 480 $124 
Umbers ____~__ 6,223 421 6,262 431 
Other 2 9 12 27 11 | 

Total .-_______________________ 6,698 515 16,770 566 

Refined: a . 
Ochers ..___ 7 7 5 ee 53 11 44 13 . 
Siennas __~_______________ 158 40 140 47 
Umbers ____________ 685 140 695 160 
Vandyke brown _~_______ >_> 739 147 1,052 . 194 
Other ~~ 5 2 Le 1,222 178 - 1,075 215 

Total .. --_- ee 2.857 516 3,006 1628 
Synthetic _______________ ~~ ee 40,547 15,523 48,918 19,402 

Grand total __._.__________________  50,102.—“‘“té«‘éz*wSACC‘C‘(CCC#C#‘#S@‘#SWGO”*~C#*«O«*SOG 

. 1Data do not add to total shown because of independent rounding. . 

Table 7.—U.S. imports for consumption of iron oxide and iron hydroxide pigments, 
. by country 

. Natural | Synthetic . 

- 1976 1977 1976 1977 | | 

Country . Quan- Value Quan- Value Quan- Value Quan- Value | 
: tity (thou-— tity (thou- tity (thou- tity (thou- (short d (short d (short d (short d 

tons) sani s) tons) sands) tons) sands) tons) sands) eee ST 

Austria. ~~~ 39 $20 39 $22 _- | __ — — 
Belgium-Luxembourg ___ __ _ —_ _e ae _ 153 $69 54 $35 
Canada_______________ 29 — &§ 54 15 11,792 2,831 16,298 3,514 
China, People’s Republic of _ _ _ 11 2 —_ _— 5 12 _— __ 
Cyprus ____________ 6,761 492 6,359 469 — _— 5 3 
France _______________ (3) 1 __ _— 16 6 20 17 
Germany, Federal Republic of _ 714 148 1,014 195 21,169 10,716 26,300 13,772 
India ~~ __~__~__ — — 6 1 _— — 37 5 
‘Italy, = > 3886 90 467 133 — _- _— _- 
Japan. _—_§_§_____ 36 20 © 64 34 5,078 1,039 3,412 960 
Mexico __-_§_~___________ __ _— _— — 845 299 905 310 

- Netherlands. __~_9_§__~§_____ — __ 20 3 69 36 56 9 . 
Portugal ______________ _. a 271 18 _- _- -- __ 
Romania ______________ 20 7 __ —_ 1 (7) __ __ 
South Africa, Republic of _ _ _ _ 40 7 40 9 _— _- 20 3 
Spain ________________ 1,102 136 872 141 38 11 107 51 
Sweden_____._________ _~ _- _- _- —_ __ 17 4 
United Kingdom _________ 417 104 564 153 1,381 504 1,687 715 
Other________________ —_ __ 7 1 —_ __ (t) « 3 a 

Total? ___________ 9,555 ‘1,082 9,776 1,195 40,547 15,523 48,918 19,402 
Oe eee eas 

1Less than 1/2 unit. 
2Data may not add to totals shown because of independent rounding. 

TECHNOLOGY 

Advances in technology continued to as- micronization, a jet milling process which 
sure iron oxides a competitive place among yields smaller and more uniform particle 
many kinds of pigments. Demand by coat- size distributions. Continued improvement 
ings manufacturers for easy dispersability of natural iron oxide pigments now includes 
of pigments has led to increased use of the availability of micronized grades of
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most varieties. In dry form, all grades of The system uses thermal decomposition to 
pigments consist of clusters of primary convert iron chlorides into hydrochloric 
particles, most of which require further acid and iron oxide.'? Iron oxides from 
grinding and dispersion in a medium. Some __ regenerated pickle liquor are used princi- 
dispersing mills employ discs or blades pally in production of ferrites. An improved | 
attached to a high-speed rotating shaft, and process was developed for recovery of iron 
some contain a cylinder filled with sand, oxide and chlorine from dust produced in 
glass or ceramic beads, or steel shot into chlorination of titaniferous ores. Hot chlori- — 

which the mixture is pumped. Within the nator dust was reacted with controlled . 

cylinder, rotating discs circulate the mix- amounts of oxygen in a four-stage process 
ture through the abrasive. In these types of | which separated gaseous chlorine and parti- 
mills, particles are separated and dispersed culate iron oxide. Chlorine was reused in 
by the swirling action of the discs and/or the chlorination process and the recovered 

the shearing action of the abrasive. A new iron oxide was suitable for various pigment 
type of mill developed in Belgium reported- uses.’* A variety of industrial uses of waste 
ly combines the effectiveness of both kinds sludge containing 65% iron oxide were in- 
of mill but eliminates the abrasives. In the vestigated. Possible applications included _ 
new mill the discs are faced with crystals of iron-containing glass, bricks, welding mate- 
extremely hard materials, such as tungsten ial for ceramics and refractories, and 
carbide, borazon, or synthetic diamond. washes for the steel industry." | 
Shearing action takes place when particles | A method was developed for the quantita-. 
impinge against the sharp crystals on the tive analysis of the major elements of some 

rotating discs. Manufacturers of magnetic ferrites. The technique is an adaptation of 
tape were expected to be among the first to the generally practiced “Coprex’”’ method; it 
use the new type of mill because of their is reported to analyze simply and efficiently | 
requirement for finely ground iron oxide.’ for quantities of manganese, zinc, nickel, 

The use of computers in production of and iron in ferrites when the approximate 
iron oxide pigments has increased efficiency Composition is known. The method is con- 
of color measurement and matching. Pro- sidered to be effective for analysis of small 

ducers’ quality assurance programs are also ¢Xperimental batches or samples.'® 
improved by computer applications of data Won opecial > tF Metal 

; 8 . ineral specialist, Division of Ferrous Metals. 
on chroma, hue, and lightness. . . ?American Metal Market. Joint Owners to Close Up 
Advancing technology in the coatings in- Meramec Mine. V. 85, No. 244, Dec. 19, 1977, p. 27. 

iti American Paint & Coatings Journal. Public Remains 
_ dustry also affects the competitiveness of | American Paint & (oatings Journal. Fublic Remains 

various pigments. A recently introduced 54; June 20, 1977, p. 56. 
styrene-acrylic copolymer latex coating was S “Color, re of America. Color Preference | 

‘ . urvey- Interior/Exterior. June 1, , ©) pp. 
developed for its resistance to salt spray and 5Chemical Marketing Reporter. Iron Oxide Pigments 
flash rusting. This latex is compatible with Rise; Sales Volume Is Picking Up. V. 212, No. 3, July 18, 
. : ; : . , p. 35. 
iron oxide pigments, which are widely used SAmerican Paint & Coatings Journal. The Markets. V. 
in formulation of rust inhibiting and ma- 60, No. 44, Apr. 12, 1976, p. 30. 
rine coatings. "Financial Times. Diamonds Make the Finest Powders. 

S' > . . No. 27,439, Dec. 19, 1977, p. 8. 
Research into iron oxides for uses other ° "American Paint & Coatings Journal. Talk on Iron 

: : : : xides Draws Many Questions From Piedmont iety 
than paint pigment continued in 1977. Tron Members. V 62, No 23, Nov. 14, 1977, p.71. 
oxide pigments with improved color stabil- LEE Coatings Update. V. 62, No. 6, Aug. 22, 1977, os . pp. 54-55. ; 
ity in cement and other masonry materials io. Coatings Update. V. 62, No. 8, Sept. 5, 1977, 

were developed in England. These iron ox- _p.53. 
i r vailable i ™Buldini, P. L. Influence of Coloring Oxides on Hea 
ces are now a coupe vanes were chai Metals Release From Ceramic Glazes. Ceram. Bull, v. 56, 

. o. 11, November 1977, pp. 1012-1014. 

in an effort to determine the extent to I * Labee, ei J. Sliding Bed HCl Regeneration Process. 
. . . ron an ng., v. 04, No. 9, September » pp. 9i-92. which the release of lead and zinc in the 13Hartmann, A., A. Kulling, and H. Thumm (Sasigned to 

glaze was a function of the coloring oxide Kronos Titan GmbH, Leverkusen, | Germany), rocess 
o,° . . ° or Overy 0 ron xidade an orine rom 

additives. It was determined that iron oxide Produced in Chlorination of Titaniferous Ores. U.S. Patent 
pigments affect lead and zinc leaching only 4.060.564, Feb. M4 197. G hy. C.S.La isp 

. . : ukherjee, J. L., S. Ganapathy, C. S. Larson, and S. D. 
moderately; their effect was less than that Brown. Utilization of a Waste Sludge Containing Iron 
of copper and chromium oxides.” Oxide. Pres. at Am. Ceram. Soc. Ann. Meeting, Chicago, 

A process for the regeneration of hydro- HH Apr. 27, 1977; Ceram. Bull., v. 56, No. 3, March 1977, 
. . . p. 336. 

chloric acid (HCl) waste pickle liquor was A wSchrey, Ef. and P. K Gallagher. X Ray Fluorescence 
: . . . _ nalysis of Some Ferrite Compositions. Ceram. Bull., v. 56, developed which is especially suited to low- xa 11, November 1977, pp. 981-983. volume, single-line steel service centers.





oe | By D. H. Desy? a 

In 1977, the steel industry in most of the tons? of raw steel, 2% less than in 1976 but 
world remained in a relatively depressed 7.5% more than in 1975. The domestic steel 
condition. Western Europe was one of the industry operated at 78.4% of its production 

| regions most affected by generally low de- capability. Net shipments of steel products 
‘mand and oversupply of steel. In Japan, increased 2% to 91.1 million tons, despite 
steel production declined 4.7%. Steel pro- the decline in raw steel production, owing to 
duction in the U.S.S.R. continued to in- inventory changes.* | , 
crease, but at a lower rate than planned. Domestic steel prices rose by an average 
Some developing countries showed substan- of 6% during the year. The United States 

| tial increases in steel production, but many exported 3.1 million tons and imported 19.9 
were reconsidering earlier expansion plans million tons of major iron and steel prod- 
for their steel industries. ucts in 1977. | | 

The United States produced 125.3 million | | 

| | Table 1.—Salient iron and steel statistics 7 
. (Thousand short tons) . 

1973 1974 1975 - 1976 1977 

United States: | | 3 
Pig iron: . 

Production ________________----- 101,318 95,477 79,721 86,848 81,494 
Shipments _________~---------~- 101,628 95,941 79,240 86,693 82,392 
Exports ___________________-__- 15 ~ 101 60 58 51 

. Imports for consumption ___________~- 446 342 478 F415 373 

Steel:? 
Production of raw steel: 

Carbon ________~_--~-~~___-_--~- 132,747 126,608 100,360 112,008 108,130 
Stainless ________________-_-_- 1,889 2,150 1,111 1,684 1,862 
All other alloy__ _________----__- 16,163 16,962 15,171 14,308 15,341 

| Total ______________--_--_-- 150,799 145,720 . 116,642 128,000 125,388 
Index? __________ 118.5 114.5 NA NA NA 
Capability utilization® ______________ NA NA 76.2 80.9 78.4 
Total shipments of steel mill 

products __._.___~~__~___-_--- 111,430 109,472 79,957 89,447 91,147 
Exports of major iron and steel 

products _____________________ 4,962 6,992 3,975 3,671 3,098 
Imports of major iron and steel 

products __._~__~__~___~~__--__-_ 15,608 16,746 12,488 15,038 ‘19,930 
World production: 

Pig iron _ _ ___-----~-~-_-~----------- 552,000 564,000 528,298 ™551,198 542,696 
Raw steel (ingots and castings) __ ________~~- 769,000 780,000 ™710,106 *747,108 741,648 

TRevised. NA Not available. 
1American Iron and Steel Institute (AISD. 
2Based on average production in 1967 as 100. Not computed after 1974. 

' “Defined by AISI as the tonnage capability to produce raw steel for a full order book based on the current availability 
of raw ma , fuels, and supplies of the in ustry s co e, iron, aking, rolling, an ishing facilities, recognizing 
current environmental and safety requirements. Not computed before 1975. 

Legislation and Government Pro-_ try, prepared by an interagency task force, 
grams.—A report to the President on a was released on December 6, 1977. The 
comprehensive program for the steel indus- report’s major recommendation was a trig- 

507
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, ger price mechanism to initiate immediate and procedures, community and labor as- 
. investigations of possible steel dumping, sistance, and other general measures, in- 
with resolution required in 60 to. 90 days, to cluding a study of legal barriers to joint 
replace the existing procedure, which nor- ventures and mergers, increased research 

_ mally required more than a year. The task and development, and government review 
force also recommended tax incentives to of transportation systems serving the steel 
encourage modernization of steel plants, industry. | | 

| rationalization of environmental policies we 

: PRODUCTION AND SHIPMENTS OF PIG IRON 7 

Domestic production of pig iron totaled iron ore, including manganiferous ore, con- 
81.5 million tons in 1977, a decrease of 5.8 sumed by agglomerating plants at or near 
million tons, or 6% less than that produced __ the blast furnaces in producing 34.9 million 
in 1976. Shipments were 82.4 million tons, tons of agglomerates was 23.6 million tons. 
5% less than in 1976. Average production of The revised 1976 figure for consumption of 
pig iron per blast furnace day increased to iron ore, including manganiferous ore, was 
1,935.8 tons, compared with 1,930.1 tons in 26.3 million tons. Other materials con- 
1976 and 1,837.4 tons in 1975, according to sumed by agglomerating plants included 
the American Iron and Steel Institute mill scale, flue dust, slag, coke breeze, and 
(AISD. There were 107 furnaces in blast at fluxes. Domestic pellets charged to the blast 
the beginning of the year, compared with furnaces totaled 61.9 million tons, and sin- 
134 at yearend. No ferroalloy blast furnaces ter charged was 35.4 million tons. Pellets 
were in operation at yearend. There was a and other agglomerates from foreign 
total of 193 blast furnaces standing at the sources amounted to 15.1 million tons. 

| beginning of the year, declining to 179 at. Blast furnace oxygen consumption to- 
yearend. taled 28.9 billion cubic feet according to . a 

Metalliferous Materials Consumed in AISI, compared with 26.9 billion cubic feet 
Blast Furnaces.—For each ton of pig iron in 1976 and 25.9 billion cubic feet in 1975. 
produced in 1977, an average of 1,645 tons of Blast furnaces, through tuyere injection, 

metalliferous materials was consumed in consumed 12.4 billion cubic feet of natural 
blast furnaces. The revised figure for 1976 gas, 3.1 billion cubic feet of coke oven gas, : 
was 1,654 tons. Total net iron ore and 488 million gallons of oil, 109 million gal- 

agglomerates consumed in blast furnaces  lons of tar, pitch, and miscellaneous fuels, 
was 126.7 million tons. The total tonnage of and 147,343 tons of bituminous coal in 1977. | 

| PRODUCTION AND SHIPMENTS OF STEEL | 

Steel production early in the year was _ process, 16.0% by open hearth furnaces, and 
reduced by shortages of natural gas result- 22.2% by electric furnaces. | 
ing from severe weather in January and Shipments of steel products for the year © 
February. One small integrated steel mill totaled 91.1 million tons, 2% more than the 
(Alan Wood Steel Co.) and several mini- 89.4 million tons shipped in 1976. The in- 
mills went bankrupt during the year. crease in shipments, despite the decline in 
Youngstown Sheet and Tube Co. and_ raw steel production, was attributed to 

Bethlehem Steel Corp. closed some of their inventory increases in 1976 and withdraw- 
facilities at Youngstown, Ohio, Johnstown, als in 1977. Shipments to the automotive 
Pa., and Lackawanna, N.Y., and several industry totaled 21.5 million tons, slightly 
other steel companies temporarily shut more than in 1976, and shipments to service 

down some of their operating facilities. centers rose 5% to 15.3 million tons. Ship- 
Foreign imports, including some allegedly ments to the oil and gas industry increased 
imported at less than fair prices, were cited 38%, and shipments to the construction 
as the major reason for the cutbacks. industry increased 1%. 

The domestic steel industry produced Materials Used in Steelmaking.— 
125.3 million tons of raw steel in 1977, 2% Metallic materials charged to domestic steel 
less than the 128 million tons produced in furnaces in 1977, per ton of steel produced, 
1976. Production in 1977 was 78.4% of averaged 1,230 pounds of pig iron, 1,025 
industry raw steel production capability, pounds of scrap, 24 pounds of ferroalloys, 
compared with 80.9% in 1976. Of the total, and 20 pounds of ore and agglomerates. 
61.8% was produced by the basic oxygen According to AISI, steelmaking furnaces
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consumed 0.5 million tons of fluorspar, 1.2 Oxygen consumption in steelmaking totaled 
million tons of limestone, 7.3 million tons of 190.3 billion cubic feet, compared with 196.3 

lime, and 1.1 million tons of other fluxes. billion cubic feet in 1976. 

| ~ CONSUMPTION OF PIG IRON , 

Total pig iron consumed for all purposes tons; and electric furnaces, 0.7 million tons. 
in 1977 was 82.0 million tons. Of the 77.1 Iron foundries and miscellaneous users con- 
million tons used in steelmaking, basic sumed 1.3 million tons, and 3.0 million tons 

oxygen furnaces consumed 63.9 million was used in making direct castings, pri- 
tons; open hearth furnaces, 12.5 million marily ingot molds and stools. 

, PRICES | 

Prices of tin-mill products were raised 5% 3, prompted by increases in the price of 
effective March 13. Carbon and alloy tool molybdenum, price of most molybdenum- 
steel prices were increased an average of bearing grades of stainless steel were raised 
8% on April 1, flat-rolled stainless steel 6% to 7%. In November, some producers 

_ prices increased 8% on May 9, and high- lowered prices on most grades of flat-rolled 
speed tool steel prices went up 8% to 12% stainless steel to levels prevailing in 
on June 15. A general price rise of 6% on January. 
most carbon steel products became effective The composite price for pig iron, ac- 
on June 19. Welded mechanical tubing cording to Iron Age magazine, rose from 
prices were raised 7% on July 4, and oil- $187.67 to $191.75 per ton on August 8. The 
country tubular products went up 7% in Iron Age finished steel composite price rose 
price on August 1. On September 4, prices of from 15.146 cents per pound in January to 
tin-mill products rose 7% and prices of 15.941 cents per pound in July and 16.043 
structural shapes rose 6%. | cents per pound in September, an average 

In August, stainless steel billet prices increase of 6% for the year. 
were raised 4% to 8%, and effective October 7 “ 

| FOREIGN TRADE 

. Exports of major iron and steel products against Japanese and European producers. 
amounted to 3.1 million tons in 1977, 16% The Treasury Department made a prelimi- 
less than in 1976. The value of the exports nary determination that five Japanese steel 
totaled $2.28 billion, compared with imports companies had sold carbon steel plate on 
valued at $5.94 billion, resulting in an the west coast at prices substantially below 
unfavorable balance of trade in iron and production costs. Importers were required 
steel products of $3.65 billion. Imports of to post a bond equivalent to a 32% tariff 
major iron and steel products totaled 19.9 until a final determination was made. 
million tons, 38% above 1976 imports. The As part of a comprehensive program for 
value of these imports was 29% above the the steel industry, proposed by an intera- 
1976 value. Imports from Western Europe gency task force, a system of trigger prices 
increased sharply over those in 1976, while on imported steel was devised, which was 
imports from Japan remained about the intended to replace the former antidumping 
same. procedure in most cases. This system was to 

Imported steel was reportedly sold in the become effective early in 1978. Import 
United States at prices below those of do- quotas on specialty steel (stainless and alloy 
mestic steel, prompting several major U.S. tool steel), which were instituted in mid- 
steel producers to file dumping charges 1976, were continued through 1977. 

WORLD REVIEW 

NORTH AMERICA 1976. Raw steel production increased 2.3% 
to 15.0 million tons, and net shipments of 

Canada.—The Canadian iron and steel rolled steel products increased 5.3% to 11.4 
industry showed general improvement in million tons, but pig iron production de- 
1977 compared with its performance in _ clined slightly to 10.6 million tons. Imports
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oo and exports of iron and steel products in- grated steel companies, Altos Hornos de | 
; creased 12% and 22%, respectively. The Mexico, S.A. (AHMSA), Fundidora:Monter- 

a increase in low-priced steel imports led to rey, S.A., and Siderargica Lazaro Cardenas- 
antidumping complaints by several steel Las Truchas, S.A. (SICARTSA), by appoint- — 

| producers. The Government determined ing a government official as vice chairman a 
_ that material injury had been caused to of the boards of these companies. This move 

Canadian producers by imports of wide was taken to promote greatér economy and | 
flange shapes and bar angles, and import efficiency of operations. Fo | 

| duties were imposed. - _ ' ‘The third stage of the expansion program ss 
| The Steel Co. of Canada, Ltd. (Steleo) of Funtidora Monterrey was.completed in 7 
_. continued with the construction of its new May with the startup of: the new basic | 

greenfield integrated steel plant at’ Nan- oxygen. furnace installation, which raised — | 
| ticoke, Ontario, with startup of the first the capacity of the plant 67% to 1.65 million | 

_ phase scheduled for April 1980. The first tons per-year. Fundidora Monterrey had a 
| phase, which will have a capacity of 1.3 49-day.labor strike lasting-from May 23 to - 

million tons, will include a raw material July 10. It was estimated that the strike 
‘receiving dock, a coke oven battery, a blast caused a production loss of 3,000 tons per - 

_ furnace, two basic oxygen furnaces, and a_ day. ue | a 
continuous slab-casting machine. Slabs will The expansion’ of AHMSA at Monclova, 

_. initially be shipped to Stelco’s Hilton Works (Coahuila, continued with the startup of a 
at Hamilton, Ontario, for finishing. Stelco new cold-rolling mill inMay. The second 

. did not operate its SL-RN direct-reduction stage of SIC ARTSA’ S new greenfield plant 

_ plant at Bruce Lake, Ontario, for most of on the Michoacén coast was indefinite- 
| the year. » | : | ly postponed. Hojalata y Lamina, S.A. 

‘The Algoma Steel Corp., Ltd. suspended (HfYLSA) began production in April at its 
. operations at its Canadian Furnace Division second direct-reduction plant at. Xoxtla, 

_ at Port Colborne, Ontario, in March and  Pyebla, which has a capacity of 770,000 tons 
banked its No. 5 blast furnace at Sault Ste. peryear. * = So | 

_ Marie, Ontario. oO a oo Because.of lack of demand, the Mexican . 
Dominion Foundries and Steel, Ltd. Government, through a joint government- 

(DOFASCO) had under construction a se- private commission, was: considering re- | 
cond basic oxygen steelmaking shop, with structuring expansion. plans for the steel | 
one 250-ton vessel, scheduled to begin oper- industry to avoid excess capacity. | 
ation in May 1978. | : ST * oy 

_ Sidbec-Dosco, Ltd., began operation for | | SOUTH AMERICA : 
| testing of its second Midrex direct-reduction oo, 

unit at Contrecoeur, Quebec, in August Argentina.—Acindar-Industria §Argen- 

| 1977. Sidbec was also completing instal- tina de Aceros S.A., a privately owned steel 
lation of two 150-ton electric-arc furnaces,a Company, was constructing an integrated 

six-strand continuous billet caster, and a_ steel plant at Villa Constitucion in the 
single-strand continuous slab caster. The Province of Santa Fe: The plant will have a | 
Quebec Government approved $128 million capacity of 660,000 tons per year and will 

in new financing for Sidbec for the 1978 include one Midrex ‘400 series direct- 
fiscal year. In September, Sidbec purchased reduction module. The plant is scheduled to 
the bankrupt Questell division of QSP Ltd., begin operation in the last quarter of 1978. __ 
a minimill at Longueuil, Quebec, a suburb Dalmine Siderca S.A.I.y C. continued op- 
of Montreal. | eration of its Midrex direct-reduction facil- 

Sydney Steel Corp. (SYSCO) of Sydney, ity at Campana, which had begun oper- 
Nova Scotia, received a $19.5 million gov- ations in October 1976 and closed tempo- 
ernment loan, which will be used for capital rarily in December. The plant restarted in | 
expenditures to improve productive capaci- January 1977 and reached design capacity 
ty. A consortium of Canadian, U.S., and of around 1,000 tons per day in a few days. 
European companies decided to postpone Daily production has averaged around 1,200 
construction of a 2.5-million-ton-per-year tons with a record production for 1 day of 
plant proposed for Gabarouse Bay, Cape 1,500 tons. , 
Breton Island, Nova Scotia. Bolivia.—Siderurgica Boliviana, S.A. 
Mexico.—The Mexican Government took (SIDERSA), the Bolivian Government iron 

the first steps towards the merger of three and steel corporation, approved a feasibility 
partially or wholly government-owned inte- study for an integrated steel plant based on
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the Mutan. iren ore, deposit. Sponge iron sheet. Feasibility studies have been com-. 
would be produted by a direct-reduction pleted for conversion of one of the Thomas | 
process utilizing natiiral gas and melted in converters to a bottom-blown oxygen con- _ 
three 86-ton electric.arc furnaces, The plant verter and expansion of the plant capacity 

See cn ae Nee com of direct-reduced iron an 000 tons per - ! - 
year of raw steel. Two continuous-casting bined capacity of about 60,000 tons per year 
machines will produce billets, which will be 20d produce rolled nonflat products and 
rolled to produce’ 495,000 tons per year of Some canes and grinding aw for on | 
round bars, light sections, and wire rods. sas ‘been anf 1e ad br ‘th “ai nese oe th : 
Brazil has agreéd.to purchase 90% of the S48 Deen intuenced Dy hi e nes b o he 

| output; the remainder will-be used in Boliv- Country into geographic zones by the | 
ia. The project is contingent on the con- pounamoue nan tm which ) 

| _ struction of a nattral gas line from Santa impedes di tion’ to expansion of the PDR a 
Cruz; Bolivia, to.Corumba, Brazil. Part of . oun s : . 
the gas would go to the reduction plant to be plant, plans elude raising the paper) o 

| built near the ore deposit in Bolivia, andthe jor pe 'iogn “sonctruction of two "dict. . 
major portion would go to Brazil for distri- r eductin ns a e iron plants with a com- 
bution in that country. | a, : on sponge p | : a m | 

: -_ Brazil:—The steel industry led industrial bined capacity of 500,000 tons, and con- 
a ay TY — a 4. struction of a new integrated steel. plant, ss» 

| gr owth m Brazil in. 1977; raw steel Pro- probably on the.Atlantic coast near Bar- 
_ duction increased 20.5% to 12.2 million janquilla, with a production capacity of —-_— 

| tons, while pig iron production rose 19.8% a oproximately 1.3 million tons per year. 
| to 108 million -tons. A direct-reduction Venezuela.—Two «direct-reduction units 

plant, the. first"to use the Purofer process, began operation at the Government-owned 
_ Was put into operation during the year by _pjant of Corporacion Venezolana de Guyana 

_ | Cia. Siderargica da Guanabara(COSIGUA). - Siderurgica del Orinoco (CVG-SIDOR) at 
| There were delays in implementing the Matanzas.near Ciudad Guayana. One unit 

planned steel complex at Tubarao in the used the Hojalata y Lamina (HyL) process _ 

State of Espirito Santo, owing to difficulties and the other the Midrex process; both had | 
in financing. Phase II expansion at the a capacity of 400,000 tons per year and | 

| Government-controlled steel plants was es- operated intermittently throughout the _ 
| sentially completed. ' . year. The ESSO-Fior process direct-re- | 

Chile.—The Government-owned steel en- duction unit of Fior de Venezuela S.A., 
terprise, Companhia de Acero de Pacifico completed in 1976, also operated intermit- | 
(CAP), which accounts for 95% of sales and__ tently. The HIB (high-iron briquet) process 
production, incurred a loss of $4.7 million in plant at Porto Ordaz was temporarily closed 
1977. However, domestic steel sales in- to permit expansion to 660,000 tons’ capaci- 
creased 17%, more than compensating for _ ty. os : | 
the decrease in exports, and raw steel pro- Feasibility studies were concluded, and 

. duction increased 13.7%, reaching 604,000 qpsincering Paso was begun by British , 
tons. CAP has phased out its open hearth rp. or the projec stee 

: furnaces and now operates two basic oxygen pant “Cone Ne Regione Development 
converters having a combined capacity of rp. rpozulia) near Maracaibo. e 
1.10 million tons per year; however, output Plant is to use conventional blast furnace- 

scandy he rng crcty of a sy ates an he fit Pas , tons per year. ( | 
Colombia. Tie steel industry of Colom- 4D initial production capacity of 1.2 million 

ba oni of oe negated an and exo he Seco cel usd teh semi-integra scrap-bas electric-arc- f nee 

furnace pants, The negra lant, Ace Yah rors esate ot 15 bli 
Beloneito Boyan! Province. rs a capacity coal is suitable for coking if blended with 
of 330,000 tons of raw steel per year, and ™Ported low-volatile coal. 7 
includes coke ovens, a sintering plant, a EUROPE 
blast furnace, three 20-ton Thomas convert- | 

| ers, an electric arc furnace, a slabbing- European Communities (EC).—The steel 
blooming mill, and hot-finishing mills for industry of the nations of the EC was in a 
bars, wire rods, structural shapes, and depressed condition throughout the year.
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Raw steel production was 139 million tons, dela Sidérurgie Francaise (CSSF), proposed 
6% less than in 1976 and only slightly above a plan for restructuring the steel industry, 
the low point reached in 1975, and the which would be essentially completed by 

_ industry was operating at 60% of capacity. 1980. Under the plan, about 25% of the , 
The anticrisis plan instituted by former EC steelmaking capacity that is obsolete would 

| Steel Commissioner Henri Simonet, which be shut down, involving a reduction of 

included voluntary production quotas, went employment from 154,000 to 134,000. Most 
into effect January 1, 1977. However, the of the plants to be closed are in the Lorraine 

plan proved to be ineffective in revitalizing region, and 70% of the 20,000 excess jobs 
the steel industry, and the new steel Com- are also in this region. It was hoped that 
missioner, Vicomte Etienne Davignon, put most job reductions could be accomplished 
into effect a new plan which included obli- by early retirement and natural attrition. 
gatory price minima on concrete reinforcing Investment of $1.75 to $2 billion by 1980 for 
bars, voluntary price minima on other steel modernization of the remaining plants will 
products, and a system of import licensing. be needed, and a portion of this will come 
Later in the year, the minima on some _ from government loans. Closing of Usinor’s 
products were raised. It was evident by Thionville plant was completed in De- 
yearend that these measures were insuf- cember when the blast furnace was shut 
ficient, and a new system of minimum down. The French Government created a 

7 guideline prices to apply within the EC, department to maintain surveillance of the 
as well as base prices on imports, was _ steel industry for 5 years. The main purpose 
announced to take effect on January 1, of the department will be to monitor ex- 
1978. Minimum prices were to be compulso- penditures and utilization of loans for re- 
ry on hot-rolled coils, mechanical bars, and structuring the industry. Total government 
reinforcing bars, and voluntary on other loans over the next 5 years are expected to | 
products. Base prices on imports were simi- amount to $1.4 billion. 

| lar to U.S. reference prices, in that material Germany, Federal Republic of:—The West 
imported below those prices would be sub- German steel industry remained in a de- 
ject to antidumping procedures. pressed state in 1977. Raw steel production | 

Some observers noted that minimum fell to 43.0 million tons, the lowest since 
price and import controls would bring only 1967; it was 8% below that of 1976 and 3.5% 
temporary relief to the EC steel industry, below that of 1975. Production of rolled 
which was faced with the problems of over- steel, at 31.7 million tons, was the lowest — 

capacity, high production costs, and loss of since 1971 and 3.5% below that of 1976. 
export markets to third nations, and that Employment in the steel industry dropped 
the only permanent solution would be re- by 16,000 workers to 307,967, the lowest 
structuring of the industry, involving re- since 1961. Imports of steel accounted for an 
duction of excess capacity and closing of increasing proportion of the market. For 
obsolete plants. ~ the third consecutive year steel producers 
Belgium.—Raw steel production declined incurred substantial financial losses. Some 

15.8% .to 11.3 million tons in 1977. SA companies were able to offset losses from 
Cockerill-Ougrée-Providence et Espérance- steel production by their other activities. 
Longdoz (Cockerill) sustained a loss of $109 Italy.—Although raw steel production re- 
million in the first half of 1977. The Belgian mained at about the same level as in 1976, 
Government granted loans of $128 million the industry was operating at only about 

| to Cockerill and $77 million to Société 60% of capacity in 1977. Italsider SpA, the 
_ _Métallurgiue Hainaut-Sambre SA. The Gov- large integrated steel company, lost $384 

ernment commissioned a study of the entire million in the first half of 1977. 
Belgian steel industry, which also included Plans to build a large steelworks at Gioia 
the two major Luxembourg steel companies Tauro in Calabria, southern Italy, were | 

because of their extensive interests in Bel- abandoned. The decision was based primari- 
gian companies. ly on financial considerations. However, it 
France.—The French steel industry, like was determined earlier that the area was 

that of most of the EC nations, returned to seismically unstable and could not support 
the depressed condition begun in 1975, after blast furnace structures, and the plan had 
having shown a slight recovery at the begin- been modified to employ electric furnace 
ning of 1976. Raw steel production in 1977 steelmaking. 
was 24 million tons, about 5% less than in Egam, the state-owned steel, mining, and 
1976. The French steel industry, through its engineering conglomerate, was dissolved, 
trade association, the Chambre Syndicale and its steelmaking subsidiaries were taken
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over by Industrial Reconstruction Holding management and the unions, and a steel 
(IRI). Two of the specialty steel companies policy board that would include members 
involved, Sta Nazionale Cogne and Breda from government, consumers, competitors 
Siderurgica SpA, will be merged into and other businessmen in addition to BSC 
Acciaierie di Piombino SpA, which is jointly and union officials. - 

owned by Fiat and Italsider SpA. A new stainless plate finishing facility 
The minimill reinforcing-bar producers in was commissioned by BSC Stainless in Shef- 

Brescia and vicinity, the so-called Bresciani, field. Also planned were a new electric-arc 

were criticized by other EC steel producers furnace, an argon-oxygen-decarburization 
for selling their product at prices below the (AOD) refining vessel, and a slab caster. 
minimum set by the EC. In the private sector, GKN Rolled and 

_ Luxembourg.—Steel production contin- Bright Steel Ltd. opened a new wire-rod 
ued the decline begun in 1975, falling to 4.8 mill in Cardiff, Wales, replacing a mill 
million tons, 5.2% below that of 1976. The dating from 1950. Billets from the mill were ~ 
major steel company, Aciéries Réunies de to be provided by GKN’s new minimill at 
Burbach-Eich-Dudelange SA (ARBED), lost Tremorfa. 

$62 million during the first half of 1977. Alphasteel Ltd., a cold-metal mill in > 
| A “rescue plan” for Métallurgique et South Wales owned by an international 

Miniére de Rodange-Athus (MMRA) was. consortium, began operation in.July. The 
announced, subject to approval by the Bel- plant equipment includes four 100-ton, 
gian and Luxembourg Governments and 50-megavolt-ampere electric-arc furnaces, 

| the EC Commission. The plan included (1) three slab casters, and a semicontinuous hot 
restructuring of MMRA by progressive inte- - strip mill. When fully operational, the plant 
gration with ARBED, (2) reduction of em- was to have a capacity of almost 1 million | 
ployment by 700 by attrition, (8) nonreplace- tons of raw steel and was to produce sheet, 
ment of blast furnaces and cancellation of strip, and plate. 

construction plans for a new rolling mill at Plans to build an 800,000-ton-per-year 

Rodange, (4) an increase of the capitali-  direct-reduction plant at Tyneside utilizing 
zation of the company to about $31 million, the Thyssen Purofer process were post- _ 
and (5) participation by the Luxembourg poned by the multinational North Sea Iron 

oo Government National Credit and Invest- Co. consortium. At Hunterston, Scotland, | 

ment Society. | : construction of the first of two 400,000-ton 
United Kingdom.—The BSC sustained a Midrex direct-reduction plants was nearing 

loss of $173 million in fiscal 1976-77, com- completion. : 

pared with a loss of $459 million in fiscal Other Western Europe.—Austria.—De- | 
1975-76. Delayed closing of obsolete plants spite a decline of nearly 9% in raw steel , 

_ contributed to the loss. The corporation production and a continuing downtrend in 
produced 21.7 million tons of raw steel, 15% incoming orders, the Austrian steel indus- 
more than in the previous year. Employ- try was generally considered to be less 
ment was 207,900, 1% less than in 1975-76, affected by the current world steel slump 
and capital expenditures were up 10% to than were the steel industries of many 
$1,054 million. BSC instituted a policy of other countries. A major reason for this was 
greater decentralization, which placed more the diversification of the Austrian steel 
responsibility on divisional and works man- industry. Capacity utilization in the indus- 
agers. : try’s finishing departments was maintained 

The Government approved plans for a between 75% and 80%, compared with 65% 
major expansion at BSC’s Port Talbot for raw steel production facilities. The 
Works, at a cost of $1.44 billion. Raw steel working force was not reduced other than 
production was to be increased to 4.4 mil- by attrition; however, up to 15,000 workers 

lion tons by 1982 and 6.6 million tons by went on short time late in December. 
1986. Import penetration of the steel mar- Spain.—Raw steel production decreased 
ket continued, and antidumping action was slightly to 12.0 million tons in 1977. The 

| taken against imports from Spain and_ economic situation, characterized by rapid 
Japan. inflation, balance of payments deficits, ris- 

A three-part program that would in- ing unemployment, and a 25% devaluation 
fluence decisionmaking in the BSC was of the peseta in July, retarded the expan- 
proposed. It would consist of a contract with sion plans of the Spanish steel industry. 
the unions for resolving problems, a steel This especially affected the concerted action 
council consisting of members from BSC program, which was intended to nearly
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double the capacity of nonintegrated steel to supply a new LD steelmaking shop as 

works and which included the construction part of its expansion to 1 million tons per 

of two direct-reduction plants, one in the year. The melting shop, with a capacity of 

‘north and one in the south. The integrated 770,000 tons per year, will produce mostly 

section of the private sector consisted of carbon steel, but also some specialty steels, 

Altos Hornos de Vizcaya, SA (AHV) and its and is expected to be in production by 1980. 

subsidiary, Altos Hornos de Mediterraneo  Poland.—A new blast furnace (No. 2) 

(AHM). United States Steel Corp. had a Commissioned at Katowice Works in No- 

21% share in AHV and a 15% direct inter- vember, increased Polish steel production to 

est in AHM. The construction of the second @bout 2 million tons in 1977 and is expected 
phase of AHM’s plant at Sagunto, in Valen- to increase production in 1978 to 4.5 million _ 

cia on the Mediterranean coast, was also tons. In addition, new billet, slabbing, and a 

. affected by the economic situation. Possible medium-products mills are under con- — - 

solutions, apparently including nationali- struction. a | | _ 

| zation of AHM, were under consideration at _ Romania.—Expansion programs are = 

yearend, ea inp oo 
| Sweden.—The iron and steel industry re- iron ane § i ° on. 

mained in a depressed condition throughout Ce lee | Se esigne i: a erectaally | 

| 1977. A low rate of demand in the aL reach the same size as the plant at Galati, | 

ery and engi neering; shipbuilding, a nd buil- which now produces about 8.0 million tons | 
ding and construction industries held down Gr paw steel per year and is projected to 

| demand for steel. Raw steel production was oquce 11 million tons per year by 1980. 
| 4.2 million tons; the decline of 25.9% compa- U.S.S.R.—Raw steel production, at 162 | 

red with 1976 was greater than that of any million tons, increased by 2.4 million tons : °: 

Western nation. The decline in demand for over 1976 production but was 5.5 million : 

steel was also reflected in the import fig- tons below the planned production, despite | 

ures. In 1977, finished steel imports declin- the fact that 6.6 million tons of additional 

ed 24% to 1.8 million tons. However, ex- capacity was installed during the year. | | 
ports increased 7% to 1.8 million tons, There were reported losses in pig iron 

mainly because of the industry's need to production because of blast furnace down- | 
liquidate large inventories built up during time. 

1975 and 1976 under the Government’s The firm of Salzgitter AG in the Federal 

stockpiling program. Republic of Germany received an $85 mil- 

As a result of an official investigation by _ lion order for an iron ore pelletizing plant to | 

the Swedish steel industry, a merger of be built at the proposed steel complex at 

Sweden’s three largest nonspecialty steel Kursk. This follows a $232 million order to 

producers was agreed upon subject to ap- Korf Stahl AG of the Federal Republic of | 

proval by the Swedish Parliament early in Germany for four Midrex direct-reduction 

1978. The new company, Svenskt Stal AB, units for the complex. When finally com- . 

will include the State-owned Norbottens pleted, the plant is to have a capacity of up 

Jarnverk AB (NJA), the Oxeliésund Steel to 4 million tons of rolled steel per year. 

Works of Gringes, AB (Granges), and the 
Domnarvet steelworks of Stora Kop- | AFRICA 

parbergs Bergslags AB (Stora), as well as Morocco.—A_ steelmaking complex is 

the iron mining and railroad operations of panned at a location about 9 miles south of 

the latter two companies. The company Nador, where port facilities are nearing 

ownership was to be 50% by the Govern- completion. The steel plant is to have an 

ment and 25% each by Granges and Stora. initial capacity of 1 million tons per year, 

Another official investigation recom- with eventual expansion to 2.5 million tons 

mended restructuring of the specialty steel per year. Initially, it is expected that all of 
industry, which would involve the merger of the plant’s output will be used in Morocco, 

some mills and shutting down of others. which now imports all of its steel, primarily __ 
Stalverk 80, the large government steel from Spain. 

project orignally planned at Luled (adjacent © Nigeria.—A contract was signed in Octo- 
to the NJA steelworks), was indefinitely ber for the engineering and construction of 
suspended. a 1.1-million-ton-per-year integrated steel- 

Eastern Europe.—Hungary.—The Lenin making complex, near the port of Warri in 
Metallurgical Works at Diosgyér commis- the State of Bendel, about 250 miles south- 

sioned the West German firm of Demag AG east of Lagos. The plant will include two
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Midrex direct-reduction modules. Engi- The mill consists of an angles mill with a 
neering and construction will be done by a capacity of 100,000 tons per year andabar _ 
six-member West German-Austrian consor- mill, opened earlier in the year, with a. 
tium. capacity of 150,000 tons per year. Billets for 

| the two rolling mills are imported from 
ASIA , Australia. Phase 1 is to be completed in 

China, People’s Republic of.—Major ad- slant with the addition of a sponge iron 
ditions were made during the year to steel- Japan.— At the end of 1977, approximate- : 
works at Anshan (including a blast furnace ly 20 of a total of 66 blast furnaces in Japan 
with a 1.7-million-ton-per-y ear capacity), were idle. Most of these were large fur- 
Wuhan, and P enhsi, but these additions naces. However, pig iron production de- 

____ became operational too late to affect the clined by only 0.8% below 1976 production, 
annual steel output significantly - Imports of to 94.7 million tons, because three of the 
steel from Japan were 5 million tons, 29% world’s largest blast furnaces began oper- nigher than in 1976. China also imported ation in Japan late in 1976. Raw steel 
about 800,000 tons of pig iron during the production declined 4.6% to 112.9 million | year, mainly from Japan and Australia. tons. Most of this was attributed to declines 

It was repo rted that China intended to at nonintegrated steel plants. Following 
order a large integr ated steel complex, to be recommendations of a government research | 
erected in Shanghai, from Nippon Steel group, about 2.2 million tons of electric-arc 

Corp. ° f Japan. . furnace capacity, mostly at nonintegrated India.—Raw steel production increased plants, was shut down. The nonintegrated 7 
6% to 11.0 million tons in 1977. In the 1976- steel operators formed the National Small . 

77 fiscal year, India became a net exporter Bar Industry Association to control the of steel for the first time. Exports exceeded production and price of steel bars. 
imports by app roximately $111 million. To- Apparent domestic consumption of steel tal exports of Indian iron and steelamount- gectined 3.7% to 628 million tons, while | oe bntion tons. nated the  CxPOrts declined 5.5% to 88.6 million tons. 

€ indian “overnment termina ec ne As a result of recessionary conditions, the contract with the U.S.S.R. for construction profits of the major steel companies de- 
of re second see one ee aro steel p lant clined an average of 6.1% for the 6 months 

would be done by a consortium of threes eB4ing September 30, and investment in 
State-owned Indian engineering concerns, i es equipment dropped approxumate- 
with technical assistance from U.S. firms. ~» °°” 
In another development, the Indian Govern- OCEANIA 
ment and the U.S.S.R. signed an agreement 
for the construction of a steel plant in Australia.—The Australian Iron and 
Orissa State on the east coast of India. Steel Pty. Ltd., a subsidiary of Broken Hill 
Under the terms of the agreement, most of Proprietary Co. Ltd., shut down its No. 1 
the output of the proposed plant would be open-hearth shop at Port Kembla, New 
exported to the U.S.S.R. South Wales, affecting 2,000 workers. It was 
Indonesia.—On July 27, President Suhar- __ originally planned to phase out the shop in 

to inaugurated the first phase of the State- the early 1980’s; however, poor business 
owned steel project, P.T. Krakatau Steel. conditions necessitated the earlier closing. 

TECHNOLOGY | 

Most steel industry changes during the Inland Steel Co. at Indiana Harbor (Ind.). 
year were evolutionary in nature or in- Republic Steel Corp. installed two bottom- 
volved rounding out of existing facilities. blown basic oxygen process (Q-BOP) vessels 
Emphasis was on maximum use of facilities, at its South Chicago (IIl.) plant. Continuous- , further application of known technology, casting equipment installed included the 
increased efficiency, reduced energy con- slab caster at Great Lakes Steel Div. of 
sumption, improved yield, and continued National Steel Corp. in Detroit, reportedly 
installation of pollution control equipment. the world’s widest, with the capability of Three large, new-generation blast furnaces casting slabs 104 inches wide and 12 inches 
were under construction at Bethlehem _ thick. 
Steel’s Sparrow’s Point (Md.) plant, United Several new installations for desulfuri- 
States Steel’s Fairfield (Ala.) plant, and zation of hot metal or of steel were made
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. during the year. Installation of the AOD face, and vacuum cladding of stainless steel 

process reached the point where about 90% and other alloys to a carbon steel base. | 

of all stainless steel in the United States Research was conducted on electroslag 

__ was produced by this process. More electric- incremental casting for improved perform- 

arc furnaces were using water-cooled side- ance or for preparation of composite ingots, 

walls and oxyfuel burners for more rapid on preparation of low-sulfur steel by the 

‘melting. Both vacuum-arc remelting (VAR)  electroslag process, and on improved ductile 

and electroslag remelting (ESR) found and gray cast iron for elevated-temperature 

greater use in producing high-purity steels. use with minimal amounts of chromium 

Several plants added other new equipment and nickel. Work continued on development | 

such as coke ovens, rolling mills, and gal- of ferrous damping alloys for noise sup- 

vanizing lines. | pression, preparation of iron-base alloys 

Because of the emphasis on weight re- with chromium and nickel by powder- | 

duction in the automotive industry, there metallurgy methods, and activated sinte- 

was increased use of high-strength low-alloy ring of unpressed powder-metallurgy pre- 

(HSLA) steels in automobile manufac- forms. Studies were conducted on substi- 

turing. There was greater use of coatings tutes for coke in cupola melting of cast iron, 

for corrosion resistance, particularly one- and on substitutes for fluorspar as a flux in 

side galvanized steel sheet. Coatings of steelmaking slags. 

aluminum-zinc and nickel-zinc alloys also Contract research sponsored by the Bu- 

found some use. Low-sulfur steels were used reau of Mines included a study of mathe- 

in offshore oil-drilling rigs as well as in matical modelling of raw materials and 

ships, bridges, and building construction. energy needs of the iron and steel industry 

Work continued on development of stainless of the United States, and analysis of stain- — 

and alloy steels with lower alloy content. less steel supply and demand in the United 

- Bureau of Mines Research.—The Bureau States. | . 

of Mines conducted research related to iron = _______ 

and steel at its various metallurgy research 1Physical scientist, Division of Ferrous Metals. | 

centers, which included development of *Tons in this chapter refer to short tons of 2,000 pounds. 

_ corrosion-resistant iron-based alloys with cal eee ITT and shipments fron Annual Statishy 

smaller quantities of critical alloying mate- inventories from Current Industrial Reports, Inventories 

rials, surface alloying of steel by ion implan- of Steel Mill Shapes, Summary for 1977, U.S. Department 

tation to produce a corrosion-resistant sur- : 

| Table 2.—Pig iron produced and shipped in the United States in 1977, by State 

. (Thousand short tons and thousand dollars) ° 

a | | Z Average 

State Production ___Shipped from furnaces _ from furnaces Rome 
Quantity Value dollars 

perton . 

Alabama _______-_----------------------- 3,133 3,227 598,365 $185.42 

Illinois ___..___------------------------- 6,226 6,255 1,155,931 184.80 

Indiana _________------------------------ 16,490 16,585 2,994,065 180.53 

Ohio ___________------------------------- 14,698 14,752 2,695,155 182.70 | 

Pennsylvania ___-------------------------- 16,643 17,288 3,104,427 179.57 

California, Colorado, Utah ___------------------ 4,733 4,719 724,315 153.49 

Kentucky, Maryland, Texas, West Virginia -_-—------- 9,226 9,246 1,648,477 178.29 

Michigan Wee ++ --------- 6,809 6,808 1,252,821 184.02 

New York _______--__-------------------- 3,541 3,512 666,254 189.71 

Total _._____------------------------ 81,494 82,392 14,839,810 180.11
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Table 3.—Foreign iron ore and 
manganiferous iron ore 

(excluding agglomerates) consumed in | 
: 7 manufacturing pig iron | 

in the United States, by source of ore 

(Thousand short tons) 

eee 
Source 19761 1977? a 

Australia______________ 715 175 
Brazil. _~_§_~§__________ 2,546 1,238 
Canada_____________. 993 1,312 
Chile __-_____________ 505 580 
Peru____________ 10 . —_ 
Venezuela __-___________. 3,081 3,634 
Other countries —---- 900 926 

Total __.-__________ 8,750 7,865 
ne EN 

. ?Excludes 16,883,000 tons used in making agglomerates. . 
*Excludes 15,953,000 tons used in making agglomerates. 

Table 4.—Pig iron shipped from blast furnaces in the United States, by grade! 
(Thousand short tons and thousand dollars) . 

eee 
| | 1976 | 1977 eee 

Grade Quantit Value Quantit Value 
. uantity = Average uantity Average Total per ton Total per ton 

Foundry _________________ 8,383 1,560,636 $186.17 9,143 1,730,714 $189.29 Basic __-_______________ 75,550 13,464,631 178.22 69,931 12,502,990 178.79 Bessemer________________ 1,119 210,923 188.49 1,183 225,127 190.30 Low-phosphorus ____________ 102 18,902 185.31 170 30,085 176.97 Malleable _______________ 1,208 222,954 184.56 1,098 196,990 179.41 All other (not ferroalloys) _______ 331 - 51,888 156.76 867 153,904 177.51 $$ OF UE NS 
Total _--__-_________ 86,693 15,529,934 179.14 82,392 14,839,810 180.11 

MIncludes pig iron transferred directly to steel furnaces at same site. 

Table 5.—Number of blast furnaces (including ferroalloy blast furnaces) 
in the United States, by State 

a eSeSeFeeeSeSeSSSSSSSSSFSSSeeSeeSeSSSS 
Jan. 1, 1977 Jan. 1, 1978 

State | In Out of In Out of . blast blast Total inst blast Total 
enn 

Alabama ____________________ | 7 2 9 9 __ 9 California _.._____________ 3 1 4 3 1 4 Colorado ______________ 3 1 4 4 __ 4 Illinois ~~~ 8 11 19 11 5 16 Indiana ______________________ 16 11 0: 21 4 25 Kentucky ___________=______ 2 __ 2 2 __ 2 Maryland ____________________ 3 7 10 5 3 8 Michigan —--- ee 8 1 9 8 1 9 New York _______________________ 5 6 11 7 2 9 Ohio __-__-_ 21 18 39 27 11 38 Pennsylvania ________________ 22 27 49 28 18 46 Texas _-.-________________ 2 __ 2 2 __ 2 Utah __-___~_ 3 _— 3 3 __ 3 West Virginia _._________________ 3 1 4 4 __ 4 EF 
Total _-_. = = 106 86 192 134 45 179 Ferroalloy blast furnaces _______________ 1 -- 1 _- _- — ee 

. 
epee enn Grand total ____________________ 107 86 198 184 45 179 

Source: American Iron and Steel Institute.
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“Fable 7.—Steel production in the United States, by type of furnace! | 
oo (Thousand short tons) . . 

. ; Basic 
Year Open hearth. oxygen Electric Total. 

converter ; : 
—_—_—_—_—_—_————oeo 

19738_ 2 Le 39,780 83,260 27,759 150,799 
1974___ eee _ 85,499 81,552 28,669 145,720 
1975 _ = LL eee 22,161 71,801 _ 22,680 116,642 
1976__§________ ee 28,470 79,918 24,612 128,000 
1977_____________ ee — 20,043 77,408 27,882 125,333 

1Excludes 1.7 million tons of finished steel castings produced by foundries not covered by AISI. 

Source: American Iron and Steel Institute. 

Table 8.—Metalliferous materials consumed in steel furnaces! in the United States 

(Thousand short tons) | | 

pe = tt 
I 2 1 tes? . Iron 

. Year _____lronore™____Agglomerates” _pigiron Ferro, and steel 
Domestic Foreign Domestic Foreign a Oys scrap | 

rr SP Si SSS si eS vhs PSPS SS SS ea: 

1978 _-_-____~_______ 163 1,320 656 243 94,398 1,907 76,352 
1974 __._ 153 1,126 - 292 302 90,031 1,950 75,329 
1975 ~-_-_- __ 92 515 553 189 74,518 1,450 58,071 
1976 ~- 2 66 593 584 195 81,926 1,495 63,554 
1977 ~- 112 372 123 102.— 77,086 1,519 64,231 

1Basic oxygen converter, open-hearth, and electric furnace. _ 
2Consumed in integrated steel plants only. . 
3Includes ferromanganese, spiegeleisen, silicomanganese, manganese metal, ferrosilicon, ferrochromium, and 

ferromolybdenum. a 

Table 9.—Consumption of pig iron in the United States, by type of furnace or other use 

- 1975 1976 1977 
Type of furnace ———— | ——_—__ SOS errwmmWwm9DOO 

or other use Thousand Percent Thousand Percent Thousand Percent 
short tons of total short tons of total short tons of total 

Basic oxygen converter ______- 59,210 74.3 66,138 76.0 63,877 717.9 
Open hearth ___.-_______~- 14,554 18.3 15,410 17.7 . 12,531 15.3 
Electric__..._____.------ 1,019 1.3 638 1 . 993 1.2 
Cupola _.____-_-_------~-+ 1,362 1.7 1,197 1.4 1,241 1.5 
Air and other furnaces? _______ 483 6 406 5 354 A 
Direct castings? __.._.________- 3,010 3.8 3,255 3.7 3,007 3.7 

Total _...-._______- 79,638 100.0 387,045 100.0 82,003 100.0 

1Includes vacuum melting furnaces and miscellaneous melting processes. 
2Castings made directly from blast furnace hot metal. Includes ingot molds and stools. 

- 3Data do not add to total shown because of independent rounding.
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Table 10.—Consumption of pig iron? Oe 
in the United States, by State | 

(Thousand short tons) . . 
St SSeS Sy Sy fy 

State 1977 eee 

Alabama ________~ 3,077 
Arkansas___ = 2 3 
California _.- 22-2 > = 5 1,881. 
Connecticut wee et 2 

illinois ~~~ 222222272777 77 72777 6,228 
Indiana__§_ $= = 16,587 , 
Towa_____2 31 
Kansas __-. = = 6 
Kentucky __________-~__________ 1,689 
Maine_______-__ = (?) e 
Maryland _________________ 3,799 

; Massachusetts___________________ 18 
Michigan ____~___~_~____________ 7,097 
Minnesota _.___________________ 35 
Missouri ___.~-_-_~2 ~~ 11 
Nevada ___._ ~~ ~____=____ (?) 

‘ New Jersey _..___§_________ 25 
New York __._-__._____ 3,314 
North Carolina. _-$_____________ 7 
Ohio_-__.~~~2 ~~ 14,566 - 
Oklahoma ______.____~__________ 9 
Pennsylvania _._________________ 16,832 
Rhode Island _.__.______________ 3 
Tennessee ____§_________________ 59 
Texas _____-__ = 1,225 

irginia __-___~_~ ~~ 
Washington _________________ 1 
West Virginia __-_§-§__-___________ 2,511 
Wisconsin _._______§________ 72 . 
Undistributed? ______~_~_______ 915 

Total _--__-_-_-________ 82,003 
— 

Includes molten pig iron used for ingot molds and 
direct castings. 

“Less than 1/2 unit. 
5Includes Colorado, Florida, New Hampshire, Oregon, 

and South Carolina. _
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_ _ Table 12.—U.S. imports for consumption of pig iron, by country . 
pS 

1975 . 1976 1977 

Count Quantity Value antit: - Value Quantity Value 
smerny (short (thou- Quantity’ (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) ee 

Australia ~~~ ~~~ LL C*- 17,545 $3,038 17,909 $2,858 ~ 11,945 $1,998 
Belgium-Luxembourg ____________ 111 26 -— _ _- 
Brazil __.§_.--______~__~___ 25,282 = so, 717 128,410 10,846 122,678 10,955 
Canada __________ 224,379 ' 35,393 225,527 33,791 - 188,860 27,288 
Colombia _____§ ~~ ~~~ ~~~ -_____ 1,981 269 -_- -- -_- _- 

, France __.~_ ~~ ~_____-_~______ _. -— -- -- 6,169 832 ' 
Germany, Federal Republic of _______ 5,592 . 899 _~ _- -— -- 
Hungary ____________________ 55,652 9,225 -- --. _- -— 
Japan _____________ 104,085 12,575 25,898 1,573 6,097 552 . 

' Mexico _-.~ -- ee -- - = 73 7 . 
Norway ___-~~__~_2_~ ~~~ 5,512 740 -— _- —_ _— 
Sweden ____ =~ 32,201 3,411 7,892 1,013 29,732 2,364 
United Kingdom ~______________ 5,816 _ 1,028 9,027 1,061 7,213 920 

Total ___________~_______ 478,106 69,316 414,663 - §1,142 372,767 44,916 

"Revised. OS | | oo | | 

. ’ , . | -
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Table 14.—Pig iron:' World production, by country | 

(Thousand short tons) 
eee 

Country? 1975 1976 1977 
ta 

North America: | 
Canada_________________ eee 10,086 10,803 10,649 
Mexico® ________________-s_----~_-~-~-------+-+- 3,265 3,889 4,762 
United States ___________________---~-----~-_--+-- 79,721 86,848 81,494 

South America: 
Argentina _________~_____-~-----~----~-+~--~-+-+---- 1,144 1,454 1,527 
Brazil__§_§~§_~§__§________ i eee ee eee 7,774 9,006 10,788 
Chile __-____________ eee eee 459 445 476 
Colombia___..______=____-~__----~------~-------- 323 315 246 
Peru__________ ~~ ___ eee 332 246 269 
Venezuela _______________~__-~-_ ~~ ++ 589 471 548 

Europe: ; . 
Austria _§_§_§__~§____~__ eee 3,368 3,658 3,268 
Belgium _____________-~_-_~__-------~--~-~---+-~-- 9,996 10,875 €9,815 
Bulgaria __________~__--__-_---_-------~-~--+---- 1,663 1,717 “1,786 

. Czechoslovakia _______.____-~_-------~----~--+---+-- 10,200 10,443 © 410,710 
Finland ____~__~____ ~~ __-__---~_ ee 1,495 1,456 © 1,944 
France ____§_________~~__ ~~ eee 19,284 20,566 19,705 
German Democratic Republict_________._._.__-_.___---- 2,707 2,787 ©2,888 . 
Germany, Federal Republic of ____________---_--------- 32,853 34,765 31,633 
Greece ______________-- ee ee eee 595 441 441 
Hungary _____.____-_-_---~---------------+---+-- 2,446 2,448 €2,500 
Italy. $9 _-________--_--_-----_--------+-+-~-+~+--+- 12,512 12,821 12,578 
Luxembourg* _____________-~~--_~--_---~--------- - 4,287 4,140 3,933 
Netherlands ._ __.__-__ -_______-_--~~_-~-_--~-----~- 4,376 4,702 4,323 
Norway________------~-~-~---------------------+ . 108 723 605 
Poland __-._-______--__----~-~-~-~---~---+-~-------+- 8,381 8,721 ©10,505 
Portugal __.___________-__-----_-------~--+-~-~-~-- 361 379 393 
Romania ____.~___..-__~-----_-~--~~--~-~---+-~--+---- 7,277 8,174 “8,820 
‘Spain -._-____.____ ~~~ __ +--+ 7 542 7,302 £7,300 
Sweden? ____________________ eee 3,854 3,523 2,745 
Switzerland _______.________.--__-_---~---~------ 39 25 ©30 
USS.R ~~ eee ee + 112,390 116,166 £117,065 
United Kingdom ______~_____~__--_----~---~--~-~---~+-+- ¥13,278 15,116 13,120 
Yugoslavia... _______~__----~~__----~~----+---+- 2,205 2,114 2,136 

Africa: 
Algeria __________-__------~-----~-----~--+------ 440 T 446 ©500 
Beypt — —— ~~ ~~~ ~~~ 7-7-2272 rrr rrr ttt rrrttccte 463 627 82 

orocco _~___ ~~ ~~ eee 18 ©13 €13 
Rhodesia, Southern® __§_______.__-___-._-_-_--.------ 330. ™330 300 
South Africa, Republic of .....___.--____--_-~------- 5,707 6,388 6,740 
Tunisia __________--_---_---~---~~-~~~----~-~---- T159 119 146 

Asia: . ; 
China, People’s Republic of€ 5 __________._____-.---- _- 35,000 33,000 33,000 
India ______~-_______~-_---~~--~----_--------- 9,138 10,776 11,183 

_Tran® ______--_--------_---------------+-~----- 1,100 1,100 1,100 
Israel® ~-__ eee 44 44 44 
Japan. ____________ ~~~ +--+ 95,765 95,434 94,673 
Korea, North® >__§_-§_-§_-§ -./. - - -§ > 5 eee eee 73,100 3,300 3,400 
Korea, Republic of _.__._____.__.---------~----~----- 1,308 2,136 2,674 
Malaysia® _______.____.__~__-------~--~--------- 200 210 210 
Taiwan ______~________-~ ~~~ 74 116 80 
Thailand ____$__.______--~_--~----~--~~--+-+-~--+---~-- 14 13 21 
Turkey _________~__-__--~---~-~-~-+--~--------~--+-- 1,498 2,196 1,904 

Oceania: 
Australia___________._-__------------~--~--~--- 8,240 8,176 7,444 
New Zealand® ?__§_ = 5 5 eee 200 930 230 

Total _________----------------------------- 528,298 551,193 542,696 

“Estimate. Preliminary. ‘Revised. . 
1Table excludes all ferroalloy production except where otherwise noted. 
7In addition to the countries listed, Vietnam and Zaire have facilities to produce pig iron and may have produced 

limited quantities during 1975-1977, but output is not reported and available general information is inadequate to permit 
formulation of reliable estimates of output levels. 

‘Includes sponge iron output as follows in thousand short tons: Mexico: 1975—1,007; 1976—1,229; 1977—-°1,400; . 
. Sweden: 1975—193; 1976—206; 1977—°155; New Zealand, total figure for all years. 

“May include blast furnace ferroalloys. 
5Includes ferroalloys.
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- | | _ Table 15.—Raw steel:' World production by country | | 
. - - (Thousand short tons) . oo . 

Country? _ | 1975 1976 1977° 
North and Central America: . oo . a Canada ______-_ 2 14,357 14,690 15,026 oe Cuba®_ 330 275 330 | El Salvador ___--_-_-- 22 ' 12 ‘12 15 Mexico -_-________-_ 2 —-§ 812 5,840. 6,113 

United States® _~.__-_-__ 116,642 128,000 125,333 South America: 
oe Argentina _..-~22-2 2,500 2,657 2,950 Brazil 2 --.__--___-.- ee 9,158 10,107 12,183 Chile _-__-_-_~ ~~ . 538 531 604 oo _ Colombia_____- 2 407 397 360 . Peru _ ~~~ ~~-----~~~+--------+------+-------- a aig . BES alg 

oe Venezuela -_ ~~~ ~~~ 7777777222727 722777277277 1,185 1,033 942 

OO | Austria 4,484 4,935 4,511 | Belgium —-_--_~2 = 12,773 —- 18,892 11,270 . Bulgaria _____-_-- 2 eee 2,497 2,712 2860 | . Czechoslovakia ---------+------ ~~ t—~=«i‘S TBD 16,196 *16,600 . Denmark _ ek - . 616 - 796 . 756 . a Finland --_------------ ~~ ee 1,784 1,812 2,420. France _—. ~~ -___-- ee 23,733 25,597 24,350 ot German Democratic Republic wee 7,135 7,421 7,551 Germany, Federal Republic of _.... 2.22 _____________ 44,550 _- 46,754 42,974 — Greece -_- eee F195 ss 500 496 | Hungary _-__ ~~ ~~~ 4,049 4,026 “4,020 Ireland —_____------------ 2 ee 89 64 53 Italy. 2 ee . 24,070 - 25,845 25,721 Luxembourg _ ~~ = ee 5,098 5,033 4,772 Netherlands __--§___.2-2~2-~ ==” ¥5820 5,717 5,481 _  Norway__-- ee 1,000 990 © 808 ~ Poland _-__-___~__- ee _ 16,542 17,240 19,670 Portugal _-_-_---_-_-__ - 462 511 591 . Romania _________~-_-_ ee” 10,526 11,83]. 12,787 ‘Spain —___- 12,276 12,026 11,967 Sweden __ . 6,186 5,666 “4,200 _ . Switzerland ___~_-_~-_ 2 eee 468 601 °770 USSR ee 155,784 159,620 162,000 United Kingdom ____-___ = 22,264 24,552 § °23,340 Yugoslavia __~2 2-2 3,215 3,032 4,204 : Africa: _ oo Algeria ~~ -_ eee "244 392 44h | | Angola _____ et AB 42 e44 . Egypt _- ~~~ . 384 804 290 Ghana®__ 17 17 17 Kenya® ______.. ttt -~— 11 11 Libya® ____- 11 ll 11 Morocco® a | q Mozambique® ________.___.....-________________ 42 44 44 Nigeria® —--- ee ee 15 17 17 Rhodesia, Southern® __..--= 2 =” 330 830 330 South Africa, Republicof _........._-______________.__ . 7,168 7,807 ©8060 Tunisia ~~~ 143 113 172 . Uganda____________ 17 "17 °17 Zaire -- 33 33 Asia: 
Bangladesh _____________________ 107 91 128° Burma®______+ Le 40 45 45 _ China, People’s Republic of€ .....__.____._______ *28,000 28,000 30,000 _” Hong Kong®_____ = 5 80 80 India ___-___-----~-_ ee ™8,809 10,322 10,936 Indonesia_ -____-----___--_-_-__-- ee 110 110 €110 Tran ——-______--_----~ ~~~ + 607 605 €605 Irag® —_-_-_.---------- + 230 220 220  Israel® ~------- ee 60 T99 110 Japan _______ 112,780 118,387 112,882 Jordan®__-____ 200 220 220 Korea, North®______ 5 ™3,130 3,300 _ 8,400 Korea, Republic of ~ +--+ 2,215 2,974 3,017 Lebanon®_________-___--- 17 "9 9 Malaysia _-_______-_______- 215 220 ©2900 Philippines®_________._ ee ™310 *330 330 Saudi Arabia® ______________ 175 175 175 Singapore wa ~-------  e 7206 220 €290 Syria’ —---------- ~~~ ~~~ 2222222222 L LITT 150 165 165 alwan — ~~ 710 Thailand ______-~______ 2 FOg4 309 e990 

See footnotes at end of table.
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: Table 15.—Raw steel: World production by country —Continued | 
| | (Thoussndshorttons) = - | , 

~ Country? — — 49T5 ~ 1976 1977> 
Asia —Continued oe BS . | ee | 

— Turkey 8 1,607 «= s«i 606 1,540 , Vietnam ---------- ++ ee, 7 4 4. 6 
. Australia 8,645 8,569. 8,061 : _. New Zealand wana toe — . 26. © “220 . : 

; (Total --~_--_---- + - ee eee "710,106 747,103 741,648 0 

“Estimate. Preliminary. ‘Revised. a ee . _ 4§teel formed in first solid state after melting, suitable for further: processing or sale; for some countries, includes . | material reported as “liquid steel,” presumably measured in the molten state prior to cooling in any specific form. | 2In addition to the countries listed, Vietnam produces steel, but output is not reported and available general information is inadequate to permit formulation of reliable estimates of outputlevels. = a SData from American Iron and Steet Institute (AISI. Excludes steel produced by foundries not reporting output to AISI but reported to Bureau of the Census as follows (in thousand short tons): 1975—1,937; 1976—1,804; 1977—1,718.
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By K. W. Palmer! | 

Reflecting the relatively small total U.S. exports of scrap declined for a second 
change in the economy, domestic consump-_ straight year and were 26% below those of 
tion of iron and steel scrap in 1977 increas- 1976, reflecting the depressed world steel 
ed only 2.6% over that of 1976. Net receipts market. No. 1 heavy melting grade regained 
of scrap by users, however, decreased by its leading position over shredded scrap as 
6.7%, while yearend stocks decreased by _ the principal grade exported. 
6.3% to 9.4 million tons.? Research was continued by the Bureau of 

Scrap consumption closely paralleled last Mines on coke substitutes in cupola furnace 
year’s pattern, with the 1977 maximum operations as well as the use of urban raw 7 
again occurring in May. Monthly consump- ferrous refuse to replace part of the charge 
tion rose, following the trend in raw steel and to calculate the economic effects. The 
production, from 6.7 million tons in Jan- pilot plant built and operated by the Bureau 
uary to a peak of 8.6 million tons in May. of Mines at Hyattsville, Md., was used by 
Consumption then fell by stages to alow of several communities to process their refuse 

_ ‘7.4 million tons in December, accompanied experimentally and evaluate the recovery 
by a marked decline in price. of various components. The ferrous scrap 

Reported consumption of direct-reduced fraction showed the most economic promise 
iron (prereduced iron ore), used as a scrap. in all experiments and trial runs with this 
substitute by a few smaller steelworks was __ refuse. 
426,000 tons, or 21% more than in 1976. ) | 

Table 1.—Salient iron and steel scrap and pig iron statistics in the United States 
(Thousand short tons and thousand dollars) 

Sanne dA dk 
Stocks Dec. 31: 

Scrap at consumer plants_____________________ 9,988 9,363 
Pig iron at consumer and supplier plants _._____________.__________ 1,519 1,322 

Total _-________-__- 11,507 10,685 
Consumption: 

Scrap ______---_-__--_- ee 89,910 92,198 Pigiron ________-----____-- 87,045 82,003 
Exports: 

Scrap (excludes rerolling material and ships, boats, and 
other vessels for scrapping) __________.___________________ 7,877 5,854 Value _______ $601,826 $381,041 

Imports for consumption: 
Scrap (includes tinplate and terneplate scrap) _.__._________________ 507 614 Value ____--_-___--- $35,120 $40,501 $e 

Legislation and Government Pro- and Steel (ISIS), which asked for reversal of 
grams.—On February 1, 1977, the Inter- an earlier ICC decision rejecting the re- 
state Commerce Commission (ICC) rejected moval of freight-rate discrimination against 
an appeal by National Association of Recy- scrap as a recyclable material. The appeals 
cling Industries (NARI) and by implication, of NARI and ISIS were supported by briefs 
a parallel appeal by Institute of Scrap Iron filed in September by the Justice Depart- 

529
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ment and the Federal Energy Administra- merce.” The ICC analysis was rejected by | 

tion (FEA) asking that the earlier order be ISIS for several reasons, mainly that the 

: vacated and remanded as not complying ICC was using carefully selected historical 
fully with the congressional mandate for data which treated supply of gondolas rath- 

Section 204 of the Railroad Revitalization ¢@rthandemand. Oc 
and Regulatory Reform Act of 1976, (the In Nove rik dustrial petitioned ve a | 

section calling for the encouragement of revision of the Industria’ C’assmeaton. fr | 

recycling). A group of railroads filed briefs ®°T@P Processors from wholesaler to proces | 
. N 8). bet he llenging the ISIS and sor. Cited were advantages in zoning, 

in November challenging the to's ane taxing, fuel allocation, and inventory. In © - 
NARI briefs. The ICC had not added its May 1977 this was rejected by an interagen- oe 

rebuttals by yearend. oe cy committee of the Government, the Tech- 

In April, the ICC determined in its Ex- nical Committee on Industrial Classifica- | | 

Parte 252 (Sub-No. 2) proceedings “that the tion, on the grounds that it would be too 
Nation’s plain gondola car supply is inade-_ difficult to separate processors from col- 

quate to meet the future needs of com- _lectors and sorters. | | | 

CS AVAILABLE SUPPLY = = = re 

‘The new supply of iron and steel scrap, million tons of home scrap and 41.9 million | | 

available for consumption at consumers’ tons of purchased scrap (net receipts). These 

plants in 1977, totaled 91.4 million tons, the quantities were 1% lower and 1% higher, 

same amount as in 1976. It consisted of 49.5 respectively, than. in 1976. | | | 

: | CONSUMPTION a | 

Consumption of iron and steel scrap in remainder. ‘Shredded scrap consumed do- | | | 

1977 was 92.2 million tons, or 2% morethan mestically or exported in 1977 totaled 48 - | 

| in 1976. Manufacturers of: pig iron, raw million tons or 8% less than in 1976. The | 

steel, and castings consumed 69.3 million proportion of shredded scrap consumed 

tons (75%); iron foundries and miscella- domestically or exported declined from 

oe users consumed 20.0 million tons 5.8% to 5.2% of total scrap consumption. 

o); and s oundries consumed the 

| STOCKS | 

Consumers’ stocks reported on hand as of or 6% less than those at yearend 1976. 

December 31, 1977, totaled 9.4 million tons | 

PRICES 

At approximately $66 per long ton, the low of $46.83 in November (lowest since 

Tron Age composite price for No. 1 heavy 1973), recovering to $66.173 at yearend. This 

melting steel scrap at the end of 1977 was $4 resulted in an average annual price for No. 

lower than at the beginning of the year. The 1 heavy melting steel scrap of $62.95,> 19% 

weekly composite price for No. 1 heavy below the average price of $77.79 for 1976. 

melting steel scrap rose from $72.17 per These price trends were reflected in prices 

long ton on January 2 to a 1977 high in late _ of other grades of ferrous scrap. 

March of $74.50, then declined slowly to a 

FOREIGN TRADE 

Exports of iron and steel scrap, excluding amounted to 5.9 million tons in 1977, 26% 

rerolling material and vessels for scrapping, less than the 7.9 million tons exported in
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1976. The decline reflected the depressed with 18%; Spain, with 18%; and Canada, 
condition of the steel industries of the major with 9%. The tonnage exported to Japan 
scrap importing countries, except for the was the lowest since 1958. 
Republic of Korea. No. 1 heavy melting steel scrap (80% of 

The Republic of Korea replaced Spain as__ total scrap exported) regained its position as 
the principal destination of U.S. scrap, with the leading export grade, followed by 

_ 259% of the total in 1977, followed by Japan, shredded and fragmentized scrap (27%). 

210 
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150 wor) 923 PRODUCTION 
. | 

Zz | 
Oo 

| _ 120 | . | 
Og 
Oo. 
= PIG IRON , 
> CONSUMPTION 

O 90 

=a | 
| Ss : 

. HOME SCRAP 
60 | PRODUCED — __ 

aaa ~SN e Neen 

__ ee we sy, _eeneeeneens 

30 ae “onerenees NET RECEIPTS oe 
OF SCRAP a 

0 
1960 1965 1970 1975 - 1980 

Figure 1.—Steel production (AISI), total iron and steel scrap consumption, pig iron 
consumption, home scrap production, and net scrap receipts. 

WORLD REVIEW 

Apparent world consumption of ferrous sumption of scrap and production of raw 
scrap in 1977, as estimated from data avail- steel differs from country to country be- 
able for the principal consuming countries, cause of differences in metallurgical 
appeared to be about the same as in 1976, practice, magnitude of foundry consump- 
reflecting the lack of change in total world _ tion, availability of scrap, and other factors. 
raw steel production. The United States For example, relatively large proportions of 
remained the largest exporter of iron and the raw steel output of Italy and Spain were 
steel scrap to world markets in 1977, while produced from scrap in electric furnaces, 
Italy remained the world’s leading im- whereas steel produced in France and Ja- 
porter. pan was made largely in converters using 

Relationships between apparent con- hot metal and relatively low proportions of
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scrap. Foundry consumption of scrap in continued a second straight year of decline 
comparison to total consumption of scrapin to 1.5 million tons, although imports from 

the United States and the United Kingdom the United States increased slightly as a 
was proportionately larger than in most percent of total Japanese imports of scrap, 
other countries. However total consumption according to the Japanese. This was the 

of scrap in the United mngeom appeared to lowest level. of imports from the United 
be relativey Ow onic nin ope h earth States since the 1950’s and, combined with 
furnaces. the drop in U.S. exports to the United 

In world trade, France exported over 3 Kingdom and Spain, probably contributed 
million net tons of scrap in 1977 and was to the low price of US. scrap in the last half 

_ the leading exporter outside of the United of 1977 and to an increase in exports of 
| States. Net exports of scrap by the Federal] scrap to Japan in December, although there 

Republic of Germany amounted to 2.7 mil- was no increase in Japanese raw steel 
lion tons. Imports of scrap by Italy totaled production during this period. | 
6.4 million tons, with France being the Much lower imports from the United 
largest supplier. Spain imported only 2.2 States by Spain, the United Kingdom, and 
million tons compared with 2.9 million tons Italy, even though partly offset by a large 

| in 1976; the reduction in imports occurred increase in exports to the Republic of Ko- 
despite the fact that Spanish steel pro yea was the main reason for the 2-million- 
duction was unchanged. The drop in im- ton drop in U.S. exports and contributed to 
ports by Spain was at the expense of im- 41. lower domestic price in 1977.4 
ports from the United States, which declin- In the United Kined the d d 
ed from 63% of Spain’s imports in 1976 to nome nl Ingeom, bie depresse 
38% in 1977. Because of a static economy. situation of the scrap industry at the end of 
the United Kingdom, which imported 1976 continued to worsen. The 1976 average 

507,000 tons from the United States in 1976, Price of $54 per ton for No. 1 grade (equiva- 
imported only 51,000 tons from the United | lent to U.S. No. 1 heavy melting steel.scrap) _ 

_ States in 1977, while becoming a net ex- declined to an average of $44 in 1977, | 
porter of nearly 900,000 tons. ; causing some business failures and mergers 

Japanese imports of U.S. ferrous scrap in the British iron and steel scrap industry. 

TECHNOLOGY 

A new type of eddy-current system to 12,500 to 17,000 tons of iron and steel scrap 
segregate nonferrous scrap was developed annually. 
by Raytheon Inc., of Lexington, Mass. A During the year there was a definite 
plant is being installed near Rochester, trend in the scrap industry towards bigger 
N.Y., to handle 2,000 tons of municipal hydraulic crawler and pedestal-mounted 
refuse per day. The system might be applied cranes. oe | 
to ferrous scrap shredders with a saving in Apparently due to the lower price of 
electric power usage through reduced use of scrap and higher price of pig iron, the 
high magnetic flux magnets. average percentage of scrap in an open- 

In May, Resource Recovery Systems of hearth charge was increased by 2.4% over 
Branford, Conn., began a 6-month trial of that in 1976. This fact, together with higher 
recycling metal scrap from municipal electric furnace and foundry consumption, 
waste. The system employs a vibrating hop-__ resulted in an increase in total scrap con- 
per with sorter belts and a magnetized sumption from 103% of pig-iron consumed 
rotary drum to extract ferrous scrap. in 1976 to 112% in 1977. 
Results were not available at yearend. Under a contract with the Bureau of 

The Fiber Baler Div. of American Hoist Mines, the Massachusetts Institute of Tech- 

and Derrick Co., St. Paul, Minn., developed nology continued work on “Mathematical 
a new baler with heavy duty construction Modeling of Raw Materials & Energy Needs 
for a 48-cubic-foot metal bale. Initially it of the Iron & Steel Industry” and phases 3 
will be used on nonferrous scrap. and 4 were completed in 1977. A fifth phase 

American Can Co.’s $18 million joint was to be completed in 1978. 
venture with the City of Milwaukee opened At the Bureau of Mines Twin Cities 
a facility in May to handle at least 250,000 (Minn.) Metallurgy Research Center, work 
tons of municipal refuse annually. When continued on substituting various fuels for a 
full production is reached the operator portion of the coke in cupola operations. 
(American Can Co.) expects to recover Tests indicated that charcoal briquets or
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shredded rubber tires could replace up to pilot plant at nearby Edmonston, Md., for 
20% of the coke charge, and Kentucky treatment of raw urban refuse. A 1,500-ton- 
bituminous coal or anthracite were satis- per-day plant in Baltimore County, Md., | 

factory at the 40% level. The metallic using technology developed at the Bureau’s 
charge consisted of 100% shredded scrap. pilot plant, was about to come onstream at | 

' At the Bureau’s Rolla (Mo.) Metallurgy yearend. The 2,000-ton-per-day plant near 
Research Center, work continued on re- Rochester, N.Y., uses similar technology 
claiming chromium and nickel from in- and is scheduled for startup in late 1978. | 
plant wastes in Bureau-operated furnaces. | 

| A commercial-size heat was also made in 1physical scientist, Division of Ferrous Metals. | 
cooperation with a private specialty mill. “All quantities are in short tons unless otherwise noted. 

At the Bureau’s Avondale (Md.) Metallur- eonminery. Age. 
gy Research Center, work continued on the
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Table 3.—U.S. consumer receipts, production, consumption, shipments, and stocks of pig 
iron and direct-reduced iron in 1977 

| . (Thousand short tons) - 

ee 
: Produc- Consump-  Ship- Stocks 

Receipts = ‘tion tion —_—s ments Dec. 31 

MANUFACTU. RERS OF PIG IRON AND RAW . . 
_ STEEL ANDCASTINGS — . 

Pigiron _______._-_--.--~-_~__-----~- 5,615 81,494 79,390 7,963 1,187 
MANUFACTURERS OF STEEL CASTINGS 

Pig iron ___.____-_____-___----.—------- 46 _- 46 (7) 6 
IRON FOUNDRIES AND MISCELLANEOUS USERS . 

Pig iron _.__._____-___-__.~--~~-~-~----~-- 2,577 _- 2,567 7 129 
TOTAL—ALL TYPES OF MANUFACTURERS? 

Pig iron _~..-._______--~---~-~-~-~~-~--~--+- ' 8,238 81,494 82,003 7,971 1,322 
Direct-reduced or prereduced iron __._____-_----~-~- 422 -- 421 Ww 20 

W Withheld to avoid disclosing company proprietary data. 
1Less than 1/2 unit. | | 

_ *Data may not add to totals shown because of independent rounding. | | 

~ Table 4.—Consumption of iron and steel scrap and pig iron in the United States in 197 7, 
| : by type of consumer and type of furnace, or other use 

. (Thousand short tons) 4 

| _ Manufacturers of Manufac- fron | 
pigiron and | turers dries and Total 

Type of furnace raw steeland of steel miscellas all types? | 
or other use castings a castings neous users a 

Scrap iron Scrap iron Scrap iron * Scrap iron 

Blast furnace?__________- 3,771 ek _. 3,771 _- | 
- Basic oxygen Process® _.---- - 25,0384 63,877 -—- ae __ _- 25,084 63,877 

Open-hearth urnace._______ 11,009 12,525 78 6 __ _— 11,087 12,531 
Electric furnace.____..—- 28,188 685 | 2,653 35 5,573 273 36,414 993 

Cupola furnace ___..____-— 361 262 167 1 13,797 978 14,325. 1,241 
Other (including air 

- furnace)* __ ____.___..___ 938 315 26 4 603 36 1,567 354 
Direct castings’ __ ______.-~- -_- 1,727 _- _- _- 1,280 _- 3,007 

Total? _._______.- 69,301 . 79,390 2,924 46 19,973 2,567 92,198 82,003, 7 
AS SSS SS SSS SS SSS es SSS 

1Data may not add to totals shown because of independent rounding. 
2Includes consumption in all blast furnaces producing pig iron. 
5Includes scrap and pig iron processed in metallurgical blast cupolas and used in oxygen converters. 
“Includes vacuum melting furnaces and miscellaneous uses. 
5Includes ingot molds and stools. 

| Table 5.—Proportion of iron and steel 7 | 
scrap and pig iron used in furnaces in 1977 

in the United States : 

(Percent) . 

: Type of furnace Scrap Fig . | 

Basic oxygen process —-— - ------~- 28.2 18 
Open-hearth rnace_.— ~~~ 46.9 53.1 

ectric furnace... ../.__---~- 97.3 2.7 
Cupola furnace — oo 577777 Tt 92.0 8.0 

er (including air furnace) — _ — _ _ — — 81.6 18.4
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Table 7.—Consumption of iron and steel-scrap and pig iron’ by State and region, by type 
of manufacturer in 1977 

. | (Thousand short tons) 

. Pig iron and . ~ Tron foundries 
raw steel Steel castings and miscella- Total? 

State and region and castings - neous users 

New England and Middle | | 
Atlantic: : - 

- Connecticut, Maine, Massa- : . oo 
chusetts, New Hampshire, 
New Jersey, New York, . oy ce 
Rhode Island, Vermont _ _ _ ~ 1,905 3,085 163 6 1,203 284 3,271 3,375. 

Pennsylvania ___________ 14,962 16,313 333 14 852 505 16,147 16,832 | 

. Total? __.___________- 16,867 19,398 496 20 2,055 789 19,418 20,207 

North Central: | | | | 
Illinois _______...____. 7,082 5,958 468 1 1,685 264 9,285 6,223 
Indiana _._.__________- 9,234 16,486 226 1 907 100 10,3866. 16,587 
Michigan, Iowa, Minnesota, . . . 

. Nebraska, Kansas, | . oO 
. . Missouri _~_. 1. _- 6,855 6,693 - Al4 . 1 . 6,759 485 14,028 17,179 

a Ohio ________=_______ 11,155 14,037 256. 12 3,204 518 14,615 14,566 
Wisconsin __~___.____ ~~ -- _— 275 1 1,052 — 12 1327 - 72 

Total? ________.__--. 34,825 48,174 1,638 16 13,607 1,438 49,571 44,627 

South Atlantic: | 
oe . . Delaware, Florida, Georgia, a mS oe a 

_ Maryland, North Caro- : ce . me a 
lina, South Carolina, . . ; 

. ' Virginia, West Virginia ___ 5,806 | Ww 54 1 856... --138 6,717 139 
South Central: _ ae ce 

: Alabama, Arkansas, Ken- - So, 
tucky, Louisiana, Missis- . oo, | 
sippi, Oklahoma, Ten- . - a 
nessee, Texas __________ 7,509 312,128 386 | AD 2,776 .184 — 10,670 12,311 

Mountain and Pacific: | So . n 
Arizona, California, Colo- - 

rado, Montana, Nevada, . 
Oregon, Utah, Wash-_ ots 
ington ____-_-__-~---- 4,793 4,695 350 4 678 19 5,821 4,718 

US. total? _.___.-____ 69,301 79,890 «2,924 = 46S «19,978 2,567 92,198 82,008.) 

| W Withheld to avoid disclosing company proprietary data. IncludedinSouthCentralRegion. —t™”S 
1Includes molten pig iron used for ingot molds and direct castings. ; 

| . 2Data may not add to totals shown because of independent rounding.. 
3Includes South Atlantic Region. -
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Table 8.—Consumer stocks of iron and steel scrap, by grade, and pig iron, Dec. 31, 1977, | 
oe ) by State and region _ 

. (Thousand short tons) 

| a Carbon. . | | Allo Cast Other . steel a : : _ Total Pig 

State and region (excludes Staines etel.. (includes graces Scrap 1 iron | 
eo | | rerolling _ stainless) borings) scrap stocks stocks 

‘New England and Middle | 
Atlantic: . . 

Connecticut, Maine, Massa- . | 
chusetts, New Hamp- 
shire, New Jersey, New . 

_ York, Rhode Island, a 
Vermont —._..-~---~-- ' 586 23 | 16 235 10 870 208 

Pennsylvania ___________ 1,266 43 49s 2 1,686 251 : 

| Total’ -.___________ 1,852 | 1 165 455 12 —-.2,556 458 | 

‘North Central: . Oo 
_. Mlinois 1... 922 4 5 4 85 1 1,019 22 

Indiana ~.._.__-____~~ 678 . 4 33 225 24 964 . 20 
Michigan, Iowa, Minnesota, . SO 

Nebraska, Kansas, Mis- . 
- souri ~~ - 837 12. . 5 178 10 1,041 54 

Ohio ~~. ee 1,030 6 84 106 3 1,230 _ 499 . 
Wisconsin .....--2----- 20 1 | (*) 12° ?) 33 10 

Total? ~~ 2 - 3,487 OT | 129 605 38 4,286 604 

- South Atlantic: 
Delaware, Florida, Georgia, 

oS _ Maryland, North Caro- 
lina, South Carolina, Vir- oo 

. . ginia, West Virginia _._ — ~ 611 7 10 55 (7) 583 / 21 
South Central: 

Alabama, Arkansas, Ken- 
tucky, Louisiana, Missis- 
sippi, Oklahoma, Ten- 
nessee, Texas __ _______~ 1,088 1 2a 147 27 1,287 189 

Mountain and Pacific: _— 
Arizona, California, Colo- 

rado, Montana, Nevada, 
Oregon, Utah, Washing- oo, 
ton _.------------- 519 1 10 97 22 651 48 — 

. US. total! ~~ 7,457 107 7 (1) 1,358 100 9,363 _ 1,822 
ne PO Pe PTET SS se 

1Data may not add to totals shown because of independent rounding. 
7Lessthan1/2unit. — . 

Table 9.—Average monthly price and composite price for No. 1 heavy melting scrapin __ 
1977 | 

_ (Per long ton) 

Month Chicago Pittsburgh — Philadelphia Composite price’ 

January _____-_____-_-____- $69.50 $72.50 $74.50 $72.17 
February ___..-___--------- 69.50 73.00 74.50 72.38 
March _____~-_~-~~-~------~- 71.00 75.50 74.00 73.50 
April eee ee ee 70.25 74.00 71.50 71.92 

ay ____--_-_------+----~- 64.10 67.30 64.50 65.30 
June ______-___--_--____ 58.75 64.50 62.50 | 61.91 
July ~~. 57.50 64.50 61.75 61.25 
August __________________ 57.50 65.50 61.10 61.37 
September __...___-------- 55.00 63.00 59.00 58.83 
October _____-.___-------- 47.30 51.90 48.10 49.10 
November __—_-____~-_---~-~~- 45.75 52.50 . 50.25 49.50 
December® ____.. __._______- 59.50 60.50 54.50 58.17 

Average 1977 _________ 60.47 65.39 63.01 62.95 
Average 19767 _._______ 78.10 78.80 76.47 77.79 

°Estimate. ‘Revised. 
1Composite price, Chicago, Pittsburgh, and Philadelphia. 

_ Source: Iron Age, Jan. 2, 1978.
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Table 10.—U.S. exports and imports for consumption of iron and steel scrap, by class 

. . (Thousand short tons and thousand dollars) 

| 1973 1974 1975 1976 1977 
Class Quan- Quan- Quan- Quan- Quan- tity Value tity Value tity Value tity Value tity Value | 

‘Exports: | | 
No. 1 heavy 
N melting scrap 3,780 207,743 2,565 262,810 2,766 233,784 2,063 150,327 1,750 $107,089 

o. 2 heavy . 
melting scrap 1,107 52,817 883 84,826 1,102 85,508 705 46,047 594 33,870 

No. 1 bundles _ 391 21,565 78 8,504 120 9,574 95 7,726 103 2,442 
No. 2 bundles _ 1,221 49,421 1304 99,652 1,159 71,908 845 48,144 336 14,429 
Stainless steel 

scrap _____ 49 = 16,731 35 15,351 66 27,463 112 = 52,516 75 37,154 
Shredded steel 

scrap _____ 2,098 118,133 1,999 225,990 2,406 206,691 2,179 164,922 1,606 97,602 
Borings, shovel- 

ings, and 
turnings _ _ _ 521 = 16,352 544 35,404 597 = 29,721 644 32,339 476 17,916 

Other steel 
scrap! ____ 1,102 57,528 463 40,814 726 63,565 760 65,809 601 49,960 

Iron scrap —_— 605. 29,721 626 = 50,369 500 34,767 474 38,996 314 20,579 

- Total _____ 10,87 4 570,011 8497 823,720 9,442 762,976 7,877 601,826 75,854 381,041 
Ships, boats, 

and other ves- 
sels (for | ; 
scrapping) _ _ 156 8,056 327 = 38,140 40 1,742 50 2,280 35 2,613 

Rerolling 
material _ __ 382 28,489 199 25,025 160 16,266 241 32,652 ~ 321 ~—s 31,691 

Total_.____ 11,412 606,556 9,023 881,885 9,642 780,984 8,168 686,758 76,211 415,345 

Imports: 
Iron and steel 

scrap _____ 337 =: 118,716 188 26,166 293 24,464 496 34,524 601 39,723 
Tinplate scrap_ 12 384 13 861 12 786 11 596 13 778 

Total _____ 349 19,100 201 27,027 305 25,250 507 35,120 614 40,501 

1Includes terneplate and tinplate. 
2Data do not add to total shown because of independent rounding.
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eo able 11.—U.S. exports of iron and steel scrap, by country : a 
es * (housand short tons and thousand dollars) = So 

tty, Velme tity Value “tity, Value “tity Value “tity Value oo 

cs Argentina -.-._..___  - 261 13,840 © 148 16,189 | 332 29,110 “77 5,746  127- 7,422 | 
+ Bangladesh 22-22 ee 16,952 OTS 4,420—- 16 «1,052. 23 127 

~ +. Belgium-Luxembourg -._ «8 (585... 6) «105 16 1,813. 9 3,603 4 2,262. - 
soe Brawilooe eee OB 209 27 83821. -°7 402 ©  .382  # @® |. 2a . 
oo ) Canada ie eee. = 811s 27,097. 940» 52,296 = 8873) 44,676 = 889 «48,140. = -522«:23,847 

os Chile Lune. 1B 255 BB 828° 214,188 10 904. 
_° ..:. China, People’s Republicof. 428 +=+23,729 ~=-s«189' «12,406. + =«175-—s«13,248 («24,192 @ 102 a 
oo Egypt 22 mo ek 15. 1,611  # # 34 2,660 41 2,820 16 4308 — - 

: - France ~..---_..-.. |. 80 . 2682 16 - 4,019 7 *1,825. ~~. 8 306 el 163 
. -'.. Germany, Federal Republic _ Sk vey _ . oo 

a Of epee eee DD 283 “4. 1,481 14 ~=«6,027 27 ~~: 8,320 26-16 —s5, 570 
oo Greece ~~ 187 «9,429 118 12;762 161 12,964 | 222 17,475 300 17,192 - 

- .-. - Hong Kong. 1 231 ] 83 1 207 1 339 -1 «312 
oe - Israel 2-2-2 eee eee CODD 6 27) (2,857 = 151,184. - 89 —s*7,242. (4) “10 

Italy leu _-_- 358) 28,966 = 485 = 558,896 6138 57,548 684 57,489 208 18,441 . 
so Japan (4,666 «284,863 2,980 305,223 2,405 198,884 1,256 93,115 1,086 61,927 
_- -. Korea, Republicof ..._— 739 42,429  - 680 76,754 762 61,842 911 61,561 1,441 88,668 

Mexico _____-______ 1,009 56,063 890 72,482 1,269 103,208 ‘571 44,541 822 22,555 BO 
_. New Zealand ________ 42 2,479 | 117 2,189 #18 1,599 18. *1,438 17-982 | 

. Pakistan ---------- 1s 732 "4,954 730 -12.581 75. —s«G,744 “548,415 : 
- -) Peru ee Le Le :28 8,168 98 . . 7,767 1 100 ee — 

Philippines —________ -- =<- 4 2,167 6% = 6,225 23 s«1,441 11 ~=—s«B76 
_ Singapore ---------- | 15 1,179 _- =. | 81 5,761 (?) 4 == 2 ae 

Spain _._.-.---_--_ 1,127 58,197 . 896 89,696 1,709 131,600 1,862 136,093 784 46,909 
. Sweden _-_________- -8 2,171 “33 5,138 +395 «611,266  -54 6,822 2 1,454 - 

, Taiwan__-_-__-_-_-.- 672 39,527 491 44,454 264 24,168 249 22,068 $435 35,647 
oo. Thailand ___________ 139 8,408 34 = 3,311 37. 3,076 18 1,497 138 ~=—-:1,186 

Turkey — oe eee 124 7,232 57 = 6,323 —~« 89 —s«6 645 159 13,461 | 310 20,044 
United Kingdom ______ 142 =9,203 117. =: 14,442 78 9,873 507 43,992 51 5,986 

. Venezuela _________~ 76 3,802 183. 17,679 72 4,626 — 20 1,250 - 1 133 
Yugoslavia ___.______ -- ae _- _- 37 3,258 28 ~—:1,909 15 848 
Other _.____-___-_- 18 1,400 43 5,749 31 4,998. "51 "7,4 76  ~=68_~—.:« 8,531 . 

Total? _________. 10,874 570,011 8,497 823,720 9,442 762,976 7,877 601,826 5,854 381,041 

TRevised. 7 - - ot : a! . 

2Data may not add to totals shown because of independent rounding. : 7 a 

Table 12.—U.S. exports of rerolling material (scrap), by country 

(Thousand short tons and thousand dollars) : . ‘e 

oe 1973 1974 - 1975 * 976 - 1977 

Country Quan- Quan- Quan- Quan- Tale,  Quan- 
| tity. Value “tity Value tity Value tity Value | tity Value 

Argentina ____ -- _- -- _- 12 1,055 ~ dl 930 -- -- 
Canada ______ 1 34 7 485 5 ~ 408 1 196 1 102 
China, People’s 
Republic of __— 7 485 1 85 — — __ __ __ __ 

Germany, Federal 
Republic of __ -- _- -- _- = -- 2 560 -- —- 

Italy _-______ 2 168 _- — Se _— _- -- ) 15 
Japan _______ 16 1,209 1 182 _— _- _- _— 8 1,015 
Korea, Republic of 118 7,014 81 10,504 29 3,189 44 11,098 99 9,371 
Mexico ______ 43 2,954 47 5,269 40 4,623 24 2,464 21 2,061 , 
Nigeria ______ —_ a. -- _- _- 2 q 1,477 —_ __ 
Pakistan a 8 422 4 617 4 402 3 278 18 742 
Spain _______ (4) 7 -- -— 17 1,336 7 599 4 251 
Taiwan ______ 149 =: 12,712 57 7,712 39 3,478 55 5,485 11 1,214 
Thailand _____ 28 2,641 -- _- 13 1,518 76 8,426 133. =: 14,078 
Turkey ~__-__~_ 4 292 (7). 40 (?) 61 4  . 541 16 ~—-1,709 
Venezuela ____ 3 210 _- _- _- ~- -- —— _- _- 

. Other _______ 3 34] 1 131 1 196 7 948 10 1,133 
TT ST TT LT a A SS eaten, 

. Total ____ 382 28,489 199 25,025 160 16,266 241 32,652 321 31,691 
neem anen 

1Less than 1/2 unit. ' *
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‘Table 13.—U.S. exports of ships, boats, and other vessels for scrapping __ . 
os 7 (Thousand short tons and thousand dollars) . 

| — "1973 1974. 175 ~*”~C~*~<“‘xaTSC*~‘“‘COS#C*‘«wUASTT~~”W 
_ Country - Quan- va. “Quan — Gan _——— Gian Sa _ 

“tity = Value “tiny «= Value “tity Value tity Value ~ “tity Value 

| Canada ___ #2. 2 260 26 1,414 15 406 4 108 2 __ 
Germany, Federal . “ 

. Republic of __- ~~ 8 257 13 - 700 (?) (*) ) _— _- -~ 
a Korea, Republic of __ g 370 44 5,826 7 237 6 181 _- _ 

Mexico _____~__- 1 182 GC) 2B =~ ~. (*) 2 ) 2 - 
Spain _.________ 22 ~—«- 1,002 98 8,824 10 426 __ __ __ _. 
Taiwan _________ 114 5,994 139 15,539 8 617 40 1,948 34 2,585 
Other ___.-__-_- @) 41 12. 814 () 56 ¢) 40 @) 25 

Total? ______ 156 8,056 827 33,140 40 1,742 “BO 2,280 35 2,618 

1Lessthan1/2unit. Sc | | | 
| | *Data may not add to totals shown because of independent rounding. | 

| _ Table 14.—U.S. imports for consumption of iron and steel scrap, by country | 

 10SCS:=‘“‘=S*™*”*”:”CS”~<Cs*~‘“‘“‘«‘iaISC“‘(SNSNSNSCNCNCNC | 
| Country ‘Quantity ~ Value Quantity Value 

So (short tons) (thousands) © (shorttons) §_—s_ (thousands) 

Australia________-__-_------_ 85 CC I _e 
Austria ____________-_--u- | __ _ 141 / $546 
Bahamas ____________________ 11,724 472 2,471 : 49 : 

' Belgium-Luxembourg —__._.---- _-~- 92 . 27 id 1 
Canada ___ 423,240 32,105 494,289 34,972 
Germany, Federal Republic of _______ 80 83 43,942 | 991 | 

| Haiti ~-__________________- 346 9 233 12 
Indonesia _____~_.~_.- ~~~ -- -—_ 386 * 80 
Jamaica ____________________ 959 : 35 957 710 : 
Japan ___________________-_- 9,159 AST 2,976 130 
Mexico ____________-_-.____- 6,952 , 459 31,395 1,865 
Netherlands ______.__.__- ~~~ | 14,442 155 40° 40 

. Panama —_____~_________-_ oe -_. 14,517 265 
Sweden _______________._____ 38,837 483 15,566 875 
United Kingdom _____--_-----_- 302 704 27,357 2544 
Other ________________-.--_- PAT 7132 — 620° 

Total? ______----_-------- . 507,165 35,120 2614,348 240,501 

‘Includes tinplate. - — | oe 
2Adjusted by Bureau of Mines. _ | | 
SData may not add to totals shown because of independent rounding. 

: Table 15.—Iron and steel scrap consumption in selected countries! : 

(Thousand short tons) . | 

| ] 1975 1976 . 1977 

European Economic Community: . | 
Belgium? _________-__~__--___---~-~-----~------ 4,091 4,082 3,728 
Denmark® ____ 5 5 eee 634 854 862 
France? #5 9 ee 8,307 8,964 8,282 
Germany, Federal Republic of§ ~____.._.____----------- 22,495 23,263 22,262 
Ireland® _________________._____ +. 100 75 60 
Italy® _.__.___-_-_--_~-------~-~---~-~---------+---- 15,023 16,362 616,541 
Luxembourg - — — . -.-.---~------~--------------+---- 1,518 1,577 1,555 
Netherlands ________._-_-.~-~-~---~--~-~----~---~--- 1,748 1,957 1,857 
United Kingdom? 5___._» 5) Lee 17,526 "18 534 ®17,050 

Total? _.____________-____ ee "71,442 "75,618 72,197 

European Free Trade Association: . 
Austria ______________________ ee 1,881 1,992 1,789 
Norway? *5 = eee 618 593 485 
Portugal _________-_-_-_----_-~-~-------~---+--- T284 219 £303 
Sweden?5 _____ 3.770 73.799 62.598 

Total? _.____________ ee 6,558 *6,608 5175 

See footnotes at end of table.
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Table 15.—Iron and steel scrap consumption in selected countries‘ —Continued 

(Thousand short tons) 

1975 1976 1977 

Other European market economy countries:® . 
Finland ______________-~__--_-_--~___-_-__--_--_- 767 °770 6794 
Spain ___________ Lee 7,209 7,406 87 464 
Yugoslavia? #58 = 1,883 1,747 1,921 

Total? ~~ 9,859 T9,923 10,179 

European centrally planned economy countries:® 
Czechoslovakia? #5 ~~ _~_-_ = == 7,886 8,088 8,216 
German Democratic Republic? 7 *5__=§_ 9-5 5 =» 5 5 5 6 4,852 5,117 4,730 
Hungary? 45-2 2,392 2,420 2,467 
Poland _____________~_-~_-~_~~____ ee 9,370 10,352 11,083 
Romania® 77459 2 3,530 | 3,600 3,890 

, USS.R.734520 0 51,806 51,900 52,700 

Total? _-___________-__-___-____---_2------_-- 79,836 81,477 83,086 

Latin America:*4 
Argentina _____________~____~~-__~_ ~~ T1,620 ¥1,657 ~ 1,892 
Brazil __-_____________-____~__~__-_-~__ ee 4,040 4,644 5,044 
Chile _____-_-______-_____--~___-_ eee 185 186 227 
Colombia ___-_________---__-_------_-_--------_---- 248 F229 250 
Mexico ____-________._-~__~______ ee 3,663 3,406 2,690 
Peru_______--____ ~~ eee 192 185 184 
Venezuela __________________ Le 581 499 583 
Other? __ 9 83 101 112 

Total? _-_____ 10,612 10,907 10,982 

. Other countries: . 
Australia® ~9. = 25 5 5 8 ee 2,674 2,697 2,105 
Canada® _____ 76,368 ™6,538 6,787 
India __~__-__________--_-+_--_-_-----~ + T 137 760 2,100 2,200 
Japan® ___________ Le 37,714 ¥42,188 38,147 
New Zealand® __________ ee “165 “165 181 
South Africa, Republic of!? ~~. ~~» »5 5 5 5 eee LL 72,835 ™3,098 3,147 
Turkey® __-_______ 445 443 1,279 
United States’* 9 2 LL 82,331 *89,910 92,198 

Total?’ _.--___ Le 134,292 147,089 146,044 

Grand total? ~____§-_~_ Le 312,594 ¥331,617 327,663 

“Estimate. ‘Revised. 
1Unless otherwise noted, figures represent consumption of scrap in the production of pig iron, ferroalloys, crude steel, 

foundry products and rerolled steel, as well as in other unspecified uses by the steel industry, and by other (unspecified) 
industries. Also, unless otherwise noted, figures are from: United Nations Economic Commission for Europe. Annual 
Bulletin of Steel Statistics for Europe. V. 5, 1977. New York, 1978, 81 pp. . 

2Excludes scrap consumed in rerolling. 
3Excludes scrap consumed in foundries. 
“Excludes scrap consumed within the steel industry for purposes other than the manufacture of pig iron, ferroalloys, 

crude steel, and foundry products as well as that consumed by steel rerollers. 
5Excludes scrap consumed outside the steel industry. 
®Source: Organization for Economic Cooperation and Development. The Iron and Steel Industry in 1976 and 1977. 

Paris, 1978 and 1979 respectively. 40 pp. each. 
7Total of listed figures. 
®Following United Nations practice, Yugoslavia has been included with other market economy nations. 
®Fxcludes scrap used in pig iron production. 
10 xcludes scrap used in production of steel by any method of production except open hearth furnace. 
Source: Instituto Latinoamericano del Fierro y el Acero. Statistical Yearbook of Steelmaking and Iron Ore Mining in 

_Latin America, 1977. Santiago 1979, 178 pp. 
f includes Uruguay, unspecified countries in Central America, and the Dominican Republic, as reported in source (see 
ootno . 

18Source: United Kingdom Iron and International Steel Statistics Bureau. International Steel Statistics. Various 
issues covering subject countries for years specified. 

144Data compiled by U.S. Bureau of Mines.
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. Table 16.—Iron and steel scrap exports by selected countries’ | 

(Thousand short tons) . 

| | ) 1975 76 ~SC*«WN: TT 

European Economic Community: 
| 

. 

_ Belgium-Luxembourg ------
~----------- 7-777 TTT T7777 586 581 552 

Denmark _____--~---------- 
- - 

100 128 - 63 

- ‘Byance ____---
------ -2 

3,097 3,772 3,702 

Germany, Federal Republic of ee ee eee eee eee 
2,432 2,863 2,735 

Ireland ___-_----
------—- - 

9 9 9 

Italy ___ ~~~ --- ---- - ne 
6 26 | 12 

Netherlands ._____-----------------7 
00 1,032 1,055, 1,021 

United Kingdom ___...-----------------------77-- 
1,010 660 1,034 

Total? ..._-----
---- -$- - 

8,272 9,094 9,128 

European Free Trade Association: 
Austria ____- --------- -- 

57 . 80 9 

Norway __ ~~ - - -$- - -- 
21 . 20 . 414 

Portugal ___- ---------
---- 2 t3 4 

Gweden ___--- ----- 
12 | 10 83 , 

Swiverland ._..__------------------
7 79 129 TT 68 

| Total? 
er 221 T160 178 

“ 
. 

. 

. 

Other European market economy countries: 
_ 

Finland _____---------------- 
6 4 «8 

Greece oo nnn nnn 
(4 a) a.) | 

Iceland Te 
3 4 2 

Spain ____-----
------- 

1 - (4) : 

Yugoslavia? ___-_~---------------- 777
-9 240 22 . 46 

Total? ___.._--------------- 
| 340 30 51 | 

European centrally planned economy countries:® . . . Se 

Bulgaria a 
134 149 _ 6T 

Czechoslovakia ___-----
---------- 

243 ©2076 °276 

German Democratic Republic ~~ --------------- 777707707 
a a (*) ., NA 

Hungary ___-------
---------- 7 

34 Al . 3 

Poland ___----------- - - 
313 101 1 

USSR _2 nnn enn 1,256 2,025 52,412 

en 
1,981 2592. «2,884. 

Latin America: 
, = 

Mexico? ___-_------
------ - <r 

3 1. - 2 

Other ____-— ~~ - - - - -$ - - 2 rr 
TH, rey #11 

: Total? ______-------
------ Ty "12 13 “ 

Other countries: 
Australia® ____--_-----~--

---------- 977 687 696 "694 

Canada® _______---
--------+ --- 

463 “1,248 847 ° 

India® _______-- -- ---- -- -- - = - 
1389 116 “110 

Japan® _____ =. ---------- === 
105 224 233 

Korea, Republic of§ _____------------------- 70
777777 (4) Al 1 

Malaysia ___--------
~--------- 7 

4 18 12 

Morocco __--—- - - -$ $$ 
__ T55 21 

New Zealand ___~_~--~--
-----~------ 7 eg A | ey 

Singapore’ _____ ---_~---~--------
-- 7-0 2 A} 8 

South Africa, Republic of? ___~-~----------------77777 
7 a 3 

Taiwan Be ee 
39 69 40 

United States® ___.-------------------- 7-0
07 10,584 8,949 6,175 

Total? __..-------------------
-- 11,982 711,408 _ 8,145 

Grand total? _____-----------
--------- 77777772 22,504 23,291 20,349 

€Rstimate. "Revised. NA Not available. 

1U{nless otherwise noted, source is United Nations Economic Commission for Europe. Annual Bulletin of Steel 

Statistics for Europe, v. 5, 1977, New York, 1978, 91 pp. 

2Total of listed figures. 

3¥ollowing United Nations’ practice, Yugoslavia has been included with other market economy nations of Europe. 

‘Less than 1/2 unit. 
| 

5Source: Official trade returns of subject country. 

Partial figure; compiled from export statistics of selected trading partner countries. 

7Source: United Kingdom Iron and Steel Statistics Bureau. International Steel Statistics, South Africa, 1975, 1976 and 

1977. London 1976, 1977 and 1978, respectively.
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Table 17 .—Iron and steel scrap imports by selected countries! 
(Thousand short tons) | . . | 

ss : | a 1975 1976 1977 | 
| _ European Economic Community: 

a . oe __. Belgium-Luxembourg ~~ ---- 
RUD. _ 646 - 543 Denmark _______ 

re 3 , 8 14 France wo a 
305. 802 316 _ Germany, Federal Republic of moe ee Le 1,896. 1,703 . 1,569 Ireland wane 
4 oe oe 2. —_ Italy _—_____ 

rt 5,967. 6,914 . 6,421 _ Netherlands ee 17% WT 126 _ United Kingdom erate teeta n 97 765 - - 110 
Total? a2 ~ 7 =~ = eee 

— - 9,227 10,516 9,101 
European Free Trade Association: . . 

os J ne . Austria Wr nae eee 
387 50 - 88 a 

oe Norway __ 
rr oo GOB - 20 a Portugal Woe oe  -e 

4d 32 - . 105: ' Sweden ______ rr ‘878 "151 - 36 | * Switzerland sole eetaeieit ated 
107 37 . 63 

Total? aoe ee 
584. 348, . , 312 

Other European market economy countries: 
- o Finland --__- = 

05 60 - 69 - Greece Waco t ttre rene nnn ne n-ne eee 108 88 110 : Spain War ee 
2,399 = 2.930 . 2,197 . ‘- Yugoslavia? woe n-n eee 

381. —«BTT 451 
Total? Siena 

2,993 ¥3,455 2,827 
so European centrally planned economy countries:3 . | Bulgaria TT rrr a 

153. 136 105 
| Czechoslovakia Wee aw 

434. 434 . ©33 German Democratic Republic - 7-3 ------- +--+ - 384 596 COG 
7 “so HA a a 

-jJ. Poland ~~~ ~~7~~7777277777272777-----7-------- 2 52 37 
| Total? Wee ne ne 

574 ™828 788 
Latin America: - . a 7 - a Argentina leet ieee 5352 5 T79 ~ ©1120 . . Brazile -__ 

| 20 — &.  *1 | Chile® 
- 10 97 17 Cuba ----- 2-8 461 6G °66 - . Mexico® wn eee eee 

1,283 517 389 : “f _. Peru mH 
69 T24 _- Venezuela anata a eee 562 66 66 

Total? eater 
¥1,857 *829 659 2 

. . 

RR 
_ Other countries: 

. Canada —__-___ 
1,024 907 5644 China, People’s Republic of _...________________. 7.27 4019 459 €110 _ + Egypt Wott toa een 
NA 441 °55 India wo tte 
22 €13 17 . Indonesia __________ 

. 18 32 52 fran ~~ ____ 
rrr 5g “11 “11 Japan —_—-- ~~ 

3,409 1,986 1,587 Hong Kong*® Tog r ae 
62 120 45 Korea, Republic of®_____________ 930 1,206 1,782 Malaysia® late eiartiec a 
7 3 3 Morocco® ______- 

(8) (8) (8) | Philippines® ________ 
67 117 68 _ Singapore® ~ a> - =~ 5+ 

106 61 2 CO: South Africa, Republic of® ~- ~~ 
20 37 33 Taiwan Boe oe 

5389 5327 &353 Thailand® neha ee 
294 304 “489 Turkey ~~ -2- ~~~ ~~ 
594 5 960 £0909 United States® eleeieteiiienierientededete 305 507 625 ee 

Total? women oe 
"6,974 75,984 6,069 —_—_— COO TT OTETOEHEF Eel Grand total? ~ oe es 722,209 *21,960 19,751 

“Estimate. ‘Revised. NA Not available. 
1Unless otherwise noted, source is United Nations Economic Commission for Europe. Annual Bulletin of Steel Statistics for Europe. V. 5, 1977 , New York, 1978, 91 pp. It should be noted that among major steel producing nations, the U.S.S.R. and Romania do not import any substantial quantity of scrap. *Total of listed figures. 
*Following United Nations practice, Yugoslavia has been included with other market economy nations of Europe. *Partial figure; compiled from export statistics of selected trading partner countries. Source: Official trade returns of subject country. 
®Less than 500 tons.



Kyanit 1 Related Material: yanite and Related Materials 
By Michael J. Potter’ | | 

Kyanite, andalusite, and sillimanite are also produce significant quantities of these 
anhydrous aluminum silicate minerals that materials. | 7 | 

_ are alike in both composition and use pat- U.S. kyanite production in 1977 was 
terns and have the same chemical formula, _ slightly higher in tonnage and value than in 

| Al,O;°SiO2. Related materials include 1976. The amount of kyanite-group material 
synthetic mullite, dumortierite, and topaz, exported decreased compared with that of . 

_ also classified as aluminum silicates, 1976. The tonnage of imported material 
although the last two additionally contain continued tobesmall, = | 
substantial proportions of boron and fluo- Legislation and Government  Pro- | 
rine, respectively. All of these kyanite- grams.— The allowable depletion rates for 

| group substances can serve as raw mate- kyanite, established by the Tax Reform Act — 
rials for manufacturing special high- of 1969 and unchanged through 1977, were | 
performance refractories in the high- 22% for domestic production and 14% for 
alumina category, but there has been no foreign operations. | | 
record in recent years of significant utiliza- © On November 17, 197 7, the Federal Gov- 

| tion of either dumortierite or topaz for this ernment announced the offering of 2,816 
| _ purpose in the United States. tons of kyanite for sale on a sealed-bid basis. _ 

Although published statistics are not suf- On December 5, 1977, 150 tons of kyanite a 
ficiently complete to be wholly conclusive, it was sold to one company at a total sales | 
appears that the United States, India, and value of $41,250. The General Services Ad- 
the Republic of South Africa are theleading ministration was conducting bid openings 
world producers of kyanite-group minerals. for the sale of the kyanite on the fourth 
It can be presumed that the U.S.S.R. and Tuesday of each month. | 
perhaps a few other industrialized nations | | | 7 

, . _ DOMESTIC PRODUCTION 

Kyanite was produced in the United proprietary data. 
States in 1977 at three open pit mines, two Synthetic mullite production showed a 
in Virginia and one in Georgia. Kyanite slight decrease in both tonnage and value 

| _ Mining Corp. operated the Willis Mountain compared with the 1976 figures, and output 
mine in Buckingham County, Va., and the was largely of the high-temperature sin- 

: Baker Mountain mine in adjoining Prince _ tered variety. The four producers of this 
Edward County, Va. C-E Minerals, Inc., material were A. P. Green Refractories Co. 
operated the Graves Mountain mine in at Philadelphia, Pa.; C-E Minerals, Inc., at 
Lincoln County, Ga. Americus, Ga.; Harbison-Walker Refracto- 

Domestic kyanite output in 1977 was ries Co. at Eufala, Ala.; and Taylor Re- 
slightly higher in tonnage and valuethanin _fractories Division, NL Industries, Inc., at 
1976. Kyanite production statistics for 1977 Greenup, Ky. Electric-furnace-fused mullite 
(as well as for all previous years since 1949) was produced by The Carborundum Co. at 
are withheld to avoid disclosing company N iagara Falls, N.Y. | 

547
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| Table 1.—Synthetic mullite production in | | 

| the United States | 

Yea usr, value 
1973__.__------ "58,180 ‘$5,211,000 

: 1974 _______----- 41,510 - 5,895,000 

. 1975 ___.__----- T24,150 — 3,350,000 | oe 

SO 4976 ee 42,230 5,453,000 | | 

1977 _____--_--- | 40,280 5,283,000 | 
Sane 

a 

"Revised. . 

| | _—s CONSUMPTION AND USES » | 

| Conforming to established end use pat- mineral was used mostly in monolithic | 

: terns, kyanite and related materials were refractory applications such as for high- 

consumed in 1977 mostly in the manu- temperature mortars or cements, ramming 

facture of high-alumina or mullite-class re- “mixes, and castable refractories, or with a 

, fractories and in lesser quantities as ingre- clays and other ingredients in refractory | 

dients in some ceramic compositions. Do- compositions for making kiln furniture, in- 

mestic kyanite, already ground to minus 35 sulating brick, firebrick, and a wide variety 

mesh as required by the flotation process of other articles. More finely ground mate- 

used in its separation and recovery, was rial, minus 200 mesh, for example, was used 

marketed in the raw form or after heat in body mixes for sanitary porcelains, wall 

treatment; that is, as mullite, which was tile, precision-casting molds, and miscella- 

| sometimes further reduced in particle size neous special-purpose ceramics. / 

before use. In the 35- to 48-mesh range, the | . | : 

a | PRICES | 

Engineering and Mining Journal, Decem- The December 1977 issue of Industrial 

: ber 1977, listed prices for kyanite, f.o.b. Minerals (London) quoted kyanite-group | 

Georgia, ranging from $63 to $106 per short price ranges approximately equivalent to 

ton for bulk shipments and $9 more per ton the following (converted from pounds ster- 

for bagged material. . ling per metric ton to dollars per short ton): 

| Price ranges quoted for kyanite-group | | 

materials in Ceramic Industry magazine, rho | 

January 1978, follow: | Pe 

ee 
Andalusite, Transvaal, c.if. main 146 

oR sor to Kyanite, Indian, fab =o TTIITT $109. 127 | 
. illimanite, Indian, natural, 

Andalite ——--------------- S080 bagged. fa 
Mullite, calcined ._____-_---__- 302-313 yanite, Indian, calcined, f.o.b. Calcutta _ 181 

Mullite, fused _______-_------- 160-450. OOOO 
er 

. 
” 

FOREIGN TRADE 

The quantity of kyanite-group materials tic mullite and materials that are in part | 

exported in 1977 showed a substantial mullite.) 

decrease compared with that of 1976 ex- The tonnage of imported material conti- 

ports. The greater part of the material nued to be small. Because of this, the 

currently being exported by the United Bureau of the Census is expected to stop 

States is probably mullite. (The Bureau of collecting data on kyanite imports as a 

the Census export figures, which are used in separate category. 

table 2, do not distinguish between synthe-
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Table 2.—U.S. exports and imports for consumption of kyanite and related minerals 

1975 1976 1977 
Quantity Quantity Quantity 

(short Value (short Value (short Value 
tons) tons) tons) 

Exports: 
Argentina ______________ 160 $14,926 325 $22,686 149 $30,330 

- Australia___________ 9,918 615,663 14,886 1,087,338 345 31,311 
Belgium-Luxembourg _______ 221 58,062 1,049 94,541 223 41,871 
Brazil _._._____________ 582 29,700 309 32,788 371 28,900 

: Canada ________________ 5,175 361,361 4,857 362,709 10,242 731,084 
Colombia _______________ 301 20,869 58 2,934 _- _ 
Denmark _______________ 134 11,919 __ __ __ __ 
France _.______________ 600 69,973 300 45,234 676 79,490 
Germany, Federal Republic of __ 65,487 3,582,084 14,181 1,011,056 4,351 499,491 
Haiti ~~ _-____~__________ _ __ _ _ 80 4,093 ) 
Hong Kong ______________ 48 7,262 __ __ 19 2,934 
Israe] _-_ $2 5 ee Le 200 11,255 _- a —_ _- 
Italy. 5 5 5 13,066 921,974 6,907 600,611 3,903  . 403,630 
Japan______.__________ | 30,666 _—1,796,826 5,406 428,012 5,323 391,737 
Mexico _______-~____-___ 3,045 318,374 4,130 391,763 3,256 287,030 
Netherlands __—§_§_-_________ 1,120 84,598 131 11,057 63 4,245 
New Zealand ________.___ 20 1,690 21 1,851 59 5,238 
Philippines _____________ 12 2,205 219 24,874 473 55,885 
South Africa, Republic of _____ 3 1,168 2 1,126 19 3,874 
Spain __-_______________ __ __ 21 1,735 42 3,480 
Sweden ________________ 5,755 385,925 3,028 261,251 2,186 210,376 
Taiwan ________________ 49 3,542 __ __ 88 2,335 
USSR 1,734 170,182 _ __ __ _ 

| United Kingdom __________ 11,110 739,346 6,940 509,519 5,993 503,448 
Venezuela ______________ 850 137,230 481 45,904 882 82,265 
Other _________________ 113 9,277 78 4,699 - 89 ~ = 18,882 

Total ________________ 150,369 9,355,411 63,329 4,941,688  «- 38,882 «= 3,416,929. 

Imports: . 
El Salvador _____________ — — _— — 1 495 
France _~___~__~_ =~ ~____ __ _- — — 2 1,183 
India _~_-___{~ _ 65 2,849 __ — — __ 
Mexico ________________ _- — 65 7,225 _- _- 
South Africa, Republic of ____ _ —_ — 45 _ 5,172 50 5,786 

‘Total —- 5 5 65 2,849 110 12,397 58 7,464 

WORLD REVIEW Oo 

Australia.—The only production of silli- Some activity was taking place at a lump 
manite was at Mount Crawford, South kyanite operation in Goias State, not far 
Australia. Most of the material being mined from the Federal capital of Brasilia. Re- 
was kaolinized sillimanite, with only acom- serves were estimated at around 2 million 

paratively small amount of sillimanite rock tons of pure lump kyanite averaging 60% 
being produced as a coproduct. In the AlOs and 10 million tons of a kyanite- 
Eneabba-Jurien Bay area of Western uartz rock with the kyanite content rang- 

Australia, some 25,000 tons per year of fine- len rom fe to 90%. poulders i the boil. 
grained kyanite was being thrown onto > vat © crashi emg t ti, en Up te. se pl 
tailings dumps. The kyanite is removed at a crushing station onsite, and lump 

; . . material was being transported to the ports 
from the zircon fraction of the mineral ; . 
sands. Although it might be recovered eco- of Santos and Rio de Janeiro for shipment. 
nomicall in the fu ef re. it is tH The operating company, Cianita-Serra das 

‘d oF to be an; 7 38 Presenlly Araras Ltda., is controlled by Finapa 
Re al tr td 1; nodaet Ly. € levanj Assessoria Commercial e Industrial Ltda. of 

razil.—Initial production of ky: anite be- S&o Paulo in conjunction with an Italian 
gan in mid-1977 at Andrelandia, in Minas company, Italmineraria S.p.A., which was 
Gerais State. Output was expected to be also providing technical assistance on the 
around 15,000 tons per year with an in- project. Methods were being investigated 
crease in production to around 30,000 tons for beneficiating the mixed kyanite-quartz 
per year by 1978.3 material.‘
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India.—Reserves of high-alumina lump — by Marico Minerals, had been operating at | 
kyanite at Lapso Buru were said to be quite about 75% ofits capacity of 40,000 tons per 7 
limited, and the Indian Government re- year in recent years. Plans call for increas- , 
portedly banned exports of kyanite con- ing the capacity to about 55,000 tons per 
taining more than 60% Al.O3. year by 1980. Hudson Mining Co. operated a 

| The Khasi sillimanite deposits in Assam large mine at Annesley, where production _ 
. were Originally mined by Assam Sillimanite capacity was 44,000 tons per year, although 

Ltd. but were later taken over by the actual output had been running at 75% of 
| Government. In recent years, supplies of capacity. During 1977 the ‘company was 

the lump material had fallen off. consid- planning to increase the capacity to 50,000 
erably, but production seemed to be under- tons. per year, with further increases by 
way again, although the reserve situation 1980 and 1985. At Hudson Mining’s other | 
was difficult to assess. During the monsoon mine it was planned to iricrease production 
periods, it is almost impossible to get mate-__ to 6,600 tons per year in ‘1977, followed by | 
rial to the ports. 7 oo | an increase to 11,000 tons per year by 1980 

Maharashtra State also possesses some and 15,000 tons per year by. 1985. The mine 
high-grade massive kyanite deposits. Mate- owned by Hoogenoog Andalusite (Pty.) Ltd. 
rial is quarried by hand picking and sorting, has been in operation only since March 
as it is at the other deposits. Reserves are 1976, The production capacity of 12,000 tons 
difficult to assess. . per year was to be increased to 22,000 tons 

| _ Apart from the high-grade material, In- per year, with most of the output destined 
dia has large reserves of lower grade quartz- for Japan ‘and Australia.* Cullinan Min- 
kyanite schists and sillimanite schists, and erals was in the process.of opening up a 
research was underway to find ways of large andalusite deposit at Klipfontein in 
beneficiating these.5 a, - eastern Transvaal. Plant construction | 

| South Africa, Republic of.—Andalusite started in June 1976; initial capacity was to 
occurs in three main areas, all in Transvaal be around 20,000 tons per year; rising to 
Province: Groot Marico/Zeerust, northern 40,000 tons per year in the following years.’ 
Lydenburg, and Thabazimbi. Reserves are Two grades (both containing: less than 1% 
very large. . Fe,0O3;) weré to be produced: A standard 

One of the three producers in the Groot grade with, over 54% Al.O; for local con-: 
Marico area, Exandula (Pty.) Ltd., which is sumption; and a premium grade with over 
owned by Cullinan Minerals (Pty.) Ltd., was 58% Al:O; for the export market. __ 
producing about 13,000 tons per year. The In the Thabazimi atea, Weedons Minerals 
firm was planning to increase capacity to was hoping to open its first andalusite mine. _ 

_ 22,000 tons per year to meet increased local Target production was put at 22,000 tons 
demand. Another mine, owned by Export per year of high-grade material, with an 
Minerals (Pty.) Ltd., was producing from unysually,low iron content for South Afri- 
2,700 to 10,600 tons per year. In spite of can andalusite. 
excess capacity, plans were underway to Sillimanite production amounted to 
increase production capacity to 17,600 tons 28,000 tons in 1976. There were only two 

, per year in 1977. The andalusite, with an operating mines. Reserves are limited and 
alumina content of 56% and less than 1% will only last until 1982 unless new deposits 
Fe.O; in the concentrate, meets require- are found.® 
ments for refractory producers in the Uni- Spain.—Production of kyanite has been 

ted Kingdom and Japan. around 6,600 tons in recent years. Total 
In the Lydenburg district there were four reserves were estimated at about 3 million 

established andalusite mines, and a fifth tons. Mining of kyanite was to be expanded 
_Wwas expected to come into operation in mid- to 20,000 tons per year late in 1977, and a 
1977. One of the established mines, owned _ new plant was to be installed.
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- Table 3.—Kyanite, sillimanite and related materials: World production, by country! 

a | (Short tons) . : 7 

- ~° Country and commodity” 1975 1976 1977" 

Australia: Sillimanite? ___________________________------- 648 625 1,098 
Brazil: Kyanite _..._.._._-_-______________-__ eee _ 254 282 €290 
France: Kyanite and andalusite® ______________._.~_--.--- ~~~ 11,000 11,000 11,000 
ndia: so . 

| Kyanite__________________________ eee "5,721 58,276 47,214 
Sillimanite _. 2 9.222 ~~ Lee 79,125 16,379 _ 16,418 

Korea, Republic of: Andalusite _____§________________ ~~~ -- i117 573 127 
South Africa, Republic of: 

Andalusite ___________ ~~~ LL 85,042 85,389 124,645 
Sillimanite _. ~~~ Le 18,641 28,366 17,036 

Spain: Andalusite __________________________ Le 5,558 6,600 “6,600 
United States: - 0 

Kyanite_____________________ ee WwW -W “WwW . 
| Synthetic mullite _. ~~~ -_-_-____________e eee 24,1500 742,230 _ 40,280 

Estimate. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. | 
- Owing to incomplete reporting, the table has not been totaled. . 

2In addition to the countries listed, a number of other countries presumably produced kyanite and related minerals, 
but output data are not reported and no basis is available for estimates of output levels.. __ a ; | 

3In addition, sillimanite clay (also called kaolinized sillimanite) is produced, but output is not reported quantitatively, 
and available information is inadequate for the formulation of reliable estimates of output levels. . 

| TECHNOLOGY | 

A patent was granted for extracting alu- dense polycrystalline mullitic material. Pre- 
mina from kyanite, aluminous clay, low- vious materials invariably contained a glass 
grade bauxite, or like material. The source phase, formed during mullitization, which 
material is slurried in concentrated sulfuric adversely affected strength and creep val- 
acid, heated to form a hard, anhydrous _ ues. | . 

- mass containing aluminum sulfate and sili: ——————— oo an 
ca, decomposed in the presence of a carbo- =Physical scientist, Division of Nonmetallic Minerals. 

° ° Industria inerals (London). Sillimanite Minerals- 
naceous reductant at 700 C to 800 C to form Synthetics Encroaching on Markets. No. 117, June 1977, p. 
an alkali-soluble alumina, and subjected to 50, 58 of work cited in f ‘ te 

. + 10 age 53 of work cited in footnote2. .__ 
alkali leaching ° - - . *Industrial Minerals (London). World of Minerals (Goias 
‘The high strength potential of single- Kyanite). No. 121, October 1977, p.11. 

: . . Pages 47-48 of work cited in footnote 2. oe 
phase mullite under compressive stress- 52005 49-45 of work cited in footnote2, 
strain and creep testing conditions at 1,400 7Manos, A. Industrial Minerals of South Africa. Indus- 
and 1,500°C was investigated."! Although trial Minerals (London). No. 122, November 1977, p. 25. 
th t h rti f hi 8Pages 45-46 of work cited in footnote 2. 
es rength properties or mu ite-con- *Page 50 of work cited in footnote 2. an 

taining fire clay refractories have been P oe owenstein, H. M: and A. M. Lowenstein. Alumina 
° ° . tas roduction. Canadian Pat. 1,017,578, Sept. 20, . studied extensively, studies on mullite itself UDokko, P. C., J. A. Pask, and K. S. Mazdiyasni. High 

have been limited. This work was made Temperature Mechanical Properties of Mullite Under 

possible by recently developed techniques of {omprgmion. Ji fim: Ceram. Soc., v. 60, No. 34, March- 
- hot-pressing mullite powders to form a 

4





a Lead 
By J. Patrick Ryan, John M. Hague,’ and John A. Rathjen? 

World mine production of lead in concen- grams.—On October 7 the General Services | 
trates increased about 2% in 1977, to 3.8 Administration (GSA) reaffirmed the stock- 
million tons. Primary metal production pile goal of 865,000 tons for lead established 
from world smelters and refineries increas- in 1976. 
ed slightly to 3.85 million tons, 0.9% more On December 14 the Environmental Pro- 

, 7 than in 1976. World metal consumption tection Agency (EPA), in response to a court 
increased 4% in 1977, to almost 4.9 million order, published its proposed national am- 

| tons. World producer stocks outside central- bient air quality standard for lead of 1.5 
ly planned economy countries declined. micrograms of lead per cubic meter of air, 
Consumer stocks rose moderately during based on a monthly average. Following : 
the year in Europe and the United States, promulgation of the standard, States will be 

_ but were virtually unchanged in Japan and required to develop implementation plans 
in London Metal Exchange (LME) ware- for EPA approval that demonstrate how the 
houses from a year earlier. standard will be attained by 1982. A public | 

The U.S. producer price of lead advanced hearing concerning the feasibility of achiev- 
from 26 cents to 31 cents per pound in the ing the proposed standard was scheduled to 
first quarter, increasing again in November be held on January 17, 1978; the final 
to 32 cents and in December to 33 cents per standard is to be promulgated by June 1978. 
pound. In terms of U.S. currency, the LME According to EPA, the standard is intended 

| monthly average cash price ranged from to establish a level of airborne lead that can | 
: 25.8 cents in January to a high of 31.9 cents be. regarded as consistent with protecting : 

| in March, then declined to about 25.0 cents the public health over a lifetime of expo- . 
in August, rising again to 31.1 cents in _ sure. 
December. In 1977, the U.S. producer price The Consumer Product Safety Commis- 
averaged 30.7 cents, 2.7 cents more than the sion (CPSC) promulgated regulations in 
average LME price. _ September that banned (1) paint and other 

U.S. mine output of recoverable lead surface coating materials containing more 
dropped 3% in 1977, to 592,491 tons, ac- than 0.06% lead, (2) toys and other articles 

counting for 16% of world mine production, intended for use by children that contain 
| approximately the same proportion as in paint or other similar surface coating mate- 

1976. Primary refinery output of lead, in- rial containing more than 0.06% lead, and 
cluding lead in antimonial lead, from do- (3) furniture coated with materials contain- 
mestic and foreign concentrates declined ing more than 0.06% lead. 
8% to 608,131 tons, largely reflecting cur- The International Lead and Zinc Study 
tailment of operations by labor strikes. Sec- Group (ILZSG) held its 21st session in Gene- 
ondary smelter production increased 15% va, Switzerland, September 8-16, 1977, to 
to 835,102 tons and accounted for 58% of review the current situation in lead and 
total U.S. production. zinc, the outlook for 1978, and long-term 

US. stocks of refined and antimonial lead lead and zinc trends. ILZSG provided esti- 
_ at primary plants dropped to 15,400 tons at mates of production and consumption in 

yearend, the lowest level since 1968. Con- market-economy countries and trade with 
sumer stocks of soft lead, lead in antimonial centrally planned economy countries, ex- 
lead, and lead in alloys increased 3% to cluding Yugoslavia, which reflected contin- 
132,189 tons at yearend. ued strong demand for lead in 1977-78. A 

Legislation and Government Pro- review of new mine and smelter projects 

| 553
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Wi i j h A ys zinc-lead d it i | showed that several mine projects have at the large Aggeneys zinc-lead deposit in | | 

1 ion including N i the Republic of South Africa w come into production including Navan in the Republic of Sou rica was ex 
. . ° e oe @ e e e t 1 19 8 0 3 , 

Ireland, Rubiales in Spain, and Nanisivik in _ to begin in the early Ss. 
Th iew al h ini | | Canada. The review also noted that mining , 
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Fi 1.—Trends in the lead ind in the Uni igure 1.—Trends in the lead industry in the United States.
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Table 1.—Salient lead statistics | | 
— ; (Short tons unless otherwise specified) | | 

| 1973 1974 1975 1976 1977 | 
United States: 

. Production: . - . Domestic ores, recoverable lead content ____ _ 603,024 663,870 621,464 609,546 592,491 Value ________--_-____ thousands... $196,465 $298,742 «$267,230 —« $281,613 $368.789 
Primary lead (refined): a 

From domestic ores and base bullion _____ 567,256 580,078 530,215 568,536. 536,449 From foreign ores and base bullion_______ 107,260 92,946 105,907 84,341 68,389 -  Antimonial lead (primary lead content) ____ _ - 13,223 9,867 2,125 4,642 3,293 ‘Secondary lead (lead content) ___________ 654,286 698,698 658,456 726,569 835,102. . _ Exports of lead materials excluding scrap _____ 66,576 61,982 21,256 5,877 9,845 Imports, general: — . 
Lead in ore and matte________________ 109,947 94,299  —- 87,560 76,365 73,340 : - Lead in base bullion ~-_§_-__=_=___ ti 4 — 831 — 462 2,834 8,068 | _ Lead in pigs, bars, and reclaimed scrap _____ 181,486 119,579 105,876 150,345 =. 268,042 | Stocks December 31 (lead content): 
At primary smelters ‘and refineries ________ 89,847 121,051 156,530 121,702 100,435 . At consumers and secondary smelters ______ 124,121 — 166,589 133,315 129,610 133,806 . Consumption of metal, primary and secondary __ 1,541,209 1,599,427 1,297,098 1,490,072 1,582,338 w Price: Common lead, average, cents per pound! _ _ 16.29 22.58 21.53 23.10 30.70 

“Production: | 
Mine ~—-----~---_-~------------- 3,843,723 3,762,489 3,788,287 8,677,118 3,758,805 Smelter? __________--_-____--___- 3,887,864 3,828,701 "3,633,088 —*3,810873 3,846,788 | _ Price: London, common lead, average, cents per . | pound ~~ ~~ -_---- el 19.47 26.83. 18.73 20.46 28.00 

"Revised. | | | | | | 
_ 1Quotation on a nationwide, delivered basis. . 2Primary metal production only. Includes secondary metal production where inseparably included in country total. 

a DOMESTIC PRODUCTION _ 

MINEPRODUCTION =—-_—S—‘ Tonnage of ore milled in 1977 totaled 1.61 = 
oy oo. million tons averaging 8.6% lead and 3.4% . 7 US. mine output o soo oT ee read zinc. Although the quantity of ore milled 

| | ber ane ? ti decline f ? the re q was about equal to that of 1976, concentrate | 
ura consecutive decline trom © recor ‘production was down 13% because of a —_ | high level of nearly 664,000 tons achieved in d . ae : , . : . ,  aecrease in grade of ore mined. Lead con- 1974. Monthly production ranged from a | a high of 56,800 tons in March to a low of centrate produced totaled 176,788 tons and 

41.900 tons in July when production was zinc concentrate production was 83,386 
. curtailed due to vacation furloughs. Pro- tons. Refined lead output was 60,894 tons. 

‘duction from Missouri mines decreased Ore Preserves declined 1.5 million tons to slightly to 500,255 tons and accounted for about 53.6 million tons at yearend. Average 
84% of the Nation’s total output of lead. grade of the reserves was 7% lead and 1.9% 
Production in Idaho, which provided 8% of . . oe | the total, was down 12% from the 1976 St. Joe Lead Co., a subsidiary of St. Joe 

level. Colorado’s lead production dropped Minerals Corp. the Nation’s largest lead- ; 14% largely due to curtailed operations at Producing company, operated five mines — : the Idarado and Leadville Unit (Resur- 2nd four mill complexes in southeast Mis- 
rection) mines. After rising in the 2 pre- Souri during the year and accounted for 
ceding years, Utah’s mine output of lead about 39% of the total domestic mine pro- dropped 34% in 1977, to a level near the 70- duction in 1977. The company reported that 
year low reached in 1974. The sharp falloff its mines produced 342,570 tons of lead _ 
in Utah’s production reflected curtailment concentrate yielding 228,780 tons of lead 
in output at the Ontario mine near Park metal in 1977, compared with 316,570 tons - City operated by The Anaconda Company, of concentrate and 222,480 tons of metal in 
because of the decline in the price of zinc, 1976. : 
and to lower output at Kennecott Copper  Hecla Mining Co. reported that its Lucky Corp.’s Burgin mine. Friday mine produced 182,412 tons of ore 
As in the preceding 6 years, the Buick assaying 14.73 ounces of silver per ton, 

mine, jointly owned by AMAX Lead Co. of 10.57% lead, and 1.38% zinc in 1977, com- Missouri and -Homestake Lead Co. was pared with 186,520 tons of ore assaying again the Nation’s leading lead producer. 14.41 ounces of silver per ton, 10.91% lead,
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and 1.47% zinc in 1976. About 19,000 tons of in antimonial lead from the five primary _ 

lead, 2.64 million ounces of silver, and 2,360 refineries in 1977 totaled 611,590 tons, 7% 

tons of zinc were contained in the concen- less than in 1976. About 88% of the total | 

trates produced, slightly less lead and zinc output was recovered from domestic ores 

- and about the same quantity of silver asin compared with 87% in 1976. Antimonial 
1976. Ore reserves at yearend were 510,000 lead production at primary refineries in- 

tons compared with 475,000 tons at yearend creased 12% to 17,557 tons. The average | | 

1976. Hecla also reported that production antimony content of the alloy increased 

7 from the Star-Morning mine, jointly owned from 10.8% to 11.9%. About 86% of the 
by Hecla (80%) and The Bunker Hill Co. total refined lead produced was corroding 
(70%), totaled 293,466 tons of ore, about 4% grade, the remaining production was in 
more than in 1976. Hecla’s share of the 1977 ¢Gommon, chemical, antimonial, and mis- 

production was 88,040 tons of ore assaying ¢e]]aneous grade metal. 
2.72 ounces of silver, 5.4% lead, and 6.2% St. Joe Lead Co.’s smelter-refinery at 

| zinc. Computed ore reserves were 967,000 tyacylaneum, Mo., continued to operate 

tons at the end of 1977, compared with 1.15 1.4, capacity during the year and produced _ 

million tons at. yearend 1976. cary of Gulf 228780 tons of lead and lead alloys, about 
e Bunker Hill Co., a subsidiary of Gull 307 more than in 1976. The near-record lead 

Resources & Chemicals Corp., reported that oduction reflected strong demand, parti- 

production from company-owned and con- P l ‘ts f batteri 8 > Parth 

trolled mines totaled 29,000 tons of lead, Th y B r " Tull lter-refi 

about 7,000 tons less than in 1976. The 403 100.000. , of lead im all for pry 
lower production resulted from a labor uce 000 tons of lead in all forms in 

strike that curtailed operations from May 1977, 7% less than in 1976. The smelter 
to September. The company also reported processed ore and concentrates from mines 

| that proven and probable ore reserves in ‘7 Seven States, and from Canada, Mexico, 

the Bunker Hill mine totaled 2.84 million @nd Peru. The lower production was attri- 
tons at yearend 1977, compared with 3.09 buted largely to the effects of a strike that 

million tons at the end of 1976. In addition, curtailed operations at the company s mine, 
the company’s 70% interest in proven and concentrator, and refinery. Completion in 

probable ore at the Star mine declined August of a tall stack at the smelter ena- 

72,000 tons to 631,000 tons at yearend 1977. _ bled the company to meet Federal air qual- 

In Colorado, Idarado Mining Co. mined ity standards and will permit the plant to 
‘and milled 301,000 tons of ore averaging operate near capacity levels in the future. 
2.22% lead, 3.89% zinc, 0.42% copper, 0.95' | ASARCO reported that its Omaha, Nebr., 

ounce of silver, and 0.035 ounce of gold per and Glover, Mo., refineries produced 

| ton compared with 361,000 tons averaging 158,300 tons of lead in 1977, 20% less than 

24% lead, 3.8% zinc, 0.5% copper, 1.37 in 1976. The falloff in production was large- 

ounces of silver, and 0.03 ounce of gold per _ly attributed to shutdowns because of labor 

ton in 1976. Ore reserves at yearend 1977 strikes at the El Paso, Tex., and East 

were 3.37 million tons, about 3% less than Helena, Mont., lead smelters which re- 

at yearend 1976. At the Leadville Unit stricted the supply of lead bullion to the 
mine, also known as the Resurrection mine, (Omaha lead refinery causing it to operate 

a joint venture of ASARCO Incorporated at reduced levels. Also, a strike at the 
and Newmont Mining Corp., 186,000 tons of Glover lead smelter-refinery that began on 
lead-zinc-silver ore was treated, 7% less September 1, 1976, and ended on June 1, 

than in 1976. The average grade of ore 1977, significantly reduced production. 
milled in 1977 was 4.6% lead, 8.1% zinc, 2.2 During the strike the plant was operated by 

ounces of silver, and 0.09 ounce of gold Per supervisory personnel. The company also 
2.2 ounces of silver and 0.06 ounce of gold reported that full production after the 

per ton in 1976. Ore reserves at yearend strike was’ delayed by major repairs and a 

1977 were estimated at 1.92 million tons heavy maintenance schedule that caused 
. . : further interruptions during the remainder 

averaging 5.01% lead, 10.11% zinc, 2.72 of the vear. The first phase of majo d 

ounces of silver, and 0.089 ounce of gold per ornivation an d nir-quality-con trol improve. 

ton, down slightly from a year ago. ments at the El] Paso copper and lead 

SMELTER AND REFINERY PRODUCTION Shade at nos nese and the second 
rogram was begun in . 

Output of primary refined lead and lead The modernization program includes a new
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baghouse to filter out solid particles, con- the form of refined lead metal, and the 
struction of an enclosed ore handling sys- remainder as antimonial lead and other 
tem to minimize dust from incoming ore _ lead alloy. 
shipments, a new sinter machine, and an | 
800-ton-per-day sulfuric acid plant using RAW MATERIAL SOURCES | 

sulfur dioxide liberated during the roasting Primary smelters and refineries process- 

of copper and lead ores. At the East Helena ed ores and concentrates from domestic 
lead smelter the 500-ton-per-day sulfuric mines yielding 539,160 tons of refined lead 
acid plant begun in 1976 was completed and and antimonial lead, 89% of the total pri- 
placed in operation. The new facility is mary refinery production. Refined and anti- 
expected to eliminate most sulfur dioxide monial lead recovered from imported con- 

emissions from the smelter. Modernization centrates smelted during the year totaled 

of an existing blast furnace was planned for 68,971 tons, 17,698 tons less than in 1976. 
1978. Lead recovered from lead scrap processed at 

The AMAX-Homestake smelter-refinery Primary plants increased to 3,459 tons, 
at Boss, Mo., treated 176,787 tons of lead argely contained in antimonial lead. 
concentrate from the Buick and Magmont Scrap materials consumed in 1977 totaled 

mines and produced 127,037 tons of refined 1,159,913 tons, 156,805 tons more than in 
lead, 5% less than in 1976. 1976. New scrap in the form of purchased 

Secondary smelter production from recy- drosses and residues from a variety of 

led terials j d 15% chi sources aggregated 192,244 tons, 41,123 tons 
cled materials Increase © reaching 4 more than in 1976. New scrap accounted for 
record of 835,102 tons in 1977, accounting 17% of the total scrap processed, compared 

for 58% of the total smelter and refinery with 15% in 1976. The remainder, old scrap, 
lead output. Approximately 108 secondary was largely battery plates with smaller 
plants were engaged in recovering lead and quantities of cable lead, soft and hard lead, 
lead alloys from processing scrap materials type metal, solder, and babbitt. A small 

during the year. Four plants closed during. quantity of reclaimed scrap totaling 6,769 . 
the year. | tons in 1977 was imported for processing in 

Approximately two-fifths of the total domestic plants. : | , 
secondary lead production was recovered in : | 

CONSUMPTION AND USES | 

Domestic consumption of lead in 1977 The 15% gain in lead requirements for 
increased to 1.58 million tons, 6% more battery grids and oxides was attributed 
than in 1976. On a monthly basis, consump-__ essentially to increased demand for automo- 
tion ranged from a high of 149,548 tons in tive replacement batteries due to severe 
March to a low of 108,060 tons in July, when winter conditions, and to increased require- 

some plant operations were curtailed by ments for original equipment batteries re- 
vacation furloughs. Lead consumption in  flecting an increase of 11% in production of 
the metal products category increased 9% automobiles and trucks in 1977 using bat- 
due almost entirely to battery requirements teries for starting, lighting and ignition 
which were up 15%, offsetting declines in (SLI). Approximately 69.3 million SLI bat- 
most other products. Lead used in ammuni-_ teries were produced in 1977, 7.2 million 
tion dropped 7% and sheet lead require- more than in 1976. Of the total battery 
ments were down 31%, but solder increased production, 54.6 million were replacement 
2%. and 14.7 million were original equipment. 

Lead used in pigments, principally red The unexpectedly small decline in the 
lead and litharge, was down 9% and lead quantity of lead used in antiknock com- 
used in gasoline antiknock compounds de- pounds in 1977 was attributed largely to the 
clined 3% from the 1976 level. Miscella- continued growth in gasoline production 
neous and other unclassified uses of lead and to waivers from the 0.8-gram-per-gallon 
combined increased 7%. According to type limit for 1978 granted to certain petroleum 
of material consumed, soft refined lead _ refiners. Regulations will require the re- 
represented 65% of the total consumption; duction of lead in gasoline to 0.5 gram per 
antimonial lead, 30%; lead in other alloys gallon by October 1, 1979. The gasoline pool 
and in copper-base scrap, 4% and 1%, average lead content in 1977 was approxi- 
respectively, of the total consumption. mately 1.5 grams per gallon, slightly less
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| than the averagein 1976. > . in the Chemical Marketing Reporter, in- _ , 
_ Lead used in battery manufacture creased from 31.75 cents per pound in | 
accounted for 60% of the total lead con- January to 35.75 cents per pound in Feb- __ | 

| sumption. Lead requirements for antiknock ruary; and in mid-October the price was _ 
- compounds’ represented 15% of the total; advanced to 40.5 cents, remaining unchang- 

| _ pigments, 6%; miscellaneous'and other un- ed to yearend. The quoted price of com- 
Sessified uses, 4%; and other metal pro- _mercial-grade litharge in carload lots at 
UCtS, 10%, works was increased from 30.25 cents per 

| The domestic supply of lead metal from pound at the beginning of the year to 33.25 
: - ate fon tmpite for comminertion ay din. cents in February and to 34 cents in March; 
= eee ee ee? , it remained unchanged at this level until — 

dustry so changes totaee ieadarr panes _ mid-October when the price. increased 3.75 | 

| ports. The apparent excess aupciy in 1977 cents to 37.75 cents, remaining firm until 
| wes abtributer ‘largely to unreported con- ate December when the price was increas- 

sumption, incomplete export data, and © to 38.75 cents per pound. The quoted 
| stock buildup, especially by small producers Price of basic carbonate white lead in car- 

_ and dealers that do not report to the Bureau load lots, following the general pattern of 
. of Mines. oo Oo price changes for pigments advanced from 7 
a ] oo oe | 38.5 cents per pound in January to 41 cents : 

| a LEAD PIGMENTS sw - in February. In mid-October the price was 
| | BE , advanced to 45 cents, remaining unchang | 

__._ Consumption of pig lead in the manu- to yearend. The price quotation on lead _ | __ facture of lead oxides and pigments totaled  gijicate followed the same pattern as for 
_ 564,971 tons, 9% more than in 1976. The jesq carbonate with increases from 24.2 : a quantity of lead used in making black oxide cents per pound in January to 47 cents in- Ft 

| increased 13% and accounted for 75% of the February, and to 52.5 cents in October | 
, total lead in pigments. Lead used in litharge “ ‘Fy ry ‘Trade.Imports for congur a 

production was down 1% and accounted for ,,~ °TClSM ‘rade.—-!mports lor consump- 
| 22% of the total, and lead used in pro- tion of lead pigments and compo unds in- | | duction of red lead. increased 2% and creased 25% in quantity and 56% in value 

accounted for 3% of the total lead used in COmpared with those in 1976. Receipts of, a the manufacture of oxides and pigments. litharge, which comprised 78% of the total | | 

Most of the black oxide and part of the red 'mports, were up 27% over last year. Im- 
| lead and litharge went to battery manu- Ports of chrome yellow and red lead, togeth- 

facturers. Litharge shipments for use inthe er comprising about 18% of the total im- 
| ceramics industry were 29,940 tons and ports, were 14% more than in 1976. Lit- | 

accounted for 24% of the total litharge harge and red lead imports came from | 
- shipments. - __ Mexico, whereas most of the chrome yellow 

Prices.—The price of red lead (Pb;O,), came from Canada. 
98% in carload lots at works, as published __ 

| STOCKS | 

Inventories of refined and antimonial lead, lead in alloys, and copper-base scrap at 
lead at primary refineries declined steadily producer and consumer plants totaled 
during the first 9 months, from 43,716 tons 133,806 tons at yearend. Stocks of new and 
at the beginning of the year to 11,100 tons old scrap at secondary smelters at yearend 
at the end of September, then trended totaled 112,533 tons, up from 101,670 tons at 
upward to 15,420 tons at yearend, the low-__ the end of 1976. 
-est level of producer stocks in more than 25 Lead stocks in LME warehouses fluctu- 
years. Stocks of lead in base bullion declin- ated during the year in a range between 
ed 12% to 5,856 tons, but stocks of lead in 75,900 tons and 68,400 tons, and were 69,400 
ore ane) matte increased 7 7 to 79,159 tons. _ tons at yearend, about 3,000 tons less than a 

tocks of refined lead, lead in antimonial _ year earlier. 

PRICES 

The U.S. producer price for common- and Week on a nationwide delivered basis was 
corroding-grade pig lead reported by Metals at a split price of 25.5 to 26 cents per pound
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in the first few days of 1977, but on January The cash bid price for lead on the LME in | 

_ +... 5, ASARCO raised its price from 25.5 cents terms of U.S. currency was 22.8 cents per — 

oo to 26.5 cents. Other producers followed the pound at the beginning of the year, androse 

| move to 26.5 cents. ASARCO raised its price steadily to 33.5 cents in early March, a price _ 

. again on January 20 to 28 cents and other temporarily above the U.S. producer price. 

| producers followed quickly. On January 31, The “LME price retreated somewhat in- 

Bunker Hill raised its price to 29 cents and March and April but remained only 1 or 2 

—— other producers went to the same price over cents below the U.S. price, a range that | 

a period of several days. On February 28,St. would discourage the movement of Eu- 

- Joe raised its price to 31 cents and other ropean metal to the U.S. market. In June 

primary and secondary producers followed the LME price dropped to the 1977 low of 

on March 1. The price remained at 31 cents 23.8 cents and stayed in the 24- to 27-cent 

until October 31, when St. Joe increased:its range through July, August, and Septem- 

price to 82 cents and was followed by NL ber. In October the LME price climbed to 28 

, Industries, Inc., Bunker Hill, AMAX, cents, in November to 29 cents, and by 

ASARCO, Homestake, and later by other December had reached 31 cents, approxi- 

producers. On December 5, ASARCO and mately 2 cents below the USS. producer : 

Cominco Ltd., lifted the quoted price to 33 price at that time. The average 1977 LME : 

cents per pound and subsequent increases price for lead was 28 cents per pound. ~ 
_ by other producers made that price in- — During the last 2 months of .1977, lead 

| | dustrywide within a few days. The price brought a higher price per pound than zinc, 

— remained at the record high level through reversing the relationship that had existed | 

the end of the year. The average price for for the last 6 years. oo : , | 

the year was 30.7 cents per pound. ss =| : Oo Ce oe : 

| FOREIGN TRADE | | | | 

Exports of lead metal, lead alloys, and bars, and 6,769 tons in scrap, shows a slight — : 

lead scrap in 1977 grew to 95,256 tons, decrease in ores but substantial increases in 
almost double those of 1976. Scrap exports, each metal category when compared with | 
at 85,411 tons, was the major component of similar imports in 1976. Imports for con- : 
this growth, with Canada receiving 31% sumption were comprised of 97,862 tons in | 

: and the Federal Republic of Germany:14%. | ores and concentrates, 8,068 tons in bullion, 
Of the total wrought and unwrought lead 253,608 tons in pigs and bars, and 3,884 tons a 

and lead alloys exported, Canada, the Unit- in scrap. The principal source countries for 
ed Kingdom, and Belgium accounted for general imports of concentrates were Hon- — 
63%. Exports of lead and zinc ores and duras, Australia, Canada, and Peru. The 
concentrates were not reported separately principal sources for lead metal were Cana- 

 . in 1977, but the total gross weight of un- da, Mexico, Peru, the Federal Republic of 
_ differentiated shipments was 128,056 tons Germany, and Australia. — | 

valued at $28.8 million, with 39% going to. Basic tariff rates continued through 1977 
Brazil and 26% to Belgium. : - at-0.75 cent per pound on ore and concen- : 

General imports of lead were 349,450 tons trate and 1.0625 cents per pound on bullion, 
(lead content), an increase of 538% over metal, and dross for favored nations, and at 
those of. 1976. The breakdown of this total, 2.125 cents per pound statutory for other | 
73,340 tons in ores and concentrates, 8,068 nations. | 

tons in bullion, 261,273 tons in pigs and . 

| WORLD REVIEW 

World mine production of lead in 1977 was 2.64 million tons, almost the same as in 
increased by 2% to 3.76 million tons and 1976. The mine production of lead in cen- 
primary refined metal production increased trally planned economy countries was esti- 
1% to 3.85 million tons. : mated to be about 1.18 million tons, not 

The market economy countries mined much changed from the previous year. 
2.58 million tons of lead, a 3% increase over Smelter production of primary refined lead 
production in 1976. Refined primary lead was up 3% at 1.21 million tons. 
production in market economy countries The United States was the leading pro-
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ducer of primary refined lead, followed by Bolivian mines have been exporting lead 
the U.S.S.R., Australia, Japan, and Canada, concentrates during the last 6 years at an 

| all of which produced over 200,000 tons, and average rate of about 20,000 tons of lead per 
‘France, Mexico, Yugoslavia, Bulgaria, the year. The total production of concentrates | 
Federal Republic of Germany, Belgium, and for export by COMIBOL, medium mines, . 
the People’s Republic of China, all of which and small mines in 1977 was about 21,000 

7 produced over 100,000 tons. tons, presumably containing 13,000 tons of 
| World consumption of refined lead in lead. 

1977 was reported by the World Bureau of Brazil.—Three new smelter projects were 
Metal Statistics as 4.9 million tons, a 4% underway or planned, one by Companhia 
increase over 1976. consumption. For the Brasileira de Chumbo (Cobrac) to increase : 
most part, this total excluded remelted pig capacity from 35,000 to 50,000 tons per year; 
lead and remelted antimonial lead. If all a new secondary plant for Tonolli, Inc., of 
secondary metal consumption were includ- 44,000 tons per year; and a third project 
ed, the world total would be at least 0.7 sponsored by the State Government and 
million tons greater. The United States private owners involving a mine and plant 
consumed 22% and the U.S.S.R. consumed in Morro Agudo with a proposed capacity of 
about 14% of the total, excluding secondary. 12,000 tons per year. 

Australia.—Mine production of lead was Canada.—Mine production of lead in ores 
9% greater than in the previous year and and concentrates recovered from the low 
reaffirmed Australia’s rank as third among level of 1976. The production of primary 
lead producing nations. A part of this pro- refined lead was 206,636 tons, a 7% increase 
duction was exported as concentrates, part over the output in 1976. Recovery of sec- 

| was smelted to bullion and refined else- ondary lead was estimated to be 42,000 tons 
where, and part was produced as refined and total consumption of primary and sec- 7 
lead. : ondary lead was about 110,000 tons. Hence, | 

M.I.M. Holdings Ltd. (Mount Isa Mines), a large excess of both concentrate and metal 
produced 170,600 tons of lead (content) in production was available for export. Of 
the fiscal year ending June 30, 1977. Lead 151,600 tons of lead in concentrates export- 

bullion produced at Mount Isa was exported ed, 13% went to the United States and 63% 
| to the United Kingdom for refining by a_ toJapan. 

subsidiary, Britannia Lead Co. Ltd. Although demand for lead was better 

The Broken Hill mines, controlled by than in previous years, many Canadian | 
Conzinc Riotinto of Australia Ltd., produced mines which produced lead as a byproduct 
176,400 tons of lead in concentrates, acom- of zinc or copper curtailed production as 

pany record. Sulphide Corporation Pty. these latter two metals were in a depressed 
Ltd., produced 215,000 tons of refined lead. market situation. Mines were producing 

E-Z Industries Ltd., produced lead concen- _lead in eight provinces and territories, 28% 
trates containing about 10,000 tons of lead of the total came from British Columbia, 

from the West Coast Mines operations in 24% from Yukon Territory, 22% from New 
Tasmania. Brunswick, 20% from the Northwest Terri- 

The Woodlawn project in New South tories, and the balance from Ontario, New- 
_ Wales, shared by Australian Mining & foundland, Manitoba, and Quebec. Four 

Smelting Ltd., St. Joe Minerals Corp., and leading producing mines were closed in 
Phelps Dodge Corp., was under construction 1977: Nigadoo River mine in New Bruns- 
and scheduled for completion in 1978. The wick, Cupre and D’Estrie mines of Sullivan 

, plant was designed to treat 3,000 tons of ore Mining Co. in Quebec, and Ruth Vermont 
per day producing zinc, copper, and lead_ mine in British Columbia. Six new mining 
and silver concentrates. projects were under development early in 

Bolivia.—The Bolivian Government com- 1977 with production originally scheduled 
panies Empresa Nacional de Fundiciones to begin or increase in the 1978 to 1982 
(ENAF) and Corporacién Minera de Bolivia period. The scheduled expansion at the 
(COMIBOL), early in 1977 asked for bids for Brunswick No. 12 mine in New Brunswick 
the construction of a lead smelter near was delayed, the Lyon Lake mine in Ontar- 
Potosi. The new plant will use the Kivcet io was placed on a care and maintenance 
process and could begin production in 1980 basis awaiting more favorable market con- 
with a capacity of 24,000 tons of lead an- ditions, the Grum deposit near Faro, Yukon 
nually. The estimated cost was $130 million. Territory was the subject of an evaluation
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and financing program in 1977, the Ho- should produce 46,000 tons of lead (content) 
ward's Pass prospect of Placer Development annually. Ore reserves at the end of 1977 : 
Ltd., in the Yukon Territory was being were given as 67 million tons (undiluted), 
developed with an underground testing pro- assaying 11% zinc and 2.4% lead. 

_ gram scheduled for 1978, the Gays River At the Tynagh mine, County Galway, | 
deposit in Nova Scotia was scheduled for 616,400 tons of ore was mined yielding | 
production late in 1978 by Exxon Corp. that 25,053 tons of lead concentrate, 27,491 tons 
acquired complete control of the project of zinc concentrate, 5,309 tons of bulk con- 
early in 1977, and the Polaris mine of Arvik centrate, and 1,648 tons of copper concen- 
Mines (75% owned by Cominco) was held in trate. The relatively low European prices 
standby condition pending negotiations for zinc and lead in 1977, and a reduction of 
with the Federal Government. the quantity of zinc concentrates accepted 

Major mine producing units were Bruns- by European smelters, led to a study on the 
wick Mining and Smelting Corp. Ltd.’s, viability of the Tynagh mine. The indication 
Bathurst mines, with about 69,400 tons of was that if conditions did not improve, : 
lead in concentrates, and Cyprus Anvil’s operations at the mine probably would not | 

_ Faro mine, with 74,000 tons. Pine Point continue beyond the end of 1979. 
Mines, Ltd., produced 85,000 tons of lead Japan.—Production of primary refined 
concentrate and Cominco’s mine produced _lead increased by 1% during 1977 to a total 
118,000 tons. | of 244,049 short tons, and an _additional 

The two Canadian smelters producing 62,276 tons of secondary lead was produced. 
refined lead in 1977 were the Cominco plant Over 60,000 tons of lead came from domestic | 
at Trail, British Columbia, with 150,000 mines and the balance of primary pro- 
tons of production, and the Brunswick Min- duction was from imported concentrates 

_ ing and Smelting Corp., Ltd. Imperial from Canada, Peru, Australia, the Republic 
| smelting furnace at Belledune, New Bruns- of Korea, and the United States. Metal 

wick, with 56,000 tons of production. imports were 31,000 tons, about half from 
Greece.—The mines at Laurium of the North Korea, and exports were 9,100 tons. 

Compagnie Francaise des Mines de Lau- Consumption of refined lead was 271,000 
rium were closed after 100 years of oper- tons, of which 40% was used for storage 
ation. The Kassandra mines were closed by _ batteries. : 
a 7-month strike in 1977. In October 1977, the Japanese Metal 

_-Treland.—The mine at Silvermines in Mining Agency announced that a new lead- 
County Tipperary, operated by Mogul of zinc deposit had been discovered near _ | 
Ireland Ltd., produced concentrates con- Jozankei in western Hokkaido, near a mine 
taining 15,115 tons of lead and 58,788 tons operated by Tohoya Mining Co. Drilling 
of zinc. Ore reserves at the end of the year yielded samples assaying 20% combined , 
were reported to be 5.1 million tons, assay- lead and zinc over thicknesses on the order 
ing 2.71% lead and 5.38% zinc. Kerr Addi- of 40 feet, and exploratory work was to be 

- son Mines Ltd., has a 75% interest in the continued in 1978 to determine the extent of 
Mogul mine. ' the deposit. No immediate increase was 

Tara Mines Ltd. at Navan, County expected in Japanese production of lead and 
Meath, started its concentrator in June, zinc ore as Tohoya would probably use the 
almost 7 years after the discovery of the new deposit, if it is developed, to maintain 
deposit. Although mining was hampered by production at its existing nearby mine 
work stoppage in the fourth quarter and plant. 
concentrate shipments were hindered by Mexico.—Industrial Minera Mexico, S.A. 
picketing at the port site, the company (IMM), continued expansion of the Santa 
treated 789,700 tons of ore grading 9.9% Barbara mine and began modernization of 
zinc and 2% lead, with more than half the lead smelter in Chihuahua. During 1977 
coming from a_ stockpile accumulated it produced 107 ,200 tons of refined lead plus during development. The concentrates pro- the lead content in concentrates sold. The duced totaled 145,800 tons containing 10,700 company reported 52,400 tons of lead from 
tons of lead and 71,200 tons of zinc. During IMM mines and 86,900 tons of refined lead the second half of 1977, 16,000 tons of lead from the smelter and refinery. 
concentrates and 90,300 tons of zinc concen- Met-Mex Pefnoles, S.A., completed the trates were shipped to European smelters. transfer of some of its lead refining oper- When the mine is fully operational, Tara ations from Monterrey to Torreon. Lead
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production in 1977 was 138,400 short tons, tions in 1976. Consumption was estimated 7 | 

an increase of 23% over 1976 production. to be 670,000 tons of refined pig lead and | 

‘South Africa, Republic of.—The three lead content of antimonial lead. _ 

ore deposits discovered by Phelps Dodge at _. Yugoslavia.—During 1977 about 18 lead- | | 

Aggeneys will be developed by Gold Fields zinc mines and 14 flotation plants were 

of South Africa Ltd., and Phelps Dodge. operating in Yugoslavia. Two lead smelters, — | 

| They are known as Black Mountain, Broken one at Zvecan, and one Imperial smelting 

Hill, and Big Syncline. The first to be furnace at Titov Veles, contributed to lead 

developed is expected to be Broken Hill, production. | ee 

which was reported to have an ore reserve Rudarsko Metalurski Kombinat Trepca 

of 38 million tons averaging 6.35% lead, was the largest lead producer, processing | 

| 2.87% zinc, 0.45% copper, and 2.6 ounces of concentrate from the Trepca mines at the | 

silver per ton. — | | -Zvecan refinery. The company was devel- — 

Production at Broken Hill is expected to oping additional mine levels ‘and con- | 

be about 90,000 tons of lead in concentrates. structing a new mill at the Trepca mine. | 

_U.S.S.R.—Primary production of lead in Upon completion in 1980, the mill should be 

7 the U.S.S.R. was estimated at 560,000 tons able to process over 1 million tons of crude 

and secondary production was an additional . ore annually, a 40% increase over the 1977 

110,000 tons. Although information was in- rate. The Rudnik mine in Serbia was also a 

complete, imports were probably much low- _ being expanded to increase its production a 

er in 1977, close to 25,000 tons instead of the from 187,000 to 253,000 tons of crude ore per | | 

- 100,000 tons purchased from western na- year. - : 

: ae a TECHNOLOGY ot Se | 

| - Bureau of Mines metallurgists reported strontium-lead alloys which will extendthe : 

| considerable progress in the installation of life of lead-acid batteries and improve their a 

, a process development unit (PDU) at its competitive position relative to other cur- | 

Reno (Nev.) Metallurgy Research Center to rent or anticipated battery systems. a 

determine the feasibility of the ferric | Battery weight has been decreasing while 

chloride-lead electrolysis procedure for battery performance has increased. One | 

_ treating galena concentrates to recover manufacturer has achieved these improve- oo 

| lead. The work in progress was an extension ments by using thinner, lighter grids pri- 

of laboratory research in which flotation marily based on wrought lead strip metal, 

concentrates are leached with hot ferric and smaller, shorter intercell connectors. — 

| chloride-sodium chloride solution to pro- These more powerful lead-acid batteries oe 

duce lead chloride and elemental sulfur. probably will extend the markets for lead. 

Dried lead chloride is electrolyzed in a Researchers reported that the main- 

fused-salt bath to produce molten lead, and tenance-free type battery currently in use | 

chlorine, evolved at the anode, is used to in SLI applications likely will be extended 

_ regenerate the ferric chloride leach solu- to the deep discharge cycling type of indust- 

tion. The project, in cooperation with in- rial applications. : | | 

dustry, will develop data necessary to de- A hydrometallurgical process for recov- 

sign a pilot plant and assess the potential ery of lead and silver from high-grade lead 

for commercial application of the new hy- sulfide concentrates by dry chlorination and 

drometallurgical process. fused salt electrolysis was developed by 

Most of the industry-sponsored research Hazen Research Inc. A pilot plant was . 

and development continued to be oriented designed to handle mixed sulfide concen- 

toward new fields of application for lead trates and produce high-purity lead in a 

and retaining existing applications. In the 2,000-ampere-capacity fused-salt cell. In the 

field of lead materials for batteries the process, lead sulfide concentrate is fed to 

objective of research efforts is to improve the dry chlorinator where lead chloride is 

efficiency and increase energy density of formed along with chlorides of other metals. 

batteries to meet changing market require- The metal chlorides are solubilized in a hot 

ments. Significant progress was achieved in brine leach, and tailings containing sulfur 

developing better grid materials for low- and gangue material are separated by fil- 

maintenance or maintenance-free batteries tration. The solution containing lead is 

such as low-antimony, calcium-tin, and treated in a crystallizer to produce solid :
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lead chloride which is fed to an electrolytic better performance as the active material 
cell containing molten lead chloride— _ in lead-acid storage batteries and in solving 
sodium chloride electrolyte. High-purity. the problem of early corrosion of the posi- 
‘lead is tapped from the cell and cast into tive grid and extending battery life. 
ingots, and the chlorine gas produced in the The competitive position of lead used as a 
cell is recycled to the dry chlorinator.* _ gound-attenuating material was enhanced 

The International Lead Zinc Research by coating sheet lead on both sides with 
Organization, Inc., reported that a large highly porous and elastic materials such as 
part of its research activities during the polyurethene or mineral wool. Optimum 
year were focused on the architectural and sound insulation is possible with the new 

automotive fields. Model structures were !aminated combination materials. | 
created and exhibited to demonstrate the WPhocienl eclontist, Division ef Nonf Metal 

. ° ysical Scientist, V1si0n O onierrous Metals. 

advantages of using lead in wall structures ——ayineral specialist, Division of Nonferrous Metals. 
and roofs of residential and commercial parevnolds, J. E. ; D. Xv. Goons, and C. W. Kenney. Hazen 

"1A; - . arch, Inc., Pilot Plant Development o oride Pro- 
buildings. Progr ess was also reported in the cesses for Lead-Zinc Concentrates—SME, AIME. Lead- 
production of improved lead oxides to give Zinc Update, 1977, pp. 301-325. | 

Table 2.—Mine production of recoverable lead in the United States, by State 

mad | _ (Short tons) : | 

a State . | | 1973 1974 "1975 1976 1977 

Alaska ________~_~_-~-~~-_----+= . 6 — ~— 14 _- 
Arizona _____________-_._______ 763 1,059 420 - 338 318 

| California ____________________ Ad 35 66 54 3 | 
, Colorado _____--_-___ tees 28,112 24,609 27,088 26,749 22,994 

Idaho _____~___~-_-~~~~_-~-_-- 61,744 51,717 50,395 53,636 47,258 
| Illinois _ =) $5 - -- ee 541 493 Ww Ww wo 

- Kentucky ___________~--------_ oo __ (7) __ __ 
Maine______________-________ 204. 279 364 216 178 . 

| Missouri _..____-___________ 487,148 562,097 515,958 500,991 500,255 
Montana ___ _§_ ~~ _§___ ~~~ ‘176 154 205 92 106 
Nevada _______________-__-_-_ __ 1,785 2,976 582 743 

| New Mexico ___-_______________ 2,556 2,364 1,981 wt Ww 
New York ~_______~______ Le 2,304 3,076 3,027 3,196 2,778 
Oklahoma ______=___-_~-_----- _- WwW -_- Ww Ww 

Oregon Woe + ee WwW W -- _— . 
Utah ________- ee _-_*s«18,788 10,510 | 12,679 16,297 10,746 | 
Virginia ~___=_______~_-_-~-~- 2,637 3,106 2,501 1,946 - 2,203 
Washington _____________.--___ 2,217 _ 1,299 Ww Ww 1,201 | 
Wisconsin ___________-_-_----- 844 1,285 Ww _ Ww Ww 
Other States ___________--__-__- _ 2 3,804 5,485 3,708 | 

Total) _____________-__-__- 603,024 663,870 621,464 609,546 592,491 

W Withheld to avoid disclosing company proprietary data; included in “Other States.” 
1Less than 1/2 unit. |
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Table 3.—Production of lead and zinc in the United States in 1977, by State and class of | | 
ore, from old tailings, etc., in terms of recoverable metal _ | | , 

(Short tons) .: ta 

7 Lead ore Zinc ore . _Lead-zine ore . 

Gross 7: Gross» ; Gross | . State : . Lead Zinc . Lead Zinc . Lead. Zinc 
weight con- con- weight con- con- weight con- con- 

: b oss) tent tent b esis) tent _tent b ssi) tent tent | 

Arizona_—___--__-.-- _- -- -- -_— -- =- ~- - oe 
California _________~-- —— _ _- _— _— _— —- _- ae 
Colorado ___________. 1,229 23 _- 159,861 1,758 11,767 | 482,937 12,979 17,042 
Idaho woe ee 185,872 18,609 2,186 9,680 12 496 ~— 764,033 27,879 27,966 . 

aine____§________ _- _- oe -- ee oe a _- _- 
Missouri _________._—-— 8,925,602 500,178 81,689. ee — _ ee ee le 
Montana ____-_____~- 2,012 15 2 _- _- _- ae _ _- 
Nevada eee eee 100 40 1 207 org 6 33 165 -. 104,679 719 1,668 

' New Jersey __________ _- _- _- , —_ , _- _- _- 
New York ___________ _- _- -- 1,194,510 2,778 10,839 ee _- 
Pennsylvania _____—___ _- __ _— 584,274 _— 22,825 ee nk -- 
Tennessee ___________ ——- «+ _.. 98,744,422 -_. 88,669 — _- __ —_ 

Utah ~------------- -- -- -- SA1S75 2908 13.573 339,688 10,746 17,759 
irginia ~.-_________ _- _- _— , , . nn _- 

Washington __________ ee lee _- an -- _— 153,595 1,200 5,570 
Other States? _________ 150 #7 _— 655,729 3,421 24,810 ak __ _- 

| | Total SF 77 -— 9,114,965 518,886 83,878 7,097,703 10,178 266,144 1,844,882 53,523 70,005 
ercent of to 

; lead-zinc _____~- TE I D 

- Copper-lead, copper-zinc, — , - 
andl All other sources? Total 

copper-lead-zinc ores. 

Gross op: Gross | +: Gross , - weight Lead Zinc weight Lead = Zinc weight Lead = Zinc 
. . ( d con- con- ( d con- con- ( a con- con- 

: basis) tent tent b esis) tent tent basis) tent — tent . 

| Arizona ~-------_---- 40,710 _. 4,364 46,360,681 318 16 46,401,391 318 4,380 
ornia ~.~_________ __ __ __ ; , a 

Colorado __________._ 300,750 5,648 10,286 217,206 2,586 1,172 1,161,983 22,994 40,267 
Idaho _____§~_______- _- _- __ 571,995 758 350 1,581,580 47,258 30,998 

_ Maine______~_~-______ 143,177 178 ~—s- 7,269 _- oe _- 143,177 178 ~=—-7,269 

Montana 222* 27722772 “Does ote PD OGG BPG ontana ____.______. _- _- -- , . , | 
_ Nevada____ a _- -- 1,278,032 © 14 I =: 1,883,111 743 =1,672 

New Jersey _~________- __ _- -- — _— — 207,052 _. 83,464 
. New York —-~-~+----- — _ -- -- -- _- 1 edo 2,778 re 

. ’ Pennsylvania _________~ _- _- __ - ok _- , —_ , 
Tennessee ________.__ 1,250,130 _. 1,769 —- ee _. 4,994,552 _— 90,438 
Utah _______-____-~_ _- -- _— _— -- _- 339,638 10,746 17,759 

ashington __________ _- _- __ , ' , , 
Other States? _.-.______ _- _- _- 2,356,034 280 4,285 3,011,913 3,708 29,095 

Total soiled 777 1,734,767 5,826 23,688 50,838,231 4,128 5,905 70,630,548 592,491 449.620 
ercent o ; . 
lead-zinc _______ —_ 1 5 — 1 1 -— 100 100 

1Other States includes Ilinois, New Mexico, Oklahoma, Washington, and Wisconsin. 
\ 2Lead and zinc recovered from copper, gold, silver, and fluorspar ores, and from mill tailings and miscellaneous 

cleanups.
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Table 4.—Mine production of recoverable _ 
, lead in the United States, by month 

(Short tons) 

Month 1976 » 1977 

January ______~___~_____ 50,379 45,019 
February ___§__.__________ 51,999 49,171 
March ______~~_~~---_-_ 57,751 56,873 
April _-__._~_.~~-__ ue 50,565 53,209 
May __-_.___. ~~ 50,959 48,323 
June —~__~______ 50,560 50,853 
July ~~ 48,136 41,922 
August __ 50,978 52,613 
September _______________ 49,200 46,423 
October ___ ~~ -_ ~~ -_ 49,615 49,249 
November _______________ 48,975 48,555 

_December _______________ 50,429 50,281 

Total ___.___._.--_---_ 609,546 592,491 

Table 5.—Twenty-five leading lead-producing mines in the United States in 1977, in order 
of output 

Rank - Mine _ County and State Operator : Source of lead 

1 ‘Buick _______ . Iron, Mo_____________  AMAX Lead Co. of Lead ore. 

2 Fletcher _____— Reynolds, Mo____~_____-— St. Joe LeadCo ____ Do. 
3 Magmont _____ Iron, Mo_ ~~~ ~~~ Cominco American, Inc Do. . 
4 Ozark ______— Reynolds, Mo_________-— Ozark Lead Co _____ Do. 
5 Brushy Creek __ ~---do__..-..____.. St.JoeLeadCo ____ Do. 
6 Viburnum No. 29 Washington,Mo_____._. ..._~.do ~~ ~_.____ Do. 
7 Viburnum No. 28 Iron, Mo. ~~~ ~_~.do 122 Do. 
8 Lucky Friday _ _ — Shoshone, Idaho _ __ — __ _— Hecla Mining Co _ _ _ — ~ Do. 
9 Indian Creek _.__- | Washington,Mo________ St. Joe Lead Co ____ Do. 

10 Star Unit _____ Shoshone, Idaho _ ______~ Hecla Mining Co ~~ Lead-zinc and lead ore. 
11 Bunker Hill ___ _.--do._ The Bunker Hill Co _ _ Lead-zinc ore. 
12 Viburnum No. 27 Crawford,Mo _________ St. Joe Lead Co ____ Lead ore. 
13 Leadville Unit __ Lake,Colo __.________. ASARCO Incorporated Lead-zinc ore. 
14 Ontario ______ Summit, Utah __.______ Park City Ventures __ Do. 
15 Idarado ______ Ouray and San Miguel, Colo — Idarado MiningCo __ Copper-lead- 

zinc ore. 
. 16 Sunnyside ___-~ San Juan, Colo. _.______ Standard Metals Corp Lead-zinc ore. 

17 Burgin _______ Utah, Utah ____-______ Kennecott Copper Corp Do. 
18 Balmat ______ St. Lawrence, N.Y ___ __ _— St. Joe Zinc Co ___ __ Zinc ore. 
19 Ground Hog ___ Grant, N. Mex _________ ASARCO Incorporated Do. 
20 Austinville and Wythe, Va _._________ The New Jersey Zinc Do. 

Ivanhoe Co. * 
21 Bulldog Mountain Mineral, Colo _________ Homestake Mining Co Silver ore. 
22 Eagle ______~_ Eagle, Colo _.._._.____ The New Jersey Zinc Zinc and silver ore. 

- 23 Pend Oreille —_— Pend Oreille, Wash ______ The Bunker Hill Co __ Lead-zinc ore. 
24 Pan American _ _— Lincoln, Nev ___~_______ ~_ do Do. 
25 Shulisburg —___ La Fayette, Wis _.______ Eagle-Picher Indus- Zinc ore. 

, tries, Inc. 
_———— 

Table 6.—Refined lead produced at primary refineries in the United States, by source 
material | 

(Short tons) 
eee 

1973 1974 1975 1976 1977 eee Oe 

Refined lead: 
From primary sources: ; 

Domestic ores and base bullion _______.___-___- 567,256 580,078 580,215 568,586 536,449 
Foreign ores and base bullion _________________ 107,260 92,946 105,907 84,341 68,389 ee SRE OY 

Total __-__-____~ ~~ Le 674,516 673,024 636,122 652,877 604,838 
From secondary sources ____~_________~_____t__ _- -- -- 29 95 a oe unraaeeeomDEemDDDD—o™ 

Grand total __________-_________ i _____ 674,516 673,024 636,122 652,906 604,933 
Calculated value of primary refined lead (thousands)* _______ $219,757 $303,265 $273,914 $301,628 $871,371 

Eee eee ESS ES 
"Revised. 
1GSA metal is not included in refined lead production. 
?Value based on average quoted price and excludes value of refined lead produced from scrap at primary refineries.
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| Table 7.—Antimonial lead produced at primary lead refineries in the United States. 

| y “ . eduction - Antimony content -  horttons) an - oe 

. a ‘tons) .._—-—>s— Short ‘Percent . domestic foreign = FTO@ = . goth. - oo . 7 - fons: gre “ore. —-STaP He ee oe = 

| 1973... BB tiaasdTSC(‘“(;eSCOSTSC~*«S«OQDC*t“‘«é‘«ia «OSCtC*dOSHC( Ct 
1974 ~~ Lk - 12,5138. ... 1097... 88. 5,879 |: 3,988 1,549 13,4146 © =| 
197§ ~~~ LL 6,029 - 667 - 2. «94 —| 1,658 OT tt«~“(ti‘x ‘BIT OUCCi«‘*i%G‘S GDN) Ct oo 
1976 ___________-=. ° 6743 =. 730 108 © 2814. 2998. 1371 -. 6018 2° 
V7 ~~~ Lk _1beT 900-19 TL BR 8A “RT 

Table 8.—Stocks and consumption of new and old lead scrap in the United States in 1977 

_ Classofconsumerand = ss Stock8 paneintg ee —CCStokts a 

_. type ofecrap Jah bo pis New OOld ss tgy «Dee 82 
ne ee om scrap 8A 

- Smeltersand refiners: a ne Oe CE 
Soft lead ~~~ ______. (1,969 61,218 Se 58,183 - 68,183 ~ 6,004. - ee 

_ Hardlead _.___________-_- 1,179 35,739, -- 35,566 . 35,566. 1,352 : . 
Cable lead _-_-__.~___-____ 3,900 . 48,079 _- - 49,510. . 49,510 . 2,469 a 
Battery-lead plates __________ 54,357. 791,524 = Ls 781,593" = 78:1,593 64,288 —= 
Mixed common babbitt ~....__. | 255°  —s-—- 4,839 -- - ‘4,264 - ©4264 ©. 330. oo 
Solder and tinny lead _________ 876 18,863. RE 13,438 18438 —- 301 : 
Typemetals_______________ ‘2,892 19,254 oT. 19,078 19,078 3,068. 
Drosses and residues ---i _ 86,737 ~ 191,186 192,244 — Se 192,244 35,679 

- * Total_---------------- “101/665 __1,164,702____—:192,244 —_—*961,682__1,158,876 112,491 a 

Foundries and other manufacturers: Se - . oe : 
Soft lead ee eae a ee ee , —- -_-— -—— _—— — — , 

Hard lead -.~_~__-~_~________ ee oe -— _~— —~ _~—. 

Cable lead _-._-___________-_ _- _- _- . -- ~ 
Battery-lead plates _._________.. -- —_ -- _- _- _- 
Mixed common babbitt _______— 5 6,074 _— 6,037 6,037 42 
Solder and tinny lead _________ _- — —_— _- _- _- 
Type metals____________u._ -- a -- _- _- _— 
Drosses and residues ee -- -- a _- _- _- 

Total _________..-_-_--- 5 6,074 _- 6,037 6,037 42 - 

All consumers: TT 

Soft lead. _-______________ 1,969 61,218 _- 58,183 58,183 5,004 
Hard lead ________________ 1,179 35,739 _- 35,566 35,566 1,352 
Cable lead ________________ 3,900 48,079 _— 49,510 49,510 2,469 
Battery-lead plates .~_________ 54,357 791,524 _- 781,593 781,593 64,288 
Mixed common babbitt ________ 260 10,413 -- 10,301 10,301 372 
Solder and tinny lead _________ 376 13,363 _- 13,438 13,438 301 
Type metals _._____________ 2.84 19,254 -— 19,078 19,078 3,068 
Drossesand residues ________-_ 36,73 191,186 192,244 -- 192,244 35,679 

Grand total ______________ 101,670 1,170,776 192,244 967,669 1,159,913 112,533
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Table 9.—Secondary metal recovered! from lead and tin scrap in the United States in : | 1977, by type of product | | oo 
(Short tons) | . 

| 
. _ Lead Tins Antimony _ Other Total 

~ Refined piglead______.__________ 257,969 __ | _. 257,969 Remelt lead ~.._._______. 76,195 -- oe a 16,195 
Total ----.---_-----i_ 88464 Le __ 834,164 

Refined pigtin -.._.____.__ __ 1,814 _ _- 1,814 Remelt tin -.-.....______ -- . 29 -- — 29 
. . Total mee ee ~— 1,843 -- as 1,843 . . 

ET —_ ST ean Ae eS TE ec aa ne eS —_— 
Lead and tin alloys: - : Antimoniallead _.________ | 422,612 623 26,580 . 470 . 450,285 Common babbitt _.____________ 11,147 457 1,018 2 12,624 Genuine babbitt__._______. | ~ 65 308 8 _- - 381 Solder... 2222 25,698 5,175 952 17 31,842 aype metals mae ee 15,907 780 1,950 2 18,639 lelead 2-2 -7,850 _— 89 _- 7,989 Miscellaneous alloys __._________ 788 - 99 er | _- 891 . . Total 22 484,067 7,442 30,601 491 522,601 Tin content of chemical products ___ --- -= 402 —— ~— " 402 . , , me . : 

. 
- 

: ~ - : 
_ Grand total ____.___.._____._ 818,281 9687 = 80,601 491. 859,010 
1Most of the figures herein represent actual reported recovery of metal from scrap. _ . oo . | 

Table 10.—Secondary lead recovered in the United States OO : - (Short tons) a 

_ —.__-*1978.——~S=~«wT~SAB AT 
As metal: | a | a | | At Primary plants wee ee ee 29 _ 95 At other plants wee ee 186,124 —-- 238,216 ~=—- 271, 297 310,981 834,069 

LS 
186,124 238,216 271,297 311,010 334,164 

In antimonial lead: 
. At Primary plants wee ee ee ee 1,065 1,549 3,337 1,371 3,364 . Atother plants__________ ~~ 374,718 369,954 311,783 340,596 419,248 

Total 
375,778 = 871,508 += 315,120 341,967 422612 In other alloys..._.____________ —--------- 92,384 88,979 72,089 78,592 78,326 

. Grand total: , | | . - Quantity ---.- ane 654,286 698,698 658,456 726,569 835,102 , Value (thousands)! meee $213,166 $314,833 $283,531 $385,675 . $512,753 
Value based on average quoted price of common lead. | ) /
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Table 11.—Lead recovered from scrap processed in the United States, by kind of scrap 

and form of recovery 

(Short tons) 
oe 

1976 1977 

. Kind of scrap 

New scrap: 
Lead-base _______-_____---------

--------------- 77-7075 7757007 100,750 126,820 

Copper base De
 ee 3,420 5,695 

Tin-base _______-----
------------- - - - re 165 157 

. Total _______-_----------------------
------ 7-70-0007 104,335 132,672 ae 

"Old scrap: 
Battery-lead plates oe eee ee rr 461,391 516,649 

All other lead-base _______---_--------
--------------7 3-7-7777 777 148,981 170,932 

Copper base eee ee er 11,860 14,847 

Tin-base ee ee re
 2 2 

 Wotal en eee ee ee eee ==> 622,234 702,430 

Grand total __________---_-------------------
-----------7- 726,569 835,102 

— Form of recovery . 

As soft lead: 
At primary plants eee ee  - -  r 29 95 

At other plants _ oo nae 5 $n r 311,010 . 334,069 

| “Total _.____-------_-------------------------
---------- 311,039 334,164 

-_Tnantimonial lead! __________-__---------------------------
------ 341,967 422,612 | 

In other lead alloys ____..-__------------
--------------7-7 7770770777 59,502 61,390 

. In copper-base alloys ee en ee ee er 14,025 16,871 

In tin- alloys ___.___-_-----------------
---------- 500 36 65 

Total _.___.___-_-_------------
------------------------ 415,530 500,938 

Grand total __________-------------
----------- 9-777 726,569 835,102 

ro7ancludes 1,371 tons of lead recovered in antimonial lead from secondary sources at primary plants in 1976 and 3,364 in
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Table 12.—Lead consumption in the United States, by product | - 

(Short tons) 

— oduct s—<CSsSSC“<~*i‘“‘Sé SS”! 

- Metal products: 
Ammunition _______......__-----.--.-~~~-.- ee _ 13,478 68,390 
Bearing metals _..._-.__.___-_-.~~.-~-~~~~~-+-~~-~--~~-~~---~-- 13,063 11,985 
Brass and bronze __.____-_~.~-----~-----~--~--~-~-~--~-~---~----~~---. _ 15,660 16,698 
Cable covering ~___....__-_--._ ee 15,930 15,107 
Calking lead ___. -.-_.-____------_ eee 12,475 9,618 : 
Casting metals _._.____..___-----..~-~-- eee 6,708 5,983 

' Collapsible tubes ...___.__ ~~. eee 2,329 2,054 
Foil ~_.. 2 ee 5,126 3,568 . 
Pipes, traps,bends __._.___.._._.-_~ ~~~ ~~~ ee 13,789 11,635 
Sheet lead nn 24,438 16,761 
Solder ___ eee 63,324 _ 64,286 
Storage batteries: : 

Battery grids, posts,ete _~_.__..-. ~~~ eee 383,844 459,335 
Battery oxides _. ~~~ eee 438,560 486,541 

Terne metal _..§ ee 1,595 1,644 
Type metal ___. ~~~ eee 15,007 12,561 

Total _... 2 ee 1,085,326 1,186,166 . 

Pigments: 
White lead __ eee 2,993 6,612 
Red lead and litharge .__._..~~~__.~_.-__ 85,403 78,071 . 
Pigment colors .__.__.....- ~~~ eee 16,634 14,714 
Other?’ ______ eee 561 585 

Total _______-.--------------------~--~----------------- 105,591 99,982 

Chemicals: | | 
Gasoline antiknock additives _... -._-..__..--~. ~~ ~~~ +--+ 239,758 232,910 
Miscellaneous chemicals __.____....~..-.----~-~~~.--- 146 129 

Total _.. eee 239,904 233,039 

Miscellaneous uses: — | SO 
Annealing __.-___-____~__~---- eee 2,893 2,678 
Galvanizing ____.._~~._~_-~. ee. 1,252 1,424 
Lead plating ween ee ee ee ee ee ee . 386 481 
Weights and ballast _~..________~~--__-_-~~-~ ~~ ee 22,366 19,092 

— Total _________ ee 26,897 23,675 
Other, unclassified uses _.. 2 ~~ Le 32,354 39,476 

Grand total? _... eee 1,490,072 1,582,388 

- Includes lead content of leaded zinc oxide and other pigments. 
2Includes lead which went directly from scrap to fabricated products. .-
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L Table 13.—Lead consumption in the United States, by month | : 

| (Short tons) 

| Month 1976 1977 

January ___.________- eee 116,258 182,176 
| February _-_.~-_-._________--__---------~--------~-~~-+----~---+---- 123,270 122,099. 

-~March ______-___ eee t—~*«i8#G , 06 149,548 _ 
April] __.~_-__-~_- eee eee 125,735 138,024 
May wee eee ee eee 123,381 128,314 

: June ~~ ~___ ~~ eee (88,8885 133,588 
July ______---_-__-_---_--------+-- +--+ ee eee 103,370 108,060 
August ___+_-_-______-_-_---_-_----_---~--~----- +e 120,656 131,550 
September ___________-__--__----------~-----~----~--_~-------~-- 127,399 142,461 
October __. __---__ eee 137,447 141,429 
November ____. 2 Le 128,009 126,154 
December ____.__~__~_~_~ ~~ eee 125,152 128,935 

Total? eee -_-__ 1,490,072 1,582,388 

1Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide and other 
pigments. 

. Table 14.—Lead consumption in the United States in 1977, by class 
of product and type of material | 

| (Short tons) 

Product Soft lead antimonial allo copper- Total 
~ lead ys base scrap 

Metal products _________._______.. 114,741 67,613 45,576 12,360. 240,290 
Storage batteries _..__.._..._.._... 586,848 400,154 8,874 -_- . 945,876 
Pigments. —___ ~~ 2 2 99,709 273 -~- ~- 99,982 
Chemicals _______.-______.___._. 233,039 a a __ 233,039 
Miscellaneous _.. .___._...._._-_-~- 13,706 9,929 40 -- 28,675 
Unclassified _ _.____----~---~-----~- 35,433 1,085 2,958 __. 39,476 

Total._.______._---__~.~_~-~~ 1,083,476 479,054 © 57,448 12,360 11,582,338 

; “Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide and other 
pigments. |
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Table 15.—Lead consumption in the United States in 1977, by State! 

(Short tons) . 

RRR ASS eee Se aS Sy a rr SSS eS ———— 

- Lead in . Lead in Refined : : Lead in State antimonial copper- Total 
soft lead lead alloys base scrap 

re 

California ~..._-_ 2. ~~ ~~~ ____ 118,485 45,342 5,017 802 169,646 
Colorado __-____ ~~ Le 733 299 19 —_— 1,051 

. Connecticut ~~~. ~§ ~~» ee 12,667 10,567 _- 996 24,230 
District of Columbia ____§_§__________ 82 _- —_ _— 82 
Florida -______~_~ ~~~ Le 12,551 10,791 649 -- 23,991 
Georgia... ~~~ 69,054 30,398 2,069 9 101,530 
Illinois ___ > 52 5 ee 81,224 54,392 8,238 1,518 145,372 
Indiana__ _-§_~ ~~ ~~ LL 114,940 34,791 2,201 512 152,444 
Kansas ____ $$ 5 5 5 27,682 14,847 71 58 42,658 
Kentucky _____________________ 6,966 11,074 2 _- 18,042 
Maryland _____________________ 547 1,695 1,575 16 3,833 
Massachusetts. _._ _§_-§_-§_-____________ 840 | 202 7 94 1,143 
Michigan __ ~~~. ~~~ 17,067 18,102 2,537 64 37,770 
Missouri ____..~ ~~ ~~~ 2 22,093 12,350 1,123 1,005 36,571 
Nebraska. ___§___..~.--___~______ 1,300 1,627 1,208 1,154 5,289 
New Jersey _________~____~~______ 112,489 8,251 2,711 412 123,863 . 
New York ______ ~~ ~~ 23,290 6,375 5,038 205 34,908 
Ohio_ ~~~ 5 Le 9,847 5,200 3,928 1,612 20,587 
Pennsylvania ___________________ 112,156 56,927 13,673 1,636 184,392 
Rhode Island _____ $$ - -- 2,892 80 61 _- 3,033 
Tennessee ____ ~~ LL 4,777 17,301 84 128 22,290 
Virginia __ ~~~ 559 2,733 720 432 4,444 
Washington ____ ~~~ 5,470 1,473 _- _- 6,943 
West Virginia ___________________ 13,145 a8 -- —= 18,145 
Wisconsin ______ ~~~ ~~ 6,024 13,618 40 323 20,005 
Alabama and Mississippi __.__________. 7,310 9,238 a . 728- 17,271 
Arkansas and Oklahoma ____________ 3,621 4,703 _- a 8,324 

. Hawaii and Oregon... -§_-§____§_______ 10,965 8,552 13 _— 19,530 
Iowa and Minnesota _______________ 8,094. 21,935 1,174 —- 31,203 
Louisiana and Texas_______________ 196,025 45,291 — 2,244 548 244,108 
Montana andIdaho _______________ 247 _— -- _- . - 247 
New Hampshire, Maine, Vermont, Delaware 12,177 16,213 335 | 113 28,838 
North and South Carolina ~__________ 18,143 14,470 813 __ 33,426 

- Utah, Nevada, Arizona _____________ 14 217 1,898 _— 2,129 
ee 

Total _.._-____.____.______. 1,083,476 479,054 57,448 12,360 1,582,338 
ee eee eat 

Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide and other 
pigments. 

Table 16.—Production and shipments of lead pigments! and oxides in the United States 
a a SaaS Ta A SS SSS si he i 

. 1976 1977 

Shipments Shipments 

Produc- _ Value? Produc- Value? . 
Product . tion —————___—. tion _— 

(short Short Aver- (short Short | Aver. 
' tons age ns tons) Total per tons) Total per 

ton ton 

. White lead, dry _____ 1,640 1,625 $1,054,436 $649 1,719 1,719 $1,215,516 $707 
Red lead _________ 19,608 19,296 11,146,722 578 19,949 19,604 12,661,507 646 
Litharge ________. 182,172 122,462 67,190,997 549 131,084 122,658 77,399,953 — 631 
Black oxide __._.__ 392,911 _- _- _- 436,869 _- _- _- 

1Excludes basic lead sulfate; withheld to avoid disclosing company proprietary data. 
2At plant, exclusive of container.
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Table 17.-Lead content of lead and zinc pigments‘ and lead oxides produced by domestic 
| manufacturers, by source | 

| (Short tons) _ | 
, 

a 1976 1977 | 

. Lead in pigments Lead in pigments 
produced from— Total produced from— coe 

b sehatichahtatiaieein 0 ——  -SC—C—S 
Product Ore lead in Ore | leed'in | 

ment | rota . : en . . ‘ men 
Dome- Foreign lean ~ ‘Domestic Foreign Fie - 

‘White lead ________ _ __ 1,812 1,812 _- __ 1,875 1,875 
Redlead .___----_. = __ 17,775 17,775 _- __ 18,154 18,154 
Litharge __._._____ _- _- 122,920 122,920 _-5 __ 121,908 121,908 
Black oxide ____.__ _- __ 874,761 = 374,761 __ __ 493,584 423,534 

 - Total _..-.--- _- _- 516,768 516,768 _- __ 564,971 564,971 
ef cit A A aE SS SS SR 

_ Excludes lead in basic lead sulfate and leaded zinc oxide; withheld to avoid disclosing company proprietary data. 

Table 18.—Distribution of white lead (dry and in oil) shipments,’ by industry 

| (Short tons) . 

ern A 

Industry _ ; 1973 1974. 1975 1976 1977 
on neces ht eter Ae A AS + 

Paints _._____________.__-.---------- 3,198 _- —_ __ __ 
Ceramics _._.__._ ~~ ~-----~ ~~~ +--+ +--+ 18 — __ — __ 

. Other _.____________________----_--. 6,328 5,905 3,381 1,625 1,719 

| Total _.__________________-_----- 9,544 5,905 3,381 1,625 1,719 
: 

1fxcludes basic lead sulfate; figures withheld to avoid disclosing company proprietary data. 

Table 19.—Distribution of red lead shipments, by industry 

. (Short tons) 

ements te A tn cS SS SP SSS ae 

} Industry 1973 1974 1975 1976 1977 

” Paints...___._______-------------. 6,509 5,844 4,552 7071  ~—«6,519 
Storage batteries __._...._____-------- WwW WwW Ww Ww WwW 
Other__.____________-____.-____-- 9514 7,946 10,543 12,225 13,085 

Total _____________________-- 16,023 13,290 15,095 19,296 19,604 
: 

W Withheld to avoid disclosing company proprietary data; included with ”Other.“ 

Table 20.—Distribution of litharge shipments, by industry 

(Short tons) 

Industry 1973 1974 1975 1976 1977 

Ceramics ______________------. 35,910 46,598 33,941 32,300 29,940 
Insecticides ~._..._.__--~----~~- Ww WwW WwW — a 
Oil refining __-____.__--------- 620 765 WwW Ww WwW 
Paints________________------ 3,112 5,347 3,248 8,354 2,706 
Rubber ___~_-_-______~~------- 5,078 6,490 5,850 3,820 3,162 
Other _________________----- 134,424 102,245 77,436 77,988 86,850 

Total -________________-_ 179,144 161,445 120,475 122,462 122,658 

W Withheld to avoid disclosing company proprietary data; included with Other.“
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Table 21.—U.S. imports for consumption of lead pigments and compounds 

| 
Kind . Quantity Value Quantity Value 

(short tons) (thousands) (short tons) (thousands) 
ee 

White lead --______________ , 134 $156 171 $137 Redlead _.-____________ 881 386 1,270 771 Litharge __-_______________ 13,694 5,662 17,434 -9,928 Chrome yellow ______________ 2,747 2,935 2,852 3,424 Other lead pigments _____________ 91 93 31 62 Other lead compounds ____________ 289 230 558 402 
. Total __-_-_____________ 17,836 9,462 22,316 14,724 eee eet: 

Table 22.—Stocks of lead at primary smelters and refineries in the United States, Dec. 31 
(Short tons) 

Stocks 1973 1974 1975 1976 1977 are 
mee 

. Refined pig lead_________________ 22,018 34,116 76,713 39,869 13,276 Lead in antimonial lead ____________ 4,062 3,138 4,560 3,847 ' 2,144 Lead in base bullion ____ = 8,845 5,492 6,748 6,687 5,856 Lead in ore and matte ____________ _ 54,922 78,305 68,509 _ ¥71,299 79,159 ————_—. Ot 
Total _-_-___________ ------ 89,847 121,051 156,530 121,702 100,435 

ese 
"Revised. | | 

| Table 23.—Stocks of lead at consumers and secondary smelters in the United States, 
Dec. 31, by type of material 

(Short tons, lead content) . 

Lead i Lead ir Refined nd Lead in oeha Year antimonial copper-base Total soft lead lead alloys scrap OP 
19738____-_~__ 84,274 32,226 6,954 667 124,121 1974___ 106,245 49,504 9,628 1,212 - 166,589 1975__ 85,110 41,569 5,059. 1,577 133,315 1976___ 87,774 34,106 6,000 1,730 129,610 ; W777 81,576 43,262 7,351 1,617 133,806 a ee 

Table 24.—Average monthly and yearly quoted prices of lead? : | 
(Cents per pound) 

) 1976 1977 
Month US London - US London 

~- Metal ~ Metal 
producer Exchange producer Exchange 

January _________________ 19.00 15.24 26.86 25.31 February ______-_____-_____________ 19.00 15.80 28.69 29.32 March “_____ LTT 20.22 17.36 31.00 31.87 April o-+ ee 21.93 20.61 31.00 29.40 ay ---- TTT 22.88 21.85 31.00 29.93 June _________-_ 23.00 21.60 31.00 25.70 July --_ 24.25 23.12 31.00 25.43 August _--_.___ 24.76 2188 . 31.00 24.95 September _________________ 24.83 21.75 31.00 26.39 October __-____._______ 25.75 21.05 31.02 27.88 November __________________ ss 25.79 20.81 32.00 28.71 December _____________________. 25.82 21.66 32.85 31.06 $$ 06 
Average __-___________ 23.10 20.46 30.70 28.00 

. . Metals Week. Quotations for United States on a nationwide, delivered basis.
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: Table 25.—U.S. exports of lead, by country’ | 

. a Sn 1976 _ 1977 

‘ oo Destination - . Quantity .- Value §= Quantity Value 
. ; - (short (thou- (short (thou- 

. Oo oo _ tons) ~ sands) tons) =~ _—-- sands) 

: Unwrought lead and lead alloys: co - 
Argentina ____.__.__.--~-~------------- — 43 . $17 | 20 $3 
Australia. ..._______~__-__-_____ ----=--- .—s——i‘é‘CGS'!' (5 23 8 

Belgium-Luxembourg —__—-..-_-~~----~------ 1 1 26 11 

‘Canada ..__-_ eee 576 279 1,038 478 

_ ~ Chile ~__-_2 2 ee 18 8 }§©§=— 22 13 40 

; Colombia __ = __..------i-------------- -- =- 3 6 

Dominican Republic _....._..-------+--.++-- 51 2T 11. a (. 

El Salvador ____ ~ _. _-_____-__-~.------ +--+ 6 13 88 68 

Ecuador __...--_--...-----~---+-------- 14 8 6 3. 
France ___-----~----------+~----+-------- (7) 1 136 51 
Germany, Federal Republic of -.........-------= 23 15 18 63 
Honduras ____ 222-2 eee 4 er oe 5  . 6 

>. India Jol eee . 8 19. — 49 | 30 
Israel 2 20 19 38 53 
Italy. 2 ee - $8 50 79 58 

. Jamaica __.-_ ~~ eee 21 12 a — 

- Japan ___ ~~ eee 101 126 8 8 8 =—-_- 8s _ 167 

Korea, Republic of _......__--_-_------------ 31 27 93 . 111 
' Mexico _2--2 + 1,005 _ 542 163 107 

Netherlands ______.__.__-------------=-- -_— —_ 22 14 
Netherlands Antilles - -~-~-~-~----~~-~-="7- 1 2 2 . 23 — 
araguay ._..—..---_--~-------~-=------- . : 

- Philippines ee ee eee eee ee 69 49 63 40 
Sweden __ a 66 43 86 58 
Taiwan ___ 2. -.---___~---~--~---+-+--+- 8 11 227 147 
Thailand __._.__.__._~_---~_~ ~~ 1-4 25 — i 26 15. . 
Trinidad and Tobago _ __..______-_-----~------ I 1 ~ il 12 
USS.R__------ ee 78 . 143 -— = 
United Kingdom ______...---------------- — «6 89 1,452 1,096 
Venezuela __...-____.------------------- 405 220 663 323 
Other ee -------+-- 135 T110 92 163 | 

| Total _...______...----------~-------- 2,850 _ 1,868 4,686 3,245 

Wrought lead and lead alloys: Se 
- Australia... ......--------------+----- a4 123 29 52 
Austria ~~ 13 20 13 16 
Belgium-Luxembourg — ~~ ——--~--------------- 607 171 1,865 443 
Brazil... eee ?) 26 7 9 
Canada __ 2 e+ 1,088 | 636 1,724 1,450 
Colombia __.._.____...--.~-------u------ 2 4 8 11. . 
Costa Rica ~_-.__._.-..---~--s----_~---~--- 12 114 29 204 
Dominican Republic ___....-.-.----~------- 16 63 32 72 
Ecuador ________ ~~~ eee 40 38 54 - 67 , 

. El Salvador _._._ 2 ~------~-------- ~~ 410 28 55 55 
Finland__~_____.__~-_~~--.--~---------- 19 23 26 24 
France _________..-~---_--~----~ ~~~ ++ 48 19 105 - 206 
Germany, Federal Republic of _..__..__-_------ 29 139 97 72 
Honduras __.____ ~~~ -~------~-----~------ 137 123 . 58. 72 
Hong Kong_--_------------------------- 2) 4 68 67 
Italy. eee 32 35 48 vat 
Japan _._____-----~-~-~--__~--~~---------- 46 166 36 99 
Korea, Republic of _..._____.-__-------~--- 99 53 4 18 
Leeward and Windward Islands _____________--~-~ 49 51 __ __ 
Mexico ___-_____------~-=---------~---- 165 407 126 393 
Netherlands _______...~------------------ 32 18 49 99 | 
Norway - - —-—-~--~---------------------+- 7 52 35 264 
Panama -------~--~~---~---+-~-----~---- 27 67 37 179 
Philippines -_._..-------------~--~~---- 19 49 56 103 
Saudi Arabia __--------~---~~------~----- 31 36 29 55 
Spain __......_--------~---------~--+-+--- 40 42 34 — 89 
Sweden ___-----------~-------+--------- 24 35 26 53 
Taiwan ____-------~~------------------ 95 228 52 85 
United Kingdom ___________----------~---~- 58 120 146 275 
Venezuela ____.___-------~~-~---~---~----- 97 154 127 203 
Other _____.__-_---------------------- "161 T3248 184 374 

Total _._____-__-~----------~_--------- 3,027 3,452 5,159 5,180 | 

See footnotes at end of table. :
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| _ Table 25.—U.S. exports of lead, by country! —Continued . ae 
+ _ : = = . 

. | 1976. “1977 | 

7 oo Destination _ me Quantity Value §—»«-_- Quantity - Value 
mnation . . (short (thou- (short © (thou- - 

. . tons) - sands) tons) = _—_. sands) a 

- Belgium-Luxembourg ~~~ --.--.------------- 993 - $402 732 $168 
| Brazil 22 Le e+e 3,768 860 5,384 1,604 | 

Canada ____-_-_-=_-#---~-------------- 15,804 2,679 26,715 _ §,125 
: | Colombia . .._____--.--.---------~------- . 438 102 _ 381 — gi . 

Denmark — _. .._-.~_-----~---~--~--~----- 1,798 -661 1,080 687 
Germany, Federal Republic of ___._____.------- 2,877 714 11,535 3,554 
Hong Kong_._ ~~ _-_.----------~----~~---+- 39 = 8 80 ey | 

-  . Ttaly eee ee _ 1,819 : 470 291 228 . 
| Japan______.___...-_---_-~--------_-- 1,512 691 2,387 1,070 

Korea, Republic of _.....------.----------- - 3,208 1,259  —— 8,389 1,833 
Mexico —__.__-..-2-------~------------+- 2,838 493 6,367 984-0 
Netherlands _.__._-.---------------~---+-- B44 187 _ 3,188 (1,241. : 
South Africa, Republic of __._--.-.----.-----+- oe -- 2,420 479 
Spain _._....--.-----------_-~---~--+-- 815 205 405 165 
Sweden ____.._-_-_------------------~- 6 1 338. 204 | 
Switzerland ____.___-~.--.----~------~--- 11 18 138 .59 
Taiwan _.______.-----2-~~------------- 4,671 1,007 6,907 _ 1,629 

, _ ‘Thailand _______-_---_--_--__.-_1.-----— a ee ABS VW 
. Turkey __ ~~~ .-_-+-- +--+ _— -_- - 952 _ 858 

- - United Kingdom ee ee eee eee ee .  . 945- 470 -1,605 1,089 
| - Venezuela _________-___--=--_-------__- 4,805 1,209. 4706 188 

. Yugoslavia ____._._---------+-+-----.+---- a 1,886 . 586 - 
, : Other ee ee ee ee ee ee ee ee ee ee : 197 o a . 103 60 : 386 : 

oe ‘Total _-____-____-_-----+------------ 46888 «211,589 —i(iti«i85 AD (sD 

Grand total ___2---- 2-2 e-=-------- «52,760.——«i6,859—(ti82HG—C(88ET 

-. In addition foreign lead was reexported as follows: 197 5 Ynwrought lead and lead alloys, 213 tons ($12,770); wrought 
lead and lead alloys, 18 tons ($15,388) and 1976—-Unwrought lead and lead alloys, 859 tons ($793,941); wrought lead and 
lead alloys, 12 tons ($11,724). 7 CO . 

| "Lessthan1/2unit.; re 

| oe Table 26.—-U.S. exports of lead, by class So 

a Hlocka lice anodes ete Wrodght lead and 

7 | Sheets, plates me oe : - | Unwrought... 7 ’ Foil, powder, Unwrought. . rods, other . Scra 
Year ns alloys ss ’ forms '. flakes P 

: Quan- Value WD Value =F — Value «AM =~ Vatue © Value 
tons) 52298) tons) sands) tons) - sands) tons) sands) tons) sands) 

1975____ 19,455 $7,961 = s«983-—««$9RD «2,695 $8,806 «= «178-—='Cti«$885H «49,951 $10,068 : 
1976 _____ 2,226 1,307 | 624 561 2,735 2,927 292 525 46,883 11,589 
1977 __ 2,025 1,243 2,661 2,002 4,847 4,835 312 845 85,411 22,442
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Table 27.—U.S. imports! of lead, by country 

1975 1976 " 1977 

~~ Count Quantity Value Quantity Value Quantity Value 
y (short (thou- (short (thou- (short (thou- 

tons) - sands) tons) sands) tons) sands) 

Ore, flue dust, and resi- . 
dues, n.s.p.f. (lead. 

- content): 
Australia __________- 15,916 $4,979 . 11,215 $3,316 18,289 $8,894 
Bolivia _~__________~- -—- _— _- _— 902 147 
Canada ___________- 28,949 8,618 27,673 8,604 17,670 7,400 
Colombia __________- 112 42 226 68 146 71 
Greenland _________- 6,552 2,031 5,104 1,582 —_ an 
Honduras _________~ 19,153 5,638 22,028 9,219 26,169 13,813 
Mexico ____________ _- —_ 92 28 1,146 206 
Nicaragua _________~_ 1,182 509 762 323 1,746 972 
Peru ___~_~__________ 15,696 5,328 9,263 2,422 7,272 3,158 

. Other ____________- — — 2 (7) _- _- 

. Total ____________ 87,560 27,145 76,365 25,562 73,340 34,661 

Base bullion (lead content): 
Belgium-Luxembourg _ ~~ 19 7 72 37 110 62 

- Canada ____________ 65 31 730 360 494 291 
Germany, Federal . 
Republic of ~______~- _— _- _— _- 5 23 

Mexico ________.__- 378 145 1,582 « 558 4,744 2,368 
Morocco ___~_______ _— _— — — 1,098 561 
Peru __________-__- -- -- —- _— 110 70 
South-West Africa, 
Territory of _.______ _- _- _- _- 1,507 869 

Total _-_________~_ 462 183 2,334 955 8,068 4,244 

7 Pigs and bars (lead 
- content): oo 

Australia _.________— __ __ 36,123 32,389 21,891 12,540 
Belgium-Luxembourg ___— 2,058 1,141 168 93 7,615 5,006 
Burma ___._______-_ _- __ _— _-— 167 79 
Canada ____________ | 30,688 14,659 47,612 21,660 83,154 51,749 
China, People’s 
Republic of ~______~_ 28 111 —_ —_ __ __ 

Denmark ___________ 420 450 429 627 193 221 
France ____________ 29. 29 33 27 1,078 544 
Germany, Federal 

Republic of _~_______ 2,614 1,359 . 10 54 20,644 12,495 
Japan _____________ 78 279 3 5 349 271 
Mexico ___________ _ 29,637 11,400 44,290 17,090 79,123 44,182 . 
Morocco ~__________ __ __ 25156 861 __ __ 
Netherlands _________ 535 701 2,221 721 110 54 
New Zealand _______-_ 41 21 __ _- _- _- 
Peru ______________ 19,876 9,022 19,733 7,877 33,546 18,674 
South Africa, . 
Republic of ________ _- — 84 20 2,602 1,273 

South-West Africa, 
Territory of ________ 1,120 549 —_ _- _- ~- 

Spain _____________ 119 162 93 217 —_ — 
Thailand ___________ 437 1,609 408 1,447 275 1,397 
United Kingdom ______ 2,638 2,621 2,022 2,352 2,850 2,444 
Yugoslavia ___________ 10,181 3,054 . 19,944 6,576 7,594 3,576 
Zambia ____________ _- a ~— _- 82 39 
Other _____________ 12 39 3 2 — __ ee 

- Total _-_-________- 100,511 47,206 3145,932 362,018 261,273 154,544 ES OE HOt, 0484 QaeaeEeaeaeaeaeeeeooooooooouououoaoaoaoaoaoaooooaeeeeeeeeeTles=Se 
Reclaimed scrap, etc. 

(lead content): 
Australia __________~- 3,652 1,429 1,943 577 2,935 1,294 
Bahamas ___________ 20 4 3 1. 16 3 
Canada ___________- 829 259 990 402 2,467 1,226 
Germany, Federal 
Republic of ____-__- 58 Al 70 31 1,098 569 

Gilbert Islands ______~— -- _- 223 53 __ __ 
Jamaica —~__________ 35 8 73 33 49 7 
Mexico ____________ 735 224 156 56 137 69 
Netherlands Antilles __ _ _ __ __ __ __ 49 95 
Peru _____________- _— —_ 901 360 _— __ 
United Kingdom —____~ 35 72 10 25 __ __ 
Other _____________ 1 3 44 12 18 19 eee NY 

Total ____________ 5,365 2,040 4,413 1,550 6,769 3,212 ON OL 
aaa 

Grand total ________ 193,898 16,574 229,044 90,085 349,450 196,661 
eee 

‘Data are “general imports;” that is, they inckade lead imported for immediate consumption plus material entering 
the country under bond. 

2Less than 1/2 anit. 
3A djusted by Bureau of Mines.
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Table 28.—U.S. imports for consumption of lead, by country 
. ee SSS SSSA aS rss oss TS ie SSS SSS SSS 

——-:1975 1976 1977 

Country. Quantity Value Quantity Value: Quantity Value 
y (short (thou- (short (thou- (short (thou- 

tons) sands) tons) _ gands) tons) sands) 
eee ee TT TC SS SOS SS SSS 

Ore, flue dust, and resi- 
dues, n.s.p.f. (lead - 
content): ‘ 
Argentina __________ 4 $1 _- _- _- _- 
Australia ~._-___.___ 8,407 2,118 15,312 $4,390 14,621 $5,508 
Bolivia ~~~ _____ Le —_ _- _- 902 422 
Canada ____________ 14,878 3,521 8,556 2,471 9,591 2,812 
Colombia ___________ 233 56 225 68 306 126 
Honduras _________ _ 7,488 2,380 25,624 10,704 41,798 18,408 
Ireland _____~_______ 85 14 a -- -- -— 
Japan _~_____.______ -- _- 4,449 845 —_ _. 
Mexico _...________ _- -_— 8,661 3,290 5,952 2,273 
Nicaragua __._______ 1,381 431 1,781 672 5,248 2,529 
Peru ~_~__§_~_________ 12,598 8,863 24,378 7,052 19,444 1,784 
Other ____.-_______ oe — 2 (7) -- -- i 

. Total _...________ 45,024 12,329 88,988 29,492 97,862 39,812 
ion eee een eee 

Base bullion (lead content): . 
Belgium-Luxembourg ___ 19 7 72 37 110 62 
Canada ____________ 65 31 730 i: 360 494 291 | 
Germany, Federal 
Republic of —~.______ -- _— _- —_ 5 23 

Mexico ____________ 378 145 1,532 558 - 4,744 2,368 
Morocco ________=__ _- _- ~— -— 1,098 561 
Peru___ 2 ~~~ ~- — -- --— 110 70 
South-West Africa, . 
Territory of _.______ . -- -- . -— —- 1,507 869 

a 

Total ~...--_-_______ 462 183 2,334 955 8,068 4,244 
ree ene n enn a eaarae ee ee re Se SS Te SaaS S Saisie eel —&_&&_&_&_&_&_&_&_&_~~—>EE—————— 

Pigs and bars (lead . 
content): 
Australia _..~________ _- _- 1,624 / 442 14,226 7,414 
Belgium-Luxembourg ___ 2,058 1,141 168 . 93 7,615 - 5,006 
Burma ______~______ _- -— -- -- 167 79 
Canada ___________. 30,688 _ 14,659 47,612 21,660 83,154 51,749 
China, People’s _ . ; 
Republic of ~_.____ 28 111 _- -— —- _- 

Denmark ___._______ __ 420 450 429 627 193 221 
France _~.~_~_________ 29 29 - 83 27 1,078 — 544 
Germany, Federal 

Republicof ~~ ______ 2,613 1,357 10 54 20,644 12,495 
Japan ___ 78 279 3 5 349 271 
Mexico ____________ 28,728 11,073 44,290 17,090 79,123 44,183 
Netherlands _________ 535 701 2,221 721 110 54 
New Zealand ________ 41 21 _- ~— ~— -- 
Peru ~~~ _____ 19,876 9,022 19,733 . 7,877 33,546 18,674 
South Africa, 7 
Republic of ________ -- _— 84 20 2,602 1,273 

South-West Africa, 
Territory of _.______ 1,120 549 -- ae a -— 

Spain — eee ee ee 119 162 93 217 _— _— 
land ___________ 437 1,609 408 1,447 275 1,397 

United Kingdom ______ 2,638 2,621 2,022 2,352 2,850 2,444 
_ Yugoslavia ~~ ____ 9,634 2,880 20,491 6,749 7,594 3,576 

Other _______~______ 12 39 2,759 864 82 39 
eeeee eee ee eS SS SSSA 

Total __-- ~~~ ____ 99,054 46,703 141,980 60,245 253,608 149,419 0S SLY 
————————————«€—«x—<——_-K<_<_<_€_*_*-**=>==_**=&=*<*_*_<*_—=—_—_—_—=_—_=>_=__—~> Reclaim ed scrap, etc. 

(lead content): 
Australia ~~... __ 16 6 -- -- 50 17 
Bahamas ___________ 20 4 3 1 16 3 
Canada ____________ 921 280 990 402 2,467 1,226 
Germany, Federal 

Republic of ~~______ 58 41 70 31 1,098 569 
Gilbert Islands _______ _- _— 223 53 __ __ 
Jamacia -_______ ~~ 35 8 73 33 49 7 
Mexico ____________ 655 203 830 105 137 69 
Netherlands Antilles __ __ -- -_- _- -- 49 25 
Peru ~~~ _~_______ -- -- 901 360 — a 
United Kingdom _____~_ 35 12 10 25 -- _- 
Other _____________ 1 3 44 12 18 19 NY 

Total _-._-_________ 1,741 617 2,644 1,022 3,884 1,935 ———— EO ————————————<—&<£_£_—_CF{}$_>$$_>>— 
—————— 

See footnotes at end of table.
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Table 28.—U.S. imports for consumption of lead, by country —Continued : 
Om 

1975 1976 1977 

Co Quantity Value Quantity Value Quantity Value | 

untry (short (thou- (short (thou- (short (thou- 

. tons) ‘ sands) tons) sands) — tons) sands) 

Sheets, pipe, shot: 
Canada _._-____---- 52 + $54 113 $130 676 $465 

Denmark ________--- _— _- 19 56 57 232 

Germany, Federal 
- Republicof ____---- 21 28 38 48 48 50 

Japan _.______---~-~- a _- -- — 5 13 

Mexico ___--_-~~—--- 72 12 20 10 22 * 18 

Spain _.__-__-----~-- _- _- 65 ‘205 149 636 

United Kingdom ___~-~- 2 5 26 39 23 100 

Other ____--------- __ __ 13 q (4) 2 

| Total _._______--- aT 99 294 495 980 1,516 
eee

 

Grand total _.-_--~-- 146,428 59,931 236,240 92,209 364,402 196,926 

i
 

1Less than 1/2 unit. 

Table 29.—U.S. imports for consumption of lead, by class 

(Thousand short tons and thousand dollars) : 

Tn nnn ny uUnEE py uuuEEeran 

Ore Base bullion Pigs and bars Sheets, plates, strip, 

Year (lead content) (lead content) (lead content) other forms 

. Quantity Value Quantity Value Quantity Value Quantity Value 

1975 _~_. ~ 45 - ~=12,829 (9) 183 99 46,703 (4) 91 

1976 _~__-___----~- 89 29,492 2 955 142 60,245. (*) 484 

1977 ~-_____---_-~- 98 39,483 8 4,244 252 "148,746 1 1,516 

. 8 ° e gs . : . 

Waste and scrap Dros mids kimming ’ Powder and 

(lead content) (lead content) , flakes Total value 

Quantity Value Quantity Value Quantity Value a 

1975 _____------- 1 411 ) 206 @~) 8 59,931 
| 1976 ____-_------ 2 821 (2) 201 () 11 92,209 

1977 _____------- 3 1,769 ) 166 GQ) 188 196,107 , 

1Less than 1/2 unit. 

: Table 30.—U.S. imports for consumption of , 
miscellaneous products containing lead? 
ee 

. Gross Lead 
Year weight content hone 

(short (short ds) 
| tons) tons) san 

1975 ~_~-_-- 744 322 $3,575 
1976 _____-~- 452 175 1,749 
1977 _______ 664 283 3,586 

1Babbitt metal, solder, white metal, and other lead- 
containing combinations.
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| | Table 31.—Lead: World mine production, by country 
(Short tons) 

Country 1975 1976 1977" 
ne PrP ns SS cS SSS SSS Sfp SS -SSSiSsSSSSSSSSSSSSSSSSSSSSSS S  SSA 

North America: - 
, Canada________ ~~ eee 384,853 282,549 318,187 

Guatemala_________.1-________-__---~---~----- “110 “110 2140 
Honduras _____________~__~_ ee 25,643 20,492 - 25,946 
Mexico? _______________~__-u eee 196,889 220,492 180,205 
Nicaragua __________~_.-_--~---~---~-~--~----- 1,565 1,403 1,054 
United States* __-_____________ -___- ee 621,464 609,546 592,491 

South America: - 
Argentina __________-----~------------~--+-~--- 33,116 36,126 36,454 
Bolivia .....____-_-__-~-~---~__--~---_---~+--+- 515,755 18,043 — 20,328 
Brazil _________--~~-~--~------~-----------~+-- 24,658 mets *23,100 
Chile eee eee ee ee . 

Colombia________-__-.---~~---.~-~-~-~---~-+-- 126 ©120 126 
Ecuador _______. ___-_~-------~.--+--~-~------ 131 ©120 287 
Peru* ®___ eee ¥208,365 176,103 ‘183,058 

Europe: . 
Austria® ee ee ee eee 5,271 4,820 4,731 
Bulgaria _________.-~__---~--~-~-----~-~--~----~-+- 125,663 129,500 126,766 
Czechoslovakia _.........-_.-~~-.._-~-_~------- 4,525 4,612 4,680 
Finland___ ~~. ~_-.-._-__-~----~-___--__-_----_- 1,024 1,247 692 
France ____. _-_____--~__~-~-_--__-------~-_--. 23,920 30,975 34,833 
German Democratic Republic ___-__...._.__._.-_------ 4,400 4,400 _- 
Germany, Federal Republic of __..____.._.___-..-~--~- 35,696 34,916 34,287 
Greece ____________ ee 14,202 . 32,796 19,180 
Greenland -____________—~__-~--~___-~_~-_------ 26,800 29,750 81,750 
Hungary® _______________--_- ee T1,000 T1,000 1,900 
Ireland __-_§_§_§____ eee 40,010 35,935 45,195 
Italy. -_-. -- eee 32,518 32,298 33,951 
Norway_____._~-~_-___--~--~------~-----~----+- 3,559 4,303 3,676 
Poland®_____§_____________ eee 71,700 66,100 60,500 
Romania ______~________ ~~ eee 43,000 46,848 46,297 
Spain _______-__-~__~_--_---~~-------+--- +--+ 64,505 68,561 67,749 
Sweden ______-_§__-____ eee 77,584 89,976 - 97,149 
USS.R°_ eee ™530,000 - ™550,000 . §60,000 
United Kingdom ____________-__-~----.~-------+- T7054 7,826 ©7700 

Agee ue Oslavia - - - ~~ ~~~ 2-2 nnn nnn nnn nnn nnn nae 139,879 134,995 151,300 
rica: 
Algeria ____.___-___-~_~~-~----~--+--+---~--~-+--+-+- 73,527 2,315 990 
Congo__—~_.-_-_---_-~---~-~--~-~-~-+~-+--~-+~~-+--++- 2,201 2,300 €2,300 . 

; Kenya _____~~______-___~_-_~_~-~ +e 22 ©22 __ 
Morocco wee eee ee eee 70,150 66,357 102,968 ° 
Nigeria® ___. $$$ -_ /§ -_ ee eee 140 140 
Sonith Africa, Republic of ~~~. 2 2 2,981 oo _- 
South-West Africa, Territory of? ©°_.____.......___._.___ . | 58,500 51,100 45,400 

Tunisia__§_§_§ $$. -____~-_~~_-_~-_ ~~~ -+-+~----+-- F14,268 11,424. 10,022 
at --- ono 21,050 14,880 14,660 

ia: 
Burma®_____$_§____§_____ 11,570 TT 830 9,800 
China, People’s Republic of __.______.-_._..------_ 110,000 110,000 110,000 
India __-____ ~~ eee 12,247 14,683 15,900 
Tran __________--_--~--~---~-----~----------- 755,100 38,600 44,000 
Japan§ ____ 55,789 56,952 60,367 
Korea, North®____§_________________-_~ Lee 130,000 130,000 120,000 
Korea, Republic of _____..__._.__~__----- ~~ _--_ | 13,409 16,020 18,245 

2 Riles wcoccocccccacct and____ ee , 
Turkey _..-_.--__-__-_~~__~_---~-~--~-------~-- 77,114 5,430 9,610 

Oceania: Australia _________.~__.-_~--~--~---~----- ¥449,523 440,183 478,012 

Total_ _______~-------~--~-~---~--~-~----- *3,788,287 3,677,118 3,758,805 

°Estimate. Preliminary. "Revised. — 
a addition to the countries listed, Uganda and Egypt may produce lead, but available information is inadequate to 

make estimates. 
2Smelter production, believed to closely approximate mine output, which is unreported. 
’Recoverable metal content of lead in concentrates for export plus lead content of domestic products (refined lead, 

antimonial lead, mixed bars, and other unspecified items). 
“Recoverable metal. 
‘Production by COMIBOL plus exports by medium, small, and other exporters (excluding COMIBOL exports). 
®Recoverable content of lead in concentrates for export plus lead content of domestic smelter products (refined lead, 

antimonial lead, and bismuth-lead bars). 
7Series revised to reflect estimated calendar output of all producers. 
8Content of concentrates.
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Table 32.—Lead: World smelter production,: by country 
(Short tons) 

Country 1975 1976 1977" 

North America: 
Canada (refined) _.____-____-_---_---.---i----~-- - 7189,063 193,698 206,636 
Guatemala? __-__-. > 5 5 LL 248 121 140 7 
Mexico? * __-______ Le 190,620 209,142 169,698 
United States (refined). .__....-...-.-..-__. ______ 636,122 652,877 604,838 

South America: - 
Argentina __________---_~------+---~--------- 39,700 41,900 49,600 

- Brazil... Le 41,381 48,140 58,245 
Peru __§_-_-_ Le ™718,422 78,397 87,507 

Europe: 
Austrias ~9 2 Le 10,320 8,928 8,050 
Belgium®__.- -§- -- - 5 ee eee LLL 118,500 115,100 114,800 
Bulgaria?_._§/§ $$ -_/ -- ~~ ee ee eee F121,000 124,000 ©124,000 
Czechoslovakia?_ ~~ ~~ 20,334 21,071 €22,000 
France ______.~_-_-~-----~--- ~~~ 149,233 175,758 190,371 
German Democratic Republic®__..-2.2-2-2---__-____ 22,000 22,000 22,000 
Germany, Federal Republic of ~~~ 101,679 111,295 115,908 
Greece (refined)* 5 ___. ~~~ ee ee eee 717,925 20,604 22,487 
Hungary® __. ~~~ Le *550 2,100: 2,200 

_ Italy. ee LLL 36,593 50,721 37,716 
Netherlands - ~~ ~~~ 2722222222272 27272727272727277277 26,389 24,130 23,294 
Poland (refined)? _._ ~~~ ee 84,000 88,800 94,100 
Portugal (refined)? _... 22.222 - 2 LLL ¥1,788 1,504 911 
Romania®? _ eee 43,000 46,300 49,600 
Spain ____-.---.-----------~-------------.- 81,456 83,244 98,296 
Sweden (refined) _-.-._._..-._-.-_____~_-_______ 42,265 54,088 57,265 
USS.Re_ ee 530,000 550,000 - 560,000 

- _ United Kingdom? __.__. ~~ 2 ee eee 28,328 18,190 38,597 
Yugoslavia (refined)?______..--_.-_~_-____________. 139,000 122,599 143,179 

Africa: . 
Morocco .~__ ~~~. -~_--~-~_ ~~ 7,716 29,078 38,140 
South-West Africa, Territory of (refined)... -___ 48,801 43,651 47,069 
Tunisia _____-__ ~~~ -_--_--__--_-_-----_---_- 726,124 | 25,904 21,718 

Aa embie (refined) ~------ + ee eee 21,054 _ 14,973 14,450 
ja: 

| Burma ______-___-----_-__-___-_-----_-___- 10,973 3,672 4,955 
China, People’s Republic of¢ _-._.__-- --__-_________ ~ 110,000 110,000 110,000 
India ~_--_--.___~-_ ee 5,257 5,991 8,364 
Iran® __ Le 330 330 330 
Japan___._ ~~ ee 214,087 241,464 244,049 
Korea, North® ?__ 225 5) 5 5 ee ee ee eee 90,000 80,000 80,000 
Korea, Republic of? __-.__._-____._.________________ - 6,826 8,556 7,432 
Thailand ___-.~ ~~~ LL 1,041 909 1,302 
Turkey _-_-_ 2 Le 3,300 3,500 3,300 

Oceania: Australia (refined and bullion)!® _-________________ $48,163 378,138 369,241 . 

Total__--_-_-_-_-- ~~~ eee — ¥3,633,088 3,810,873 3,846,788 
Te en NT CT TS eT Pa GPS SS ASSIS 

“Estimate. Preliminary. ‘Revised. 
‘Primary except as noted. Output of countries with parenthetical note “refined” may have produced a part of the 

quantity listed from imported bullion. 
*Includes secondary, if any is produced. 
5Lead content of refined lead, antimonial lead, and impure bars. 
“Lead content of refined lead and antimonial lead bars. 
‘Lead content of refined lead plus gross weight of antimonial lead. 
®Primary soft lead alloy; excludes any primary lead in antimonial lead. 

ep eion, only; output of refined lead from imported bullion was as follows in short tons: 1975—129,956; 1976—145,678; 

®Of the totals reported, the following quantities in short tons were refined lead (the balance being base bullion): 1975— 171,141; 1976—200,555; 1977198, 150. ms
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Table 33.—Lead: World secondary smelter production, by country! 
(Short tons) 

Country 1975 1976 1977" 

North America: - | 
Canada® _____ eee 39,000 40,000 42,000 
United States ____._________~-_-_-__-~ ~~~ 658,456 726,569 835,102 

Europe: 
Austria __§ ~~~ eee 6,370 - 8,387 11,713 
Belgium-Luxembourg® 7. ____________________~___-----.-- 4,400 7,400 6,700 
France ____~_____-~____~_~_~~-_~___ ee 16,936 14,325 12,564 
German Democratic Republic®_ $$» __/_/___/___ ee 18,000 18,000 19,000 

_ Germany, Federal Republic of _______._______-_-_-~-_~--~-+- 185,104 195,484 225,386 
Hungary® ____________ eee 13,800 12,200 13,200 
Italy. ~~ ee eee 62,600 79,600 92,000 
Netherlands® _._._.§_-___»_>_~>_-_ ee 36,000 39,000 39,000 
Spain __________-.~-------------~-+-~--+--+--~-+-+------ 7,071 ©7200 ©7200 
Sweden _______~__ ~~ eee 365 371 88 
USS.R.®_ ee 105,000 110,000 ‘110,000 
United Kingdom?_____§_§__. 5 5 5 ee 136,022 131,518 137,514 

Asia: Japan*_ _§ 2 ee 46,357 67,060 62,276 
Oceania: Australia _____§_§_§_§___ ee 37,100 34,800 41,600. 

Total.________________ ee ——-:1,872,581 1,491,914 1,655,343 

“Estimate. Preliminary. NA Not available. 
1Totals presented are incomplete; for the following countries not listed in this table, secondary production is included 

with primary production because there is no reliable source nor reasonable basis for estimating the proportional total 
output reclaimed from scrap: Guatemala, Mexico, Bulgaria, Czechoslovakia, Greece, Poland, Portugal, Romania, 
Yugoslavia, the People’s Republic of China, North Korea, and the Republic of Korea. Moreover, the following countries, 

for which only primary lead production is reported may have also produced some secondary lead: Brazil, India, Iran, and 
rkey. 
Figures represent lead content of antimonial lead; a small part of each total may be of primary rather than secondary 

origin. 
Secondary refined soft lead only; excludes lead content of secondary antimonial lead produced. 

jexcludes Jnaterial identified as remelted lead in Japanese sources; this total is, in short tons: 1975—53,364, 1976—-NA, 
an —NA.
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| | —— | By J. W. Pressler' | / 

| Lime output in 1977, including that for Agricultural lime was down 33%; refractory . 
: Puerto Rico, decreased 1% to 20 million dolomite, 4%; and chemical and industrial 

| __ tons. Total value established a new annual lime, 1%. Output of construction lime in- | 
- record, increasing 9% to $669 million. creased 3%, 
as Output of most types of lime decreased. : ae | 

fable 1.—Sallient lime statistics in the United States! oe 
CO - om ae 7 (Thousand short tons and thousaind dollars) : ee eS 

| Number of plants ____.___.--.._------------.- 115.172 =171—s«18 161 

| ~ Sold or used by producers: a : | : | 
Quicklime oo ee 17,230 17,795 15,875 - 16,924 16,281 

ydrated lime___....____________________ 2,610 2,533 2,344 2,298 2,698 
_ Dead-burned dolomite ______.____.-._-.____. | _ 1,250 1,278 914 . 1,007 968 

Total. --_-__--__--_-___________ 21,090 21,606 = 19,188 20,229 «19,947 
Value? _________-----------.------_ $365,849 $473,685 $528,805 $609,010 $666,472 

_; Average value perton __-________________ $17.35 $21.92 $27.38 $30.11 $33.41 . Lime sold-.________.________-___________ 14,394 14,640 12,840 14,024 14,202 : ‘Limeused ____ = 6,696 6,966 6,292 6,205 5,745 
Exports? _..2 2-2) 5 37 32 54 56 33: | 
Imports for consumption® _______... -___________ 334 416 259 365 423 Ee 

1Excludes regenerated lime. Excludes Puerto Rico. 
Selling value, f.o.b. plant, excluding cost of containers. 
3Bureau of the Census. . a 

Oo DOMESTIC PRODUCTION 

Lime producers sold or used 20 million souri, Texas, Michigan, and Alabama) 
tons, compared with 20.3 million tons in accounted for 55% of the total output. 
1976. Sales of lime increased 1% to 14.2 Production increased 14% in Alabama and 
million tons. Captive lime used by pro- 11% in Texas, remained about the same in 
ducers declined for the third successive year Missouri, and decreased 16% in Ohio, 7% in 
as a result of the depressed conditions in the Michigan, and 3% in Pennsylvania. | 
steel industry, with a 7% reduction in 1977. _—_ Leading producing companies were Mar- 
to 5.7 million tons, the lowest since 1963, blehead Lime Co. with two plants in Illinois 
and a 21% decrease from the record year of and one each in Indiana, Michigan, Penn- 
1971. | .  sylvania, and Utah; Mississippi Lime Co. in 
Output of quicklime decreased 4% to 16.3 Missouri; Bethlehem Steel Corp. with two 

million tons. Production of hydrated lime plants .in. Pennsylvania and one in New 
increased 18% to 2.7 million tons. Output of York: Allied Chemical Corp. in New York; 
dead-burned dolomite decreased 4%, 60% Martin Marietta Corp.’s Chemical Division 
below the 1956 record level of 2.4 million in Alabama dnd. Ohio; The Flintkote Co. 
tons. | with two plants in California, two in Neva- 

Six States (Ohio, Pennsylvania, Mis- da, and one each in Arizona, Utah, and 
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| Table 3.—Lime sold or used by producers in the United States, by size of plant? - 
| (Thousand short tons) 

Size of Plant — Plants Quantity Percent Plants . Quantity | Percent 

Less than 10,000 tons ________.________ - 24 128 1 22 124 1 . 10,000 to 25,000tons _____________________ 27 464 2 27 462 2 
25,000 to 50,000tons _._-_______________ 27 954 an) 32 1,158 6 50,000 to 100,000tons ____________________- & 1,835 9 21 | 1,575 8 100,000 to 200,000 tons __-_____.___________ 26 3,982 . 20 24 3,649 18 _ 200,000 to 400,000 tons _______.____________ 9% 7,576 37 28, 7,640  —- 38 
More than 400,000 tons _~__________________ 8 5,319 26 8 5,378 27 

Total --------___----------------- 164 20,257, s«100Ss«62-~—S—s« 219,987 100 
. Excludes regenerated lime. Includes Puerto Rico. 

Data do not add to totals shown because of independent rounding. 

ty to 500 tons per day. Further development scheduled for early 1979.¢ | : : 
and preliminary engineering were reported Rangaire Corp. of Cleburne, Tex., initi- 
for a third kiln to be installed, which would ated a $4 million program to expand two of | 
bring the total capacity to 1,000 tons per its lime plant facilities—one in Cleburne 
day? - and the other in Batesville, Ark. The third 
rents Products ae Ss cnet ene, pred hed rotary kiln added to the Cleburne facilities 

at us Montevatio, Ala., plant was scheduled measures 11-1/2 by 300 feet, and is Texas’ 
to be completed by yearend 1977. The addi- largest lime kiln. Its production capacity 
tion of an Allis-Chalmers 11-1/2- by 350-foot will be 500 tons per day of quicklime, which 
rotary Kiln will increase production capaci- wij] boost the firm’s area capacity to 1,200 

; ty by 700 tons per day of quicklime. tons per day. Completion of the program is 
Coe US. mime Teen of The snore scheduled for yearend 1978.7 . | 
in, ol nt t N le e me 1€ ‘te be ovate, its Energy.—The lime industry in 1977made 
by nr P 1.1978, The son, ta h de fin talla. considerable progress in efficient utilization | 
y mic- 1 ene Project included installa- — o¢ energy by adding preheaters to kilns and. . tion of a Kennedy Van Saun 1,000-ton-per- by | . : ts aes | : . y improving the internal agitation in the day rotary kiln and related equipment at a kilns. Th ch ‘resulted i 18% 

cost of $25 million. After completion of the reduc tion in etiergy consump tion compared | : 
expansion. project, total capacity will be waa ay ge 1,800 tons per day of high-calcium lime, with the base year of 197 2. British thermal 
making the operation one of the largest Unit (Btu) consumption per ton of lime suppliers in the United States. produced through the first half of 1977 was 

| A third Calcimatic lime kiln was being ‘-48 million, compared with 7.79 million in 
installed in the Portland, Oreg., plant of 1976. . 

_Ash Grove Cement Co. and was scheduled to _ As reported by the N ational Lime Asso- 
be onstream at yearend 1978. This installa- Ciation, fuel sources for the lime industry 
tion will double the capacity of the plant to through the first half of 1977 were coal and 
150,000 tons per year of quicklime. coke, 58.0%; natural gas, 29.7%; oil (No.2 

Detroit Lime Co. initiated a 1,000-ton-per- and No. 6), 9.9%; and electricity, 2.2%. 
day expansion program for its River Rouge Compared with the base year of 1972, sig- 
plant in Detroit, Mich. The new system will nificant improvements were made in 1977 
include a Kennedy Van Saun Polygon pre- with a 44% reduction in the use of scarce 
heater, rotary kiln, and contact cooler, all natural gas and a 106% increase in the use 
fired with pulverized coal. Completion was of coal and coke.®
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CONSUMPTION AND USES 

Lime was consumed in every State. Lead- consumption. ing consuming States were Ohio, Pennsyl- Of the main chemical and industrial uses, vania, Michigan, Indiana, Texas, New York, lime for BOF’s was produced principally in and Illinois, each of which consumed more Qhio (25%), Indiana and Illinois (combined, than 1 million tons. These seven States 26%), and Pennsylvania (14%). Lime for accounted for 61% of the total lime con- alkalies was produced mainly in Michigan, - sumed. __ New York, and Texas. Lime for water puri- The depressed condition of the steel in- fication was produced mainly in Missouri dustry in 1977 led to a decline of 3% inlime (28%), Pennsylvania (15%), Texas (13%), | _ consumption for basic oxygen furnace and Alabama (8%). Lime used for paper and (BOF), open-hearth, and electric steel manu- pulp, excluding regenerated lime, was pro- | facturing, compared with that of 1976. duced mainly in Alabama (37%), Wisconsin Record housing and building starts caused a. (12%), Virginia (11%), and Texas (8%). 13% increase in the sales of mason’s and_ Lime for refining sugar was produced main- finishing lime, making 1976 the best year ly in California (22%) and Idaho and Minne- since 1973. sota (combined, 26%). Leading quicklime-consuming States Mason’s lime was produced at 33 plants in were Ohio, Pennsylvania, Michigan, Indi- 17 States, including Puerto Rico; leading ana, and New York, each of which con-_ States were Wisconsin (21%) and Pennsy]- ~ sumed more than 1 million tons. These five vania (19%) with four plants each. Finish- States accounted for 52% of the total quick- ing lime was produced in 11 States at 15 lime consumed. plants; the leading State was Ohio with Leading hydrate-consuming States were three plants (49%). — Texas, Pennsylvania, Louisiana, and Ohio, The use of lime in agriculture has de- each of which consumed more than 100,000 creased from 250,000 tons per year in 1956 tons. These four States accounted for 49% of to 91,000 tons per year in 1977, indicating a the total hydrate consumed. , negative annual growth rate of about 4.5%. Lime sold by producers was utilized for The attainment of maximum fertilizer util- chemical and industrial uses, 84%; con- ization and the high cost of energy-intensive _ struction, 9%; refractories, 6%: and agricul- lime, compared with that of pulverized | ture, 1%. Captive lime used by producers limestone, for controlling the adverse acid was 29% of the total, compared with 31% in condition of soil have diverted farmers to _. 1976. Captive lime was used mainly in the the use of the cheaper commodity, even production of alkalies, 30% ; BOF steel, though its reactivity response is considera- 29%; and sugar, 15%. bly less. The use of crushed and pulverized Leading individual uses were ‘for BOF limestone in agriculture has increased from steel, alkalies, water purification, paper and 20 million tons per year in 1956 to about 39 pulp, refractories, and Sugar refining, which million tons per year in 1977, a growth rate together accounted for 67% of the total of 2.0% per year.
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Table 4.—Destination of shipments of lime sold or used by producers in the United States 

- in 1977, by State? 

(Thousand short tons) 

State | Quicklime Hydrated =Total? : 
. 

. . ~ - 

Alabama __________-----------
---------------7-7777 531 86 616 

Alaska _________----~---
----------------- 7-77-3770 7777 W Ww 2 

Arizona_______-_----------
---------- 7-77 rrr 391 17 408 

Arkansas. ________-------------
--------------3070r777 154 23 176 

California ______._-__---------------
------------4-777 762 95 857 

Colorado _________------------
------------ 7-3-3070 777 250 19 269 

Connecticut _.______---------------
----------777777 43 12 55 

Delaware__________-_--
--------------------- 5-3-7777 14 . 4 18 

District of Columbia ___ ___ __ _- -----------------------
--- Ww Ww 4 

Florida ________-_-------------
------------- 7-77-7777 320 48 368 

Georgia________----------
-----------------7777777 ‘ 197 32 . 228 

Hawaii ___________-----------
------------------7-77 Ww WwW 4 

Idaho __________---~---------
------------------7-7 131 7 137 

Illinois ____.__-_-------------
------------------7-7 937 94 1,031 

Indiana__________-_--------
---------------------7-7- 1,793 71 1,865 

lowa________-------------
----------- rrr 72 21 93 

Kansas ___________------------
-----------------7-7- 87 19 107 

Kentucky _______--------------------
--------7-7-7-77- 370 17 387 

Louisiana _________-_-__------------
---------------- | 175 110 285 

Maine____________--_----~--
----------------------7- WwW WwW 30 

Maryland _._____-------------------
----------77-77- 474 18 492 : 

Massachusetts__________-_-_
-_--+----------------------

 58 13 72 

Michigan______.__---------
----------------------7- 1,835 41. 1,876 

Minnesota _____________--------
------------------7-7 239 23 263 

Mississippi __ _ _____-_--------------------
------->-7-7--7 - 134 20 154 

' Missouri ______.______---_---------
------------------ 164 49 213 

Montana __________--~---------
--------------7-7--77 WwW WwW 228 

' Nebraska________-_------
-~-------------------7- 7-77 62 8 70 

- WNevada________-__----
-----~-------------- 9-37-5507 0-07 14 11 25 

New Hampshire ________-----------------
----------7- W. WwW 12 

New Jersey ______--------------------
------3-77-7777- 71 54 125 

New Mexico ______--_-------------
--------3---7 77777 91 5 96 

New York ________-__--------
--------------- 7-7-7077 1,090 42 1,131 

North Carolina ________----~---------
--------------7-7 151 31 181 

North Dakota __________-------------
------------7-7-7 Ww WwW 45 

Ohio._________-_-_--------
--------------------7-7- 2,311 107 2,418 

Oklahoma _____.____~_---~-----------
--------------7-7 104 42 146 

Oregon ______--_---------------
------------7-777-7-7- 93 15 108 

Pennsylvania ee eee ee ee er 1,959 270 2,229 

Rhode Island _________----------------
---~---------7 WwW Ww 7 

South Carolina _________-__-------------
------------- 86 21 107 

South Dakota ___________-----------
---------------- 9 17 26 

Tennessee ________-___-~-------~----
--------------7- 134 58 192 

Texas________________-~-~--
--~--------------------7- 902 766 1,667 

Utah ___--_-------------------
---------+---0--7- 101 27 128 

Vermont _________-------------
-----------------7-7 WwW WwW - @ 

Virginia ________------------------
------------7-7-- 188 27 216 

Washington _________-~---------
-------------------- 132 23 155 

West Virginia_________------
----------------------- 322 29 351 

Wisconsin ___________--------------
--------------- 128 56 184 

Wyoming. __ ______-------------------
-----------7-7- 39 8 Aq 

Other States? ____________--__------
----------------- 297 75 42 

Total United States? _________--_--------------
---- 17,420 2,531 19,951 

ae Pe
 

Exports: 
Canada___________~__-----

--------------------- 15 10 25 

Other countries___________----
~~------------------- 7 4 11 

Total exports______-__---------
----------------- 22 14 36 

———————————————————=_=_====
==== 

Grand total. _________-_----------
------------- 17,442 2,545 19,987 

W Withheld to avoid disclosing company proprietary data; included in “Other States.” 

1Rxcludes regenerated lime. Includes Puerto Rico. 

2TData may not add to totals shown because of independent rounding. 

3Includes Puerto Rico, the Virgin Islands, and States indicated by symbol W.
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Table 5.—Lime sold or used by producers in the United States, by use! 

(Thousand short tons and thousand dollars) 

tT 
* Sold Used Total? Value Sold. ~=—-Used —s‘Total? ~—~Vallue 

Agriculture _~__________ 136 __ 136 4,759 91 __ 91 3,124 

Construction: 
Soil stabilization ___.__ 742 (3) 743 24,597 710 (3) 710 26,118 
Mason’s lime _~_______ 351 1 351 11,616 345 4] 386 14,204 
Finishing lime _______— 132 _~ 132 4,363 159 _- 159 5,854 
Other construction uses _ _ 35 35 70 2,310 36 42 18 2,878 

Total? _~.________ 1,260 35 1,295 42,886 1,251 83 1,334 49,054 

Chemical and industrial: 
Steel, BOF __________ 5,800 1,618 7,418 219,306 5,319 1,638 6,958 229,103 
Alkalies ~~ ~________ 7 2,072 2,078 61,434 12 1,746 1,758 57,883 
Water purification ___ _~— 1,515 8 1,523 45,026 1,645 7 1,652 54,393 
Paper and pulp _______ 946 108 1,054 31,160 1,098 59 1,157 38,094 
Sugar refining ____.___ 76 909 985 29,121 67 849 916 30,159 
Steel, electric ________ 707 71 778 28,001 154 89 848  —- 27,755 
Copper ore concentration _ 386 284 670 19,808 327 . 3809 636 20,9389 
Sewage treatment _____ 548 90 638 18,862 587 26 6138 20,182 
Steel, open-hearth _____ 340 83 423 12,506: 543 38 581 19,128 
Aluminum and bauxite __ 143 152 296 8,751 156 108 264 8,691 
Magnesia from seawater _— WwW WwW 237 7,007 Ww W 262 8,625 
Calcium carbide _____ __ 156 77 232 6,859 175 73 248 8,164 
Glass ~~ ~~ ~________ 213 __ 213 6,297 217 _— 217 7,143 
Sulfur removal —~______ 30 _— 30 887 133 _-. 133 4,377 
Precipitated calcium 

carbonate Woe 44 36 81 2,395 AT 51 98 3,225 
Food products ________ 21 35 56 1,656 32 32 64 2,105 
Acid mine water ______ 57 3). 58 1,715 62 (3) 62 2,039 
Metallurgy, other ______ 51 __ 51 1,508 52 3 56 1,842 
Petrochemicals _______ 12 — 72 2,129 47 __ AT 1,546 
Oil well drilling _______ 47 — 47 1,390 46 __ 46 1,513 
Magnesium metal _____ Ww WwW 27 798 WwW WwW 39 1,282 
Petroleum refining _____ 42 _- 42 1,242 36 — 36 1,183 
Tanning ~~ ~_~_______ 25 — 25 739 24 __ 24 788 
Ore concentration, other _ 3 — 3 89 14 — 14 459 
Insecticides ~~~_-_____ 9 _- 9 266 12 _— 12 393 
Fertilizer _._________ 12 _ 12 355 6 __ 6 196 
Paint ~~ ~__~________ 4 _— 4 118 4 1 6 196 
Rubber ____________ 4 __ 4 118 4 _. 4 130 
Brick, sand-lime ______ WwW WwW W WwW 4 a 4 130 
Wire drawing ________ 2 (3) 2 59 1 (3) 2 64 
Other uses* _________ 457 559 751 22,199 580 559 888 27,582 

Total? __-_-_______ 11,717 6,102 17,819 526,801 12,007 5,586 17,594. 579,309 
Refractory dolomite ______ 938 68 1,007 37,079 — 892 15 968 37,992 

Grand total? ______ 14,052 | 6,205 20,257 611,523 14,242 5,745 19,987 669,479 

W Withheld to avoid disclosing company proprietary data; included in “Other uses.” 
1Excludes regenerated lime. Includes Puerto Rico. 
2Data may not add to totals shown because of independent rounding. 
3Less than 1/2 unit. 
“Includes magnesite, plastics, lithium, explosives, chrome, adhesives, silica brick, manganese (1977), coke (1977), other 

uses, and uses indicated by symbol W. 
4 

PRICES 

The average value of lime sold or used by $32.12 for chemical lime to $37.69 for con- 
producers in 1977 was $33.50 per ton, an struction lime, $31.30 for lime used in agri- 
increase of 11% over the 1976 price of culture, and $39.20 for dead-burned dolo- 
$30.19 and an increase of 92% over the 1973 mite, and averaged $32.71, an increase of 
price of $17.42. Values ranged from $32.93 10% over the 1976 value. 
for chemical and industrial lime to $36.77 Values for hydrated lime ranged from 
for construction lime, $39.25 for refractory $36.85 for construction lime to $36.22 for 

dolomite, and $34.33 for lime used in agri- chemical lime and $35.08 for lime used in 

culture. agriculture, and averaged $36.48, an in- 
Values for quicklime sold ranged from crease of 7% over the 1976 price.
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| oe FOREIGN TRADE | . | 

_ Exports of lime decreased 41% to 33,000 United. Kingdom, Paraguay, Kuwait, Aus- | 
=: _ tons, 52% below the 1968 record. Of the ria, the Netherlands, Peru, Saudi Arabia, === 

a total exports, Canada received 71%, Guy- Australia, Argentina, Netherlands Antilles, 
ana received 6%, Mexico received:5%, and Zaire, India, Japan, and Haiti. oe 

_ Nicaragua, Panama, and Surinam received — Imports of lime have grown at an average | | 
3% each. The remaining 9% went to 26 rate of over 6% during the last 10 years. In __ 
countries, listed in order of shipments'as 1977, imports (mainly from Canada) were | 

| follows: Bahamas, Bermuda, Venezuela, 422,900 tons, an increase of 16% compared 
_ New Zealand, El Salvador, Philippines, the with that: of 1976. Net import reliance, 

Leeward and Windward Islands, Ireland, expressed as a percentage of apparent con- | , 
Trinidad, Guatemala, Ghana, Brazil, the sumption, was2%. — a | 

a | _ Table 6.—U.S. exports of lime | _ Oo , 

7 | | te Year (hort tone) (thousands) | | | 

| , 1975. si BBB tséSD,T7G | | 
| : 1976 = 55,852 2,981 a - | | | 1977_---------.----.  . 82,954 | 2,185 _ : 

| /. Table 7.—U.S. imports for consumption of lime 

CS oe -Hydratedlime | ~.”. Other lime oe ‘Total. 

| (hort tons) (thousends) Ghent tits) thoes) quantity yg walue 
© 1975 Le 44,637 $1,392 214811  ~—s-_ $4,867 258,948 $6,259 | 1976 -- tts AB 1,814 316,442 8,816 364,903 10,630. 

1977 52,875 «1,878 370,012 . 11,192 | 422,887 18,070 

- ~ WORLD REVIEW | | 

Lime is produced all over the world, ‘Neanderthal limestone quarry in Diissel- 
_ mainly in the heavily industrialized na-  dorf is the principal raw material source in 

tions. Large quantities of lime are produced the production of lime for the steelmaking 
in many countries of the world in small, complex at Duisburg. Approximately 
primitive pot and vertical kilns. The quick- 700,000 tons of stone is used per year for 

_ lime is used in the manufacture of mortar burning lime in two. Krupp rotary kilns, 
and plaster in the construction of homes which measure 11-1/2 by 410 feet each.® 
and buildings. Production statistics are not New Zealand.—Owing to the increasingly 
reported, and estimates can only be made_ severe recession marking New Zealand’s 
that the quantities are substantial. Source _ building industry, sales of cement and lime 
materials are adequate. The United States, for the year to July 31, 1977, were lower. 
with 16% of the total, ranks second in world Lime sales for the 1977 financial year were 
production, following the U.S.S.R. | 128,000 tons, a 4.5% decrease compared 
Canada.—During 1977, 17 companies with 1976. 

operated 23 lime plants in Canada: 10 in South Africa, Republic of.—South Afri- 
Ontario, 3 in Quebec, 4 in Alberta, 3 in ca’s economic slump of several years’ stand- 
Manitoba, 2 in British Columbia, and 1 in ing once again created a mixed year in 
New Brunswick. Of the 85 kilns in oper- limestone, lime, and cement production and 
ation, 54 were vertical, 27 were rotary, 3 sales for 1977. Although limestone pro- 
were rotary grate, and 1 was vibratory duction declined nearly 9% below the 1976 
grate. Total lime output was 2 million tons, output to about 17.3 million tons in 1977, 
of which 418,000 tons, with a customs- lime production increased 7% to about 1.65 
declared value of $30.69 per ton, was ex- million tons in 1977, and local sales volumes | 
ported to the United States. and values rose 8% and 26%, respectively." 

Germany, Federal Republic of.—The Switzerland.—In 1977, the Swiss econ-
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Table 8.—Quicklime and hydrated lime, including dead-burned dolomite: World | 
production, by country | an , 

. ' - (Thousand short tons) . 

| | Country) tw” oS —«44975——i(ts«d976 1977” | 

North America: a 
Canada _. ee ee ee + 1,765 2,039 2,071 
Costa Rica ee ee ee ee ee ee ee eee , 17 6 47 

Guatemala ___._____.___=.----------~----~-------=+=-----+--+- 39 50 _ 61 . 
Jamaica __._________-_--------------~---~--------------- 202 269 205 | 

_ Nicaragua® ________________.---.-------------=----+----+-- 51 51 . 51 
‘Puerto Rico _._._____-----~-------~-~-+---------------=--- 28 29 40 

United States (sold or used by producers)_________..---~-~------------. 19,138 20,228 19,947 
South America: » oo _ 

Brazil® = eee ------- 3,860 4,740 4,960 
Chile®_ = eee ------. «60 660 680 

Colombia® _________________u ee eee eee 1,100 1,100 1,480 
. Paraguay ___.. ..../_-~~------~--~--~~---~-+-+--------------+--+ a, 

Porue TIT I IT . e) () () 
Uruguay _________~----~~~-u---_-~-~---+---------~------- 51 — TF 77 

Europe: ~ . : | .. . - 

. Austria. ee ee 1,145 - 889 1,068 
Belgium _________..--.~--.~------~.---------~----------- | 2,778. 2,540 2,547 
Bulgaria ________-_--_-__-_-~----_-~-~---------------- 17538 °°1.760 °1,820 
Czechoslovakia ________ i. ~~ aL + T3255 . 3,292 3,300 

Denmark .___ eee ee ee e+ 183 255 191 
Finland® ____§___$____ ee ee + 298 #285 ._ 266. 
France ____-_____________~_ eee. 4,892 «5,057 “4,890 
German Democratic Republic ~.......-.-._..-----------------~ 3,840 3,752 . °3,800 
Germany, Federal Republic of _..____.___-_-_--------+---~--~------- 10,114 10,682  °10,700 
Hungary _________._--.----~----------~------+------+-+-- 187 808 830 © 
Ireland ~-____~_ ~~ ee ee ee + . 86 76 “30 . 
Italy. Lee ee ee ee eee 1,952 . 2,122 2,126 
Mahta 22 9 q : , “6 

Norway ____.-__-.-----~-------------+---+-------+------- 138 =-=—s 99 110 | 
Poland?___________________ we eee —si«9, 059 8,940 £9,000 

: Portugal ________-_--_-_-_----_-----~~--~-~----+-------- 235 - 220 £240 
Romania ___________.___~.u.-_ ee eee e+ 8,377 8,660  °3,700 | 
Spain ___________________ eee eee +- 432 €440 ©440 
Sweden (sales)___________-...----~-----------=---------+-~ © 71,022 945 £880 
Switzerland ____________________--_-_____-.------------ “80 78 e77 | 
USS.R® oo eee eee +++ 25,000 25,000 26,000 
Yugoslavia... .______.---~~~~--------~-+~-~-~+-+~-+------ 2,296 2,124 2,300 

Africa: | - : 
- Algeria® ~~. eee eee e+ 44 AA . 55 
Burundi _______________ ~~ eee ee (?) 1 a | 
Egypt® __________-----~ ee +++ 90 90 — 100 
Kenya __________ 1-1 ee + &33 83 €33 
Libya ~..- eee ++ 15 358 1,102 

7 Malawie _____________________________- eee i (2) 1 
Mauritius __________ ee ee 8 8 9 
Mozambique _______-_.-_..----~--~_~~--~ +--+ +--+ + 591 °550 °550 

. South Africa, Republic of (sales) _._.___....._.....---------~--~---+-+- 1,464 1,529 1,659 
Tanzania ________.-~._-_----~-~-~--~--~--~-+-----~--------- T?2 reg €2 
Tunisia .__-_-~____~____ eee ee 312 351 373 
Uganda® ______________- ~~ ee 33 33 33 

, Zaire _.______.____________.- ~~~ +--+ +--+ +--+ +--+ 165 *°110 108 
Zambia _______________~_~ ~~ ee ©130 159 “165 

Asia: : 
Cyprus ______.~___~ ~~ eee ee ee e+ 25 12 23 
Indiaf__ > 5 5 2 eee 375 375 390 
Iran® _~____-____--_____ ee eee 1,100 1,100 1,200 
Israel -. eee eee ee 265 220 112 
Japan _. ~~~ ee ee ee ee eee 10,110 10,115 9,945 
Jordan ____ ~~~ ~~~ ee ee ee 3 3 3 
Korea, Republic of _______._~---~------~-----~-----~--------- *110 120 99 
Kuwait ___._.. ~~~ eee e() 13 “13 
Lebanon®__ eee 200 200 180 
Mongolia® ____________. eee - 45 45 55 
Nepal ___________--__--~----~~---------------------+--- (*) (4) __ 
Philippines ~_________~__~_~_~-__~~~~-~~ eee 40 30 31 

Saudi Arabia® ____________________-_-__-___-------------- 17 17 22 
Taiwan _______.__.~-----~-~-~--~-----~------------------- 161 181 175 

Oceania: 
Australia® __________.-___-------------------+---------- 1,050 1,050,100 
Fiji Islands .. _./___.._______.._-_--~-----------~~-~-------- 3 (3 2 
New Zealand® __________ ee Le 110 150 165 

Total _________-_~------------~-~-----~-~-------------- "115,664 119,117 _~——«:121,649 

“Estimate. Preliminary. "Revised. 
1Lime is produced in many other countries besides those listed. Mexico, Venezuela, and the United Kingdom are 

among the more important countries for which official data are unavailable. | 
2Less than 1/2 unit. | | 
3Excludes output by small producers. 
“Revised to zero.
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omy experienced gratifying overall recov- the construction of two lime plants in 
ery, but construction activity remained Tunisia." 
somewhat depressed. Sales of the Holder- United Arab Emirates.—Holderbank 
bank lime plant, which had risen 16% in Management and Consulting Ltd., Engi- 
1976, fell 14% to 13,800 tons in 1977.12 neering Division, reportedly received a con- : 
Tunisia.—Holderbank Management and __ tract for the expansion of the lime plant at 

Consulting Ltd., Engineering Division, of Al-Ain, previously reported as under con- 
Zurich, Switzerland, received an order for struction in 1976." 

| TECHNOLOGY 

An argillaceous, highly plastic gravel, ton of quicklime produced. In this system, 
incapable of being washed, was upgraded stone was fed to a stone bin above the 
and stabilized by adding small percentages preheater, which provided continuous grav- 
of hydrated lime. This produced a quality ity feed to the preheater and sealed the flexible base material which has met ac- ambient air from infiltrating the system. 
ceptance in the Houston, Tex., market area. The system offered two methods (feed-end 
A severalfold decrease in plasticity index housing with slope shelf or a knockout box) 
test values indicated that less plastic and of collecting the partially calcined stone and 
more friable aggregate resulted. After directing it into the kiln; the choice of 
P pacement and othe action, the cementing method is contingent upon how much sulfur 
reaction etween the hydrated lime and the is allowable in the product. Refractory heat alumina and silica components of the clay h i ded t 
hardened the gravel into a strong, stable exchangers were aso recommended to re- 
layer that was relatively impervious to duce radiation losses and improve thermal water.5 efficiency, including a waste-heat contact- 

A study indicated that sometimes a long- type unit for the calcine. The Fuller system 
er rotary kiln without preheater is prefer- WS recommended for stone feed larger 
able to a preheater lime kiln system. Ad- than 3/16 inch with good physical strength 
vantages were lower product sulfur content, when partially calcined and low sulfur con- 
more efficient handling of smaller and soft- tent in feed and fuel.'* 

| ' er stones, and simpler operation. Comparii/ 1 ——————— o 
son of four alternates indicated that a long »Physical scientist, Division of Nonmetallic Minerals. 

_ kiln, fitted with all the heat-exchanging — ayy, Products. V. 80, No. 12, December 1977, p. 47. 
internals, can produce lime at a very at- “Work cited in footnote 2. 
tractive fuel expenditure rate, compared — *Work cited in footnote 2. 
wwe te Lr te al Co. of a ‘Star Telegram (Port Worth, Tex.). July 8, 1978, p. 7; 

: pr. 28, , p. 6. . . 
Woodville, Ohio, employed an unusual pair *U.S. Department of Energy. Voluntary Business Ener- 
of rotary kilns to calcine dolomitic lime- & Sop'gq atin Program. Progress Report 6, April 1978, 
stone. The kilns produced 250,000 tons per *Tronman, R. International Report. Rock Products, v. 80, 
year of dolomitic lime for the steel industry No.5, June 1977, p. 90. 
and were constructed with a 1/8-inch layer land) Angeat Remmnanciere Glar is Ltd. (Zurich, Switzer- 
of ceramic fiber paper between the steel “U.S. Embassy, Johannesburg, South Africa. State 
shells and refractory brick linings. The Department Airgram A-05, Jan. 27, 1978, p. 47. 
kilns consume 14.6% less fuel than the spare 1] oF work cited in otnote 10. 
industry average. Substantial savings were 14Page 11 of work cited in footnote 10. 
achieved in the process, and substantial . Gutschick, K. A. Texas Producer Upgrades Gravel protection against thermal shock was pro- ae Lime. Pit and Quarry, v. 69, No. 11, May 1977, pp. 78- 

vided by the paper. A table was presented “*Kramm, D. J. Save Fuel With Heat Exchanging 
indicating how the ceramic insulating gaternals. Pit and Quarry, v. 69, No. 11, May 1977, pp. 65- 

paper affected kiln performance.” “Engineering and Mining Journal. Ceramic “Paper” Fuller Co. presented a preheater-kiln Lining in Rotary Kilns Saves Fuel and Bricks. V. 178, No. 

system that Pp roduced high “quality ’ lime * rer ember D. uP ‘Preheater Gives More Energy Per using as little as 4.5 to 6 million Btu’s per Dollar. Rock Products, v. 80, No. 6, June 1977, pp. 42-45.



Lithi | ithium 

By)Stanley K. Haines! 

Apparent consumption of lithium increas- 253 short tons of contained lithium, or 3.1 

: ed 47% in 1977 to about 4,880 short tons of million pounds of lithium hydroxide mono- 

contained lithium. Shipments from Govern- hydrate. The total disposable inventory as 

‘ment inventory and exports both increased of December 31, 1977, was 53,960 pounds of : 

in 1977. Demand for lithium carbonate for lithium hydroxide monohydrate, but GSA 

the aluminum and ceramics industries was holds an additional 80 million pounds of 

strong. The United States continued to surplus material. GSA announced plans to 

produce and consume over one-half of the release 28 million pounds of the material to 

world’s lithium supply. 7 be used in the production of lithium carbon- 

The United States continued to be a_ ate or lithium carbonate-based products. 

leading exporter of lithium concentrates GSA also sold a separate offering of lithium 

and chemicals. hydroxide monohydrate of 500,000 pounds 
Legislation and Government Pro- on a competitive sealed-bid basis for $1.01 

grams.—Total sales by the General Services per pound. | 

Administration (GSA) in 1977 amounted to 

Table 1.—Salient statistics on lithium minerals‘ | 

| (Short tons of contained lithium) . . 

1978 1974 1975 1976 1977 oe 

Production ________.~_~__.~-----~--------+-~--- WwW WwW Ww WwW Ww 
Imports._____.--_----------_--_------------ 130 70 90 10 10 
Sales of government stockpile excesses __.____--___~-~- 160 430 61 _ 164 253 
Exporte® 2 __--________________--_------------ 920 1,000 900 1,600 1,800 
Apparent consumption _____..~~___----~-~-~---_--- 3,850 4,550 3,540 3,320 4,880 

Estimated. |W Withheld to avoid disclosing company proprietary data. 
1Includes lithium carbonate produced in Nevada. — 
2Includes lithium compounds. . 

DOMESTIC PRODUCTION 

The two major lithium producers, Foote Peak, Nev. Kerr-McGee Corp. produced 
Mineral Co. and Lithium Corp. of America small quantities of lithium carbonate from 
(Lithcoa), continued to mine and beneficiate Searles Lake brines in California. 

spodumene from pegmatite dikes in North Lithcoa reported production of 27.6 mil- 
Carolina. Foote Mineral, 92% owned by lion pounds (lithium carbonate equivalent) 
Newmont Mining Corp., continued as the of lithium products. A program to expand 
major domestic producer of spodumene con-_ productive capacity from 27 million pounds 
centrate. Foote’s new lithium carbonate to 44 million pounds of lithium carbonate 
plant reached design capacity by yearend, equivalent was announced. The initial stage 
after resolution of startup problems.” — was to be completed in 1981 with a rated — 

Foote continued to produce lithium car- capacity of 36 million pounds of lithium 
bonate from subsurface brines at Silver carbonate equivalent. 

593
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7 : Table 2.—Domestic producers of lithium 

. Estimated capacity 
Company Plant location - (short tons LieCOs3 

equivalent per year) ee — 
Lithium Corp. of America _____~__~__-_----- Bessemer City, N.C __.____.-_-- 13,500 

. Foote MineralCo _______.__-_.__------- Silver Peak, Nev. ________--_~- 8,000 
Kings Mountain, N.C.)__________ 6,000 

Kerr-McGee Corp ________._~~_--~-~------ Searles Lake, Calif _____.__-_-~~- 1,000 

_ 4Onstream December 1976. | . . 

CONSUMPTION AND USES 7 

Apparent domestic consumption increas- Sales of lithium hydroxide for multipur- 
ed from 3,320 tons of contained lithium in pose greases also improved. During the year 
1976 to 4,880 tons in 1977. Expanded use of Lithcoa announced an agreement with a 
lithium carbonate by the aluminum indus- U.S. company to distribute lithium hypo- 
try helped push apparent consumption § chlorite for use in chlorinating swimming 
above that of 1974, the record high year. pools and laundry bleach.‘ © 
The aluminum industry was expected to A summary of the U.S. lithium market 
further increase its consumption. The use of was published in the November 1977 issue | 
lithium in ceramics and glass increased, as _ of Industrial Minerals (London). The article 

did pharmaceutical and: automotive uses. concentrated on the North Carolina opera- 
Lithium chemicals were used to produce tions of Foote Mineral and Lithcoa and 

| vitamin A and in the manufacture of hor- listed the companies in the lithium min- 
mones and antihistamines. _ erals or chemicals business.°® 

PRICES 

The domestic price of ceramic-grade lithium stearate. Table 3 summarizes the 
spodumene concentrate declined to $110.40 domestic prices of various lithium chemi-_ 
per ton at yearend according to Ceramic cals and shows the gradual increase from 
Industry. Price increases were posted for 1975 to 1977. | 
lithium carbonate, lithium hydroxide, and . 

Table 3.—Domestic prices of lithium and lithium compounds 

(Dollars per pound) 

TO GS”™*”~<“—s~s~‘sS~SSC“‘CCSC#*‘*OLQOS
C!C*™*W 

Lithium bromide: Anhydrous, drums, delivered __________ __ 3.00 3.50 3.50 
Lithium carbonate: Powdered, bags, delivered ____.-_____ _ 0.755 - .795 0.825 - .84 88 
Lithium chloride: 

Anhydrous, delivered ______________-_-~-----_- 1.26 - 1.53 1.65 1.65 . 
Solution, drums, delivered ______________ ~______ , 1.47 1.47 1.47 

Lithium fluoride: Drums, delivered _________._____-__. 2.42 2.52 - 2.70 2.52 - 2.70 
Lithium hydride: Delivered______________________- 9.25 9.45 - 12.08 9.45 - 12.08 
Lithium hydroxide monohydrate: Drums, delivered ________ 1.18 1.27 1.27 - 1.43 
Lithium hypochlorite: Works___________--__----_ -- 02 52 52 
Lithium metal: 99.9% ingots, thousand-pound lots, delivered __ 11.10 11.60 - 15.00 11.60 - 15.00 
Lithium nitrate: Technical-grade, drums, 100-pound lots ___ __ 1.41 1.59 - 1.64 1.59 - 1.64 
Lithium stearate: 50-pound cartons, freight allowed ________ 95 0.94 - 95 1.01 
Lithium sulfate: Drums, 100-pound lots ~_~_____________ 1.55 1.43 - 1.75 1.43 - 1.75 

Source: Chemical Marketing Reporter.
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| FOREIGN TRADE —— | 

There were no imports of lithium ores in countries indicate that these data are in- 
1977. An estimated 10 tons of contained complete. The major countries of destina- 
lithium was imported as various lithium tion were the Federal Republic of Germany, 
chemicals, mainly from France and Japan. France, and Mexico. There are no data on 

Reported exports of lithium hydroxide the exports of lithium carbonate and other _ 
increased 24% to 665,000 pounds in 1977; lithium compounds. | 
however, import statistics from receiving 

Table 4.—Lithium metal and chemicals: Apparent U.S. exports’ to selected countries : 

| | (Short tons) 
a 

ye Germany 
. Belgium- Federal. Nether- 5 - otal 

Commodity . Luxer- France R epubli C Italy Japan “jonds Spain Total lithium 

1976 . . | . 
Gross weight: . 

_ Lithium carbonate ___ _ T50 T98 T2706 T25 1,097 __ 3 "4,049 T761 
- Lithium hydroxide? __ 24 158 195 46 432 "116 20 =©71,091 181 

Lithium chloride ——__ NA NA F19 ™NA 1 NA *3 723 3 
Lithium bromide __ ~~ NA NA NA NA 3} NA NA 31 (*) 
Lithium metal __ _ _ —_ _- (4) 14 ~— (4) T16 _- (‘) ™30 ™30 

Lithium content (total) __ 14 44 - 558 13 298 19 34 T9715 — -FOT5: 
1977 

Gross weight: > 
Lithium carbonate _ —__ 83 148 3,468 NA 1,498 . 665 55 5,917 1,113 
Lithium hydroxide® __ 42 179 628 40 221 159 86 ~=-:1,855 224 
Lithium chloride _.__ _— NA NA 12 NA . 1 NA 3 16 2 

. Lithium bromide ____ NA NA . NA NA _~ NA NA NA NA 
Lithium metal __ ____ __ NA | 15 NA 18 _— (*) 33 33 

Lithium content (total) —_ 23 58 173 7 336 151 24 #§=1,872 1,372 

‘Revised. NA Not available. . 
1Only in the case of lithium hydroxide are US. exports of lithium chemicals reported separately in official U.S. trade 

statistics. Other lithium compounds as well as lithium metal are reported in basket categories. Data in this table are _ 
derived from import statistics of the listed major trading partner countries. . 

2Officially reported U.S. exports total 267 short tons, distributed as follows: Argentina—1, Belgium-Luxembourg—1, - 
Canada—6, France—30, India—10, Israel—11, Japan—77, the Republic of Korea—1, Mexico—31, the Netherlands—39, 

. Spain—41, Switzerland—17, and the United Kingdom—2. 
3Figures represent estimated gross weight of lithium bromide included in a basket category of lithium bromide and 

potassium bromide (50% of the total of lithium bromide and potassium bromide is assumed to be lithium bromide). . 
“Less than 1/2 unit. . 
5Officially reported U.S. exports total 333 short tons, distributed as follows: Bolivia—24, Canada—29, France—29, the 

Federal Republic of Germany—89, Israel—less than 1/2 unit, Japan—31, Mexico—64, the Netherlands—less than 1/2 
unit, and Switzerland—17. . 

| | Table 5.—U.S. exports of lithium hydroxide | 

| 1976 1977 

Destination Quantity Value Quantity Value 
(pounds) (dollars) (pounds) (dollars) 

Argentina ____--~_------~----------------------- 2,600 4,032 _— _- 
Belgium ___---~-~~~----------------------------- — 2,000 3,260 ee _- 
Bolivia __.._-____-_-_~~-~-~------~~---~---~--~---+-~--+- _- _— 47,200 59,944 
Canada _____.__________~ ~~~ ee 12,000 15,532. 57,716 58,278 
France _____~___~_~_ ~~ Le 60,016 105,030 158,125 183,845 
Germany, Federal Republic of ______---_----~----------- __ _— 177,650 159,390 
India ________~__~__ ~~ ~~ eee 20,975 22,865 _— ~~ 
Israel _. 3 LL 22,000 2,684 50 1,500 
Japan _________-_~~~-~~-~------~-~---~--~-----~----- 153,617 192,368 62,000 71,358 
Korea, Republic of ________.__-----~~-~--------------- 2,095 3,100 _— _— 
Mexico ________-~_-__-~_~~-~-~~-~~ ~~~ ee 62,000 73,160 128,000 162,560 
Netherlands _______-_--_--~------~------~---------- 78,475 91,472 440. 622 
Spain ____-____------------~------------------- 82,220 90,007 a — 

. Switzerland ______.-__----~--~-----~--------------- 33,200 36,012 33,717 32,320 
United Kingdom ________~-_--~-------~----~-------- 3,000 34,944 _- — 

Total. _____-__~______-_ ee 534,198 674,466 664,898 729,817 

Source: U.S. Department of Commerce, Bureau of the Census.
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Table 6.—U.S. imports for consumption of lithium-bearing materials | 

} | 1976 1977 Zz 
Commodity and country Gross Value Gross Value weight (thousand dollars) weight | __ (thousand dollars) - 

. (pounds) Customs C.F. (pounds) Customs CLF. SS ree 
Lithium ores: Canada _________ 136,000 1 1 __ _- _— i bad eee 
Organic acid lithium salts: . | Denmark _______________ 23 (7) (3) 67 2 2 

Germany, Federal Republic of _ _ 68. 1 1 45 7 7 Mexico ___-_-_____._____ 12,438 "5 "5 (*) (2) (?) : 
Total_---___________ 12,529 6 6 112 9 9 I LA art ts eyes apuntterepssitrsnreyeinnninerneencteeun, 

Lithium compounds, n.e.c.: 
Belgium-Luxembourg _______ a_ | _- 2,786 1 1 France ________________ 69,839 506 512 19,662 215 217 
Germany, Federal Republic of __ 484 15 15 2,655 70 75 Japan = == 13,227 87 91 15,442 108 111 
Switzerland _.__§_§_____ 1,102 1 1 _- _- __ United Kingdom __________ 100 6 6 1 oe) (3) a OO 

Total _-. 84,752 615 625 40,546 394 404 ROR —ooeeeeeeeeeeeeeeeeeeeeeeee > 
Lithium stearate: 

a Canada __. = 5 _- _- -- 791 1 1 
Taiwan ~~ _-§_-_§_ _- -- a 4,000 4 4 Tanzania _.-_-_§_~_~§_~§_~_______ _— -- _- 858 1 1 mt 

Total _--- ee _ _ — 5,649 6 6 Eee lS | "Revised, | | 
1Less than 1/2 unit. 

| | WORLD REVIEW : 

In October a Symposium on Lithium possibly develop the subsurface brine de- 
Needs and Resources was held in Corning, posits at Salar de Atacama. The brine 
N.Y. One presentation® calculated the re- contains about 0.15% lithium. The agree- 
serves and resources of lithium from peg- ment calls for Foote Mineral to furnish all 
matite and brine sources and listed them by _ technology for recovering the lithium, to 
country and mining method. Total world appoint and train Chilean nationals to top 
reserves were calculated to be 2.2 million posts of the company, and to allow them 
short tons of contained lithium. _ free access to Foote’s facilities in Chile and 

Another paper’ reviewed the European _ the United States* The venture has rights to 
lithium industry and concluded that any produce only lithium and magnesium salts. 
new primary lithium production in Europe Rights to produce the other coproduct min- 
is unlikely. The main sources of lithium _ erals, primarily potash, and boron and salt 
carbonate are the United States and the remained with the Chilean Government.® 
U.S.S.R. The paper also stated that lithium Japan.—Japan Lithium Co. disclosed | 
reserves are adequate to supply growing capacity to produce 1,650 tons per year of 
demand. lithium bromide, 1,320 tons per year of 

Chile.—Foote Mineral acquired 55% equi- lithium chloride, 33 tons per year of buty]- 
ty in a joint venture with Empressa Minera lithium, and 7 tons per year of lithium 
de Aisen (EMA), a subsidiary of Corfo, a metal. 
Government-owned company, to study and .
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Table 7.—Lithium minerals: World production, by country 

(Short tons) 
a 

Country! and mineral produced 1975 1976 1977" 
EE ee 

Argentina (minerals not specified) _.______________________ | 276 744 805 
Brazil: 

Amblygonite __________________ eee 172 204 “210 
Lepidolite _~_______________ ee 516 1,468 “1,500 
Petalite __________________ ee 4,075 1,067 ©1,000 
Spodumene ______=_____ ~~ 873 455 ©440 

Canada, spodumene”? ________________________ a 62 _- 
China, People’s Republic of (minerals not specified)® ?_________________ 10,000 10,000 11,000 
Mozambique: 

Lepidolite® _.______2__~_ 800 800 825 
Spodumene® _-_-_ === 30 30 35 

Portugal, lepidolite _..__________________ ' 1,823 1,213 1,102 
Rhodesia, Southern (minerals not specified)!® 3 _-.-________________ T10,000 10,000 10,000 
Rwanda, amblygonite® ________________________ 30 30 30 
South-West Africa, Territory of (minerals not specified)* _______________ 56,849 6,495 2,809 
U.S.S.R. (minerals not specified)®°3 -.-_-_§_§__ =e 50,000 50,000 55,000 
United States (minerals not specified) _..____________________ WwW Ww WwW 
TO re 
“Estimate. Preliminary. W Withheld toavoid disclosing company proprietary data. 
In addition to the countries listed, other nations may produce small quantities of lithium minerals, but output is not 

reported and no valid basis is available for estimating production levels. . 
Figures presented are U.S. imports from Canada; official Canadian sources report no production since 1965, but the 

United States has imported lithium minerals from Canada in most years since that time. It is not clear whether these 
imports are from: Accumulated stocks, test production quantities not reported in official Canadian statistics, Canadian 
imports; or a combination of these sources. 

’These estimates denote only an approximate order of magnitude; no basis for more exacting estimates is available. 
Outputs by the People’s Republic of China and the U.S.S.R. have not been reported since 1964. 

‘Output has not been officially reported since 1966, but presumably has continued since a number of countries record 
imports from “South Africa,” which no longer produces lithium minerals. Data given represent imports by the United 
States, the EEC, and Spain reported as originating in the Republic of South Africa, but the reader is cautioned that a ; portion of this material may have been mined in Southern Rhodesia. In 1966 actual output from the Territory of South- 
West Africa totaled 1,739 short tons, including: amblygonite—30, lepidolite—365, petalite—1,344. 

Table 8.—Reported world trade in lithium chemicals! 
(Short tons of contained lithium) 

Source countries 
eee 

Importing . Germany, Federal Cc ountri es United States US.S.R. Republi c of Other Total 

1976 1977 1976 1977 1976 1977 1976 1977 1976 1977 Ss ee ee DT 
Belgium- 
Luxembourg: 
Carbonate ___ T9 16 1 1 __ 5 a Gd) 1 10 23 Hydroxide ___ 4 7 __ NA 18 21 TA 1 T21 29 Chloride ____ NA NA NA NA 3 3 NA NA . NA NA Metal ______ __ __ _ NA (?) NA _ () (?) ~~ eee Ne 

Total ____ "13 23 et 1 13 26 4 2 31 52 
TTT —2T@O@Nl=T*™™=™l="=2=£2zxs2—=Z_O 

France: 
Carbonate ___ 18 28 25 25 36 28 3 6 82 87 Hydroxide ___ 26 30 17 24 25 23 '2 3 ™70 80 Chloride ___ _ NA NA NA NA 312 318 NA a 312 318 Metal ______ (?) NA _- _ 6 13 —_ 11 6 24 —2. TO 

. Total ____ 44 58 42 49 79 82 5 20 ™170 209 OE 
————————_O838—NwNnMwoOa0OoODooOonononunanaunuq—mee eee 

Germany, Federal 
Republic of: 
Carbonate --- 509 652 20 39 XX XX 24 64 553 755 Hydroxide ___ 32 104 18 19 XX XX ™12 10 "62 133 Chloride ___-_ 3 2 __ _- XX XX 2 __ "5 2 Metal ______ 14 15 "5 5 XX XX _- 1 19 21 

re ee pe 

Total ____ 558 773 43 63 XX XX ™38 75 *639 911 — 
DD ———KeOw330O0—W™we“=—eoOowo0«aOSOaoaeeeeee ee oOo 

Maly: \ 
rbonate --- 5 NA 1 a "15 39 14 37 35 76 Hydroxide ___ 8 7 — a 19 43 "1 21 728 71 Chloride ____ —_ NA __ _- 37 37 — — 37 37 Metal ______ (?) NA "] _- 3 -- *(?) 2° 4 2 

Total ____ 13 7 "2 oo 44 89 15 60 74 156 —_—_—_— EO 
i18G —__——_—¥+—$——eo<©O00OnNmwGwq+.e0omnonanojoTyTo0DaoO0ao0S0mumumm ee” 

See footnotes at end of table.
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Table 8.—Reported world trade in lithium chemicals! —Continued | | 

. . (Short tons of contained lithium) | | . 

. Source countries - . oo: 

- Importing : , Germany, Federal . . . 

contri —_UnitedStates USSR T'Repubiicof OF 
1976 1977 =: 1976 1977 1976 =: 1977 1976 1977 1976 1977 

Japan: | | - | . 

Carbonate __- 206 282 27 38 _- _- (?) () 233 320 

Hydroxide _ ~~ 71 36 22 60 (?) 9 (7) (7) 93 105 

Chloride. __—_ ?) (?) a _- (7) _- _- (?) (7) (?) 

Bromide -~-- 4(?) _- _- _- 42) 4) _— — 4(?) 4(?) 

Metal __-___ "16 18 _- (?) *?) ?) | "1 _- "17 18 

Total____ 298 336 49 98 (2) 9 Tr ®)——s«73483 443 

Netherlands: So - | 

Carbonate —_-_—- _. © 125 _- 10 _- 2 -  -e — _- 137 

Hydroxide _ _~- 19 26 5 14 7 NA _- 2 31 42 

Chloride _—-_- NA NA NA NA 314 314, =NA -° £NA 314 314 

Metal __—__- e _- _- NA NA NA *?) (7) (?) () : 

| Total_-._ 19 151 5 24 21 16 7) = 25 193 

Spain: - oe 

Carbonate _ ~~ 14 10 __ 2 —) (7) _- 4 14 16 

Hydroxide —_ -_ 20 14 _- 4 6 4 (?) (?) 26 22 

Chloride —-~-- i Cd SE GO) _- ee 7? ©?) () -- (?) (?) 

Metal —_---- .() (7) _- a (?) 11 () oe (?) 11 . 

|  Total_.-. 34 24 oe 6 6 15 (2) 4 40 49 

Other countries: co . 
Carbonate —_- (?) NA NA NA T 36 36 NA NA t 36 36 

Hydroxide _~—- NA NA  £NA NA 324 323 NA NA tT 824 323 

Chloride __~~- NA NA NA NA T3430 NA NA 34 310 

Metal ------ 3 NA NA NA 35 311 NA NA 8 341 

Total ___- 3 NA NA NA ™39 50 NA NA "42 50 

Total:* 
Carbonate _-__ F761 1,113 44 115 "57 80 T4l 112 933 1,420 

Hydroxide _ __ 180 224 62 121 94 123 "19 37 355. 505 

Chloride __~_- 3 2 _- NA ™37 49 . "2 NA T42 51 

Bromide —_-_- (?) _- _- _ (?) (?) _- _- (?) (?) 
Metal ____-_— 33 33 6 5 14 35 Fl 14. "54 87 

Total 2. . "977 «1,872 = "142 241 202 287 "63 163 1,384 —-2,068 

TRevised. NA Not available. XX Not applicable. 
1Compiled from import statistics of listed importing countries unless otherwise noted. Conversion from reported 

metric tons to short ‘tons was accomplished by multiplying metric tons by 1.10231. Conversions to lithium content from 

reported gross weights were accomplished through the use of the following conversion factors: Lithium carbonate, 

multiply by 0.188; lithium hydroxide, multiply by 0.165; lithium chloride, multiply by 0.164; lithium bromide, multiply by 

0.080. It should be noted that most of the countries provide data for a basket category of “lithium oxide and hydroxide”; 

this has been assumed to be largely, if not entirely, the monohydrate form of lithium hydroxide (LiOH*H20), and the 

factor selected for converting this material to lithium content is based on this assumption. 

2Less than 1/2 unit. — , 

3Source: Federal Republic of Germany official export statistics. 

4Source publication reports imports of the total of lithium bromide and potassium bromide as a single figure; entry 

here is an estimate based on the assumption that half of the total is lithium bromide. 

5Totals are of listed figures only; as such, they are only partial totals in most instances. :
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| | TECHNOLOGY | 

The Bureau of Mines Salt Lake City or about 5 years for a calculator with a | 
Metallurgy Research Center initiated a pro- - liquid crystal display.?? | 

_ ject to investigate methods for recovering P. R. Mallory and Co., Inc., developed a 
| lithium from clays and brines. The project lithium D cell battery with an energy den- 

team will work in cooperation with the U.S. sity of 150 watt-hours per pound at 30 
Geological Survey Lithium Exploration hours’ rate and a storage and operating 

| - Group in the selection of samples to be temperature of -40° C to 160° C. The two 
investigated. main problems of the cells were explosion 

| A patent was assigned to the U.S. Depart- when abused and voltage delay after stor- 
ment of Energy for a process to convert age. The company’s research found that: the | 

| _ lithium borate to lithium borohydrate voltage delay was related to the lithium 
through diborane. The process is designed electrode. | 
to produce hydrogen gas as a fuel and to ———————— 
recycle the valuable lithium and boron 2 an ea: Division of Nonmetallic Minerals. | 
components into reusable compounde.* deet Pr Wilf Resources & Chemical Corp. 1977 Annual Report. 

e Department o ner. udge . 10-11. ) . 
authorization for batter development was ; Work cited in footnote 3. | ery cevelop ‘Industrial Minerals (London). Lithium- U. S. Chemical 
increased from $7.5 million in 1976 to $12.7 Expansion Insures Supply. No. 122, November 1977, pp. 67- _ | 

. million in 1977. A lithium-sulfur battery . éEvans, R. K. Lithium Reserves and Resources. Energy, 
was being developed by Argonne National vy. 8, pp. 379-885, Permagon Press, 
Laboratory. A prototype for vehicular ap- Bauer, R., ithium in urope. Energy, Vv. 3, p. 241. 

. . . Summary only. Permagon Press. 
plications completed 3,300 hours of testing. Engineering and. Mining Journal. Chile and Foote 
Its specific energy was 75 to 80 watt-hours VL No 1) Octo of jMaior Lithium Deposits. 

per kilogram." ; US. Embassy, Santiago, Chile. State Department Air- 
Matsushita [Electric Insulation Co. orem 108, Aug. 24, 1977 pT SE Research and 

. ilby, E. E. (assi .S. Ener, search an 
announced plans to make a 3.1 gram, 2.2- Development ‘Administration). Method. of Recycling 
millimeter-high 23-millimeter-diameter Lithium Borohydride Through Diborane. U.S. Pat. 

il : . 3,993,732, Nov. 23, 1976 : 
lithium battery for calculators. A license “tig, or ical ‘and Engineering News. Battery Develop - 

: was issued to Eagle-Picher Industries, Inc., ment Makes Good Progress. V. 55, No. 8, Feb. 21, 1977, pp. 

in Cincinnati, Ohio. The cell has a voltage of 9 ““i2prectronics. Matsushita Makes Lithium Cell for Thin 
. 2.8 and a capacity of 140 milliampere-hours, Calculators. V. 50, No. 6, Mar. 17, 1977, p. 25.
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| By Benjamin Petkof: 

Consumption of magnesium metal declin- Legislation and Government  Pro- 
ed. Exports increased in both quantity and grams.—The General Services Administra- : 
value and total imports of metal declined in tion has no stockpile goal for magnesium 
both quantity and value. The quoted price metal. All material currently in the stock- a 
of the metal advanced during the year. pile has been set aside for Government use. 
World primary metal production (excluding There were no accessions of metal during 
that of the United States) was slightly the year. | 
higher than that of 1976. | 

| Table 1.—Salient magnesium statistics : 
| (Short tons) 

en 0, LL 
United States: | 

Production: 
Primary magnesium ~~~ —--- 122,431 . W Ww Ww WwW 

_ Secondary magnesium __ ~~~ 17,636 14,874 27,873 30,553 32,694 . 
Shipments: Primary — ~~~ —~—~-~- 137,277 WwW Ww w Ww 
Exports ___________------- 39,585 46,398 82,591 13,444 28,061 
Imports for-consumption ~__~ ~~~ 3,325 -§,305 7,903 14,907 «6,964 
Consumption ________.---~- 115,774 130,048 94,167 104,458 103,576 
Price per pound______._ cents__ 38.25 41.25-75.00 82.00 87.00-92.00 96.00-99.00 | 

World: Primary production — — — ~~ ~~ - 266,441 142,727 1138,284 ¥ 1148,506 1150,510 

TRevised. W Withheld to avoid disclosing individual company confidential data. 
1&xcludes United States production. 

DOMESTIC PRODUCTION - 

Domestic primary ingot production re- tion obtained from brine by the electrolytic 
mained stable and was almost unchanged method. Northwest Alloys, Inc. (Addy, 
from that of 1976. Publication of Bureau of Wash.) produced magnesium from dolomite 
Mines data must be withheld to avoid using the silicothermic process. The nomi- 
disclosing individual company confidential nal annual production capacities of these 
data. producing plants remained unchanged from 

All four producers of magnesium ingot 1976. 
were in operation during 1977. The Amer- Magnesium obtained by secondary recov- 
ican Magnesium Co. (Snyder, Tex.),The Dow ery continued to furnish a significant por- 
Chemical Co. (Freeport, Tex.), and NL In-_ tion of our domestic supply of this metal. 
dustries, Inc. (Rowley, Utah), produced Secondary recovery increased during the 

magnesium from magnesium chloride solu- year. 

| 601
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Table 2.—_Magnesium recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 

. (Short tons) 

SL SS SSS SST SSS SSS SSS SSS ss Si SSS GSS 

1 NTA N81 
Kind of scrap: 

New scrap: . 
Magnesium-base __________________________ 7,417 3,357 4,076 2,838 3,363 
Aluminum-base ————~—~-—---~--------------__6,118 5,798 14,014 16,186 16,807 
Total______-_-___----____-----------_ 18,585 9,155 «18,090 «19,024 ~—20,170 

Old scrap: : rs 
Magnesium-base _______.___.______._______ 2,529 4,161 4,873 5,500 5,255 
Aluminum-base ~————_--~---------~-------___1,572__ 1,568 4,910 6,029__7,269 

Total. _.__.-___-_-------------------. 4101 5,719 ——9,788——11,529 ‘12,524 

a Grand total _________------------------- 17,686 14,874 27,878 ~——-30,553 «32,694 | 

Form of recovery: 
- Magnesium alloy ingot? $$ _-/ ~~ -_--________ 2,606 2,708 2,796 3,569 3,785 
Magnesium alloy castings (gross weight) .. ..__.._____ 12 14 750 836 859 
Magnesium alloy shapes ___________---------__ _. 169 4 1,262 335  —s- 932 
Aluminum alloys _______.____.-_.-.---_-____ 9,206 9,816 20,328 283,595 25,211 
Zinc and other alloys____.._.____.--_~--_-_-__ ' 31 16 12 15 21 
Chemical] and other dissipative uses_._ _— ____________._ 567 44 44 28 43 

Cathodic protection ———-————-~---------------- 5,045 2,777 2,681 2,175 1,848 
‘Total_.-./-----------_--------------- | 11,686 14,874. -27,878 += 30,558 = 32,694 

-- Mncludes secondary magnesium content of both secondary and primary alloy ingot. 

CONSUMPTION AND USES | 

Total domestic consumption of magne- ratio resulted in about 19% being used in , 
sium metal in 1977 declined less than 1% aircraft, automotive, and other types of 
from that of 1976 and continued to remain transportation equipment, material han- 
below the peak 1974 consumption level. dling equipment, and the manufacture of 
Magnesium metal was used to manufacture items such as power tools. The remaining 7 

_ structural products that included cast and quantities were used for sacrificial pur- 
| wrought items and for sacrificial uses where poses, primarily alloying with other metals 

advantage was taken of the metal’s excel- (54%); cathodic protection (4%); nodular 
lent chemical and alloying properties. The iron production (7%); chemicals (10%); and 
metal’s useful structural properties, such as reducing agents, for metals such as tita- 
low specific weight, good machinability, hot nium, zirconium, uranium, and beryllium 
formability, and high strength-to-weight (5%).
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Table 3.—Consumption of primary magnesium in the United States, by use 

(Short tons) — 

19738 1974 1975 1976 1977 

For structural products: , 
Castings: 

Die ___________- eee 9,999 11,804 6,392 4,759 5,011 
Permanent mold ______________--_- Le 812 1,000 1,144 1,059 1,048 
Sand _____________ ee 1,326 1,372 1,952 1,233 1,142 

Wrought products: . 
Extrusions _~_______~___.~~~_~-~__~_ ~~~ 7,436 7,323 6,215 6,449 9) 
Sheet and plate _____.__._._.-.------------ ?) () (2) (4) (1) 
Other (includes forgings) ___________._________ 5,529 6,025 3,451 3,792 12,632 

- Total. LL = 25,102 27,524 19,154 17,292 19,883 

For distributive or sacrificial purposes: . | . 

A kha | | uminum __________-2--_______________ 51,958 ~=— 62,152 46,670 = 54,820 56,086 
Copper. _-_-__--§_-_-_-- ~~~ +--+ 503 19 13 14 10 
Zine ~~ _-_---_-~--_-_-__------- 30 24 15 29 23 
Other_________________-___ Le 13 16 11 10 8 

Cathodic protection (anodes) ______________------ 9,931 10,489 4,702 7,809 4,083 
Chemicals ______________----------------- 9,835 9,204 8,681 10,140 9,941 
Nodular iron _..__-_.---_------.---------- 8,724 10,608 6,775 7,584 7,297 
Scavenger and deoxidizer _____.__-...__.----~--- 50 285 Q) (4) () 

. Reducing agent for titanium, zirconium, 
hafnium, uranium, and beryllium ______________- 7,367 7,569 7,007 5,985 5,235 

Other, including powder____.________________-_- 2,266 2,213 1,139 1,270 1,060 

Total.___________________--___--_-_-_ 90,672 102,524 =—75,018~—— 87,161 —88,748 

_ Grand total_-________________-_________ 115,774 180,048 = 94,167: 104,453 ~=—-:103,576 | 
eS 
TRe ° i. . . . 

Included with “Other.” 

PRICES | 

The price of magnesium ingot increased 1, it increased to $0.99 per pound. The latter 
during the year. As of January 1, 1977 the price remained unchanged through the end_ 
quoted price was $0.96 per pound. On July of the year and the first quarter of 1978. 

| | STOCKS | | 

Producer and consumer stocks of primary Stocks of primary metal at yearend 1976 
magnesium declined 32% to 11,838 tons at were 17,295 tons, and those of alloy ingot 
yearend 1977. Yearend stocks of primary were 988 tons. New and old magnesium 
alloy ingot increased 48% to 1,412 tons. scrap stocks increased 16%. _ 

Table 4.—Stocks and consumption of new and old magnesium scrap in the | 
United States in 1977 

(Short tons) 

A 
Consumption 

Stocks enn Stocks 
Item Jan.1& ‘Receipts New Old ss tutai—dDee. 31 

scrap scrap Ss, 

Cast scrap ____________-------------- 968 6,452 567 5,775 6,342 1,078 
Solid wrought scrap’ ________-_--------- 76 936 883 _- 883 129 

. Total ___________----_------------ 1,044 7,388 1,450 5,775 7,225 1,207 
een 

"Revised. 
1Includes borings, turnings, drosses, etc.
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Figure 1.—U.S. and world production, and U.S. consumption of primary magnesium.
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: FOREIGN TRADE a 

After declining in the previous year, — Total imports for consumption of magne- 7 

| magnesium exports more than doubled in sium declined 60% from 14,907 tons, valued 

1977 and increased from 13,444 tons in 1976 at $22.7 million in 1976 to 5,964 tons, valued 

to 28,061 tons in 1977. The value of the at $8.0 million in 1977. Imports of metal 

exports increased 98% from $26.9 million in accounted for 30% of total imports; waste 

1976 to $51.8 million in 1977. Shipments to and scrap 64%; and alloys and other forms, 

the Netherlands, Brazil, Mexico, and the 6%. Major sources of magnesium imports 

Federal Republic of Germany represented were Norway (30%), the Netherlands (25%), 

12% of the total. Most of the metal exported and Canada (16%). | 

(94%) consisted of primary metal and alloy. 

Table 5.—U.S. exports and imports for consumption of magnesium | 
| ann 

| Exports _ 

Metals and alloys. Semifabricated 

Year Waste and scrap in crude form . forms nec. 

Quantity Value Quantity Value Quantity Value 

(short (thou- (short © (thou- (short (thou- 

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

1975 _-________-_----- 476 $303 31,047 $44,392 1,068 $8,496 

| 1976______________-_ | 66 130 12,217 21,953 1,161 4,819 

1977 _.__ ~~~ 8G 63094907808 
Imports - 

Powder, sheets 
Alloys oe ’ 

Waste and Metal 7 tubing, ribbons, 

sear contend) gre other forme 
: Quan- Quan- Val Quan- val Quan- Val | 

By, hoe Y,—thoue GY, thou git, how. 
fons) 843) tons) «= 29dS) tons) SRGS) tons) sands) os 

1975 _________-__--_--- 1,984 $1,564 4,803 $7,735 1111 $2,215 5 $33 

1976______-________- 8876 2,997 9,690 16,023 1,820 3,604 21 38 

1977 _______________-- 38,829 3,834 1,770 2,850 299 1,078 66 219 

a
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Figure 2.—U.S. imports and exports of magnesium. _ 

WORLD REVIEW | 
World production of magnesium exclud- Domestic consumption of the metal declined 

ing that of the United States increased from 5,957 tons in in 1975 to 4,663 tons in. 
slightly from that of 1976. Major world 1976. 
producers of primary magnesium metal Norway.—In 1976 Norsk Hydro-Elektrisk 
were the U.S.S.R. (47%) and Norway (28%). A/S announced plans to construct a new | The remainder was supplied by Canada, magnesium production plant at Mongstad. 
China, France, Italy, and Japan. | Subsequently, the company decided not to 
Canada.—Chromasco Ltd. continued to implement the plans because of lower an- 

produce magnesium metal using the silico- ticipated market expansion for magnesium 
thermic process near Haley, Ontario. The and high Norwegian labor and other costs. 
plant capacity remained at about 11,000 Japan.—Furukawa Magnesium and Ube 
tons perannum. . Kyosan produced primary magnesium met- 

Canada was a net exporter of magnesium al by the silicothermic process. These com- 
metal in 1976. The country imported 1,242 panies use dolomite and seawater, respec- 
tons and exported 3,556 tons of metal. tively, as initial raw materials.
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Table 7.—Magnesium: World production,’ by country | | 

| (Short tons) | . | 

oe Country 
- 1975 1976 1977” 

) Canada _____-_------------------ == == $=  aeIT  6,T1B 8,356 

China, People’s Republic of€ ____----------------------7 77777 1,100 1,100 1,100 

France enn nnn 8,303 8,825 9,574 | 

Italy Te 
6,993 7,753 8,031 

Japan? _____---_------------------------
--- 777272777 9,412 12,335 10,379 

Norway _____---_--------------- 
42,259 42,778 42,070 

USS.R.° Tee 
s+ -------------07 66,000 69,000 71,000 

United States ____-_--_---------------------------7-7--
7 Ww WwW W 

Total’ __. __--------------
---- -- - 7 188,284 148,506 150,510 

“Estimate. PPreliminary. W Withheld to avoid disclosing individual company confidential data. 

1Primary only. 
2Secondary production was as follows, in short tons: 1975—10,171; 1976—8,153; and 1977—8,392. 

8Rxcludes United States production, which in previous years accounted for approximately 50% of the total. . 

| | TECHNOLOGY | . 

A series of papers were published re- fatigue properties of several different cast : 

: viewing magnesium metal market condi- magnesium alloys that were or will be used | 

tions and providing technical papers on for helicopter component housing.* — 

subjects such as hot chamber diecasting, ————— | | 

new magnesium casting alloy, coatings and *Physical scientist, Division of Nonferrous Metals. | 

: di : ; 4 International Magnesium Association. Proceedings, 

finishes for diecastings, desulfurization of  2):;"Ann. Meeting, Columbus, Ohio, May 22-24, 1977, 57 

iron, and production of magnesium from pp. 

carnalite.? 
cremings: C. R. S. Busk, W. A. Barnes, and J. P. 

ark. Rept. from Internat. on Energy Conservation 

Another report addressed the problems of in Production and Utilization of Magnesium. Massachu- 

conservation of of energy in the production setts Institute of Technology, May 2521, jet. 190 PP. ted 

; 3 ey, D. F. Deve opment of an ine-Inhibi 

and use of magnesium. . Epoxy Primer for Magnesium Alloys. Naval Air Develop- 

An epoxy coating was developed and test- men! Center Ais yori Oo tig, 10 pp. Avaliable from 
i pt. , . 9, , 19 pp. Available from 

ed hie use on magnesium alloy parts to Rept. Sprinafield, Va. 
| 

| inhibit corrosion. SRethke, J. J. Effect of Corrosion Resistant Coatings on 

A study was prepared that evaluated the the Fatigue Strength of. Cast Magnesium Alloys. Naval Air 

° 
velopmen nter, r Vehicle recnnol. pt. armin- 

effects of different surface treatments and ster Pa.) Rept. NADC-77140-30, Sept. 1, 1977, 86 pp. 

corrosion resistant coating systems on the Available from NTIS, Springfield, Va. |



By Benjamin Petkof! 

In 1977, the United States retained its that of 1976. Exports of magnesite and 
| | place as a major world producer of magne- magnesia increased. Imports of processed 

: sium compounds. Domestic output was magnesite declined from those of 1976. 
based chiefly on the production of magnesia Austria, Greece, the U.S.S.R., the Peo- 
from brines. The quantity of magnesium ple’s Republic of China, and North Korea 
compounds shipped and used declined from were major sources of magnesite. 

Table 1.—Salient magnesium compound statistics - 

| . (Thousand short tons and thousand dollars) 

1973 1974 1975 1976 1977 

United States: 
Caustic-calcined and specified magnesias:” 

Shipments by producers: 
Quantity Wee ee ene 158 149 120 134 129 . 

alue ________________~_---.-------~ 26,929 27,916 17,207 28,277 29,574 
Exports: Value? ___________------------- 4,196 5,088 4,538 5,422 6,336 
Imports for consumption: Value? ________--~-~- 184 692 502 808 566 

Refractory magnesia: . , 

Sold and used by producers: 
Quantity Woe eee 807 803 709 768 690. 

alue _______________-_-----------~ 69,904 77,044 103,839 106,522 94,799 
Exports: Value _________.----.-------~-- 6,104 7,749 14,146 18466 16,477 

| Imports: Value _________-_-------------- 18,469 16,463 20,588 13,976 12,382 
Dead-burned dolomite: 

Sold and used by producers: . 
Quantity Woe +e 1,250 1,277 914 1,007 968 

alue _________-_-___-- 2 ----.~-----~ 28,441 32,078 31,193 37,079 37,992 
World: Crude magnesite production: Quantity .....---- 10,162 11,097 F10,614 T9847 9,753 

ee 

¥ Revised. : 
1£xcludes caustic-calcined magnesia used in production of refractory magnesia. 
2Caustic-calcined magnesia only. 

DOMESTIC PRODUCTION | , 

Natural brine solutions continued to be ry magnesia in 1977: Basic, Inc.; Basic : 

the primary source of domestically pro- Magnesia, Inc.; Corhart Refractories Co.; A. 

duced magnesium compounds. Natural P. Green Refractories Co.; Harbison-Walker 

magnesite and olivine were produced only Refractories Co. Kaiser Aluminum & 

at a few operations in the United States. Chemical Corp.; and Martin Marietta 

Barcroft Co., The Dow Chemical Co., Chemicals. 

Harbison-Walker Refractories Co., Kaiser Caustic-calcined magnesia was produced 

Aluminum & Chemical Corp., and Merck & by Basic, Inc.; Basic Magnesia, Inc.; The 

Co., Inc., produced magnesium hydroxide Dow Chemical Co.; Kaiser Aluminum & 

from seawater and well brines. Magnesium Chemical Corp.; Martin Marietta Chemi- 

hydroxide was processed primarily into cals; and Velsicol Chemical Corp. Merck & 

magnesia for conversion into basic refracto- Co., Inc., and Morton Chemical Co. pro- 

ries. The following firms produced refracto- duced specified magnesias. The Dow Chem- 

| | 609
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ical Co., Mallinckrodt Chemical Works, and The Dow Chemical Co., Kaiser Aluminum & 
Philadelphia Quartz Co. produced magne- Chemical Corp., and Mallinckrodt Chemical 

: sium sulfate. Magnesium carbonate was Works. Magnesium chloride was used pri- 
produced by Mallinckrodt Chemical Works, marily as cell-feed material for the produc- 
Merck & Co., Inc., Velsicol Chemical Corp., tion of magnesium metal. Domestic magne- 

_ and Morton Chemical Co. sium compounds producers by raw material | 
Magnesium chloride production was re- source, location, and capacity follow: 

ported by the American Magnesium Co.; a 

Capacity 

Raw material source and producing company Location (short tons | 

ecuuivatent) 

Magnesite: Basic, Inc. __.__..._____-_-----------~--~-- Gabbs, Nev ________-__--_ 150,000 
Lake brines: 

Great Salt Lake Minerals & Chemicals Corp ____.__ ~~ Ogden, Utah ____-_______-_- 100,000 
Kaiser Aluminum & Chemical Corp ______-___--_~- Wendover, Utah______-_--- 50,000 

Well brines: . 
The Dow Chemical Co________________.______. Ludington, Mich__________- 250,000 
Martin Marietta Chemicals ____________-_--~~ Manistee, Mich ___________ 280,000 

. Morton Chemical Co___ ~~ ~_~__~_~_-__-_----- Manistee, Mich ___________ 5,000 
4 Velsicol Chemical Corp _._._____________---~~— | St. Louis, Mich__________-__ 25,000 

Seawater: 
Barcroft Co ____ ~~ 5 5 eee Lewes, Del ___________—_- . 5,000 
Basic Magnesia, Inc _________-__------~---+--~- Port St. Joe, Fla _-_._____-__ 100,000 
Corhart Refractories Co... ~__-_-__-_---~---~- Pascagoula, Miss _________~— 40,000 
The Dow Chemical Co____§_________-~_-_-----~- Freeport, Tex _~___._____-_-_ 100,000 
Harbison-Walker Refractories Co... _________-----~-~- Cape May, N.J ______-__--_ 100,000 
Kaiser Aluminum & Chemical Corp ____~____--~---~- Moss Landing, Calif. ._______ 150,000 
Merck & Co., Inc _-_ ________-~-~_-----~-~------+- South San Francisco, Calif__ — _ _ 10,000 7 
Western Magnesium Corp Woe ee Chula Vista,Calif_-__.-----____5,,000 

. Total _______________-___________ +--+ +--+ +--+ --- 1,370,000 

~ CONSUMPTION AND USES 

Domestic demand for magnesium com- and the market for magnesium carbonate 
pounds was strong during 1977, but declines decreased 27% in quantity and 32% in 
were noted in major consumption areas. value. : 
The manufacture of refractory products was While the total quantity of caustic cal- 
the major end use for magnesia. Refractory” cined and specified magnesias used for va- 
magnesia consumption declined 10% in rious end uses declined 4% from that of 
quantity and 11% in value from that of 1976, the quantity used for chemical pro- 
1976. Consumption of caustic-calcined and cessing, manufacturing, and metallurgy in- 
specified magnesias declined almost 4% in creased about 1%. The quantities used for 
quantity but increased 5% in value; magne- agricultural, nutritional, and pharmaceuti- 
sium hydroxide use increased 53% in both cal applications and in construction mate- 
quantity and value; magnesium sulfate in- rials declined about 7% and 8%, respective- 

creased 2% in quantity and 22% in value; ly.
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Figure 1.—Consumption and shipments of magnesia in the United States. 

Table 2.—Magnesium compounds shipped and used in the United States _ 

1976 1977 
Quin Value Ouanuty Value 
Caio” hohe” hear 

- tons) sands) tons) sands) 

Caustic-calcined! and specified (USP and 
technical) magnesias ______________________- 134,458 $28,277 128,846 $29,574 

Refractory magnesia ___________.__-___--_._____ 767,607 106,522 689,847 94,799 
Magnesium hydroxide (100% Mg(OH)a)! __.____________ 61,059 7,784 93,314 11,879 
Magnesium sulfate (anhydrous and hydrous) _________— 55,993 9,835 57,113 11,953 
Precipitated magnesium carbonate! _______________ 5,535 1,496 4,046 1,020 

1Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. ,
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Table 3.—Domestic shipments of caustic-calcined and specified magnesias, by use 

. (Short tons) . | 

aT 
Agriculture, nutrition, and pharmaceuticals: | 

Animal feed ___________------------------------------------- 29,859 26,518 
Fertilizer ___________-_------------------------------------- 7,695 10,379 
Medicinals and pharmaceuticals _._.____.____----~---_------------------ 2,548 689 

. Sugarandcandy _____.____-_--_------------------------------- WwW 3,886 
Winemaking -____------~----------------~-~-------------------- WwW _— 

Total -_~--~---------------------~-+------------------~-~ __44898__ 2 
. | Construction materials: . 

Insulation and wallboard _~______-__-----------------~------------- (4) (4) 

Oxychloride and oxysulfate cement ~--------~------------------------___ L797 10,889 

SO 11,797 10,889 

Chemical processing, manufacturing, and metallurgical: : 

-Chemical ____-___-_--_-------------------------------------- 10,051 7,935 
Electrical heating rods __________________-_-----_---------------- 11,629 11,650 
Flux ____________________ eee Ww Ww . 

Petroleum additive ______________--__~_-.-_--~-__--~-----+--------- 10,955 11,912 

Pulp and paper _______________-_-_--------------------------- 12,997 15,933 
Rayon Wo ee ee ee ee eee 10,095 9,785 
Rubber __-_______-__--_-----------------------~----------- 12,103 11,677 
Uranium processing _________-_-_-_------------------------------ Ww Ww 

Water treatment oa -- = + = ------------__ 5,688 8,089 

Total ___________--_-_-_--_-_-__-+------------------------ 75,418 76,485 
Unspecified uses ~---------------------~------------------------___ 2850 

Grand total _.______________--_-_------------- eee -------- 184,458 «128,846 
eee ee . 

W Withheld to avoid disclosing individual company confidential data; included with “Total.” 

1Included with “Oxychloride and oxysulfate cement.” 

| PRICES 

: The Chemical Marketing Reporter quoted (bags, carlot, works, freight-equalized), at 

the following prices for magnesium com- $0.30 to $0.31 per pound; magnesium hy- 

pounds at yearend: Magnesia, natural,tech- droxide, NF, powder (drums, carlot and 

nical, heavy, 85% and 90% (bulk, carlot and truck load, works, freight-equalized), at 

truckload, f.0.b., Nevada), at $120 and $140 $0.35 to $0.36 per pound; magnesium chlo- 

per short ton, respectively; magnesia, tech- ride, hydrous, 99%, flake (bags, carlot, | 

| nical, neoprene-grade, light (bags, carlot_ works), at $140 per ton; magnesium sulfate, 

and truckload, works), at $346 per ton; technical (bags, mixed carlot, 10,000-pound 

magnesium carbonate, technical (bags, car- minimum works), at $.091 per pound, and in 

lot and truckload, works, freight-equalized), bulk (same basis), $.085 per pound. 

| at $0.22 to $0.23 per pound, and NF-grade 

FOREIGN TRADE 

Dead-burned magnesite and magnesia ex- Imports of lump or ground caustic- 

ports increased 7% in quantity and 22% in calcined magnesia decreased 29% in quan- : 

-value from those of 1976. Most of the tity and 30% in value from those of 1976. 

material was exported to Canada (72%), the The bulk of the imports were from India 

Federal Republic of Germany (17%), and (70%) and Australia (22%). Imports of dead- 

France (5%). - burned and grain magnesia and periclase 

Magnesite exports including crude, containing a maximum of 4% lime de- 

caustic-calcined, lump or ground, increased creased 16% in quantity and 12% in value 

19% in quantity and 17% in value from from those of 1976. Almost the entire quan- 

those of 1976. Shipments to Canada and _ tity imported originated in Ireland, Greece, 

Venezuela accounted for 61% of the exports and Japan. Imports in this category have 

in this category. declined since 1973. Imports of the same
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material but containing over 4% lime in- Imports of specified magnesium com-_. 
creased 18% in quantity and 22% in value. pounds and compounds not specifically pro- 
Total imports of crude and processed vided for were valued at $3,057,000, an 

. magnesite declined 15%, from 96,229 tons increase of 35% over that of 1976. 

in. 1976 to 81,412 tons in 1977. : : 

Table 4.—U.S. exports of magnesite and magnesia, by country 

Magnesite and magnesia, Magnesite, n.e.c., including crude 
dead-burned caustic-calcined, lump or ground 

| Destination 1976 1977 | _ 1976 1977 

_ Quantity Value Quantity Value Quantity Value Quantity Value 
(short (thou- (short —  (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 

Argentina _________ 3,319 $582 2,222 $449 60 $46 84 $68 
Australia, Le __ 17 15 731 624 467 401 
Austria___________ 754 41 __ __ 6 4 5 4 
Belgium-Luxembourg _ _ _- oe _— _- 46 2a 42 22 
Brazil____________ 93 94 87 80 112 81 37 32 
Canada__________— 42,043 7,088 55,370 10,564 8,036 1,292 ~ 2,962 1,525 : 
Chile ____________ 294 54 90 21 52 25 22 21 

. Colombia _____.___ - 29 14 8 8 54 43 79 58 
Denmark_ ~~ ._§_____ 22 7 a oe _- — 44 14 
Finland. —~_~____~____ — __ — —_ 78 62 26 | 24 
France ___________ 983 177 3,680 744 343 282 223 143 
Germany, Federal 

Republic of _______ 17,085 3,675. 12,976 3,795 667 465 522 399 
- India _-_..____ ~~ _- _- — _- _- -- 47 46 

Tran ~~~ _— -- __ -_- _- _— 116 71 
Israe] ___ _-_§______- _- _- _— a 22 15 44 36 
Italy_.-__________ __ __ __ __ 395 225 235 156 - 
Japan____________ 33 24 __ __ 8 «155 184 186 
Korea, Republic of _ _— — _- _— 6 4 9 8 56 45 . 
Mexico __________ - 3,544 461 177 27 635 94 56 43 
Netherlands ________ 15 4 15 6 261 185 307 427 
Netherlands-Antilles _— 4 2 _—— -_ _— —_ —_ _— 
New Zealand ______— 16 15 59 63 133 - 127 177 175 
Peru. —~__.~____-~-- _- _- _- _- 23 — 2i 7 6 
Philippines ________ 144 49 4 | 44 36 39 36 
Poland... 22 __ _- __ ae __ —_ 276 57 
Singapore _______—-~ oe _- -- _— _— __- 8 6 
South Africa, 

Republic of _______ 183 180 113 121 172 86 168 | 91 . 
Spain ___________- 3 3 _- __ 273 48 175 88 

. Sweden __________- 22 23 33 35 357 380 225 247 
. Switzerland ______.._ _- -.. _- _- _- _- 7 5 

Taiwan ___________ _. _- 16 13 41 25 180 -— 101 
United Kingdom _____ _ 478 401 1,522 481 496 380 107 515 

- Venezuela ________~ _- -- 4 7 1,586 517 4,409 1,196 
Yugoslavia. _______- one one -- _- . 23 21 23 21 
Other ___________-_ 2,309 492 ~ 90 43 381 146 81 71 

Total.___________ 71,373 18,466 76,489 16,477 10,121 5,422 12,040 6,336
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| Table 5.—U.S. imports for consumption of crude and processed magnesite, by country 

. _ 1976 | 1977 | . . 

| Country - Quantity - Value Quantity Value a 
an (short . (thou- (short (thou- Oo | tons) . sands) tons) - sands). — 

Lump or ground caustic-calcined magnesia:! | : | oe 
Australia.-_ ~~. $= 5 5 1,501 $228 —«s—«i1286 $189 ne 
Canada_____§ 2 a . 2 | a ras oo 
Germany, Federal Republic of ______._________ Fe Lo 2... ®. we 
India ___-_ ~~ 5 LL, 6,427 ~ 406 (4073 . 294 | 

_ Japan ___-- 1. 20 108 - Al oo 
oe Netherlands _.____ >_> ee : 203 27 108 —~—=—<(<i‘“<iC‘ ;:CST oo 

Turkey __-____-___---_~---__---+_---- 881 . ‘125 221: - 25 a oe 

0 Motal 8194. 8085788 566 
| Dead-burned and grain magnesia and periclase: 7 a Be Ba 

. Not containing lime or not over 4% lime: | Ss BS mS ale re 
-. Austria --2- ~~ LL 3,373. 394.0 © LL ee 

Canada_____§ -§_-_ ~~ eee 231 A ne oe 
: Czechoslovakia ____§_§_- _~§___~ a . ae 7 AA oo | oo 

_ Greece _-- ~~ Le 33,094 5,638 - 18,3827 - - 3,009 oS 
Oo _ Treland__-- ~~~ 42,662 7,868 4886 BTL 

a Japan —___-___ eee. - 3,316 — 8T2. — 94638 ~~ 1,688 
ae Netherlands _____-__-__-.~____---+---_ | ae -- 7 88 7 wos 

_ Total. 82,676 «18,976 = «69,808 =——(itidBD 

oe ~ Containing over 4% lime: ee ee eS mo - 
o Canada_____________~_ LL 410 AT 253 BB 

Germany, Federal Republic of ___._§_$_-»___~______ 1 2 - a - a 
: Greece ___ _._--___ _- _— 5,918 622 . 

' Mexico___________-__~~___ _- — _ BT 3 
Netherlands ___________________~__-___ ~— — 88 10 
Spain____________--_i----_--------- 4,948 493 _- _- 

. Total____-_-_-_____-___-_-_--_-_--~-_-~---- (5,859 542 6,316 663 

Total dead-burned and grain magnesia 
and periclase ______________________ 88,035 14,518 75,624 12,995 

1In addition, crude magnesite was imported as follows: 197 6—India, 5 short tons ($456), Japan, 10 short tons ($590), 
Mexico, 2 short tons ($519), and the United Kingdom, 3 short tons ($376); 1977— India, 13 short tons ($636), and the 

Republic of South Africa, 236 short tons ($10,596). 
Less than 1/2 unit. 

| Table 6.—U.S. imports for consumption of magnesium compounds | 

. . . . Magnesium Magnesium 
Oxide or | Magnesium Magnesium Magnesium 

calcined carbonate! chloride chloride —‘Sulfate (epsom csalt and 
magnesia (precipitated) (anhydrous) (other) kieserite) on SD £2 

Year —————————_ ON 

Quan- Value @2"" Value 2" Value Quan- Value @@2 Value Quan- Value 

het (thou. ghd, (thou. nt, (thou. ght, (thou. gn, (thou. git (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) tons) sands) tons) sands) 

| 1975___ 360 $148 63 $97 103 $42 50 $9 32,991 $1,070 2,999 $427 
1976___ 299 332 80 108 217 158 428 108 23,139 1,109 2,874 451 
1977 ___ 420 536 67 117 53 26 90 14 36,100 1,888 5,115 976 

1In addition, magnesium carbonate not precipitated, was imported in 1975—6 short tons ($2,226); 1976—2 short tons 
($915); 1977—38 short tons ($29,064). 

2Not specifically provided for; includes magnesium silicofluoride or fluosilicate and calcined magnesium.
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_ Figure 2.—Value of U.S. exports and imports of magnesia. 

WORLD REVIEW | 

Greece.— The Financial Mining-Indus- _ The Scalistiri Group’s total production of 
trial & Shipping Corp. (FIMISCO) of the dead-burned magnesite and Magflot was 

Scalistiri Group delayed its plans to con- 235,960 tons in. 1977: The Scalistiri Group 

struct a $50 million plant for the produc- exported 150,000 tons of these refractory 

tion of refractory-grade magnesia from sea- materials. 

water and dolomite. However, the engineer- General Refractories’ subsidiary, Magno- 

ing study for this project was completed in min General Mining Co., S.A., postponed its 

1977. FIMISCO also canceled plans to de- 1977 plans to install a new kiln at its 

velop magnesite mines on Lesbos Island. Chalkidiki magnesite-processing facility. 

FIMISCO began the production of Mag- The firm began production of insulating 

flot, a briquetted, dead-burned magnesite board from low-grade, caustic-calcined 

, produced from processed low-grade magne- magnesite, and wood for export to the 

site and wastes by proprietary technology, Mediterranean and Middle East areas. 

at the end of 1976 and continued production India.—On March 14, 1977, the Govern- 

throughout 1977. ment temporarily relaxed its ban on cal- 

The Macedonian Magnesite Mining In- cined magnesite exports containing over 

dustrial and Shipping Corp. (another Scali- 6.5% silica by approving the export of 9,072 

stiri Group Company) did not implement its tons during 1977. Dead-burned, raw and 

authorization to construct a dead-burned calcined magnesite containing over 9% sili- 

magnesite plant similar to FIMISCO’s oper- ca remained exportable to all countries 

ation. Construction of this plant was possi- without any control. 

ble by the end of 1978. United Kingdom.—Steetley Refractories
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Ltd. opened a new section at its Hartlepool method that eliminated calcination and pel- 
_ seawater magnesia plant at midyear. This _letization processes.. Annual production ca- 

section produced large grain, high density pacity of the new plant section was 40,000 
| refractory magnesia using a new filtration tons. | | 

Table 7.—Magnesite: World production by country: | a ) 

| . (Short tons) . ee 

Country — 1975 1976 1977” | . 

North America: — | 
Mexico _________-~___--~_--_-~_--_-_~---__--~---- 43,567 - 25,558 28,000 
United States eee ee ee ee W WwW W 

South America: 
Brazil?,______________________ ee 191,477 © = 215,917 220,000 

- Colombia® ~~~ eee ee eee "865 T €900 €900 
- Europe: 

Austria__-__-_____§_-____ eee 1,395,358 1,021,334 1,105,662 | 
Czechoslovakia __ ______________---_.--__-~__----_- 729,729. . 718,706 — £717,000 
Greece _-._______~-~-~~___~ eee 1,601,368 1,415,730 1,146,903 
Poland __-______--_--__-_---------------------- 29,597 28,219 £29 000 
Spain _--______- eee eee - 377,034 330,693 330,000 
USS.R.°_ 1,980,000 1,980,000 2,040,000 

- Yugoslavia... eee 534,952 «431,008 === 380,297 
Africa: . 

Kenya _--_-____--__--~_---~--u-----------~----_--- Fe10 re10 3,941 
Rhodesia, Southern® _.-_-. -- $5 5 5 eC 22,000 22,000 22,000 
South Africa, Republic of _.____.____.-_____________-___- 67,464 69,289 54,255 
Sudan® _-___ eee 110 110 __ 
Tanzania® _____§_§_§_-§_-§ > eee (3) (5) __ 

Asia: 
China, People’s Republic off ____________.___-__--------_ 1,100,000 1,100,000 1,100,000 | 
India ~__-____-__--_--~---~_-~-_-~-~-~~~--+_~ ~~ +++ ¥345,522 363,373 443,894 
Iran* __-_-_-__- ee 17,600  ~°  5,500 ©11,000 
Korea, North®___§ _-__________________ Le T1,650,000 T1,650,000 T1 650,000 
Pakistan ______________-__-~--_---~-~-_----------- 2,864 — 3,854 “4,000 
Turkey _______________________--_--_--_-------- 505,816 447,539 450,000 

Oceania: 
| Australia______________.-_--_------------------- "17,866 16,001 - ©15,500, 

| New Zealand ___________-_---------------~------- 872 887 “880 

Total..________________ ee -----------~ = 10,614,071 9,846,623 9,753,232 

*Estimate. Preliminary. "Revised. W Withheld to avoid disclosing individual company confidential data. | 
1Figures represent crude salable magnesite. In addition to the countries listed, Bulgaria and Canada produce 

magnesite, but output is not reported and available information is inadequate to make reliable estimates of output levels. 
Series revised to reflect output of marketable concentrates. Production of crude ore for 1970-77 was as follows in short 

tons: 1970—238,542; 1971—256,885; 1972—304,979; 1973—303,392; 1974—393,151; 1975—484,428; 1976—457,031; 1977— 
463,000 (estimate). Production of marketable concentrates for 1970-74 was as follows in short tons: 1970—114,000 
(estimate); 1971—121,000 (estimate); 1972—144,515; 1973—142,884; 1974—190,114. 

3Revised to zero. 
“Year beginning March 21 of that stated. : | | 

| TECHNOLOGY | 

Attrition grinding was investigated as a on the San Carlos Apache Reservation in 
method to prepare foundry-sand-grade oli- Arizona.® | _ 
vine from low-grade olivine sources such as A paper described the history and pro- 
such as dunite. The resulting concentrates cesses used to recover magnesium com- 

met the Steel Founder's Society of America pounds from seawater for processing into 
loss-of-ignition specifications. Studies indi- magnesium oxide for refractory use.‘ 

cated that the green and tensile strengths of 
the attrition-ground material were equiva- 1Physical scientist, Division of Nonferrous Metals. 

: 7 2Lamont, W. E., G. V. Sullivan, E. G. Davis, and S. D. 
lent or superior to those of commercial Sanders. Olivine Foundry Sand From North Carolina 
materials. Metal casting molds from Dunite by Differential Grinding. Preprint No, 77 H 369. 

ition- livine produced better . of Min. Eng., , Salt Lake City, Utah, 22 pp. 
attrition-groune he t at ‘buted i rt SVuich, J. S., and R. T. Moore. Olivine Resources on San 
surface finishes t at were attributed in pa Carlos Apache Reservation. Arizona BuMines Fieldnotes 
to increased grain sphericity.” No 2d uly 1977 PP. NH Rec mM 

: pin, W. C., and N. Heasman. Recovery of Magnesium 
A report described the geology , reserves, Compounds From Sea Water. Chem. and Ind., No. 14, July 

and economic potential of an olivine deposit 16, 1977, pp. 567-572.



| Gilbert L. DeHuff: a 

There continued to be neither production Government manganese stockpile excesses 
nor shipments of manganese ore containing in calendar year 1977 consisted of 50,288 
35% or more manganese in the United short tons of metallurgical ore of nonstock- 
States in 1977. Some manganiferous ores of pile grade and 3,318 tons of stockpile-grade | 

| lower grade were, however, produced and natural battery ore. 
shipped from Minnesota, New Mexico, and Decreases in Government stockpile physi- 
South Carolina. Imports of ferromanganese a] inventories for manganese items were 
continued at the record high level of 1976, 4) in ore, as follows in short tons, gross 
and both domestic production and ship- weight: Stockpile-grade natural battery ore, | ments from furnaces dropped off drastical- 49 4¢6 tons to 230 975 tons: chemical ore 
ly. The price of the imported high-carbon 10.053 t t 990), 810 ¢ , tallurgic 1 
alloy was well below the published producer ore no ato ckpile , gra de. 31 796 tone bo | 

price of $399.50 that prevailed for most of 1,287 ,304 tons; and metallurgical ore, stock- | i cme ee crore continued to Be pile grade, 758279 tons to 4210249 tons 
tion (GSA) from Government stockpile ex- ventory adjustments ease ney os 
cesses. The new stockpile goals established POF Imventories for syn © choxide in 1976 were suspended early in 1977 but tons to 3,011 tons, and those for high-carbon 
were reaffirmed in October. ferromanganese 6 tons to 599,763 tons. Both : 

Legislation and Government Pro- iventories for metallurgical ore at the end 
grams.—The new stockpile goals establish- of 1977 included material sold under long- 

| ed by GSA on October 1, 1976, were sus- term contract but not yet shipped. ; 
pended in February 1977, and a moratorium Public Law 95-95, the Clean Air Act 
was imposed on requests for new acquisi- Amendments of 1977, signed by President 
tions and disposals. On October 7, 1977, it Carter on August 7, limited the manganese 
was announced that the goals had been concentration in gasoline to 0.0625 gram 
reaffirmed and that the moratorium was. per gallon of fuel effective November 30, 
being lifted with the provision that the 1977. Effective September 8, the California 
overall goals would be reviewed at least Air Resources Board banned the addition of 
annually. As reported by GSA, sales of manganese to unleaded gasoline. 

Table 1.—Salient manganese statistics in the United States 

(Short tons) 

BTA TB ae eT —__. $$ 
. Manganese ore (35% or more Mn): 

Production (shipments) _________________ 239 —_ __ __ __ Imports, general ________-______.---__ 1,509,793 1,225,083 1,574,045 ~—«:1,316,812 930,947 M ana enption 105% 35% May 2,140,058 1,880,176 1,818,988 1,600,873 —«1,358,811 

Production (shipments) _________________ 208,055 272,908 159,225 256,633 215,893 Ferromanganese: 
_ Production _________________________ 683,075 544,361 575,809 482,662 334,134 Exports ~e ~~ ee 8,574 7,011 32,300 6,789 6,051 Imports for consumption ~___.____________ 390,591 421,222 397,212 537,409 534,423 Consumption _______________________ 1,116,602 1,115,395 881,527 896,775 886,299 eee OO 

| 617
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- DOMESTIC PRODUCTION | 

There was neither domestic production, rial associated with the manganiferous 

| nor were there any shipments, of man- member of the Battleground schist of the 

ganese ore, concentrate, or nodules, con- Kings Mountain area was mined in Chero- 

. taining 35% or more manganese. Ferrugi- kee County, S.C., by brick manufacturers or | 

nous manganese ores or concentrates con- contractors for use in coloring brick. The 

taining 10% to 35% manganese were pro- material reported in table 2 ranged in 

duced and shipped in New Mexico and in manganese content from 5% to 15%, but 

the Cuyuna Range of Minnesota. Manga-_ averaged less than 10%. 

niferous schist, clay, or other earthy mate- 

- able 2.—Manganese and manganiferous ore shipped? in the United States, by State 

(Short tons). | 

| ] . 1976 1977 

Type and State _ - Gross Manganese Gross Manganese 

CO 
weight ‘content weight content 

Manganese ore (35% or more Mn, natural) ~~~ - _- ee a _- 

Manganiferous ore: . ; 

Ferruginous manganese ore (10% to 35% Mn, natural: 

Minnesota ________-__---------------- 202,271 25,891 166,440 22,286 

New Mexico _________-----------------_ _ __ 29,120 2,970 

| Total ____________---------------- 202,271 25,891 195,560 25,256 

Manganiferous iron ore (5% to 10% Mn, natural): . : 

New Mexico .________-_--------------- 45,862 - 4,445 __ — 

South Carolina? __ _______-_-_---+--+------ £9,000 ©660 20,333 1,918 

Total__________---_-------------- 54,362 —«-5,105 20,338 1,913 
—————————————— 

Total manganiferous ore ___—------------ 256,633 30,996 215,893 27,169 

Value of manganese and manganiferous ore_ _— —~—-~——-—--- $2,260,209 XX $2,248,825 XX! 

€Estimate. XX Not applicable. | 
1Shipments are used as the measure of manganese production for compiling U.S. mineral production value. They are 

taken at the point at which the material is considered to be in marketable form for the consumer. Besides direct-shipping 

ore, they include, without duplication, concentrate and nodules made from domestic ores. 

2Miscellaneous ore. 

CONSUMPTION, USES, AND STOCKS 

In the production of raw steel (ingots, 0.01. In addition to the aforementioned 

continuous- or pressure-cast blooms, billets, consumption of manganese in 1977, there 

slabs, etc., and including steel castings), was consumed per ton of raw steel produced 

consumption of manganese as ferroalloys, approximately 1.3 pounds of manganese 

metal, and direct-charged ore, as reported contained in manganese ore used in making 

to the Bureau of Mines by consumers, was pig iron or equivalent hot metal. The com- 

12.2 pounds per short ton of raw steel parable figures for 1976 and 1975 were 1.0 

produced. Of this total, 10.6 pounds was and 1.3 pounds, respectively. 

contained in ferromanganese; 1.3 pounds, In late December, Union Carbide Corp. 

silicomanganese; 0.02 pound, spiegeleisen; shut down the Tenn-Tex plant at Houston, 

0.2 pound, metal; and 0.03 pound, man- Tex., in which it had been producing ferro- 

ganese ore (containing 35% or more man- manganese and silicomanganese since 1974 

ganese). The comparable 1976 total, on the under a lease agreement that expires in the 

same basis, was also 12.2 pounds with ferro- middle of 1980. High imports of these alloys 

manganese at 10.6, silicomanganese at 1.4, at low prices, coupled with worldwide low 

spiegeleisen at 0.01, metal at 0.2, and ore at demand, created an oversupply situation
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with little prospect for improving the that was used to make manganese-alu- | plant’s competitive position in the near minum additives is included in table 4 future. The same problems, together with under the “Alloys (excludes alloy steels and rising costs and freight rates, faced all superalloys)” category. These additives are producers of these alloys. | not knowingly included in the table, it being Electrolytic Manganese Metal.—All of desired to report consumption at the metal . the manganese metal produced domestica]- rather than the additive level of the usage ly and virtually all of that imported was cycle. 
_ electrolytic metal. Virtually all ofthe metal | Production of electrolytic manganese consumed was electrolytic metal, although metal increased to 24,390 short tons from some low-carbon ferromanganese (such as 23,966 tons in 1976. Production was by the the domestically produced “Massive Man- same three plants of the same three compa- ganese” or the imported “Gimel Metal”) nies: Foote Mineral Co., New Johnsonville, and some manganese-aluminum additives Tenn.; Kerr-McGee Chemical Corp., Hamil- may have been erroneously reported by ton (Aberdeen), Miss.; and Union Carbide consumers aS manganese metal. The metal Corp., Marietta, Ohio. 

Table 3.—Consumption and industry stocks of manganese ore’ in the United States — 
(Short tons) 

Co ti Stocks nsumption Dee 31, 
. 1976 1977 1977 

By use: 
| Manganese alloys and metal ~--- ee 1,263,531 926,635 1,169,305 Pig iron and steel ~~ ~~ 

143,761 200,803 158,634 . Dry cells, chemicals and miscellaneous __ ~- ee _ 193,581 231,373 297,641 
3 | 

9 1041 Total ——-____-_ 
1,600,873 1,358,811 1,625,580 , 0800S 2800, 080 ————————_—_—_—_ By origin: . 

Domestic Totton ee, 81,607 61,152 95,711 Foreign Wt ttt ate enn n-ne 1,519,266 1,297,659 1,529,869 
Total -__--_---_- eee 1,600,873 1,358,811 1,625,580 

1Containing 35% or more manganese (natural). 

Table 4.—Consumption, by end use, and industry stocks of manganese ferroalloys and metal in the United States in 1977 
(Short tons, gross weight) 

Ferromanganese M 
EL ope . : an- 

End use Hj Medium Silico- Spiegel- anese gh andlow Manganese eisen  Sanese | carbon carbon metal 

Steel: 
Carbon —————________________________ 588,524 103,869 81,293 5,862 7,927 Stainless and heat-resisting.__________ 10,312 1,782 7,502 _— 3,257 Full alloy__________ 81,391 17,657 26,389 130 957 High-strength low-alloy_____________~ -~--- 49,946 10,295 7,947 —_ 817 Electric ________ 2 

303 137 474 _- 9 Tool -_ —__-____ TTT TTT 571 74 55 _ 450 Unspecified ------- + 279 499 2,803 _- -- en ch _ Totalsteel _-_-_-_-_-__-_ a 726,326 134,313 126,463 5,992 13,417 Cast irons --- + -- 
18,693 1,637 16,514 838 137 Superalloys ~~ oe 205 21 wt _- 204 Alloys (excludes alloy steels and superalloys) _________ 2,523 1,421 2,412 4 12,246 

Miscellaneous and unspecified ___________ 364 796 2,370 __ 970 , Total consumption _________ | a 748,111 138,188 147,759 6,834 26,974 ——— EE LD 6834 26,974 Stocks, Dec. 31: 
Consumer ~-- eee 147,779 16,039 14,484 Ww 2,965 Producer -__________ 101,054 31,592 36,161 WwW 6,023 ——_ ol W028 Total stocks ~- ee 248,833 47,631 50,645 134 8,988 
We Withheld to avoid disclosing company proprietary data, included in “Miscellaneous and unspecified” where 

applicable. 
; 'Virtually all electrolytic.
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Table 5.—Ferromanganese and silicomanganese produced in the United States and 

manganese ore’ consumed in their manufacture 

an
 

Production | | 

ferromanganese Manganese ore consumed 

Year ~ Gross Manganese content a | Per ton of ferromen 

‘hort Percent Short tons “gross Foreign” Domestic’ “ganese Silicoman- . 

tons) weight, made* ganese 

short tons) made® * 

1973 _______-- 683,075 78.8 588,119 184,000 1,648,806 25,912 2.4 1.9 

1974________ 544,361 78.0 424,405 196,000 1,848,425 55,822 2.5 1.8 

1975________ 575,809 78.9 454,309 143,000 1,889,300 48,011 2.4 1.9 

1976________ 482,662 79.0 381,328 129,000 1,208,336 53,632 2.5 2.0 

-4977________ 334,184  —- 78.8 263,136 120,000 889,296 35,769 2.6 1.9 

1Containing 35% or more manganese (natural). | | 

2tncludes ore used in producing silicomanganese and metal. 

3Includes ore used in producing silicomanganese. . 

4Ratio of ore consumed to ferromanganese produced if silicomanganese is considered a special grade of ferroman- 

ganese. 
. 

| Ferromanganese.—The only domestic ed by the furnace operator. It does include 

production of ferromanganese in blast fur- ferromanganese made for use in the com- 

naces in 1977 was at the Johnstown, Pa., pany’s steel furnaces at the same or other 

plant of Bethlehem Steel Corp. A disastrous _ location. | 

flood on July 19 halted production and | 

seriously damaged the furnace and its aux- Table 6.—Manganese ore used in pro- | 

iliary equipment. There was no further ducing ferromanganese, silicoman- 

production for the remainder of the year. ganese, and manganese metal in the 

Because of oversupply of the alloy and low United States in 1977, by source of ore 

prices relative to costs, there was little — —_—_——___
-_ ws, 

prospect for resumption of production in the weight content, 

near future. Electric furnaces were used to Source (short natural 

produce ferromanganese for shipment by ee ac | 

five companies in six plants: Airco Alloys Domestic ------------- 35,769 44 

Div., Airco Inc., Calvert City, Ky.; Ohio Foreign; (804,182 a 

Ferro-Alloys Corp., Philo, Ohio; Roane Australia_ ___-_------ 71,743 49 

| Electric Furnace Co. (Englehard Minerals& @tpat7~ 7777777777 aE a 

Chemicals Corp.), Rockwood, Tenn.; Tenn- India ____---------- 38,106 46 

Tex Alloy Corp. of Houston, Houston, Tex. Mexico ¢--77 77777 TTD 2 3 

(under lease to Union Carbide Corp.); and Unidentified_____-__---_- 48,885 __ 

Union Carbide Corp., Marietta, Ohio, and 

Portland, Oreg. Fused-salt electrolysis con- __ Total -------------- 5,088 

tinued to be used by Chemetals Div., Dia- _ Most, if not all, from U.S. Government excess stockpile 

mond Shamrock Corp., Kingwood, W.Va., to disposals. | 

make low carbon ferromanganese sold un- Silicomanganese.—Domestic production 

der the trade name of Massive Manganese. of silicomanganese decreased to 120,000 

Shipments of ferromanganese from US. short tons from the 129,000 tons produced in 

furnaces totaled 338,000 tons, compared 1976. This is net production produced for 

with 494,000 tons in 1976 and 556,000 tons shipment and does not include silicoman- | 

in 1975. ganese produced for use as an intermediate 

_ The ferromanganese production reported in the same plant for the production of 

in the various tables of this chapter is net medium- or low-carbon ferromanganese. 

production; that is, the quantity of ferro- Silicomanganese shipments from furnaces 

manganese produced for shipment outside were 122,000 tons, compared with 132,000 

the producing ferroalloy facility. It does not tons in 1976 and 126,000 tons in 1975. Five 

include the remelt material; that is, the companies used eight plants to produce 

fines, offgrade, or other ferromanganese silicomanganese for shipment in 1977: Airco 

output of the furnace that was fed back to Alloys Div., Airco Inc., Calvert City, Ky., 

the furnace or lost in the plant, and which and Theodore (Mobile), Ala.; Ohio Ferro- 

is included in gross production data report- Alloys Corp., Philo, Ohio; Roane Electric
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Furnace Co. (Englehard Minerals & Chemi- means, but it does not include consumption cals Corp.), Rockwood, Tenn.; Tenn-Tex Al- of the synthetic dioxide. Although some loy Corp. of Houston, Houston, Tex. (under synthetic dioxide is used for chemical pur- _ lease to Union Carbide Corp.); and Union poses, most of it is used in the manufacture | Carbide Corp., Alloy, W.Va., Marietta, Ohio, of dry-cell batteries, particularly for the | and Portland, Oreg. End-use consumption of manganese-alkaline type, premium or _  silicomanganese—that is, consumption out- heavy-duty Leclanché (manganese dioxide- side the ferroalloy plants—was 16.7% that ammonium chloride-zinc) cells, and as a : of ferromanganese compared with 17.2% in blend with natural ore in ordinary Le- 1976.0 _ Clanché cells. | Spiegeleisen—There was no domestic The domestic ore and much of the foreign production of spiegeleisen. ore used for chemical. and miscellaneous Pig Iron.—A total of 543,000 short tons of purposes did not meet national stockpile 7 manganese-bearing ores containing 5% °F specification P-81-R for chemical-grade ore. more manganese (natural ) was consumed in Carus Chemical Co., the world’s largest | the production of pig iron (or its equivalent producer of potassium permanganate and hot metal). Domestic sources supplied th 1 d in the United Stat 335,000 tons, of which 274,000 tons was ‘"© Oty producer in the United States, manganiferous iron ore containing 5% to announced that it was expanding its facili- (10% manganese, 57,000 tons was ferrugi- ties to be able to produce more than 30 | nous manganese ore containing 10% to 35% ™ullion pounds per year after expansion is manganese, and 4,000 tons was manganese completed in late 1978. It was also reported 
ore containing 35% or more manganese +0 have begun the production of anhy drous that was apparently obtained from GSA manganese chloride ona pilot plant basis to 
through its program for disposal of stockpile investigate the feasibility of large-scale pro- excesses. Foreign sources supplied 208,000 duction. Manganese chloride is used to | tons, of which 16,000 tons was ferruginous make the gasoline anti-knock additive, | manganese ore and 192,000 tons was man- methylcyclopentadienyl manganese _ tri- ganese ore containing 35% or more man- carbonyl (MMT). 
ganese. | Probably the first, at least in recent Battery and Miscellaneous Industries.— years, comprehensive account of the The ore reported in table 3 includes that nonmetallurgical uses of manganese and | consumed in making synthetic manganese the worldwide associated industry was dioxide by both electrolytic and chemical published.? 

. . PRICES 

Manganese Ore.—All manganese ore delivery in 1978 had not been negotiated by prices are negotiated. In addition to the yearend 1977. 
manganese content, they are dependent on Manganese Alloys.—The published do- the chemical analysis otherwise, the physi- mestic producer price for standard high- cal character, quantity offered, delivery carbon ferromanganese, having a minimum terms, fluctuating ocean freight rates, in- manganese content of 78%, was cut by surance, inclusion or exclusion of duties if $25.50 in March to $399.50 per long ton of applicable, needs of the buyer, and the alloy f.o.b. shipping point. This list price : general availability of ores that will fill prevailed for the remainder of the year. these particular needs. Trade journal quo- However, because of low demand and heavy tations reflect the paper’s evaluation of the imports, it was reportedly being discounted market. A representative contract price for to $350 or lower. Prices for imported alloy of 1977 delivery of metallurgical ore contain- the same manganese content (although not ing 46% to 48% manganese was $1.48 per necessarily comparable in quality, delivery long ton unit, c.i.f. U.S. ports, favoring the terms, or other respects) fell off during the high side of the content range. Acompara- year from a January range of $340 to $355 ble representative price for 1976 was $1.45. per long ton, f.0.b. Pittsburgh or Chicago Contracts were not finalized until the year warehouses, to $305 to $320 in December. was well advanced, later than in 1976. As in Some offerings were reportedly as low as the earlier year, spot purchases were not a $290 or less. 

factor in the 1977 market. Contracts for Manganese Metal.—Also because of low
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demand and heavy imports, domestic pro- ducer plant, shipments of 30,000 pounds or 

ducers of electrolytic manganese metal more, for the standard and comparable | . 

were reportedly selling the metal at dis- grades of chips packed in pallet boxes. The 

counts of 4 to 6 cents below the unchanged bulk list price continued at 57 cents 

list price of 58 cents per pound, f.o.b. pro- throughout the year. 

| | FOREIGN TRADE : 

Ferromanganese exports totaled 6,051 Government excess stocks. Most of the re- 

short tons valued at $3,391,108, compared mainder is believed to have been imported 

with 6,789 tons valued at $3,461,560 in 1976. manganese dioxide ore that may or may not 

) Of the 1977 total, Canada took 2,661 tons; have been subjected to grinding, blending, . 

the Netherlands, 1,655 tons; the Federal or otherwise classifying in the United 

Republic of Germany, 827 tons; Sweden, 416 States. | | | 

tons; Ghana, 216 tons; Venezuela, 108 tons; The average grade of imported man- 

Guatemala, 66 tons; Colombia, 46 tons; the ganese ore was 49% manganese in 1977, the 

: Republic of South Africa, 20 tons; Brazil, 12 same as in 1976. Gabon supplied 53% in 

tons; Bolivia, 11 tons; Belgium, 6 tons; Italy, 1977; Brazil, 25%; and Mexico, 9%. The 

5 tons; and Malaysia, 2 tons. Exports classi- Republic of South Africa, Morocco, Zaire, 

fied as “manganese and manganese alloys, and Australia each provided about 3% of 

wrought or unwrought, and waste and the total manganese ore imported. A small 

: scrap” totaled 2,953 tons with a value of quantity of manganiferous ore (more than — 

$3,207,681 after deducting 1,176 tons of 10% but less than 35% manganese) was 

silicomanganese exported to Canada in imported from Mexico. 

. January that was reported in this class = Ferromanganese imports were at the 

instead of under “ferroalloys, nec.” In- same high level as that of 1976. The Repub- 
| structions for the category in which tO lic of South Africa and France supplied 53% 

| Sant ee re pave not ond it has of the total in 1977 in almost equal quanti- 

been reported u , der various cate cries. It ties. Silicomanganese imports for consump- 

_- po 8 . tion totaled 87,900 short tons containing: . 

is probable that reported tonnages of 58 399 t fm Sou d 

the “manganese and manganese alloys, . h ons of manganese. ted -e * OSS 

wrought or unwrought, and waste and Now t tonnages were repo © as Tolows: | 

scrap” category have for some time includ- orway, 21,865; Brazil, 17,650; the Republic 
ays . . . f South Africa, 12,258; Mexico, 7,621; : 

ed some silicomanganese. This classification ° ey. “eS? ee? SO 

includes electrolytic manganese metal and Japan, 7,394; Yugoslavia, 6,961; France, 

manganese-copper alloys, but it does not ee Portage ae Spam pa wana 

include ferromanganese and was not in- "0s 4800 0)’ and the Federal hepublc 

tended to include silicomanganese. The new of Germany, 14. Imports for consumption 

1978 export schedule of the Bureau of the classified as unwrought manganese metal, 

| Census, Schedule B, places silicomanganese and metal waste and Scrap, totaled 6,841 

in a class by itself so that it will be reported short tons, compared with 7,082 tons in 1976 

ar biting wh Sea a oes 
ata. Expo of ore and concentrate con- ’ 1 ou 

taining more than 10% manganese amount micas ot tons Prom wana: a tons rom 

eda to , ons valued at ; , , apan, an ons from the reopiles nepu 

compared with 127,971 tons valued at lic of China. It is most probable that the 

$7,509,928 in 1976. Of the 1977 total, large metal from Canada originated in the Repub- 

quantities having relatively low average lic of South Africa. However, of the 497 tons 

values were distributed as follows: Canada, from Canada only 11 tons had high enough 

37,000 tons; Mexico, 32,000 tons; Norway, value to be electrolytic manganese metal, 

28,000 tons; and Spain, 18,000 tons. Some of the remainder ranging in value from 11 to 2 . 

these tonnages appear to have been metal- cents per pound. Imports of spiegeleisen in 

lurgical ore obtained from GSA sales of 1977 totaled 60 short tons, all from Mexico.
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Table 7.—U.S. imports of manganese ore (35% or more Mn), by country 

1976 1977 
CLS a 

Gross Mn Gross Mn Country weight content caine weight content (ilue - 
(short (short sands) (short (short sands) 
tons). tons) tons) tons) 

. 

Australia-_____________ = 234,636 117,367 $12,048 25,551 18,834 $1,699 | Brazil] -§--___._____ 333,479 161,108 —- 18,083 231,742 111,689 11,943 Congo? --________- 26,572 18,286 2,238 _. __ __ Gabon? __-_ == 513,078 256,412 81,781 490,442 += 245,221 34,082 Mexico -______________ 2 39,831 18,485 1,994 87,752 34,882 2,957 Morocco _______________________* 25,782 18,688 1,545 31,606 17,070 2,302 South Africa, Republicof _-.__.___-____ . 187/316 60,968 5,890 34,454 16,882 1,928 Zaire _-___________ 6,118 2,936 148 29,400 14,700 1,494 
. 

. Total ________________.____ 1,816,812 649,245 —-73,627 930,947 454,228 456,357 
. e ° . 

, 
Quantities for general imports and imports for consumption were identical. 
2Actually from Gabon. 
3In addition in 1976, Gabon imports reported as Congo were 26,572 tons (gross weight). “Data do not add to total shown because of independent rounding. 

Table 8.—U.S. imports for consumption of ferromanganese, by country 

1976 1977 a 6 
Gross Mn Gross Mn Country | weight content caine weight content (glue 
(short (short sands) (short (short 'ds) 
tons) tons) tons) tons) san OS ios) tons) ES 

Belgium-Luxembourg __-___________ | 33,136 25,338 $9,834 416 308 $119 Brazil _-§_--_-___- = 7,578 5,802 1,855 87,977 29,161 9,551 Canada ____-~_____ 10,566 8,294 3,902 28,523 22155 7,316 Chile _.~_-_________o 95 74 31 __ __ __ France ~—-——________________________ 119,762 92,556 += 38,.814.—«140,392 108,638 40,690 Germany, Federal Republicof _._____________ 20 17 16 23623 18362 6,123 India _-__-_--___ 12,115 9,140 2,965 5,559 4,236 1,422 Italy_____________ 439 351 230 __ __ __ Japan —________-______________- 114,111 88,680 40,786 45,870 36,364 17,976 Mexico __-_-___________ 44 33 19 26188 20,845 7,195 Norway —.-_--_---_-- 22770 21,775 7,594 19278 14,945 5,272 Portugal -__________________- (401957 8,340 2,485 35,467 27,231 9,225 South Africa, Republic of _._______________ 174,183 185599 46.636 141,375 110,801 40,596 Spain _-____---____ 19418) 157942 8,188 15,947 12579 6,480 | Taiwan _---________- 5,677 4,288 1,403 5,288 3,968 1,530 United Kingdom ______________ _— _— ae 1 (4) () Yugoslavia___-______________ 1,543 1,204 440 9,016 6,986 2,168 IO 5986 2,168 
Total? -_-___-----__________-_____ 587,409 417,488 164,698 534,423 416,081 155,662 
1Less than 1/2 unit. 
2Data may not add to totals shown because of independent rounding. 

Imports for consumption classified as the N etherlands. 
“Manganese compounds, other” totaled Tariffs.—The duty on manganese ore 5,059 short tons compared with 3,467 tonsin from most nations, 0.12 cent per pound of __ 1976. The sources, gross weights, and aver- contained manganese, remained suspended; age values per pound in 1977 follow: Japan, the statutory rate continued at 1 cent per 3,827 tons (38 cents); Belgium, 814 tons (34 pound of contained manganese. The statuto- cents); the United Kingdom, 209 tons (4 ry rate continued to apply to ore from the cents); Ireland, 140 tons (40 cents); the U.S.S.R. and the People’s Republic of China. Federal Republic of Germany, 62 tons (84. The respective rates of duty for metal and cents); Greece, 4 tons (44 cents); and Cana- the principal manganese ferroalloys re- da, 3 tons (12 cents). The imports from mained unchanged. Qualifying developing Japan, Belgium, Ireland, and Greece appear nations continued to receive the benefit of to have consisted largely, if not entirely, of duty-free treatment under the Generalized synthetic manganese dioxide. Manganese System of Preferences (GSP) with respect to sulfate imports totaled 52 tons, of which 30 U.S. imports of ferromanganese and silico- tons was from Japan and 22 tons was from manganese.
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WORLD REVIEW | 

_ In June, the United States participated in 40,000 metric tons in 1976 compared with 

an intergovernmental meeting of man- 53,000 tons in 1975. 

ganese producers and consumers convened Australia.—The newly completed expan- 

for the purpose of considering problems in sion of the Bell Bay, Tasmania, plant of 

| marketing. The meeting was held at Gene- Tasmanian Electro Metallurgical Co. Pty. 

va, Switzerland, under the auspices of the Ltd. (TEMCO) was officially opened by the 

United Nations Conference on Trade and Premier of Tasmania on February 25. This 

Development (UNCTAD). Manganese was 1 expansion increased capacity for production _ 

| of the 18 commodities identified in the of ferromanganese and silicomanganese to 

Integrated Programme for Commodities as 135,000 metric tons per year from an an- 

set forth in Resolution 93([V) of the 4th nual capacity of 45,000 tons of ferroman- 

UNCTAD Conference held at Nairobi, ganese and 21,500 tons of silicomanganese.’ 

Kenya, in May 1976. The general objective Preliminary data indicated that metallurgi- 

of this resolution was to improve the terms cal ore produced in Australia in 1977 had an | 

of trade of developing countries and to average manganese content of 47.7% com- 

eliminate the economic imbalance between pared with 48.1% for 1976. 

_ developed and developing countries. As a Brazil.—Despite the fact that litigation 

first step, Resolution 93(IV) called for pre- over ownership was still pending, mining 

paratory meetings on individual commodi- was started in September 1976 at the 

ties. This was the first such manganese -Urucum mine in Mato Grosso by Urucum 

meeting held under the resolution. No con- Mineragao S.A., the new company in which 

clusions were reached as to the identifica- the Government-owned Cia. Vale do Rio : 

tion of specific problems, although some Doce S.A. (CVRD) has a one-third interest.‘ 

reference was made to worldwide ferroman- With an accumulation of stocks and a 

ganese production overcapacity. decline in export sales, Indastria e Comér- 

| The various consortia interested in devel- cio de Minerios, S.A. (ICOMI) stopped pro- 

opment of deepsea manganese nodule de- duction of ‘manganese pellets about the 

posits continued active. United States Steel beginning of August 1977 at its plant in | 

Corp., a member of the group managed by Amapa Territory; the plant remained closed 

Deepsea Ventures, Inc., was definitely in- for the balance of the year. Large man- 

terested in recovery of manganese from the ganese ore deposits, variously estimated at 

nodules, and there were indications that 25 to 60 million tons of ore and averaging 

some of the other consortia might be giving 40% or more manganese, have been found 

more consideration to manganese recovery at or near Carajas, Para, site of the very 

than had been the case previously. The joint large iron ore deposits that were discovered 

venture to develop technology for mining several years ago by United States Steel 

and processing seafloor manganese nodules Corp. and in which CVRD continues to be 

headed by Lockheed Corp.’s subsidiary, interested. Development of the manganese 

Lockheed Missiles & Space Co.,Inc., Sunny- deposits is a likely possibility after mining | 

vale, Calif., however, was not interested in of the iron ores begins. An invitation for 

manganese, at least initially; emphasis was _ bids for construction of the first section of 

on the nickel content. This joint venture the necessary railroad was issued in late 

was formalized as Ocean Minerals Co. with 1977 or early 1978. 

headquarters in Mountain View, Calif. Brazilian exports of ferromanganese, con- 

Other participating members were Amoco sisting almost entirely of high-carbon ferro- 

Minerals Co., Chicago, Ill., a subsidiary of manganese, were 34,000 metric tons in 1977, 

Standard Oil Co. of Indiana; Billiton B.V., compared with 13,000 tons in 1976 and 9,000 

The Hague, the Netherlands, a part of the tons in 1975. Silicomanganese exports for 

Royal Dutch-Shell Group; and BKW Ocean 1977, 1976, and 1975 were 23,000, 14,000, | 

Minerals B.V., Papendrecht, the Nether- and 5,000 tons, respectively.* In 1976, pro- 

lands, a subsidiary of Bos Kalis Westmin- duction of ferromanganese totaled 98,000 

ster Group. tons; that of silicomanganese totaled 65,000 

Argentina.—Manganese ore imports were _ tons.



MANGANESE 625 

Table 9.—Manganese ore: World production by country 

_ (Short tons) . 

Country! Percent 1975 1976 1977? 
a 

North America: Mexico? ____________.___- 35+ 472,295 499,579 536,408 

South America: 
Argentina ______~~-__~__~--~-~---~--- 25-30 34,588 58,517 58,722 
Bolivia? 7_~_~ = 5 5) 5 5 ee 28-54 1,362 13,521 4,770 
Brazil* __.~_~_.___.~__.-_~.~----+----- 38-50 2,376,527 1,869,738 £990,000 
Chile ~.______._~_~-~_~~---~----~--+- ~ 36-40 22,064 26,058 19,844 
Peru_______ ~~~ ee 26-38 1,801 2,254 _— 

Europe: 
Bulgaria _____._______------------ 30- 38,600 44,100 ©44,100 
Greece ________________------__-- 50 T9143 9,075 8,631 
Hungary _______-----_~--~-~----~-~- 18-28 201,023 181,963 177,061 
Italy ________________________ 30- _ 4,917 10,267 
USS.R5 ~~ 35 9,324,000 9,520,000 ©9,370,000 
Yugoslavia _________-~~--~~-----~---- 30+ 18,657 20,944 22,000 

Africa: . 
Egypt _-________________----___-- 354 ™3.947 4,691 4,225 
Gabon ____ _~_____-+--~_-~~-~------~-~- 50-53 72,474,932 2,443,556 2,040,187 
Ghana ________~-~_~------~-~-~-_--- 30-50 450,560 343,780 294,618 
Morocco _____~—~~~_~-_~~-~-~~-+-~-~-_-~- 50-53 144,344 129,305 125,164 
South Africa, Republic of _.______---.--- 30+ 6,359,262 6,009,835 5,564,411 
Sudan ______ ~~~ +--+ «48 _- 505 496 

ean ~ oe ee ee ee ee 30-57 340,090 200,824 45,216 
ia: 
China, People’s Republic of __.__..--__-- 30+ 1,100,000 1,100,000 . 1,100,000 
India® ___-§__- $5 ee 10-54 T1,788,184 1,940,066 1,955,498 
Indonesia __ ___ ___~___~.--_~~-~-~---~-~- 47-56 15,082 10,839 6,587 
Iran? ____ ee 33+ 39,700 44,100 44,100 
Japan ____ _____~~__-~-_~~-~----~-+- 26-44 174,089 156,244 138,931 
Korea, Republic of __________--------- 40 3,483 1,524 ° 732 
Pakistan _________-___--_~-+-~----- 35- 719 71 “65 
Philippines ~___._______-_--------- 444 —- 11,658 22,706 
Thailand __-_________~-~~-~~---~~--~-+- 46-50 27,463 55,364 84,836 
Turkey ________-___---__---------- 30-46 738,606 37,239 “41,300 

Oceania: . 
Australia__§_§__/§_________.-_~-------~-- 37-53 1,718,992 2,374,560 1,528,614 
New Hebrides ___________-~-~~~-~-~---- 40-44 | 51,279 838,664 827,246 

Total _..___________------------ NA 127,175,152 27,153,491 24,266,735 
errr SY 

"Estimate. Preliminary. "Revised. NA Not available. 
1In addition to the countries listed, Colombia, Cuba, and the Territory of South-West Africa (Namibia) may have 

. produced manganese ore and/or manganiferous ore, but available information is inadequate to make reliable estimates of 
output levels. Low grade ore not included in this table has been reported as follows in short tons: Czechoslovakia (about 
17% Mn) 1975—1,101, 1976—1,212, 1977—1,003; Malaysia (grade unspecified but apparently a manganiferous ferruginous 
ore) 1975—146,947, 1976—103,741, 1977—50,040; Romania (about 22% Mn) 1975—°155,000, 1976—°155,000, 1977— 
155,000; the Republic of South Africa (15% to 30% Mn, in addition to material listed in table) 1975—123,131, 1976— 
56,178, 1977—266,390. 

2Estimated on the basis of reported contained manganese. _ . 
3Exports. 
‘Figures are the sum of: 1) sales of direct shipping manganese ore, and 2) production of beneficiated ore, both as 

reported in the 1975 and 1976 editions of Anuario Mineral Brasileiro. 
5Source: The National Economy of the U.S.S.R., Central Statistical Administration, Moscow. Grade represents the 

annual averages obtained from reported metal contents of the gross weights shown in the table. 
' §Much of India’s production grades below 35% Mn; recent details on output by grade are not available, but in 1974, , 
71% of total exports of 1,140,453 short tons were below 35% Mn. 

7Reported as if data are for calendar years, but may actually represent output for Iranian calendar years beginning 
March 21 of the year stated. 

8 Japanese imports. | 

Canal Zone.—A total of 513,000 metric 78,000 metric tons with an average man- 
tons of manganese ore and concentrate ganese dioxide content of 83%. Although 
passed through the Panama Canal in 1976, track-laying on the Transgabon Railroad 
almost equally divided as to direction. The began in mid-1977, construction was report- 
1975 total was 527,000 tons. ed to be as much as 1-1/2 to 2 years behind 
European Economic Community.— schedule, suggesting that it might be some- 

_ Imports from countries outside the EEC time in 1983 before the Libreville-France- 
were reported to amount to approximately ville portion would be in operation. 
45% of the Community market for high- Germany, Federal Republic of.—Pro- 
carbon ferromanganese.® duction of ferromanganese in 1977 consisted 
Gabon.—Production of battery- and of 175,000 metric tons made in blast fur- 

chemical-grade manganese ore in 1977 was naces plus 33,000 tons made in electric



626 MINERALS YEARBOOK, 1977 

furnaces. | oe and other, 491,000 (499,000). | 

Hungary.—The Urkut manganese mines Malagasy Republic.—Production of rho- | 
in Transdanubia were supplying 28,000 donite in 1976 was 3,300 kilograms; exports 
metric tons of “enriched” ore to Poland in were 500 kilograms. : 
1977. They have made deliveries of ore to Mexico.—With installation of two 33- 
Czechoslovakia and the German Democrat- megavoltampere (MVA) furnaces Cia. Min- 
ic Republic for several years.” | era Autlan, S.A. de C.V., increased its 

India.—Using a process developed by the annual capacity to more than 107-MVA or 
National Metallurgical Laboratory employ- more than 100,000 metric tons per year of 
ing manganese ore of medium grade and ferromanganese, plus some silicomanganese 
waste ferrous sulfate-sulfuric acid solution, and _ ferrosilicon production. Ferroale- 

a 1,000-metric-ton-per-day synthetic man- aciones de Mexico, S.A., added a second 
ganese dioxide plant reportedly began op- furnace of 7-MVA capacity to its existing | 

7 erating in the southern part of the country 19-MVA capacity to increase its ability to 
at Trivandrum.® Production of ferroman- produce high-carbon ferromanganese to 
ganese in 1977 was 167,000 metric tons; more than 50,000 tons per year. Mexico’s 

silicomanganese production was 2,500 tons. third producer of ferromanganese, Ferral- , 
Indonesia.—Reported 1977 manganese  ver,S.A., brought its annual capacity to 15- 

ore production had an average manganese MVA and 23,000 tons of high-carbon 
: dioxide content of 87.7%. The greater part ferromanganese.® 

of this production was from small mines Morocco.—All manganese ore produced 
| operated by companies owned’ by the West in 1976 and 1977 was chemical grade. That 

Java and Central Java provincial govern- produced in 1977 had an average man- 
ments, but, apparently, there was appre- ganese dioxide content of 80%. 
ciable unreported production from other New Hebrides.—Le Manganese de Vaté, 
small mines. The Indonesian deposits are owned 87-1/2% by Southland Mining Ltd., 
small and mining operations are highly Sydney, Australia, continued to mine the | 
labor intensive, not being adaptable to Forari manganese deposit, operating two 
mechanized methods of mining except for 10-hour shifts 7 days per week with 110 
the use of bulldozers. Underground opera- employees, virtually all Pacific Islanders. 
tions are manual operations except forsome Two ore bodies were being mined in early 
use of explosives. The ore is subject to a 1978, 5 and 7 kilometers from the washing 

: royalty of 30 cents per ton and an export tax plant. Overburden was from zero to a few 
of 50 cents per ton. The bulk of production feet in thickness, and was stripped from the 
is believed to have been exported to Japan deposit by bulldozers and a 2-1/2 yard 
and Taiwan, with the rest used domestically dragline after dense tropical vegetation had 
to produce dry-cell batteries. The firm, P.D. been cleared away. A 7-cubic-yard front-end 
Perusahaan Pertambangan Yogyakarta, re- loader was used to load the trucks, five of 
portedly signed a contract with a Japanese which were used in transporting the ore to 
firm to assist in the development of a mine _ the crushing and washing plant where coral 
to produce 10,000 metric tons per year. and clay were washed out. About 500 tons 
However, foreign participation in man- per week of tailing with a 30% manganese 
ganese mining is not allowed on Java, content was being washed into the bay, and 
Madura, or Bali. consideration was being given to retrieval of 
Japan.—Production of ferromanganese in this sand for-concentration to a 40% man- 

1977 was 527,000 metric tons; silicoman- ganese product. An annual contract with a 
ganese, 334,000 tons; electrolytic man- Japanese commodity broker calls for ship- 
ganese metal, 7,267 tons; and synthetic ment of 36,000 to 44,000 metric tons of 
manganese dioxide, 28,549 tons. The man-_ concentrate subject to changing supply and 
ganese ore produced in 1977 had an average demand conditions. The price in early 1978 
manganese content of 26.0%. There was no was US$35 per ton for concentrate with a 
production of battery- or chemical-grade 40% manganese content. The concentrate 
natural dioxide ore. normally contains from 40% to 42% man- 

Imports of manganese ore in 1976 and_ganese and is a metallurgical grade. Ship- 
1975 were from the following sources, in ments are loaded out once every 6 or 7 
metric tons (1975 figures in parentheses): weeks in 8,000 to 11,000 deadweight-ton 
Republic of South Africa, 1,266,000 ships. Reserves were estimated sufficient 
(1,607,000); Australia, 804,000 (655,000); for 3 more years’ operation at the current 
India, 564,000 (671,000); Mexico, 129,000 production rate. A 6% royalty payable to 
(130,000); the U.S.S.R., 101,000 (178,000); the New Hebrides Condominium has been
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applicable to the mining of manganese ores Sinking of a second incline shaft at the : since 1959. — Wessels mine was completed during the Norway.—Power shortages and the year and the mine’s crushing and sizing | worldwide recession in the steel industry capacity was increased. These improve- were responsible for substantial drops in ments increased productive capacity of the production of manganese ferroalloys. Ferro- mine to 500,000 tons per year from the manganese production in 1977 was down to previous 250,000 to 300,000 tons. Early in 250,000 metric tons from' 354,000 tons in 1977 the Government-owned South African — 1976, while silicomanganese dropped to jron and Stoel Industrial Corp. Ltd. ISCOR) 137,000 tons from 173,000 tons. Exports of announced that it planned to sell its 45% ferromanganese were 244,000 tons in 1977 interest in SAMANCOR. A high bid by compared with 327,000 tons in 1976; those Anglo-American Corp. for the purchase was | for silicomanganese were down to 117,000 blocked by the Governmen t’s Ministry of 
gO tons. a S.M.R.L. Peru’s Economic Affairs; apparently, the govern- : only producer of manganese ore, stopped ment felt that with Anglo-American’s new  —~> 

production in 1976. The smal] tonnage of Middleplaats mine the resulting organiza- ore produced in that year had an average non would have a monopolistic control of manganese content of 26.7%. _ | e country’s mining o _Manganese ore. 
Portugal.—Manganiferous iron ore pro- Shaft sinking at the Middleplaats mune | duced in 1977 totaled 30,250 metric tons began in February 1977 with full-scale pro- | averaging 40.5% iron and 7.7% manganese. duction of 1 million tons per year expected South Africa, Republic of.—Associated in 1979. Manganese Mines of South Africa Ltd., Typical analyses for different grades of | made large capital expenditures in 1977 in manganese ore shipped by the country’s | developing two new manganese mines, mines are tabulated below, in percent: Gloria and Perth, to replace the smaller | | Adams and Devon mines where reserves —_——S were almost depleted; in completing the Minimum Minimum Minimum expansion program that had been under §©9—-H——— ~~ in 88% Mn way for 2 or 3 years at its ferroalloy sub- Mn —-~--~--- 40-26 338 e383 sidiary, Feralloys Ltd.; and to enlarge the Si02-________ 2.84 2.41 2.24 company’s iron ore production and hand- BaSOs ------- ae 408 qo 4 ling capabilities.° Opening of the Sishen- AleOs_____... 4.53 4.98 8.10 Saldanha Bay railway in September 1976 © 

and its use for movement of iron ores from . | . northwestern Cape Province relieved con- Spain.—Production of ferromanganese in gestion on the 800-kilometer, Kuruman- 197 7 totaled 148,000 metric tons: that for Port Elizabeth rail line, which has been the _ Silicomanganese was 67,000 tons. : established route for export of the region’s Sudan.—A small quantity of manganese manganese ores. Railway freight rates in- OT€ was produced in 1977, averaging 48% creased 20% during the year. Producers of ne Tunke Th | duced ; manganese ferroalloys were also adversely 1 976 r y "1977 a8 evtitnen 7 to he in : affected by a 25% increase in electrical an was estima , 46 0 Aave an power charges and by the soft market for S¥GFaRe manganese content of 4%. their p roducts occasioned by worldwide the geology of the manganese deposits of steel production cutbacks. In June 1977 > the Soviet Union, which was ublished in Transalloys (Pty.) Ltd. successfully commis- Russian in 1974 was publish a in English sioned its new 48-MVA silicomanganese in 1977 with num erous USSR e for- submerged arc furnace, but market condi- ences." “ee tions necessitated the shutdown of the com- Zambia.—A manganese mine near Man- pany’s two existing submerged arc furnaces. sa in Luapula Province was being reopened Producing from four mines in northwest- by the State-owned Industrial Development 
ern Cape Province—the Wessels under- Corp. (70% participation) and Oy Airam of ground mine and the Hotazel, Mamatwan, Finland (30%). The ore will be used to make and Lohathla open pit mines—South Afri- dry-cell batteries in a new plant owned by can Manganese Amcor Ltd. (SAMANCOR) Mansa Battery. Reserves were estimated at accounted for approximately 65% of the 30,000 tons for a life of 10 years country’s manganese ore output in 1977. , "
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| TECHNOLOGY . 7 

With the assistance of the Manganese ren and their mothers suggested that man- — 

Centre, Paris, France, a variety of informa- ganese deficiency was the cause of epilepsy 

tive papers on the metallurgy of manganese in certain cases and that a dietary supple- | 

: were published in English and French un- ment of this trace element could be helpful. 

der one cover (with abstracts of each paper The growing use of methylcyclopenta- 

in four languages—French, English, dienyl manganese tricarbonyl (MMT) as an 

German, and Spanish): Manganese—Its re- antiknock additive to gasoline was under 

- gources and metallurgy, P. L. Dancoisne; attack by the automobile manufacturers, 

Cast austenitic manganese steels, P. Detrez; who claimed that it built up deposits in the 

Calloy—A new wear resistant alloy steel, combustion chamber and increased hydro- 

A. Theckston and P. J. Mutton; Manganese carbon emissions. Plugging of the catalytic 

and the engineering properties of steels, converters that have come into use, an 

C. D. Desforges; Manganese and the proper- earlier complaint of the automakers, 

ties of weldable structural steels,G. Murry; appears not to be a matter of concern at the 

Development of a high manganese steel lower concentrations of MMT, except possi- 

with good toughness, R. L. Miller; Plate bly under severe operating conditions such 

properties of a low carbon 4% Mn steel, as trailer towing. Proponents of the addi- 

A. Brownrigg and G. G. Brown; The role of tive, the oil companies and the only produ- 

manganese additions in austenitic stainless cer, Ethyl Corp., have maintained that in- 

steels, J. Hochmann; Manganese in alu- sufficient testing has been done at the 

minium alloys, L. F. Mondolfo and P. L. proper low concentrations. Coordinating Re- 

Dancoisne; Manganese in copper alloys, search Council (CRC), a research organiz- | 

G. Greetham; Magnetic manganese mate- ation sponsored by the oil and automobile 

rials, P. Hagenmuller and J. Claverie; Cor- industries, was engaged in early 1978 in 

rosion preventatives based on manganese conducting California road tests with the 

and its compounds, K. Farrow, A. M. Pye, objective of arriving at the answer, which 

and G. Sanderson; Research and the devel- may be a matter of deciding what is an 

opment of manganese, P. L. Dancoisne. acceptable concentration. Costs of pro- | 

Several interesting photographs of man- ducing gasoline and conservation of oil are 

ganese mines, plants, and applications, at stake, and explain the oil industry's 

unrelated to the articles, were included in jnterest. This is another instance of balanc- 

this special issue of the magazine.” ing clean air objectives against energy costs. 

The Engine and Transmission Products Ethyl Corp. , estimated that, by yearend 

Group, Federal-Mogul Corp., Ann Arbor, 1977, approximately 60% of U.S. refining 

Mich., developed a new aluminum bearing capacity was using MMT to improve the 

alloy for heavy-duty engine bearing applica- octane rating of unleaded gasoline.* 

tions. The alloy, consisting of 1-1/2% man- 
| 

ganese, 3% cadmium, 1% copper, 1% nick- 1Supervisory physical scientist, Division of Ferrous 

el, and an aluminum base, has high fatigue Metals. 

and stress resistance. It was being produced mu Weiss, Stanley A; Manganese SOpp. Uses. Metal 

at the company’s St. Johns, Mich., plant. It 3Steel Times (London). $40m Expansion at Bell Bay 

is cast and rolled into thin strips which are Ferro Ano Plant. V. 205, No. 5, May 1977, p. 449. 
: en, S. Urucum Mine Reopens. Am. Metal Market, 

then bonded onto steel strips to form a __ v.84, No. 20, Jan. 28, 1977, p. 14. 

bimetallic bearing material.) ween, § Brea Bapors, Pegmucggacer Am Meta 
Matushita Electric Industrial Ltd., ‘Metal Bulletin (London). No. 6215, Aug. 9, 1977, p. 21. 

Osaka, Japan, developed a new, permanent 7Mining Journal (London). V. 289, No. 7420, Nov. 4, 1977, 

anisotropic magnet made of manganese, p81. Vy. 989. No. 7420, Nov. 4, 1977, p. 379 

aluminum, and carbon. The new magnet = °Metal Bulletin (London). No. 6227, Sept. 23, 1977, p. 25. 

has high mechanical strength and good oeiines’ Mining Review. V. 67, No. 17, Apr. 29, 1978, 

machinability with a higher magnetic ener- ° 11Varentsov, I. M., and V. P. Rakhmanov. Deposits of 

gy than the conventional alnico magnets Manganese. Ch. in Ore Deposits of the U.S.S.R., ed. by 

that are made with nickel and cobalt. It was ae on V1 Smirnov. Pitman Publishing, London, 

believed to be particularly suitable for use \ 12Materiaux & Techniques (Paris). Manganese. Special 

in measuring and control equipment, and eg perican | Metal Market High-Strength Bearing Allo 

for microswitches. 
Developed by Federal-Mogul. V. 85, No. 142, July 25, 1977, 

Dr. Yukio Tanaka, St. Mary’s Hospital, * 14a naerson, Earl V. Phasing Lead Out of Gasoline: Hard 

Montreal, Canada, reported at the national Knocks for Lead Alkyls Producers. Chem. & Eng. News, 

meeting of the American Chemical Society * Wrigley. ie Mangancee Fuel Additives Boost Smog: 

that preliminary studies of epileptic child- Faix. Am. Metal Market, v. 86, No. 42, Mar. 2, 1978, p. 3.



: Mercury 

_- By Harold J. Drake! 

_ US. mine production of mercury in 1977 monthly price declined through the first 
_ totaled 28,244 flasks valued at $3.8 million. half of 1977, and although rising thereafter, 

Production was reported from five mines, finished the year below the price at the 
three in California and two in Nevada. The _ beginning of the year. The monthly average 
Increase in production was accounted for flask price in New York was $135.71. 
primarily by the McDermitt mine in Neva- Exports and reexports rose 68%; imports 
da. | | _ for consumption decreased 35%, which 

Secondary production more than doubled accounted for 47% of the U.S. market for 
| with 13% of the total accounted for by sales mercury. Algeria, Mexico, Yugoslavia, | 

by the General Services Administration Spain, and Canada were the principal 
(GSA). a sources of imported mercury. - | 

: Consumption totaled 61,259 flasks. The World production in 1977 totaled 198,879 
decline was led by sharply reduced demand flasks. Producers in Italy, Spain, and the 
for use in the preparation of chlorine and U.S.S.R. reportedly continued to restrict 
caustic soda, which was accompanied by sales of mercury in 1977; Italian, Yugoslav- 
decreased demand for use in dental prepar- ian, and Mexican producers continued to 
ations, agriculture, and general labratory sharply curtail or completely shut down 
use. Increases were reported for electrical mercury-mining operations. Canadian min- 

_ apparatus, pharmaceuticals, industrial and ing operations, suspended in 1975 because of 
control instruments, catalysts, mildew- low prices, did not reopen in 1977. The 
proofing paint, and other uses. international association of mercury pro- 

Producer, consumer, and dealer stocks ducers that was formed in 1975 reportedly 
| continued to rise, and by yearend reached a met during 1977. The group advocated price : 

level 8% above that at yearend 1976. Pro- stabilization by curtailing production, 
ducer stocks rose 19%; consumer and dealer withholding supplies from the market, re- 
stocks rose about 3%. stricting sales to dealers, and closely con- 

The price per flask? of mercury remained _ trolling sales agents. 
at a low level throughout 1977. The average Legislation and Government  Pro- 

| Table 1.—Salient mercury statistics 

: 19738 1974 1975 1976 1977 

United States: 
Producing mines ________________________ 24 12 13 7 5 
Production. _____..______.____ ~~~ - flasks_ _ 2,227 2,189 7,366 23,133 28,244 

Value ______..____________ thousands__ $637 $617 $1,165 $2,806 $3,833 
Exports..______._______._______- flasks. _ 342 466 339 501 852 
Reexports ________.______________do____ _ _- 155 12 101 

tenor consumption ----------------do.__. 46,026 52,180 «48,865 = 44,415 += -28, 750 
General______________________do___ 46,076 52,102 44,472 43,964 28,750 

Stocks, Dec.31 ____________________ do____ 17,946 19,877 25,549 31,734 34,178 
Consumption _____________________ do____ 54,283 59,479 50,838 64,870 61,259 
Price: New York, average per flask _._.._________ $286.23 $281.69 $158.12 $121.25 $135.71 

Wopreduction.-________________ flaska._ 268,265 257,477 252,829 239,994 198,879 
Price: London, average per flask ~..._~_________ $273.54 $267.94 $130.11 $91.97 $140.70 

Revised. 
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grams.—GSA offered for sale 500 flasks of release of the surplus mercury. The Federal 

mercury monthly during 1977 but sold only Food and Drug Administration began de- _ 

| 1,000 flasks. The mercury was obtained by veloping new regulations covering mercury- 

GSA from other Government agencies. At vapor lamps. The lamps will have to be 

yearend, the strategic stockpile contained — equipped with a self-extinguisher, which 

191,304. flasks, which was 137,300 flasks will ‘automatically shutoff the lamp in the 

over the 54,004-flask goal. The U.S. Con- event of malfunction or breakage. 

gress took no action on authorizing the 

| | DOMESTIC PRODUCTION 

| Production of primary mercury totaled The average grade of all ore processed in 

28,244 flasks valued at $3.8 million in 1977, 1977, including ore processed at concentra- 

compared with 23,133 flasks valued at $2.8 tors, increased to 9.9 pounds of mercury per 

million in 1976. Only four mercury mines ton. The increase in the grade of ore was 

reported production: Oat Hill, New Alma- accounted for by the McDermitt mine. 

den, and Knoxville in California, and Production of secondary mercury, exclu- 

McDermitt in Nevada. Byproduct mercury give of GSA sales, amounted to 5,566 flasks, | 

was produced at a gold mine in Nevada. The 4 Jevel not quite double that of 1976. Most 

increased output of primary mercury W88 oF the increase in secondary production was 

accounted for by the McDermitt mine in i+-inuted to the higher price of mercu 

Nevada. Startup problems at the mine’s ore- hich made it ‘cal to TY: 

processing facilities were resolved, and full- 0" 0 e it economical to Process scrap 

scale production was achieved throughout into usable mercury. Major sources of sec- 
1977. ¥ } ondary mercury were industrial and control 

oe | instruments, batteries, sludges, and dental | 

| | : amalgams. . 

Table 2.—Mercury ore treated and 

mercury produced in the United States’ _ | | a 

| Ore treated __Mercury produced _ Table 3.—Production of secondary 

Year Ghorttons) Flasks Pounds mercury in the United States 

on of ore (Flasks) 

a. OO OO — 2 , 

igtg------- 262587 atl GL ear production releases T2tl 
1975 _.__---- 76,772 6,905 68 —_—_——o eee 

. 1976 ____----- 185,103 23,042 95 1973________. 1,746 2,583 10,329 

1977 ________- 216,577 28,244 99 1974_______ 5,940 2.353 8,293 

Ae a eer aidusabyproduc. 1977 —— ~~~ 5566 ——‘1,000 6,566 
2Includes mercury contained in concentrate for export. _ ™. OOO 

. CONSUMPTION AND USES 

Consumption declined 6% from the 1976 Of the 61,259 flasks consumed in 1977, 

level to 61,259 flasks. Of the major uses, 79% consisted of primary mercury, 19% of | 

electrical apparatus rose 6% to 29,180 redistilled mercury, and the - remainder, 

flasks, and mildew-proofing paint, 1% to secondary mercury. Primary mercury was 

8.365 flasks. Use in the production of chlo- used throughout the range of applications; 

rine and caustic soda fell 11% to 2,589 redistilled was used primarily in electrical 

flasks. Other major changes were dental apparatus, industrial and control instru- 

preparations, down 38%, and catalysts, up ments, and dental preparations. Secondary 

99%. Use in agriculture fell 4% to 584 mercury was used mainly in industrial and 

flasks, and general laboratory use fell 32% control instruments, electrical apparatus, 

to 406 flasks. catalysts, and dental preparations. :
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Figure 1.—Trends in production, consumption, and price of mercury. 

Table 4.—Mercury consumed in the United States, by use 

(Flasks) 

eee 
Use 1973 1974 1975 1976 1977 

—— eS 

Agriculture?______..-_-_________ ee 1,830 980 600 607 584 
Amalgamation _____________--__--------~~-______ _- —- 7 11 WwW 
Catalysts_____._.~-___~~- LL 673 1,298 838 1,264 1,545 
Dental preparations ______.§_-_-___~_____~___ 2,679 3,024 2,340 1,990 1,230 
Electrical apparatus _______-~.~_~_____________ 18,000 19,678 16,971 27,498 29,180 
Electrolytic preparation of chlorine and caustic soda __________ 13,070 16,897 15,222 16,054 10,744 
General laboratory use ____________.~~______________ 658 476 335 595 406 
Industrial and control instruments _______.______________ 7,155 6,202 4,598 5,067 5,221 

aint: 
- Antifouling ____..-_.-_____._____ ~~ 32 6 _- a-ak 

_ Mildew-proofing ___._____.-._.~________________. 7,571 6,807 6,928 7,845 8,365 
Pharmaceuticals ______..________~_____ 606 597 445 60 WwW 
Other? ___ 1,913 2,452 1,750 2,909 2,589 

Total known uses ____§__§ 5 5 5 54,187 58,417 50,034 63,900 59,864 
Total unknown uses . ~~ ~~ -§ -§ $2 5 5 96 1,062 804 970 1,395 

Grand total. _.--_-__.-_-_-_-__~_ Le 54,283 59,479 50,838 64,870 61,259 | 
een 

W Withheld to avoid disclosing company confidential data; included in “Other.” 
Includes fungicides and bactericides for industrial purposes. 
2Includes mercury used for installation and expansion of chlorine and caustic soda plants.
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Table 5.—Mercury consumed in the United States in 1977 

(Flasks) 
| a 

| . Primary  Redistilled Secondary Total 

| Agriculture! »§ ___-__-_____---------------- 584 __ —_ 584 

Catalysts __._.________.--------------------- 939 450 . 156 1,545 
Dental preparations __________-__--------------- 533 586 111 1,230 

Electrical apparatus _________-_-__------+~-------- 22,306 . 6,628 246 29,180 

Electrolytic preparation of chlorine and caustic soda —-— ~~ - _- 10,744 _- _- 10,744 | 

General laboratory use ________-___-~------------ 223 136 47 406 

Industrial and control instruments ___—_-_--__-_---~-—--- 2,322 2,574 © 325 5,221 

Paint: Mildew-proofing —___--------------------- 8,365 _- -- 8,365 

Pharmaceuticals ____.______------------------ WwW Ww WwW Ww 

Other? __________-------------------------___ 1912 6TH 889 
Total known uses ___._______----------------- 47,928 11,049 887 59,864 

Total unknown uses _______-_-_------~--~--------- 501 495 399 1,395 

a Ne
 

W Withheld to avoid disclosing individual company confidential data; included in “Other.” - 

1Includes fungicides and bactericides for industrial purposes. 

2Includes amalgamation. . 

| STOCKS 

| Stocks of mercury at yearend 1977 totaled 11,275 flasks at yearend 1977. The increase 

34,178 flasks, compared with 31,734 flasks in producer stocks was accompanied by an 

at yearend 1976. Producer stocks were up increase of 663. flasks to 22,903 flasks held 

sharply from 9,494 flasks at yearend 1976 to by consumers and dealers. 

Table 6.—Stocks of mercury, December 31 

(Flasks) 
a 

Consumer 
' Year Producer and Total 

dealer . 

1973 _._____ 3,927 14,019 17,946 
1974 _______ 4,100 15,777 19,877 
1975 ______- 4,858 20,691 25,549 
1976 _______ 9,494 22,240 31,734 
1977 ________ 11,275 22,903 34,178 
hae 

| PRICES . 

Prices of primary mercury rose in the | 

early part of 1977 but fell back during the 

middle months before resuming the rise in T . 
able 7.—Average monthly prices of 

August. At yearend 1977, the New York mercury at New York and London 

price of mercury was $131 to $135 per flask, (Per flask) 

almost exactly what it had been at the 

beginning of the year. The average monthly 1976 1977 

New York price per flask was $135.71 in New Lo 4 > New Lo ” dont 

1977, compared with $121.25 per flask in York! ndon” York? ndon 

1976. The London price showed similar , 117.00 1.38 140.24 $145.79 

fluctuations during 1977. At the beginning February _ “DAT “aut “isp 4 “eed 

of 1977 the London price per flask was $104, m0 -- 12791 99°68 etd 159'32 

to $110, compared with $127 to $132 per May ___. 113.50 82.00 13229 188.28 

flask at yearend 1977. The average monthly Jue --- 180 BN, HE 
London price per flask was $140.70 in 1977, August, — - 108.18 83.25 115.00 122.82 

compared with $91.97 per flask in 1976.The October. «13225 ««'100.28-S «138.60 136.34 
higher prices in 1977 were attributed to the November 131.42 10167 181.53 126.43 

reported discontinuance of international December __ 182.138 108.38 128.29 137.82 

sales of mercury by Italy, Spain, and the Average 121.25 91.97 135.71 140.70 

U.S.S.R., and to a reduction in output by Trew 
~ . Metals Week, New York. 

producers in Mexico, Yugoslavia, and other —ayyetal_Bulletin, London; reported in terms of US. 

countries. dollars.
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a FOREIGN TRADE | . 

Exports of mercury totaled 852 flasks flasks valued at $343,000. Imports from 
valued at $287,000 compared with 501 flasks Canada, which in past years accounted for 
valued at $306,000 in 1976. Reexports total- the largest share of imports, fell drastically 
ed 101 flasks valued at $36,000 in 1977. to 1,708 flasks valued at $211,000 as a result 

7 of the cessation of mercury-mining opera- 
Table 8.—U.S. exports and reexports of tions in Canada. The People’s Republic of 

| | | mercury pe China, which became a significant exporter 
_ __ of mercury to the United States in 1976, 

____Exports —_—_—sReexports_—s—sssharply reduced its shipments from 4,353 _ 
Year Value Value flasks valued at $360,000 in 1976, to 575 

Flasks {thon Flasks (thou. flasks valued at $50,000 in 1977. Shipments . 
175 ..SORDS*«~SSS*«aSS*« 339 $182 155 68 from Mexico, another major source of im- 
1976... BOL 306 12 $ ¢ ported mercury in past years, rose sharp- — 
1977 _____ 852 287 101 36 ly from 1,719 flasks valued at $137,000 in 

11996 to 4,668 flasks valued at $486,000 in 

Imports for consumption decreased 35% a i. rts frot incipal yi . 
in quantity and 25% in value to 28,750 , pons from principal supplying nations | 

_ flasks valued at $3.3 million. The average 1 the Western Hemisphere (Canada, Mexi- 
unit value for the year was $113.50 per © and Peru) totaled 6,376 flasks in 1977, 

flask, compared with $97.38 per flask in compared with 4,872 flasks in 1976. Con- 

1976. The share of the U.S. market for Versely, imports from the other principal 
mercury supplied by foreign countries SUppliers, Algeria, Italy, Spain, and Yugo- — 
amounted to 47%. slavia declined from 34,983 flasks in 1976 to 

Italy sharply reduced its exports to the 21,317 flasksin 1977. 
United States from 13,172 flasks valued at | The US. rate of duty on mercury metal | 
$1.2 million in 1976 to 671 flasks valued at imports during 1977 was 12.5 cents per 

_ $71,000 in 1977. Imports from Algeria, the pound ($9.50 per flask), with the duty on 
largest supplier, declined 14% to 8,806 waste and scrap suspended until June 30, 
flasks valued at $1.1 million, but imports’ 1978. This rate applied to imports from — 
from Spain, the second largest source, rose market economy countries. The statutory , 
82% to 8,790 flasks valued at $894,000. rate of 25 cents per pound ($19 per flask) | 
Imports from Yugoslavia fell 55% to 3,050 applied to central economy countries. 

Table 9.—U.S. imports for consumption’ of mercury, by country 

TO 097H—~S—~—“—CCO:~C:C(C“<‘“‘( TSCOC*C*~‘“‘C(‘NCNNNSOCOW#O#N#C‘i«awSN?~=é‘CSNSC#*™”W | 
Country Nr e!|!TDU”””COCpntté(‘<tiwS*~‘“Csti‘s;‘C:*™*:*SN 

Flasks (gousands) Flasks | (thousands) Flasks (th usands) 

Algeria... ________-_____ 9,296 $1,561 10,248 $1,110 8,806 $1,148 
Australia _______=___--.-_- _. _- _ __ 469 33 
Canada ____________~----- 12,891 1,840 2,853 249 1,708 211 
China, People’s Republic of — —— ~~~ 200 37 4,353 360 575 50 
Finland _________--------_ 35 6 _- __ 6 1 
France __~___~~_~_.~_____--- 400 81 — _- _- __ 
Germany, Federal Republic of — _ — — 400 49 __ _- (*) 1 
Hong Kong _-_~_------------ ~~ _- 200 18 _- _- 
Italy __.______________--- 7,340 1,595 13,172 1,244 671 71 
Mexico ________._____--_- 2,213 442 1,719 137 4,668 486 
Netherlands ________._.---- 601 68 _- _- _- _- 
Peru____________________ 1,025 207 300 64 _ __ 
Spain ___________________ 4,575 963 4,824 461 8,790 894 
Sweden ________-_------~-- 5 8 7 24 1 25 

Turkey ---~-------------- 58 14 -- -- _- _- 
USS.R ~~. + 490 101 _- -- _- _— 
Yugoslavia______-----_---- 4,336 627 _ 6,739 658 8,050 - 343 

Total______________- 43,865 7,599 44,415 4,325 28,750 3,268 

1General imports: 1975—44,472 flasks ($7,223,497), Italy 7,525 flasks ($1,151,729), the U.S.S.R. 600 flasks ($122,533), 
Yugoslavia 4,498 flasks ($645,967), and the People’s Republic of China 350 flasks ($64,885); 1976—43,964 flasks 
($4,290,514), Italy 13,222 flasks ($1,251,930), and the People’s Republic of China 4,253 flasks ($353,559). In 1977, general 
imports and imports for consumption were the same. 

than 1/2 unit.



634 | MINERALS YEARBOOK, 1977 | | 

WORLD REVIEW 

World production of primary mercury U.S.S.R.—Production of mercury was 
declined 17% to 198,879 flasks in 1977. estimated to total 58,000 flasks. Because of : 
Decreasing demand during 1977 and large low prices, Soviet suppliers reportedly con- 

inventories throughout the world acted to tinued to be inactive in the international 
reduce production and to moderate the market in 1977. 

_ upward movement of prices during the = Yugoslavia.—Production of mercury in 
year. _ 7 1977 was very small compared with the | 

Canada.—Canadian mining operations, 19503 flasks produced in 1976. Yugoslavia’s 
suspended because of low prices in 1975, did Jaria mine, its principal producer, was clos- 

“not reopen in 1977. Exports of inventory eq early in 1977 due to low prices and 
mercury continued in 1977. declining grade of ore. _ 
China, People’s Republic of.—Production | : a 

of mercury was estimated to total 20,000 
| flasks in 1977. Because of low prices, sales Table 10.—Mercury: World production, by 

in international markets were reduced in country. 
1977. | (Flasks) 
Dominican Republic.—Production of $ ——————_-——__-_— 

mercury commenced at the Pueblo Viejo Country 1975 TG 
mine, the world’s largest open pit gold algeria __________ 28,000 _— 31,000 ~—-°26,000 
mine.? Following discovery of mercury in Australia __--__-~- 6 4  . % 
the gold-silver ore in 1976, Rosario Domini- Canada ———-—--~-— 12,000  B TT 

| cana S.A. erected a 12-tube retort to recover China, People’s | : | 
mercury from the doré precipitate from the Republic of ------ coe to tD eon 
cyanide plant. Mercury production in the 6 Finland ________-- 309 "383 £400 
months following startup of the retort aver- Cr Federal 3191 3191 3.200 
aged 48 flasks per month. Ireland _ oe te a "_- 

Italy.—Mine production of mercury was ¥=-—--- == , , eve oan 
suspended in 1977, as Societé Mercurifera peu -27722772- ss ‘Ys80 | 
-Monte Amiata S.p.A., a 30,000-flask-per- Bhilippines ~------ santo 40183 °87°700 

year producer, continued to reorganize its Turkey _________- 5,421 4,529  °4'300 
mining activities. In addition, sales of mer- USSR*°__.-_---- 55,000 56,000 58,000 | 

cury reportedly were reduced because of Yo oiales ------ iadt 2 508 mars 
low prices. SEE 

Spain,—Production of mercury totaled Total_.----- °252,829 239,094 198,879 
37,700 flasks compared with 40,134 flasks in €Rstimate. Preliminary. "Revised. 
1976. Minas de Almadén, the largest pro- _* Reportedly, production of Yugoslavia’s only mercury 

ducer, reportedly discontinued sales of mer- aan a eee peas but e aviall eucntity mey have 
cury during 1977 because of low prices. been produced prior toclosure. 

TECHNOLOGY 

An electrolytic cell using a mercury cath- pects was given.° 
ode to recover metals from aqueous solu- ——————_ 
tions was designed and evaluated.* The 2Physical scientist, Division of Nonferrous Metals. 
method allows continuous metal recovery, pound hat throughout this chapter refers to the 76- 

as amalgams or as metal powders for those 8 Addison, R. Rosario Dominicana’s New Retort. World 
metals not soluble in mercury, and reuse of Mining, v. 81, No 4, April 78, Pp. oe als on Mercu 
the mercury. A method for recovering mer- Cathodes. Eng. and Min. J., v. 178, No. 4, April 1977, pp. 86 

cury from metallurgical Precipitates and  sPoljarvi, J. TL, and J. K. Rastas. (assigned to Outo- 
byproducts was developed. kumpu Oy). Method for Separating Recovery of Selenium 

The mercury district in Southwest Ar- and Mercury Raw Materials Containing Them. Brit. Pat. 

kansas was discussed in detail, and a com- ®Clardy, B. F, "and W. V. Bush. Mercury District of 

pleted description of all mines and pros- Southwest Ark. Ark. Geol. Comm. IC 23, 1976, p. 57.
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By Stanley K. Haines! 

| Sheet mica production was limited to a 6% in value. Imports of all forms of mica 
small quantity of hand-picked low-quality declined, led by a decline of 44% in imports 
muscovite from North Carolina. Domestic of waste and scrap mica. | 
scrap and flake mica production increased Legislation and Government  Pro- 
25% and sales of ground mica increased grams.—Sales of excess sheet mica by the 
23% in 1977. | General Service Administration (GSA) 

_ Fabrication of block and film mica declin- amounted to 680,000 pounds. The sale of 
ed for the fourth consecutive year to 448,000 62,181 pounds of muscovite film depleted 
pounds, a 16% decrease. Consumption of the current quantity authorized for dispos- 
mica splittings dropped 18% to the lowest al. Muscovite and phlogopite block sales 
level since 1939. Exports of all forms of mica remained frozen. 

| increased 13% in quantity but decreased 

Table 1.—Salient mica statistics 
eee 

. | 1973 1974 1975 1976 1977 ——] 
United States: 

Production (sold or used by producing companies): 
Sheet mica ____________ _ thousand pounds__ 30 20 5 5 1 Value ______..._._.__________thousands__ $15 $10 $3 $3 ) Scrap and flake mica ____ _ thousand short tons__ 153 137 185 141 176 Value ____________________thousands__ $6,082 $5,475 $5,219  "$5,765- $6,480 
Ground mica _________~ thousand short tons__ 137 117 115 T1338 163 

Value ____________________thousands__ $9,464 $10,171 $9,381 *$10,305 $12,196 
Consumption: 

Block and film ___________ thousand pounds__ 1,265 974 623 534 448 
Value ____________________thousands__ $2,106 $2,015 $1,608 $1,413 $990 

Splittings __._____.______ thousand pounds__ 5,178 6,186 4,746 5,025 4,144 
Value ____________________thousands__ $1,715 $2,801 © $2,634 $3,226 $2,718 

Exports_____________-_-_ thousand short tons__ 8 9 6 8 10 Imports________________-_______ do____ 6 7 8 5 4 World production_____________ thousand pounds__ 525,709 515,916 F491,872 °494,596 587,437 
Oe EO LL 

ere 

"Revised. | 
1Less than 1/2 unit. 

Table 2.—Defense Materials Inventory for sheet mica as of December 31,1977 
(Pounds) 

eee 
Ca Stockpile Total Total Baance of Sold in 

tegory goal inventory excess authorization 1977 
eee thorizaton 

Muscovite block, Stained or better___________ 6,188,000 5,108,133 _- -- —_ Muscovite film, lst and 2d qualities __________ 90,000 1,267,779 1,177,779 -~— 62,181 Muscovite splittings _.____._._.___________ 12,631,000 22,111,961 9,480,961 3,052,086 430,380 Phlogopite block _____________________ 206,064 127,773 —- _- _- Phlogopite splittings ___________________ 932,000 2,911,301 1,979,301 1,611,301 136,652 
— LL Sr re ress rrennnsireunennnnnne 

635
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Table 3.—Mica sold or used by producers in the United States | 

a Sheet mica " 

Uncut mica larger . 

Year and State Uncut punch and than punch and Total sheet mica Scrap and flake mica! 
circie , 

| Pounds Value Pounds Value Pounds Value = “Short Value 

19738 _— _- 30,000 $15,000 30,000 $15,000 153,327 $6,081,893 
1974 __ __ 20,000 ~=—-©10,000 + 20,000 += °10,000 136,966 5,474,636 
1975_.-__------- _- __  °%5,000 °2,500 °5,000.  °2,500 134,582 5,219,461 

; 1976 2 __ __ ©5000 ©2500 &5,000 ©2,500 140,712 ¥5,764,809 

1977: . 
North Carolina __ _- _- __ — *1,000 e@) 1,000 €(2) 91,379 4,207,049 
South Carolina —— ~~ -- _- —_ — -- -_- 42,747 588,993 

Other States? manne TBD BA TAT 

| - Total LL 1,000 €@) —-°1,000 2) «175,879 «6,480,189 
a OO 

°Estimate. "Revised. 
Includes finely divided mica recovered from mica and sericite schist, and mica that is a byproduct of feldspar and 

kaolin beneficiation. - 
2Less than 1/2 unit. 
3Includes Alabama, Arizona, Connecticut, Georgia, New Mexico, Pennsylvania, and South Dakota. 

Table 4.—Ground mica sold or used by producers in the United States, | 
by method of grinding' ! | 

| Dry-ground Wet-ground Total? 

Year Sh ort Value Short Value Short _ ~ Value 
| thou- thou- thou- 

| tons Sande) (HOR sands) tons sands) 

19738 _____________ i e- 120,762 $6,469 15,739 $2,995 136,501 $9,464 

1974... 101,455 6,335 15,908 3,886 ~— 117,368 10,171 
: 1975______ ee 104,157 6,551 11,244 2,829 115,401 9,381 

1976 ie---- 119,755 = 7,198 18,197 8,107 132,952 "10,305 
1977__________ Le 48,786 8,524 14,601 3,673 163,387 12,196 

eet nc A A 

1Domestic and some imported scrap. | 
2Data may not add to totals shown because of independent rounding. 

| | DOMESTIC PRODUCTION 

Sheet Mica.—An estimated 1,000 pounds Dakota. Over 41% of the production was | 

of low-quality and low-grade sheet musco-_ sericite (fine-grained muscovite mica). The 

vite was produced and sold locally in the remaining quantity was obtained by flota- 

Spruce Pine, N.C., area. The mica, which _ tion of kaolin, feldspar, and mica ores. 

was hand-picked from occasional pockets INDUSMIN, a subsidiary of Falconbridge 

uncovered during feldspar mining oper- Nickel Mines, Ltd. purchased all shares of 

ations, was not mined as the primary Lawson United Feldspar and Mineral Co., 

product. Inc., of Spruce Pine, N.C. Lawson United 

Scrap and Flake Mica.—North Carolina was a producer of scrap mica by flotation of 

continued to lead the Nation with a total pegmatite ore. 

production of 91,400 tons of scrap and flake Leading producers of scrap and flake 

mica. This was 52% of the total U.S. pro- mica were Harris Mining Co., Spruce Pine, 

duction of 176,000 tons valued at $6.48 N.C.; Boren Clay Products, Gaffney, S.C.; 

million. The 25% increase in total domestic Kings Mountain Mica Co., Inc., Kings 

production was attributed to the economic Mountain, N.C.; Mineral Industrial Com- 

recovery of the construction industry. The modities of America, Inc., Santa Fe, N. 

remaining production came from Alabama, Mex.; and Piedmont Minerals Co., Inc., 

Arizona, Connecticut, Georgia, New Mexico, Greensboro, N.C. 
Pennsylvania, South Carolina, and South Ground Mica.—Sales of ground mica in-
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creased 23% in quantity and 18% in value produced wet-ground mica, and 1 produced 
over the revised 1976 totals. Dry-ground both wet- and dry-ground mica. 
mica was 91% of the total and wet-ground Leading producers were Boren Clay Prod- 
mica constituted the remaining 9%. Both ucts, Gaffney, S.C. Harris Mining Co., 
wet- and dry-ground mica increased in Spruce Pine, N.C.; Deneen Mica Co., Inc., 
quantity and value. Twenty-one companies Micaville, N.C.; Mineral Industrial Com- 
operated 22 plants for ground scrap and modities of America, Inc., Santa Fe, N. : 
flake mica (including sericite). Eighteen of Mex.; and United States Gypsum Co., Chica- 
these plants produced dry-ground mica, 3 go, Il. 

CONSUMPTION AND USES | 

Sheet Mica.—Consumption of block and finished products made necessary by a de- 
film mica decreased for the fourth consecu-_ clining market for the built-up mica caused 
tive year. Fabrication of block and film the decline. Muscovite splittings, mainly 
mica (muscovite and phlogopite) declined from India, represented 96% of the total 
16% to 448,000 pounds. Of this total, 92% consumption. The remaining 4% was phlog- 
was muscovite block, 6% was phlogopite opite splittings from Madagascar. Splittings 
(magnesium mica) block, and 2% was mus-_ were fabricated into various built-up mica 
covite film. products by 10 companies operating 11 

Vacuum tubes required 58% of the total plants in 8 States. 
muscovite block fabricated. The remaining Built-up Mica.—This mica-base product 
fabricated block was used in gage glass and was made by mechanical or hand setting of 
diaphragms (3%), and in capacitors and overlapping splittings and alternate layers 
other uses (39%). Stained-quality muscovite of binders and splittings. The primary use 
block was in greatest demand and account-_ _ was as electrical insulating material. Mold- 
ed for 58% of consumption; Lower than ing plate, segment plate, heater plate, and 
Stained, 40%; and Good Stained or better, tape all registered declines in production. 
2%. Consumption of No. 6 grade was 42% of Segment plate retained the lead in pro- 
total fabrication of muscovite block, follow- duction (31%), followed by molding plate 
ed by smaller than No. 6, 18%; No. 5, 15%; (27%) and tape (17%). 
No. 5 1/2, 18%; and No. 4 and larger, 12%. Reconstituted Mica (Mica Paper).—Six 

Muscovite film fabrications decreased companies consumed 4.99 million pounds of 
over 9% to 9,316 pounds in 1977. First- scrap mica to produce 3.46 million pounds of 

_ quality film was 54% of the total consumed, mica paper in 1977. The manufacturing 
followed by second quality, 29%, and other companies were General Electric Co., Sche- 
quality, 17%. The film was consumed pri- nectady, N.Y.; U.S. Samica Corp., Rutland, 
marily in producing mica capacitors. Vt.; Kirkwood Acim Paper Co., Hempstead, 

Muscovite block and film was consumed N.Y.; Essex Group, United Technologies 
by nine companies in seven States. There Corp., New Market, N.H.; Corona Films 
were two consuming plants each in North Inc., West Townsend, Mass; and Proctor 
Carolina and New Jersey, and one in Mas- Silex, Mount Airy, N.C. Proctor Silex began 
sachusetts, New York, Ohio, Pennsylvania, producing mica paper for captive use. The 
and Virginia. paper was built up into plates that were cut 

Phlogopite block fabrication declined and used in various household appliances, 
40% from 43,865 pounds in 1976 to 26,143 such as toasters. 
pounds in 1977. The decrease was caused in Ground Mica.—Sales of ground mica in- 

| part by the cost and difficulty of obtaining creased 23% over the 1976 level of 133,000 
supplies of the raw mica. Phlogopite was tons to 163,400 tons in 1977. The increase 
consumed by seven companies in five was due to the recovery of the construction 
States. industry and the output of several sericite 
Consumption of mica splittings reached a operations in South Carolina. The principal 

39-year low in 1977 by decreasing 18% in end uses were joint cement (35%), brick 
quantity. Phlogopite splittings consumption (20%), paint (15%), and rubber (3%). 
increased 35%, but this was not nearly Ground mica for use in brick was mainly 

enough to offset the 19% decline for mus-_ sericite from North and South Carolina. 
covite splittings. Inventory adjustments of The sericite lightened the color of the brick.
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Table 5.—Fabrication of muscovite ruby and nonruby block and film mica and 
| phlogopite block mica, in the United States in 1977, by quality and end-product use 

(Pounds) 

Electronic uses Nonelectronic uses _ 

vert ecattr Capaci | close Grand i paci- glass -Gran and quality tees = Tubes «= Other «= Total «= 8g; Other = Total «tot 
. phragms 

| Muscovite: 
Block: 

Good Stained or better _ 500 369 3,194 4,063 3,162 1,878 5,040 9,103 
Stained _.________ 155 173,946 36,111 210,212 1,966 28,378 30,344 240,556 | 
Lower than Stained! __ __ 68,784 58,156 116,940 8,080 37,447 45,527 162,467 

| Total _________ 655 288,099 92,461 331,215 13,208 67,703 80,911 412,126 

Film: 
1st quality ________ 2,372 2,650 — 5,022 _- _-. _. 5,022 
‘2nd quality ———-————— 2,744 __ __ 2,744 __ __ __ 2,744 
Other quality ______ 1,550 _- — 1,550 _— — __ 1,550 

Total _._______ 6,666 —s_: 2,650 _- 9,316 _— _— _— 9,316 

Block and film: 
Good Stained or better? 2,872 3,019 3,194 9,085 3,162 1,878 5,040 = 14,125 
Stained’__________ 2,899 173,946 36,111 212,956 1,966 28,378 30,344 243,300 
Lower than Stained ___ 1,550 63,784 53,156 118,490 8,080 37,447 45,527 164,017 

Total _________ 7,321 240,749 92,461 340,581 13,208 67,703 80,911 421,442 
Phlogopite: Block (all qualities) nk 1,328 1,328 __ 24815 24,815 26,148 

1Includes punch mica. - 
2Includes 1st- and 2nd-quality film. . . 
Includes other-quality film. = = 

Table 6.—Fabrication of muscovite ruby and nonruby block and film mica in the United 
States in 1977, by quality and grade | 

| (Pounds) 

| . No. 4 
Form, variety, and quality and No.5 No.51/2 No.6 Other? Total 

larger . 

Block: 
Ruby: 

Good Stained or better _____________ 4,099 1,781 267 844 __ 6,991 
Stained __-____________________ 10,111 41,701 25,089 180,414 588 207,903 
Lower than Stained_______________ 4330 18,944 25,550 38,960 29,074 111,858 

Total ____________________ 18,540 57,426 50,906 170,218 29,662 326,752 . 

Nonruby: : 
Good Stained or better _.___________ 1,952 60 __ 100 __ 2,112 
Stained ______________________ 24,740 3,864 1,444 2,605 __ 32,653 
Lower than Stained_______________ 3,274 10 __ 2,825 44,500 50,609 

Total_____________________ 29,966 3,984. 1,444 «5,580 © 44,500 85,374 

Film: | . 
Ruby: . 

Ist quality ___________________- 640 807 425 2,250 __ 4,122 
Und quality — —----~-~---~-~~-~~~ 344 900 900 300 __ 2,444 
Other quality __________________ __ _. __ _- 1,550 1,550 

- Total ~~ ee 984 1,707 1,325 2,550 1,550 8,116 

Nonruby: 
Ist quality ~.._______-_-_------~-- _- _- 350 550 _- 900 
2nd quality _____________-~-_-_~- _- _- 300 _- _- 300 
Other quality __________-~-----~-- a -- a ~- _- _— 

Total _.___-_______________- __ _- 650 550 __ 1,200 

1Figures for block mica include all smaller than No. 6 grade and punch mica.
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Table 7.—Consumption and stocks of mica splittings in the United States, by source 
. (Thousand pounds and thousand dollars) 

India Malagasy Total! 
Quantity Value Quantity Value Quantity Value AY Value 

Consumption: . . 
1973 ~~~ 5,063 1,606 115 109 5,178 1,715 1974 _--_ ee 6,026 2,673 160 128 6,186 2,801 - 1975 ~-- 4,625 2,529 120 104 4,746 2,634 1976 --- 4,903 3,084 122 142 5,025 3,226 77 ~-_ 3,979 2,525 165 193 4,144 2,718 Stocks on Dec. 31: 
1973 ~~ 1,246 NA 55 NA 1,301 NA . 1974 _-__ 3,170 NA 87 NA 3,257 NA 1975 ~--_-__ 3,465 NA 44 NA 3,510 NA 1976 _-__-_ 3,166 NA 124 NA 3,290 NA 77 ~~ 3,130 NA 68 NA 3,198 NA 

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

Table 8.—Built-up mica‘ sold or used in the United States, by product 
(Thousand pounds and thousand dollars) 

} : 1976 1977 , Product —_ . Quantity Value Quantity Value OT ——— 

Molding plate - ~~ ee 1,381 3,033 1,227 2,751 Segment plate____.___________ 1,620 _ 4,068 1,408 3,787 Heater plate__-_____________ 179 . 256 172 249 Flexible (cold) _.________._-____ 588 1,612 617 1,804 Ta ee 819 3,344 715 3,414 Other _~~ ~~~ 7772722277277 7 7777722227 72--- 329 1,165 346 1,246 

Total? ---- ee 4,915 13,474 4,545 13,251 —_———— eee’ 
1Consists of alternate layers of binder and irregularly arranged and partly overlapped splittings. Data may not add to totals shown because of independent rounding. 

Table 9.—Ground mica sold or used by producers in the United States, by use | 

; 1976 1977 
, Use ey )CWalue.=~=O@ Salus 

Short tons (thousands) Short tons (thousands) 

Roofing ____________-______ 5,011 $219 3,216 $200 Brick _-___-_-_____ WwW WwW 32,851 59 . Rubber __-______- = 4,680 1,010 5,142 ‘1,202 Paint ——--- 21,224 2,362 25,202 2,703 Joint cement - eee ee 52,799 3,851 56,504 4,481 Other usest __ 49,238 2,862 40,472 3,552 . $$ 8S 
Total? ~ = 182,952 10,305 163,387 12,196 ——_—_————  - eee EE Em 

"Revised. 
W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” 1Includes mica used for agricultural products, molded electric insulation, annealing, plastics, welding rods, well drilling, textile and decorative coating, w. Paper, and uses indicated by symbol W. ; *Data may not add to totals shown because of independent rounding. 

7 STOCKS 

Yearend stocks of sheet mica were 3.6 quantity was film. (This information was million pounds. Of this total, 89% was obtained by direct canvass of consumers of splittings, 11% was block, and a small sheet mica).
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PRICES 

The average value of muscovite sheet in bly cheaper to mine. 

1977, based on consumption data, follows: 

Block, $2.16 per pound; film, $4.14 per . , . 
. wags : . Table 10.—Price of dry- or wet-ground 

pound; and splittings, $0.63 per pound. The mica in the United States in 1977,' per | 
average values of phlogopite sheet mica short ton 

were $2.42 per pound for block, and $1.17 | 

per pound for splittings. ee 

The average value of scrap and flake mica _Dry-ground: 

produced in 1977 was $36.12 per ton. The  primtcement, Si) mesh ---------- ag i00 
decline in average value was the result of W Roofing, 20 to 80 mesh ——-—-----_- 50- 70 

the larger percentage of sericite that was everoune: 395 mesh 990 - 240 

included in the 1977 total. The average Rabber’ eee ee een TTT. 220-240 

value for North Carolina scrap and flake, Wall paper ------------------ _ 240- 360 

which is predominantly flotation product, ‘In bags at works, carlots, unless otherwise noted. 7 

was $46.03 per ton. In South Carolina, the 2Freight allowed east of the Mississippi River. 

average value was only $13.78 because the —guurce: Chemical Marketing Reporter. V. 213, No. 26 

material was all sericite, which is considera- _ Dec. 26,1977. enn Port ov 

| FOREIGN TRADE 

Exports of all forms of unmanufactured moved through the Buffalo, N.Y., customs 

mica increased 26% to 18.2 million pounds district, 18% went through the Ogdensburg, | 

in 1977. Canada was again the leading N.Y., district, and 9% went through the 

country of destination with 11.3 million Seattle, Wash., district. . 

_ pounds, valued at $674,000, or about 6 cents Imports of all classes of mica declined 

per pound. ie wae 2 10% increase in 18% from 9.2 million pounds in 1976 to 7.8 
quantity and a @ increase in value. nillion pounds. Imports of waste and scrap 
Venezuela was the second leading country 4, ped 44% to 2.3 million pounds. Split- 

with 1.2 million pounds valued at $176,000, PPS itz, tose to 2.1 ‘lio 0 
or 15 cents per pound. The overall average “78S "PD rose to 4.1 milion pounds, a 
value was 20 cents per pound in 1977, gain of 25%. India was the leading source 

compared with 24 cents per pound in 1976 country, providing 56% of the total imports; | 

and 29 cents per pound in 1975. The average Brazil was second with 23%. 

value indicated that most of the material New York City was the leading district of 

| exported was ground mica. _ entry for mica (62%), followed by the Boston 

Twenty percent of the exports were and Buffalo districts (9% each). 

Table 11.—U.S. exports of mica and manufactures of mica in 1977, by country 
nnn 

Mica, including block, 
film, splittings, waste, Manufactured 

| Destination _serapand ground mica 
; . Value . Value t t 
tpounas) (ha Gpounass 

|  —— 

‘Argentina ______-----_------------------------ 21,387 $70 41,687 $187 
Australia __________----_----------------------- 16,081 15 27,805 86 
Bahamas _________-_----__-------------------- __ __ 12,820 15 

Bahrain __________----__--------------------- 167 2 1,416 2 

Barbados ____________--_----------------------- 40,000 3 __ __ 

Belgium-Luxembourg _--—-—------------------------- 4,258 5 -- _- 

Bratil _.______________----------------------- 155,924 46 44,040 219 | 

Canada _____________--_--~--_------------------ 11,298,695 674 410,478 1,464 

Chile ___________-____----------------------- 22,519 4 1,425 8 

Colombia ___________--_--~---------------------- 206,038 42 663 6 

Czechoslovakia. ________----__-------------------- __ __ 7,657 8 

Denmark _____________--~---~---~--------------- _- a 892 2 

Dominican Republic ____-------------------------- 56,000 7 -- _- 

Ecuador _____________--~------+-----------+----- 39,561 7 — — 

Egypt We ---------- 127,788 21 __ __ 

El Salvador _________-----_--------------------- 222,000 13 __ __ 

France _____________-_----------------------- 661,452 155 3,003 21 

Germany, Federal Republic of ~__--------------------- 680,596 106 _- — 

Ghana + -------- 40,784 4  —-9,104 14
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Table 11.—U.S. exports of mica and manufactures of mica in 1977, by country : 
| —Continued 
i 

Mica, including block, 
film, splittings, waste, Manufactured 

oo. scrap and ground mica 
Destination ce ee Val 

_ Quantit ue Quantity ue a 
da gc eS Sf SSS A a 

Greece _______________ eee e+ 13,400 $2 _- -— 
Guatemala _________________-_---~~-~-----~-~----- 277,269 31 1,468 $3 

. Haiti ~~~ _ eee eee 3,642 3 1,709 2 
Honduras _—_~_ ~~ ______ ee 43,000 4 _- _- 
Hungary __________-_--~-~~-~-----~-----~--~---+-+-+- 106,260 351 — -- 
Iran _~_ LL eee _- -- 70,628 61 

. . Ireland __________~__---~----~---~-~-----~-----+- 15,400 3 a -- 
Italy _.__________-~~_---_-~--~----+_~~+ ~~~ ---+--+-- 792,828 159 40,411 199 
Jamaica ~___________.----~--~--~-----------+-- 8,694 2 17,528 18 
Japan _________~_~-~~------+~---+~ ~~~ +--+ ~~ +--+ 195,714 442 283 2 
Korea, Republic of ~.___.___-_-_-------~-L-~--+--+---- 79,023 37 60 2 
Malaysia _____________-_----~---~---~--------+-+- 29,400 5 _- -- 
Mexico __________-____~~~---~_-~--~~-~-~-~~----+ 374,299 465 73,175 303 
Morocco ________~~___ ee ee 16,281 3 _- _- 
Netherlands ___________-~--~-----~~-~--~-~------- 42,000 3 1,197 14 
Netherland Antilles ___________--_-~_-_--_--------- 392 2 3,162 6 . 
New Zealand __________ eee 39,904 8 — _— 
Norway ______-__---_-~--~--~-------~----~--------- 95,008 7 2,294 13 
Pakistan ______________-___~_~___-~-_---~-_--+--- 26,400 5 5,284 13 
Panama _—___~~__~__ ~~~ ee 20,000 1 - 14,801 21 
Peru __________ ~~ eee 137,528 15 29,754 93 
Philippines __________-__~-~+~--~~-_---~--------- 37,800 9 401 6 
Portugal _____________--_~--------------~------ _— _- 2,904 23 
Saudi Arabia _______________---~--~-~-~------~-+-- 128,513 7 231 1 
South Africa, Republicof ~.__.___-_._---------~--~--~---- _— _- 45,019 84 
Spain __.________-~---------~-----+-~------------ 10,449 20 115,274 264 
Sweden _________________u_ eee _- __ 1,025 5 
Switzerland _______________-----~--~------+--~-+-+-+- 15,969 6 4,369 12 
Taiwan ______________________-_-_--~~_--~----- 41,545, 10 1,150 9 
Tanzania ____________=~---_-_-~~-~~--~--~-+~+-~---+ 24,719 4 ~- -- 
Thailand ______________~_~--__---~---~-+-~-+--+~+-~- 26,400 1 _- _- 
Trinidad and Tobago ___________.__---~--~---+--~---- 278,420 40 513 3 
United Arab Emirates _.._______.-__-_-_~------------ 399,207 89 67 2 
United Kingdom __._~____----~--------~-+------- 154,314 | 466 6,320 35 
Venezuela ~___________~____-~_ eee 1,153,584 176 7,943 13 
Zaire _______________________~_-~--- 18,200 3 __ _- 
Other _____________.____---~- eee 18,571 4 5,067 28 

Total _.__________________-_-~ =: 18, 202,883 3,557 1,012,977 3,267 oF 
FPA 

| | Table 12.—U.S. exports and imports of mica - 

(Thousand pounds and thousand dollars) 

RD 
. Imports for consumption 

(ell ceeees) Tagua = c ee’ Year and punch Scrap Manufactured 

Quantity Value Quantity Value Quantity Value Quantity Value 
i 

1975 ___-_ 12,110 7,104 904 696 10,672 356 5,075 2,935 
1976 ___-- 16,930 7,253 1,655 941 4,213 205 3,328 3,193 
1977 __- ee 19,215 6,824 2,179 988 2,348 112 3,267 3,373 
ne a RR
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Table 13.—U.S. imports for consumption of mica, by kind and country 

. Waste and scrap. . . Other _ Block mica —————————————————_______ Year Phlogopite Other Muscovite Other, n.e.c. 
_ and country Quan-. Value Quan- Value Quan- Value Quan- Value Quan- Value - tity (thou- tity (thou- tity (thou- tity (thou- tity (thou- 

(pounds) sands) (pounds) sands) (pounds) sands) (pounds) sands) (pounds) sands) TT 
1975: ne ~— 10,672,125 $356 247,681 $507 1,084 $13 655,727 $176 1976 __-__ 2,836 $3 4,209,788 202 347,828 675 3,440 32 1,303,425 234 a ™SomomDMumuno 8 HAGo™eNOoeaqnNTvT_OOO OO 
a
 

LET 1977: ° 
Brazil _____ -—-  -.~ 485,012 25 264,561 327 811 8 1,041,002 155 . Canada ____ 2,600 1 246,900 7 -- _- —_ _— 448,500 15 Germany, 

Federal 
: Republic of _- — _— me -- _- _— _— 639 2 . India _____ -- —— 1,613,767 79 188,476 313 7,400 18 213,558 125 Japan _____ __ a — __ _—_ — _- _- 124 ) Madagascar _ _- _- -- __ 4,300 7 220 1 2,866 7 ' Sweden ____ __ __ __ __ 6,506 @) __ — _- __ Tanzania — a -- an _— -- _-: 293 2 ~- _- 

dom _____ _- -- _- — 36 6 95 2 ~- -- 

. Total ___ _ 2,600 1 2,845,679 111 463,879 653 8,819 31 1,706,689 304 
en el 

. _. Not cut or stamped Cut or stamped | Splittings not over 0.006 inch Not over 0.006 inch Over 0.006 inch , 
in thickness in thickness in thickness 

Quan- Value Quan- Value Quan- Value Quan- Value tity (thou- tity (thou- tity (thou- tity _ (thou- . (pounds) sands) (pounds) sands) (pounds) sands) (pounds) sands) —_ ti CS) | 
1975 _________ 8,790,511 $911 3,751 $8 30,344 $350 59,096 $127 1976 _________ _ 1,710,978 561 100 1 74,413 789 -107,799 233 . 

I 
LT Renee . 1977: 

Canada ____ __ -- 3,782 4. __ _- 3,249 20 . France ____ -- __ 175 2 2,436 6 _— _- Haiti _____ __ _- __ _- 983 11 80 2 India _.____ 2,075,091 604 3,500 3 76,285 1,082 73,005 283 Korea, . 
-_ Republic of __ __ —_ . 18 1 -- -- Madagascar _ 56,325 46 _- __ — ae _- _- Malaysia ___ 220 1 __ a _- __ _- -- ' Mexico ____ 341 1 __ —- — _— 181 1 Singapore __ __ __ __ __ 15 (7) __ _- Spain _____ __ _- __ __ 175 2 355 2 Taiwan ____ 3,756 9 _- __ 26 1 _— _- United King- 

dom _____ 5,000 22 __ _- 1,587 67 85 3 —_— 

Total ___ 2,140,733 683 7,457 - 9 81,525 1,170 76,955 311 EE OL 
Mica plates and Ground or Articles not especially 
built-up mica pulverized _ provided for of mica 

Quan- Value Quan- Value Quan- _ Value tity (thou- tity (thou- tity (thou- (pounds) sands) (pounds) sands) (pounds) sands) ——_—S_— eer ———SaS) 
1975 ~__ 973,638 $1,255 201,996 $22 15,310 $262 1976 __.______ 848,758 1,276 546,854 48 39,344 285 SO ——————————————oooa>aRa@aojlryq0DOQquququoQaoaoaoeeeeeee 
1977: 

Belgium- 
Luxembourg 495,655 770 __ __ _- -- Canada ____ 8,982 30 254,007 21 2,822 19 France ____ 11,118 14 37,478 8 __ -- Germany, 
Federal 
Republic of 5,708. 15 — _- -- —_ India _____ 120,855 204 __ __ 2,503 31 Japan _____ 2,367 8 —- _— _- _— Mexico ____ ~- _- -- — 135 8 x etherlands _ _- _- _- _- ie 10 ingapore __ ~- -— -- — 3 Switzerland _ 279 2 -_ — _— —_ United King- 
dom _____ 395 2 __ _— 18,233 55 —_—_—_——_——_ 

OO 
Total ___ 645,359 1,045 291,485 29 23,370 126 ee eeeeeeesesesese—“‘“(‘ée<é™ 

1Less than 1/2 unit.
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| WORLD REVIEW 

World production of all forms of mica 1976 was 47,400 short tons. This was ex- 
decreased 19% to 587.4 million pounds in pected to increase to 51,800 tons by 1980. 
1977. India led the world in production of _Mamsko Chuysk County of Irkutsk Oblast 
sheet mica. The United States remained the supplied 75% of the country’s production of 
world leader for production of scrap and mica. Nine underground mines operated in 
flake mica. 1976.3 | 

India.—The Government’s Mica Trading —————__—_ 
Co., Ltd., agreed to supply about $9 million >Physical scientist, Division of Nonmetallic Minerals. _ 

worth of mica to the U.S.S.R. in 1977.2 Engineering and Mining Journal. V. 178, No. 4, April 1977, p. 159. 
U.S.S.R.—Estimated output of mica in = ®Mining Annual Review. U.S.S.R. June 1977, p. 549. 

Table 14.—Mica: World production, by country 
. (Thousand pounds) . 

Country? | 1975 1976 1977 : 

Argentina: 
Sheet _-._______-______ eee (8488 725 | | 

, . P6871 
Waste, scrap, etc. _.§_-__________~-~_______ ee 6,393 5,051 s 

Brazil? ~~. $$ 5 5 5 5 ee eee 2,425 6,171 &6,200 
Colombia® ________________~____ eee 90 90 100 
Egypt_______________________~____ 1 77a 15 F119 €190 
France®___§__ ~§__-§ _-§. eee 8,800 8,800 8,800 

India: . | 
Exports: 

Block? _§_-____-§____ eee 1,241 ©1,800 2,423 
Splittings* _...____.______---_-.---_----~-------+-+-+-- 7,628 &8,800 7,873 
Scrap’. ____-_____--_-_-___-~~ ~~ +e 26,389 €33,000 33,076 

| | Domestic consumption, all classes® _____._____._.__..--_-------- 44,000 22,000 33,000 

Total® _.§___§_-___ Le 79,258 65,600 76,372 
Korea, Republic of (sericite). __....__..._-__.-.--_-_.----~-----+-- &6,600 11,715 22,339 
Madagascar (phlogopite): . . 

Splittings. ~~. 2222222222222 7272227722222 a8) 17 } 176 plittings. ~~~ ~~. -_-- ~~ + ee 
Scrap ________-----~-_ eee _ 26 

' Mexico ___ ~~ eee 1,367 2,873 1,700 
Mozambique (including scrap) __..___.__._...---___-_----~-----+-- 1,984 €2,000 ©2,000 
Nepal__________._-___---__-_ ~~~ ++ 9 “10 “10 
Norway (including scrap) ____________.---__-__-_-_--_-~~~-~-~------ 7 886 6,797 &6,200 
Peru®__§__ ee 10 20 20 
South Africa, Republic of: - - 

Sheet _. 5 5 5 5 ee (°) (°°) (°) 

Scrap ___ ~~ eee eee 5,536 5,247 6,927 
Spain_______________________~__-~~--_~~~-- ee 1,162 1100 
Sri Lanka (scrap) _________-.__-_-----------~---~---+-~---~--- 5,482 302 220 
Sudan__________----__-----.-----------+-+-+--------+-+-~--- “550 1,213 ©3880 
Tanzania, sheet... __________.______--~_-_~--~--~-_- +--+ 13 15 “18 
U.S.S.R. (all grades)®_ 5) 2 eee 92,000 95,000 97,000 
United States: 

Sheet ___..____-- ~~~ ee 5 5 1 
Scrap and flake ___.-____...____~~_~_-_~----~~~_~~-+~ ~~~ +--+ 270,000 281,424 352,758 

Yugoslavia_ _____.-----_--~~-------~~---+-+-+-+- ~~~ +++ +--+ +e 190 150 155 

Total _________--____-------------------------- "491,872 494,596 587,437 

*Estimate. Preliminary. ‘Revised. 
1In addition to the countries listed, the People’s Republic of China, Romania, Southern Rhodesia, the Territory of 

South-West Africa and Sweden are known to produce mica, but available information is inadequate to make reliable 
estimates of output levels. 

2Exports. 
3Includes micanite and other built up mica. 
“Includes condenser film, washer and disks. 
‘Includes sheet, strips, and powder. 
®Less than 1/2 unit.
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By John T. Kummer! 

For the fifth consecutive year, worldwide intensified, especially in the United States 
consumption of molybdenum in 1977 ex- and Canada. One price increase of 12% to 
ceeded mine production, with the result 16% on molybdenum products was institut- 
that inventories were further reduced. ed by major producers during the year. 

World mine output increased 7% over that — Legislation and Government Pro- 
- of 1976 to a record high of about 206 million grams.—During 1977, the General Services 

| pounds of molybdenum; still, world output A qministration (GSA) shipped 22,231 

was possibly 10 million to 15 million pounds ,ounds of molybdenum in ferromolybde- 
vese than wor a were 6 to ed States num from Government stockpile excesses. 

7 naa This quantity represented the last of the 
| monly and exported over 6 saree to une molybdenum material in the _ stockpile. 

viate the supply deficit for the rest of the volvo goals set By GSA do not include | 
: industrialized world. Reported U.S. con- ~* " . 

sumption of primary products increased 8% The Government stockpile of molybde- 
to 54.6 million pounds, while apparent de- 2um in concentrate, oxide, and ferro- 

mand increased 2.3% to 61.4 million eee et was accumulated One ore 
_ pounds. Total domestic industry stocks fell ov's, reaching a maximum in of of. 

| to 28.8 million pounds, the lowest level since million pounds of molybdenum. Subsequent 
yearend 1967. As a consequence of the changes in stockpile objectives resulted in 

current strong demand and anticipated de- the sale of these materials beginning in 
- mand increases in the future, exploration 1963 and the eventual depletion of all forms 

and study of new molybdenum sources were in 1977. 

Table 1.—Salient molybdenum statistics | 
(Thousand pounds of contained molybdenum and thousand dollars) 

United S : 
"Concentrate: 

Production ____.§_-.__-____-_--____-____ 115,859 112,011 105,980: 118,288 +=: 122,408 
Shipments ________________---_-------. 185,097 118,163 105,170 +—:114,527 —_:124,974 

Value _______________-_-____--_.-~ $217,721 $284,658 $259,328 $833,494 $450,421 
Consumption ______________-_.-.___-____ | 82,477 91,706 90,046 += 84,966~—S 91,0411 
Imports for consumption __________..___-___ 458 155 2,567 2,093 1,976 

Price Dee, 31: Mine and plant________________ 21,998 18,659 —- 10,680 9,390 9,161 
ucts: 

Production -__________________________ 85,046 88,509 87,501 88,970 90,520 
Shipments _______________~_._____-__-- 108,687 114,799 89,789 99,144 100,626 
Consumption — ———_— ~~ --~~~------~~---- 57,049 63,476 51,748 50,448 54,557 
Stocks, Dec. 31: Producers _.______.._________ | 22,887 16,078 += 22,868 »=—s«18,210 ~—S 10,141 

World: Production _____--______--------------~- 180,088 185,568 176,713 191,736 205,921 

"Revised. | 
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DOMESTIC PRODUCTION 

| a ! 
A record high of 122.4 million pounds of | Output at the third primary molybdenum ! 

molybdenum was produced from domestic deposit in the United States, the Questa 
mines in 1977. Of this total, output from mine, operated by Molycorp Inc. in New ! 
primary molybdenum mines contributed Mexico, decreased from a record high of 11.5 : 

82.9 million pounds (67.7%), and output | million pounds in 1976 to 8.1 million pounds 
from byproduct and coproduct sources 1” Meee The eorne in ars Wliti the 
accounted for the remaining 39.5 million Tune to som k slide ohn the ities sit 
pounds (32.3%). Almost all byproduct and une and @ rock slide within the open Pl 
coproduct molybdenum was produced fro workings in July. Reportedly, some stock- 

_ COPFOS A y -ph P 4 r l piled ore was milled during the second half 
| mining Of copper porphyry ores, a smal of the year to offset the drop in ore ex- 

amount was recovered from tungsten and tracted from the mine itself. Moreover, 

uranium mining operations. = operations at the mine ceased after Decem- 
_ Molybdenum output from primary ores ber 1 when labor problems closed down the 
increased about 10% compared with that of mine. With a reduced supply of molybde- 

: 1976. The increase was due entirely to the num concentrate for its conversion facility 
expansion of production at the Henderson in Pennsylvania, Molycorp was forced to | 

mine of AMAX Inc. in Colorado. During limit deliveries of molybdic oxide and 

1977, the first full year of operation, nearly ferromolybdenum io customers during the 
24 million pounds of molybdenum in con- second half of the ye: 
centrate was produced at Henderson. Out- Byproduct molybdenum was produced at 

put is scheduled to increase during the next 14 shiver 12 of which were operas at | 

2 to 3 years to eventually reach the capacity oO N yTY dn New apposite socated ah. A t one 
production rate of 50 million pounds per na, Nevada, New Mexico, and \tanh. 40 one 
ear in 1980. Molybdenum output at ‘property in Arizona, the Sierrita mine of _ 

MAX? th . Col y d rt th Cli Duval Corp. (Pennzoil Co.), copper and 
8 other Volorado property, the \“F molybdenum were recovered as coproducts. 

max mine, totaled about 51 million pounds, Copper-mining activity was generally de- 

a decrease of nearly 10 million pounds pressed during the year and, as a result, 
compared with that of 1976. Production was output of byproduct molybdenum was re- 

| adversely affected by the lower grade of ore duced at several mines compared with that 

processed at the Climax mine. Approxi- of 1976. However, because of strong molyb- 
mately 30% of the Climax production was denum demand and prices, molybdenum 

obtained by surface mining methods. recovery was emphasized at other byprod-. 

Table 2.—Production, shipments, and stocks of molybdenum products 
| in the United States 

(Thousand pounds of contained molybdenum) 

a 
| 1976 1977 1976 1977 1976 1977 

Molybdic Metal ~ Ammonium 
oxides? powder molybdate 

Received from other producers __—_—_______------- 6,541 6,634 16 40 923 192 
Gross production during year ________._----____ 90,884 98,003 4,461 4,976 2,457 4,074 
Used to make other products listed here _-_____._____- 25,141 29,3382 622 834 1,506 1,474 
Net production ______-____----------------- 65,743 68,671 3,839 4,142 951 2,600 

. Shipments__________-_-_----_----------- 77,300 78308 4,045 4,299 2,378 3,244 
Producer stocks, Dec. 31______----_-----------___ 10,003 _ 6,914 448 327 752 640 

matte Other? Total — 

Received from other producers__________________ 48 24 43 73 «1,571 ~—=*,568 
Gross production during year ___________-_-_--_ 1188 1,275 12,406 ~=—-:13,912 111,341 122,240 
Used to make other products listed here __________-- 1 1 101 80 27,371 = 31,721 
Net production ___________-_--_____--___-- 1182 1,275 12,805 = 18,882 83,970 90,520 
Shipments______________-_____-___-___--_ 1,279 1,266 = 14,142, :13,509 99,144 100,626 
Producer stocks, Dec. 31_______--------------- 71 97 1,936 2,163 13,210 10,141 

1Includes technical and purified molybdic oxide and briquets. 
2Includes ferromolybdenum, calcium molybdate, phosphomolybdic acid, molybdenum disulfide, rholybdic acid, 

molybdenum metal, pellets, molybdenum pentachloride, and molybdenum hexacarbonyl.
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Figure 1.—Apparent consumption, production, and supply of molybdenum in the United 
ates. 

uct mines, which resulted in an increase in The persisting problems of oversupply, molybdenum output: Overall, molybdenum low prices, and unusually large inventories produced from byproduct arid coproduct within the copper industry exerted a discon- sources increased 4% compared with that of certing influence on anticipated supplies of 1976. byproduct molybdenum throughout the The two major byproduct and coproduct year. Because of the poor copper market, producers were the Sierrita mine and the Duval halted mining at its three copper- Utah mine of Kennecott Copper Corp. Both molybdenum properties in Arizona from Duval and Kennecott operate other surface August 8 to September 18. Production of copper mines that produced byproduct molybdenum concentrate and oxide was not molybdenum. AMAX, Molycorp, Duval, and entirely suspended, however, because Du- Kennecott accounted for over 92% of do- val’s mill and roaster facilities worked off mestic production in 1977. Other producers stockpiled ore and concentrate. Shipments of byproduct molybdenum included Ana- of oxide to customers from inventories help- max Mining Co., Magma Copper Co., and ed maintain near-normal deliveries. After Cyprus Mines Corp., all of which operated the 6-week suspension, Duval shut down the copper mines in Arizona. Molybdenum con- Esperanza mine on September 26 for an centrate production was resumed at Ken- indefinite period, but resumed mining oper- necott’s Nevada Mines division near McGill ations at its Sierrita and Mineral Park after having been temporarily suspended in properties. Molybdenum output was 1976. Molybdenum output from this facility emphasized at the two concentrating plants. was small. The Esperanza mine was closed for the
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remainder of the year. Molycorp was studying mining plans to 

_ Similarly, Cyprus Mines Corp. suspended develop the new underground reserves. 

operations in September at its Cyprus Pima According to a company spokesman, a deci- 

mine near Tucson, Ariz. The company was sion will be made in 1978 on whether to 

to periodically review the copper market to proceed with development, with production 

determine when reopening of the mine possible by 1983. Reserves that are support- 

would be warranted. The mine, which pro- ing the current surface mining operation at 

duced 1 million to 2 million pounds per year Questa may be exhausted before 1983, in 

of byproduct molybdenum in recent years, which case output from the Questa property 

remained closed into 1978. Kennecott Cop- could cease for an indefinite period in the 

per Corp. and Magma Copper Co., a subsid- early 1980's. | : 

iary of Newmont Mining Corp. announced The discovery of a major molybdenum 

employee reductions and/or mining curtail- deposit, located near Mount Emmons, about 

ments in an effort to reduce operating costs. 4 miles from Crested Butte, Colo., was 

Output of byproduct molybdenum from announced by AMAX in August. Explorato- 

these copper mines was little affected, ry drilling over a 1,800- by 2,200-foot ellip- 

however. | tical pattern encountered mineralization at 

| A second factor that merited considerable an average depth of 1,200 feet. The ore body 

attention during the year was the renego- was initially estimated at 90 million tons 

tiation of labor contracts and the possible averaging 0.4% molybdenite. In September, 

effect of strike actions on molybdenum out- the size estimate was revised upward to 130 

put. Both primary-molybdenum producers million tons. The company was engaged in 

(AMAX and Molycorp) and the copper in- further exploration and was studying the 

dustry were involved in negotiating new, 3- feasibility of establishing a mine and con- 

year labor pacts. Fortunately, in a year centrating facility at the site. These studies 

characterized by strong demand, labor stop- were expected to take at least 1 year. 

pages did not significantly disrupt mine U.S. Borax & Chemical Corp., a subsid- 

activity. Although employees at the Climax iary of Rio Tinto-Zinc Corp., Ltd., complet- 

mine did not ratify their contract until ed about 30,000 feet of additional drilling | 

, about 10 days after a July 15 deadline, during the year at its Quartz Hill molybde- 

normal operations at the mine were not num property in southeastern Alaska. The | 

interrupted. Except for Kennecott, copper deposit, first discovered in 1974, is located 

producers with significant byproduct about 45 miles east of Ketchikan. The re- 

molybdenum output reached agreements sults of drilling completed indicated that 

with worker unions without loss of pro- the ore body may be in excess of 250 million 

duction. Mines operated by Kennecott were tons with molybdenite grades ranging from 

inactive for abeut 3 weeks in July while 0.18% to 0.25%. Of this mineralization, 

negotiations were underway. At Molycorp’s about 50 million tons grading 0.25% molyb- 

Questa mine, a work stoppage occurred on denite outcrop at the surface. The ore body 

December 1. The mine remained closed for has not yet been fully outlined and additio- 

the balance of the year. , nal tonnage could exist. According to com- 

A major change in company ownership pany officials, complete evaluation of the 

occurred in July when shareholders of deposit was dependent on the construction. 

Molycorp Inc. approved the acquisition of of an access road from tidewater to the | 

the company by Union Oil Co. of California. property. The U.S. Forest Service issued a 

The transaction involved an exchange of special-use permit for the road in Novem- 

common stock shares valued at about $240 ber, but an appeal was filed, primarily by 

million and provided for Molycorp to oper- environmental groups, for withdrawal of 

ate as a wholly-owned subsidiary of Union the permit. 

Oil. At the close of the year, Molycorp Discovery of a molybdenum prospect, in 

announced that its partnership with Ken- Beaver County, Utah, was announced early 

necott Copper Co. had been dissolved. The in 1978 by Phelps Dodge Corp. Four holes 

two firms had been in partnership since drilled by the company intersected por- 

1975 to conduct exploratory drilling and phyry-type molybdenum mineralization 

feasibility studies on Molycorp’s Questa with minor tungsten values at depths of 

property. The joint-venture was successful 3,000 to 5,000 feet. below the surface. 

in delineating additional molybdenite min- Molybdenite grades of 0.29% to 0.38% were | 

eralization estimated at 100 million tons of encountered. The company stated that an 

ore grading 0.883% molybdenite. At yearend, extensive drilling program would be requir-
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ed to fully determine the size and grade of year. | 
the mineralized zone. New conversion capacity was brought 

Cyprus Bagdad Copper Co. (Cyprus Mines onstream with the startup of the first 
Corp.) completed a 4-year project to expand roaster at AMAX’s plant near Fort Madi- 
its open pit mine, construct a 40,000-ton-per- son, Iowa. A second roaster was scheduled 
day concentrator, and build ancillary facili- for completion in 1979. AMAX also com- 

: ties at the Bagdad copper mine in Arizona. _ pleted construction of sulfuric acid plants at 
Total cost of the project was reportedly $226 its Fort Madison and Langeloth, Pa., con- 
million. At full production rates, to be version facilities. Recovery of the sulfur 
achieved during 1978, output of byproduct emitted during roasting of molybdenite con- 
molybdenum from the new facility was centrates was necessary to meet pollution 
expected to exceed 2 million pounds per control standards. 

CONSUMPTION AND USES | 

The quantity of molybdenum in concen- The overall increase in end-use consump- 
trate roasted to produce technical-grade tion was due predominantly to increased 
molybdic oxide increased to 91.0 million demand for molybdenum-containing steels. 
pounds, about 7.1% greater than in 1976. Reported molybdenum use in all forms of 
Some concentrate was purified to lubri- steel increased by 3.8 million pounds, or 
cation-grade molybdenum disulfide, which about 11% over that of 1976. Most of that 
has experienced growing demand in recent gain was recorded in full alloy and stainless 
years. A small quantity of concentrate was and heat-resisting steels, the two major 
consumed in direct addition to iron and_ categories of steel in which molybdenum is 
steel furnaces. Molybdic oxide is the chief utilized. The steel industry accounted for 
form of molybdenum utilized by industry about 69% of the domestic molybdenum 
and is also converted to other materials consumed in 1977. 
such as ferromolybdenum, ammonium and Molybdenum consumption decreased in 
sodium molybdate, or metal powder. _ cast irons and superalloys. Use of molyb- 

Domestic end-use consumption of molyb- denum metal to manufacture mill products 
denum materials increased 8.1% over that (wire, rod, and sheet) increased nearly 10% 
of 1976, totaling 54.6 million pounds of compared with that of 1976. All metallurgi- 
molybdenum. Apparent domestic molybde- cal applications accounted for 90% of the 
num consumption increased to 61.4 million molybdenum consumption in 1977. Chemi- 
pounds, 2.3% higher than that of 1976. Both cal uses, mainly in pigments, catalysts, and 
figures underscore the strong demand for lubricants, comprised slightly over 8% of 
molybdenum during the year. the total molybdenum consumed in 1977. 

Table 3.—U.S. consumption of molybdenum in 1977, by end use and form 
(Thousand pounds of contained molybdenum) 

eee 

Ferro- ‘sium molb Molybdi d Bnd use cnides Goma coum Sema Total 
date ials $$ eee 

Steel: 
Carbon __-_________ ee 2,237 214 __ 50 2,501 Stainless and heat resisting ________________ 6,279 1,274 __ 251 7,804 Fullalloy _-_____-_ = 20,395 1,507 __ 385 22,287 High-strength low-alloy__________________ 1,914 245 __ 17 2,176 Electric ~-______________-________ 197 14 _ __ 211 Tool _-___--_- 1,965 735 __ 31 2,731 Cast irons ______________________________ 805 3,045 _ 174 4,024 Superalloys ~~ ee 1,057 359 — 1,186 2,602 Alloys (excludes steels and superalloys): 
Welding and alloy hard-facing rods 
and materials ______§_§_§_______________ _ 413 _- 49 462 Other alloys? _-..__ = 141 470 __ 135 746 Mill products made from metal powder_____________ _— — _— 3,590 3,590 Chemical and ceramic uses: 

Pigments ___________________________ 533 __ 444 7 984 Catalysts -._____________ 2,033 _ 332 _ 2,365 Other_______________ 35 28 48 1,082 1,193 
See footnotes at end of table.
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Table 3.—U.S. consumption of molybdenum in 1977 , by end use and form —Continued 

en Pe _ (Thousand pounds of contained molybdenum) . a 

- ee a ~ . Ammo- oo 
a . oo ero Other 

: | 7 .. — Ferro- nium: molyb- 

. So - End use - Molybdic molyb- ects denum Total 
Pras oxides ganym! ==: SOdum mater- 

. molyb- ials? 
. date en | 

Miscellaneous and unspecified ______-_-_--------- 193 131 49 508 2ts«é88L 

| Total __-________________---------- 37,784 8,435 873 7,465 54,557 

. 1ncludes calcium molybdate. a a . 
oo 2Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum metal powder, 

molybdenum metal, pellets, and other molybdenum materials. 
SIncludes magnetic and nonferrous alloys. - . | 

| | — §TOcKS _ 

me, Total industry stocks of molybdenum out the year, their lowest levels since year- | 

| _- within the United States decreased for the end 1967. When compared with average 

oe fifth consecutive year in response to the monthly shipments, producers’ stocks am- 

| increased domestic demand and export mar- ounted to about 1 month’s supply of mo- 

| ket. During the year, total molybdenum lybdenum. The low levels of producers’ 

| _ inventories decreased 3.7 million pounds, or stocks compounded the concerns of domest- _ 

: about 11% from those at yearend 1976. For ic consumers over molybdenum availability. 

most of the year, stocks of molybdenum in Consumers’ stocks of molybdenum mate- 

, concentrate at mines and plants were rials also decreased during the year, by 

a greater than at yearend 1976, rising to a about 400,000 pounds compared with year- 

maximum of 16.5 million pounds at the end 1976. Consumer stock levels exhibited 

close of August. However, concentrate no definite month-to-month trend, but va- 

stocks dropped sharply during the last third ried between 8.9 and 9.8 million pounds of 

of the year to close at 9.2 million pounds of molybdenum throughout the year. This 

molybdenum. Producers’ stocks of molybde- quantity represented about a 2 month sup- 

| num materials ranged from 9 to 11 million ply when compared with average monthly 

pounds (contained molybdenum) through- consumption. 

| Table 4.—Industry stocks of molybdenum materials, December 31 

(Thousand pounds of contained molybdenum) 

a 
: Material 1973 1974 1975 1976 1977 

Concentrate: Mine and plant _________-_-_--_---- 21,998 18,659 10,680 9,390 9,161 

Producers: . 
Molybdic oxides! _____._______------------ 17,312 10,601 17,130 10,003 6,914 
Metal powder ____________-_------------ 586 559 473 448 327 
Ammonium molybdate _____-__-_----------- 542 635 1,347 752 640 

Sodium molybdate __________-~---~--------- 280 143 170 71 97 

Other? ______________ + 3,667 4,140 3,743 1,936 2,163 

Total _.______________-------------- 22,387 16,078 22,863 13,210 10,141 

Consumers: 
Molybdic oxides! _____._____-__----------- 4,482 8,181 4,036 6,958 5,761 
Ferromolybdenum? ________-------------- 2,209 2,380 1,416 1,501 1,940 

Ammonium and sodium molybdate _________-~--- 193 209 127 183 338 

Other*# ______________ +e 1,242 1,345 1,242 1,235 1,421 

Total _-__________________---------- 8,126 12,115 6,821 9,877 9,460 

Grand total _________________--------- 52,511 46,852 40,364 32,477 28,762 
eee 

1Includes technical and purified molybdic oxide and briquets. 
2Includes ferromolybdenum, calcium molybdate, phosphomolybdic acid, molybdenum disulfide, molybdic acid, 

molybdenum metal, pellets, molybdenum pentachloride, and molybdenum hexacarbonyl. 
3Includes calcium molybdate. 
4Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum metal powder, 

molybdenum metal, pellets, and other molybdenum materials.
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, PRICES | 

Producer prices of molybdenum concen- the price increase. Because of strong | trate, molybdic oxide, and other molyb- worldwide demand, dealer prices were at denum materials were raised once during considerable premium over producer quotes 1977. The price increases became effective throughout the year. At yearend, the pub- | in early August and ranged from 12% to lished price of products per pound of con- 16% on individual products. The price of tained molybdenum were as follows: Climax concentrate per pound of contained 
molybdenum was raised from $3.45 to $4.01, Climaxconcentrate ___________ $4.01 giving a weighted average price of $3.68 for Gi] Product concentrate TTrr7rr- ($8854.01 the year. Strong demand and increased Dealer oxide_______________ 5.60-6.00 costs of operation, development, and explo- Ferromolyblenum/Glimas lamp” ~~ tag ration were cited as factors contributing to Ferromolybdenum/dealer export __ 5.65-6.40 

FOREIGN TRADE | 

Exports.—Exports of molybdenum in con- pounds of molybdenum and valued at centrate and oxide totaled 65.7 million $612,292 was imported chiefly from Canada, . pounds, a 5% increase compared with those Sweden, the Republic of Korea, and Aus- of 1976. These exports represented about tria. Wrought molybdenum metal, with a 54% of the domestic mine output during the 8ross weight of 82,072 pounds and a value of year. The Netherlands, Japan, Belgium- $1.3 million, was supplied mainly from Luxembourg, and the Federal Re public of Austria. Sweden and Austria supplied 
Germany received nearly 85% of the con- 62,188 pounds of molybdenum as un- : , wrought metal valued at $221,250. Molybde- centrate and oxide exported in 1977. Total num waste and scrap, with a gross weight of 
value of exports was $245.8 million, or 34% 2.1 million pounds and valued at $1.5 mil- greater than in 1976. It was estimated that lion, was imported from 10 countries; in veese exports furnished ppPra imately 42% terms of quantity, the United Kingdom or foreign consumption of molybdenum. © supplied 89% of the imports. Imported , | Exports of other molybdenum materials, material in which the chief component was in gross weight, were ferromolybdenum, 1.6 molybdenum contained 252,045 pounds of million pounds; unwrought metal and molybdenum valued at $625,371. Canada alloys and scrap, 332,000 pounds; molyb- and the United Kingdom were the principal : denum alloy wire, 475,000 pounds; molyb- Countries of origin. denum alloy powder, 151,000 pounds; and __Imports of moly bdenum orange totaled | | wrought metal alloys, 164,000 pounds. The 491,273 pounds gross weight valued at total value of these exports was nearly $15 $4 87,002, and were Supp lied by three count- million. Te canada provided 227% of the total. . nspecified compounds and mixtures con- Imports.—A small quantity of moly bde- taining 35,468 pounds of molybdenum val- num In a variety of forms , is imported into ued at $265,461 were imported from seven the United States each year. The total value countries. The Netherlands supplied about of these imports was $9.9 million in 1977. As one-third of these materials. in the previous 2 years, molybdenum con- 

centrate was the most significant form of _ . molybdenum imported in terms of both — " ducersas shore ported by pro quantity and value. During 1977, the mo- the United States lybdenum content of concentrate imported (Thousand pounds of contained molybdenum) totaled 1,976,466 pounds and was valued at 
ees $4.9 million. Canada supplied nearly 95% of ——___Product 1976197 the imports; the remainder came from Chile Molybdenite concentrate _______ 30,935 29,666 and the Philippines. Allother primary products ~~7--- "3984 81528 Ferromolybdenum containing 128,276 £=————— ——_—______ OS
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Table 6.—U.S. exports of molybdenum ore and concentrates (including roasted 

concentrates), by country 

(Thousand pounds of contained molybdenum and thousand dollars) 

1976 1977 

Country > Or” 
Quantity Value Quantity Value 

Argentina oe eee eee ee 165 615 179 810 

Australia. _____________-------------
------------ 39 154 217 799 

Austria____________---------------
-------------7 87 259 600 2,456 

Belgium-Luxembourg ___—--------------------------- 6,871 21,210 1,077 25,560 

Brazil. _.__________-----------------
----------7- 241 761 303 1,272 

Canada _____________----------------
----------7- 373 856 524 1,703 . 

France _________-_-----------------------
------7- 396 1,169 583 2,039 

Germany: 
. 

Democratic Republic of _______--------------------- 11 69 — _- _- 

Federal Republic of__ ____-_------------------------ 8,049 21,245 5,598 18,309 

India ____________---------------------
--------- 461 1,465 529 1,944 

Italy_________----_----------------
---------7-7-- 43 110 617 2,724 

Japan ________-__------------------
------------ 11,748. 35,401 10,425 41,391 

Korea, Republic of ____---_--~---------------------
-- 48 72 —_ _— 

Mexico __________-_----------------------
-------- 881 2,076 635 1,888 

Netherlands ____________-------------
------------ 29,987  -. 85,102 32,578 123,421 

New Zealand __________------------------------
7-7- 8 14 5 34 

Philippines ______-_------~------------------
----- 1 20 4. 17 

South Africa, Republic of _ ---~—-~-------------------77 15 198 188 620 

Spain ___________-----------------------
------- 102 196 (7) 1 

Sweden _______.-__--_----------------
----------->- 2,748 7,173 2,282 7,458 

Switzerland ________-----------------
------------ 442 1,223 _- oe 

Taiwan _________----~-~-------------
------- 7-7-3777 _- ee 38 259 

United Kingdom ____.__-_---~-------------------
-- 1,096 2,702 895 3,289 

USSR __________-----------------
----- 5-7-7 - oo __ 2,388 9,777 

Venezuela __________-_----_------------------
---7-7 599 1,437 _- _- 

Other ____________------------------
-------7-7-7-7 8 27 1 6 

| Motel ___------ === === nn nena ATARI 
1Less than 1/2 unit. 

Table 7.—U.S. exports of molybdenum products _ 

(Thousand pounds, gross weight, and thousand dollars) 

ay
 

1976 1977 

Product and country ————— Too TT 
Quantity Value Quantity Value 

Ferromolybdenum:* 
Argentina ___.__---------------------

---------- 213 616 275 948 

. Australia.________----------------
------------ 177 393 . 351 1,053 

Belgium-Luxembourg ____ —----~----~--------------- 121 482 _— —_ 

Brazil__________-__---------------
----------- 14 36 _— _- 

Canada __________------------------
---------- 284 674 164 498 

Colombia _____-___------------------
---------- 17 41 13 36 

India __________-_-----~--~--------------
------- 369 999 135 412 

Japan ________---------------------
---------- 871 1,921 287 817 

Korea, Republic of _____-_------------------------
 — — 30 115 

Mexico _________-------------------------
--7-7- _- _- 35 122 

Netherlands ________~-~---------------
---------- 519 1,438 _- —_ 

Peru____________------------------
---------7- -- _— 4 16 

Philippines ____---~---~---------------------
-7- 7 16 _- _- 

South Africa, Republic of ____--__------------------- 261 723 88 252 ~ 

Spain _______------------------------
--7----7-> 255 858 _- —_ 

Sweden _________------------------
----------- 289 720 183 530 

Switzerland ________------------------
--------- 110 340 13 39 

Taiwan _______-_--------------------
------77-7 7 16 12 21 

United Kingdom _____---------------------------
 80 169 _- _- 

Other __________---------------------
---077-7-7- 2 5 5 4 

Total __._____-_---------------------
---7---7-- 3,596 9,447 1,595 4,863 

oo 

Metal and alloys in crude form and scrap: 

France _________----~--------------------3
-7-777 1 2 1 4 

Germany, Federal Republic of _ __--------------------- 116 144 _- _- 

Japan________---~-----------------
--7--777777- 35 144 1. 5 

Mexico _______-_---------------------7--3-
--0777 10 10 233 516 

Taiwan ________---------------------
----7---777 _- _- 4 15 

United Kingdom ____----~-----------------7-7---7-7
 59 78 87 274 

Other ________-__--_------------------
------7-7-7- 2 12 6 37 

Total _________------------------------
7-7-7-7-7- 223 390 332 851 

oe 

See footnotes at end of table.
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Table 7.—U.S. exports of molybdenum products —Continued 
(Thousand pounds, gross weight, and thousand dollars) 

1976 1977 . Product and count eo - mm ’ Quantity Value Quantity Value 

Wire: 
Argentina 7-H - - e 5 67 9 127 Australia __________ 

11 84 14 142 Belgium-Luxembourg ~-~--- eee 14 110 15 177 Brazil________ rr 27 440 23 376 . Canada -______ 
58 502 71 624 France ~ > 5 
34 333 50 601 Germany, Federal Republicof _________________.___._~ 89 820 133 1,563 India ae 
2 17 3 29 Italy____-___ rt 13 133 40 486 Japan —_____ rt 50 434 63 745 Mexico ___-__-________ 9 175 8 309 Philippines ~~ -- 

(?*) 7 1 24 Singapore ~---- 
3 256 1 216 Ppain —-————------ TTT TTT 14 113 23 301 nited Kingdom ~---- = - 10 125 17 209 Other _-_-____ 
4 56 4 118 ——— 

Total __-__-____ ee 343 3,672 475 6,047 fil — |] No Powder: 
Australia______- eee 1 7 (?) 5 Canada —_____ 

2 15 5 48 Germany, Federal Republic of _._________________~___7 _4 16 21 148 Italy. -_-_ rt _- — 4 31 Japan _______ 
5 13 5 13° Mexico elec ieeteieate eee 
6 37 81 315 Netherlands ___________ = _— -- 25 147 . Sweden _____ 
5 30 (7) 2 Taiwan ———-__-~ ~~ -- -- 2 16 United Kingdom -- + -- (?) 2 1 11 Other _-_______ 
2 16 4 23 ————— 

Total --_______---e te 25 136 151 759 eee ———————KKX*__ Semifabricated forms, n.e.c.: 
Australia______ = 

7 28 4 55 Austria _______ = 
-- — 3 30 Brazil __________ 

2 22 5 40 Canada _______ 
6 75 33° 323 France ee 

10 173 29 488 . Germany, Federal Republic of ______________________~7 29 420 28 434 India --------- ~~ 
— _- 3 28 Italy_________ 

2 27 1 53 Japan —____—__ 
18 329 24 453 Korea, Republic of __________ TTT 2 35 6 12 Mexico mo - 
2 26 3 — 29 Netherlands _____________ 4 92 1 55 South Africa, Republic of ___-_-_- TTT 5 48 _- -- Sweden -____ = rt (?) 8 *) 8 Taiwan —______- 

76 8 (?) 10 United Kingdom ~---- 
14 . 179 15 330 Other _~-___ 8 
7 + T114 9 93 . on 

; jlotal —_ 
184 1,584 164 2,441 OO 

"Revised. 
. ’Ferromolybdenum contains about 60% to 65% molybdenum. 

2Less than 1/2 unit.
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Table 8.—U.S. import duties | | 
| 

Item Article Rate of duty, Jan. 1, 1978? 

601.33 Molybdenum ore __-~--------------- 12 cents per pound on molybdenum content. 

603.40 Material in chief value molybdenum’ — — -—--- 10 cents per pound on molybdenum content 

. plus 3% ad valorem. 

607.40 Ferromolybdenum -_-—---—-—------~------ Do. 

_ Molybdenum: . 
, 

628.70 Waste andscrap ______-_---------- 105%ad valorem.? 

. 628.72 Unwrought __._---------------- 10 cents per pound on molybdenum content 

plus 3% ad valorem. 

628.74 Wrought ______---------------- 12.5% ad valorem. 

Molybdenum chemicals: 

417.28 Ammonium molybdate _——-—--------- 10 cents per pound on molybdenum content 

plus 3% ad valorem. 

418.26 Calcium molybdate __------------- Do. 

419.60. Molybdenum compounds - -~-~-------- Do. 

420.22 - Potassium molybdate __——---------- Do. 

421.10 | Sodium molybdate ___-—----------- Do. 

423.88 Mixtures of inorganic compounds, 

chief value molybdenum _ ———------- Do. 

473.18 Molybdenum orange —-----~-—------- 5% ad valorem. a 

1Not applicable to countries that have centrally controlled economies. . 

2Duty on waste and scrap temporarily suspended. . 
. 

| ~ WORLD REVIEW 

World mine production of molybdenum 0.20% molybdenum, and probable ore was 

: totaled 205.9 million pounds, or 7.4% higher estimated at 2,840,000 tons grading 0.21% | 

than that of 1976. The United States, Cana- molybdenum. 

da, and Chile were the principal producing Highmont Mining Corp., Ltd., examined 

nations among market economy countries the possibility of bringing into production 

and together accounted for about 89% of its copper-molybdenum deposit in the High- 

the total world output. Estimated pro- land Valley area of British Columbia. Ore 

duction of molybdenum in the U.SS.R. reserves at the property were reported to be 

comprised about 10% of the total world 145 million tons grading 0.27% copper and 

output. 0.047% molybdenite. Highmont also ac- 

Canada.—AMAX Inc., through its subsid- quired the adjoining Gnawed Mountain 

iary, Climax Molybdenum Corp. of British property from New Minex Resources Ltd. 

Columbia, Ltd., continued to investigate the This deposit contains reserves of 48 million 

- economic feasibility of reopening an open tons grading 0.27% copper and 0.04% mo- | 

pit mine and mill at the Lime Creek proper- lybdenum. 7 

ty located in the Alice Arms area of British Chile.—Molybdenos y Metales S.A. (Moly- 

_ Columbia. The mine and mill facility, which met) installed a new molybdenite roaster, 

had been operated by British Columbia thereby increasing the company’s roasting 

Molybdenum Litd., last produced concen- capacity to 14 million pounds of molybde- 

trate in 1972 and was acquired by Climaxin num per year. The firm is a major producer 

1973. The company stated that proven and of molybdic oxide and ferromolybdenum. 

probable reserves were calculated at 105 Iran.—Startup of the concentrating plant 

million tons averaging 0.192% molybdenite. at the Sar Cheshmeh copper-molybdenum 

If reopened, expanded capacity of the mill project was expected in early 1978. The 

could be 12,000 tons per day, and about 10 facility will have the capacity to treat 

million pounds per year of molybdenum in 40,000 tons per day of ore. A molybdenum 

concentrate could be produced for about 25 recovery circuit was expected to be opera- 

years. ting late in 1978. Estimated output of the 

Exploratory drilling by Noranda Mines facility was expected to be 11 tons per day of 

Ltd. confirmed additional ore potential at concentrate containing 54% molybdenum, 

the company’s Boss Mountain molybdenum or about 4 million pounds of molybdenum 

mine near Hendrix Lake, British Columbia. per year. 

The company reported that remaining prov- Mexico.—Development of the large La 

ed ore would be depleted by mid-1978, but Caridad copper-molybdenum deposit in So- 

that production from the newly found ore nora neared completion during the year. 

might then be possible. At yearend, proved Initial production of concentrate was ex- 

ore at the mine totaled 340,000 tons grading pected in 1978. During the year, waste
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stripping and stockpiling of ore proceeded. copper-molybdenum mine during its first 
In addition, a pilot plant was operated to full year of operation. Production of copper 
determine a molybdenum recovery flow- concentrate at the mine, which was operat- 
sheet for a mill which was under con- ed by Southern Peru Copper Corp., began in | 
struction. Recovery of molybdenite may be- 1976 and the concentrator was operating at 

_ gin sooner than originally planned because near capacity during 1977. A molybdenum 
of current strong demand and high price for recovery circuit with an expected output of 
molybdenum. | about 3,500 tons of molybdenite per year, is 
Peru.—Approximately 15.2 million tons planned for the concentrator plant. 

of ore was processed in 1977 at the Cuajone 

Table 9.—Molybdenum: World mine production by country 
(Thousand pounds contained molybdenum) 

Country? . 1975 1976 1977” eee TT 
Australia® ~- = =, 25 25 25 : Canada (shipments) ____________________ 28,719 32,229 36,225 Chile ~__________ ee 20,042 24,028 €24,250 Japan _____- 309 ©3380 ©3380 Korea, Republic of —-- 166 264 222 Mexico —- + - 37 35 ©40 Peru ____-_ ~~ 1,435 992 1,021 USSR 20,000 20,600 21,400 

United States Tota rs senna nena nn aaa aa aa a-- === 105,980 118,233 122,408 
Total _-____-__- 176,713 191,736 205,921 

*Estimate. Preliminary. 
1In addition to the countries listed, Bulgaria, the People’s Republic of China, North Korea, Nigeria, the Philippines, and Romania are believed to produce molybdenum, but output is not reported quantitatively, and available general information is inadequate to make reliable estimates of output levels. 

TECHNOLOGY 

Bureau of Mines metallurgists have for the reactivity of the Zr0. investment molds, | 
several years worked to develop an elec- to achieve proper elimination of mold gases, a 
trooxidation process to recover molybde- and to improve the quality of the molybde- 
num and rhenium from offgrade molyb- num castings. 

, denite concentrate. An electrooxidation cell A review of the corrosion-resistant pro- 
has been successfully operated and, during perties of iron-chromium-molybdenum (Fe- 

| the year, this technology was transferred to Cr-Mo) ferritic stainless steels was pub- 
industrial representatives. Industry person- _lished.? These steels are replacing austenitic 
nel studied the engineering feasibility of the stainless steels in the production of some 

. electrooxidation process; data were provid- industrial equipment that must resist chlo- 
ed by the Bureau as required. ride stress corrosion cracking. Moreover, 

The Bureau of Mines also engaged in a__ the newer ferritic stainless steels can now 
program to develop investment shell molds be produced with low contents of carbon 
suitable for precision casting of molybde- and nitrogen, thus improving weldability 
num and molybdenum-base alloys. Molyb- and resistance to intergranular corrosion 
denum metal and alloy castings might be compared with established ferritic stainless 
substituted for castings of other metals that steels. The study summarized the behavior 
are used in high-temperature applications of the better known types of these new 
but for which the United States is import ferritic steels, such as 18 Cr-2 Mo, 26 
dependent. After evaluation of various re- Cr-1 Mo, and 29 Cr-4 Mo, in various corro- 
fractory oxides and oxide-forming binders, sive environments. Variations in chromium 
investment molds produced from zirconium and molybdenum content and additions of 
oxide (Zr02) with zirconium acetate as a other alloying elements, such as nickel, 
binder were found to exhibit the best ther- titanium, and columbium were discussed in 
mal and dimensional properties. Additional relation to their effect on the general and 
studies are continuing in order to reduce specific corrosive properties of ferritic stain-
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less steels. | | nally contain 5% and 8.75% molybdenum, 

The effect of variations in molybdenum respectively, was found to depend principal- 

content on the corrosion resistance of stain- ly on austenitizing temperature and hard- 

‘less steel types AISI 316 and AISI 317 in ness level. Lower austenitizing tempera- 

simulated scrubber environments was tures yielded higher fracture toughness in — 
“investigated.s These steels, containing 2% the two high-speed steels. Recent develop- 

to 4% molybdenum, are exposed to severe ments in the production of molybdenum- | 

corrosive attack when utilized in scrubbers base superalloys and current applications 

to remove sulfur dioxide from exhaust gases for TZM alloy were reviewed, especially 

of powerplants and smelters. In general, the with regard to performance at high tem- 

study found that type 317 steels with at Perarures. 

least 3.4% molybdenum exhibited lower U.S. patents granted during 1977 were 
corrosion rates than 316 steels with less concerned primarily with new methods to 

than 8% molybdenum. The advantage of recover molybdenum from ores, leach solu- 

the higher molybdenum contents was tions, and copper smelting slag. Several 
shown to exist at temperatures of 80°C and patents were also granted for procedures to 

| 90°C in solutions of pH2-5.3 and chloride ion UPET®0® eT concentrate ane 
contents of 3,000 parts per million (ppm) doth er lvbd. ode Purity 
and 30,000 ppm. and other molybdenum pr ucts. 

_ _ Other industrial research efforts reported physical scientist, Division of Ferrous Metals. 
| during the year concerned the development, nteigerwald, RF. A. P. Bond, H. Jt Dundas, and LE. A. 

properties, and applications of metallurgi- gion, v.38, No.8, August 1977, pp. 219295. 
cal materials that contain molybdenum as 5 “Lizlovs, E. A. Corrosion Resistance of Types 316 and 317 | 

1 ; : tai teels in Si t. 
an important alloying element. The in- Stainets vlam Soc. vy. 124, No. 12, December 1977, pp. 

| fluence of varying degrees of cold work on 1887 1888, > J. ad RES ald. Effect of Cold 

| . wa ,P. J. . F. Stei , 
the embrittlement of 18 Cr-2 Mo ferritic work'on the 8sF (475) Embrittlement of 18 Cr-2mo_ | 
stainless steels was studied.‘ Surface hard- Ferritic Stainless Steels. J. Metals, v. 29, No. 7, July 1977, 

ening treatments of boriding, siliciding, and PesKalns, E. Effects of Surface Hardening Treatments on 

nitriding were found to improve the wear Wear Resistance of Mo and TZM Sheet. J. Metals, v. 29, 

resistance of molybdenum metal and its “¢,o.0hn MAP Pieracture Toughness of AISI M2 and 
major alloy, TZM, at temperatures of 260°C AISI M7 High-Speed Steels, Metallurgical Transactions A, 

and 430°C: The fracture toughness of AISI “7p7 0? 2 “WY Molybdenum-A Super Superalloy. J a 

M2 and M7 high-speed steels, which nomi- Metals, v. 28, No. 12, December 1977, pp-12-17.



Nickel 

By John D. Corrick! 

The nickel situation during 1977 was _ previous years. | 
marked by depressed demand, which led to The lower-than-anticipated demand for | 

| unstable prices, increased stocks held by nickel in 1977 resulted in the price of | 
‘producers, and production cutbacks. Con- cathode nickel being decreased on July 25 
sumers were able to reduce their stocks to from $2.41 per pound to $2.20 per pound. 
very low levels because of the oversupply Additional price reductions occurred until 
situation. Major nickel producers an- December, when most major nickel pro- nounced plans during the latter part of 1977 ducers announced support of a $2.08-per- 
to reduce Proeuction ‘ckel | attemP t to lower pound price for cathode nickel that would 
seas mm a, . kel nie © nption has ted extend through the first quarter of 1978. 

Omestic nickel Consumption stagnate World trade in nickel was somewhat at a level about 5% below that of 1976. h ed by the lack of de d. Imports of 
Consumer-held stocks reached their lowest woke i t y th a ‘ted "Stat amp 1977 
level in nearly 6 years as consumers took dec © a i © h nite a a th h _ advantage of the oversupply situation that @ecreased 11% when compared with those plagued major nickel producers. By reduc- of 1976. Leading suppliers of nickel to the | 
ing inventories, nickel consumers were able United States, in descending order, were 
to free considerable capital for other uses. Canada, Norway, _New Caledonia, the 
The share of ferronickel and nickel oxide of Dominican Republic, Botswana, and the 
the total U.S. market in 1977 increased at Philippines. Japanese importers attempted 
the expense of pure unwrought nickel. The to reduce the quantities of nickel ore and 
pattern of nickel consumption remained ferronickel previously ordered from various 
essentially unchanged in 1977 from the producer nations for delivery in 1977. 

| Table 1.—Salient nickel statistics | 
(Short tons, contained nickel) 

| 1973 1974 1975 1976 1977 
. 

i 

United States: 
Mine production’ __-________________ | 18,272 16,618 16,987 16,469 _ 14,347 Plant production: 

Domestic ores ____________________ 13,895 14,093 14,343 13,869 12,897 Imported materials _________________ __ 226 7,978 20,070 24,757 Secondary ________________ 32,629 20,930 17,880 13,273 12,349 Exports (gross weight) _.._______________ 22,070 30,442 30,121 47,166 39,412 Imports forconsumption ____________ | 190,418 220,655 160,507 188,147 167,111 Consumption ___________________ 197,723 208,409 146,495 162,927 155,260 Stocks, Dec. 31: Consumer ________________ 28,759 45,291 35,485 —-*31,690 18,638 Price _______ -------—~- cents per pound__ 153 153-201 201-220 220 241-208 World: Mine production _.__________________ 782,588 849,257 *890,532 . 904,680 851,647 ——_——- MM OE eee 
Revised. 
1Mine shipments. 

657
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DOMESTIC PRODUCTION 

| The one domestic nickel mine, operated exploration was being done to determine | 

by Hanna Mining Co. at Riddle, Oreg., the continuity of mineralization indicated 

| produced 14,347 tons of nickel from laterite by diamond drilling from the surface. The | 

ore, as measured by mine shipments. Nickel company also wanted to determine the min- 

recovered at the Hanna smelter and by- ing and environmental parameters, and 

product nickel salts and metals produced at excavate bulk samples for concentrating 

copper and other metal refineries amounted tests at facilities in the United States and 

to 12,897 tons; part of the byproduct output Canada, as well as conduct smelting tests on | 

originated from scrap. AMAX Inc.'s Port the concentrate at plants employing the 

Nickel refinery, located at Braithwaite, La., Outokumpu-type flash furnaces. Inspiration 

increased nickel production from 20 070 Development Co. conducted exploration 
tons in 1976 to 25,000 tons in 1977, which is tudi t the Eight Dollar Mountain 

about 75% of capacity. The AMAX facility dot ies a hi 8 C 
is a pure nickel refinery processing nickel- eposit in Josephine ounty in sout west " 

copper matte and producing refined nickel ern Oregon. The work involved seismic | 

along with copper, cobalt, and ammonium 9 SUTVeymns, mapping, back-hoe sampling, 
- gulfate as byproducts. Both companies and trommel processing of large bulk sam- 

announced plans in 1977 for establishing ples to test upgrading techniques. The Fed- 
operating levels that would coincide with eral Bureau of Mines conducted reconnais- 

market demands in the coming year. At sance sampling and bulk sampling of this 

midyear, AMAX announced an agreement and other southwestern Oregon laterites. 

to purchase the total production of the Reportedly, INCO Ltd. continued to make 

Western Australia Agnew project, up to an progress on the construction of its plant at 

annual maximum of 16,500 tons of nickel Ellwood City, Pa. for converting waste par- 

contained in concentrate. Western Mining ticulates into remelt alloys. Falconbridge 

Corp. in Kalgoorlie, Western Australia, Nickel Mines Ltd. (FALCO) formed a new 

wou toll-smelt the concentrate to matie marketing subsidiary in the United States : 

or the joint venture; the matte would be known as Falconbridge U.S. Inc., located in 

shipped to the Port Nickel, La. plant for Pittsburgh, Pa. Warehousing facilities have 

refining to pure nickel. Matte was being been strategically located in several US. 

supplied in 1977 to the AMAX refinery from centers to improve product distribution. __ : 
Rustenburg Platinum Mines Ltd. in the 
Republic of South Africa, Société Métal- . . . 
lurgique Le Nickel (SLN) in New Caledonia, Table 2.—Primary nickel produced in the 

and Bamangwato Concessions Ltd. in sh United States : | 
Botswana. (Short tons, contained nickel) 

Eee eee Bobbitt, “Minn, was tte awe grt 
bottomed at 1,728 feet on June 10. Under- Domesticores _ 13,895 14,093 14,843 13,869 12,897 

ground exploration of the deposit will con- Imported 5 986) 7.978 20,070 24,757 

sist of four drifts totaling 3,600 feet. The © ©£<—@—— 

CONSUMPTION AND USES 

The demand for nickel stagnated in 1977, 1977, compared with 64% in 1976 and 68% 

showing a sae decrease a mat reels in mi 5. Most of the pure nickel was con- 

ered in _Consumer-held stocks reach- sumed in the production of nickel wrought | 

ed their lowest level in nearly 6 years, products and nickel alloys and electroplat. 

toring nn pounds at yearend ing. Ferronickel accounted for 20% of the 

, e low level of stocks could be total nickel consumed in 1977, compared 

attributed to consumer’s confidence that with 19% in 1976 and 17% in 1975. Princi 

they could obtain nickel from producers in _ pal consumption of ferronickel was in stain- 

nearly any quantity needed and on short _ less and alloy steels. 

notice, because Producers’ stocks were at 1 Domestic nickel consumption in 1977 

record high levels. ecreased 4.7% compared with that con- 

Ferronickel and nickel oxide increased sumed in 1976. The pattern of nickel con- 

their share of the total U.S. nickel market sumption in 1977 was as follows: stainless 

in 1977 at the expense of pure unwrought and heat-resisting steels, 34%; other nickel 

nickel. Pure unwrought nickel accounted and nickel alloys, 21%; electroplating, 14%; 

for 62% of the total nickel consumed in alloy steels, 11%; and superalloys, 7%.
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Table 3.—Nickel recovered from nonferrous scrap processed in the United States, : by kind of scrap and form of recovery — | 
(Short tons, contained nickel) 

Kind of scrap ' 1976 1977 Form of recovery 1976 1977 
New scrap: 

Asmetal __-_-__ 701 492 Nickel-base _.______ | 1,691 1,532 In nickel-base alloys _________ 2,470 3,811 Copper-base ________ 4,189 ~ 3,159 In copper-base alloys _________ 6,565 5,854 Aluminum-base_______ 1,499 1,554 In aluminum-base alloys_______ 1,478 1,459 
In ferrous and high- 
temperature alloys!___ | 1,138 - 68 Inchemical compounds _______ 921 765 Total. 7,379 6,245 

— 
Old scrap: . 

Total _-______________ 18,278 12,349 Nickel-base _________ | 5,372 5,628 Copper-base _______ 415 445 
. Aluminum-base________ 107 31 et 

Total___________ 5,894 6,104 ———— —_——_————_ Grandtotal________ | 13,273 12,349: . 

1Includes only nonferrous scrap added to ferrous high-temperature alloys. 

Table 4.—Stocks and consumption of new and old nickel Scrap in the United States | in 1977 
| (Gross weight, short tons) . . 

Stocks, Consumption Stocks, | 
Class of consumer and Paha . Pp be; Receipts oo nd of 

type of scrap Gfyeare oP New Old Total ‘year 
Nickel and nickel alloys _____ 599 6,093 2,088 4,470 6,558 134 Nickel-copper metal 311 912 246 643 889 334 Nickel-silver’_____§ | 683 © 2,897 231 2,621 2,852 728 Cupronickel!__-____ | 64 257 _— 212 212 109 Nickel residues_______ Ww WwW WwW W Ww Ww 
Total.--_-- 910 7,005 . 2,334 5,113 7,447 468 

Foundries and other 
manufacturers: 

Nickel and nickel alloys _____ 293 1,753 1,027 709 1,736 310 . : 
Nickel-copper metal____ 33 225 _- 219 219 39 _ Nickel-silver!___ 2,965 16,371 18,296 36 18,332 1,004 Cupronickel!_=§__§_ 1,599 9,801 9,661 80 9,741 1,659 Nickel residues___________ 103 250 59 176 235 118 

. . Total... 429 2,228 1,086 1,104 2,190 467 TIO 467 Grand total: 
Nickel and nickel alloys ____ _ 892 7,846 3,115 5,179 8,294 444 Nickel-copper metal________ 344 1,137 246 862 1,108 373 Nickel-silver!_____ 3,648 19,268 18,527 2,657 21,184 1,732 Cupronickel?_____ 1,663 10,058 9,661 292 9,953 1,768 
Nickel residues______ 108 250 59 176 235 118 C

e
 

1S Total.-_________ 1,339 9,233 3,420 6,217 9,637 935 
W Withheld to avoid disclosing company Proprietary data; included in “Nickel and nickel alloys.” 1 Excluded from totals because it is copper-base scrap, although containing considerable nickel. 

Table 5.—Nickel (exclusive of scrap) consumed in the United States, by form 
(Short tons, contained nickel) 

Form 1973 1974 1975 1976 1977 
Metal pone ee 121,821 123,996 99,693 104,374 96,058 
Ferronickel mo prae ee eee 36,371 45,661 25,325 31,210 31,784 
Oxide powder and oxide sinter -- ee 33,257 33,617 16,630 22,198 22,446 

Salts’ —_____ 
3,668 2,026 1,751 2,437 2,395 

Other _______ rt 2,606 3,109 3,096 2,708 2,577 . 
IEE Total ~~ 

197,723 208,409 146,495 162,927 155,260 
*Metallic nickel salts consumed by plating industry are estimated.
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Table 6.—U.S. consumption of nickel (exclusive of scrap) in 1977, by use and form | 

(Short tons, contained nickel) 
| 

a Nigel 
cially Ferro- Nickel | and Other . 

_ Use pure nickel oxide other forms Total 
unwrought nickel 

nickel salts 
I 

Steel: 
; 

Stainless and heat-resisting _ _ _ - -- ----- 15,108 24,553 13,371 __ 154 53,186 . 

Alloys (excludes stainless) _ — - - -------- 5,133 5,227 7,181 _- 289 ~~~—s«: 17,830 

Superalloys _-_------------------- 10,609 427 97 _- 229 11,362 

Nickel-copper and copper-nickel alloys ~~ ~~ —- 6,745 42 56 _- 125 6,968 

Permanent magnet alloys _ _——---------- 551 155 22 _- —_ 728 

Other nickel and nickel alloys __---~------ 29,845 1,138 402 21 481 31,887 

Castirons _______---------------- 1,846 175 718 _- 988 3,727 

Electroplating! _____--------------- 19,806 _- 18 1,932 _- 21,756 

Chemicals and chemical uses _ _ - —- -------- 1,783 —_— 439 214 56 2,492 

Other uses? ________-_------------- 4,632 67 142 228 255 5,324 

Total reported by companies 
canvassed and estimated ~o eee 96,058 | 31,784 | 22,446 2,395 2,577 155,260 

1Based on monthly estimated sales to platers. 
: 

2Tncludes batteries, ceramics, and other alloys containing nickel. 

| _ Table 7.—Nickel (exclusive of scrap) in consumer stocks 

: in the United States, by form 

(Short tons, contained nickel) 

Form 1975 1976 1977” 

Metal ____________---------------------- --- rrr 19,702 18,333 9,846 

Ferronickel _________-__-----------
----------- 7-7-3 11,210 6,905 3,895 

Oxide powder and oxide sinter _ _ _ - - -------------------7---7 77707777 3,378 5,268 3,985 

Salts ________.__-----------------
-------- 25 -rrrr 564 496 AlT 

Other _________-__-------------------
----------070 7700077 631 688 495 

Total __________--_--------------------
------- 73-77-70 70777 35,485 31,690 18,638 

PPreliminary. 
. 

Table 8.—Consumption, stocks, receipts, shipments, and/or sales 
of secondary nickel in 1977, by use 

(Short tons, contained nickel) 
a 

Shipments Stocks, 

Use Receipts Consumption or end of 

. sales year 

Steel (stainless and heat-resisting and alloy) ___---~---- 36,357 34,378 1,594 3,554 

Nonferrous alloys (super, nickel-copper and copper- 

nickel, permanent magnet, and other nickel) _.___--~-~- 3,184 - 3,262 _- 474 

Foundry (cast irons) __~—-----=-~--—---=-------- 399 385 _- 26 

Chemicals (catalysts, ceramics, plating salts, and 

other chemical uses) __ _ - _ -- ----------------- 15 17 __ 2 

Total reported by companies canvassed 

andestimated _______------------------ 39,955 38,042 1,594 4,056 

PRICES 

Two major changes occurred in nickel el pricing into line with the practice of most 

pricing during 1977; INCO discontinued its other metals. . 

practice of quoting nickel prices and pro- The price of cathode nickel decreased on 

ducers began selling nickel on a delivered- July 25 from $2.41 per pound to $2.20 per 

price basis. The latter change brought nick- pound due to lower than anticipated de-
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mand for nickel in 1977. The subsequent The price of domestically produced ferro- 
refusal by major nickel producers to quote nickel was reduced from $2.34 per pound of 
prices caused considerable concern within contained nickel to $2.025 per pound of 

| the industry. This situation was somewhat  eontained nickel in December. Reportedly, | 

alleviated in December when the major  }ittle nickel was sold for $2.34 per pound. Le | 
) nickel producers announced support of @ Nickel Inc.’s September prices were as fol- 

a ae pound ae for catnode nickel lows: FN-4, $2.10 per pound of contained 
eee que, announce ay nickel; FN-1, $2.17 per pound of contained 

quettes in 250-kilogram (550-pound) drums . , . 
a nickel; FN-C, $2.12 per pound of contained 

would be priced at $2.06 per pound. FALCO ickel: and FN-3, $2.14 nd of 
quoted a price of $2 per pound for nickel MC*¢! an “0, 94.2% per pound or con- 
contained in ferronickel produced by its tained nickel. These prices were lowered in 

| Dominican Republic smelter. INCO officials December to the following: FN-1, $2.09 per 
stated that the realized price per pound of pound of contained nickel; FN-3, $2.065 per 
primary nickel sold in 1977 was $2.17, pound of contained nickel; FN-C, $2.045 per 
compared with $2.15 per pound in 1976, and pound of contained nickel; and FN-4, $2.025 
$2 per pound in 1975. . | : per pound of contained nickel. 

| | FOREIGN TRADE 

The gross weight of U.S. exports ofnickel, Caledonia, Botswana, the Philippines, and 
nickel alloys, and nickel catalysts was 16% the Dominican Republic. These six coun- 
less in 1977 than that exported in 1976. tries accounted for 86% of the nickel im- 
Exports of unwrought nickel in 1977 ported into the United States in 1977. Im- 
increased 4% over that exported in 1976. ports of ferronickel increased from 9% of 

Canada remained the principal supplier total imports in 1976 to 12.7% in 1977, while 
of nickel to the United States in 1977, and unwrought nickel decreased from 59% in 

accounted for 47% of the total imports. The 1976 to 57% in 1977. The total of all forms 
next most important sources, in decreasing imported for consumption in 1977 was 12% 
order of magnitude, were Norway, New _less than that imported in 1976. 

| Table 9.—U.S. exports of nickel and nickel alloy products, by class | 

: 1975 1976 1977 | 
Quan- Quan- Quan- Class tit Value tit Value tit Value 
(short (thou. (short (thon. (short (thou. 

tons) san tons) san tons) san 

Unwrought -_-_________._________ 6,676 $25,281 14,573 "$66,826 15,188 $68,212 
Bars, rods, angles, shapes, sections ________ 3,400 22,132 2,519 15,634 2,122 16,915 
Plates, sheets, strip._________________ 5,808 44,402 4,397 37,631 3,997 32,217 
Anodes ___-___--_____~__ ee 275 940 *311 1,598 254 1,410 Wire ____-______ ee 679 4,769 769 5,253 764 6,006 
Powder and flakes _.________________ 429 4,575 488 6,150 1,176 10,440 Foil _-__--_-__- 26 54 17 89 64 182 Catalysts_________________ 3,536 13,713 4,442 16,282 4,064 15,674 
Tubes, pipes, blanks, fittings 

therefor, hollow bars _______________ 2,333 15,791 3,702 24,497 3,386 26,185 Waste andscrap ___________________ 6,959 9,645 15,948 19,635 8,397 13,339 
Total_________~____ Le 30,121 141,302 747,166 193,595 39,412 190,580 

"Revised.
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Table 10.—U:S. imports for consumption of nickel products, by class 

: . 1975 1976 1977 

: Class Quantity Value Quantity Value Quantity Value 
. ‘(short (thou- (short (thou- (short . (thou-: . 

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

Ore _~__________________-___-_ 1,135 $47 6,706 $272 111 $2 
Unwrought ___________________ 107,084 406,894 111,255 F459,398 103,269 451,582 
Oxide and oxide sinter ______________ 5,063 15,172 5,932 21,948 4,914 17,477 
Slurry? __-_______ 23,991 68,522 33,280 98,178 - 24,762 78,039 
Bars, plates, sheets, anodes __________ 517 3,272 776 4,372 947 6,048 
Rods and wire _ ~~~ ~____~------- 960 5,804 1,774 9,896  —_—_: 7,236 13,511 
Shapes, sections, angles ___________ _ 10 81 5 16 11 55 
Pipes, tubes,.fittings ____._...____ 265 1,961 668 6,064 1,147 13,666 
Powder _____ -§ _-_=—~____________ 9,749 39,328 10,046 . 44,687 13,614 67,098 
Flakes ____-_________________ 23 85 135 580 _ 146 610 
Waste and scrap _______________- 2,353 5,864 2,359 4,827 3,175 6,546 
Fefronickel _2_._...._--_---~~- 65,046 67,813 55,721 72,161 80,436 95,275 - ; 

Total (gross weight) ____________ 216,196 609,843 ~=—«-228,657.+-«« "722,899 += «239,768 —=- 749,909 
Nickel content (estimated)? _____-_-_-~- 160,507 XX 188,147 XX 167,111 XX 

_ ¥Revised. XX Not applicable. 
_ !Nickel-containing material in slurry, or any form derived from ore by chemical, physical, or any other means, and 

requiring further processing to recover nickel or other metals. 
*Estimated from gross weight of primary nickel products. 

Table 11.—U.S. imports for consumption of new nickel products,’ by country 

| (Short tons): | 

Powder Oxide and Slurry and other? 
(er Metal ht) and flakes oxide sinter 1976 1977 

Country g (gross weight) (gross weight) ———___— 
ee on on oee6«=SlC(‘(‘=GGrcogss—~=S=s« Nickel =© Gross’ _—_—C Nickel 

1976 - 1977 1976 - 1977 1976 1977 weight content weight content 

Australia ______ 3,684 3,310 1,218 1,756 _— 395 735 670 3 3 
Canada _______ 77,819 61,728 6,280 8,226 5,843 4,438 26,233 19,637 16,455 12,190 
Dominican Republic _ 183 8 _— __ — __ _— __ _- _- 
Finland _______ 844 1,918 __ _- _- __ 46 40 79 79 
France _______ 9 _- 34 an 59 59 — _- _— _- 
Germany, Federal 

: Republic of ___ ‘() @). 7 3 2 _ 79 16 _- _- 
Japan ________ 848 756 _— -- -- 7 360 276 _— _- 
Netherlands _ ___ 43 39 (3) __ (3) (3) —_ _ 2 1 
New Caledonia __ __ __ _- __ _- _— 5,727 4,383 8,146 6,284 
Norway _______ 13,913 17,412 264 101 __ _— _- a _- _- 
Philippines ____ 6,972 9,857 1,209 2,314 __ __ _— _- _- _ 
Rhodesia, Southern 3,103 4,340 — — — __ _— — — __ 
South Africa, 

Republic of ___ 2,661 1,713 308 382 __ _- __ _- _- _— 
Switzerland ____ 19 —_ 1 _- — —_ — _- —_ 
USS.R ~~ ____ 1,055 1,515 _- _- __ __ — _- _ _- 
United Kingdom _ 82 254 860 977 8 (3) 100 25 77 - 23 
Other _______-_ 70 419 (3) 1 20 15 _- _- _. _- 

Total____ 111,255 103,269 10,181 13,760 5,932 4,914 33,280 25,047 24,762 18,580 

Ore imports in 1976 were, 6,687 tons from New Caledonia and 19 tons from Canada. Ore imports in 1977 were, 111 
tons, all from New Caledonia. 

?Nickel-containing material in slurry, or in any form derived from ore by chemical, physical, or any other means, and 
requiring further processing to recover nickel or other metals. 

3Less than 1/2 unit. 

WORLD REVIEW 

Australia.—Western Mining Corp., Ltd. mines. The firm’s work force was reduced 

(WMC) sold 41,631 tons of nickel in 1977, by 600 workers out of a total of 4,200. 
compared with 47,837 tons in 1976. The Officials of WMC stated that the cutback 
decrease was due to a reduction in pro- was necessitated by a decrease in the price 
duction that was instituted at the beginning of nickel which resulted from surplus 
of September. Operations were suspended stocks. WMC announced plans to close its 
at the Great Boulder mine, and reductions Kalgoorlie smelter in Western Australia 

were made at the Fisher and Kambalda and build a new $37.5 million smelter. Two-
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thirds of the financing would come from Development work continued on the Ag- 
Mount Isa Mines Ltd., and Western Selcast new nickel deposit jointly held by Mount Isa 
Pty., Ltd. The Kalgoorlie smelter will then Mines Ltd. and Western Selcast Pty., Ltd. 
be placed on standby. The new flash furnace Initial work was directed at constructing an 
initially is scheduled to smelt up to 500,000 incline shaft into the area to be mined, and 
tons of concentrate per year. Nearly 110,000 on the collar of a shaft to be sunk for © 
tons per year of Agnew ore would be treated exploring deeper ore bodies. The project 
in the new furnace. The addition of oxygen received a boost when AMAX signed long- 
to furnace air is to make possible an in- term contracts, valued at $500 million, to | 

crease in capacity to more than 800,000 tons take the total production from Agnew for a 
per year at a later date. The future of the next 10-years. A limit of 16,500 tons per 
Poseidon Ltd., which was placed in receiver- year was specified in the contract. The ore 
ship in 1976, remained uncertain through- will be mined: and concentrated at the 
out 1977. The major creditor, Australian Agnew mine site and the concentrate will 
Industrial Development Corporation be shipped to WMC’s smelter at Kalgoorlie. 
(AIDC), offered WMC $3.5 million to devel- The matte will be shipped to AMAX’s Port 

op a program at the Windarra mine. This Nickel refinery located in Louisiana for 
offer was in addition to usual financial refining into pure nickel. Initial mine pro- 
spending by Poseidon, owner of 50% of the duction was scheduled for 1978. 
Windarra mine, which amounted to nearly | Early in 1977, AMAX announced that it 
$1 million per month. Shell of Australia was reevaluating the economics of mining 
Ltd. apparently successfully bid forthe 50% at Forrestania, based on ore bodies at Fly- 
share of the Windarra project previously ing Fox, Digger Rocks, and Cosmic Bay. 
held by Poseidon. Shell’s share of the output Reportedly, one drill hole at Flying Fox 
was committed to Canada’s Sherritt Gordon assayed 9% nickel over a length of 16 feet. 
Mines Ltd. until 1979 at world free-market A feasibility study was being made. Officials 
prices. Full ratification of Shell’s takeover at Endeavor Oil Co. NL stated that AMAX 
was undecided at yearend, and was ‘await- had begun a diamond drilling program at 
ing the outcome of the Australian supreme the Digger Rocks prospect. Endeavour holds 
court ruling concerning the sale of Poseidon a 30% interest in Digger Rocks. The pro- 
assets. Development work underway during gram was to be comprised of six new drill 
1977 was expected to cost between $5: mil- holes to obtain ore samples and substan- 
lion and $7 million. The work was directed _tiate correlations used in calculations of ore 
toward removing several million tons of reserves and thus supplement the Forresta- 
overburden and continued deep drilling to _ nia feasibility study. 

| define ore reserves. . By Production of ore from the Spargoville 
Further restructuring of the finances of mine in Western Australia increased dur- 

the Greenvale laterite operation in Queens- ing 1977;’the mine is operated by Selcast 
land was announced early in 1977. New Exploration Ltd. Ore reserves were report- 
agreements on the terms of loan and inter- ed to be 500,000 tons grading 2.61% nickel. 
est repayments were reached with the pro- Anglo American Corp. was exploring the 
ject financiers and the Queensland Govern- Sally Malay nickel deposit near Turkey 
ment. The new arrangements allowed for Creek in northeastern Western Australia. 
flexibility in debt servicing and thereby The company expected that sufficient in- 
enabled retention of sufficient working cap- formation would be amassed by yearend 
ital. Reportedly, all cash from the project in 1977 for a decision to be made on whether a 
excess of $11 million needed for working full-scale feasibility study should be made. 
capital will be applied to debt commitments. Sally Malay is in a remote area and would 
The partners will be required to pay a_ probably require heavy capital expenditure 
minimum of 30% of the scheduled debt for development of the needed infra- 
payments during the next 3 years, ending in _ structure. 
1979. Reportedly, output improved modestly § Botswana.—Specialists were called in 
in the third quarter and the cash valué of from the Republic of South Africa and 
production exceeded, by a slight niargin, the Finland to assist in repairing furnaces at 
cash operating costs and the minimum of the Selebi-Pickwe nickel-copper operations 

| cash interest payments due under the re- in March 1977. Company officials of Ba- 
structuring plan. Late in 1977, the owners mangwato Concessions Ltd. announced at 
canceled plans for an $18 million expansion. midyear that the mine had reached its 
The expansion was to include the purchase design capacity of 5,850 tons per day. The 
of two new roasters and one cooler. - smelter’s capacity of 3,500 tons per month
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: Table 12.—Nickel: World mine production! by country 

(Short tons) . a 

_ Country 1975 1976 1977” eee 

Albania® ____-§__ = 7,100 77,700 8,000 
Australia (content of concentrate)________________________ ™83,583 91,652 94,578 
Botswana _______§___ > 18,314 13,866 13,331 
Brazil (content of ore) _-.§_-_§_____§________________ 3,516 5,812 6,100 
Burma (content of speiss) _______________._~___~_________ 21 26 19 
Canada? ____________ 266,957 265,464 259,442 

_ Cuba (content of oxide sulfide)® ~_-_-___. ~~~ ee 40,300 40,600 40,800 
Dominican Republic ____§_$__/§_-§__§__§____~___ ee 29,652 26,896 26,676 
Finland: ‘4 

_ Content of concentrate __-__________________ 5,840 7,008 6,393 
_ Content of nickel sulfate ___________________________ 228 209 210 

German Democratic Republic®______-____________________ 2,800 2,809 2,800 
Greece (recoverable content of ore)®?____________________ 31,014 30,380 €21,000 
Indonesia (content of ore)® _~_-_____________________ 21,198 21,928 ©15,400 
Mexico (content of ore). ___________ 55 - 62 “65 
Morocco (content of nickel ore and cobalt ore). _§_.§_/$_____________ 550 220 €220 
New Caledonia(recoverable)* ______________________ T146,938 131,065 120,218 
Norway (content of concentrate)..§._-_-_-§_________________ 335 T 440 “440 
Philippines __-_______.__________ 10,472 20,723 16,500 
Poland (content of ore)® _--§_-___________________ 2,800 73,100 3,100 
Rhodesia, Southern (content of concentrate)® __________________ 11,000 17,600 17,600 
South Africa, Republic of _--._________________=__ 22,877 24,660 ~ 25,400 
U.S.S.R. (content of ore)® _~_-__-» - 5 5 ee 168,000 176,000 159,000 
United States (content of ore shipped) __-___________________ 16,987 16,469 14,347 

Total. _-_-___~~_-_~----~_~_ 890,582 904,680 851,647 
eee 

*Estimate. Preliminary. ‘Revised. _ 
"Insofar as possible, this table represents mine production of nickel; where data relates to some more highly processed 

form, the figures given have been used in lieu of unreported actual mine output to provide some indication of the 
magnitude of mine output, and are so noted parenthetically following the country name, or by footnote. 

Refined nickel and nickel content of oxides and salts produced, plus recoverable nickel in exported matte.and speiss. - 
3Includes a small amount of cobalt not reported separately. 
“Nickel-cobalt content of metallurgical plant products, plus recoverable nickel-cobalt in exported ores. 

Table 13.—Nickel: World smelter production,! by country 

(Short tons) 

eee 
Country” 1975 1976 1977" eee EE 

Australia___ ~~~ ~~ ee 40,014 50,700 “50,700 
Botswana __-_______________ 7,099 13,000 13,100 
Brazil? ~-___-. 5 ee ee 2,513 2,369 2,600 
Canada* __________ = 196,211 196,321 167,130 
Cuba®F___ 20,000 20,000 20,000 
Czechoslovakia®________-___________________ ™3,900 ™3,900 3,900 
Dominican Republic? __-___§___________ ee 33,100 26,896 26,900 
Finland___________________ 7,214 8,404 10,362 
France ____---_______---~___~--- eee 11,968 13,573 10,400 
German Democratic Republice___._§_______________ st 2,900 3,100 3,100 
Germany, Federal Republicof _.-.______________ se 134 143 £130 
Greece _________~________- 16,383 18,131 ©13,000 
Japan__________-=_ 85,980 104,199 98,264 
Mexico ____________ 55 62 e709 
New Caledonia*_____________________________ 78,339 68,264 *57,500 
Norway______-_------___ ~~ 40,847 36,028 42,218 
Philippines _~_____-~__~___--__--~_--__- ~~~ __e 10,822 15,763 ©23,700 
Poland®___________ 2,800 ™3,100 3,100 
Rhodesia, Southern® _-_________________ 10,000 11,000 11,000 
South Africa, Republic of __.______________ ™15,400 18,700 18,700 
United Kingdom ________-_____---~_-~____ ~~ Le 41,108 36,514 ®25,100 
USS.RS ee ™190,000 200,000 207,000 
United States® ______________ 14,343 13,869 12,897 OE 

0 830,630 864,036 820,871 
eee 

*Estimate. Preliminary. ‘Revised. 
‘Refined nickel plus nickel content of ferronickel produced from ore and/or concentrates unless otherwise specified. 
2In addition to the countries listed, North Korea is believed to produce metallic nickel and/or ferronickel, but information is inadequate for formulation of reliable estimates of output levels. 
3Nickel content of ferronickel only (no refined nickel is produced). 
‘Includes nickel content of nickel oxide and nickel fonte in addition to metallic nickel and ferronickel. 
*Nickel-cobalt content of ferronickel and nickel matte produced for export. 
*Byproduct of metal refinery plus recovery from domestic ore.
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of high-grade matte containing 1,275 tons of production by not replacing employees lost 
nickel and 1,452 tons of copper was also . through attrition at Canadian operations. 
attained. Metal recovery in the matte On October 20, 197 7, the company announc- 
steadily improved from 50% in 1975 to 60% ed a further cutback in production of 15% 
in 1976, and finally to 70% in 1977. Pro- for 1978. The Victoria mine will be com- 
duction of copper-nickel matte was reported pletely shutdown because of depleted ore: 

| as 33,849 tons in 1977, compared with 35,757 _ the other affected mines will be maintained in 1976. Sale of nickel was 14,725 tons in on a standby basis. Development work on | 
| 1977, compared with 13,270 tons in 1976. A the Levack East mine was deferred in the switch from oil to coal was accomplished in third quarter of 1977. The mine was origi- 

_ certain parts of the production process. nally scheduled to begin production in 1983. 
Reportedly, the Botswana Government |, Manitoba, mine production from Birch- 

, agreed to accept a roy alty of 3% of the value tree was suspended in December, and devel- of the metal contained in the matte. The opment work at Pipe No. 2 shaft was sus- 
ane Pipeuetion was valued at $35.5 mil- pended in July. The lower mine production 

‘Burundi.—The United Nations awarded will be reflected in reduced activity at most 
a $150,000 contract to the Mineral Sciences surface plants, including mills, smelters, 
Division of UOP Inc. to make a detailed 204 refineries. INCO reported its 1977 nick- 
metallurgical study of nickel-bearing ores of @! production capacity as being 460 million 

| Burundi. The contract called for UOP to pounds per : or Cte paras “ oe 
make recommendations as to the most suit- tankhouse at Po orne, Dullt in , 

| able method for economically treating the Was shutdown permanently, and electroly- | 
nickeliferous laterite ores located near Mu- tic nickel production was discontinued. _ 
songati. Reportedly, UOP will test samples A new centralized shop facility, including a 
from discrete zones of the ore deposits on a machine shop, was being constructed to 
laboratory-scale basis, conduct small ex- replace the one phat burned in 1 7. Cana- 
traction tests, and provide an economic dian reserves held by as of December 
analysis of alternate methods of processing 31, 1977, were reported as 407 million tons 
the ore. If feasible, ore processing could of ore containing 6.9 million tons of nickel, 
include the recovery of copper, cobalt, and compared with 412 million tons of ore con- | 
the platinum-group metals. taining 6.8 million tons of nickel held at 
Canada.—Mine production of nickel in yearend 1976. INCO spent $22 million on ~ 

Canada in 1977 amounted to 259.4 million exploration work during 1977, compared 
pounds, compared with 265.5 million with $23 million in 1976. More than 65% 
pounds in 1976. Canada remained the lead- was spent in Canada in the vicinity of 
ing producer of nickel in the world and INCO’s producing mines. The company per- 

| accounted no of the total wore. nick. formed deep drilling from the surface to test production. The principal producers of nick- : 
el in Canada remained INCO, FALCO, and 10. OOD 2 the Budbusy ieee depth of 
Sherritt Gordon Mines Ltd. Much concern F ALCO and Sherritt Gordon remained 
was evident m wanada during as the Canada’s second- and third-ranked nickel major nickel producers announc ro- . . 
duction cutbacks and layoffs due to exces. P roducers, respe yee a 197. ee LOO sive inventory buildups. announced it would close its Manibridge 

INCO mined a total of 19.6 million tons of ™ ckel-coppe r mine in Manitoba. The reason 
ore in 1977, compared with 19.8 million tons &!V&" for the closure was exhaustion of — mined in 1976. INCO’s nickel production in Foorerye ore, The mine accounted for 5% of 1977 amounted to 417 million pounds, com- roduction. ihe mill was pared with 462 million pounds in 1976. be mothballed pending further evaluation 
Nickel deliveries by INCO were reported to or “kel M by ceposit owned by powden Lake 
be 312.3 million pounds, or 24% below the 1ckel Nines - Which In turn 1s owne 
1976 level of 409.8 million pounds. Report- Zo Py eee company announced | 
edly, from yearend 1974 to yearend 1977, at lateral development work was sta 
INCO produced 264 million "pounds more on its new Fraser mine in the Sudbury 
finished nickel than it sold. At yearend, district, and that the mine was scheduled to 
INCO inventories of finished nickel avail- start production in 1979. A second new 
able for sale were 341 million pounds, or 241 mine, Craig, was to reach production by 
million pounds more than a normal inven- 1983. Company officials also announced 
tory of 100 million pounds. In July, INCO that ore reserves at the Longvack South 
announced that it was reducing its nickel mine had been depleted. About $75 million
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was to be spent on various improvement its Thunder Bay copper-nickel project into , 

programs during 1977; as follows: $43 mil- production in the early 1980’s. Reserves | 

lion was slated for the Sudbury smelter have been estimated at 45.6 million tons of . 

environmental-improvement project sched- ore, grading 0.84% copper and 0.1% nickel, 

~ uled for completion in April 1978; $19.6 with minor amounts of palladium and plati- | 

million for development and preproduction jym. However, late in 1977, an updated 

expenses; $4.4 million for plant and equip- feasibility study recommended no change in 
ment; $4.1 million for other environmental the standby position of the mine-mill pro- 

- Projects; and $3.6 million for projects at the ject for Thunder Bay. Noranda Mines Ltd. 
new Fraser and Craig mines. In August, ‘T t d that it termi 

~ FALCO announced the complete shutdown of Joronto announce nat Ww was term 

of its Sudbury operations from September nating its joint venture with INCO in Lang- | 

11 to October 9th. The shutdown affected ™U Township, Ontario, early in 1978. 
nearly 4,000 employees. Operations were Exploration for additional nickel-bearing 

| also closed for 4 days during the November 20€S was suspended early in 1977, report- 

11 Remembrance Day holiday and between edly due to disappointing results. Also cited | 

Christmas and New Year’s Day. The shut- were declining ore grade and difficult 

downs were made to curtail production and ground conditions that had increased opera- 

thereby alleviate excess nickel stock build- ting costs. 

ups. FALCO inventories of nickel at year- | Colombia.—The Cerro Matoso nickel pro- 

end 1977 were reported as 73 million ject appeared to make some headway in | 

- pounds, compared with 13 million pounds at 1977 when Hanna Mining Co. and the | 

7 yearend 1976. Normal inventories were Government of Colombia agreed to proceed 

given as 8 million pounds. Further pro- with the project. However, long-term con- 
duction cutbacks were announced for 1978 tracts had not been signed at yearend. A 

and could reduce capacity to slightly over tentative date of March 1978 was set for 

50%. Ore reserves in 1977 were reported at beginning construction. Hanna estimated 

80,670,000 tons grading 1.46% nickel that about $50 million had been spent 
(1,178,000 tons of nickel), compared with 9.4) lorat; d . P t ° 

83,405,000 tons grading 1.46% nickel y on exploration ane ongoms mame 
(1,218,000 tons of nickel) in 1976. nance of access and site roads. Of the three 

The Sherritt Gordon refinery became ore bodies explored, the best had proven 

totally dependent on imported materials in "¢S°TV®* of 7.8 million tons of ore, consisting 
1977 when its only nickel-copper mine, of saprolite and saprolized periodotite | 

located at Lynn Lake, was shutdown. Sal- covered by iron-bearing mineral. The re- - 

_-vage of old equipment from the Lynn Lake Serve averages 3.2% nickel mixed with iron, 

mine was completed by midyear, and the ™agnesium, and other minerals. 

mine was then allowed to flood. The salvag- Cuba.—Reportedly, work was progressing 

ed equipment was being reconditioned at on the new Punta Gorda plant in eastern 

the Lynn Lake workshop to be utilized at Cuba during 1977, which is scheduled for 

the Fox and Ruttan mines, which produced completion in 1983. When completed, the 

copper and zinc. The refinery’s nickel pro- plant will add 30,000 tons per year of nickel 
duction capacity was reported as 40 million capacity to Cuba’s output. Nickel pro- 7 

pounds per year. duction in Cuba during 1977 was reported 

Exploration work continued on Teck as 40,800 tons. The output was evenly divid- 
Corp.'s Montcalm copper-nickel deposit, oq between the Nicaro and Moa Bay opera- 

located 35 miles northwest of Timmins, tions, Mine output was about 4 vaillion tons. 
Ontario. The deposit, consisting of two sul- 3) oin to fee 7 the t ti lants , 

fide zones separated by an 80-foot-thick D. eB “Reo. bli ra Fa Ppianis. 

granite dike, was discovered in 1976. Ore ominican epublic.—Falconbridge 

reserves were reported at 4 million tons ominicana, C. por Ay shipped 45,477,000 
grading 1.44% nickel and 0.68% copper. pounds of contained nickel in 1977, com- 

Engineering work was being done prior to pared with 56,471,000 pounds in 1976. The 

the start of a feasibility study. Uranerz smelter operated at below capacity because 

Exploration and Mining Co. announced of adverse market conditions. The ferro- 

| plans to develop its Key Lake property, nickel pigs produced are trucked 50 miles to 

which contains uranium and about 50 mil- the port of Haina for shipment to steel- 

lion pounds of nickel. The plans called for makers in the United States, Canada, 
production by 1983. Nickel would be a Sweden, the United Kingdom, and France. 

byproduct of uranium recovery. Great Typical analysis of the 50 pound pigs is 35% 
Lakes Nickel Ltd. indicated it may bring nickel and 65% iron.
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Finland.—Outokumpu Oy shut down the ona smelting process for the ore. A feasibil- nickel concentrator at the Vuonos mine in ity study including pilot plant testing would | 1977. It accounted for 17% of the total cost about $2.5 million. Discussions were Finnish nickel output in 1976. The company being held with several prospective part- began experimental underground mining at ners during 1977. the Vammal nickel prospect in 1977. The Indonesia.—President Suharto of the Re- . - Company expects output to decrease in the public of Indonesia dedicated the Soroako : near future as ore grades fall. Finnish nickel project of P.T. International Nickel mines and concentrators have some of the Indonesia on March 31, 1977. A small highest recovery rates in the world, running quantity of nickel matte was produced in over 90%. This figure becomes even more the fourth quarter of 1977. Some mechani- remarkable considering that average mill ¢a] and technical problems were encounter- head grade was 0.78% nickel and 0.31%  q in the startup phase of the first process | Copper at the Kotalohti mine, and 0.4% line. The most serious difficulty arose from nickel and 0.3% copper at the Vammala - refractory failure in the electric furnace mine. The company's Harjovalta works and partial failure of internal lifters in the increased cathode nickel production from prereduction kiln. Production from the first 7,600 tons in 1976 to 9,400 tons in 1977. . stage of its design capacity was expected to Greece.—Société Miniére et Métal- occur in the second quarter of 1978. The lurgique de Larymna S.A. (LARCO) was second stage was not expected to start up : struck for 106 days during 1977. Workers before 1980. - returned to work on May ~ after ‘tities cf -P-E: Aneka Tambang (ANEKA) contin- low. ade nickel ia teri te ore were discerns. ued operation of its ferronickel smelter but ed = the Triada-Makrykara area in the 2S having trouble selling its output. The want yxar Japanese asked for a reduction in ship- central part of the island of Euboea by . } . Eleusis Bauxite Mines. Extensive drilling ™ents during 1977. The reason Biven was — 
+ ae & demand and the fact that Japanese indicated a grade of 0.8% nickel. The com- P len . P _ pany plans on mining about 1.2 million tons ? ants were operating about 50% belo wW per year by open pit metho ds. The ore capacity. The Japanese continued to receive 
reportedly will be preconcentrated to 1.2% nickel ore from ANEKA S operation in the nickel and electrically smelted to produce P omalaa area in southeastern Sulawesi, about 40,000 tons per year of ferronickel rs ercbes, in dincts dneration akel es ves . 

n reserves aa oe Kjell Eugenio to meet current yearly rates of production Laugerud Garcia of the Republic of Guate- for the next 100 years. Indonesia has a 10- mala officially dedicated: the Exploraciones “Under nights oe ye rete Japan. Explotaciones Mineras Izabal, S.A.(Exim-  __ © rignts granted to P.T. Pacific bal) project on July 12, 1977. At yearend, al]  Nikkel Indonesia by the Indonesian Govern- of the mining and ore-processing facilities ment, the company outlined minable re- had been commissioned. Primary metal Serves in excess of 190 million tons of refined from the Eximbal matte was not __ laterite ore. During 1977, Amoco Minerals expected to reach the marketplace before Co. tentatively agreed to equity partici- 1979. An initial shipment of matte was pation in a consortium to develop a $1 expected during the first quarter of 1978. _ billion project. The Indonesian Government The matte will contain 75% nickel and 22% agreed to take a 20% equity share in the sulfur. Reportedly, over one-half of Exim- project, which then qualified it for partial bal’s operating costs will be for fuel, with World Bank F inancing. Newmont Mining much going to operate the powerplant. Co. withdrew from the consortium in 1977. Total fuel storage at Eximbal is 147,000 Sherritt Gordon and Muller Bros. A.G. of _ barrels of fuel oil. Indicated ore reserves are the F ederal Republic of Germany withdrew sufficient for tripling production if needed. earlier. Sherritt Gordon continued to pro- | Basic Resources International S.A. report- vide refining expertise to the project, and edly discovered nickel reserves at its Buena Newmont technically retained about 28% Vista deposit in Guatemala that contain 37 equity in Pacific Nikkel. However, both will million tons of ore averaging 1.81% nickel. be inactive in management. United States A second deposit, the Chiis, has reserves Steel Corp. held about 48% of the shares in estimated at nearly 10 million tons grading the original consortium. The consortium 1.71% nickel. Basic Resources conducted reportedly was given an 18-month to 2-year preliminary testing and laboratory work extension on the preconstruction phase of
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its 1969, second-generation mining contract. an expansion program in 1977 to raise its 

- Without the extension, contruction would capacity to 100,000 tons of nickel per year. 

| have had to start by yearend or the contract — Two mining centers will be expanded. The | 

area would have had to be relinguished. largest, Nepoui, will be increased to around 

| The Japanese-owned Indonesian Nickel 2.2 million tons of ore per year, while 

Development Co. INDECO) decided not to Kouaoua will be doubled to about 1.3 mil- | 

| develop a ferronickel smelter on Gebe lion tons of ore per year. Reportedly, sme!- 

Island. The plan dates back to 1969 and was_ ter output will be increased by improve- 

to produce 20,000 tons of nickel per year. ments in ore preparation and calcining 

| The decision was made because of depressed prior to smelting. Company officials stated 

| nickel prices and the current outlook for that the territorial assembly of New Caledo- | 

nickel. In addition, a study concluded in nia has guaranteed SLN a stable tax system 

1976, showed that the project would not be until 1989. Stocks held by SLN were report- 

as profitable as earlier studies indicated. ed to be equivalent to 6 months’ normal 

| Japan.—With domestic demand for nick- production. Production was reduced during 

el predicted to drop below 90,000 tons, 1977 by closing down two smelters. The 

importers were seeking relief from con- territorial assembly passed legislation that : 

tracts for nickel deliveries in 1977. Stainless will require the gradual reduction in 

steel and specialty steel producers were atmospheric pollution at the Noumea smel- 

shopping for lower cost nickel during much __ ter. The project as estimated would cost $33 

of 1977. The net result was that Japanese million and was to be completed by 1981. 

stocks of nickel in various forms increased. | At yearend, AMAX was close to signing 

Japanese ferronickel smelters reached an an agreement with the Bureau de Re- 

agreement with New Caledonia ore ship- cherches Géologiques et Miniéres (BRGM) 

pers regarding price increases during 1977. for the development of a new nickel project 

a The new price retroactive to January 1977, in New Caledonia. Reportedly, annual out- — : 

was an increase of 12 cents to $0.76 per ‘put would be 26,000 tons of ferronickel. A | 

pound of contained nickel. New Caledonia purer form of nickel may be produced later. 

ore shippers were requesting $0.78 per | AMAX would have less than 50% interest 

pound of contained nickel. Further evidence in the operation. Ore reserves were esti- 

of decreased demand was manifested in the mated at 55 million tons grading 2.5% to 

decision by Japanese companies not to 2.6% nickel in garnierite. The ore ore would 

develop a ferronickel smelter in Indonesia be mined at a rate of about 1 million tons 

and their refusal to take part in Colombia’s per year. | 

Cerro Matoso ferronickel project. Four INCO concluded an agreement with the 

Japanese importers agreed to take 2,400 French Government for the exploration of 

tons of nickel oxide and 3,600 to 4,400 tons the Goro nickel deposits. INCO was to 

of nickel-cobalt mixed sulfides from the undertake a large-scale program of geologi- 

Australian Greenvale operations during fis- cal, mining, and metallurgical studies. The 

cal year 1978. After union agreement on the company must inform the French Govern- 

closure of the Shimura plant by Shimura ment by June 30, 1982, whether it plans to 

Kako Co., Ltd., and the transfer of oper- build a processing plant or give up its rights 

ations to Date, Hokkaido, construction be- to the Goro deposit. | - 

gan in late 1977 on a nickel refinery to be Philippines.—Depressed nickel demand 

built beside the company’s present ferro- and its resulting downward pressures on 

nickel smelter. prices in 1977 caused Marinduque Mining 

New Caledonia.—Production of nickel and Industrial Corp. to fall into technical 

ore in New Caledonia in 1977 was about 2% noncompliance with the terms of its 1975 

less than that produced in 1976, and totaled loan agreement for refinancing its nickel 

6.4 million tons. Nickel smelter production project on Nonoc Island. In May, it was 

decreased 17% in 1977 from that of 1976, announced that Marinduque obtained fi- 

and totaled 56,571 tons. Ferronickel pro- nancial help from the State-owned Develop- 

duction decreased nearly 26% and totaled ment Bank of the Philippines. The bank 

31,176 tons, while matte production decreas- agreed to help the company meet its debt 

ed 3% from that of 1976. Exports of nickel and working-capital needs through 1978. 

ore to Japan decreased 3% in 1977, com- Production during the first 9 months of 

pared with exports in 1976. Exported ore 1977 averaged about 63% of rated capacity, 

averaged 2.39% nickel plus cobalt. compared with 48% during the first 9 

SLN operated four main mining centers months of 1976. Annual capacity was 

on New Caledonia during 1977. SLN began reported to be 68.4 million pounds of pure
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nickel and mixed sulfide concentrates con- South Africa, Republic of.—One of the taining about 6.6 million pounds of nickel country’s two major nickel producers, Rus- and 3.3 million pounds of cobalt. tenburg Platinum Mines Ltd., announced in Japanese ferronickel producers took the - late 1977 that it was cutting platinum | first shipment of ore from the newly devel- output by 10% to 20%. This would directly oped Palawan project in 1977. Total ship- affect the production of byproduct nickel. ment contracts to Japan in 1977 were for At yearend, the other producer, Impala 385,000 tons of ore. The ore was reported as Platinum Ltd., had made no commitment to grading 2.4% nickel. Reserves -were esti- reduce production. 
mated at 24 million tons of ore containing U.S.S.R.—Work continued in 1977 on over 2.2% nickel. The mine was operated by development .of the Norilsk nickel mine. Rio Tuba Mining Corp. Reportedly, the nonferrous metals complex Rhodesia, Southern.—Anglo-American in northern Siberia, which is the Major Corp. of South Africa Ltd., parentcompany producer of nickel and platinum-group of Rhodesia Nickel Corp. (Rhonickel), metals in Russia, would undergo an 80% announced that it was Withdrawing its expansion by 1980. | prospecting teams from field operations in Yugoslavia.—The major portion of a Rhodesia because of a steady deterioration pelletizing plant at Kavadarci was to be in the security situation in that country. supplied by a-U.S. firm. The plant will have The decision would affect about 100 of its a capacity to produce pellets at a rate geological staff. The company was expected sufficient to meet the demand of a 7 0,000- to continue operation of its three nickel ton-per-year ferronickel (25% nickel con- mines— Trojan and Madziga in the Bin- tent) plant. The total facility was to begin dura-Shamba area, and the Epoch mine at production in 1979. A complete wet- Filabusi. At yearend, nickel production scrubbing system for each of the two ferro- | from the Shangani mine was cut by 50% as__ nickel electric furnaces was supplied for a result of the depressed nickel market. ~ installation at the plant. 

| TECHNOLOGY | 

Bureau of Mines Scientists investigated - Raney nickel formula by alloying and heat : sulfuric acid leaching characteristics of a treating. It is estimated that wastes con- copper-nickel flotation concentrate, matte, taining over 20 million pounds of chromium and roasted matte produced from the and 8 million pounds of nickel are gener- Duluth gabbro ore of Minnesota? Auto- ated annually in the production of stainless clave leaching of flotation concentrates steel in the United States. The Rolla (Mo.) with aerated, 100-gram-per-liter H2SO, at Metallurgy Research Center of the Bureau 220° C and 550 psig of compressed air of Mines developed a method for recovering resulted in extraction of over 90% of the upto 90% of the iron, chromium, and nickel nickel and copper in 6 hours. Best results contained in pelletized mixtures of these were obtained by leaching the matte at stainless steel wastes. Rolla researchers elevated pressures and a temperature of continued their search for methods to re- 180° C. At pressures of 350 psig, over 90% of cover nickel, cobalt, and copper from mattes the copper and nickel were extracted from and drosses generated during the smelting matte containing 1.2% to 4.7% iron. Resi- of Missouri lead ore concentrates and to dues remaining after the leach were consid- develop beneficiating procedures for recov- erably less than those left after leaching ering cobalt and nickel from commercial flotation concentrates and suggested a sub- lead, zinc, and copper concentrates by modi- . stantial concentration of the precious fying milling procedures now practiced in metals (90 ounces per ton). The Bureau con- the Missouri Lead Belt. The Reno (Nev.) tinued work on defining engineering and Metallurgy Research Center conducted in- cost factors related to a process developed to vestigations into the extraction of copper, recover nickel and cobalt from low-grade nickel and cobalt from complex sulfide con- domestic laterites. Scientists at Bureau __centrates (such as the Duluth gabbro) using facilities supplied Raney nickel inserts for a ferrous chloride/ oxygen leach system. large-scale testing at the Pittsburgh (Pa.) Scientists at the College Park (Md.) Metal- Energy Center. The Bureau was attempting lurgy Research Center reported on a study to increase both the resistance to poisons to produce corrosion-resistant alloys on the and the methanation activity of the basic surface of ordinary steel.? The process used
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an ion accelerator to bombard the surface of oped stainless steel alloys are finding use in 

a host metal with chromium or nickel ions. welded tubing and solar-concentrator 

By penetrating the surface of the metal -panels. Nippon’ Metal Industry:. Co.,° Ltd., : 

with particular metal ions, a layer of alloy developed. a new stainless steel ‘which is 

steel is created. During 1977, the, Western resistant to pitting corrosion. ‘In this re- 

Field Operation Center at Spokane, Wash., spect, it is ‘said to be superior to both 304 | 

- conducted photogeological work on possible and 316 stainless steels with a’higher:resist- 

extensions of mapped laterites on Eight ance to.étreés corrosion and cracking in 

Dollar Mountain, Woodcock Mountain, chloride environments. It was selected over 

Free and Easy Pass, and Red Flats, Oreg. sich austenitic stainless steels as Type 304 

Similar work was done on deposits in the for use in heat exchangers cooled by indust- 

Gasquet area, Del Norte County, Calif. _—rial, river, or underground water. It was 

_ Westinghouse Electric Corp. developed an shown to ‘exhibit excellent resistance to 

iron-nickel battery sy: stem which was tested seawater corrosion and was’ adopted by the 

during 1977 at the Triple-B ‘coal mine in [shikawajima-Harima ‘ Heavy: Industry 

eastern Kentucky. Reportedly,.the “new jganization for tubing in ship condensers. 

iron-nickel battery offers 80% more usable In this use, it replaces aluminum, bronze, 

energy onboard a. coal hauler than: an nq cupronickel tubing. A Second alloy 

equivalent volume lead-acid. battery. The ({8C#-2Mo) developed by Nippon was find- 

iron-nicke sd atte weighs oe sess ee ing applications in hot-water tanks, chem- 

the lead-acid battery and can be charged ical process equipment, water-storage 

1 to 3 hours compared with 8 or more hours j.,ks refrigérators, and tanks for “sake.” 

for the lead-acid battery. Spacecraft bat- Re Oo? h 8 t INCO deterinined that " 

teries in the 1980’s will apparently have esearcners. av © determined that me 

. : . hanical alloying was superior to other 

nickel-hydrogen electrodes.’ The ‘U.S. Air c hi f 4 noe Mé . 

Force was to receive 50 cells from Hughes met od s of alloying. 4 echanical alloyed | 

Force Was to eee luation in 1977, The ™aterials reportedly have mechanical; and 
batteries were reported as having twice the antioxidation-corrosion pr operties superior 

usable energy per pound of nickel-cadmium to conventionally produced alloy: S. The pro- 

batteries despite the heavy containers re- cess* involved simultaneous. milling .of all 

quired for hydrogen storage. The hydrogen constituents in‘a special, high-intensity ball 

electrode makes the battery relatively in- mill. Three superalloys, INCONEL alloy 

sensitive to overcharging and totally insen- MA754, INCOLOY alloy MA966E, and 

sitive to overdischarging. The Pesses Co. INCOLOY: MA600E, were extensively in- 

planned to expand its new Pulaski, Pa, vestigated. Alloy MA754*may find applica- 

plant to recover nickel and cadmium from tion as a replacemént for TD nickel in gas 

nickel-cadmium batteries.* The expansion turbine blades; MA956E’s oxidation resist- 

was built to handle an estimated 8% growth ance makes it suitable for burner-housing 

per year in the scrap nickel-cadmium bat- applications in jet engines; ‘and MA600E 

tery business. . alloys may be ‘used in 10 to 15 years in 

- Research continued through 1977 on the advanced gas turbine blades. A new nickel | 

development of ceramic components as sub- alloy for use in thermostats, controls, in- 

stitutes for superalloys for turbine applica- strumentation, and the.electronics industry 

tions. The ceramic components being inves- Was developed by the Minerals, Pigments, 

tigated. included rotor blades, — vanes, and Metals Division of Pfizer Inc. The alloy 

shrouds to combustor liners, and regenera- contains 36% nickel arid was designed for 

tors. Ceramics were being investigated as a use where minimal size change with tempe- 

means of increasing turbine temperatures rature fluctuations is critical. A new nickel- 

above the 2,000° F limit specified for most copper alloy, developed by the National 

superalloys. Hybrid systems will probably Aeronautical and Space Administration 

be used in future applications because met- (NASA), was said to retain catalytic proper- 

al support structures will be necessary to ties needed for the reduction of nitrogen 

absord shock and vibration. oxides while providing improved mechani- 

According to reports from the Stainless cal properties needed by auto emissions 

Steel °77 conference held in London, catalysts. Its stress rupture life is more than 

England, the nickel-free stainless steels four times that of other nickel-copper 

are gaining popularity.” The newly devel- alloys.®
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Scientists at the Denver Research Insti- material with nitric acid. The crude, nickel 
tute developed a metal powder composed of sulfate-nitrate solution was then purified 

_ rare earths and.nickel which wasclaimed to and denitrified. An electrolyte was pre- 
have ‘wide applications for storing and pared from the nitrate-free material, and 

transferring hydrogen. The powder was nickel was recovered by electrolysis. A new, 
escri as a péntdnickel intermetallic igk stable, electrolysis nickel-platin described péntanickel intermetallic highly stable, electroly kel-plating 

compound contdining-62% lanthanum, 25% process was announced by Enthone Inc. The 
neodymium, 8% .praseodymium, and 5% process produced a deposit of smooth, bright 
nickel. The compound was said to absorb six nickel-phosphorous alloy. The coating was 
atoms of hydrogen ‘for each compound mole-__ said to. be corrosion resistant in both rack 

| | cule. Other laboratories working on hydro- and barrel plating installations at a rate of 
gen storage and conversion included the 9.5 to 0.8 mil per:hour. The deposit had a | 
Argonne National Laboratory in Chicago, hardness of 46 to 48 Rockwell C. Heating for 

Ill; MPD Technology, a unit of INCO’s 1 hour at 750° F produced a hardness of 66 
Sterling Forest Laboratory in New York to70RockwellC. a , 
State; Billings Energy Research, Provo, —————. ,. ~~ | . 
Utah; ‘Bréokhaven Laboratory in Brook- »Physical scientist, Division of Ferrous Metals.. 

-- was a +*Haas, L.A., R. B. Schulter, and W.M. Mahan. Leachi haven, N.Y.; Lawrence Radiation Laborato- Duluth Complex Concentrates Mattes, and Roasted 
ries, Livermore, Calif.; and Sandia Labora- Mattes With H2SO,. Eng. Min. J., v. 178, No. 4, April 1977, 

. ; ae ‘ pp. . a om 

__ tories, New: Mexico. | 3Wesson, Sheldon. Steel. Corrosion Resistance Raised 
FALCO researchers ‘reported on a new _ With Beams of Ions. Am. Metal Market, v. 85, No. 244, 

~ process hich "yields high-purity nickel D2, 19:1977.p 12 : . 4, : g. pi : ; _ 4American Metal Market. Westinghouse Iron-Nickel 
chloride by: selectively dissolving nickel Battery System Being Tested. V. 86, No. 1, Jan. 2, 1978, p. 

| from copper-nickel converter matte with ®Thorton, J. Spacecraft Battery of Future Seen Using 
hydrochloric acid.'! Solvent extraction was Nickel-Hydrogen Electrodes. Am. Metal Market, v. 85, No. 

: . . . . . ~ . , Ov. ; UT, p. , . 

used to purify the solution with the nickel ®Mari, A. Pesses to Reclaim Battery Nickel-Cadmium. chloride being crystallized by the further Am. Metal Market, v. 85, No. 169, Aug. 31, 1977. p.8. 
+++ : : Irving, R.R. New Alloys in Stainless: That’s Where the 

addition of acid. An oxide was then pro- , tving RR Age, v. 220, No. 19, Nov. 7, 1977, pp. 57-67. 
uced by high-temperature hydolysis of the * Journal of Metals. Mechanical Alloyed High Tempera- 

_ separated nickel chloride. Subsequent re- ‘use Materials. v. By No: 12, December ior ppl. » 
. * e naus eek.’ INCW | 0 as rotential In Au a _ duction produced a high-purity, granular Reactors. V. 192, No. 5, Feb. 28, 1977, p. 33. 

metal product, Nickel 98. Scientists at *°Mari, A. New Metal Powder Stores Hydrogen for 
Minemet Recherche described a pilot plant 10, Mae 28 OT gens: Am. Metal Market, v.85, No. | 
study on a hydrometallurgical process to Woetougen: L. R., R. Parkinson, J. Sactre, and G. Van 

‘oh. * ° . eert. Operating Experiences With a Pilot Plant for the . . treat high-grade nickel matte or a nickel-  gyectrowinning of Nickel From All-Chlonde Mlockelvte 
cobalt sulfide precipitate to produce high- CIM Bull., v. 70, No. 782, June 1977, pp. 136-143. 

; ; : 12 tits Fossi, P., L. Gandon, C. Bozec, and J. M. Demarthe. 
purity electrolytic nickel.* The initial step panne of High-Nickel Concentrates. CIM Bull., v. 70, No. 
was the oxidation leach of nickel-bearing 782, June 1977, pp. 188-197.
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Nitrogen 
| By Russell J. Foster! 

Production of fixed nitrogen, that is am- gas. The project may demonstrate the feasi- 
monia, in the United States rose 5% in 1977 bility of retrofitting existing ammonia 
to 14.6 million tons of contained nitrogen. plants to use coal.2 TVA awarded a contract 
Ammonia exports declined 4%, but total to Air Products & Chemicals, Inc., for de- 
exports of all nitrogen compounds increased sign and Construction of an air separation 
6%. Imports of ammonia were up 48%, unit for the coal gasification plant.‘ 
paralleling the 45% rise for all nitrogen- The Federal Power Commission (FPC) 
containing products. Domestic consumption piaced ene oe vat the dedication of a 
of ammonia, including net imports of CHIC portions of natural gas reserves by 
538,000 tons of nitrogen content, wasup 5%. Producers to ammonia and other chemical 
Elemental nitrogen production reached 12 rerene of natural eas fro ee ao 

illion tons, 15 th i : | 
seat Conawaption Ze from the equal to offshore areas for production of ammonia 

odt . | and other chemicals can be charged above - 
production. | eae . | 

Legislation and Government Pro- the ceiling price set by the FPC when the 

grams.—The Energy Research and Develop- eae! 3s used as a feedstock rather than a 

ae tration signed an agreement The Food and Drug Administration (FDA) 
de 1 . the TACe al " the P oF am banned the use of soft drink bottles made 

eve fee, e al. The syn el 0 ted the from acrylonitrile. The FDA claimed that 
nia trom coal. [he company selected the the bottles were unsafe because unreacted 
Texaco, Inc., coal gasification process for acrylonitrile monomer can leach into the 
production of synthesis gas as part of the contents under the agency’s extraction test 
initial design and engineering phase of the ¢onditions.” 
project. Subsequent phases would include - The Environmental Protection Agency 
construction and operation of the plant in temporarily revoked pH limitations for all 

western Kentucky by 1982? effluent discharges of nitric acid so that the 
The Tennessee Valley Authority (TVA) issue of total compliance within a fixed 

announced plans to construct a small dem- _ range of pH could be reconsidered.* . 
onstration gasifier, also based on Texaco At yearend the outcome of comprehensive 
technology, to produce synthesis gas as part energy legislation, including the issue of 
of the raw material for its 225-ton-per-day natural gas price regulation, continued 
ammonia plant currently fed by natural unresolved.® 

Table 1.—Salient ammonia statistics 

(Thousand short tons of contained nitrogen) 

ET 0973~C«d‘QTA.~*«d‘STHB~«C‘OT6@~«CST7 

United States: | 
"Production Meee ----------_ 12,641 —-:18,061—s-:18,617 «18,863 ~—- 14,566 
Exports__________--________ 741 326 289 361 346 
Imports for consumption ________~____~____~_-________ 271 373 662 599 884 
Consumption? _________.__-______-.--~_--.______ 12,778 12,877 18,229 18946 14,685 

World: Production®___§______.____________ ee 51,500 53,400 54,600 65,000 68,500 

“Estimate. Preliminary. 
1Synthetic anhydrous ammonia and coke oven ammonia. 
2Includes producers’ stock change in synthetic anhydrous ammonia and coke oven ammonia. 673
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DOMESTIC PRODUCTION 

Domestic production of ammonia increas- double capacity at the site to over 1 million | 
ed 5% in 1977 to 14.6 million tons of nitro- tons per year.” 
gen content. Natural gas curtailments due Car-Ren, Inc., opened a 68,000-ton-per- 

| to colder-than-normal temperatures during year plant at Columbus, Miss.’* Jupiter 
the winter of 1976-77 resulted in record Chemical Co. started up a 78,000-ton-per- 

| losses of ammonia production. However, year unit at Lake Charles, La.’ 
these losses were balanced by plentiful in- Allied Chemical Corp. purchased the fer- 
ventories and new plants coming onstream. tilizer production facilities of Gardinier, 
A substantial expansion of anhydrous am-_ Inc., at Helena, Ark., consisting of anhy- 
monia capacity occurred in the United drous ammonia and downstream products.” 
States in 1977, which should cause industry Beker Industries Corp. closed its 175,000- 
capacity to rise well above the expected ton-per-year ammonia plant and down- 
demand, perhaps for the next few years. stream urea unit at Carlsbad, N. Mex.” In 
Qklahoma Nitrogen Co., a joint venture Texas, Phillips Petroleum Co. shut down a 7 

of W. R. Grace & Co., Gulf Oil Chemicals 230,000-ton-per-year facility at Pasadena, 
Co., and Terra Chemicals International, Amoco Oil Co. closed 200,000 tons of annual : 

| Inc., completed a 1,200-ton-per-day ammo- capacity at Texas City, and N-Ren Corp. 
| nia plant at Woodward, Okla. shut its 60,000-ton-per-year plant at Plain- 

International Minerals & Chemical Corp. view.2? Tipperary Corp. announced plans to 
- brought a 1,150-ton-per-day unit onstream close its 300-ton-per-day ammonia produc- 

at Sterlington, La.1! An identical facility tion facility at Lovington, N. Mex., effective 
was started up by Monsanto Co. at Luling, February 1978.78 
La At Pittsburg, Kans., Gulf Oil Chemicals 

Farmland Industries, Inc., brought a sec- Co. began construction to expand ammo- 
ond anhydrous ammonia plant onstream at nium nitrate production by 18% and reduce 
its Enid, Okla., complex. The new 1,000-ton- energy consumption. The project involves 
per-day unit was built adjacent to the origi- replacement of the 12 existing nitric acid 
nal plant." The cooperative also started up units with 1 large facility by 1979. The new 
a plant with daily capacity of 1,250 tons at Oklahoma Nitrogen Co. plant will be the 
Pollock, La.'* primary source of ammonia feedstock.** A 

Two 1,000-ton-per-day ammonia plants total of about 370,000 tons per year of 
came onstream at the Donaldsonville, La. additional ammonium nitrate capacity 

fertilizer complex of CF Industries, Inc. The came onstream during the year.* | 
- new units bring to four the number of Terra Chemicals International, Inc., | 
ammonia plants at the site.** announced the expansion of urea capacity 

_  Verdigris, Okla., was the location of Agri-.. at Port Neal, Iowa, by late 1978.7 Total 

co Chemical Co.’s new 1,150-ton-per-day am- domestic urea capacity declined by nearly 
monia plant which will provide feedstock 315,000 tons per year in 1977 with the 
for expanded urea-ammonium nitrate solu- closing of three plants.’ 
tions and nitric acid capacity due onstream Production of elemental nitrogen rose 
in 1979.16 | 15% to 12 million tons. Producers of indus- 

At yearend, Union Oil Co. was in the trial gases have embarked on a major capa- 
process of starting up a second ammonia _ city buildup, much of which is aimed at the 
plant at Kenai, Alaska. The new plant will merchant market. : : 

Table 2.—Nitrogen production in the United States 

(Thousand short tons of contained nitrogen) . 

TATE 1 9TP 
Anhydrous ammonia, synthetic plants! _._______________- 12,508 12,939 13,504 13,748 14,456 
Ammonium compounds, coking plants: 

Ammonialiquor __________-__-__-~-~--~~---~-~-~-+--~- 6 6 5 4 7 
Ammonium sulfate. __§_§_.§_$____.-____-__-------~-~- 127 116 108 111 103 
Ammonium phosphates ____.._-_____-_-_-_--------~-- (?) (?) (?) (?) (2) 

Total.___________________-____-_____--_. —-:12,641 ~—-18,061_—:18,617 18,863 14,566 
Elemental nitrogen’ ?__§_§_§_§_-______________________- 8,229 8,814 9,142 10,464 12,010 

PPreliminary. 
1Current Industrial Reports, U.S. Department of Commerce, Bureau of the Census. 
2Included with ammonium sulfate to avoid disclosing company proprietary data. 
3Converted from reported volume (at 70°F and 1 atmosphere pressure) at 27,605 cubic feet per short ton.
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Table 3.—Major nitrogen compounds 
produced in the United States 

(Thousand short tons, gross weight) 

Compound 1976 1977" 

Acrylonitrile _~____..___~_-- 7159 821 
Ammonium nitrate _~_______~_- 7,186 7,177 
Ammonium sulfate! _~________ 2,582 2,666 | 
Ammonium phosphates ______—~— 8,988 10,570 
Nitric acid _.._____._____--_ 7,791 7,951 
Urea __ ~~ ee 3,928 4,446 

PPreliminary. 
1Includes ammonium sulfate from coking plants. . 

Sources: Bureau of the Census and International Trade 
Commission. 

Table 4.—Domestic producers of anhydrous ammonia 
(Thousand short tons per year of ammonia) 

Company Location Capacity 

Agrico Chemical Co.-Williams _.______._._._.__._...~.  Blytheville, Ark ______________~_~~- 407 
Do____L ee Donaldsonville,La ~~ ___._-~-___-—-—~ 468 
Do_______~_ ee Nordigris, Okla Wee eee 840 

Air Products & Chemicals, Inc ___._._.__._.._.___.-. | New Orleans, La .____~__~___-~_-~~- 210 
Do__ eee Pace Junction, Fla ~~ ~_._~_~____-- 100 

: Allied Chemical Corp __.______.-_---~-----+-- LaPlatte, Nebr _~__ __________-___-- — 200 
Do_________ ee L-____-_-. Hopewell, Va _____-__-_-------- 340 
Do_______ Le Geismar,La __~_~_~__~__~_____-~-~____ 340 
Do________~__~____ ee «=: South Point, Ohio ____-_-_________~_ 160 

American Cyanamid Co _______._..__-~-_---~---~- Fortier, La ~~. ______-_-_-__--~- 340 
Amoco Oil Co ___ _-______~__ ______-____---.  TexasCity,Tex ~._____-__-_--~_-~- 522 
Apache Powder Co ________-__--~--~--~--~--~-- Benson, Ariz ____.______~____--— 15 
Atlas Chemical Industries, Inc __...._..-._._._.__- _ Joplin,Mo ~_~___ ~~~ ~___-~_--__-~- 136 
Beker Industries Corp ________._____-.-..-_-~ Conda,Idaho ________________-~~-~- 100 

Do____ Le Carlsbad, N. Mex _~_______-_-_-_-~- 170 
Borden Chemical Co _____~_~§___~__~ ~~~ Geismar,La __~~._~~_______~____-_ 340 
Camex, Inc___________----_------__----~— Borger, Tex _____________--_-_~-- 400 
Car-Ren, Inc___~__~____~__~_ Columbus, Miss —~________~_______ 68 
CF Industries, Inc _____~__~____~__ ~~~ Donaldsonville,La ~~~ ~__~_________ 1,590 
Do________ ee Fremont, Nebr ____ 9 _9____§________ 48 
Do___ ee Terre Haute,Ind —~_~_~___________-—_ 150 

Chevron Chemical Co _____.______..-___._.——. Pascagoula, Miss _~______________-_ 510. 
Do____~___ eee Richmond, Calif ~~~ _______ 130 
Do_____ eee Fort Madison, Iowa _______~_____~-~- 105 
Do____ eee. ElSegundo, Calif ~.____________-- 20 

Columbia Nitrogen Corp _______.-___-__---_.. Augusta,Ga __________-_----_-~- 122 
Diamond Shamrock Chemical Co ____._._..____.__.. Dumas, Tex_________________ ~~~ 160 
Dow Chemical Co__________._._.---_._.-_-.  Freeport,Tex ~_____-~- _~__--~-~- 115 
E. I. duPont de Nemours & Co ____~§_____-____---- Beaumont, Tex ~~ ~_____________-~_ 340 
Do____ Lee ~—_— Belle, W. Va ____~__~_~______-~__--_ 340 
Do_____ ~~ LL )~—S—séC Vittoria, Tex ~~ 2 2 5 5 ee 100 

Duval Corp_______________-_-_~_------~-_- Hanford, Calif _.._-.___.________-_ 42 . 
El Paso Products Co ____________._____._.__. Odessa, Tex _____________-___-- 115 , 
Farmers Chemical Association - CF Industries,Inc_._.._._. Tunis,N.C ~_____ ~.___ ~~ -__-- 210 

Do_______-____-_~_-_-_-~-~--__-.~--~—  Tryner,Tenn _____ ~~~ ~_~__-~__-_-~- 170 
Farmland Industries, Inc ____________--_~_---_- Fort Dodge, Iowa —~_~___________~-- 210 
Do____~__ ee _ ~~ DodgeCity, Kans —~______________-_ 210 
Do________~_-~_---_-~~_~-_---_-._-.~. Hastings, Nebr ~______.________--~- 140 
Do_____ ~~ eee ~—)——d Enid, Okla ~~~ Le 840 
Do____-~ ~~~ ee ~=—Lawrence, Kans ____§____________- 340 
Do______--__-_-_-_-~_-_~_-_----_- ~~.  Pollock,La ~___~_.~___________-- 420 

Felmont Oil Corp _________-.-_---.~--_-_-_-- Olean, N.Y ~- ~~~ ~~ ~~ 85 
First Mississippi Corp _____.__._.._.._.-.._..-... Fort Madison, lowa _____________-~- 365 
FMC Corp _______-_-_~----~-----..----~~~ | South Charleston, W. Va __________~~- 24 
Gardinier, Inc___._.______._-_.-.-...--_-. Tampa,Fla ____ ~~ ~_____~_____-~-~ 120 

Do______-_-~__~_-~~~-_-__-_-~-._-..... Helena,Ark ~__~___~_~___~_-___- 210 
Goodpasture, Inc ____._.__._-.---_-----~-----~ Dimmitt, Tex __________________-- 71 
W.R. Grace & Co __ __ ~~~  Woodstock,Tenn _______________ 340 

Do______-_-_-_-__________-___.__.~. _ Big Springs, Tex _______________-_ 100 
Green Valley Chemical Co ___________..._._--. Creston,lowa _________________-_ 35 
Hawkeye Chemical Co___._~____.._-_--__--.- . Clinton, Iowa _________________-_ 138 
Hercules, Inc __._____.__-_-.-----_--_-_-_~. Louisiana,Mo __________~_~___-_- 70
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Table 4.—Domestic producers of anhydrous ammonia —Continued 

. (Thousand short tons per year of ammonia) 

| Company Location . Capacity 

Hooker ChemicalCo_____________-____--_-__ Tacoma, Wash __________________ 23 
International Minerals & Chemical Corp ___________ Sterlington, La ——---------------- 770 
Jupiter ChemicalCo ________§_§____________ ee Lake Charles,La ___~_____________ 78 
Kaiser Agricultural ChemicalsCo__._._._._..._....- Savannah,Ga _________~_______'__ 150 
Mississippi Chemical Corp __._________________ Yazoo City, Miss — ~--------------- 393 

Do____-__-_--_-__-_-_---_-__-_-.__-__.. Pascagoula, Miss ~__-..___________ 175 
MonsantoCo __________~___ et Luling,La ~~ ~___~___~____ ee 850 
New Jersey ZincCo ______.______i.___._____~  Palmerton, Pa ________._________ 39 
Nipak, Inc ______-__-__.----_-_-_---_-_-_-_. Pryor, Okla ________~___ ee 105 

Do______-______~-~--__~_.-_-_____._. Kerens,Tex _~__________________. 115 
N-Ren Corp. (Cherokee Nitrogen, Inc.) _._..._______ _ Pryor, Okla _.-__§9 ~~ ~~~ Le 94 
N-Ren Corp. (St. Paul Ammonia Products Co.) _.._._._._- East Dubuque, I] ~.__~__.-_______. 238 
_N-Ren Corp _____-___-_-__.i.___________. Carlsbad, N.Mex _________=______ 68 
Occidental Agricultural Chemical Co__.___________ _ Taft, La _____________________ 90 

- Do____ ee LLL ~—s Lathrop, Calif ~~ ~~ ~~ ~~~ ________ 160 . 
Do______-_--~___ ~~ eee _______—— Plainview, Tex __________________ 52 

Olin Corp____-______-___._i--~-_________. LakeCharles,La ~__~_____________ 490 
Pennwalt Chemical Co. ___$_§_-§_-$_. ~~~ Fortland, Oreg ——-----~------7777 8 
Phillips Pacific Chemical Co ___._.._.__._._____.__ Kennewick, Wash ________________ 155 

’ Phillips Petroleum Co ____§___________________ Beatrice, Nebr __________________ 210 
PPG Industries ________._._________-.____. Natrium, W.Va _________________ 50 
Reichhold Chemicals, Inc __.__-_______.3_________ St. Helens, Oreg _._-__-§-_-- _-_-_______ 90 
Rohm and Haas Co____§_~__§_~ ~~ ee Deer Park, Tex __-§___§___-______ 45 
J. R. Simplot Co_._____.-._...___-__._.._-_~  Pocatello,Idaho __-_______________ 108 
Swift Chemical Co _________..___.._.-____.___. Beaumont,Tex _________________ 300 
Tenneco Chemical Co _._§__.__.________________ Houston, Tex _.__- -§ 5-5 5 5 ee 210 
Tennessee Valley Authority _._________________ Muscle Shoals, Ala ~______________ 74 

: Terra Chemicals International, Inc _.._-...-9-§_______ Port Neal, Jowa ~________________ 210 
Tipperary Corp _-_________.___---__-_-_-_.  Levington,N.Mex _______________ 100 
Triad Chemical Co _________________-..-__--.-  Domaldsonville,La ~_~_____________ 340 
Union Oil Co. LLL Kenai, Alaska ~_~_9__~_____-~_______ 510 
Do___-__ Le Brea, Calif ~._._-___~_ uz __e 280 

- US.A. Petrochemical Corp _._______._.___.____.. Ventura, Calif _._______-_________ 60 
U.SS. Agri-Chemicals, Inc ___.__-__--_-___________ Clairton,Pa ~_~_~_________ ie 325 
Do ee Cherokee, Ala _..__-_._____-_-___ 177 
Do_____-=_-.- ee )=—Ss Geneva, Utah ~~ 70 

Valley Nitrogen Producers, Inc _..__.______.___.  ElCentro,Calif _._.______________ 210 
~ Do-_w eee Helm, Calif ~~~ _-§_- ~~ Le 176 
Do___ LLL Chandler, Ariz ~_-_--.-9_-____________ 33 
Do______ LLL Hercules, Calif... ~__~__~_-_____ 52 . 

Vistron Corp________~.~~ ~~ ~__~__ ee Lima, Ohio ____~_ ~~ Le 475 
Vulcan Materials Co__§.$_-$._-.--_._..--_-__...._.  Wichita,Kans __________________ 35 
Wycon ChemicalCo __________-_________._... | Cheyenne,Wyo _________________ 167 

Total________~____ Le eee ee ee 21,497 

Source: Distribution Economics Section, Tennessee Valley Authority. World Fertilizer Capacity, Ammonia. Muscle 
Shoals, Ala., Sept. 14, 1978. . 

CONSUMPTION AND USES | 

Consumption of ammonia in the United _ sives, resins, fibers, plastics, and animal 
States increased 5% in 1977 to 14.7 million feeds. 
tons of contained nitrogen. Fertilizers Elemental nitrogen consumption, as- 

accounted for over three-fourths of ammo- sumed to be equal to production, rose 15%. 
nia demand either in direct application or The two primary uses of elemental nitrogen 
the manufacture of downstream nitrogen were as a gas to exclude or purge air in the 

fertilizer compounds. Production of urea manufacture of certain chemicals, metals, 

and ammonium phosphates gained substan-_ electronic components, and glass, and as a 
tially in 1977. Other uses of chemicals liquid to provide low temperatures in food 
produced from ammonia included explo- processing and scientific applications.
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STOCKS | 

Ammonia stocks held by producers at of contained nitrogen, up 23% from the 
yearend 1977 totaled nearly 2.3 million tons previous year’s ending inventory.”® 

| PRICES 

The average value of anhydrousammonia ammonia declined 2%.7° Ammonia prices 
shipped by producers, f.o.b. plant, was $107 weakened during the year because of in- : 
per ton in 1977, essentially unchanged from creasingly abundant domestic and foreign \ 
the previous year, and 28% below the peak supplies. 
attained in 1975. Average prices for down- The average price of elemental nitrogen 

_ stream nitrogen compounds at the produc- as pipeline gas was $12.70 per ton in 1977, 
ing plants increased in 1977. - an increase of 8%. The price of elemental 
Farm prices of urea, ammonium nitrate, bulk liquid nitrogen dropped 2% to $56.01 

- ammonium sulfate, and nitrogen solutions _ per ton.*° so 
rose 2% to 7% above 1976 levels, while | 

Table 5.—Price quotations for major nitrogen compounds in 1977 

(Per short ton) 

Compound . Price 

Ammonium nitrate, domestic, fertilizer-grade, . 
33.5% nitrogen, bulk, delivered _.______________-__~__-_-~~-~--~~--~~~-~-+--~--+~+--- $91-$115 

Ammonium sulfate, standard-grade, commercial, bulk, f.o.b. works —.—_.___-___---_----~--=-+-+ 60 
Anhydrous ammonia, fertilizer, wholesale, tanks, 

delivered east of Rockies, except east coast _-.__________._--___~-_-~--~--~-~--~-+--~~--- 120-140 
Aqueous ammonia, 29.4% NHs, anhydrous basis, 

tanks, freight equalized east of Rockies ~._-_..____________~~_~~--~_~-~_-~--~~~-+--~--+-- 165-180 
Sodium nitrate: . 

Domestic: 
Agricultural, bulk, carlots, f.o.b. works ~_~__...__.__-..--~---~~-~-~--~----+---+- 139 
Agricultural, bags, carlots, f.o.b. works ~.~_____________~-~_~-~---~--_~---~~---+-- 150 

Imported: . 
Commercial, bulk, carlots, f.o.b. Atlantic and Gulf warehouses _______________--__---~+- 118 
Commercial, 100 pound bags, carlot, same basis ~ one eee 130 

u Agricultural, bulk, carlots, Atlantic and Gulf warehouses ______________.__~___-__--~- 100 
rea: 

Industrial, 46% nitrogen, bulk, 50-ton carlots, delivered East ~~~. _________~____-___-~-~_ 160-175 - 
Agricultural, 46% nitrogen, bulk, same basis __._______..~____.~--~-~~-~-~-~-~-_~--~-+- 1380-140 
Agricultural, 45% nitrogen, bulk, 50-ton carlots, delivered East ._.____.-___.___-_____---~- 120-130 

Diammonium phosphate, fertilizer grade, 18-460, 
bulk, carlots, f.o.b. Florida works ~__2_~-_~_._____.-~-___~-~_~-_-~-_-~-~-~-~_ ee 110-125 

Source: Chemical Marketing Reporter. 

, FOREIGN TRADE 

The quantity of ammonia exported by the ammonia imports. Significant increases in 
: United States declined 4% in 1977, but imports of downstream ammonia products 

greater exports of ammonium phosphates _ such as urea, ammonium nitrate, and nitro- 
and urea contributed to a 6% total increase gen solutions also contributed to a 45% 
in exports of nitrogen-containing products. |§ jump in the quantity of all imported nitro- 

The availability of foreign ammonia at gen compounds. 
low prices prompted a 48% rise in USS.
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, Table 6.—U.S. exports and imports for consumption of major nitrogen compounds. 

; (Thousand short tons and thousand dollars) 

. . 1976: _ 1977 . 

Compounds Gross Nitrogen ' _ Gross Nitrogen 
: weight content® | Value weight content® Value . 

| EXPORTS , . 
Industrial chemicals: Anhydrous ammonia and 2 " 

chemical grade aqua (ammonia content) _ _ _ _ 133 109 11,167 108 89 8,938 
Fertilizer materials: ¥ 

Ammonium nitrate ~______________ 12 4 3,444 15 5 1,635 
Ammonium phosphates _____________ 2,823 508 309,192 3,353 604 383,628 
Ammonium sulfate_ $92 2 644 133 20,066 500 103 26,201 
Anhydrous ammonia and aqua (ammonia é hs 

content) _-___________________ 307 253 29,205 314 257 28,972 
Nitrogenous chemical materials n.e.c_____ . 19 6 2,635 38 ~ jl ‘4,249 
Sodium nitrate ____.._----________ 2 (?) - 1838 2 (@) 273 
Urea _________________- ie 532 242 45,241 578 263 56,935 
Mixed chemical fertilizers ______.____ - 242 24 30,284 195 19 26,908 

Total. ________-__-__-----__. 4714 1,278 . 449,417 5,108 1,351 587,739 

IMPORTS | ” a rs | 
Industrial chemicals: Ammonium nitrate ____ 3 1 356 30 10 3,438 
Fertilizer materials: 

Ammonium nitrate ~~~. ~_ ~~~ ______ 312 105 24,146 361 121 31,664 
Ammonium nitrate-limestone mixtures ___ 29 6 1,439 60 13 3,597 
Diammonium phosphates ____________ 142 26 18,642 171 31 19,264 
Other ammonium phosphates _________ 70 13 8,294 202 36 20,067 
Ammonium sulfate__.-.-______.____ 566 117 23,549 327 67 16,372 
Calcium cyanamide or lime nitrogen _____ 38 8 447 2 () 462 
Calcium nitrate ~~~ ______. 64 10 3,875 81 13 4,716 

| Nitrogen solutions _.______________ 302 91 21,797 495 149 40,273 
Anhydrous ammonia_______________ 730 599 70,836 1,078 884 103,221 
Potassium nitrate or saltpeter, crude _____ 14 2 2,297 22 3 3,247 
Potassium nitrate, sodium nitrate mixtures _ 40 6 5,845 540—C 8 5,101 
Sodium nitrate _...._.__.___________ 108 16 "8,148 157 25 11,139 
Urea ___ 842 383 84,674 1415 ~ 644 158,675 
Mitrogenous fertilizers n.s.p.f__________ ~ 100 20 9,246 163 — 33 15,943 
Mixed chemical fertilizers _..._______ 112 11 - 18,728 120 - 12 14,871 

Total. 5 ee 3,467 1,414 296,814 4,738 2,049 ~—-447,050 

°Estimate. 
1Less than 1/2 unit. 

| WORLD REVIEW | 

During 1977, additions to world ammonia_ Canada.—With _ the startup of two 
capacity included significant increases in ~ 400,000-ton-per-year ammonia plants in Al- 
North America. Markets of traditional ex- berta, by Cominco, Ltd., at Carseland, and 

porters were being diminished by greater Canadian Fertilizers, Ltd., at Medicine Hat, 
self-sufficiency of many nations and the Canada’s ammonia capacity has jumped 
emergence of new export-oriented capacity. 70% since mid-1976. Much of the new Can- 
Plentiful supplies of ammonia kept world adian ammonia and downstream products 
prices depressed in 1977, and raised concern output will go to U.S. markets.** Canadian 
regarding the status of plants with high Industries, Ltd., the principal explosives 
operating costs. manufacturer in western Canada, brought a | 

Argentina.—Petrosur SAIC, the country’s 250,000-ton-per-year _ammonium nitrate 
sole producer of urea, was expanding ca- plant onstream at Carseland, Alberta. Feed- 
pacity at Campana to 99,000 tons per year.**_ stock ammonia will be supplied by pipeline 

_ Austria.—Chemie Linz AG started up a_ from the adjacent facility of Cominco, Ltd.* 
urea plant with a capacity of 167,000 tons Sherritt Gordon Mines Ltd. revealed a plan 
per year of nutrient. The existing facility at to build a 350-ton-per-day urea plant in 
the site was shutdown.*? 1978 at its Fort Saskatchewan, Alberta, 

Brazil.—An ammonia plant with capacity complex.®’ 
of 300,000 tons per year of contained nitro- Chile.—The Chilean Corp. of Develop- 
gen and a urea plant with 133,000 tons of ment has set up a joint venture with Garret 
annual nutrient capacity came onstream at Research & Development Co., Inc., to im- 

Camacari.* prove nitrate production methods.** 
Bulgaria.—Construction of a new 1,500- Costa Rica.— Fertilizantes de Centro 

ton-per-day ammonia plant at Dimitrovgrad America S.A. announced that its 81,000-ton- 
has been scheduled.*4 per-year nitric acid plant at Puntarenas
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was operational, effectively doubling onsite with annual capacity of 564,000 tons was 
capacity. a slated for Aceh, North Sumatra.’ The sale 
*Egypt.—Abu Qir is the site of a new of Indonesian urea to the Philippines signal- 

fertilizer complex under construction. Am- ed the country’s emergence as yet another : 
monia capacity being installed will be in Asian exporter. | 
excess of the requirements of the 550,000- _ Iran.—Construction of Shahpur Chemical 
ton-per-year urea plant.*° : | Co.’s fertilizer complex at Bandar Shahpur 
_ France.—The domestic fertilizer industry was completed. Daily capacities were 1,100 
has suffered losses because of rising raw tons of ammonia and 1,650 tons of urea.** — 
material prices and poor sales brought on —‘Iraq.—Construction of the first of four 
by bad weather and low-cost imports. The @mmonia-urea facilities planned for Khor 

Government was attempting to streamline !-Zubair was completed.” The Iraq State 
the industry by reorganizing both the State Fertilizer Co. commissioned an 880-ton-per- 
and private sectors."! day ammonia plant and a 2,090-ton-per-day 

‘ Two of the five ammonia plants sanction- Urea unit at Abu Flus.* - ; : 
ed by the Government 2 years ago apparent- Italy.—At Ferrara, Montedison commis- 

ly will proceed although under different Sioned a 544,000-ton-per-y ear ammonia 
ownership. A group of companies (Rhone- plant to replace an obsolete unit, and a 

Poulenc Industries, CdF Chimie, Cie. downstream urea plant with a capacity of 
Francaise de I’Azote, and the Bank Société 44,000 tons per year. Surplus ammonia 
Générale) have plans for a 1,100-ton-per-day will be shipped to Montedison 8 fertilizer 
plant at the Grand Quevilly site.of Rhone- complex at Porto Marghera. Construction 

‘Poulenc, by late 1978 or 1979. Another proceeded on a 363,000-ton-p Sa uble 
1,100-ton-per-day plant was planned at unit at Manfredonia, which will double 
Villers-Saint-Paul by Produits Chimiques onsite capacity.» .. | 
Ts | Japan.—A significant decline in the ex- 
Ugine Kuhimann.* : , ort market for urea over the past 2 years Instel France signed a $200 million con- arket TOF y | Past 4.Y 
tract with Soyuzchimexport for 330,000 tons has forced Japanese plants to operate at 

. . , less than 60% of capacity. The expense of 
per year of Soviet ammonia over a 10-year running large plants at reduced rates has 

| period beginning in 1979 or 1980. The am- led to reductions or closures of ammonia- 
mona w ill be supplied from the ports of urea production lines.*2 Mitsubishi Gas 
tion ereomont fe fou P a eramonia > ‘ants Chemical Co. replaced an.obsolete ammonia 

built in the U.S.S.R. by Creusot-Loire.** | eee with a new 291,000 ton-per 

_Germany, Federal Republic of—Rela- Korea, Republic of —A huge fertilizer 
tively high prices have encouraged enough complex came onstream at Yochun for 

7 nitrogen fertilizer imports to account for Wamhae Chemical Co. Besides two.-1,000- 
about one-third of nutrient consumption. _ ton-per-day ammonia plants, downstream 

| India.—The Fertilizer Corp. of India  ynits included urea, nitric acid, and ammo- 
announced the expansion of the Trombay nium nitrate. This has created a problem of 
fertilizer complex. Trombay V will consist overcapacity, however, and the Government 

of a 990-ton-per-day ammonia plant and a was considering production cutbacks at 
1,100-ton-per-day downstream urea unit, other plants and additional export markets 
scheduled onstream by 1980. Naphtha feed- to reduce supply.* : 

stock has been planned with changeover to Kuwait.—Petrochemical Industries Co. 
natural gas when it becomes available from has completed the expansion of its annual 

the Bombay High field. | urea capacity at Shuaiba from 192,000 tons 
The Government abandoned plans for a_ to over 330,000 tons.** Construction of ‘a 

nitrogen fertilizer complex at Mathura, be- 1,100-ton-per-day ammonia plant at the site 
cause of the proximity of historical monu- was under consideration.** 
ments at nearby Agra. Rewas, a site with Libya.—Libyan National Oil Corp.’s 

access to natural gas deposits, has been  1,100-ton-per-day ammonia plant was com- 
proposed as an alternative.‘ pleted at Marsa el Brega. Output from the 
Indonesia.—The PUSRI III complex, con- natural gas based plant was slated for 

sisting of a 1,100-ton-per-day ammonia export until the downstream urea unit 
plant and a 1,900-ton-per-day urea unit, was comes onstream in 1979.57 
commissioned at Palembang, South Su- Mexico.—Petréleos Mexicanos (PEMEX) 
matra. Construction of an identical facility, brought two 1,650-ton-per-day ammonia 
PUSRI IV, at Palembang, has been schedul- plants onstream at Cosoleacaque. Con- 
ed for completion in 1979.“¢ A urea plant struction of another ammonia plant with a
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capacity of 1,100 tons per day was com-_ were proposed. - : : 
pleted at Salamanca. PEMEX also an- Trinidad and Tobago.—Construction of a 
nounced plans to build two 1,650-ton-per- 400,000-ton-per-year ammonia plant was 
day ammonia plants at Cunduacan by completed at Port Lisas. The plant is a joint | 

| 1980.58 Mexico has become a major producer venture between the Government and W. R. 
of ammonia and has entered world export Grace & Co. and complements Grace’s 
markets. | _ 250,000-ton-per-year plant at the site. Par- 
Netherlands.—A § 440,000-ton-per-year ticipation in this and other ammonia pro- 

ammonium nitrate plant came onstream at jects in the United States enabled the com- 

Sluiskil.*° pany to close its 135,000-ton-per-year plant 
Pakistan.—Fauji Agrico Fertilizer Co., at Aruba, Netherlands Antilles. 

Ltd., will build a 1,100-ton-per-day ammonia Amoco has also agreed to an ammonia 
plant and a 1,900-ton-per-day urea unit in project in partnership with the Govern- 
Punjab with a loan from the World Bank. ment. The 2,200-ton-per-day plant was 

_ Natural gas will be supplied by pipeline  s)ated onstream in 1980 at Port Lisas.”° 
from the Mari field.©° Organization of Petro- Turkey.—Istanbul Gubre Sanayii AS 

leum Exporting Countries (OPEC) financing started up a 365,000-ton-per-year, naphtha- 
was obtained for the construction of a 1,000- fed ammonia plant and a urea unit with an 
ton-per-day | ammonia plant and down- annual nutrient capacity of 258,000 tons at 

stream nitric acid and calcium ammonium = [ymit, A similar complex has been planned | 
nitrate units at Multan. a for Kirikkale.7! | 

nee ra Air Products & Chemicals, Inc, _U.8.8.R.—The Soviet fertilizer industry is 
as contracte to build an 80-ton-per-day being transformed into one dominated by 

| gaseous nitrogen plant at Cuzco. The nitro- large-capacity plants. Mitsui-Toyo of Japan 
gen will be used as feedstock in an ammonia was awarded a contract to construct 10 
plant at the site. 495,000-ton-per- ia plants at Be- 

. Romania.—Two ammonia plants with eas per-year ammonia plants a 
| eae rezniki, Togliatti (8 plants), Rossoch, Sala- 

capacities of 330,000 tons per year were . 
ee vat, Kirovo-Chepetsk, Kemerovo (2 plants), 

commissioned at Arad and Turnu Mag- dF 72 
urele. The Arad plant will provide feedstock PI ergana. ced f th 

| for two nitric acid units and a compound 495 000. ton per. car ammonia ‘lan t at An. 
fertilizer plant. The addition at Turnu Mag- garsk The naph tha-fed unit wes scheduled 

sree Onn as annual capacity there to onstream in 1980.77 The fourth ammonia 

— Some earthquake damage was sustained plant at Nevinnomyssk was commissioned, 
in March at Turnu Magurele and Craiova, increasing the capacity of the complex to 1.3 

another major fertilizer production center, million tons annually.’ , 
_affecting the country’s ability to meet urea Ammonium nitrate production capacity 

exer contracts." The European Ezonomic 3 Ceo Pannen 
done meainet  ebrogen a otilin ee pnorte onsite nutrient capacity to 280,000 tons.’ 

from Romania following an agreement by Construction of a 177,000-ton-per-year am- 

Romani nec vontary restraint ih om, an cr cites wes be its sales to Western Kurope.® 
. Sudan.—Sudan Ferteliger Corp. has at Mary.”* A 1,540-ton-per-day granular am- 

scheduled construction of two 220-ton-per- monium nitrate plant was commissioned at 
day ammonia plants and a downstream Cherkassy.” 
urea unit at Khartoum, with an onstream United Kingdom.—Folowing the com 
date of late 1978.% missioning of a new natural gas base 
Taiwan—A 330,000-ton-per-year ammo- 330,000-ton-per-year ammonia plant at Bil- 

nia plant and a 220,000-ton-per-year urea lingham, Imperial Chemical Industries, 
unit were due onstream in 1978 for Taiwan Ltd. (ICI), closed its 100,000-ton-per-year, 
Fertilizer Co. at Miaoli. The country’s an- naphtha-fed unit at Heysham.”* The com- 
nual ammonium sulfate capacity increased pany also brought a 182,000-ton-per-year 
by 20,000 tons of nutrient with the addition nitric acid plant onstream at Billingham.” 

| v a new ee at joufun Raonstung In addition, iO announced plans to expand 
mmonium Sulfate Corp. announced plans ammonium nitrate production by con- 

to expand its fertilizer complex at Kaoh-_ structing a 250,000-ton-per-year nitric acid 
siung. A 28,000-ton-per-year nitric acid plant to feed a 430,000-ton-per-year ammo- 
plant was scheduled onstream in 1978, and nium nitrate plant, due onstream at Billing- 
future plans for ammonia and urea plants ham by 1979.*%°
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After a Government-urged price settle- natural gas supplies at Ince, clearing the | 
ment between ICI and British Gas Corp., ICI way for the construction of the company’s 
will pay a new higher price for natural gas long-planned 385,000-ton-per-year ammonia 
beginning in January 1978. The increased plant at Merseyside.** : 
feedstock costs should raise fertilizer prices The projected ammonia plant at Peter- 
enabling smaller competitors to strengthen head, Scotland, by the Scandanavian group, : 
their financial posture.*! Pending approval Scanitro, has been shelved.* , : 
of the price hikes by the UK Economic Com- Yugoslavia.—Plans were announced by 
mission, Thames Nitrogen Co. announced at INA-Petrokemija for a major fertilizer com- 
yearend plans to reopen its 440-ton-per-day plex at Kutina. An ammonia plant and 
ammonium nitrate plant at Rainham, downstream urea, nitric acid, and ammo- 7 
which had been closed since March.*? UKF nium nitrate units will be constructed at 
Fertilizers, Ltd., and British Gas Corp. also _ the site.*5 

agreed on a similar price agreement for 

Table 7.—Fertilizer nitrogen compounds: World production and consumption for years 
ended June 30, by country’ 

. (Thousand short tons of contained nitrogen) 

Production Consumption 
Country : SS 

1974-75 1975-76 1976-77" 1974-75 1975-76 1976-77" 

North America: | 
Canada _________-____-- €987 r eg54 ©1058 586 613 672 
Costa Rica® ____________- 33 33 34 237 ¥ 234 23) 
Cuba ______ ee °51 &90 °75 T2154 2172 2206 
Dominican Republic ____—___ __ —_ __ 51 “330 39 

- ElSalvador _.___.-_-__-- eg 6 5 ©69 “72 “85 
Guatemala ____________-- &6 &6 °6 41 tT €39 45 
Jamaica® _______________ 3 3 3 F210 ¥ 27 28 
Mexico ___________-___- °517 °640 717 721 918 982 
Netherlands Antilles® __ _____ 23 7 3 __ _- __ 
Nicaragua® _____.__-___- _ —e __ 24 18 25 

. Trinidad and Tobago ________ 100 49 51 26 25 27 
United States including Puerto 

Rico and U.S. Virgin Islands) _ 9,341 10,572 10,792 °8,608 ©10,412 ©10,643 , 
Other? ________________ __ __ __ 42 43 38 

South America: 
Argentina __.~__~______--~-~ 28 20 20 46 31 43 
Brazil? ~_______________ 7158 177 215 428 427 515. 
Chile? __ _______________ 125 127 110 57 43 52 
Colombia? _____________-_ 96 72 73 135 123 157 
Ecuador __________--_-- 7) 2 2 24 15 39 
Peru_____________----- 22 ©40 63 125 92 111 
Uruguay? _~._______-__-- _- __ __ 11 12 23 
Venezuela? _~__________-- “53 “55 ©g2 64 71 82 
Other* ________________ _- __ __ 21 13 17 

Europe: 
Albania® ______________-_ 40 40 50 . 40 40 50 
Austria ___________----- 249 ©2820 ©2638 138 134 158 
Belgium-Luxembourg —_———__ 107 672 °719 204 201 209 
Bulgaria?_______________-_ 654 741 731 363 419 384 
Czechoslovakia ______~_~_- ©5838 © 2546 © 2620 472 °586 591 
Denmark® ______________ 90 88 120 331 374 385 

. Finland ____-.~..~-------- 278 223 210 250 220 178 
France ___.__--_-----_-- 1,867 ©1500 ©1612 1,714 1,883 2,001 
German Democratic Republic? _ _ 481 593 856 740 TAT 832 
Germany, Federal Republic of __ 1,735 1,388 1,422 1,324 1,354 1,458 
Greece ___._-.__-_-~--- 291 318 301 277 303 321 
Hungary? ee &459 464 542 608 591 576 
Iceland* ~___.._-__-~__~-- 8 10 , 12 15 16 16 
Ireland ________.------- ©107 “110 “100 147 168 185 
Maly — sag 7777777777777 1,247 1,102 1,086 741 798 740 
Netherlands ______-_____-_ "1,471 ©} 272 ©1381 480 497 474 
Norway __.—-.~-~—~---~---- 430 393 371 106 108 105 
Poland ____--_--------- 21,607 21,689 21,706 1,260 1,354 1,337 
Portugal ____.____------- €911 ©2924 €194 140 €155 152 
Romania? ______________ 1,080 1,424 1,467 540 869 675 
Spain? _______________- ©796 “910 ©974 187 196 915 
Sweden® _______________ 194 187 167 259 284 286 
Switzerland ________--_-- 32 32 35 42 49 56 
U.S.S.R.? ~- ee 8,605 9,333 9,404 7,381 8,090 7,994 
United Kingdom® ~------ +e 1,099 1,163 1,181 1,022 1,152 1,224 
Yugoslavia* _______.___~- 409 394 429 388 397 421 

See footnotes at end of table.
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| _. able 7.—Fertilizer nitrogen compounds: World production and consumption for years 
, | ended June 30, by country: —Continued a | 

- : _ (Thousand short tons of contained nitrogen) | 

. ae a Production —ss_—i® - Consumption . 
. Country — ——— ee OU eee 

1974-75 1975-76 1976-77" 1974-75 1975-76. 1976-77" 

‘Africa: oo oe 
Algeria® _-______.______- 87 34 36 272 269 277 
Egypt ___-_____________- © 2110 2166 2220 =: 7897 7457 7535 
Ivory Coast? _____________ tT - °5 5 9. 12 18 
Kenya? ___________=___- _- _- ne 21 24 _ 25 
Libya® 2 ~~ > 2 __ __ ae 11 17 14 
Malawi? _______________ __ _- —_ . 8 14 21 

. Mauritius _._.-__________ °1 — e4 &g “10 © 271 713 
Moroceo® ?__ 5 12 21 15 68 70 | 91 

| Mozambique ___________-_~- 83 °3 5 4 4 7 
oe Nigeria® _._____2.-_____ -- _- a 15 33 54 

Rhodesia, Southern® ________ 72° 72 72 83 83 88 
Senegal® _______________. 6 10 10 10. 11 . 12 
South Africa, Republic of? ____ £299 331 ©366 254 314 336 
Sudan? __-_______~_______ _— ue __ 66 ©105 “116 | 
Tanzania? ______________ 4 5 &6 15 16 16 
Tunisia? ___-____________ — —_ &6 F250 26 27 
Zambia® ____ 8 6 8 40 "37 44 

. - Other® _-_~__-______ Le __ —_ __ 12° 12 84 
Asia: 

Afghanistan _________.___ 21 16 . 29 27 31 34 
Bangladesh _____________ 86 145 ©144 91 162 183 
Burma _______________- 48 52 61 42 47 AT 
China, People’s Republic of? ___ 3,196 3,263 3,968 - F4,154 4,553 4,743 
Cyprus?_____________ —_ —_ —_ 8 “17 ©17 
India ee ee 1,308 1,662 2,047 1,947 2,369 2,708 
Indonesia________.-_~--- "183 229 £276 “380 ©3877 ©8387 
Iran ~~~ ee 144 139 172 208 209 224 . 
Iraq ~-__-____--_-___--_- — F387 ©27 ©28 30 28 39 
Israel __--_ ___ __- _____-___ 43 60 53 36 41 41 
Japan ____-__~_~________-_ €2,580 1,716 1,267 761 720 811 
Korea, North® ?___________ 276 287. 298 278 291 298 

. Korea, Republic of? _. __ _____ 566 596 °563 493 516 398 
Kuwait _-___________-__ 304 285 251 __ _— _-, . 
Lebanon?_______________ __ e °} 21 oe 20 
Malaysia® ______________ 104 1037 1043 76 85 102 
Pakistan _.__ ._________- 343 349 341 F400 489 552 
Philippines? ____§_________ 59 68 53 196 159 195 
Qatar ______________-_- 61 96 95 _- _- — 
Saudi Arabia ____________ &g9 €110 &93 6 6 7 
Sri Lanka? __- > 5 __ _- _- €g2 42 52 - 
Syria __-______________ 14 29 29 40 43 - AT 
Taiwan? = 211 234 250 256 255 217 
Thailand _______________ eq °5 e 27 88 87 150 
Turkey? _______________ 161 189 234 312 532 746 
Vietnam®? _~___-____-__ — __ _- 134 214 266 
Other!? _.______________ -- — __ 19 20 24 

Oceania: 
Australia® _._-__-§- _--_-_-___ 218 198 _ 248 196 184 235 
New Zealand ___________. _- _- _- 20 11 22 
Other?? __-_-___ = __ —_ __ 14 12 15 

World total ________--- 46,788 48,291 50,565 42,524 47,661 49,696 

°Estimate. Preliminary. "Revised. 
1411 countries reporting production are listed individually; all countries reporting consumption only are listed 

individually if the quantity consumed in any year listed totals 16,500 short tons or more; countries reporting no 
production and less than 16,500 short tons consumption in al] years are included in “Other.” 

2Calendar year referring to the first part of the split year. 
3Includes Bahamas, Barbados, Belize, Guadeloupe, Haiti, Honduras, Martinique, Panama, St. Kitts-Nevis-Anguilla, St. 

Lucia, and St. Vincent. 
“Includes Bolivia, Guyana, Paraguay, and Surinam. 
5Fertilizer year: August to July. 
®Fertilizer year: June to May. 
"Fertilizer year: November to October. 
8Includes Angola, Benin, Botswana, Burundi, Central African Empire, Chad, Congo, Equatorial Guinea, Ethiopia, The 

Gambia, Ghana, Guinea, Liberia, Malagasy Republic, Mali, Niger, Reunion, Rwanda, Sierra Leone, Somalia, Swaziland, 
Togo, Uganda, the United Republic of Cameroon, Upper Volta, and Zaire. 

United States Bureau of Mines estimate based on United Nations estimate for the People’s Republic of China and 
Taiwan (reported as a single figure) less the British Sulphur Corp. Ltd., reported figure for Taiwan alone. 

10Data for West Malaysia only. 
11Source: The British Sulphur Corp. Ltd., Statistical Supplement No. 16, November-December 1977, p. 15. 
12Tncludes Kampuchea, Jordan, Laos, Mongolia, Nepal, Oman, Singapore, the United Arab Emirates, Yemen Arab 

Republic, and the People’s Democratic Republic of Yemen. 
13Includes Fiji Islands and Papua New Guinea. 

Source: Statistical Office of the United Nations, Statistical Yearbook, 1977 (New York, 1978, pp. 297-298, 637-639) unless 
otherwise specified.
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| TECHNOLOGY 

Researchers around the world are investi- States and Canada before 1975. The average gating a variety of routes to improve the downtime in 1975-76 was 50 days, primarily natural process of nitrogen fixation in for major equipment failure and preventive | plants. Some of the methods include genetic maintenance. Downtime due to other engineering, choosing the best strains of causes, especially natural gas curtailments, ” . . 1 2 plants and nitrogen-fixing bacteria, expand- Was on the increase.® 
_ ing the use of blue-green algae, and inves- ”“1Phvsical econ ical scientist, Division of Nonmetallic Minerals e ° ey eye . . ysical scientist, v1s10n 0 onme 1c Miner: ° tigating the feasibility of associative 2Chemical Marketing Reporter. Ammonia From Coal: symbiosis.*¢ Grace in Pact. V. 212, No. 10, Sept. 5, 1977, pp. 3, 52. 

Scientists continued to debate the effects Featemical OO No Ss June PigTt , Ammonia of nitrogen fertilizers on the earth’s ozone y “Preen Markets. top Awards Coal-Ammonia Contract. = layer. Estimates of potential ozone deple- NOE; Cuffs Put on Dedication of Gas to Ammonia. V. 1, : : tion resulting from fertilizers as a source By ar 4, 1977, p. 1. os. . : Chemical Marketing Reporter. FPC on Gas Feedstocks: of nitrous oxide vary widely because of cece Prices Raised. V' 211, No. 11. Mar 14, 1977, pp. 
many unknown factors regarding the 4 Chemical Week. FDA Bans AN Bottles. V. 121, No. 13 amount of denitrification and conversion to Sept. 28, 1977, p. 22. Cee ; : ; ; Chemical Marketing Reporter. Fertilizer Producers 
nitrous oxide, and contributions from other Win a Major Battle with EPA. V. 211, No 13, Man se sources.®? : 1977, p. 4. 

: * . * ———. Energy Legislation is Left in Limbo; Senate Research at the University of California Deadlocked. V. 212, No. 25, Dec. 19, 1977, pp. 353. at San Diego has led to the production of N Tulsa Daily World. | Grace's Biggest, Chemical Plant : ° ° ear Completion at ward. Feb. 20, . ammonia from nitrogen and water in a 11Chemical & Engineering News. Checkoff. Plants Com- prototype solar cell. In sharp contrast to the pleted. V. 55, No. 28, July il, 1977, p. in jrous Am | ° . . emical Marketing Reporter. 'ydrous monia industrial process, the cataly. zed reaction Unit Onstream for Monsanto. V. 211, No. 23, June 6, 1977, proceeds at low temperatures and atmos- pp. 4, Farmland A ia Unit Starts Up in Oklah * ° ——_-—, Parmian Mmmonia Unit Starts in O- pheric pressure. The efficiency of the cata- ma: Plant ie grand Ammon 211, No. 3, Jan. 17, 1977, pp. _ lyst must be improved, however, for the 7, 45. Farmland A ia Unit Onstream in Lou; . . . ———, Parmian mmonia ni ream in ui- process to be commercially attractive.* siana; Output Is 1,250 Tons. V. 211, No. 19, May 9, 1977, pp. 
The first cryogenic hydrogen recovery > ie Ammonia Unit Starts at Donaldsonville, La. V. | unit specifically designed for an ammonia 211, No. 20, May 16, 1977, p.3. 7 plant was started up by Vistron Corp. at ana, V_212, Not eae mois opt Onstream in Louisi- Lima, Ohio. The unit, engineered by Petro- uachemical Week. Agrico {counting on an Expanding . arket. V. » NO. 10, Sept. 7, » p. 9. carbon Develop ments, Inc., increases Pp lant 1Nistribution Economics Section, Tennessee Valley efficiency by recycling most of the hydrogen Authority. World Fertilizer Capacity. Ammonia. Sept. 14, 

contained in purge gas back to the sy nthesis 18Green Markets. New U.S. Nitro Capacity Arriving on loop to produce more ammonia. A larger Schedule. v1, No. 19, June 20, 1977, p. 7. . ° epee ork cited in footnote 17. system is planned for the ammonia facilities 2°Chemical Marketing Reporter. Allied Buys Up Plant of American Cyanamid Co. at Fortier, La.®? for Ammonia Production. V. 212, No. 15, Oct. 10, 1977, pp. 
_ The Swedish shipbuilding company, Gota- 24 Beker Stops Ammonia Output; Poor Market . verken, in cooperation with Haldor Topsoe idles Two Plants, V. 212, No, 21, Nov. 21, 1977, pp. 27-28. ° : ork cited in footno . of Denmark has completed design andengi- aon Markets. Tipperary to Close Ammonia Plant. neering studies for a floating, barge- V. 1, No. 44, Dec. 12, 1977, p. 3. 
mounted ammonia plant to exploit offshore Nov er paigincering. Chementator. V. 84, No. 25, natural gas deposits or associated gas from A toeizibution Economics Section, Tennessee Valley offshore oilfields.» aut ry orld Fertilizer Capacity. Ammonium Nitrate. 

An energy-saving new catalyst that ef- r european n Chemical News, Weatherly Builds Plant for . . erra Chemicals. V. 31, No. 801, 2, , p. 41. fectively lowers the operating temperature 2"Distribution _ Economics Section, Tennessee Valley of the water gas shift reaction has been Authority. World F Consus US ee ores. Oct. 1, 1977. * . 
ureau oO e nsus, U.S. Ment oO; mmerce. reported. The reaction increases the hydro- Current Industrial Reports. Inorganic Fertilizer Materials gen concentration of ammonia synthesis a ened Products, fiantary Kebruary 1978. ce US e e . . rative rvice, ». gas, and converts its carbon monoxide to the Department of Agriculture. 1978° Fertilizer Siteation, more readily removed carbon dioxide.* Soper L977 PP BS. US. Department of Commerce Results of a new survey of ammonia plant Current Industrial Reports. Industrial Gases. August 1977. shutdowns and their causes was presented V. 3g aroPean Jan 1 OTs New Projects. In Brief. at the Pacific Chemical Engineering Con- S2Nitrogen. New Plants and Projects. No. 108, gress. Plants surveyed represented 83% of duly/ August 1977p. 12. and Projects. No. 107, May/June the large plants onstream in the United 1977, p. 14.
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Ge. ; _ 83Page 15 of work cited in footnote 32. | 

European Chemical News. Bulgaria Gets Soviet Help 64Furopean Chemical News. Romanian Fertilizer Ex- 

for Fertilizer Expansion. V. 30, No. 782, Apr. 15, 1977, p. ports Hit by Earthquake. V. 30, No. 179, Mar. 25, 1917, p.6, 

: 35Chemical Week. Canadians Hike Ammonia Capacity. eT SA orulizer wares 
No. 770, Jan. 21, 1977, p. 4. 

V. 120, No. 26, June 29, 1977, p. 40. . 66 ‘tod? 

36Chemical Marketing Reporter. Ammonium Nitrate oman cited in footnote tO the Way in Tai N 

Plant Put Onstream by CIL; Serving Mineral, Builder. V. itrogen. More Capacity on the Way in talwan. No. 

- 211, No. 24, June 13, 1977, pp. 7, 24. 110, November/December 1977, p. 30. 

«Nitrogen. New Plants and Projects. No. 105, Jan- March/April no p Plants and Projects. No. 106, 

uary/February ,p. 11. . ss » Pp. 10. 

S8Industrial Minerals. Company News & Mineral Notes. 6°Fertilizer International. No. 95, May 1977, p. 1. 

No. 115, April 1977, p. 49. Page 18 of work cited in footnote 32. 

39Page 12 of work cited in footnote 37. 70Chemical Marketing Reporter. Ammonia Joint Ven- 

4°Nitrogen. The Nile Valley—Focus of Major Urea ture Is Undertaken by Amoco and Trinidad & Tobago. 

Production by 1980. No. 108, July/August 1977, pp. 18-21. V. 212, No. 2, July 11, 1977, pp. 7, 82. 

s.r chemical & Engineering News, French Fertilizer In. 7 Page Me Crmeal News. Soviet Union Sacks F 
ustry Gets Revamping. V. 55, No. 2v, June 6, , p. 13. uropean Chemical News. Soviet nion or- 

“European Chemical News. Two French Ammonia _ tieth Big Ammonia Plant. V. 30, No. 789, June 3, 1977, p. 

Projects ady to Go Ahead. V. 30, No. 783, Apr. 22,1977, 32. 

p. 44. 73Work cited in footnote 72. 

s_———, Big Intec) Deal Will Bring Soviet Ammonia to Fertilizer International. Plant & Project News. No. 93, 

France. V. 31, No. 800, Aug. 19-26, 1977, p. 4. March 1977, p. 9. 
44______ Snamprogetti Fertilizer Orders in India. V. 30, 75Page 15 of work cited in footnote 68. 

Noe Jan. 1 38. 4 Projects. No. 109, Septe 76Page 12 of work cited in footnote 33. | 

ber /October i971, pp. iis. rojects. No. 10Y, septem- 77Nitrogen. New Plants and Projects. No. 110, Novem- 

_—_46Chemical Marketing Reporter. Ammonia-}ires om Meee Marketing Reporter. ICI Closes Heysham 
plex Onstream in Sumatra. V. 211, No. 1, Jan. 3, 1977, pp. Unit: Billingham Unit Onstream. V. 211, No. 11, Mar. 14, 

«European Chemical News. New Project. In Brief. T"isctersial Age, ICI Starts Up, Nitric Acid Plant. a 
. 31, No. 814, Dec. 2, , p. 45. _ . 

Na Nitrogen, Major Expansion LN gars Completion in Iran. a ma Mek No. 308 3082, Aug. 19/26, 197 7p. 8. 

o. 108, Ju ugust , pp. 24-20. emi arketing Reporter. nfirms Expan- 

0 ‘*Rertilizer International. Third Ammonia Plant Comes sion of Fersilzer eaciaess Small Firm Threatened. 

nstream in Iraq. No. 96, June , pl. . 211, No. lo, Apr. 11, » Pp. 4, ov. 

50Ryuropean Chemical News. Market Report. In Brief. 81Ruropean Chemical. News. ICI Will Pay Higher Gas 

V. 30, No. 775, Feb. 25, 1977, p. 10. Price, Big AN Price Increase Soon. V. 31, No. 807, Oct. 14, 

10 ereeen: Italian Urea Lapacity sn, the Increase. No. 1977, p. 4. ICL Bows to Higher Gas Pri _ Ammoni 

, November/December » Pp. . ———. ws igher Gas Prices, monia 

_ _ 52European Chemical News. Recession Forces Mitsui to Divorce With Fisons? V. 31, No. 810, Nov. 4, 1977, p. 4. 

Scrap Fertilizer Plants. V. 30, No. 770, Jan 21, 1977, p. 11. 82Chemical Age. Thames Nitrogen to Restart Fertilizer 

0 rizer International. Plant & Project News. No. Unit if UK Prices Increase. V. 115, No. 3046, Dec. 2, 1977, 

. ember » p. il. p. 8. 

54Chemical Week. South Korea Battles Fertilizer Glut. 88Chemical Marketing Reporter. Fertilizer Concern in , 

V..120, No. 15, Apr. 13, 1977, p. 26. UK Slates Plant Following Feedstock Resolution. V. 212, 

55European Chemical News. Market Report. In Brief. No. 26, Dec. 26, 1977, pp. 4, 12. 

V. 30, No. 791, June 17, 1977, p.12. 84Chemical Age. Peterhead is Shelved. V. 114, No. 3017, 

56Chemical Age. Kuwait Plans Ammonia Unit for May 13, 1977, p. 16. | 

Shuaiba. V. 115, No. 3043, Nov. 11, 197 7, p. 1. . 85Chemical Marketing Reporter. Fertilizer Construction 

European Chemical News. Libya Commissions New Slated for Yugoslavia; a Quintet of Plants. V. 212, No. 12, 
Ammonia, Methanol Plants. V. 31, No. 811, Nov. 11, 1977, Sept. 19, 1977, p. 4. 

p. 14. 
6 : . ° aye 

58Chemical Week. More Ammonia Plants Coming in Chemical Week. Can Genetics Bridge the Fertilizer 

: Gap? V. 121, No. 16, Oct. 19, 1977, pp. 61-62. 

Mexico. V. 121, No. 18, Nov. 2, 1977, p. 25. 37 New Threat to Ozone? V. 120, No. 11, Mar. 16 

Nitrogen. Into the 0.5 Million T.P.A. Ammonia Surplus = 4977 94, ew inrea ner V. 120, INO. th, mar. 20 

Era in Mexico. No. 107, May/June 1977, pp. 19-21. $s Ch ‘sal & Engineering N Prototype Solar Cell 

Chemical Marketing Reporter. Ammonium Nitrate 4,004; SAM . Peer AP 5 ews. 1 ro ve ar | 

Unit Comes on Line in Holland. V. 212, No. 17, Oct. 24, “ont Ray, Eee cove _ Orit Gee NH Pe 19. 

,p. 5. 
3anks, R. 

| 

vy aren Markets, World Bank Approves Pakistan Loan. befficiency. Chem. Eng., v. 84, No. 21, Oct. 10, 1977, pp. 

. 1, No. 11, Apr. 20, ,» p. 2. Oc, . . . 

yg topean Chemical News, New Projects. In Brief. eee roPean Chemica Nowe Tomes Plant Design Com- 

. 31, No. 810, Nov. 4, , p. 44. pleted. V. 30, No. 781, Apr. 8, , p. 29. 

62Chemical Marketing Reporter. Air Products Building ®1Nitrogen. Catalysts. No. 108, July/August 1977, p. 41. 

Cuzco Nitrogen Plant. V. 212, No. 8, Aug. 22, 1977, pp. 4, 92Chemical Week. PACHEC Means Energy in Any 

65. Language. V. 121, No. 10, Sept. 7, 1977, pp. 46-47.



By Richard H. Singleton! 

United States peat production, from 102 tively, of domestic peat sales. The average 

operations, increased 1% in 1977 to about 1977 price for domestic bulk peat was $12.22 

781,000 tons. Production in Florida increas- per ton or $6.07 per cubic yard. The average 

ed while production in Indiana decreased. price for the three types of peat varied less 

Michigan remained the top producing State on a volume basis than on a weight basis. 

with 34% of output. The top four producing Peat imports, 98% premium-grade sphag- , 

| States, Michigan, Florida, Illinois, and In- num moss peat from Canada, remained at 

diana, accounted for 69% of production. about 330,000 tons. Apparent consumption , 

Reed-sedge peat, the major type of peat of peat was 1.06 million tons with no signifi- 

mined, comprised 54% of production; the cant change from 1976. Imports comprised 
remainder was humus, 21%, and moss peat, 31% of apparent consumption on a tonnage 
25%. | basis and 71% on a value basis. 

Sales by domestic producers was about Estimated world production remained at 

726,000 tons or 1.66 million cubic yards. approximately 224 million tons, about 94% . 

About 55% of the domestic peat sold was of which was in the U.S.S.R. Other signifi- 

packaged. Soil improvement and potting cant producers were Ireland and the Fed- 

soils accounted for 72% and 18%, respec- eral Republic of Germany. 

Table 1.—Salient peat statistics 
mr TS 

nN , 
United States: | | 
Number of operations _ _ . ______---------------~------- 102 109 102 102 

Production. _______________-.—---~~ thousand short tons. _— 731 7112 174 781 

Sales by producers ___________--~-------------~do___~ 706 746 731 726 
Bul... 222222211 dOn 327 332 272 325 
Packaged __________________-~-----------do___- 379 414 459 401 

Value of sales_________________-_-_____~_thousands__ $10,989 $12,294. $12,079 + = $12,520 
Average per ton __________-___-----~----------~--- $15.56 $16.49 $16.52 $17.25 
Average per ton—bulk _____________--__---.------- | $10.78 $12.00 $14.00 $12.22 
Average per ton—packaged or bailed _..____------------ $19.69 ‘$20.09 $18.02 $21.32 

Ifmports__________._____..-------~ thousand short tons_ — 327 290 338 330 
Apparent consumption! ______..___-----~--------do____ __ 1,083 1,086 1,069 1,056 

World: Production _____________-_-__------------do____ 220,509 228,987 222,745 + —.223,577 
a 

"Revised. 
1Sales plus imports. | 

DOMESTIC PRODUCTION 

Peat production increased 1% in 1977 to Michigan remained the largest of the 22 
about 781,000 tons. The peat-type break- producing States with 34% of the Nation’s 
down was reed-sedge peat, 54%; humus, output. The next three largest producing 
21%; and moss peat, 25%, with no signifi- States, in order of volume, were Florida, 
cant change from 1976. Tonnage production Illinois, and Indiana. Peat production on a 
in Florida, principally moss and humus _ small scale resumed in New Mexico after a 
peat, increased 76%. 2-year stoppage. 

685
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Figure 1.—Production and imports of peat in the United States. 

A total of 106 peat operations were known but sold from stocks. Twenty-four oper- — . 
to be active in the United States in 1977, ations were reported to be idle during 1977. 
however, four of these operations did not Approximately 54% of U.S. production 
report and their data are not included in was from eight large plants with annual 
this report. Three of the 102 reporting capacities greater than 25,000 tons. 
operations did not mine peat during 1977 . 

Table 2.—U.S. peat production, by kind and State, in 1977 

(Thousand short tons) 

| State Plants «Moss = Ret Humus Total 

Colorado ______§_§_____~ ~~~ Le 8 26 WwW WwW 36 
Florida _______________~_____ eee 8 79 26 40 145 
Mlinois 2 5 5 eee LL 6 18 WwW W 80 
Indiana____________ ee 11 WwW WwW __ 47 
Towa. __ 5 LLL 3 W Ww _- 16 
Maine________-_-_ ee 3 W _- W 5 
Maryland ______________-_- 1 __ 2 1 3 
Massachusetts. _._.§___$_/______~-____-~_-~_ 1 — 2 _- 2 
Michigan_____________------------------------~ 16 9 233 25 1268 
Minnesota _____§_§_____ Le 4 WwW Ww -_- 28 
New Jersey ____________-_----~_--_~--__~______- 4 -- 5 24 29 
New Mexico ____________-_--_-~_____ Le 1 _- _- 2 2 
New York ________________ Le 5 _- WwW WwW 35 
North Dakota______________---_-___-~__-_------_- 1 __ ?) _- (?) 
Ohio. __ ~~~ 5 eee 7 W _- WwW 13 
Pennsylvania ___§_§___§_§______ ee 8 1 9 6 16 
South Carolina Hee eee ee s “3 “3 18 16 

ashington ~e eee ee 

Wisconsin __-__§____________ Le 4 Ww — WwW 14 
Other States? __-________-_-_-_ 5 55 141 48 14 

Total ______________________ ee ee 102 1193 421 167 781 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 
1Data do not add to total shown due to independent rounding. 
2Less than 1/2 unit. 
3Includes California, Georgia, Montana, and production indicated by symbol W.
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: Table 3.—Relative size of peat operations in the United States 

- Number of ‘Production Size in tons per year active plants (thousand tons) 
| : 1976 1977 1976 1977 

Over 25,000 _-___ 6 8 ™365 447 15,000 to 24,999 _. T9 5 "172 89 10,000 to 14,999 == 5 7 64 85 5,000 to 9,999 -------- ee 11 12 72 92 2,000 to 4,999 rt T98 18 "73 60 1,000 to 1,999 __._ 10 16 13 20 Under 1,000 ~~~ ee 38 33 15 11 Capacity unknown _-_____- = _- 3 -- -- | a 
Total --__ ~~ 1027748 

. . . 
" . . . 

: 

CONSUMPTION AND USES | 

Domestic sales in 1977 by domestic pro- and in Indiana, mainly moss peat. Peat use ducers was 726,000 tons or 1.66 million in mushroom beds and seed innoculants cubic yarda, The breakdown by Peat typeon increased. Mushroom bed use was mainly a tonnage basis was moss peat, 24%; reed- reed-sedge peat in Michigan; moss peat in. | sedge peat, 52%; and humus, the balance. Minnesota; and humus in New J ersey. Seed 

leading State followed by Florida, Ili- and in Ohio; humus was used almost exclu- | ‘nois, and Indiana in order of tonnage sales. sively. Moss peat continued to be used in About 55% of domestically produced peat Mor da in . rthwo : . : was sold in packaged form. The portion of ~~°T!44 1 growing ea worms. i; , a . Apparent consumption of peat was about each type packaged was moss peat, 28%; sys ee . . 1.06 million tons with no significant change reed-sedge peat, 69%; and humus, 03%. f 1976: of this, about 31%, to Soil improvement and potting soil ree {TOM iv/0; 0 this, a ou “ %, on a nnage | mained the largest uses for peat sold by asis, was. imported. The end use break- 
domestic producers accounting for 72% and down of imported material, mostly sphag- 18% of total sales, respectively. About 62% num moss peat from Canada, was unknown. of the peat for soil improvement and 48% of Imported peat was generally of better qual- the peat for potting soil was packaged. Peat ity than domesti¢ peat. Small quantities of 
was supplied,-mainly in bulk form, for similar high-quality moss peat were pro- 
flower packing in Florida, primarily humus, duced in Minnesota, Maine, and California. 

Table 4.—U.S. peat sales by producers in 1977, by use 

In bulk In packages Total 
ti Val ti Val tit Val Vee Sohort” thou, «= uantity Value Short” thane tons) sands) tons) sands) tons) sands) me _tancts) tons) sands) © 

Soilimprovement_________ | 195,871 $2,425 324,263 $6,559 520,134 $8,984 Pee nogulant wee 826 6 3,859 107 4,685 113 ac owers, 

shrube, ete — —————— 27,186 229 4,648 114 31,834 343 Ingredie or . potting soil ~~~ 68,109 1,025 62,541 1,358 130,650 2,383 pershroom beds — —————---_—___ ’ 5,909 99 2,649 223 8,558 322 
medium == 5,142 57 21 1 5,163 58 Mixed fertilizers _..____________ 14,717 94 __ __ 14,717 94 Other ___________ 6,985 33 3,086 190 10,071 223 — 1007128 Total _-___-___-_____ 824,745 3,968 . 401,067 8,552 725,812 12,520 SS Oe ele 820
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PRICES AND SPECIFICATIONS 

__ The average 1977 price for bulk peat suggests that it was primarily hypnum 
decreased 13% to $12.22 per ton or $6.07 per moss peat. The high density and low price of 
cubic yard. Less price variation by peat type bulk humus, compared with packaged 
occurred on a volume basis than on a humus, suggests that it had a lower organic 
weight basis. The packaged or bailed moss content than packaged humus. The price of 
peat consisted mainly of low-density, imported peat, mostly low-density, pre- — 
premium-grade sphagnum moss peat. The mium-grade sphagnum moss from Canada, 
high density and low price of bulk moss peat increased 7% to $93.62 per ton. | 

_ Table 7.—Prices for peat in 1977, by type 
(Dollars per unit) . 

eee 

Moss | nore Humus Total | 
eee 

Domestic: . 
Bulk: . 

Per ton -_-_-__-__--__---_-_---_-----___._-__ $1068 = $15.29 $10.16 = $12.22 
Per cubic yard ____________-________ 5.11 6.86 6.43 6.07 

Packaged or bailed: 
Perton __-____~__~____ 44.99 17.85 18.94 21.32 Per cubic yard ~~ 9.60 7.68 10.02 8.51 

Total: . Perton ____________ 20.13 17.05 14.81 17.25 Per cubic yard _._______________________________ 7.18 7.43 8.49 7.55 Imported, total,perton _.-.____________________ 93.62 XxX XX =: 98.62 : EES et 
XX Not applicable. . 

| Table 8.—Average density of domestic peat | 
| sold in 1977 

- - (Pounds per cubic yard) 

Moss eine Humus 

| Bulk_______ 960 900 1,260 | Packaged. 430 860 1,060 
Bulk and packaged ______ 710 870 1,150 | 

FOREIGN TRADE | | 

Peat imports, 98% from Canada, remain- countries were insignificant. 
ed at about 330,000 tons. Approximately Transportation of imported peat from 
55% of imports entered into the Northeast- port to local distributors remained a prob- 
ern United States through New York State lem. The low density and high volume of 
and New England ports; 23% entered the bailed Canadian peat, coupled with its rela- 
Midwest mainly through Great Lakes ports; tively low market value, required low 
and 20% entered the Northwest through freight rates such as those available by 
Seattle, Wash., and Great Falls, Mont. The backhauling. Deliveries were up to 6 
Federal Republic of Germany remained the months behind schedule because of unavail- 
second largest source of peat imported by ability of low-cost transportation. 
the United States. Imports from other



PEAT | | 691 

| Table 9.—U.S. imports for consumption of peat moss, by grade and country : 

Poultry- and Fertilizer- oO 
stable-grade grade Total | 

. Country . Quantity Value Quantity Value Quantity Value 
— (short (thou- (short (thou- (short (thou- 

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

1976 
Canada __ Le 5,012 $507 324,384 $28,305 329,346 $28,812 
Chile _____________~~___ eC 56 5 38 4 94 9 
China, People’s Republic of ...__.________-_— 17 1 __ —_ 17 1 
Finland ____~-__~__ ~~ 2 _- _- 35 5 35 5 
Germany, Federal Republic of _.....________ 530 39 7,868 576 8,398 615 
Ireland __________________~- ~~ _- _- 22 1 22 1 
Netherlands ___ $9 5-5 5 3 1 __ — 3 1 
Norway __-___________~_- ee — _- 13 36 13 36 
Sweden ___.--~_____~___ ~~ ne -- 76 7 76 7 
Switzerland ___.__.._._~____________ Le _- _— 1 1 1 1 
USS.R _- -- 23 2 23 2 
United Kingdom _____________________ _- -- 23 2 23 2 

Total ___________________ ee 5,618 553 332,433 28,939 338,051 29,492 

1977 . 
Canada ________________.--~--- Le 5,292 508 317,191 29,828 322,483 30,336 
China, People’s Republic of _.._-_-___________ 37 1 a _- 37 1 
Finland _____ 2 LL _— a 114 10 114 10 
Gaza _____~______--_-~-~--~-_~--~-~--_ __ _- 18 2 18 2 
Germany, Federal Republic of _...._________ 888 74 6,599 447 7,487 521 
Honduras ___~_____ ~~ __ — 26 1 26 a | 
Ireland ____-_____________________-__: _- oe 22 1 22 1 
Netherlands ____§____________ Le 1 (4) 2 __ 4 (4) 
Norway ___ 22-2 20 22 MW) . 20 22 . 
Sweden ________ 14 7 31 16 45 23 
USS.R ~~ a a 21 2 21 © 2 

_ United Kingdom ~~~ _- — 23 2 23 2 
Yemen, People’s 
Democratic Republic of (Aden) _________-__ | -- _- 13 1 13 1 

Total _._-_________ ee 6,252 612 324,058 30,310 330,310 30,922 

1Less than 1/2 unit. 

| Table 10.—U.S. imports for consumption of peat moss in 1977, by grade and 
customs district 

Poultry- and Fertilizer- 
stable-grade . grade Total 

Customs district Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 

Baltimore, Md __. ~~ ~_~_§_~_____ ee 16 $2 211 $18 227 $20 
Boston, Mass _________~__ _- _- 116 7 116 7 
Buffalo, N.Y ~~~ ee 70 5 31,646 4,338 31,716 4,343 
Charleston, N.C _________~____~___ 17 3 198 12 215 15 
Chicago, I ________________...------- _- __ 63 15 63 15 
Detroit, Mich ~~~ _____ 2,255 170 32,869 2,919 35,124 3,089 

Duluth, Minn ________~_-_________---- 7 1 9,481 1,154 9,488 1,155 
Great Falls, Mont _.____§.-....-__.___--- —_ _- 25,086 2,161 25,086 2,161 
Houston, Tex ~_______~_~____________-_- 152 32 224 24 376 56 
Los Angeles, Calif ~.._...______.____ -_ 7 4 587 59 594 63 
Miami, Fla _________... ~~. 2 ee _- — 71 5 71 5 
Milwaukee, Wis ___________._______ _-- _- _- 17 1 17 1 
Mobile, Ala __________________-_-_-_- 29 3 296 21 325 24 
New Orleans, La ~~~. ~~~ _- — 1,325 86 1,325 86 
New York, N.Y _____ ~~ 110 1l 399 29 509 40 
Norfolk, Va _____________-_- ~~ _- _- 351 23 351 23 

Ogdensburg, N.Y aoe ee 57 4 87,624 7,459 87,681 7,463 
Pembina, N. Dak _____________-___---_- 763 96 31,120 3,001 31,883 3,097 
Philadelphis, Pa ~ eee _ 42 5 453 8 495 13 
Portland, Maine _____~_________________ 2,024 223 35,430 3,442 87,454 3,665 
Portland, Oreg _~___________.~_____----_ 16 1 a __ 16 1 
Providence, RI _~__...___...-.-____--.- _- _- 26 2 26 2 
St. Albans, Vt ______-____.. Le _- _- 23,518 1,969 23,518 1,969
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Table 10.—U.S. imports for consumption of peat moss in 1977, by grade and 
| : customs district —Continued | | 
eh ah SS ss SSS SS Ses TUS 

Poultry- and Fertilizer- 
stable-grade grade © Total 

Customs district Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) ae SSS) OS) NS) 

San Francisco, Calif _...9_-_______________ 296 . $25 16 $1 312 $26 
San Juan, PR _~___§_____ 91 10 969 65 1,060 75 
Savannah,Ga __________§ . 17 1 —_ —_ 17 — 
Seattle, Wash _..________ 112 8 40,479 3,383 40,591 3,391 
Tampa, Fla-_________________________ __ _- 1,483 108 1,483. 108 
Wilmington, N.C ____________~_ 171 8 -- — 171 8 

Total _.___________ 6,252 612 324,058 30,310 330,310 30,922 

Table 11.—Peat moss imported for consumption from Canada and the Federal Republic 
of Germany in 1977, by grade and customs district , 

Canada Federal Republic of Germany 

Poultry- and Fertilizer- Poultry- and Fertilizer- 
Customs stable-grade grade stable-grade grade | 

7 district Quantity Value Quantity. Value Quantity Value Quantity Value | 
(short (thou- (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 

Baltimore, Md... ______ _- __ _- __ 16 $2 211 $18 
Boston, Mass __________ — __ —_ ee __ 116— 7 
Buffalo, N.Y ___________ 70 $5 31,646 $4,338 __ __ __ __ 
Charleston,N.C _________ __ __ __ io 17 3 198 12 
Chicago, MN] .___________ _— -- 16 11 -- _- -- _- 
Detroit, Mich __________ 2,255 170 32,822 2,915 a. _ __ _. 
Duluth, Mim __________ 7 1 9,481 1,154 i _- __ __ 
Great Falls, Mont ________ a __ 25,053 2,158 __ — 20 2 
Houston, Tex __________ _— — _- — 125 7 200 18 . 
Los Angeles,Calif .~______ — -- 20 1 _- _- 567 58 
Miami, Fla ____________ _- __ __ __ __ _— 45 4 
Milwaukee, Wis __________ _- _— 17 1 _- |. -_- —_ _— 
Mobile, Ala ___________ _- __ __ __ 29 —683 296 21 
New Orleans,La ________ _— _- _- __ _— a 1,325 86 
New York, N.Y _________ — __ __ __ 72 10 356 26 
Norfolk, Va _-_________ — _- __ — _— _— 351 23 

Ogdensburg, N.Y ___ 57 4  _— 87,583 7,455 _- a __ __ 
Pembina, N.Dak ________ 763 96 31,120 3,001 __ __ 453 8 
Philadelphia,Pa ________ __ —_ a — 42 5 __ — 
Portland, Maine ________ 2,024 223 —- 35,430 3,442 __ __ __ __ 
Portland, Oreg _________ ae -_- _- _- 16 1 _- -_- 
Providence, R.J ~~~ _____ _- a 26 2 _— _— -- _- 
St. Albans, Vt _.________ __ _- 23,498 1,967 _— _— _- _— 
San Francisco, Calif ______ 21 2 __ __ 215 23 16 1 
San Juan, PR _~_________ So __ — __ 91 10 969 65 
Savannah, Ga __________ -- — —_ —_ 17 1 _— _~ 
Seattle, Wash __________ 95 7 40,479 3,383 17 1 _ __ 
Tampa, Fla ___________ _- _- -- _- _- a 1,476 103 
Wilmington,N.C ___-____ __ __ _- __ 171 8 __ __ 7 

Total ____________ 5,292 508 317,191 29,828 888 74 «6,599 447 

WORLD REVIEW 

Canada.—Peat production, mainly sphag- 74% of Canada’s peat production was ex- 
num moss, remained at about 433,000 tons, ported to the United States. Interest in the 
about the same as in 1976. Value of pro- use of peat as a fuel was shown in the 
duction increased 9% to Can$26.7 million. Provinces of Manitoba, New Brunswick, 
Approximately two-thirds of production was and Newfoundland. 
in Quebec Province and the Eastern Mari- Finland.—A 30,000-ton-per-year peat bri- 
time Provinces and one-fifth was in British queting plant began operation in 1977 at 
Columbia and Alberta in western Canada. Peraseinajoki in southwestern Finland. A 
Three large producers were supplemented 30,000-ton-per-year peat metallurgical coke 
by many small cottage industries. About plant had begun operation at the same site
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in the fall of 1976. This plant required the peat. : 
mining of 175,000 tons of sod peat per year. U.S.S.R.—Very large quantities of peat 

Ireland.—Ireland remained the world’s continued to be used in agriculture and as — | 
second largest producer of peat. Eleven fuel in the U.S.S.R. About 4,000 megawatts 
peat-fired electrical powerplants supplied of electrical energy was generated at 179 
about one-quarter of the Nation’s electrical electric powerplants in 1975, some of which 
energy needs. Significant quantities were were in the 300-megawatt size. Several new 
briquetted and used in domestic heating. peat-fueled powerplants, with a capacity of 
Sweden.—Three peat-fueled electric 600 megawatts each, were being con- 

powerplants were under construction in structed. Peat was also used in domestic 
Sweden. The plants were designed to use heating. 
other fuels, such as wood waste, as well-as | 

Table 12.—Peat: World production, by country 

(Thousand short tons) — 

Country? 1975 1976 1977? 

Argentina _.-_-______-_- ee 10 11 14 
Australia ______-______-_~ ~~ ee v5 1 2 
Canada, agricultural use ~~. _~§_____-_-~__ ee 398 435 433 
Denmark, agricultural use? ___-.§ .§ -_ _/§_»_/§_/» > 5 ee eee ee 39 43 44 
Finland: 

Agricultural use® ________________-___ ee 132 159 255 
Peel -_-_ eee . 220 238 397 

France, agricultural use® ___________--------------~-------- F200 F200 220 
Germany, Federal Republic of: 

Agricultural use _______________--____--___----------- 2,419 2,406 2,490 
Fuel 250 268 €240 

Hungary, agricultural use® ~~. »§ /§ / 5 5 5 5 ee eee 72 80 80 
Ireland: 

Agricultural use ~____§_§_§ > ee eee 74 8 ©g0 
Fuel ___________________ ieee +--+ 7,579 6,225 °6,720 

Israel, agricultural use® __ $$.» _»_»_ > eee 22 22 22 
Japan® _______ eee 80 72 65 
Korea, Republic of, agricultural use® ~~ $$ _____._______-_------ 4 4 _- 
Netherlands® __________________ ee 440 450 450 
Norway: 

Agricultural use® _________________-_-_ ee 66 - 66 66 
: Fuel® ~9 ee 1 1 1 

rors e | 40 40 40 (Nel ese ee 27D TTT TTIT TITTIES 5 : 5 
Spain ____.________-__--_ eee 38 €39 39 
Sweden: 

Agricultural use ________-_______---~----~~----~--+-----+- 84 98 *100 
Fuel ________________ eee --- 37 35 €33 

USS.R.: 
Agricultural use® ________________.--____________-____- 145,000 145,000 145,000 
Fuel® ___________________ eee 66,000 66,000 66,000 

United States, agricultural use __ - ___ _/§ . _______--__~---_--~----_- 7712 174 781 

Total ___________________ eee --------~ —- 228,987 222,745 228,577 
Fuel peat included in total ___.________.-__----_-~---------- °74,092 72,767 73,396 

1In addition to the countries listed, Austria, Iceland and Italy produce negligible quantities of fuel peat, and the 
German Democratic Republic is a major producer, but output is not officially reported and available information is 
inadequate for formulation of estimates of output levels. 

Sales. 

TECHNOLOGY 

The Institute of Gas Technology contin- methane content of the gas product could be 
ued an experimental program for develop- increased using the same conditions as that 
ment of peat gasification for the Minnesota used for the gasification of coal. It was 
Gas Co. under a contract with the U.S. planned to continue bench-scale experi- 
Department of Energy. Tests confirmed mentation. 
peat’s high reactivity compared with coal The Federal Bureau of Mines began a 
indicating that reactor volume, tempera- study on hydraulic mining and dewatering 
ture, or pressure could be decreased or the of peat.
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First Colony Farms, Inc. continued devel- Air Force held a lease on about 70 square 
opment of its plant to mine peat on about miles of First Colony’s peatland in Dare 
200 square miles of peatland in a 600- County, and had been using it for many 
square-mile area within four counties of years as a bombing range. The lease was 
northeastern North Carolina. The primary due to expire at yearend 1977. The Air 
intent was to supply fuel to four 150- Force began condemnation proceedings 
megawatt electrical powerplants in that with the intent of permanently acquiring 
fuel-devoid State. Reserves were estimated the 70-square-mile area. First Colony re- 
to be approximately 0.4 billion tons. Experi- portedly stated that the remaining peat- 
mental mining began in the fall to deter- lands have sufficient reserves to supply the 
mine feasibility of mining the “woody” peat, four powerplants for about half a century. 
Indigenous to the area, and:prepare it in an First Colony intended to reclaim the mined 
air-dried form suitable for burning. North land for farming. Further experimental 
Carolina Electrical Membership Corp., a mining during the 1978 warm season was 
conglomerate of 28 utility cooperatives, con- planned. Oo - 
tracted for an engineering study to con- ——  ___ | 
struct one of the four powerplants. The US. 1Physical scientist, Division of Nonmetallic Minerals.



Do ae By A.C. Meisinger' Be : 

The U.S. perlite industry established re- $58.6 million, or increases of 15% and 31% a cord highs in crude and expanded pro- over the previous records established in | duction in 1977. Total crude ore mined was 1976. Illinois continued to be the leading — 871,000 tons, or 144,000 tons more than State in output of expanded perlite. - , _ 1976. The quantity and value of crude Average value of crude perlite sold or | perlite sold and used by producers totaled used in 1977 was $18 per ton compared with 597,000 tons and $10.8 million, respective- $17 per ton in 1976. Average value of ly, both record highs. New Mexico contin- expanded perlite sold or used increased | ued to be the major perlite-producing State from $94.87 per ton in 1976 to $107.60 per | with 89% of the total crude perlite mined. _ton, in line with rising costs of production, Producers of expanded perlite ‘at’ 80 energy use, pollution control, and transpor- plants in 33 States also established a record tation. . . 
high production in 1977 to meet the increas- Market demand remained strong for 
ing demand for perlite insulation products. nearly all perlite end uses in 1977 with | The total quantity of expanded perlite:sold insulation board products showing the 
or used was 498,000 tons valued at nearly greatest increase (833%) over that of 1976. 

Table 1.—Crude and expanded perlite produced and sold or used by producers in the | | - __,* United States | 
: (Thousand short tons and thousand dollars) : 

Crude perlite - oe Expanded perlite 

Y sold pmtowm Total Sold or used 
ear , | et or 

cnined” _ _expanded material qWantity Quantity “Quantity Valus 
Quantity Velue Quantity Value used 

1978 ___.._-.. 759 288 2771 306 «2,819 544 424 418 28,005 1974 676 275 3,544 «280 3,480 555 423 419 30,808 1975 706 289 3.407 273 3,874 512 401 394 34,258 1976 __-_ 127 288 4,908 265 4,489 558 438 432 41,017 1977 871 298 5,514 299 5,289 597 504 498 58,558 

DOMESTIC PRODUCTION 

A record 871,000 tons of crude perlite was sold or used by producers in New Mexico 
mined by 11 companies from 12 operations was a record 521,000 tons, or 8% greater in 6 States in 1977. Five mining operations than the previous record quantity (481,000 
in New Mexico produced a record fotal of tons) established in 1976. 
776,000 tons of ore, or 89% of the US. total, _ Crude perlite sold or used by domestic 
followed by Arizona, California, Idaho, Colo- producers in 1977 also established record 
rado, and Nevada in descending order of highs in quantity (597,000 tons) and value production. The quantity of crude perlite ($10.8 million). The 8% increase in quan- 
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tity in 1977 was primarily due to the in- Compared with 1976, expanded perlite pro- 

creased demand for use of perlite in the duced at 80 plants in 33 States totaled 

construction industry, and the 14% increase 504,000 tons, or an increase of 15%, and the 

_ in value reflected for the most part the quantity and value of expanded perlite sold 

rising costs for mining, processing, and or used increased 15% and 31%, respective- — 

shipping of perlite encountered by domestic ly, | | 

producers during the year. ~” Leading States in descending order of the 

Producers of crude perlite during the quantity of expanded perlite produced in 
year were Filters International, Inc., Har- we ee es . . 

borlite Co dG Construction Co 1977 were Illinois, Mississippi, California, 

DOr te cor or srican, Perlite Corp in c ali- Virginia, Texas, Pennsylvania, Kentucky, 

fornia; Persolite Products, Inc. in Colorado; Colorado, New Jersey, Florida, Indiana, and 

Oneida Perlite Corp. in. Idaho: Delamor Obie. In descending order of the value of 

Perlite Co. (Delamar-Mackie) and United expanded perlite cold oF ee the leading 

States Gypsum Co. in Nevada; and Grefco, . tates were Illinois, ornia, Kentucky, 

Inc., Johns-Manville Sales Corp., Silbrico Texas, Pennsylvania, New Jersey, Missis- 

Corp., and United States Gypsum Co. in sippi, Virginia, Florida, and Colorado. Cali- 

New Mexico. | fornia had nine producing plants in 1977, 

Alltime highs were also set for expanded followed by Texas with seven, Pennsylvania 

perlite produced in 1977, and both quantity and Indiana with six each, and Illinois with 

and value of perlite sold by expanders. five. 

, Table 2.—Expanded perlite produced and sold or used by producers in the United States 
OT 

} } 1976 ~ 1977 ] 

quan Sold or used oe Sold or used 

State ny : Ave: : - A 

| pe, Wer vate Asis? PR, ey Yplue Value 
(short (short Mesaenn per (short short ennds) per 

tons) tons) ton! tons) tons) - ton? 

Arkansas _____------- — ae __ __ 613 600 $90 $150.00 

California. ___.__------ 28,050 27,359 $83,282 $119.97 41,547 40,924 4,886 119.38 

Florida ____--------- 28,784 23,611 1,552 65.73 27,439 26,193 2,175 83.04 

Indiana ____-_------- 15,171 15,102 1,228 81.28 19,757 19,757 1,828 92.53 

Kansas ____-_------- 991 932 140 150.00 1,027 976 154 157.27 

Missouri ___--_------- 5,700 5,644 689 122.08 5,250 5,105 715 140.06 

New York __--_------ _ 6,776 6,715 878 180.68 6,270 6,155 838 136.21 

Ohio______--------- 11,714 11,703 952 81.34 12830 12,977 ~ 1,012 77.99 

Pennsylvania ___------ 33,085 33,122 2,707 81.74 35,262 34,916 3,467 99.29 

Texas _____--------- 38,078 37,830 3857 101.97 35,553 34,786 3,721 106.97 

Other States? “TITTTIIT eras 270,327 25,782_95.19__ 818,804 _ 315,876 _ 94,672 NOD OS 

Total _.....----- 488,089 482,845 = 41,017 94.87 504,442 497,765 58,558 107.60 . 

1 Average value per ton based on unrounded data. . a. 

Includes Colorado, Georgia, Idaho, Illinois, Iowa, Kentucky, Louisiana, Maine, Maryland, Massachusetts, Michigan, 

Mississippi, Nevada, New Ha pshire, New Jersey, North Carolina, Oregon, Tennessee, Utah, Virginia, West Virginia, 

Wisconsin, Wyoming, and unidentified quantity and value sold or used in 1977 only. 

CONSUMPTION AND USES | 

Domestic consumption of expanded per- acoustical ceiling tile, plaster aggregates, . 

lite increased 15% in quantity over that of horticultural aggregates, and concrete 

1976 and totaled 498,000 tons to set a record aggregates. Expanded perlite sold or used 

for the second inno ood The new record for the ane leading, end uses OT enon 

consumption total in was largely due ) r aids, and acoustl e) com- 

to the increased demand for insulation bined accounted for 347,000 tons, or 70% of 

board products using perlite for energy the total quantity and 62% of the total sales 

conservation in new construction. The dis- value. 

tribution of expanded perlite by end-use Although, as shown in table 3, three end- 

categories is shown in percent in table 3.In use categories declined in percent of use, 

descencné onder of quantity sold oF used three increased. ane three remained 

e principal uses of expan per in unchanged, the market pattern for nearly 

1977 were roof-insulation board, filter aids, all end uses of expanded perlite remained
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strong in 1977. Compared with 1976, sales (1%), and formed products (10%)—had a 
for filter aids decreased from 21% to 17%, combined 9,900-ton increase in sales in : 
but declined by only 6,700 tons; horticul- 1977. 
tural aggregates decreased from 9% to 7%, 

but showed a gain of 5,400 tons; concrete Table 3.—End use of expanded perlite 
aggregates declined from 7% to 5%, but (Percent) | 
increased in quantity by 4,800 tons; plaster = 
aggregates increased from 6% to8%,again _. Ue 9G 
of only 1,000 tons; masonry and cavity fill fiteraiad ss 21 7 
insulation increased from 3% to 4%, or a Flaster aggregate ———---------- 8 8 
gain of 5,900 tons; and “other” uses increas- Horticultural aggregate —— ~~~ ~~~ 9 q 
ed from 41% to 46%, primarily because of a ‘temperature insulation _ __ — - | 
33% increase in roof insulation board. The Fillers’ atom i 
three end uses that remained unchanged— Oe eS  caaiation board” ~ 1 10 
low-temperature insulation (2%), filers ————————————_____—- 

PRICES | 

Processed (crushed, cleaned, and sized) Expanded perlite sold or used, according 
| crude perlite was sold by producers to to producers, was valued at $107.60 per ton, 

expanders at an average price of $18.50 per or an increase of $12.73 per ton compared 
ton, or an increase of $1.46 per tonover that with that in 1976. Average values for 
in 1976. Crude perlite used by producers in expanded perlite by State ranged from $60 
their own expanding plants was valued at to $228 per ton compared with the 1976 
$17.52 per ton, or an increase of $0.58 per range of $40 to $167 per ton. Average prices 
ton compared with that of 1976. Compared for expanded perlite end uses in 1977 
with 1976, the weighted average price of ranged from $60 per ton for acoustical tile 
crude processed perlite increased $1.02 per to $224 per ton for low-temperature insul- 
ton to $18.01. ation products. 

| WORLD REVIEW | : | 

_ Hungary.—Crude perlite production in Turkey.—A number of perlite deposits in 
1976 was reported to be 106,000 tons, a 34% eastern and western Turkey are commer- 
increase over the 1975 quantity mined. The cially exploited. Approximately 58,000 tons 
crude perlite was processed and expanded of crude perlite was produced in 1977, pri- 
at plants in Tokaj and Balaton. Approxi- marily for local construction industry uses. 
mately 70% of the crude ore production is Plans have been formulated to construct a 
exported annually to European countries. processing plant and an expanding plant at 

Philippines.—Crude perlite output in Cumaovasi in western Turkey to meet a 
1977 was 1,645 tons, or 10% lower than in growing demand for perlite in the country.? 
1976. Two companies mined perlite on the United Kingdom.—Imports of crude pro- 
northern island of Luzon. Perlite Industries cessed perlite ore, primarily from Greece 
and Minerals Corp. (Pimcor) mined perlite and Italy (94%), were 117,500 tons in 1977, 
near Legaspi and expanded perlite at Mun- or a decline of 13% from the 135,000 tons 
tinlupa, and Trinity Lodge Mining Corp. imported in 1976. The imported ore was 
mined near Albay and expanded the ore at expanded in Great Britain, primarily for 
San Pedro, Laguna. use in plaster aggregate products. 

TECHNOLOGY 

In 1977, the Perlite Institute, Inc, New Catalog 90 on perlite plaster is a revised 
York, published separately revised infor- edition of information pertaining to perlite- 
mation on perlite loose fill insulation and portland cement and perlite-gypsum plaster 
perlite plaster aggregate. Technical data applications. 
sheet No. 2-4 on loose fill insulation dee —~ ~~ 
scribes the insulation qualities of expanded ‘Industry economist, Division of Nonmetallic Minerals. 

perlite in high- and low-temperature and, Iedurrial Muerais Condon. Tuskey. Foundation 
cryogenic applications at various densities. , _



\ . 

a)



oe By W. F. Stowasser! - 

U.S. phosphate rock mines produced a 1978. At least six companies are in various 
record 47.3 million metric tons in 1977. All stages of the permitting procedure, but they . 
of this production was strip mined, except will defer plans until it is possible to obtain 
for a small tonnage from an underground final approval. | 

| mine in Montana and recovery from soft- During the past 4 years, a task force 
: -_rock-tailings basins in Florida. After benefi- composed of Federal agencies prepared an 

7 ciation by various systems, a raw material EIS on southeastern Idaho phosphate- | 
for agricultural and industrial markets was mining plans and, during this period, the 
available for conversion to useful and nec- U.S. Department of the Interior did not 
essary products. | issue prospecting permits for phosphates | 

Because strip-mining phosphate rock is a and did not issue or renew phosphate leases | 
highly visible operation, and because large in the Caribou National Forest. 
volumes of water are used to wash and Production of phosphate rock in Tennes- 
beneficiate the phosphate matrix in Florida see has proceeded on private land, and.all 

S and North Carolina, the industry has _ mined land is reclaimed. : 
_ received attention from environmentalists _. One company in North Carolina that is 

. and all levels of government. : planning to mine phosphate rock received 
. In Florida, four companies that pros- all necessary State permits and a dredge 

pected and applied for preference-right and fill permit from the U.S. Army Corpsof | 
leases to mine phosphate rock in the Osceo- Engineers to dredge a waterway. | | 
la National Forest in the late 1960’s have © Phosphate rock exports, which had been 
not received a response from the U.S. De- decreasing, increased in 1977. Exports from 
partment of the Interior. In central Florida, the United States were 12.6, 11.1, 9.4, and 

| a moratorium was imposed on constructing 13.2 million metric tons in 1974, 1975, 1976, 
new mines until the areawide environmen- and 1977, respectively. Of the total exports 

tal impact statement (EIS) is completed in in 1977, 12.8 million tons were exported 

/ Table 1.—Salient phosphate rock statistics 

5978.~—~*«<“‘«‘CTAS*“‘a‘O:!O!#«dS6)| (CST 

United States: | 
Mine production ________ thousand metric tons... 126,720 —-:141,3858 +~=—-170,077-—s«:154,278 —- 166,898 
Marketable production ________________~_ do__ 38,218 41,437 44,276 44,662 417,256 

Value _______..__.__ thousand dollara._ 288,667 501,429 1,122,184 "949,879 «821,657 
Average per metric ton ___.§ _____.______ $6.24 $12.10 $25.35 $21.26 $17.39 

Sold or used by producers __ __ thousand metric tons. _ 40,854 43,931 42,120 40,522 47,437 
Value ______________ thousand dollars. 254,846 529,141 1,052,995 857,189 829,084 

Average per metric ton ______________— $6.24 $12.04 $25.00 $21.15 $17.48 
Exports. ___________ thousand metric tons__— 12,585 12,605 11,131 9,433 13,230 

P20s content_____________________ do__ 4,083 4,052 3,587 3,022 4,251 
Value __________.___ thousand dollars_ _ 82,983 194,015 429,222 272,823 288,603 

Average per metricton _______________ $6.59 $15.39 $38.56 $28.92 $21.81 
Imports for consumption!____ thousand metric tons__ 59 165 33 42 158 

Value _______________ thousand dollars__ 1,288 8,999 T1578 ¥2,209 6,079 
Average per metric ton ______-________-_ $21.83 $54.54 $47.82 ™$52.60 $38.47 

Consumption, apparent? ____thousand metric tons__ 28,328 $1,491 31,022 31,131 34,365 

"Revised. 
1Bureau of the Census data. 
2Measured by sold or used plus imports minus exports. 
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from Florida. This surge in exports was the production of 116 million tons. In 1978, a 

| demand factor that made the year outstand- production level of 22 to 23 million tons is 

ing for Florida producers. . _ planned. If expansion plans materialize, 

Although world and U.S. demand for Morocco will be producing in 1990 an esti- 
| phosphatic fertilizer sustained production mated 40 to 45 million tons of phosphate 

in Florida and North Carolina, and part of rock and from 5 to 10 million tons from the 

the production from the Western States, Bu-Craa mine in the Sahara. 
overall production from the Western States Legislation and Government  Pro- 
and Tennessee continued to decline from grams.—The Bureau of Land Management, 
1974 levels because the demand for phos- U.S. Department of the Interior, proposed 

| phorus in detergents was markedly reduced to amend Title 43 of the US. Code of — 
either voluntarily or by legislation. Federal Regulations, Part 3520, to provide 

The industry in all producing regions was_ that a sodium, phosphate, potash, or sulfur 

able to supply domestic and export demand, Preference right lease applicant or lessee 
and each producing area had aconsiderable ™ay in certain situations exchange the 
amount of unused capacity. In all probabil- — preference right lease to which he is enti- 
ity, the industry will continue to operate tled, or the lease he holds, for a mineral 

existing mines and plants that were con- lease to another deposit of the same mineral 

structed in the 1950's and 1960’s until the f comparable value.? These provisions 
reserves are depleted to take full advantage should be available in cases where the 

| of the relatively low investment in these pr oduction from rhe ong or bn oference 
older plants. Given the unused capacity in right bec wou f nee | fh is d pubic 

the Eastern U.S. plants, the declining mar- interest Cause Of AdVErse © tal 1 4 and 

| kets for elemental phosphorus from Ten- ° estruction to environmental, land, an 
na resource values. | 

the bi and Weetern States Producers ho c The U.S. Department of the Interior 
hate gn P ted to be a thcrized announced on August 2, 1977, that pros- 

| Pp al dem, vd develc d th UF IZ pecting permits for coal and phosphate 
until a demand develops and the price In 1,der the Mineral Leasing Act of 1920 are 
the marketplace becomes sufficient to en- invalid in areas covered by prior mining 

courage investments in new plants. Expan- isims. In a formal legal opinion, the 

sion plans for merchant phosphate rock will Department’s Solicitor concluded that the 

be shelved until these conditions are met. Mineral Leasing Act authorizes the issu- 

Morocco's Office Cherifien_ des Phos- nce of coal and phosphate prospecting — 
phates (OCP) was again a major factor in permits only in unclaimed areas. If permits 
the current international trade in phos- were issued for areas covered by mining 

phate rock and discussed plans for new cjaims under the Mining Act of 1872, they 
agreements for the future. OCP shipped are invalid as to those areas. The ruling 
about 300,000 metric tons into the United does not affect noncompetitive preference : 
States to meet one fertilizer producer's yight leases already issued. However, the 
demand. OCP discussed a long-term barter opinion could invalidate in part many of the 
arrangement with the U.S.S.R. Moroccan 188 pending preference right lease applica- 

rock shipments to the U.S.S.R. would, over tions covering 466,000 acres and 9 billion 
a 10-year span, increase “ u rene om tons of coal and 40 preference right lease 
per year and, in return, the U.5.0.K. wou applications covering 35,000 acres and 130 

| supply Morocco with fuels, ammonia, and million tons of phosphate. The impact of 
credits to develop phosphate rock deposits this ruling on pending applications will 
in southern Morocco. This agreement was_ depend on a review of each case. Holders of 
expected to be finalized in 1978. Production prospecting permits for coal and phosphate 
from the Bu-Craa mine in the Western are entitled to noncompetitive leases if they 
Sahara was again curtailed. The conveyor find commercial quantities of coal or val- 
belt that moved the ore to the port (about uable deposits of phosphate. Congress has, 
100 kilometers) was not repaired in 1977. in effect, said that prospecting permits for 
Morocco’s plans to increase production of these two minerals should be issued only 
phosphoric acid at Safi and Jorf Lasfar will where little information about mineral val- 
increase production from 780,000 metric ues is available, that is, where prospecting 
tons of P.O, in 1977 to a maximum of is required. Areas covered by mining claims 
2,500,000 metric tons of P.O; in the 1985 to already have been explored. Congress did 
1990 period. not intend to authorize issuance of pros- 

Morocco produced 17 million metric tons pecting permits and ultimately noncompeti- 
in 1977, about 15% of the estimated world tive leases for coal and phosphate in areas
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that already have been explored. The inter- posed phosphate-resource development in 
pretation means that if coal or phosphate southeastern Idaho, as well as an analysis of 

exists in areas where there are prior mining specific applications pending before the 
claims, a noncompetitive lease cannot be Federal Government. Since the preparation 
issued. Any leasing would have to be on a_ of the draft statement, the expansion plans 
competitive basis. | for phosphate were modified from an esti- 

After an 18-month investigation, a Feder- mated 18 million metric tons in 2000 to 13.6 
al Grand Jury in Chicago concluded that million metric tons, which was the basis 

there was no basis for criminal indictments and justification for the EIS. Since 1974, : 
against phosphate rock producing and ex- when production in the Western States was , 
porting companies. | 5.7 million metric tons, production has de- 

During 1977, the contractor selected to clined in each succeeding year and in 1977 
prepare the draft EIS on the central Florida was 4.6 million metric tons. The industry 
phosphate industry, completed a set of probably has adequate installed capacity in 
working papers. The first of the working existing mines and plants to meet a pro- 
papers was an unnumbered volume with jected demand of 7.3 million metric tons at 
‘suggestions by the contractor for program the end of the century. Because the demand 
improvements. The other 12 volumes in the for sodium tripolyphosphate is expected to , 
series covered archaeology, history, and continue to decline as zeolites are substitut- 
recreation; pertinent laws and regulations; ed in detergent formulations, the Western 

demography, economics, and culture; exist- phosphate industry will probably remain 
ing land use; water; land; atmosphere; in- relatively stable for the next several dec- 
dustry description; description of scenarios; ades. In this event, the environmental im- 
future land use; impacts on social, econom- pacts associated with the 13.6- to 18-million- 
ic, and natural environmental systems; and metric-ton production level as described _ 

| comparisons of impacts and selection of in the EIS will not occur. 
preferred scenario. The U.S. Geological Survey prepared, in 

The purpose of preparing and distrib- cooperation with the Bureau of Land 
uting working papers was to improve the Management, Bureau of Mines, and U.S. 
quality of information for decisionmakers Forest Service, an Administrative Report 

in the short time frame available without following a 2-year study entitled “Impact of 
diminishing the thoroughness of making Potential Phosphate Mining on the Hydrol- 
available all sources of data and informa- ogy of Osceola National Forest, Florida.” 

tion pertinent to effects assessment. The It was estimated that the reserve of phos- 
working papers were intended to increase phate rock in the Osceola National Forest 
the decisionmakers’ understanding of the would support two logical mining units and 
information and assist in resolving the associated beneficiation plants in the west- 
issues. ern half of the forest. Water demand would 

Alternatives were proposed as abasis for be similar to that of other phosphate mines 
assessing the effects of the central Florida in Florida. Each mining unit would pump 
phosphate industry. Scenarios were formu- 31,000 liters per minute from the Floridan 
lated that intended to convey separate aquifer for 6 months prior to startup, and 
themes and intent of administrative action. about 19,300 liters per minute would be | 
Each scenario was described in operational pumped after startup. The lowering of the 
terms to assess environmental effects. A Floridan potentiometric surface would be 
final scenario will be selected by the Envi- less than 1.5 meters at Lake City, White 
ronmental Protection Agency with recom- Springs, and Taylor, the nearest sources of 
mendations from both Advisory and Steer- public water supply to the proposed mines. 
ing Committees and will be the scenario for No appreciable change in the quality of 
a draft EIS in 1978. water in the Floridan aquifer was expected 

The final EIS, “Development of Phos- if no plant effluent was discharged into 
phate Resources in Southeastern Idaho,” Falling Creek, which recharges the aquifer 
prepared by the U.S. Department of the through a sinkhole. No sinkholes were 
Interior, was issued in the last quarter of found in the forest. The flow of the Suwan- 
the year. A task force led by the Geological nee River would not be affected. 
Survey, with contributions from the Bureau A digital model of two-dimensional 
of Land Management and Forest Service of ground-water flow was used to simulate 
the U.S. Department of Agriculture, spent projected changes in the Floridan aquifer 
the past 3-1/2 years analyzing the broad potentiometric surface in 1985 and 2000 
cumulative impacts of existing and pro- caused by proposed ground-water demands
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by the phosphate mining industry in west- by 2000 in areas outside of Polk County, 
-. . central. Florida.* The model was calibrated The Florida State Legislature doubledthe  ==§s—s—t 

under steady-state conditions to simulate severance tax on phosphate rock on June — oe 
_. the September 1975 potentiometric surface. 24, 1977, and added the following to the law: _ | 
__ -.. Under one plan, existing phosphate mines “The excise tax: upon persons engaged in 
_ in Polk County would continue to withdraw the business of severing phosphate rock  _ 

ground water at 1975 rates.until they from the soils:and waters of this State for | 
' .*. phased out of operation as ore was depleted; commercial use shall be 10 percent of the — oe 

| _ no new mines would start up. The prelimi: - value at the point of séverance of the 
a nary indications were that, under. this sce- identifiable phosphate rock severed. The : 
a nario, the maximum simulated recovery of proceeds from the tax imposed by this © | 

_the potentiometric surface is 3.6. meters by subsection, excluding the amount credited | 
1985 and 11.1 meters by 2000. Under an for ad'valorein tax payments, shall be paid _ 

... alternate plan, all proposed’ mines in Polk, into the State Treasury as follows: (a) | 
| _ Hardee, DeSoto, Hillsborough, and Manatee seventy-five percent to the credit of the | 

Counties would start up, and existing mines General Revenue Fund of the State; and (b) 
would continue to operate until depleted. twenty-five percent'to the credit of the Land 
The results indicate that the potentiometric Reclamation Trust Fund: established for 
surface would generally recover in Polk refunds under provisions‘of S. 211.32(8).” 
County and decline elsewhere in the model The severance tax bill also included a 
area. Maximum simulated recovery is 1.4 provision for a seven-member commission 
meters by 1985 and 9 meters by 2000 in Polk to study the reclamation of phosphate 
County. The maximum simulated draw- © lands. oo ae | 
down is 4.6 meters by 1985 and 4.4 meters = = — | | 

| DOMESTIC PRODUCTION : 

Marketable phosphate rock production averagein1976. | 
was 47,256,093 metric tons, an increase of The average weight recovery of concen- 

2,594,533 metric tons or 5.8% more than trates and phosphate rock marketable as | 

that of 1976. The value of marketable rock mined was 26.2%, similar to a 26.4% weight 
was $821,657,000 in 1977 compared with recovery in 1976. The average P.O; recovery 
$949,379,000 in 1976. The average grade of was 70.7%, somewhat less than the 75% 
phosphate ore mined in the United States P.O; recovery achieved in 1976. 
was 12.2% P.O:, similar to that of 1976. The Agrico Chemical Co., Asamera Minerals, 

average weight recovery of concentrate and Inc., Borden, Inc., Brewster Phosphates, 

rock marketable as mined was 28.3%, simi- Florida Agglite Corp., Gardinier, Inc., W. R. 

lar to the 28.9% weight recovery obtained Grace and Co., International Minerals and 
in 1976. The average P.O; recovery was Chemical Corp., T. A. Minerals Corp., Mobil 
71.6%, somewhat less than a 75.4% P20; Chemical Co., Occidental Chemical Co., 

| recovery achieved in 1976. In the United Swift Chemical Co:, and USS Agri-Chem- 
States, Florida and North Carolina pro- icals produced marketable phosphate rock 
duced 40,575,041 metric tons, 85.9% of the from the Bone Valley Formation in central 
total marketable phosphate rock; the West- Florida and a similar type matrix in north- 
ern States produced 4,934,130 metric tons, ern Florida. Howard Phosphate Co., Kellogg 
10.4%; and Tennessee produced 1,746,922 Co., Loncala Phosphate Co., and Manko Co., 
metric tons, 3.7%. , Inc., mined about 24,000 metric tons of soft 

Florida and North Carolina.—Pro- rock from tailing ponds associated with past 
duction of marketable phosphate rock was hard rock phosphate mines in central Flori- 
40,575,041 metric tons, an increase of 7.7% da. 

over that of 1976. The value of marketable In North Carolina, Texasgulf, Inc., was 
rock was $718,393,000, a decrease of the only company producing phosphate 
$148,699,000 or 17.1% less than that of 1976. rock. During the year, the rate of produc- 

The average grade of phosphate ore min-_ tion increased as new mining capacity was 
ed was 11.6% POs, similar to 11.0% P.O; in utilized. North Carolina Phosphate Corp., 
1976 and 11.8% P.O; in 1975. The average jointly owned by Agrico Chemical Co. and 
grade of marketable rock was 31.2% P.0s, Kennecott Copper Corp., obtained a permit 
similar to the 31.3% P20; marketable rock from the U.S. Army Corps of Engineers
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to dredge South Créek. Mining plans and _ duction. was expected in 1980. W. R. Grace 
schedules for this‘ development have not produced phosphate rock from the Bonny _ 
been announcéd. FMC Corp. is studying the Lake mine and began producing from the 
feasibility of slurry mining deep phosphate new Hookers Prairie mine in May 1977. 
deposits ‘north“of the Pamlico River with Anticipating the depletion of the Bonny 
proprietary equipment. Lake mine reserve in 1982, W. R. Grace 

Occidental: Chemical Co., a division of started to’ obtain permits for a new mine 
Occidental Petroleum Corp., produced phos- that would be located in southeast Hillsbo- 
phate rock from its Suwannee River mine rough County, northeast Manatee County, 
in north Florida but did not operatethe new Polk County, and Hardee County. The re- 
Swift Creek mine ‘during the year. The serve, which is called the Four Corners 
superphosphoric acid plant capacity at the mine, would permit mining 4.5 million met- 
Suwannee Rivér mine is being increased, ric tons per year for 15 years if this level of 
and a new superphosphoric acid plant and production is required. Projected startup for 
chemical complex: will be constructed in the Four Corners mine is 1984. Internation- 
1978 and 1979 at the»Swift Creek mine, al Minerals & Chemical Corp. (IMC) start- 
about 5 kilometers west of the Suwannee ed construction of a 400,000-metric-ton-per- 

_ River complex. A new chemical-handling year calcium and ammonium phosphate 
facility will be constructed on Wigmore livestock and poultry feed plant in Polk 
Street at the Port of Jacksonville to handle County, Fla. IMC’s. Florida phosphate 
the superphosphoric acid storage and load- chemicals.plant completed its first full year 
ing-inté 30;000-metric-ton-capacity vessels of operations producing over 600,000 metric 
from the U.S.S.R. This facility will be fully tons of P.O equivalent. IMC announced an | 

| operational by. January 1980. The Swift agreement with a 10-year option to pur- 
Creek miné is scheduled to start producing chase an, 8,500-hectare site in east-central 
again in 1979,.and the combined mines are Florida for future possible phosphate devel- 

+ projected to4.5 million metric tons per year opment. The deposits that will be studied 
of phosphate rack for conversion into super- are in Brevard County, | | 
phosphorié acid... Western States.—Production of market- : 
In central Florida, the moratorium on able phosphate rock was 4,934,130 metric 

- new mines continued pending completion of tons, 7.6% less than the 5,338,658 metric 
the central Florida areawide EIS.authorized tons produced in 1976. It is also useful to — 
by President Ford. Agrico Chemical Co. compare the production used for agricultur- 
operated the Payne Creek and Fort Green al purposes with that used for’ industrial | 
mines. The Saddle Creek mine was shut- markets in the Western States. In 1976, _ 
down in March 1977 and was reactivated in production for agricultural markets was 
late 1977. Asamera Minerals, Inc., pur- 1,650,000 metric tons, which increased to 
chased 85 acres of phosphate debris land 2,222,000 metric tons in 1977, an impressive 
and a flotation plant near Lakeland, Fla. gain of 34.7%. On the other hand, phos- 
The plant produced from June-October 1977 phate rock used in elemental furnaces de- 
and was shutdown. Borden, Inc., stopped clined from 2,575,000 million metric tons in | 
production at its Tenoroc mine in Septem- 1976 to 2,026,000 metric tons in 1977, a 
ber 1977. Its new Big Four mine in Hillsbo- reduction of 549,000 metric tons or 21.3%. It 
rough County was scheduled to start pro- is not clear how much of the lost production 
duction at yearend. Brewster Phosphates for elemental phosphorus in 1977 was caus- 
continued to operate the Haynsworth mine ed by power restrictions and how much was 
and the new Fort Lonesome mine at less caused by less demand for phosphorus in 
than capacity during 1977, its first full detergents. It is probable that the legisla- 
production year. CF Industries continued to tion limiting phosphorus in detergents or 
work toward opening the first phosphate voluntary reductions in phosphorus levels 
mine in Hardee County in January 1979. in detergents by detergent manufacturers 
All permits have been obtained and mine has not shown a decisive trend as yet for 
and plant development will be completed in producers of sodium tripolyphosphate. 
1978. Initial production will be 1.1 million The value of marketable phosphate rock 
metric tons per year. Gardinier, Inc., increased from $67,746,000 in 1976 to 
announced plans to construct a uranium- $89,011,000 in 1977, a gain of 31.4%. The 
extraction facility at its chemical complex average grade of mined phosphate ore was 
south of Tampa, Fla. The construction 20.6% P.O;. The average grade of mined 
schedule would permit testing the new phosphate rock used without beneficiation 
plant in late 1979, and commercial pro- was 26.9% P.Os. The average grade of
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| Figure 1.—Phosphate rock (sold or used), apparent consumption, and exports. _ . 

beneficiated phosphate rock was 32.2% Canadian Western Co-Operative Fertilizers 
: P.0;. The average grade of all used-as- will purchase Beker Industries Corp.’s phos- 

one ae penenciated pihospinate rock was phate properties in Bear Lake and Caribou 
290 PQs. the total phosphate roc Counties in Idaho to secure a long-term 

. proquced iz ne Western States, iain was phosphate rock supply for its two fertilizer 
here fein ted. The weight recovery of ‘the plants in Western Canada. Beker Industries 

beneficiated concentrates was 37.5%; the oven retain the Conda chemical 
P.O; recovery was 69.4%. " 

Beker Industries Corp., Monsanto Indus- The final EIS, Development of Phosphate 

trial Chemicals, Inc., J. R. Simplot Co., and Resources in Southeastern Idaho, was 
Stauffer Chemical Co. mined and processed issued in 1977. No new mines were develop- 
phosphate rock in Idaho. In Montana, Co- ed in the Western States in 1977. 
minco American, Inc., operated an under- Tennessee.—Production of marketable 
ground phosphate rock mine near Garrison. phosphate rock was 1,746,922 metric tons, 
Stauffer Chemical Co. operated two mines an increase of 113,636 metric tons or 7% 
in Utah but closed the Crawford Mountain over that of 1976. The value of marketable 
mine ino anuary chreeghost the v ean rock in a 7 was $14,253,000 compared with — 

’ , ; : - avalue of $14,541,000 in 1976. 

Stauffer remical none mined Phosphate The average grade of ore mined was 
rock In Wyoming. in Valtornia, the valor 20.1% P2Os, the average weight recovery of 
nia Phosphate Corp. mined phosphate rock 

. concentrates was 52.8%, and the P.O; recov- 
from the Cuyama property during the first 66.5%. Th de of 
quarter of the year. Meramec Mining Co. ‘°TY he 0%. The average grade of mar- 
Sullivan, Mo., discontinued recovering apa- etable phosphate rock was 25.3% POs. 
tite concentrates from the Pea Ridge iron | Hooker Chemical Co., Monsanto Indus- 
ore mine tailings. trial Chemicals, Inc., and Stauffer Chemical 

Beker Industries Corp. and Western Co. mined and beneficiated phosphate rock 

Co-Operative Fertilizers signed a tentative in Tennessee for reduction to elemental 
agreement to form a joint venture. The phosphorus in electric furnaces.
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Table 2.—Production of phosphate rock in the United States, by State | 

(Thousand metric tons and thousand dollars) | 

Mine production Mine Parco pon cten. Marketable production 

P P20 P20 P20. 
Rock content Rock content RCK content Rock content Value 

1976: | | 
Florida and . 

North Carolina __ 142,985 —«:15,728 27 5 87,668 11,787 37,690 11,792 867,092 
Tennessee ______ 3,028 618 45 11 —-1,588 410 —-:1,683 421 "14,541 
Western States'___ 8,270 1,848 3,516 920 1,822 579 —s-, 889 1,499 67,746 

Total? ______ 154,278 18,194 3,588 986 41,078 12,776 44,662 13,712 949,379 © | 

1977: 
Florida and 

North Carolina__ 155,114 —-17,922 24 5 40,551 . 12,674 40,575 12,679 718,893 
: Tennessee ______ 3,307 665 _- _. 1,47 442 = ‘1,747 442 14,258 

Western States'___ 8,472 1,741 2,807 756 —-2,127 684 4,934 1,440 89,011 

Total? ______ 166,893 20,328 2,882 761 44,424 18,800 47,256 14,561 821,657 

1Includes California, Idaho, Missouri, Montana, Utah, and Wyoming. 
-2Data may not add to totals shown because of independent rounding. 

CONSUMPTION AND USES 

Apparent consumption of marketable plications 0.1%, elemental phosphorus 
phosphate rock, defined as “the quantity 8.2%, and ferrophosphorus 0.4% for a total _ 
gold or used plus imports minus exports,” of 72.1% or 34,206,749 metric tons. | 

increased from 31,131,000 metric tons in The percent distribution by grade of mar- 
1976 to 34,365,000 metric tons in 1977, an ketable phosphate rock consumed in the 
increase of 10.4%. According to producers’ United States and sold in the export market 
reports, the quantity of phosphate rock sold in 1977 is compared with the distribution 
or used in 1977 was 47,437,040 metric tons, a Patterns for 1974-76 in the following tabula- 
significant increase over the 40,521,819 ton. The data indicate a gradual increase in 
metric tons sold or used in 1976 and more the 66% to 70% BPL fraction at the expense | 

than that reported in any prior year.Of the f both lower and higher grades. 
total sold or used in 1977, 72.1% was con- | 

sumed domestically; 27.9% was exported. ‘Grade, Distribution (percent) 
The consumption pattern as reported by percent BPL! content ~ 1974. 1975 1976 1977 

_ producers is shown in table 3. Of the total ‘Less than 60 —seSOASCOTBCOWBAT 
sold or used, including both domestic and (Smee -22222iimTiCL 

istributi in 66to70__________ 420 484 588 57.8 export markets, the distribution pattern in SB tow ---------- BO. Be Be ata 
1977 for the domestic segment was wet- 72t074___._____. 16 10.7 83 74 

process phosphoric acid 57.0%, normal su- Over74---------- 78 60 61 58 | 
perphosphate 1.9%, triple superphosphate 110% BPL (bone phosphate of lim tricalci 
3.9%, defluorinated rock 0.6%, direct ap- phosphate) = 0.458% PsOs. ° © eee
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Florida and North Carolina.—The quan- phosphate, about 55,181 metric tons (1.2%) 
tity of phosphate rock sold or used increased was used to produce triple superphosphate, 

_ substantially from 33,914,723 metric tons in 7,495 metric tons (0.2%) was used in direct 7 
1976 to 40,994,482 metric tons in 1977. Of applications, 1,965,567 metric tons (41.7%) | 
the total sold or used in 1977, 68.9% was was used to produce elemental phosphorus, 
consumed domestically and 31.1% was ex- and 60,791 metric tons (1.3%) was collected 

, ported. Of the total consumed domestically, j, ferrophosphorus. - 

_ 24,866,873 metric tons (88.1%) was used to ——- The percent distribution by grade of mar- 
See Process 3 x J aPhorie sad, ketable rock sold or used from the Western 

378 metric tons (3.2%) was used to Gates from 1974 through 1977 is shown in 
_ produce normal superphosphate, 1,796,795 the following tabulation: : | 
metric tons (6.4%) was used for triple super- € folowing tabulation: 
phosphate, 298,165 metric tons (1.1%) was 7 OO : | | 
used to produce defluorinated rock, 28,362 ~~" Gua, ...+~+~=SDiistribution (percent) 

_ metric tons (0.1%) was used in direct ap- _ percent BPL' content ~ 397419751976 1977 
plications, and 362,694 metric tons (1.3%) ~ ————————————— 

| was used in electric furnaces to produce [essthan60 ------- 333 38R B77 207 
: - elemental phosphorus and ferrophosphorus. 66 to 70 es 28.5 25.9 98.5 31.5 

_ The percent distribution by grade of the tote -________~ ss Ooaa 
marketable rock sold or used from Florida @2%j7777777--- MZ 88S RB 
and North Carolina, including exports, is_©§_————————_________________ 

_ tabulated below for 1974 through 1977. - phosphate) OSS PLO? % Heme or tricalcium 

nn Tennessee.—The quantity of marketable Grade Distribution (percent) 
| 1 ——— phosphate rock sold or used was 1,723,427 

_Poreent BPE Content 1974 197519761977 metric tons compared with 1,730,228 sold or 
| Less than 60 ______- 02 01 O02 061 used in 1976. All of this rock was used in : 

Go togs ---------- 170 BB 182 electric furnaces to produce elemental phos- 
7to72 ._..___.. 148 112 112 141 phorus and industrial chemicals. Most of 

Overt 22272777. “$4 74 3—s«67_— the phosphorus from electric furnaces was 
—$—$— S$ _______—_—_——-_ converted into an intermediate phosphoric 

__ 11.0% BPL (bone phosphate of lime or tricalcium acid, the base for sodium, calcium, and 
Phosphate) = 0.458% P2Os. | potassium chemicals. 

. ; The percent distribution by grade of mar- 
able ohocphate enck al jany or oc art ketable rock sold or used in Tennessee from 

from 4,876,868 metric tons in 1976 to {4/0 Mirough 1977 is shown in the following 
_ 4,719,181 metric tons in 1977. Of the total ‘#>wlation: 

sold or used in 1977, 90% was consumed in.. | 
the United States and 10% was exported to 9 ————-___ESEEE (“SO 

| Canada. Grade, ____Distribution (percent) 
Of that consumed in the United States, Percent BPL'content 19741975 1976 1977 

expressed as a percent of the total sold or 
used from the Western States, 2,157,016 Gomee 2222. B keg 
metric tons (45.7%) was used for wet-process 66to70---------- 47 16 11 __ 
phosphoric acid, about 2,367 metric tons 11.0% ; «lat 
(0.1%) was used to produce normal super- phosphvte)  04ee PO of ime or tricalcium
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Table 3.—Phosphate rock sold or used by producers in the United States, by use . 
(Thousand metric tons) . : . 

1976 1977 : Use P20 | PO, | Rock content Rock content 
Domestic: 

. Wet process phosphoric acid ~---- ee 23,609 77,274 27,024 8,377 Normal superphosphate ~ ee eeeL 1,072 334 913 283 Triple superphosphate _____ > 777777 T1364 F442 1,852 587 Defluorinated rock wee eee ee ee 290 96 298 99 Direct applications mae ee 40 8 36 7 Elemental phosphorus --- =e 4,515 1,178 3,904 1,011 . Ferrophosphorus Totten nnn n eee 199 51 180 46 —_ SO Total? Totten 
31,089 9,383 34,207 10,410 

: Exports Tot tore 
9,433 8,022 13,230 4,251 . 

eevee remen Grand total? mae eee eee — 40,522 12,405 47,437 | 14,660 “Revised. SSS vised 
‘Data may not add to totals shown because of independent rounding. 

Table 4.—Phosphate rock sold or used by producers in the United States in 1977, 
by grade and State 

(Thousand metric tons and thousand dollars) 

| Florida and North Carolina Tennessee Grade, percent BPL! content P20 P20 / Rock content Value Rock content Value 

Below 60 --- nee - 25 5 504 1,300. 318 10,226 60 to 66 wae eee 4,320 1,233 79,496. 424 118 3,838 66 to 70 — ee Ww Ww Ww oe -- -- 70 to 72 —- ee ee 5,785 | 1,887 113,304. -~ -- -— 72 to 74 we ee Ww WwW Ww -- — -_- Plus 74 — eee - 2,733 949 65,000 -_- _- ~- 
eee Total? mL 40,994 12,843 727,454 1,723 436 14,064 

Western States Total United States 
' P20 ~ Pad, 

. 
Rock co nten t Value Rock conten t Value —_—SSSa OM Below 60 — ee 1,400 349 16,848 2,725 672 27,578 60 to 66 meee ee 767 213 9,111 5,511 1,564 92,445 66 to 70 - oe eee Ww Ww Ww 27,196 8,415 444,060 70 to 72 - eee -. _- _—_ 5,785 1,887 113,304 72 to 74 ma ee Ww WwW Ww 3,488 1,174 86,696 

Plus 74 meee _- ~- _- 2,733 949 65,000 Cc E5000 Total? meee ee LL 4,719 1,382 87,566 - 41,437 14,660 829,084 
'  _W Withheld to avoid disclosing company proprietary data. 11.0% BPL (bone phosphate of lime or tricalcium phosphate)= 0.458% POs. *Data may not add to totals shown because of independent rounding.
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Table 5.—Phosphate rock sold or used by producers, by use and State 

(Thousand metrictons) _ 

) Florida and | Total 
Use -» North Carolina Tennessee Western States United States 

P20 P20 P205 . P20 

Rock  ooctent Reck content Rock  goftent. Reck content | 

(1976: | | | 

Domestic: 
Agricultural __-___---  *24,724 T7629 __ __ 1,650 525 26,375 8,154 

Industrial _____----- 409 120 —1,730 448 2,575 661 4,714 1,229 | 

Total! _.____.---- 25,133 7,749 1,730 448 4,225 1,186 | 31,089 © 9,383 

Exports? __---------- 8,781 2,825 a _- 651 197 9,433 3,022 

| 
eee 

Grand total? __.--- 38,915 ———-10,574_——1,730 448 4,877 1,383 40,522 12,405 

1977: : 
: 

Domestic: 
Agricultural ———----- 27,901 8,637 oe _— 2,222 716 30,123 9,353 

Industrial __ __------ 334 98 1,723 436 2,026 523 4,084 1,056 

Total! ____.___---- 28,235 8,735 1,723 436 4,248 1,239 34,207 10,409 

Exports? _____-=----- 12,759 4,108 _. __ 471 143 13,230 4,251 

| 2 OP 

Grand total? ___ ~~ -- 40,994 12,843 1,723 436 4,719 1,382 47,437 14,660 

TRevised. | . 

1Data may not add to totals shown because of independent rounding. 

2Exports reported to Bureau of Mines by companies. 

Table 6.—Florida phosphate rock sold or used by producers, by kind | : 

(Thousand metric tons and thousand dollars) | 

Land pebble’ Soft rock Total? 

Value - Value Value 

Year P20 - P20: - P20: - 

Rock con- we Rock con- Aer Rock con- er , 

tent Total per tent § Total per tent Total per 

ton | _ton ton 

1973. 33,463 10,626 205,328 $6.14 20 4 154 $7.70 33,483 10,680 205,482 $6.14 _ 

1974___ 36,170 11,380 436,587 12.07 37 q 571 15.43 36,207 11,887 487,158 12.07 

1975___ 34,369 10,782 926,813 26.97 25 5 503 20.12 34,394 10,787 927,316 26.96 

1976___ 33,886 10,568 774,517 22.86 29 6 580 20.00 33,915 10,574 775,096 22.85 

1977__. 40,970 12,8388 726,950 17.74 25 5 504 20.16 40,994 12,843 727,454 17.75 

1{ncludes North Carolina. 
2Data may not add to totals shown because of independent rounding. 

Table 7.—Tennessee phosphate rock sold or used by producers 

" (Thousand metric tons and thousand dollars) 

| P.0 Value 

Year Rock aus tent Average conten Total per ton 

(1978 _._______------------------------------ 
2,417 634 —s-18,812 $5.71 

1974 ee = 2,364 642 20,594 8.71 

1975 ____________-~--------------- 
rrr 2,171 560 29,921 13.78 

1916 _.__ ~~ 1,731 448 15,326 8.85 

1977 _..__ ee er 1,723 436 14,064 8.16
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STOCKS 

Stocks of marketable phosphate rock in beginning of the year were 12,110,425 met- | 
the United States were stable during 1977. ric tons, and at the end of the year were 

Stocks were 13,776,799 metric tons at the 11,822,135 metric tons. In Tennessee stocks 
beginning of the year; at the end of the changed from 214,034 metric tons at the 
year, the reported stocks were 138,682,431 beginning of the year to 240,827 metric tons 
metric tons. Producers minimized moving at yearend. Stocks increased in the Western — 
material from stocks and shipped and used _ States from 1,452,340 to 1,619,469 metric 

current production to meet demand in 1977. tons during the year. 
In Florida and North Carolina, stocks at the . 

PRICES 

The selling price of phosphate rock soldin Carolina decreased from $22.85 per metric 
domestic or export markets is not publish- ton in 1976 to $17.74 per metric ton in 1977. 
ed. Selling prices are negotiated between In the Western States, the unit value of — 
buyer and seller, and the content of the marketable phosphate rock sold or used 
contract is not public information. Some increased from $13.69 per metric ton in 1976 

phosphate rock producers publish price to $18.56 per metric ton in 1977. The unit 
_ lists; however, these do not reflect the value of marketable rock used in Tennessee 

effects of long-term contracts or adjust- was $8.16 per metric ton in 1977 compared 
ments privately negotiated. The Phosphate with $8.85 per metric ton in 1976. | 
Rock Export Association, Tampa, Fla.,and § The average unit value of phosphate rock 
the Moroccan Office Cherifien des Phos- exported from the United States decreased 
phates (OCP) published phosphate rock from $28.92 per metric ton in 1976 to $21.81 
prices in January 1976 but did not publish per metric ton in 1977, f.o.b. mine, which 
prices in 1977 as the international market represents a 25% decrease. The unit value 
became more competitive. The Chemical of marketable rock exported from Florida 
Marketing Reporter publishes prices of and North Carolina decreased from $29.03 
Florida land-pebble phosphate rock, dried, per metric ton in 1976 to $21.64 per metric 
unground, in bulk, carload lots, f.o.b. mine; _ ton, f.o.b. mine. The unit value of phosphate 

examples of these prices have been publish- rock exported from the Western States 
ed in prior chapters on phosphate rock from decreased from $27.39 per metric ton in 
the Minerals Yearbook. This will be discon- 1976 to $26.45 per metric ton in 1977. 

: tinued and replaced by price data obtained Tennessee rock was not exported. The aver- 
by the Bureau’s semiannual survey of the age price or value of Tennessee phosphate 
industry. . rock was as follows, per metric ton, f.o.b. 

Producing companies report the value‘ of mine: 60% BPL, $7.87; and 60% to 66% 

: each grade of marketable phosphate rock BPL, $9.06; the average cost of the two 
sold or used semiannually to the Bureau of categories was $8.16. Tables 8 and 9 show 
Mines. The average 1977 unit value of the price or value of phosphate rock domes- 
marketable phosphate rock reported by pro-___ tically sold or consumed and exported, by 
ducers, or estimated if not reported, was’ grade, for Florida and North Carolina, and 

$17.39 per metric ton f.o.b. plant. This unit the Western States in dollars per metric 
value was 18.2% less than the $21.26 per _ ton, f.o.b. mine. 

metric ton value reported in 1976. The Table 10 shows the price or value of 
average unit value of land-pebble phosphate phosphate rock domestically sold or used 
rock reported sold or used in the domestic and exported, by grade, for the United 
and export markets from Florida and North States, in dollars per metric ton, f.o.b. mine.
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| Table 8.—Price or value of Florida and | a a 
North Carolina phosphate rock Table 9,—P rice or value of Western States 

. . - phosphate rock |. 
. (Dollars per metric ton, f.o.b. mine) . 

- os (Dollars per metric ton, f.o.b. mine) 

- Grade . i , Domestic Exports A | _— 
percent BPL} content meen — = percent BL! content Domestic Exports: Average 

60 to66_______ 18.53 17.45 VBI 
66to70_______- 1491 20.11 16.04 Lessthan60._____ . 12.03. _ 12.03 
710to72________ 17.81 20.89 19.59 60t0o66__~_______ 8.57 27.43 11.88 

| 12to74 21.20 24.01 23.44 66to7_________ 19.94 26.06 21.33 
Over 74——------- 19.54 27.89 28.78 Tato 74-2806 8G 

Average ______ 15.98 21.64 17.74 Average _--___ ‘17.68 = 26.45 18.56 

11.0% BPL (bone phosphate of lime or tricalcium 11.0% BPL (bone phosphate of lime or tricalcium 
phosphate)= 0.458% P2Os. | phosphate)= 0.458% P20s. . 

| Table 10.—Price or value of United States 
_ phosphate rock a 

| (Dollars per metric ton, f.o.b. mine) : - | 

| percent BEL? content Domestic Exports Average, 

Less than 60 ______ 10.08 10.03 | 
60 to 66 16.41 19.51 16.78 a : 

« 66to70_ 15.18 20.45 16.33 | 
10to72 17.81 20.89 19.59 | | | 
T2toT4_________ 25.91 24.01 24.85 : | . 

7 Over74_________ 19.54. 27.89 26.71 | 

| | | | Average ___-___ 15.80 21.81 17.48 | a : 

110% BPL (bone phosphate of lime or tricalcium 
| phosphate)= 0.458% P20Os. | 

| FOREIGNTRADE = = | 

7 In 1977, producers reported that exports tons. ms | ho | 
from the United States totaled 13,230,291 The average unit value df phosphate rock 
metric tons. This was 40% more than the exported from the United States declined 
9,432,568 metric tons exported in 1976 and from $28.92 per metric ton in 1976 to $21.81 
was the largest export tonnage recorded. per metric ton in 1977, f.0.b. plant. 

_ The export distribution pattern was 96.4% Imports of phosphate rock increased from 
from Florida and North Carolina, 3.6% 42,000 metric tons in 1976 to 158,000 metric 
from the Western States, and none from tons in 1977, according to U.S. Bureau of 
Tennessee. Exports of phosphate rock from the Census reports. The distribution pattern 
Florida and North Carolina increased from of imports was 70% from Morocco, 22% 
8,781,472 metric tons in 1976 to a record from the Netherlands Antilles, and 8% 
high of 12,759,577 metric tons in 1977. from Mexico. This was the first year that 

Except for a small amount, all of the ton- significant commercial quantities of phos- 
nage originated in Florida. Exports from phate rock were imported from Morocco. 
the Western States totaled 470,714 metric
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Table 11.—U.S. exports of phosphate rock, by country | 

(Thousand metric tons and thousand dollars) 

a 
oo. 1976 1977 . 

Destination sy. FOOT 
* Quantity Value Quantity Value 

Florida phosphate rock: . 
Austria __.._~~____~__-_-~-~~~- 97 4,173 151 4,310 
Belgium-Luxembourg —_——._.~--.-~------~--~-----+- 750 26,610 899 22,797 
Brazil:-___._._..__-_~_-__~-~----_---+--~-~---+-- 645 25,655 558 16,500 
Canada _____ ~~ ee 1,787 41,566 2,049 41,583 
Colombia _._________~__-----~--~----------~-+-+- 16 573 53 1,626 
Costa Rica ~_________-_~-~-~~-~---.---~-~---+-~-+- 11 325. _— _- 
Denmark __________-~-~~_~-~_~~-~-~---~--~--~-+- _— —- 5) 124 
Ecuador ______________--_-~~-~--~---~-~-~--~--+- 20 704 10 304 
El Salvador ________________~_-- + 11 426 11 270 
France _________.~_~-__-~-~-~--_--~--~--~----+- 534 16,480 1,051 23,486 
German Democratic Republic _._..—.-~-----~--~----- 16 -- 401 _- -- 
German, Federal Republic of _. _______.___------+-~-+-+- 506 14,085 978 21,895 
India ~~~ __~____~__ eee 237 11,218 249 8,556 
Iran _________----~-------------~----------- 277 9,349 366 12,279 
Ireland ~_-_________-~-_-~---~~~--~---~-~---+-~-+-+- 23 656 23 598 
Italy _..- -. _- ___-_--_-----~-------~-+~----+--+-+- 95 3,157 297 7,149 
Japan __..________----~--~--~_--~~--~--~-+----+- 1,375 53,311 1,479 48,094 
Korea, Republicof ~.____._-__-_--_-------------+- 692 30,059 1,165 36,344 
Mexico _________-_~—-~~-_-~--.~----~----~---+ 394 12,378 566 14,126 
Netherlands ___________---~-~-~---------~-+-+--+-- 688 19,852 824 18,032 
Norway _____~__—_-----~-~--~--~-~---~--~-+~~+---~---+ 55 2,104 _ 154 4,0 
Peru _______-----~--+-+~-~--+~--~~+-~~--~-------- 5 184 16 Abo 
Philippines eee ee ee eee ee 76 2,950 100 3,3 
Poland _________~-_~------~--~-~-----~--+---+-+-+- 190 6,328 935 21,151 
Portugal ______.___-----~---~---------~------ 4 129 5 121 
Qatar __________-_---_~-_--~--~----~-+--~------ -- ae 15 635 
Romania ___________~__-_~~~_~--~---~-----~-+-+-+ 153 4,926 259 6,590 
Spain _____________-_~------~_---~--~-~------ 16 424 142 3,246 
Sweden ______2_________-~_--~-~-_--~----~-+-~-+-- 103 3,876 120 3,349 
 §witzerland ~_-_~________-____~----------~-~~+----+ 24 871 _— _. 
Taiwan _________~__-__-_-_-~--------+-+--~-~---- 45 1,727 32 1,208 
United Kingdom _________~-_-_~----~-~---~----+- 164 5,416 405 10,187 
Other _________-_--_--_-~-~-----~--~-------- 2 139 @ a | 

Total _.______________-_-~-~_ +--+ 9,011 300,052 12,937 333,891 

Other phosphate rock:' * . 
Belgium-Luxembourg -—_-_---__-_------~---~---- 11 314 83 2,048 
Brazil _..-_-_§____~______--~-_~--__~_-~---+--+~-- 64 2,068 15 363 
Canada ____________-__-~___-_~--_-~_--~-+-~-~--+-+ 674 18,402 613 16,102 
France _________-___~-~-_-~-~-~--~-~-----~---- 31 620 8 231 
Germany, Federal Republic of _____________-_-~----- 80 | 1,568 38 800 
Guyana ________-~----_-~-~---~---~-~--~---~---- 1 56. 1 83 
Mexico 1___________-~-~-__-~-----+--~--~-+--+-+-+ A © 8 1 28 
Netherlands ____________---------~---+----+--- 33 1,647 — _- 
Poland _________-__~_-~-~~_-+-~ +--+ 29 804 _— _- 
Romania ___________~__-__--~_----~---~----~-+-- 58 1,845 307 8,359 
Ppain ~ ee ee ee ee _- -— 8 129 
nited Kingdom __________-~__-------~--~-~-+---~- _- _— 3 75 
Other __________-_--_---_-~---~------------- 2 31 ? © 114 

Total _._____________--_---~~_----~-----+-- 983 27,358 1,077 28,332 

Grand total ____________-.---~~--_-~-~----+--- 9,994 327,410 14,014 362,223 
i 

4 

1fncludes colloidal and sintered matrix, Tennessee, Idaho, Montana, and soft phosphate rock. 
*Less than 1/2 unit.
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. Table 12.—U.S. exports of superphosphates, by country . 

(Thousand metric tons and thousand dollars) 

Destinati -_ 1976 . 1977 
ination Oe OO OO ee 
. Quantity Value §§ Quantity Value 
rn ne 

Algeria _____________ Le 41 2,959 _- —_ 
. Argentina _____________ 4 352 14 1,259 

Australia 22-5 2 5 6 634 10 922 
Bangladesh _______§_________ 31 3,889 __ — 
Belgium-Luxembourg ____________________________ 33 2,760 55 5,123 
Brazil _-._-__________ Le 369 30,365 359 33,022 
Canada _______________~_ Le 50 4,928 60 5,700 
Chile _____________~ Le 83 7,466 68 5,729 
Colombia _____________-__~ ee 5 579 15 1,734 
Costa Rica _____________-_--~--__ ~~ ee 8 803 7 644 
Denmark ________§_-> 5 5 ee 23 1,790 _- _- 
Dominican Republic ___-_________-~____~ ee 19 2,138 8 820 
Egypt _-_-____-______ _- _— 10 1,011 - 
Finland ____§_-_.-§ $5 5 eee __ —_ 15 384 
France _____-_____ 127 12,072 101 9,523 
German Democratic Republic ~.___.__-_-_______________ 4 413 _- __ 
Germany, Federal Republic of _._-____________________ «Of 9,941 88 8,119 
Guyana ________~___ 1 179 5 570 
Hungary _____________~_~_ Le 133 13,638 86 8,502 
Indonesia _______________ _— _— 51 5,436 
Treland __.____--__~_ Le 24 1,906 39 4,124 
Italy _-.-_-_-__~___ Le 32 2,787 a) — 507 
Jamaica _~_____= LLL 2 154 7 4 192 
Japan ______-_ 40 3,064 Al 3,965 
Kenya _____________ Le _- -- 15 1,416 
Malaysia _________________~___~______ Le _— _- 2 215 

_ Mexico ____________ LLL 1 60 ) 5 
Netherlands ____-_______~___~__~_-~_~ Le 5 410 8 696 
Niger _____________~_-_~_ Le 1 58 _- _- 
Panama _________________ 2 289 ) 17 
Peru ________ Le _- _- - 12 903 
Poland ___________~__-~__ LL _- oe 19 1,803 
Portugal _____________-___--___-_-__-~-_~_-_ (7) 4 5 391 
Singapore ________________ 3 378 2 225 
South Africa, Republic of ~..-§_-§-9_--§_-_-__~____________ 4 2 (4) 1 
Spain _______ ~~~ 10 1,202 _- __ 
Taiwan __._-_-__~_ =§ > 2 189 1 95 
Thailand __________~_§__- eee 2 127 3 224 
Turkey __-_____§_____ _— _— 24 2,297 
United Kingdom -~-- ee LL 4 404 4 417 
Venezuela __-_-________ 1 215 2 214 
Yugoslavia _._-_§ 2 ~~ > 2 Lt — 39 4,069 44 3,914 
Other _________ 4 T611 2 415 

Total _-_-_____ = 1,210 110,835 1,181 . 110,534 

Revised. 
1Less than 1/2 unit. 

Table 13.—U.S. exports of diammonium phosphates, by country 

(Thousand metric tons and thousand dollars) 
eee 

1976 1 
Destination & —_— TT 

Quantity Value Quantity Value eee EES Ore 

-~ Afghanistan ___ => >_> 5 ee 18 2,328 __ _ 
Algeria _______~__________ 14 1,327 _- —_ 
Argentina __-__________~_____ 33 4,162 28 3,593 
Australia ___-_______________~_-__ 29 3,961 35 4,212 
Belgium-Luxembourg ___________-_-_---___-_-______ 165 19,155 236 29,215 
Brazil _--__________-__-~____ 324 36,564 430 56,106 
Canada _____________ 113 13,849 133 16,479 
Chile _______ =r 4 476 _- __ 
Colombia ________________-__-------_-_-_~---___ (4) 2 13 1,824 
Costa Rica ___-____-______ ee 20 2,648 27 2,840 
Dominican Republic ______-______________________ 11 1,646 17 2,063 
Ecuador ____________ _- _- 4 626 
ElSalvador ________________---___-_-_-~_-______ 43 5,056 45 5,274 
Ethiopia _______________~__~_~_ ee 7 412 12 1,593 
France _~_______________ 242 32,282 189 23,607 
Germany, Federal Republicof ~.-_-_____________________ 7 902 33 4,076 
Guatemala ___________________________ Le 2 324 6 903 
India ~~_________ _- _- 307 43,581 
Iran _-_-__-_ ee 3 250 49 5,937 
Ireland ________________ 12 1,230 34 4,635 
Italy _-__________ Lt 385 49,305 311 41,727 

See footnotes at end of table.
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Table 13.—U.S. exports of diammonium phosphates, by country —Continued | 

(Thousand metric tons and thousand dollars) 

oo, 1976 1977 
Destination —_———————— ee 

Quantity Value Quantity Value 

Ivory Coast _..____.___-_~_~___--~----~---+----+~-+--- 8 990 10 1,171 
Japan _____________ ee ee ~ 140 17,168 135 17,041 
Kenya ___ ~____~___--~_--~~--~~ +--+ _- —_ 8 1,122 
Malaysia ____________-__--_--.~-----_--~----_- 6 775 4 504 
Mauritania ~_______________~__-~_-~_ 3 358 3 375 
Mexico __________-__-—-~_~-~--~--~_- () 2 22 2,671 
Netherlands ________________-_--_---_--------~- _— __ 9 1,270 
New Zealand ____________--_-_--~---~--~_ + - 15 1,892 9 1,148 
Nicaragua _~___________~_--~~-~~-~-~-~__--------+- 4 408 30 3,344 
Pakistan _~_____.________~__-~__------~_- +--+ 266 34,923 70 9,628 
Peru _______~_ ~~~ eee _— __ 7 937 
Portugal ____________~-~--~--_-_----~------+--+-- 7 879 12 1,520 
Singapore _~____________--_-------------------- -- -- 23 2,462 
South Africa, Republic of —~_..__.________-__--------- 6 788 4 520 
Spain ___________--_-_----~_------~ ~~ +--+ 35 3,733 25 2,494 
Switzerland ~____________-__--_--_-__-_-__ eee __ _. 15 1,763 
Taiwan ______________ ee 15 1,677 __ __ 
Thailand _.__________--~---~--~~-_----~~--~~_--- 11 1,890 34 3,450 
Turkey ee eee ee ee 49 5,466 190 27,722 
United Kingdom _______~-_-_-_____-_-~___------~--- 20 4,388 2 192 
Uruguay _________~___--~-_---~--+---~~-~-~-~------- 50 5,724 45 6,089 
Yugoslavia _.___.___.._..----~~-~~-------~---~---+- 111 12,295 -- —- 
Other ____________-_~------------~-~---~-------- 4 620 15 2,169 3, 

Total _-_.__________ eee 2,182 269,855 2,581 335,883 

"Revised. 
1Less than 1/2 unit. 

Table 14.—U.S. exports of mixed chemical fertilizers, by country 

(Thousand metric tons and thousand dollars) 

1976 1977 
Destination — ee OOo 

Quantity - Value Quantity Value 

Austria __._.______-__---~-----~--~-~-~-~-~~-~---+-~--+- 2 147 (7) 26 
Bahamas __________________~ ~~ + ee 5 792 5 897 
Belgium-Luxembourg _——-—_-~__-~-------------~---- 18 1,718 (4) 3 
Brazil __-_-______________-~__ ~~~ eee 14 2,047 1 375 
Canada ________________-__ eee 17 10,239 56 9,123 
Dominican Republic _~.._._._.____-~-_-----_---~-------- 5 867 7 880 . 
Ecuador __________ ee 3 277 1 200 
El Salvador —~_______.~__~___ eee 11 1,326 11 1,271 
France _~_______.._~___-__~----~----+--—------+--- 5 692 () 9 
Germany, Federal Republic of ~_____.___-_-__--------~~-— 7 2,332 14 2,805 
Ghana ________ eee 10 1,197 _— _— 
Greece _____________~---~__-+----~---~-~--------- (*) 122 1 331 
Guatemala ______________~._-~_~-----~-~---~-+---+-- 8 1,279 5 1,037 
Honduras __~___~__~_____ ~~ eee 1 115 3 451 
Japan _________~_-__-~__--_-----~-~---~----~---- (9) 183 1 365 
Kenfa _______________~_~-____-~ ~~~ -- —— 3 453 
Mexico __.______~____-_-_~-_-~~~-~~--~-------- 1 146 3 361 
New Zealand ____________.~___-~_----~_--~-------- 3 330 Q) 714 
Nicaragua ____.____________--~~-~---~-~-~~--~---~--- 1 216 2 596 
Panama __~_~___~__.__~~_ ~~~ ~~~ ee 5 699 1 191 
Peru ___-.---~~---~--------------------------- (4) 100 2 112 
Singapore ______--~__~--~_-------------------- (4) 90 2 457 
Sweden __________~--_~-_-~~_-~~~ ~~ 15 1,418 _- _— 
Thailand _________~_____--~-~-~~~---~-~---~--~---- 22 2,189 43 3,995 
Venezuela ___________~__~__-~-----~--~----~---+- Gy). 3 10 1,425 
Other ______.-_-~__-------------------------- 6 *1,760 6 1,471 

Total _________-__~ ~~ ee 219 30,284 177 26,908 

Revised. 
1Less than 1/2 unit.
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Table 15.—U.S. exports of elemental phosphorus, by country | | | 

| 1976 1977 

| (metric (¢housands) - ‘metric (¢housande) 

Australia.__--__------- 226 $311 214 $257 
Belgium-Luxembourg ___~______________-_--____ 275 154 . 75 74 
Brazil _._-_-_--__ LL 3,041 3,470 | 2,630 2,860 
Canada _____ 5 4,476 4,761 2,222 2,485 
Chile ~~~ LLL 3 1 4 3 
Denmark —-_______§_____~___ 2 200 239 _- -- 
France ________.~_______ ee 11 5 2 1 
Germany, Federal Republic of __._._______.__~_______ -—- -- 17 5 
Israel _. -§_ -- Le 50 24 _- — 
Italy__-__ ~~ LL 41 45 4 2 
Japan____ _-§ Le 5,012 6,313 4,608 5,862 
Mexico __-___- ee 12,908 14,993 8,042 9,036 
Netherlands ______/§___________ ~~~ _ Le 40 20 10 5 . 
Switzerland _.--_________~_~ LLL 14 4 34 32 
United Kingdom _________~_~_____ «82 36 83 85 

Other _ -------~---~----~--------------------__ 8B 
| Total _.---_ ee 26,387 30,387 17,954 20,722 

. Table 16.—U.S. imports for consumption of phosphate rock and phosphatic materials 

(Thousand metric tons and thousand dollars) 

| Fertilize 1976 | 1977 

| orer 7 Quantity. Value Quantity. -—~-Vaiue 

Phosphates, crude and apatite! ____________________ 742 ¥2,209 158 6,079 
Phosphatic fertilizers and fertilizer materials __.__________ 43 6,631 54 5,095 
Ammonium phosphates, used as fertilizers ~-~____.______ 317 ¥44,250 _ 838 39,331 
Bone ash, bone dust, bone meal and bones ground, 

crude or steamed ___._.__/_~§ _->_/ -§ 5 eee 3 689 5 945 
Dicalcium phosphate ______ 2-2 1 177. (7) 9 
Basicslag _..________________~-~_-__ ee _- mo (?) 2 
Manures including guano ______________--------~- () 17 () 2 
Phosphorus ______§_§___________-~____ 1 1,604 (?) 1,461 
Phosphoric acid ____________--------___------~- (7) 149 1 175 

"Revised. | 
1 Adjusted by the U.S. Bureau of Mines. 
7Less than 1/2 unit. — 

: WORLD REVIEW 

The downward trend in world production largest market, declined. 
from 110 million metric tons in 1974 to 107 Morocco has become the second largest 
million in 1975 and 1976, was reversed in supplier of phosphoric acid, marketing acid 
1977. Estimated world production was 116 from the OCP plants at Safi and marketing 
million metric tons. In addition to the some of Fosforico Espanol S.A. (FESA) pro- 
increased demand for phosphate rock, it duction at Huelva and acid from the Rouen 
was estimated that world trade in phos- plant of Azotes et Produits Chimiques 
phoric acid exceeded 1.5 million metric tons (APC). . 
P.O;, a significant increase over 1.1 million Exports from the Republic of South Afri- 
tons P.O; traded in 1976. ca have increased. Fedmis exported princi- 

Brazil, India, and Colombia were the pally to Brazil and Iran. Triomf shipments 

major markets for U.S. exports of phos- were, for the most part, to Brazil and Japan. 
phoric acid. Exports from Mexico declined Conversion of phosphate rock into phos- 
in 1977 compared with those of 1976. Ex- phoric acid by countries basic in rock is a 
ports by Fertilizantes Fosfatados Mexicanos trend that is expected to become an increas- 
(FFM) from Coatzacoalcos were, for the ing part of international trade in the next 
most part, to India. Tunisian exports of acid decade. 
declined in 1977 as domestic consumption of Both domestic and export demand for 
fertilizer and sodium tripolyphosphate in- phosphate rock improved in the first half of 
creased and demand from Turkey, Tunisia’s 1977 and, with the momentum carrying
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through into the second half of the year, it China, People’s Republic of.—The Com- _ | was estimated that production reached 116 mercial Division, Canadian Embassy in million metric tons in 1977, exceeding the Peking reported on May 24, 1977, that the record production of 1974. The principal Geological Bureau of Shantung Province, difference between 1974 and 1977 was that east China, located more than 300 sites of | | in 1974 both phosphate rock and derived Phosphorus ore in 59 counties. It was indi- | | fertilizers were in part stockpiled, whereas cated that 150 small mines have been acti- in 1977 the phosphate rock production was vated and 90 additional mines are planned. | directly consumed. An unconfirmed source reported that a : The principal events that occurred in the large phosphate rock deposit was found at | phophate industry in 1977 are discussed in Fanshan in Chonsien County, Hopei Prov- the following listing of countries. ince, northern China. If this find is utilized, Algeria.—Another in the series of inter- the dependence of the Province on phos- | esting chemical trades was the announce- phate rock from Hunan and Kwiechow ment that Algeria’s National Mining Co. Provinces can be terminated. will supply 60,000 metric tons per year of Egypt.—The Red Sea Phosphate Co. re- _ phosphate rock to Finland’s Kemira Oy ported that the El Shugaila mine on the | and, in return, for the years 1977-19, Kemi- Red Sea coast started producing in mid- ra Oy will ship Vicose fiber of equal value to 1977. Reported reserves are 46 million met- Algeria. Kemira Oy’s fertilizer produc- ric tons and, if the mine operates for the tion in the past was based on imported projected 30 years, the capacity will be U.S.S.R. apatite. Kola apatite exports to about 1.5 million tons per year.® | Finland will terminate in 1979.5 The new Hamrawein phosphate mine on The Brazilian national company, INTER- the Red Sea coast, a Romanian economic BRAS, has contracted to purchase 150,000 assistance project, is not scheduled to attain | to 200,000 metric tons of phosphate rock full production before mid-1978. If negotia- from Algeria. The Algerian mining com- tions are successful, the reported capacity of | pany, SONAREM, will supply the contract 600,000 metric tons per year may be export- Over a 2-year period.® ed to the People’s Republic of China. Australia.—Queensland Phosphate Ltd., NASR Phosphate, which produces 300,000 a subsidiary of Broken Hill South, cut metric tons annually from the Mahamid production of phosphate rock from the phosphate deposits in northern Egypt, plans Duchess mine to a rate of 350,000 metric to increase production to 600,000 metric tons per year in 1977. The design capacity of tons per year if development assistance can _ the mine was to be 1 million tons per year; _ be obtained from the United States. however, with technical problems develop- Finland.—Kemira Oy, the country’s larg- ing in domestic phosphoric acid plants that est chemical and fertilizer company, operat- | attempted to use Duchess rock instead of eda 10-ton-per-hour pilot plant at Siilinjar- rock from Christmas, Nauru, and Ocean vi near Kuopio, eastern Finland. The pilot Islands, and with a drop in demand, the plant was designed to concentrate a 10%- decision was made to reduce production and P.O; apatite deposit that is 15 kilometers reduce the accumulated 200,000-ton stock- long and 600 meters wide. The depth of the pile.’ deposit is greater than 800 meters. Concen- Brazil.—The three phosphate rock mines trates have been produced analyzing 33% | that were operating in Brazil have not been P.O; that are satisfactory for producing able to meet the demand that developed in phosphoric acid and compound fertilizers.1? the 1970’s and, as a result, phosphate rock Rautaruukki Oy plans a pilot plant to and phosphoric acid imports increased. In determine the feasibility of concentrating addition to the Jacupiranga mine and the phosphate minerals from the Sobli ore de- smaller mines at Araxé and Serrote, Arafe- posit in eastern Lapland. The pilot plant til increased the capacity of the Araxa apa- was scheduled to start operating in mid- tite mine to 600,000 metric tons per yearin 1978, and the studies will be made during 1977. Scheduled for startup in 1979 is the an 18-month period."* 
Catalao mine in Goias that will produce It is unlikely that commercial production 500,000 metric tons per year. This mine is from either the Siilinjarvi or Sobli deposits being financed by Brasimet and Agrico will occur for several years because of Chemical Co. The Valep mine at Tapira is uncompleted research programs, the declin- scheduled to produce 900,000 metric tons of ing price of phosphate rock in internation- concentrates annually starting in mid- al markets, and Finland’s tight domestic 1978.8 monetary situation.'*
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Table 17.— Phosphate rock: World production, by country : | 

oe (Thousand metric tons) 
I 

Country? 1975. 1976 1977” 

Phosphate rock: 
. 

Algeria _____-_--------------------------
-77-7 707777 . T107 820 1,055 

Australia _____________--_----------------=-------
7--7-7 124 258 485 

Brazil __________--------------------------
-7077 7777 406 490 605 

China, People's Republic of ___—------------------------77 
3,400 3,750 4,100 

Chratnas island (indian Ocean) oe eee ee  - - - - - 1,391 1,033 1,186 

Colombia _________--_----------------------73- 
77777077 13 10 “10 

Egypt ____-----------------------
---- 007 *536 443 581 

France _________--_------------------------7777777 
18 18 28 

Germany, Federal Republic of __—----------------------7-7-77 
81 86 65 

India ________-__------------------------7-77
 7507777 459 682 ©750 

. Israel: ________------------------------------70
7077777 882 639 1,232 

Jordan ____.__-__----------------------- 7-70 7-77707077 T1352 1,717 1,781 

Korea, North® ________-----------------------------7-7
- 450 450 500 

Mexico _______-----------------
--- 282 224 | 200 

Morocco ______----~--------
--- - 13,548 15,656 17,027 

Nauru __________------------=---------------70707777 
1,584 155 1,146 

Netherlands Antilles (Curacao) ___~-----------------------7 
82 54 79 

Ocean Island _______------------------------- 7777777 516 AlT 416 

Peru___________-__------------------ 4
7-77-07 _- 2 —_ 

Philippines _____------------------------------7-7-777 
5. 12 “12 

Rhodesia, Southern _____----~--------------------7-7-7-7-77 
130 130 140 

Senegal ______-_ __---_--~--------------------7-7--
 700077 1,801 1,799 1,869 

South Africa, Republic of? ______--------------~--------7--7 
1,646 1,702 2,403 

‘Spanish Sahara? _______-------------------------77-777 
2,682 173 232 

Sweden? ___________---------------------------77-7-7 
30 25 50 

Syria _.____-------------------------- 5
7707 857 511 425 

Togo ____-__------------------------ 
1,161 2,009 2,857 

Tunisia ______-_---------------
--- --- or 3,481 3,294 3,614 

Uganda _____--_-------------------------0 
750000007 15 15 5 

USSR&5 _________-----------------------7-7555007 
24,150 24,200 24,200 

United States ________------------------------7700TT
7 44,276 44,662 47,256 

Venezuela ________--_-_---------------
----- 37-7077 116 80 139 

Vietnam® ________--_------------------------777777 
1,400 1,500 1,500 . 

Total ___.___--------------------
--- 7-7-7 107,531 107,616 115,948 

Guano: 
Argentina _____-—------------------

---- 570550 1 _- oe 

Chile ____________--_----------------------7-77-0777
 14 16 “16 

Philippines ___--_-------------------------7- 7777777077 126 2 2 

Seychelles Islands® ________---------------------------- 
&6 6 "6 

ee 
€Kstimate. Preliminary. "Revised. 

1In addition to the countries listed, Belgium, Indonesia, and Tanzania may have produced phosphate rock, and the 

Territory of South-West Africa produced guano, but output is not officially reported and available information is 

inadequate for formulation of reliable estimates of output levels. 

2T otal of local sales and exports of phosphate concentrates and direct-sale ore. 

3 fective December 31, 1975, this area ceased to be a territory of Spain, being officially administered thereafter by — 

Mauritania and Morocco; production is still reported under the the title “Spanish Sahara” to provide for statistical 

continuity until decisions are finalized regarding the status of the phosphate mine area. 

4As reported by International Superphosphate Manufacturer’s Association; official Swedish statistics show no 

production of phosphate rock, but do indicate output of phosphatic slag from steel plants (Thomas slag). 

5Estimate by International Superphosphate Manufacturer's Association on the basis of a marketable product 

averaging 34.8% P20s; differs with data reported in the U.S.S.R. chapter of Volume III of the Minerals Yearbook, which 

are reported in terms of two products of differing grade. 

Exports.
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Iraq.—As part of an order for a complete Morocco.—The OCP awarded contracts fertilizer complex, the State Organization in mid-1977 to construct Maroc Phosphore 2 for Minerals will receive a phosphate rock at Safi. Maroc Phosphore 2 will consist of beneficiation plant designed to treat 3.4 three 1,700-ton-per-day sulfuric acid plants million metric tons of ore annually. The and three 500-ton-per-day phosphoric acid complex is scheduled for completion in Plants. The Phosphate rock for this new 1981. The beneficiation plant will receive facility will be supplied by the new Ben ore analyzing 21% P.O; and, after crushing, Guerir mine.1” 
screening, calcining, slaking, and washing, In 1976, Maroc Phosphore 1 became fully | produce a concentrate for the fertilizer Operational. Maroc P hosphore 1 consists of complex. The ore will be crushed anq three 1,500-ton-per-day sulfuric acid plants, 
screened to minus 16 millimeters. Two ro- three 500-ton-per-day phosphoric acid tary kilns, 6.6 and 6.0 meters in diameter Plants, and bo 600 ton-p or cay monoammo- and 175 meters long, will be used to calcine ohore , oho t © P aes f th oho: h OS- _ the 16 millimeter feed. The cooled calcine P ‘do "action ten Ito. Tacs enaene 
will be slaked, washed, and centrifuged acid’ Pro uction is used to pro uce monoam- . pili monium phosphate; the balance is exported. before shipping or stockpiling. All of the phosphoric acid production from Jor dan.—The plans of the Jordan P hos- - Maroc Phosphore 2 will be exported after its phate Mines Co. to increase capacity of scheduled startup in August 1980. These Phosphate rock plants _ and the infra- developments confirm OCP’s intention to structure to export 3 million metric tons in convert at least one-third of Morocco’s phos- 
1977 were not met. Only 1.7 to 1.8 million phate rock production to intermediate prod- tons were exported and, with constraints cts prior to export. It is estimated, there- remaining, 1978 capacity will probably not fore, that Morocco will be able to export exceed 2.75 million metric tons. about 1.5 million tons per year of phosphor- : Mexico.—The Government purchased ic acid after 1980. 
Fertilizantes Fosfatados Mexicanos (FFM) Reports during 1977 of an agreement for approximately $110 million. Guanos y between the Governments of Morocco and Fertilizantes (Guanomex), the Government- the U.S.S.R. indicate that an agreement 
owned company, will act as director of the was reached to barter Moroccan rock for merged FFM and Guanomex.?5 Soviet oil and for U.S.S.R. financial and 

The phosphate rock deposits and beach technical assistance to develop a new phos- sands in Baja California have been studied phate mine in the Meskala region, south of since the 1950’s. Between 1974 and 1976, an Marrakech. It was understood that ship- outcropping of phosphate rock near the ments of phosphate rock could start in 1978 village of San Hilario was intensely explor- and increase to 10 million metric tons near 
ed. Although the exploration program iden- the end of the century. Shipments of rock tified an estimated 330 million tons with an Would be made from Casablanca until the average P.O; content of 12.6%, the resource Meskala development, planned to be com- was not considered economically attractive pleted m the mid-1980’s or after 1990, would because of low grade and unfavorable bene- esha in the supply of rock to the ficiation characteristics, the cost of an infra- S: h ° Production f the Buc structure to move a product out of the area, sa in the fo uc So. ‘ch S he u hich and unfavorable mining conditions. mine 10 ded to Mo, pans d Mi ara, W + A favorable deposit on La Paz Bay, about the 5 warded to Morocco an auritania nd 60 kilometers north of the City of La Paz e Spanish Government, was negligible mn y > 1977. Much of the installations required to has been drilled. The zone, called San J wan move the ore from the mine to the port of El de la Costa, includes the Humboldt and Aauin was destroyed by the local independ- Del Rio strata, which have been identified ence movement identified as the “Polisario as economically attractive to mine. These Front.” The 110-kilometer conveyor belt two strata, if mined at a combined rate of was not repaired during the year, and 
1.6 million tons per year, would yield movement of ore by trucks was not feasible. 700,000 tons per year of 30% P.O; concen- For the second year, the Bu-Craa mine did trates. A reserve of 12 million tons can be not produce and contribute to world mined from the surface. The quantity avail- supply. 
able, if underground mining is considered, Senegal.—Reserves of 50 million metric has not been established. Production at tons of recoverable calcium phosphate have capacity is planned for 1980-81.1¢ been identified in the Tobene deposit, locat-
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| ed approximately 80 kilometers north of tons, respectively. The present plan is to 

Dakar. The Tobene deposit is adjacent to produce 6.6 million tons by 1980 and 7 

the Taiba deposit that is currently mined. million tons by 1981. The increase in pro- 

Production from Taiba is about 1.5. million. duction will be accomplished by increasing 

: - tons per year of concentrates. If the Govern- the capacities of mines in the Gafsa Basin. | 

ment increases production to 2 million tons Production from Kalaa Djerda will remain 

per year, the Taiba deposit will be depleted at 240,000 tons per year through 1981. . 

in about 10 years. It is probable that the In the Gafsa Basin, production from the | 

Tobene deposit will be developed near the _ beneficiation plants at Metlaoui will be 

end of mining and processing Taiba ore to increased by adding to the concentrates 

utilize the infrastructure, equipment, and from Metlaoui ore from the open pit Kef es 

personnel that will become available.” Schfair mine and concentrating in a new 

‘South Africa, Republic of.— The French washing plant. With four washing plants at 

shipping and marketing group Gazocean Metlaoui, the beneficiation capacity: will 

- backed out of the contract with Triomf exceed mining capacities of Metlaoui and | 

| Fertilizer of South Africa to market phos- Kef es Schfair combined. A new washing 

| phoric acid. Triomf agreed to release Gazo- plant is scheduled in 1979 to receive ore 

- cean from its agreement for $35 million. from the M’rata underground mine. The 

| The phosphoric acid will be marketed by — washer will be located at the Moulares mine 

Phillipp Brothers of the United States. and supplement the two air separation 

Phosphoric acid from the recently complet- plants at this mine. The M’rata mine is , 

ed plant on Richards Bay was shipped to scheduled to increase production to 1 mil- 

- Brazil in mid-February, inaugurating the lion metric tons per year by 1980. Moulares, 

| first shipment of a 10-year arrangement with M’rata ore, will be producing 1.3 mil- 

with Gazocean. Gazocean had two phos- lion metric tons per year by 1981.:The | | 

_ phoric acid vessels under construction, Redeyf mine has two air separation plants 

| ‘which were acquired by Triomf on long- and is not expected to produce more than 1 

term time charter.4 : | ‘million metric tons per year before 1981. 

Syria.—Phosphate rock is mined from The air separation and washing plants at | 

three deposits near Palmyra in central the M’dilla mine will be supplemented with | 

Syria. The capacity of the plant, con- a new washing plant. By 1981, the M’dilla | 

structed with Romanian, Polish, and Bul- concentration plants will be producing 1 

garian assistance, is 2 million tons per year. million metric tons per year. At the Sehib 

The rock is trucked to Tartous for export. A mine, the decision to mine with a continu- 

railway from the phosphate deposits to ous longwall machine, room and pillar, or 

Tartous is scheduled for completion in the open pit will be made in 1978. It is probable 

1980’s. The ore is high in clorine (0.15% to that longwall mining will be selected. The 

0.25%) and must be washed and dried be- beneficiation plant of the mine is scheduled — 

fore shipping. Production in 1977 was about for completion in 1979 and will be able by 

500,000 metric tons.” 1981 to process 2 million metric tons of ore 

Togo.—Phosphates are Togo’s largest ex- to produce about 1.5 million metric tons of 

port. In 1974, when the international price 65% to 68% BPL concentrates. By 1981, if 

of phosphate rock abruptly increased, phos- all of the programs are completed, CPG will 

phate rock export revenues reached $139.7 have a capacity of 7 million metric tons of 

million, equal to three-quarters of the coun- concentrates.”* 

try’s export receipts in that year. Phosphate U.S.S.R.—There are indications that, be- 

receipts were two-thirds of the export cause of diminishing reserves of apatite in 

receipts in 1975 and about one-half in 1976 the Kola peninsula and high magnesium 

as prices declined in those years. The mine levels in the concentrates produced from 

has been expanded with the expectation of the Kovdor mining and beneficiation com- 

exporting close to 3 million metric tons of plex, it may be necessary for the Soviets to 

phosphate rock in 1977. A feasibility study blend Kovdor apatite with concentrates 

was completed for a phosphoric acid plant from the Apatite combine, U.S.S.R.’s main 

and fertilizer complex that would use one- source of high-purity phosphate, to main- 

third of Togo’s annual phosphate rock pro- tain production of fertilizer.* 

duction. Financing has not been arranged.”* From the Kola Peninsula, the estimated 

Tunisia.—Compagnie des Phosphates de 1976 production of phosphate ore was 37 

Gafsa (CPG) revised its future plans for million metric tons, analyzing 17.7% P.Os, 

production and processing phosphate rock. and 34 million metric tons of sedimentary 

Production in 1973, 1974, 1975, and 1976 rock averaging 138% P.O; from Karatau in 

was 3.47, 3.90, 3.48, and 3.29 million metric Kazakstan. Deposits of phosphorite also
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| occur in Upper Kama in the Urals, Eg- plant in the Kola Peninsula. The first stage, 
_.. or’evsk and Lopatino in Moscow Oblast’, commissioned in 1975 and designed to re- | 

Kingisepp in Leningrad Oblast’, and in cover apatite from the iron ore benefici- | 
_ other regions, but the P.O; levels arelow. A ation plant tailings, was to have an annual 

| phosphorite, ground-rock flour, is produced capacity of 800,000 tons of ore. The second 
_ that assays about 19% P.O;, and used in stage of equal capacity was constructed in a 

direct applications. | _ 1976. | : 
‘The Khibney apatite nepheline Kola de- In summary, by 1980 the U.S.S.R. plans to | 

| posits represent the U.S.S.R.’s largest single produce 18.2 million tons of concentrates at 
| phosphate source. Mined ore averages 16% the Apatit Association and 1.88 million tons 

- to 21% P.O; and is beneficiated to 39.4% at the Kovdor mining and concentration 
P.O; with 92% P.O; recovery. The apatite complex. _ oo a 
complex produced an estimated 15.9 million The 45 commercial deposits in the Kara- 

, metric tons of concentrates in 1976 from one tau area of Kozabhstan contain an estimat- 
open pit and three underground mines. In ed 1,500 million tons of minable phosphate 
1976, the first stage of the Yukspor mine, _ ore. The five largest deposits, the Dzhantas, 
with an annual capacity of 0.9 million tons Aksay, Chulaktau, Koksu, and Kokdzhone, 
of apatite ore, was commissioned, and the contain more than half the total reserves. 

27th section of the beneficiation plant, de- Seven open pits at the Aksay and Dzhan- 
signed to produce 230,000 tons per year of tas deposits and the Molodezhnyy under- 
concentrates, was completed. — . _ ground mine at the Chulaktau deposit pro- 
A new apatite mine, the Koashva, located duced an estimated 9.6 million tons of ore in 

at Mount Koashva, was under development 1976. About 6.7 million tons came from the 
| in 1976. The first stage of the mine will be Dzhantas deposit. The ore analyzed 21% to 

| completed.in 1978 and linked to Kirovsk by 25% P.O; and was concentrated to 28.5% 
rail. When completed, the mine will have P.O; with low P.O; recovery. In early 1977, 
an annual output of 7 million tons ofore. _— new facilities to mine 1.7 million tons per _ 

Construction of an experimental benefi- year and produce 0.65 million tons per year 
ciation plant continued through 1977 at the of marketable phosphate rock were started 
Zabaykal’sk complex in. Buryat, U.S.S.R. at the Tsentral’nyy mine. Between 1977 and 
When completed, the mill will test and 1980, the U.S.S.R. plans to open the Kok- 
produce an apatite concentrate from the Dzhon mine to produce 4.75 million tons per 
Oshuskovo deposit. Although reserves are year of ore, the T’esay mine to produce 2 | 
large, the ore analyzes only 4% P.Os. If million tons per year, and the Kod-Su, 
successful, a Zabaykal’sk apatite complex Ur-Bas, Geres, Kis-Tas and others with 
will be constructed that would produce 1.3 smaller capacities. By 1980, the Karatau 
to 1.5 million tons of concentrates after area will mine about 20 million tons of ore 
1980. | | | and produce 13 million tons of marketable 

In 1975, an apatite-concentrating plant phosphate rock. — : 
was constructed at the Kovdor iron ore | | 

| TECHNOLOGY 

One of the principal outlets for fluorine maintain ozone concentrations that protect 
recovered from phosphate processing now terrestrial life from solar radiation and 
appears to be restricted as concern increas- maintain the overall pattern of world cli- 
ed in 1977 regarding the effect of chloro- mate in the lower atmosphere. In phase two 
fluorocarbons that diffuse into the strato- of the plan to reduce fluorocarbon use and 
sphere and enter into photochemically ini- reduce depletion of ozone in the strato- 
tiated reactions that reduce the natural sphere, regulatory agencies are considering 
ozone concentration below its current equi- banning fluorocarbons in refrigeration and 
librium level. In all probability, bans on air conditioning units and blowing agents 
nonessential uses of chlorofluorocarbon pro- used to produce plastic foams. If this propo- 
pellants will be established by the US. Food sal is implemented, serious problems will 
and Drug Administration for aerosol con- develop because there are no satisfactory 
sumer products such as deodorants, hair substitutes, particularly in the field of re- 
sprays, cosmetics, and food products that frigerants because the alternatives for am- 

contain fluorocarbons 11, 12, and 114. The monia, methyl chloride and sulfur dioxide, 
reason for the curb on fluorocarbons is to are highly toxic and flammable.
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The growing interest in recovering urani- gents were banned from States around the 
um oxide from phosphoric acid is undoubt- Great Lakes. An amendment to the Clean 
edly caused by recent increases in the sell- Water Bill that would ban phosphates from 
ing price of yellowcake and projections for detergents sold in these States is before the 
higher prices in future years. Apart from Congress. FMC Corp., a manufacturer of 
being economically attractive, uranium re- elemental phosphorus in Idaho, estimates , 
covery from phosphoric acid would help to that, of the total phosphorus entering the 
eliminate any potential environmental or Great Lakes, 10% is from detergents, 60% 
health problem that may be identified from is from fertilizer runoff, 15% is from 

using uranium-bearing phosphoric acid in atmospheric sources, and the balance is 
fertilizer production and consumption. Ura- from sewage; a reduction in phosphate de- 
nium Recovery Corp. is currently recover- tergents would not, therefore, significantly 
ing uranium oxide from W. R. Grace’s improve the quality of water in the Lakes. 
phosphoric acid plant in Polk County, Fla. The National Resource Commission of 
Wyoming Minerals Corp., a subsidiary of Michigan banned phosphate detergents, 
Westinghouse Electric Corp., has a contract and a law suit was filed by the Soap and 
to construct a uranium recovery plant at Detergent Association contesting the legal- 
Farmland Industries’ phosphoric acid plant _ ity of the ban. It has been suggested that it 
in Florida. Freeport Minerals is con- would be more feasible to treat waste water 
structing a recovery plant in Louisiana, and to remove phosphates rather than attempt 
Gardinier, Inc., is constructing a recovery to use alternative, but less efficient, deter- 

plant south of Tampa, Fla. Oak Ridge Na- gents with the risk of higher costs to the 
tional Laboratory, Tennessee, has develop- consumer. The amendment, if passed by 
ed two processes to recover the uranium Congress, will also require EPA to investi- 
content of filter-grade (82% P:Os) phosphor- gate the feasibility of introducing a national 
ic acid. The DEPA-TOPA process involves ban on phosphate detergents. EPA has 
reductive stripping with a mixture of di (2- included phosphates on a list of chemicals 
ethylhexy]) phosphoric acid (DEPA) and _ scheduled for investigation under the Toxic 
trioctylphosphine oxide (TOPO); the other Substances Controls Act. Over the past | 
process, the OPAP process, is an oxidative decade, world production of sodium tripoly- 
technique, which uses a mixture of mono-phosphate has declined about 40%. Proctor 
and di-octyl-pheny] phosphoric acid. and Gamble, the largest producer of sodium 

A new process to recover uranium from  tripolyphosphate, has developed a synthetic 
phosphoric acid has been developed by the zeolite builder and plans to reduce the 
Japanese Power Reactor and Nuclear Fuel phosphorus content in detergents to 2% or 
Corp. and demonstrated on an experimental 3%. In the Netherlands, Akzo-Zout Chimie 

scale. The details of the solvent extraction plans large-scale tests for NAS, a synthetic 
process have not been published, and there zeolite produced from sand, soda ash, caus- 

is no indication that the problem of solvent tic soda, and alumina. 

residues in the treated phosphoric acid that At the Bureau of Mines Albany Metallur- 
have occurred in similar systems are a_ gy Research Center, characterization and 
problem for this process.?” beneficiation tests were conducted on a 

A process for purifying wet-process phos- wide variety of phosphatic materials from 
phoric acid that was developed by Société Idaho, Montana, Utah, and Wyoming. A 
Azote et Produits Chimique, Toulouse, sample of Gay mine phosphatic shale was 
France, approximately 5 years ago is now’ tested in a 27-kilogram-per-hour flotation : 
being marketed by the Luwa Corp., Char- unit to study the applicability of a combina- 
lotte, N.C. The Phorex process is a solvent tion carbonate-silica flotation process to a 
extraction system that uses isobutanol. mixed altered-unaltered ore. Samples of 

In the United States, reductions in the Utah phosphate ore containing pyrite were 
amount of phosphorus in detergents and_ successfully beneficiated using a sulfide- 
attempts to find satisfactory alternatives to carbonate-silica flotation system. Flotation 
phosphorus detergent builders have been tests were conducted to study the selectivity 
well publicized during this year. Several of sulfosuccinate reagents (Aerosol 18 
States and some cities have banned phos- and Aero promoter 845) as collectors for 
phates from detergents used in domestic magnesium-bearing minerals. The indica- 
laundry products. The level of phosphates tions were that these reagents were selec- 
in the Great Lakes, according to the Envi-_ tive for floating magnesium-calcium car- 
ronmental Protection Agency (EPA), could bonate minerals from a relatively coarse 
be significantly reduced if phosphate deter- and well-deslimed pulp, but were nonselec-
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tive for flotation of finely ground material. Ca, F, and SiO, at 0.04, 0.08, and 0.01 grams 
| To determine if the weathering of unaltered — per liter, respectively. | 

phosphate ores could be accelerated, 30-day Bench-scale continuous-circuit studies 
heap leaching tests were conducted using were made on the conversion of fluosilicic 
dilute solutions of acid, salts, and bases. acid to CaF... Greater reactor retention _ 
Only minor effects were observed. To fur- times gave slightly better fluorine recovery. 
ther attempt liberation of phosphate pellets Lower pH, down to 3.0, and smaller lime- 
from unaltered ores, ores were attrition- stone particle sizes increased fluorine con- 
milled and ground in dilute acid. Neither tent of the CaF, product and improved 
liberation nor flotation test results were fluorine retention when the product was 
improved by the acid pretreatment. . heated to 1,000°C. 

Testing a phosphoric acid acidulation- Removal of fluorine from freshly mixed 
defluorination method continued with triple superphosphate was investigated in 
emphasis on making large monocalcium batch and continuous rotary kiln oper- | 
phosphate crystals. Operating temperatures ations. : 
between 160° and 170° C and separation of Studies to determine the feasibility of 
the crystals from the mother liquor within direct acidulation of Florida land pebble 
an hour after discharge from the reactor matrix with sulfuric acid were continued to 
gave crystal recoveries of 55% with recycled attempt to improve phosphate recovery and 
acid. A series of tests was conducted, using reduce the problem of slime disposal associ- 
reagent grade phosphoric acid as the acidu- ated with conventional Florida washing and 
lant. Although foaming was a problem, flotation processes. During 1977, diges- 
crystal recoveries of 883% to 96% were tion results and filtration rates were obtain- 
obtained. ed on four central Florida matrices ranging - | 
Vanadium was recovered from Western in grade from about 12% to 18% P.O.. 

phosphate slime tailings by sulfuric acid Large gypsum crystals were grown from all 
leaching followed by liquid-liquid extraction matrices tested, and all filter cakes had a , 
of the leach solution. A single-stage leach to sandy, nonthixotropic texture. 
dissolve both phosphate and vanadium gave A technique of dry-attritioning a phos- 
good solubilization of both values. Two- phate matrix was followed by air classifying 
stage leaching to selectively remove phos- to remove a part of the clay and other fine 
phate prior to vanadium solubilization was gangue. The air-classified coarse product, 
found to be unnecessary. Salt (NaCl) roast- when digested, yielded filtration rates about 
ing was tried but not continued because it double that of the unclassified material for 
solubilizes silicon, which interferes with each matrix tested. The treatment resulted 
extraction of vanadium from the leach solu- in an overall loss in phosphate recovery 
tion. Vanadium was extracted with equiva- from the matrix of 12% to 14%. 
lent efficiency from phosphoric, sulfuric, A sample of calcined Fort Hall mill shale 
and mixed acid solutions with a6% mixture from Idaho (21.4% P.O), treated by the 
of LIX63 in Napoleum 470. Chromium and same direct sulfuric acid (H.SO,) digestion 
uranium were not extracted to any signifi- technique that had been applied to Florida : 
cant extent. Stripping of vanadium from matrix, yielded approximately 95% recov- 
the extract was accomplished with either ery of P.O; in the product acid with a 
sodium hydroxide or ammoniacal sodium filtration rate of 3,662 kilograms per square 
carbonate solutions. meter per day. 

An improved fluorspar substitute was In acid purification studies oriented pri- 
made when limestone (CaCo;) was used marily toward lowering levels of iron and 
instead of hydrated lime (Ca(OH).) for pre- aluminum in matrix-derived acid, liquid- 
cipitating calcium fluoride (CaF,) from liquid extraction using octyl-phenyl phos- 
fluosilicic acid. These precipitates generally phoric acid was found to be the method of 
showed fluorine losses between 5% and10% _ choice after evaluating several other phos- 
when heated to 1,000°C; materials made at phoric esters and extractants of other classi- 
the lower pH values showed lower fluorine fications. Bench-scale tests carried out in 
losses. Limestone reduced silica content in separatory funnels showed that the octyl- 
the product to around 1% rather than the phenyl ester (OPPA) in kerosine extracted 
10% to 15% found when lime was the about two-thirds of the aluminum, most of 
neutralizing agent. The silica suspension the iron, and one-third of the magnesium. 
left in the filtrate, following separation of Reagent regeneration was accomplished 
the CaF. product, was precipitated with with a two-step treatment with hydrochlo- 
ammonia, leaving a final filtrate containing __ric acid (HCI); stripping with other reagents
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has been ineffective to date. a oo the Tuscaloosa Metallurgy Research Cen- oe 

The Bureau of Mines Tuscaloosa Metal- ter, and head samples were submitted to the | 

lurgy Research Center conducted programs EPA, Montgomery, Ala., for radiometric 

_ to develop or improve beneficiation proce- analysis. The results of these analyses of 

dures to recover phosphate from low-grade core samples will be used to assist in identi- 

: phosphate-bearing ore from Hardee and fying potentially hazardous environmental 

DeSoto counties in Florida. Drill core sam- conditions in the Florida phosphate area. | , 

| ples of the Hawthorn Formation containing Studies to determine the feasibility of 

more than 5% P.O; were processed by recovering phosphate values from slimes 

grinding, desliming, thickening the pulp, were initiated. Selective flocculation studies 

and conditioning. Rougher and’ cleaner flo- using monanionic, cationic, and anionic 

tation circuits produced concentrates that polymers, gums, and starches did not show 

| ranged from 22.5% to 32.1% POs and MgO = any significant concentration of the phos- 

levels from 2.6% to 0.89%, respectively. phate values in the slimes. Flotation tests 

Investigations continued on the effective. on the total amount of slime did not suc- . 

ness of organic and inorganic reagents on cessfully concentrate phosphate values. Flo- 

the settling and dewatering characteristics tation tests on the plus 5-micron fraction 

of Florida phosphate slimes. Polyethylene produced a high-grade concentrate. Studies 

oxide (PEO) was found to be unusually will continue in order to learn how to 

effective. Various types of equipment were concentrate phosphate values from the plus 

used to develop a continuous method to 5-micron slime fraction and dewater the | 

dewater phosphate slimes. These were a Minus 5 micron fraction. | 

rotating trommel screen, a vibrating screen, “TW Phssloal oolen - cN talk it als 

: : ysical scientist, Division of Nonmetallic Minerals. 
a screw classifier, and curved static screens. 2Weloral Revister. V. 42, No. 9. Jon. 13, 197, p. 2706. 

When slime and reagent were mixed in a Wilson, W. E. Simulated Changes in Ground-Water- 

agi ti Levels Resulting From Pr Phosphate Mining, West 

propellar-agitator conditioner and fed to a Gertrat Sa ae ee climineey Results, U.S. Geol. Survey — | 
rotating trommel screen, the percent solids Open File Rept. 77-882, 1978. | 

| in the slime was increased from 5% to the “Value, if sold, net selling price f.o.b. plant, or, if used, 
. . : - estimated value from comparable selling prices or a 

range of from 25% to 30% ‘using 1.1 kilo- developed price; that is, cost plus overhead and profit. - 

grams PEO per metric ton of dry slime guuropean Chemical News. Aug. 12, 1977, p. 8. : 

solids. Lesser concentrations of PEO were Ted eta Minerale, Scutomber 177, p. 9. 
found effective with higher retention times >Mining Journal. Nov. 18, 1977, pp. 411, 413. | 

in the trommel. Investigative work contin- =, 7austt! erals, August 1977, p. 57. . 
. eas U.S. Embassy, Cairo, t. State Department Air- 

ued on the physical characteristics of flocs gram A-120, June 14, 1977, weye | “ee 

| obtained by flocculating Florida phosphate Work cited in footnote 6. . 

slimes. Because of concern about the effect european Chemical ewe MT 8 p. 37. 

of recycled waters on flotation systems, ane: Embassy, Helsinki, Finland. State Department 
. ° Pe am A-28, Mar. 11, , p. 5. 

particularly if they are waters con taining 1Sjournal of Commerce. Aug. 15, 1977, p. 9. 

flocculants, programs were initiated to . ‘de Ja. Pena Pal L. General Description of Project for | 

develop procedures to purify waters for Pralolation an. nee Bale California Merce 
reuse. Preliminary evaluation of plant re- Roca Fosforica Mexicana, S.A. 

turn water used in fatty acid flotation feed _{;Industrial Minerals. September 197, p. 70. 

indicated it was less effective than superna- roMining Journal. Ore Sas igt a 18. 
tant water recovered from slime samples. anu Embassy, Dakar, Senegal. State Department 

: ° : : am » Nov. 14, »p.l. 

Tolerance levels of PEO in flotation circuits 2Pruro pean Chemical News Mar. 18, 1977, p. 12. 

appear to be higher in the return water 22U.S. Embassy, Damascus, Syria. State Department 

than supernatant water recovered from Airgram A:Té, Nov. 1, ert, P. «ate Department Ai 

slime. Further testing is planned to under- 4-20, Aug. 4, 1977, op.-6and 7. Partment sareram 

stand the effects of PEO on flotation. “Phosphorus & Potassium. No. 90, July-August 1977, 

The Florida Bureau of Geology supplied PP sstrdustrial Minerals. September 1977, p. 18. 

core samples obtained from reclaimed phos- MP eereat of Mines. Mineral Industries of the U.S.S.R. 

phate land. The samples were characterized 27 Eh cochorus & Potassium. No. 89, May-June 1977 

for their size consist and P.O; content by 52,53. ae era NO RTI IS? BB
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Platinum-Group Metals 
By James H. Jolly: | 

World mine production of the platinum- prompted the world’s largest producer of group metals increased 7% to an estimated platinum, Rustenburg Platinum Mines Ltd., 6.4 million troy ounces in 1977. The Repub- to begin in November a program to trim lic of South Africa and the U.S.S.R. both production in an effort to bring world sup- had production increases, and together ply and demand into closer balance. Pro- accounted for 92%-of world production. ducers’ prices for the platinum-gr oup Canada accounted for about 7% of world Metals were relatively steady m 1977, production, and the United States and six a though late in phe year the ad 'to for other countries for less than 1%. pia ed d hand a: Fy vedwe ed su, y 1 “from World consumption of platinum-group the U S SR. an | Pp y 
rove a era aout he same eve as be U.S. mine production, all derived as a a8 cecline in pla ‘industry, whe ho y byproduct of copper refining, dropped 9% the Japanese jewelry industry, whic _COn- compared with that of 1976, to 5,545 troy sumes about 25% of the world platinum ounces, owing to reductions in copper pro- output, was offset in part by increased — quction. Refinery output, produced almost usage of platinum in automobile emission entirely from secondary materials and in- control catalysts. Despite increased US. cluding both toll and nontoll metal, was up automobile production in 1977, producers’ slightly to 1.2 million troy ounces. Imports sales of both platinum and palladium to the and exports of platinum-group metals were industry declined, owing mainly to con- also slightly lower than in 1976. Reported sumption of stocks accumulated in 1976. sales were 1.6 million ounces, just slightly Low prices and weak demand for platinum lower than in 1976. 

Table 1.—Salient platinum-group metals’ statistics 

(Troy ounces) 

88 at a aS 
United States: 

Mine production? ---- eee 19,980 12,657 18,920 6,116 5,545 alue ---___- $2,103,704 $1,932,203 $2,280,200 $464,527 $396,649 —— OOOO 864,527 $396,649 
Refinery production: 

New metal ~- eee 19,916 13,234 16,571 7,101 5,199 Secondary metal____________ 265,901 325,216 270,101 - 215,355 195,219 Toll-refined metal ____________""  1,989/189 1,088,022 "1,175,468 869,664 1,005,023 $e 869,664 1,005,028 Total refined metal _-________ 1,325,006 1,426,472 "1,462,140 1,092,120 1,205,441 Exports (except manufactured goods) _____ 627,526 835,754 659,885 512,407 426,631 Imports for consumption ____________ 2.504’181 3,251,311 1,820,284 2,667,059 2,510,374 Stocks Dec. 31: Refiner, importer, dealer ___ _1,033°124 1,121,806 849,210 1,085,703 1,012,812 Consumption (sales) —---________-~~ —_1'333'901 1,981,010 1,308,717 1,603,077 1,592,277 World: Production ~---------- ~~~ 5.289149 5,769,239 5,713,660 "5,978,541 6,385,902 TB ee ee 1The platinum group comprises six metals: Platinum, palladium, iridium, osmium, rhodium, and ruthenium. *Recovered from platinum placers and as byproducts of copper refining. 
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Legislation and Government Pro- The legislation kept the 1978 and 1979 

grams.—U.S. Government inventories of standards at the 1977 model year level but 

| platinum, palladium, and iridium remained set more stringent standards for 1980 and 

| unchanged in 1977. The quantities, in troy 1981. The new emission standards for 

ounces, held in the Federal stockpile and hydrocarbons (HC), carbon monoxide (CO), 

the goals (objectives) at yearend were as and nitrogen oxides (NO,), in grams per 

follows: mile, were as follows: 

eee 

) Goal Inventory Model year HC co NO, 

Platinum__.__-------- 1,814,000 452,645 1978 and 1979 __.----- 1.5 15 2 

Palladium —......_-_-_ 2,450,000 1,254,994 1980 _____-~-____-- Al 7 2 

Iridium __ —~____-~--~---- 97,761 17,002 1981 and subsequent years Al 3.4 1 

Congress amended the Clean Air Act The Environmental Protection Agency 

establishing emission standards for 1978 can grant a 2-year waiver on the final CO 

| and subsequent automobile model years. standard. | 

DOMESTIC PRODUCTION | 

Domestic mine production of platinum- Fork Adit area. The new zone averaged 0.65 | 

| group metals in 1977 was 5,545 troy ounces, troy ounce of platinum-palladium per ton 

9% less than in 1976. All of the output was across a 7 -foot width. Minor values of nickel 

recovered from anode slimes produced in and copper were also present. Previous | 

the electrolytic refining of copper from work in other areas along the 24-mile-long 

Western States. U.S. refinery production, mineralized horizon had indicated an aver- 

including toll-refined metal, was 1.2 million age platinum-palladium content of 0.48 troy 

troy ounces. Of this, 99% was secondary ounce per ton. The platinum-to-palladium 

metal. Secondary metal refined on a nontoll ratio in most samples investigated remain- — 

basis fell 9% to 195,219 troy ounces in 1977, ed about 1 to 3.5. | 

whereas toll-refined secondary metal Amax Explorations Inc. continued explo- 

increased 17%, reaching 1,003,940 troy ration at its Minnamax copper-nickel- 

ounces. Refined primary metal production platinum-group metal project near Babbitt, 

totaled 6,282 troy ounces, most of which was Minn. Mine evaluation was expected to 

of domestic origin. continue through 1981, and if the evalua- 

The Johns-Manville Corp. continued ex- tion is favorable, production could result by 

ploration and development of its platinum- 1985. The Bureau of Mines and other re- 

palladium claims in the Stillwater Complex, search groups were testing bulk ore samples 

Montana, but at yearend had not an- and developing processes for the recovery of 

nounced plans to mine the deposit. Evalu- platinum-group metals, copper, and nickel. 

ation of drilling done in the 1977 field A map and list of reported occurrences of 

, season indicated significantly higher platinum-group metals in the conterminous 

platinum-group mineralization along an United States was published by the U.S. 

18,000-foot strike length west of the West Geological Survey in 1977.?



PLATINUM-GROUP METALS 125 

Table 2.—Platinum-group metals refined in the United States 
(Troy ounces) . 

Year — Platinum Palladium Iridium Osmium Rhodium Ruthe Total 

PRIMARY METAL | 
Nontoll-refined: 

1973 5,560 13,121 957 176 88 14 19,916 ' 
1974 4,108 8,634 381 72 38 6 13,234 
1975 _--§_- = 5,292 10,968 236 44 28 3 16,571 
1976 ee 2,748 4,025 244 45 35 4 7,101 
1977 ee 831 4,300 52 9 6 1 5,199 

Toll-refined: . 
1973 32,883 3,972 1,158 102 381 70 38,566 
1974___ 16,293 2,784 742 96 185 7 20,107 
1975 = 14,619 2,002 373 15 164 1 17,174 , 
1976 __-§____ 8,676 1,063 355 39 95 4 10,232 
1977 ________________ 466 610 4 __ 3 __ 1,083 
SECONDARY METAL 

- Nontoll-refined: 
1973 _________________ 94,884 150,019 6,785 20 11,561 2,632 265,901 
1974_ ee 95,999 213,416  —- 3,494 6 11,127. 1,174 325,216 
1975 = = (108,62 149,552 2,300 44 13,683 899 270,101 
1976_ 64,901 134,747 3,921 10 8,058 3,718 215,355 
1977 _-§ 50,838 134,086 1,442 12 5,011 —3,830 195,219 

Toll-refined: 
1973 2 581,005 373,396 3,395 1,292 36,865 4,670 1,000,623 
1974________________ 654,156 365,779 3,465 1,447 36,196 6,872 1,067,915 
19757 ~-_ (685,148 437,809 9,793 1,514 49,063 24,967 1,158,294 
1976________________ 494,069 311,000 6,507 1,429 34,0385 12,392 859,432 
1977________ =~ 620,848 327,450 4,970 1,955 42,178 6,589 1,003,940 : 

1977 TOTALS 
Total primary refined _______ 1,297 4,910 56 9 9 1 6,282 
Total secondary refined ______ _ 671,686 461,536 6,412 1,967 47,189 10,369 1,199,159 

Grand total refined _.___ 672,983 466,446 6,468 1,976 47,198 10,370 1,205,441 

"Revised. | | 

CONSUMPTION AND USES | 

Reported sales of the platinum-group addition to the above sales, more than 1 
metals to U.S. industry totaled 1.6 million million troy ounces was recycled on a toll 
troy ounces in 1977. The automotive indus- basis for reuse by the various industries, 
try was the largest purchaser, accounting mainly the chemical and petroleum indus- 
for 30% of total purchases, followed by the _ tries. | 
electrical industry (22%), the chemical in- The principal domestic uses of platinum- 
‘dustry (17%), the dental-medical industry group metals in 1977 were as catalysts to 
(9%), the petroleum industry (6%), the glass control automobile exhaust emissions, 
industry (5%), and other industries (11%). reforming catalysts to upgrade the octane | 
Compared with 1976 levels, sales of the rating of gasolines, catalysts to produce 
whole group in 1977 were down slightly. As acids and organic chemicals, electrical con- 
shown in table 3, platinum accounted for tacts and relays primarily for use in tele- 
almost 50% of sales, followed by palladium phone systems, bushings for glass fiber 

- (44%), rhodium (38%), ruthenium (2%), irid- manufacture, and dental alloys for ortho- 

lum (1%), and osmium (less than 1%). In dontic and prosthodontic devices.



79g —=ss—s—ss—Ss ss MENERALS YEARBOOK,19770- 

_-__. Dable 3.—Platinum-group metals' sold to consuming industries in the United States. 

| 1978 __-__________|__ «658,588 «1,012,484 = 80,676. «=Si«i629=':éi‘z3«OS =~ «=O5T,OG4 1,888,901 
—-yg7g TTT TTT TTTT TTT gasiegg «= “886,063 «= «22,778 += «1,728 ~=Ss«i1,602«Ss«G5j155—=s«*d981,010 

6 ¥97B TTT TTT TTT IT TTT 98553 541548 81481084 86,848 215411808717 

Automotive ________ 480,965 194,496 - — T5852 
Chemical __________ $3560 1282299 1351 66 19,295 5884 23826 
Dental and medical _ ___ 26858 139279 233 7299 °% | 140 167314 _— | 
Electrical._________ $9319 152312 6368  #$_. 9,062 29,798 286789 
Glass _.________.- 41,688 2989 ‘288 +. ~~ 3898 93 48,881 ee 
Jewelry and decorative _ 23371 5700 1,02  _. 5170 2942  — 38207 
Petroleum _________ 59,108. = 7,291 395  -. 4 __ 66,790 | 
Miscellaneous _-_-___- 46,246 «26,766 458 2 3193 4984 — 80,979 | 

-‘Total-__-§_______ $51,105 657,062 «10,117, =S(ss797)~—Si(ti«iH 48,121 1,608,077 tS 

1997: | Te ae | 
. Automotive __.____- 354,338 125,010 —_ —_ 871 oe 480,219 - - 

" Chemical __ =~ >> T 84414 161,234 2,901 182 «20,245 «= «12,088 =Ss(281,009 tt 
Dental and medical _ ___ 27,088 112478 264 728 275 188 = ‘141,01. 
Electrical_________ 90,217 228748  —«3,764 __ 10,758 16,258 344-745 | 
Glass _.__________ 59,995 907 144 _- 13,986. 162 75,194 _ 
Jewelry anddecorative _ 34,650 «15,567 —=1,188 _- 5,011 398 56,764 
Petroleum _________ 74.772 «©8507 5108 _ __ 88,382 
Miscellaneous —-———__ 64,350 58,028 142 7 4,070 «3,867 124/958 | 

. Total__________ 789,819 700,469 13,456 911 55,216 32,406 1,592,277 

— ~ 1Comprises primary and nontoll-refined secondary metals. a | 

———EEEE—————_—_——— — — — ———_—_—_—_—_—_—_— | 

A Oth “~~ - “~~ 

ee 16% 7 | 77 resistance ee 
Wy Wy coravers \ G8? Coatysts 

See ee tmnt 65% oe ( LLL 42 ee 
eee are Ot ey” © eGR OOO RE EE CEOS RE % Eee eee eae 
i Electricaliea OO ae Se ee oe 

ee (32%, ee { 

 —~—CSPLATINUM—“—CO™SCOCNCNCOCO#‘*CPALLADIUM—i‘i‘(‘é‘O 
789,819 troy ounces == «700,469 troy ounces 

Figure 1.—Uses of platinum and palladium in 1977.
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| STOCKS 

Stocks of platinum-group metals held by 49%. It should be noted that these are partial 
refiners, importers and dealers decreased industry stocks, since the Bureau of Mines about 7% in 1977 compared with: those of does not collect inventory data from end 1976. Ruthenium stocks rose 65%, palla- users of the platinum-group metals, some of dium stocks 3%, and rhodium 1%. Stocks of whom may hold sizable inventories. In addi- the other three metals decreased as follows: tion, there were Government stockpiles of 
Platinum, 18%; iridium, 23%; and osmium, platinum, palladium, and iridium. | 

. Table 4.—Refiner, importer, and dealer stocks of platinum-group metals in the | | | United States, December 31: | 
. (Troy ounces) os | | 

Year Platinum Palladium Iridium = Osmium Rhodium —_-Ruthe Total 
1973 446,522 493,078 14,813 327 51,504 26,880 1,083,124 . 1974.0 532,675 478,210 18,159 869° 55,791 36,102 1,121,806 1975____________ - 420.770 335,621 18,276 627 - 58,847 20,069 849,210 | 1976_ 536,318 459,765 20,318 - 439 47,769 21,094 1,085,708 1977_- 438,045 415,358 15,689 420 48,392 34,908 1,012,812 

1Includes metal in depositories of the New York Mercantile Exchange; on Dec. 30, 1977, this comprised 141,800 troy ounces of platinum and 68,300 troy ounces of palladium. 

PRICES | | 

The producers’ price for platinum was throughout the year at $60 per troy ounce. _ $162 per troy ounce for most of the year. It Dealers’ prices for platinum remained was increased to $180 in the last few days of below the producers’ price, except for a brief December. The producers’ palladiuni price period in March and for November and began the year at $55 per troy ounce, was December when dealers’ prices were signifi- raised to $60 late in January, and remained cantly higher. Dealers’ prices for the other at that level for the rest of the year. The five metals were lower than producers’ 
rhodium price ‘was $400 at the beginning’‘of prices thoughout the year. Average prices the year, and was increased to $450.in for the year, per troy ounce, calculated at March owing to improved industtial de- the low ends of the ranges of weekly aver- | mand and increased speculation regarding ages published by Metals Week follow: 
the use of rhodium in automobile enjission | vw oF a catalysts. The iridium price started the year | 
at $300, was lowered to $250 on June 30 for ~ Brodueer pea a few weeks, and then returned to $300 for §_——_—______— er | the rest of the year. The price for osmium Platinum _____ $162.00 _ $157.22 was $200 per troy ounce for the first 6 India DoT 298.08 208 months, but was lowered to $150 inthe last Osmium. _____ 175.00 130.00 : . 6 months of the year because of continued Bhodium - ~TTT N38 409.33 weak demand. Ruthenium was uncHanged TT
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| FOREIGN TRADE | : 

Exports of unwrought and semimanu- Africa, which supplied 50% of the imports 
factured platinum-group metals decreased directly and was the origin of a substantial 
17% in 1977 to 426,631 troy ounces; about part of the 9% of imports from the United 
214,000 troy ounces of this, or 50%, was Kingdom. The U.S.S.R. supplied 25% of | 
platinum. Exports valued at $47 million imports directly and an unknown addition- 
went mainly to Japan (32% of total value), al quantity from European countries and 
the Federal Republic of Germany (15%), Japan. Imports of each metal were esti- 
Switzerland (13%), and the United King- mated as follows: 
dom (12%). | 

: In 1977 imports (2.5 million troy ounces) | | a 
and their value ($273 million), both decreas- re 
ed 6% from the 1976 level. Of total imports, troy ounces 
including estimates of metals in scrap and — .———.. 

| composite import classes, 40% was plati- pay ~~~ 777 1327 | 
num and 538% was palladium. Compared Indium _-____________________ 22 
with 1976 levels, platinum imports decreas. Rpeiin, 777777777777 777777- er 
ed 15% and palladium imports increased Ruthenium __________________ 59 
3%. The principal source of platinum-group Total _...___ 2,510 
metal imports was the Republic of South =_-————————___—$_$_$_—_____
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Table 7.—Imports of platinum-group metals, in 1977, by source | 

(Percent of total imports) —_ a 

Source Platinum Falla. Iridium > Osmium Rhodium Ruthe- | Total 

South Africa, Republic of ___ 68 “  3T ~ 88 = AB 400° 2 199 50 7 
USSR ___.----_____- 7 39 130 30 23 — @) 25 | 
United Kingdom ________ 11 6 26 | 53 21 9 9 - 
Other ____ 14 18 28 4 16 11 16 

Less than 1/2 unit. ° os OO 

| | WORLD REVIEW | | 

World mine production of the platinum- The .Thierry copper-nickel deposit of 
group metals was estimated to be about 6.4 Union Miniére Explorations and Mining 
million ounces in 1977. The Republic of Corp. Ltd. (UMEX) shipped concentrate con- oe 
South Africa, the U.S.S.R., and Canada taining precious metals to the Noranda 7 

| produced about 99% of the world total. smelter in Quebec for recovery:of the met- __ 
Placer mining in Colombia yielded an esti- als. “Adverse economic conditions forced a 
mated 26,000 troy ounces. All dredging was UMEX to reduce its anticipated output by 

_ done by Compania Mineros Colembianos half in 1977... oo 
S.A.; however, small quantities of platinum § South Africa, Republic of.—South Afri- | 
metals were also produced by hand meth- can mine output of platinum-group metals | 

| ods. Copper and nickel ores were produc- in 1977 was estimated at 2.95 million troy | 
tion sources for small quantities of plati- ounces, 9% higher than~in 1976. South OO 

| num-group metals in Japan, Finland, the Africa was tHe world’s largest producer of | 
Philippines, and Australia. Ethiopian pro- platinum (65%), rhodium (55%), and ruthe- 
duction was derived from placers worked by nium (52%), and may have been the largest : 
hand methods. | producer of osmium as well’ Virtually all of 
Canada.—Production of platinum-group the country’s platinum-group production | 

| metals in Canada increased 9% to 469,000 was mined from the Merensky Reef in the 
troy ounces despite reduced copper-nickel Bushveld Complex in Transvaal Province; 

| production in the latter half of 1977. The small but’ significant quantities of osmirid- | 
value of platinum-group metal’ production ium were also recovered’ asa byproduct of | 
was estimated at $62 million, up from $50 gold mining. -- ok 
million in 1976.3 an South African platinum-group resources, 
Platinum-group metals were recovered as_ which occur essentially in three horizons of 

byproducts of nickel-copper mining in the the Bushveld Complex, were estimated at 2 | 
| Sudbury, Shebandowan, and Pickle Lake billion troy ounces, based on a mining depth : 

districts of Ontario and the Thompson area of about 4,000 feet.* The potential resources 
of Manitoba. Inco Ltd. and Falconbridge of the Bushveld horizons were Merensky 
Nickel Mines, Ltd., were major producers of Reef, 580 million troy ounces; Upper Group | 
platinum-group metals, mainly from Ontar- Chrome Seams, 1,000 million troy ounces; 

| io ores; Inco Ltd. was by far the leader. and the Platreef, 400 million ounces. To- 
None of the platinum-group metals from gether they represented 70% of the world’s 
these operations was refined to metal in resources of platinum-group metals. 7 

: Canada; refining was done in England, the Rustenburg Platinum Mines, Ltd. (RPM), 
Republic of South Africa via Norway, and operators of three mining sections (Rusten- 
the United States. . burg, Union, and Amandelbult), produced 

The Langmuir mine near Timmins, On- an estimated 1.6 million troy ounces of 
tario, a joint venture of Inco and Noranda _ platinum-group metals in 1977, up slightly 
Mines Ltd., was a small byproduct producer from the 1976 output. The increase occurred 
of platinum-group metals in 1977. The despite production cutbacks in November 
copper-nickel concentrates from the mine and December which resulted from low 
were processed in Inco’s plant at Sudbury. prices and weak markets for platinum. To 
This mine was scheduled to close in March reduce labor costs and increase efficiency, 
1978 owing to poor results and increased RPM continued mechanization of the Rus- 

costs. : _ tenburg section where about 60% of the
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oe Table 8.—Platinum-group metals: World production by country! | | a 
Oe . : (Troy ounces) - | ae mo 

- TT ountry — 1975. ~~«1976 97> 

Australia: og. ‘ z : es | | a . 
Palladium, metal content, from nickel ores®__.______________ 1,400 *1,550 1590 2 
Platinum, metal content, from nickel ores® ________________ 430 470 480 “ 

Canada: Platinum-grouip metals from nickel ore _._-____________ 399,218 416,820 469,014 
_ . Colombia: Placer platinum .2_. = 0... Le 22,114 26,000 “26,000 ts 

) Ethiopia: Placer platinum —.,_..-_-_-_---_----------_--. 162 FP e15O “100 a 
Finland: Platinum-group metals from copper ores® - aoe nse s-ne ee 600 (6400020 TO . 

| “Palladium from nickel and copper ores_____-__________--_ 18,915 18,089 22,716 — 
Platinum from nickel and copper ores ___._____ =~ ____ a 5,486 . 8,706 9,737 co 

Philippines: ec 7 oo 7 | Oe oo 
Palladium from nickel/cobalt.ores ~~... 222-2 eee 836 -- rr 

_ Platinum from nickel/cobalt ores ~._.__.. ~~. i eee 519 : __ ae 
. South Afriea, Republic.of: Platinum group metals a So —_ 

) from platinum ores®? ee 2,600,000 —-2,700,000 = 2,950,000 | 
U.SS.R.: Placef platinum and platinum-group metals = Sr Ce : 

recovered:from nickel/copper ores® ____§_§_.. 22-2 ___ 2,650,000 - 2,800,000 2,900,000 oo 
United Stgtes; Placer platinum and platinum-group | oo re . ee Sos 

a _metals from gold and copper ores ~ = 92-7 ----5------------ 18,920 6116 —_ 5,545 cae 

Mota Oe nee ee ee) «578,660 5,978,541" 6,885,902 

- Estimate. «i Preliminary. ‘Revised. en a : 
_. 1Excludes metal refined in:Norway and the United Kingdom derived from Canadian'and South African ores. Also — . 

_ excluded is métal. sefined in the Federal Republic ‘of Germany, which is believed to be derived from imported ores. ne 
oo Production is as follows in troy ounces: 1975—3,601; 1976—2,283; 1977—4,820 (estimate). = 

_  2Japanese figures exclude metal recovered from Philippine ores. - Pe Tea . oe ; CT Be 
Be “Includes osmiridium from gold ores estimated at 2,500 troy ounces annually. ce a De ee a wo 

_- area being mined was mechanized and late in the year. The No.7 vertical shaft at 
_ about 18% was mined by longwall systéms. the Bafokeng North mine, the 2lst'shaftto 

| _ Longwall stopes were also being developed be sunk by IPL since mining began in 1968, 
vs _.in the Union section. The first of three was started in July and was expected tobe ©. 

_. milling circuits at the Amandelbult section commissioned in mid-1978. The new shaft, ~~ 
_ began operating at full capacity (60,000 troy | which will have ah ultimate depth of 2,200 

_._ ounces of platinum per year) in May. Instal- feet, will allow establishment of seven min- 
___, lation of the other two circuits reportedly ing levels to exploit the Merensky Reefs 

an be made on short notice when required. . | South Africa’s Bantu Mining Corp.(BMC)  . 
= _ In October, Rustenburg Platinum Hold- was trying to interest local and foreign = 
oo ings Ltd. (RPH), RPM’s parent company, companies in developing the chromite-rich = 

| acquired Atok Platinum Mines Ltd., a rela- (830%) Upper .Group No. 2 Reef in the — - 
| tively:small platinum-group metal producer Lebowa homeland.¢ BMC envisioned an : 

(40,000 troy ounces per year) on the eastern. operation producing chromite and 100,000 
limb of the Merensky Reef. The acquisition troy ounces of platinum-group metals 
will allow RPH to economically develop annually for 35 years. The high rhodium | 
properties it holds adjacent to those of Atok. content (two to three times that found in 

Impala Platinum Ltd. (IPL), the world’s the Merensky Reef) was of special interest 
second largest producer of platinum, pro- because of anticipated large usage of rhodi- 
duced an estimated 1.2 million troy ounces um in automobile emission control cata- 
of platinum-group metals in 1977. In De- _ lysts. 4 | 
cember, the territory of Bophuthatswanain | U.S.S.R.—The U.S.S.R. produced about 

| which IPL’s existing mines, concentrator 2.9 million troy ounces of platinum-group 
and smelter are situated, became an inde- metals in 1977, accounting for an estimated 
pendent country. This, together with about 27% of the world’s platinum production, 
25% of RPM’s mining operations, consti- 65% of the palladium, 36% of the rhodium, 
tuted the most important industrial enter- and 38% of the ruthenium. A small pro- 
prise in the new country. Platinum mining duction of metal came from the gold- 
activities for the two companies involved platinum placers in the central Urals, but 
were not expected to be affected significant- most was a byproduct of nickel-copper 
ly because of the change in sovereignty. mining in the Norilsk-Talnakh region of 

IPL continued mine development by in- northwestern Siberia and the Pechenga- 
creasing stope mechanization and shaft sin- Monchegorsk region of the Kola Peninsula. 
king. The No. 7A shaft, sunk to a depth of Production of platinum-group metals was 
1,180 feet, was equipped and commissioned expected to increase rapidly in the next few
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years, owing to expansion of the copper- in 1984. Sinking of a 1,650-foot production 
nickel mines at Talnakh and the Nadeznda_ shaft began in April. A new nickel-copper 
smelter-refinery complex near Norilsk. The smelter complex to treat the increased ton- 
Oktyabrskiy mine at Talnakh, reportedly mage was under construction; the first 
the largest underground mine in the phase was scheduled for completion in 1978. 
U.S.S.R. nonferrous industry and the source Part of the concentrate shipments to the 
for much of the U.S.S.R.’s platinum-group new complex were to arrive via a 22-mile 
metal production, was undergoing rapid pipeline, scheduled for completion in 1980. 
expansion and was scheduled to produce Platinum-group metal-rich residues from 
50% of the total ore in the Norilsk area by the new complex were expected to be refin- 
1980.7 A fourth underground mine in the ed to metal at the Krasnoyarsk refinery, 
Talnakh area was planned for completion 900 miles south of Norilsk. 

| TECHNOLOGY | 

Research on automotive emission control substrate catalysts used for automobile 
catalysts continued at a high level in 1977 emission control.’! Metal substrate catalysts 
in an effort to meet the more stringent were more compact and more efficient than 
standards set by Congress for 1981 and ceramic monoliths, and were found to have 
thereafter. The three-way converter, which greater resistance to thermal shock and 

employs a platinum-rhodium catalyst to act mechanical failure. 

simultaneously on carbon monoxide, un- The use of platinum to cathodically pro- 
burned hydrocarbons, and nitrogen oxides, tect ships and marine structures, such as 
appeared to be the best device to attain the offshore oil and gas platforms, was re- 

standards. The major domestic and foreign yiewed.12 Tests of a new cathodic protection 
automobile producers tested various three- system on a petroleum production platform 

way converter models on some production jin the North Sea reportedly showed many 
cars in California. Because of possible short- advantages over conventional anode sys- 
ages in the supply of rhodium, research was tems. The test system, which used a buov- 

directed toward reducing the rhodium con- latinized a bj d y 
tent per catalytic unit.2 Unless the rho- ant platinized-columbium anode moo red 

- eos about 10 feet above the seabed at a position 
dium-platinum ratio in the catalyst could be 330 feet f he vlatf ‘ded f 
brought down to near that found in South eet rom the P atform, provided full 

African ores, it would be difficult to obtain and uniform protection to the structure. | 
enough rhodium to equip all U.S. cars with A new rhodium electroplating process 
three-way converters. One company report- useful in finishing contacts, printed circuits, 
ed the development of a successful three- reed switches, connectors, and vacuum tube 

way catalyst which reduced the use of 8F ids was reported.’ The process was de- 
rhodium by 50% to 0.01 troy ounce.® Cata- Signed to produce thick (500-microinch) de- . 
lysts containing even lower rhodium quanti- P0Ssits which are hard, low-stress, and crack- 

ties were undergoing tests. A German com-_ free. Bureau of Mines researchers success- 
pany announced the development of a non- fully electroplated thick coatings of plati- 

precious-metal catalyst that can attain the num and platinum-group alloys on base 

1981 standards; additional testing was being metals, molybdenum, and _ tungsten." 
carried out to determine the catalyst’s Objectives of the Bureau program were to 
durability.'° provide substitutes for solid platinum 

Platinum-group metal catalysts support- shapes both as a means to conserve expen- 
_ed on metallic substrates were reported to sive scarce metals and to produce stronger 
be superior to the conventional ceramic finished pieces.
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Certain organic rhodium complexes were compounds were identified as physiolog- under investigation as a means of catalyt- ically active or dangerous. Platinum and ically splitting water to generate hydrogen palladium emitted from automobile exhaust and oxygen using sunlight.** The investi- catalysts were thought to be innocuous in gation was of considerable interest because the environment. 
it has the potential to produce. hydrogen 
fuel. »Physical scientist, Division of Nonferrous Metals. Hydrogen in steels adversely affects their Blair, W. N., N. J. Page and M. G. K. Johnson. Map and eae, . List of Reported Occurrences of Platinum-Group Metals in ductility due to hy drogen embrittlement the Conterminous United States. U.S. Geol. Survey, Misc. and may lead to cracking and fracture if the Field Studies, Map MF-861, 1977, 
steel is in a state of tensile stess. Studies Febr ee ork une Canadian Mining J., v. 99, No. 2, 
carried out on the effect of alloying addi- ‘Von Gruenwaldt, G. The Mineral Resources of. the tions of palladium on flake formation in Byshveld Complex. Miner. Sci. and Eng., v. 9, No. 2, April steels indicated that hydrogen embrittle- 5Conl Gold and Base Metals. Impala Platinum Sinks 21st ment can be eliminated by adding 0.3 to 0.5 Shaft. V. 25, No. 9, September 1977, pp. 79-83. 
weight-percent palladium.’ Reef Platinum Mines Ste Flee Het tae nrenets for UG2 A new alloy, zirconia-grain-stabilized 48, No. 17, Apr. 25, 1977, p. 6. | platinum with 10% rhodium, was developed “Mohide, T. P., C. L. Warden and J. D. Mason. Towards a 
that is more creep and deformation resist- ane ef Natural Resources: Dig. of ee Mae in ant at elevated temperatures than conven- Background Paper No. 4, December 1977, 247 pp. | tional platinum-10% rhodium alloy.7 The duce Rhodium Used 1 Behance gay Catalyst xe Re- new material reportedly should find ap- Mar. 21, 1977, p. 25 
plication in the glass industry, particularly No. 165 Aye catalytic sponverters Cut Rhodium. V. 85, for components subject to high stress whose 10 Shermans ‘Develop Exhaust Control for Autos service life has previously been short, and Without Precious Metals. V. 85, No. 182, Sept.20, 1977, p. 5. _ in resistance heating applications, such as iPS. end A Caio, Noble Metal Claes on | furnace windings, heater tapes, and ignition July 1977, pp.74-88, coils. Ste Sheir, LL Platinum Provides Protection for Steel 

A mechanism of the action of platinum 1977, pp 110-121. tals Rev. v. » No. * Per compounds as antitumor agents was _ Materials Engineering. Rhodium Electroplate. V. 86, 18 : : No. 3, September 1977, p. 85. proposed. A wide range o f studies led to *4American Metal Market. Platinum Conservation the conclusion that platinum antitumor Studied. V. 85, No. 242, Dec. 26, 1977, p. 2. a ‘gompounds exert their poteney by stopping, sii; F Moariy ed 8 Sth, Rc the replication of DNA, thereby preventing Platinum Metals Rev., v. 21, No. 2, April 1977, pp. 38-42. __ | cell division. Formation of a complex ¢ eremnical and Engineering, News. Rhodium Complex between the bases of the DNA and platinum pp. TEI@ une Sunlight. V. 55, No. 81, Aug. 1, 1977, | compounds was likely, but the exact nature ‘Platinum Metals Review. The Effect of Palladium of the binding was not yet understood. 197  oagte Flaking of Steels. V. 21, No. 1, January A comprehensive report on: the medical 17Materials Engineering. New Pt-Rh Alloy Is Stronger, and biological effects of platinum-group Resists Creep. V. 36, No. 6, November mt Pp. fo. + Anti . . . ompson, A. J. The Mechanism o on o - _Imetals in the environment was published.* punt" Platinum Compounds. Platinum Metals Rev., v. 21, The report concluded that most metals and No. January 1977, pp. 2-15. : ° mmittee on Medical and Biological Effects of Envi- nonvolatile compounds were of little danger ronmental Pollutants. Platinum-Group Metals. National to man or the environment; however, some __ Research Council ISBN-0309026407, 1977, 342 pp.





By Richard H. Singleton? 

Apparent consumption of potash in the Standard, coarse, and granular grades of 
United States increased 8% in 1977 to 6.6 muriate comprised 78% of domestic potash 

| million tons of K,O equivalent. Increased production. Muriate comprised 99% of im- 
demand was met primarily by a 10% in- ports, 85% of exports, and 95% of apparent 
crease in imports, to 5.1 million tons of K.0, consumption. — | 
95% of which came from Canada. Domestic Duval Corp., one of five domestic pro- | 

: production increased 2% in 1977 to 2.5 ducers of sulfate of potash, terminated pro- 
million tons of K.O. Producers’ inventories duction of sulfate during the fourth quarter 
remained at 515,000 tons of K.0. Sales by of 1977. Duval also announced suspension of 
domestic producers decreased 2% in vol- muriate production by mid-1978 and expan- 
ume, to 2.46 million tons of K.0, and 2% in sion of its potassium-magnesium-sulfate 
value, to $207 million: Exports decreased production capability. | 
1% to 932,079 tons of K,0. Compared with Federal criminal and civil suits against 
1976, sales by domestic producers increased five U.S. potash producers were settled 
9%, to 1.48 million tons of K.0, during the during the first half of 1977 by acquittal or | 
first half of the year, but were down 12%, to dismissal. A settlement agreement was 
1.03 million tons of K.O, in the second half. reached on class-action suits seeking dam- 
The average selling price, f.o.b. mine, for ages from seven U.S. potash producers. 
domestic potash remained at $84 per ton of Potash production in Canada increased 
K,0. 22% to 6.7 million tons of K.O equivalent. 

| Table 1.—Salient statistics on potash? 

| (Thousand short tons and thousand dollars) 

am 811TH 
- United States | 

Production _.___._________-_-_--_------ 4,684 4,716 4,576 4,427 4,675 
K20 equivalent ______________--_. 2,608 2,552 2,501 2,400 2,457 

Sales by producers ______________-__- 5,174 4,708 8,819 4,612 4,675 
K20 equivalent ________~__~-----~- 2,865 2,545 2,094 2,500 2,461 
Value at plant? ______________-___ $128,738 $158,607 $187,857 $210,759 $206,872 
Average value perton —.__._.___-_ ~~ $23.92 $33.69 $49.19 $45.70 $44.25 

Exports® _.____________----------- 1,579 1,415 1,419 1,670 1,650 | 
K20 equivalent wee ee eee 889 787 7719 945 932 
Valuef__________________---__- $57,997 $66,175 $92,701 = $91,887 $90,186 

Imports for consumption® ___ ________-__- 6,046 7,245 6,271 7,578 8,386 
KeO equivalent ___..._.._.-___----- 3,587 4,326 3,797 4,595 5,076 
Customs value ____._____-_-~~--~- $145,693 $236,747 $267,248 $344,229 $374,202 

Apparent consumption® ____________--_- 9,641 10,588 8,671 T10,520 11,411 
K2O equivalent ________.__--_----_- 5,563 6,084 5,112 6,149 6,605 

Yearend producers’ stocks, 
K20 equivalent -_____---~-------- 206 212 619 519 515 

World production, marketable 
KO equivalent ________-_.---_~------ 20,841 23,310 27,269 26,741 28,356 

"Revised. 
4Includes muriate and sulfate of potash, potassium magnesium sulfate, and some parent salts. Excludes other 

chemical compounds containing potassium. 
2F.o.b. mine. 
5Excludes potassium chemicals and mixed fertilizers. 
“F.as. US. port. 
5Measured by sales plus imports minus exports. 39 

7
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| Overseas exports from Canada increased the major portion of the increase occurring 
28% to 1.36 million tons of K,0. Producers’ in North America. The apportionment of | 
stocks increased by 423,000 tons of K.O to world production wo Rastern Europe, 45%; 
13 million tons of KO. Potash Corp. of ‘Nort erica, v470, Western Hurope, 1n- — 
America announced plans to construct, by luding Israel and the People’s Republic of 

198°, a potash mine-mill unit in New the Congo, 22%; and others, 1%. The | 
Brunswick. The Government of the Prov- U-5.S.R. and Canada continued as the first 
ince of Saskatchewan acquired, by pur- and second largest producers, with 82% and 

7 . 24%, respectively, of world production. Se- 
chase, two more potash mines, one —. floodi f the only potash mine in th 

, Canadian-owned and the other European- moe Bee ee one ed. Fi ts de at People’s Republic of the Congo in June 1977 
Owned. firm agreements were made at terminated potash production in that coun- 
yearend for two other similar acquisitions, try. The Arab Potash Co., a Jordanian firm, 

both owned by U‘S. firms. These acquisi- announced plans to construct, by 1982, a 
tions would give the Provincial Government facility for extracting potash from Dead Sea 
direct control of about 40% of the Prov- prine. | : 
ince’s potash industry. - Total world demand continued to in- 

. World production of potash increased 6% crease, rising 6% in 1977 to 27.2 million 
to 28.4 million tons of K.0 equivalent, with tons of K.O equivalent. | 

| DOMESTIC PRODUCTION 

Production of potash increased 2% to 2.5 were ‘main ore-body reserves of 3.2 million 
_ million tons of K.0 equivalent. Production tons of K.O in ore averaging 19% K.O, and 

of sulfate of potash, including purchased low bed-height reserves, primarily at anoth- | 
muriate that was converted to sulfate, re- er mine depth, of 4.6 million'tons of K,.0 in | 
mained at 10% of total production. Produc- ore averaging 138% K,0. 
tion of standard-grade muriate decreased Duval Corp. stopped producing sulfate of 
10% to 6800" tons of B20, but ome on potash at Carlsbad, 5 . Mex in October. 

-  Coarse-grade muriate incre 0 ear yearen , Duval announced i 
549,000 tons. Production of the granular planned closure (by mid-1978 or sooner) of 
grade remained constant. its North mine, mainly because of lower- 
New Mexico was the source of 85% of than-anticipated sylvinite ore grades. Duval 

U.S. production in 1977: Eight underground _ reported that it would continue to produce 
mines were operated near Carlsbad; two only one potash product, a potassium 
mines were operated by Duval Corp., and magnesium sulfate fertilizer ingredient 
one each by AMAX Chemical Corp., Inter- made from langbeinite ore taken from its 

_ national Minerals & Chemical Corp., Kerr-“ Nash-Draw mine near Carlsbad. Duval 

c rp., National Po ., and Po immediately to expand po production 
Co. of America. capacity to 110,000 tons per year of K.O 
The average K:0 content of ores mined in equivalent. | 

New Mexico declined to 14.2% in 1977 from Completion of Mississippi Chemical 
14.8% in 1976. These ores had contained an Corp.'s modernization and expansion of its 
average of 18.2% K;O in 1967. flotation circuit near Carlsbad, N. Mex., 

Three companies produced potash in allowed muriate production to be reestab- 
Utah: Texasgulf, Inc., working an old room- lished during the first half of 1977. 

_and-pillar mine near Moab by solution min- The potash reserve in Potash Co. of 
ing; Great Salt Lake Minerals and Chemi- America’s New Mexico mine was revised 
cals Corp., producing potassium sulfate downward to about 3.6 million tons of K.0 
from brines from the Great Salt Lake; and equivalent, adequate for approximately 10 
Kaiser Aluminum and Chemical Corp., more years of mining. An exploratory- 
treating. near-surface brines near Wend- drilling program was completed by Potash 
over. In California, potash continued to be Co. of America on a langbeinite property in — 
produced from Searles Lake brines by the the Carlsbad area; however, in view of the 
Kerr-McGee Chemical Corp. marginal nature of the project, mining will 
AMAX Chemical Corp. estimated its total not be undertaken at this time. 

Carlsbad potash ore reserves at 7.8 million Texasgulf, Inc., was reportedly drilling an 
tons of K,0 equivalent of muriate, averag- exploration well about 20 miles northwest 
ing 15% K,O. Included in these reserves of its Cane Creek potash mine near Moab,
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| Table 3.—Producton and sales of potash in New Mexico a — 

_ . _ (Thousand short tons and thousand dollars) oe oo Ls 

oo oe 7 _. Crude salts? ~ ag a ES oe 

Period (mine production) - . Production Se Sold or used: Be 

, | 7 | Gros K20 Gross “K,0 Gross KO Value? oS 

oe .. weight —_ equivalent weight’ equivalent. weight . equivalent one Oo 

- ""JanuaryJune____--- ss 8583 (ss2,289 1,876,005 2,069 1,098 TAR 

_._ duly-December STTITT 875 aTt 884 988208 
oo Total. S:«a7808-—=~=S—i«HO- 710-989 3,889 2,088. «=s«d165354 

a 1977: ae ee a UT SE es 8 gi UST ee 8 

7 January-June _______ 9305 1,829 1,985 1,027. 2816 1,202 96,991 oe 

wees July-December TITITI 9680874 2,046 1,066 69688 
tah ne 18,985 708 4,081 9093. «(4012 =s(‘«é‘ HSC“ ‘IG 

- | ‘Agylwiniteandlangbeinite, 
Be 

table 4.—Salient statistics on sulfateofpotasht) 
A (Thousand short tons of K,O equivalent and thousand dollars) CO 

eT tem 4973-1974 1975 1976 TT 

ae Production ___ _.__-_. -- -_------~--=---------- 982. O8T BAO 8B BA ee 

- - -.- Sales by producers oe eee eee ee 284, 987 QO OBB MA 

- | SBValue®__- n= $19,199 $26,257 $85,481 $47,182. $42,866 
pepe STTTTITTTTTTITTTETTIDTIDITTT TT ga ae 9B 3 2 

oo Eorts 22 ene TE BB BB fT 
UMP elue! nee NA $4,188 $8,086 $4,507. $6,790 

-.*. Apparent consumption’ __.- __._.-~------------- 154. 02~=si«d8M 1D OT TBD 

/...Yearend producers’ stocks Dee eee BB. A600. 42 A 

TRyeluding potassium magnesiumeulfate, 

. .. Export data supplied by Potash/Phosphate Institute, ag Sage 

ACER OWS pore 
ae “Sales plus imports minus exports. a . - oe ess os wee Oe ee By : oe ae os a 

‘Utah. The area may have potential for mostly in the same Illinois court, seeking — eee 

| development of potash solution mining. _” damages for the high prices paid for potash : a 

Drilling by St. Joe Minerals Corp. partial- during prorationing. The parties being sued a 

ly outlined a potentially commercial potash were Texasgulf, Inc., and Kerr-McGee 

property in northeastern Arizona. | Chemical Corp. in addition to the five pro- 

In January 1977, criminal trial began in ducers that had been acquitted in the Fed- 

US. District Court in Chicago, IIl., of five eral suits. A settlement agreement was 

U.S. potash producers charged with pro- reached in August, with preliminary Court _ | 

duction and price fixing and export coordi- approval, between the defendants and those 

nation during the 1970-74 potash proration- _ plaintiffs (five including the States of Thi- 

ing period in Saskatchewan, Canada. Pot- nois and Minnesota) that had purchased 

| ‘ash Co. of America and National Potash Co. potash directly from the producers. Sched- 

were acquitted of the charge in February. In uled final settlement was June 1978. The 

March, a hung jury resulted in a mistrial agreed-upon settlement was approximately 

for the remaining three indictees (Interna- $3 million. 

tional Minerals & Chemical Corp., AMAX In November, a Federal antitrust suit was 

Chemical Corp., and Duval Corp.); however filed in U:S. District Court in Alburquerque, 

they were acquitted by the Federal judge in N. Mex., by Montreal Trading, Ltd. (a Cana- 

May. A companion civil suit that had been dian potash buyer) charging AMAX Chem- 

filed by the Federal Government against ical Corp., International Minerals and 

the same five producers was dismissed in Chemical Corp., Potash Co. of America, and 

June. Potash Co. of Canada, Ltd. (a Canadian 

The States of Illinois, Connecticut, and trading firm) with conspiring, since 1969, to 

Minnesota and 30 other potash users had, monopolize the potash market in possible 

meanwhile, filed class-action civil suits, violation of antitrust laws. The suit asks
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: that Montreal Trading be awarded treble and Canada in an attempt to resolve the 
damages. | oo problem. | Ss - 

. Two companies continued engineering- The Federal Bureau. of Mines completed 
a economic analyses to determine the feasibil-- an engineering-economic study in Novem- 

| ity of deep solution mining of potash in a _ ber, defining the potash reserve that would 
Montana-North Dakota area near the be lost by the proposed nuclear Waste 

-. Canadian border. A third company, a U.S. Isolation Pilot Plant (WIPP) area east of 
Se! producer, had also leased property in the Carlsbad, N. Mex. The study, completed for 

‘Same area. It was reported that contami- the U.S. Department of Energy, concluded 
nation from a Canadian 300-megawatt coal- that a reserve of langbeinite containing 4.4 
fired powerplant under construction 8 miles million tons of K;O is within the WIPP site. 

' north of the Canadian border may prohibit Prevention of its recovery by WIPP repre- | 
potash beneficiation on the U.S. side of the sented a value loss of about $50 million in 

_..... ‘border by lifting air-pollution levels to terms of 1977 dollars for acquisition costs, 
_ ,above the limits of U.S. quality standards. taxes payable on estimated revenues, and 
an Construction of the powerplant was sched- royalties payable to the owner of the pot- 
- . uled for completion in 1978. Negotiations ash. | . | 

were underway between the United States. _ : | 

5... Bable 5.—Sales of North American potash, by State of destination — Oe 
an re ce (Short tons of KO equivalent) = - - 

ae oe eS " er _ BO a Agricultural a Nonagricultural 
Ce Bene _. Destination — . : potash potash 

Po ae oO , 1976 - 1977 1976 1977 

Alabama 8 08,470 15,878 44,287 53,114 
0 Ariona 2 2,100 4,048 28 372 

oo os Arkansas ~~ = ee 53,398 62,974 255 380 
-.) Galifornia: 2 ee 64,015 62,010 5,133 6,344 

oo os Solorado ~L eee eeee__——ts«éd224, 862 _ 19,060 529 668 
s/s” Connecticut: = 3,806 4,277 229 132 
Delaware. 27,617 82,162 24,004 29,577 | 
 Blorida 2 ee 191,196 134,462 598 569 

os Georgia LLL ______ = s-262,812 ~——-287,556 1,160 963 
oe . Hawaii ~~~ ee Le 26,309 17,044 oe _- 

Soo.) Idaho 22 ee 15,946 15,615 80 
eos Ninos Do 818,259 730,053 41,908 32,435 
oo. Indiana ~- LLL 497,021 479,940. 4,895 5,219 
oe Jowa ee eee 526,327  - 515,603 “TAS 489 

oo -. Kansas 22 52,280 40,765 1,822 3,050 
oo Kentucky 222 133,198 160,688 16,550 16,630 

~... -. Louisiana 2 ee 50,298 55,330 779s 83,977 
Maine eee 15,262 12,717 156 64 

- Maryland ________ eee 63,776 52,223 1,739 1,427 
Massachusetts _______________________---_-_____ 2,925 2,714 809 854 
Michigan _____________________________ Le 191,906 182,683 2,513 2,565 
Minnesota _________________-_~___ 405,016 483,440 70 109 
Mississippi _____________._.-_____--___________ 191,105 281,693 2,256 4,080 
Missouri ___§______________________ ee 238,555 225,169 3,142 , 3,834 
Montana __________________-_-_- ee 9,082 8,431 666 1514 
Nebyaska 5 eee 58,695 51,489 322 828 
Nevada _____.-_-_______ ee 117 __ 540 760 
New Hampshire _______________-__~-______-_-~_-- 276 238 | —_ -. 
New Jersey ________________________e ee 15,060 15,420 1,833 676 
New Mexico ______________________________ Le 2,372 3,863 468 4,541 
New York ____________ =e 70,550 69,333 52,013 53,760 
North Carolina ________________________________ 158,598 150,196 1,489 688 
North Dakota ______________________________ ___ 16,652 21,718 41 223 
Ohio ________________- eee 401,923 403,548 39,450 52,080 
Oklahoma __________________ ee 22,894 22,151 618 3,727 
Oregon ____ ee 19,824 23,225 1,162 826 
Pennsylvania _________________________________ 74,006 80,074 4,049 4,279 
Rhode Island _______________________ Le 2,447 2,375 523 277 
South Carolina ____________________--- Le 107,707 107,978 550 276 
South Dakota ____________--_-----~~-~----~~------ 10,527 13,196 _- _- 
Tennessee _____________~_~____~_ ee 130,908 143,444 546 168 
Texas ___________________ ee 213,248  —- 207,665 16,113 30,491 
Utah ______ ee 772 1,313 154 1,129 
Vermont ____________ Le 6,668 7,925 _- _- 
Virginia ___________________-_ eee 76,041 84,364 1,307 1,238 
Washington ___________________ ee 36,003 37,536 3,436 3,891 
West Virginia _____________________________ Le 4,813 4,980 50 11 
Wisconsin ________________________---___ ie 336,114 352,139 195 402 
Wyoming ________________-~~__ ~~~ ee 1,780 2,835 1,008 938 

Total ______________-_____-- ii --__--~ 5,728,081 5,698,535 280,079 329,655 

Source: Potash/Phosphate Institute, Atlanta, Ga. —
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Figure 1.—Marketable production, apparent consumption, exports, and imports of 
e e 

potash measured in K.O equivalent. | 

e e ° ° 

Apparent domestic consumption of pot- ent consumption of potassium sulfate con- 
e s e e e e e 

ash increased 8% to 6.6 million tons of K.0 tinued to increase, rising 18% to 189,000 
e e ° 

equivalent; approximately 95% of this was __ tons of K.0. 
° > e ° 

used in the fertilizer industry and the 
e e e , 

balance in chemicals manufacture, mainly ‘aple 6.—Sales of N . : . . f aa h ? : able 6.—Sales of North American muriate 
in production of caustic potash. Domestic of potash to U.S. customers, by grade 

ca 

sales by North American producers f ry NO : roducers for (Thousand short tons of K:O equivalent) 
nonagricultural purposes increased 18% to _ 

. e 

329,655 tons according to the Pot- 1976 1977 
. e 

ash/Phosphate Institute. Agricultural: 
° es ° 

The north-central States of Illinois, Indi- Standard ______________ 1,174 1,149 
ana, Iowa, Minnesota, Ohio, and Wisconsin Coarse —-~------------ 2,271 2,180 ’ ? ’ ~? Granular ______________ 1,642 1,809 
purchased 52% of all agricultural potash, Soluble _________-----_- 397 419 3 ——_ 
th in 1976. Total d tic sales b e same as n - LO omestIc es DY Total________.__..____ 5,484 5,557 

° * eg 

North American producers for cultural ____—_—_—_—————— 
No icultural: ® o 

purposes of granular-grade muriate of pot- ‘Scluble 90 112 
e . e . 

ash increased 10% to 1.81 million tons of Other ______________-- 187 213 
K,0; sales of standard and coarse grades Total_..____..._____ OT 395 

EO 
nae ° ° Tran: tal Sletten ieeeicoedtenttentonsitetned » 

million tons of K,O, respectively, according 
e 

to the Potash/Phosphate Institute. Appar- Source: Potash/Phosphate Institute, Atlanta, Ga.
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STOCKS | | 

Domestic producers’ inventories did not Producers’ stocks of standard-grade muriate 
change significantly, remaining at about decreased while stocks of granular grades 
515,000 tons of KO equivalent at yearend. (particularly coarse grade) increased. 

PRICES | 

Domestic prices for muriate of potash, near those of 1976. Sulfate prices remained 
particularly standard grade, remained de- near early 1976 levels after having peaked 
pressed during the year and discount selling during the second half of 1976. 
prevailed. Average muriate prices were oe | 

: Table 7.—Bulk prices of U.S. potash, by type and grade ! 

| | (US. cents per unit KO) 

| - 1975 1976" 1977 

| | january ether Sune” Decettber June’ December 

Muriate, 60% K2O minimum: 
Standard _____.___-___-____- 16.23 76.97 69.32 55.64 57.55 57.80 
Coarse ________________-_- 75.05 76.19 70.58 62.81 71.51 72.89 
Granular ______§___________- 72.98 74.92 74.49 64.37 73.85 70.44 
All muriate? _.._.___________- 75.19 776.22 70.88 59.81 64.85 64.37 

Sulfate, 50% K2O minimum ________ 163.39 181.63 176.63 223.41 173.18 174.02 

"Revised. | : 
1 Average prices based on sales, f.o.b. mine 
2Excluding soluble and chemical muriates. 

| FOREIGN TRADE 

Total U.S. exports of potash decreased 1% Orient remained nearly the same as during | . 
to 932,079 tons of KO equivalent. Areas 1976. Japan remained the largest importer 
receiving these exports were Latin America of U.S. sulfate of potash. | 
(59%), Oceania (16%), Asia (15%), Canada Potash imports, 95% from Canada, in- 
(5%), and Western Europe (5%). Exports of creased 10% to 5.1 million tons of K,O 
sulfate of potash remained at 93,000 tons of equivalent. Muriate of potash comprised 
K.O. Exports to Brazil, the main recipient 99% of these imports on a K;O basis. 
country, increased 1% to about 380,000 tons Imports from Israel, the second largest 
of K,0. Although exports of muriate to supplier, nearly doubled, to about 140,000 
Mexico decreased, total exports of muriate tons of K.O equivalent, all as standard 
to Latin America remained fairly close to muriate. Imports from Spain more than 
that of 1976 because of increased shipments doubled, reaching about 30,000 tons of K.0 
to Colombia and Costa Rica. New Zealand equivalent. 
remained the second largest importer of Potash imports, all muriate, from Come-. | 
U.S. potash, although exports to that coun- con countries decreased from 27,000 to 
try decreased 26% to about 110,000 tons of 20,000 tons on a K,0O basis. However, im- 
KO. Increased tonnage of potash exported ports from the U.S.S.R. resumed with three 
to Taiwan was counteracted by decreased shipments made into Eastern U.S. ports. A 
shipments to Japan, the Philippines, and similar-sized shipment, 6,000 tons of mu- 
Malaysia; therefore total shipments to the _riate, came from Latvia.
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WORLD REVIEW | 

_ Potash production in North America in- d’Alsace wil] give technical assistance in | creased 16% to 9.2 million tons of K.O the exploitation of potash deposits in Ser- equivalent. Total overseas exports increased gipe in northeastern Brazil. In 1976, Petro- 
19% to 2.29 million tons of KO. Areas bras had acquired full control of this long- 
receiving these imports were Asia, mainly delayed project through its new subsidiary Japan (49%); Latin America, mainly Brazil Petrobras Mineracao S.A., and had sought (36%); Oceania (9%); Western Europe (5%); participation with and conducted nego- 
and atria (17%). Exports ean America tiations with several world firms including 
Potash ve cee those of 1976. three U.S. potash producers. Brazil’s domes- 

creas ed 1% to. 128 ‘mmillio n tons of KO tic demand for potash and negative trade 
equivalent. Total exports from the two East balance suggested development of a domes- European producing countries, the U.S.S.R. tic potash industry, despite technical diffi- | and the German Democratic Republic, in- culties expected because of the nature of the 
creased 5% to 5.6 million tons of K.0. Areas. Potash deposits. Three types of deposits | receiving these exports were other East have been identified. The extensive carnal- 
European countries (61%); Western Europe litic deposit may require solution-mining (21%); Asia (10%); Latin America (6%); and techniques and unusual beneficiation me- 
others (2%). thods. Two rich sylvinite deposits of more Potash production in Western Europe, limited extent have been discovered, but 
including Israel and the People’s Republic one is irregular and the other is underlain 
of the Congo, increased 4% to 6.0 million with hygroscopic and mechanically weak tons of KO equivalent. Total exports from tachyhydrite. Plans were made to begin : West European primary producing coun- geological studies immediately, including tries, including Israel and the People’s Re- rock mechanics of the deposits and pilot 
public of the Congo, increased 35% to 2.8 mining and processing studies. | million tons of K.0. Areas receiving these Canada.—Potash production in Canada, 
exports were Western Europe, 93%; Asia, aj] muriate, increased 22% to 6.7 million Ne Arica, ne > retin America, 8%; tons of KO equivalent, according to the 
and Oos ania 1% %; Kastern Europe, 2%; Potash/Phosphate Institute. Exports to the Total a Oe ; United States increased 5% to 4.7 million otal world shipments to nonproducing f K,0. O rts | d countries including Italy and the United tons of KO. verseas expo mcrease Kingdom increased 15% to 10.1 million tons 38% to 1.86 million tons of K.O. Areas of K,O equivalent; receiving areas were Tecelving these exports were Asia (70%), | Eastern Europe, mainly Poland, (34%); Latin America (20%), and other (10%). Western Europe, (24%); Asia, mainly Japan Yearend producers stocks increased by | and India, (21%); Latin America, mainly 428,000 tons to 1.8 million tons of K.O. 
Brazil, (14%); Africa, mainly the Republic of Estimated domestic consumption in Canada 
South Africa, (4%); and Oceania, 3%. Im- increased about 11% to approximately ports into Brazil, the market economy 320,000 tons of K.O. 
world’s largest nonproducing importer, in- | 
creased 25% to 1.03 million tons of K.O. . ae . 
Imports into Japan, the second largest non- Table @-—Salient statistics on Canadian producing importer in the market economy 
world, increased 16% to about 80,000 tons of (Thousand short tons of KO equivalent) 
KO. 

1976 1977 Total 1977 exports of potassium sulfates a from Europe decreased 97% to about 610,000  Safssto North Amenean customers > «| Oy O12 tons of KO; of this, 39% was shipped to Exports . 
nonproducing West European countries and onited States TOT Tae 4a 1880 16% went to Asia. Imports for consumption®_—_— > 22 "34 
Brazil—“The French firm, Entreprise Yomesjcomsumption’ -—-------- "267 286 Miniére et Chimique, signed an agreement a nn 

in November with Petréleo Brasileiro S.A. *Estimate. ‘Revised. 
(Petrobras), the Brazilian national oil com- “Canadian potash only. | . pany, under which Mines de Potasse Source: Potash/Phosphate Institute, Atlanta, Ga.



: _ POTASH 758 

The Saskatchewan Provincial Govern- tions in the litigation affecting the Sas- 
ment continued acquisition of that Prov- katchewan potash industry. At yearend, the 

-ince’s potash industry by purchase of two Saskatchewan Provincial Government indi- 
more mines owned by Alwinsal Potash of cated its intention to enact retroactive legis- 
Canada, Ltd., and Sylvite of Canada, Ltd., lation to protect itself against the Supreme 
respectively. A firm agreement was estab- Court decision. | 
lished by yearend to acquire Amax Potash After 4 years of exploration, Potash Co. of 
Ltd.’s reserves and its service contract with America announced in October plans to 
International Minerals & Chemical Corp. construct a muriate of potash mine-mill 

(Canada) Ltd. to mine and beneficiate pot- unit in New Brunswick, Canada, at an 
ash. A firm agreement was established at estimated cost of $106 million. The unit 
yearend to acquire 60% of the mine and would produce about 600,000 tons per year 
plant owned by A.P.M. Operators Ltd.; 40% of K,0. A mining lease was granted by the 
would continue to be owned by Texasgulf, Provincial Government of New Brunswick 

_ Inc. These acquisitions would give the Prov- under which the Province would collect a 
_ ince control of five separate operations, and royalty of 6-1/4% of the value of the prod- 

with capacity expansions of the Govern- ct Joaded on cars. The agreement, which 
ment’s units totaling about 300,000 tons would be in effect for 21 years, would be 
(scheduled for 1979) ne nequisitions wou thrice renewable and could be incremental- 
“0% th Province’ stash indus ke about ly extended to a total period of 84 years. The 

% of the Province s po industry. agreement also would allow the Govern- 
The Supreme Court of Canada reserved oe os ‘ud t in Decembe the stituti ment to take up to 25% equity in the 

Judgment in Vecember on the constitution” = venture at some future date. The plant, the 
ality of the prorationing legislation enacted first North American unit since the Sylvite 
by the Saskatchewan Government .in 1969. . . . ° 

} operation began in 1970 in Saskatchewan, 
An appeal had been filed by Central Canada a . ) 
Potash Ltd. and the Canadian Federal Gov- ® scheduled to go onstream in late 1981 at 

ms ge oe ‘about 70% capacity. Construction was 
ernment in January, immediately following os 
a ruling by the Saskatchewan Court of scheduled to begin in early 1978 about 15 

~Queen’s Bench that prorationing was con- eee r the oecrduct oeulee Oe nait to : 

Te cuit agate the Saskatchewan Govern. the Eastern United States and Canada; the 
ment challenging the constitutionality of remainder wou Othe tehere de noinite | 
the heavy reserves tax remained stalled a . 
during the year. The suit had been filed in epost thi reported to be in tel ped 1 fe 
Saskatchewan Court of Queen’s Bench in | eet thick an _ appro ximately 9 miles 
July 1975 by nine Saskatchewan potash long. Reserves were estimated to be suffi- 

producers. The acquisition of three pro “ent for a mine life of at least 20 years. , 
ducers and the pending acquisition of two, International Minerals & Chemical Corp. 
others left only four independent producers indicated in a preliminary development 
at yearend in this case. A somewhat similar plan submitted to the Provincial Govern- 

_ guit filed in the same court in June 1976 by ment of New Brunswick that another year 

the nine producers challenged the constitu- °F two of exploration was required to estab- 
tionality of the reserves tax and the prora- _ lish production feasibility of mining in New 
tioning tax on the basis that they were Brunswick. The deposit, in the same area of . 

royalty payments and, therefore, represent- New Brunswick as the planned Potash Co. 
ed breaches of the original contracts made of America mine, has an unusual configura- 
between the producers and the Saskatche- tion with variations in grade and thickness 
wan Government when the individual com- and, therefore, may require unusual mining 
panies first began to produce potash in techniques. It must be determined whether | 

Saskatchewan. The suit also remained stall- the salt covering the sylvinite bed is of 
ed pending the outcome of the other two sufficient thickness for mine safety. Solu- 
suits described. tion mining was considered and abandoned 

In November, Canada’s Supreme Court because of its high energy intensity and low 
ruled that Saskatchewan’s oil royalties extraction efficiency. Estimated reserves 
were unconstitutional because the Province were reported to be 12 to 32 million tons of: 
was attempting to regulate the price of an K.O equivalent. 
export commodity, an exercise constitution- Chile—In March, the Government- 
ally under the jurisdiction of the Federal owned Corporacién de Fomento de la Pro- 
Government. This case had clear implica- duccién signed an agreement to produce
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| | | | | —_ S ‘Table 13.—World | 
_. (Thousand short tons 

= German Germany, , . ‘ 
Importing areas Canada France? ~ Democratic Fede _ Israel 

| Republic Republic of 

| 1976 81977 1976 1977 (1976 1977 1976 1977 1976 1977 

Africa: . . | 

South Africa, Republic of _____ 20 24 65 50 -- -- 48 44 24 48 
Other _...-----_______ -_- & 56 ~—s« 66 3 VW 4 7 11221 

Total Africa _-...----. 20 2% 121 116 3 WW 52 51 35 69 

| As'China, People’s Republic of 38 og | eople’s Republic of _ ___ _- _- _- -- _— _- — -- 
India _..--~ ~~~. _____ 93 150 _- _- 185 205 97 166 _— _- 
Japan __--- ~~ 315 425. 31 29 23 15 52 54.- 84 49 
Korea, Republic of South _____ 103 148 8 __ 8. LL. _. __ . 3 _- _- 
Malaysia ___.__________ _ 50 84 _- a — 21 _- _— 44 83 
Philippines ___._________ 27 34. — -— _- 3 1 1 1 2 
Taiwan _.______________ 100 33 a (4) __ _- __ __ __ _- 
Other ___.-.--_.-__ 28 . 38 22 ~»—s«#BS 44 3853 21 19 _— 2 

Total Asia --_..._____ 716 945 53 84.228 0TsTL:SitiB 79 = (186 

. Brazil _..-_.---__ ~~ ____ 142 265 31 33 «187 160 67 60 19 47 
Cuba ___ 1 ~~ Le — _- -- 68 85 7 a _- _- 
Mexico meee ee (‘4 ae —-— om 7 ee — —— —— -— 

Other _____--_-.-.---~-- 21 7 2 12 16 36 12 += an . 

Total Latin America __.__ .. 163 212 «88 45 921 81 86 81 21 47 . 

North America: | | Be - 
Canada ___-_-____________ XX XX _-. we lee _- __ _- __ 
United States _..._______. 4,442 4,627 _- 21 _— —e 22 6 53 142 

Total North America _..___ 4,442 4,627 a 21 _— _- 22 6 53 142 

Oceania: 
Australia... 2 _______ 59 52 _- _- —_ -- 1 1 _- _— 
New Zealand ____---_----~ ss ___ 18 _- i) -- _- 2 1 _- -- 
Other ___._-____-___-____ ~- -- _- —_ ~— eee 2 _— -- 

TotalOceania ---_----. 59 65 .. @® __ LL 3 4 2 

Western Europe: 
Austria ~~ 2 —_ _- 5 9 66 82 - 45 52 __ _e 
Belgium ~__.___________ _- _- 60 67 7 14 46 87 ll 8 
France _.._-_-~-__-__ __ _- _- XX XX 25 36 "13 33 -- 99 
Ireland __-.___________-_ —_ _- 38 45 AT 53 46 39 18 25 
Maly — gp 7777777777777 21 22 62 54 38 i 6 . 32 70 38% 
Netherlands ____.______ __ ~- one 29 62 35 47 ss 42 68 20 17 
Scandinavia ___________ __ _- _- 5 55 93 78 199 107 24 30 
United Kingdom _.________ 8 1 38 43- 169 167 83 60 46 63 
Other _.-_-____-___ _- 30 75 101 79 141 14 76 -__ . 2@i 

Total Western Europe ___ _ 29 53 312 436 559 695 494 554 189 333 

Eastern Europe: . 

Hanger 227772 iti(iw“ Ome ungary ________-_--__- ~- _- -- -- -- _- 
Poland _.________------— —_ -- _- 6 506 506 14 12 _- __ 
Yugoslavia ____-_____--~-~_ ~- -- ~- ~- 123 139 6 9 LL — 
Other _.____-__________e _- _- 5 8 74 113 3 6 _ _- 

Total Eastern Europe _ — — — — _- _- 5 17 =1,580 =: 1,580 31 33 — _- 

Worldtotal ___________ 5,429 5,986 524 719 2,586 2,870 859 972 377 727 

XX Not applicable. ‘Estimate. ‘Revised. 
1Data supplied by the International Phosphate Industry Association (SMA, Ltd.), Paris, France. 
7Includes Congolese exports. 
3Excludes 1977 exports of potassium magnesium sulfate from the United States. 
“Less than 1/2 unit. 
5Scandinavian imports from France, the Federal Republic of Germany, and Israel taken from Phosphorus and 

Potassium, No. 85, October/November 1976, published by the British Sulphur Corp., Ltd.
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trade in potash! 
, of K,O equivalent) 

countries 

Italy Spain United States? USSR. | Total® 

1976 1977 1976 1977 1976 1977 1976 1977 1974 1975 1976 1977 

ees 13 10 3 __ __ __ 201 202 173 176 
29 30 27 rr 2 __ __ 140 130 130 184 

7 29 30 40 51 3 2 __ __ 341 332 303 360 

__ __ _. q __ __ — le 160 106 21 40 
__ __ __ __ __ __ 3 46 463 231 328 567 
__ __ 2 3 106 65. 133 159 948 986 696 799 

3 _ __ __ 15 12 __ __ .-—-206 322 121 166 
__ __ __ 5 19 3 __ 28 67 83 113 294 
-_ __ __ __ 18 1 __ q 68 51 47 48 
__ __ __ __ 1. 50 __ __ 118 99 | 101 83 

5 9 __ 13 2 __ 37 31 155 155 159 217 

8 9 2 28 161 131 173 271 2,185 2,083 1,586 2,144 

__ __ 12 26 377 380 43 57 702 569 828 1,028 
: __ __ __ __ __ __ 68 19 128 132 (143 104 

__ __ 11 __ 70 48 __ __ 56 70 81 48 
5 12 17 23 73 102 __ __ 235 134 148 213 

5 12 - 40 49 520 530 111 7% 1,121 905 1,200 1,398 | 

__ __ Fag 34 __ __ 28 20 r99 34 
6 __ 16 #48634 xXx xx __ Y 4,367 3,702 4,539 4,844 

6 __  ,16 34 r99 34 __ 14 4,395 3,722 4,561 4,878 | 

__ __ __ __ 37 AA __ a 138 109 97 ny 
__ __ __ __ 156 99 17 36 175 128 175 149 
__ 15 __ __ __ __ __ __ __ __ __ 17 : 

__ 15 __ __ 193 143 17 36 2——s«218 232 272 263 

ae _. __ __ __ 36 55 230 166 152 198 
__ __ 15 16 6 7 108 134 768 324 253 - 328 
_ __ __ 4 __ __ 20 24 204 147 58 196 
__ __ 9 4 3 3 __ 5 114 119 161 174 

xx Xx 8 6 __ __ 35 60 228 247 240 326 
__ __ q 8 _ __ 40 36 210 160 173 238 
__ __ 42 43 18 19 118 96 513 5585 499 428 
__ __ 43 39 14 12 79 74 442 415 480 459 
12 8 41 39 __ 9 __ 2 186 212 221 427 

12 8 165 159 41 50 436 486 2.895 2,375 2,237 2174 

__ __ __ __ __ __ 169 166 521 7162 701 682 
__ __ _ __ __ __ 242 237 397 597 545 552 
__ __ __ 3 __ __ 1,214 1,244 1,481 1,751 1,734 1,771 

. __ __ __ __ __ __ 73 87 314 158 202 235 
__ 3 __ __ __ __ 105  ~—s 89 91 157 187 219 

__ 3 __ 3 __ _- 1,808 1,828 2,804 3,425 3,369 3,459 

60 77 263 324 940 890 2,540 2.706 14,054 18,024 "13,528 15,271
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muriate of potash from brine in the Salarde _ brines from its potash industry by pumping 

Atacama, a dry lake bed rich in mineral it underground to a depth of approximately 

deposits. The agreement was joint with 6,000 feet at a location southwest of Mul- 

Foote Mineral Co., which was to invest upto _ house. Construction of the disposal unit 

$20 million in plant and facilities to produce began in 1977 and initial operation, with an 

coproduct lithium carbonate. | _ estimated capacity of 20 kilograms of chlo- 

: In early 1977, the Government set up a_ ride ion per second, was expected in 1979. 

| _ joint venture with Garret Research and At a December 1976 meeting in Bonn on the 

Development Co., Inc.,; to develop an im- Rhine River pollution problem, attended by 

proved commercial process to convert mu- representatives from France, the Federal 

riate of potash from Salar de Atacama into Republic of Germany, Luxembourg, the 

high-grade potassium nitrate. In addition, Netherlands, and Switzerland, France | 

the venture was to comprise a study to agreed to reduce its salt effluent into the 

improve efficiency of recovery of potassium Rhine by two-thirds to about 50 kilograms | 

nitrate and other chemicals in existing ofchlorideion persecond. — | 

plants, followed by a design of. new plants. . © German Democratic Republic.—Produc- 

Congo, People’s Republic of the— tion increased 2% to about 3.6 million tons 

Serious flooding of the only potash mine in — of K,O equivalent. Exports increased 13% 

the People’s Republic of the Congo in June 9 about 2.9 million tons of K:O. Export 

1977 terminated potash production in that distribution was 55% to Eastern Burope | 

: country. While excavating headings’ from mostly to Czechoslovakia and Poland, 24% 

the existing sylvinite mine into adjacent {4 Western Europe, 10% to Asia, 10% to 
extensive carnallite beds, a fault was en- | 41:4 America, and 1% to Africa. 

countered that exposed a dolomite aquifer Germany Federal Republic of.—Produc- 

that overlay the potash deposits. The future tion increased 15% to 2.58 ‘million tons of 

of the operation, at Hollé-St. Paul, had K.O equivalent but remained ‘below the 

- already been in doubt; production had been 1974 sroduction ak of 2.89 million tons of | 

at nearly half capacity for the past few K,0 Potash voducers stocks continued to 
years, and the operation had been econom- be ‘ontroll i d held at a near normal 

ically marginal. The sylvinite lens was more j 1 De © Hie ele a Hi . d 

folded than expected and varied in thick- evel. Vomestic consumption lion ton 
~ ness. Consequently, Compagnie Potasses du approximately 6% to about 1.6 million tons 

Congo had decided to begin, with French of K.O. Exports, 23% of which was sulfates, 

aid, exploitation of the vast carnallitic de- increased 138% to 970,000 tons of K20; the 

posits adjacent to the sylvinite lens using export breakdown, by world area, was 567% a 

the existing mine shaft. Deliveries of mu- to Western Europe, 26% to Asia, 9% to 

riate continued after the flooding using the Latin America, 6% to Africa, and 3% to 

approximately 100,000 tons of accumulated others. , 
producers’ stocks. a Be Israel.—Installation of compactors for 

France.—Production of potash decreased converting standard-grade muriate into 

only 1% to 1.74 million tons of KO, after granular grade began in an attempt to 

large reductions in the previous 2 years !mprove Israel’s lagging export market. 

from a high of 2.51 million tons of K,0 in Contracts were reportedly signed with sev, 

1974. Yearend producers’ inventories eral U.S. firms allowing average yearly 

decreased about 90,000 tons of K.0 to about exports to the United States of approxi- | 

80,000 tons. Combined exports from France, mately 300,000 tons of KO equivalent of 

Belgium, and the People’s Republic of the muriate during the next 10 years. The first 

Congo, 61% of which went to Western experimental batches of granular-grade mu- 

Europe, increased 37% to about 7 20,000 riate were expected to be shipped to the 

tons of K,O. The French potash industry United States in early 1979. Exports of 

reportedly was economically marginal. potash nearly doubled to about 730,000 tons 

Plans were being made to modernize the of K.0. Production of muriate increased 4% , 

industry and thereby increase productivity. to about 790,000 tons of K.O. Producers’ 

The French Government drew up a plan stocks of muriate remained high, approxi- 

to dispose of part of the highly saline waste mately 400,000 tons of K.0. |
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~ . Jordan.—A $425 million. contract was deposits that may have commercial possibil-  —s_ “. .. ° . ~~ signed November 7, 1977, requiring Jacobs _ ities if they. prove sufficiently extensive. In  —-— _». -. Engineering Group, Inc., to design and October, the DMR invited a limitednumber 
construct, for Arab Potash Co., a complex of private western-nation companies tosub- 

— . for extracting 0.8 million tons (K:O equiva- mit proposals for further exploration and 
ent) per year of muriate of potash from eventual development of Thailand’s potash 

__... Dead ‘Sea brines. The complex, scheduled to resources. -s_ Se _..... become operational in 1982, was to consist §_U.S.S.R.—Estimated production remain- _. Of about 40 square miles of solar evapora- ed at about 9.2 million tons of K.0 equiva- | 
_ tion ponds, a beneficiation plant, and infra- lent. Construction of three large potash . 
_._. - structure including a 6-mile-long canal from plants, Soligorsk 4, Berezniki4,and Novosoe 
oo _. the lake to the ponds, aslurry pipeline from likamsk, continued. A French firm wona 

the ponds to the plant, a town, roads from contract to build, at Soligorsk, a dissolution- a the complex to the port of. Aqaba (120 recrystallization plant for beneficiating syl- == . miles), and to the capital city of Amman (50 vinite ore for production of muriate of = 
Miles), and storage and shiploading facili- potash at a rate of about 100 tons perhour - 
ties at Aqaba. Construction of the pond of K.O equivalent: Japanese and French 

| system was scheduled to begin in early 1978 firms bid on construction, at Berezniki, of a a . east of the south end of the lake. Financing 1.3-million-ton-per-year' K,O equivalent 
had not been detailed at yearend, but 51% plant at an estimated cost of about $200 7 | _ of the Arab Potash Co. was to be owned by million. Rail transportation problems con- _ the Jordanian Government and 25% by the tinued. Assignment of rail cars for potash - _ Arab Mining Co. The complex was to be transport had low priority compared with - 

_ Operated by the Arab Potash Co.,a Jordan- grain shipment. - es | 
ian firm formed in 1956 to exploit the Reported exports for 1977 increased 7% 
potash resource of the Dead Sea. to 2.7 million tons of K.O equivalent. Export 

| Mexico.—The Mexican Federal Govern- distribution was 67% to Eastern Europe, 
ment revealed its interest in developing a mostly Poland, 18% to Western Europe, 
domestic potash industry to relieve its de- 10% to Asia, and 5% to other areas. Trial | 
pendence on foreign imports, about 50,000 shipments of granular-grade muriate, man- 
tons per year of K.0, mostly muriate from ufactured in the U.S.S.R. by compaction of 
the United States. Potash resources, sylvin- fine material in recently purchased roll- 
ite and carnallite, in sufficient quantity for type compacters, were made to the United 
commercialization have been identified in States in 1977. The particles were broken 
the Tancamichapa Salt Dome, south of and dusty upon arrival and the material 
Coatzocoalcos in Veracruz State. Explorato- was sold as standard grade. The common 
ry drilling was underway in 1977 in the uncompacted Soviet muriate shipped to the 
Cuchillo Parado salt structure in northeast- United States in 1977 was finer and dustier 
ern Chihuahua State about 150 miles from than the standard North American grade. 
Carlsbad, N. Mex. A study was also under- Attempts to improve material quality and 
way to produce muriate from geothermal transportation continued in the U.S.S.R. 
waters at the geothermal powerplant in Port facilities at Ventspils and Odessa were | 
Cerro Prieto, Baja, California Norte; south being improved. 
of Mexicali. “ ee Negotiations were underway in late 1977 
Spain.—Spanish potash production con- between Occidental Petroleum Co. and the 

tinued to increase in 1977, rising 5% to U.S.S.R. to finalize an agreement, reached 
about 620,000 tons of K.O equivalent. Mine preliminarily in 1974, to exchange U.S. 
modernization proceeded in Catalonia. In superphosphoric acid for U.S.S.R. potash, 
Pamplona, the State-owned Potasas de Na-_ urea, and ammonia over a 20-year period. 
varre determined that recovery of potash U.S. agriculture would absorb most of the 
from carnallite was uneconomical. Exports, potash, which could reach 1 million tons per 
49% to Western Europe, increased 23% to year. A similar 10-year agreement involving 
about 320,000 tons of KO equivalent. an annual exchange of 1 million tons of 
Thailand.—The Thailand Department of U.S.S.R. muriate for U.S. triple superphos- 

Mineral Resources (DMR) completed a 63- phate, supplied by Agrico Chemical Co., was 
hole potash exploration program inthe two under consideration during 1977. 
evaporite basins of eastern Thailand. Most Construction of solar evaporation ponds 
of the holes showed carnallite and many began in the Gulf of Karabogaz on the 
showed sylvinite. The drillings indicated Caspian Sea to produce a crystalline evapo- 
two relatively shallow high-grade sylvinite rite that-would be refined to produce potas-
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sium sulfate. Recovery was to be increased ary to complete mine construction. It was 

by introduction of muriate of potash into announced that a major priority in 1978 

plant streams. Annual production of potas- would be to develop more working areas 

sium sulfate was expected to reach approx- underground. A thick sylvinite bed contain- 

imately 70,000 tons of K.O equivalent by ing 5 million tons of 30%-K.O ore was 

about 1980. Karabogaz already had an delineated. Cooling of the working areas 

established capability for production of was undertaken by installation of 13 water- 

commercial quantities of sodium and gpray units. 
— pray 

_ magnesium salts. oo Domestic consumption increased slightly 

United Kingdom.—Operating difficulties in 1977 to about 510,000 tons of K.0. Most of 

continued in Cleveland Potash Ltd.’s Boul- British potash supply was imported from 

by mine in northern Yorkshire. — These the German Democratic Republic, the Fed- 

included irregularities in bed geometry and eral Republic of Germany, Spain, and the 

ore quality, methane pockets, and a mine >; 
be ' f 00°F, M f th U.S.S.R., in order of volume. 

oblem vr ee alleviated in 1 977 & ‘ + Whitby Potash Ltd. after its acquisition 

problems were alleviated in 1977 by deve in early 1977 by Consolidated Gold Fields 
opment of a novel horizontal drilling tech- Ltd. appealed again in 1977 for a second 

nique that allowed definition of seam con- planning permi t for po tash mining in the 

figuration and qua Mi yards ahead of North York Moors National Park. Whitby 
occurring ia open orizon Scathin ie not. had explored for potash and built a pilot 

ash seam were detected, in a separate de- solution-mining unit in the area during the 

velopment, by dling 100 yards ahead of So Tt had expired in 1976, and. an 
| e mining. Operation of continuous miners _ pet , ane a 

| aide nner douling the 197 output» S200? cuommentalgosnde Th 
; tons of K.O equivalent. Ihe pro- on § : 

duction rate, which reached 160,000 tons fatest arr was for ee explora. 

per year by yearend, was estimated toreach on Wl e ultimate goal of building a 

about 300,000 tons per year of K.O, approx- 300,000-ton K,O-equivalent muriate solu- 

imately 50% of rated capacity, by mid-1978. tion mining complex. A rich, 26-foot-thick 

The parent companies, Charter Consolidat- ear bed pad been partials outiined 0 

ed Ltd. and its partners, mainly Imperial a depth of a ut 4, eet. Based on 

Chemicals Ltd., announced a further capital exploratory holes drilled previously, a mine 

investment of about $35 million for a total life of 50 years had been estimated. A public 

of about $180 million in the Boulby mine. A hearing on the permit application was 

second mine shaft was installed by Febru- scheduled for February 1978. | 

Table 1 5,—Marketable potash: World production by country . 

(Thousand short tons of K.O equivalent) 
oP 

Country? 1975 1976 1977? 

Canada ____________------_------------
----------- 5,992 5,507 6,712 

Chile _________--_--_-_------------------
--------- 13 16 €18 

China, People's Republic of? ® _ oe === --- 7230 *330 830 

ngo _______------------------
-----------77-77-7- r 

France _______--___----------------------
------- 2,116 1,764 ©1,740 

German Democratic Republic ____----------------------
- 3,028 3,484 3,559 

Germany, Federal Republic of ee eee ee aA ae 2 eel 

rael __ __ __ 

Italy_______-__--------------------
------------- T155 154 166 

Spain _________-------------------------
-------- 506 590 621 

USSR ____________-------------------
---------- 8,757 9,161 9,201 

United Kingdom ___~----------------------
--------- 17 50 89 

United States __..____-----------------------
------ 2,501 2,400 2,457 

Total _______---------------~---------
------- 27,269 26,741 28,356 

Estimate. Preliminary. ‘Revised. 
1In addition to the countries listed, Australia apparently produced small quantities of marketable potash during 1975- 

77, but output was not reported quantitatively, and general information was inadequate for the formulation of reliable 

estim utput levels. 

2Data for year ending June 30 as reported in the British Sulphur Corp., Ltd., Statistical Supplement No. 16, November- 

December, 1977, London, pp. 18-19.



POTASH . 761 

| TECHNOLOGY | | 

A continuous 100-pound-per-hour potash potassium, and sulfuric acid by roasting 
process investigation unit was designed and alunite. An environmental impact state- 
built by the Bureau of Mines in 1977 to ment for a proposed commercial plant in | 

evaluate selected flocculation techniques Beaver county, Utah, was approved by the 

for removing insoluble slimes from potash Bureau of Land Management. The $500 
| ore. raKedown tack | wen ainiay million facility would be tied in with phos- 

14% K,O and 5.5% insolubles indicated that Phate fertilizer production whereby the by 
four flotation stages were required for in- a te rock mined in Idaho. Esti ted 
solubles flotation. One cell was sufficient for Poale TOCk Mined’ in 0. Estimated an- 
subsequent flotation of sylvinite from ha-: nual yield would be 500,000 tons alumina, 7 
lite. Tests showed that the system was 200,000 tons of K,0 equivalent as sulfate of 

capable of removing 87% of the insoluble potash, up to 17 million tons of phosphate 
slimes and that 74% of the K.O could be ‘fertilizer, and up to 20,000 tons of alumi- : 
recovered as 61%-K,O muriate in the subse- num fluoride. The Alumet group, consisting 
quent sylvinite flotation operation. Most of of Earth Sciences, Inc., National Steel 

7 the potash loss was due to nonflotation of Corp., and Southwire Co. was seeking fund- 

coarse particles of sylvite. _ - ing for the project at yearend. 
The Alumet Co. operated a pilot plant in §———___—____ | . 

- Utah for production of alumina, sulfate of —*Physical scientist, Division of Nonmetallic Minerals. |





Pumice and Volcanic Cind umice and Volcanic Cinder | 
By A. C. Meisinger! | | | | 

Although U.S. output of pumiceous mate- concrete admixtures and aggregate contin- 

| rials declined in quantity by 3% in 1977, ued as the principal end uses and comprised 
| | value of production rose 14% to a record 84% of total domestic consumption (exclud- - | 

| high of $12 million compared with that of ing imports) compared with 79% in 1976. 

- 1976. The combined quantity from 197 oper- Average values for all end-use categories | 

a ations in four States (Arizona, California, increased over those of 1976, and the 
Nevada, and Oregon) was equal to3 million |: 1104 average of domesti , . 
tons, or 75% of total domestic output sold or ign age of domestic pumiceous 

| | . ° terials output was $2.98 per ton, com- 
— used by producers. The quantity of volcanic maveria 58 . 

--— ginder and scoria produced in 1977 was 12%  Pared with $2.53 per ton the previous year. 
| less than that in 1976, but the output of Both imports and exports of pumice and 

pumice and pumicite sold or used establish. Pumicite increased significantly in tonnage 
ed record levels of 1.18 million tons and $4.6 and value. Canada, Israel, and France were | 

| million. | the principal export destinations, and 

_ - Combined use of pumiceous materials for Greece continued to be the major source for 

| road construction and maintenance and imported pumice and pumicite. 

| | oe DOMESTIC PRODUCTION oe 7 

Domestic production of pumiceous mate- the total domestic output of pumiceous _ 
- rials in 1977 totaled 4.0 million tons valued materials in 1977, the quantity sold or used 

at a record $12 million (previous record high (2.8 million tons) was under 3 million tons 
7 was $11.2 million in 1975). Compared with for the first time since 1971. The 12% 

1976 output, the quantity of pumiceous decline in the quantity of volcanic cinder 
materials produced in 1977 decreased 3% mined in 1977 was attributed primarily to a | 
but the value increased 14%. 23% and 34% decrease in output from 

Domestic output came from 92 individ- Arizona and Hawaii operations, respective- 
uals, firms, and governmental agencies pro- ly. Domestic output of pumice and pumicite 
ducing from 253 operations in 12 States, in 1977, however, increased significantly for 
compared with 98 producers and 259 oper- the second straight year (table 1) and estab- 
ations in 11 States in 1976. California led all lished record levels in quantity (1.18 million 
producing States in number of active oper- tons) and value ($4.6 million). The previous 
ations with 101, followed by Oregon with 67, record highs were 1.16 million tons in 1964 
and Arizona with 22. The combined output and $4.2 million in 1961. The 30% increase 
of pumiceous materials from four States in domestic output of pumice and pumicite 
(Arizona, California, Nevada, and Oregon) over that in 1976 (49% over that of 1975) 
was nearly 8 million tons, or 75% of the mainly reflected the response of domestic 
national total. Other States with significant producers to the increased demand for 
output levels in 1977 were Hawaii and New pumice and pumicite in abrasive applica- 
Mexico. tions, building block, and _ construction 

Although volcanic cinder, including sco- aggregate, and the smallest quantities of 
ria, was produced in 10 of the 12 States and competitive grades imported in recent 
in American Samoa, and comprised 71% of years. 
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| | CONSUMPTION AND USES 

Total consumption (quantity seld or used) “Other uses” shown in table 3. a 
_ Of domestically preduced pumiceous mate- The quantity of pumiceous materials used 

rials declined only 3% from that of 1976. in eoncrete admixtures and aggregate and 

volcanic cinier, and tora wed for road (2.andenPing incrennd 29% and 4% re | | xe ¢ ’ oS spectively, over that of | , but the quan- 
| oon ane concrete admixtures and tity used for abrasive applications decreas- 

lee os in 1976 nee ie tons and | ed 10%; that used in road construction and 

_ aceounted for 84% of total U.S. consump- maintenance, 18%; in railroad ballast, 10%; . . + and for “Other uses”, 15%. The very signifi- tion. End uses for the remaining 16% were | os ; | landscaping (8%), other uses including cant decrease in railroad ballast use in 1977 
abrasives (about 6%), and railroad ballast, Was attributed primarily to the closing of 
(2%). Pumiceous materials used as roofing the Atchison, Topeka, and Santa Fe Rail- 
granules accounted for 54% of the tetal way Co. volcanic cinder pit in Arizona oe 
quantity and 55% of the total value of during the year. OS 

_ able 1.—Pumice, pumicite, and volcanic cinder seld or used in the United States! _ | 
De a | (Thousand short tons and thousand dollars) : 

—— y Pumice and pumicite Volcanic cinder “Total | 
oo _._ Quantity Value Quantity Value Quantity. Value 

1978 824 3,612 8,118 5,269 8,987 8,881 , 1974. 878 8,669 3,064 5,452 3,987 9,121 VIB 790  —- 8,498 8,102 7,710 3,892 11,208 1976 906 3,830 3,228 6,686  «- 4,184_—s«10,466 1977 1,178 4,625» 2,881 7,840 4,009 11965 

1Values f.o.b. mine or mill. . 

Table 2.—-Pumice, pumicite, and veleanic cinder sold or used by producers in the United | 
| | States, by State — | 

| _ (Thousand short tons and thousand dollars) | 

~ 1976 1977 | | 
. State Quantity Value Quantity Value ———— ee  Quattity Value Quantity Value 

eo. woe eee 802 

a 05 BAB 636 S838  -Hawaii -_----- 2 330 686  —-:260 574 
Montana -___-_-__-__-_~_ 5 8 5 1 
Nevada __._---_---___-__-__ 888 768 656 1,154 New Mexico _..-__-__.--__-__-__ ol 486 1,560 457 1,835 Oklahoma __________-_________ LL 1 WwW 1 W 

Oregon wee ee ee - 1,125 2,311 1,083 2,429 
Us hington” 2222727777272 164 264 w Ww 

Other States! ____________ DTT 128 439 290 902 
Total ____---_-__-___.-- ee 4,184 10,466 4,009 11,965 

. American Samoa ~----------------+---+~------~---- 47 30 1 10 . 

W Withheld to avoid disclosing individual company confidential data. Included with “Other States.” 
1Colorado, Idaho, Oklahoma (value only), Utah (1977), and Washington (1977). |
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5 | | 
| — [) ALL OTHER USES — 

RAILROAD BALLAST | 
4 CONCRETE 

5 2 EEE | UY Yj ZZ Up Uj 

0 
| | 1960 1965 1970 1975 . 1976 1977 

Figure 1.—Pumice and volcanic cinder sold or used by producers in the United States, by 
use. 

| Table 3.—Pumice, pumicite, and volcanic cinder sold and used by producers in the United 
| States, by use | 

oe (Thousand short tons and thousand dollars) 

. U } 1976 1977 

"e Quantity. Value Quantity Value 

Concrete edmixture andoncrete ggregaio "T= -—~~------- 18h BMT 858. 
Railroad ballast ___--~-~~-_~~--1-222222222222222. 310 422 4 6192 
Road construction (includes ice control and maintenance) — ~~~ ~~~ 1,980 3,119 1,722 2,990 

Other uses -_-_--~----------------------------______ 2201482 1881694 
Total _.-_________________ e+, 4,134 10,466 4,009 11,965 

1Includes absorbents, heat-or-cold insulating medium, roofing granules, soil conditioners, and miscellaneous uses. 

| PRICES 

The weighted average value of pumiceous aggregate, $2.70, a $0.07 increase; for 
materials produced domestically in 1977 landscaping, $5.79, a $1.35 increase; for 
was $2.98 per ton, an 18% increase com- railroad ballast, $2.04, a $0.68 increase; for 
pared with that of 1976. The average value road construction material, $1.74, a $0.16 
for crude material increased from $1.20 per increase; and for all other reported uses, 
ton to $1.43 per ton, and that for prepared $9.01, a $2.27 increase. 
material increased from $4.15 per ton to Quoted prices for pumice and pumicite in 
$4.38 per ton. trade publications in 1977 were as follows: 

Average prices per ton for pumiceous Quoted prices at yearend in the American 
materials in all major uses were higher in Paint and Coatings Journal, per pound, 
1977 compared with those of 1976. The bagged, f.o.b. New York or Chicago, were 
average price of pumiceous materials used $0.0445 to $0.02 ($0.0445 to $0.08 at yearend 

: for abrasives (including cleaning and scour- 1976) for powdered pumice, and $0.0665 to 
ing compounds) was $28.81 per ton, a $4.47 $0.09 for lump pumice (unchanged from 
increase; for concrete admixtures and 1976). Quoted prices at yearend in Chemical



Marketing Reporter for domestic grades, bagged in 1-ton lots were for fine, $188 per. 
bagged in 1-ton lots were for fine, $0.0765 to ton; medium, $150 per ton; and coarse, $140.0 

_. $0.1140 per pound; medium, $0.1160 per per ton. The price of imported small-lump = 3s 
'.. .~. pound; and coarse, $0.094 per pound. Prices and large-lump pumice was quoted at $275 

_. for imported (Italian) silk-screened pumice, perton, = 8 oa 

Sn BOREIGNTRADE 

The Sear decline in exports of pumice . total quantity of pumice imported, Greece 
___ and pumicite ended in 1977. Producers ship- supplied 85% and Italy contributed 15%. 
_ ped nearly 1,800 tons to foreign countries The bulk ‘of the pumice imported (97%) was 

_ during the year, or 78% more than the used in the manufacture of concrete mason- : 
'. quantity exported in 1976. Average value of ry products, and the quantity was 220% 4 
: _ 1977 exports were $287 per ton compared greater thanthatof1976. __ , 
_. with $268 per ton the previous year,Canada = ists Oo 
_-Feceived most of the exported material =» 2) - _ 1,428 tons), followed by Israel (116 tons),  -« Table 4.—-U.S.exportsofpumice = | 

_. .and France (91 tons). ne rrr Quantity 
A substantial increase in imports of pum- | Yer Ghort gale) 

ice and pumicite during the year reversed = tos) 
the rapid 2-year decline that had resulted in 1974_..._. 2911 - $1,211 

1976 in the lowest quantity imported since 1875 --------------- 1262 1,027 
1962. Compared with that in 1976, imports 197777~ ~~ 7777777777 1797 516 
increased over 200% to 253,463 tons. Of the =—————__— 

| | a Table 5.—U.S. imports for consumption of pumice, by class and country | 7 

| Ty ree 

consniaeea “ay? ofomeetommonry facture, 
Country a ‘value 

Cahors thou «= ehort” thous «hort (thous (thou- 
| tons) sands) —_tons) sands) tons) | —_ sands) sands) 

1976: — | ae a 
Austria _______ _ __ __ _- a _- $7 
Canada_______ 229 $46 _ __ __ ~ 10 
China, People’s - 

‘Republic of ___ -- -- -- _- -- -- 10 
. Greece ______- _- _- 1 @) 25,794 $46 1 

Italy_..______ 8,115 102 1,108 $86 51,154 217 19 | 
Netherlands. ~~~ -- _- -- -- -- -- 9 
Other* _______ oe -- (4) (4) _- _- 14 

Total ______- 8,344 148 1,109 86 16,948 263 70 | 

1977: 
Austria _..___ -- -— -- -- _— _— 11 
Canada _______ -- -- -- -- -- -- 10 
Germany, Federal | 

Republicof 1 Q) @ 2 | __ 18 
Greece ______— 938 8 —_ _— 215,453 783 1 
Italy_________ 5,352 197 964 79 30,755 129 80 
Other® _______ -- -- -- -- oe _- 18 - 

Total _______ 6,291. 205 964 81 246,208 912 138 

1Legs than 1/2 unit. 
*The Federal Republic of Germany, Japan, Mexico, the United Kingdom, Taiwan. 
3Japan, Mexico, Switzerland, the United Kingdom. 

WORLD REVIEW 

Portugal.—Development of pumice de- venture of Francis Concrete, Ltd., of the 
posits on the Island of Sao Miguel in the United Kingdom and PEPON-Sociedade In- 
Azores was reported to be underway in dustrial de Pedra-Pones Dos Agores Lda. 
early 1977% Mining and processing oper- Processing installations were completed in 
ations were being handled through a joint January at Ponta Delgada, about 12 miles
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from the deposit area. Initial washing and were reportedly being considered. 
screening operations at the plant are rated — 

lans . Industry economist, Division of Nonmetallic Minerals. at 150 tons per hour., Plans to increase _, dustry economist, (London). Pumice—a Dual Role in capacity to 250 tons per hour by mid-1978 Industry. No. 120, September 1977, p. 20. ] 

Table 6.—Pumice and related volcanic materials: World production by country 
- : (Thousand short tons) , . 

| — Country! 1975 1976 1977” 
Argentina? ____.._-.2- 15 63 70 Austria:Pozolan ______=_______________________..__.__27 14 13 10 
Cape Verde Islands: Pozzolan® _____.__________.___________ 17 17 17 Chile: Pozzolan —___~ ~~~ -------------- “165 109 110 
Costa Rica® we ee ee ee 2 1 1 Dominica: Pumice and voleanic ash ____._-_____..-.-___________ re "2 . "ye | Egypt _---.-_..--0 yo ) : France: pozzolan and volcanic ash _______...-.._-_______________ 65 790 °780 
Germany, West: ho. . . . 

~ Pumice (marketable) _-2___._____=-...-- 2,111 2,551 “1,875 | Powolan --_-—____-----~--- ~~ 2 144 110 120 
| Pumice -____-_-_.-~---~ le 580 441 626 Powolan ____-__--_-_~--~ ~~~ *938 1,081 1,385 _ Guadeloupe: Pomolan _________=_."___________________.___ 220 220 4200 — Guatemala: Volcanic ash (for cement) ____..--..--_-.__~__-_ 17 26 °27 | | Iceland ~~--------------------~------- ee 44 4 8 

a Pumice and pumiceous lapilli (een - ee 744 F e750 _°770 | | Powolan ~__. 7-2 6,128 °6,600 ©6600 _ Martinique: Pumice: ~_________-_.--~-- ee 86 °90 °90. | -NewZealand —-___--~-------L----- ee 42 55 °55 | Spain’ ~---- 44 pnt 153 F e155 €165 
Inited States (sold or used by producers): | . i. 
Pumice and pumicite ______ ~~~ 790 906 1,178 . 

. Voleaniccinder® ~~. 2 ee 8,117 3,275 2,833 

 Motal eee eeee16,229«177 875 17,060 

*Pumice is also produced in a on of other countries, including (but not limited to) Iran, Japan, Mexico, Turkey, 
and the USSR. (izable quantity), but output “is not reported quantitatively and available general information is 
inadequate for the formulation of reliable estimates of output levels. _ ; 

*Unspecified volcanic materials produced mainly for use in construction products. . 
| -- *Leesthan 1/2unit. : Ce | ‘Exports. © 

5Includes Canary Islands. : 
*Includes American Samoa.
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Rare-Earth Minerals and > 

| | _ By Christine M. Moore! , | | 

Domestic production of rare-earth oxide during the year and imports of monazite — 

(REO) contained in bastnasite and monazite nearly doubled. Mischmetal imports also 

concentrates increased 17% in 1977. Moly- increased. | | a 

corp, Inc., and the Davison Chemical Div. of | Legislation and Government Pro- 

W. R. Grace & Co., the principal processors grams.---The General Services Administra- 

of rare earths in 1977, expanded their facili- tion (GSA) shipped 2,541 tons REO equiva- _ 

ties. Consumption of rare earths increased lent, contained in monazite, and 9 and 24 

during the year. Petroleum catalysts re- tons REO, respectively, contained in sodium 

mained the major end use, but production sulfate and rare-earth chloride. Stocks of 

and consumption of rare earths for metal- rare-earth materials held by the Govern- 

lurgical uses increased dramatically. The ment totaled 4,600 tons REO equivalent at 

ceramic and glass industries were also yearend. Government stocks of yttrium | 

major consumers. oxide (Y.0;) remained at 237 pounds during 

Exports of rare earths increased fourfold the year. 

DOMESTIC PRODUCTION | 

Concentrate.—-Demestie production of Humphreys Mining Co. also recovered 

REO in bastnisite and monazite in 1977 monazite from heavy-mineral beach sand 

increased 17% over the 1976 level. Bast- operations. Humphreys’ dredging operation 
nasite continued to be the major domestic was located near Hilliard, Fla., and the wet, 

source of rare earths; the remainder, less heavy concentrates were trucked to the | 

than 10%, was produced from monazite. company’s drying plant wt Nolkston, Ga. for | 

| Molycorp, Inc., the sole domestic producer Processing. Monazite production by um- — 

of bastniisite concentrate, was acquired by Phreys decreased. significantly during the 

Union Oil Co, of California during the year. Yowr tne to ite conan of tlanium sans 
According to the company’s annual report, "ime 1, Geological Survey announced __ 
production of rare-earth concentrates at the discovery of heavy-mineral sand de- 

Melycorp’s Mountain Pass, Calif., operation . ery Of Aeavy-miners’ § . 
. posits of potential economic grades in 
increased 18% to 16,930 short tons of REO Charleston County, S.C? 

contained in bastniisite concentrate; Pro” Compounds and Metals.—During 1977, 
duction ia 1976 was 14,372 tons. ‘Molycorp and the Davison Chemical Div. of 

Titanium Enterprises, jointly owned by w. R. Grace at Chattanooga, Tenn., were 

American Cyanamid Co. and Union Camp the major producers and processors of rare- 
Corp., continued to recover monazite as a earth compounds. Molycorp, the principal 

bypreduct of mining a beach sand deposit domestic precessor, operated plants at Lou- 
near Green Cove Springs, Fla., for titanium viers, Cole., and York, Pa. Production of 

minerals and zircon. Monazite production mixed rare-earth compounds increased 

during 1977 was more than double the 1976 during the year. 

level. Producers of high-purity oxides and com- 
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: pounds during the year were Molycorp; W.. REMACOR announced plans to expand 
R. Grace; N ucor Corp., Research Chemicals its mischmetal production capacity from 1.2 - 
Div., Phoenix, Ariz.; Reactive Metals and to 4.0 million pounds per year atacostof$2 ~~ 

/ Alloys Corp. (REMACOR), West Pittsburgh, million. Bastndsite supplied by Molycorp 
___ Pa.; and Transelco Div. of Ferro Corp.,Penn was to be the primary raw material. | oe 

Yeu he | | Production of rare-earth ferrosilicon al- 
| ischmetal production more than dou- loys by Foote Mineral Co., Exton, Pa., Moly- . bled in 1977 and shipments of mischmetal corp, and REMACOR more than doubled _ , 

increased threefold over the 1976 level. duriag the year | | oe 
During the year REMACOR and Ronson * ; . 

| Metals Corp., Newark, N.J., produced ae jor p and ee af ptt cule oe 
mischmetal. The Rare Earth Metals Co. of | TOCESSO . 
America (REMCOA) plant at Arnold, Pa., search Chemicals also produced other high- 7 
continued bench-scale studies of misch- purity metals during the year. | | 
metal production during the year, and at Hitachi Magnetics Corp. expanded pro- aa 
yearend the company reportedly decided to duction capacity for rare-earth-cobalt mag- 
postpone plans for full-scale production. nets during 1977 at its Edmore, Mich. plant. 

| | oe CONSUMPTION AND USES : 7 
| Domestic rare-earth processors consumed major consumer of rare-earth compounds, 

an estimated 15,300 tons of REO contained particularly cerium oxide. The established 
in raw materials in 1977, an 8% increase uses of cerium oxide are as an abrasive for 
from the previous year. Bastnasite con- polishing glass; as an additive in eyeglasses, 
sumption increased 3% and monazite con-_ television tubes, and camera lenses; and as 
sumption increased 37%. Shipments of a decolorizing agent in refining clear glass. 
rare-earth and yttrium products from pri- Rare-earth oxides of praseodymium, er- | ; 
mary processing plants to domestic end-use bium, holmium, and neodymium were used - 
consumers were about 11,000 tons contained as colorants in glass. Lanthanum oxide was , 
REO. High-purity rare-earth and yttrium used to improve the refractive quality of 
oxides and metals were about 8% of total camera lenses. 
shipments, but comprised about 30% of the During 1977, an estimated 140 tons of 
total value of shipments. - »- Y¥303 contained in raw materials was con- | 

os The approximate distribution of rare- sumed, a17% increase over the 1976 level of | 
earths and yttrium by end use, based on 120 tons. During the year, production of 
information supplied by primary processors phosphors for color televisions and fluores- _ 
and certain consumers, was as follows: cent lights, a major use of Y.Os, increased. 
Petroleum cracking catalysts, 41%; metal-" Synthetic garnets composed of yttrium- | 
lurgical, including nodular iron and steel, aluminum (YAG), yttrium-iron (YIG), gado- 
other alloys, and mischmetal, 37%; ceram- linium-aluminum (GAG), and gadolinium- 
ics and glass, 18%; and miscellaneous, in- iron (GIG) were used as microwave filters 
cluding electrical, arc carbons, and re- and control devices, as simulated diamonds, 
search, 4%. | and, when doped with neodymium or er- 

The use of rare-earth zeolites in cracking bium, in lasers. Minor quantities of gado- 
catalysts to increase the yield of gasoline linium-gallium garnets (GGG) in thin-film, 
from petroleum feedstocks continued to be magnetic-bubble memory systems were 
the single largest use of rare earths. How used in communication and computer sy- 

_ever, a significant increase in the use of stems. 
rare earths as additives to ductile iron and Significant quantities of rare-earth oxides 
steel occurred. Production and consumption and fluorides were used in carbon-arc 
of mischmetal and rare-earth silicides lamps, which emit a high-intensity white- 
increased during the year and continued light used in searchlights and the motion 
growth of this end use was expected. picture industry. 

The production of lighter and striker Rare-earth cobalt alloys were estimated 
flints continued to be a major consumer of to account for 2.5% of the permanent mag- 
mischmetal. Other rare-earth alloys and net market in 1977. Samarium remained 
metals were used in the production of high- the principal rare earth used in magnets. 
temperature alloys and superalloys. Samarium-cobalt permanent magnets were 

The glass industry continued to be a_ used in traveling wave tubes, alternators
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and generators, line printers, and various metal, which was more readily available at 
missile applications. Research during the a lower cost, as a substitute for samarium in 
year was directed toward the use of misch- the magnets. | : 

STOCKS oe 

Stocks of rare earths in all forms, held by from the level at the beginning of the year. 
14 rare-earth producing, processing, or con- Monazite stocks decreased about 35% dur- 
suming companies decreased 18% during ing the year; stocks of compounds and mix- 
1977. a oS tures of rare earths decreased 23%, and 

_ At yearend 1977, bastniasite concentrate stocks of mischmetal and high-purity 
stocks held by the principal producer and metals decreased 50%. So 
four other processors had decreased slightly 7 - | 

PRICES | 

The average declared value of imported ed from 50, 58, and 68 cents per pound REO, 
monazite from Malaysia and Australia respectively, to 65, 70, and 80 cents per 

- decreased from $205 per short ton in 1976 to pound REO, respectively, at yearend. Year- 
$164 per short ton in 1977. The average end prices quoted in the American Metal 
price per short ton of Australian monazite Market for cerium and lanthanum concen- | 
(minimum 60% REO including ThO.) as_ trates were $0.85 and $1.05 per pound, 
quoted in Metal Bulletin (London) was $171 respectively. Mischmetal prices, as quoted : 

~ to $186 (A$154 to A$168) until June 1977 in the American Metal Market, were in- 
when it decreased to $166 to $176 (A$150 to creased from $3.45 per pound at the begin- 

A$159). Quoted prices for Malaysian xeno- ning of the year to $3.95 per pound at 

time, a yttrium-rich rare-earth mineral, yearend. SO | 

- remained at the 1976 level of $2 to $8 per § Rhodia, Inc. of Monmouth Junction, N.J., 

pound c.i.f. — | a subsidiary of Rhéne-Poulenc S.A., quoted 

Prices for unleached, leached, and calcin- rare-earth oxide prices per kilogram (2.2046 

ed bastnisite containing 55% to 60%, 68% pounds) f.o.b., New Brunswick, NJ. as 
to 72%, and 85% to 90% REO, wereincreas- follows: | 7 | 

er eS SS SD 

| Product remy (gle) Price 

Erbium _____________-__-------------------------- 96 50 $134.00 
Europium _______-__~___--------------------=----- 99.99. 25. _—«:1,870.00 
Gadolinium —._~_~~_....._~~-.~-----.~.--~--------- 99.99 500 84.75 
Lanthanum ______________-_-_-----------------~--- 99.995 500 12.45 
Neodymium ______________--_---------------------- 95 1,000 5.15 

- Praseodymium —_—-_.__----~--~---------------------- 96 1,000 30.75 
Samarium _________-__---------------------------- | 96 8,000 118.40 
Terbium __________-.------~~-~-------~-------~------- 99.9 5 895.00 

Thulium _____-----_------~-----------~------------- 99.9 1 8,800.00 
Yttrium _____________~_-------------------------- 99.99 500 73.00 

ern Pt SS 
: 

1Price increases of 25% each were scheduled effective Sept. 1, 1978 and Jan. 1, 1979. 

Nominal prices for various rare-earth Chemicals in dollars per pound as follows: 

materials also were quoted by Research
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| Cerium _------- eee 8B $12.00. $50.00 
Sn 00D 

Kuropium ---- ee ee 700.00 325.00 3,000.00 | 
. Gadolinium __._____-_---------------------------- - 55.00 36.00 —-—: 220.00 o 

- - Holmium —___ "DU 120.00 80.00 300.00 | 
Lanthanum. ______________---i1------_----+------+-- 7.25 12.00 50.00 

Neng Dor 7777772 8.000. 88 
Praseodymium -——--__---—_------------------------ 82.00 | 16.00 170.00 | 

Terbium:_____._-_-_--_---------.---------------- —_ - _ 850.00 175.00 - _ 845.00 

Yttrium _____________________ LILI ITIL T TTT - 30.00 18.00 150.00 

a 1Minimum 99.9% purity, more than 1 pound. | | . 
*Minimum 99.9% purity, more than 1 pound; includes chlorides, nitrates, sulfates, oxalates, and acetates. 
Minimum 1 pound, ingot form. : : 

oe FOREIGN TRADE -— 

Exports of ferrocerium and other pyro- no imports of cerium chloride during the | 
- phoric alloys during 1977 totaled 520,955 year. 7 | | | 

| pounds valued at $1,042,669, compared with Receipts of mischmetal increased dra- 

, 119,792 pounds valued at $334,973 in 1976. matically in 1977 to 498,653 pounds, with — | 
| During 197’, a threefold increase in exports 44% of the shipments from Austria and 

of rare-earth and yttrium compounds went 30% from Brazil. The average unit value of 
primarily to the Netherlands (31%), Japan mischmetal receipts increased ‘from $1.62. ) 

7 _ (80%), the United Kingdom (9%), and Nor- per pound in 1976 to $2.90 per pound in — 

_ way (7%). Total shipments of rare-earth and 1977, Receipts of other rare-earth metal 
yt OT were 1,931,245 pounds - siloys from the Federal Republic of Ger- 
valued at $6,038, °; , many increased 10% during the year to 

, ,147 pounds valued at $23,508. Imports of 
5,480 tons, more than double the 2,103 tons rare-earth metals, including scandium and _ -received in 1976. Shipments from Australia . a SSR. and a. | 

- totaled 3,149 tons. "yttrium from the U.S.S.R. and the United | 

Imports of cerium oxide tripled during Kingdom, increased 28% to 91 pounds in 
e year to 2,441 pouns 14 pounds i During 1977, the tari . . 

1976. Receipts of other cerium compounds juring 1977, the tariff on cerium oxide, = 
decreased 8% from 13,055 pounds in 1976 to . cerium chloride, and other cerium com- 
12,021 pounds in 1977. Imports of cerium Pounds was 15% ad valorem. The tariff on 
ore from Australia during the year totaled mischmetal was 50 cents per pound. There 
15,537 pounds valued at $28,629. Imports of was a tariff of 5% ad valorem on rare-earth 
ferrocerium and other pyropheric alloys and yttrium metal. A tariff of 50 cents per 
increased 14% to e876 pounds in. i _ pound plus 6% ad valores was imposed on 
compared with 40,259 pounds in 1976. The ferrocerium and other alloys. Imports o 
average unit value increased from $4.15 per monazite and cerium concentrate remained 

- pound in 1976 to $5.72 in 1977. There were duty free. 

Table 1.—U.S. imports for consumption of menazite | 

1978 1974 1975 1976 1977 

Quan- Quan- Value = (an- Quan. y Quan: 
Country short (how (chert (thou. (chart (thon hort (how. (hort (thou (short sands) GNOr sands) $0ONY aands) | SOOTY sands) © “nosy sands) 

_ __ __ __ _. __ __ _- 149 
Malin 2722 1991 $244 984 $154 2,462 $508 2,103 $431 3331 109 
Thailand —___ __ 110 10 336 47 108 24 _- __ __ _. 

Total ______ 2,101 254 1,820 201 2,565 582 2,108 431 5,480 900 
REO content®___ 1,156 XX 726 XxX 1,411 XX 1,157 XX 3,014 XX 

€Rstimate. XX Not applicable. .
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Table 2.—U.S. imports for consumption of rare-earth metals! 

1975 1976 1977 Country SE 
Pounds Value Pounds Value Pounds Value ere Germany, Federal Republicof ____________ 491 $22,592 __ a — — USSR 2,659 58,336 _ __ 55 $1,875 United Kingdom ___________________ 87 6,890 74 $9,131 36 9,933 9933 

Total______________________ 3,207 87,818 74 9,131 91 11,808 eee 
"Including scandium and yttrium. 

WORLD REVIEW 

World production of monazite increased Kingdom, and the United States remained | 
39% over the 1976 level to 17,287 tons in the only countries to produce a full range of 
1977. The largest increase occurred in rare-earth compounds and metals during 
Australia where production nearly doubled; the year. 
other countries with increased production Australia.—According to the Mineral 
included Malaysia and Brazil. Bastnasite Sands Producers’ Association Ltd., mona- 
production also increased during the year. ite production in short tons was as follows: 
France, Japan, the U.S.S.R., the United | 

| } — State 1975 1976 1977 
ce 

New South Wales ___________________ =e. 1,207 1,089 327 Queensland ~------------ ee ee 685 227 683 estern Australia Woon nae - 75 ------------ +--+ -- ee . 38,252 3,698 8,636 

Total _--_______ ee. 5,144 5,014 9,646 
eee ss Ee 

E. I. du Pont de Nemours & Co., Inc., Pty., both owned by Tioxide Australia Pty., 
increased its equity share in Allied Eneabba_ Ltd. Tioxide owned 40% of Westralian with 
Pty., Ltd., from 25% to 40%. Allied Min- the option to increase its share to 51% when | 
erals N * “lecreased “s share %. the oom Westralian completed a $25 million ilmen- 
pany from ° ° °° 1 ite beneficiation plant near Bunbury. 
Eneabba mined beach sands __for The Wickham separation plant of Rutile monazite at Eneabba, in Western . " P P Australia. and Zircon Mines (New Castle) Ltd. was 

_ Westralian Sands Ltd. merged with West- reportedly inactive during most of the year. 
ern Mineral Sands Pty., Ltd. and Ilmenite A 2-year modernization program at the 

Table 3.—Monazite concentrates: World production, by country | 

(Short tons) 
TT CS SS 

Country! 1975 1976 1977" eee TT | 
Australia____2 ~~ ee 4,968 5,016 9,646 Brazi]__________-________ = eee *1,600 1,775 £2,000 India®______________________ eee. 3,300 3,300 3,300 Korea, Republic of€_____.________._-_______._..... 2. 10 10 10 Malaysia® __________________-__-_ 8 3,621 2,071 ©2,200 Nigeria® __-________________..-- eee 20 20 20 Srilanka ________________ eee °5 l °5 Thailand _________________,___ eee 405 
United States _____________________ 8. Doe, Ww WwW W Zaire _______________ eee 328 265 106 

Total... --- eee. 14,257 12,458 17,287 ee ee — 
“Estimate. Preliminary. W Withheld to avoid disclosing individual company confidential data. 
In addition to the countries listed, Indonesia and North Korea may produce monazite, but output, if any, is not reported quantitatively, and available general information is inadequate for formulation of reliable estimates of output levels. 
2Exports.
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Cable Sands Pty. Ltd. concentrator at Bun- a feasibility study for the mining of tita- 

bury was underway. | nium beach sands_ containing monazite | 

France.—Rhéne-Poulence S.A. announc- along the Senegal coast. Completion of the 

ed plans to increase the polishing com- study was scheduled for 1979. | | 

pounds production capacity at its La Ro- United Kingdom.—Johnson. Matthey 

chelle rare-earth facility to 2,200 tons per Chemicals Ltd. acquired the remaining 50% 

year. Total rare earths production capacity equity in Rare Earth Products Ltd. from 

a at the plant in 1977 was 11,000 tons per Rio-Tinto Zinc, Ltd. The plant, located at 

year. Widnes, produces rare-earth metals, oxides, 

: Senegal.—NL Industries, Inc. and the ~ and salts. oO | | 

Government of Senegal agreed to undertake : 7 | 

| | , | | _ TECHNOLOGY CCT oe, oe - oe 

| Photochemical separation of lanthanides — ciency of the crystals. Use of the crystals in 

7 by ultraviolet light from argon fluoride and ‘high-speed, rewritable optical memory 

krypton fluoride lasers was reported.* Euro- applications was expected. ~ - Co 

pium, samarium, and ytterbium as well as The neodymium-doped glass laser at the | 

elements of the actinide series may be Lawrence Livermore Laboratory in Liver- 

recovered by the process at lower cost than more, Calif., began operation and proved to - 

- the current separation methods. The new be the world’s most powerful laser. Room : 

| photochemical method also was expected to temperature operation of a solid state laser oF 

aid in the reprocessing of nuclear wastes. in the blue spectral region was described.'° — 

Yitria-stabilized zirconium oxide was The laser used a 0.2% praseodymium-doped | | 

found to be suitable for use in electrolytic LiYF crystal. - | 

cells for the dissociation of water vapor into -Palladium-yttrium alloys were shown to 

hydrogen and oxygen. Ytterbium oxide was be::more permeable to hydrogen than 

found to result in more highly conductive palladium-silver alloys. The alloy was also 

materials for electrolytic cells, but the high found to be less susceptible to poisoning by 

cost of the oxide prohibited its use.‘ | oxidation. More effective utilization of 

| The substitution of rare-earth cobalt mag- palladium-yttrium alloys in hydrogen diffu- 

nets for Alnico permanent magnets repor- sion alloys was planned." | 

tedly resulted in lower magnet weight for _ ‘Because of their predictable geochemical 

the same flux density.5 Response time in properties, rare-earth elements were used 

| line actuators decreased ag a result. as tracers of water-rock interactions in 

Research was conducted on rare-earth hydrothermal systems.” The lanthanides 

oxides as alloying agents for titanium.‘ reflect changes in their distribution pattern 

Lutetium, neodymium, and dysprosium ox- within the deposits depending on the 

ides were found to be acceptable for disper- sequence of reactions in the systems. . 

gion strengthening of titanium alloys. The The Bureau of Mines continued research | 

addition of yttrium oxide was found to ease on rare-earth alloy catalysts, rare-earth 

metallization of high-alumina bodies with oxides additives in refractories, and misch- 

tungsten. - metal as a replacement for samarium in 

A group of compounds including any one samarium-cobalt permanent magnets. 

of several rare earths, rhodium, and boron A patent was issued for obtaining 

in the general formula RERh,B, were found fluorine-free cerium from bastnasite ore 

to be superconductors which operate at that had been leached with nitric acid. A 

higher temperatures and magnetic fields patent was issued for an improved reagent 

than superconducting materials currently for use in the solvent extraction separation 

in use.’? Technological improvements and of rare earths and yttrium which would 

applications of the compounds were dis- permit higher feed solution concentration.** 

cussed. The 18th Rare Earth Research Confer- 

Cerium was found to provide rust preven- ence was held at Oglesbay Park, W.Va., in 

tion control in steel. The best rust preven- October. The program reviewed all phases 

tion was achieved by fixing all sulfur in the of rare-earth research and development and 

steel as cerium manganese oxysulfide. included sessions on solid-state science, 

High optical sensitivity was observed in spectroscopy, and bioinorganic chemistry. 

cerium-doped strontium barium niobate Publication of the proceedings at the Octo- 

crystals.’ Introduction of cerium increased ber meeting was planned by the Rare Earth 

the recording sensitivity and saturation effi- Information Center of Ames, Iowa.
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Rheniun 
| By Larry J. Alverson’ | 

There was no rhenium production in 1977 pounds, or 50% more than in the previous | 

from domestic ore. Consumption decreased. record year of 1976. Prices for both metal | 

about 12% from that of 1976 to 7,300 powder and compounds declined to the 

pounds; however, it was still at a relatively. lowest level on record. Bimetallic catalysts 

high level. Imports of ammonium perrhe- continued to be the major use for rhenium 

nate reached a record high of over 6,000 domestically and worldwide. 

| | Table 1.—Salient rhenium statistics | 
. (Pounds of contained rhenium) | | 
a 

T1196 DT 
Mine production® _____._____--------------- 7,000 5,000.  —2,000 1,500 __ 
Consumption® ____________--_------------- 4,400 4,500 6,000 8,300 7,300 
Imports (metal and scrap) _ __~~----_~----------- 1,437 40 59 82 148 

- Imports (ammonium perrhenate) _____-_--.----~-- ©3,040 &3 287 "966 4,047 6,111 

Stocks, Dec. 31° ___________-._.------------ 20,000 24,000 21,000 718,300 17,300 

°Estimate. "Revised. - 

| DOMESTIC PRODUCTION 

There was no rhenium production from Kennecott Copper Corp.; M & R Refractory 

domestic sources in 1977; all output was on Metals, Inc.; and Molycorp, Inc. In the past 
a toll conversion basis from foreign mo- few years, only Shattuck and M & R have 
lybdenite (MoS.). This was the first year in been actively roasting domestic and foreign 
over 20 years that no rhenium has been MoS, concentrates for rhenium recovery. 
produced. Historically, the domestic rhe- However, Cleveland Refractory Metals, a | 
nium industry has had four main pro- subsidiary of Kennecott Copper Corp., sold 
ducers: Shattuck Chemical Co., a subsidiary rhenium from accumulated stocks and 
of Engelhard Minerals & Chemical Corp.; imports to augment the domestic supply. 

CONSUMPTION AND USES 

Consumption of rhenium in 1977 decreas- 12% in capacity during the year, to 53.1% of 
ed about 12% from the record level of 1976, total reforming capacity. This was the first 
but it was still at a high level compared time a single type of bimetallic reformer 
with the past several years. An estimated held over 50% of total reforming capacity. 
80% went into platinum-rhenium bimetal- The total for all types of bimetallic reform- 
lic catalyst manufacture for use in petro- ers was 61.2% of total reforming capacity, 
leum-refining operations. the highest ever attained. This follows the 

Semiregenerative bimetallic-reforming trend of the past few years, brought about 
units in the petroleum industry increased by the increasing demand for unleaded and 

\ 

TTT
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low-lead gasolines, production of which placed in operation and larger ones were 
is enhanced by bimetallic catalytic re- being designed. A valuable byproduct of the 
forming.? | process is hydrogen, which is produced in 

Eight States have 100% bimetallic- greater amounts and at higher purity than 
| reforming capacity; 22 States have none. was attainable before the continuous pro- 

‘The remaining 20 States have bimetallic cess was developed. | 
capacity ranging from 30% (Ohio) to 94% The remaining 20% of estimated domes- 
(Mississippi). The trend has been to convert tic rhenium consumption was used in high- 
older monometallic units to bimetallic be- temperature thermocouples, X-ray tubes 
cause increasing demand has put a strain and targets, vacuum tube and flashbulb 7 
on existing production potential. _ filaments, electrical contacts, electronic de- 

Most of the increased capacity in catalytic vices, heating elements, electromagnets, | 
reforming took place in the smaller refin- metallic coatings, and high-temperature al- 
eries (less than 200,000 barrels per day (bpd) loys for research and development work. | 
of crude oil capacity). Reforming capacity in Rhenium has experienced growth in the 
these refineries increased 22% over that of field of rotating anodes for diagnostic X-ray 
1976; similar capacity of larger refineries tubes. Many of the unique properties of 
(greater than 200,000 bpd) was virtually rhenium are incorporated into composite 
unchanged in the same period. However, anodes, composed of a molybdenum back- 
the total reforming capacity of the larger ing, surfaced with a tungsten-rhenium alloy 
refineries represented 84% of total reform- layer. The rhenium content of the layer 
ing capacity. averages about 10%. Wear on the focal 

One of the advantages of platinum- track is minimized because the tungsten- 
rhenium catalysts is that they can tolerate rhenium alloy layer withstands the electron 
more carbon than monometallic catalysts bombardment better than pure tungsten. 
and regenerate to comparable carbon levels. Also, rhenium resists the recrystallization 

. One of the Union Oil Co. refineries reported and grain growth typical of tungsten and 7 
18 weight-percent carbon on a RI16H_ imparts ductility to the target surface. The 
platinum-rhenium catalyst, after 115 bar- composite targets have made possible the 
rels of feed per pound of catalyst at about 96 development of high-speed tubes with 
research octane number (RON); 14 weight- decreased anode angles. This permits the | 
percent on R22, a bimetallic catalyst with- development of smaller focal spots without — 
out rhenium, after 81 barrels per pound at _ sacrificing X-ray intensity.‘ 
92 to 96 RON; and 13 weight-percent on — A _ thermocouple that utilizes rhenium in 
R16G platinum-rhenium catalyst, after 117 two separate sections was manfactured bya 
barrels per pound at 90 to 92 RON. Carbon domestic firm. The tube well is a Mo-50% 
deposition rates tend to be lower for bime- Re alloy, and the thermocouple itself is 
tallic catalysts than for monometallic ones, either W versus W-26% Re or W-5% Re 
allowing for operation at lower pressure, versus W-26% Re. Both thermocouples can 
lower hydrogen recycle ratio, and higher be used up to 4,200° F in vacuum, or in 
severity. . hydrogen, nitrogen, or other inert atmos- 

The Wynnewood refinery of Kerr-McGee  pheres. The insulator used in both is beryl- 
Refining Corp., with a reforming capacity of lium oxide. Other thermocouples are avail- | 
7,000 barrels per stream-day, has used a_ able with tantalum or molybdenum tube 
bimetallic platinum-rhenium catalyst for wells and magnesium or beryllium oxide 
about 8 1/2 years. The charge has been insulators in combination with both types of 
regenerated more than seven times, tungsten-rhenium thermocouples. 
approaching 800 barrels per pound on the In modern mass spectrometry, rhenium 
material, and is still performing like fresh was used in thermionic and thermoelectric 
catalyst. The initial charge of bimetallic emitters. The favorable combination of 
platinum-rhenium catalyst was installed in properties of rhenium has resulted in sub- 
1967 in Chevron’s El Segundo No. 1 reform- stantial replacement of previously used 
er. The catalyst is still in service today. materials such as tungsten, tantalum, mo- 
Some has been replaced, but most has gone _lybdenum, and other refractory metals. The 
over 700 barrels per pound, and has been main advantage of rhenium in this applica- 
regenerated 15 times. Tests indicate that it tion is that it provides high stability of 
is as good as fresh catalyst. electronic emissions in atmospheres of var- 

Universal Oil Products (UOP) had over 50 _ ious gases. This ensures higher accuracy of 
continuous Platforming units onstream or mass spectrometric analysis and reduces 
under construction. A 42,000 bpd unit was the memory effect in the instrument com-



_ pared with other cathode materials. = == —__—s mai diffusion processes in nickel alloysand 
| The most important advantages of rhe- resulted in less softening when the tube had _ 

nium as the material for ionizers in surface been heated to the working temperature. => 
| _ ionization are: Higher work function, re- The use of the NR10-VP alloy for making 

_. fractoriness, and ductility over a wide the cathode core in some types of tubes 
__ temperature range. Rhenium ionizers are increased the shape stability by 8 to 10 

| _ heat-treated to improve the work function, | times, stabilized the main electrical para- 
the best results being obtained with zone- meters over the service life, and increased 
melted rhenium. OO | the service life from 500 to 1,000 hours.§ : 

. A proprietary nickel-rhenium alley Rhenium continued to be used for fila- _ 
_(NR10-UP) was used to eliminate a serious ments in electron tubes used in amplifica- : 
problem impairing the quality of cermet tion, rectification, generation, direction, | 

| tube cathodes, which had insufficient shape switching, and displaying applications. — 
| stability under cyclic temperature changes. These filaments contain tungsten and mo- 

| The cathode core would noticeably deform lybdenum, and also rhenium in proportions 
, after a few hundred temperature cycles. up to 25 percent. Rhenium increases the 

The rhenium alloy core has higher heat ductility of the filaments and thus reduces | | 
resistance and recrystallization tempera-. their fragility. Rhenium applied as a coat-— 
ture than the nickel-tungsten alloy (NIV06- ing to tungsten filaments in electron tubes 
VP) currently in use. Alloying with rhe- increases the resistance of the filament to 
nium was more effective in retarding ther- attack by water vapor inherent inthetube.  —-s—- 

There were three reported price reduc- tember, prices were reduced to $395 and 
tions for rhenium in 1977, At the beginning $870 per pound; and in late December, | 
of the year, the price for rhenium metal prices were reduced to $375 and $350 per : 
powder was $540 per pound, and the price pound. Despite the decreasing trend in 
for perrhenic acid (HReQ,) was $515 per _ prices, the demand for rhenium strengthen- 
pound. In July, the prices were reduced to ed in the last 2 years, with most of the de- | $425 and $400 per pound for metal powder mand coming from the petroleum industry. - 

— _and perrhenic acid, respectively; in Sepp - 

Imports for consumption of ammonium Republic of Germany (88%) and Belgium- > 
perrhenate increased over 50% in 1977 toa Luxembourg (12%). __ ne : — 
record high level of 6,111 pounds of contain- | The duty on imports of ammonium 

| ed rhenium. Imports came from Chile (69%) perrhenate from market economy countries 
and the Federal Republic of Germany was 4% ad valorem; the duty on that from 

| (31%). Most of the material was directly im- central economy countries was 25% ad 
porjed; however, approximately 15% was valorem. The duty on rhenium metal from - withdrawn from bonded warehouses. Im- market economy countries remained at 5% 
ports reached record high levels because of ad valorem for unwrought metal and 9% ad 
no domestic production, relatively high de- valerem for wrought metal. The duty on 
mand, and low prices. wrought and unwrought rhenium metal 

Imports for consumption of rhenium me- from central economy countries remained 
| tal powder increased to 148 pounds valued at 45% and 25% ad valorem, respectively. | 

at $55,854. Imports came from the Federal | oO |
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Table 2.—U.S. imports for consumption of rhenium metal (including scrap), by country 

(Gross weight, pounds) oa 
a 

oe 1978 1974 1975 1976 4977 : 

Country * onan | Value nan Value on | Value oan. Value onan Value 

Austria.________..__- __ __ _ 1 $300 _- _ ae | 
Belgium-Luxembourg _ — 110 $74,500 -- 28 = 111,186 17 ~=—- $8,687 18 $4,120 
Germany, Federal 

Republicof _...___._ 1,116 782,497 40 $27,734 30 15,760 65 29,060 130 51,734 
Netherlands_-------_ 211 147,679 

| Total __________ 1,487 1,004,676 40 27,734 59 27,196 82 87,747 148. 55,854 

| Table 3.—U.S. imports for consumption of ammonium perrhenate, by country! 
. (Rhenium content) | | 

1973 1974 1975 1976? 1977? . 

- Val - Val Quan- Val - Value Quan- Value _ 
Country ae (thou- oo (thou. tity (thou- een thou. tity (thou- 

_________ (pounds) _sands) (pounds) _ sands) (pounds) _sands)_(pounds) sands) (pounds) _sands) 
Chile _______ _ 1,232 «$449 «89, Ls«i 280s $606 = 4,187 $1,087 
Germany, Federal 

Republic of __ 1,450 $1,913 1,520 1,185 401 $165 2,767 801 1,924 533 

‘Total _____ 3,040 3,829 3,287 1,805 966 442 4,047 1,407 6,111 1,620 

1Years 1973 through 1975 are estimated. . oe 
2 Adjusted by Bureau of Mines. | . 

| WORLD REVIEW 

| Porphyry copper deposits in Canada, of the increased capacity was accounted for 
Chile, Peru, and the U.S.S.R. were the — by bimetallic catalysts. — | | 
major worldwide sources of rhenium. Chile.—Rhenium production in Chile 
Known recovery facilities outside of the totaled an estimated 3,200 pounds contain- 
United States were located in Belgium- ed in about 5,200 pounds of ammonium — 
Luxembourg, Bulgaria, Chile, France, the perrhenate. Potential rhenium output is 

, _ German Democratic Republic, the Federal steadily increasing because of increasing : 
Republic of Germany, Sweden, the United molybdenum capacity. This was made possi- 
Kingdom, and the U.S.S.R. : ble by the high molybdenum content of the 
Canada.—The Island Copper mine of porphyry copper ores and the construction 

Utah International, Inc., produced all of the of new byproduct recovery plants at Chu- 
Canadian rhenium output. In 1977, an esti- quicamata and Andina. As a result, rhe- 
mated 2,000 tons of molybdenite concen- nium production may reach 7,000 pounds 
trate containing approximately 5,700 per year in the near future.® 
pounds of rhenium was shipped to the The Chilean copper mining company 
United States. The contained rhenium was Compania Minera Disputada de las Condes 
processed into ammonium perrhenate and_ S.A. was purchased by Exxon Corp. late in 
perrhenic acid in the United States and 1977. Exxon planned to carry out studies to 
returned to Utah International for disposi- determine the feasibility of expanding oper- 
tion. The Island Copper ore deposit contains ations. Reserves of rhenium were estimated 
one of the highest concentrations of rhe- to be over 16,000 pounds averaging 350 
nium in the world, with the rhenium con- parts per million of rhenium in molybde- | 
tent consistently averaging above 1,100 nite. To date, the molybdenum and rhenium 
parts per million in molybdenite concen- have not been exploited. 
trate. | Corporaci6én del Cobre de Chile (CODEL- 

Catalytic reforming capacity in Canada CO), the National Copper Corporation of 
increased 8% during the year, resulting Chile, renewed its agreement with Philipp 
from pressure to produce higher octane, Brothers, a division of Engelhard Minerals 

low-lead, and lead-free gasolines. Nearly all & Chemical Corp., to market its molybde-
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num and rhenium output worldwide. CO- ly modified the reformers’ downstream DELCO is the world’s largest holder of _ equipment. Deutsche B. P. switched from copper reserves, and was also the world’s conventional to bimetallic catalysts in its largest byproduct molybdenum producer. Dinslaken, Hamburg, and Vohburg refin- CODELCO’s rhenium output made Chile  eries. Wintershall A.G. was modernizing its one Pree gareest rhenium producers in the Lingen refinery. Part of the project includes worid in . ; a 650,000-ton-per-year catalytic reformer Germany, Federal Republic of.—Herman and hydrogen plant. Oberrheinische Miner- C. Starck, one o the largest processors of aloelwerk GmbH was upgrading and mod- mo yodenum an r sn the U europe, began ernizing its Karlsruhe refinery in order to 1977 The r in the in the odt " = ted supply 15% of Germany’s current gasoline "oe main rhenium product marke .. demand by the end of 1978. A new contin- was ammonium perrhenate, but perrhenic uous catalytic reformer will be installed acid and rhenium metal powder were also a ‘a a’ i | All be ort ed t sold. Germany has the most rigid restric- Je fu existing one wi conver ° tions on the use of tetraethyl lead in gaso- ¢°SU/furization service. . . line in the world. To meet motor gasoline lran.—A new reforming unit was being specifications that became effective Jan- constructed 8. Pere “ . per oleum refining uary 1, 1976, $400 million has been spent. complex in Bandar Shahpur for the pro- As a result, the use of platinum-rhenium duction of 500,000 tons per year of xylenes. catalysts in petroleum-reforming operations The unit will employ Engelhard’s bimetallic increased significantly. Esso A. G., Ger- platinum-rhenium “Magnaforming” cata- many’s second largest refiner, switched to lyst. This catalyst has proven itself in the bimetallic platinum-rhenium catalysts in United States over the past several years | four of its reformers and substantial- and is in worldwide use. | : | 

| | TECHNOLOGY , 

_ Bureau of Mines researchers presented a parts per million of rhenium have been _ paper® on the operation of a prototype demonstrated in a pilot plant. Over 75% industrial-size bipolar electrooxidation cell rhenium recovery has been proven from _ for the recovering molybdenum and rhe- concentrates containing 250 parts per mil- nium from offgrade molybdenite concen- lion of rhenium. Pyridene was used to trate. The cell was operated in cooperation extract the rhenium from the stripping with the Nevada Division of Kennecott solution. The pyridene extract was fed to a Copper Corp. Extractions of 94% to 98% of still where the rhenium was concentrated molybdenum and rhenium were reportedly in the still bottoms as a sodium perrhenate achieved from a concentrate containing up solution containing up to 150 grams per to 6% copper. The Bureau provided data on liter of rhenium. The rhenium was recover- the process to aid in the technology transfer ed as ammonium perrhenate crystals by to Anterested industry representatives. addition of ammonium sulfate to the still process was developed for treating mo- bottoms. The ammonium perrhenate was lybdenite concentrate containing rhenium further purified by recystallization and the for ficient production of ode panty rhe- pre prosuct dried for sale or conversion to nium and molybdenum products.® The pro- other en products. cess consists of flash roasting molybdenite Wide use of molybdenum-rhenium alloys concentrate in an oxygen atmosphere, wet with high rhenium contents for large scrubbing the roaster offgas to remove dust structures is precluded due to the high cost and volatilized molybdenum and rhenium, and limited availability of rhenium. How- recovering molybdenum and rhenium by ever, it has been shown that the plasticity of solvent extraction, precipitation, and crys- weld joints of low-alloy materials such as tallization of rhenium as a high-purity am- the VM1 and TsM2 alloys can be improved monium perrhenate. Rhenium recoveries of by alloying only the joint metal with rhe- 90% from concentrates containing 1,400 nium. Increasing the rhenium content in
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- the joint beyond 50% results in a sharp rise _ erties of Ta-Cb-Re alloys was studied. The | 

in the hardness and brittleness because of addition of rhenium has a positive effect on. 

the formation of the sigma phase. At con- increasing the thermocyclic resistance of 

tents below 20 weight-percent rhenium, the tantalum and tantalum-columbium alloys. 

‘plasticity of joint metal does not differ from. The effect was attributed to strengthening 

oo that of unalloyed metal. This. use of rhe- of the solid solution and increasing of inter- 

nium as an alloy addition to increase the atomicforces.* = | Co 

plasticity of weld joints in molybdenum Two major improvements were made to 

considerably widens the field of application Chevron Research Co.’s Rheniforming tech- 

a of molybdenum as a structural material at nology during the year. These were an 

| relatively low consumption of rhenium. — improved catalyst called Type F, anda 

___ GTE Sylvania developed an improved sulfur-control system. The main advantage 
_ process for the extraction of rhenium from of the Type F catalyst over previous cata-_ 

Be molybdenum. The process employs solvent ysts reportedly is greatly increased stabil- =. 

; extraction for the separation and recovery ity which allows the reforming units to . 

_ of rhenium from sodium molybdate solu- operate at higher octane, increased feed 

Bons obtained from moive raat Tatts, OF, decreased Press to 
: _ _, bee eee wernans iquat yields. without shortening run length. After : 

Cs 336) as the extractant. The solvent system ~ regeneration, the catalyst can be returned | 

Sn initially © investigated was the decanol- to performance nearly identical to that of | 

_kerosine system. However, rhenium eX fresh catalyst. The catalyst was undergoing 

- | oe deer eased an . due te the testing in 1977, and is scheduled to be in | 

. a omol ion As an cult "he a lvent aterh commercial service in late 1978. Use of the 

Ce comp'ex- a result, tae solvent system  sulfur-control system showed a significantly 

. - was replaced with a high-aromatic solvent j:,.6, yield and longer run lengths. Rates _ 

| (SC #28), and the rhenium extraction effi- Pa et ye t 6 t for the ter 

_° ciency was found to be constant. Nitric acid — CE ea ete ee ros operat. | 
| | . : : in the 60% to 100% range for three operat- _ 

| was used as the stripping agent in both . ts loving the system. Design and oe 

, systems: A continuous countercurrent, ms tru bic oe bi the sys’ ‘ita t oni an | 

mixer-settler extraction system was em- efis ruction © an ved. Ten li a ee | 

| ployed, and the concentrated rhenium solu- re tall th ealt planne ‘ en ead wit 

a tion was subjected to ion exchange for Rh 1 the sulfur-contro! system, ane new 

| further purification and isolation.” eniformers will include this technology - , 

Rhenium has a unique effect on tungsten, °° ° standard part of the system. ag 

- molybdenum, and chromium, increasing | A new alloy of rhenium was developed for 
strength and ductility, especially in the use as.a cathode connector for a structural | 

region of saturated solid solutions with element subjected to mechanical load. The 

body-centered cubic structure. This phe- connector must have specific electrical 

nomenon, known as the “rhenium effect,” properties, since voltage is applied through 
was discovered in 1955 in England and was ‘¢ across the cathode-anode circuit. The 

used to develop a range of alloys of tungsten strength of the cathode connector can be 

and molybdenum with rhenium. Research increased by increasing its resistance to 
was conducted on the rhenium effect thermal cycles. The alloy consists of 50% 

through the structure and properties of the iron, 40% nickel, and 10% rhenium. Be- 

) ternary Mo-Re-C system. It was found that cause of its superior physical properties, 

one of the main reasons for the rhenium _ this alloy reportedly has given good results 

effect was the higher solubility of carbon in in numerous test devices. Rhenium raises 

the saturated Mo-Re solid solution than in the recrystallization temperature of the 

- pure molybdenum, (about five times high- alloy by 300° C, and the material has a finer 

er), and also the appearance of a new grain size after recrystallization. Because of 

carbide having higher strength and plasti- the finer grain size, grain gr owth in the 

city than Mo.C in the Mo-Re alloy. The connector material is limited during weld- 

carbide is a solid solution of rhenium in _ ing, the grain size in the alloy being 5 to 10 

molybdenum carbide. At 1,500° C, the solu- times finer even after prolonged tests and 

bility of carbon in the solid solution was annealing at 600° C to 1,000° C. The addi- 

about 0.05 weight-percent in Mo-95% Re tion of rhenium to the iron-nickel solid 

alloy; 0.025 weight-percent in Mo-20% Re solution improved its mechanical properties 

alloy; and less than 0.01 weight-percent in by at least 1.5 times at the usual cathode 

pure molybdenum.’? temperatures. At temperatures above 300° 

The effect of thermal cycling on the prop-__C, the grain growth is checked, the strength
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nd otc team oemtn of . _ _ *Margulis, R. B., E. M. Savitskii, M. A. Tylkina, and E. - __ 38 greater at a given grain size, and soften- Arskaya. Paper in Russian (Use of Rhenium Alloys in | ing takes place more gradually.’5 | | Ultra-High Frequency Cermet Tubes). Akademiya Nauk | - * ’ » Moscow, » Pp. -188; English translation Research continued on use of rhenium- published for the U.S. Department of the Interior and the bearing alloys as gas absorbers in electro- National Science Foundation, TT 76-52045, 1977, | 
_ vacuurn devices. A titanium-rhenium alloy, ““eyfetal Bulletin. Chile’s Mo Place. No. 6221, Sept. 2, 7 in wire form used as a directly heated 1G pt Jourasl. Gé Sets Tough Pace for Oth | , 

atomizable gas absorber in photoelectronic pro Refiners. V. 75, No 49, Now. 38, 1977 pp. 1) nn | 
devices, had two advantages: The film ob- peeneiner, E. R D. L. Pool, and R. E. Lindstrom. . : ... , ° . . raction and overy or Molypdenum an enium tained by evaporation of titanium when the From Molybdenite Concentrates by Electrooxidation: Pro 

° totype monstration. Pres. at Ann. Meeting o e -- | absorber was heated to 1,330° C had sorp- Canadian Inetitute of Mining and Metallurgy (CIND, Van. : tional activity with respect to hydrogen couver, B. C., Aug. 21-25, 1977, 12 pp. : | 
pat, ; : Litz, J..E., and R. B. Coleman. Recovery of Rhenium , gr eater than t hat of barium absorbers used From Molybdenite Concentrates. Pres. at Ann. Meeting of | at present in photoelectronics; another CIM, Vancouver, B. C., Aug. 21-25, 1977, 19 pp. | 

ef “7 : °Morozov, B. P., B. B. D’yachenko, V. I. Perezhogin, and — | advantage was its low coefficient of linear , Delezha. Paper in Russian (Use of Rhenium for Cts | thermal expansion, which ensures con- Increased Plasticity of Weld Joints in Molybdenum . AL : . nf oys). Akademiya Nauk SSSR, Moscow, » Pp. 8; stancy of shape of the absorber in use in the English translation published for the Department of the device. The main disadvantage was the Interior and the ational Science Foundation, TT 
embrittlement of the wire as titanium evap- | oe Maine week R. Quatrini, and T. K. Kim. An 
orates, which makes their use impossible in Improved Solvent I Extraction Process for the Separation of ° ° ° : . enium From Molybdenum. Pres. a n. Meeting o vibration-resistant devices.’ | American Institute of Mining, Metallurgical, and Petro A patent was issued for the recovery of leum Ragineers, MoM ayy 6-10, y a, 7. : . + eo vitskii, E. M., M. A. na, and L. Z. Konieva. . rhenium values from an aqueous sodium Paper in Russian, (Mechanism of ithe Rhenium Effect) 

i i i emiya Na , Moscow, » Pp. ; Englis molybdate solution obtained in the hydro- _ translation published for the U.S. Department of the metallurgical processing of roasted molyb- Interior . and fhe National Science Foundation, TT e e ey, ’ > . Pp. : . ' . 

denite. The solution was contacted with a 19Savitskii, E.M., M. A. Tylkina, V. E. Alyushin, A. M. quaternary ammonium compound dissolved Levin, L. N. Potemina, Ea. fiudenskii, and if V. . me. : menova. Paper in Russian ect of Thermal Cycling on in at least 50 volume percent of a highly - the Properties of Ta-Cb-Re Alloys). Akademiya Nauk aromatic solvent. The rhenium-enriched or- SSSR, Q oacow, ot PP: 84-90; English ifranslation pub- : ° . is or the U.S. Department of the Interior and the . _ Sanic phase was separated and stripped of National Senn Foundation, TT 76-52045, 1977, 343 pp. values, and the extractant solution was “Buss, W. C,, R. L. Jacobson, F. H. Vorhis, and A. I. recycled.?” 4 Salka. New Developments in Rheniforming. Pres. at Ann. . y ° _ Meeting of National Petroleum Refiners Association, San _. —_— Antonio, Tex., Mar. 19-21, 1978, 20 pp. ae - | “dustry economist, Division of Ferrous Metal. yates, NA Paper in Russian, (he Use of Rhenium in oe Ncuma. Mederals Shape U.S. Refining 175.180; English translation published for the U.S. Depart- Industry. V. 76, No. 12, Mar. 20, 1978, pp. 63-66. . ment. of the Interior and the National Science Foundation, Oil & Gas Journal. Analyzers Important in Cat Re- TT 76-52045, 1977, 343-pp. forming. NPRA 1977 Question and Answer Session. V. 76, 16Pages 179 and 180 of work cited in footnote 15. . No. 19, May 8, 1978, p. 258. ‘7Quatrini, L. R., and M. B. MacInnis (assigned to GTE *Knipple, W. R. Rhenium. Metals Bull., 1977 Minor Sylvania, Inc., Stamford, Conn.). Extraction Process for Metals Survey. Recovery of Rhenium: U:S. Pat. 4,049,771, Sept. 20, 1977.
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By Russell J. Foster' | | 

Production of salt in the United States date for the underground storage of 500 
decreased 2% in 1977 to 42.9 million tons. million barrels of crude oil to yearend 1980 
The amount of salt sold or used by domestic instead of 1982. Four salt deposits in Loui- 

_ producers was also down 2%, primarily siana and Texas were selected as storage 
because of reduced synthetic soda ash ca-_ sites for the reserve, and in July 1977 the 

| pacity. Salt in pressed block form exhibited initial increment of oil was stored. Two _ 
the most substantial change from that of other candidate sites are also salt deposits.” 
the previous year, down 7%. Prices of all Solution mining has apparently gained 
forms of salt except solar advanced, with the acceptance of the Environmental Pro- 
the largest price increase occurring in rock tection Agency (EPA) as being compatible 
salt. Imports reached a record level of 4.5 with the objectives of the Safe Drinking 
million tons. ee Oe Water Act, which was created to safeguard 
Legislation and Government Pro- the Nation’s underground water supplies. 

grams.—The Federal Energy Administra- EPA has made major revisions to a strin- 
_ tion accelerated the strategic petroleum gent set of proposed regulations that could | 

reserve program by advancing the target have impeded the use of solution mining.? 

. Table 1.—Salient salt statistics 

(Thousand short tons and thousand dollars) - a . 

| | 1973 1974 1975 1976 1977 | 

__- United States: | . : | 
Production! _...________.___________ 44,298 46,423 41,710 43,801 42,922 
Sold or used by producers’ _____2_________ 43,910 46,536 41,030 44,191 43,412 

Value __________ ee $306,103 $360,763 $368,063 $430,959 $451,579 
Exports ___________________ ie 609 521 1,332 1,007 1,008 

. Value _____ ~~ Le $4,400 $4,276 $9,070 $10,326 $10,881 
Imports for consumption ________________ 3,207 3,358 3,215 4,352 4,529 

Value ___ $12,554 $14,428 $15,272 $23,476 $26,694 
Consumption, apparent _____________-- ~~ 46,508 49,373 42,913 47,536 46,933 

World: Production ~--------------------- 170,483 183,236 "178,207 "185,824 187,292 
ene eee 

1Excluding Puerto Rico: 29,000 short tons (1973-74), and an estimated 27,000 short tons (1975-77). 

DOMESTIC PRODUCTION 

The amount of salt sold or used by do- or used by producers declined. In 1977, 51 
mestic producers in 1977 declined 2%. Solar salt-producing companies operated 92 
salt showed a gain of 3% and vacuum-pan plants in 16 States and Puerto Rico. Twelve 
and open-pan salt combined were up 1%, of the companies sold or used over 1 million 
but the quantities of other forms of salt sold tons each, accounting for 86% of the U.S. 
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7 total. The five leading States in the amount struction of a new rock salt mine at Weeks, == 
of salt sold or used follow: | ~. La., ag. a replacement for the existing mine, 

which was purchased for $30 million by the _ 

ee eee Srcort6©- Federal Energy Administration as a storage 
State . : “ eg: arate . 

| —— . -.. oftetal. site for the strategic petroleum reserve. The 

louisiena 2. ~~ 3gSsREW mine is expected onstream by June 30, 

| Texas ________--------------- 25. 1980.* In September the company completed | 

oo MESON --r otto rrritt2 22 rrr2 15 an expansion that increased evaporated salt = 
-” Ohio-—____-------------------__..9 capacity at Manistee, Mich.’ | a 

oO “Total...-.-.-----.-.--.--. 88. Diamond Crystal Salt Co. brought a $1.8 

7 Or um thillion vacuum-pan salt expansion project | 

The percentage of salt sold or used by °" alininsry cugtiveering for a new aalt | 
domestic producers in 1977 by type follows: — plant was un derway at the Ogden, Utah, | 

| Percent” = Chemicals Corp. The capacity of the new 

 Galtinbrine_-_______-._-.-..---- . 58. plant will triple the company’s present 

| Mined ea 2SCoIIITIITITIT | Molume of processed salt. and allow for an 
| grainer or open-pan salt _......----- | 9 expanded product line. Upon completion of | 

__ Solar-evaporated salt ---.-----------.__* the project in 1979, present salt facilities — 
. a. wil be used for increasing potassium sul- 

oo Morton Salt Co. authorized the con- fate production capacity.” ns coe 

— SONSUMPTIONANDUSES 
: Consumption of salt by the U.S. chemical at the beginning of the year resulted in - | 

industry declined in 1977. The principal shortages in a number of States. In some | 

-_ yeason for the downturn was.a reduction in _ areas river ice hindered resupply by barge. 

- gynthetic soda ash capacity, since the | Categories of distribution which exhibited | 

= - amount of salt sold or used by domestic notable gains in 1977 were the rubber, oil, = 

producers for the manufacture of chlorine- and water softening industries. Also, the oe 

| caustic soda increased and for other chemi- amount of salt handled by distributors con- 

| ~ cals was down just slightly. Over 58% of all _ tinued to rise and has nearly doubled since : 
-. galt sold-or used by U.S. producers was raw 1974. Demand for salt by feed dealers and 

material for the production of chemicals. . feed mixers was down mainly because of 
Strong demand for highway deicing salt reductions in the size of cattle herds. 

| | STOCKS — | 

At yearend 1977 total salt stocks reported share of its production in stocks, 48%. Rock 
‘by producers amounted to 2.2 million tons, salt stocks were 8% of production, and the 
which represented 5% of production. Near- combined amount of open-pan and vacuum- 
ly 54% was in the form of rock salt and 36% _pan salt production in stocks was 3%. Year- 

i was solar salt. Solar salt had the largest end brine inventory was small. |
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Table 2.—Salt sold or used by producers in the United States, ‘ by method of recovery 
_ (Thousand short tons and thousand dollars) . 

Ree thod : 1976 1977 
overy me Quantity Value Quantity Value 

| 
ry Cattle Quantity Value 

Evaporated: 
Bulk: 

Open pans or grainers, and vacuum pans ____________ 3,444 174,731 3,481 181,039 Solar ___ 1,752 25,156 1,808 25,685 Pressed blocks _________________ 2 412 18,401 388 19,307 . 
EY OUT 

| Total? _-________ eee 5,607 218,288 5,677 226,031 EEO Vd 
Rock: . 

Bulk _. = 15,592 121,875 14,893 133,156 Pressed blocks ______.___.__________.._._____. 76 ~ 3,807 65 3,281 eee OE 
Total _----_-___ ee 15,668 125,682 14,958 136,437 Salt in brine (sold or used as such) ae LL 22,917 86,989 22,777 89,111 . 

a pppeenneveenyapen ets 
re scene 

Grandtotal? _~___-________ 44,191 430,959 43,412 451,579 
2 

. . 
1Excludes Puerto Rico. 
*Data may not add to totals shown because of independent rounding. . 

| Table 3.—Salt sold or used by producers in the United States, by State | 
(Thousand short tons and thousand dollars) 

) | State 1976 1977 | 
: | - Quantity Value = Quantity. Value ee YC ale 

Kansas! ------- + ee 1,310 35,291 1,430 41,154 Louisiana _~_~_______________ 13,491 91,952 13,201 96,878 Michigan ______--___. 4,219 79,740 3,939 78,808 New York we ee ee 6,495 66,441 6,452 72,623 Qhio ____________ 5,052 66,332 3,701 63,485 Texas ----+--- 9,718 48,875 10,941 53,264 Utah >>> 5---------- ~~ + 705 10,090 843 10,831 West Virginia moe ee, 1,118 WwW 1,048 Ww : Other States? -------- 2,083 32,239 1,857 34,538 
Total® --- +--+ ee 44,191 430,959 43,412 451,579 Puerto Rico® ________________ - 27 639 - 27 639 

e e . . ° ° “ s e *Estimate. |W Withheld to avoid disclosing company proprietary data; included with “Other States.” Quantity and value of brine included with “Other States.” 
2Includes Alabama, Arizona, California, Colorado, Kansas (brine only), Nevada, New Mexico, North Dakota, Oklahoma, and items indicated by symbol W. 
SData may not add to totals shown because of independent rounding. 

Table 4.—Evaporated salt sold or used by producers in the United States . 
(Thousand short tons and thousand dollars) ° 

1976 State 1977 

Quantity Value Quantity Value 
UE 

Kansas ----------- 
785 30,795 822 34,790 Louisiana ~--------- 297 19,014 295 18,975 . Michigan ----------- ee 1,190 60,641 1,182 60,179 New York ~------- ee 617 29,780 615 32,290 Utah —------- 
673 9,848 815 10,668 Other States! -------- 2,046 68,210 1,947 69,130 8 10 

Total? ___ = 
5,607 218,288 5,677 226,031 Puerto Rico® ____-_______ 27 639 27 639 

*Estimate. 
MIncludes Arizona, California, New Mexico, North Dakota, Ohio, Oklahoma, and Texas. Data may not add to totals shown because of independent rounding.
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| Table 5.—Rock salt sold by producers in | | 

| the United States . , 

(Thousand short tons and thousand dollars) 

EEE EEE aan aan 

- Year Quantity Value . 

| 1978 __.___-__---------- 12347 78,544 a 7 
1974 _______-_---------- 14,835 108,692 

1975 _._.__-_----------- 14,283 107,912 

1976 ___________-------- 15,668 125,682 

1977 ____.___-__------- 14,958 136,437 
ee 

Table 6.—Pressed-salt blocks sold by original producers of salt in the United States 

(Thousand short tons and thousand dollars) | . | 

| | From evaporated = From rock salt Total | 

- Quantity Value Quantity Value Quantity Value 

1978 __._______--------~------------- 
451 14,508 72 2,551 — 523 17,059 

1974 ______------------------------ 
440 15,888 82 3,308 522 19,196 

1975 ____________ ~~ -- + +--+ - - + - ---- +436 17,808 84 3,733 520 21,541 

1976 ________-___-~----~-------------- 412 18,401 76 3,807 1487 22,208 

- 1Data do not add to total shown because of independent rounding. - . | . 

Table 7.—Distribution of salt sold or used by producers in the United States, . | 

by use | a 

. (Thousand short tons) 

. 1976 1977_— 

Consumer or use : 
) Evap, Rock Brine Total! Evap/ Rock Brine Total” 

Chlorine ___-__-------~------ 280 2,256 18,411 | 20,947 240 1,958 19,328 .. 21,522 

. Sodaash ______---~--------- WwW WwW 4,060 4,061 Ww — OW 2,612 2,620 

- All other chemicals_ — — ——--—--—-~--- WwW 623 . Ww 1,158 WwW 540 WwW 1,122 

Textile and dyeing ___--------- 130 73 -- 204 127 70 _- 196 

Meatpackers, tanners, and 
casing manufacturers — _— —----- 246 332 — 578 238 331 _- 569 

Dairy __------------------ 68 6 __ 74 64 6 __ 71 
Canning ____-------------- 161 - 96 (?) 257 152 103 (7) 255 

Baking _____-_------------- WwW W _- 126 WwW Ww _- 112 

Flour processors (including cereal) — - 17 ~ 2 (7) 98 71 «283 (7) 95 

Other food processing — —-—------ 602 33 (7) 635 572 39 (7) 611 

Feed dealers __ _ - -- - --------- 893 439 _- 1,332 850 419 _- 1,269 

Feed mixers ____-__--------- 296 296 (7) 5938-272 285 _— 556 

Metals ______------------- 39 303 (7) 342 39 312 (7) 351 

Rubber ____-___-~---------- Ww 9 WwW 108 WwW 12 ' oW 125 

Oil_______--------------- 92 89 132 312 111 94 156 361 

Paper and pulp ____---------- Ww 148 Ww 213 Ww 155 Ww 222 

Water softener manufacturers 
and service companies —-——----- 294 Ww Ww 580 316 WwW WwW 650 

Grocery stores__——----------- 784 214 -- 998 816 224 Ww 1,043 

Highway use________-------- WwW 8,707 WwW 8,930 WwW 8,395 WwW 8,678 

US. Government _ —_—~-------- 27 47 (?) 14 23 48 . (7) 72 

Distributors (brokers, wholesalers, etc.) 328 576 _- 904 380 649 _- 1,029 

Miscellaneous? ______-------- 1,333 1,365 548 41,910 1,428 1,411 573 41,909 

Total! ~_-_____------- 55,651 515,688 523,151 644,435 55,700 515,075 522,664 643,439 

W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous.” 

1Data may not add to totals shown because of independent rounding. 

21 ess than 1/2 unit; included with “Miscellaneous.” 

3Includes withheld figures and some exports and consumption in overseas areas administered by the United States. 

“Incomplete totals; withheld totals are included with total for each specific use. 

5Differs from totals shown in tables 2, 4, and 5 because of changes in inventory. 

6Differs from totals shown in tables 1, 2, and 3 because of changes in inventory.
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Table 8.—Distribution (shipments) of evaporated and rock salt in the United States, 
by destination 

(Thousand short tons) 

1976 1977 

Destination Evaporated Rock Evaporated Rock 

Domestic Imported Domestic Imported Domestic Imported Domestic Imported sO Oe eee 
Alabama _________ 50 _- 457 (7) 53 _- 438 _- 
Alaska __________ W _- _- _- WwW _— _- _- 
Arizona _§__§______ WwW W WwW _- WwW Ww WwW -_- 
Arkansas __ ___ ___._ 25 -- 99. _— 27 _- 87 —- 
California ________ 947 WwW WwW — 888 W WwW ~- 
Colorado _________ 151 _- WwW _- 156 — 27 _— . Connecticut _______ 17 Ww ww (4) 17 WwW Ww (7) Delaware_________ 5 16 WwW _- 5 W W _- 
District of Columbia __ 2 WwW WwW — 2 WwW WwW _- 
Florida __________ 58 WwW 136 _- 61 W 125 —_ 
Georgia __________ 66 W 242 (*) 65 -- 233 ) Hawaii __________ W (4) _- _- WwW (7) ~— a 
Idaho ___________ 59 _- W _- 60 _= Ww _- 
Illinois ~_________ 364 (4) 1,059 Ww 366 WwW 1,035 WwW 
Indiana __________ 153 (?) 640 WwW 157 wi 596 123 Iowa____________ 181 (4) 276 (7) 182 Ww 268 (4) Kansas __________ 100 _- 196 _- 115 -- 197 _— 
Kentucky ________ 43 (7) 576 (7) 44 (7) 565 (4) Louisiana ________ 54 oe WwW _- 53 (7) 419 _— 
Maine. _________ 9 (7) W WwW 9 WwW Ww Ww Maryland ________ 38 61 Ww (4) 41 WwW Ww (2) Massachusetts __ _ _ _ _ 39 WwW 428 Ww 40 WwW ' 380 W 
Michigan _________ 191 ) WwW 569 188 Ww W 605 
Minnesota ________ 168 Ww 326 Ww 178 (7) 310 Ww 
Mississippi ________ 23 _- 110 _— 24 _- 106 _- 
Missouri _________ 110 -- 345 _- 107 . — 422 — 
Montana _________ 56 oe 2 -- 48 _- 1 --. 

' Nebraska. ________ 107 _. 85 _- 107 _- 95 a - Nevada __________ 52 WwW Ww a 61 Ww Ww _- New Hampshire ____ W (1) W W Ww (7) Ww WwW New Jersey _______ 135 118 608 (?) 145 104 WwW WwW 
New Mexico _______ 51 _- 27 Ww 53 a 37 = New York ________ 305 ° 74 1,898 Ww 295 47 Ww 125 North Carolina _____ 114 WwW WwW (7) 121 WwW 152 " @Q North Dakota ______ Ww _. 6 (7) W _ 5 () Ohio____________ 368° _- 1,687 Ww 372 WwW 1,725 138 
Oklahoma ________ 50 oe 67 a 49 _- 74 _— Oregon __________ TAT Ww Ww _- 49 WwW (?) _- Pennsylvania ______ 176 68 ™1,319 WwW 180 66 1,273 WwW Rhode Island ______ 12 WwW Ww _- 6 Ww Ww (7) South Carolina ___ __ 49 _- 15 (7) 43 WwW 14 — South Dakota ______ 60 _- 34 _- 59 _— 33 -— Tennessee ________ 118 __ 656 () 128 eo) 563 ) Texas —__________ 204 __ 277 _- 202 (*) 273 _- Utah ___________ 195 -- Ww _- 257 _- Ww —- Vermont _________ WwW ) 242 () Ww (4) W Ww Virginia ~________ 89 49 131 (7) 86 72 187 (7) Washington _______ 65 707 (*) _- 64 711 (7) — , West Virginia ______ 20 W 243 (@) 21 WwW 243 (*) Wisconsin ________ 192 Ww 547 WwW 202 W 631 170 Wyoming _________ . 85 — Ww _- 39 -- WwW _- Other? __________ 298 539 2,899 822 . 283 802 4,560 392 $$ NE 

Total? ___ 45,651 51,632 415,633 51,391 45,700 51,802 415,075 51,551 

"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Less than 1/2 unit. 
*Includes shipments to overseas areas administered by the United States, Puerto Rico, exports, some shipments to unspecified destinations, and States indicated by symbol W. 
“Data may not add to totals shown because of independent rounding. . “Differs from totals in tables 2, 4, and 5 because of changes in inventory. 
‘Differs from totals in tables 1, 11, 12, and 13 because of incomplete data on the distribution of imported salt.
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RECESS 

__ The average values of different classes of “Per 100 pounds 
salt in bulk, f.o.b. works, as reported by > - Salt evecuatéa Caution Wopound? "ee a 

co yweo a Salt; evaporated, common, 100-pound. = 
producers follow: - es - >" bags, carlots .or trucklots,North, 9 7 

oo — _ eg works _._- = ee ee BAND 
- _ Be Ce Salt, chemical-grade, same basis----. 2.28 es 

oe a ~. - ‘Perton Salt, rock, medium coarse, same basis «| $1.35-1.475 9 

Oo eel a > Salt, rock, extra. coarse, same basis —-- 1.40-1:525.000 2 

Open pans or grainers, and vacuum - Rock salt. had the largest percentage Me 

| pans. _._________-=----- $50.73 $52.01 crease in price, 14%. Three major salt. a 
Solar -._-_ 2. -2 2-2 +--+ 14.36 14.21 -_.. ee PA wn tek 

| Presced biocks allsourcés -222222. ©4551 + 4986 «Producers, Diamond Crystal Salt Co., Inter- 
Rock salt, bulk --_----.-----.-. 782 894. national. Salt Co., and Morton Salt Co, 

. Saltin brine____-~__ Lo ------- 3.80 3.91 ic ne ee a Se a ee , 

ee : | 2 ae announced price increases ranging from4%  .- 
| | : — Ce to 18% for evaporated and rock salt, | 

The following salt prices were quoted at effective in September and October. Rising: 

yearend 1977 in- Chemical Marketing costs of energy, labor, packaging, andequip- 

_ - Reporter. - ment were cited asthe reasons® a 

| | FOREIGNTRADE 3 —T | 

-. Galt exports from the United States in million tons of salt, an increase of 4%. The 

1977 were essentially unchanged at 1 mil- principal foreign sources were Canada, 

lion tons. The principal destination of U.S. 33%; Bahamas, 30%; and Mexico, 28%. Net | 

~ salt was Canada, 96%. | import reliance of salt totaled nearly 8% of 

The United States imported a record 4.5 apparent consumption. 

Table 9.—Salt shipped to the Commonwealth of Puerto Rico and overseas areas | 
, administered by the United States 

1976 1977 

Area : Quantity Value Quantity Value 
-(short (thou- (short (thou- 
tons) sands) tons) sands) 

American Samoa _________-__. -------_-------------- 1913 1311 NA NA 

Puerto Rico ___________-___-____----------------- 17,106 2,197 16,684 $2,154 
Virgin Islands. ___ ___----------------------------- 398 22 584 51 

ss fs PS SS ee 
en 

NA Not Available. 
1Effective August 1976, data on shipments from the United States to American Samoa were no longer compiled by the 

Bureau of the Census owing to elimination of the requirement for filing export declarations for such shipments. The 1976 
figure, therefore, reflects only the months January through July.
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| Table 10.—U.S. exports of salt, by country , 

(Thousand short tons and thousand dollars) . 

Destinati oe 1976 . 1977 - 

manon . Quantity | Value | Quantity Value . 

| . Algeria ____________________________ ee _— _ 4 20 
5 2 137 2 133 

Canada ____ Le 958 7,918 963 8,373 
Costa Rica _____§_- -___§__ ee id 60 1 62 
Denmark ___________-.-__.--~~__-~_______ (7) 29 (7) Al 
Haiti. -_-_______2_-_----_------ +e @) 25 (2) 31 | 
Mexico ______________-_--_-_-_~~~--~-~-~--~~~---~- 12 287 24 311 
Netherlands Antilles... -~______________- 1 133 1 146 
New Zealand __________________ 1 47 1 - 29 

. Saudi Arabia _____~___~__ ~~ ~__ 5 863 2 - 456 
Trust Territory of the Pacific Islands __________/_/___~_____ (2) 14 . () 24 
United Arab Emirates ______......___-___------~- 3 . 279 2 216 
United Kingdom _____~_________ 20 73 (4) 70 
Venezuela ______ ~~~ 1 8 4 557 

: _ Other ~~ Tg 453 1 411 | 

, ~  Potal?_ 1,007 10,326 1,008 10,881 

- 1Less than 1/2 unit. . - - 

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

| Table 11.—U.S. imports for consumption of salt, by country 
. | (Thousand short tons and thousand dollars) 

, . - ° 1976 1977 
- Country _ —_ Om 

- Quantity Value Quantity Value 

Bahamas_______________________-----s es g97 6295 14358 97078 | 
. - Canada ____ LLL 1,654 | 9,980 1,482 9,294 

Chile _____________ ~~ 146 667 48 213 
Germany, Federal Republic of ____.._..._.___________ 1 144 (7) 152 
Mexico ____-____~.~_____~__ ee 686 4,139 1,263 7,605 
Netherlands Antilles___$_§_§_§___~9 9.2 2 151 802 109 747 
Norway ________.~~-~~--_-_------~~__~______- 20 ‘117 _— . -- 
Spain woe 252 1,134 275 1,538 

nited Kingdom __________~__~_~_~____ 24 68 3(2) 312 
Other ___ 49] 4130 5(2) 554 

Totalé___ Lk 4,352 23,476 4,529 26,694 

"Revised. . 7 . 
Includes salt brine through San Juan customs district, 35,870 short tons ($182,221). 
2Less than 1/2 unit. 
Includes salt brine through Baltimore customs district, 1 short ton ($963). 
‘Includes salt brine from Denmark through Cleveland customs district, 10 short tons ($10,829); from Japan through 

Chicago customs district, 11 short tons ($730). 
“Includes salt brine from Denmark through Cleveland customs district, 3 short tons ($3,695). 
®Data may not add to totals shown because of independent rounding. 

Table 12.—U.S. imports for consumption of salt, by class 
(Thousand short tons and thousand dollars) 

; 

In bags, sacks, barrels 
, , Bulk 

Year or offer Packages (dutiable) 
Quantity Value ~+~«Quantity.=*=S*é“<s«‘ ade EEC 

1975 _________--------------------- 10 580 13,205 114,692 
1976 ______--~~-__-~___-~~~-------- 19 691 24 333 299 174 
1977 ____--___---_~-~---~--~-------- 23 883 $4,506 395,811 

eee 

Includes salt brine from Canada through San Francisco customs district, 12 short tons ($449); from Denmark through . 
oogiand customs district, 3 short tons ($2,247), from the Netherlands through Baltimore customs district, 11 short tons 

2Includes salt brine from Denmark through Cleveland customs district, 10 short tons ($10,829): from J th h 
Chicago customs district , 11 short tons ($730). oie wean NATOUs 

“Includes salt brine from the Bahamas through San Juan customs district, 35,870 short tons ($182,221); from the 
United Kingdom through Baltimore customs district, 1 short ton ($963); from Denmark through Cleveland customs 
district, 3 short tons, ($3,695).
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Table 13.—U.S. imports for consumption of salt, by customs district 

| (Thousand short tons and thousand dollars) 

pe 

Customs district 1976 1977 

usvoms custrie Quantity Value Quantity Value 
ep 

Baltimore, Md_________________----------------- 240 1,087 420 2,238 
Boston, Mass ___________----_----~------------- 261 1,101 316 1,496 

Buffalo, N.Y ___________------------------------ 51 281 146 811 

Chicago, I]____.______------------------------- 155 905 224 1,266 

Cleveland, Ohio______________------------------- 64 374 188 1,022 

Detroit, Mich _____._____-_---~--~----------------- 861 4,964 634 4,055 

Duluth, Minn _____________--_-_---~-------------- 162 1,106 48 499 

Houston, Tex __________-_-__----~--------------- (3) . 126 (4) 114 

Los Angeles, Calif ________----------------------- 145 696 205 1,292 

Milwaukee, Wis_______ __-_--_-------------------- 340 2,073 138 685 

New Orleans, La _________~___--~------------------ 9 70 12 97 

New York City ________-_--_---------------------- 182 1,055 231 1,683 

Norfolk, Va __________-_----------------------- 25 124 71 530 

Ogdensburg, N.Y _____-_-~------------------------ 14 81 71 408 

Philadelphia, Pa ______-__-__---------------------- (#) 2 16 101 

Portland, Me ___________---_------------------- 287 1,431 263 1,631 

Portland, Oreg ______._-_------------------------ 411 2,216 364 2,068 

Providence, R.I _-..______----------~-------------- 49 197 107 498 

St. Albans, Vt ____________-_-------------------- 3 113 4 135 

San Juan, P.R__-___ > __-/ ___-___--_------~----------- 315 1,261 181 910 

Savannah, Ga_________~-_----~---~-------~-------- 260 1,093 251 1,208 

Seattle, Wash ______________--~----~------------- 498 3,000 539 3,381 

Tampa, Fla __________--------—----------------- -- _— 20 81 

Wilmington, N.C _________-_----------------------- 20 117 61 395 

Other______-________-__---------------------- @) 3 15 89 

Total?___ === eee ++ 4,352 —-28,476 4,529 26,694 
SC ee 

1Less than 1/2 unit. 
2Data may not'add to totals shown because of independent rounding. 

Table 14.—U.S. imports for consumption of salt, by use as reported by salt producers 

(Thousand short tons) . 

EEO 
Use . 1976 1977 

Government (highway use) ___ __________-----~--------------------------- 1,263 1,738 

Chemical industry ____________-_----~---------------~------------------ 962 969 

Water-conditioning service companies _________~-___----—--~-----~------------ 140 162 

: Other______________-------____-------- === -------------------- 659 485 

Totali __-§__ eee eee ee 3,024 3,354 
a 

1Disagreement with totals in tables 1, 11, 12, and 13 is because of incomplete data on the uses of imported salt. 

WORLD REVIEW 

World salt production in 1977 was esti- world’s salt, follow: 

mated at 187 million tons. Distribution of 
the production by continent was as follows: 

ee  Oooeeee rr Percent 
Million — 

Percent 
tons United States ____________________ 23 

People’s Republic of China _~___________ 18 
Europe ___________------ 73.0 389 USSR ~~ ~_~___ 9 
North America ________---- 57.6 31 Germany, Federal Republic of __________ 7 
Asia________________-_- 43.4 23 United Kingdom ________=_________ 5 
Oceania _____________-_- 5.4 3 France _________________ 4 
South America ____—--_---- 5.3 38 Canada ________________________ 3 
Africa. __§ ___-_________---- 2.6 1 Australia___~_~___§__~__~_~___ 3 
——_—— SSS. — Mexico © _ ee 3 

Romania _________ ~~ ~_~__________ 3 
- . . Italy__-_-_ ~~ 2 

The 12 principal salt-producing nations, poland _________________....... 5 

which together accounted for 82% of the = =——_______——_-
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| Algeria.—Société Nationale de Re- soda ash plant at Matwy, due onstream by | 
cherches et d’Exploitations Mineriés (SO- 1980, will be supplied by salt brine from 
NAREM) has proposed the construction of a Inowroclaw.”° A bulk salt terminal designed 
rock salt mine and associated processing for annual throughput of 250,000 tons has 
facilities at Djalfa.’° been established at Gdansk.?! 

Australia.—W. A. Salt Supply Pty. and Saudi Arabia.—The U.S. Departments of 
Cheetham Salt Ltd. have formed a joint the Interior and the Treasury signed an 
venture, Western Salt Refinery Pty. Ltd.,as . agreement with Saudi officials for two coop- 
the first producer of table salt in Western erative desalination projects to be carried 
Australia. When completed, the South out under the auspices of the United States- 
Cooge plant will refine salt harvested at Saudi Arabia Joint Commission on Econom- 
Pink Lake for domestic and export mar- ice Cooperation. A desalination research, 
kets." development, and training center in Saudi 

The Australian salt industry has been Arabia will be established and a technology 
troubled by overcapacity and has a strong development program implemented to pro- 
dependence on exports to Japan. Repre- duce designs for a new generation of multi- 
sentatives of the Japan Soda Association stage flash desalting plants. In return for 
and the nustralian Government have been the technology and expertise provided, the 
engaged In negotiations since a higher mini- {Jnited States acquired the right to use any mum price for Australian salt was estab- o¢ the new technology developed with no 
lished in early 1976, in line with prices of royalty payment or cost.”2 

Jap an’s | other principal salt supplier, UOP, Inc., has been awarded a $35 mil- — 
Mexico. ' lion contract for the construction of a 3.2- 

Bahamas.— Excessive ka ut tie ae million-gallon-per-day reverse-osmosis sys- 

facilities of Morton Salt Co. and Diamond ‘@™ at Jidda that is capable of producing Crystal Salt Co." UOP. Inc. commissioned drinking water from seawater. The modular 
Tyé a, ae ' construction of the system can provide fast a reverse-osmosis desalination plant at delivery and installation 22 

Paradise Island. The performance of the Spai > A 220.000-t It 
30,000-gallon-per-day unit will be evaluated ti pain.— hedul d to er-year ate oP at 
to aid in planning larger systems.“ Hut a fo: ecure I d vetris vhs ream a 
Egypt.—The extraction of salt from Lake S Am OF Mnergia © industrias Aragonesas 

Qarun has been proposed. Anticipated pro- “as - | 
duction of 220,000 tons per year could result Sr ! Lanka.—The Sri Lankan Salt Corp. in substantial import savings."* discontinued harvesting at the solar salt 

 Israel.—Dead Sea Works, Ltd., announc- works because of large stocks on hand. 
ed plans to expand annual salt production Export markets were being sought to reduce 
capacity from the present 22,000 tons to the supplies.” a 
55,000 tons.?¢ In April, Israel Salt brought a Thailand.—The Asian _ Development 
solar evaporation plant onstream at Eilatto Bank has funded a feasibility study of a 
produce salt from seawater. Exports of 2.8 rock salt and synthetic soda ash project. million tons per year to eastern Africa are The high-purity salt that would serve as the 
anticipated.” raw material for the soda ash plant exists in 
Kuwait.—Ishikawajima-Harima Heavy large quantities in northeastern Thailand.¢ 

Industries received a turnkey contract to _ Turkey.—The annual capacity of the 
build four 6-million-gallon-per-day seawater State-owned salt plant at Camalti was being 
desalination plants at Doha during 1979. expanded from 400,000 to 1.1 million tons 
Three other identical plants are scheduled per year.’ 

. onstream by the end of 1978.8 United Kingdom.—BP Chemicals Ltd. . 
Pakistan.—The Pakistan Mineral Devel- announced plans to cease salt production at 

opments Corp. has proposed to nearly Sandbach in Cheshire because of subsidence 
double the production of the salt mines in problems. The decision was contingent on 
the Punjab to 600,000 tons per year. the availability of a satisfactory alternative 
Poland.—The projected expansion of source of supply.? 

chlor-alkali production at three existing Yemen Arab Republic.—Production of 
units and the construction of two new _ rock salt by the Yemen Salt Mining Corp. 
plants at Wloclawek and Rokita will re- restarted in July at Salif. The moderniza- 
quire an additional salt output of nearly 1 tion project over the last few years has 
million tons by 1980. Salt production at expanded capacity from an original 110,000 
Siedlce, the site of one of Poland’s oldest tons per year to a potential 1.1 million tons 
salt mines, will be resumed to supply the per year and provided new shiploading 
chlor-alkali expansion at Tarnow. A new facilities.2®
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| Table 15.—Salt: World production, by country 
. . (Thousand short tons) Co / 

. , Country? __ 1975 1976 1977" 

North America: 
- Bahamas ____________.~_~_____~-~-~_----~--~-+------- 1,359 1,491 1,841 

. Canada _______________-__--~-+-+-----+----------- ™5,330 6,607 - 6,540 
Costa Rica _._____.______-__~----~~-~---- +--+ +--+ U7 «22 30 

Dominican Republic® __._______-------------------- 44 44 18 

El Salvador® _______________------------------+--- 25 25 28 

Guatemala __________---------~-~------------------ 10 12 12 

/ Honduras _______---_------~----~---------------- 34 T €20 3 
Leeward and Windward Islands ___.____-___~------------ 55 °55 “55 
Martinique® ___________-_--_--__------------------- 180 180 165 
Mexico __________----~------------------------ 5,902 5,061 5,000 

Netherlands Antilles® _____.§__/_________-+------------- 530 530 440 . 
Nicaragua __________-----------~-~--------------- “13 15 “17 
Panama ______~-_+~------~--------------------- 732 14 er) 
United States, including Puerto Rico: . 
Rock salt___.__.__.___.-_-------------------------- 14,283 15,668 14,958 
Other salt: . . 
United States _._________-~--_-----------+----- | 26,747 | 28,523 28,454 

Puerto Rico _________________.--------------+- 27 27 27 
South America: . 

Argentina: 
Rock salt____§_._..______---_~-------------+------ TY 2 2 

Other salt _. _____---__---__-------------------- "1,727 727 775 
. Brazil -. .-- .---/ -§ -----------+----+-----------+---- 2,365 2,726 2,760 
Chile ______________-__~~ ee 330 472 467 

Colombia: . 
. Rock salt___ __. _____.1.__--~---------------+------ 204 204 201 

Other salt _.. ___.______---_---_-----~---+-------- 817 577 476 

- ~~ Peru______-___-_------------+-----+----------- 390 335 342 
Venezuela ____________-___--------+--~---------+-- 320 TF €330 266 

Europe: . . 
Albania® _________________-_------------------- 55 55 55 
Austria: . ; 
Rock salt___-._.§_§________---~_------------+--+------ 1 1 1 

Other salt _.___________--_-------=+=------------ 509 634 356 
Bulgaria _____________---------+---------------- 98 "110 “110 
Czechoslovakia ___________~-__-------+------------ 102 101 *110 
Denmark ___________-__.--__~---~-~---+-~-+--+---~----- 269 385 346 
France: 
Rock salt and brine salt ______.________------------- 4,862 5,495 ©5500 
Marine salt ___._________--_----~~-~--~----------- -1,242 1,577 ©1,650 
German Democratic Republic ________-_--------------- 72,679 2,821 €2,860 
Germany, Federal Republic of (marketable): . 
Rock salt... ._______-~-_-_-----------~-+---+- 5,929 7,584 8,167 

_ Marine salt and other ____________----------~------ 4,340 5,448 ©5500 
Greece ___________-~~~--__-~--~--~-~-~-+~-+-++-+------- 63 54 209 
Italy: 
Rock salt and brine salt _._ _______-____----_----------- 3,518 3,759 3,969 
Marine salt _. 9. ________~--~-~--------~--~-+-+--+-~-+ 1,345 664 660 

Malta __________-_---_--~---------------+-+---~--~--~ (7) (?) ?) 

Netherlands _______.~___..-__-~~~--L_---------~--+-- 2,965 3,336 3,429 
Poland: 
Rock salt___...___-------------~---------------- 1,744 1,821 ©1,870 
Other salt ________-____-_--------------------- T2141 2,388 ©9400 

Portugal: 
Rock salt... _______-----~-~---------~------------- ™327 334 386 
Marine salt __________-~-___~~-~---~---~--~_--~-~--~--~-~-~ 234 F €940 e940 

Romania _________--------~----------+---------- 4,225 4,641 5,000 
Spain: 
Rock salt_________-_--------------------------- 2,021 2,204 £9 200 
Marine salt and other evaporated? _________________-_--_ 1,432 1,277 1,320 

Switzerland ____________-_-~-~--------------~---- 261 343 393 
USS.R& ~~ eee eee eee 715,100 715,430 17,100 
United Kingdom: 
Rock salt _________--_-~---~--------------~--------- 831 674 ©660 
Other salt _________--------------------~------- 7,579 8,152 ©3160 

Yugoslavia: 
Rock salt___§__._._~--__---~-~--+---~-~------~-~-~-~-~~---~- 86 101 €100 
Other salt _______________--------------+------- 239 218 e995, 

Africa: 
Algeria ___________---~----~--~--~----------~------ 138 150 165 
Angola® _____________-~~--____-~-----~---------+- 110 110 110 
Dahomey ___________------------~-~-------------- r(2) a) () 

Egypt __________-__---------~-----------~-------- 685 530 658 
Ethiopia: 
Rock salt___§_§_.________~.~--~--___-~_-~ +--+ 11 e11 6 
Marine salt _____._______---_~~-__----------~-_- 84 97 egg 

Ghana® ____________ 57 57 55 

See footnotes at end of table.
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o : a Table 15.—Salt: World production, by country —Continued 
. : . a (Thousand short tons) . 

a oo . Country) a. 1975 1976 - 1977” 

oo _ Africa: —Continued . . 

ooo Kenya 22. eee + . 6 16 44 
a oo Libya® 12. ~~ +--+ il 11 11 

on Madagascar ______-__--_-_------------~----~-------- 29 30 29 
- Mali® 0 eee 6 6 6 

7 a Mauritania® __ 4» /§ /§ - - 5 + ++ 1 1 1 
: - Mauritius ~_________---.-------~--_--+---~-~------ 7 6 4 

. Morocco ____ _______~--~~--~-----~-~--~-+-------+-+--- 46 Fr €33 14 -. 
| _ Mozambique __._._+-----~-------~--------------- 35 “31 31 | 

, Niger® ~~. - ___2--_~-~_-----~-+-~------------- 1 1 1 
Senegal ____________~~------~----------------+-+- 146 156 154 

. Sierra Leone. ___-____-_---------------~--+---+-+--- 199 £200 ©200 
a Somali Republic® _____§.... -__.-__.._.------------- 2 . 2 2 

- South Africa, Republic of _.__-.__.____---__~-~-~------ 291 | 247 267 
South-West Africa, Territory of (marine salt) _...._.._..____---- 5230 240 240 
Sudan __-__ __-________~~_ ~~ eee 13 77 101 
Tanzania._____-___-_-~~~~----_ ~~ 49 24 8 

. oe Togo... _._-----~-~--++---~--~~----~~-+--+----- 3 €(?) _- 
Tunisia ______._-~-~-_~~-~~~~--2+~--~~-~ +--+ - 507 480 446 
Uganda® __..-_____-----------~------+---------+-+- a 3 3 8 

—  Afphanistant 2 eee "66 77 86 
| ‘Bangladesh _________________________ = rg03 617 TAT 

7 Burma __._______----------------------------- 106 35 34. 
— China, People’s Republic of€ _~_______..___.----_-------- 33,000 33,000 33,000 

os. Cyprus ___ ~~~ ee ee e+ 4 3 -= 
. . _ Democratic Kampuchea® __~._-__..--_--------------- 33 - 33 88 
oo _  -India _-___--.----L-------~~+-+-~ +--+ +--+ 75,353 . 3,882 | 1,937 

Indonesia _..._.._.._.-=--2-----~--+-+---+--+-++-+---- BT . 234°C 621 
| Iran* ______________________ +e 440 972 7172 

. Irag® ~_- 2 eet _ F710 ™70 66 . 
, Israel ________=-___-__-____-__--__-~--~------- 197007 €110 

Japan ___ eee TU4115 1,125 1,164 
Jordan __.___.____-----~----~~--~-~--------+----- *28 28 33 7 

a a Korea, North® __. ~§. /§ // 2-4 ee eee Lee 600 600 600 
mS Korea, Republic of _—_.__._____------~--+~-----+-+-+-+-~- 733 762 875 

7 ) Kuwait _______ 5 ie 20 41 €17 
Laos® ~__ eee eee 11 11 11 

: Lebanon®_______________________ ee 40 r4Q 40 
; Mongolia® _~____._________~____-- ~~~ 12 12 16 

Pakistan: 
Rock salt® __-. 2 eee er.) 462 “465 

: . Other salt _._._.______-__-_-------~----------- 140 156 —— -&165 
Philippines ___________--_----~-------~---------- 223 224 985 
Srilanka _____-__. ~~~ ++ T134 155 ©165 

. Syrian Arab Republic ________.--_---~-------~~--~-+---- 36 60 °61 
. Taiwan ___. ~~~ eee 296 548 547 

OS Rock salt. -.-__.___._----+--------------------- ™3 ™6 14 
Other® ~~ eee T1165 T165 165 

o 7 Turkey .-_- ~~ eee _ Tq49 ©7150 - ©750 
BS . Vietnmam® _~_________ eee ™390 ¥390 390 

Yemen Arab Republic? _~___________--_------~------- 55 110 220 
Yemen, People’s Democratic Republic of _-....._._._._._._----. - 83 83 83 

Oceania: oe 
Australia (marine and brine salt) _._._......-....------- T5136 | 5,200 &5 300 
_NewZealand ____________~---~---~---~-~---------- 44 AT €55 

Total ____.___------------------------------ 178,207 185,324 187,292 

oe ° *Estimate. Preliminary. “Revised. 
1Salt is. produced in many other countries, but quantities are relatively insignificant or reliable production data are 

not available. . 
: 2Less than 1/2 unit. . 

. 53Includes an average annual production in the Canary Islands of about 30,000 short tons of marine salt. 
“Year beginning March 21 of that stated. 
5Includes an estimated 7,000 tons for Ryukyu Islands. 
®Quantity shown is for 12 months ending June 30th of the year stated.
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By James R. Evans! 

_ In 1977, a total of 929 million tons of sand was a record $2 billion. Of the totals, con- 
and gravel was reportedly produced in the struction sand and gravel was 898 million 
United States. This tonnage is the second tons, with a value of $1.8 billion, and 
highest ever recorded. The highest was 984 industrial sand and gravel was 31 million 
million tons in 197 3. The 1977 f.o.b. value tons with a value of $210.6 million. 

Table 1.—Salient sand and gravel statistics! 
(Thousand short tons and thousand dollars) 

eee 
; 1973 1974 1975 1976 1977 —_— os ee 

Sold or used: 
. Construction: 

Processed: 
Sand: . 
Quantity Hee eee 346,996 322,607 265,404 418,495 439,400. G alue ee ee 472,292 490,718 448,583 654,389 848,200 . ravel: : 
Quantity wee ee 510,031 404,411 353,652 436,747 458,400 
alue ~~~ 706,329 683,408 634,931 949,405 968,700 

Unprocessed: oo 
d and gravel: : Quantity _--___.__.________ 97,627 148,558 143,097 @ @) Value ~_--____________ 70,684 104,205 106,827 (2) (2) 
Total construction:® 
Quantity ~ ae eee 954,654 875,576 762,153 855,242 897,900 

alue ~~~ ___ 1,249,305 1,278,331 1,190,341 1,603,794 1,817,000 FE OL, GUN oo EE 
Industrial: 

Sand: . 
Quantity ~- eee 28,974 28,024 26,723 29,669 29,610 

alue _~___~__~______ 110,065 135,357 146,982 169,127 201,900 
Gravel: 

Quantity ---_-___----__----- __ 1,046 560 245 1,745 
alue ~~ ~~ a 3,342 2,996 1,109 8,704 ee 
Total industrial:? —, 

Quantity Hee ee 28,974 29,070 27,283 29,914 31,360 
alue ~______________ 110,065 138,699 149,978 170,236 210,600 ee YOU ————oooooooooooooeoEEEEEE 

Total:§ . 
Quantity ~-- eee 983,629 904,646 789,436 885,156 929,200 
alue ~~ ~~~ 1,359,370 1,417,030 1,340,319 1,774,030 2,028,000 

Exports: 
Quantity _.-.___~__§__ Le 1,744 2,256 3,219 3,692 3,689 
Value _9 8,597 11,664 15,047 19,516 21,515 

Imports: 
Quantity _._____________________ 800 394 374 353 386 
Value® __-__ 1,576 839 717 909 1,278 

Ap ntconsumption ___~_~____________ 983,000 904,000 787,000 883,000 926,000 
Value (f.o.b., per ton): 

Construction sand and gravel __________ 1.31 1.46 1.56 1.88 2.02 
Industrial sand and gravel ____________ 3.80 4.77 5.50 5.69 6.72 
Total sand and gravel __-____§_________ 1.38 1.57 1.70 2.00 2.18 eee 

1Puerto Rico excluded from all sand and gravel statistics. 
2Processed and unprocessed are no longer separated. 
‘Data may not add to totals shown because of independent rounding. 
*F.a.s. (free alongside ship). 
5Customs import value. 

197
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- Production for 1977 was up 5% over that State act in force. In many States mining © 
- of 1976 for both construction and industrial and reclamation are ‘controlled by local - 

| _ sand and gravel, reflecting the strengthen- governments under guidelines from the : 

ed building and construction markets. Also States. Generally rigorous requirements are _ | 
- the per ton price of all sand and gravel in force and a mining and reclamation plan 

increased from $2.00 to $2.18. Imports and must be approved before:extraction of sand. - 

exports of sand and gravel in 1977 were andgravelcanbegin., | ~_ | | 

nearly the same as for 1976, at about | On Match: 9, 1978, *the Federal Mine | 
- 360,000 and 3.7 million tons, respectively. Safety and Health ‘Act of 1977 became 
About 2.5 million tons of the exports was effective, and will have a significant impact 

| industrial sand and gravel. Domestic con- on the sand and gravel industry. The act 

| sumption of all sand and gravel was about will be enforced by the Mine Safety and | 

_ 926 million tons. — _-- Health Administration (MSHA) of the De- | | 

Legislation and Government Pro- partment of Labor, successor to the Mining © : 

grams.—Federal regulations for particulate Enforcement and Safety Administration 

matter in the air are administered by the (MESA) of the Department of the Interior. _ 

Environmental Protection Agency (EPA) All mandatory standards under the 1966 

| under the Clean Air Act of 1970. Waste Metal and Nonmetallic Mine Safety Act are 

water discharges from and around sand and retained in the new 1977 act. The advisory 

gravel operations are also administered by standards from the-old act are under review oo 

EPA. These regulations were put forth un- by a committee appointed by the Secretary 

| _der the National Pollutant Discharge Elim- of Labor. The Secretary is to develop and 

ination System (NPDES) from the Federal adopt mandatory standards on "toxic mate- | 

Water Pollution Control Act of 1972. The rials and harmful physical agents.” All 

administration of NPDES for both nonpoint proposed mandatory standards or regula- 

and point discharges can be handled by _ tions will be published in the Federal Regis- 

States if they have a federally approved ter. The Secretary must provide every sand | 

| program. Final regulations for limitation of and gravel operator with a copy of the 

point source discharges (discharges into prefaced standard or regulation as soon as it 

navigable waters) were published in the is published. Operators who violate manda- 

Federal Register, v. 42, No. 133, July 12, tory standards can be fined as much as 

1977. An important point is that EPA has $10,000 per violation. _ 

recognized that some sand and gravel oper- Under the new act an inspector can issue | 

- ations may have occasional discharge from — a citation if he believes there was a viola- 

tailing ponds due to heavy rainfall and/or tion of the rules. Previously, the inspector : 

seepage. Therefore, limited discharge may had to find the violation. Now if an in- 

be allowed from those operations which spector finds what he thinks is a condition _— 

recycle water for processing. EPA’s clear of imminent danger, he can issue a closure 

view is that the best practicable control order. The operator must correct the condi- 

technology currently available includes re- tion or contest the. closure order within 30 

cycling of process water. | calendar days from receipt of the order, and 

The Federal Surface Mining Control and request a hearing before the Administrative 

- Reclamation Act was signed into law on Law Judges of the Mine Safety and Health 

August 3, 1977. While this act pertains only Review Commission. Until satisfaction is 

‘to coal mining and reclamation, there is a obtained by this group, the operation must 

provision in it which requires studies of remain closed. | 

noncoal minerals that may come under Safety and health training for new min- 

Federal legislation. Sand and gravel is one ers are required under the new act; a 

of the noncoal minerals. On April 1, 1978, minimum of 40 hours for underground 

the National Academy of Sciences (NAS) workers and 24 hours for surface workers. 

was given a contract to make a study and Every year each miner must complete at 

recommendations for mining and recla- least 8 hours of refresher safety and health 

mation of noncoal minerals, with sand and training. The training programs should be 

gravel to be treated as a separate commod- given by or through MSHA certified in- 

ity, to see if these minerals could be admin- _ structors. Mines are to be given certificates 

istered under the existing act. Their report after completing the training programs. 

is due about March 15, 1979. A Federal act The new 1977 Act has placed responsibil- 

to control the mining and reclamation of ity for the health and safety of sand and 

sand and gravel would have a major impact gravel miners, as well as all other miners, 

on those States that do not already have a_ directly on the management staff. Also the
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Figure 1.—Production and value of sand and gravel in the United States for 1950-77. 

act provides for the participation of the and gravel industry. So 
miners in decisions that could relate. to During 1977, several important articles 
their own.safety and health. Compliance were published regarding health and safety | 

: with the new act probably will result in an in the sand and gravel industry.” 
increased cost of doing business in the sand - | 

oe _. «DOMESTIC PRODUCTION 

Production and value of both construction tonnage of the second-place South Atlantic | 
and industrial sarid and gravel in 1976 and region. a 
1977 for all nine geographic regions are On a State basis, California again led the 
shown in table 2 and figure 2. Table 3 shows Nation: in..production and value of con- 
the percentage produced from each geo-_ struction sand .and gravel with 109 million 
graphic réfion. Even though the tonnage _ tons valued (f.o.b.) at $251 million (table 4). 
produced in 1977 was 5% higher than for California’s total sand and gravel  pro- 
1976, the percentage produced from each duction was 12%. of the national total ton- 
geographic region for each year is very nage and 12% of the total f.o.b. value. Next 
close. Production of construction and in- in order were Alaska, Texas, Ohio, and 
dustrial sand and gravel from 1970 to 1977 Michigan. Collectively, these five States 
is shown graphically in figures 3 and 4. provided 35% of the national total, the 

As in 1976, the Pacific region led the same percentage of the national total as for 
Nation in production of construction sand 1976. The five leading States for industrial 
and gravel with 209 million tons, 23% ofthe sand and gravel, in order, were Michigan, 
national total. The East North Central re- Illinois, New Jersey, California, and West 
gion was next with 173 million tons, follow- Virginia. Their combined tonnage made up 
ed by the West North Central region with 51% of the national industrial sand and 
102 million tons. In industrial sand and _§ gravel output. 
gravel, the East North Central region led The 10 largest construction sand and 
the Nation with 13 million tons; 41% of the gravel producing companies in the Nation 
national total and nearly three times the (exclusive of contractors to the Bureau of
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Figure 2.—Production of sand and gravel by geographic region in the 
United States in 1977.
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Figure 3.—Production of construction sand and gravel by geographic region in the 
United States for 1970-77. 

Land Management in Alaska), in order of decreasing tonnage, were as follows: Penn- 
decreasing tonnage, were as follows: Lone sylvania Glass Sand Corp.; Ottawa Silica 
Star Industries, Inc.; Conrock Co. Dravo Co.; Del Monte Properties Co.; Martin 
Corp.; American Aggregates Corp.; Gifford- Marietta Aggregates; Manley Brothers of 
Hill & Co., Inc.; Martin Marietta Aggre- Indiana, Inc.; Sargent Sand Co.; Dallas Sand 
gates; Kaiser Sand and Gravel; General & Gravel Co.; Owens-Illinois, Inc.; Hardy 
Development Corp.; Livingston-Graham, Sand Co.; and Standard Sand & Silica Co. 
Inc.; and Owl Rock Products Co. Collective- Collectively, these companies produced 58% 
ly, these companies produced about 10% of of the national total of industrial sand and 
the national total of construction sand and _ = gravel. 
gravel. In industrial sand and gravel the 10 Production was reported from 7,402 de- 
largest producing companies, in order of posits in 1977. Construction sand and



| 802 _ MINERALS YEARBOOK, 1977 ns 

12 | E.N. CENTRAL | oo OO ae 

. 10 , : “\ > ae 

| 5 8 | BS - 

2 | MIDDLE ATLANTIC = ao os, 
oO 6 | . | —_ me - . . 7 . . a | . 

oad Pe “ee . | ee Ge 

= ee . . oe : | . | : . : | , 7 . 

re 
ao : . - o oo. 

: 4F Ue eo (NS Syreeenmeenmrmrtaen et 
| ~ W.S. CENTRAL. nf 

9 oe W.N. CENTRAL merenereeeenonens 00 ee fed, — oootnesceenens wm. . 

Coccccc ccc et eeeeheccccccs, gee? "Mae recapersserneesereees 

) ES. CENTRAL. ge | 
ee a ee - MOUNTAIN», | nee enn n tenner enem aren wenn e nner ne nn" 7 : 

1970 1971 1972 (1973 1974 1975 1976 | 1977 

Figure 4.—Production of industrial sand and gravel by geographic region in the _ - 

. United States for 1970-77. | | | | : 

gravel was taken from 7,222 deposits, and ing plants reported in operation in 1977. Of | | 

industrial sand and gravel from 180 depos- ‘these, 5,134 were associated with extraction 

its. A deposit is here defined as one ex- areas on land, and 1,045 were associated - 

traction area, or several adjacent extraction with dredging operations. Many plants had . 

areas within a single county. Most of the only simple crushing, washing, and screen- 

~ tonnage came from deposits that produced ing operations, while others were sophisti- 

over 200,000 tons even though they were cated and automated plants that could pro- 

few in number compared with deposits that cess several million tons per year. Tables 6 

produced less than 200,000 tons. For exam- and 7 show the type and distribution of 

ple, there were 6,163 construction sand and plants by State and by geographic region in | 

gravel deposits (85% of the total number) the United States. 

that produced less than 200,000 tons, and Most of the sand and gravel tonnages 

only 1,059 deposits (15% of the total) that reported to the Bureau of Mines is actually 

produced over 200,000 tons. However, those that sold or used and not production. Some 

1,059 deposits accounted for 63% of the companies may have produced more than 

total tonnage produced. See table 5 for a they sold on the market and/or sold to 

detailed presentation of the number and themselves as a user. Other companies, 

percentage of deposits within different ton- because of existing stockpiles, sold or used 

nage levels. more than they produced. Over a period of a 

There were 6,179 sand and gravel process- few years, a company’s production should
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| be equivalent to material sold or used. tucky. Presently, the corporation’s market _ During late 1977, Kaiser Industries Corp. area is the greater Pittsburgh and south- sold its sand and gravel division, nearly all western Ohio areas. M. T. Epling Co., of | | of which is in California, to Koppers Co., Gallipolis, Ohio, has put a new 400-tons-per- Inc., of Pittsburgh, Pa., for about $21.5 hour aggregate plant onstream, one of the million. Also, Dravo Corp. purchased largest in the mid-Ohio Valley area. : Laughery Gravel Co. of Aurora, Ind., and Several important articles relating to the made it part of the corporation’s Ohio production of both construction and indus- Gravel Div. The purchase should allow the trial sand and gravel were published in 1977 | expansion of Dravo’s market area into on dredging,? on glass,‘ on mine and plant southeastern Indiana and northern Ken- operations, and on supply-demand studies. 

| | CONSUMPTION AND USES — | : 

United States consumption of con- the total national consumption. Table 13 struction sand and gravel was about 898 shows the f.0.b. price per ton for each of the million tons, 97% of all sand and gravel categories shown in table 11. oe | | consumption. Of this tonnage 38% went Total production of industrial. sand and __ into concrete aggregate blends for use in gravel in the United States was 31.4 million residential and nonresidential buildings, tons, but about 2.5 million tons was export- : and engineered construction works such as_ ed for uses which are undetermined. There- highways, bridges, dams, waterworks, and fore, for purposes of this report the data in airports. About 6% went into concrete prod- table 12 are considered to represent appar- ucts such as blocks, bricks, and pipe; 15% ent consumption. On this basis the top 10 into asphaltic concrete aggregate and other States in order of decreasing tonnage were : bituminous mixtures, and 21% into road- as. follows: Michigan, Illinois, New Jersey, bases and coverings for construction and California, West Virginia, Texas, Oklaho- repair of highways and roads. Nearly 18% ma, Pennsylvania, Ohio, and Missouri. | _' went into construction fills, less than 1% These States produced 69% of the national | for railroad ballast, and about 2% into total (table 4). The main uses of industrial _ | other unspecified uses (table 8). sand and gravel are for container, flat, The major use pattern for construction specialty glasses, fiberglass, foundry pur- sand and gravel by geographic region in the poses, and manufacture of the metals sili- : United States is shown in table 9.Compared con carbide, silicon, and ferrosilicon. with 1976, the 1977 data indicate great Several important articles were published , differences between use categories and in in 1977 on abrasives,’ on concrete products, | use between certain geographic regions. For on foundry products,® on glass,’ on highway | example, the Pacific region leads the construction," and on sulfur and sulfur- — | United States in use of total construction asphalt-concrete mixtures. ? 
sand and gravel, concrete aggregate, and Environmental Factors.—Although fill. However, the East North Central region much progress is being made through pre- leads the Nation in use of asphaltic concrete mining planning, the sand and gravel in- | aggregate, concrete products, and roadbases dustry continues to have problems with and coverings. environmental controls, land use conflicts, Table 10, which is based on data from and reclamation practices. Many of these table 9, shows a percentage breakdown by problems are acute because extraction major uses, by geographic regions for areas and plants must be reasonably near to | 1976-77. The percentage figures aid in consumers who are largely in metropolitan quickly determining the relative propor- areas. Major environmental considerations tions of sand and gravel by major use and that must be dealt with in mining and region. processing sand and gravel are emission of In table 11 the major uses of construction particulate matter into the air, processing sand and gravel by State are shown. The top water discharge, and noise abatement. 10 States in order of decreasing total ton- Several important articles on environ- nage were as follows, in millions of tons ment," land use and reclamation,“ and used: California, 107; Alaska, 66; Texas, o4; recycling’® as related to sand and gravel Ohio, 45, Michigan, 40; Illinois, 33; Minneso- mining and processing, or products made ta, 30; New York, 29; Wisconsin, 28; and from sand and gravel were published in Indiana, 26. These States made up 51% of 1977.
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| TRANSPORTATION 

In 1977, transportation costs made up a_ The railroad cost per ton-mile is often based _ 

: major part of the delivered price of sand on trainloads of about 10 to 15 or more cars | 

and gravel, and locally, were greater than each holding 80 to 100 tons for 100- to 200- 

the sales (f.0.b.) value of the material at the mile hauls. It is more expensive to make up 

processing plants. An estimated 75% of small loads for short hauls. Also, it is 

: transported sand and gravel was hauled by difficult to replace loading and truck haul- 

truck. Costs were from about $0.05 to $0.10 ing at the delivery end to get the product 

per ton-mile. Many companies with their from the railhead to the job site throughout 

own truck fleet transported their own raw the market area. | 

materials and products. A sign ificant, but An estimated 4% of transported sand and 

unknown, amount of sand and gravel was vel ed by 1 barse. Ri 

hauled by independent. truckers. An esti- gravel was MoV y river arge. Wiver 

| 
barge costs per ton-mile are the cheapest 

mated 5% of transported sand and gravel 
. 

was moved by rail. It may be possible or and are roughly $0.015 per ton-mile through 

necessary in the future to move more sand haulage of several barges by small tug. This 

| and gravel by rail. Rail networks exist in *YPe of transportation is limited to parts of 

most parts of the country and transpor- the United States that have navigable 

tation costs per ton-mile (about $0.03) of rivers. 

sand and gravel are significantly lower than Several important articles having to do | 

trucking costs, but problems exist in the with transportation of sand and gravel and 

quantities involved and in delivery point products made with sand and gravel were 

flexibility. | published.*¢ 7 

, PRICES AND SPECIFICATIONS 

_ For purposes of this chapter, price means national major use categories, and between 

-.f£.0.b. value per ton of sand and gravel atthe States, and their major use categories is 

first point of sale or self-use. The first point evident. As in 1976, nationally, concrete 

may be adjacent to the extraction area, or it products and concrete aggregate had the 

_ may be at a yard or batching plant some highest value per ton at $2.43 and $2.34, 

distance from the extraction area. The val- respectively. Next in order were railroad » 

ue reflects any transportation or other costs pallast, $2.29; asphaltic concrete aggregate, 

needed to bring material to the first point of $9215; roadbases and coverings, $1.82; and 

sale or self-use. However, it does not reflect fill, $1.33. 

any transportation or other costs needed to- —'‘The average values per ton for industrial 

bring sand and gr avel from a plant or yard sand and gravel were much higher than for | 

to the consumer. 
construction sand and gravel because of the 

Based on this canvass, the average na red chemical and physical rti 

tional value per ton of construction sand Velue c fh $3 Ob foe fir ae 1€8. 

was $1.93; gravel, $2.11; and construction ues range from $3.95 for fire or Turnage 

sand and gravel, $2.02. Industrial sand was sand to $16.89 for ground filler sand. Un- 

$6.82; gravel, $4.99; and industrial sand and ground glass sand has the highest total 

gravel, $6.72. For all sand and gravel the ‘onnage of any of the use categories, and 

national value per ton was $2.18. the average value per ton 1s $6.02 (table 12). 

National values per ton for major con- The American Society for Testing and 

' struction sand and gravel uses are given in Materials issued two new books in 1977 that 

table 8, values per ton for States in the contain standard specifications for aggre- 

United States are given in table 13. A gates for use in concrete and in road and 

significant difference in values between paving materials.’”
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FOREIGN TRADE 

Exports.—Construction sand and gravel 
and industrial sand export patterns did not Tariff 
change appreciably from those of 1976. Most s a 

| of the materials went to Canada (63%) with | Rateofduty 
the remainder to France, Mexico, the Fed- ____(perlongton) 
eral Republic of Germany, and several Item. Number General 
other countries. Total 1977 exports were 3.7 yee Statutory 

. million tons, very close to those of 1976. ences 
Imports.—As in 1976, about 99% of the ae ] 

. . 95% or more silica (no 
construction sand and gravel imports came more than 0.6% 
from Canada, and about 97% of the indus- Fe2Q3) _______- 513.11 $0.25 $2.00 - 

. . . Common ________ 513.14 Free Free 
trial sand imports came from Australia. 2 77 
Total 1977 imports were slightly above | 
those of 1976 at 386,000 tons. 

TECHNOLOGY | 

A joint National Ready-Mix Concrete |, VU)s FE Rew nate elas Boe 
(N RMCA) - National Sand and Gravel Asso- Shufflebarger, T. E., Jr. Economics of Glass Sand Pros- 

cation (NSGS) National Crashed Stone yt Bai Ce ge th fon o 
Association (NCSA) aggregate production wisconsin (On Land and Offshore Bay Mobile Concrete, | 
and handling equipment show, with simul- Ine. is Prepared to | Tackle Every Kind gf ae Bernice | 
taneous business and technical sessions, 4446. Mee INO > PP. 

was held in Las Vegas, Nev., in January Concrete Products. River Plays Vital Role in Slider’s 

1977. Not only was this the largest show of ee Ot po aeae, Be. Jeffersonville, Ind.). V. 80, 
its type (over 15,000 registrants and 200 Cunningham, C. Livingston-Graham Belongs to the — 

exhibitors) ever held, but it was interna- Million Yard Club (Calif. (Operations). Concr. Prod, v. 80, 
. . , . " ; o. 3, Marc » Pp. . . 

- tional in scope. At least 40 foreign countries Kostka, J. Former Gold Mining Site Now Producing 
had representatives in attendence. Several Band a Gurren y (Concrete acetate Golden, Colo.). 
foreign countries had equipment displays. Levine, &; It’s a Patrow Family Affair, Union Con- 

; i struction Co.) - Portable Units Wor u Claire) Wiscon- 
On International Day the technical Pro- sin S and G Pits. Pit and Quarry, v. 69, No. 6, December 
grams were simultaneously translated from 1977, pp. 104-106. 

English into French, German, Spanish, and Pt a Guiry, Lrarige Chen ie Se ot 
Japanese. her of ts dale, Calif. Deposit) V. 69, No. 1, July 1917, pp. 45-02 hes 

During 1977, a number of reports were Robertson, J. L. This Glaci er Supplies Aggrega 
published concerning the extraction, pro- Orne Sig Oat One oe Mille sere Ro ered 
cessing, and use of sand and gravel.'® v. 80, No. 3, March 11977, pp. 7678, 80. toh Plant Sunoli 

auffer, W. E. eeler Co.’s ph Plant Supplies 
. ok Concrete Sand for Its Four Ready-Mix Plants in Wichita, 

Physical scientist, (formerly with Division of Nonmetal- Kansas. Pit and Quarry, v. 69, No. 12, June 1977, pp. 84-86. 
lic Minerals, now with U.S. Geological Survey). 6Evans J. R., T. ‘ Anderson, M. W. Manson, R. L. 

“Modern Concrete. If You Can’t Stop Noise You Can Try — Maud, W. B. Clark, and D. L. Fife. Aggregates in the 
to Contain, It - pinterpace Corps Hest, Brunswick, N. . Greater Los Angeles Area, California. California Division : 

ncre’ an vi - . * 7 

Vinyl Barrier Curtain VAL No. 4, August 1977, PP. 23.24. ope and Geology Open File Rept. , ; 

rtson, J. L. (Uni etro’s No. 6) Aggrega an . ons 
(Phoenix, Ariz.) Solves Processing Dust Problems With a Leesan ee Re eee es oe os i Ga Mar 

Baghouse. Rock Prod., Vv. 80, No. 9, September 1977, pp. 16-18, 1977, Preprint Number T1-H-A5, 5 pp. , ” . 

: : . . 7™Myers, R. E. Blast Cleaning Abrasives and Their U.S. Code of Federal Regulations. Title 30—Mineral yers, 
Resources, Parts 55, 56, 57, and 58— Metal and Nonmetal- Application. Foundry Management Technol., v. 105, No. 

lic Mines. Revised as of July 1, 1977 11, November 1977, pp. 42-46. ne YS ocini Emissi 8Blaha, B. Dakota Block’s Territory Covers Five States Wright, R. E. Electrostatic Precipitators For Emission dana, 
Control. Glass Ind., v. 58, No. 5, May 1977, pp. 12-16, 18, (Rapid City, S.D., Producer Markets Block Through 70 
20-21, 34-35. en Dealers). Coner. Prod, v. 80, No, 4, April 1977, pp. S438 . 

3Grinstead, W. D. Aggregate Dredging in the Flatlands. ———.Wisconsin Producer “Trains ock (Winger 
Dredging, v. 13, No. 6, May 1977, pp. 20-21. Concrete Products, Inc. Runs Smooth Operation With 

W World Dredging. Sand and Gravel Pfodution Depend Cuntom-Built Rack Tram System). Conr. Prod. v- 80, No. 
on Dredges (Ritchie Sand Co., Wichita, Kansas). V. 13, No. ’ , Pp. . 

6, May 1977, pp. ui Sand for the Glass World's Largest Precast, Pipe (Over 1,000 Seetione of Bentzen, E. H., Ul. Produci or the : e 7 ’ . 

Industry. AIME Ann. Meeting, Atlanta, Ga, Mar. 16-18 Record Size Pipe Are Being Manufactured at an, Onsite 
ere print Land JG Copley, Je. Raw Materials for V.80,No. 4, April 1977, pp. 24-29. Edw: , G. H., and J. C. Copley, 

the Speciality Glass Industry, Part I. Glass Ind., v. 58, No. A Leverette, F. A New MOerttnck by Be Broce pecmes 

Marc. » pp. 18-20. , Vv: e Prod ucers r 9 

3, March a Materials for the Specialty Glass Industry, Scottsdale, Ariz.). Mod. Concr., v. 41, No. 4, August 1977, 

Part II. Glass Ind., v. 58, No. 4, April 1977, pp. 24-26. pp. 58-60. ; 

The Glass Industry. The Natural Gas Shortage’s Effect ———.Doby Brick and Supply Co. is Early Entrant in 

on Glassmakers. V. 58, No. 3, March 1977, pp. 21, 22, 27. Paver Production (Florida Block Producer Makes Concrete 

Harben, P. W. Raw Materials for the Glass Industry. Interlocking Pavers in Variety of Shapes, Colors). Mod. 

Metal Bull. Ltd., 1977, 131 pp. Concr., v. 41, No. 4, August 1977, pp. 51-53.
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Levine, S. Concrete Staves Provide Long-Lasting Sil Imhoff, E. A., T. O. Friz, and J. R. LaFevers. A Guide to 

(Koser Silo Works). Mod. Concr. g-Lasting Silos State Programs for the Reclamation of Surf. - 
. OF 5658. . ; ncr., v. 41, No. 6, October 1977, Areas. Y = Geol, Survey Circular 731, 1976, 33 DP. Mined . 

———Fehr Concrete Stresses i wa ighway and Heavy Construction. - 

Promotion (Fehr Concrete. Product Tac. fea Caine cled Without Smoke (Maplewood, ‘Minn V 120 No. 6 

Wis). Mod. Concr., v. #1, No. 6, October 1977, pp. 46-48, Sune 1977, pp. 104.106. an.). V. 120, No. 6, 

_ Herod, S. Precast/Prestressed Concrete. Tanks Gaining ville Intern yc. lab in New Runway Base (Jackson- . 

in Various Markets (Preload Co, Garten Gity, NY. Mod. 3030 ee 
- Highwa and Heav: «on Maaaiv Rock Projects. Rubble R i : 

ed Around the Cay Ponetructio n. Massive Slabs Pour. and the Tee ee ton Aneel ait We b0 Noe, 

Commonwealth Edison Co. is Byron Nuclear Power Plant May 1977, pp. 107-108. -_ TT _ 

Rockford, Il.). V. 120, No. 6, June 1977, pp. 33-35. ° 16Appleman, B. M. Reducing and Controlling Total 

Modern Concrete. Prestressed Concrete Cylinder Pi Delivery Costs (Ready-Mix). Mod. Concr AL EN . 

pes re SA Dip: ed querete Cylinder Pipe October 1977, pp, 50-55,59. v. 41, No. 6, 

Stop, 72) end Pipe for Dray River Autboty. go Ana aa Wh Ne danse eae 
| *Ashby, G. Minerals in the Foundry Industry. Ind 20-22, eee ° > Jan 1977, pp. 

Miner., No. 124, January 1978, pp. 29-45. ° ° Grayson, W. J., Jr. Transportation (of Aggregates): Th 

pindustrial Minerals. Olivine and Dunite - Blast Furnace Difference Between Profit and Loss (Customer Delivery 

Usage Adds Nev Dimension (p Foundry Sends and Other Brod. v.80 No. June TT, p8250.0 nn 
Teaque, K. H. Olivine - Past, Present and Future. AIME Pit and Quarry. Truck Loading at Co , «as 

Wap Meeting, Atlanta, Ga., March 1977, preprint 77-H-69, Plant (California) Takes Two Specialized Syotems. V. 09, 

- : . 
le Oy mbper 5 Pp. . 

Wahl, E. R., and R. A. i ~ US.. Department rtati . 

Preblended Sand Additives Foundry Management Tech. Administration, Office of Ral Systems Analysis and In- 

| r3The Glass Industry, Glass Container Indust Oe Waybills For Termisation ia 1976 Statemen¢ TD-1 duly 
_ Current Developments and Future re Ind ust ry Dutlook 1977, 35 4 pp. ation in . Statement TD-1, July 

ee artery re ontainer Industry Outlook - C and Mineral eet tee Untlading Manual of Concrete 
Developments and Future Tren ds. V 59 ne oF urrent = Testin OTT Ae “ee es ncluding Manuai of Concrete 

1978, pp. 12-15. -V. 59, No. 2, February 1977775 pp. K of ASTM Standards: Part 14, 
Monk i: 1971 pp 8425 Industry Outlook. V. 58, No. 3, fioed and Paving Materials; Bituminous Mate- 

arch 1977, pp. 2425. stry Outlook - Current Deve. ine» and Piper Skid Resistance, 1977 Annual Book of ASTM 
lopments and Future Trends. V. 59, No. 2, February 1978, Standards: Part 15, 1977 SOS pp mmnual Book of ASTM 

Jones, J. C ae Rai , — eaveland, N. The Economics of High Profile Mining 

58, Nae 2 5 eT oa Reinforced Cement. Glass Ind., v. Dredges. World Dredging, v. 18, No. 12, December 1977, Dp 

.. _ ‘Highway and Heavy Constructi - Concrete Products. ikota’s Larg 3 nt ES er SN mala Po Ya Net nay Pee 
, Md.). V. 120, No. 5, Ma: , p. 147. ° ‘  , Cooke, C. E. Jr. Fracturing With a Higt nj 

sree Grades Work. Off Strineli . , coke, rs g With a High-Strength 

Control (R. E. Hazard Contrattine Ge, tar fon Diets Proppant. J. Petrol. Tech., v. 28, October 1977, pp. 1222- 

Calif.). V. 120, No. 6, June 1977, pp. 86.87. ’ “Gurley, D. G., C. T, Copeland, and J. O. Hendrick 
————, 'e . . oa ; nt ’ . * . 

Phoonix, Anz) V 120, No.8 August 1977, pp, 38-40. Design, Plan; and Execution of Gravel Pack Operanonan 

B there . Precast Guides Save on Bridge Job (Shockey 1977, meg 1266 w. Petrol. Tech., v. 28, (October, 

061 ria inchester, Va.). V. 120, No. 5, May 1977, pp. Cputechick, K. A. Texas Producer (Colorado Rock Co., 

/ Modern Concrete. Concrete 
Overlay Reduces Pavement 69 No TD nF are Gravel With Lime. Pit and Quarry, v. — 

~ ratio 
; 

2 ANU. 24, AE, 2 8 . 

Restoray 1977, pp. apgar Snowville, Utah). V. 41, No. 6, Highway and Heavy Construction. Drum Mix Asphalt 

Male G3 Precast Concrete Girder Meets Stringent Tests 10-72 ere At Last. V. 120,-No. 6, June 1977, pp. 

e Coun id transit sy ". . . | 

November 1 o 7 mee ransit system, Fla.). V. 41, No. 4, weerine, S. jamella Gravity | Settlers Feclaim Wash 

Engineering News Record. Waste Sulfur M. ad oereee ansit Mixed 

Bonanza F camed Sulfur to Prevent Frost YHeaves) V. 198, iit op wu Pit and Quarry, v. 69, No. 10, April 

, . 9 pr. > x 6 : . —— | ’ 
, 

” Saylak, D. and B. M. Gallaway. Beneficial Use of Sulfur Pit Qua ‘Las Vegas Producer, Parallels Resort's Growth. 
in Sulfur Asphalt Pavements - A Final Report Project ED tal Gone » July 1977, pp. 53-55. . 

Sar Apt Pav Mirasher 1971 Prepared forthe lina Block/Ready Mix Combo (Concrete Service Co). Mod. 
Bureau of Mines and the Sulfur Institute by the Texas A& Concr., v. 41, No "4 August 1971, pp 4850, 63." Co). Mod. 

Research Foundation, . TT Rm Anal yaw tt? PR. 1 Ody 

Sullivan, T. A. and W. C. McBee. Development and 1 Perrine, L. E. Anchor Hocking Plant Installs Advanced 
Testing of Superior Sulfur Concretes. Bumines RI 8160, Pit and es. Glass, Ind., v. 58, No. 7, July 1977, pp. 15-17. 

1976, 30 pp. ;  p Pit and Quarry. New Screening Technology Improves 

. Sullivan, T. A. W. C. McBee, and K. L. Rasmussen. Top a Sand and Gravel) Quality and Production to Both 

Studies of Sand - Sulfur - Asphalt Paving asmussen. Top and Bottom Sizes. V. 69, No. 8, February 1977, pp. 
umines 7, 1975, 19 pp. ~ Robertso | 
18Blaha, B. Pink City: Color It Cl : son, J. L. Company-Designed (Special Aggregates 

(Builders Concrete, Freen oC aif). Co wan ond Attractive Corp., Utica, 1 N.Y.) Portable Plant Solves Production Prob- 

9, Sep tember 1977, pp. 22-26. , v. 80, No. . BEtod., ¥: 80.1 No. 5, May 1977, pp. 64°67 nd 1 

ighway and Heavy Construction. New Erosion Con- Gravel it esses ane an 

trols Work W I at a 600-tph Rate (Dravo’s Dredge No. 16, Ohi 
trole Work Well, Look Good (Shreveport, La.) V. 120, No. River). Rock Prod., v.80, No. 5, May 1977, pp, 76-79. ° 

Leverette, F. Stop Beach, Shoreline Erosion P cts. Hydrocyclone System Recovers Fine 

ly With Concrete Block -Surgebreaker System of Concrate Gn eo California Producer (c ae han Sand and 

0c. es Develo reat Lakes Envi _____Tand.Re. . 12, Dece » pp. (1-79. 

Morine. Mod Coner, vr 41, No. 4, August 1977, pp. mmental nd Dey Bant Based Plant Processes Both River - Bottom 

Padan, J. W. (ed). New England Offshore Mining V d Dry Bank Materials (Dravo's Georgetown, Po. plant) 
prradan, Jal Sct) Project NOMES). NOAA Spee Shepard S.J. Ball Corp. Modernize 
Rept, U.S. Department of Commerce, April 1977, 140 pp. Glass Plant. Gl: Corp. Modernizes Its Asheville (NC. 

Fit and any, Michigan Sand Plant (Bridgeman Blant, 249° °° Ind., v. 58, No. 12, December 1977, pp. 

Industrial Sand Div., Martin Marietta Corp.). Is Colorful ‘Stadler, L. E., and D. Croni ; — 

Good Neighbor - Bridgeman s Frogrart Ranges From Town tion. Glacs Ind.'v. 38, No 1 December 1977, pp. 1011, 
- antin: 0 i 1 

+ 2 . ? > > e . 

Other Structures. V. 69, No. 5, November 1977 Op iata ‘ orautier, We E. Interstate’s New 550-tph Sand and 

14Cglifornia State Mining and Geology Board. State ington Inde bi nterstate Sand and Gravel Co., near Cov- 

_Poligy for Surface Mining and Reclamation Practice. With PP Se geg, Fit and Quarry, v. 69, No. 5, November 197%, 
e Surface Mining an lamation Act of 1975. Califor- Dredgi , ; . 

the Surface Mining and Reclamation ct er agtT, port, 1977 Desdeing Forecast: Special Section Dredge 
20 pp. ’ pt Bi . ging Forecast: Special Section Dredge 

| rector and Supplies. V. 13, No. 1, January 1977.



| | | SAND AND GRAVEL. | 807 

Table 2.—Sand and gravel sold or used in the United States, by geographic region , 
(Thousand short tons and thousand dollars) . 

. . a . . 

Constructi . Industrial ; 4 . 
Geographic region exer _ _ otal 

: Quantity Value Quantity Value Quantity Value 

| 1976 J ” 
New England ~ oe eee ee 44,199 74,946 147 963 44,346 75,909 
Middle Atlantic ___._/$________----~~- 55,301 123,489 4,038 27,693 59,339 151,182 
East North Central________-------- 169,305 271,291 12,521 58,569 181,826 329,859 
West North Central ________--_---~-- 100,621 144,560 1,757 10,904 102,378 155,463 

South Atlantic ___________------~-. 61,440 118,218 3,841 © 22,942 65,281 141,160 

East South Central ____..__-----~~--- 42,979 — 75,204 1,342 6,583 44,321 81,787 
West South Central _______-------- 92,225 181,425 3,419 23,741 95,647 205,169 
Mountain ___________---------~- 82,465 149,338 814 6,029 83,275 155,367 

Pacific _.________~_--~--------- 206,710 465,325 2,032 -12,811 208,742 478,136 

Total?____§_§_______-__--~----- 855,242 1,603,794 29,914: 170,236 885,156 1,774,030 

1977 *, 

New England poe eee eee 48,662 95,518 173 2,043 48,834 97,561 

Middle Atlantic ___ _.____-----~-~-~-+- 54,460 117,208 3,280 22,636 57,740 139,844 

East North Central _______-------- 173,174 327,228 12,740 76,579 185,914 403,808 

West North Central ________----~--- 102,313 187,804 1,845 13,526 104,158 201,330 

South Atlantic _______-_----~----- 67,132 141,056 4,333 30,077 71,465 171,133 

East South Central ____-~___-------- 47,949 96,920 2,329 12,602 50,277 109,523 

West South Central _______-----~--- 101,423 216,067 3,839 31,062 105,261 247,129 

Mountain ________-----~-------- 94,054 191,578 848 6,068 94,901 197,646 

Pacific __.._____.-_------------ 208,729 443,976 1,969 15,989 210,698 460,274 

Total! _ = ~~ eee 897,900 1,817,000 31,360 210,600 929,200 2,028,000 

1Data may not add to totals shown because of independent rounding. . . 

Table 3.—Percent of sand and gravel produced in the United States, by geographic region 

bi oO Construction — Industrial 

ee Brapie region Quantity. Value Quantity Value 

1976 . 
New England _ eee ee ee ee ee eee ee - 5 5 1 1 

Middle Atlantic_____________-------------+----------- 6 8 13 16 

East North Central____________~---------~------------- 20 17 42 34 

West North Central _______~-------------------------- 12 9 6 6 

South Atlantic _~ ______-_--_------------------------ 7 7 13 13 

East South Central___._______------------------------- 5 5 4 4 

West South Central _.________-~---1------------------- 11 11 11 14 

Mountain _____________--------~-+------------------ 10 9 3 4 

Pacific _.________-----_--------------------------- 24 29 7 8 : 

: Total _______-____-___---------------------- 100 =©=—0 100 ~—Ss:100 100 

1977 
New England oe ee ee ee ee en ee 5 5 1 1 

Middle Atlantic__________.-------------------------- 6 7 11 11 

East North Central____________-_--------------------- 19 ig 41 37 
West North Central _________-___---------------------- 12 10 6 6 

South Atlantic __________.-_------------------------ 8 8 11 13 

East South Central__ __________----------------------=- 5 5 8 6 

West South Central ___.___-_--_-~---------------------- 11 12 12 15 

Mountain ___________~------~-~--------------------- 11 11 3 3 

Pacific _._______-_----------~+----------------~----- 23 24 7 8 

Total _.._________---------------------------- 100 100 _ 100 100 

Sn
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Table 5.—Sand and gravel production by size of deposit in the United States in 1977! 

Construction Industrial 

Sales and use level Number Percent Thousand Percent Number Percent Thousand Percent 
deposits oftotal shorttons of total deposits of total shorttons of total 

Less than 25,000 _____ 2,489 34.5 23,118 2.6 | 48 26.7 434 1.4 
25,000 to 49,999 ______ 1,014 14.1 35,501 4.0 30 16.6 1,086 3.5 
50,000 to 99,999 ______ 1301 180 - 87,513 9.7 31 17.2 2,224 7.1 
100,000 to 199,999 _____ 1,359 18.8 185,563 20.7 29 16.1 4,075 13.0 
200,000 to 299,999 _____ 412 5.7 ~~ —- 98,689 11.0 “il 6.1 | 2,867 9.1 
300,000 to 399,999 _____ 213 3.0 72,739 8.1 6 3.3 2,161 6.9 
400,000 to 499,999 _____ 119 1.7 52,072 5.8 7 3.9 3,238 10.3 
500,000 to 599,999 _____ 82 11 44,407 49 4 2.2 2,278 7.3 CO 
600,000 to 699,999 _____ 57 8 36,755 Al. 5 2.8 3,191 10.1 
700,000 to 799,999 _____ 46 6 34,336 3.8 1 6 711 | 2.3 
800,000 to 899,999 _.___ | 82 5 26,992 3.0 2 1.1 1,784 5.7 
900,000 to 999,999 _____ 20 3 18,989 2.1 -- =- __ -- 
1,000,000 to 1,499,999 ___ 48 1 57,089. ss«é6.4 5 2.8 5,778 18.4 
1,500,000 to 1,999,999 ___ 17 2 28,741 3.2 1 6 1,530 4.9 
2,000,000 to 2,499,999 ___ 6 (7) 13,481 15 -- -- -- -- 
2,500,000 andover ____ 7 (?) 81,888 9.1 __ __ — — 

Total® ________ 7,222 100.0 897,900 100.0 180 100.0 31,360 100.0 

a 1An undetermined number of deposits leased from the Bureau of Land Management in Alaska are counted as one 
eposit. . . 
2Less than 1/2 unit. 
SData may not add to totals shown because of independent rounding. : 

Table 6.—Number of sand and gravel processing plants in the United States in 1977! 

- Plants associated with extraction - Plants associated with dredging 
areas on land - operations 

State = total ” Plant not — 
a of plants Plants at site at site Total Plants Plants Total 

Stationary Portable (stationary plants onboard onland plants 
or portable) 

Alabama _____ ~~ 81 35 15 1 51 7 23 30 
Alaska ________ 25 9 12 2 23 1 1 2 
Arizona _____—_— 143 56 “710 12 138 3 2 5 
Arkansas _______ 148 56 69 6 131 7 10 17 
California ______ 366 | 203 124 24 351 5 10 15 
Colorado _______ 176 40 119 7 166 1 9 10 
Connecticut _____ 88 37 48 1 86 -- 2 2 
Delaware _______ 8 1 4 — 5 1 2 3 
Florida ________ 47 9 15 _- 24 5 18 - 23 
Georgia ________ 39 14 6 3 23 1 15 16 
Hawaii _______~_ 4 2 1 1 4 _- _— -- 
Idaho ________- 74 22 48 3 73. -- 1 1 
Illinois —.______ 163 54 73 1 128 7 28 35 
Indiana ____.__~ 167 60 63 1 124 5 38 43 
Iowa_________- 192 . 37 110 1 148 5 39 44 
Kansas ________ 149 23 65) 1 99 9 41 50 
Kentucky _. ~~ __ 27 6 4 2 12 12 3 15 
Louisiana ______ 126 18 63 -- 81 13 32 45 
Maine_________ 118 20 80 5 105 8 5 13 
Maryland _____~- 48 21 18 3 42 -- 6 6 
Massachusetts _ _ _ — 154 46 84 10 140 7 7 14 
Michigan ____ __— 320 74 201 4 279 7 34 41 
Minnesota ______ 335 53 254 3 310 3 22 25 

- Mississippi —-— ~~ — 66 7 41 _- 48 4 “14 18 
Missouri ___———— 124 15 . 69 1 85 8 31 39 - 
‘Montana __.____ 55 15 36 1 52 _- 3 3 
Nebraska___———— 260 58 102 2 162 33 65 98 
Nevada ____.__~_ 82 26 50 2 78 1 3 4 
New Hampshire _ _ 51 22 28 1 51 -- — _- 
New Jersey ____- 60 30 14 1 45 1 14 15 
New Mexico __ ~~ — 92 24 63 1 88 1 3 4 
New York _____- 409 109. 289 7 405 1 3 4 
North Carolina ___ 104 17 56 4 77 4 23 27 
North Dakota _ ___ 60 11 44 __ 55 -- 5 5 
Ohio________-_ 295 132 87 3 222 6 67 13 
Oklahoma __~___ 111 12 60 2 74 5 32 37 
Oregon _______~- 115 35 57 8 100 -- 15 15 
Pennsylvania —___ 123 42 52 4 98 1 24 25 
Rhode Island _ ~~ _ 27 6 16 2 24 _- 3 3 
South Carolina ___— 55 12 24 3 39 2 14 16 
South Dakota __—_ 103 12 57 __ 69 7 27 34 
Tennessee __—___ 76 17 37 3 . 57 6 13 19 
Texas _________ 226 80 102 2 184 13 29 42 

See footnotes at end of table.
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Oo Table 6.-Number of sand and gravel processing plants in the United States in 1977! _ .  eContinued | a 
. pos Plants associated with extraction © © Plants associated with dredging. __ | 

oe a Grand © —————_—————— eon and operations 

5 ofplants ___Plantaatsite. ." “atsite Total. Plants. Plants «=Total = ti; a os . Stationary Portable ‘Stationary. plants onboard: onland plants #§  ——> | ——. _ i Porte) a 

0 Uthat kw wet ad 

. . . Washington ---_- ss -1840 BBO BO DDD 14 23 
a _ - Wisconsin’ =. _ 82 BP ANB TB KG 30.86. a _  -Wyoming___-—__ BB Be BB AB Qk 8 10 

a | Total ______ 6179 1,705 8,279 1505184. 239 806 1,045 | 

- lee undetermined number of deposits leased from the Bureau of Land Management .in Alaska are included as one . Plant. — a a Oo 

oo Plants associated with extraction areas on land’ Plants associated with dredging operations | 
 Geographicregion __—Plantsatsite «EMM ROE Gnheerd Onland Total Grand 

| a Stationary Portable Grportabie) PPS flats 
New England ~---- ss - 1386 BBB aT dT 4aT4 - a | Middle Atlantic _ _ _ WI. BBB BBB BA ag §92 : East NorthCentral, © 5» 379 68Be 208 BL 8 Ra 

- _ West North Central. — 209 0. THM , Bo | eB 6B 8800 295. 1228 | . South Atlantic ___ — 695000 8B dB 6B BG 115 888 002—~—C : _ East South Central _ OB OT BO 1B OD BB BD 250 __ West South Central 166 00¢02¢©<—C Ck BB tO a titi _ Mountain ___.__ 199° ATO BT dB Ba 745 : Pacific _~_-_-____= _ 26 A aC DC ti‘ a“ OH! Ch ne 
— Total _..-_ 4,705, 8,279 150 618A BQ (806. = 1,045 6179 

- de “An undetermined number of deposits leased from the Bureau of Land Management in Alaska are included asone. ~~ 

) ‘Table 8.—Construction sand and gravel sold or used in the United States, by major use _ 
oo | oe re (Thousand short tons and thousanddollars) oe : oe 

| a ee Value _— 
ge Be Quantity» ~ Value - perton Quantity a Value per ton - 

: . o . —"« ” oo oo, : ., ee—_—_———— — — j ee 5 mamas a A SRS SE a rap ™ " — 7 _, ——— ™ 7 . — : - — . | 

Concrete aggregate (residential, nonresidential, === 8 SO , 
highways, bridges, dams, waterworks, | re oo 

| airports, etc.) ...._._....__._--__-.. — 279,088 579,781 $2.08 347,447 811,866 $2.34 
Concrete products (cement blocks, bricks, = 8§=5§ i _— - 

pipe, etc.) ___..-_________-______ 78,058 164,540 =«s«2.11. «58,042 - 129,260 2.48 
Asphaltic concrete aggregate and other OF - — 

bituminous mixtures ~~... __ 127,576 251,210 | 1.97 132,287 284,204 2.15 
_ Roadbase and coverings ...........-..- 208,563 352,970 1.69 188,843 348,666 1.82 

Fill _-___--.---~~------~..----. 186,854 216,463 = 1.58 aie aye 133 | 
| | Other uses ------ === ll IDI tT 25,102 38,831 155 16,480 84,804 2.12 | 

Total’ _-__---:-------------. 855,242 "1,608,794 «1.88 «897,900 "1,817,000 2.02 | 
"Data may not add to totals shown because of independent rounding. ; :
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Table 12.—Industrial sand and gravel sold or used in the United States, 
| _ by major use | 

(Thousand short tons and thousand dollars) 

1976 } 1977 
Use re 

Quantity | Value penton Quantity Value pe, 

Unground sand: . . 

Iding ~__________-_---__----_-~---- 6,896 37,264 $5.40 8,648 50,196 $5.80 

Glass ____________--_--------~-~-+--+- 11,467 65,551 5.72 10,937 65,826 6.02 

Blast _~__________-~-------~----~---~- 1,498 9,946 6.64 1,868 13,645 7.31 

Grinding and polishing _~-__—~_~-------- 76. 304 4.00 210 1,710 8.15 

Fire or furnace _~___.-_-___-~--~-------- 301 1,164 3.87 372 1,468 3.95 

Engine __.______------------------ 752 2,315 3.08 500 2,684 5.36 

Filtration ____.__.-_----~---~-~------- 183 1,060 5.79 223 1,714 7.70 

_ Metallurgical _._______-_--~-~-~------- 2,146 7,365 3.43 403 2,242 6.57 

Oil (Hydrafrac) _______-----~---~------- 660 4,759 7.21 894 11,184 12.51 

Other _____.___-~_____---~-+--~-~------ 2,251 14,430 6.41 1,599 17,460 10.92 

Totali _.-___________-__~--_------ 26,230 144,159 5.50 25,653 168,129 6.55 
erence ne SS 

Ground sand: 
Filler ~_-__-____---~-~-------~-~~---~----- 185 2,001 10.82 235 3,961 16.89 

Chemical __________---------------- 40 611 15.28 129 1,386 10.79 

Enamel ___________--------~-~------- 43 739 17.19 37 615 16.40 

Abrasives _________.~--_----~---~------ 250 2,925 11.70 403 4,994 12.40 

Foufidry _____-----------~------+---- 1,741 8,455 4.86 1,660 8,089 4.87 

Glass __________------~------------ 878 6,294 7.17 1,045 8,515 8.15 

Pottery, porcelain, tile _______.---------- 136 1,850 13.60 245 3,774 15.40 

Other _________------~------------- 168 2,094 12.46 204 2,417 11.85 

Totali ______________~----_---+---- 3,440 24,968 7.26 3,958 33,750 8.53 
— o_O 

Gravel: 
4 

Metallurgical ___-____-_------------- 134 577 4.31 1,506 7,760 5.15 

Filtration .~_____-__---------------- -- _- _— 65 4,38 6.78 

Grinding ______--_----------------- le —- _ _- _- =e 

Other ___---------------+---------- 110 582 4.84 174 507 2.91 

: Total! _.-§____________ eee eee 4 1,109 4.53 1,745 — 8,704 4.99 

. a 

. Grand total!’ -.__._______-_-__-----. 29,914 170,236 | §.69 31,360 210,600 6.72 

1Date may not add to totals shown because of independent rounding.
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Table 13.—Value per ton for construction sand and gravel sold or used in the United 
States in 1977, by State and major use 
eS 

Asphaltic : Overall 
concrete Roadbase . 

State Concrete, —_Conereté_andother and Fin ‘Railroad = Other average 
agereg Pp bituminous coverings as uses or 

mixtures uses 

Alabama _— ~~ — $2.40 $2.55 $2.28 $1.55 $1.08 _— $2.79 $2.19 
Alaska ____~- / 4,81 4.00 3.90 2.58 1.50 _- 2.02 2.02 
Arizona _ — — ——— 2.60 2.69 2.62 1.82 1.45 _- 2.84 2.21 
Arkansas _ < _ — — 2.14 2.24 2.22 1.65 1.18 _- 1.48 1.92 

California —__~— 2.33 — 2.52 2.29 1.95 1.31 $3.00 3.90 2.20 

Colorado —— ~~ — 2.48 2.34 2.15 1.88 1.16 2.51 2.09 2.11 

Connecticut _— — 2.69 2.50 2.18 1.78 1.14 _— 2.02 2.14 

Delaware __ _ — — 2.36 2.46 1.96 1.29 1.01 -- __ . 1.54 

Florida ___——~— 1.80 2.09 2.69 * 1.65 1.04 _- 1.71 1.76 

Georgia ___—~~- 2.18 2.37 3.31 1.97 1.17 1.76 1.35 2.18 

Hawaii _.——— 4.32 3.89 6.61 1.71 1.36 _— -- 3.18 

Idaho __—~__~- 2.40 2.71 2.61 1.63 1.21 oe 1.80 1.97 

Illinois _—._-—- 2.31 2.72 2.00 1.91 - 1.37 2.36 2.06 2.05 

Indiana _ ~~ —— 2.14 2.09 1.98 1.69 1.15 _— 1.73 1.89 

Iowa ___ ~~ 2.34 2.39 1.77 1.89 1.35 2.92 1.45 2.01 

Kansas _ ~~ _— 1.89 2.22 1.78 1.56 1.06 1.50 1.52 1.67 

Kentucky ~~~ 2.10 2.60 1.99 1.66 1.29 1.96 3.41 1.97 

Louisiattla ————- 2.60 2.21 2.51 1.84 1.09 _— 2.20 2.24 

Maine _ ~~. — —— 2.30 2.68 2.01 1.68 1.42 1.64 1.36 1.81 

Maryland —_-~— 2.68 2.54 2.32 1.78 2.08 _— 3.51 2.53 . 

Massachusetts _ _ 2.37 2.50 2.43 1.75 1.28 2.82 2.17 2.02 

Michigan — — — — — 2.07 2.27 1.64 1.74 1.13 3.15 1.63 1.80 

Minnesota — — — — 2.16 2.24 1.73 1.64 1.02 1.64 1.47 1.81 

Mississippi — — — — 1.99 2.39 1.79 1.74 1.30 _— 2.24 1.90 

Missouri — ~~~ ~— 2.04 2.34 2.05 1.62 1.13 3.81 1.53 1.88 

Montana ~~~ —— 2.84 2.60 2.91 1.67 1.53 — 1.08 2.09 

Nebraska — — — — — 197 2.32 1.94 1.81 1.20 - 1.50 1.75 1.81 

Nevada —._— ~~ -— 2.39 2.39 2.04 1.68 1.44 1.50 3.77 1.97 

New Hampshire 2.27. 2.53 2.11 1.91 1.32 1.50 1.81 2.03 

New Jersey ——-— 2.15 2.16 2.37 2.18 1.40 3.20 3.39 2:03 

New Mexico — — — 2.37 . 2.21 1.99 1.71 1.13 4.00 1.76 2.06 

New York —_—— 2.60 2.32 1.99 1.77 1.08 2.19 1.79 1.95 

North Carolina —~ 2.15. 2.37 1.93 1.95 1.15 _— 1.51 1.95 

North Dakota _ — 3.02 3.16 2.10 1.63 1.31 4.00 2.32 2.08 

Ohio. ~~~ —~— 2.16 2.28 2.08 2.02 1.42 1.93 2.11 2.03 

Oklahoma _——— 2.13 2.01 2.00 1.65 1.03 3.50 2.67 1.80 

Oregon __———— 2.25 2.62 2.32 2.15 1.27 1.81 1.32 2.09 

Pennsylvania — — 2.58 3.38 2.55 2.55 1.26 2.76 2.80 2.50 

Rhode Island _— 2.10 2.00 2.11 1.71 1.07 _— a 1.76 

_South Carolina — 2.19 2.10 2.05 1.70 1.11 1.00 1.33 1.86 

South Dakota _ — 2.14 2.29 1.67 1.65 1.10 3.00 1.16 1.62 . 

Tennessee __ —— 2.29 2.40 2.17 1.74 1.09 —_ 1.98 2.02 

Texas _.___-—- 2.34 2.49 2.21 2.00 1.36 1.75 2.13 2.21 

Utah __-- ~~ 1.86 2.00 1.65 1.61 1.05 _- 1.30 1.57 

Vermont — ~~~ 2.06 2.10 1.99 1.53 1.04 3.31 1.07 1.71 

Virginia ____- 2.71 2.96 1.76 2.60 1.25 _- 2.26 2.36 

Washington _-— . 2.15 2.69 2.30 2.03 1.45 1.55 2.25 2.05 

West Virginia — — 3.15 2.57 3.86 1.50 1.47 _— 2.37 2.67 

Wisconsin ~~ —~ 1.96 1.82 1.67 1.52 1.15 1.63 1.09 1.60 

Wyoming - _ _ — — 2.78 1.89 2.57 1.96 1.30 2.50 2.98 2.17 

Total ___~- 2.34 2.43 2.15 1.82 1.33 2.29 2.12 2.02 

ere ener eg ES SS 

-Mncludes residential, nonresidential, highways, bridges, dams, waterworks, airports, etc. 

2Includes cement blocks, bricks, pipe, etc. 

¢
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+.’ Table 14.-U.S. exports of construction sand, gravel, and industrialsand tS 
” Sone ae (Thousand short tons and thousand dollars). Oe os 

ee Construction sand. 2 "> Gravel: ~. c-Industrialsand ==. ‘Total 

a country - . Quantity F-2s." Quantity F228? Quantity. Fas? gua: ast. : 
SINT Quantity’ vale Quantity —Yaige _@uattity Fn, Quantity Fast 

a Algeria _ 22.22... .° Po A Be mB BB 1. 26 AA BB 

a Argentina teeters eR ae ae 8D 1 39, - 
oo oo, Belgium-Luxembourg aa ee a |e 148 2. 1480. tase 

_ Bravil_---2------e sO Bam 55 00 CG) BB ae 
oe ‘Canada. 22 B89 BIB. | BBO BOS 1,618. 11,821: 2,687  18,1838.°  . . _ Dominican Republic ---- 8g 60 

: » ElSalvador - 22-22. oo RG ?) 28 oe France 2-22-0200 ee a BBT  BTT 587 i (w OTTCi*™ . Germany, Federal = . a a ee. 

. Guatemala_-.--2----0 = cL BE A Bag 6 OO Fe 
Jamaica -.--2.---__— NB a A 18 il 157 7 ‘dapan------------- Ma A ad 80 1 224 - Mexico oe TR aT ea BB BBE 1,922 329: -- 2,004 . m 

| Netherlands---.-- 2-2 TB ed W200 Netherlands Antilles... © 9 2...) WB oe Me RB 3. 10 BBB 
oo Rerun - a a a ae Saudi Arabia -- ~~~» A a BB © . 8 ee o oe 45 a Singapore ---------- 2 ad - 1 _ , | United Kingdom => TH 38 1. BBB Tt CGC oe : Other 22 oe ee DE: on, 96, gO acta eB 1,041... oo 65.0. 21,158 | a 

oo otal 559 BBD 2 BT9- 1,099. 2,554 17,080 - 8,692... 19,516 

| Algeria-----------e OM a AB BG | 
Argentina wee eee. Do 9B wee a BO 1B 8B (24l0 

Bahamas __ = 1 Ea BT Ar 18 7) - 62 — 
Belgium-Luxembourg ~~. se ee ol. 119 a | 119 

_ Bermuda-_-------- MB BE DB 2 @ 10 . 

: ~ Canada_._-..--. 2: 626 1,085 591. 2,048 124 . 10,695 2341... -12,778 
| ‘Dominican Republic ---- -  @> A aa ggg 101-0 | 

_ ElSalvador --2------ 00 OM Be ~ 2] ss BQ LD 56 a 
| France -_..-------- 0 ee a a 42s‘, 892 442 1,492 

Republicof_.--.--.  @ © = 4: °° @ °° 1 804  — 884 ~— 204 889 
Guatemala ______.__ Ao WM a 9 111 9. 128 oo 
Jamaica 2-2-2 dd OQ 8 | 1 66 2 2. 
Japan. 1 The BY BD 118 2 197 
Mexico ~...2.2-2-2----220 1 8B BD BBB C45 337 2,194. 

_. Netherlands_-___-----2 00 es 221 1 7) 
: Netherlands Antilles.--- 2 MB a Ba tt 

ob Peru_. 2-2 eg a 4 BB 
_  ° Gaudi Arabia 2-2-6? a AP BT re oo, Singaporé:. 2-2-2 a Le. 159. 1. 9 -» United Kingdom 25-220 BB wa aga Other ~~ ----------- de oO 8 BO 

Total. 82610 (00.198 KT 8,707 = e892 
_-__ 1Value of material at U.S. port of export; based on transaction price, including all charges incurred in placing material —_- 

: alongside ship. . ee oe CO | ok a 
| 2Less than 1/2 unit. | a | : Ce — : |
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Table 15.—U.S. imports for consumption of sand and gravel 
| (Thousand short tons and thousand dollars) . 

Construction sand and gravel Industrial sand Total ; 

anand . Fas! Cif? 4 Fas! Cif? 4 Fas! Cif? 
Quantity value value Quantity value value Quantity value value 

1976 
Australia. _..______ _- —_ _- 59 401 919 59 401 919 
Canada ___._______ 289 318 502 1 48 48 290 366 550 
Germany, Federal 
Republic of _______ 2 48 49 - _- -- _- 2 48 49 

Other ____________ 1 65 73 1 40 6 2 105 149 en ee ae 

_ Total _-._______ 292 431 624 61 489 1,043 353 920 1,667 
. Se Sse SS SSSA 

1977 
Australia... ~— _- _- 34 = 247 530 — 34 247 530 
Canada ___. _~______ 350 360 586 (°) 25 25 350 385 611 
Germany, Federal . . 

. Republic of _______ ) (°) 1 eo _— 2) () 1 
Other ____________ 1 32 37 1 61 99 2 93 136 
a nN, 

Total _.._______ 351 392 624 35 333 654 386 725 1,278 
annem errr er er SS SS Sa TSA svar ss SSS SS SSS 

al Value at port of exportation; actual transaction value and generally includes all charges for placing material 
ongside ship. 
2Value at port of entry; based on purchase price and includes all charges (except U.S. import duties) in bringing 

material from foreign country to alongside carrier in U.S. 
SLess than 1/2 unit.





Silicon 
Frederick J. Schottman! 

Although overall production of silicon creased production costs. Domestic produ- . 

materials in 1977 was little changed from cers raised their prices for silicon metal 
that in 1976, production of miscellaneous early in the year, but were later forced to 
silicon alloys increased and production of jescind the increase because of pressure 
metal dropped. Imports of metal increased from imports 
sharply from 9% of reported consumption O po fe ar f be | 
in 1976 to 26% in 1977. Supplies of silicon Vne new ferrosilicon furnace began oper- 
materials in the world market were abun- tion during the year. One older plant was 
dant and prices were depressed. Domestic closed permanently, for the stated reason 
prices of silicon alloys were generally that it could not compete against low-cost 

steady or lower during the year despite in- imports. 

DOMESTIC PRODUCTION 

Overall, production of silicon materials was started at the Bridgeport, Ala., plant of 

was nearly the same as in 1976, but there the Tennessee Alloys Co. The new plant was 
were significant changes for particular to be operated by the TAC Alloys Division of 

| classes of materia. h ts of th International Minerals & Chemical Corp. 
roduction and shipments of the two (IMC) and was owned 75% by IMC and 25%. 

major grades of ferrosilicon, which make up by Allegheny Ludlum Steel Corp. The new | 
three-fourths of all silicon materials, were furnace replaced the three small furnaces 
little changed. However, production and at the old plant, which had been operated as 
shipments of miscellaneous silicon alloys Tennessee Alloys Corp. This resulted in a 
increased 15% and 14%, respectively. The 50% increase in capacity to 75,000 tons per 
miscellaneous silicon alloys are special pur- year of 50% ferrosilicon. 
pose alloys based on ferrosilicon but with Ohio Ferro-Alloys Corp. permanently 

other elements added. About three-fourths  (15<ed its plant at Brilliant, Ohio. The plant 
of the material in this class is magnesium 4,44 4 reported capacity of 30,000 to 40,000 
ferrosilicon. Among other alloys included tons per year of 75% ferrosili nd em- 
are calcium-silicon, _silicon-manganese- —, ot O90 k Th los; con a 4 to 
zirconium, and rare-earth silicides. ae sed oy ers. bitic ar nt Sal t 

Production and shipments of silicon met- °° C24 y compettion from 10w-COs 
al declined 12% and 11%, respectively, in ™Ports. 
1977. Although demand for this material and or Several on pro vane We expansion 

was stable, imports took a larger share of r 10n pr S, domestic pr 

the market and domestic producers were ducers announced no plans for new pro- 
forced to cut back production. duction facilities. Several modernization 

Producer stocks of 25% to 55% ferrosili- Projects intended to increase efficiency and 
con and those of silicon metal increased by ie re a porution so tuirements 
about one-fifth during the year. Stocks of na n largely completed. Moreover, slow 

56% to 95% ferrosilicon declined by 11%, growth in consumption combined with 

and stocks of miscellaneous alloys were worldwide over-capacity, which was re- 

little changed. flected in increased imports, made addition- 

A new 40-megawatt ferrosilicon furnace al new capacity financially unattractive. 
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Table 1.—Production, shipments, and stocks of silvery pig iron, ferrosilicon, | 
_ and silicon metal in 1977 : | | 

. (Short tons, gross weight except as noted) 

| Silicon content, Producers’ | Producers’ 
Alloy (percent) stocks as of Pro- _ Ship- stocks as of 

. —— Dec. 31, duction ments Dec. 31, 
| _. Range Typical _—- 1976" 1977 

Silvery pigiron _.______________- 524° 18 Ww W W Ww 
Ferrosilicon (includes briquets) ___-——~— 25-55 48 54,301 517,282 489,042 65,312 

_ Do __--.--------------- | 5695 75 27,209 132,794 125,507 © 24,110 

| Silicon metal ____________-_--- 96-99 98 18,563 - 124,670 116,482 22,172 | 
Miscellaneous silicon alloys (ex- 

cluding silicomanganese) _ ___—_-—~—~— 32-65 _- 17,305 103,675 95,104 17,472 

 FRevised. W Withheld to avoid disclosing individual company confidential data. | oo 

Table 2.—Producers of silicon alloys and/or silicon metal in the United States in 1977 oe 

Producer | _. Plant location | Product = 

Airco, Inc., Airco Alloys Div _____-----_-------------- Calvert City,Ky __--__ FeSi..__ — 
Do ______-_-_~__-- eee Niagara Falls, N:Y -~-- | Do. a 

Alabama Alloy Co.,Inc ~__-.---.----_------------- Bessemer, Ala —__-~~- Do. 
Aluminum Co. of America, Northwest Alloys,Inc ____~_-__--- Addy, Wash ~____~~ FeSi,Si- 
Chromasco, Ltd., Chromium Mining & Smelting Corp. Div — —_ ~~ - Woodstock, Tenn —-—~—~— FeSi. 
Engelhard Minerals & Chemicals Corp., Philipp Bros. Div., 

Roane Electric Furnace Co a --- ee Rockwood, Tenn _-__- = —_—_—C¢ODo. 
Foote Mineral Co., Ferroalloys Div _______-_----------- Graham, W.Va ~~~ — Do. 

Do ___________ eee ee Keokuk, Iowa ~_-~-_~- Silvery pig iron. 
Hanna Mining Co.: ae 

Hanna Nickel] Smelting Co _________---~-+-------- Riddle, Oreg _-___--_-- FeSi. : 

Silicon Division __________-__-~--------------+-- Wenatchee, Wash ____ FeSi, Si. . - 
Interlake, Inc., Globe Metallurgical Div _________--~--~--- Beverly, Ohio __~__-~- Do | 

Do ___________ 2 eee ee Selma, Ala _______~— Si. a 

International Minerals & Chemical Corp., Industry va 
Group, TAC Alloys Div., : oe . 
TAC Alloys _-_____------------------------ | Kimball, Tenn ~____~- FeSi. . 
Tennessee Alloys Co ____.-__-_-_-_--------------- Bridgeport, Ala ____~_ Do. oo 

Kawecki Beryleo Industries, Inc., 
National Metallurgical Div ________--_------------- Springfield, Oreg —_—- Si. 

Ohio Ferro-AlloysCorp ___-____------------------- Brilliant, Ohio ____ ~~ FeSi, Si. 
Do _____________ ee Montgomery, Ala ___— Si. 
Do ___2_~_____ ee Philo, Ohio _..._._-_ -_ FeSi. 
Do ____________ eee Powhatan Point, Ohio _ Si. . 

Reynolds MetalsCo ________-_------------------- Sheffield, Ala _____~- - Do. 
Satralloy,Inc ______.___.---------------------- Steubenville, Ohio ___— FeSi 
Union Carbide Corp., Metals Div ________----_--------- Alloy, W.Va __----- FeSi, Si. 

Do _.________________----------------- — Ashtabula,Ohio _____ FF eS. 
Do _____________ ee eee Marietta, Ohio ______ Do. 
Do ______-__--_-----~---~--------------- Portland, Oreg ~~ ~~~ — Do. 
Do ___________ ee eee Sheffield, Ala _____ _ Do. 

ne ec gs SG SRS SS eae 

CONSUMPTION AND USES | 

Overall reported consumption of silicon Silicon metal consumption decreased 

materials in 1977 increased 2%, based on about 1%, with a 3% decrease in its use in 
silicon content, compared with consumption alloys (principally aluminum base alloys). 

in 1976. Consumption of ferrosilicon in- Production of silicones, which end use con- 

creased while consumption of silicon metal sumes about two-fifths of all silicon metal, 

decreased slightly. was little changed from that in 1976. During 

Based on silicon content, steel and cast 1977, Dow Corning Corp. announced that it 

iron consumed 42% and 56%, respectively, would build a $40 million addition to its 

of all silvery pig iron, ferrosilicon, and Carrollton, Ky., silicones plant. 

miscellaneous silicon alloys. Consumption A relatively small tonnage of silicon met- 

of 25% to 55% and 71% to 80% grades of al is used as the raw materials for the 

ferrosilicon in steel increased 10% and 5%, production of electronic-grade silicon. De- 

respectively, while consumption of ferrosili- spite rapid growth of the semiconductor 

con in cast iron was little changed. industry, miniaturization of components



have improved yields and reduced waste, the most important consumer classes of = 
__- have prevented a corresponding rapid in- silicon materials. Stocks for ferrosilicon  —__ -._ ¢reage in demand for silicon metal for this were down by about 27%, while those for. 
_. application. ==. silicon metal and miscellaneous alloys 
._. Yearend consumer. stocks were down decreasedbysmalleramounts. = 

able 3.—Consumption, by major end use, and stocks of silicon alloys and metal oe 
in the United States in 1977 TE ee 

Ce |... hort tons, gross weight except asnoted) ee 
Dg ‘Wlimnanie “en _ ae ~ Misc a 

ee _. ~ Silicon content. Silvery | oe nails _ Silicon —_ laneous | : 8 Gpereent) = pigiron ______Ferrosilicon' ss Thetel’ silicon Total 
| _Enduse ~ Se pe 7 alloys? silicon 

| oe Range-_____ 5-24. 25-55. 56-70 71-80 —«81-95 «= 96-99 Ss—(‘<ié‘«~*‘ntent | 
oe Typical ---- 18 48 65 76 8 98 58 

Steel: _ OO | 
: Carbon _______..__ 1,454. —-80,207 207 28,225, «167 311 9,301 66,699 

- Stainless and heat- . 
resisting___...__._._  _(*) — 16,575 (*) ‘16,673 108 180 231 21,029 ) Fullalloy _-_______ 2,002 29,495 591 —-:11,062 354 1,789 1,183 25,998 

. High-strength low- : ; . 
| alloy __-._-______ (4) . 9,854 __ 1,996 (4) 16 1,003 6845 

Electric _._______ __ (4) (*) 30,992 __ 112° _. 28,664 
Tool _.__________ __ 1,468 90 921 (4) 26 (*) 1,486 

| Unspecified ________ 3,058 12,717 2,001 4 42 _. 80 8,040 

_ Totalsteel _...._ 6,509 -:150,311 —«-2,889—s 89,878 1271 2,384 11,798 153,761 - , Castirons ____._.__._.___ 41,079 281,519 3,490 ~~: 33,246 1,758 57 97,775 204,319 
| Superalloys ___________ 9 229 2 2 86 65 ae 251 | 

Alloys (excluding alloy oF oo, 
steels and superalloys) ___ 101 6,289 _ 336 284 55,787 147 558,288 

| Silicones _.-__________ _- ne Lo __ _. 41,624 _. 40,792 
Miscellaneous and unspec- . , 

ified ~~ 2,851 2,145 -- 879 _. 2,827 3,508 6,688 | TN, 688 
Total _._______ 50,549 —- 390,493 6,379 128,836 3,399 102,744 113,223. 464,044 
Percent of 1976 ___ 100 ~=—:108 61 104 108 99 106 102 
Total silicon =. . . 

content? ______ 9,099 187,435 4,148 94,115 2,888 100,689 67,670 XX 
Consumers’ stocks, ; | 

Dec. 31,1977 ___ 6,743 22,226 2,063 11,587 633 9,427 6,412 35,486 — | 
seeps sees 

XX Not applicable. . 4 Oo | 
Includes briquets. : 
“Includes magnesium-ferrosilicon and other silicon alloys. 
°Estimated based on typical percent content. 
“Included with “Unspecified.” m . 

PRICES | 

Prices for domestic silicon materials were half of the year reaching 25 to 26.5 cents per 
little changed during 1977. Despite increas- pound by yearend. 
ing production costs, competition from im- Domestic producers raised the price of 
ported materials restrained price increases. __ silicon metal 3 cents per pound in February, 

In February domestic producers reduced but rescinded that price increase in July. 
the price of regular 50% ferrosilicon 1 cent The end-of-year price of silicon metal with 
to 33.5 cents per pound of contained silicon. 1% maximum iron and 0.07% maximum 
The price of regular 75% ferrosilicon was calcium was 42.5 cents per pound. Prices for 
unchanged through the year at 37 cents per imports began the year at 40.0 to 41.0 cents - 
pound. The f.o.b.: warehouse price of im- per pound, rose to 44.0 to 45.0 cents per 
ported 75% ferrosilicon, as quoted in Metals pound at thidyear, and then declined to 37.5 
Week, began the year at 30 to 31.5 cents per to 38.0 cents per pound. . | 
pound and declined gradually in the second | 

fs ; %
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| | ~ FOREIGN TRADE | 

Exports of ferrosilicon declined slightly in most of the increase coming from Canada, 
1977 and were only about 9% of imports. which went from 566 tons in 1976 to 11,011 

Imports of silicon metal nearly tripled in tons in 1977. Imports also increased from 
1977 to record high levels; imports of ferro- the other major supplying countries (Nor- 
silicon also increased, but remained below way, the Republic of South Africa, and 

_ the levels of 1974. Yugoslavia). The Federal Republic of Ger- 

Exports of ferrosilicon declined 15% by ™any and Japan continued to provide most 
weight and 19% by value in 1977. As in of the imported high-value semiconductor- 
earlier years, most exports (62%) went to 8" ade silicon, which 1S included in the 

Canada. The remainder was shipped to import class for silicon metal with greater 

Venezuela, Australia, Angola, the Federal than 99 1% aor cent Associati 
Republic of Germany, Mexico, and Brazil. During , the Ferroalloys Association 

Imports of ferrosilicon in 1977 compared petitioned the Office of the 8 pecial Repre- 

with those of 1976 increased 17% on a gross ea for Trade Negotagtions to scilicon 
. . * ) several ferroalloys, including ferrosilicon 

Weight pasts and ee Oo cilicon pore e. with 60% to 80% silicon, from the list of 
ed only slichtl Alth h hi ts f materials receiving special treatment under 

o! only alighty, although shipments fom the "Generalized "Sytem of. references 
? . - (GSP). Under GSP specified products from 

ve rtant source, supp re oe otted this designated developing countries are admit- 

? . ted to the United States duty free. The 
material to the United States in earlier | . : producers argued that the alloys were im- 

years, Meh oe secone moe pmpomane port sensitive and that the imports were 

_ source wi © of the total. Imports Of causing serious injury to the domestic in- 
ferrosilicon with 60% to 80% silicon in- dustry. A similar petition in 1976 was re- 

creased 27 ny weight and NY vaiue. jected. — 

ost of this ferrosilicon came from four : 

countries: Norway (42%), France (15%), ea: 
Canada (12%), and the Republic of South Table 4.—U.S. exports of ferrosilicon 

Africa (12%). Imports from each of these Quantity Value 

countries increased significantly, compared | Year (short (thon. 

with 1976, ranging from a 188% increase for = —_—_———————————— 

Canada to a 29% increase for Norway. 197 5. ~---------L----- 88,452 $15,281 

_ Total imports of silicon metal increased 3977 7778 10,548 6,035 
178%, compared with those in 1976, with =©=£—<—— 

Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
by grade and country | 

ce  ——— 1976 | 1977 

Quantity Quantity 

Grade and country (short tons) thos (short tons) ulue 

Gross Silicon sands) Gross Silicon sands) 
weight content weight content 

perro vor 8% but not over 60% silicon: 
Brazil ________------------- _- _- —- 279 128 $166 

| Canada ____________--------- 26,477 11,474 $7,201 20,148 8,477 4,877 
Chile______-----~----------- 150 70 41 33 16 8 

Colombia ------------------- pug 0801,880«B6941879 881 
Germany, Federal Republic of ———--- 736 406 1,411 636 344 1,256 

Italy _._________---------- 19 8 10 102 AT 69 
Japan ______--------------- 1,113 557 814 i09 341 543 

Noway 222 2222sllllllll soe 966 429 S71 «1,281 547 752 
South Africa, Republic of ~-__~---- -- _- _— 737 407 132 

United Kingdom ____-_-—------- _- — _- 44 21 27 

Venezuela ee 9218980 

Total _._______----------- _ 81,875 13,983 11,368 32,717 14,508 11,511 
oo 

See footnotes at end of table.
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_ Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
| by grade and country —Continued | 

nee pf tf 
ise 

7 1976 | 1977 
Quantity Quantit: 

Grade and country (short tons) uplue (short tons) ne 
A ou- el = 

Gross Silicon sands) Gross Silicon sands) 
weight content weight content 

Ferrosilicon: —Continued 

Over 60% but not over 80% silicon: 
Argentina _______-__~~-~-~----~ 65 41 $21 716 544 $269 
Australia _~. __ ~~~ ee 55 34 20 _- _— _— 
Belgium-Luxembourg ~__-_~~----~ 1,571 1,219 668 _- _- —= 
Brazil ~-. ~~ -~-_~-~-+--~- 5,081 3,844 1,806 2,834 2,056 1,275 
Canada ________ ~~ 3,234 2,429 1,694 9,314 7,066 4,219 
Chile. ___.--.------~--~---- 997 768 328 701 541 261 
France. ~~. ~_-_~—~--~-~-~~-~-+ 6,266 4,311 4,065 11,867 8,450 6,498 
Germany, Federal Republic of ~~ —-_ - 1,689 1,214 1,422 1,061 680 1,348 — 
India_ ~~~ ee 5,703 4,163 2,070 __ — _- 
Japan ____----_-_---_----_- 2,049 1,564 868 —_—s«:10 84 AB | 
Norway ___-~~-~----~-~~-~---+- 26,197 19,742 10,488 33,768 24,854 11,192 
Portugal ______-------~----- 2,205 1,667 615 926 694 -328 
South Africa, Republic of ~~ —~ ~~~ 5,552 4,063 1,683 9,287 6,874 3,108 
Spain _...---.----~-----~-+--- _— -- -- 2,383 1,787 928 

Sweden ______ ___----~~-~--_- _- _- Le 1,764 1,330 627 

Taiwan ~.._~___~_~-.~-------~- 145 110 62 217 165 91 
Yugoslavia ___.__.-.---~-~~--- 5,406 ~ 4,069 2,209 5,743 4,350 2,119 

, Total _._-______--_.---~--~- 66,205 49,238 28,014 80,691 59,475 32,306 
pn mama 

Over 80% but not over 90% silicon: 
Canada ________-~---~~-~---~- 22 19 13 150 122 51 

Chile. _-_-__.___-_--~~~------~- 6 5 1 _— _- -_- 

France. ~./---~-~~---+--- -— -- -— 34 29 — 18 

Taiwan ___~_____-~--~--~~---- 110 89 92 _ _- _- 

Yugoslavia _..__...-_-.------ 22 19 11 -- _- _— os 

Total __.__-_---_--------- 160 182 117 184 151 69 
agreement eR AS SCT TSS 

Over 90% silicon: oe 
Canada _____._-_-~--~~-~~---- T1 13 50 56 55 45 

_ Ttaly _.-------------~------ ~— _— _- 39 37 20 

Norway _.___-----~---------- © 23 21 15 1,101 1,033 420 

South Africa, Republic of _.__~--- 254 234 84 _- _- _- 

Total _._____-__.~-_~-~---~---- | 354 328 149 1,196 1,125 485 
en ‘ 

. Grand total _____...-_-~---- 98,294 63,681 39,648 114,788 15,254 44,371 
oOo 

Silicon metal: 
Over 96% but not over 99% silicon:? 
Canada ________--------~---- 309 (7) 252 10,010 (7) 8,149 
France____§___~------------- 66 (?) 46 275 (7) 217 
Korea, Republic of ....__.------ 58 (?) 29 _- _- _- 
Netherlands ______~._-------- __ _- _— (5) (?) 1 
Norway __-----~~-----~------ 2,825 (?) 1,966 3,785 (?) 2,634 
South Africa, Republic of ___-.---- 2,793 (?) 1,778 3,443 (?) 2,444 
“Spain ___.-_-___--_-_------ __ __ _.. 1,808 (2) 911 
Sweden _______~.-~--------- _- _- _- 156 (?) 124 
Switzerland ______---_----~---- 41 (7) 28 _- _- —— 

, United Kingdom _ _ ~~~ __-~~~-~-- 1 (?) 13 165 (?) 151 
Yugoslavia __________-------- 2,164 () 1,421 2,923 ro) 1,863 

Total _._____------------- 8,257 (7) 5,533 22,065 (?) 16,494 
cn RS EA SS TO 

Over 99% but not over 99.7% silicon: 
Canada _____-_---------~---- 238 236 196 885 878 732 

France. _____..~--_-_-----+--- 110 109 72 __ _- _- 

Norway ___.---_------------ 552 545 442 1,654 1,639 1,365 

South Africa, Republic of .._.---~-- 369 365 240 1,127 1,116 793 

Yugoslavia ___._-..---------- -- _- -- 664 658 485 

Total _____._-_-~------+--- 1,269 1,255 950 4,330 4,291 3,375 

———oooo™™"—"=lkee 

See footnotes at end of table.
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Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, | 
- . by grade and country —Continued 

/ | ) . 1976 1977 
. | ti tit 

Grade and country (eon toe) ne ean tons) Value 
| . Gross Silicon sands) Gross Silicon (eho. 

weight content _ weight content 
rapes senso ananannussnnenesenenacestaeeseeeroc, 

_ Silicon metal: —Continued . 

Over 99.7% silicon: oe 
Belgium-Luxembourg ~~~ __—_ ~~ ~~ (°) ) $44 ) (3) $4 Canada __-- =e 19 19 16 116 116 105 Denmark _______ 1 1 407 6 6 1,297 _ France____. ~~ 2 _- __ _- (°) (3) 6 Germany, Federal Republic of ______ 65 65 3,689 43 43 3,459 Italy ----__ (3) () 17 6 6 524 Japan __-_- 19 19 1,045 15 15 720 | Korea, Republicof _____________ __ _- __ (3) 9) 5 
Netherlands ___.~_-.__.~______ _- _- __ (°) 8) 1 
South Africa, Republic of _. ___.___ Le -- _- 116 116 79 Spain _______ __ __ _ 109 109 75 
Switzerland ________.-_______ _- __ _- () ) 1 
United Kingdom_______§_§_§_____ (3) °) 2 (°°) (3) 13 

—_—— 
‘Total —-- 104 104 5,220 411 411 6,289 

Grand total ________________ 9,630 @) 11,7038 26,806 @) 26,158 eee eee 
1New category effective Jan. 1, 1976. 
2Content data not available. . 
SLess than 1/2 unit. . 

| - WORLD REVIEW 7 

: Argentina.—Stein Ferroaleaciones of Ferro Alloys which will produce ferrosilicon 
Mendoza was building a 3-megavolt-ampere and ferromanganese.’ 
furnace for calcium silicon. The company Japan.—Japanese producers of ferrosili- : 
had a 3.5-megavolt-ampere furnace pro- con and silicon metal cut back production 
ducing rare-earth magnesium ferrosilicon? _ because of low-priced imports. Silicon pro- | 
Canada.—Chromasco, Ltd., started a new ducers asked the Ministry of International . 

24-megavolt-ampere ferrosilicon furnace at Trade and Industry (MITT) to control im- 
its Beauharnois, Quebec, plant increasing Ports of silicon metal by changes in tariffs. — 
its capacity to 90,000 tons per year. A Meanwhile a committee was being formed 
significant part of Chromasco’s ferrosilicon Re advise we etry problems of the 
is used internally to produce magnesium, "Nor icon “The, Go ant of N 

_and the company also disclosed plans to ‘Orway.— ane wovernment of Norway increase its magnesium capacity signifi- approved a fourth furnace at the Salten 
tly by 1985 agn - Verk of Elkem-Spigerverket A/S, which 

“"C ee _H ‘Jlenic Industrial Minerals Ww! raise ferrosilicon capacity from 80,000 
g A. was vl ehenic ‘i us lant with to 112,000 tons per year.* Orkla Industrier 
A. Was planning orl 0.000 Prant Witt an A/S is also planning a new furnace, if power 

estimated capacity of 10,00 one ve. ot is available, which will raise its capacity to 
A quartz quarry and crushing facility were 49 990 tons per year of ferrosilicon in 1979.5 
being prepared. . . Producers in Norway were faced with pres- : 

Iceland.—Construction continued on the ont and future power shortages. Because 
Icelandic Alloys Ltd. plant, partly financed jow rainfall reduced the amount of avail- 
by a $16 million loan from a group of able hydropower, noncontract power to 
European banks. The 50,000-tons-per-year metallurgical producers was cut off in Sep- 
ferrosilicon plant is 55% owned by the tember. The Government of Norway also set 
Government of Iceland and 45% owned by a goal for future power consumption which 
Elkem-Spigerverket A/S. First production may limit growth of the industry. 
is planned for 1978. Spain.—Hidro Nitro Espanola S.A. start- 

India.—The government of Orissa Prov- ed a new 75-megavolt-ampere ferrosilicon 
ince dedicated the new plant of Utkal furnace. The new furnace has a capacity of
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85,000 tons per year of 75% ferrosilicon and Sweden.—Airco Alloys A.B. switched a brings the company’s ferrosilicon capacity 105-megavolt-ampere furnace at Wargon | to about 55,000 tons per year. Exports are from ferrosilicon to charge chrome, owing / expected to account for 75% of sales.é to weak demand for ferrosilicon. | 

a a - | TECHNOLOGY 
A new furnace design was described in was an effort to reduce the price of solar- which the furnace shell is divided into grade silicon from $60 to $10 per kilogram. a upper and lower sections which rotate at In this program, Westinghouse Electric slightly different speeds. The resulting Corp. was evaluating the production of — shear ing action in the char, ged material acts high-purity silicon by the use of arc heaters to break up crust formations and to block to thermally decompose a silicon chemical gas blows. The design is intended to elimi- intermediate. Dow Corning Corp. was pro- _ nate the need for manual stoking of ferro- ducin . +7 

| a . g semiconductor silicon on a laborato- | silicon and silicon furnaces, and thereby ry scale using selected high-purity raw | permit the use of closed furnaces for these materials in an arc furnace similar to those materials. Closed furnaces would offer the . . . . . used in the commercial production of advantages of lower costs for air pollution lurgical-srade sili tal. Oth control and better waste energy recovery.’ eta reic a b. DOE metal. te ded ‘to - _ Progress was reported on work to use Search sponsored by was inten | _ silicon carbide and silicon nitride for high. develop Petter way 8 to Dricate te Photo- | temperature applications such as heat ex- Cells from silicon. Indepen ently, RCA | changers and parts for gas turbine and Corp. patented an amorphous silicon | | diesel engines. Most of the work is aimed at photocell.* Because of materials savings and _ developing processes to fabricate these re- the suitability of the production process for fractory materials into useful shapes. Sili- large-scale production, the amorphous | con carbide is produced directly from silica, material may facilitate the production of but silicon nitride is produced from silicon low-cost photocells. | metal and could become an important use 9 —W—___ | for this material. Many groups, including »Physical scientist, Division of Ferrous Metals. the Federal Bureau of Mines, are also in- ance BNetin, No, 6220, Aug. * ape. 22. _ vestigating sialons, a class of ceramics com- Work citedinfootnote2. | posed of silicon; aluminum, oxygen, and *Metal Bulletin. No. 6218, Aug. 19, 1977, p. 21. 7 nitrogen. Silicon metal is used asa starting ®Metal Bulletin Monthly. HNE’s New FeSi Unit. No. 83, — . . ° . eqs November 1977, pp. 25-27. _ material, either directly or through silicon *Krogsrud, H., N. E. Bugge, and K. Piene. Recent nitride, for several methods of producing Achievements in the Development of the Modern a Ferrosili | sialons. Elec. Furnace Conf ISS-AIME, Chicees Th. Dec. 6-9, 197, The U.S. Department of Energy (DOE) American Tnatitute of Mining, Metallurgical, and Petro- supported research aimed at reducing the eum Engineers, New York, pp. ; cost of photovoltaic power to 50 cents per Catan, DE, Gagne! HCA Corp), Semicnducin peak watt by 1985. One part of this research 4,064,521, Dec. 20, 1977.
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Sil 
By Harold J. Drake’ ) | | 

U.S. mine production of silver rose 11% to Coinage use was far below the level of 1976. 
38.2 million ounces.? Imports for consump- Refinery output fell 11% to 92.9 million 
tion exceeeded exports by 56.8 million ounces in 1977. Production from foreign 
ounces, and consumption declined 10% to concentrates and ores was 58% below 1976 

153.6 million ounces in 1977. The annual levels whereas that from domestic sources 
average price of silver recorded a6% gain rose 7%. Refinery output from old scrap fell 
over the comparable price for 1976. The 5% as a result of a 36% decline in coin 
decline in consumption was attributed to melting which was enough to offset a 10% : 
the sluggish economic recovery in the _ increase in silver from other kinds of scrap. 
United States during most of 1977. The Trading of silver futures on the New York 
decline was led by photographic materials, Commodity Exchange (COMEX) and the 
electroplated and sterling ware, jewelry, Chicago Board of Trade (CBT) rose 2% to 
contacts and conductors, catalysts, and 29.1. billion ounces while stocks on the 
coins, medallions, and commemorative ob- exchanges rose 12% to 129.4 million ounces. 
jects. The only uses showing increased con- Industrial stocks rose 17% whereas Treas- 
sumption were dental and medical, brazing ury bullion stocks were only slightly below 
alloys and solders, batteries, and bearings. the level of 1976. The national stockpile 

Table 1.—Salient silver statistics 

| ) . 1973 1974 1975 1976 1977 

United States: 
Mine production __._._~_~— thousand troy ounces__ 37,484 33,762 34,938 34,328 38,166 

alue____________________ thousands__ $95,883 $159,018 $154,424 + $149,328 $176,325 
Ore (dry and siliceous) produced: 

Gold ore_________—_ thousand short tons_ _ 3,817 2,033 2,251 1,993 3,478 
Gold-silver ore_ $$. _-________-__ do____ 124 65 137 1,027 481 
Silver ore__ ~~ ~~___~__________~ do____ 593 693 782 794 976 

Percentage derived from: 
Dry and siliceous ores _____________-____ 30 30 35 32 43 
Base-metal ores _.___-_________---_____ 70 70 65 68 57 

Refinery production!?____- __thousand troy ounces__ 36,494 32,368 33,073 34,359 36,729 
Exports? __________.________--_-._do____ 11,215 18,390 32,626 14,596 22,394 
Imports for consumption?_____________— do____ 96,394 94,451 66,540 72,700 79,147 
Stocks Dec. 31: 

Treasury®__________ _~— million troy ounces__ 45 44 41 40 39 
Industry* ___________thousand troy ounces__ 130,111 ~—-:136,548 ~=—-158,299 146,423. s-165,348 

Consumption: 
Industry and the arts____________._ do____ 196,386 176,027 157,650 170,559 153,613 
Coinage ____________________..do___- 920 1,017 2,740 1,315 91 

Ww Price® oo per troy ounce__ $2.558 $4.708 *$4.418 7$4.354 $4.623 
oria: 

Production________.__-~ thousand troy ounces__ 311,874 297,684 "303,112 312,150 325,475 
Consumption:® 

Industry and the arts______._._._._._--.do____ 477,800 424,000 366,000 °399,200 389,000 
Coinage _________--_______--_-.do____ 29,200 T27,900 F38,800 ™30,000 22,000 

"Revised. 
1From domestic ores. 
2Excludes coinage. 
3Excludes silver in silver dollars. 
“Includes silver in COMEX warehouses and silver registered in Chicago Board of Trade. 
5 Average New York price - Source: Handy & Harman. 
®Market economies only - Source: Handy & Harman. 
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contained 169.5 million ounces at yearend covery, and overall success of the Federal 
SO OTT Government’srecycling program. = 

Legislation and Government Pro- ©The General Services Administration oe 
~ grams.—The General Accounting Office . (GSA) sold 397,521 ounces of silver reclaim- __ | 

. (GAO) reported on the silver recycling oper- ed by Government agencies. GSA also leta = 
'. ations of Federal agencies. The GAO report __ refinery contract on a competitive bid basis, | oo. 
_ identified scrap material containing silyer for recovery of 85,843 ounces of silver con- Co 
-. and other precious ‘metals, methods. of re- tainedin precious metalscrap, = 

a MESTICPRODUCTION 

gs . Mine production rose 11% in 1977, main- from the Coeur mine, both in Idaho's Coeur _ | 
ly as.a result of the ending of a strike atthe d’Alene silver district.‘ The company con- | 

-. Sunshine mine in Idaho and the fact that tinued to evaluate the Troy project, a cop- 
-_. two newly opened mines in Idaho sperated per-silver deposit in. western Montana. If | 

- at near capacity for most of the year. Mine put. into operation, the mine will produce | 
| and smelter labor strikes and: other shut 4.2 million ‘ounces of silver per year for | oe 

_. downs modera the advance from the about 16 years: an | 

-_--1976 level. Byproduct silver from base metal = Hecla Mining Co., Wallace, Idaho, re | 
_ ores supplied 57% and silver ores supplied ported production of 3.98 million ounces of 

a reali wien seri ar riety es dey ne “Sliver ores. produced 2.64 million ounces, and its shares 
_ duction in Idaho, which accounted for 40% of the Surishine mine and the Star-Morning > 
of total production, increased 32% to 15.3 mine totgled 1.1: million ounces: and 0.2 | 

| million ounces. Production in Arizona, 18% million ounces, respectively. The grade of 

of total production, declined 10% to 6.8 ore milled at the Lucky Friday minein 1977 | 
: million ounces whereas production in Colo- averaged 14.73 olunces. per ton. Reserves at 
_-rado, 12% of total production, rose 14% to yearend 1977 totaled 510,000 tong compared | 

4.7 million ounces. Production in Montana : ‘ang arand 197k , 3 34 milli , hat i with 475,000 tons at yearend 1976. | 
rose 3% to 3.4 million ounces, that in Day Mines Inc. (DMD, Wallace, Idaho, - 
hile out wt i Wah om 103.3 ‘nillion, reported ‘that silver production.in 1977 to- 
wae ou t che . ovate ordi tio, 10n taled 3.09 million ounces, compared with — 

. th ne th oe Stator acno ted f » 9A0% of 1.95 million ounces in 197 6.8 Production 
nese tnree states accoun tor 22 OF from the Sherniari mine in Colorado totaled 

total production in 1977. Other States with | | . 5 # | 
. . " . 85,066 tons with an average of 31.45 ounces 

significant production, which reported in- 5, at vas | 
avr per ton. DMI also shared in the production 

creased output, were Michigan and New f the Coe ine and the'Galé es | 
| Mexico; Nevada recorded a decline. .* Heh . voeur mine and the welepa mine in 

The 25 largest silver producers contribut- “"-). > i 
ed 84% of the total output, 6 of these fist, Dee Resources Co. (ERY) eo ated its 
2nd, 5th, 6th, 8th, and 12th) mined silver amar silver mine, DeLamar, Idaho, at 
ores with the other mainly mining base €@™Capacity’for much of 1977 and began 
metal ores. Ten of the mines produced over POUTIRg bullion in April.” The geology of the 
1 million ounces of silver each, which in the ePosit and the mining operation were 
aggregate equaled 61% of total production. described. a 
Domestic mines supplied 25% of US. con- bes Banke Ae TORE: one ai 
sumption in 1977. oS subsidiary of Gu sources. emic oe 
The Sunshine mine of Sunshine Mining Corp., reported silver production of 7.48 

Co., in Idaho’s Coeur d’Alene silver district, million ounces, compared’ with 7.79 million 

regained its place as the leading silver mine ott ve m 6.° are decline in ontpue ee 
in the United States. Production in 1977 attribu a strike of several mont 
was well above the 1.1 million ounces pro- duration in the middle of the year. Com- 
duced in 1976 when the mine was closed for pany-owned mines contributed about 1.9 
most of the year by a strike. Ore grade million ounces of silver to the total output. 
averaged about 24 ounces per ton. Working Production of silver at Homestake Mining 
control of the Sunshine Mining Co. was Co.’s Bulldog mine in ‘Colorado totaled 2.0 
obtained by Great Western Corp., Dallas, million ounces in 1977.° The average grade 
Tex. | : for the 113,672 tons of ore milled in 1977 
ASARCO Incorporated reported pro- was 19.0 ounces per ton. Ore reserves of all 

duction of silver at 3.7 million ounces from types were 480,000 .tons averaging 16.9 — 
the Galena mine and 2.38 million ounces ounces of silver per ton. ©



50 -— ee em : ——— — 

oo - - TOTAL a a , | | : | — | PRODUCTION 4 | | | - Oo - — 40 | , — | | 

O 30 | a oo | - | | > a | . oO | 
: . ee - | 

| 

oS oO =a meh % - 

= fF | | ee Ne | 10-- | So a - 

8300 - re _ 

= 100 — @2]©»>;=—hmemeM : 

| 1960 1965 1970 © 1975 | 7 1980 
: Figure 1.—Silver production in the United States and Idaho and price per ounce. 

CONSUMPTION AND USES | 

: Industrial consumption of silver fell 10% reversed the upward trend of recent years to 153.6 million ounces in 1977. An addi- and fell 28% to 8.9 million ounces. Use in | tional 91,000 ounces was used for coinage electroplated ware declined 28% to 6.8 mil- purposes. Use in photographic materials, lion ounces and use in coins, medallions, : which accounted for 35% of consumption in and commemorative objects was almost 1977, fell 3% to 53.7 million ounces. Use in halved in falling to 4.3 million ounces. A contacts and conductors, the second largest decline in consumption was recorded for use category, also fell 3% to 31.3 million jewelry, down 27% to 8.1 million ounces. | ounces, whereas the third largest use, ster- Use in brazing alloys and solders rose 10% ling ware, declined 16% to 16.7 million to 12.4 million ounces while use in dental ounces. In the aggregate, these three uses and medical supplies rose 15% to 2.2 million _ accounted for 66% of total industrial con- ounces. Use in batteries rose 66% to 5.8 | sumption in 1977. Use of silver in catalysts million ounces. 

; ! ,
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Figure 2.—Silver consumption in the United States, 1977. 

STOCKS | | 

Total accountable stocks at yearend were and CBT registered vaults. COMEX ware- 

350.6 million ounces. These consisted of 35.6 house stocks increased 13.6 million ounces 

million ounces in industry stocks, 39.4 mil- to 68.4 million ounces while CBT stocks 

lion ounces in Treasury stocks, 6.7 million were virtually unchanged at 61.0 million 

ounces in Department of Defense stocks, ounces. Compared with total stocks at year- 

139.5 million ounces in the strategic stock- end 1976, an increase of 17.4 million ounces 

pile, and 129.4 million ounces in COMEX was registered in 1977. 

PRICES 

The price of silver fluctuated somewhat finished the year at 478.0. The gain in the 

during 1977, rising in the first quarter then average daily price in 1977 was 41.0 cents. 

falling steadily for the next few months. The average monthly price was 440.9 cents 

The price began to rise thereafter and per troy ounce in January, rose to 484.2 in 

remained on an upward trend for the re- March, and then declined to 444.4 cents in 

mainder of the year. The average daily August. An increase was then recorded in 

price in cents per ounce of silver, as quoted the final months to 482.8 in November and 

by Handy & Harman, New York, began the 470.6 in December. The average monthly 

year at 487.0, reached a high of 496.0 on price for the year was 462.3 cents per troy 

March 21, a low of 482.3 on June 18, and ounce compared with 435.4 cents in 1976.
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Prices on the London Metal Exchange Trading volume on the COMEX was 17.7 | 
ranged from a low of 427.5 cents per ounce _ billion ounces during 1977, a decrease of 0.8 
to a high of 497.7 cents per ounce (U.S. _ billion ounces from 1976. The CBT trading 

: equivalent). The average for 1977 was 463.3. volume was 11.4 billion ounces, a gain of 1.3 
cents. : , billion ounces over that in 1976. 

: a FOREIGN TRADE 

Exports of silver rose 53% to 224 million tion; ore and concentrates, 9%; waste and 
ounces. Refined bullion, which accounted sweepings, 2%; and doré and precipitates 
for 40% of total exports, totaled 9.0 million the remainder. Imports of bullion rose 3% 
ounces, a level 18% over that of 1976. to 69.4 million ounces and imports of ore 
Exports of waste, scrap, sweepings, doré, and concentrates rose 8% to 7.1 million 
and precipitates totaled 13.3 million ounces ounces. Imports of waste and sweepings, at 
which was equivalent to 59% of total ex- 1.6 million ounces, were one-half that of 
ports. Ore and concentrates, the remainder 1976. Imports of doré and precipitates 
of the exports, totaled 87,000 ounces. Japan, decreased 14% to 1.0 million ounces. 
the principal foreign market in 1977 for The principal source for imported silver 
exported material, received 35% of the in 1977 was Canada, which supplied 36.9 

. total; the Federal Republic of Germany, million ounces equivalent to 47% of total 
26%; the United Kingdom, 18%; Belgium- imports. Mexico supplied 20.1 million 
Luxembourg, 10%; and Canada and Switz- ounces or 25% of imports, and Peru, 15.4 
erland, 2% each. The remainder went to million ounces or 19%. Honduras, Japan, | 
about 12 countries. Bullion was shipped and Yugoslavia, in the aggregate, supplied _ 

Oe mainly to Japan and the United Kingdom, 4.9 million ounces or 6% of total imports. 
| with significantly smaller amountstoCana- The remainder was supplied by a number of 

da, the Federal Republic of Germany, and countries, including Bulgaria, Chile, 
Mexico. Waste, scrap, and sweepings were France, the Federal Republic of Germany, 
sent to the United Kingdom, Belgium- India, and Nicaragua. 
Luxembourg, Japan, and the Federal Most of the bullion imported in 1977 came 
Republic of Germany, among others. from Canada, Mexico, Peru, and Yugosla- 

Imports for consumption of silver totaled via. Ore and concentrates came mainly | 
79.1 million ounces and general imports from Canada, Honduras, Mexico, and Peru. | 
totaled 90.2 million ounces. Refined bullion Canada and Mexico accounted for most of 
accounted for 88% of imports for consump- the imports of waste and sweepings. | 
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Figure 3.—Net exports or imports of silver, 1960-77.
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| ~~ WORLD REVIEW | . | / 

- World mine production of silver in 1977, about 5.8 million ounces per year. _ 

including centrally planned economy coun- § Canada.—Mine production of silver 

tries, increased 4% to 325.5 million ounces. increased 4% to 42.8 million ounces. The 

The United States, Canada, Mexico, and Canadian silver mining industry was 

Peru accounted for 49% of world output. reviewed.!? The review presented a detailed a 

World consumption of silver in 1977 for study of silver production, consumption, 

industrial and coinage uses, exclusive of and reserves, and examined the outlook for 

| centrally planned economy countries, total- silver in Canadian and world markets. A 

ed 411.0 million ounces compared with 429.2. report on the Chappelle gold-silver deposit, 

- million ounces in 1976.11 A 3% decrease in British Columbia, was published which de- 

industrial use, which accounted for 95% of tailed exploration methods and exploitation 7 

total use in 1977, was accompanied by a plans for a small, high-grade deposit located a 

27% decrease in use of silver in coinage. in a remote area.’* The role of the pros- 

Total ‘consumption by market economy pector was still important in the mining 

countries exceeded the newly mined supply industry as demonstrated by the discovery | 

by 163.0 million ounces, according to Handy and exploitation of Brandywine gold-silver | 

& Harman estimates. Secondary production property of Northair Mines Ltd., British 

supplied 49% of the difference, outflow Columbia.‘ Discovered by a weekend pros- 

from Indian stocks, 27%; demonetized coin, pector and exploited by a small company, 

14%; and US. and foreign government the mine now produces 4,500 ounces of gold | 

stocks, the remainder. The Federal Repub- and 20,000 to 25,000 ounces of silver per 

lic of Germany was reported to have sup- month in addition to substantial quantities 

plied an unusually high 28 million ounces of of lead and zinc. | | 

| silver in 1977 reclaimed from official coins Production of silver at the Kidd Creek 

that had been retrieved by that Govern- mine of Texasgulf Canada Ltd. totaled 8.9 

ment. million ounces, about 14% below that of 

Australia.—Production of silver rose to 1976.15 At yearend, the mine contained a : 

27.4 million ounces. An agreement was 185-million-ounce silver reserve above the 

~ veached between Gold Fields of South Afri- 2,600-foot level. Ore reserves below the 

ca Ltd. and Phelps Dodge Corp. to develop 2,600-foot level totaled 31.0 million ounces. 

the Black Mountain lead-zinc-copper-silver _ Exploration below the 2,800-foot level con- 

deposits at Aggeneys, Namagualand. The _ tinued to find ore so that the ultimate depth 

| deposit contained about 42 million tons of of the deposit had not been delineated at 

| proven reserves containing about 120 mil- yearend. Texasgulf Inc. continued diamond 

lion ounces of silver in addition to other drilling its large base metal sulfide deposits 

metals. An additional 220 million tons have . at Izok Lake and Hood River, Northwest 

been indicated by diamond drilling. Pro- Territories. | 

duction is expected to commence in 1980 Mine production of silver by United Keno 

with an annual output of about 4 million Hill Mines, Ltd., rose 17% to 2.8 million 

ounces of silver. Western Selcast (Pty.) Ltd. ounces.'* Ore reserves declined from 182,000 

and MIM Holdings Ltd. continued to ex- tons averaging 43 ounces of silver per ton to 

plore the massive sulfide zone at their 126,000 tons averaging 40 ounces per ton. 

: Teutonic Bore property in Western Aus- Silver production at the Sturgeon Lake , 

tralia. Diamond drilling of the deposit has mine, a joint venture between Sturgeon 
outlined at least 2.5 million tons of ore Lake Mines, Ltd. and Falconbridge Copper 
containing significant quantities of silver, Ltd. was 2.2 million ounces, a twofold 
‘copper, and zinc. Silver reserves at the increase over that of 1976.'7 Reserves at 
Cobar, New South Wales, lead-zinc-silver yearend 1977 totaled 903,600 tons averaging 

deposit of EZ Industries, Ltd., totaled 30 5.31 ounces of silver per ton. 
million tons, averaging 5.3 ounces of silver Noranda Mines Ltd. reported that silver 
per ton. production from the No. 12 and No. 6 mines 

Bolivia.—Production of silver totaled 5.9 of Brunswick Mining & Smelting Corp., Ltd. 
million ounces. The Government of Bolivia totaled 3.5 million ounces in 1977 compared 
began accepting bids for the construction of with 3.0 million ounces in 1976.** Reserves 
a new lead and silver smelter to be located at both mines at yearend totaled about 100 
near Potosi in southern Bolivia. Silver million tons containing 300 million ounces 
capacity of the smelter was expected to be of silver. Noranda Mines Ltd. has a 64.1%



SILVER | : 835 

interest in Brunswick Mining & Smelting contacts and conductors, and jewelry, while 
Corp. Ltd. Mining operations at the No. 12 decreases were reported for fabricated prod- 
and No. 6 mines. were described.'* Noran- ucts, brazing alloys, and electroplated ware. 

: da’s Geco Div. reported production of 1.6 Mexico.—Mine production of silver in 
million ounces of silver in 1977 from an ore 1977 totaled 47.0 million ounces. The in- 
reserve which contained 39.2 million ounces creased output was attributed to the exten- 
at the end of the year. Production of silver sive expansion of silver mines and plants of 
by Mattagami Lake Mines Ltd. and Mattabi recent years. Production is expected to in- 
Mines Ltd. totaled 2.7 million ounces in crease to about 58 million ounces by year- 
1977. Ore reserves of the two mines totaled end 1978. 7 
21.8 million ounces at the end of 1977. Lacana Mining Corp. reported silver pro- 
Noranda Mines Ltd. has operating interests quction at the Las Torres complex in 1977 
malt Ming z Co tenni totaled 4.9 million ounces from an ore 

Wy Ninn Tp. was Planning an reserve that at yearend 1977 contained 34.5 
open pit mine to exploit the Sam Goosley jnijlion ounces of silver.22 When operating 
silver-gold-copper property located at Hous- + fut) capacity, annual production at Las 
ton, British Columbia. The property was Torres should total 8.0 million ounces of 7 estimated to contain 43.5 million tons of ore silver. Mining operations at Las Torres 
containing 2.78 ounces of silver per ton. were described. Silver production at the Production was planned at 6 million ounces Encantada mine in 1977 totaled 1.8 million 

of sver pe a "Republic Rosario Domini ounces. At yearend, silver reserves totaled 
ye . _ 82.7 million ounces. Annual production at | 

cana, S.A., a subsidiary of Rosario Re- the La Encantada mine is expected to be 3.2 : 
sources Corp., operated its Pueblo Viejo million ounces when operated at full capaci- | gold-silver mine near capacity in 1977.2 7p Opera P 
Production of precious metals included “™ E sion of th Huautla silver-lead 
1,857,290 ounces of silver and 348,473. XPansion lo by R io Mexia “SA d 
ounces of gold. Reserves of oxide ore totaled N¢ 19 Morelos by Rosario Mexico, S. “ae 22.4 million tons containing 14.4 million ©:V- continued in 1977. The new crushing 
ounces of silver and 2.6 million ounces of Plant was completed, increasing the pro- 
gold. A sulfide ore reserve contained 19.5 duction rate to 300 tons per day. Silver 
million ounces of silver and 2.6 million Production in 1977 totaled 600,977 ounces. 
ounces of gold, but a satisfactory metal- At yearend, silver reserves stood at 6.6 
lurgical process to treat the sulfide ore moore Rosario Mining of Nicara 
had not been developed. — - 
Honduras.—Production of silver in 1977 gua, Inc., a subsidiary of Rosario Resources 

at the El Mochito mine of Rosario Resources For» continued to oxpore the ar lo around 
Corp. totaled 2.8 million ounces. Ore re- e fvosita mine and a large low-grade — 
sores increased during the year to 6.4 deposit of silver and gold in the Coco River 
million tons containing 31.8 million ounces area.7* The Rosita mine produced 119,394 
of silver in addition to gold, lead, zinc, and ounces O over from an ore reserve con- 
copper. ing 1.4 milion ounces. 

Japan.—Production, including primary | Spain.—Silver production in Spain total- 
: and secondary, and consumption of silver in ed 3.5 million ounces. Andaluza de Piritas 

1977 totaled 34.7 million ounces and 57.5 S.A. continued developing the base metal 
million ounces, respectively.* The supply deposit at Aznalcéllar in southwestern 
deficiency was made up by imports of bul- Spain.2° When completed in 1979, the open 
lion and stock withdrawals. Increased con- pit mine will produce 2.6 million ounces of 
sumption was reported for photography, _ silver in concentrates. 

TECHNOLOGY 

The precious metal content of some base and the platinum-group metals was de- 
metal ores, tailings, and concentrates are gcribed which was simple, accurate, repro- 
emes so low that the cost of their ducible, and inexpensive. The method etection has sometimes precluded recovery . . notwithstanding their value. An analytical W® particularly suitable for the average- 

method using conventional assaying tech- ize mineral engineering research laborato- 
niques in the determination of gold, silver, _ ries. .
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Table 2.—Mine production of recoverable : 
silver in the United States, by month 

(Thousand troy ounces) 
eee 

Month 1976 1977 
ae ne ert eer ee 

January ______________ 2,909 2,872 
February ________._~______~____ ee 2,948 2,866 
March _____________~ 3,073 3,344 

April ~------ + 2,831 3,178 
“May _--~ ~~ ~~~ 2,574 3,331 
June _________- 2,913 3,506 
July _-__-______-_-__ ee 2,622 2,693 
August ________~_____ 3,039 3,109 
September _____________~_______ ie 2,962 3,143 
October ___ _--_______--~~- 2,828 3,362 , 
November _______________ 2,855 3,292 
December ____________~_~__ 2,775 3,470 

Total ____-___--_______-- ee ___-___ 184,828. 38,166 ~ 

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

Table 3.—Twenty-five leading silver-producing mines in the United States in 1977, 
in order of output 

eee 
Rank Mine County and State Operator Source of silver eee eee OO ee eee 

| 1 Sunshine ___.._. | Shoshone, Idaho ____ Sunshine Mining Co ________ Silver ore. 
2 Galena ___-_._  ____do_________ ASARCO Incorporated ___ ___ _ Do. . 
3 Berkeley Pit ____ Silver Bow, Mont __ _ The Anaconda Company _ _ _ _ __ Copper ore. 
A Lucky Friday... Shoshone, Idaho _ ___ Hecla Mining Co... __§_-§_____ Lead ore. 
5 Coeur ___--_.._  ____do__e____ ASARCO Incorporated _ __ _ _ __ Silver ore. 
6 Bulldog Mountain Mineral,Colo _____ Homestake Mining Co _______ Do. 
7 Utah Copper ---— Salt Lake, Utah ____ Kennecott Copper Corp ______ Copper ore. 
8 Sherman Tunnel _  Lake,Colo _______ Day Mines, Inc___§_§___._____ Silver ore. 
9 Twin Buttes ____ Pima, Ariz _______ Anamax Mining Co_________ Copper ore. 

10 Buick ________ Iron, Mo_-__ Amax Lead Co. of Missouri ____ Lead ore. 
' It Sierrita _...._._._ Pima, Ariz _______ Duval Corp _____§_§________ Copper ore. 

12 DeLamar ___.___ Owyhee, Idaho _____ Earth Resources Co____$_____ Silver-gold ore. 
13 Bunker Hill _.._ Shoshone, Idaho ____ The Bunker Hill Co. ________ Lead-zinc ore. 
14 Star Unit ______ ~_—-do_________ Hecla Mining Co____§_______ Lead, lead-zinc 

ores. 
15 Magma _______ Pinal, Ariz _______ Magma Copper Co__________- Copper ore. 
16 Pima________. Pima, Ariz _______ Cyprus Pima Mining Co ______ Do. 
17 Trixie _._.._.._..__ . Utah, Utah_______ Kennecott Copper Corp Hee Gold-silver ore. 
18 Morenci____.___ Greenlee, Ariz _____ Phelps Dodge Corp _________ Copper ore. 
19 San Manuel ____ _— Pinal, Ariz _______ Magma Copper Co__________ Do. 
20 Tyrone __..__. Grant, N. Mex _____ Phelps Dodge Corp --- LL Do. 
21 Ontario ____._._. Summit, Utah _____ Park City Ventures __________ Lead-zinc ore. 
22 Magmont ______ Iron, Mo_________ Cominco American, Inc ______ Lead ore. 
23 White Pine ___.__  Ontonagon,Mich ___ White Fine Copper Div., Copper Copper ore. 

ge Co. 
24 Sunnyside ____ _ San Juan, Colo _____ Standard Metals Corp _______ Lead-zinc ore. 
25 Leadville Unit ___ Lake, Colo _______ ASARCO Incorporated __ __ ___ Do. 

eee



Table 4.—Silver produced in the United States, in 1977, by State, type of mine,andclass 
eS | | of ore, yielding silver, in terms of recoverable metal . me 

. — 5 (troy _ . Goldore Gold-silver ore -..- Silverore 
- State OUNCES rn a 

a | aver) _ Short oun, _ Short “ounces _ Short — ounce ee 
SO Be 8 very tons of silver _ tons. of silver tons . ofsilver 

- Alaska ------------- 670 WW 
Arizona... 7 on “7 — 2 —— 18,336 117,467 
California __._________-_ 202 OW WwW ~~ =4,000 26098 = 2 
Colorado ___._________ ee DS -- _— On ae 276,862 - 3,681,587 | 
Idaho __ ~~. _- WwW WwW WwW Ww 571,879 10,243,084 | 

_ Michigan _______._____ -- -— -- _- —- ee . _- 
Missouri ~....._~______ _— —_ —- an _— oe _. 

oo Montana ____-...--- -_ -- 3,658 1,518 _ ~~ 3,059 20,098. 61,178 | 264,052 . 
Nevada ____________-_ © 75 1,848,362 (201,292 2... Le 22,032. 3,073 
New Mexico __________~ -- OW WwW peel lt‘ BO Cd TA . 

- New York ~~. ____ -—— oe _— —— ~— ee oe 
Oregon ________.--__ _- 2,978 | 6318 © __ oe AQ 808: 
South Dakota ________-~_ -- _ 1,578,418 | 68,717. __ __ -- —_ 
Tennessee __._________ _ _- ee a _- -_- 
Washington _._________ -- 39,750 113,282 _. _— Ww Ww. 
Other States? _._._______ -- 4,434 16,4138 473,726 1,405,318 23,029 197,412 

Total ~-------~----- 1,947. 8,477,595 407,485 480,785 . 1,451,509 976,045 14,526,957 oe 

: Percent of total silver a AQ 1 Pe | | “4 oe 38 - 

| ae | -. Copper ore -Leadore =. ~—sCdZincore 
oo, Troy .  «¢ ~~ Troy a Troy. a Short —sig Short Short an : ounces . ounces _ ounces 

| a tons of silver tons of silver tons of silver - 

_ Alaska ___- en ae —— Ww: a _f. oe Lo . oo 

Arizona _.. ~~ 2 151,664,491 6,680,543. a te a me 
California _-._____-___ a _- _- —_— So __ 
Colorado ___..._..--__ _- ek 1,229 2,822 159,861 ~ 96,658 
Idaho _—_~___=--_--___ 150,000 58,282 185,872 2,600,383 9,680 2,229 
Michigan ______.______ 3,509,571 § 335,479 —_ — __ _- 
Missouri ____________ __ a 8,925,602 2,362,752 _- a 
Montana ___-.._-_______ 15,475,605 3,081,451 - 2,012 323 —_ —_ 
Nevada ___-_-_________ - 6,145,492 387,248 100 536 800 7,267 
New Mexico ______~____ 24,266,264 157,793 150 503 WwW Ww 
New York ____________ 33 33 _— _— 1,071,226 56,353. 
Oregon _____-_________ -- _- - _- 
South Dakota __________ _- _— ~- -- -- _- 
Tennessee ____________ _- — ~— -- _- ee 
Washington _____.______ _- -- -- -- . -- — 

' Other States! _-________ 32,582,783 1,884,335 _- re 680,030 131,426 

Total __._.__.__.____ 288,794,288 13,185,144 9,114,965 4,967,319 1,921,097 293,938 . 
rere eee rere eee Se eS SSS SSSR 

_ Percent of total silver ___ —- 34 __ 13 -- 1 

See footnotes at end of table.



- _ Table 4.—Silver produced in the United States, in 1977, by State, type of mine, and class 
a : of ore, yielding silver, in terms of recoverable metal-Continued 

. . _ Lode | 

? "  Copper-lead, lead-zinc, os | | 
. -Copper-zinc, and Old tailings, etc. Total® 

| - State copper-lead-zinc ores . - 

Short _ Short Short — . ounces ounces - ounces 
7 : tons of silver tons of silver tons . of silver 

Alaska _-____________ ae __ eer: 1,925 
: Arizona __—.~.~____-~- . 40,710 15,872 39,741 14,263 151,763,278 6,828,145 

California ..._-.___.__- -- -- Ww WwW ' 4,511 57,891 
Colorado ___.-_-_-_____ 783,687 882,358 1 71 1,221,640 4,663,496 
Idaho ____.~_______-_ 764,033 1,567,838 _- an 2,077,700 15,291,964 
Michigan ___.~__~______ _ __ _- __ _- 3,509,571 335,479 
Missouri _.-__________ _. _- — _. 8,925,602 2,362,752 
Montana ________-___- _- _- _- _- 15,545,512 3,867,442 
Nevada ___._-___.___-- 104,679 138,911 -- _- 8,120,965 738,402 
New Mexico ___.__-.-_- -- -- -- _- 24,411,047 918,155 
New York _________--_~- -- -- -- _- 1,071,226 56,353 
Oregon _.____-_-.-_. — -— _- -_- 3,059 - 7,134. 

oo South Dakota _________ _ _- —- -_- _— 1,578,413 68,717 
Tennesse __.._-.____._~— 1,250,130 60,246 -- _- 1,250,130 60,246 
Washington __________ - W WwW -_- _. 198,575 _- 120,582 
Other States’ __________ 493,233 623,738 a 428,112 383,564,702 3,287,220 

_ ‘Total _____________ 8,486,472 3,288,963 =——39,742 42,446 258,240,989 38,165,708 , 
Percent of total silver __— __ 9 _ A. ~- 100 

. LW Withheld to avoid disclosing company proprietary data; included in “Other States.” . 
. Mncludes Illinois, Utah, Virginia, and States indicated by symbol W. 

2Less than 1/2 unit. . se . 
’Data may not add to State totals because of items withheld to avoid disclosing company proprietary data. 

. _ “Includes byproduct silver recovered from tungsten ore in California and fluorspar in Dlinois. 

| Table 5.—Mine production of recoverable silver in the United States, by State | 

a - | (Troy ounces) . — | 

ee ee . 1973 — 1974 1975 | 1976 1977. 

Alaska ________________________ g28 0 AT Wi RGHC(Cs«id TD 
Arizona_ ~~. ~._-__-~_~.-------_--. 7,199,251 6,355,528 6,285,854 7,615,112 6,828,145 
California __. ~~. -.-____--_-_- 55,897 41,894 19,757 57,265 57,891 
Colorado _______~...-._-___-~---- 3,598,209 2,783,978 3,366,000 4,083,171 4,663,496 
Idaho __ _~__ ~~ ee 18,619,824 12,435,701 13,868,133 11,561,421 15,291,964 
Michigan -__.._-._-_.---_.-.-~. | | 850,273 642,944 632,336 310,837 335,479 
Missouri _ ~~ _.~_____._-~____----- 2,057,732 2,387,250 2,525,042 2,277,013 2,362,752. 
Montana ___ ~~ 4,349,869 3,512,161 2,616,626 3,278,629 3,367,442 
Nevada_____.___._._-_~_----_- 623,660 872,243 1,608,735 783,892 738,402 
New Mexico ____._-..__-____-----_ 1,111,269 1,194,800 792,050 891,932 918,155 . 
New York ____.__~___~__ 54,345 _ 64,463 56,047 49,199 56,353 
Oregon _._~.~-_-_._~_~-_-_~-_-~__ 1,282 8,925 WwW -— 7,134 
South Dakota _.__-_.._._.-_-__-___- 71,939 62,474 67,669_ 58,117 68,717 
Tennessee ____ 73,104 20,053 53,752 77,890 60,246 
Utah ________-~_________ 3,619,038 3,207,923 2,821,730 3,134,021 3,283,323 
Washington ____.____-_._____-____ WwW Ww WwW WwW 120,582 
Other States. ~~ _ oe 197,050 170,990 163,851 146,466 3,897 

Total _.._-_-__~__ 37,483,570 33,761,874 34,937,582 34,328,230 38,165,703 

W Withheld to avoid disclosing company proprietary data; included in “Other States.”



840 MINERALS YEARBOOK, 1977 | . 

| Table 6.—Silver produced in the United States from ore, old tailings, etc., in 1977, 
by State and method of recovery, in terms of recoverable metal 

errr A gt i 7 is SS SSS SD 

Total Ore and old tailings to mills : : | 

ore, 0. . rude ore, 
tailings, Recoverable Concentrates old tailings, 

etc. Thou- in bullion recover. able m etal etc., 

State treated" a sand vera? to smelters? 

ou- ‘short “~Amalga-  Cyani-_ a ga- Cyani- Concen- Thou- 
sand tons’ ? mation dation trates Troy sand Troy 
tons) (troy (troy (short ounces — short ounces 

ounces) ounces) tons) tons 

Alaska _______ (3) __ __ ee _ 5 
Arizona _——--~- *182,993 *182,686 _ _- 77,000 8,377,614 6,695,008 307 56,137 
California —-_ ~~~ 5 5 295 16 2,144 52,297 () 5,081 
Colorado _____-- 51,222 51,217 16,418 140,628 127,268 4,364,623 5 141,827 
Idaho ______-_- 2,078 2,075 _—— 820,106 139,928 14,454,355 3 17,503 
Michigan _____-_ 3,510 3,510 _- _- 146,872 335,479 _— _- 
Missouri _____-~ 8,926 8,926 _- -- 879,060 2,362,752 __ _- 
Montana _____~_ 15,562 15,485 7 __ $25,271 3,090,673 17 ~~ ~—«-276,762 

| Nevada ___-__- 418,451 *18,390 -- 201,742 293,065 531,116 - 61 5,469 
" New Mexico ___-— 24,440 24,360 _- -- 768,734 887,658 80 30,497 

~ NewYork ____-_ 1,195 1,195 _- -- 134,335 56,353 _- _- 
Oregon ___-~_- 3 -- _- _- __ _- 3 "9,184 
South Dakota —_ — 1,578 1,578 _- 68,717 __ _- -- _- 
Tennessee ____~_ 4,995 4,995 _- _- 205,462 60,246 _- _- 
Utah _______~_ 33,054 32,910 _- _- 739,252 2,501,293 144 782,030 
Washington -__-— _ 194 194 -- _- 12,242 118,982 (3) 1,600 
Other States® ___ 542 542 -- _- 34,941 3,897 -- — 

Total _____- 298,748 298,068 16,720 1,308,209 12,186,188 35,514,732 680 1,324,095 
a 

~ 1Includes some nonsilver-bearing ore not separable. . 
2Excludes tonnages of fluorspar and tungsten ores from which silver was recovered as a byproduct. 
SLess than 1/2 unit. | . 

: “Includes ore from which silver was recovered by heap leaching. 
‘Includes ore from which silver was recovered by vat leaching. 
®Includes Illinois and Virginia. | 

Table 7.—Silver produced at amalgamation and cyanidation mills in the United States 
- and percentage of silver recoverable from all sources 

a 
. Bullion and precipi- Sil ble from all tates recoverable ver recoverable from all sources 

Year (troy ounces) (percent) 

Amalga- Cyani- Amalga- Cyani- . 
mation dation mation dation Smelting’ —_Placers 

1973 ________--__-_--~--_--- 3,536 260,846 0.01 0.70 99.29 () 
1974 _______-_-- ee 2,467 335,909 01 99 99.00 (?) 

| 1975 ~-__-__________ Le 2,298 420,077 01 1.20 98.79 (7) 
1976 _.______-_-_-__--_-_---_-- 1,862 407,375 (*) 1.19 98.80 0.01 
1977 _.________---~- ee 16,720 1,308,209 04 3.43 96.52 01 

1Crude ores and concentrates. | 
2Less than 0.005 percent.



SILVER 841 

| Table 8.—Silver produced at refineries in . . 
the United States, by source Table 9.—U.S. consumption of silver, 

Th it ) by end use. 
(Thousand troy ounces (Tho d troy ounces) 

976 7 ——— 
——__Souree 19761 Final use? 1976 1977 | 
Co trates and ores: 

. "Domestic 8 eee 34,359 - 86,729  Electroplated ware __________ 9,534 6,844 
Foreign ______________ 19,994 8,315 Sterlingware ___________~_ 19,815 16,690 

| 54,858 45,044. «Photographic materiale ---_~~_ «55580 53°679 Total_____________ 54,353 45,044 otographic materials ______~ , , 
° ooo Dentel and medical supplies __ —_ 1,942 2,282 

Old scrap: Mirrors ________~__~--_—-_ 4,622 2,131 

Coins _-_____________ 15,945 —-10,178 Brazing alloys andsolders =---- 1419812862 
rical and electronic products: - 

Other ----------~---~___34,280 37,686 Batteries — = ——-—-—_----- 3490 ot 
mtacts and conductors __ _ , , 

Total -------------____ 50,225 47,859 Besrings ------------- | BB 5B 
‘ ts LL Total net production ___ 104,578 92,908 Gan YER 7 To - , , 

New scrap --~~~-~------- __ 58,084 51,747 memorative objects ----~--- 8,240 4,252 

Grand total_.__-_.-_ 157,662 144,650 Miscellaneous" -----_---_-_ 324859 
Total net industrial 

consumption __.____.--_ 170,559 153,613 
Coinage .__.___~___..----_ 1,815 91 

Total consumption ________ 171,874 158,704 

1End use as reported by converters of refined silver. 
2Includes silver-bearing copper, silver-bearing lead an- 

odes, ceramics, paints, etc. 

Table 10.—Value of silver exported from 
- | and imported into the United States 

(Thousand dollars) 

Year Exports Imports? 

1975... - 147,567 330,556 
1976__ ~§ ee L 61,435 328,784 
1977____ ~~ 84,645 355,953 

1Revised to reflect imports for consumption rather than 
general imports. Values for general imports for the years 
covered by this table are as follows (in thousands): 1975— 
$394,536; 1976—$378,061; 1977—$406,639. 

Table 11.—U.S. exports of silver in 1977, by country 
(Thousand troy ounces and thousand dollars) 

Ore and Waste and Refined 
Country concentrates sweepings bullion 

Quantity Value Quantity Value Quantity Value 

Argentina ------- ee -- _- —_ -- 63 304 
Belgium-Luxembourg ~~~ __.~-_ 27 100 2,123 9,516 -— —_- 
Canada __________--__-_-___- 24 83 204 935 278 1,327 
Colombia _______~____--.--_-- -- _- _- _- 161 792 
France __.._______-.-_--___ 19 84 26 126 _- _- 
Germany, Federal Republic of ______~ 8 36 5,153 11,121 626 900 
India’ ~~~ - - Le _- -- 10 27 __ _- 
Japan __..____________-.--_.- -- _- 1,550 6,788 6,335 28,992 
Korea, Republic of _....___.-__-- _- -_- -- -- 18 89 
Mexico ____.~___~_~~_ ~~ _e — __ 5 13 411 1,727 
Netherlands ___.._____.._._--- — —_ 108 476 1 2 
Spain ___________--__..--_ __ 5 9 285 1,198 2 10 
Sweden __.__-_--_.-_.--_---- — -- 256 1,042 42 187 
Switzerland ___________~______ (4) 1 496 2,282 14 12 
United Kingdom ______________- 4 11 3,089 11,613 1,032 4,711 
Venezuela _________-___._-___ -- -- -- -- 5 24 
Other ______~__-_--_~----___- — _- 8 19 6 28 

Total __-______________ --_- 87 324 13,318 45,156 8,994 39,165 

1Less than 1/2 unit.
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. Table 12.—U.S. imports for consumption! of silver in 1977, by country 
. (Thousand troy ounces and thousand dollars) . 

ner rr 

Ore and Waste and Doré and Refined 
Country concentrates Sweepings = precipitates bullion ° 

Quantity Value Quantity Value . Quantity Value Quantity Value ————_oce eee eee 

Argentina ____________ ae -_- __ _- -_ -- 19 25 
Australia __-___________ _- - oe 1 2 _- -- 2 14 
Bolivia _.-_-_-_________ 65 96 _- -- -- _- . _- —- 
Bulgaria ~-___________ —_ __ —_ _- a -- 2% 1,198 
Brazil _.§__§__-_________ 77 299 . 21 80 _- _- -- _- 
Canada ______________ 758 3,226 747 2,936 164 936 35,240 159,350 
Chile ~.~-~___-_________ 53 275 _- -- 129 593 338 1,543 
Colombia _____________ 50 * 238 _- _- _- -— -- -- 
Costa Rica ~_-_-__~_=___ __ — 8 33 (7) 1 13 62 
France ______________ —_ __ 170 308 -— -- _- -- 
Germany, Federal Republic of 146 _ 670 27 106 a _- _- __ 
Greece ______________ —_ —_ 26 36 -__ a _- _— 
Honduras ____________ 1,832 7,505 _- _- _- _- 73 217 
Hong Kong ____________ — — 10 46 _- -- -- _- 
India ~______________ a __ 80 — 144 _- _- 77 336 
Italy _._---__-___2_____ (?) (7) 4 4. LL _— 2 10 
Japan _._____________ Se —_ 6 29 __ _- 807 3,577 
Mexico ______________ 941. 4,205 461 1,336 -- _- 18,724 87,268 
Netherlands ___________ _- = 3 13 — _- -- -- 
Nicaragua __.___~______ 52 243 _- _- 3 14 86 372 
Panama _____________ 3 14 _- ~- __ _- _- -— 
Peru ___~___-~__~___ 3,047 13,479 -- _- 482 2,231 11,898 52,364 
Philippines ._._________ . 46 208 11 45 -- -- -- — 
Trinidad and Tobago ______ _- _- 1 2 _- _- -- _- 
United Kingdom ________ __ __ 1 4 (?) (?) __ _- 
Yugoslavia ____________ _- _- _- _- 258 1,191 | 1,898 9,006 | Other _______________ 1 2 13 50 _- _- () 1 SE 

Total _____________ 7,071 30,460 1,590 5,184 1,036 4,966 69,450 315,343 
eee eS 

1General imports were as follows, in thousand troy ounces and thousand dollars: Ores and concentrates, 18,097 
($81,176) and waste and sweepings, 1,586 ($5,154). Imports for consumption and general imports were the same for doré 
and precipitates and for refined bullion. . 

*Less than 1/2 unit.
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- | Table 13.—Silver: World production’ by country 

(Thousand troy ounces) . 

_ Country” . 1975 1976 1977” 

North and Central America: 
Canada ______ ~~~ ~~ eee ee 39,695 — 41,199 42,758 
Costa Rica® ~~ _-__ eee eee 3 2 1 

- Dominican Republic __._._____.--_--~-_..---~---------------- 109 907 1,357 
El Salvador _________~__._~---~--_-_ ~~~ ee eee 176 166 112 
Haiti® _-§ _____-_-_ $e eee (°) (°) -- 
Honduras _____~---.__.-----~-~~ ~~~ ~~ 3,802 2,964 3,210 
Mexico ________-____~~--~-------~----~-------+------------ 38,029 42,640 47,029 
Nicaragua _________~_----_----~-~---~~-~~-~~------~-------+- 324 204 153 
United States ______-_____--_-----__---~_--~--~~--------.. 34,938 34,328 38,166 

South America: : 
Argentina ________._--_-----~----~--~~-~----+-~-~-+-+--+---+-+-+- 2,283 1,750 *1,800 
Bolivia ___..___-_---------~-~------+----~-+--~~-+-~------~-- 45,470 5,091 5,887 
Brazil _.__.____-_- ~~~ eee ee 2385 °° 5240 ©240 

7 Chile ___________-______- LeeLee -------------- 6,268 ~=—— 7,287 ~—°7,650 
7 . Colombia® _____________~_2 Lee 88 106. 100 

. Ecuador __.______~_~__-~_---~---~_-- ~~ ee 37 52 43 
- Peru ____ ee ee eee 37,527 35,579 30,100 

oe Europe: . . 
Bulgaria® _~_______-__.-_---~_~------ 2 ee 800 7900 800 
Czechoslovakia®_____....___.--~---_.--u--------+-------+- T1,190 *1,190 1,190 
Finland ______~___.___-----~---__~ ieee 744 773 813 
France ___._____~---~-~----~~~------~-~+~---~-~--+-+-~+--+-+---+-+- 1,502 2,806  °8,100 | 
German Democratic Republic® ___.. — .§___._-__ 2. _.__--_----_------ T1,800 1,600 1,600 

. Germany, Federal Republic of _.._.___._._.____..---~------------ 1,079 1026 . °970 
Greece®____ ee 480 477 874 
Greenland® ______________ i ---  eee ee 380 375 517 
Hungary _________.-___---_-~-~---~_-~--~-~~ ~~ +--+ 39 82 8g 
Ireland® _______________ eee eee 1,384 925 936 
Italy® eee + 1,157 1,556 1,207 

- Poland®?7_______________ eee —-*18,200 ~——-™16,100 17,700 © 
. Portugal _._____________-__-_~---~~------- +--+ +--+ +++ 25 27 25 

Romania® ________________2___-- eee 1,500 1,300 1,250 
. Spain _____..___-~-_-_ ~~~ eee ee ee 3,447 3,107 3,540 

Sweden _______________ ee eee eee 4,515 4,617 °4,820 
USS.R®&f_ ee eee 43,000 44,000 45,000 
Yugoslavia® ______________-__~----~-----+----+------+------ 5,412 4,631 4,694 

Africa: . 
Algeria® _________-____ eee e+ 120 150 200 
Kenya __-_-_------_-----------~--~---~~~---~-+---------- r €20 reg, 19 
Mauritania _____________~__----~~_~-----+-----+-+------+-+-+- ©26 82 © 826 
Morocco ______________--_-_--~--_~ ~~ ee 73,041 2,054 2,244 

'  Rhodesia,Southern _..______.~-_-_---___~-----~------------- 169 117 | 114 
South Africa, Republic of .._._-~_~_.---._____--_--~------~_------- 3,084 2,821 3,180 
South-West Africa, Territory of€ _____.._-.._.__.---------------- T1,400 1,100 1,300 
Tanzania _________~_~____ ee ee (*) (°) e°) 
Tunisia ___________________ eee 292 252 236 
Zaire ~~ ee ee ee eee 2,291 2,472 2,730 
Zambia!®____ > 3 eee 1,000 1,065 ©1,000 

- Asia: 
Burma _________--__-__-~~----~----~--~~~~-~~~~-+-+-~ +++ +--+ T749 705 791 
China, People’s Republic of€ ___________.._____-----------_---. 7965 "965 965 
India __-__________ eee eee 83 102 425 
Indonesia___§____._-____--_.--~--_.-_-~--~~--- ~~ 1,033 1,086 790 
Japan __________-~_~ ee ee ee eee 8,733 9,299 9,646 
Korea, North, ———~~--~~~~~~--~ 2-772 n torr rrr 1,600 1,600 1,600 
Korea, Republic of ___.....______----_-~--------~-~~-~--~----~ ++ 1,494 1,838 2,040 
Philippines ~______.._.__.~__-~~--~~-~-~------+--------.-. __ 1,620 1,481 1,622 
Taiwan __________~_~_____ ~~ ee 6 100 68 

Oceania: 
. 

Australia _______----___-~---~-------------~--~-~+------~~ . 728,848 25,073 27,424 
Fiji _..._..---_------~-~-+-~- ~~ +--+ eee ee 26 20 15 
New Zealand ______.______~-_----~~~~~~~-~~ ~~ ~~ +e e9 1 3 
Papua New Guinea _ ________-_-___-----~----------~--~-~-------+- 1,384 1,841 ©1906 

Total_____________---~~-~-_-+-- ~~~ = 7808,112 »=— 812,150 = 325,475 

*Estimate. Preliminary. ‘Revised. 
1Recoverable content of ores and concentrates produced unless otherwise noted. 
2In addition to the countries listed Ghana, Thailand, and Turkey produce silver, but information is inadequate to 

make reliable estimates of output levels. 
SRevised to none. 
“Includes production by the State mining company (COMIBOL) plus the exports of medium and small (private sector) 

mines. 
5Estimate includes 20,000 ounces of silver recovered from gold ores plus an estimated 220,000 ounces of silver 

recovered as a byproduct from lead. 
®Smelter and/or refinery production. 
7Series revised. Revised figures for years prior to those shown are as follows, in thousand troy ounces: 1967—640; 

1968—1,300; 1969—2,600; 1970—3,900; 1971—4,500; 1972—7,700; 1973—8,700; and 1974—11,300. 
®Estimate based on declining output of copper ore. 
*Less than 1/2 unit. 
Refined silver and silver contained in blister copper and refinery muds.
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Slag-Iron and Steel 
| | By James R. Evans! 

Combined sales and usage of iron and Average value per ton of all slags was $2.54. 
steel slag in 1977 was 32.4 million tons, Total sales and use of all slags have remain- 
slightly under the 32.6 million tons of 1976. ed nearly constant from 1975 through 1977, 
Total sales value, however, showed a 3% but the total value has increased 13% (table 
increase from that of 1976 to $82 million, 1, figure 1). 
the highest total sales value ever recorded. | 

DOMESTIC PRODUCTION 

Iron slags sold or used in 1977 totaled 25.7 14 States. Ohio, Pennsylvania, and Indiana, 
million tons, a slight decrease from 26.0 in that order, were the leading States, and 
million tons in 1976, and very near the level accounted for 57% of the national total. 
of 1970 (table 1). The total sales value was Steel slags were processed at 38 plants in 14 
$71.3 million, 2% above the level of 1976, States. Because of proprietary reasons, indi- 
and the highest ever recorded. The average vidual State totals for steel slag cannot be 
value per ton of all iron slags was $2.77. given. The geographic distribution of slag 

Steel slags sold or used in 1977 totaled 6.7 plants is shown in figure 2. | 
million tons, slightly above the 1976 level, About 80% of iron and steel slag products 
but significantly below the levels from 1970 in the United States were shipped to mar- 
to 1975. Total sales value in 1977 was $10.9 kets by truck, 18% by rail, and 4% by 

| million, a 12% increase over that of 1976. waterway. 
Iron slags were processed at 70 plants in | 

CONSUMPTION AND USES 

Because there were no known imports or _ existing markets develops. Part of both the 
exports of iron or steel slags in 1977, pro- iron and steel slags are high in metalliciron _ 
duction or processing is assumed to equal content and are unsuitable for sale into the 
consumption in the United States. As nor- construction industry. However, because : 
mal, most of the slags consumed in the they do contain abundant iron they can be 
United States were in the construction in- returned to the blast furnaces of the iron 
dustry. and steel plants as part of the new charge. 

Most salable iron slag banks in the Air-cooled iron blast-furnace slag contin- 
United States have been exhausted, and the ued to be the most important slag product 
availability of iron slag in 1977 was largely in terms of both tons processed and in the 
dependent on newly produced blast-furnace number of different types of uses. Locally, 
iron from iron and steel plants. An exten- iron slag is competitive with sand and 
sive but undetermined tonnage of steel slag gravel and crushed stone, principally for 
banks exist because only a part of the use in aggregates. Air-cooled iron slag 
production of steel slag is sold or used each shows excellent bonding characteristics 
year. These banks will grow larger with when mixed with portland cement to make 
time unless new markets or an increase in concrete. It also shows high stability when 
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Figure l—Quantity and value of iron and steel slags sold or used in the United States.
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Table 2.—Value per ton at the plant for iron and steel slags sold or used in the United 
States, by type 

Iron blast-furnace slag 

ee Aiceooled GEARY Expanded Total, Steel Total 
1970. $1.89 $1.10 $3.35 $1.94 $1.17 $1.77 
1971. 1.98 1.37 3.09 2.00 1.15 1.78 
1972. 2.05 1.85 3.64 2.13 1.08 1.83 
1978_. 2.09 1.83 3.75 2.18 1.11 1.91 
1974. 2.18 2.18 4.11 2.28 1.26 2.05 
1975 2.40 2.44 4.56 2.51 1.28 2.23 
1976.0 - 261 2.18 4.43 2.69 1.48 2.44 
1977__- 2.69 2.41 4.35 2.77 1.63 2.54 
nO 

- used in asphaltic concretes and high skid erties, which makes it desirable for light- 
resistance when used in bituminous road weight concrete products. Consumption for 
surfacing. Consumption of concrete aggre- these uses was up 1% from that of 1976. An 
gate showed a marked increase in both upward trend should continue as long as . 
quantity (82%) and value (31%), as did this type of slag is available because the 
concrete products for use in bridges, blocks, rising cost of energy necessary to expand 
and pipes; 148% and 159%, respectively. other lightweight aggregates, such as shale, 
Asphaltic concrete aggregate and railroad is making the expanded (pelletized) slag 

| ballast were near the 1976 level, but road- more competitive. In 1977, 509,000 tons of 
bases showed a 32% drop in tonnage used. expanded slag was marketed as concrete 
Consumption of granulated iron blast- aggregate and 916,000 tons as concrete 

furnace slag was down 8% below that of products. Use in cement manufacture was 
1976 to 1.5 million tons (table 7). The major down to 50,000 tons in 1977 from 85,000 tons | 

use of granulated slag was in roadbases for in 1976. 
highway construction; 72% of the total. The Steel slags are used mainly in roadbases 
reason for this is that granulated slag has and fills. Uses for steel slag are limited 
natural hydraulic properties imparting to it because steel slags may exhibit uncontrol- 
the ability, on damp compaction, to slowly led expansion, a result of hydration of free 
set into a hard, dense mass and insure little lime and marked variations in chemical | 

| overall settlement for pavements or other composition and physical properties. Aging 
overlays. Uses other than in roadbases were in the open air for at least 3 months has | 

-minor but do show that consumption in proven useful in controlling expansion. 
1977 was down from that of 1976. Uses for roadbases and fills made up 79% of 
About 97% of expanded iron blast- the total uses. Other uses for steel slag were 

furnace slag goes into aggregate or is used in asphaltic concrete aggregate, railroad 
for concrete products such as blocks, brick, ballast, soil conditioning, and fire pro- 
and pipe. This slag is lightweight and shows _ tection. Total use of steel slags was up 1% . 
high fire resistance and low shrinkage prop- from that of 1976.
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| Table 3.—Iron blast-furnace slags sold or used in the United States,by State) 
(Thousand short tons and thousand dollars) Be ns eo, 

| } _—— Aeooled =—OSS*~*~*~*~S*«S td Oo 
| Year andState screened alll types Ss 

_ | a - Quantity . Value Quantity. Value oo 

Qhio_ 22 Lk - §,052 — 13,967 6,792 = 16,526 
. Pennsylvania ___.._____-_-_--------~--------- 5,083 14,905 6,075 17,862 

Illinois, Indiana, Michigan _____________-_--_---___. ~ 6171  ~—-—«:18,979 6,157 ~ 19,321 
Other States? ______.._-_--_--------------+-- 7,006 16,106 7,985. . 18,243 

Total ______-~___ 2 Le 22,312 | 58,957 26,009 69.9520 

. no —— - | : Air-cooled. ss Total - 
oe gereenedand unscreened alltypes . 

| | os oe Quantity. Value — Quantity Value 

Alabama __________ Le ee—tt—‘<“‘“SSsC«id2;CNBD' = 3,814 1,232 3,814 | 
California ~..___________ ~~ ee BAT 991 547 991 
Illinois _.__-. ~~ -§ 1,131 8,128 © 1,131 - 3,128 
Ohio____ ~~ ee eee 5,039: 15,210 —©~ 6,030 17,753 
Pennsylvania _____~-_______~--~-~~--i------- 4,481 14,784 5,314 = 17,825. | 
Colorado, Texas, Utah _-_ _~__ 9 2 5 1,707 3,877 1,707 3,877 . 

- Other States*® ~----------------------+-=------.. 8,616 19,466 9,755 24,374 

‘Total _------ eee ------- 2888 61,270 «25,716 T1262 

_ 1Value based on selling price at plant. Se | Co 
. 2Includes Alabama, California, Colorado, Kentucky, Maryland, New York, Texas, Utah, and West Virginia. : 

_ Includes Indiana, Kentucky, Maryland, Michigan, New York, and West Virginia. = ts ae . . 

Source: National Slag Association (1976). _ OO ye | ee
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| fable 5.—Shipments ofironandsteelslag§ = 
in the United Statesin 1977,by methodof 

Method of transportation hocsend Oh 

eg a Rail 41050 300° oe pe shaw. ae 
/ . . ; Truck ee 26,047 BD 

a - > Waterway ~~ 2-2 eee eee 829 
SO Used at plant site. 2+ -_-~_-__ 98 BS an Be 

a Table 6.—Air-cooled iron blast-furnace slag sold or used in the United States,by use) 
a : Be (Thousand short tons and thousand dollars) ae St - | 

| a — 1976 7 1977 
. Quantity Value Quantity Value 

Concrete aggregate __________=__-________ ee 1,928 5,738 2,558 - 1,585 
Concrete products ~~____.____ Le 298 921 - 138 2,383 
Cement manufacture _~______________-_-__-__-_--- - NA NA 146 351 
Asphaltic concrete aggregate _....2-..__.___----_---~ 4,060 11,388 4,024 12,798 
Roadbases _______-_______~____ ee 10,684 28,142 7,289 19,157 
Fill ~~. ee eLe NA NA 3,097 6,894 
Railroad ballast _..__§_________--------------=---- 3,790 . 7,715 3,400 7,191 
Mineral wool _~_______-___~___-___ ee 758 2,236 . 525 1,457 
Roofing, built-up and shingles ____________-_---__--__~- 221 798 255 816 
Sewage treatment ___________-__-_---------~-=-_--- 12 66 46 88 
Soil conditioning _~_____________-_+----~---------- 61 203 2 5 

_ Glass manufacture _______~_____-=----------~------ NA NA 217 1,399 
Ice control _.________--_-_-~-=-~--------------- NA NA 27 76 
Other uses _____________---~~__-___-~ 1,087 2,611 433 1,119 

Total? _... - --_-____-- +--+ 22,899 59,818 22,758 61,270 

NA Not available. : , - 
1Value based on selling price at plant. 7 

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

_ Source: National Slag Association (1976). 

Table 7.—Granulated and expanded iron blast-furnace slags sold or used in the 
_ United States, by use’ 

° (Thousand short tons and thousand dollars) 

1976 1977 

Use - Granulated Expanded Granulated ' Expanded 

Quantity Value Quantity Value Quantity Value Quantity Value 

Lightweight concrete aggregate. =~ __ __ 9 47 __ _. 509: 2,265 
Concrete products wee eee 125 454 1,398 6,382 119 447 916 4,047 
Cement manufacture __—~_~__-_— 87 334 _- -- 60 211 50 101 
Roadbases ______.-__-_---~- 1,199 2,332 -- -- 1,064 2,264 oo —_ 
Fill _-- ~~~ NA NA -- _- 151 404 _- __ 
Soil conditioning ___.__~--~-~- 59 168 -- _- 45 115 _- __ 
Ice control __.. __-__---~~~+- NA NA _- _- 8 31 _- _- 
Other uses ______--- 148 241 85 181 40 107 __ - 

Total?.____________--__ 1,618 3529 1492 6610 1,488 3,579 1475 6,414 

NA Not available. | . 
1Value based on selling price at plant. 
2Data may not add to totals shown because of independent rounding. 

Source: National Slag Association (1976).
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Table 8.—Steel slag sold or used in the United States, by use! 2 
(Thousand short tons and thousand dollars) 

Oo 1976 1977 
Use ——— 

Quantity Value Quantity Value 

a Asphaltic concrete aggregate _________________________ 358 510 396 716 
Roadbases ___________----___--+--_---.---___- 4,089 6,121 2,929 5,207 
Fill ~-____________ eee 1,412 2,081 2,330 3,072 
Railroad ballast _.______._______.2 ~_____ 465 640 354 569 
Soil conditioning ~.______.______ 2 _- _- 44 114 
Fire protection ~___.___.___-_--L------------~-_-_ _- -- 35 76 
Other uses -________~_-________--~-~~ ~~~ 269 376 580 1,036 

Total __-__________ eee 6,588 9,728 6,668 10,850 | 

1Excludes tonnage returned to furnace for charge material. . . 
2Value based on selling price at plant. 

Source: National Slag Association (1976). . 

PRICES : 

The data in table 9 for average selling the use categories indicate that some users | 
prices were derived from weighted averages required demanding specification, which re- 

| from the range of reported prices. Ranges of quired more than normal processing. In 
: prices reflect the highest and lowest report- some geographic areas overall construction 

a ed selling prices of material that went into as well as other costs are higher, resulting 
a the use categories. Extreme higher prices in _ in higher prices for processed materials. 

| Table 9.—Average selling price and range of selling prices at the plant for iron and steel 
- glags in the United States, by use, 1977 

(Per short ton) 

. Iron blast-furnace slag Steel slag 

Use Air-cooled Granulated _ Expanded . 

Average Range Average Range Average Range Average Range 

Concrete aggregate _ __ $2.95 $1.05-$5.00 _ —_ ek oe _ —_ 
Lightweight concrete . 

aggregate _______ _ _- __ _- $4.45 $1.40-$4.49 __ __ 
Concrete products _ __ 3.28 .80-4.00 $3.77 $3.74-$3.77 4.42  2.73-6.25 __ __ 
Cement manufacture —_ 2.40 .46-3.31 3.50 2.64-5.00 2.02 _- -_- _— 
Asphaltic concrete 

ate 3.18  1.55-7.50 __ _- __ __ $1.96 $1.00-$2.87 
Road bases ~~... 2.63 96-4.44 2.13  1.60-8.45 __ __ 1.78 .54-4.00 
Fill ----__-______ 2.23 —-1.00-3.45 2.67  1.45-3.02 __ __ 1.32 .50-2.50 
Railroad ballast __ _ __ 2.12 — 1.05-4.00 a _- __ __ 1.61 .70-2.26 
‘Mineral wool _____— 2.78 1.05-5.00 _- — _— — — _— 
Roofing, built-up and 

shingles ______~_ 3.20. 1.81-5.00 -- _- — — _— _— 
Sewage treatment _-—_—_ 1.91 1.81-3.31 _- -- _- _- -- _- 
Soil conditioning — —__— 2.65 -- 2.54 2.53-2.65 _— — 2.60 _- 
Glass manufacture — — — 6.44  2.65-10.96 -- a — _- __ __ 
Fire protection __ ~~ - _2 -- —_ -- -- _- 2.19 2.10-2.30 
Iee control __ ~~ 2.80 _- 3.75 _- _- — _- _- 
Other uses ___ ~~~ 2.59 1.00-3.50 2.68 2.65-2.75 —- — 1.78 1.53-2.80 

FOREIGN TRADE | 

There were no known imports or exports of iron or steel slags in 1977. 

WORLD REVIEW | 

Data on production of slag in other coun- Federal Republic of Germany, France, and 
tries were not available for 1977, nor were the United Kingdom where there are large 

data on resources (the amount available as iron and steel industries. 

newly made slag plus old stockpiles). How- Teal cllantict. dermerty with Di +; Nommetal 
ysical scientist, (formerly with Division of Nonmetal- 

ever, resources and usage are known to be _ ,. yyinerals, now with U. 8. Geological Survey). 
significant in countries such as Japan, the





Sodium and Sodi 

By Russell J. Foster 

Strong demand for flat and fibrous glass, producer was expanding both natural soda 
plus increased exports, prompted record ash and sodium sulfate capacities. Total — 

_ domestic production of soda ash in 1977. production of sodium sulfate was down 
Production of natural ash increased 19%, slightly, as: domestic consumption declined 
which more than offset a 23% decline in the because of curtailed use in kraft pulping. 
manufacture of synthetic material. Soda Net imports of sodium sulfate were 18% of 

, ash exports amounted to 9% of production. apparent consumption. The quantity of 
Additional natural soda ash capacity came metallic sodium produced increased 9% 
onstream in Wyoming, and a California compared with that of 1976. : 

| | DOMESTIC PRODUCTION a 

. Total U.S. production of soda ash increas- Tex., effective March 381, 1978, citing | 
ed 6% in 1977 to a new high of 8,040,000. increased costs of energy, raw materials, 
tons. Production of natural soda ash derived maintenance of equipment, and compliance 
from trona or brine was up 19%, but the with antipollution regulations.2 Only two 

_ synthetic product declined 23%. Natural other synthetic soda ash plants continued to 
ash claimed a 77% share of total produc- operate in the United States—Allied 
tion. Table 2 illustrates the trend away Chemical Corp. at Syracuse, N.Y., and : 
from synthetic, and toward natural soda BASF-Wyandotte Corp., at Wyandotte, 
ash. | | Mich. Stauffer Chemical Co. brought an 

PPG Industries, Inc., announced the clos- additional 200,000 tons per year of natural 
ing of its Solvay plant at Corpus Christi, soda ash capacity onstream at Green River, | 

Table 1.—Manufactured and natural sodium carbonates produced in the United States 
(Thousand short tons and thousand dollars) 

TO Mane 
factured | 
soda ash Natural sodium Total 

. Year (ammonia- carbonates? quantity 
soda 

| process)! # 

Quantity Quantity Value 

1978______________-_._-~-- ee 3,813 8,722 94,385 7,585 
1974__ eee eee 3,507 4,059 137,486 7,566 
1975____________ eee 2,802 4,328 182,620 7,180 
1976. > eee eee 2,344 5,216 259,253 7,560 
1977_______ eee 1,812 6,228 337,516 8,040 

1Current Industrial Reports, Inorganic Chemicals, U.S. Bureau of the Census. 
*Includes quantities used to manufacture caustic soda, sodium bicarbonate, and finished light and dense soda ash. 
Soda ash and trona (sesquicarbonate). 

_ : 857
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Table 2.—Source of U.S. soda ash by process, 1968-77 | 

| | (Thousand short tons) 

. . Solvay Natural 

Year | an PERSHE production Pervent 
Production of total Production of total 

| 1968___________________ +--+ -- 4,596 692 020—i(iti, 4B stitts«é82 | 
19699_____-.__________ eee 4,540 64.5 2,495 35.5 
1970_________________ +e 4,393 62.1 2,678 37.9 
1971_______________ +--+ 4,298 60.0 2,865 40.0 
1972_______________ +++ 4,305 572 - 3,218 42.8 
1978_____._________.____------- +--+ +++ 3813, ~ 50.6 3,722 49.4 
1974_____________ e+e 3,507 46.4 4,059 53.6 
1975______-__________ ee +++ 2,802 39.3 4,328 60.7 
1976________________ ++ 2,344 31.0 5,216 69.0 
1977_________________- +--+ ------ 1,812 22.5 6,228 175 

| - able 3.—Manufactured and natural sodium sulfate produced in the United States’ | 

(Thousand short tons and thousand dollars) | . 

| a | | Manufactured and natural? - Natural only 

| , a Year Lowey “Hich | a 

. | | | 9% or age Total Quantity Value 

less) 

1978 __._____-_____-__-_-_-------+------ 580 908 1,438 672 «11,597 | 
1974 _____________ + --- 565 788 1,348 684  —- 16,411 : 

1975 _______________-_-_--------------- 431 196 1,227 667 27,667 | 

: 1976 _____.__________2_--~------ +--+ 466 766 1,232 663 32,655 
-  4Jg77 + 458 741 1,199 636 29,313 

1A]i quantities converted to 100% NaaSOx basis.. | , . 

2Current Industrial Reports, Inorganic Chemicals, U.S. Bureau of the Census. a 

. 3Includes Glauber’s salt. 

Wyo.* Construction proceeded on Kerr- 1,199,000 tons, a decrease of 3%. Produc- 

McGee Chemical Corp.’s new 1.3-million- tion of byproduct material declined 1%, and 

ton-per-year natural soda ash plant, which output of natural sodium sulfate declined 

will replace the existing facilities at Trona, 4%. About 53% of the total was the natural | 

Calif. The company will continue pro- compound. Kerr-McGee Chemical Corp. was. 

duction at its Westend, Calif., plant.‘ in the process of expanding natural sodium . 

The total quantity of sodium sulfate pro- sulfate capacity by 150,000 tons per year at 

duced in the United States in 1977 was Trona, Calif | 

Table 4.—Production and price of metallic 
sodium in the United States, 1968-77 

| 

_Production __Price 
Year (short (cents per 

tons) pound) 

1968__________--_-- 156,391 15.47 
1969______________- 164,685 15.84 

| 1970_____________-- 171,251 15.94 
1971_____________-- 153,075 16.26 
1972___________---- 160,504 16.98 
1973_________------ 176,903 17.43 
1974_________-_--_- 173,174 17.89 
1975 _________-_-_-- 144,133 20.70 
1976_______-------- 145,863 ©24.60 
1977_________------ 158,752 28.82 
een 
©Estimate. 

|
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| Metallic sodium production increased 9% _ the past 10 years. A list of US. producers of 
| to 158,752 tons. Table 4 shows production natural sodium compounds and metallic 

| | and price trends for metallic sodium during sodium follows: , | 

Product and company _. Plant location Source of sodium 

Soda ash: 
a Kerr-McGee Chemical Corp ___________ Trona, Calif _.___._._..._.__ Dry lake brine. cn peeereeeeneee ys eee a FMC Corp -----~ ~~~ --222 22nd TTT dyground trona, 

Stauffer Chemical Co mee ~—~-do ~~~ Do. 
Texasgulf, Inc _._._-.-______________ Granger, Wyo ___________ Do. 

Sodium sulfate: . 
Kerr-McGee Chemical Corp ___________ Trona, Calif _._._._.__._..____ Dry lake brine. 

. Do ~~ eee Westend, Calif _-__§_______ Do. 
Ozark-MahoningCo ______~~~_~_~_____ Brownfield, Tex _..._...... Subterranean brine. . 

. Do _-_-__ Seagraves, Tex________.__ Do. 
Great Salt Lake Minerals & Ogden, Utah ____________ _ Salt lake brine. 
Chemicals Corp. 

| Metallic sodium: _ , 
ce . E. I. du Pont de Nemours & Co _-________ Niagara Falls,N.Y __._._... Salt. . - 

Do _~_~-__~-_~_~~ ~~~ Memphis, Tenn __________ Do. 
Ethyl Corp ___.--_2_--.--------_- Baton Rouge, La - - ----~~—- Do. 

a . Do ~- Lee Houston, Tex... -___ Do. 
R.M.L,Inc _...---.-.--.------._ | Ashtabula, Ohio __________ Do. 

—  SONSUMPTIONANDUSES : 

ss Estimated distribution of soda ash and glass industry. Use of soda ash in the : 
| sodium sulfate is listed below:* _ production of other chemicals was nearly | 

| the same as in 1976. : | 
cent i douana Demand for sodium sulfate, however, was 

Industry Sia Sodium +4: dwn. Although detergents have been refor- 
7 : ash sulfate mulated to contain more sodium sulfate 

: TO because of the reduced phosphate content 
Pulp and paper ~~~ —~--~-~- o a required by antipollution regulations, 
Detergents ___-_.___--_~- 6 2% tightening of operations by paper manu- — 

7 Chemicals ———~------7-77 2 __ facturers has cut back the consumption of 
Other and exports _-__-__._~ 12 10 sodium sulfate in kraft pulping. In addition, 

1 production of pulp, paper, and. board prod- 
included with other. : ucts rose less than 1% in 1977. | 

| Domestic consumption of soda ash in- Despite a slight decrease in demand for | 
creased in 1977 mainly because of growthin gasoline antiknock additives, production of 
the flat- and fibrous-glass sectors of the metallic sodium was up 9%. 

| STOCKS | 

Yearend stocks of natural sodium com- as follows: 
pounds, as reported by producers, were | 

Thousand short tons . 

1976 1977 

Natural sodaash _-__-______-_-~-_~~--~ ~~ 102 101 
Natural sodium sulfate _~__________-_---------~~-_ ~~~ 56 93
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| a PRICES oe : | 

| The prices of natural soda ash and natu- reported by producers, were as follows: _ 
ral sodium sulfate, f.o.b. mine or plant, as. | a | | 

- . | Value, dollars | 
| | per short ton ~ Change, 

| | 7 76 i977=~=( Pee 
Bulksodaash _-________.____________-_-_~-~------+-------- 49.70 54.19 +9 
Bulk sodium sulfate _._____-----~-------------------~-------- 49.25 46.09 6 | 

Quoted prices of sodium compounds and_ metallic sodium at yearend 1977 follow: 

7 . Price . 

Soct Et waves bags carlota, works | _ to 57.00-$71.00 
Light paper bape oenimes OrtS=~~-TTaTTTITTITTTTTTTTTT IITs otekoo | 
Dense, bags, carlots, works ~ eee eee 57.00-71.00 

. Dense bulk, carlois, works... -._.___=..._~~_~_~~_~_-22--2-222~2--_de___- 55.00 

Sodium sulfate (100% Na2SO«): 
Technical detergent, rayon-grade, bags, carlote - - - -—~-~~----- ~~~ ~~~ ~~ 7-777 77 70.00-72.00 

Technical deergent, rayon-grade, bulk, works _._______------------------do__~~ 55.00 

Domestic salt cake, bulk, works?_ __._.______________-------------------~do_~_~- 60.00 
National Formulary (N.F. XID, drums ____.--_-------~---------~----per pound__ 285 

Metallic sodium: 
Bricks, carlots, works ___.______.-------------------------------d0___- .60 

Fused, lots 18,000 pounds and more, works_____ ___.__-------------------do__~- 54 

. Bulk, tank, works_________----------_-------------------------d0__-- 37 

1Bast of Mississippi River. | 

Source: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 218, No. 26, Dec. 26, 1977, 

Pp. of. | | : - 

| All producers of natural and synthetic yearend 1978.7 In December, FMC Corp. — 

soda ash had raised list prices 5% to 8% by announced price increases of 7% to 9% for 

mid-April 1977. However, Texasgulf, Inc., bagged soda ash and sodium sesquicarbon- =_— 

stated that its new price of $55 per ton for ate in bulk and in bags effective at the 

bulk ash would remain effective through beginning of 1978.* | 

| FOREIGN TRADE | | 

In 1977, exports of sodium carbonate from Imported sodium sulfate declined 29% to 

the United States increased 18% to 759,000 223,000 tons. More than 54% of the imports 

tons. The quantity was 9% of total produc- entered from Canada and 35% came from 

tion. Nearly 44% of exported soda ash was Belgium. Sodium sulfate exports were down 

shipped to other countries in North Ameri- 25% to 43,000 tons. The primary destination 

ca; 27% to South America; 20% to Asia and for exported sodium sulfate was Oceania 

Oceania; and 9% to Africa. Sodium carbon- (60%). Net imports of sodium sulfate repre- 

ate imports were negligible. sented 138% of apparent consumption.
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| Table 5.—U.S. exports of sodium carbonate | and sodium sulfate 
(Thousand short tons and thousand dollars) 

Year carbonate sulfate 

. Quan Value Quan- Value 
eee 

1975 _____ 529 45,822 77 6,144 1976 _____ 645 "47,004 57 3,636 1977 _____ 759 52,943 43 2,801 $e 

| Table 6.—U.S. imports for consumption of sodium sulfate 
(Thousand short tons and thousand dollars) 

Year Crude (salt cake)! Anhydrous Total? 
Quantity Value Quantity Value Quantity Value 

1975 - 203 =—-_-8,805 82 4,319 285 =: 12,624 1976 --§ 214 ~—s- 10,360 102 5,751 316 =: 16,111 1977 -- 121 5,702 102 5,528 223 —s:11,,280 
*No Glauber’s salt was imported in the years 1975 through 1977. . 

Table 7.—U.S. imports for consumption of 
sodium carbonate and bicarbonate in 1977 : 

(Thousand short tons and thousand dollars) . 
eee 

ean Value eee 
Sodaash__________ 1 145 
Sodium bicarbonate __.____________ 4 449 

Total _-____._________ 5 594 | | ee OE 

WORLD REVIEW 

Tables 8 and 9 list world production, by received government approval to construct country, of sodium carbonate and sodium a 220,000-ton-per-year soda ash plant at San sulfate. Natural sources contributed 23% of Antonio Oeste, Rio Negro Province. The the world’s soda ash supply, and the United facility is due onstream in 1979, and will States produced 98% of that amount. The eliminate the country’s need for sodium top five soda ash producing nations in the carbonate imports. Limestone will be ob- world were the United States, the U.S.S.R., tained from quarries at Bustamante Bay, 
the United Kingdom, France, and the 10 . and salt from a nearby salt field. 
Federal Rep ublic of Germany. . Belgium.—Industry voiced its opposition Natural sodium sulfate provided 42% of . . ) . . to a 9% rise in soda ash prices requested by the world’s production. The United States . . . Solvay et Cie. Although prices of Belgian and Canada together produced 54% of the hh bee the highest i 
natural material. The five top-ranking na- ood as th ave n “tated th t es te. tions in the production of sodium sulfate ‘Tope, the company stated that raw ma were the United States, the U.S.S.R., Cana- aang labor costs in Belgium have necessi- da, Japan, and Spain. tated the increase." . Algeria.—A consortium of Italian compa- _ Brazil.—The capacity of Companhia Na- nies headed by Italconsult formed a joint ional de Alcali’s soda ash plant at Cabo 
venture with Industrial Export of Romania Frio will be enlarged to 742 tons per day. 
for the construction of a 165,000-ton-per- The expansion of the facility, built in 1953, 
year soda ash plant in Algeria.® p can be accomplished without interrupting 

Argentina.—Alcalis de la Patagonia operation.



| 862 | MINERALS YEARBOOK, 1977 - : 

Pakistan.—A contract was awarded for the soda ash plant could insure the region’s | 

| the modernization and expansion of Sind glass manufacturers a constant supply of a 

| Alkalis’ soda ash unit at Karachi. The raw materials at predictable prices.* — 

increase in capacity to 55,000 tons per year United Kingdom.—At yearend, the | 

was scheduled for completion by 1979. United Kingdom Price Commission notified 

~ ‘Thailand.—Aided by a technical assist- Imperial Chemical Industries, Ltd., of its 

ance grant from the Asian Development intention to investigate proposed soda ash © 

. Bank, the Government of Thailand has price increases because of possible repercus- 

- undertaken a feasibility study of a rock salt sions on other products, especially glass. In 

and soda ash project proposed by the Asso- 1976, the company authorized expenditures 

ciation of Southeast Asian Nations. Large for the modernization of its Cheshire plant, 

quantities of high-purity rock salt exist in which should increase capacity by 88,000 | 

. the northeastern part of the country, and tons per year.* | | | 

Table 8.—Sodium carbonate: World production by country : : 

, | (Thousand short tons) . 

: Country? an : 1975 1976 1977? 

Natural: . 
Chad _....__----------------------------------

--- 6 & e12 

Kenya eee eee eee ene 101 127 ©132 

United States ___-_-----+--------------------------
-- 4,328 5,216 6,228 

Total __..__---_-------------------------------- 4485 5849 6,872 

Manufactured: 
. . 

Albania® _._.__-----------------------------------
- . 23 28 25 

| Australia® ___._-_-----------------------------------
 | 165 170 15 

Austria® ___._____--------------------------------
- 175 185 185 : 

Belgium ______--_-------------------------------7-
7 386 ©4830 ©450 

Brazil _._..__----------------------------------
-- 140 150 160 

Bulgaria ___-.__-_-------------------------------7-
7 1,090 1,130 ©1,200 

Chile’ ________------_----------------------
------- 9 10 1 

Colombia® ______---------~--------------------------
 45 55 55 

Czechoslovakia _______-_--------------------------7--
7-7 133 131 ©140 

. Denmark? _________-_-------------------------
----- 1 1 ej 

France ____._____-~--~--------------------------
-- 1,409 1,451 1,505 

German Democratic Republic ~~~ ---~-----------------~--7~ 902 914 925 

Germany, Federal Republic of __—--------------------------
 1,877 | 1,503, ©1,500 

Greece® ______--------------------------
-------77-77 1 1 1 

India ___..._____-----------------------
--- 54-75-77 594 622 °655 

| Italy® ___-__-__----------------------------
------- 7713 T741 783 

Japan __-_____-----------------------------
------- 1,289 1,197 ©1,240 

Korea, Republicof ~-----~-------------------
---7- 0007 107 140 188 

Mexico ______-------------------------------7-7-7-
7-7 450 430 ©460 

Netherlands _______----------------------------77-
7-77- 244 299 ©287 

Norway _.--------------------
------- rr 21 - 23 250 

Pakistan ______-----------------------------------
- 87 70 €g0 

Poland _____-_---------------
------- 9-7 T7189 ~ 800 °805 

Portugal ____-__---------------------------------7
7) 127 126 €143 

Romania ______----------------
-------- 7-7-7077 77 164 897 920 

Spain _______---------------------------------7--
7-- 523 €570 ©3380 

Sweden® _______-_---------------------------7
777-77 1 1 1 

Switzerland’ ______---------------------------
------- 40 «45 45 

Taiwan _......_-_-----------------------------
----—i«é“A 82 egs 

Turkey® ______----------------------------7-777--7-7
- 55 60 65 

USSR _...211 ~~ a nee 5,172 5,337 ©5590 

United Kingdom® ______-------------------------------
 1,500 1,540 1,650 

United States _____--------------------------------
-- 2,802 2,344 1,812 

Yugoslavia ____----------
--------- 3-7-3 162 151 173 

Total _____-------------------------------7-7--7
--7- 91,320 21,629 21,670 

€Fstimate. Preliminary. "Revised. 

In addition to the countries listed, a number of nations are either known or believed to have produced sodium 

carbonate, but production is unre rted, and available general information is inadequate for the formulation of reliable 

estimates of output levels. Notable among the producing countries not listed are Canada and the People’s Republic of 

China. 
2Production for sale only; excludes output consumed by producers.
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| Table 9.—Sodium sulfate: World production by country | | 

oe "(Thousand short tons) . _ 

Country? . 1975 1976 1977" 

. entina _________-~_____ii-- a+ ++ +--+ +--+ 43 39 39 
Canada —__~-_----~~---_=~---------+--------------- 521 507 459 | 
Chile? ._______~_____ eee 13 14 °15 

_ Tran __---~-~--------------~+----+------~------------- 28 28 28 
Mexico ___-~------~--------~---------~--------------- 331 251 ©240 — 
Spain _____-_--------------------------+----------- 152 ©154 ©154 . 

| Turkey __________~---~-+-------------------------- 89 97 “100 
U.S.S.R.23 2 eee eee ++ 330 340 _ 350 
United States ~2.~___- i ---~----_~----+--~--~--+-~-------- 667 663 636 

- Total _.--__=_-_-_ 2 eee 2,174 2,093 . 2,021 

Manufactured: | | 
Austria® ~.~_______________-_---_-_----~----+--------- 50 55 60 

Belgium® _________-__--_~-----+-=-----------------+=- 330 340 — 280 

Chile* ______=_-~______ et + 25 31 —— &85 

Finland® __ 22 ~.-------+-----25-+-~---~----------+- 80 70. 70 
France ___-_-_..~_--------—-~---.----------------- 162 143 131 
German Democratic Republic ~__.._--._-_-----~----~--~----- T184 164 °165 

. Germany, Federal Republicof ~_._.__-_.-_---------~--------- 283 . 283 ©285 

Greece! ieee 7 7 8 
Poe ee ee ee ee ee ee = ll 11 11 . 

Italy® JET LILI Ll ----+-i---+------- 110 117 120 
. Japan _________-__----~------~-----~---------------- 824 345 360 

Netherlands® _______-_-----------~---~----------+---- 50 55 55 

Portugal __._____--_-_-------~---------------------- BT BA °53 
| | Spain® __2__.________-------------------+----- ss €133 194 

, Sweden ee ee ee ee ee ae eee ee 107 113 115 

| USSR°?____ +--+ ----- 230 240 250 
United States® _____--_------------------~------------ 560 569 563 : 

otal eee --- ne ----------t-----+- 2,7 2,780 2755 

| Estimate. +Preliminary. ‘Revised. ., yo a , | 

| 1In addition to the countfies listed, the. People’s Republic of China, Norway, Poland, Romania, Switzerland, and the 

United Kirkdom are assumed to have produced manufactured sodium sulfate, and other unlisted countries may have 

produced this‘commodity, but production: figures are not reported and available general information is inadequate for the 

ormulation of reliable estimates of output levels” ~ = ; . - 

“Natural ‘mine‘output, excluding byproduct output from the nitrate industry, which is reported separately under 

man of * * og, 

3Conjectural estimates based on 1968 information on natural sodium sulfate and general economic conditions. . 

*Byproduct of nitrate industry. | | | 

SQuantities of manufactured sodium sulfate credited to Spain are reported in official sources in such a way as to 

indicate that they are in addition to the quantities reported as mined (reported in this table under natural), but some 

duplication may exist. oe . 

Derived figure; data presented are the difference, between reported total sodium sulfate production (natural and 

manufactured, undifferentiated) and reported natural sodium sulfate production (reported under natural in this table). 

| TECHNOLOGY a 

| _UOP, Inc., was awarded contracts by tem ubing a.combination melt of 90% so- : 

Pacific Power & Light Co. and Idaho Power dium carbonate and 10% sodium sulfate for 

Co. for the design, engineering, and con- the clean destruction of pesticides and other 
| struction of a flue-gas desulfurization sys- hazardous materials. Gases formed during 

tem wtilizing wet-sodium ealled technolo- the combustion of the wastes are combined 

BY t © tee nai wilh 2 instal : dger electric with air and continuously introduced be- 
| power genera ie station Pear Rock neath the surface of the melt. At the normal 

Springs, Wyo. re juct sodium carbonate operating temperature of 800° to 1,000° C, 

rings ’s soda ash pl carbon dioxide, steam, and sodium salts are 
solution from FMC Corp.'s soda plant formed the off¢ leaned 

will be used as the reagent to remove sulfur *Or™ d. After e off-gas has been clean 

dioxide. The 500-megawatt addition to the Of particulates, it can be vented to the 
: powerplant has been scheduled for comple- atmosphere without further treatment.” 

tion in 1979.** | : In laboratory-scale experiments partly 

The Atomics International Division of sponsored by the U.S. Department of Ener- | 

Rockwell International has developed a sys- gy, General Electric Co. scientists have used
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Glauber’s salt as a heat sink in a solar Sion ical Week. ‘The Pieces of Cake Are Changing in 
energy heating system. When placed in a — “Chemical Marketing Reporter. Soda Ash. V. 208, No. 8, 
slowly revolving drum, this form of sodium 48-25, 175, P. 9 fate. V.218, No. 5, Jan. 30, 1978, p.9 
sulfate becomes noncrystalline as it absorbs _ 7———. More Natural Ash Lists Rise; FMC Sets "77 
energy, and recrystallizes when the energy Contract Frices. V. 211, No. 9, Feb. 28, 1977,. 16. rove to 
is released. The compound is a better re- Attract Larger Market Share. V. 212, No. 7, Aug. 15, 1977, 

-@ : pp. ay ‘ 

tainer of heat than the same volume of agit ical Week. Prices of Soda Ash and Other Inor- 
water or rocks.’* | ganics Up. V. 121, No. 24, Dec. 14, 1977, p. 38. _ 

Research at Ford Motor Co. conducted Nori hearin, Company News & Mineral Notes. 
under a National Science Foundation grant, 1°Chemical Marketing Reporter. Argentina Eyes Car- | 
led to the development of practical proto- portaronenn Cheraieal ‘ue: Solvay Poms Stitt . 

_. .type sodium-sulfur battery cells with rea- tion to Soda Ash Price Rise. V. 31, No. 793, July 1, ‘oer p. 

sonable power. Molten sodium and sulfur ““is _ Krebs Soda Ash Order. V. 31, No. 809, Oct. 28, 
serve as the electrodes and a_beta- 1977 B 5. al Minerals. Co News & Mineral N 
aluminum tube is the electrolyte. Economic yo ij; Apili9ie si erat Notes. 

| mass production of the tubes and cell repro- A a 1g77- ADB Finance for Soda Ash Project. No. 115, 
e 6 e p > p. ° 

ducibility are key problems.”* ‘European Chemical News. ICI Soda Ash Price Rises 
ee Under Price Commission Investigation. V. 31, No. 816, 

Wh cing] cvigtigt Totes vr Dec. 16-23, 1977, p. 12. , 
“ Physical scientist, Division of Nonmetallic Minerals. 16Chemical Marketing Reporter. UOP is Awarded Mil- procia tome WHE Nota Ne rienris® ON Houta Conran fr Sar Bond Removal Boupment 

| ®Chemical Week. In Alkali Battle, Five Bet on the Chemical & Engineering News. Molten Salt Decom- 
Underdog. V. 119, No. 18, Nov. 3, 1976, pp. 14-15. poses Pesticide Wastes. V. 55, No. 37, Sept. 12, 1977, p. 44. 
*———. Plant Plumbs Dry Lake’s Chemicals. V. 121, No. 18Wall Street Journal. GE Invents Method for Storing 

11, Sept. 14, 1977, P. 47. Journal, Kerr-McGee Exnands Energy of Sun with a Salt. V. 190, No. 121, Dec. 21, 1977, p. 
ngineering and Mining Journal. Kerr-McGee Expan . . 

Soda Ash Output Nine-Fold from Searles Lake Brines. V. 18Chemical Week. Progress in Sodium-Sulfur Battery 
178, No. 10, October 1977, pp. 71-75. | Research. V. 121, No. 1, July 6, 1977, p. 31. |



By Avery H. Reed: | 

Quantity of all stone produced in 1977 producers operated 939 quarries and pro- increased 6% over the 1976 total. Output of duced 26% of the total stone output. | dimension stone was 1.42 million tons Classification.—The Bureau of Mines | : valued at $103.9 million, a quantity slightly classifies stone into two categories (crushed above.1976 production but 26% below that and dimension) and into nine kinds (gran- of 1974. Output of crushed stone was 954 ite, limestone, marble, marl, sandstone, | million tons valued at $2.35 billion, 6% in shell, slate, traprock, and miscellaneous). . quantity above 1976 but 10% below the 1973 The category classifications are not exact; record. Value of total stone produced rose to some crushed stone may be in large pieces, - a record high, increasing $235.9 million, or such as riprap, and some dimension stone __. 11%. | may be in small pieces, such as art objects Stone was produced in every State except or carvings. The dimension stone industry is | , Delaware and North Dakota. . Leading concerned. with cutting or shaping stone to States were Texas, Pennsylvania, and Illi- a certain size, and waste or scrap from _ nois. There were over 2,100 companies, processing dimension stone may. be a part of | operating about 5,500 quarries. Average the crushed stone industry. | output per company was 455,000 tons. Aver- Classification by kind is also difficult. age output per quarry was 174,000 tons. Granite may include metamorphic gneisses More than half the stone was produced at or syenites. Limestone may be pure calcium quarries producing more than 500,000 tons carbonate, or may be bituminous, dolomitic, each. Most of the stone was hauled by truck. or siliceous. Marble may include any cal- Leading stone producers were Vulcan careous rock that will polish. Marl may Materials Co., 86 quarries; Martin Marietta _ range from low to high in shale or clay Corp., 111 quarries; Lone Star Industries content. Sandstone may be calcareous, Inc., 26 quarries; United States Steel Corp., quartz or quartzite, silt, or conglomerate. 12 quarries; Koppers Co., Inc., 47 quarries; Miscellaneous stone includes — aa, lava, Medusa Corp., 59 quarries; Ashland Oil Inc., schist, and any other stone not included in 37 quarries; General Dynamics Corp., 8 the aforementioned categories. quarries; U.S. Forest Service, 535 quarries; The Bureau of Mines generally accepts and The Flintkote Co., 18 quarries. These 10 the classification reported by producers. 

Table 1.—Salient stone statistics in the United States . | - (Thousand short tons and thousand dollars) 

1978 1974 1975 1976 1977 
Sold or used by producers: 

Dimension stone ________________ we 1,582 1,915 1,403 1,400 1,416 Value ___________ $35,999 $100,318 $98,586 $104,400 $103,920 Crushed stone _____________- "77777 1,058'541 —_1,041/600 899,990' 900,260 958,960 Value ~-_-~_---_-_______L_-lIl==  $1/904/464 — $2/085’800 $2,021,700 $2,116,600 $2,353,000 Total stone! --_________________ 1,060,124 1,043,515 901,390 901,660 955,370 Total value! ___________________ $1,990,468 $2.186,118 $2,120,300 $2,221,000 $2,456,920 Exports (value) _.__________ $13,063 $18,159 $22,125 —‘g93'965 $22,620 Imports for consumption (value) _________ ----_ $48,678 $51,681 $46,137 $46,211 580 
‘Data may not add to totals shown because of independent rounding. . 
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Figure 1.—Value of dimension stone sold or used by producers in the United States, by | 

| : kind. 

Deposits of unconsolidated materials, in- purchased rough stone. All producers are | 

cluding beach sands, are generally classified covered; if the producer sells rough stone to 

as sand and gravel, regardless of chemical a processor, it is tabulated as rough stone; if 

content. However, many deposits of stone the producer processes finished stone, only 

are relatively soft and may be mined with- the finished stone is tabulated, and the 

out blasting. Natural sand deposits are rough stone is deducted. | 

classified as sand and gravel, but manu- Capacity figures and stocks are not avail- | 

| factured sand (stone sand) is classified as able. Inventories on hand at quarries and 

stone. 
plants are estimated at about 1 month’s 

The Bureau of Mines canvass of dimen- supply, or 100 million tons. 

sion stone does not include processors of
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Figure 2.—Crushed stone sold or used by producers in the United States, by kind. 

DOMESTIC PRODUCTION 

| Dimension Stone.—Dimension stone was duced by 1,894 companies at 5,177 quarries, 
produced by 292 companies at 430 quarries in every State except Delaware and North 
in 42 States. Leading States were Indiana, Dakota. Leading States were Texas, Penn- | 
Georgia, Ohio, Vermont, and Wisconsin; sgylvania, Illinois, Missouri, and Florida; 
these five States accounted for 58% of the these five States accounted for 30% of the , 
total output. Of the ara production, 39% total output. Of the total production, 74% 
was granite, 31% was limestone, 17% was was limestone, 11% was granite, 8% was 
sandstone, 7% was marble, 4% was slate, traprock, 8% was sandstone, and the re- 

and the remainder was miscellaneous stone. mainder, other t of stone. Average out- 
Leading companies were Coggins Granite t ? ypes 504.000 to alued at 
Industries, Inc., Rock of Ages Corp., and PUt Per Company was ol2,UUv tons valued a 

wae, Ts $1.2 million. Total output increased 6% to Oolitic Limestone Co. Average output per _ ~~ 
company was 4,850 tons valued at $356,000. 954 million tons valued at $2.3 billion, but 

Total output of dimension stone increased was 10% below the record high of 1978. 
1% to 1.42 million tons valued at $103.9 Leading producers were Vulcan Materials 

| million, 26% less than in 1974. Co., Martin Marietta Corp., Lone Star In- 
Crushed Stone.—Crushed stone was pro- dustries, and United States Steel Corp.
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Table 2.—Dimension stone sold or used by producers in the United States, by State | 

1976 1977 

Cubic _ Cubic 
State Short feet ualue _ Short feet aie 

| tons (thou; sands) tons (thou, sands) 

Alabama __________._- ~~ L- 17,267 «221 $2,234 13,992 - 171 $1,715 
Alaska ~__-__-______-----~~--- _- _- -- 85 1 1 
Arkansas ______..~.-..--..-__- 5,423 68 95 7,574 103 128 
Arizona ___-~______._=---~_-- WwW WwW Ww 13,354 167 368 
California _.__..__-_--_-_-__ 12,626 151 804 25,654 307 996 
Colorado ___________-_u 5,904 15 198 4,896 62 181 
Connecticut _-_____-_-_-----_---- 9,143 109 215 9,101 108 240 
Georgia ________-_-__---____- 224,680 2,372 18,411 240,460 2,511 13,637 
Hawaii _______-____.------_- WwW W W 592 4 4 
Illinois ~_.--._----------~---- 4,108. 48 103 2,545 30 109 
Indiana ____-__-__.-_____-.--__ 263,240 3,594 12,787 244,270 3,317 11,804 

, Maine ____.._-_.---_--.~—~-~-__-_ 264 3. 13 -- a _- 
Maryland _..__________-_-__ _ 25,560: 324 669 29,510 369 909 
Massachusetts ________..~______- 81,865 984 5,352 62,619 753 4,856 

. Michigan _______.~_~___~~~__ 7,559 93 129 8,015 100 / 147 
Minnesota ___.___._____._____ 36,997 441 9,819 33,376 395 8,133 
| 4,084 50 915 2,892 36 597 
Montana _________.-___._.-__ 4,374 «62 152 2,994 35 114 
New Hampshire ___._.__.-.__- 62,600 710 5,273 12,996 850 4,650 
New Mexico ___.____-----.-_-- 13,699 175 105 - 17,500 240 106 
New York __.._-___--__-.~.__- 27,492 291 2,211 25,053 295 2,272 
North Carolina _..._____-..- _-_ 37,606. ‘432 3,830 40,425 498 3,041 
Ohio __ ~~~ ee 87,286 1,182 2,936 147,490 1,915 3,557 
Oklahoma ______~___-_~--_-__- 9,635 111 709 8,873 100 634 
Oregon ________--__.--~--~-___ 1,376 16 97 WwW Ww W 
Pennsylvania _._._._-.----~-_-- 65,112 780 4,639 65,879 194 5,362 
South Carolina ___._-_______-__ 16,858 204 900 13,162 145 627 
South Dakota _._____.-____-___ 36,569 409 10,653 34,900 396 11,404 

. Tennessee __-____~ ~~ 19,474 233 2,328 13,409 162 941 
Texas _._____-_L-~-___---___ 14,609 203 1,836 27,298 358 3,922 
Utah ______ 6,699 86 328 6,073 78 238 
Vermont _____ 2. ~~~. _- 121,240 1,280 11,481 120,560 1,276 14,561 
Virginia ~_-.._--__-.-----.-__- _ 10,547 120 _ 1,758 9,931 113 1,864 
Washington ___________-._-__~_ §,208 65 ATT 4,529 56 440 
Wisconsin ____.____-_-__~- 2 ' 71,764 866 4,591 73,141 889 4,821 

: Wyoming __.._.__-_._---_-___ 2,174 26 63 WwW . WwW WwW 
Other States! _________________ 87,337 1,101 3,288 33,019 426 1,544 

Total? _~_-._-_-____L____ an Le 1,400,400 16,950 104,400 1,416,200 . 17,065 = 103,920 
Puerto Rico ~~~ 157,240 2,095 1,515 143,670 1,916 1,633 

W Withheld to avoid disclosing company proprietary data; included with “Other States.” . 
b “Includes Florida, Idaho, Iowa, Kansas, Nevada (1976), New Jersey, Rhode Island, West Virginia, and States indicated 

y sym . 
2Data may not add to totals shown because of independent rounding.
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Table 3.—Crushed stone sold or used by producers in the United States, by State 

(Thousand short tons and thousand dollars) 

1976 1977 
State ———$._ $$$ 

Quantity Value Quantity Value 

Alabama _________-__~___~-~~~-~--~~~~_~ ~~~ ++ 23,815 63,195 . 25,248 72,649 
Alaska _~______ ~~~ ee 6,727 20,092 4,008 17,493 

. Arizona _____ ~~~ Le 4,142 13,826. 5,359 16,367 
Arkansas _____§_~_~_§___~____ eee 17,701 39,713 18,310 45,448 
California ~.____________-~-_ ~~~ Le 32,364 74,548 34,011 80,146 
Colorado ___________-____-~ ~~~ 5,293 12,357 5,597 14,169 
Connecticut ______________~~___--__-~___-__---- 6,007 17,383 6,980 20,319 
Florida _____________--_.-~--~-___-~ ee 38,606 74,412 48,558 101,440 
Georgia _____________~__~_ ~~~ 31,630 85,395 . 37,864 106,220 
Hawaii __________~___~___ Le 6,092 21,193 5,758 19,876 
Idaho ____________-_-__--~--------_---~------ 3,462 9,122 3,077 8,005 
Illinois ~~~ ~~. ee 61,858 141,440 57,074 135,960 
Indiana _______~__~____~____ 28,187 59,418 26,740 61,392 
Iowa ___________~___~_~-~__ ~~ ee 30,272 75,921 29,183 76,964 
Kansas ______________~_~~~~__~ 16,348 38,228 17,229 41,807 
Kentucky ______________~--_--_-~_-___~__~--~_-_-- 33,378 77,060 36,096 ~ 88,941 
Louisiana ___________-~___~~_~__~___ ~~ 9,685 ~ 28,127 9,710 26,920 
Maine __________~___~_~~~~~_ +e 1,443 4,596 1,312 4,110 
Maryland ________~___~-~_~_~~_-~~_~_~____ 15,683 47,000 © 16,736 49,772 
Massachusetts ____________-___~~-___~-___-___--- 7,855 . 28,150 8,030 30,501 
Michigan __________._~_~~~~~~~~___-~-~-~---~-- 41,477 82,202 40,517 84,971 
Minnesota __.________-~~_~-~~-~~~-~~---~~-~__-~-+_- 7,530 15,948 7,831 16,991 
Mississippi ___-___________--~~~-_-~~-~__~~_-~--~_- 1,762 - 2,968: 2,176 3,933 
Missouri ___~-__.__~~_~~_--~_~_~~-~--~ ~~ ~~ 47,542 97,412 49,612 104,700 
Montana ___________-~___~ ~~~ ~~ ee 3,464 7,842 3,680 7,923 
Nebraska ____-~_______._~--~~~-~--~~~~ ~~ ~~~ 4,101 11,054 4,128 12,974 
Nevada _______-_~_~_-~-~ ~~~ a ee 1,904 5,975 1,668 5,506 
New Hampshire _______-___.-._~~-__--__-_-~-~--~- 679 1,759 719 2,036 
New Jersey ______-__~~___-~~~~-~-_~~-~ ~~~ +--+ 11,234 39,012 = 12,993 46,621 . 
New Mexico ____________--~---~~~--~~~-~~~_-~~-~ 1,921 4,289 1,950 4,786 
New York __________~~___~ ~~~ ~~ ee 28,109 72,829 29,922 88,509 
North Carolina ~___________~___-~~_-_-~~~~-_-__-~-~- 30,839 78,632 32,810 87,254 
Ohio _. _-______= ~~~ ~~~ eee 42,612 104,060 44,853 116,410 
Oklahoma ________~_______~__-_~~__-~_----_~-~. © 19,625 36,630 23,323 46,809 
Oregon _________-_~_~___ ~~ ee 20,348 42,589 17,600 39,400 
Pennsylvania _________________.-~-__~--__~~_-~- 63,542 — 161,250 63,522 163,650 
Rhode Island —~___________________ 305 1,295 274 1,238 

- South Carolina ~~. -____~__________-_-__-~-__---- 13,010 29,790 14,772 36,043 
South Dakota ______________-~_______-~__ ee 3,204 6,587 8,377 TATT 
Tennessee _______________~_-~___~___~_ ~~ 37,581 83,828 41,897 99,196 
Texas __-________ ee 54,841 99,816 65,446 122,780 
Utah ____________ eee 2,744 6,681 2,765 7,072 
Vermont _____~_____ LL 1,857 10,962 2,123 12,635 
Virginia ~_~___________ ee 36,121 89,965 41,707 109,740 

. Washington ___~______~____~~~_____-__ ee 10,218 23,614 12,239 28,156 
West Virginia _____________--_~-~~___~-__-_-~~_-~- 9,717 24,133 10,495 28,022 
Wisconsin __________-__~-~-~_-~-~__~~ ~~ 20,667 36,747 22,241 42,097 
Wyoming ____________~___~~__~~~__ ~~ 2,755 7,567 2,434 7,585 

Total! __-_-_- » 900,260 2,116,600 953,960 2,353,000 
American Samoa ____~_~_____ ~~~ ee 30 156 6 31 
Guam _______~___~~_~ ~~ ee 457 1,438 577 1,897 
Puerto Rico _~_._____.-_____-~---~_---~_~_-~_---~-_ 13,247 45,609 12,043 42,648 
Virgin Islands ____________._-_-_-~__------_-~-_-_ 279 2,050 262 2,076 

1Data may not add to totals shown because of independent rounding. 

Table 4.—Crushed stone sold or used by producers in the United States, 
by size of operation 

(Thousand short tons) 

1976 1977 

Size range . - . 
oontien ‘Quantity Percent plored Quantity Percent 

Oto 25__---_______-_--__------- 2,030 14,583 2 2,045 14,508 2 
2to 50_.._._-___-___- ~~ ___-__ 705 25,184 3 587 21,919 2 
50to 765. -_-_-__-_--_. ~~ 320 19,747 2 343 20,806 2 
75 to 100. ..--------.-_--_--- 253 21,894 2 220 18,965 2 

100 to 200 ~~ ___ 668 93,613 10 617 87,898 9 
200 to 800 Le 368 89,579 10 375 91,129 10 
300 to 400 ~_ LLL 215 73,701 8 216 74,590 8 
400 to 500 ~_ Le 177 78,165 9 171 76,759 8 
500 to 600 ~- LLL 109 59,908 7 114 61,939 7 
600 to 700 ~._-____-____-____ Lee 92 59,348 7 89 57,340 6 
700 to 800 ~_-_________ Lee 65 - 48,807 5 68 50,581 5 
800 to 900 ~. Le 43 36,425 4 58 48,959 5 
900 plus. - -_ 5 LLL 169 278,950 31 197 328,230 34 

Total’. ~~ 5 LLL 5,214 900,260 100 5,101 953,960 100 

1Data may not add to totals shown because of independent rounding. .
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-__ ‘Pable 5.—Crushed stone sold or used by producers inthe United States, ts 
a - by method of transportation —_— ee a vo 

7 _ (Thousand short tons) | . — | 

| | | Method | ——-*'/1976~C~—O”~CS~:C~CS~sS~SOTNSS™ . 2 , ES | . 

_ Quantity Percent Quantity Percent 

Truck____________-____-____/__- === 722,220 80 771,08 81 : 
Rail =e 76,209 9 82,264. 8 | 
Water_____________________ ee 63,243 7 63,441 q 
(Other__________ 38,585 4 37,216 © 4 : 

Total? = 8-2 900,260 - —'100——958,960 100 

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

LIMESTONE $277,000. Limestone represented 31% of the | 
ee , . - . total dimension stone produced. | | 
Limestone includes dolomite, coquina, bi- Crushe 1 _Cra shed P limestone was pro- 7 

tuminous limestone, and aragont te, but or ~ duced by. 1,289 companies at 3,089 quarries 
, : . ag, - in 46 States. Leading States were Texas, 

-  Dimension.—Dimension limestone was ar ea age . | 

produced by 68 companies at 98 quarries in Illinois, Florida, Missouri, and Pennsylva- 
_ } as nia;’these five States accounted for 37% of 

21 States. Leading States were Indiana, the total output of hed limest Lead 
Wisconsin, Ohio, New Mexico, and Kansas; ‘He total output of crus Imestone. Lead- 
these five States accounted for 88% of the 18 Companies were Vulcan Materials Co. 
total output of dimension limestone. Lead- 2nd United States Steel Corp. Total output | 

_ ing companies were Victor Oolitic Stone of crushed limestone increased 1% to 107 
. Co., Blazer Materials Corp., and Indiana million tons valued at $1.7 | billion. Average 

Limestone Co. Total output of dimension production per company was 590,000 tons 
limestone increased 7% to 442,700 tons valued at $1.3 million. Limestone repre- 
valued at $18.8 million. Average production sented 74% of the total crushed stone pro- 
per company was 6,500 tons valued at duced. | 

Table 6.—Dimension limestone sold or used by producers in the United States, by State 

oS 1976 1977 
* Cubic . Cubic 

State Short feet (Value — Short feet, «plu | 
tons, thew sands) tons (hea. sands) 

Alaska ___________________-_____-___ oo. ke __ 85 1 $1 
California _.________________________- 3,410 43 $70 5,178 65 124 
Illinois __-____--------------------- 4,108 48 103 2,545 30 109 
7 258,930 3,530 Ww 240,240 3,258 11,657 

IC. an i EE ’ 

Minnesota oe eee, 8T4 178 2,205 18,398 166 2,038 
ew York __________~_-~___~__-__-~-~__-~ _— a _— 4 

; Texas ~------------------ 8,261 a 158 WwW WwW WwW 

Virginia. ___________________________ 611 7 18 885 10 53 | 
Washington ______________________-___ 1,773 22 61 1,712 21 61 
Wisconsin ______________-___________ 68,815 796 1,750 67,028 836 2,164 
Other States!’ _-_____________L________ 58,884 - 748 15,414 110,820 1,418 2,607 

‘Total? ee L_____ 418,770 5,500 19,782 442,690 5,816 18,832 
| Puerto Rico _____________-___-_-__-___ Ww WwW W = 148,670 1,916 1,633 

W Withheld to avoid disclosing company proprietary data; included with “Other States.” 
Rhee tudes Alabams, Arizona oe 6), Colorado, Florida, Iowa, Kansas, Missouri (1976), New Mexico, Ohio, Oklahoma, 

e Island, and States indica y sym . 
2Data may not add to totals shown because of independent rounding.
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- | Table 7.—Crushed limestone sold or used by producers in the United States, by State 
. . (Thousand short tons and thousand dollars) 

7 | | : —-1976 | 1977 
| State OS OS _ 

Quantity Value ©. Quantity Value 

Alabama ____________________________________ 21,615 49,718 23,341 58,190 | . 
Alaska _________________ 1,950 8,859 2,772 12,557 
Arizona ___-__-________~_________-_~__________ 3,318 10,9038 4,633 13,671 

: Arkansas ____________________________________ 7,189 18,126 7,013 19,256 
California ___________________________________ 14,800 33,298 17,239 39,641 
Colorado _________~_______~_~___ LLL LL 3,988 9,482 3,980 10,214 
Connecticut __________________________________ 170 1,290 169 885 

| Florida ~~ ee 38,047 73,276 48,097 100,510 
Georgia ____________________ 4,094 10,293 4,478 11,162 
Hawaii ____________________ 1,115 3,832 1,097 3,800 

- Idaho ____________ 858 807 580 983 
Illinois _~___-____________________-- 61,858 | 141,440 57,074 135,960 | 
Indiana ____________________________ ee 28,163 59,378 26,724 61,366 
Iowa _.___________-_______-___ ee 30,272 75,921 29,183 76,964 

| Kansas _____________________ 15,734 36,331 16,761 40,325 
Kentucky __________________ 33,340 76,870 36,068 88,782 
Maine _____________ -900 2,623 881 2,509 
Maryland ___________________________________ | 10,699 31,689 11,852 35,565 
Massachusetts ____ _________~__________ Le . W Ww 709 8,289 
Michigan ____________________~________________ 40,214 77,296 39,489 80,725 
Minnesota ________________________ 5,499 11,608 5,469 11,330 
Mississippi _.____________________________ i __ Ww WwW 1,797 3,376 
Missouri _____________.__________-____________ 45,911 93,733 47,108 101,130 
Montana ___________________________--_-___-_- ss, 76 3,939 2,064 "4,248 
Nebraska _____________________________ 4;101 11,054 4,128 12,974 
Nevada ______________________________ 1,688 5,567 1,499 5,137 
‘New Mexico _____________________-_-_-~__ =e 1,449 3,187 1,441 3,684 
New York ____________________________ 25,296 63,795 27,500 80,141 
North Carolina _______________________________-_ 4,120 10,801 5,094 14,168 
Ohio_____ 41,229 95,063 43,355 106,450 
Oklahoma ___________________________ ae. 18,750 34,743 22,787 45,359 
Oregon ________________________- ee WwW W 449 1,372 
Pennsylvania ______~____.1-~______~--____-_____-- 48,796 124,080 47,548 123,410 
South Carolina _~____________~________________ ee WwW Ww 3,604 8,698 
South Dakota _______________ ee 2,228 3,788 2,276 4,249 
Tennessee ________ Lt WwW WwW 41,893 99,053 
Texas ______________________ ee 51,653 91,724 61,369 112,050 
Utah _____- ee 2,074 5,550 2,325 6,336 
Vermont ____________________ ee ‘1,051 9,170 , 1,067 10,090 
Virginia ~- = = e 17,788 43,684 19,797 51,963 
Washington ___________________________ 1,009 1,979 . 1,003 2,251 
West Virginia _________________________ 8,894 21,782 9,749 25,740 
Wisconsin _._________________________________ 17,705 29,768 18,160 32,718 
Wyoming ________________________ ee 1,616 4,093 1,588 -. 4,378 , 

| Other States! __-________________ 42,453 105,720 713 7,419 

Total? 9 = ee 662,880 1,496,200 706,520 1,679,100 
American Samoa ____ ee — 30 156 6 31 
Guam ____________________ ee; 457 1,438 577 1,897 
Puerto Rico ~.___________=_______-__-__-_-_____- 11,951 42,191 10,666 39,030 

W Withheld to avoid disclosing company proprietary data; included with “Other States.” 
1Includes New Jersey, Rhode Island, and States indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. 

GRANITE tons valued at $670,000. Granite represent- 
Granite includes all acidic intrusi ed 39% of the total crushed stone produced. 

. . 1 in ves, Crushed.—Crushed granite was produced 
| gneisses, and syenites, but excludes basic a a, 

: "s ° by 146 companies at 736 quarries in 31 
intrusives and extrusives and traprock. States. Leading States were Georgia, North 
Dimension.—Dimension granite was pro- C li Vi ge South C e ° d 

duced by 82 companies at 120 quarries in 18 arouna, Virginia, sou arolina, an 
States. Leading States were Georgia Arkansas; these five States accounted for 

* > . . 

Vermont, New Hampshire, Massachusetts, 80% of the total output of crushed granite. 
and South Dakota; these five States ac- Leading producers were Vulcan Materials 

counted for 80% of the total output of 0., Martin Marietta Corp., and Lone Star 
dimension granite. Leading companies were ‘Industries, Inc. Total output of crushed 
Coggins Granite Industries, Rock of Ages granite increased 10% to 109 million tons 
Corp., and Kitledge Granite Corp. Total valued at $276 million. Average output per 
output of dimension granite decreased 5% company was 740,000 tons valued at $1.9 
to 547,000 tons valued at $54.6 million. million. Granite represented 11% of the 
Average output per company was 6,700 total crushed stone produced.
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Table 8.—Dimension granite sold or used by producers in the United States, by State 
es 

1976 1977 

~ Cubic Cubic 
State Short feet uglue Short feet Value | 

tons (thou- sands) tons (thou- — sands) 

California ___________-___---- 5,240 64 $589 3,356 41 $365 
Connecticut _______.-__.--~--- - §,424 61 154 4,906 55 155 
Georgia __ __________~--------- F195,690 2,017 8,241 185,590 1,881 7,405 
Maine ___________---~.~------ 264 3 13 _- —_ _- 
Massachusetts ____________----- 81,865 .984 5,352 62,619 753 4,856 
Minnesota ______..-__-___--~—~- WwW WwW WwW 18,514 211 6,071 
Missouri _________~---___-_-~-- 1,519 18 288 992 12 268 
New Hampshire . _____~______-~--- 62,600 710 5,273 72,996 850 © 4,650 
North Carolina ___._.-.__------ 30,521 380 3,186 31,899 400 2,206 
South Carolina _~_______.----_--~- 16,858 204 900 13,162 145 627 
South Dakota ________.-----~-- 36,569 409 — 10,653 34,900 396 11,404 
Texas __-_________~~~~_ = ~~ 6,348 16 1,681 13,064 156 3,533 
Vermont ___________-_------~-~ W Ww Ww 82,623 857 8,771 
Washington ______________-__-_- 30 (4) 2 __ — _- 
Wisconsin ___________-_____~- 7,421 64 2,820 Ww W WwW 
Other States? _______________-- 123,880 1,333 16,774 22,796 244 4,339 

Total®? _.-_____________-_-_ 574,230 6,325 55,924 547,420 6,001 54,650 
me ED 

TRevised. W Withheld to avoid disclosing company proprietary data; included with “Other States.” 
1Less than 1/2 unit. 
2Includes Colorado, Nevada (1976), New York, Oklahoma, Pennsylvania, Virginia, and States indicated by symbol W. 
3Data may not add to totals shown because of independent rounding. 

Table 9.—Crushed granite sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 

ee 
1976 1977 

State —_——_——_—_—————_—_-_ rr. 
Quantity Value Quantity Value 

Alaska _~_______________ eee 1,074 2,708 1,164 — 4,708 
Arizona __________~_~___ eee 149 520 WwW W 
Arkansas ___ $$ -§_/__-____ eee 6,786 13,186 6,614 14,680 
California _.-___________. _____~_ ~~ + 5,146 13,214 4,728 12,576 
Colorado ______________~______ eee 1,134 2,489 1,173 2,702 
Georgia __________----_--__-_~~--------~-~-+---- 26,838 66,930 — 30,781 80,392 
Idaho _______________ eee 1 3 1 2 
Massachusetts _________________~_______ ee 1,266 3,989 1,086 3,268 
Minnesota ___________-_____~---~-_-_~--~~------- 1,605 3,365, 1,962 4,437 
Montana ______________________ eee 13 21 20 ' 34 
Nevada ________________ ee 194 351 WwW Ww 
North Carolina __-_________-~--~.~~-~--__--~-_---~--- 22,980 57,764 24,237 62,753 
Oregon ___._______-_------------~-~-~~~--~-~---+-+- 90 185 80 138 
Pennsylvania __________--_-_----_~_------~---~+-- 494 1,357 WwW WwW 
South Carolina ~._. ___-_______~-__-~-__-~-~-------- ~ 8,600 21,243 9,752 25,336 . 
South Dakota _______________~-~---~--~---~--_----- _— -- 77 77 
Texas _____________ ee 8 93 WwW WwW 
Utah ___________ e+e W Ww 60 119 
Vermont ______________- ~~~ ee 2 5 200 630 
Virginia _~.-________________--~-_------~-~-~-~----- 12,487 29,987 14,929 37,937 
Washington _____________---~----~-~------~-~----- 1,199 2,171 1,599 2,878 
Wisconsin ____________~-~~.~-_-____-~-----~--~---+- 886 1,193 1,384 1,839 
Wyoming ____________--------~-~--~------------+- Ww WwW 685 1,499 
Other States! _________________-_---__--------- 7,394 18,978 8,074 20,414 

Total? __-______________ eee 98,328 239,670 108,550 276,410 
Puerto Rico __________~-_~-~----------------~-~-- Ww WwW WwW WwW 

 W Withheld to avoid disclosing company proprietary data; included with “Other States.” 
1Includes Connecticut, Maine, Maryland, Missouri, New Hampshire, New Jersey, New Mexico, Rhode Island, and 

States indicated by symbol W. 
2Data may not add to totals shown because of independent rounding.
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TRAPROCK duced by 289 companies at 717 quarries in 

, oe 23 States. Leading States were Oregon | 
Traprock includes basalt, andesite, and (21%), New Jersey (12%), Washington 

other basic volcanics. (11%), Connecticut (8%), and Massachu- 
Dimension.—Dimension traprock was | ts "Le a ¢ od 0” @ the US 

produced in Hawaii by J. W. Glover Ltd. SCS. ‘eading producers were ie 
and in Washington by Heatherstone Inc., Forest Service, Ashland Oil Inc., and Trap 
Mount Adams Flagstone Co., and Island Rock Industries, Inc. Total output increased 

Frontier Landscaping Construction Co. Out- 3% to 77.4 million tons valued at $208 
put declined 34% to 770 tons valued at million. Average production per company 
$20,000. Average production per company was 268,000 tons valued at $719,000. Gran- 

was only 200 tons valued at $5,000. ite represented 8% of the total crushed 

Crushed.—Crushed traprock was pro-_ stone produced. 

Table 10.—Crushed traprock sold or used by producers in the United States, by State 

(Thousand short tons and thousand dollars) 

a er gg ESPN ff SPSS SS Ee 

. : State . 1976 . 1977 | 
Quantity Value Quantity Value 

- Alaska __-___________=-__-_-__-+ eee 2402 4,802 Ww Ww 
California wee ee 3,967 9,165 5448 12,952 

or moe eee ee ee ee ee ee ee ee ~— -- 

Connecticut. 22 2 TTT TI TTTIIII 5,651 15,130 6,471 18,303 
Hawaii ___________________________ +--+ -- 4,809 16,781 Ww W 
Idaho ________________________-___---------- 2,137 4,293 1,654 3,748 
Maryland ________________________------~----- 2,546 7,665 2,251 7,106 
Massachusetts ___§__._____---~-~--------~-----+-- 5,793 15,892 W Ww 

Montana __________________________-_-.------ 1,482 3,302 1,190 2,640 : 
New Jersey _________________-___-_-~---------- 8,259 27,244 9,070 30,582 
New Mexico _________~_--_-----------~--~------- 190 444 132 315 
New York ______________..-_-_-_-_-_-- +--+ 1,662 ~ 5,623 1,440 5,184 
North Carolina ___________________-__-~--~------ 1,734 4,857 2,949 8,735 
Oregon __________________-_-_ ee ---- 18,735 38,6038 16,225 35,658 

: Pennsylvania ________________-_____----------- 3,412 —s- 8,074 4,257 9,804 
South Dakota ______________-___-_-__-____-_------ 29 28 __ _. 
Texas _._________-_-_----_----~-~-_-~---~--+---- Ww WwW 49 212 
Vermont ___________-~_-~-~-_--~--~-_--~-+----+---- 51 150 . _- —_ 
Virginia _______________________- i __-_-e--- 4,146 10,208 4,746 11,632 
Washington ________________________-_-_------ 6,279 14,739 8,649 19,265 
Wisconsin ______________---_________-------~--- 1,118 3,792 1,285 4,558 
Other States!) ______________________----------- 801 2,084 11,284 36,170 

poe tat ~--------- +--+ +--+ e+ == + 75,202 192,850 Mao 207.670 

‘Virgin Islands ~~~ _~~_~_~22222222~22222222222227 219 «2,050 262 2,076 
ae eee 

| _ W Withheld to avoid disclosing company proprietary data; included with ‘Other States.” 
1Includes Arizona (1976), Maine, Michigan, Minnesota, New Hampshire, and States indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. 

SANDSTONE Sandstone represented 17% of the total 

‘ . ; dimension stone produced. | 

Sandstone includes quartz, quartzite, and Crushed.—Crushed sandstone was pro- 
conglomerate but excludes unconsolidated duced by 195 . 403 . 7, 

| sand and gravel. uc y companies at quarries in 

-Dimension.—Dimension sandstone was 32 States. Leading States were Pennsy lva- 
| produced by 84 companies at 125 quarriesin 7’ Arkansas, California, Georgia, and 

96 States. Leading States were Ohio, Penn- Ohio; these five States accounted for 55% of 
sylvania, New York, Maryland, and Geor- the total output of crushed sandstone. Lead- 

gia; these five States accounted for 73% of ing producers were Martin Marietta Corp., 
the total output of dimension sandstone. Concrete Materials Co., and Raleigh Stone 
Leading producers were Standard Slag Co., Co. Output expanded 13% to 30.2 million 
Briar Hill Stone Co., and Waller Brothers tons valued at $91.2 million. Average pro- 
Stone Co. Output decreased 9% to 247,000 duction per company was 155,000 tons val- 

tons valued at $9.1 million. Average pro- ued at $468,000. Sandstone represented 3% 
duction was 2,900 tons valued at $109,000. of the total crushed stone produced.
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Table 11.—Dimension sandstone sold or used by producers in the United States, by State 

1976 1977 

Cubic - Cubic 
7 State | Short feet (glue Short = feet aie 

: . | tons (thou, sands) tons thow sands) 

Arizona ___ ~~ ~~~ __-__--__- 1,579 23° $34 _ 3,079 50 $48 
Arkansas _____§__~________L____ WwW WwW W 18,354 167 368 
California _________-_____-___ 662 9 18 © 311 4 10 
Colorado ____________-_-_____ 5,277 68 ~ 182 4,353 56 115 
Connecticut ______________-___ 3,719 48 . 61 4,195 53 85 
Indiana _____________-_-_-__- 4,308 _.* 65 W 4,029 60 Ww 
Maryland ____________~______~_ 12,597 ~ 162 365 16,118 | 201 561 
Missouri _______~_____-___-__- 580 9 27 W WwW. Ww 
New York ___________________ 20,649 252 1,566 16,555 198 1,371 
Pennsylvania ____________---_- 30,630 393 894 35,004 449 956 
Tennessee ___________2_-_____ 9,476 121 582 WwW WwW WwW 
Virginia __-__________.~_____ Ww Ww W 1,844 23 35 
Washington __________________ 3,059 38 393 2,497 31 359 
Wisconsin _~_~________~________e_ 528 7 21 - WwW WwW WwW 
Wyoming _______~_________-___ | 223 3 40 108 1. 2 
Other States? _-_______________ 178,900. 2,336 6,093 145,110 1,901 5,218 

Total? _-__________________ 272,190 3,532 10,192 246,550 3,195 9,129 
Puerto Rico ____________-_-___ Ww WwW WwW -- _- _—— 

W Withheld to avoid disclosing company proprietary data; included with “Other States.” 
oO ‘Includes Alabama, Georgia, Idaho (1976), Michigan, Minnesota, Montana, New Jersey, New Mexico, North Carolina, 

Ohio, Utah, West Virginia, and States indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. | a , 

Table 12.—Crushed sandstone sold or used by producers in the United States, by State —s_. 

. (Thousand short tons and thousand dollars) 

1976 1977 
State —_—. 

Quantity Value Quantity Value 

Alaska ____-______-~____ ee 336 596 -- -_- 
Arizona ___ ~~ 5 2 ee 509 1,603 _ §42 1,833 
Arkansas ____ ____§__§ > -§ 3,608 7,481 4,572 9,878 

. California _.-_____________ ~~ __ ieee 3,413 7,429 2,600 5,406. 
Colorado _______-__-_____-~-_ ee W W 137 . 445 

. Georgia ____-_______________ Le W W 1,875 ~ 5,503 
Idaho ____________ Le 819 3,737 820 3,242 
Kansas _____________ Le W W 468 1,481 
Kentucky ______________ LL 38 190 27 . 159 
Maine _______________ LL 399 . 1,420 Ww Ww 
Maryland _______________ 214 1,121 213 1,293 
Montana _________________ ee 191 575 370 923 
New Mexico ___________________ ~~ ee 234 437 345 664 
New York ~__________________ LL 1,126 3,324 973 3,126 
North Carolina _._____-___~______~__-_ ~~ Lee 107 547 197 800 
Ohio _________~__ Le 1,384 8,995 1,498 9,962 
Oregon ___________~_____ Le Ww WwW . 634 1,848 
Pennsylvania ____________~_~_~_ ~~ LLL 5,323 14,535. 6,024 17,265 
South Dakota _____________-____ ee 948 2,771 1,024 3,151 
Tennessee ________________~___ Le 3 8 _- _- 
Texas _-____________~_____- 689 1,941 1,316 3,774 
Vermont ___________~__~___~___ Le 10 28 | OW W 
Virginia ~__-______-_____-_----~--~_~-_-~_ 862 2,298 1,411 4,088 
Washington _____________-_-___~_- ~~~ 875 2,544 532 2,298 - 
West Virginia _____________-___--~__-_~__-~___ 823 2,351 746 2,281 
Wisconsin ___________________ WwW W 1,404 2,956 
Other States!’ _______________~____-_-__ Le 4,818 14,574 2,456 8,830 

Total? _--_-_-______ ee 26,723 78,506 30,187 91,210 

W Withheld to avoid disclosing company proprietary data; included with “Other States.” 
‘Includes Alabama, Connecticut, Louisiana (1977), Michigan, Minnesota, Missouri, Oklahoma, Utah, and States 

indicated by symbol W. 
2Data may not add to totals shown because of independent rounding.



MARBLE gia stone produced ren Es ee -.. The marble for the National Galler Of _ | Marble includes both crystalline and Aart Bast Building, Washington, D.C, came __ Umestone marble, verde antique, and any from quarries near Knoxville’ Teng. The - Orne calcareous stone that will take a stone for the original National Gallery oS Bolg oe a oe _ came fromthesameareain1941. 0 duced fn ie'tDimension marble was pro- Crushed.—Crushed marble was produced ___ duced by 16 companies at 29 quarries in 18 py 17 companies at 35 quarries in 13 States. States, Leading States were Georgia, Leading States were Alabama, Georgia, = _. Vermont, California, Alabama, and Texas; North Carolina, Wyoming, and Texas;these _——_ fese five States accounted for 85% of the five States accounted for 91% of the total total output of dimension marble. Leading _ production of crushed marble. Leading pro = - Producers were Georgia Marble Co., Ver- ducers were Georgia Marble Co., Moretti, _ mont Marble Co., and V & M Quarry Co. Harrah Marble Co., and Texas QuarriesInc. oe Output expanded 73% to 96,700 tons valued Output increased 6% to 1.5 million tons . at $12.2 million. Average output per com- valued at $23.9 million. Average production 7 | pany was 6,000 tons valued at $760,000. per company was 91,000 tons valued at $1.4 a, Marble represented 7% of the total dimen- million. re So 

___Table 18 —Dimension marble sold or used by producers in the United States, by State 
a Ra eae  Saece ee acme ee wt | , So Sabie Gabie | State Sheth ee Gee Short feet “Mpls. a | , tons. (thou. sands) . ‘ons. _—_—s (thou- - gands) : | Sands) sands) __ Idaho --—------__--__---___. 898 sg) Ww Ww. Ww. Tennessee _-_________________ 9,998 = 112 1,746 WwW W Ww Wyoming -___._...._-___.___ ts 195) 2B. BQ Ww Ww. Ww - Other Statest -_--____- ll A185 492 8,428. 96,654 L113 $42,148 0 A eetccccesesccccoess 85918888 tgs seen 

. “Includes Alabama, Arizona, California (1977), Georgia, Missouri, Montana, New Mexico, North Carolina, Texas(1977), Vermont, Washington (1976), and States indicated by symbol Woo eee ee - a | “Data do not add to total shown because of independent rounding. _ oe BO | 7 

_. ‘Table 14.—Crushed marble sold or used by producers in the United States, by State 7 | | ___._ Thousand short tons and thousand dollars) So rs oe ae | | 

| Alabama -—__~ 649 9,964 653. 12,764 | Arizona — -___-__ TTT 402 56400 40 —-§32 So Miséouri __________ LD TTT TTT arr Ww. WwW 4 2160¢2~—CO ‘Texas Www ene sO 64 &#& Ww Ww Vermont worn ene eee - ee 2 6 4s -- Wyoming -____________- rr - 63 1,574 WwW Ww. Other States! ---___. 1 i TTT TTT TTT TTT ggg ‘T7194 848 (10,485 
Total ——~------- eta 20,586 1,540 28,947 a Puerto Rico Witt r tron 2 24-7 -----+----------- . 97 518 WwW wo 

-W Withheld to avoid disclosing company proprietary data; included with “Other States.” = ts; a oo . ainelades California, Georgia, Nevada, North Carolina, Tennessee, Utah (1977), Virginia, Washington, and States indica 8 . SG Bo - a = a *Data may not add to total shown because of independent rounding, | _
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CALCAREOUS MARL Leading States were South Carolina (56%), 

. | . Texas, and Mississippi. Leading producers 

Marl includes stone that is both calcar- were Giant Portland Cement Co., Gifford- ) 

-eous and aluminous, mainly clays and Hill & Co., Inc. and Capitol Cement. Co. 

shells. The-lime content may range from Output was 2.5 million tons valued at $3.74 — 

low to high. Crushed marl was produced by million. Average production per company | 

22 companies at 26 quarries in 8 States. was 114,000 tons valued at $170,000. 

| Table 15.—Crushed calcareous mar! sold or used by producers in the United States, 

| , by State — , 

(Thousand short tons and thousand dollars) . 

} 1976 1977 

: State | ——————— 

EE Qutity Valve Quant 

Indijana____.---__---------------------------
----- 24 40 17 26 

Michigan. _____---------------------------777-
7-777 66 156 22 67 

North Carolina _._____------------------------------ 
173 321 213 478 . 

South Carolina _______----------------------------7-- 
2,384 2,978 1,416 2,009 

Virginia ______----------------
---------7-77 00070777 5 9 6 «18 

eo nC
 

Total?______--------------------------------
--2 8,371 4,446 2,517 3,740 

1Includes Maine, Mississippi, and Texas. 
| 

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

| SLATE | valued at $33.5 million. Average production | 

. . . . per company was 1 million tons valued at | 

| Slate isa unique metamorphic stone with $9 6 million. 

perfect cleavage. | | 

Dimension.—Dimension slate was pro- MISCELLANEOUS STONE 

duced by 32 companies at 39 quarries in | : 7 | 

Pennsylvania (42%), Vermont, Virginia, Miscellaneous stone includes mica shist, 

North Carolina, New York, and California. ava, soapstone, aa, Or other stone. — 

Leading companies were A. Dalley & Sons, Dimension.—Other kinds of dimension 

Inc., Stoddard Slate Co., Inc., and J. G. stone were produced by 14 companies at 16 

Hadeka. Output was 57,000 tons valued at quarries in 9 States. Leading States were 

$8.2 million. Average production per com- Maryland (54%), California, Pennsylvania, 

pany was only 1,790 tons valued at $258,000. Arizona, and New Mexico. Other States | 

Slate represented 4% of the total output of were Virginia, North Carolina, Washing- 

dimension stone. ton, and Utah. Leading producers were 

Crushed.—Crushed slate was produced by Stoneyhurst Quarries, Tosalma Stone Quar- 

eight companies at eight quarries in Vir- ry, and Vic Williams Stone Co. Output was 

ginia (66%), Georgia, Arkansas, and New 24,800 tons valued at $903.000. Average 

York. Leading producers were Ashland Oil production per company was only 1,800 tons 

Inc., Solite Corp., and Arvonia-Buckingham valued at $64,000. 

Slate Co. Output increased 2% to 894,000 Crushed.—Other kinds of crushed stone 

tons valued at $7.7 million. Average pro- W°r® produced by 61 companies at 341 

duction per company was 112,000 tons quarries in 24 States. Leading States were 

valued at $959,000. . Pennsylvania, California, Vermont, Wash- 

, ington, and Maryland; these five States 

SHELL | accounted for 86% of the total output of 

| other crushed stone. Leading producers 

Shell is mainly fossil reefs of oyster shell. were the U.S. Forest Service, Eureka Stone 

Crushed shell was produced by 13 compa- Quarry, Inc., and Lone Star Industries. 

nies at 23 locations in Louisiana, Texas, Output declined 27% to 12.8 million tons 

Alabama, Florida, Maryland, California, valued at $29.8 million. Average production 

and Virginia. Leading producers were per company was 211,000 tons valued at 

Radcliff Materials Inc., Parker Brothers & $489,000. The problems of asbestos fibers in 

Co., Inc., and Pontchartrain Dredging Corp. crushed stone continued to depress the mar- 

Output decreased 2% to 13.5 million tons ket for miscellaneous stone.
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Table 16.—Crushed miscellaneous stone sold or used by producers in the United States, 
7 | by State 7 : 

' (Thousand short tons and thousand dollars) 

) 1976 1977 
State $$$ 

Quantity Value Quantity Value . 

Alaska _____________________ ~~ eee 966 3,127 Ww Ww 
Arizona ____§__ ~~~ ee ee W W 40 154 
California ________________________- eee 5,021 11,107 3,976 9,148 
Hawaii ~-______________--_ e+e 169 580 WwW Ww 
Idaho _______________________- +e 152 282 22 30 
Maryland ____________--__~-_--~_--_---_------ 470 1,219 429 1,149 
Montana __________-__---~-__-~~-~_--~-~~~----+--~- 1 4 35 83 
North Carolina ~_-_________-~~__---~-~---~--~-------- 1,642 4,079 WwW Ww 
Oklahoma ______________--~~-~____-~-+-+--~-~---+--- 253 276 Ww Ww 
Oregon ___ __________________ = _ ieee 276 484 212 383 
Pennsylvania _____________-__~-~-~---~---_----~--+-~- 5,519 13,200 W Ww 
Rhode Island _~__________.~______~_.__-___----- 16 56 11 38 
Vermont _____________~___ eee 742 1,602 Ww Ww “ 
Virginia ~_-________-____---~-~~_--_~~--~---+-+-- 214 432 WwW Ww 
Washington ____________________-_ ~~~ eee 840 1,752 W Ww 
Wisconsin ___________._______----_________--- Ww W 9 26 
Other States! _____________________-_______--_e 1,383 2,866 8,109 18,796 

Total? _____________________-____ ie 17,664 41,099 12,848 29,806 

W Withheld to avoid disclosing company proprietary data; included with “Other States.” 
‘Includes Arkansas, Colorado (1976), Kansas (1976), Louisiana, Massachusetts, Missouri (1976), Nevada, New Mexico, 

New York (1977), Utah, Wyoming, and States indicated by symbol W. - 
_ *Data may not add to totals shown because of independent rounding. 

| CONSUMPTION AND USES 

Stone was consumed in every State. accounted for 58% of the total production of 
Dimension stone was marketed over wide dimensionstone. - 

| areas to meet specific requirements. Crush- Crushed.—Crushed stone was used for 
) ed stone was generally marketed ina limit- roadstone (57%), concrete (18%), cement 

ed area, usually in the State where pro- (11%), and many other uses. Output of 
duced. Although large stockpiles may exist, roadbase aggregate increased 15% to 220.6 
output during the year is considered to million tons valued at $494.1 million. Pro- 
equal consumption. duction of other aggregate and roadstone 
Dimension.—Dimension stone was used increased 19% to 156.3 million tons valued | 

for building stone (62%), monuments (23%), at $367.4 million. Output of concrete aggre- 
and other uses. Output of rough monu- gate increased 7% to 124.5 million tons 
mental stone was 271,800 tons valued at valued at $822.4 million. Stone used in 
$16.8 million. Production of rough blocks cement increased 5% to 103.9 million tons 
decreased 14% to 234,800 tons valued at valued at $190.3 million. Output of bitumi- 

$6.9 million. Output of rubble was 179,900 nous aggregate increased 8% to 93.9 million 
tons valued at $2.4 million. Output of cut tons valued at $252.7 million. These five 
building stone increased 7% to 129,400 tons uses accounted for 73% of the total pro- 
valued at $21.9 million. These four uses duction of crushed stone.
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Table 17.—Dimension stone sold or used by producers in the United States, by use | 

. oo a a 1976 .. i. - . 1977 

. oo oo Cubic . Cubic . 
| Use “Short = sft «Salve Short feet —-Yalue 

| | | a fons eee sands) tons (thon sands) _. 

oo ‘Rough monumental’ __--.__-._--- 271,460 2,829 $15,223 271,840 2,803 $16,820 Ho 
_  Roughblocks --__.--------.--- | 7271,450- 3,478 9,108 . 234,750 3,037 6,885. 

Rubble. _..-__-.___-_-------- 113,220 1,426 1,839 179,930 2,252 2,360 
Cut building stone __.___-__-_.-- 120,780 ~ 1,550 - 23,978 129,380 1,648 21,908 

. Roughconstruction ~_.._-----_-- 119,050  —s_ 1,498 3,197. 126,240 1,533 2,973 
Curbing ~_---.-----_-------- | 118,470 _ -1,3896 8,048 103,190 1,227 7,487 
House stone veneer __ ._.._-__-----. 84,997 - 44114 3,961 101,620 1,291 4,688 
Sawed building stone ...._-..._--- 91,887 .—~—:11,214 5,306 90,257 1,186 6,737 

. Dressed monumental __.2----.--- . 65,804 — 738 22,031 . 56,175 638 21,371 
Rough flagging _..-_---_----_---- - 38,158 486 1,574 34,804 - 443 1,649 
Dressed flagging ._.__.-.-----.-- 38,687 441 1,720 33,789 388 1,669 
Structural shapes ~ +e - ee 10,275 117. 2,588 11,629 128 ~=— 3,298 . 
Dressed construction — .._...------- 25,563 312 2,078 11,019 134 940 

- Roofingslate ...__-.2..-.------ _ 9,960 113 2,045 9,934 109 2,338 
Flooring slate _....-.-.-------- | 6,205 66 1,046 $6,349 - 70 955 
Billiard tables _....._..----_--- 1772. = «20 — 405 | 2,090 23 451 
Blackboards _....---.---------~ 193 2 101 134 . 1 107 
Other rough stone _-._---------- 6,159 76 163 3,326 42 64 
Other dressedstone _~_.____--___ 4,675 ——s«BB 264 __ _- _- 
Other uses? _-._-_---___------. - 2,082 == 2 210 ~~. 9,712 112 1,229 

- Total? -_.__.--_---------- . 1,400,400 «= 16,950 104,400 1,416,200 17,065 — 103,920 

_ ncludes paving blocks, electrical fixtures, and other uses. . | 
. 2Data may not add to totals shown because of independent rounding. . 

| Table 18.—Crushed stone sold or used by producers in the United States, by use 
a (Thousand short tons and thousand dollars) — | Oo , , : 

a | - . : 1976 1977 - 

. Quantity Value Quantity. Value 

Roadbase aggregate _~____--___.---__-------------~- 191,160 401,710 220,590 494,150 
. Other aggregate and roadstone ..________---------=-- 131,170 299,880 156,250 367,370 

Concrete aggregate ______..__-_----------1------- - 116,000 270,610 124,510 322,370 
- Cement __.__-___-__ ee ees 99,208 177,080 — 103,890 190,260 

Bituminous aggregate ___.__-_-____-~-_--------------- 86,639 225,330 93,864 252,680 
Surface treatment aggregate _______-__-------------- 54,708 — 131,670 44,920 111,630 
Lime! ___.._-_____-~-_-2------~+--~------------ 37,756 88,474 36,363 89,065 

- Aglime _..---__-____---__------- ee 39,995 107,440 31,986: 95,679 
. Railroad ballast _.___..._..____-.--_----_--------~ 23,204 50,354 25,484 57,447 

Macadam aggregate __.__._._.-_-~__----~-------- 27,556 61,356 25,307 56,384 
Flux stone __-_-________----_-----_----+-------- 23,767 =‘ 557,621 23,067 59,049 
Riprap __._____-_-__--=--------------------- 27,075 61,043 21,114 50,339 
Stone sand _________.~~- ~~~ ~~~ 2 4824 14,192 11,801 32,611 
Roofing granules _.______-___----i--------------+ 4,394 11,798 5,099 14,702 
Fill ~-_-_-._--_-_-____-_~- eee. 4,933 8,656 4,608 6,649 
Other fillers ....-_-_____----._----~-------~----- 2,908 30,769 3,012 36,227 
Glass __________-___--_------~--~-----------~ 3,199 18,772 2,698 16,683 
Mineral food _.. .. _-___.----_--------=--------- 2,437 13,881 2,369 12,860 
Filter stone __________--_-~__-_~~-~ ee 928 2,510 2,079 5,515 
Rock dust for coal mines _ ___.____-_----------------~ | 1,377 8,026 1,337 8,463 
Asphalt filler ~o eee eee 832 4,478 1,131 5,234 
Refractory stone ~_~_-___~---_-----------~-_--~------ 1715 5,045 844 5,679 

. Whiting pw eee ee ee ee eee 976 19,726 833 21,711 
Sulfur dioxide removal] ____-____.-~_.--_----_---_--- 655 1,496 807 1,962 
Terrazzo _._____.--_------~~------------------ 614 7,069 625 7,846 
Other chemicals ________----_-~--------------~---- 1,095 1,877 615 1,048 
Agmarl _________--_-------------------------- 469 1,468 559 1,903 

_ Lightweight aggregate _______-__-_---------------~--~- 523 4,385 492 5,404 
Ferrosilicon ____._.-.---------------------~---~- 1,007 2,814 339 1,402 
Acid neutralization ._...__..--_-----------------~- 27 173 295 1,071 
Abrasives _._____-.__---------~---~------+------ 99 706 157 1,048 
Paper _________-~-_-----------~-~-~--~--~-+------ 136 656 116 412 
Building products _______------------------------ 122 282 62 131 
Bedding material ~----- ee ee ee 135 391 61 238 
Drain fields _-_____-___-----------------------~~ 3230 448 30 63 
Waste products ________-----_--------~----~---~--~- 303 378 WwW WwW 
Other uses? ~_-_ > 5 5 5 ee 8,929 24,049 6,645 17,727 

Tota? __________-__._------------------~ 900,260 2,116,600 958,960 2,353,000 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Other uses.” 
1Includes dead-burned lime, alkalies, and sugar. 
2Includes magnesium metal, slate flour, porcelain, stucco, disinfectant, and uses indicated by symbol W. 
3Data may not add to totals shown because of independent rounding.
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| 7 LIMESTONE | for roadstone (52%), cement (14%), concrete 7 | 

Dimension.—Dimension limestone was eal and many other ieee ee tele | 
wy ge | ° " roadbase aggregate increased 11% to 151. 

uses, Output of reugh blocks increased 8% Million tons valued at $819 million. Pro- 
to 148,200 tons valued at $4.2 million. ‘Pro. duction of stone for cement increased 6% to 
duction of rubble was 99,680 tons valued at o minor ne valued at sie wee 
$1.1 million. Output of house stone veneer ~" POs 0 ° li aggregal lued roa 30 6A | 
decreased 7% to 53,790 tons valued at $2.4 WaS 98.96 million tons valued at $226. 
million. Production of cut building stone Million. Production of concrete aggregate a 
declined 15% to 49,850 tons valued at $7.34 increased 8% to 97.5 million tons valued at 
million. Output of sawed building stone $245.5 million. Output of bituminous aggre- 
declined 19% to 38,630 tons valued at $2.7 gate expanded 16% to 60.2 million tons | 
million. These five uses accounted for 88% valued at $156.1 million. These five uses 
of the total production of dimension lime- accounted for 72% of the total production of 

| stone. | | crushed limestone. _ : Se 
-Crushed.—Crushed limestone was used : : | a 

- Table 19.—Dimension limestone sold or used by producers in the United States, by use 

| a | a 
: Cubi Cubic _ 

: Use - Short feet ceive Short “feet. wale 
7 tone hou aands) 008 Gh, and 

Rough blocks ___________-.---_-_ _- 187,580 1,865 «$8,718 «(148,160 2,001. $4,215 

Cut building stone ___~____~_-2 2 58,669 782 8,693 49,851 668 7,342 | 
Sawed building stone ~~~... _~ 47,830 654 3,109 38,629 527 «ss 2,672 
Rough construction _.__._»--_.--_ 23,599 306 “601 29,489 367 435 
Rough flagging _.___._____-...--_ . 18,884 - 238 336 15,871 201 338 
Dressed construction _______. ~~ 11,768 144 297 3,926 49 99 

urbdin; mee ee ee ee ee ee , . 

Other rough stone Woe ee 114 1 2 WwW WwW WwW 

Other uses’. -~-_--------------_ Gd 8B 
Total® _.____-_----------- 418,770 - 5,500 .19,782 442,690 «5,816 18,832 | 

W Withheld to avoid disclosing company proprietary data; included with “Other uses.” . 
Mncludes other uses and uses indicated by symbol W. —— 
2Less than 1/2 unit. | , | | 
3Data may not add to totals shown because of independent rounding. |
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Table 20.—Crushed limestone sold or used by producers in the United States, by use 

(Thousand short tons and thousand dollars) . 
eee 

1976 1977 
Use canon ne res 

- Quantity Value Quantity Value 
SSeS 

Roadbase aggregate _____________________________ 136,520 272,100 151,470 . 319,050 
Cement -______________ 93,407 166,260 99,049 181,440 

_ Other aggregate and roadstone ____________________ 80,491 175,910 98,965 226,360 
Concrete aggregate _.________________________ 90,575 203,140 97,465 245,490 
Bituminous aggregate _________________________ 51,972 127,230 60,205 156,090 
Surface treatment aggregate _..________________ 38,476 94,222 35,945 89,244 
Lime’ ______________~_ 36,918 86,583 35,561 87,804 
Aglime ________-___~___~ ee 39,825 106,670 31,863 95,282 
Macadam aggregate ________________________ 23,837 51,457 21,819 47,218 
Flux stone _-_______~___~_ 22,508 51,936 21,628 53,024 
Riprap ___-_____-_._______ ee 15,174 35,173 13,450 31,597 
Railroad ballast __.§-§_§_-§._-_-_-__-______~______ 9,671 19,729 10,825 24,037 
Stone sand __________-____ 3,494 9,621 8,990 23,867 
Fill ~_----_-______- 1,448 2,433 2,503 3,059 
Other filler -._-_-_______________ eee 1,845 14,536 1,987 20,043 
Mineral food _________-_____~___~_~_ eee 1,979 12,321 1,958 11,749 
Glass ____________~__ 2,119 11,961 1,783 10,580 
Filter stone __-_____________~__ ee 422 1,043 1,365 3,348 
Rock dust forcoal mines ______-________________ 1,377 8,026 1,337 8,463 
asphalt filler He 576 2,976 851 4,166 
Sulfur dioxide removal _____________________ | 654 1,494 807 1,962 
Whiting ~--- + ee ee 897 18,333 696 17,120 
Other chemicals _____________________ 1,095 1,877 615 1,048 
Soil conditioning _~__._.__-____~_~___ ee ay 1,056 361 1,435 
Terrazzo _~__________ ~~~ 204 1,847 349 3,119 
Roofing granules _._____________________ 393 1,315 300 1,489 
Acid neutralization ___-§-_-§_-§_-§_-$_->_-_-_ =e 27 173 295 1,071 
Waste products __________________ 303 378 274 321 
Paper ____._-_-______ 136 656 116 411 
Abrasives ~_____~__________~____ ee 18 168 60 360 
Refractories ______________________ Le 33 89 35 80 
Building products - - - -----~------~---------------- W Ww 29 65 
Drain fields _.______-___________ 300 392 28 58 
Bedding material _______________________________ 44 87 16 37 
Ferrosilicon ~--- ee 914 2,254 Ww Ww 
Other uses? _~_____§__§_-_- 5,178 12,792 3,523 8,581 

Total® __-_-__- = 662,880 1,496,200 706,520 1,679,100 
ee en eae ee ee een een UN nn Ong en ann 

W Withheld to avoid disclosing company proprietary data; included with “Other uses.” 
‘Includes dead-burned dolomite, alkalies, and sugar. 
Includes magnesium metal, stucco, porcelain (1977), disinfectant, other uses, and uses indicated by symbol W. 
5Data may not add to totals shown because of independent rounding.
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GRANITE | | Crushed.—Crushed granite was used for _ 
Di . Dj , ite roadstone (66%), concrete (17%), railroad 

Imension.—Vimension = gran Was ballast (9%), and other uses. Output of 
used for monuments (57%), building stone +37: 

. roadbase aggregate was 33.8 million tons 
(23%), curbing (19%), and other uses. Out | jue at $84.7 million. Production of bitu- 
put of rough monumental stone increased . " te j * d 5% to 17 mil 
2% to 270,700 tons valued at $16.7 million. TUMOUS aggregate increased o% mul 
Production of curbing declined 13% to lion tons valued at $46.6 million. Output of 

102,800 tons valued at $7.5 million. Output Other aggregate and roadstone decreased 
of cut building stone was 48,000 tons valued 11% to 15.9 million tons valued at $39.9 
at $10.9 million. Production of dressed million. Production of railroad ballast was 
monumental stone was 42,620 tons valued 9.6 million tons valued at $20.9 million. 

at $16.2 million. Output of rough blocks Output of surface treatment aggregates was 
increased 5% to 33,130 tons valued at $1.4 3.2 million tons valued at $8.2 million. 
million. These five uses accounted for 91% These five uses accounted for 73% of the 
of the total production of dimension granite. total production of crushed granite. 

Table 22.—Dimension granite sold or used by producers in the United States, by use 

1976 | | 1977 
Cubic Cubic 

. Use Short feet ialue Short feet epee 

tons (thou. sands) tons thon. sands) - 

Rough monumental ____________ 266,480 2,770 $14,925 270,730 2,791 $16,748 
Curbing ___________________ 117,930 1,389 8,015 102,800 1,222 7,465 
Cut building stone ___._________ 29,318 . 355 10,300 48,037 581 10,885 
Dressed monumental ___________ 54,726 ~ 608 18,143 42,623 482 16,154 
Rough blocks _______________- 31,492 334 1,082 33,131 347 1,419 
Rubble Woe eee 20,924 233 171 23,444 267 219 

| Rough construction ___________-_ 27,510 330 1,016 10,094 - 114 “329 
Dressed construction ___________ _ 10,794 132 1,662 6,168 74 800 : 
House stone veneer_____________ 1,875 22 107 3,970 48 130 
Sawed building stone ___________ 7,176 93 217 3,106 37 124 
Other rough stone ___________-_~_ 2,791 28 94 316 3 7 
Other dressed stone _____.______ 69 1 7 WwW WwW WwW 
Rough flagging eee eee 207 3 9 Ww WwW WwW 
Other uses?’ ~__~ Lt 2,345 28 176 2,993 36 370 

Total? _--_-__- 574,280 6,325 55,924 547,420 6,001 54,650 

W Withheld to avoid disclosing company proprietary data; included with “Other uses.” | 
1Includes paving blocks, dressed flagging, and uses indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. 

Table 23.—Crushed granite sold or used by producers in the United States, by use 

| (Thousand short tons and thousand dollars) 

1976 1977 
Use — oo Ooo O—-————- 

Quantity . Value Quantity Value 

Roadbase aggregate _____________-____-___~~-_--~----~ 22,828 52,969 33,842 84,699 
Concrete aggregate_________________-~__-_~~-~_ 17,198 43,317 18,427 50,913 
Bituminous aggregate ______________________ ~~ ______ 16,225 42,759 17,048 46,598 
Other aggregates and roadstone ___$____________ ~~ Le 17,775 43,769 15,859 39,935 
Railroad ballast... __._____________________ Le 9,096 20,574 9,653 20,888 
Surface treatment aggregate _________________--__-_____ 3,430 7,842 3,168 8,215 
Riprap ____-_____--------~---_----~~_~~~-~_------- 4,283 9,989 2,163 5,220 
Roofing granules ______________-------__-~~--~-----~- 1,683 3,038 1,973 3,773 
Macadam aggregate ____________--_----__-~~---~_--_-- 1,685 3,937 1,682 4,212 
Stone sand___________________-____ 723 1,764 1,306 3,069 
Fill _-- -- = ee 154 210 824 1,164 
Filter stone _~_-__§_.____-______~__~~ Le 180 584 99 301 
Terrazzo _-__________ Le 181 826 58 439 
Mineral food. __________________-_-______~_--______ 168 757 25 298 
Bedding material ______--_____-_-_----__--~-~---~-----~- 60 215 WwW WwW 
Other uses! _-___________ eee 2,660 7,120 2,428 6,689 

Tota? _-_-______________ eee 98,328 239,670 108,550 276,410 

W Withheld to avoid disclosing company proprietary data; included with “Other uses.” 
‘Includes asphalt filler, other uses, and uses indicated by symbol W. 
2Data may not add to totals shown because of independent rounding.
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TRAPROCK lion tons valued at $69 million. Production 
. . ; . | of roadbase aggregate increased 7% to 17.5 : 

Dimension.—Dimension traprock was - million tons valued at $43.81 million. Out- 
used for rubble, rough blocks, rough flag- put of bituminous aggregate decreased 2% 
ging, and house stone veneer. to 11.5 million tons valued at $34.9 million. 
Crushed.—Crushed traprock was used for These three uses accounted for 72% of the 

roadstone (80%) and other uses. Output of total production of crushed traprock. 
other aggregate and roadstone was 27 mil- 

Table 24.—Crushed traprock sold or used by producers in the United States, by use ~ 

(Thousand short tons and thousand dollars) 
a 

1976 1977 
Use $$$ 

Quantity _ Value Quantity Value 

Other aggregate and roadstone _____________________- 18,462 48,879 26,997 68,998 
Roadbase aggregate _______________-------~-+----- 16,340 38,729 17,515 43,808 
Bituminous aggregate _______________------~--~-+-+-+- 11,762 33,897 11,518 34,856 
Concrete aggregate ___________-+----~---~~-+--~--+-+-- 5,148 15,360 5,211 16,020 
Surface treatment aggregate ____________------~-~----~- 9,623 21,798 4,286 10,232 
Railroad ballast _.._-_._____.-__-~-~-_-~-~-~-~--~-~---+--+ 2,998 6,975 3,355 8,422 
Riprap ___________________-_-____----------+- 4,410 8,949 3,167 8,392 
Roofing granules ____________________-_-_------- 1,763 5,185 1,928 5,758 
Macadam aggregate __._______-_--~~~-~_-------~---+-- 1,573 5,050 1,542 4,380 
Stone sand _________________ ~~~ eee 158 863 7158 3,051 
Fill _-___-- ee 2,137 4,270 391 802 
Filter stone ~_____________~~___-~--~-~-~ ~~ 233 623 327 1,016 
Bedding material ____________--~-_-~~~-_ ~~ 26 81 21 93 
Drain felds ~-- eee eee ee ee 20 46 WwW WwW 
Building products _______.-__.------------~-+~+--+--- 1 1 WwW WwW 
Other uses! ~~~ 5 eee — 558 2,170 387 1,842 

Total? ~-_________U________-_ a ------- 75,202 192,880 77,407 207,670 
nnn nS 

W Withheld to avoid disclosing company proprietary data; included with “Other uses.” 
1Includes asphalt filler, terrazzo (1977), other uses, and uses indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. 

SANDSTONE five uses accounted for 83% of the total 
. . . . _ production of dimension sandstone. 

Dimension.—Dimension sandstone was Crushed.—Crushed sandstone was used 
used for building stone (90%) and other for roadstone (59%) and other uses. Output 
uses. Output of rough construction stone of roadbase aggregate increased 3% to 7 

expanded 16% to 58,037 tons valued at $1.3 million tons valued at $16.8 million. Pro- 
million. Production of rubble was 45,682 duction of other aggregate and roadstone 

tons valued at $770,600. Output of sawed expanded 17% to 5.7 million tons valued at 
sandstone expanded 15% to 39,908 tons $12.8 million. Output of bituminous aggre- 
valued at $1.9 million. Production of rough gate was 3.95 million tons valued at $11.6 
blocks increased 10% to 35,677 tons valued million. These three uses accounted for 55% 
at $619,200. Output of cut sandstone was of the total production of crushed sand- 
24,816 tons valued at $2.1 million. These — stone. 

Table 25.—Dimension sandstone sold or used by producers in the United States, by use 

1976 1977 
Cubic Cubic 

Use Short feet apie Short feet eine 

tons (thou. sands) tons (thon. sands) 

Rough construction ________.---~----- 50,124 642 $1,103 58,037 713 $1,315 
Rubble ___________-~~.----~-~-~---- 28,324 317 367 45,632 602 771 
Sawed building stone ___.__.___--.---~- 34,688 456 1,725 39,908 526 1,891 
Rough blocks wee eee eee 32,473 447 553 35,677 485 619 
Cut building stone ___________----_--—- 24,827 320 2,039 24,816 321 2,116 
Rough flagging ___.____-._.--------- 19,512 244 1,227 17,715 222 1,230 
House stone veneer_ ______.__§___---_~--— 21,781 288 882 14,876 200 572 
Dressed flagging woe eee eee 10,040 127 476 6,787 85 336 
Other rough stone ____________-_----- 48,263 603 1,563 2,383 30 49 
Other dressed stone __________~_~.-~-- 582 7 194 Ww Ww Af 
Other uses? __ _________________--- 1,572 20 15 723 9 228 

Total? _-__________________- 272,190 3,582 10,192 246,550 3,195 9,129 

W Withheld to avoid disclosing company proprietary data; included with “Other uses.” 
1Includes curbing, dressed construction (1976), rough monumental (1976), and uses indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. 

{
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Table 26.—Crushed sandstone sold or used by producers in the United States, by use 
| (Thousand short tons and thousand dollars) _- | | 

: : 1976 1977 
Use. , NT ee Quantity Value Quantity Value 

Roadbase aggregate ____.____________ ' 6,798 14,940 7,017 16,763 Other aggregate and roadstone _____________ ==” 4,886 10,862 5,702 12,758 Bituminous aggregate _._______________.__.._____ 3,067 8,141 3,952 11,616 Concrete aggregate __________________________ 2,223 6,645 2,620 8,263 Riprap __________~__ 1575  §—-_- 3,819 1,637 3,800 Railroad ballast _..._._________________ 1,116 2,587 1,504 3,765 Flux stone __________________ 1,259 5,685 1,439 6,025 Surface treatment aggregate __._____________ sis 1,237 2,895 1,237 3,255 Glass ____-______ 1,080 6,810 | 915 6,102 Refractories _.-__._._______________ 741 . 4,956 809 . 8,599 Roofing granules _________________________ WwW W 769 1,788 . Stone sand __________________2_ 442 1,792 740 2,463 Cement __________________ 157 2,186 664 2,288 Fin) ~~ ~~ 190 285 312 624 Filter stone ______.___._____ 66 198 267 800 Other fillers _._-____-_-___________ 142 1,838 162 2,128 / Abrasives ________-______ 81 539 97 - 686 Ferrosilicon _..________________________ 93 559 84 - 895 Terrazzo _-_____--_-_ 43 573 29 356 Macadam aggregate _____________.___s—s—si—i‘“;wCwtC” 241 555 Ww Ww Mineral food _-___--_-§-__-__~_ 5 17 WwW ' Ww Bedding material _-________________-___ 5 7 _- _- Other uses? ~~ ee ee ee 676 2,615 233 1,604 ES 
‘Total? mae ee ee LL 26,723 78,506 30,187 91,210 

TT — 

W Withheld to avoid disclosing company proprietary data; included with “Other uses.” . 
~ "Includes porcelain, building products, waste material (1977), drain fields, and uses indicated by symbol W. 
2Data may not add to totals shown because of independent rounding. . . 

- MARBLE of the total output of dimension marble. , 
Di . D; i, arbl } q Crushed.—Crushed marble was used for 

| Imension.—imension marbie was use filler, roadstone, terrazzo, and other uses. 
for building stone (80%), monuments (15%), Output of stone for other fillers decreased and other uses. Output of house stone ve- 6% 860.000 ¢ lued at $14 milli 

, neer was 28,637 tons valued at $1.5 million. P © to ow, f the valued a _ sok 
Production of rough blocks was 16,195 tons Production of other aggregate and road- valued at $586,800. Output of rough con- Stone was 188,900 tons valued at $382,000. 
struction stone was 14,172 tons valued at Output of terrazzo was 170,800 tons valued _ 
$466 900. Production of dressed © monu- at $3.8 million. These three uses accounted 
mental stone was 13,552 tons valued at $5.2 for 79% of the total output of crushed : 
million. These four uses accounted for 75% marble. 

Table 27.—Dimension marble sold or used by producers in the United States, by use 
——_———_ eee 

1976 1977 

Cubic Cubic | Use Short feet YalUC Short “feet (glue 
tons (thou- ds) tons (thou- ou- sands) sands) sands) sands) 

eee 
House stone veneer___._§_-§_-§_-______________ W WwW Ww 28,637 336 $1,527 Rough blocks ____________________ > 23,176 254 $2,207 16,195 185 587 Rough construction ____________________ 3,958 47 116 14,172 164 467 Dressed monumental _______________ | 11,078 130 3,888 13,552 156 5,217 Sawed building stone ___________________ 1,093 11 255 8,610 95 2,049 Rubble __-__ 2,505 29 87 5,088 57 167 Cut building stone __-__________________ 6,805 80 2,847 4,860 57 1,471 Rough flagging -_-—_ 2D L IIT W Ww W 1,544 18 70 Other uses) ~_ = 7,362 87 916 3,996 46 593 a th 22 

Tota? ___ eee 55,977 638 10,318 96654 1,113 12,148 —_—_——_—- EEE 
W Withheld to avoid disclosing company proprietary data; included with “Other uses.” 
Includes other dressed stone, rough monumental stone, dressed flagging, dressed construction stone, other rough stone (1977), and uses indicated by symbol W. 
*Data may not add to totals shown because of independent rounding.
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Table 28.—Crushed marble sold or used by producers in the United States, by use | 
. . (Thousand short tons and thousand dollars) . . 

a : i976 1977 - Use oe OO . 
Quantity Value Quantity Value 

Other filler ______-___--_ eet 915 14,3873 . 860 14,046 Other aggregate and roadstone —-- eee ee 152 322 189 © 382 Terrazzo ~---- ++ ee 170 3,598 171 3,843 Stone sand___________- 8 7 151 8 161 Mineral food_______-__.__._ “1 22 1 25 Riprap --------- +--+ eee 6 19 _~ -- Other uses! ~----~------- + 205 2,100 311 5,490 
| . Total -_--- 1,456 720,586 1,540 28,947 

. agTeludes whiting, aglime, roofing granules, concrete aggregate, macadam aggregate, and surface treatment aggregate 
2Data do not add to total shown because of independent rounding. SO | | oo: 

| SLATE million. Production of flooring increased — . ; , 2% to 6,349 tons valued at $954,700. These | Dimension.—Dimension slate was used four uses accounted for 89% of the total for flagging (41%), structural shapes (20%), output of dimension slate. | roofing (17%), flooring (11%), and other ~ Crushed.—Crushed slate was used for | uses. Output of flagging decreased’ 9% to lightweight aggregate (55%), roadstone, and 28,810 tons valued at $1.1 million. Pro- other uses. Output of slate for lightweight _ - ..» ~ duetion of structural shapes expanded 13% aggregate was 491,600. tons valued at $54 © _ *. to 11,419 tons valued at $3.1 million. Output million = = SB Be 

foo og o oe | Table 29.—Dimension slate sold or used by producers in the United States, by use. - — oe | 

Flagging — ee 25,489 $1,141. 28,310 $1,120 _- ">. Structural shapes___--- TTDI IIT TIIITIT  yo}oes 2408 211,419 8118 Roofing - ~~~ 2 IT IIILIZI 9960) oa, “9,984 2888 sy, Flooring -—--- 2 IIIT ITITTTT 605 1046 6849 955°: Be Billiard tables ___ _______ 222 lL lL DLE TTT TTT T 1772 405. 2,090 451 © . House stone veneer_____ = 198 A 190 Be .- Blackboards __~+__ 222222 L LIL ITI TTT TIT TTTTTTTTT 193 101: 184 OT ~ , Other uses? _ TTT 4166 - 107 ~ 3,839 12 2~C 
Oe Total - ~~~ ~~ ~~~ 58,048 = 7,257 «57,265 8244 

_.... “Includes electrical fixtures and other uses. en : 7 . oe oO 

oo ae | oo SHELL _ duction of other aggregates and roadstone oe Be, oe re os _ decreased 5% to 4.6 million tons valued at. aa _ Crushed shell was used for roadstone $19.5 million, Output of shell for cement (1%), cement (16%), and other uses. Out- decreased 1% to 2.1 million tons valued at _.. put of roadbase aggregate increased to 4.9 $3.8 million. These three uses accounted for million tons valued at $15.7 million. Pro- 86% of the total shell production.
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| Table 30.—Crushed shell sold or used by producers in the United States, by use | 

(Thousand short tons and thousand dollars) 

a 

: 1976 1977 

. Quantity Value Quantity Value 

. Roadbase aggregate ee eee 3,363 9,722 4,860 15,671 

Other aggregate and roadstone __----_-------------------- 4,892 10,842 4,643 10,474 

Cement._____________-___-------~---------------- 2,125 5,111 2,108 3,787 
Mineral food____.___.---------~---------------------- WwW Ww 380 7710 

Bituminous aggregate ___ _ - __--_----------------------- 1,248 5,856 139 444 

| Other uses! _.____________________----------------- 2,125 5,862 1,368 2,341 

| Total ____________--_---_------_-------------+----- 13,7538 37,393 713,492 38,487 

W Withheld to avoid disclosing company proprietary data, included with “Other uses.” 

Includes lime, fill, riprap (1977), surface treatment aggregate (1976), agstone (1976), railroad ballast (1976), other uses, 

and uses indicated by symbol W.. 
2Data do not add to total shown because of independent rounding. 

a CALCAREOUS MARL of rough construction stone increased 4% to 

Crushed 1 sed f £ (82%), 14,445 tons valued at $426,300. Production 

rushed marl was used for cement (82%), of rubble increased 10% to 5,486 tons valued 
roadbase aggregate, soil conditioning, and .; $109,000 

> ° . 

other fon ver gate de - roaeevone. > eT of Crushed.—Other kinds of crushed stone . 

tons valued at $2.8 million ° -t+ milion were used for roadstone (84%) and other 

: : . . uses. Output of roadbase stone increased 

. MISCELLANEOUS STONE 6% to 5.7 million tons valued at $13.7 

, million. Production of other aggregate and 

. Dimension.—Other kinds of dimension roadstone declined 18% to 3.6 million tons 

stone were used for rough construction valued at $7.8 million. | 

(58%), rubble (22%), and other uses. Output - 

- Table 31.—Other dimension stone sold or used by producers in the United States, by use 

ie 

| 1976 . 1977 

. Cubic Cubic 

Use | Short _ feet value Short feet tone 
tons thou- tons thou- 

Rough construction _._.____------------ 18,829 169 $361 14,445 176 $426 
Rubble _________--__--------~------- 5,006 61 95 5,486 67 109 

Cut stone __________-~__-~-~-~---------- 1,159 14 99 WwW WwW WwW 

Rough blocks ______------------------ WwW W Ww 1,500 19 38 
House stone veneer __ _ _ __- -- ------------- 717 8 31 150 2 4 

Rough flagging ~ oe ee ee 27 1 1 88 1 4 

Other uses* __________-_-__--~--~------ 4,265 61 323 3,146 37 322 

Total? _________--___------------ 25,003 308 911 —-24,815 301 903 
eee 

W Withheld to avoid disclosing company proprietary data; included with “Other uses.” 

lncludes dressed construction stone, dressed flagging, structural shapes, other rough stone, sawed stone, curbing - 

(1976), and uses indicated by symbol W. 
2Data may not add to totals shown because of independent rounding.
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Table 32.—Other crushed stone sold or used by producers in the United States, by use 

(Thousand short tons and thousand dollars) 

— 1976 1977 
. Use —_— 

Quantity Value Quantity Value. . 

Roadbase aggregate _____________________-__--__---_- 5,359 12,818 5,680 13,749 : 
Other aggregate and roadstone _____~_____-___--------~- 4,405 9.135 3,598 7,822 
Bituminous aggregate ________.-._-.--------~-------~-- 2,366 7,444 983 3,023 
Concrete aggregate. ____.___...-_-.---------------- 785 1,894 774 1,567 
Riprap _.._____..-_----~-------~---.-----~----~- 1,628  . 3,095 676 1,199 
Fill ee ee ee ee ee 833 1,290 374 610 
Surface treatment aggregate ________...-.._..-..~----- 1,487 3,778 284 686 
Macadam ate ~~ ee 217 346 256 556 
Railroad ballast’... 2222222222222 2222222222272 303 435 148 — 3365 | 

| Filter stone _______________.-_-.___-______----__- 26 68 —«_ 2 50 
Terrazzo ~~~ eee 17 225 12 58 

_ Abrasives .~_._..-___--~------~----- +--+ -- = 1 
Other uses’ _.___- ----------------------------- 238i (ast CTT 38 150 

Total? __-_______-- eee 17,664 41,099 12,848 29,806 
acerca errr AAA SA TS a A A i TS SAR 

Includes roofing granules, other fillers, cement, drain fields (1976), and other uses. 
2Data may not add to totals shown because of independent rounding. 

| : PRICES  _—Tv 

Values indicated are the company- $5.68 for sawed building stone, averaging 
reported selling prices f.o.b. quarry or plant, $6.09 per cubic foot. | | — . 
and do not include transportation away Unit values for crushed stone ranged 
from the plant. | . from $1.17 per ton for waste material to — : 

| Unit values for dimension stone ranged. $26.05 for whiting and averaged $2.47 per __ 
from $13.12 per ton for rubble to $799.87 for ton, an increase of 5% over 1976. Values 
slate used for blackboards and averaged included $2.24 per ton for roadbase aggre- 
$73.88, 2% below the 1976 average. Values gate, $2.35 for other aggregate and road- 
per cubic foot were $6.00 for rough monu- stone, $2.59 for concrete aggregate, $1.83 for 
mental stone, $2.27 for rough blocks, $13.30 stone used in cement, and $2.69 for bitumi- 
for cut building stone, $6.10 for curbing, and nous aggregate. | 

| Table 33.—Unit values of stone sold or used by producers in the United States 
eee css a esi ss its iss sss piesseSFUSUSSOSSASASSS 

| 1976 : 1977 

. Dimension . Dimension | 

| Stone stone Crushed stone Crushed 
Per stone, Per stone, 

Per ton cubic perton Per ton cubic perton ~ 
. foot | foot 

Limestone ____.....-__.--_-_-----_ $47.81 $3.60 $2.26 $42.54 $3.24 $2.38 
Granite_________._______.---_-__- 97.39 8.84 2.44 99.83 9.11 2.55 
Traprock _._-...____._.----------. . 1281 1.05 2.56 25.58 2.17 2.68 
Sandstone -_.- $e 37.44 2.89 2.94 . 87.02 2.86 3.02 
Marble ______________.-____----- 184.32 16.18 14.14 125.68 10.91 15.55 
Slate ___.... ~~~ 125.01 11.05 6.60 143.96 13.09 8.58 
Shell _.. ee __ __ 2.72 __ __ 2.48 
Marl __________--_~__--___ ee _. __ 1.32 _- __ 1.49 
Miscellaneous ______.____.____..___-_ 36.45 3.01 2.33 36.39 3.00. 2.32 

| Average _____________________ 74.55 6.16 2.46 73.38 6.09 2.57
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| ee FOREIGNTRADE #3 7 , 

-Exports.—Dimension stone was exported from all over the world, mainly from Italy . 
all over the world; major markets were (63%), Canada (16%), and Mexico (7%). Of 
Canada (55%) and Japan (18%). Of the’ the total, 62% was limestone and marble, 

total, 29% was granite, 15% was limestone 20% was granite, and 14% was slate. Total 

| and marble, and 7% was and 7% was slate. imports were estimated at 238,000 tons. 
- Total exports were estimated at 97,000 tons. Crushed stone was imported from all over 

Crushed stone was exported mainly to the world, mainly from Canada (79%), the 
Canada (99%). Of the total, 82% was lime- Bahamas (13%), and the Dominican Repub- 
stone. Total exports were estimated at 4 lic (4%). Of the total, 66% was limestone | 
‘million tons. | . and 2% was quartzite. Total imports were 

Imports.—Dimension stone was imported estimated at 4 million tons. | 

| : | Table 34.—U.S. exports of stone - 

(Thousand short tons and thousand dollars) 

Building and Crushed, ground, Other 
monumental stone or broken manu- 

Year Dolomite Other Limestone Other factures 

Quantity Value (value) Quantity Value Quantity Value _— (value) 

1975 _-_____- eee 49 1,464 2,449 3,386 9,993 | 896 5,843 2,376 
. 1976 _~_-___ 63 1,486 2,596 3,191 10,537 866 7,073 2,273 © 

1977 __-____- 12. 484 3,476 3,235 10,365 694 6,048 2,242 

Table 35.—U.S. imports for consumption of stone and whiting, by class _ 

) 1976. 1977 
Class Value Value 

Quantity (thou- Quantity (thou- 
sands) — sands) 

Granite: , . 
Monumental, paving and building stone: 

Rough______________.___.... ~~ cubic feet. _ 227,749 $2,234 213,596 $2,119 
Dressed _-________________________ do____ 198,825 4,669 231,404 4,610 

Not manufactured and not suitable for monumental, . 
paving, or building stone ___________~—-- short tons__— 11,313 127 87 3 

Other, n.s.p.f._.2 ~~ --________-_____-- i _-_ (4) 67 (2) 163 

Total_________________ XX 7,097 Xx 6,895 

Marble, breccia, and onyx: 
In block, rough, or squared ____________~~— cubic feet__ 17,726 156 20,443 161 
Sawed or dressed, over 2 inches thick __ __ ______~_ do____ 710 15 2,195 43 
Slabs and paving tiles ____________-_~- superficial feet_ _ 8,019,528 8,277 7,656,083 10,324 
All other manufactures __________~______ . (4) 7,344 (1) 8,963 

' Total... eee eee XX 15,792 XxX 19,491 

Travertine stone: 
Rough, unmanufactured ____________-_~ - cubic feet__ 41,268 103 5,941 25 
Dressed, suitable for monumental, paving, 

and building stone_______._____.—-~--~- short tons. — 26,469 3,667 15,505 3,016 
Other, n.s.p.f__-_§______.~--_=-------~-_------ (4) 248 (2) 307 

Total________________ ee XX 4,018 XX 3,348 

Limestone: 
Monumental, paving, and building stone: 

Rough... _____________________ cubic feet__ 12,111 19 15,242 21 
Dressed, manufactured________..— — _-~— short tons__ 580 41 3,072 49 

Crude, not suitable for monumental, paving, or 
building stone __________--_-_------~~-~do___~_ 104,605 492 181,754 782 

Other, n.s.p.f_o._-_~§ $$ -- __--_____-~~~-----_----- (4) 42 (4) 97 

Total__-________________ ee XX 594 XX 949 

See footnotes at end of table.
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| ~ Table 35.—U.S. imports for consumption of stone and whiting, by class —Continued 
| | | 1976 1977 . | 

| Val Val Class Quantity (thou. Quantity (thou. . = . sands) _ sands). 

. Slate: — , 
. Roofing-____..____________ square feet__ 13,936 $4 _- Other, ns.pf_oo-_-_-__ (4) 5,880 (7) | $4,239 $e 84289 Total ___ eee XX 5,884 XX —s_- 4,289 

Quartzite— —— — -_-____________________ short tons _ 75,404 744 66,708 527 tone and articles of stone, n.s.p.f.: 
Statuary andsculptures___________ - ?) 354 — A 313 Stone, unmanufactured_________ _— short tons. _ 4,532 116 6,186 126 Building stone, rough ______ _ ---~~_~._ _ cubic feet__ 11,622 15 22,264 32 Building stone, dressed ____________ _~ short tons_ _ 1,552 146 258 51 Other -___- (3) 2,816 ) 3,247 8247 Total __-_________e eee XX 3,452 XX 3,769 A 8769 

Stone,chips, spall, crushed or ground: 
Marble, breccia, andonyxchips____________ short tons_ _ 2,503 86 1,761 61 Limestone, chips and spalls, crushed or ground_____ do____ 1,580,391 . 2,376 1,526,235 2,608 Stone chips and spall and stone crushed , . orground,nspfoo..-- 2 2 == ~ do____ 1,280,573 2,746 1,133,291 2,344 Slate chips and spalls, and slate crushed or ground___ do____ . Q) 1 () 2 m2 8 Total __-_-_-__---_ eee XX —_—«§, 209» XX 5,015 | 

15 Aragonite _..-- 2 573,580 620 516,059 925 Whiting: 
Whiting, dry, ground, or bolted ________| _. short tons__ 35,920 2,227 32,472 2,159 Chalk, whiting, precipitated _.____________ _._ do_.___ 4,349 579 8,127 1,264 
‘Total_-_---_e 40,269 2,806 40,599 3,428 8428 

> Grand total --_ XX 46,211 = XX 48,581 
. . 

" XX Not applicable. 
“Quantity not reported. | 

| WORLD REVIEW | 

| Stone was produced all over the world, in duction of dimension stone, with 11% of the almost every country. World output was world total, and was fifth in output of estimated at 4 billion tons in 1977, 47% in crushed stone, with 6% of the total. | Europe, 27% in North. America, 17% in Germany, Federal Republic of.— Among Asia, 4% in South America, 3% in Oceania, the countries, the Federal Republic of Ger- and 2% in Africa. The United States was many ranked fourth in stone output with the leading country, with 23% of the world about 7% of the world total. total. | Italy.—Italy ranked first in output of Canada.—Production of stone in Canada dimension stone, with 59% of the world in 1976 was 87 million tons valued at $210. total, and was sixth in production of crush- million, or 2% of the world total. The stone ed stone, with 4%. 
was used for road metal (37%), concrete Japan.—Japan ranked second in stone aggregate (15%), asphalt aggregate (7%), production, with 8% of the world total. railroad ballast (4%), and many other uses. U.S.S.R.—Russia ranked third in output Of the total, 81% was limestone and 13% of crushed stone, with 8% of the world total. was granite. Leading Provinces were Que- United Kingdom.—The United Kingdom bec (59%) and Ontario (31%). produced about 6% of the world’s stone, France.—France ranked second in pro- ranking fifth among the countries. ,
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| TECHNOLOGY : | 

‘The stated presence of asbestos fibers in Mines has established a Particulate Miner- 

| crushed stone could be an environmental — alogy Unit at its Avondale, Md., Metallurgy | 

problem. Quarries in serpentine or related Research Center to examine and classify 

rocks are being examined by the Environ- dusts and fibers. Two Bureau publications 

mental Protection Agency (EPA). The claim discussed asbestos.” 

was made that crushed stone from an oper- ~~~ 

. ation in Maryland which was used on ‘Supervisory physical scientist, Division of Nonmetallic 

, . Minerals. 

streets and roads, contained’ asbestos: and *Campbell W. J. RL. Blake, L. L. Brown, E. E. Cather, | 

that use was banned by local authorities. 47F ci6, Sjoberg. Selected Silicate Minerals and Their 
. Asbestiform Varieties. Mineralogical Definit d 

The question of the possible health hazard Asbestiform Characterization, BuMines IC 8751, 1977, 56 

of these and other asbestiform fibers is , 
: Clifton, R. A. Asbestos—1977. BuMines MCP 6, 1977, 17 

being considered by EPA. The Bureau of pp. " mes |



Sulfur and Pyrites 
By John E. Shelton! | 

There was a slight decrease in sulfur operations accounting for 75% of the out- 
, prices in 1977 compared with those in 1976. put. Distribution of production was Frasch 

The average net shipment value f.o.b. mine sulfur 55%, recovered elemental sulfur 
or plant for Frasch and recovered elemental 34%, and the contained sulfur in other | | 
sulfur decreased 3% from $46.45 per long production 11%. Production was concen- | 
ton in 1976 to $45.09 per ton in 1977. Both trated in Texas and Louisiana. Together, 
export and import prices decreased. The these two States accounted for 67% of the 
yearend price for Frasch sulfur was $61 per total output. : | 
ton, f.o.b. Gulf Ports. . Shipments of sulfur in all forms to do- 

| | Production of sulfur in all forms in 1977 mestic and export markets increased 4% 
decreased 1.4% below that of 1976. For the above those in 1976. Frasch and elemental 
second year, production was less than ap-_ sulfur accounted for 89% of the total ship- 

| parent domestic consumption. Sulfur was ments of sulfur in all forms in 1977. The 
produced by 74 companies at 190 operations _ total value of shipments f.o.b. mine or plant 
in 33 States, with 10 companies having 55 was $485.9 million in 1977 compared with 

| a ~~” Table 1.—Salient sulfur statistics Oo : 

on | oa (Thousand long tons, sulfur content, and thousand dollars unless otherwise noted) 

| es -_ 1973 1974 1975  —-_:1976 1977 

- United States: | : 
Production: . 

, Frasch _-----_~----________-- 7,605 7,901 72u1 6,264 5,822 
| Recovered elemental ___._______-_ 2,416 2,682 2,969 3,138 3,567 

Other forms ------~-~---------- 900886 0791805169 
Total __._..-__..-________- 10,921 «11,419 11,259 10,707 10,558 

Shipments: OT 
~~ Brasch ___ 5 ee 7,438 7,898 - 6,077 5,860 5,935 

Recovered elemental _____.____---. 2,451. 2,547 2,902 3,146 3,570 

Other forms ------------~-----_ 900886 0798056 
Total __.__-._..-_____a___- 10,789 11,381 10,058 ~=—=— 10,811 10,674 

Exports, crudé and refined ~_.________- — 1,776 2,663 ~ 1,852 “1,270 1,178 
Imports, elemental _.__.._.___.-._~- 1222 2,150 * 1,897 1,727 1,977 

'  Consumptiof, apparent all formis' 1... . 10,285 10,818 —. 10,603 10,768 11,478 
Stocks, Bec. 31: Producer, Frasch and elemental _ 8927 8,957 5126 5,563,469 

Value: . at _ | 
Shipments, f.o.b. mine or plant: 

Frasch 2. __ 2 2 $138,578 $241,066 $304,843 $299,999 $294,733 
. -Recovered elemental .~_______- 37,8738 60,599 104,886 118,322 133,849 
_ Other forms ______-_____-_-- 31,363 35,422 50,053 59,050 57,304 

Total os. .____- 207,814 337,087 459,782 477,871 485,886 
Exports, crude? _______________. $34,330 $95,516 $69,553 $60,226 $47,599 
Imports, elemental? _____________- $14,871 $51,124 $70,848 $59,494 $65,154 

Price, elemental, dollars per long ton, 
f.o.b. mine or plant eee nee $17.84 $28.88 $45.63 $46.45 $45.09 

World production: All forms (including pyrites) — _ 47,437 50,345 ¥49,397 49,697 50,649 

"Revised. NANotevailable.- 
1Measured by shipments, plus imports, minus exports. 
2Declared customs valuation. 
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OB Figure 1.—Trends in the sulfur industry in the United States. | 

 $4TTA million in. 1976, an increase of 2%. obtained mainly from domestic sources: 
Eighty-nine percent of the shipments was Frasch 43%, recovered elemental 30%, and 

| - for domestic consumption and 11% for ex- sulfur in other forms 10%. The remaining 
port. Shipments of sulfur in all forms in 17% of the sulfur was obtained by imports 
1977 were 1% more than the quantity . of Frasch and recovered elemental sulfur. 

_ produced. Producers’ yearend stocks of The United States was a net importer 
Frasch and recovered elemental sulfur were again in 1977. Exports of sulfur in all forms 
almost 2% less than those at yearend 1976. decreased 7% from those of 1976. Imports of 

The apparent domestic consumption of sulfur in all forms in 1977 were 14% greater 
sulfur in all forms increased 7% over thatof than in 1976. 
1976. Sulfur for domestic consumption was |
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. _ DOMESTIC PRODUCTION a 

Frasch Sulfur.—Output of Frasch sulfur Production was again concentrated in the 
was 55% of the domestic production of larger.Jow-cost mines to counteract increas- 
sulfur in all forms in 1977, compared with ing production costs. The five largest mines, 
59% in 1976. oe with four having a production rate in excess 
' In 1977, there were 11 Frasch mines, all of one-half million tons. per year each, | 
in Texas and Louisiana. Producers and accounted for 83% of the total Frasch sulfur 
mines in Louisiana were Freeport Minerals production, compared with 82% in 1976. 

| | C. at parden jaand Bay, rand tee, ane These mines also accounted for 46% of the | 
Camp. Producers aiid mines in Texas were  %t8! output of sulfur in all forms in 1977 . a Se et ~ compared with 48% in . . Farmland Industries, Inc. at Fort Stockton; : 3 4s 
Duval Corp. at Culberson; Jefferson Lake Producers opments of Frasch oe | 
Sulfur Co. at Long Point Dome; and Texas- "°F® 1% more ¢ an in v6. Approximate y | 
gulf, Inc:, at Boling Dome, Fannett Dome, ee oo the total onipents were for vate rt 
Moss Bluff Dome, and at Comanche Creek. "4 82% were for the domestic market, | | : ad at Fannet nein Compared with 20% and 80%, respectively, Production was stopped 'at Fannett Dome in aw oan ad February. OO - in 1976. Shipments were greater than pro- | 

~ The nine mines operated by Duval Corp., duction for. the first time since 1972. Pro- 

Freeport Minerals Co., and Texasgulf, Inc. ducers’ reported stocks after inventory 
accounted for most of the Frasch sulfur adjustments were 2% less than at yearend | 
production. A relatively small portion of the 1976. The value of Frasch sulfur shipments, | 

_ output was from the other two producers _f.o.b. mine, decreased almost 2% below that 
| operating one mine each. | of 1976. | oe 

| Table 2.—Production of sulfur and sulfur-containing raw materials by producers 
| | | oo -in the United States 

(Thousand long tons) | Lo, 

(1974 1975. 1976 77 | 
FS Gross Sulfur Gross Sulfur Gross Sulfur Gross Sulfur 

: weight content weight content weight content weight content 

| rasch sulfur _._.____________ 7,91 7, 7,211 7,211 6,264 6,264 5,822 5,822 Recovwred elemental sulfur ____§_____ 2632 $632 2,969 2°96 3138 3138 3567 3,567 
Byproduct sulfuric acid (basis 100%) : 

produced at copper, zinc, and lead plants 2,001 654 2,345 . 167 2,881 942 2,890 945 Pyrites _.__-___._-__-__ 424 162 625 237 750 286 435 166 
Other forms’ ________________. 82 70 110 15 116 77 84 58 

Total _...-_-_--§_- XX 11,419 XX 11,259 XX 10,707 XX 10,558 eet 
XX Not applicable. 
tHydrogen sulfide and liquid sulfur dioxide. 

Table 3.—Sulfur produced and shipped from Frasch mines in the United States 
(Thousand long tons and thousand dollars) 

y Production Shipments 

“ar Texas Louisiana Total Quantity Value! 
-—— Ee SSP esi rnr PP rssisneranennpncinecegss 

1973 _-_-_____- 4,294 3,311 7,605 7,488 188,578 1974_ 4,598 3,308 7,901 7,898 241,066 1975 ________~ 4,141 3,070 7,211 6,077 304,848 1976 _________ 3,777 2,487 6,264 5,860 299,999 1977 3,400 2,422 5,822 5,935 294,738 eee eS ee 
1F.o.b. mine.
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_ Reeovered Sulfur.—Production of recov- _ plants treating refinery gases, and 1 coking 

_ ered elemental sulfur, a nondiscretionary operation; 39% was produced by 29 compa- 

a byproduct from natural gas and petroleum _ nies at 62 natural gas treatment plants. The _ 

refinery operations, accounted for 34% of five largest recovered elemental sulfur pro- 

the total domestic production of sulfur in all ducers were Chevron U.S.A., Inc.; Exxon 

forms compared with 29% in 1976. Pro Co.,U.S.A,; Mallard Exploration, Inc.; Shell 

| _ duction reached an alltime high with an Oil Co.; and Standard Oil Co. (Indiana). |. 

increase of 14% over that recorded in 1976, Together, their 37 plants accounted for 54% 

indicating the continuing increase in im- of recovered elemental sulfur production in 

portance of recovered sulfur as.a source of 1977. . 

domestic supply. This type of sulfur was The leading States in production of re- 

produced by 56 companies at 146 plants in covered elemental sulfur were Texas, Cali- 

29 States, 2 plants in Puerto Rico, and 1in fornia, Florida, Mississippi, and Alabama. 

the Virgin Islands. Most of the plants were Together these States contributed 67% of 

, relatively small, with only five reporting an the total 1977 output. Compared with that 

annual production exceeding 100,000 tons. of 1976, production in 1977 increased by 

The 10 largest plants accounted for 88% of 36% in Alabama, 18% in Mississippi, 16% 

the output. By source, 61% was produced by in California, 15% in Texas, and 7% in 

39 companies at 88 refineries or satellite Florida. Recovery of sulfur in Alabama, 

able 4.—Recovered sulfur produced and shipped in the United States 
| : (Thousand long tons and thousand dollars) 

| | 
Production Shipments 

Year Natural Petroleum vs 
_ gasplants refineries Total! Quantity Value? . 

19738 __.___________-____ e+e 1,046 1,370 2,416 2,451 37,873 
1974 _____.__ ee 1,219 1,414 2,632 2,547 60,599 
1975 _________________-___--_--------- 1,342 31,627 2,969 2,902 104,886 
1976 -______________.---------------- 1,277 31,860 3,138 3,146 118,822 
1977 _._____.____-------------------- 1,404 32,163 3,567 3,570 188,849 

. 1Data may not add to totals shown because of independent rounding. 
2F.0.b. plant. 

- 3Includes a small quantity from coking operations. . 

| Table 5.—Recovered sulfur produced and shipped in the United States, by State 

(Thousand long tons and thousand dollars) 

| 1976 1977 

State Production Shipments Production Shipments 
(quantity) Quantity Value  ‘quantity) Quantity Value 

Alabama ___________-_---------- 206 206 9,441 280 280 12,761 
California _____________--------- 432 432 7,940 499 499 9,398 
Florida _________.___----------- 307 308 Ww 327 326 W 
Illinois and Indiana ______.--~------ 220 223 7,470 244 242 8,469 
Kansas _____________----------- 7 7 253 5 5 157 
Louisiana __________------------ 128 122 6,228 157 157 7,281 
Michigan and Minnesota __.________-- 60 58 1,867 13 15 2,375 
Mississippi____________--------_- 245 224 11,264 289 335 16,655 

_ New Jersey _____---------------- 107 108 5,043 128 126 5,920 
New Mexico ___________---------- 45 45 1,480 57 57 1,782 
Ohio._______________---------- 16 17 714 23 22 965 
Oklahoma _______--------~------- 9 9 324 10 10 364 
Pennsylvania __________---~------ 91 91 3,876 82 81 3,467 
Texas ___-_______-------------- 872 872 34,397 1,007 982 38,709 
Wisconsin ________-_------------ | (7) (#) 3 2 1 23 
Wyoming_______________-------- 44 51 WwW 45 48 W 
Other States? _.__________--__-___ 352 874 28,021 338 321 25,522 

Total?__________________----- 3,138 3,146 118,322 3,567 3,570 188,849 
nen 
W Withheld to avoid disclosing company proprietary data; included with “Other States.” 
1Less than 1/2 unit. 
Combined to avoid disclosing company proprietary data; includes Arkansas, Colorado (1977), Delaware, Kentucky 

(1977), Missouri, Montana, New York, North ota, Utah, Virginia, Washington, Virgin Islands, and Puerto Rico. 
3Data may not add to totals shown because of independent rounding.
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| Figure 2.—Trends in the production of sulfur in the United States. 

Florida, and Mississippi was mainly from the output, and production in five States 

the treatment of dry sour natural gas and was 82% of the total. The five largest 

sour natural gas associated with petroleum producers of byproduct sulfuric acid were 
in the deep Jurassic formations. Indications _ASARCO Incorporated, Magma Copper Co., 

were of further increases in sulfur recovery Kennecott Copper Corp., Phelps Dodge 

in future years, the total rein of ship. Corp., and St. Joe Minerals Corp., whose 14 
ments of recovered elemental sullur in lants produced 74% of the byproduct sulfu- 
increased 13% to an alltime high of almost ve acid in 1977. ° yp 
$134 million. } 

Byproduct Sulfuric Acid.—Sulfur con- 
tained in byproduct sulfuric acid produced Table 6.—Byproduct sulfuric acid‘ (sulfur 
at copper, lead, and zinc smelters and roast- content) produced in the United States 

ers during 1977 was 9% of the total domes- (Thousand long tons and thousand dollars) 

tic production of sulfur, unchanged from = ———___——_ + 
1976. The total output and value were Year Copp es andzinc Total © Value 
slightly higher than in 1976 and each P plants® 
reached an alltime high. Byproduct sulfuric — j 979 818 ogo 600 24,175 

acid was produced by 13 companies at 24 1974 _____ 378 981 654 29,870 
plants in 13 States. Fourteen acid plants 18/5 ----- oat une rer 42006 
operated in conjuction with copper smelters 1977 ____- 688 257 945 46,286 
and 10 plants were accessories to lead and 
zinc roasting and smelting operations. The 2includes acid from foreign materials antrates 
five largest acid plants accounted for 48% of Excludes acid made from native sulfur.
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| Pyrites, Hydrogen Sulfide, and Sulfur plants, accounted for 92% of the contained __ . 
Dioxide.— Sulfur contained in pyrites, hy- sulfur produced in the form of these prod-— / 
drogen sulfide, and sulfur dioxide repre- ucts. | 7 

: sented 2% of the total production of sulfur. ae | | 7 
The total sulfur content in these products Table 7.—Pyrites, hydrogen sulfide, and 

was 38% less than that of 1976, and the sulfur dioxide sold or used in 
value of shipments was 14% lower. Pyrites | the United States 

. was produced by three companies at three (Thousand long tons sulfur content and thousand dollars) 
mines in three States; hydrogen sulfide by §©=———————_______.__ | 
three companies at four plants in three : Hydrogen 

| States; and sulfur dioxide by two companies Year Pyrites and Total Value ; 
“at two plants in two States. The three — dioxide | 
largest producers of these products were 9 ————_s—r | 

- Cities Service Co., (pyrites and sulfur diox- i3%8 TIT 212 88 oe ss 
ide), Lion Oil Co. (hydrogen sulfide), and 1975 ___ 2375 312 7,097 
Shell Oil Co. (hydrogen sulfide). These com- 4276--- 286 a ot t« oe 

: panies combined, at one mine and four a 

7 | CONSUMPTION AND USES | a 

In 1977, apparent domestic consumption (SIC) of industrial activities. In 1977, 63 
of sulfur in all forms was 11.5 million tons, elemental sulfur and 73 sulfuric acid pro- 

| 7% greater than in 1976. Eighty-three per- ducing companies responded tothe canvass. ts 
_ cent of this consumption was from domestic Of the foregoing companies, 16 reported 

sources compared with 84% in 1976. The shipments of both sulfur and sulfuric acid. 
, supply sources of sulfur were domestic Producers of sulfur who responded to the 

Frasch sulfur, almost 48% compared with canvass reported shipments of 12.2 million _ | 
43% in 1976; domestic recovered elemental long tons of sulfur in 1977. Of these report- | 

: sulfur, 30% compared with 29% in 1976; ed shipments, 1.0 million tons were for | 
and combined domestic byproduct sulfuric export. The largest use, sulfuric acid pro- | 
acid, pyrites, hydrogen sulfide, and sulfur duction, increased 19% to 9.4 million tons, : 
dioxide, 10% compared with 12% in 1976. . and represented 85% of shipments for do- sits 
The remaining 17% of the sulfur was from mestic consumption compared with 84% in 

: imports of Frasch and recovered elemental _ 1976. Shipments in 1977 of sulfur for other 
sulfur compared with 16% in 1976. _ industrial inorganic chemicals decreased 

The apparent sales of domestic Frasch 36%; synthetic rubber, cellulosic fibers, and 
sulfur to domestic consumers increased- other plastic products decreased 25%; 
202,000 tons, or 4% higher than shipments paints and allied products, explosives, in- 
in 1976. Shipments of recovered elemental dustrial organic chemicals, and other chem- : 
sulfur for domestic consumption increased ical products increased 208%; petroleum 
by 389,000 tons, or 138% over those in 1976. refining and petroleum and coal products 
Reported sales of sulfur contained in by- increased 30%; pulp and paper products 
product sulfuric acid, pyrites, hydrogen sul- increased 32%; and agricultural chemicals 
fide, and sulfur dioxide decreased 136,000 increased 188%. Some companies did not 
tons or 10% below those in 1976. Total identify shipments by end use. Some of the 
supplies of domestic sulfur in all forms to identified end uses were tabulated with the 
the domestic market increased by 455,000 unidentified uses because of company confi- 

tons, or 5% more than in 1976. Imports of dentiality. . 
Frasch and recovered elemental sulfur in- Reported shipments of 100% sulfuric acid 
creased 250,000 tons, 14% greater than in increased 13% to 37.9 million short tons in 
1976. By source, imports of Frasch sulfur 1977. Shipments of acid for phosphatic fer- 
from Mexico increased 38,000 tons; imports _ tilizers, the largest end use and 59% of the 
of recovered elemental sulfur from Canada _ total, were up 13% to 22.4 million tons. 
increased 198,000 tons, and from other Reported shipments for the category “Other 
countries, almost 15,000 tons. chemical products” were 1.0 million tons 

The Bureau of Mines continued to collect compared with 2.9 million tons in 1976. 
data on the end uses of sulfur and sulfuric Respondents’ reports in 1977 showed a more 
acid by Standard Industrial Classification detailed breakdown of shipments than in
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Figure 3.—Trends in the consumption of sulfur in the United States. | 

prior years. Because of the change in report- of industrial organic chemicals. Petroleum ing, shipments were greater for most chemi- refineries accounted for 50% of the total cal use categories, particularly for other spent acid returned for reclaiming. The inorganic chemicals and industrial organic remaining reclaimed acid was from pro- chemicals. Petroleum refining and other duction of plastic materials, nonferrous petroleum and coal production received 2.6 metals, phosphatic fertilizers, paints and million tons of acid or 1% of the shipments allied products, other chemical products, of sulfuric acid in 1977, up 28%. The petro- inorganic pigments, soaps and detergents, leum refining industry was a net user of explosives, other agricultural chemicals, about 1.3 million tons of sulfuric acid. other inorganic chemicals, other ores, pesti- Usage of acid for copper ore leaching cides, and steel pickling. increased from 1.8 million tons in 1976 to Table 11 shows the domestic uses of sulfur 2.0 million tons in 1977 » representing 5% of including the sulfur contained in sulfuric the total shipments. Shipments for other acid. The largest identified end use in 1977 categories are shown in table 10. Several for sulfur (as sulfuric acid) was the 51% for end uses for sulfuric acid such as food phosphatic fertilizers. Other uses were for products, automotive and electrical equip- other chemical products (2%), petroleum ment, rubber, and metal fabrication were refining and other petroleum and coal prod- tabulated with “Unidentified” because of ucts (7%), and other inorganic chemicals company confidentiality. (7%). Sulfur used for copper ore processing Of the total in 1977 of 2.6 million short (as sulfuric acid) increased 9% from 533,000 tons of spent acid returned for reclaiming, tons in 1976 to 579,000 tons, 5% of the total 211,000 tons or 8% was from the production in 1977.
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a Table 8.—Apparent consumption of sulfur in the United States’ | 

(Thousand long tons) 
| 

—— : | 1978. 1974 1975 1976 1977 

Frasch: 
Shipments - . _ - - - - ---------------- 777-7707 7

77 7,438 7,898 6,077 5,860 5,935 . 

Imports__.------------------- 
302 954 967 731 769 

Exports___- -------------- -- tr 1,776 2,601 1,295 1,198 1,071 

| Total _...------------=--- 2 
5,964 6251 5,749 5,393 5,638 | 

Recovered: 
, Shipments _ _ - - - ---------------- 7-007

 2,451 2,547 2,902 3,146 3,570 

Imports__—-------------------- 
920 1,196 930 996 1,208 

Exports from the Virgin Islands - ~~ -~--------------~~ _- 62 57 72 107 

Petal _-- -- 5 -- -- -- -------- rrr 3,371 3,681 3,775 4,070 4,671 

Pyrites ___---------
------- 212 162 237 286 166 

Byproduct sulfuric acid ___-~---------------
---7-77> 600 654 767 942 945 

Other forms? ____------------------------7-
-7-7--7 88 70 15 17 58 

ee 

Total all forms __-.—-------------
---- 9-77-7777 10,285 10,818 10,608 10,768 11,478 

Crude sulfur or sulfur content. 
2Includes consumption of hydrogen sulfide and liquid sulfur dioxide. 

— RECOVERED ELEMENTAL| IMPORTED PYRITE RECLAIMED BYPRODUCT 

FRASCH SULFUR SULFUR ON EUR HYDROGEN SULFIDE SULFURIC ACID. | ‘| SULFURIC ACID 

. 2.162 204 760 960 

. 
(128) sic 283 (2,351)| 480 CoM, pnaDucTs 

| FOOD AND KINORED | Ss —corPen ones |_$89s|_148s_|soaps AND DETERGENTS 4s_| RUBBER AND MISC. 

. PRO s SiC 102 (1,802)] (453) sit 284 (12) PLASTIC PRODUCTS 

PULP AND PAPER | 147s oe URANIUM AND 92s | 264s | INDUSTRIAL ORGANIC 130s | STEEL PICKLING 

PRODUCTS VANADIUM ORES * ; 

| SIC 26 : "SIC 1094 (283) | (808) "oe 286. (398) SIC 331 

SYNTHETIC RUBBER | [ wrtrocenous z 

65s OER ORE . Ss | 23!s FERTILIZERS 13s_| NONFERROUS METALS 

Sic 282, 2822 | (15) | (707) sic 2873 (40) SIC 333 

AGRICULTURAL | 257s | PULP MILLS is |6.628s| PHOSPHATIC 2s OTHER PRIMARY 

CHEMICALS SiC 261 i542) 20.278] FERTWIZERS" 7 METALS : 

SiC 287 
SIC 2874 : SiC 33 

PAINTS AND ALLIED PRODUCTS. 

- 

canes SIC 26 (65) | (50 Si¢ 2879 (138) Sic 3601 

PETROLEUM REANING 1s INORGANIC PIGMENTS * 219s 92s OTHER AGRICULTURAL 311s 

AND PETROLEUM AND PAINTS AND ALLIED 
* 

PRODUCTS # CHEMICAL UNIDENTIFIED 

coat ca, . sit ments (670) | (281) Si 87 s (951) 

OTHER INDUSTRIAL | 221s OTHER INORGANIC | 643s | 20s EXPLOSIVES* Os 
* 

INORGANIC CHEMICALS CHEMICALS [arsee) | (62) Sic 2892 (0) ores 
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1044s r7és | 294s [ OTHER CHEMICAL |  #s-SULFUR CONTENT THOUSAND METRIC TONS 
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* SOURCES OF SPENT ACID FOR RECLAIMING 

BUREAU OF MINES 

Figure 4.—Sulfur-sulfuric acid supply and end-use relationship, 1977.
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Table 9.—Elemental sulfur sold or used in the United States, by end use | 

(Thousand long tons) | . 

SIC Use 1976 1977 

20 Food and kindred products _____.__._______---_------~----_-_-- 4 5 
26 Pulp and paper products. _____..-.._-_.-____~_~--_-_-~---------- 110 145 
282, 2822, Synthetic rubber, cellulosic fibers 

2823 and other plastic products! 85 64 
287 Agricultural chemicals. ______-..__.___~.-_-_---_-~---~-_------+- 88 253 
28, 285, ’ Paints and allied products, explosives, industrial organic chemicals, . 

2892, 286 and other chemical products? , 88 271 
29 - Petroleum refining and petroleum and coal products. _.__._.-__..------ 84 109 
281 Other industrial inorganic chemicals _____._._....._.__.---------- 337 217 
30 Rubber and miscellaneous plastic products____._.-_-_--_------------ 10 (°) 

Sulfuric acid: 
Domestic sulfur___.~_-.._-______.-___--~_ ~~ 7,047 7,318 
Imported sulfur______-_-..________~____-_- ~~ eee 873 2,128 

Total sulfuric acid_______________-___-_-_-_-_--_------_--. 7,920, 9,446 
Unidentified ____._______________-___ eee 660 667 

| Total domestic uses__________________-_-_--_-_-_-------__ «9,886,177 
Exports _. ~~~ ~~ ee eee 1,169 1,027 - 

| Total __________________-_____-- ee 10,555 12,204 

1Includes cellulosic fibers 1976. 
2Includes explosives 1977. 
Included in “Unidentified.” ; 

Table 10.—Sulfuric acid sold or used in the United States, by end use , 

| (Thousand short tons of 100% H.S0O,) 

| . Quantity 
SIC U . —_—_——— "e | ) 1976 1977 

102 Copper ores___ __. ___ ________~___---~_~--~~ ~~ 1,829 1,986 
1094 Uranium and vanadium ores ____§_§___§_§__-____~-____~-------- 309 / 312 
10 Other ores ~~ eee 11 16 
261 Pulp mills__§_$_§_$_/§_/_-_______~-~_____-~-__~ ee 511 598 
26 Other paper products_______________--___-~-__----~_-_--- 43 72 
285, 2816 Inorganic pigments and paints and allied products ____.____.___--_-~~- 600 738 
281 ’ Other inorganic chemicals_________.___-~___----_--~--~--~--~-- 783 2,167 
282, 2822 Synthetic rubber and other plastic materials and synthetics _________-- 408 724 
2823 Cellulosic fibers including rayon ______________~.------~-~-+--- 359 593 
283 Drugs __ = eee 127 141 
284 Soaps and detergents ______________-__-__-------.~-------- 393 499 
286 Industrial organic cherhicals pee eee ee eee 470 891 
2873 Nitrogenous fertilizers... .__§___ __.____.__-_____~-~~-~-+---~---- © 494 . 7719 
2874 Phosphatic fertilizers. __.___.____._____-____--_~-_-------~- 19,696 22,353 
2879 Pesticides ___._____________~--~___~-~~___-~-~--__~ ~~~ 18 56 
287 Other agricultural chemicals ________._._-___--._ ~~~ ~--- 305 310 
2892 Explosives __.-§_________~--~~__~~~_~~_~~-~-~_~~~-~--~-~---- 109 68 
2899 Water treating compounds ee ee ee ee 272 298 
28 Other chemical! products _ - _.___-__-.~-~-~-----~-~---------- 2,895 992 
29, 291 Petroleum refining and other petroleum and coal products ___________- 2,026 2,592 
30 Rubber and miscellaneous plastic products__ __________..--__--_- () 13 
331 Steel pickling _._.__.___._.____.--___~- ~~~ -__---- 325 439 
333 Nonferrous metals _____________~----~~~-~-~----~~-~-~-~-_- 60 44 
33 Other primary metals ______________--~~---_~-~~~~-~----- 11 8 
3691 Storage batteries/acid __.___._...___---~-___--___~--~-_----- 114 149 

Unidentified _.._______-__~-___ ~~~ eee 1,381 1,048 

Total domestic __.______.-____~~-~--_~-~-~____--_~ +--+ 233,550 37,886 
Exports ___-______-~-_---~----~-----~---~------------- 28 -- 

Total _._.______~_-___~ ~~ eee 33,578 37,886 

lincluded in “Unidentified.” 
2Data do not add to total shown because of independent rounding.
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Table 11.—Sulfur and sulfuric acid sold or used in the United States, by end use | 

. . . (Thousand tons sulfur content) — 

. Sulfuric acid 
; Elemental — (sulfur © . Total 

SIC . - Use . ~~‘ Sultur equivalent) 

, - 1976 . 1977 =: 1976. 1977 1976 1977 — 
a een SATE SS SS CSS SSCS SS SSS st SS SSS 

102 ' Copper ores___ ~~ ~- e 533 579 = ss583—i(its«éSTD. . 
1094 - Uranium and vanadium ores ___ ~~ ~~ _- -- 90 91 90. 91 
10 Other ores _-_-__§ _- i.e — 8 5 3 5 
20 . Food and kindred products ~_______ 4 5 -- en 4 5 
261, 26 Pulpmills and paper products — _ _ __ __ 110 145 162 195 272 340 
2816, 285 Inorganic pigments, paints and allied . 

2892, 28, products, explosives, industrial organic oe 
286 chemicals, and other chemical | — 

, products 88 2271 175 215 263 486 
. 281 Other inorganic chemicals_________ 337 217 — 228 632 565 849 

2822, Synthetic rubber, cellulosic fibers, other 
2823, 282 plastic materials and synthetics* — 85- 64 224 384 309 448 

283 . Drugs ____ 2... ___ _- —_ 37 41 37 41 
284 Soaps and detergents ____________ _- -— 115 146 115 146. 
286 Industrial organic chemicals _______ _- _— 137 260 137 260 
2873 | Nitrogenous fertilizers ___________ _- -- 144. 227 144 227 

- 2874 - Phosphatic fertilizers... -_ Ze 7 ne 5,741 - 6,516 5,741. 6,516 
2879 Pesticides _.§__$._-_.-.-_____.__ _- -- 45! . 16 5 16 

| 287 Other agricultural chemicals _______ 88 253 89 90 177 343 
2892 Explosives ____.._-___-_--___ _- _- 32 20 - 32 20 . 
2899 Water treating compounds —----- -- — 19 #3. «(8T 79 87 
28 Other chemical products __________ _- -— 844 289 844 289 
29, 291 Petroleum refining and other 

petroleum and coal products 84 109 591 756 675 865 
30 Rubber and miscellaneous plastic 

products —s_— 10 (*) (4) 4 10 4 
331 - Steel pickling ~.._..._________ — — 95 128 95 128 
333 Nonferrous metals _.___________ — __. 17 13 17 13 
33 Other primary metals ___________ _— -- 3 2. 3. 2 

OO 3691 Storage batteries ...__._________ _- _- 33 43 33 43 
Exported sulfuric acid ___________ _- -- 8 -- Boe LL . 

Subtotal __- ~~. -~_____-_-L_ 806 1,064 9,385 10,739 10,191 — 11,803 
Unidentified __..__-_.________ 660 667 403 305 1,063 972 

Total ____-____________- 1,466 1,781 9,788 11,044 11,254 12,775 
a a a a Ta TS Se DSSS TDS SS SPS SSS SSP DS SR 

1Does not include elemental sulfur used for production of sulfuric acid. 
2Includes explosives 1977. 

. - 3Includes cellulosic fibers 1976. 
| _ “Included in “Unidentified.” :
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| STOCKS | | 

Yearend producers’ stocks of Frasch sul- 4 , | 
| , fur decreased 2%, but recovered elemental Table 12.—Producers y earend stocks 

sulfur: stocks were essentially unchanged. - (Thousand long tons) 
_ The combined yearend stocks amounted to ———~—______________ x, 

approximately a 6.9-month supply based on Year Frasch ‘ered —-‘Total 
: 1977 domestic and export demands for 

domestically produced Frasch and recover- 1973 ~ aad ay ooat 

ed elemental sulfur. 1916 22 7TTTTTTTSti(i«aTSCti«tSC 8 
| 1977 -- 5,204 265 5,469 

| PRICES | 

The quoted price for liquid sulfur exter- $37.50 per ton, compared with $37.61 per 
minal Tampa, Fla., was $61 to $65 per long tonin 1976. | | 
ton at yearend 1977. There were price The marketing of sulfur produced in 
decreases in other markets. | other than the elemental form reflected 
On the basis of shipments and total value competitive positions in the limited regional 

reported to the Bureau of Mines, the aver- markets for these products. In 1977, the - 

! age value of shipments of Frasch sulfur average price per ton of sulfur contained in 
f.o.b. mine for both domestic consumption byproduct sulfuric acid remained nearly the 
and exports during 1977 dropped 3% to same.as in 1976 at about $49. The average 

| $49.66 per ton in 1977 from $51.19 pertonin unit value for sulfur contained in pyrites, 
1976. The recovered elemental sulfur in- hydrogen sulfide, and sulfur dioxide, com- 

dustry was in a less favorable marketing bined, increased 39% to $49.41 per ton 
position to obtain full benefit of the higher compared with 1976. 

, sulfur prices. This market was subject to 7 ae | 
regional competitive forces. Also, as a non- Table 13.—Repo rte d sales values of 

discretionary byproduct there was a general shipments of elemental sulfur, 
tendency to sell sume in iocal markets | f.o.b. mine or plant 
where sales were more dependent upon the | 
industrial sector. Shipment values varied (Dollars per long ton) . 

| widely in different regions; lowest in the Year Frasch Recovered Total: 
West, somewhat higher in the midconti- 
nent, and near the values for Frasch sulfur 1s TTT 48-63 13 Aa es 
in the East and South. Overall, the reported 1975 ----------- 50.16 36.14 45.63 

. . 1976 51.19 37.61 46.45 
unit shipment values for recovered ele- 3977 ~~~ 77777777 49.66 37.50 45.09 
mental sulfur, f.o.b. plant, in 1977 were ———————_____——_ 

- FOREIGN TRADE 

The United States was a net importer of received 83% of the exports, mainly for 
sulfur in 1977, for the third year. Exports transshipment to other European Commu- 
were down 7% to about 1.2. million tons. nity Countries. Brazil was the third largest 
Imports in the form of elemental sulfur customer, receiving 7% of the exports. Not 
increased 14% to 2.0 million tons. The net included in the foregoing were exports from 
import balance in 1977 was 799,000 tons the Virgin Islands, which were 107,000 tons 

compared with 457,000 tons in 1976. valued at $5.5 million in 1977. . 

Exports from the United States were Imports of Frasch sulfur from Mexico 
almost entirely in the form of Frasch sulfur. increased from 731,000 tons in 1976 to 

The tonnage of crude sulfur exported in 769,000 tons in 1977. Imports of recovered 
1977 was 10% less than in 1976. Exports of elemental sulfur, mostly from Canada, in- 
refined sulfur dropped 20%. The total value creased 21%. Imports from Canada totaled 
of exports declined 21% below that of 1976. 1.2 million tons, and imports from Japan 
The reported average export value of crude were 25,000 tons. The unit value of imports 
sulfur was $44.95 per ton in 1977 compared of sulfur from Canada declined $2.52 to 
with $50.91 in 1976, a decrease of 12%. $15.78, whereas the value of imports from 
Belgium-Luxembourg and the Netherlands Mexico increased $2.47 to $59.07 in 1977.
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| Table 14.—U.S. exports of sulfur | 

(Thousand long tons and thousand dollars). 

Crude Refined 
Year —_—oOOooeoeoOoee ero 

Quantity Value Quantity Value 

1973 _____ 1,771 34,380 5 1,461 
19744 ____ 2,580 95,516 21 1,829 
19754 ____ . 1,288 69,553 7 2,248 
19761 ____ 1,188 60,226 15 3,358 : 

| 19772 ____ 1,059 47,599 12 = 4,512 

1Excludes exports from the Virgin Islands to foreign 
countries: 1974—61,556 long tons ($1,891,142); 1975— 
56,632 long tons ($3,172,094); 1976—71,643. long tons 
($8,516,220); 1977—106,756 long tons ($5,536,861); 
see table 16. * 

| Table 15.—U.S. exports of crude sulfur, by country 

. (Thousand long tons and thousand dollars) . 

_ 1976 1977 
Destination QU 

| Quantity Value Quantity Value 

Argentina ~oe eee 2h 1,122 12 548 
Belgium-Luxembourg ________________-________---_ 599 30,019 504 20,429 
Brazil __-_____________________ eee 118 6,539 73 3,345 
Canada _________--_---------~-~----~-_-~----~----- . 68 1,813 «19 881 
Colombia __________________________ i ------ 1 66 (3) q 
France _______~______-~-_--~-~-_--~~_------~------+ a __ . 26 1,017 
Greece ________________-_-_____-------------- 23 1,341 ) 1 
Honduras ____________~______ ~~ eee 1 60 — __ 
Mexico _._______~__~_______~_ eee 3. 70 1 24 
Netherlands ____________________________------- 283 15,249 378 19,106 
New Zealand ~____-___-_-_----~-------~--~--------- 51 2,616 26 1,252 
Peru ________-_------_~-~~-----------~----+-+-+-+-- 7 879 ) 2 
Spain _________________ eee 6 266 __ __ 
Trinidad and Tobago _______________~~-_-___-~------- — __ 7 362 
Uruguay ____________________ ee 1 400 13 572 
Other ________________~-------___------------ 5 T2386 ) 53 

Total? ee 1,188 60,226 1,059 47,599. 

, Revised. 
1Less than 1/2 unit. | . 
2Fxcludes exports from the Virgin Islands to foreign countries: 1976—71,643 long tons ($3,516,220); 1977—106,756 long 

tons ($5,536,861); see table 16. _ 

| Table 17.—U.S. imports of elemental 
‘sulfur, by countr 

Table 16.—Sulfur exported from the Oy y 
Virgin Islands to foreign countries (Thousand long tons and thousand dollars) 

(Thousand long tons and thousand dollars) . "1976 1977 

—_——— Count Gan 
1976 1977 ary Quan- Value QH2> Value 

Country Quan- Quan- EY 

tity Value “tity Value Gonada_____ = =s—“(téiOSC*dT,BBCs«dSGT.-—=«i18,414 
a Germany, Federal 
Brazil _._____ 22 937 10 365 Republic of ____ ) 20 ) 116 
Italy________ 10 461 28 1,044 Japan_________ 26 343 25 348 
Jamaica _____ 2 68 2 90 Mexico ________ 731 41,378 769 45,422 
Morocco _____ __ — 12 426 Venezuela ______ — __ 16 853 
South Africa, Other _________ 1 25 (2) 1 

Republic of __ 38 2,050 55 3,612 KL 
——— Total _______ 1,727 559,494. -s«:1,977 65,154 

Total _____ 72 3,516 107 553800 ee 
ma? 1Less than 1/2 unit. |
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WORLD REVIEW | 7 , 
World production of sulfur increased of 1976 to 19.8 million tons at the end of 

slightly in 1977. Although demand increas- 1977. : ed about 8%, production of sulfur continued The average value of marketed sulfur, | to exceed usage. World producers’ stocks f.o.b. plant, was $15.89 per tonin December increased more than 1 mon tons mn all 1977 down from $16.21 in December 1976.3 
anada.—rroduction o sullur in a Cyprus.—A fertilizer complex was plan- Changed from 1976. Recovered sagen, Red for Cyprus. The complex will Include © ve. ,000-ton-per-year sulfuric acid plant to Fa a recede ss eel take avanage ofthe pyrite rsuren" , : . esa . rance.—Production of sulfur in 

P rants, “ See an B ee romaine was about 2.1 million tons. Production of 
production, mostly from metal smelter sulfuric acid increased about 15%. 
gases, was essentially unchanged.? Japan.—Capacity to produce recovered 

Production of sulfur in Alberta increased elemental sulfur from imported oil was 2.1 about 70,000 tons to 6.4 million in 1977. Of Million tons in 1977. Sulfur Nom at this total output, almost 100,000 tons was éfineries was 1.1 million tons in 1977. , from tar sands, 16,000 was from refinery Mexico.—P roduction of Frasch sulfur : | output, and the remainder was from natu- Was 1.7 million tons in 1977, down from the | _ ral gas operations. Exports of elemental 2-0 million tons in 1976. Capacity to produce | 
sulfur increased from 3.7 million tons in recovered elemental sulfur from oil and gas | 1976 to 4.3 million tons in 1977. Of these is being expanded, and output may reach shipments, 3.1 million tons was to offshore 300,000 tons per year by 1985.' markets other than the United States, up Poland.—The first sulfur mine in the 
from 2.7 million tons in 1976. Producers’ Lubaczow sulfur basin in Przcmysl Province 7 
stocks rose from 18.5 million tons at the end started production. 

Table 18.—Sulfur: World production in all forms, by country and source 
(Thousand long tons) 

Country! and source” 1975. 1976 1977" ee TT 
Algeria, byproduct, petroleum and natural gas ~~ 10 10 . 15 

Argentina: . | 
Native (from caliche).__§________._____________._ 10 20 19 Byproduct, all sources _____________________________ 7777 22 18 20 

Total --_________ eee 32 38 39 

Australia:* 
| Pyrites apc c connor nnn nen nee nee oo ee eee eee "105 107 106 | uct: 

Metallurgy’ 187 141 133 ‘Petroleum ___________ rt 9 6 7 
| Total ____--__ "251 254 246 

Austria: 
Byproduct: 
Metallurgy ~ ot 8 8 8 Petroleum and natural gas___________________________.. "16 17 24 Gypsum ~---------- 28 23 26 — SO 
Total -_____-___-_ ee 52 48 58 Bahamas: Byproduct, petroleum_____________________.______. 10 5 5 Bahrain: Byproduct, petroleum wee ee 24 10 15 Belgium: Byproduct, all sources® ~-- eee 193 244 253 Bolivia:” Native® -~--- 22 15 6 Brazil:? ° Byproduct, petroleum ___________________.____.....> 19 29 44 —— CC 

Bulgaria: 
Pyrite® ~--~---- ee 167 276 300 Byproduct, allsources® _.____.__.._......____ssss~sié‘té‘CSt*tSt 76 T59 64 oe 
Total® 7-3 

243 *335 364 
—————————————_—_—_ 

See footnotes at end of table.
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Table.18.—Sulfur: World production in all forms, by country and source —Continued 

| (Thousand long tons) 

Country! and source” 1975 1976 1977" : 

Canada: 
Pyrite_________-----------------------------

---7-- 10 15 9g 

Byproduct: . 
Metallurgy _____-------------=---------------7-7-7-7 

"684 694 724 

. Natural gas ________--------~------------------7-7-7 
6,469 6,102 6,201 

Petroleum__________------------+-------------7
-7-7- 170 197 197 

Tarsands __________-__-------------------=-----7-7-7- 
84 99 98 

Total._________------------------------- 
7-7-7777 7,417 7,107 7,229 

Le
 

. 

Chile:’ 
. . 

Native: 
Refined ________-_---------------------------

--- 5 16 5 

From caliche _____ __-_--------------------------7-
 ~—«*'16 1 26 

Byproduct, metallurgy __— ----------------------------7 
26 29 26 

Total _.______------------------------
- 7-77-77 47 46 5T 

————————————— 

China, People’s Republic of: cS oo 

Native’__________-_-------------------------
------ T88 F388 89 

Pyrite® ___- _____--------------------------------7
- F886 FR86 - 935 

Byproduct, all sources® _o eee -- = -- = -- == FqQ | F8Q | 98 

Total® _____________------------------------7-77-77
 T1053 1,063. - 1,122 

OO 

Colombia: 
Native _______-_-_+-----------=--------------77-7777

 30 26 — 22 

—_ Byproduct, petroleum ____--------------------~--------- 
" 2 3 

Total ______----------------------------------- gy 28 25. 
———— 

Cuba: 
. 

Pyrite® _._____------------------------------
007077 20 20 20 

; Byproduct, petroleum® _____--------------------------- 8 : 8 8 

Total® eee -------- 28 28 28 

Cyprus:!° Pyrite ______-------------------
---7-7-7 500777 97 94 78 

——————————— 

Czechoslovakia: 
. 

Native __________-_-_---------------=---------70777
 10 12 5 

Pyrite________-_-----------------------------7-
77-7-7- 66 49 54 

Byproduct, all sources _ _ _ - -_------------------------7--- . 60 10 8 

Total ____________-___---------------------------- 136 71 67 | 

Denmark: Byproduct, petroleum___ —----------------------+
-- Tg 10 11 

er LS 

Ecuador: 
. 

Native ___________------------------------------7-7
- (24) 1 1 

Byproduct: 
Natural gas® ______-_----------------------------- 

3 3: 3 

Petroleum® __________-__-_-_----------------------- 5 5 5 

Total? ________-__-_---------------------------- "8 9 9 

Egypt:? ® Byproduct, petroleum and natural gas - - -_--------------- T10 5 5 
oo 

Finland: 
Pyrite________-_---------------------------------- 242 230 231 
Byproduct: 

Metallurgy _____--------------------------------- 340 . 360 305 

Petroleum® __________-_-------------------------- 
15 25 25 

Total. ________---_-------------------------
--- 597 615 561 

OO 

France: 
Byproduct: 
Natural gas!?________-------------------------

---- 1,764 1,709 1,881 

Petroleum!? ____________------------------------- 91 87 88 

Unspecified? _________---------------------------- 107 141 157 

Total. _________-_--------------------------
--- 1,962 1,937 2,126 
—— 

German Democratic Republic: 

Pyrite’ __________------------------------------- "10 T10 10 

Byproduct, all sources’* _______-------------------------- 349 239 335 

Total® _____________-_-------------------------- 
™359 T249 345 

. 
———————— 

See footnotes at end of table.
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| Table 18.—Sulfur: World production in all forms, by country and source —Continued | —_ | _ i (Thousand long tons) - a 

oe ___Country! and source?” ——SSSS~S~S~SSSBB - 1977? 

Germany, Federal Republic of: Be 
. Pyrite _—-—- 

217 |. 229 231 _ ° Byproduct: - . oe 2 _ . , 
Metallurgy! ------------------------- 2 eee B55 $84 879 Natural gasi?___ = rrr 378 5B SCY , Petroleum!? wr tenn nen nen "113 117 188 : Unspecified -______ 2 LL TDITTrr. . 199 158 162 . 

: 
: mo - 

TT _—e , " OTT . . : Total. eee _ ¥1,262 1,841. - 1,576 a , 

Pyrite. ——--~-------- eo 79 96 5 Byproduct, petroleum® wen ene ee 3 . 3 3 
Total® Trt tt nee ee ee 

75 99 73 Ce 
SES Sp Hungary: 

. ae . Pyrite® www 
os 3 — «8 83 . Byproduct, all sources ______-_ TTL IT ITT III IITIIIIIIIT2 9 8. - 8 

oO Total® Wott re ne ee 12 "11 11. 
India:* . 7 ee _ . Pyrite ——.-—--------- ee "18 19 14 | Byproduct: . a . Metallurgy®__ = 7125 109 115 Petroleum _—---___ == Tr 6 7 7 . | ___ Totale _ ee "149 "135 186 | Indonesia:’° Native Wott rn enn ne enn eee ee | 8 2 
Iran: a a . De | ; : Native® _____- == 

20 - 20 - 20 a Byproduct, petroleum and natural gas we ee em eee 467 . 392 . 518 
. Total® we ee - 487 FID 588 > 

Iraq: o ae ree — a Frasch Fw ee 
691 600 611 _—. Byproduct, petroleum and natural gas®-___ == 108i 64 «84 

Total® wm ee nee ee 699 664 665 Ireland: Pyrite BT mm ne ee - $2 30 22 Israel: Byproduct, petroleum and natural gas -_-__ 10 0 ‘* . 10 

. ative Wo ttt cnt ene ee eee ee 51 84 62 Pyrite ———-—----- 8 7 416 868 374 Byproduct, all sources® eee 225 *208 255 
Total -- ~~ —---- ~~~ ee ™692 610 691 

SN Japan; 
: . Pyrite ————— 

530 463 . 388 , Byproduct: | . | ' Metallurgy?” Woe e enna nee ee ee 1,145 1,163 1,301 Petroleum!® water n-ne ee 775 980 1,097 
Total_—--_- 

2,450 2,606 2,781 
Korea, North: : 

Pyrite*® aan 
¥256 7241 246 Byproduct, metallurgy® ___ = 16 ¥20 12 

Total® wren ee ee "272 7261 258 
LSPS LL SS rn vaste vant yeVUPSESVUNSEPUEne=n Korea, Republic of. 

Pyrite -—_ 
(3) (22) _. Byproduct: 

Metallurgy* 
20 22 25 Petroleum® ________ 
10 25 24 

Total® —_—_---_--- 
30 47 49 Kuwait: Byproduct, petroleum and natural gas __-____~~..._~277777 54 74 78 Libya: Byproduct, petroleum and natural gas__________.......2 ~~ 20 20 20 

ee 

See footnotes at end of table. 
.
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| Table 18.—Sulfur: World production in all forms, by country and source —Continued 

. 
(Thousand long tons) | : . | 

. Country! and source” 1975 1976 1977” 

Mexico: 
- | | 

Frasch ______------
----- 2,041 2,021 1,696 

Byproduct: - 

Metallurgy®__ __-------------------- 
007 51 74 719 

Petroleum and natural gas ___ - - -- ---------------------" 
89 95 131 

Total® ______---------------- oe
 2,181 2,190 1,906 

Morocco: Pyrite ___- - - ---------- -- -- 
62 23 44 

Netherlands: Byproduct: 
. . . oo 

Metallurgy’ ___---------
----------- 

40 39. - 62 

Petroleum? ____-------
------ - ee 65 - 64. 64 

Total® __....----------e-
- ono 105 108 126 

Netherlands Antilles: Byproduct, petroleum —-------------------7 
86 93 94 

Norway: 
Pyrite___.__---------------------- 

50 229 185 155 

Byproduct: 
Metallurgy®___ -- ---------------------- 90000

7 39 732 37 

Petroleum® ___--------------------- 7-
7 . 5 7 q 

Total. .____--------------
 eee 218 224 199 

, ‘ 

px 
eee ee 

Pakistan: 
‘ . 

Native _.___----
------ ---- - - rr 

1 1 1 

Byproduct, all sources - - --- ------------ 7-5 
12 12 12 

Total ___._-_-------------
----- 13 13 6-28 

Peru: Byproduct, all sources Dee ee eee ee ener 16 16 20 

Philippines: Pyrite ___-~-----------
------ 7-70 74 76 50 

Poland:?® 
Frasch®_______----- --- -- -$- rr 4,253 © 4,273 4,836 

Native® ______--------------------- 
448 5Al 354 

Byproduct: 
Metallurgy® 2° ____-------------------

--- 77700007 226 — 231 236 

Petroleum® 2 _____------------------- 97
 25 25 30 CO 

Gypsum’ ______------------------- 
9-90 54 54 | «84 

Total® ____---------
----- 5,001 5,124 - §,010 
a i 

Portugal: 
. 

: 

Pyrite______--------------------- 
0 197 178 154 

Byproduct: 
; 

etallurgy ____---------
---------- (4) (4) __ . 

Petroleum _____-----------------
- te . 2 2 2 

Total. __._-_--_--------------- 
199 180 156 

Rhodesia, Southern: 
| 

Pyrite® ___-_--------
----=- ------ 50 29 30 29 

Byproduct: Coal and/or metallurgy® Dn ee ee eee 2 "2 3 

Total _____---------
----- 31 *32 32 

oO 

Romania: 
Pyrite® _____------------

-------- 9-0 ¥369 *369 889. 

Byproduct, all sources® __—------------------- 77507077777 
89 97 108 . 

Total’ __..-_---------------=----
-- 7-0 7458 466 497 

Saudi Arabia: Byproduct, petroleum and natural gas ___--~----------- 3 3 3 

Singapore: Byproduct, petroleum ~~ —-------------- 7755 or 6 6 6 

. 

. 
Ce 

South Africa, Republic of: 

Pyrite. -.---_----------------- ne 
: 256 289 327 

Byproduct: 
Metallurgy ___--------

--------- 79 90 103 

Petroleum_______---------------
 7 25 27 27 

Total. ____------------ <3 or 360 406 457 

South-West Africa, Territory of (Namibia): Pyrite __-__------------- 
4 4 4 

——— 

_ See footnotes at end of table.
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Table 18.—Sulfur: World production in all forms, by country and source —Continued 
(Thousand long tons) 

Country! and source? 1975 1976 1977” 

Spain: 
Pyrite —— =e 1,244 1,053 1,084 . Byproduct: 

Metallurgy a anietertaete 
102 121 127 Petroleum ___________ rrr 2 4 10 Coal (lignite) gasification® -------- ee 1 1 2 $e Total_______-- ee 

1,349 1,179 1,223 EEO Oooo Sweden: 
Pyrite————-- = 

208 202 201 Byproduct: 
Metallurgy grr ee, 128 128 128 Unspecified” ________ rt 912 28 28 

’ 
a 4 Total ——— = 8 

348 358 357 Switzerland: Byproduct, all sources —____ ~~~ 7777777777 777777 2 2 2 Syria: Byproduct, petroleum and natural Bas --- 1 5 3 — aS Taiwan: 
" Native aaa 

5 6 5. Pyrite —___________ rrr 5 3 3 Byproduct, all sources® ~- +--+ eee 2 2 2 
Total® Woe 

12 11 10 Thailand: Byproduct, all sources__ TTT TTT 1 1 1 Trinidad and Tobago: Byproduct, petroleum? __--_ = 49 54 54 $l 
== Turkey: 

Native Totten noe ee 
19 20 19 Pyrite __________ rrr 11 39 11 Byproduct, all sources _____ = rrr 60 68 69 $C Total -__-_ ~~~ 
90 127 99 SY =_:**===z_E U.S.S.R.:23 

Frasch -——-----_-__2-e 
315 _ 492 492 Native’ _____ = 

1,841 2,165 2,362 Pyrite® wag tt - ee 3,149 3,248 3,248 Byproduct:® 
Coal __---- = 

39 40 39 Metallurgy Wao ------ eee . 1,860 2,008 2,146 Natural gas __________ rrr 463 856 905 Petroleum __________ TTT 187 187 197 ————— Rr eeareseensinrecrentenecee Total® - 
77,854 8,996 9,389 Ort 089 ooo United Kingdom: _—.. 

Byproduct: 
sletallurgy Wore eee 45 37 60 Spent oxides Woo ---------e TS 6 5 Unspecified -_-___-___ rt 60 72 64 Gypsum Totten n-ne eee 50 _- _- eee Total ---_---_- 

160 115 129 eee eel United States: . Frasch Tota ota eee ----- 
7,211 6,264 5,822 Pyrite _—___-_ 

rrr 237 286 166 Byproduct: 
Metallurgy Wt rane eee, 767 942 945 Natural gas ___________ 20 rrrrrtrt 1,342 1,277 1,404 Petroleum —__________ 00 t rrr 1,627 1,860 2,163 Unspecified -_________ 22D D DDT TT TTT Trt rtrt 75 77 58 eee Total ——-— ~~ == 

11,259 10,707 10,558 viusuay: Byproduct, petroleum ——_____ 77777 T TTT Tart TIT 2 2 2 Venezuela: Byproduct, petroleum and natural gas_____________ eee 81 89 94 
lTETEOEOOOO eel Yugoslavia: 

. “Pyrten 
143 181 163 Byproduct: 

Metallurgy® == 
177 197 167 Petroleum® eiaeieeterteteieteriee 

5 5 5 ee Total ____--—--- 8 
*325 383 335 Zaire: Byproduct, metallurgy __ === TTT 49 37 30 — 
eo 

See footnotes at end of table.
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Table 18.—Sulfur: World production in all forms, by country and source —Continued 

oo . (Thousand long tons) . . 

Country! and source oo 1975 1976 1977" 

Zambia: 

. 

Pyrite________---------------
----- 9-700 77777 7 9 8 

Byproduct, all sources _ _ - - -- ------------- 37-7500 
79 90 115 

Total __.___----------- 
86 99 123 

———<—————————— 

Grand total ___-----------------
---- 3-7-7 49,397 49,697 50,649 

Of which: 
. . 

Frasch ___---_---------------- 7-7 14,411 13,650 12,957 

Native -.__----------
-------- ¥2,565 ' 2,969 2,998 

Pyrite ____---------
-------- 9,371 9,311 9127 

Byproduct . 
: 

land coal gasification __- --------------------~ *40 _ Al _ Al 

Metallurgy ._.------------------3
- 7-77-00 6,419 6,866 7,148 

Natural gas. ___ _- ------------------- 77-770
7 10,419 | 10,400 11,015 

Petroleum __-----------=---------7
7-77 777777 T3353 3,852 4,383 

Tar sands _.___--_------------<+-
----7-7 777777 84 99 98 

Petroleum and natural gas undifferentiated _..._-_-------- 
-: T869 | 184 955 

Spent oxides __-- -- -----------------7 77000077 | *5 6 OG 

Unspecified sources _ _- - ---------~----------7-7777 
T1,729 1,641 1,842 

. Gypsum ___-----------
-------> 9-7-7 7 1132 17 80 

€etimate. Preliminary. ‘Revised. _ | a | 

1In addition to the countries listed, a number of nations may produce limited quantities of either elemental sulfur or 

compounds (chiefly H2S or SOz) as a byproduct of petroleum, natural gas, and/or metallurgical operations, but output, if 

any, is not quantitatively reported, and no basis is available for the formulation of reliable estimates of output. Countries. 

not listed in this table which may recover byproduct. sulfur from oil refining include: Albania, Bangladesh, Brunei, 

Burma, Costa Rica, Guatemala, Honduras, Jamaica, Malaysia, Nicaragua, Paraguay, and People’s Democratic Republic 

of Yemen. Albania and Burma may also produce byproduct sulfur from crude oil and natural gas extraction. No complete 

. listing of other nations which may produce byproduct sulfur from metallurgical | operations (ine processing 0 coal - 

for metallurgical. use) can be compiled, but the total of such output is considered as small. Nations listed in the table . 

which may have production from sources other than those listed are identified by individual footnotes. , 

2The term “source” reflects both the means of collecting sulfur and the type of raw material. Sources listed include the 

following: 1) Frasch recovery, 2) native, comprising all production of elemental sulfur by traditional mining methods 

(thereby excluding Frasch); 3) pyrite (whether or. not the sulfur is recovered in the elemental form or as acid): 4) 

byproduct recovery, either as elemental sulfur or as sulfur compounds from coal gasification, metallurgical operations 

including associated coal processing, crude oil and natural gas extraction, petroleum refining, tar sand cleaning, and 

processing of spent oxide from stack-gas scrubbers; and 5) recovery from the processing of mined gypsum. Recovery of 

sulfur in the form of sulfuric acid from artificial gypsum produced as a byproduct of phosphatic fertilizer production is 

excluded because to include it would result-in double counting. It should be noted that production of Frasch sulfur, other 

native sulfur, pyrite derived sulfur, mined gypsum derived sulfur, byproduct sulfur from extraction of crude oil and 

natural gas, and recovery from tar sands are all credited to: the country of origin of the extracted raw material; in 

contrast, byproduct recovery from metallurgical operations, petroleum refineries, and spent oxides are credited to the 

nation where the recovery takes place, whic in some instances is not the original source country of the crude product 

from which the sulfur,is extracted. 

3In addition may produce limited quantities of byproduct sulfur from natural gas. 

4Fxcluding sulfur content of auriferous pyrites, for which data are not available. 

5Excluding sulfur recovered, if any, from processing copper concentrates. 
. 

sore udes the following quantities recovered in elemental form in thousand long tons: 1974—26; 197 5—24; 1976—59; 

7In addition, may produce limited quantities of byproduct sulfur from crude oil and natural gas and/or from 

petroleum refining. 

8Exports; regarded as tantamount to production owing to minimal domestic consumption levels. 

In addition, may produce limited quantities of byproduct sulfur from metallurgical operations and/or coal processing. 

10} addition, may produce limited quantities of byproduct sulfur from oil refining. 

11]_egs than 1/2 unit. 
12Flemental byproduct recovered sulfur only; sulfur recovered as SO2z, H2S and/or other compounds are included 

under unspecified. 
13Comprises all byproduct sulfur recovered in the form of compounds including that, if any, recovered from petroleum 

and natural gas operations, as well as total recovery from metallurgical operations. 

140 fficial German Democratic Republic sources record production of elemental sulfur as follows in thousand long tons: 

1975—84; 1976—78; 1977—NA. Presumably the differences between these figures and quantities listed in the table 

represent recovery in the form of compounds. 
. 

15Includes only the elemental sulfur equivalent of sulfuric acid produced as a byproduct from metallurgical furnaces; 

additional output may be included under undifferentiated. 
. 

16Includes recovery from gypsum, if any. 

17Presumably includes sulfur recovered from coal processed to coke at metallurgical facilities, and excludes sulfur, if 

any, recovered by metallurgical facilities in elemental form. 

18Tncludes sulfur recovered in the form of acid from coal, heavy oil and other unspecified sources, as well as sulfur, if 

any, recovered by metallurgical facilities in elemental form. 

190Official Polish sources report total mined elemental sulfur output annually; this figure has been divided between 

Frasch and other native sulfur on the basis of information obtained from supplementary sources. Therefore, although 

both numbers are estimates, the total is not an estimate. Estimates for production of byproduct and gypsum-derived 

sulfur are based on officially published data on sulfuric acid production and additional information from unofficial 

sources. 
20Rstimates reported under “Metallurgy” represent byproduct recovery. in the form of com unds (principally sulfuric 

acid) from all sources (including coal and fertilizer plants); estimates reported under “Petroleum” represent only 

elemental sulfur recovery from petroleum, with any recovery in the form of compounds included under “Metallurgy.” 

21Revised to zero. 
22 )emental sulfur only. 

h Classification used for detailing output revised, therefore detail does not correspond to that in previous editions of 

this table.
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TECHNOLOGY | | 

A computer model for the U.S. Frasch A rational modified design of the existing : 
industry was developed using a systems Kellogg-Weir slurry spray system toremove  - 
dynamics approach rather than the stand- SO, from boiler flue gases was developed. 
ard econometric model used for many com- The design was based on measured adsorp- 
modities. The main variables used in the tion rates and theoretical rates calculated 
study were inventory, price, production, using a mass transfer model." | 
capacity utilization, and sales. The model. = Descriptions of a number of flue-gas de- 
was used with some success to compute data sulfurization processes used in Japan were : 

for the 1955-75 period and was compared published. Methods described include wet- 
graphically with the actual data. A major type flue gas desulfurization processes, the 
problem with the model was that it would Wellman-lord process, the “Evergreen pro- - 
not allow substitution of pyrites for ele- cess,” and the lime-gypsum CM-type pro- 
mental sulfur.® cess. Flow diagrams were included.?7 

| Many U.S. mining and utility companies An unusual environmental engineering 
have turned to flue gas desulfurization Problem at powerplants, arising from the 
(FGD) units to cut down their air pollution Use of low-sulfur coal, is being corrected ; 
problems. In the United States, in August through flue-gas conditioning systems, 
1977, there were 29 FGD units on line with Which add sulfur trioxide to stack gas. This | 
28 under construction and 68 more planned. seemingly strange control strategy is need- 
One of the current trends is the develop. ©4 because the efficiency of electrostatic 7 
ment of a process that yields a useful hs agenecrhe Je reauced when the eur 
byproduct. This byproduct may be regener. @i0xide emission falls below a certain level, 

: ated as a high-grade gypsum. These and Thi Ing to a TIse st parncu ite sae of ele. | 
other developments were discussed at the —“7* Oe sys = the ch oe | 

-CPA-sponsored 4th Annual Symposium on menta _ Sultur nee tio a € fur. di sade, 
- Flue Gas Desulfurization held in November Boh apo commercial liquid sultur dloxide. | 
in Hollywood, Fla” "Both approaches offer substantial savings 

| wo, ya: s. Over the other alternative of increasing | 
| tee mary source of at bomen is electrostatic precipitator capacity by as 

h drogen sulfide (H.S) gas Removal of this much as two or three times. The tradeoffs 
yarogen s| 20) Bas. em . ' involve capital expenditures versus operat- | 

potentially hazardous gas is accomplished ing costs. co 

_ by absorbing the gas in an aqueous solution Pilot-scale testing of a process for the 
of copper salts thereby precipitating copper treatment and removal of sulfur compounds 
sulfides. Another common component of from Claus-type sulfur-recovery-plant tail | 

| geothermal steam, ammonia, also is absorb- 54, was successfully completed. Overall sul- 
ed, thereby partially neutralizing the acidic f,), recovery was raised to as high as 99.9% 
solution formed as the H.S is dissolved. The by converting all of the sulfur compounds to 

products of this process are soluble sulfates suifur dioxide. The three stages of the 
| and sulfites of ammonia. The salts are process are incineration of the tail gas or 

disposed of by dissolution in cooling-tower ow hydrogen sulfide gas, reaction of impu- 
blowdown water.® : rities in the gas with hot coke, and removal 

Six processes for removing sulfur from of the sulfur dioxide." ' 

coal were tested for their technical and = Molten sulfur, obtained from four Claus 
economic viability. Each process was tested units and a Sulfreen unit, was solidified and 
using Pittsburgh seam coal pulverized to formed into slates using Savdvik stainless 
70% to 80% minus 200 mesh. Each process steel cooling belts at Société Nationale Elf 
removed 90% of the mineral sulfur. All Aquitaine’s Ram River natural gas process- 
processes proved technically feasible but ing plant. The process was used to decrease 
economically unattractive. It was concluded pollution and health problems related to 
that an inexpensive cleaning operation solid sulfur transport and handling. The 
could be developed to realize the potential belts, 262 feet long and 4 feet wide, had a 
of high-sulfur Eastern Coal. capacity of 24 tons per hour.*® | 

Sample tests indicated that, at a particu- |§ A Wellman-Lord sulfur dioxide recovery 
lar size distribution, more pyritic sulfurand system and an Allied Chemical Co. direct- 
comparable amounts of ash could be liber- reduction unit were successfully combined . 
ated from chemically comminuted coalthan in an experimental pollution control system 
from mechanically crushed coal.?° at a coal-fired powerplant. The Environ-
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| mental Protection Agency announced that _ pressibility, and flowability.”° 

the system had reduced pollution to accept- THERMOPAVE, a registered trademark 
able levels over the designated test period of Shell Canada Ltd., is a mixture of about 

| with a removal efficiency of 91%. Energy 6% asphalt, 13% sulfur, and 81% sand (by 
and material costs for the Wellman-Lord weight). This form of sulfur asphalt was 
unit were within allowable limits.’* tested to evaluate its performance under a 

A study by Battelle Columbus Laborato- variety of climatic conditions. THERMO- 2 
ries concluded that under certain conditions PAVE was reported to have the advantages 
magnesia-based scrubber systems may be of needing little or no high-quality aggre- _ . 
less expensive than wet-limestone pro- gate other than sand and requires no rolling 
cesses. The magnesium-based systems re- because compaction is accomplished by the 
sult in soluble sulfuric acid and regenerated paving machine. Suggested areas of possible 
magnesium oxide. The cost advantage of the usage include road paving, road patching, 
magnesia system was found to be dependent utility trench backfill, and high-bearing- 
on sale of the sulfuric acid in a nearby strength applications.”! Also molten sulfur, 
market.?” dispersed in liquid asphalt, had been used to 

| A report described the results of alabora- replace asphalt in the preparation of road- 
tory test program on the use of cobalt construction-quality asphaltic concretes. 
molybdenum alloy-zinc oxide (CoMo-ZnO) The sulfur-asphalt emulsion reduces the 
systems in the desulfurization of natural quantity of asphalt used, thereby, reducing | 
gases. The trend in changing natural gas paving costs.?! | 
feedstocks toward increased use of CoMO0- Commercial equipment capable of laying 
ZnO desulfurization systems had created a_ sulfur-insulating foam for permafrost pro- | 
need to better define their performance. It tection was successfully demonstrated in 
was concluded that (1) 2 volume-percent of Calgary, Canada. A _ specially designed 
hydrogen in the inlet gas treating natural tractor-trailer truck put down several 10- - 
gas feedstocks should normally be sufficient feet-wide swaths. No weather-related diffi- 7 
to assure proper sulfur conversion, (2)CoMo culties were experienced and rates were - 

- Catalyst can convert COS in the natural gas compatible with those in commercial con- . | 
streams at temperatures as low as 400° F, struction. It was reported that sulfur-foam = 
(3) when CO, is present in the feed stream to insulation appeared promising for pérma- _ 
the CoMo catalyst, a reserve shift reaction frost protection in large-scale projects such OS 
on the COS equilibrium must be considered as airfields or pipelines.?? . 
to properly predict the level of uncoverted Sulfur for use as a fertilizer nutrient has a 
COS, and (4) ZnO by itself will remove COS been slowly declining. However, such ~— 
650° to 700° F, but at much sacrifice in ZnO factors as changing patterns in fertilizer 
capacity to that attainable with a combined use, crop patterns, and soil treatment pre- | | 
CoMo-ZnO system.?* sent a market of considerable potential. It 

A series of tracer-element tests were con- was reported that a key factor in the future 
ducted in Canada by the University of demand of sulfur fertilizer may be the 
Calgary Interdisciplinary Sulphur Research quantity of sulfur supplied by fallout from 
Group to determine the degree of oxidation industrial air pollution. Decreases in fallout 
of SO. at various distances from a sulfur- caused by environmental regulations may 
recovery-plant stack. The study revealed eventually require the addition of sulfur 
that there was little oxidation of the SO. _ fertilizer.?5 
within the first 2.5 miles.’ A symposium on new uses for sulfur was 

Certain basic characteristics of sulfur held in New Orleans, La., in March 1977. 
formed for transport were measured at the Some of the general areas of consideration 
Sulphur Development Institute of Canada. were sulfur concrete, sulfur asphalt mix- 

The chosen characteristics were friability, tures, and sulfur composites for coatings 

moisture performance, and handling. Three and construction materials.” 
important characteristics related to mois- A book published in 1977 provides infor- 
ture performance were the moisture con-. mation on many aspects of the sulfur in- 
tent of the product when formed, moisture dustry, and covers such areas as sulfur 
absorbtion when wetted, and moisture loss. occurrence, production, and usage plus a 

Handling and storage properties of interest chapter on new uses such as sulfur asphalt, 
were bulk density, angle of repose, com- concrete, and batteries.?5
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| oe oe 183Chemical Week. Sulfur Oxides Help To Clean Up the | 
| Mi Supervisory physical scientist, Division of Nonmetallic _ Stack. ve 121, No. 10, September 1977, p. 42. 

_. . . ulphur (London). The LUCAS Tail Gas Treatment 
iy ate: G. HK Sulphur, Canadian Mineral Survey, Process. No. 128, January-February 1977, pp. 41-42. 
we re ruary uu PP ro. ation Board, Province of A aT apne Slating at Ram River. No. 129, March- 

Alberta. Canada. Summary of Monthly Statistics, Alberta RG , fIPSCO SO2 Removal Plant Successful in Ea 
Energy Resource Industries. December 1977, p. 10. ly Operation. No. 182, September-October 1977, pp. 42-45. 

. Sulphur (London). Cyprus Sulphuric Acid Project Goes.  ~ 17 ‘Magnesium-Based Systems are Poseibly More 

NS er et Soa no Magmagenas tg dur pera i po 
132, September-October 1977, pp. 28-30. co urklow, B. W., and R. L. Coleman. Developments in 

SLaulajainen, R. The U.S. Frasch Industry 1955-75, A Natural Gas Desulfurization. Chem. Eng. Prog., v. 73, No. 

‘Study in System Dynamics. Sulphur (London), No. 129, °, soguiphur Condor. The Fate of Emitted Sulfur Dioxide . arch-Apri , pp. 33-39. . ~ . 
"environmental Ty ence & Technology. SOz Scrubbing: the Neighborhood of a Sulfur Recovery Plant. No. 133, 
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Tal dP hyllit 
| By Robert A. Clifton! 

Increasing demand for talc on the world Ghent, Belgium, talc-processing facility. 
market led to a 10% increase in total A new organization, the Scientific and 
domestic production of talc and pyrophyl- Technical Association of the European Talc 
lite. Production of talc increased, while that Industry (EUROTALC), was founded on 
of pyrophyllite declined. The value of crude May 3, 1977. The association membership is 
talc and pyrophyllite produced increased open to any company mining its own talc 
32% and averaged $10.86 per ton. and grinding it in Europe. The six charter 

Table 1 shows a 24% increase in total members established EUROTALC’s head- 
sales of crude and processed talc and pyro- quarters at 22 Rue du Musee, 1000 Brussels, 
phyllite and a 54% increase in value. Ap- Belgium. One of the first acts of the associa- | 
parent domestic consumption increased tion was to initiate a physiological and | : 

| minimally over that of 1976, but exports epidermoidal survey among European talc 
increased 52% in tonnage and 1% in value. | workers. This survey follows the associa- 

Cyprus Industrial Minerals Co. an-_ tion’s announced aim of encouraging funda- 
nounced plans to double the capacity of its mental research for the promotion of the 

Table 1.—Salient tale and pyrophyllite statistics 
(Thousand short tons and thousand dollars) 

1973 1974 1975 1976 1977 
nnn nL CS Sees: 

United States: 
Mine production, crude: 

Tale _-_____-- Ww 1,183 873 Ww 1,099 
Pyrophyllite __-._-_._--§_-__.~_~________ WwW 106 92 WwW 106 

Total __-___________ ~~~ Lee 1,247 1,289 965 1,092 1205 

Value: | | Tale ~-_- W $8,022 $7,454 $9,542 $12,524 _ Pyrophyllite __._________=_ i 2 Ww 1,547 1,475 360 561 
Total. _______-__e# 2 $9,144 9,569 8,929 9,902 13,085 

Sold by producers, crude and processed: | Tale _-_-_-_-_~__ 1,071 963 845 794 996 
Pyrophyllite -----~-------~-------------_ 38108610718 

Total _-__--__-__- 1,184 1,064 931 901 1,114 

vale $30,757 $3 € ~~ 75 1,125 $16,496 3,014 $50,647 Pyrophyllite _-._____._______________ 1,469 1,474 $ 1,379 8 934 $ 1,708 es 1708 
Total ___----_-_-------------_---_ 32,226 82,599 17,875 += 38,948 ~=— «52.355 Exports’ ______________-_______ 180 183 158 212 322 Value _________ ~~~ ~~ $6,618 $6,711 $6,338 $9,034 $9,166 Imports for consumption ______________________ 23 30 23 20 22 Value -----+---- $1,658 $2,233 $1,471 $1,861 $2,094 Apparent consumption _______________________ 1,027 911 796 709 814 World: Production _______~______--___~_____ Loe 5,957 6,406 "5,408 ™5,976 6,331 $$ $$ $$$ eee ee eet 

"Revised. W Withheld to avoid disclosing company proprietary data. 
Excludes powders—talcum (in package), face, and compact. 
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technology of tale and on problems more Talc was one of the materials listed in the 

specifically related to public health and Federal Register on October 28, 1977, when 

environment. the National Institute of Occupational Safe- 

Legislation and Government Pro- ty and Health (NIOSH) asked for informa- | 

grams.—On January 19, the day before he tion on certain “Chemical Agents and Pro- | 

left office, Dr. Morton Corn, Assistant Sec- cesses” prior to writing criteria for expo- 

retary of Labor and head of the Occupation- sure. : 

al Safety and Health Administration The national stockpile inventory of stea- 

(OSHA), rescinded OSHA Field Information tite, block or lump, was reduced by 6 tons to 

Memorandum No. 74-92, issued in 1974, 1,113 tons during 1977. During that year the — 

that set forth scientific criteria for the ground steatite inventory was reduced by 

detection and identification of mineral fi- 527 tons to 2,389 tons. 

bers for the purpose of differentiating | The allowable depletion rates established 

between asbestiform and nonasbestiform under the Tax Reform Act of 1969 remained 

minerals. Also rescinded was a 1974 letter at 22% for domestic block steatite and 14% 

from John Stender, then OSHA chief, that for foreign through 1977. : | 

allowed the Vanderbilt Co. to certify to its Tariff rates on imported talc minerals 

customers, after testing, that its talc con- follow: Crude and unground, 0.02 cent per 

tained no asbestos. In April, in an Atlanta, pound; ground, washed, powdered and/or — 

Ga., court, a citation against a Vanderbilt pulverized, 6% ad valorem; cut, sawed, or in | 

- eustomer accused of using asbestos-contain- blanks, crayons, cubes, disks or other forms, 

ing talc was dismissed for insufficient 0.2 cent per pound; other not specifically 

evidence. provided for, 12% ad valorem. | 

| DOMESTIC PRODUCTION | 

Tale.—Production from U.S. talc mines in was so strong that shipping delays of sever- 

1977 was significantly higher than in 1976 al weeks were common. | 

_ but still only 98% of that in the record year, Pyrophyllite—The pyrophyllite-produc- 

1974. The value of the mine production ing mines of the United States in 1977 were 

established another record high, 32% above again all in N orth Carolina. The slight 

the 1976 record. 7 reduction in production still left the total at 

Talc, including soapstone, was produced the second highest level ever. Four compa- 

at 36 mines in 12 States in 1977, with nies operated seven mines during the year. 

California’s 12 mines being by far the larg- There was mining activity for tale and 

est number for any State. Mines in four pyrophyllite in 1976 at 42 sites, including 2 

States produced 80% of the tonnage and where assessment work only was done. 

70% of the value of talc in 1977. Eight Three mines shipped only from stockpiles, 

States produced the remainder. The States three were idle all year, and one was 

| producing the the highest tonnage in abandoned. 

decreasing order are Vermont, Texas, Mon- | 

tana, and New York. Montana again led all _ . 

States in the value of the talc produced. Of Table i. i Eee eee yy State duced 

the talc-producing States, only Nevada had (Thousand short tons and ’ . 
eae eqea? . and thousand dollars) 

no milling facilities. One company milled 

Montana talcs in Nebraska. 1976 1977 

The seven largest domestic producers of State Quan- vaiue @2™ Value 

talc in 1977, listed alphabetically, were tity tity 

Cyprus Industrial Minerals Co., with mines California (tale) ___ 57 1,513 96 2.378 

in California, Montana, and Texas; Eastern Georgia tale) --—- ow > oy ut > 63 

Magnesia Talc Co. in Vermont; Pfizer Inc., NorthCarolina? —- 114,087,111 1261 
Minerals, Pigments & Metals Div., in Cali- Texas (tale) ~~~ 200 1,071 238 2,181 

fornia and Montana; Southern Clay Prod- 2 tela , , 

ucts, Inc., in Texas; R. T. Vanderbilt Co., Other States*(tale)—_ 2451586 es ee 

Inc., in New York; Western Minerals, Inc., Total ___.--- *1,092 9,902 1,205 18,085 

- in Texas; and Windsor Minerals, Inc., in — w Withheld to avoid disclosi ’ 

Vermont. Those firms supplied 40% of the data. ° “ Ciselosing company Propriaary 

1977 tonnage, and the combined output of repoaadin a ey produced, pyrophyllite only 

about 14 smaller producers made up the 2Includes Arkansas, Nevada, New York, North Caroli- 
remainder. na {tale i 7), Oregon, Virginie, and Washington. 

At yearend, demand for Montana talcs rounding. 0 not add to total shown because of independent
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| Of the 42 active mines, 7 were under- valued at an average of $15.30 per ton while 
ground and 35 were open pit. The under- that from the open pits brought only $8.44 
ground mines produced 7% of the tale but per ton. | | | 

- 12% of the value, because their talc was 

OO CONSUMPTION AND USES 

The apparent domestic consumption of = Table 3.—End uses for ground taleand 
talc and pyrophyllite increased in 1977 and | pyrophyllite, 1977 
was 79% of the 1973 record. The $50 million (Thousand short tons) 
sales value set a new record high. a 

The 1977 end use distribution showed Use Talc phvihte Total 
| 32% of the ground talc used in ceramics, §$£-— —————___________________| 

22% in paint, 13% in plastics, 8% in cosmet- Ceramics _- --_~-_- 300 17 317 
ics, 7% in paper, 6% in rubber, 2% each in fosmetics | ---~--~- ae 3 2 
insecticides and roofing, 1% in refractories, Paint ___________ 211 __ 211 

and the remainder in other uses. Paper —-—~—--~-~- 69 -- 69 . é Plastics _________ _ 120 -- 120 
The largest portion, 52%, of the pyrophyl- Refractories _____ ~~ 13 50 63 

lite was used in refractories, 25% was used Roofing ---------- 2 t 26 
- in insecticides, 18% in ceramics, and 5% in Other uses?’ _______ 55 4 59 

other uses. Total® 943 96 1,089 

1Incomplete data. Some cosmetic talc known to be 
: : included in “Other.” | 

2Includes art sculpture, asphalt filler, crayons, floor 
tile, foundry facings, rice polishing, stucco, and other uses 
not specified. 

. Data may not add to totals shown because of inde- 
pendent rounding. 

: PRICES 

Depending on quality and degree and prices per ton for paint-grade talcs in car- 
method of processing, talc prices vary over a __ load lots: 
wide range. Engineering and Mining Jour- 
nal, December 1977, quoted prices for do- California: 
mestic talc, ground, in carload lots, f.o.b. 325 mesh, bags, mill: 

mine or mill, containers included, per short Fibrous, white, high oil absorp- $34.00- $37.00 
fe : Semifibrous, medium oil absorp- 

ton, as ollows | tio ~-_-_-___________ 32.00 - 73.95 
Montana: Ultrafine grind, f.o.b. mill __ 70.00 

. . New York: 

vee through 325 mesh, bulk | $51.00 Nonfibrous, bags, mill: 
99.99% through 325 mesh bags: ~T > . 98% through 325 mesh ____ __ 46.50 - 50.50 

. “ , " 99.4% through 325 mesh __ _ _ — 55.50 Dry processed ___________ _ 91.00 Tr ined on 325 h 
Water beneficiated _.______  $141.00-151.00 _,__./race retained on 320 mesh — __ 105.00 

New York: Fine micron talcs (origin not specified) _ 68.00 -111.50 

| 96% through 200 mesh 2a ee 36.00- 38.00 oo. Coo | 
98% to 99.25% through 325 mesh _ _ 48.00 The approximate equivalents, in dollars 
100% through 325 mesh, h. .. ° 
"_fluid-energy ground —_______- 75.00-105.00 per short ton, of the price ranges quoted in 

California: , Industrial Minerals (London), December 
Standard ___________~__ ___ : 69.50 : ° ° ° 
Fractionated._____.. 37.00.7100 1977, for steatite talc, c.if. main European 
Micronized _ _ ~~... -- 62.00-104.00 were : 
Cosmetic steatite __.________- 44.00- 65.00 ports, were as follows 

Gone: hrough 200 mesh 20.00 throug’ mesh ________ . an. 
99% through 325 mesh ________ 35,00 Norwegian: tore) 76.50 
1009 through 325 mesh, Ground os store) 5 ---~------ frees 
fluid-energy ground _ _______- 85.00 French, fine-ground _oo 161.50 

. . ey Italian, cosmetic-grade __________ 212.50 
American Paint & Coatings Journal, Chinese___..-._____________  $158.00-170.00 , 

December 26, 1977, listed the following
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| FOREIGN TRADE OS a 

Exports.—There was another dramatic total of 61 countries imported US. talc. 
_ increase in tale exports during 1977. The —_Imports.—U.S. imports of talc increased 

52% rise in tonnage over 1976 established a 10% in 1977 over those in 1976. The average 
new record. However, the value of exported Value of imports was $94.79 per ton. vee | 
talc rose less than 2% and averaged $28.47 ee gr aes on ee eae hig | 
per ton compared with $42.61 per ton in Price. *taly with 06% was the leading source . ) . . of imported talc, followed by Canada with 1976. The great increase of lower priced talc } . , : 7 : 31% and France with 23%. exported to Canada was a major factor in 7 , : | 
the lower export unit value, as was a 7 
decrease in value of exports to Mexico. _ Table 4.—U.S. exports of talc, crude and ee, | ground — . Canada was the major importer of U.S. (Thousand short tons and thousand dollars) 
talc in 1977 with 41% of the exports at an Ousane’ short vons and’ thousand dollars | 
average value of $21.49 per ton, followed by Year | Quan- Value 
Mexico with 39% of the exports at $1456 4 stity 
per ton, Belgium with 6% at $35.94 per ton, 1975 wa-e oe eeee_e__ -158 «6888 
Japan with 6%, at $46.42 per ton, and jg72-~~7~~~77z77z-7777- «SBR BB | Venezuela with 2% at $133.63 per. ton. A | 

Se - Table d.—U.S. imports for consumption of talc, by class and country os - ce may 

ce Crudeand Tens washed, Cutand ) Total 

a Yearandcountry 9§ § —————————_— oS ooo oe an So _ Quantity Value Quantity. Value | Quantity . Value . Quantity — Value)... a 
oO hort. (thou. “short (thou-. (short. (thou-- - (short. (thou. _ tons) —s sands). tons) sands) _ tons). sands) - tons): sands)... vee 

«195 ~~ -____-_----__ 18,942 $668. *9,004. = $494 8284 oR 878 $LATL 0 

_ Australia 2-2 Sone ke OT Mee De Belgium-Luxembourg ._ — _ Pe So OT 6 oe Be Canada _-____.-__._ 3840. 92 2878 2 GB 6,719 BBP Finland ---- = aR Ao. | “France 2222-2 a > 7 7 . Hong Kong ___~_____ — —_ Oe LL 218 9 21811. India -_ 2 ee 88 2. Bo BRB Israel = pee mee BT ABT ge Italy 22-1098 ~—92600¢~=—iBT BT 2. 12,2000 988. Japan 2 ~~  6T BB 208 818 BH Kenya wee eee / (*) ] . a _ _. 2. . a o: “) Co 1- 7 oe wo . _ Korea,Republicof ---.. 55 ~ ~— 3 505 OB 244° «150. 804 OT Netherlands ___—_____ oe 2 1 Pee 2 a Spain oe | 6 1: cn oe ee ge ye Oe 
oe nitedKingdom ______ ees. 88 «83 ee Se 

Total_--_---___. 14814 1,028 4540) 857° 717"— 481 20,071. 1g6l 
1977: os ee 7 - 

Belgium-Luxembourg ___ __ —_ 42 9 -- AZ’ Canada ___________ __ _— 6,760 391 5 . 2 6,765. 393 | . China, People’s Republic of _- a 8 1 -- or 8 1 Dominican Republic ____ —_ — 20 2 a _. 20 2 France ____________ 4,537 159° 595 58 — __ 5,132 217. Hong Kong __________ _- -- ~- _- 91 40 91 40 | India __- 28 2 11 J 1 1 40 4 : Israel __-______ —_ _— 218 46 -- ao 218 — 46. Italy _--_ 8,047 739 290 58 __ __ 8,337 797 Japan _.___________ ~- ~- 8 4 435 346 443 350 Korea, Republic of _____ -_- _- 729 85 264 149 993. 234 Nepal ____-_________ — ~- 1 1 -- ~- 1 1 et 
Total 12,612 900 8,682 656 796 538 = 22,090 2,094 

1Does not include talc, n.s.p.f.; 1975—$198,090; 197 6—$302,455; 1977—$593, 240. *Less than 1/2 unit.
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_ | WORLD REVIEW a , 

| Belgium.—Cyprus Industrial Minerals duction, with no reported exports, is a | 
Co. of Los Angeles announced that it plan- nominal 1.1 to 1.3 million short tons per oe — ned to spend $3 million on expansion of its year but did reach 1.7 million short tons in . Ghent, Belgium, talc-processing plant. The 1970. Roseki (a pyrophyllite-kaolin mixture a planned expansion was expected to double reported under clays) is also mined in great | | the facility’s capacity and to be completed quantities. In 1975 Japan produced 2.2 mil- | : — earlyin 1978, | lion short tons of roseki and another 0.4 : , ponada—J onng Manville “orp. Closed its million short tons of “Roseki concentrate.” __ | talc mine and processing facilities near Fifty to sixty percent of pyrophyllite pro-. _ Timmins, Ontario. Also in the Timmins duction is used in refractories, and -the | 
area, Rosario Resources Corp. announced remainder in paper, china and tiles, and its cane rnde or another Promising tale cement products. | . | 

. magnesite deposit. Broughton Soapstone _ Pakistan.—A deposit with an estimated 1 
Quarry Co., Ltd., Quebec, continued a8 4 million tons of good-quality soapstone was | major source of soapstone for sculpture. ° found in the Swat district, a po 

___Finland.—The new Oy Lohja A. B. talc South Africa, Republic of.—There are | plant became operational and produced thought to be several million tons of indus- _ 
filler-grade talc for the paper industry. The trial grades (no cosmetic grades) of talc in 99% less-than-20-micron product was 90% South Africa. At present four companies are | __, tale with an 86 brightness. Plans for a ESS mining a nominal 8,000 tons per year for than-10-micron product should be realized domestic use | 

-in 1978. | ; . ae . 7 s rere | Thailand.—Pyrophyllite production in _France.—Société des Talcs de Luzenac Thailand exceeded 10,000 tons per year for with recent acquisitions has become the the first time in 1975. Small-scale pro. 
largest talc producer among the market d © hrs f ime im 2. “ma Chia Rel 
economy countries. The acquisitions weré uction rom @ new mine in Chiang. . 
49% of Spain’s Compania Talcos Pirenaicos, with reportedly large reserves was started, which has about 20,000 tons’ annual pro- but lack of appropriate infrastructure will | 
duction and an 80% share of Austria’s Probably inhibit production. A new talc Talkumwerke Naintsch GmbH’s Graz mine, iscovery in Chiang Rai was awaiting a which has a 100,000-ton-per-year capacity. Government mining concession. | Luzenac now controls about 400,000 tons _ United Kingdom.—The building of a bar- per year of capacity. 7 ite processing plant in the Shetland Islands 
Japan.—Japan is a leading producer of Opened the possibility of processing other talc with an estimated 149,000-short-ton indigenous Shetland minerals such as talc. 

production and a major consumer using Unst, the northernmost of the Shetlands, is approximately 480,000 short tons per year. the site of the United Kingdom’s only talc In 1976 the major’ supplying countries to mine; its '20,000-ton-per-year production is Japan were the People’s Republic of China, shipped all the way to Sharpness, Glouces- with 55% of the imports, the Republic of _ tershire, for milling. 
South Korea with 16%, North Korea with The United Kingdom imported 66,769 . 13%; and Australia with 9%. The United short tons of talc in 1977. Norway led the 
States supplied 0.6% of the imports.2 ~: supplying countries with 26% of the im- 

Japan is also the world’s largest producer ports. France and the People’s Republic of and consumer of pyrophyllite. The pro- China each had 17%, and Italy had 16%.
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Table 6.—Talc, soapstone, and pyrophyllite: World production, by country _ 

(Short tons) 

a : Country? 1975 1976 1977” 

North America: 
oo, ° 

Canada (shipments) —----------------------------
-- 72,184 75,877 80,470 

Mexico ._..._.-_.___----- ~~~ ene ee 1,681 212 "180 

United States _...-----------------------
-------- ™964,609 1,092,433 1,204,835 

South America: 
Argentina __.-------------~-----------+--------.

 753,394 59,698 62,141 

Brazil (talc and pyrophyllite) _...-------------------
--* 243,248 248,394 ©250,000 

Chile _.____.-.---------------------
----- == - 524 -. 143 471 

Colombia ___------+-------+--+-----=+
+--------- 1,102 1,100 1,268 

Paraguay .__- ---------------------------
 9-00-77 “280 155 144 

Peru (talc and pyrophyllite)® ____.-.------------------- - 15,400 15,400 15,400 

| Uruguay __---------~----~+-
----------" 5-5-7070 -- 1,398 - 1,898 -1,829 

. Europe: 
. 

" Austria ....---------------------e
---- en 95,368 110,947 114,357 

Finland __.___---.-----~---------
-------------7- 136,973 163,728 172,605 

France (ground talc) _ ._ -.---------=---------------
-- 265,800 281,971 316,664 - 

Germany, Federal Republic of (marketable)® .....---~------- =. 33,000 _- 33,000 33,000 co 

: "Greece (steatite)_ 1... -. ---------+-+------------ T6468 °6,600 6600 

*. Hungary® Bn eee 17,600. . -—s«-17,600-. it ~ 17,600 oe 

: a Italy (take and steatite).-..._-_--------------=-----
- 158,828. 169,575 179,056 

: Norway... -2-----------=----
- +e eee nt en--- 5,785 ©110,000 110,000 oe 

| Portugal =~ ene eee enn e ne -= LBL 1264 © 1,662 | 

~ :.  -  Romania® eee e---------- © © 86,000 - 66,000 . - 66,000 

. ~ ‘Spain we ne en a ee ent ees rene 52,159 €55,000 _ . ©55,000 a 

oo Sweden. 2 -- enn 26,286 «-s«-22,584. (22,0000. 

--  .. USS.R.E ween en en ee nnn. ~. - 460,000 485,000 | (600000 = 

United Kingdom ___---~/----------+----++-------- | 21,054 16315 $1650 — - 

 Angole® os -- 3-2 2+ -----2 +--+ ---- een do. 110. M0 0 

, —- Botswana __.___--~------+--------------------- 248 2159 = s8318 Cs 

Egypt oe net 74858. 62138. 7,009 

“. Bthiopia _. .. - ---- -- -----------------------5-- “9p BQ. 880 - 

“.... South Africa, Republic of* wee eee eee eee ene “17,657 (14,185 = 8, 88BO 

a, Sudan® a ee ee ee ee eee Cs 5,500 : oo 5,500 . - 5,500 : 

_ - ‘Zambia _____-----1-----------+--
--- nnn 181  |117 © 110 on 

Afghanistan... -------+-----------------
-- 6,945 “9,574 - ©10,000. | 

Burma _______._----------+-----++---+----
------ 383 462 0 ~~~ ee : 

Oo China, People’s Republic of€ ..-...-------+------------ 300,000 830,000 ~ 330,000 an 

0 Fidia’ enn nee nena ---- 720,985 266,460 268,831 ae 

: . Japan® ____________---+------+------------+----
-) 1,318,489 1,482,875 1,492,302 

" Korea, North® _.____._..--.-----
---------------+-- . (140,000 — 140,000 140,000 

Korea, Republic of (talc and pyrophyllite) _--..-..---------- 468,422 547,262 667,151 | 

a Nepal! Be et eee eee eee OO, 571 BB BB 

: - Pakistan (pyrophyllite) _.__..--.----~----------=-----+- 5318 5,551 °g700 - | 

oO Philippines ____.._----~---------------------+
--- ~ 1,480 1,556 4,828 

 Paiwan _________--__--------------+------
----- 18,288 17,065 11.200 | 

7 ‘Thailand (talc and pyrophyllite) ____-----.---.---------- "11737 ——«°11,000 © 10,859 | 

Oceania: Australia ____.____-.-------------~----------- 90,816 «104,017 ~—189,597 

| : - Total... ..-----------+------------------
-- 5,403,873 5,976,488 6,330,530 a 

*Bstimate. Preliminary. ‘Revised. | . - _ 

1In addition to the countries listed, Southern Rhodesia is believed to produce talc, but available information is 

. inadequate to make reliable estimates of output levels. — 

- 2Exports. 7 . | | 

3Includes talc and soapstone. . . 

4Data are for calendar year beginning March 20 of that stated. . . 

5Includes talc and pyrophyllite; in addition, pyrophyllite clay is produced as follows in short tons: 1975—483,857; 

1976—497,912; 1977—492,043. 
®Data based on Nepalese fiscal year, beginning mid-July of year stated. 

TECHNOLOGY 

A new citizens’ group, “Preserve Soap- have been under investigation as a possible 

stone” was formed in Atlanta to protect and source of high-purity magnesia for several 

gave a site on Soapstone Ridge, south of years. Kimira Oy, Finland’s leading chemi- 

Atlanta, where Indian miners and artificers cal company, has now developed a process 

produced utensils, pipes, beads, and weap- tested through the pilot plant stage, capable 

ons many centuries ago. of producing high-purity magnesium hy- 

The large tailings piles of impure magne- droxide filter cake suitable for calcination 

site discarded by the Finnish talc industry and dead burning. The process, which in-
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volves acid dissolution and base precipi- histopathological change in the exposed _ tation, is reported to be economically viable groups when compared with the controls.5 only if connected with a nitrogen fertilizer Another work correlating this hamster plant so that nitric acid and ammonia are study with humans concluded that there cheaply available, as at Kimira’s Oulu was no reason to believe that normal con- __ plant. | sumer exposure to cosmetic talc has in the Americ Mines, Ltd., of Canada purchased past led either to cancer or to measurable world rights to a process for making an loss of lung function.* Both of these papers inexpensive home insulating material from dea] with cosmetic tales, the highest purity talc. | _ tales marketed, and strongly infer that if , The health hazards of exposure totalcare any health hazards are present, they are the subject of both controversy and re- not related to talc but to another com- — | search. A conference paper* reporting on ponent. _ work by Harvard University and NIOSH rca Oo | | stated that there was no asbestos in Ver- 2Physical scientist, Division of Nonmetallic Minerals. | SO mont talcs, and that using the OSHA meth- erals' No 113, Sarena eonaon), Japan 8 Industrial Min- | od for asbestos identification would give 8Work cited in footnote 2. , erroneous measurements indicating high De eoundy, M. G., K. P Gold, Wr i Burgess, and ui; M. hazard in some mine and mill areas. _ and Mills. Pres. at American. Industrial Hygenist Assoc. | Testing cosmetic-grade talc aerosols on Conference, AN oreans, fa. May 26, 1 CR , . hamsters at exposures that exceeded week- Watson, and W. W. Carlton. Inhalation of Baby Powder by ly infant exposures by some 30 to 1,700 Hamsters. Fd. Cosmet. Toxicol., v. 15, 1977, pp. 121-129. | nes mi caled no influence on body weight, Pegammon Frew. 1817. ined in Gret Britt survival, or the type incidence or degree of pp. 1348-1349. | .
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| _ By Martha L. Kahn?! 

Monazite, the principal source of tho- electronic and chemical applications. 
rium, continued tobe a byproduct of tita- The future prospects for thorium’s use in 
nium and tin mining and was recovered nuclear fuels remained uncertain in 1977. 
domestically for its rare-earth content in The only commercial thorium-fueled, high- 
Florida. Thorium-containing residues re- . temperature, gas-cooled reactor (HTGR), lo- | 

- maining after extraction of rare earths cated at Fort St. Vrain, Colo., with a capaci- . | 
from monazite were stored for future use. ty of 330 megawatts, reached almost 70% of 
Practically all thorium compounds used by power capacity in 1977. The experimental 
the domestic industry during 1977 came _ thorium-fueled, light-water breeder reactor 

| from existing company stocks or imports. § (LWBR), at Shippingport, Pa., reached full 
No major developments occurred in the capacity by yearend. | 

nonenergy uses of thorium, which include The U.S. Geological Survey (USGS) began 
mantles for incandescent lamps, hardeners an evaluation of thorium resources recover- 
in magnesium alloys, refractories, and able at costs of $30 and $50 per pound. 

| DOMESTIC PRODUCTION 

Exploration.—Five deposits of heavy carbonatites of the Powderhorn Pass 
minerals containing thorium were report- district, Colo., and Mountain Pass district, 
ed? in ancient beach sands in Charleston Calif.; deposits in fractured and brecciated 
County, S.C., by the USGS. An aerial geo- rocks in Wyoming and Illinois; Piedmont- 
physical survey and preliminary ground stream placers of the Carolinas; and current 
checks indicated that the deposits contain 2 monazite-producing areas in northern Flori- 
million tons of potentially economic heavy da. Coproducts were also to be considered. 
minerals, including monazite. The three Mine Production.—Monazite, a thorium- 
largest deposits are 9 miles north of McClel- containing, rare-earth, phosphate mineral, 
lanville, 9 miles southwest of Charleston, was produced as a byproduct of processing - 
and 12 miles southwest of Charleston. beach sands for titanium minerals in 1977. 

Buttes Gas and Oil Co. continued feasibil- Two mines in Florida, Humphreys Mining 
ity and pilot-plant studies of its southwest- Co., near Hilliard, and Titanium Enter- 
ern Colorado titanium prospect. The ore prises, near Green Cove Springs, were the 
mineral perovskite reportedly contains sig- only domestic producers of monazite. 
nificant amounts of thorium that could be Humphreys Mining Co. continued to truck 7 
recovered. wet titanium concentrates from its mine in 

The USGS began studying thorium re- Florida to the company’s dry plant at 
sources available at $30 and $50 per pound Folkston, Ga. 
for the U.S. Department of Energy (DOE).‘ Refinery Production.—In 1977, there was 
The first phase of the study, to be completed only one domestic firm, W. R. Grace & Co., 
in May 1978, was to assess better known Davison Chemical Div., at Chattanooga, 
deposits. The U.S. Bureau of Mines provid- Tenn., with facilities for processing large 
ed mining and milling cost analyses forthe tonnages of monazite. Although W. R. 
USGS study. The principal deposits to be Grace did not produce any thorium com- 
studied included the vein deposits of the pounds from monazite for sale, thorium was 
Wet Mountains, Colo., Lemhi Pass, Idaho, extracted from monazite during the re- 
and the Bokan Mountains, Ala.; massive fining of rare-earth elements and stored. 
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| | Table 1.—Companies with thorium precessing and fabricating capacity oe 

a | Company | | Plantlocation «Operations, | 

Atomergic Chemetals Corp oe Plainview, N.Y ee Processes oxide, 
. _ fluoride, and metal. 

Babcock & Wilcox Co. 2 2 eee Apollo,Pa .~.._._____ Nuclear fuels. . 
Do _~0 eee Leechburg, Pa _______~_ Do. 
Do ___ eee Lynchburg, Va_ __ ~~~ -— Do. 

Bettis Atomic Power Laboratory __...__...-.----- West Miffin, Pa - Nuclear fuels, 
Government 

. research 

. . and development. 
Cerac,Inc _.__.__------_--+-~-~-~---_+----- Milwaukee, Wis _ — — ~~ ~~ Processes compounds. 

oO Ceradyne, Inc eee ee ee ee Santa Anna, Calif ___—__ Processes oxide. 
Consolidated Aluminum Corp ___....--_---~+--~- Madison, Il] _.._____~- Magnesium-thorium 

; : oy. 

Controlled Castings Corp ___.-.._-.----------- Plainview,N.Y ~~ ---~- Do. SO - 
General Atomic Co __ 2. - 5 + San Diego, Calif ____ ~~ Nuclear fuels. 
General ElectricCo ~.___-__ ~~ ee San Jose, Calif... _ Do. 

Do oe Wilmington,N.C __...- - Do. 
W.R. Grace &Co _-. 2 ee Chattanooga, Tenn _ ~~ Processes domestic and 

So . imported monazite; 
- stocks thorium- 

. containing 
: residues. 

_ Hitchcock Industries, Inc __.._-.---.--.------- South Bloomington,Minn Magnesium-thorium 
7 loys. 

Kerr-McGee Chemical Corp _.-_...--------+--- | Cimarron, Okla _____-_- Nuclear fuels. | 
- ‘Tennessee Nuclear Specialities, Inc _._...-.-._--.--- _ Jonesboro, Tenn _~_~ ~~~ Do. - 

Union Carbide Corp., Nuclear Div. __._....-_-.---- © Oak Ridge, Tenn___._ ~~ Nuclear fuels, 
ne test quantities. 

Ventron Corp.,Alfa Div ._...---------------+-- Danvers, Mass _ _ ~~ _ _ _— Metallic thorium. 
Westinghouse Electric Corp __._.___------_------ Bloomfield, N.JI ~~~ Processes compounds; 

. . produces metallic 
. thorium. 

- Dowie Le ee Columbia, S.C .__.. ~~ Nuclear fuels. 
- NT TI : : . - - 7 - . : : : aes ne . . 

: CONSUMPTION AND USES — 

_ _It was estimated that industrial demand scheduled to be added in 1978. The organi- 
| _ for thorium was about 50 tons, ThO, equiva- zation of a utility industry group to promote 

lent, and was met by imports and existing TGR utilization was planned in 1977, and 
company stocks. | _ - General Atomic Co. (GA), developer of the 

Nonenergy uses consumed about 40 tons HTGR, and Combustion Engineering were 
of ThOs. The principal application was a8 4 reported to be negotiating an arrangement 

| constituent in mantles for Weisbach incan- to jointly selt HTGRs. HTGRs reportedly 
descent lamps (estimated to be around 20 exhibit higher conversion efficiency, supe- _ 
tons). Other nonenergy uses weatioen fom ows: rior fuel utilization, and lower fuel costs 
As a hardener in magnesium-horium 2° than light-water reactors (LR); however, 
a i ons 4 ch re ‘cal applica tions. OL us there have been startup problems associ- 

e onic ane enemica! PP + 10ns, P ated with commercialization of the new 
othér applications and research (10 tons). technolo | 

: The 380-megawatt HTGR at Fort St. “Srey et ora 50-megawatt LWBR b 
Vrain, Colo., was up to almost 70% of elec- DOE « opm sed °" ‘Shi “megawa Pa. Initi 
trical power capacity by yearerid 1977. The : continue : at Shippingpo rt, o nitia 
cemmiercial reactor was the Nation’s first to oading of about 46 tons of thorium took 
use a prestressed concrete reactor vessel, - Place in 1977 and full power production was 

helium coolant, steam turbine-driven, pri- reached on December 2. The LWBR was 

mary coolant helium circulators, arid a fully converted from a 90-megawatt, pressurized- 
ceramic core utilizing the uranium-thorium water reactor, using current LWR plant 
fuel cycle. The core of the reactor contains technology. Although some existing reac- 

about 22 tons of thorium. A relead section tors could be converted to LWBRs, the 

containing about 3 tons of thorium was economic viability was uncertain.
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a | ne 7 STOCKS . | 

On December 31, 1977, the stockpile in- ThO.equivalent). =~  # ~* | 
ventory of the General Services Administra- | Thé DOE inventory as of December 31, 
tion (GSA) totaled 7,221,646 pounds of tho- 1977, was 1,059 short tons of thorium. About 
rium nitrate (1,675 short tons ThO2 equiva- 122 tons of this material was being utilized 

_ lent). The thorium nitrate stockpile goal in research and development.. 
remained 1.8 million pounds (418 short tons : . a 

PRICES | | 

Prices for domestic monazite containing $176 (A$150-A$159). | oe 
approximately 4% ThO, rose about 5% in Prices for thoriurn compounds varied de- 
1977. The average declared value of impor- pending upon purity and quantity. Thorium 
ted monazite (from Australia and Malaysia) nitrate was quoted at $2.75 per pound; - 
decreased to $164 per short ton from $205in . thorium oxide, 99.99% pure, $7.94 per | 
1976. The average price per short ton of pound; thorium metal in pellets, $15 per 

| Australian monazite quoted in Metal Bulle- pound; and nuclear-grade metal powder, : 
tin (London). was $171-$186 (A$154-A$168) $100 per pound. Be | 
until June 1977 when it decreased to$166- Oo a a 

ne FOREIGN TRADE a 

During 1977, no thorium concentrates or Monazite containing about 6% thorium 
ores were exported. Other thorium export -was imported from Australia and Malaysia _— 
data were combined with those for ura- for its rare-earth content. In 1977, imports 

| _ nium. Although these two elements were of gas mantles and thorium compounds  =—s©’ 
not statistically differentiated, it was believ- decreased. France was the major country of oS 
ed that the amount of thorium exported was_ origin of thorium compounds imported into —_’ 
minor. _ the United States. oo ae
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- a — WORLD REVIEW. 

| The predominate source of the world’s among market economy countries. The thorium is monazite, a byproduct of tita- small world demand for thorium, however, | _ nium and tin mining. Australia, India, Ma- is not reflected by the quantity of this. laysia, Brazil, and the United States contin- production, since monazite is processed _ ued to be the leading monazite producers mainly for its rare-earth element content. - 

Table 3.—Monazite concentrates: World production, by country | OO | . LO . _ (Short tons) ; : vo | 
| Country! — -_ | 1975 1976 ==. 197 , 

Australia—————— = | 4,968 5,016 - 9,646 — Brazil —___________ *1,600 1,775 *2,000 India® ________- 
3,300 3,300 3,300 Korea, Republic of*_____§__-__-_- 

10 10 10. | Malaysia” Woe -n 2-77 ------- 8 3,621 2,071. ©2200 Nigeria® ________ 
20, 20, 20 Sri Lanka oclesieaietnteeteaeieteteetee a 1 .  && | Thailand _—___-___- 405 __ United States -___________ rrr Ww we Ww | Zaire ~~ —— ert 328 265 = =—s-«406 

_ Total _ 14,257 12,458 | 17,287 | 
- °Estimate. Preliminary. W Withheld toavoid disclosing individual company confidential data, 1In addition to the countries listed, Indonesia and North Korea may produce monazite, but information is inadequate — to make reliable estimates of output levels. Oo oe . | .  ®Exports. | i oe | 

Australia.—According to the Mineral nium and thorium was published.” | Sands Producers Association, Ltd. 1977 Germany, Federal Republic of.—Con- monazite production by member companies, _ struction of the 300-megawatt, pebble-bed, | by State, was as follows: New South Wales, thorium high-temperature reactor (THTR) 327 short tons; Queensland, 683 short tons; continued at the Hamm-Uentrop station of _ and Western Australia, 8,635 short tons. Vereinigte Elektrizitaetswerke Westfalen A 2-year modernization program was AG. The prestressed concrete reactor vessel being carried out by Cable Sands Pty., Ltd., wascompleted. ~ - of Western Australia. The Wickham sepa- Operation ‘of the THTR developed by ration plant in New South Wales of Rutile Hochtemperatur-Reaktorbau GmbH was and Zircon Mines (New Castle) Ltd. was rescheduled for 1979. | _ reportedly inactive.¢ Another. THTR was studied" by the DuPont increased its ownership in Allied electrical authorities of Cologne and Eneabba Pty., Ltd., of Western Australia, Dusseldorf. They are considering a 600- from 25% to 40%. Westralian Sands Ltd., megawatt reactor at a cost of $420-$630 was merged with Western Mineral Sands million, which would be scheduled for oper- and Ilmenite Pty.’ Jennings Mining Ltd. ation for1985. _. os | reduced production by 75% at Eneabba and India.—The Bhabha Atomic Research Geraldton. Western Mining Corporation’s Center (BARC) was designing an experi- mine and treatment plant at Jurian Bay mental reactor to be fueled by less than one- was on standby status. half a kilogram of Usss.2 Thorium had been Cameroon.—Resources of thorium were irradiated in nuclear reactor cores to pro- reported in a mineral research survey fund- duce the Usss. A 14-megawatt fast-breeder ed by the Canadian Government.*® test reactor, in which large quantities of Canada.—Research continued on a tho- Uess could be bred from thorium, was being rium fuel cycle for the Canadian-deuterium- built at Kalpakkam with French assistance. uranium (CANDU) reactor. It was esti- India’s nuclear development was oriented mated® that development of the cycle would toward the thorium fuel cycle because the take 20 to 25 years and cost about $2 billion. country has large reserves of thorium and The thorium fuel cycle could halve Cana- relatively small reserves of uranium. dian uranium requirements by early in the Pakistan.—Thorium associated with ura- next century. nium was indicated!’ in the Baghalchur A selected bibliography on the geology of area, west of Dera Ghazi Khan. Followup Canadian deposits and occurrences of ura- drilling was planned.
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: TECHNOLOGY 
| 

A book describing the mechanisms of advanced technology of isotope separation 

| migration of thorium and uranium within would be necessary to obtain a weapons- 

the earth and their significance to explor- grade material from such a fuel. There are | 

| ation programs was published.** currently no similar means of diluting plu- 

A method of determining thorium and tonium. Current research using lasers may, , 

uranium concentrations of up to 100 parts however, lead to a comparatively cheap and 

per million (ppm) in geologic samples by X- simple method of isotope separation. 

ray spectrometry was discussed.'® Studies Research continued on the thorium fuel 

indicated that only one calibration curve for cycle, with some emphasis on nonprolifer- 

each element was necessary, because scat- ation aspects, in several different reactors, 

tered tube radiation was used as an internal including the HTGR, LWBR, CANDU, 

standard. The estimated error was 1.2 ppm LWR, liquid-metal fast-breeder reactor, and | 

thorium for a single analysis. This method gas-cooled fast-breeder reactor (GCFR). 

may be useful in large-scale exploration — Large-scale development of any of these 

programs. — reactors could substantially increase the 

| The International Atomic Energy Agency consumption of thorium. a 

published a report on the status of thorium Ramco, Inc., studied HTGR technology 

technology.'* 7 | | commercialization for DOE* and concluded 

A new magnesium casting alloy, which that no major engineering problems associa- 

contains from 0.6% to 1.6% thorium, was _ ted with the technology exist and that there 

_ described.” The -alloy, which possesses ele- will bea market for the steam cycle HTGR. 

| vated temperature properties superior to Ramco also concluded that commerciali- : 

| other magnesium-sand casting alloys, could zation would be beneficial as a means of 

compete with high-strength aluminum al- uranium conservation and would enhance 

loys for aerospace applications. | the control of nuclear proliferation. It was 

A 2-year occupational health study for suggested that utilities, reactor vendors, 

DOE and the Nuclear Regulatory Commis- and government form a new relationship 

| sion to determine possible effects of thorium which recognizes their interdependence and 

| on the human body continued at the Ar- shares the risks involved in development of 

gonne National Laboratory. The study in- new reactor types. 

volves over 100 former employees of the Research on the use of a thorium-breeder 

| now-Cclosed Lindsay Light and Chemical Co., blanket in a GCFR was conducted by GA. — 

a former thorium processor. A preliminary The GCFR utilizes the coolant and nonnu- | 

summary of results was scheduled to be clear component technology of the conven- 

published in the summer of 1978. tional HTGR. 

In April, President Carter proposed to- A GCFR commercialization study, which 

indefinitely postpone development of the included consideration of a thorium-breeder 

Clinch River Breeder Reactor (CRBR) due to blanket, was conducted by Helium Breeder | 

concern about the proliferation of nuclear Associates, a utility industry group. : 

weapons, and to redirect some research A governmental information exchange 

efforts toward alternate sources of energy, agreement concerning high-temperature 

including the thorium fuel cycle of nuclear reactor development was reached by the 

power generation.”** Although the fate of the United States, the Federal Republic of Ger- 

CRBR was uncertain at yearend, interest in many, France, and Switzerland. Although 

the use of the thorium fuel cycle ‘ncreased. no implementation agreements were sign- 

A nuclear reactor fuel unsuitable for use in ed, informal research and development 

‘nuclear weapons could reportedly be made cooperation between countries took place.?! 

by diluting U2ss bred from thorium with a A comprehensive study of the thorium 

small amount of naturally occurring Uzss."° fuel cycle in power reactors was published 

The current costly, time-consuming, in January 1977 by Oak Ridge National
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Laboratories.22 The report concluded that _ .*°Garneau, D. M. Selected Bibliography on the Geology . 
h f th he . fuel le in th of Canadian Deposits and Occurrences of Uranium and 

the use of the thorium uel cycle In t ermal _ Thorium. Geol. Survey of Canada Paper 75-45, 1976, 41 pp. . 
reactors would result in better uranium § Nuclear News. Pebble-Bed HTR Demo Planned in 
tilizati vr Ne . , | Germany. V. 20, No. 1, January 1977, p. 82. 

u ilizat rt and, m some les’ | potter rail. _ _ Nuclear Engineering. India’s Nuclear Future Rests on 
_ nomic performance, a8 well aS add IlexiDil- the FBR. V. 22, No. 263, October 1977, pp. 35-86. 

, ity to the nuclear industry in case of delays 13Mining Journal. Uranium Follow-up. V. 289, No. 7,426, 
in development of fast-breeder reactors. The Dec. 16, 1977, p. 499. | 

as 144Gabelman, J. W. Migration of Uranium and Thorium- 
HTGR was the only reactor type studied Exploration Significance. American Association of Petro- 
that was more economic with the thorium leum Geologists, Tulsa, Okla., 1977, 168 pp. 
age] it} ium evel rT James, G. W. Parts-Per-Million Determinations of . 
cycle than wn the uranium cycle at cur Uranium and Thorium in Geologic Samples by X-ray 
rent nuciear fuel costs. Spectrometry. Anal. Chem., v. 49, No. 7, June 1977, pp. 
—————_— 967-969. - 

| Physical scientist, Division of Nonferrous Metals. _ 16Garg, R. K., R. V. Raghavan, V. M. Karve, and G. R. 
. 2U.S. Geological Survey. Phosphate Rock, Titanium | Narayandas. Status of Thorium Technology. Internat. . 

Deposits Found. in South Carolina. News Release, Oct. 13, | Atomic Energy Agency, Vienna, Austria, 1977, 11 pp. - 
1977, 2pp. — So 17Unsworth, W. H. QH 21A—A New Magnesium Cast- 
3Thompson, J. V., and D. L. Watson. Appraising Large ing Alloy. Light Metal Age, v. 35, Nos. 5-6, June 1977, pp. - 

Diameter Core and Percussion Drilling fer BulkSamples. 14-16. — Oo 
Eng. and Min. J., v. 178, No. 8, August 1977, pp. 80-82. 18Chemical Engineering. Chementator. V. 84, No. 9, 
“DOE assumed the functions of the Energy Research Apr. 25, 1977, p. 60. | 

and Development Administration (ERDA) in October 1977. 19Scientific American. The Thorium Option. ¥. 236, No. forthe ince Daly: General Atoms Deep Staley. ayiitt op S18 ne 
“HOTT E/MJ International Directory of Mining and ."sKing, L: New Support for the HTGR. Nuclear Eng. v. ee gs ottne + F “ 22, No. 260, July 1977, p. 3. Mineral Processing Operations. 1977, pp. 258, 270. a ce W The Swiss Joined the West Ger- 

"Industrial Minerals. Heavy Mineral Hangovers. No. Nucleonics Week. The Swiss Joined the West Ger- | 
0019-8544, February 1978, pp. 9-10. | man/U.S./French HTR Development Program. V. 18, No. 

81J.5, Embassy, Yaounde, Cameroon. State Department 45, Nov. 10, 1977, p. 11. | 

Airgram A-18, Apr. 25, 1977, p.2. | Kasten, P. R., and F. J. Homan. Assessment of the 
*Nuclear Engineering. Thorium Cycle to Take 20-25 Thorium ‘Fuel Cycle in Power Reactors. ERDA, 

- Years, $2 Billion. V. 22, No, 257, May 1977, p. 10. ORNL/TM-5565, January 1977, 44 pp. 7
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0. By Keith L. Harris' and James F. Carlin, Jr. | 

World tin consumption declined while In 1977, the sole primary tin smelter in 

world tin mine production rose in response the United States was the Texas City, Tex., 

to prices that reached record highs during facility of Gulf Chemical & Metallurgical | 

1977. The International Tin Council (ITC) Co. (GCMC). Bolivia’s State-owned Corpora- | 

_ was powerless to stabilize tin prices after cién Minera de Bolivia (COMIBOL) provid- 

exhaustion of its buffer stock in early ed most of the tin concentrate feed for this © 

January, so the price of tin remained above smelter. | | 

the ITC. ceiling price from January 13 In 1977, the average composite price of 

throughout the remainder of the year. Lit- Straits (Malaysian) tin for New York deliv- 

tle additional tin was available from U.S. ery was at an alltime high of 534.60 cents 

_ Government stockpile excesses. per pound, $1.55 above the 1976 level. | 

U.S. consumption of primary and secon- The year marked the first full year of 

| dary tin declined 3% in 1977 to 60,732 U.S. membership in the Fifth International | 
metric tons.? Decreased tinplate production Tin Agreement (ITA), the first metal com- 
as well as the declining quantity of tin modity agreement in which the United 

. ' coated on tinplate were major factors caus- States participated. - 
ing the decline. The major uses for tin were Legislation and Government  Pro- 
in tinplate, 31%; solder, 29%; bronze and grams.—The General Services Administra- 
brass, 14%; chemicals, 9%; and tinning, 4%. tion (GSA) continued commercial sales of 
Malaysia, Thailand, and Bolivia were the tin during the year. Sales totaled 2,679 tons, 
major sources of U.S. tin supplies. Less than while shipments totaled 2,497 tons. As of | 
100 tons of tin was produced in Colorado by December 31, 1977, the U.S. Government 
the only domestic mine. About 22% of the stockpile contained 204,176 tons, of which | 
tin consumed in the United States in 1977 330 tons was authorized for disposal. The 
was tin reclaimed from scrap. stockpile goal was 33,021 tons. A bill to 

| Table 1.—Salient tin statistics | 
(Metric tons) . 

5”*<“‘aKTAS!CO#~«é«USTB~S~*~<C«édTISC*C“‘C‘é‘I:C~*# 

United States: . 

Production: 
Mine _______.__-_-._---------- Ww Ww Ww WwW Ww 
Smelter _._...-_-_~--~~--------- 4,877 6,096 6,500 5,700 6,700 
Secondary __--_--_-_------------- 20,806 19,200 15,869 16,446 18,508 : 

Exports (including reexports) _ _____..-+~+-~- 3,461 8,550 3,596 2,338 5,480 
Imports for consumption: 

Metal ____-_-_---------------- 46,581 40,288 44,366 45,055 41,774 
Ore (tin content) ___________------- 4,875 5,971 6,415 5,738 6,724 

Consumption: 
Primary ___..~_.-.--~~-~----+--- 59,075 52,439 43,620 51,767 47,596 

_ Secondary —..--~--------------- 16,768 18,341 12,180 11,161 13,186 
Prices, average cents per pound: j 

New York market _.____._....----- 227.56 396.27 BRO OD 349.24 499.88 
New York composite _._____...----- NA NA NA 879.82 534.60 
London ____________-__-------- 218.71 370.84 311.41 347.42 486.92 
Penang --.-_-_~--------------- 214.10 355.72 303.55 338.94 485.96 

World production: 
Mine ____~~_~_--_-~_~-----~~-~----- 287,847 232,880 922,288 228,005 231,438 
Smelter __________--_____--------e 288,874 286,198 227,895 229,861 280,243 

TRevised.. NA Not available. W Withheld to avoid disclosing company proprietary data. 931
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a authorize a U.S. contribution of up to 5,000 enacted. , 

| tons of tin to the ITC buffer stock and = The depletion allowance for tin remained | 

numerous bills to authorize additional tin’ 22% for domestic deposits and 14% for 
disposals from the Government stockpile foreign deposits.. 
were introduced in Congress, but none was | 

| | DOMESTIC PRODUCTION : 

| PRIMARY TIN | SECONDARY TIN | 

Mine Production.—Domestic production The United States is the world’s largest 
of tin in 1977 was less than 100 tons. All of producer of recycled, or secondary, tin. 
the year’s output came from Colorado as a Secondary tin furnishes about one quarter 

| byproduct of molybdenum mining. | of the total U.S. supply each year. In 1977, , 
| Smelter Production.—The only domestic secondary tin production increased 13% 

tin smelter, GCMC, received 6,724 tons of from the 1976 level to 18,503 tons. Of the tin | 
=. tin-in-concentrate, mostly from Bolivia, recycled in 1977, 91% was as an alloy | 

_ which formed the base feed together with constituent in reclaimed bronzes, brasses, _ : 
domestic tin concentrate and secondary tin- solders, and bearing and type metals, or as 

bearing materials. Tin production was esti- an element in chemical compounds. Only | | 
mated at 6,700 tons. | 9% of the recycled tin, mostly from new 

| | | | tinplate scrap, was reclaimed as metal. 

- Table 2.—Secondary tin recovered from scrap processed at detinning plants in the 
: United States — | | 

_ | : | 1976 1977 

Tinplate scrap treated_________---_---------------------~~~-metrie tons.___ 685,450 _667,416 
Tin recovered inthe formof: . | ) 

Metal_______________2______ eee + doe 1,195 1,376 a 
Compounds (tin content) _____.....----~---~1-~----------------- do~ 424 | 365 

ee 1,619 1141 
Weight of tin compounds produced _____.-__~-~--~~-~.-------~~-~~~--~~~ do_ 1,348 1,516 
Average quantity of tin recovered per metric ton of tinplate scrap used ___ __— ——kilograms_ _ 2.36 _ 2.61 

: Average delivered coat of tinplate scrap ~-__-_____-__-__------~~ per metric ton _ $67.26 $56.11 . 

| 1Recovery from tinplate scrap treated only. In addition, detinners recovered 266 metric tons (250 tons in 1976) of tin as 
_ . Metal and in compounds from tin-base scrap and residues in 1977. . 

- Table 3.—Tin recovered from scrap processed in the United States, by form of recovery | 

7 (Metric tons) 

Tin metal: | . 
At detinning plants _____.._____-___-__--_--_----~-------------- 1,445 1,642 
Atotherplants ________~__----~-_--~--~-~--~-~--- ~~ ee 22 26 

Total _.____________--------__---- eee 1,467 1,668 

Bronze and brass: . 

From low and tnbose scrap l222222222 22222222 
Total _______. ____--_-----+------------+------- eee 8,319 10,397 

Solder __________________-------------_-- eee 4,513 4,094 
metal ___. -- ~~ eee eee eee 668 708 

Babbitt ~-----------~-~---- ~~ eee 495 694 
Antimoniallead _~________~---_-----------------~~-~-~~---~--~~------- 548 565 
Chemical compounds ------ + ee eee eee 424 365 
Miscellaneous*’ _____________-------~------~~-~~-~--~-~-~-~- ~~ ee 12 12 

- Total _-_______- eee eee 6,660 6,438 

Grand total _.________________----__-_--------~-- ~~ ee 16,446 18,503 
Value (thousands) ____.._-______-______ eee $137,710 $218,075 

1Tncludes foil, cable lead, and terne metal.
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- Table 4—Shipments of metal cans | 

(Thousand base boxes*) 

. . - 1977 
Type of can 1976 1977 change, 

percent 

| FOOD AND BEVERAGE | 
Fruit and fruit juices ge we ee ee ee ee ee eee 12,596 13,809 +9.63 
Vegetables and vegetable juices _-._..-__-.-_-i-----------~---- 21,058 22,560 +7.18 
Dairy-based products ____..-.-__---_-.--.-.~-~--~~--------- 2,308 2,064 ~10.57 
Soft drinks __.__.~--- ~~~ eee 39,615 47,324 +19.46 
Beer ___. ~~~ eee 54,651 56,627 © +3.62 
Meat and poultry _.... ~~. ~~~ ~~~ ee 3,230 3,280 +1.55 
Fish and other seafoods _...__._.~.~~--__~__~ ~~ ee 2,210 1,949 ~11,81 
Coffee __..._.~---~----~-~ eee 3,875 2,189 -35.14 
Lard and shortening -___......--~—--..-- ~~~ ~~ ee 1,578 1,442 -8.62 
Baby foods ___._..-------~--~--—-- ee 1,529 1,656 _ +881 
Pet foods _._.___..- -__.~----_--~~ ee 5,874 «6415 ~7.81 
All other foods, including soups ~—..--.----------~-~---~----~~-- 18,156 _ 12,991 «125 

Total _---__-_------.-------~------ ++ -- eee 161,180 «171,806 +6,.28 | 

| NONFOOD | | 
Oils _..--.~---_~.--- ~~~ ee eee ee 2,465 2,416 ~1.99 
Paintand varnish ~ ~.....~__~ ~~~ ~~~ eee 5,922 5,740 ~3.07 
Pressure packing (valve type) —.._..-.---.-—-~~--~--~-----__- 5,082 4,739 -6.75 
All other nonfood ____..----.---------~---~--~-+----- 5 - 4,857 4,247 -12.56 

Total .i--~_ ee eee eee 18,326 17,142 © ~6.46 

 Grandtotal -_..-.- ~~~ Le 179,506 188,448 +4.98 
BY METAL 

Steel base boxes ___ ~~~ ~-~.----- +e 120,101 117,708 -2.00 — 
Aluminum base boxes _ ~~. _----~---~---------------~-----~ 35,985 41,670 +15.96 

Includes tinplate and aluminum cans. - 
. _ *The base box, a unit commonly used in the tinplate industry, equals 31,360 square inches of plate, or 62,720 square , 

inches of total surface area. — | : ae 

_ Source: Can Manufacturers Institute. .
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| Table 5.—Stocks, receipts, and consumption of new and old scrap and tin recovered 
° _ in the United States, in 1977 

(Metric tons) a | 

. ot | | Gross weight of scrap , : 

_ ——_— Tin recovered 

Type of scrap and . Consumption - | 
class of consumer ; 

Stocks - . ~ Stocks 
Jan.1 Receipts a ee. 81. 

a - New Old Total . New Old _ Total 

Copper-base scrap: _ | 7 | oy. | Oo 
Secondary smelters: BO oo 

Auto radiators aa 
(unsweated) ____ 3,755 64,073 __ 63,648 63,648 4,180 _- 2,787 2,737 

. Brass, composition ; . 
or red ____.____ 4,256 60,685 12,5385. 48,075 60,610 4,331 476 1,782 2,258 

. Brass, low (silicon . Oo, 7 . 
bronze) _____-— - 508 3,014 1,182 1,860 2,992 530 _— 19 19 

' Brass, yellow _____ 5,926 42,329 5,065 35,967 41,032 7,223 12 369 381 . 
. Bronze_—__.._—- 1,856 19,041 3,024 16,001 19,025 1,872 | 239 ~=—-:1,256 1,495 

- Low-grade scrap and 7 “ a a 
oo residues ______ 12,086 85,986 65,498 16,219 81,717 163855 14 ©. __ 14 

Nickel silver _._— _. 678 2,861 210 2,570 2,780 759 2° ~@8621 23 
Railroad-car boxes _ 408 1,904 ~— 2,081 2,081 231 = 99 99 

:  -Total_______ 29,478 279,898 87,464 186,421 273,885 «35,481. ««-748-«G,283 7,026 - 

Brags mills: | ee : | 
Brass, low (silicon ae . 

bronze) __-___~— 3,652 61,151 61,151 a 61,151 3,516 _- —_ -— . 
. Brass, yellow _ — — — — 23,897 245,044 245,044 _— 240.08 24,743 116 -— 116 

Bronze. _______ 726 4,728 - 4,728 _- | 4,728. 722 227 _— 227 
_ Nickel silver __ _ —_ 4,135 25,362 25,362 _— 25,362 2,406 -— -- -- 

| Total__.____ __ 32,410 386,285 386,285 _. $86,285 - 31,887 348  __ 348 

7 _ Foundries and other | - | : 
plants:? . . | 

Auto radiators | | 
(unsweated) _ _ . — 680 9,842 ~— 9,403 9,403 1,119 _— 424 424 

Brass, composition : 
or red ~_______ 395 5,329 1,718 3,673 5,391 333 81 174 255 . 

Brass, low (silicon = . * 
bronze) _____ ~~ 61 1,351 897 429 1,326 86 ~— -— -_~ 

Brass, yellow _____ 386 8,094 5,410 2,614 8,024 456 __ 24 24 
Bronze. ~~ 132 1,441. 53 607 660 913 4 47 51 
Low-grade scrap and — , , 

residues ______ 26 _— 18 ~— . 18 8 -- — -- 
Nickel silver ___ —_ 5 110 -- 105 105 10 —_ _-— -- 
Railroad-car boxes _ 1,243 4,930 _- 5,370 5,370 803 -- 255 255 

Total __.__._ 2,928 31,097 8,096 22,201 80,297 3,728 85 924 1,009 

Total tin from ° 
copper-base « 
scrap_—_—_ XX XX XX XX .©.¢ XxX 1,171 1,207 8,378 

Lead-base scrap: 
Smelters, refiners, and ; 

others: Dos 
Babbitt __.______ 231 3,936 — 3,868 3,868 299 _- 188 188 
Battery lead plates _ 49,312 718,058 _— 709,049 709,049 58,321 _- 978 978 
Drosses and residues 33,327 173,441 174,401 -— 174,401 32,367 3,369 -— 3,369 
Solder and tinny 

lead -.______ 341 12,123 -— 12,191 12,191 273 -- 1,892 = 1,892 
Type metal ______ 2,623 17,467 . =-— 114,807 17,307 2,783 _— 779 779 ee YY 

Total _._____ 85,834 925,025 174,401 742,415 916,816 94,043 3,369 3,837 17,206 eS eee ODT, 00t 1,600 aaa 
Tin-base scrap: 

Smelters, refiners, and 
others: 

Babbitt ________ 13 187 _- 177 177 23 _~- 123 123 
Block-tin pipe __ __ 5 143 -- 140 140 8 —_ 139 139 
Drosses and residues 161 1,440 1,411 _- 1,411 190 620 __ 620 
Pewter ________ 3 32 —_ 35 35 _- ~— 30 30 

; a a en 

Total _._____ 182 1,802 1,411 352 1,763 221 620 292 12 
Tinplate and other scrap: 3 

tinning plants _____ __ _- 667,416 -— 667,416 -- 2,007 -. 2,007 OK WE eee ooo 
Grand total ___ XX XX XX xX XX XX 7,167 11,3836 18,503 

ee ees 
XX Not applicable. 

Brass-mil] stocks include home scrap, and purchased-scrap consumption is assumed equal to ipts; th i 
and total in brass-mill section do not balance. P equal to receipts; therefore, lines 

2Omits “machine-shop scrap.”
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os CONSUMPTION | 

Although total 1977 consumption declin- especially in the solder sector. Also contrib- | 

ed only about 2,200 tons from the 1976 level, outing to the decline in primary tin con- 

a shift from primary to secondary tin re- sumption was the declining ratio of tin on 

sulted in primary tin consumption declining tinplate and a 3% drop in tinplate pro- . 

| about 4,200 tons from the 1976 level while duction. U.S. brass mills consumed 715 tons 

secondary tin consumption increased about of primary tin and 356 tons of secondary 

2,000 tons. The higher cost of primary tin tin, compared with 1976 levels of 751 tons 

| resulted in the increased reclamation of tin, and 233 tons, respectively. 

| Table 6.—Consumption of primary and secondary tin in the United States - 

- , (Metric tons) - 

| 1973 1974 1975 1976 1977 ! | 

Stocks Jan.1!_____________.________-_._-_--__ 18,787 «18,584. ——-20,228=— 19,440 16,860 , 

Net receipts during year: se. 

Primary ________---__-----__---_-------- 60,125 55,382 43,183 50,081 48,284 
| Secondary _____________------------------ 4,089 2,285 2,699 2,019 4,025 

Scrap __________--i--------------------____18,915 12,296 10,568 10,189 10,604 

Total receipts __________-___------_----- 78,129 69,963. 56,450 62,289 «62,863 

a ‘Total available.____.____________________ 96,916 88,497 76,678 + —-81,679~—-79,728 

Tin consumed in manufactured products: | | ae 
Primary _________-_---_---------------- 59,075 52,489 48,620. 51,767 = 47,596 L 

: Secondary —________ ~~ -_---~-------------___16,763__ 13,841 12,180 11,161_13,186 

Total.______._.-_-_------ ~~ 75,838 «65,780 55,800 «62,928 60,732 
Intercompany transactions in scrap __—__.——---—------- 2,544 2,489 1,438 -1,891 2,148 

Total processed _______------------------___ 78,382 __ 68,269 57,288 64,819 62,880 

Stocks Dec. 31 (total available less total processed)__...._... 18,584 20,228 = :19,440-:16,860 = 16,848 
ee 

1Stocks shown exclude tin in transit or in other warehouses on January 1, as follows: 1973—986 tons; 1974—-823 tons; 
1975—70 tons; 1976—34 tons (revised); and 1977—15 tons. 

Table 7.—Tin content of tinplate produced in the United States 

| (Metric tons) 

yf ener reer a eee Se 

Tinplate (all f | 
Tinplate waste- —____ ree (all forms) - 

Year waste, strips, Tin per 
cobbles, etc., Gross weight Tin content! metric ton 
gross weight of plate 

(kilograms) 

19784._____ eee 473,590 4,452,779 21,608 4.9 
1974_-_- 399,947 4,701,840 22,686 4.8 
1975. 5 e+ --- 336,967 ¥ 4,018,295 18,869 4.7 
1976__________.--_-_------------ 439,988 4,372,639 ™20,766 4.7 
W77_- ee 355,841 4,228,325 18,539 4.4 

1Includes small tonnage of secondary tin and tin acquired in chemicals.
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| Table 8.—Consumption of tin in the United States, by finished product — 
| (Metric tons of contained tin) | | | 

Product +1976 | AST | 
| . Primary Secondary Total Primary Secondary ‘Total 
Alloys (miscellaneous) _._..~_._____ 513 93 606 — 499 115 614 
Rabbitt wa 1,832 591 2,423 1,586 SOT 2,093 
Bartin _~_ 2-2 LL 656 102 758 492 86 578 
Bronze and brass ___._..-_-______ 2,860 4,796 7,656 2,833 5,773 | 8,606 
Chemicals _...-_-_____________ 4,718 903 5,621 4,655 1,072 | 5,727 
Collapsible tubes and foi] _...._____ 679 15 694 749 38 187 
Solder ~~ ---2 13,506. 4,222 17,728 12,178 5,142 17,315 
Terne metal _.. ~~ _-_§____ 180 9 189 632 58 * 690 
Tinning —-..-.-_-.-~-_._-__-____ 2,284 18 2,302 2,291 | 32 2,323 
Tinplate! _..........-__.._____ | 20,766 -- 20,766 18,539 -- 18,539 
Tin powder ~~~ ~~~ ____ 1,208 -= 1,208 1,281 = «6 1,287 
Type metal __-_.~ 2 66 150 216 5 147 202 
White metal? _.-_______________ 2,093 264 2,347 1,505 150 1,655 Other ____-______- 406 8 414 306 10 316 

. Total _-- ~~~ Le 51,767 = 11,161 62,928 47,596 18,186 60,732 

"Includes secondary pig tin and tin acquired in chemicals. 7 
*Includes pewter, britannia metal, and jewelers’ metal. 

| | , - STOCKS ° | 

Plant stocks of pig tin at yearend 1977 market price. Plant stocks were lowest in 
| declined 1% from the yearend 1976 level to June, at 4,245 tons, but increased in the last 

6,803 tons, or about a 6-week supply. Asthe quarter as consumption declined, ending 
_ price of tin increased throughout the year, the year at the year’s highest level. Tinplate 

. consumers drew down their inventories and _ mills held 56% of the plant pig.tin stocks at 7 
tried to purchase tin during brief dips in the yearend. — | oo | 

| Table 9.—U.S. industry yearend tin stocks - 
(Metric tons) , | 

| 1973 1974 1975 1976 1977 

Plant raw materials: 
Pig tin: 

Virgin ~~~. 7,658 8,784 7,090 6,613 6,158 Secondary _........___._______________ 343 312 317 248 8 8§=— 645 In process? ---------.--_----------_ 10,588 11,182 ~——-12,088~—«10,004 ~—=—-10,040 
Total. 2 Le 18,534 20,228 19,440 16,860 16,843 eee AAO 16,860 16,848 

| Additional pig tin: | | 
In transit in United States _.._._________________ 986 823 70 34 15 Jobbersimporters ____..-_-_____________ 1,153 691 2,059 1,009 1,436 Afloat to United States _.___-_-_________ 3,688 4,409 4,115 3,582 3,072 eee EO 8 08e 8,072 

Total__-_-_-_-_-___ 5,827 5,923 6,244 4,625 4,523 —— OSES — eee 
Grand total _____--_-------------------. %61 26,151 25,684 «21,485 —~—-21,366 

rye eeeepnesneeneye 

1Tin content, including scrap. —_ 

PRICES 

The price of tin in 1977 fluctuated consid- N ew York increased $1.55 over the 1976 
erably about a generally rising trend. Prices level to $5.35 per pound. The average 
were influenced by the liquidation of the Penang price for ex-works Straits tin was 
ITC buffer stock, speculative demand, pend- M$1,588.03 per picul® ($4.86 per pound) 
ing legislation concerning additional dispos- compared with $1,146.56 per picul ($3.39 per 
als from the U.S. strategic stockpile, the pound) in 1976. The average price for cash 
July 15 ITC price-range hike, and purchases tin, standard grade, on the London Metal 
in anticipation of a U.S. dock strike. Exchange was £6,181.17 per ton ($4.87 per 

The average 1977 composite price of tin at pound), 45% higher than the 1976 average.
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Table 10.—Monthly composite prices of Straits tin for delivery in New York 

(Cents per pound) 
. . 

Month 1976 | 1977 
en High Low Average High Low Average 

January _____________________--. 819.94 312.44 313.97 480.64 440.44 463.47 
February_____________-..________ 388.28 319.44 327.49 520.58 476.10 507.43 
March _________.__________-___. 854.79 337.17 347.20 551.13 455.88 518.93 
April ___________-____----___-_-_ 361.17 346.81 355.46 489.32 464.72 480.08 
May___________________________ 885.28 360.25 375.11. 493.74 481.74 488.61 
June ______________--____.___-. 401.50 369.39 389.32 488.16 467.77 481.79 
July __________________--__----_ 484.26 407.37 422.94 . 543.63 489.29 518.04 
August _________________________ 423.54 392.42 403.53 572.38 541.42 556.37 : 
September _________.______-______ 408.46 388.78 396.38 590.79 533.01 556.38 
October________________-__-._____ 411.18 394.01 400.44 626.95 588.50 607.94 
November ______________-.-___--_ | 417.18 397.53 407.78 631.91 606.34 620.93 
December ____________________.__ 489.45 410.83 418.17 630.38 593.78 615.18 

Average _________________----- XX XX 379.82 XX XX 534.60. 

| XX Not applicable. 
Source: Metals Week. | 

FOREIGN TRADE 

Exports (including reexports) of tin, at tin metal increased 6% to 47,774 tons. The 
5,480 tons, were more than double the 1976 major suppliers were Malaysia, 57%; Thai- 
level. Reexports continued to be larger than land, 16%; Indonesia, 11%; Bolivia, 7%; and 

exports, as has been the case since 1975. Brazil, 5%. Imports of tin from the People’s 
Imports of tin-in-concentrates were up Republic of China dropped substantially for 

17% over those of 1976. Bolivia, which has the second consecutive year, from:the 1976 

been the only source of tin concentrates level of 1,727 tons to 381 tons in 1977. 
since 1974, was joined by Indonesia and the China’s internal manufacturing develop- 
Territory of South-West Africa as suppliers ment left less tin available for export. Brazil 

_ of tin concentrates to GCMC. continued the pattern of recent years of 
Dependency on imports has long been a_ doubling its tin exports to the United 

characteristic of the U.S. tin market, and States, reaching 2,380 tons in 1977. 

this pattern continued in 1977. Imports of 7 

Table 11.—U.S. exports and imports for consumption of tin, tinplate, and 
terneplate in various forms 

Tinplate circles, : 
Ingots, pigs, and bars Tinplate and terneplate strips, and cob- Tinplate 

bles scrap 

Year Exports Reexports Exports Imports Exports Imports 

Quan- . Quan- Quan- an- uan- an- tity Yplue “er Yalue ity” Value Sty” Yplue Sig” Yalue Sgr Yelue 
(metre sands) “WUC sands) “pete sands) “WEINC sands) “metric sands) (metric sands) 

1975__ 1,444 $10,457 2,152 $15,581 282,052 $105,870 370,508 $170,191 2,574 $487 11,138 $786 
1976 _ _ 540 2,998 1,798 13,967 333,954 131,364 282,928 108,308 15,279 1,949 10,506 596 
1977 __ 545 5,176 4,935 50,175 296,614 115,579 4,046 1,872 21,347 2821 11,385 778
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Table 12.—U.S. imports for consumption and exports of miscellaneous tin, | 
tin manufactures, and tin compounds 

Miscellaneous tin and manufactures Tin compounds | 

. - Imports Exports Imports 

__ Tinfoil, | | | | | 
fin powder, win other 

itters. - : * . Dross, skimmings, tin-bearing 
Year metallics, scrap, t residues, ' material, Quantity Value 

manufac- and Un alloys, n.8.p.1. teaokete (metric (thou- 
tures inp tons) sands) 

. scra n.s.p.f. P . 

| Value Quantity Value Value 
(thousands) (metrictons) (thousands) (thousands) . 

1975 $7,257 2,468 $2,452 ss $4,848 122 $828 | 
1976__§_§ $5 5 8,148 2,666 8,550 7,391 176 1,195 
1977 3,733 813 —s- 1,816 9,328 170 1,448 

| Table 13.—U.S. imports for consumption of tin, by country | | 

| : 1976 1977 
Country “Quantity Value Quantity Value 

(metrictons) (thousands) (metrictons) (thousands) 

Concentrates (tin content): . 
Bolivia ~~... ~~~ _ Le 5,733 $38,529 6,667 $60,399 
Indonesia________________ _- __ 55 420 

. South-West Africa, Territory of ________________ __ _— 2 21 

4 88,529 6,724 60,840 

Metal:? | . | 

Australia. __________._______________=__- 198 1,417 36 347 
Austria__§ ~~~ LL 18 123 _- ae 
Bolivia _. ee 1,978 14,181 3,358 34,029 
Brazil _._- ~~ _~~__~ 1,242 9,025 2,380 24,199 
Canada_______ ee 7 60 8 94 
China, People’s Republic of _._________________ 1,727 13,195 381 4,845 
Colombia __________~_§_§__ ee — _— 97 1,112 
Germany, Federal Republic of _.__§_$_/___________ 200 1,590 100 1,107 
Hong Kong. __________ _-§_- LL 84 491 _- __ 
India _-_-___~___ LLL 100 868 483 4,861 
Indonesia____________ ~~ Le 4,972 35,160 5,294 _ 46,410 
Japan ___. 2 = = Le —_ -- 50 _ 451 
Korea _. 5 5 LLL 21 124 oe _— 
Malaysia ______________________________ 26,981 196,454 " 27,084 261,073 
Netherlands ___$__$_______________________ (7) 2 1 17 

7 Nigeria___§______________________ __ __ 2 19 
Singapore _____________ 15 102 207 2,339 
Taiwan ______________ 100 637 _- __ 
Thailand ______ ~~~ LL 6,885 47,903 7,780 75,729 
United Kingdom _________________________ 284 2,149 513 3,412 
Uruguay _____________~_____ Le 193 1,588 _- -_- 
Vietnam ____ ~~ Le 50 - 384 _- _- 

Total____ ee 45,055. 325,453 47,174 459,544 
a 

1Bars, blocks, pigs, or granulated. 
2Less than 1/2 unit. 

WORLD REVIEW | 

International Tin Agreement.—The de- starting date, because the Bolivian Govern- 
finitive entry into force of the Fifth Interna- ment felt the method for determining the 
tional Tin Agreement (ITA) required the ITC price range was inadequate. This action 
signature of at least six producing nations _ placed the Fifth ITA in provisional status, a 
that held over 950 of the 1,000 producer status that could be maintained only 
votes in the Fourth ITA. Bolivia, which held through June 30, 1977, before necessitating 
179 votes in the Fourth ITA, declined to the renegotiation of the Agreement. 
ratify the Fifth ITA by the July 1, 1976, In February, talks held in Bolivia be-
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) Table 14.—Tin: World mine production, by country’ | | 
(Metric tons) . | | 

oe Country - 1975 1976 19777 

North America: _ : Oo | | a 
Canada ______-.-----_-----.-----~--~~-~---~----- “283 a74 . 17 | 
Mexico ______-...--------~..~----~-- + ee ee ee . 

Sout tat States ete eet ee Ww we Ww. 
uw erica: uo , / 

Argentina _._...-.--..-------------~------ = 538 © 2600. — . © 3600 — 
 Bolivias_ eee 724,888 29,812 82,616 

Brazil® _________.--._-----------~-------------- 35,000 5900. 76,400, 
Peru_ ._. ~~~ ---~- +--+ ee eee - 158 273, 300 

Ceechoslovakia eee we ee we eee pee eee eee ewe = 116 2180 ©2180 | 
France Wen orn gn enn enna . Lise : : ‘Lipo , “110 

- German Democratic Republic’... ...-....-.----4-~.---~- 1, , OL, 
Portugal 27 375 tit« 8G "BR 

| Spain _______-__---_~-—--------nennneeeeeceenne 87 390 457° 
USS.R.° ee eee ee eee 30,000 31,000 83,000, 

- United Kingdom -____=~-UD II IIIIIIIIIIIIIIIIIIIITD 4091 4015 = -885l 

_ Burundi ____.-~------~---~----~------~---------- 78 26 30. 
_. Cameroon ___..----~--------- ee eee 19 610” — | 

Niger -. eee ee ene 98 90 YB . 
. . Nigeria... ee ee 4652 3,710 3,267 

_ Rhodesia, Southern® ?__ 227-5 ----------------3------ (tt, 800 *800. 800 | 
Rwanda ...-___.____-~_---~----- oe nnn eee 1423605 iti 2000C—t—tetét=—S 

- . South Africa, Republic of ......-.------iL--~---- nee 2,648 2,784 2864 
. South-West Africa, Territory of _......--.-.----+~+--1--- 160. 800 —- ©1,000- - 

7 - §wariland® ?__ 2 2 eee ee 1. "4 | Ao, 
Tanzania ____~-- + ee eee ee eee 2 . Bo BH 

Uganda®? __ ee ee ee ee eee ene” UT 120 - 120. 
Zaire _.__ eee 4562 40002-28607 

- Zambia®? 2 ee ee eee 1 2. 10. - 

= Burma®?__ ee eee eee ei 150 OQ 
oe China, People’s Republic of ____.--.----------------=--- ~ 22,000 20,000 =. 20,000 - 

Indonesia. =~ - anne eee) 85,887 = 2848528, 021 | 
- Japan. ee eee eee CD - 6443 604. | 

. Korea, Republic of _—...--..-~-~~-----~---i-+/-4-+--~ a 35 SB 
Laos... — — ~~ == ~-~--+-+- ~~ -+----4- ~~ -- = +++ me 64 one eu BO 5808 re 

- Thailand . ~~. 7222222222222 22222222222 16406 - 20,452 (205 
_ OO ‘Vietnam® ___.~_.--_- eee ee eee nn 250.  . 250. we 
a Oceania: Australia -~ --~ ~~~ ----------------~--~--------. _'9,577 10,109 «9,968. oo 

Total += ------ eee ee ----n nana esa nn --  7202,288 280058 BB 
__.  ©Estimate. Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. ee 

bo ajonteined-tin basis. Data derived in part from the Monthly Statistical Bulletin of the International Tin Council, . = 
. London, . a ae mS Oe a os a 

- *Estimate by the International Tin Council. it oS a 
’Production by COMIBOL mines, taken with exports of tin materials other than by COMIBOL, and salestoENAF  —si« 

other than by COMIBOL. wo - a SS en oe, 

tween the Bolivians and representatives of would meet semiannually to review the _- 
_ Malaysia, Indonesia, and Thailand resulted adequacy of the price range. The Bolivian | 

| in a proposal to the ITC of establishing a Government agreed to ratify the Fifth ITA | 
system for periodic review of the ITC price and, on June 14, the Fifth ITA definitively = —_ 

_ range. Subsequently, the ITC established an entered into force. - , : 
Economic and Price Review Panel (EPRP), |The June EPRP concluded that the price 
consisting of representatives of four pro- range was inadequate and on July 15, the 
ducing and four consuming countries, that ITC revised the price range as follows: 

| e 

—_______Previous range Revised range 
. . US. equivalent ‘ US. equivalent 

MSperpicul = dollars per pound «M$ per picul dollars per pound 
er een een enna mene nena ne nn 

Floor price . 2... -___ __- 1,075 3.18 1,200 3.66 
Lower sector ____._.._---_-_- 1,075-1,150 3.18-3.40 1,200-1,300 3.66-3.96 

Middle sector _..~..-.--____ 1,150-1,250 3.40-3.70 1,800-1,400 8.96-4.27 Upper sector___—— ~~ oo 1,250-1,825 8.70-8.92 1,400-1,500 4.27-4.57 
Céiling price. 2222777727777 1,825 3.92 1,500 4.57 
meee TT ET EST aE EET SS Te TS SSeS PS SSS DASE
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Table 15.—Tin: World smelter production, by country’ 

. (Metric tons) . 

. Country 1975 1976 1977" 
ar Ph SESS SSF ee eee Ne 

North America: a 
Mexico® 23 ~~ = = e+ 1,000 800 > g00 
United States* __________________-_ eee 6,500 5,700 6,700 

South America: - , - 
Argentina® 2-9 ____________1___i-_----------------- 120 120 120 
Bolivia® == e+e 7,533 10,100 13,287 
Brazil® 7 __~§_ _=§ § 5 5 eee 5,400 6,600 6,800 

E : - 
"Belgium ~--4------------------------------ 2-2 --- 4562 4.068 3,520 
Czechoslevakia®_ ___._.______._-_-----_~-~--~---~-~-+---~---- -- 
German Democratic Republic®__._______._____._.-----+------ 1,208 1,200 1,200 
Germany, Federal Republic of ___________-_._--------------- 1,306 1,449 2,897 
Portugal _.____._____-_---------------+--~--~---------- 409 355. _ ©8300 
Spain __._______---------------------~--~---------- 75,249 5,368 5,343 
USSR®_.-- eee 30,000 31,000 33,000 
United Kingdom _______-__-_-_-_----------+~---~--------- 11,520 9,848 © 230,493 

Africa: 
, ‘Nigeria. ee 4,677 3,667 3,315 

Rhodesia, Southern® ?___________________---_---------- ™800 F800 800 
South Africa, Republic of ...._____-_-_-_----~-------+----- 780 683 582 
Zaire __.______________~_-_-_ e+e 648 © 2600 © 2683 

Asia: a 
. China, People’s Republic of€ _____________.-_-------------- 22,000 . 20,000 20,000 

| Indonesia_____________________=---~_-______-------- 17,825 22,202 24,005 . 
Japan .___.___________--_-_-_----~_------~---------- 1,212 1,144 1,280 
Malaysia® ____.____________---__--_-_---~------------ 83,070. 78,017 66,305 
Thailand ___-_~--~-----------~----~--------~---------- 16,630 20,337 ‘23,102 - 
Vietnam® ___________~_-____-__-_----_---~-~--+----~---- 200 . 290 200 

Oceania: Australia _______.-_-__------~----------------- 5,254  —_—5 608 5,561 

Total. ____-_-_--_ ee 227,895 229,861 230,243 

€Kstimate. Preliminary. ‘Revised. 
1Pata derived in part from the Monthly Statistical Bulletin of the International Tin Council, London, England. . 

- 2Bstimate by the International Tin Council. 
3Smelter output from domestic ores is as follows, in metric tons: 1975—378; 1976—481; 1977—220. . . 
“Includes tin content of alloys made directly from ores. 

oT ereludes output cf qolatilization product (reported as “low grade volatilized powder’’) as follows, in metric tons: 
not available; 13; —964. 

®Series revised. Czechoslovakia produces tin metal but available sources indicate that metallic tin praduction is based 
entirely on scrap. Czechoslovakia’s mine production of tin is apparently exported for smelting. . 

vised to zero. 
®Includes small production of tin from smelter in Singapere. . 

The ITC, without any tin in its buffer producers declined in 1977, dropping the top 
stock since anuary 13, was unable to de- three Producers! share af Austr alia’s pr o- 

end its ceiling price. Many consuming duction from 72% in to 70% in 1977. 
nations realized that to protect their inter- Production by Abminco N.L., Australia’s 

ests and keep the price below the ceiling, second largest producer, declined from 1,691 
«,.e e . . " . . 9 . > 

additional funds would be required by the tons of tin-in-concentrates in 1976 to 1,320 . 
buffer stock. By yearend, seven consuming tons in 1977. A wall collapse resulted in a 
nations nad pledged ae one drop in head grade of ore to the mill, 
uiter stock fund. een tes causing a fall in production. Ardlethan Tin 

announced on May 30 that, subject to Con- N.L., the third largest producer, has been 
gressional approval, it would contribute up ° x per ‘encing a decline in head ’ ade of ore . 
to 5,000 tons of metal to the buffer stock. By treated by oe mill: even though the mill 
earend, such approval had not been obtain- oe . 

“i PP throughput increased over 20% in 1977, a 

Australia—The Australian Bureau of 20% decrease in grade caused a decline in 
Mineral Resources estimated Australian tin Production to 1,193 tons of tin-in-concen- 
reserves at about 330,300 tons and subeco- ‘rates. a -_ 
nomic resources at 220,000 tons at the P roduction by Renison Ltd., a subsidiary 
beginning of the year. The reserves were of Consolidated Gold Fields Australia Ltd., 

down 3,000 tons but the resources were up increased 11% in 1977 to 5,016 tons of tin-in- 

about 80,000 tons from the beginning of concentrate. The company installed an acid 

1976. The large increase in resources was leaching plant to allow the production of a 
due to new discoveries as well as new data__ single concentrate, thus increasing the head 
on known deposits. grade of ore and mine output. Previously, 

Production from two of the top three Renison had to produce a high-grade and a
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low-grade tin concentrate due to the two kilometer Tapajos region between Santa- 
different types of ore in the mine. Pro- rem and Manaus, as described in the 10th 
duction was expected to reach 5,500 tons of report in Brazil’s 5-year Radam mapping | 

| tin-in-concentrate by 1978. project. All of Brazil was expected to be 
. Bolivia.—Tin mine production increased mapped by 1980. | 

9% over the 1976 level to 32,616 tons. Companhia Vale do Rio Doce (CVRD), the 

Production by the military-occupied COMI- Government-owned mining company, pro- 
BOL mines, at 23,306 tons, increased 183% posed the formation of a consortium of 
due primarily to a strike-free year. Medium private tin-mining companies operating in 
mine production increased 1% to 6,753 tons, Goids, Para, and Roraima States to simplify 

while small mine production declined 2% to and modernize production methods, in re- 
2,557 tons. Tin exports, at 30,855 tons, sponse to the Brazilian Government’s re- — 
increased 2% over the 1976 level, but the quest that CVRD carry out a rational ex- 
value increased 43% to $326.6 million, re- ploitation of Brazil’s tin reserves. Although 
flecting the record high tin prices during the companies would mine individual areas, — 

_ the year. Tin exports accounted for 46% of they would share a centralized marketing | 
the total value of Bolivian exports and 67% system, joint planning, research and devel- 
of the value of mineral exports. opment, and access to equipment. By using 

During the year, the Bolivian Govern- large scale mining methods, CVRD believes 
ment created a $12 million National Min- these companies could raise Brazil’s tin 
eral Exploration Fund to finance mine ex- production to 25,000 tons per year. 
ploration in known deposits or in existing Burma.—New legislation approved by | 
small mines. Priority was to be given to the Pyithu Hluttaw (People’s Assembly) | 
exploration for tin deposits and augmen- abrogated private—foreign or Burmese— 
tation of tin reserves. investment in minerals development, even 
COMIBOL/’s total profits reached $5.7 mil- on a joint-venture basis. Tin was specifically 

lion on sales of $332.8 million, compared listed as one of the many minerals affected 
with profits of $3.0 million on sales of $255.4 bythisnewlaw. _ | 
million in 1976. COMIBOL’s tin mining The Heinda tin mine in southern Burma 

. costs reportedly increased $0.58 per pound was modernized and expanded through a 
to $4.38 per pound. Although direct mining cooperative effort of the Governments of 

_ costs decreased slightly, taxes and royalties Burma and the Federal Republic of Ger- 
increased $0.50 per pound. 7 many and Krupp Industrie-und Stahlbau.® 

After completing the prefeasibility study Although the Heinda tin deposit was a 
for conversion of the Catavi mine to an placer deposit, the cassiterite occurred in 
openpit operation, COMIBOL decided to consolidated, lateritized conglomerates that 

expend an additional $1 million to further required blasting and crushing prior to 
define the ore body through an additional concentration. Other concentration prob- 
12,000 meters of drilling. The initial survey lems arose from the wide range of grain size 
of the area put reserves of ore between 77 of the conglomerates and the large granite 
million and 80 million tons of ore grading boulders in the conglomerates. The new : 
0.31% tin. concentration plant had a throughput of 

The Empresa Nacional de Fundiciones 600 tons per hour and an hourly recovery 
(ENAF) smelter produced 12,778 tons of tin rate of 170 kilograms of concentrate con- 
and exported 12,095 tons. Production in- taining 72% tin. Tin losses ranged from 
creases over the 9,185 tons produced in 1976 10% to 15%. 
were possible because the smelter’s capacity Indonesia.—Indonesia, the world’s third 
was expanded from 11,500 tons per year to largest tin producer, exports all its pro- 
20,000 tons per year in June. Construction duction except about 400 tons per year, 
of another smelter to produce 12,500 tons of which is used domestically for solder, bab- 
tin from low-grade tin ore was about 1 year bit, and pewter. 
behind schedule. The plant was not ex- The Indonesian tin industry was domi- 
pected to reach full capacity until at least nated by Perusahaan Terbatas Tambang 
1980. Timah (P.T. Timah), the State-owned tin 

Funestafio, a small private smelter, added mining company. In addition, three foreign 
a new 50-ton-per-day cyclone furnace and companies had tin ventures in Indonesia: 
was expanding the capacity of its electro- Billiton Exploratie Maatschappij Indonesia, 
lytic refinery to 3,500 tons of tin by 1979.¢ B.V. (BEMD, with exploration rights in the 

Brazil.—Appreciable quantities of tin area of offshore Tudjuh Island; P.T. Broken 
have been identified in the 295,000-square- Hill Pty. Indonesia (BHPD, with exploration
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rights on Belitung Island; and P.T. Koba 1976 because of decreased imports from 
Tin, with operating rights along Bangka’s Burma and Indonesia. . | 
southeast coast from Koba to Tanjung Beri- In Malaysia, the State governments 
kat that includes both onshore and offshore issued the mining licenses but received only 
areas. a minor share of the tax revenues from tin 

P.T. Timah approved construction of a mining. The States tended to deny the 
second major dredge, Bangka II, with con- renewal or the granting of mining leases, 
struction to be done by Mitsubishi Heavy favoring other sectors, particularly agricul- 
Industries Ltd. The $21 million dredge, ture, where the States received more of the 
scheduled for delivery in August 1978, will tax revenue. To address the land-avail- 
complement Bangka I, which has been in ability problem as well as the tax issue, the | 
operation since May 1966. Federal Government consolidated its export 
BHPI continued production of tin concen- duty and surcharge to provide a larger 

trates at the old Kelapa Kampit lode mine share to the State governments, and re- | 
- at the pilot plant level. BHPI planned to structured its taxes to decrease taxes on 

install additional equipment to improve smaller tin operations. Industry sources felt 
- . grade and recovery, but was unable to prove that, although additional revenues to the 

significant new reserves at Kelapa Kampit. State governments would probably encour- 
| The smuggling of tin concentrates from age land grants, the tax restructuring 

_ Indonesia was a growing problem according actually decreased the profitability of large 
to Government officials. The main tin companies, thus decreasing the incentive | 
mining areas on and around the islands of for investing in large-scale, more efficient 
Bangka, Belitung, and Singkep, which lie ventures. a | 
off the southeast coast of Sumatra, are a With no decrease in export duties, which 
short boatride from Singapore. The Indone-_ totaled about 30% of the tin value at the 
sian Department of Mines indicated that 1977 average price, smuggling activities 
about 1,000 tons has been smuggled out of were not discouraged. Various sources 
several small mines in the area each year. placed the volume of tin concentrates 
Miners who sell to the smuggling rings smuggled out of Malaysia between 5,000 to 
evade a 10% export duty levied through 7,000 tons per year.’ In an effort to solve the 
P.T. Timah, a 45% income tax on profits, smuggling problem, the Malaysian Govern- 
and a 5% regional development tax. ment amended the Tin Control Bill to in- 

Laos.—Société d’Etudes et d’Exploration crease maximum fines to M$50,000 and 
Miniéra de |’Indochine, the major tin min- lengthen imprisonment to 2 years. The bill 
ing company in Laos, was nationalized by also provided for confiscation of ore and 

_ the Laotian Government without compen- equipment. | 
sation. The firm’s yearly production aver- Ayer Hitam Tin Dredging Malaysia 
aged 1,000 tons of tin concentrate. Bhd.’s output declined from 5,923 tons of tin 

Malaysia.—Despite the record high tin concentrate in 1976 to 2,051 tons of tin 
prices, Malaysia’s tin mine production, at concentrate in 1977 because the No. 2 
08,703 tons, was at its lowest level since dredge worked low-grade tailings for the 
1961. The main factors in the 7% drop from last half of the year. High production in 
the 1976 level were the restrictive State 1976 resulted from the dredge working very 
licensing policy and high taxation. At year- rich, deep ground. Because of the extreme 
end, there were 53 tin dredges, 784 gravel variability of tin values in the ground at 
pump mines, and 37 opencast, underground, Ayer Hetam and the limited area left to 
and other miscellaneous mines in operation, dredge, production equalization was dif- 
reflecting an 8% increase in the number of _ ficult to achieve and 1977 output fell. 
active mines over the 1976 level. Gravel Berjuntai Tin Dredging Bhd. resumed its 
pump operations accounted for 51% of the position as Malaysia’s largest tin producer 
concentrate produced; dredging, 35%; open- after the decline in Ayer Hitam’s output in 
cast, 4%; underground mining, 3%; and 1977. Berjuntai’s output increased about 
miscellaneous sources, 7%. The tin mining 500 tons over the 1976 level to 4,718 tons of 
labor force increased 4% to 38,474 workers tin concentrate as its new $18 million 
at yearend. dredge began its first full year of pro- 

Metal production, at 66,305 tons, decreas- duction. Berjuntai, on behalf of a newly 
ed 15% from the 1976 level. Exports of formed joint-venture company, Malacca 
metal decreased to 60,688 tons from 82,162 Timah Sdn. Bhd., began offshore pros- 
tons in 1976. Imports of tin-in-concentrates _pecting in the coastal waters of the State of 
totaled 5,903 tons, down 21% from those of Malacca.
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Conzinc Riotinto Malaysia Sdn. Bhd. South Africa, Republic of.—Production 

(CRM) joined with the Selangor State De- of tin-in-concentrates in 1977 rose 3% over | 
velopment Corp. (SSDC) and Syarikat the 1976 level to 2,864 tons. Output was 
Lumbong Setapak (SLS) in a joint-venture notably increased by Rooiberg Minerals 

- company called Perangsang ‘Riotinto. to Development Co. Ltd. to 4,563 tons of con- 
mine a 569-hectare lease in Dengkil, south- centrates in 1977, a company record. Union 
ern Selangor, over the next 20 years. A. Tin Mines Ltd. produced 1,268 tons of con- 
dredge with an 8-million-cubic-meter an-  centrates, a decline from that of 1976. Un- 
nual throughput, recovering 1,000 tons of derground ore was very limited and it was 
tin per year, was scheduled to begin oper- highly unlikely that operations would be 
ations in 1979. CRM’s output increased continued beyond 1978. Retreatment of tail- 
about 200 tons over that of 1976 to 1,259 ings would continue while it remained prof- 
tons of tin concentrate. Following the 1976 _ itable. 
withdrawal of Bethlehem Steel Corp,CRM  §$Zaaiplaats Tin Mining Co. Ltd., South 
was owned 41.5% by Rio Tinto-Zinc Corp. Africa’s only tin smelting company, with a 
and 58.5% by Conzinc Riotinto of Australia. 1,500-ton-per-year-capacity plant at Pot- 

Gopeng Consolidated Ltd., Malaysia’s gietersrust, constructed a third reverberato- 
largest hydraulic mining company, had a_ ry furnace as part of its plan to enlarge 
400-ton drop in output from its 1976 level of smelter capacity. Zaaiplaats tin metal pro- 

2,189 tons of tin concentrate because of duction was 582 tons in 1977. 
drought. The company’s wholly owned Thailand.—Reported tin production, at | 
Malaysian subsidiary, Mambang Di-Awan 24,205 tons, increased 18% over the 1976 
Sdn. Bhd., and the Perak State mining level, reaching record high levels although 
company, Syarikat Permodalan Dan Peru- smuggling continued to be a problem. Grav- 
sahaan Perak Bhd., will join to exploit a e] pump mines produced 34% of the output, | 
223-hectare area in the Mukim of Chen- although each mine’s annual production 
deriang. averaged only about 30 tons of tin-in- 

_ Nigeria.—The Nigerian Enterprises Pro- concentrate. Suction boats provided 26% of | 
motion Decree 1977 required at least 60% the production and dredges, 20%. An esti- 
Nigerian equity in mining companies by mated 5,000 tons of tin concentrates was 
December 31, 1978. The Government-owned _elieved to be smuggled out of the country 
Nigerian Mining Corp. (NMC) and Nigerian to avoid payment of royalties.* 
employees of Amalgamated Tin Mines of fp an effort to share in some of the profits 

i Nigeria (Holdings) Ltd. (ATMN) increased from the increased price of tin and decrease 
their control of ATMN to the required 60% the loss of revenues from large-scale smug- 
ownership through a $931,000 purchase of sling, the Thai Government increased roy- 
1.2 million ATMN shares. ATMN mines  aities on domestic production on July 15. 
about 2,000 tons of tin concentrate per year. Prior to the revision, the Department of 

ATMN commissioned two bucket wheel Mineral Resources (DMR) collected a royal- 
excavators and began to strip overburden at ty of 25% of the value of production when 
the Sabon Gida tinfield where deep reserves the market price exceeded Baht 1,000 per 
of tin have been established. Tin production picul ($0.38 per pound).? The new schedule 

was expected in early 1978. exempted royalties when the price was 
The Liruie venture in Kano State under- }ejiow Baht 3.000 per picul ($1.12 per 

went a further change in terms of owner- und). However, under hea pr otest by 
ship to 55% for the NMC, 16% for Gold & fhe tin mining industry and b th . . ry and because the 
Base Metal Mines of Nigeria Ltd. and the increased royalty fell heavily on the Gov- 
balance open to subscription. ernment’s Offshore Mining Organization 

Rwanda.—Société Minera de Rwanda (OMO) the rates were reduced in February 
(Somirwa), a Rwandan-Belgian firm, plan- 197g The revised rates were as follows: 
ned construction of a 3,000-ton-per-year, $5 
million tin smelter at Kigali. The tin smelt- 
er, the first for Rwanda, will be able to Royalty, percent 
handle the country’s entire tin ore pro- ___ Price, eb. 
duction. A $8.5 million loan by the Euro- Bah*Perpicul(dollarsper pound) = 3574 ruary 
pean Investment Bank will be used to i- ———————____—__—_———_______————_ 
nance the smelter. Most of Somirwa’s pro- 3,000-6,000 (1.12-2.25)________ 30 30 

_ duction has been processed at Belgium’s 8/000 ad up Cees ordup) TT TT 40 a 
Hoboken smelter. —_————————)
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OMO granted a 5-year mining lease in consumption. The study quantified the 
Phangnga Bay to Sethasup Karn Rae, a U.S.S.R. as the world’s second largest pro- 

| local mining company. Two dredges, each ducer of primary tin with an estimated 1975 | 
with an annual capacity of 27 0 tons of tin- output of 25,000 tons, and indicated that the 
in-concentrate, began operation in Novem- U.S.S.R. was the world’s second largest 
ber. ‘ $Y million offshore jaredge wee consumer of primary tin with usage of | 
capacity o ,VUU cubic meters per mon 35,000 tons in 1975. Magadan Oblast’ was 
dev oniered es | oMo Pie work offshore the leading Soviet tin mining area, but 

ne ke ti y Bha an, 4 od ores ion | Soviet tin mining was very costly due to the , 
creapes From its tae dre dee 3 operating ‘tn remoteness and climate conditions of most 

Phuket Bay. Production was up about 200 tin-deposit eA, Tin production was pro- | : : jected to be 35,000 tons in 1980. 
tons to 1,703 tons over that of strikebound Uni . . . 

| . , : nited Kingdom.—Cornwall Tin & 
1976. The leases in Phuket Bay expire at Mining Corp.’s Mt. Welli . hich 
the end of 1978, but Ackam has additional pone “Or. S Wo ee mine, whic 
leases in Bangtao Bay that do not expire gan fhnix tons in ay & 6, produced 417 
until June 30, 1982. The Bangtao Bay leases *08 of tin-in-concentrate in 1977, compared 
can only be dredged from November with the 1976 level of 85 tons. Although 

through April because of adverse weather Production was up, the mine only recovered 
conditions during the remainder of the bout one-quarter of the 1,600 tons of tin-in- 
year. Negotiations were started with the Concentrate per year that the mill was 
Thai Government, which holds a 15% share designed to recover. Because of the lower- 
in Aokam, to fulfill the Government’s policy than-expected ore grade, the mining costs 
of increased Thai participation in mining reached about £6,350 per ton ($4.99-$5.07 

| companies. per pound), well above the £6,181 per ton 
Southern Kinta Consolidated, Ltd. re- ($4.89 per pound) 1977 average price. | 

sumed dredging off the coast of Takuapa Geevor Tin Mines Ltd. mined 111,600 tons 

. after a l-year hiatus due to an unofficial of ore and recovered 621 tons of tin-in- | 
strike. Illegal mining activity in the con- concentrate during the fiscal year ending in | 

, cession area during Southern Kinta’s in- March. Geevor proceeded with plans to 
activity left doubt as to the extent of the dewater the old Levant mine, which extends 
remaining recoverable ore in the conces- under the sea three-quarters of a mile. 
sion, but Southern Kinta estimated that Shaft sinking and development work would | 
operations could continue for an additional not be finished before 1979. 
years. . The combined production of St. Piram 

t Tongkah Harbour Tin 1 predging Bhd. said Ltd.'s South Crofty and Pendarves tin 
ts Phuket 3 wi iB in 1978 torenew mines totaled 2,219 tons of tin concentrate 
i u hi h ay “ah pangr20 rand 078 ant and expansion continued at both locations. 

| eases, which are due to expire in an Production at Consolidated Gold Fields 
1982, respectively. A Thai equity share in Ltd’s Wh es 

on .S Wheal Jane mine decreased 2% from 
the company was expected to be a condition «os of lease renewal. The 40-year-old dredge that of 1976 to 975 tons of tin-in-concen- 

working the leases was not expected to last trate. The Ges - any experienced declin- 
the additional 20 years of operation requir- costs. grades and increased operating 
ed to exhaust the reserves when the leas " . : are renewed. “ _ AMAX Exploration (U.K.) entered a joint 

The Thai Board of Investment approved Venture with Hemerdon Mining and Smelt- 
the Euro-Thai Mining Co. Ltd.’s plans to 8 Ltd. to further explore the Hemerdon 
mine tin and copper at Amphoe Bannang tungsten-tin-china clay deposits near Plym- 
Sata in Yala Province. The mine was ex- Outh. The joint venture gave AMAX an 
pected to produce 670 tons of tin and 892 Ption to obtain a 50% interest in the mine — 
tons of copper per year. in return for completing the exploration. 

To decrease the transportation costs for Earlier exploration indicated 5.1 million 

small miners in northern Thailand, DMR tons of ore averaging 1.8 kilograms of 
approved the plans of the Thai Present Co. tungsten and 0.5 kilogram of tin per ton. 
to build a 3,600-ton-per-year smelter at a The Capper Pass & Son Ltd. tin smelter 
site 40 kilometers north of Bangkok. awarded a $700,000 contract to Head ~ 
USS.R— A Central Intelligence Agency Wrightson Process Engineering Ltd. to 

study on the U.S.S.R. tin industry outlined modify the waste gas handling section of an 
salient points of Soviet tin production and _ existing sinter plant at North Ferriby.
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| | TECHNOLOGY | 

_ The International Tin Symposium was An indium phosphide/indium-tin oxide 
held on November 14-20 in La Paz, Bolivia.11 experimental solar cell developed by Bell | 
Topics ranged from geology and resourcesto Telephone Laboratories had an efficiency of 
consumption and marketing. The sympo- 14.4% compared with production model sili- 
sium was organized by the Bolivian Minis- con cell efficiency. of 13.5%."" The new cell, 

try of Mining and Metallurgy and Resource made of a layer of amorphous indium-tin 
Exploration International. ° onide on a jingle crystal of jndium phos- 

The majority of tin ores continued to be fh ide, cou ae manuieeure dunit easily 
treated by gravity concentration, but signif- hide vell indium phosphide/cadmium sul- 
ieant improvements in recovery could be P ", . ; 
sade in existing plants through application The American Can Co., Continental Can 
f techr BP 2 Th e ai - P factors Co., and Reynolds Metals Co. began manu- 

° | new no beth . r : the _ ae t facturing retortable, laminated aluminum 
ae ole poor ch 4 de vriabilit: ©xis'- and plastic pouches for food packaging." 
ing plants included ore variability; mine Claimed to be a major development in food 
drilling and blasting techniques; poor de- packaging, the retortable pouch requires | 

| sign and equipment selection; overgrinding less energy to produce than metal cans. 
In the primary, secondary, and regrind With higher tin prices making tin cans a | 
mills; and insufficient process control. less attractive form of packaging, research 

The increased use of aluminum to lower for replacements has become more active. 
automobile weight to reduce fuel consump- In 5 to 10 years, retortable pouches were 
tion and pollution levels led to the use of expected to penetrate significantly into the 
tin-cadmium coatings on fasteners."* Zinc- can market. | | 

: coated steel fasteners resulted in bimetallic ————————__ 
corrosion between steel and aluminum once _; Physical scientist, Division of Nonferrous Metals. 

oe . Unless otherwise specified, all units are metric tens of 
the zinc coating was worn. contained tin. , 

a actini ‘tride-fi: NF 5One picul = 183.33 pounds. One ringget (M$) = U.S. $ 
The actinide nitride- fueled (ANF) reactor, 0.4063 in 1977, US. $0.3941 in 1976. 

using uranium nitride in molten tin for 4U.S. Embassy, La Paz, Bolivia. State Department Air- 
| . lon ir . gram A-19, Apr. 10, 1978, 57 pp. 

power generation, could develop into a fu- esr HTP. and W. Gecht, Increase of Production 
ture source of energy.’* Although the ANF py Application of Dry Mining Method and Construction < of 

_ +r ; a ern Concentrator at Burma’s Heinda Tin Mine. Tin 
reauire Up to a So billion tae that may Internat. v. 51, 178 PP. 129-136; World Mining, v. 31, No. 

1ir 2 billi prove, some 6, June 1978, pp. . 
* ; ®Metals Week. Tin Concentrates Smuggling—A Grow- 

advantages of the ANF reactor over present, ‘Problem in South Bact Aaw V. 48, ‘No. 46, Nov. 14, 
reactors could be (1) reduced problems of 1977, pp. 9-10. 
environmental safety and radioactive waste .  ,Work cited in footnote 6. 

j Work cited in footnote 6. 
storage, (2) reduced danger of runaway °One baht = U.S.$0.05. 

ative ea: . Central Intelligence Agency. Soviet Tin Industry: reactors, and (3) relative ease of fuel recy- poo" Developments and Prospacts Through 1980. ERT”. 
cling, resulting in savings of up to 90% over 1001, Janua’ tos pp; Available from Document : 

eo x iting (DOCE ject, Exchange and Gift Division, the present recycling methods. Library of Congress, Washington, D.C. 20540. 
The Organotin Environmental Program ioe international. Bolivian Tin Symposium. V. 51, 

Association was established by 12 of the “p25 B4 di. Ti . . . , B.L., J. Curry, and F. Urquidi. Tin Explored in La 
_ world’s leading producers of organotin com- Paz. Geotimes, v.28, No.5, May 1s. Pp. 1617. 

pounds and the International Tin Research 5, Metels, v.30, No.1 ADE, A 1918 op. Leng oe ond Tin. 
Institute. The association will be based in Open D. J. Gravity ane ongentrator Design and 
The Hague, the Netherlands, to promote  y. 138, No. 1, January 1978, pp. 3343. Mining Mag., 
dissemination of technical and scientific Revinterational ten Research Institute. Quarterly 
information on the effect of organotins on Cadmium Alloy. No. 112, 1977, pp. 6 
the environment. '* 14 Jones, R. T. Meet the ANF Reactor. Ind. Res., Vv. 18, 

. oy: No. 5, May 1976, pp. 55-58. . 
A new class of estertin stabilizers that 15Chemical and Engineering News. Business Concen- 

were less hazardous and easier to synthesize _ ‘tates. V. 56, No. 11, Mar. 13, 1978, p. 10. 
. . . Burley, J. W. The Chemistry of i ilizers. 

than intermediates of conventional organo- Tin and Tes Uses. Int. Tin Res. Tnst., Qa Rev le 
tin compounds was discussed.'* In addition Cre PP O18 meering News. Science Technol 
to the ease of synthesis of the intermedi- Concentrates. V. 56, No. 22, May 29, 1978, p. 17. semoney 

Wi - American Metal Market. American Can: New Pouch ates, the stabilizers had favorable extrac... meq Drug Unit Nod. V. 85, No. 255, Dec. 30, 1977, 
tion, toxicity, and stability characteristics. p. 7.
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Titani 
| By Langtry E. Lynd! | 

: U.S. production of titanium sponge metal Imports of titanium slag decreased 12% in 
in 1977 was 43% higher than in 1976. 1977. | 
Consumption of sponge metal was 16,236 The main price changes during 1977 were 
tons, up 22% from that of 1976. Ingot as follows: A decrease in the price of rutile 
production and consumption were 26,302 from $A220-$A230 to $A180-$A190 per met- 
and 25,214 tons, respectively, in 1977, or ric ton ($185-$195 per short ton) f.o.b. Aus- 
22% and 20% higher than in 1976. Sponge _ tralian ports; an increase in the price of QIT 
inventories decreased slightly from 8,617 slag to $102.50 per long ton f.o.b. Sorel, 
tons to 3,546 tons, and scrap metal con- Quebec; a 2-cent-per-pound increase in the | 
sumption increased from 9,211 tons in 1976 price of titanium dioxide pigments to 48.5 
to 10,889 tons in 1977. Production of tita- cents per pound for most rutile grades and 

_ nium dioxide pigment was about 687,000 48.5 cents per pound for paper-grade ana- 
tons, 4% lower than in 1976. Pigment im- tase; and an increase in the price of domes- 
ports increased from about 68,000 tons in tic sponge from about $2.75 to $2.98 per 
1976 to about 115,000 tons. _ pound. 
Domestic ilmenite production declined Legislation and Government  Pro- 

during 1977 for the fourth consecutive year grams.—The Government stockpile goal for 
to 638,503 tons, down 2% from that of 1976. titanium sponge metal remained at 131,503 
Imports of ilmenite nearly doubled, and tons during 1977. The quantity of specifica- 
those of rutile decreased correspondingly as tion titanium sponge metal in the Govern- 
Kerr-McGee Chemical Corp. switched from ment stockpile in December 1977 was 27 803 | 
using natural rutile to manufacturing tons. In addition, there was 4,476 tons of 

_ synthetic rutile from imported ilmenite. nonspecification material. 

Table 1.—Salient titanium statistics 

19738 1974 1975 1976 1977 eee 
United States: 

Ilmenite concentrate: 
Mine shipments_ _____short tons__ 804,355 755,338 702,252 617,896 542,333 
Value____________thousands_ _ $20,128 $22,715 $26,946 $27,578 $25,200 Imports___________short tons__ 69,641 82,448 122,010 168,402 334,990 Consumption ___________.do__ 807,738 851,977 747,821 822,259 866,504 
Imports_ ___..~__._______do__ 237,248 236,272 212,682 171,624 150,564 Consumption ___.________do__ 281,791 257,125 147,965 203,964 149,454 

Rutile concentrate, natural and 
synthetic: 
Imports____._.._.___._____do__ 226,860 246,489 224,499 281,712 128,800 
Consumption ____________do__ 276,907 292,661 231,430 237,718 185,419 

Sponge metal: 
Imports for consumption ____ _do__ 5,172 6,963 4,190 1,778 2,387 
Consumption ____________do__ 20,173 26,896 17,626 13,315 16,236 Price, Dec. 81, per pound ________ $1.42 $2.25 $2.70 $2.70 $2.98 

World production: 
Ilmenite concentrate ____-_short tons._ 2,983,128 8,518,640  °3,194,028 3,526,256 3,722,628 Titanium slag ______________do_ "947.394 936,023 #931505 #911,044 785,096 Rutile concentrate, natural _.____do._ 385,284 397,765 ° 421,532 471,478 1395,502 eee ES ee en ve 

1Excludes U.S. production data in order to avoid disclosing individual company confidential data. 
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The Government stockpile goal for rutile provide waste-treatment facilities costing — 

, concentrate remained at 173,928 tons, and about $30 million to reduce water dis- 

total rutile stockpile inventory in December charges of solids and iron by 96% and 99%, | 
1977 was 39,186 tons. respectively, from current levels by April 

A bill to continue the suspension of the 1980. 
import duty on synthetic rutile until June The Georgia Supreme Court upheld a | 
30, 1979 became law on November 8, 1977 lower court decision overturning a $321,000 
(Public Law 95-160). fine against American Cyanamid Co. that 

At mid-year the B-1 bomber program was WS levied in 1973 for discharging titanium 

cancelled, which reportedly would have con- pigment Plant wastes into the Savannah 
sumed about 165,000 pounds of titanium per f on bef © Cy was a bega or + oti 

plane. While the Cruise missile, which is to ¢ it Sava y nwa gan cons facilit A 

be developed instead, and refurbishing of ©! t8 Savannah wastetreatment tactity 
the B-52 aircraft to carry the missile, will UDtil the wastes were treated to meet State ee ees s ards. 

_ use significant amounts of titanium, the The Federal Trade Commission authoriz- | 
total quantity required was expected to be eq an investigation of the titanium dioxide 
men ss phan for the e ot 3 pigment industry to determine whether pro- 

nder the terms of a consent decree ducers or suppliers of TiO. pigments or | 
settling an Environmental Protection Agen- _titaniferous raw materials have been engag- | 
cy (EPA) lawsuit, NL Industries, Inc. agreed ed in restraint-of-trade activities and price 
to build a new chloride process pigment fixing. The fact that the industry shrank 
plant at its St. Louis, Mo., sulfate process from nine producers in the early 1970's to 
plant site. In addition, the company was to _ six firms in 1977 was to be examined. , 

| DOMESTIC PRODUCTION | 

Concentrates.—Production and _ ship- ing of the reduced ore with 18% to 20% 
ments of ilmenite concentrate decreased 2% hydrochloric acid to remove iron, and recov- 
and 12%, respectively, the fourth consecu- eryoftheacidfromthespentliquor,  _ 

| tive yearly decline for both categories. Tita- Airborne radioactivity surveys and 

nium dioxide contained in concentrates ground investigations conducted by the US. 
shipped was 12% less than in 1976. The Geological Survey revealed deposits of tita- 
average TiO; content of shipments increas- nium minerals and other heavy minerals at 
ed from 60.7% in 1976 to 61.1% in 1977. five locations in ancient beach sands in 
Production increased 34% at the ASARCO Charleston County, S. C. Evidence indicated 
Incorporated mine in Manchester, N.J.;6% that the beach sands: contain about 1.1 
at the mines of E. I. du Pont de Nemours &  jnijjion tons of titanium minerals, predomi- 
O° Inc. (Dupont), Starke and aoa nantly ilmenite. Survey investigators on the 

Mla; and 4% al the mine of SCM Corp, project emphasied. that’ more detailed 
ever, were insufficient to offset decreases at exploration will be needed to determine 

the mines of NL Industries, Inc., Tahawus, whether th e deposits can be mined eo” 
N. Y.; Humphreys Mining Co., Boulougne, eh co, y- f larce-di drill; 
Fla.; and Titanium Enterprises, Green Cove program Ot larg tlameter core drilling 
Springs, Fla. to obtain representative bulk samples for 

Kerr-McGee Chemical Corp. began oper- laboratory and pilot plant metallurgical 

ation of its $53 million synthetic rutile Sts was completed by Buttes Gas & Oil Co. 
plant at Mobile, Ala., which has a reported at its titanium deposit in Colorado. The 
production capacity of 110,000 tons per Property consists of a random mixture of 
year. During 1977, this plant supplied feed Coarse segregations of perovskite, the major 
material for Kerr-McGee’s 11-year-old, titanium-bearing mineral, with magnetite, 

50,000-ton-per-year pigment plant at Hamil- ugite, biotite, and mica.° 
ton, Miss., and was intended to eventually Ferrotitanium.—Ferrotitanium was pro- 

provide feed for a new pigment plant of the duced by Shieldalloy Corp. at Newfield, 
same capacity to be built at Mobile. The NJ., by the Pesses Co. at Solon, Ohio, and 
synthetic rutile plant was operated in 1977 by Reactive Metals and Alloys Corp., West 

using ilmenite from Australia and employ- Pittsburgh, Pa. As in the years prior to 

ed the Benilite Cyclic Process, which in- 1977, most of the production contained 40% 
volves partial reduction of ilmenite, leach- titanium or higher.
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Table 2.—Production and mine shipments of ilmenite concentrates! 
| from domestic ores in the United States 7 

. | Production . Shipments. = 

Year (short tons, = “Shorttons. ‘Tig content ‘Value 7 
| gross weight) (gross weight) © (short tons) (thousands) 

1978... ee 776,018 804,355 - 458,641 $20,128 
1974 144,571 755,338 434,605 22,715 
1975 -- 717,281 102,252 404,269 26,946 
1976 __. 652,404 617,896 374,989 27,578 
1977. 638,508 542,383 $31,189 25,200 

LL LS SS ES SRS SSS SSO SSS Sf SSS sem sis SSS ete SLES 

4Includes a mixed product containing rutile, leucoxene, and altered ilmenite. . 

| Table 3.—Titanium metal data : 
| | (Short tons) | 

CO | - . 1978974 975 1976. 977 

re mports for consumption wee ee 5172 6968 4199 $1,778 2887 © ° 
Industry stocks 2. 1,941. 8,822 5,669 3,617 3546 - . 

i - Government stocks (total inventory)! 2..0-..__..-_ 82,517 $1,104 81,692 «Ss: 82,329 82,329 
Consumption _____2....--2---------L----. 20,178 26896 17,626 183815 16286 © = 

Scrap metal: =. . os re ee CaS mote 
: ‘Consumption — ~~. ~~~ L. — 10,088 10,599 —s- 8,316 ' 9,211... 10,889 Be 

. — Stocks —--_--_----------- een ee. AAT 5517 6,182 «45,764. 6827) 

- Tne Ot oduction aonb nee ee 28,982 $6,132 25,560 21,614. 26302 9°. 
| . + Consumption __.--__--.-. i i= «25,409 «81,568 = «24,486 = 21,004 = «25, 241 : 

 . Stocks ---- ~~~ eee NA NA 1,082 1,881 1898 
7 _ Net shipments of mill products**__..........-..-._--. 14,580 17,4438 s«15,628 = 14,498) 15,466 ts 

a "Revised. NANotavailable. - ‘ . Pe 
- 1Asof December 3lofeach year. sts ae - re mo . 

foe Includes alloy constituents. | oe | oe oe — | | 
| *Bureau of the Census, Current Industrial Reports Series DIB-991. — Jo ae re 

7 Metal.—Production of titanium sponge were Titanium Metals Corp. of America 
metal in 1977 was 43% higher than in 1976. (TMCA), Henderson, Nev., jointly owned by oO 

_ _Ingot production was up about 22% from NL Industries, Inc., and Allegheny-Ludlum _ o. 
the 1976 level. Steel Corp.; RMI Co., Ashtabula, Ohio,own- 

_ In October, an explosion in the titanium ed by National Distillers & Chemical Corp. | 
_ sponge metal plant of Oregon Metallurgical and United States Steel Corp.; and Oregon — 

Corp. at Albany, Oreg., caused extensive Metallurgical Corp., Albany, Oreg., owned | 
_ damage and suspension of sponge pro- by Armico Steel Corp. and Ladish Corp., — 

duction. The sponge plant was being repair- which resumed production late in 1976.The  .— 
- ed and was expected to be back in pro- following eight companies produced tita- _ 7 

| duction by the end of March 1978. nium ingot: - 
Sponge-producing companies during 1977 . a | 

| Company | Plant location 

Crucible, Inc., Colt Industries ____._.____..-------.----..____..._.___ | Midland, Pa. 
Howmet Corp., Alloy Division ~___...._-_--~. ~~~ LL Whitehall, Mich. 

Lawrence Aviation industries, Inc ~~ ~~~~72222 2272722772777 7277272727277 Port Jefferson, N.Y. 
Martin Marietta Aluminum, Inc ______..§ -/-§ -- - » 5 eee Torrance, Calif. 
Qregon Metallurgical Corp we eee ee eee eee Albany, Oreg. 

Co _-- ig eee _____ Niles, Ohio 
Teledyne Allvac __________-_.--------------~-- +e Monroe, N.C. 
Titanium MetaJs Corp. of America ~______....---~_ Le Henderson, Nev.
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Pigment.—Pigment production was 4% producing titanium dioxide pigment during ee 
lower than in 1976. Rutile pigment account- the year, with plant location and estimated | 
ed for 76% of total production and was pro- capacity at yearend in tons per year, were 

| duced by six manufacturers. Five compa- as follows: | : OS 
nies produced anatase pigment. Companies _ | | oo 

— Co d plant locati a - Pigment capacity (tons per year) | 

. =a Sulfate process Chloride process . 

American Cyanamid Co., Savannah,Ga __________----------------. _50,000 50,000 
E. I. du Pont de Nemours & Co., Inc.: . 

Antioch, Calif _.__________-__~ ~~ _- 30,000 
Edge Moor, Del _________._ ~~~ -__~ ee _- 160,000 
New Johnsonville, Tenn___§_§_. / /_/§~/_~ >_>» 5 2 eee ee __ 235,000 
Kerr-McGee Chemical Co., Hamilton, Miss ___________..__-__~-_----- __ 50,000 
NL Industries, Inc.: - . 

St. Louis, Mo ~~~ ~~~ -________ 40,000 — 
Sayreville, N.J =... ..-________--_-~___-~----~~~-~-~~------- 190,000 a 

Gulf + Western Natural Resources Group Chemicals Division _ 
(formerly New Jersey Zinc Co.): f 
Gloucester City, NJ. 42,000 _- 

cig tabula, Ohio Bacal /Motallunical Didiion “7 30,000 
Balen le ee eee ee em 55,000 30,00 

' Ashtabula,Ohio _____-_____-____~_~___ ~~~ -- 42,000 

| Total.» eee 287,000 627,000 

Table 4.—Titanium pigment data 
Oo (TiO, content) 

Year Production ___ Shipments” 
(short tons) Quantity Value, f.o.b. 

Ort tons) (thousands) 
1978 _-_-___-_ ee 784,996 798,991 $404,689 
1974 ~_-____ ee 786,672 759,068 513,409 
1975 ~-w eee 603,429 576,097 423,701 
1976 _-_-_-- 712,940 711,774 594,846 
197797 _ ee 687,103 696,552 602,383 

1Includes interplant transfers. . 

| Source: U.S. Bureau of the Census. 

Dupont authorized final funding to com-_ capacity during the second half of the year. 
plete construction of its 150,000-ton-per- SCM Corp., Pigments Group completed a 
year, chloride-process pigment plant at 40% expansion of its chloride process TiO, 
DeLisle, Miss. The plant was expected to be plant in Ashtabula, Ohio, and installed new 
completed in 1979 at a total cost of over slurry facilities at its Baltimore, Md., and 
$150 million. Ashtabula plants. 

NL Industries cut production 50% late in The total amount of TiO. pigment used in 
the year at its St. Louis, Mo., pigment plant slurry form reportedly has been increasing 
in an effort to reduce the plant’s air emis- steadily, and was expected to climb from 
sions and to help achieve uninterrupted 52,000 tons per year in 1975 to about 121,000 | 
operations, following repeated St. Louis tons per year in 1980. 
County air. pollution alerts, which had re- American Cyanamid Co. announced it 
quired 25% to 50% curtailments in pro- was making available for licensing to other 
duction, and one air pollution emergency U.S. manufacturers its technology for the 
order requiring a temporary plant shut- treatment of titanium dioxide pigment 
down. The company’s Sayreville, N.wJ., plant acid waste, involving neutralization 
plant, which resumed production in June with limestone and lime and formation of 
after a 5-month post-strike startup and gypsum and iron oxides. American Cyana- 
refurbishing period, operated at reduced mid has used the process at its Savannah,
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Ga., titanium dioxide pigment plant since SCM Corp. was reportedly operating the 
1975, and was reported to be making pro- first stage of a similar waste-treatment 

| gress in selling the gypsum byproduct. facility at its Baltimore titanium pigment 
However, the company stated that even plant, and expected to start up the second 
selling all of the gypsum would probably stage by early 1978. SCM also planned to | 
recover no more than 25% of treatment sell much of its gypsum byproduct, and has 
costs, said to be about $90 per ton of offered to sell its technology. | 
pigment. | | 

| _ CONSUMPTION AND USES | | 

Concentrates.—Consumption of ilmenite | Dynamics’ F-16 production. Titanium con- — 
and titanium slag decreased 7% and 27%, sumption in the F-14 and F-15 was expected 
respectively, from 1976 levels. Rutile con- to decline further in 1978, offset somewhat 
sumption increased slightly during 1977. ——_—srby increased F-16 production.‘ 

- Metal.—Consumption of titanium sponge Titanium shipments for use in commer- . 
and ingot increased 22% and 20%, respec-_ cial airplanes increased in 1977, and com- 
tively, while scrap ‘metal consumption ifi- mercial aircraft demand for titanium in 
creased 18%. Net shipments of mill pro- 1978 and beyond was expected to be strong. 
ducts increased 7% over the 1976 level. Leading manufacturers of airframes and 
Improved demand was reported for all pro- engines reportedly believe that the goals of 
duct categories except pipe, extrusions, better fuel consumption, smaller engines, 
tubing, and castings, which reflected aslow- and lower noise levels for jetliners schedul- 
down in requirements for chemical-process _ ed for flight in the early 1980's will require 

. and power-generation equipment. _ more titanium than the 10% to 15%, by 
The military aircraft industry continued weight, used in current wide-body jets.5 One | 

to be the main consumer of titanium mill source estimated that in Boeing’s next 
products during 1977, although at a15% to major jetliner project, the medium-range 

| 20% lower rate than in 1976. Major pro- “7 X 7,” the proportion of titanium might be 
grams contributing to military consumption 50% greater than in the 747-SP, which 
were the McDonnell-Douglas F-15, the currently contains about 12,000 pounds of 
Grumman F-14, and the start of General finished titanium parts.* oo, 

Table 5.—Consumption of titanium concentrates in the United States, by product 

| | (Short tons) | 

| Ilmenite* Titanium slag Rutile 

Year and product Gross TiO2 Gross Ti02 Grogs TiO2 
weight content® weight content® weight content® 

1973____._-____________ 807,733 479,231 281,791 199,287 276,907 263,365 
1974. 851,977 501,276 257,125 182,257 — 292,661 277,720 
1975 --__-------------- TAT B21 482,409 147,965 104,585 281,480 218,023 | 
1976: a : 

Alloys and carbide _ _ _ — — () ' () "@) ?) () 
Pigments ___________ 811,975 490,845 203,964 144,506 207,440 194,950 
Welding-rod coatings and 

fluxes ____________ cd) (?) _- __ 8,153 7,736 

Miscellaneous*-------- 10,2840 07,168 120,926 
Total ___________ 822,259 498,013 203,964 144,506 237,718 223,612 

1977: ON 
Alloys and carbide _ _ _ ~ _ ~ () ?) @) ) (?) (?) 
Pigments __________- 5856,922 5514,429 149,454 106,201 81 45,493 6136,191 
Welding-rod coatings and , 

fluxes _-__________ (?) (7) _- __ 8,616 8,184 

Miscellaneous*-------- 9,682 6,765 8181029, 465 
Total ___-------- 5866,504 5521,194 149,454 106,201 6185,419 £173,840 

| Estimate. : - 
1Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 
2Included with “Miscellaneous” to avoid disclosing individual company confidential data. 
SIncluded with “Pigments” to avoid disclosing individual company confidential data. 
“Includes ceramics, chemicals, glass fibers, and titanium metal. 
‘Includes estimate of imported ilmenite used to make synthetic rutile in the United States. 
®Includes imported synthetic rutile, but excludes synthetic rutile made in the United States from imported ilmenite.



Oo Demand for titanium in the chemical-pro- making decreased 8% from 3,802 tonsin 
_. cess, pulp and paper, and power-gener- 1976 to 3,688 tons in 1977. The use of these _ a 
. . ation industries was relatively low in 1977, materials in stainless and heat-resisting 
_.. but_was estimated at 25% to 30% of mill steels increased 2% to 2,049 tons; usage in9 
_ Product shipments; the proportion is ex- carbon steels dropped 20% to 780 tons. == 

pected to double by 1980, Major growth in Consumption in other alloy steels, including 
a the use of titanium for industrial uses has high-strength, low-alloy (HSLA) steels, ine «sit 
_ been for surface condensers for power- creased 5% to 859 tons. _ Oo 

_ Generating stations, in handling of chlorine ~The amount of these titanium materials 
| Groxide | solutions in the Pulp and Paper used in cast irons, superalloys, and other 

ee heockiah’ en and dling see - alloys was 1,118 tons, down 30% from the = =—=s_—© 
Water, “brackish = waler, ane ~..- Corresponding 1976 figure. - Be, 

_—“Sigment—Preliminary figures showed a, Ferrotitanium is the main form in which = 
| | . any . Fr titanium is added to steel or other alloys; 2% decrease in pigment shipments in 1977. ne oe ou | 

2 . coe in | nti ~ however, scrap titanium is used to make | _ The largest increases in consumption, by a caaerear 2 ra 
use, were plastics 16%, rubber 13%, ceram- ™0st of the ferrotitanium and for direct — 
ics 7%, and paints 5%. Consumption in additions to the alloy melt. Table 7 shows _ 
floor coverings increased 36%, and is the amount of ferrotitanium plus titanium 

included in the “Other” category which scrap used for steel and other alloys for | 
_ decreased 11%. Usage of TiO, in printing 1978-77. Ferrotitanium is used in grades _ 

ink, the largest single item in “Other,” was ranging from 20% to 70% titanium; infor- | 
unchanged. ae _ mation on the amount of each grade used is a 

_. Ferrotitanium.—The amount of ferrotita- not available, but the 70% titanium grade is | 
nium and titanium metal used in steel- said to be preferred for steelmaking. 

| Table 6.—Distribution of titanium pigment shipments, titanium dioxide content, . 
y industry | , | : 

| _ (Percent) | , : 

Industry oo 1978 1974 +1975 1976 ‘1977 | 
. Paints, varnishes, lacquers aan 4 eae eee 525 52.5 537 Bld 52.0 | 

Plastics s (except floor covering and vinylcoated =*=~S*é=<“<—~S*~*~S*~S~S , Se TT - 
- fabrics and textiles) _..-....-..._-__..-_.---__-__- ee 98 13. 74 106 1217 

Rubber... 32 27 2.8 2.7 8.1 
Ceramics _-__.-- el 2.1 1.9 1.9 19 
Other _._- Lt 9.8 8.8 7.6 9.4 8.2 
Exports ..--. 2 2.3 89 26 2.9 2.4 

Total _.-_----------+-------------------------- 1000 1000 100.0 100.0 100.0 

Table 7..-Consumption of titanium products’ in steel and other alloys 
(Short tons) 

| | 1978 61974 «= «1975 s«1976—s«1977 

Other alloy steel (includes HSLA)--__-----2-22222222222 «(58969 'B8BOSsC“C~*iCRS:SCSCS 
Tool steel... 5 eee WwW Ww Ww Ww Ww 

Total steel? ______-__-___-_-----_------------. 3,104 4,420 -2,759 3,802 = 8,688 

Castirons _.._____.-__._.._.--_--~_--------__- 124 108 96 100 92 
Superalloys ~----- 583 779 585 455 482 

loys, other than above____§__§____ ~~~ ~~~ Le 1,166 2,080 1,548 768 537 
Miscellaneous and unspecified _. ___...___._.----.--- _- 142 34 182 273 7 

Total consumption -—__----.~..-~--------------- 5,119 7,421 5,170 5,398 4,806 

. W Withheld to avoid disclosing individual company confidential data; included in “Miscellaneous and unspecified.” 
Includes ferrotitanium containing 20% to 70% titanium and titanium metal scrap. — 
2Except for data withheld and for unspecified included under “Miscellaneous and unspecified.”
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Figure 1.—Salient trends of titanium products, 1976-77. 

STOCKS | 

During 1977, inventories of ilmenite in- ter, and at yearend were 2% below the 
creased 17%, while those of titanium slag December 1976 level. Scrap inventories in- 
and rutile decreased 37% and 15%, re- creased 18% during 1977. Industry stocks of 
spectively. Stocks of titanium sponge various grades of titanium pigment were 
decreased 10% in the first three quarters of 75,234 tons at the end of 1977, up 5% from 
1977, then increased during the last quar- the corresponding 1976 figure. 

Table 8.—Stocks of titanium concentrates 
in the United States, December 31 

(Short tons) 

Gross TiOz 
weight content® 

Ilmenite: 
1975 ______.______ 686,881 378,181 
1976 ____________ 707,898 429,801 
1977 ____________ 825,912 514,379 

Titanium slag: 
1975 ____________ _ 87,688 62,130 
1976 ______._____ 99,108 70,242 
1977 ____________ _ 62,582 44,463 

Rutile: 
1975 _.__._______ 199,572 181,742 
1976 ____________ 152,251 143,248 
1977 ____________ 129,382 121,297 

“Estimate.
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PRICES | | 

Concentrates.—Price quotations of il- 1977. Declared valuations of synthetic rutile . 
_ menite (imported, 54% TiO.) in domestic shipments entering U.S. ports averaged 

| markets remained at $55 per long ton $133 per short ton for the year, and cif. 
throughout the year, while Australian ilme- values averaged $152 per short ton. 

| nite prices increased in October 1977 from = The price of titanium slag f.o.b. Sorel, _ 
SALBSALB Lo. ae peer metric Pi Quebec, was increased to $102.50 per long 
“0.0. . to Janu 1, 1977, and ined at concentrates (58% to 60% TiO.) decreased chat level throughout the year. nemmamee 8 

| to me third qneer om 23 Per metricton = Metal.—The published price of domestic _ 
Oo $ Der metric ton 1.0.b. an ports. titanium sponge was increased in Novem- - ‘Rutile spot prices bulk, f.o.b. cars at : . ber from $2.75 per pound to $2.98 per Atlantic, Gulf, and Great Lakes ports, were und. Published prices for Japanese 

quoted at $510 per short ton in January and P0URC: in th P f $2.45 ‘e $2.65 
_ at $360 in November and December. Long- °P08 nd thro he it the OF Pe tatio 

term contracts presumably were concluded Pe! Pound throughout | Ke year. Quotations 
at somewhat lower figures. Published prices for mill products throughout the year were f.o.b. Australian ports began the year at 28 follows: Bar, $7.48; billet, $4.86; plate, 

7 $A220-$A230 per metric ton, decreasing to $6.50; and sheet and strip, $11.90 per pound. 
$A200-$A210 by April, $A190-$A200 in lgment.— The price of titanium gloxide 

7 October, and $A180-$A190 in December. pigment in carload lots increased in June 
Declared valuations of shipments entering 48.5 cents per pound for most grades of 
U.S. ports were in the range of $224-$353 rutile and 43.5 cents per pound for paper- , 

, per short ton in the first quarter, and $173- grade anatase, and remained at these levels 
| $238 per short ton in the last quarter of for the rest of the year. 

| | FOREIGN TRADE OS | | 

Exports of titanium dioxide amounted to 1977 were nearly double those of 1976. 
| 16,336 tons, 21% below the 1976 total. Of Imports of Sorelslag were 12% less than in 

the 1977 total, Canada received 18%, the 1976. Imports of natural rutile were 50% 
Republic of Korea 18%, Venezuela 13%, lower and imports of synthetic rutile were | 
Brazil 11%, other Latin American and West 69% lower than in 1976. 
Indian countries 12%, Western Europe Imports of unwrought, waste, and scrap | 
11%, Japan 7%, other Far Eastern nations titanium were 89% higher than those of 
6%, and other countries 4%. 1976. Of the 1977 total, 2,387 tons was 

Exports of unwrought, waste, and scrap sponge. Sponge sources were Japan (1,673 : 
titanium were 45% lower than in 1976; 46% tons), the U.S.S.R. (469 tons), and the 
went to the United Kingdom, 27% to Italy, United Kingdom (245 tons). The sponge 
9% to Belgium, and 7% to the Federal shipments from Japan, the U.S.S.R., and 
Republic of Germany. The average valua- the United Kingdom had an average declar- 
tion was 83 cents per pound, or 13 cents per ed valuation of $1.92, $1.91, and $1.89 per 
pound more than in 1976. Exports of in- pound, respectively. 
termediate mill shapes and mill products Imports of pigment totaled 114,810 tons 
were 1% lower than in 1976. during the year and constituted 14.7% of 

Imports of ilmenite from Australia in domestic consumption. 

Table 9.—U.S. exports of titanium products, by class | 
SEE 

comtentrates sponge ‘and scrap shapes and mill ae eand Year ,1.€.€. 
“Quantity” Value Quantity Value” ~OGantin Value” OWNS 
Wahoe” Chae Suter alee ugaity Yate Quant Yale 
tons) sands) tons) sands) tons) sands) tons) sands) 

1975 3,147 $505 4,326 $7,630 1,900 $24,726 15,807 $12,110 1976 4,802 477 6,144 8,547 1,065 15,089 20,580 16,229 1977-9 22,679 748 3,394 5,643 1,050 14,254 16,336 12,628
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Table 10.—U.S. imports for consumption of titanium concentrates, by country 

| 1975 "1976 1977 
Count _ Quantity Value Quantity § Value Quantity Value 

oy a wey - (short = = (thou- (short (thou- (short (thou- . 
. tons) sands) ‘tons) sands) tons) _ sands) 

~-‘-Timenite: oe L. 
Australia ~..__~_~ ~~~ 98,352 . . $1,674 -168,402 $2,646 309,902 $4,590 

. Canada_________________ 221 11 -- - -- oe -- 
India ___ 2 ~~~ 19,428 317 -— _- -- _- 
Netherlands? __ -__________ a ee —_ _. 25,088 1,087 . 
Sri Lanka ~~~ ~~~ 4,010 57 _— _— me -_- 

Total________.________ 2122,010 2,059 168,402 2,646 334,990 5,677 ) 
Titanium slag: ' 

Canada_____--.--_--_~_- 212,682 13,844 171,624 13,291 150,564 13,514 

Rutile, natural: | 
Argentina’ ______________ _— _- _= -— 7,862, 1,789 
Australia ~._~~____~_____ 166,298 35,494 ~ 196,085 42,037 88,681 18,659 
Austria! ________________ — _- -— _- 23 3 
Canada’ _______________ 135 58 _- —_ __ __ 
Netherlands? ____._______~- _- _— _- -_ 678 489 . 

Total __~_-_.-__~_ ~~. 166,433 35,552 196,035 42,037 97,239 20,940 

Rutile, synthetic: _ 
Australia 2 34,222 6,218 43,866 6,955 17,351 2,103 
France’ ___ __ __ _. (3) 1 
India ~~~ 6,614 900 11,011 1,668 5,500 750 

_ Japan ________--_.---~-_ 16,878 3,599 26,363 3,193 8,691. 682 
‘Taiwan. 3538  %°92 4487 996 19 5 

| — Potal 258,066 = 210,810 =—S85,677 12,812 26,561 3,541 
Titaniferous iron ore:* a 

_ Canada_______-___----~~- 46,031 1,255 91,692 2,778 82,753 2,526 

1Country of transshipment rather than country of production. oe . 
2Data do not add to total shown because of independent rounding. 
SLess than 1/2 unit. , 

. “Includes materials consumed for purposes other than production of titanium commodities, principally heavy 
aggregate and steel furnace flux.. . . 

| - Table 11.—U.S. imports for consumption of unwrought titanium and waste and scrap | 

| | 1975 1976 1977 | 

Count : Quantity Value Quantity Value Quantity Value 
mmery (short (thou- (short (thou- (short (thou- 

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

Australia __-_§ ~~~ ee 3 $5 _- _— 3 $4 
Belgium-Luxembourg ______._.__.___-_L_ - _ _- 28 $24 15 36 
Canada ___-_ 154 230 219 291 190 393 
France __.__~_~_~_~~__~_ 4l 92 29 49 89 238 
Germany, Federal Republic of _._._-___._______ 69 185 153 317 793 709 
Israel _._- ~~ -§ 5 ee — _~ -- _— 1 7 
Italy. _— _— —_ a. 7 10 . 
Japan ___ ~~~ 2,545 9,882 1,659 6,114 1,882 7,166 
Mexico ________~___-~_~-~_~~_-~_______° 3 3 3 8 _- _— 
Netherlands ______._.~_________~__-____ 18 31 - = 152° 145 57 95 
South Africa, Republic of _...-.-~___._-___ _- __ - Q 4 () 1 
Spain _.__-__ -- -- 7 26 -- -- 
Sweden _____§_______ 4 11 61 57 _- _— 
Switzerland ______________-__________ _- _- _- __ 2 - 6 
USS.R ~~ 1,698 4,326 742 1,289 2,321 3,783 
United Kingdom ______________________ 531 1,846 583 1,428 1,521 3,103 

Total _._._______-~_ 5,066 16,111 3,638 9,752, 6,881 15,651 

1Less than 1/2 unit. 

WORLD REVIEW 

Australia.—Australia continued todomi- 1,191,261 short tons, including an esti- 
nate world markets in mineral sands, par- mated 11,799 short tons of leucoxene. Rutile 
ticularly ilmenite, rutile, and zircon. In production was 357,557 short tons, 18% . 
1977, ilmenite production increased 9% to lower than in 1976. Exports of ilmenite
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Table 12.—Titanium: World production of concentrates (ilmenite, rutile, 7 | 
| and titaniferous slag), by country | | | 

Se (Short tons) 

| Country! | 1975 ~~——S=«dSTTG 1977? 

Ilmenite: ? | 7 . 
Australias _.§-___ = ee sST,111,464 1,097,159 1,191,261 
Brazil ek 5,066 16,110 © ©16,500 
Finland_______________________- ee 135,143 135,143 137,458 
India® ee 90,000 ™100,000 150,000 - 
Malaysia ___________ =» 123,732 198,410 169,388 | 
Norway ___ ~~. -___. eee 580,549 845,101 913,108 
Portugal _.. ee 234 405 410 
SriLanka _.__._____.____-_-_----------_------- 70,559 61,524 &66,000 

| United States® __._________-=__ 717,281 652,404 638,508 
USSR®° ______-__.-_---------------------------____360,000__*420,000____440,000 

Total_______._~ eee 73,194,028 3,526,256 8,722,628 

Rutile: | . 
Australia.» 5» 5 5 ™388,990 435,791 357,557 | 
Brazil 5 eee 115 141 145 
India®_ - 4,000 F &4 400 6,600 : 
SriLanka _____~_~_ ee 3,427 1,146 1,200 | 
United States _. 2 Ww Ww WwW 
USSR®-_0 30,000 30,000 30,000 

| Total. _____-___-___------------------------ "421,532 471,478 395,502 | 

Titaniferous slag: | 
Canada® ________ eee ™826,563 907,201 783,742 
Japan __-_____._-_--_------------------------ . 4,942 3,848 1,354 . 

Total___________-____---------------------- "831,505 «911,044 785,096 

| °Fstimate. Preliminary. Revised. W Withheld to avoid disclosing individual company confidential data. 
1In addition to the countries listed, the Republic of South Africa began to produce ilmenite and rutile concentrates in 

1977, but one level & not quantitatively reported and available general information is inadequate to make reliable 

2Ilmenite is also produced in Canada and reported separately in Canadian sources but is not reported here because it is 
almost entirely used. in slag production (see below under titaniferous slag). 

. eqncludes leucoxene as follows in short tons: 1975—18,597; 1976—11,616;.1977—11,799. | 

SIncludes a mixed product containing ilmenite, leucoxene, and rutile. 
Contains 70% to 72% TiO. | | 

including leucoxene were 1,207,274 short when the island is to become a national 
tons, up 14% from those of 1976, and rutile park. Among the companies involved on 
exports were 271,964 short tons, 29% lower Moreton Island were Dillingham Minerals, 
than in 1976. Ilmenite exports went mainly Ltd., Associated Minerals Censolidated, 
to the United States, the United Kingdom, Ltd., and Mineral Deposits, Ltd. In New 
Japan, France, and Brazil; rutile was ex- South Wales, the State Government report- 
ported mostly to the United States, the edly decided to permit sand mining to 
United Kingdom, the Netherlands, Japan, continue in national park areas for the next 

Italy, and the Federal Republic of Germany. 5 years, after which time no mining is to be 
Supply of beach sand minerals continued permitted in national parkland. 

to exceed demand. Depressed markets for Mining applications were reported to 
rutile and zircon, coupled with metallurgi- have been rejected on environmental 
cal problems, led to suspension of Western grounds for the first time by the Govern- 
Mining Corp.’s mineral sands operation at ment of Western Australia. The applica- 
Jurien Bay in Western Australia. tions involved plans for ilmenite dredging 

Following the withdrawal of export li- in Hardy Inlet at Augusta by Northwest 
censes for mineral concentrates mined from Development Corp., Ltd. 
Fraser Island, Queensland, sands at year- Queensland Titanium Mines reportedly 
end 1976, there was continued environ- accepted the Australian Government’s offer 
mental pressure to further restrict mining of $440,000 compensation for 1977 profits 
of sand minerals. The Queensland State the company has been denied as a result of 
Government was reportedly considering al- the Government’s withdrawal of export li- 
lowing only 6% of Moreton Island to be censes for Fraser Island mineral concen- 

_ mined, with all mining to cease by 1990 trates. However, the Dillingham-Murphy-
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ores Minerals consortium, whose operations Sorelflux (ilmenite used asafluxinelectric == 
| were also halted, rejected a $4.4 million steel furnaces) was down from 157,000 tons : 

_ offer in late 1977, and was reportedly de- in 1976 to 134,000 tons in 1977. The Sorel- 
_ -- manding $23.9 million settlement. =. ~—~_— slag _was primarily exported to the United st 

_. Mineral Deposits, Ltd., was reported to Kingdom, Western Europe, and the United == 
| have deferred development ofits planned States. About 13% of production wassoldto = =—s—y 

$15 million Agnes Waters mineral sands Canadian Titanium Pigments, Ltd., Varen- 
project in Queensland, because of the uncer- nes, Quebec, a subsidiary of NL Industries; | 
tainty concerning future sand mining regu- and Tioxide of Canada Ltd., Tracy, Quebec, — | 
lations. Oo Bo a subsidiary of BTP Tioxide, Ltd. United 

-_.. Tioxide Australia Pty. Ltd. and Westra- Kingdom. Production from these plants, | 
--. lian Sands Ltd. agreed on a plan to merge. whose combined annual capacities total | 

| the two firms. If approved, the merger will about 76,000 tons, was about the same as in | 
give Tioxide a 40% share in Westralian 1976. | | _ 7 
Sands, along with an option to increase this © European . Economic Community 

_ holding to 51% should Westralian Sands (EEC).—The EEC opened an inquiry into 
decide to proceed with plans to build a alleged Japanese dumping of wrought unal- 

_.  110,000-ton-per-year ilmenite beneficiation loyed titanium. Japanese exports reportedly 
plant. Westralian is traditionally a supplier held a 32% share of the EEC market in 

: to the Tioxide group. The merger will result 1977, compared with 16% in 1974. — 
_ ina combined ilmenite output from adja- . An EEC commission proposed a new tita- 

cent deposits of over 440,000 tons per year. | nium dioxide waste-control formula. Nospe- 
Dupont reportedly acquired an additional cific timetable was proposed for phasing out 

| 25% interest in Allied Eneabba Pty., Ltd., _ pollution from sulfate-process plants,except = | 
through its subsidiary, Dupont (Australia) that it should be reduced or eliminated over 
increasing the company’s total equity in a 10-year period. Anticipated means of re- 
Allied Eneabba to 40%... ducing such pollution included increased 

Brazil.—For development. of the anatase use of higher grade feed materials, reproc- 
reserves at Tapira and Salitre, Mineracéo essing or land storage of solids byproducts, 

_ Vale do Paranaiba (VALEP), a subsidiary of and the neutralization or open-sea disposal 
Companhia Vale do Rio Doce (CVRD), of byproduct acids. It was proposed that all | 
which owned the reserves, arranged for new capacity be based on the chloride pro- 
New Jersey Zinc Co. to develop suitable cess which produces less waste.  _— | 
concentration technology. Based on prelimi- §_ _Jtaly.—A deposit of rutile in eclogite-type 
nary studies, production of 220,000 tons per rock in the Liguria region around Genoa 

- year of anatase is planned, which will be was reported to contain 3% to 5% rutile and 
processed to 165,000 tons per year of tita- to have proven reserves of about 165 million 

. nium dioxide pigment and 6,600 tons of tons of ore and possible reserves of at least 
titanium metal. The investment required 440 million tons. Mineral rights for the 
was estimated at $250 million, with New deposit are owned by Mineraria Italiana 

_ Jersey Zinc to be a minority participant. S.p.A. — 
The phosphate with which the anatase is. Plans by Montedison S.p.A for a 44,000- 
associated was to be recovered in a new  ton-per-year chloride process pigment plant 
plant scheduled to begin production in May at Crotone reportedly had to be changed 
1978, with 1 million tons of titanium ore to because the area selected contains the ruins | 
be stockpiled during the first 2 years of of an ancient Greek necropolis. An alter- 
phosphate production. nate possibility is that of building the chlo- 

Titanio do Brazil S.A. (Tibras) reportedly ride plant at Scarlino, the site of Montedi- 
was planning to increase the capacity of its son’s sulfate process plant. 
titanium dioxide pigment plant from 25,000 Spain.—The 50,000-ton-per-year titanium 
to 55,000 tons per year. dioxide plant built by Titanio S.A. at Huel- 
Canada.—Shipments of Sorelslag by Que- va was reported to have increased Spain’s 

bec Iron and Titanium Corp. (QIT) were total TiO, production capacity to about 
784,000 tons, about 14% lower than in 1976. 80,000 tons per year. 
This reduction in shipments was due main- United Kingdom.—Laporte Industries 
ly to a 5-week strike over working condi- (Holdings) said it planned a $6 million 
tions at the Sorel, Quebec, smelter. Ship- expansion of titanium dioxide facilities at 
ments of Sorelmetal (a low-manganese pig Stallingborough. Both Laporte and BTP 7 
iron) increased from 515,000 tons in 1976 to Tioxide, Ltd., reported first-half profits , 
560,000 tons in 1977, and shipments of which reflected a slump in the titanium
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dioxide business. One source cited the prob- plant down after a few months of operation 
lem of worldwide overcapacity, with world because of startup problems and the de- 

| production capacity in mid-1977 at about 2.9 pressed condition of the rutile market. | 
| million tons per year and demand just § Sierra Leone.—Sierra Rutile Ltd. (owned | - 

under’Z.2 million tons per year: 85% by Bethlehem Steel Corp. and 15% by 
IMI Titanium, a division of Imperial Met- Nord Resources) was reported’ to be pro- 

al Industries, Ltd., reportedly invested gressing on schedule with development of 
sranafacturing Swansea, of tubine aned in the former Sherbro Minerals property. Ini- 

- tial output was expected in late 1978, with a 

condensers and heat exchangers. IMI repor-  janned production rate of 110,000 tons per 
ted in September the development ofanew |... of rutile concentrate. ___ 
high-temperature, creep-resistant alloy. y . eee og . 

g per ? Cep-Tes } 2 South Africa, Republic of:—Shipments of 
ee ? hich w as claimed tobe capare * rutile and zircon’*were: started from the 

600" C in ‘Tow-stress use) which the com- Richards Bay mineral ‘sands operation in 
pany says is 50° C higher than any other Natal. Richards Bay Minerals will manage 
commercial titanium alloy available the combined affairs of Tisand (Pty.) Ltd. 
worldwide. a : - . and Richards Bay Iron and Titanium (Pty.) 

Israel.—Israel Chemicals Ltd. was re- [Ltd., the companies responsible for the op- ; 
portedly trying to interest titanium dioxide eration of the new mine operations and the 

| pigment producers in building a 44,000-ton- smelter, respectively. The high-TiO: slag, to 
per-year sulfate-process pigment plant next be produced at the smelter beginning in 

| to its Timna copper mines near Eilat, Israel, March 1978, was expected:to contain 85% 
which are now closed because of market TiO:2, and will be known as RB slag. Five | 
conditions. The waste sulfuric acid effluent Japanese titanium dioxide. pigment pro- 
from the pigment plant would be used for ducers have reportedly ‘reached agreement 
leaching copper ore. —— to import 77,000 to ‘110,000 short: tons per 
_Japan.—Toho Titanium Co., Ltd., and year of RB slag at a base price of $158 per 
Osaka Titanium Co., Ltd., produced 7,049 ort ton. “8 3 ‘P : . re 

| tons of sponge metal in 1977, about 1% The planned annual production rates 
more than in 1976. Japanese exports of from Richards Bay Minerals were about 
sponge and mill products in 1977 were 2,535 440,000 tons of the 85%-TiO. slag, 62,000 
tons and 1,248 tons, respectively; the United tong of rutile, 127,000 tons of zircon, and 
tates received nearly 60% of the sponge; 939000 tons of low-manganese pig iron. 

e Netherlands, the Federal Republic of Most of the slag will go to sulfate-process 
Germany, France, and the United Kingdom TO odt rs. but sioni Ft ee bittiog 
received 40%. Domestic sales and internal Teen ut significant. quantities 
plant consumption increased. 10% to 5,193 will go to chloride-process producers.° 
tons. , U.S.S.R.—THe USSR. . was reportedly 

Toho Titanium was reported to be in- conducting feasibility tests on a high-grade 

creasing production of titanium metal “tanium ‘deposit, probably ilmenite, in the 
sponge in October 1977 from the previous Yaregsk région of the northern Ural Moun- 
level of 287 tons per month to about 330 tains. . oy SO ; 
tons per month, which is about 70% of _ Production of titanium metal sponge in 
Toho’s production capacity. Demand from the U.S.S.R. was estimated at 39,000 tons, 
both domestic and export markets was said 9% higher than in 1976. Soviet technology 
to have improved, notably in the commer- for producing titanium sponge was being 
cial airplane industry in the United States. | marketed by Southwire Corp., United King- 

Malaysia.—Malaysian Titanium Corp. dom, and was.reported to include upgrading 
started production of synthetic rutile by the of titanium-bearing concentrates, titanium 
Benilite process at its new 60,000-ton-per- tetrachloride production and purification, 
year plant at Ipoh, Perak, but shut the and titanium reduction. ° 

TECHNOLOGY 

Published results of Bureau of Mines light undercoatings of oxides of Ti, Zr, and 
research on titanium included papers on a__Cr;?° nitrogen diffusion in the Ti-TiN phase 
zircon mold-casting process for static cast- system; and coatings of. semiconductor 
ing of small titanium or zirconium shapes;? films of TiN, and ZrN, as selective solar 
stabilization of silver reflecting films with absorbers.’ A bulletin was published de-
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scribing the electroslag melting process and nell Aircraft Co., Rockwell International | 
its use for melting reactive metals including Corp., and the Air Force Materials Labora- —s~«Cws 
titanium, base metals, ferrous alloys, super- tory at the 1978 Annual Meeting of the 
alloys, and the refractory metals." AIME in Denver, Colo. Superplastic form- _ 

Other Bureau of Mines research included ing concurrently. combined with diffusion 
the following programs pertaining to tita- bonding was described as a _revolution- 

| nium: Physical beneficiation and smelting ary process for fabricating sheet structures Oo 
| of domestic ilmenites to produce a high- of Ti-6AL-4V alloy for various aerospace | 

titanium slag suitable for making titanium applications.*’ | Oo 
tetrachloride; recovery of byproduct rutile | Other cost-saving techniques being devel- _ 
from domestic copper mill tailings; recovery oped in 1977 included isothermal’ or hot- : 
of rutile, ilmenite, and other minerals from die forging? which can produce complex | 
black sand concentrates that are byproducts shapes in a single cycle, hot isostatic pres-— | 
of placer gold dredging, silica-clay oper- sing from powder," vacuum hot pressing,” 
ations, and sand and gravel operations on and cold isostatic pressing.”* Bell Aerospace 
the West Coast; development of a vacuum- Textron division of Textron, Inc., working 
rolling technique for bonding titanium and under an Air Force contract, found that 
other corrosion-resistant metals to steel; shear spinning tank segments from tita- 
development of processes for utilizing low- nium alloy sheet and plate cut scrap rates 

| cost molding materials, such as olivine almost in half and reduced labor costs about 
foundry sand for making titanium castings; 90% compared with the conventional ma- 
and electrodeposition of titanium diboride chining of titanium forgings. 
for protection of high-strength metals and . The U,S. supersonic transport (SST) pro- | 
alloys from oxidation, corrosion, or wear. gram resulted in significant developments 

Laporte Industries, Ltd. published a in titanium metallurgical technology..A 
paper“ describing its patented ilmenite _ two-phase, follow-on program, funded by 7 
beneficiation process,'5 which involves a the US. Federal Aviation Administration 

new variation of the oxidation-reduction was to document significant developments 
pretreatment of ilmenite for acid leaching. and to expand selected technological areas. 
By using a high temperature (900° to 950°C) A report was published that summarized 
for the oxidation treatment and controlling the work conducted under this program.”® 
the reduction step so that the proportion of | A comprehensive review of the use of 
the iron in the ferrous state is about 86% to titanium dioxide pigments for surface coat- 
92%, the treated ore is said to requireonlya ings was published by Metalgesellschaft 
single-stage leach with 18% HCl at AG.** This review covers applications, char- _ 
atmospheric pressure for 3-1/2 hours for acteristics of white pigments, manufactur- 
satisfactory removal of iron and other im- ing processes, development, and technical 

. purities. After washing and calcination, the service work. | : 
beneficiate typically contains 95.5% TiO, _ The use of organotitanates in plastics was 
and has the same particle size as the origi- found to promote improved performance of 
nal ore. plastic flame retardants. The organotita- | 

An extensive discussion was published on nate contains groups that couple to the 
the use of the Reichert cone gravity concen- inorganic surface of filler materials, such as 
trator for recovery of mineral concentrates TiO in a hydrocarbon vehicle, and allows 
from low-grade ores.'* Several patents were very high filler loadings to be used, greatly 
issued on various modifications of ilmenite reducing the source of flammability, the 
beneficiation by reduction and leaching and organic polymer itself.?” 

_ by chlorination. In chlorine beneficiation, ——————— 
iron is usually removed selectively as iron 20 ec nist Division of Nonferr Meck Titanium 
chloride, but in one patent, the titanium Deposits Found in South Carolina, U.S. Geol. Sarvey News 
content is largely chlorinated with substan- Release, Oct. 13, 1977, 2 pp. _ 
tially no net yield of iron chloride. The solid —_percussite Drilling for Balk See ammeter Core and 
residue contains the iron content in the MR. No.8, Augnat 1977 Pe. 80-82. i ts Rise Despite 
form of metallic iron.'” Military Cutbacks. Eng. and Min. J- v. 179, No.3, March 
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| | _ By Philip T. Stafford’ 

Domestic production and consumption of The reported price of tungsten concen- 

tungsten concentrate increased 3% and 6% _ trate, shipped from mines and custom mills, 

to 6 million pounds and 17.1 million pounds, increased 44% and averaged $145 per short 

respectively, compared with those of 1976. ton unit f.o.b. _ 

Almost 93% of this material was obtained Legislation and Government Pro- 

| from two mining operations, one in Califor- grams.—During the year, the General Serv- } 

nia and one in Colorado. Production of ices Administration (GSA) Office of Stock- 

ammonium paratungstate (APT) rose 17% __ pile Disposal continued to sell excess tung- 

to 14.9 million pounds in 1977, and reported sten concentrate on the basis of monthly 

consumption of APT decreased slightly to — sealed bids. Regular offerings of excess con- 

15.7 million pounds. Production and con- centrate were made at the disposal rate of 

sumption of. tungsten products increased 500,000 pounds of contained tungsten per . 

4% and 1%, respectively. Imports for con- month, of which 375,000 pounds was for 

sumption of tungsten concentrate rose 31% domestic use and 125,000 pounds was for — 

to 6.9 million pounds, but exports of tung- export. In January 1977, a single supple- 

- gten concentrate, from sales of Government mental offering was made. Starting in — 

stockpile excesses, fell 26% to 1.3 million March, supplemental offerings of concen- | 

| pounds of contained tungsten in 1977. trate were made on the basis of monthly 

| Table 1.—Salient tungsten statistics : , 

| (Thousand pounds of contained tungsten and thousand dollars) 
. . . . 

. 

. 1978 1974 1975 1976 1977 . 

United States: 
Concentrate: 

Mine production _ -—---—------------- 7,575 7,381 5,588 5,830 - 6,008 

Mine shipments .__---------------- 7,059 7,836 5,490 5,869 6,022. 

Value ______----------------- $19,154. $87,413 $29,090 $37,266 $55,073 

| Consumption _____---------------~- 15,386 16,298 14,012 16,107 17,100 

Shipments from Government stocks ~~ ---~-- 1,269 6,398 2,970 4,004 5,015 

Exports! ____--_--~-------------- 90 1,187 1,316 1,729 1,283 | 

Imports, general eee ee ee eee 11,047 11,786 6,908 . §,802 6,847 

Imports for consumption — ~—-——--------- 10,834 11,096 6,570 5,301 6,919 

Stocks, Dec. 31: 
Producer __—.—------~---------- 225 529 531 150 124 

Consumer ___—_~-_--~-—--------- 1,446 1,565 1,958 1,002 826 

Employment? ____---------------- | 535 540 525 540 945 

Ammonium paratungstate: 
. 

Production _______--_------------- . 18,012 14,707 10,282 12,808 14,940 
Consumption ~ oe ee 13,945 15,733 10,353 15,921 15,744 . 

Stocks, Dec. 31: Producer and consumer - — — — — 945 1,062 1,704 1,438 1,975 
Primary products: 

Production ___.—-------~---------- 16,600 20,131 12,634 18,226 19,005 

Consumption ~ eee ee 17,984 20,556 12,934 16,799 16,905 

Stocks, Dec. 31: 
Producer _______-------------- 3,528 3,628 3,976 3,390 3,139 

. Consumer _____~-------~------- 2,051 2,771 2,753 2,778 2,581 

World: Concentrate: 
Production ___--~---------------- 83,612 82,832 784,508 91,767 93,630 

Consumption ___------------------ 84,857 83,506 73,949 82,297 79,117 
ne 

"Revised. | 
1Estimated tungsten content. 
2kstimated number of persons at mines and mills, excluding office workers, at yearend. 

: 961
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| sealed bids at the disposal rate of 200,000 — Agency (FPA) of GSA decided to useexcess ts 
‘pounds of tungsten per month, of which tungsten concentrate containing 31,948,897 

150,000 pounds was for domestic use and pounds of tungsten to offset shortfalls in the 
50,000 pounds was for export. As a result of goals of ferrotungsten, tungsten metal pow- , 

| the regular and supplemental offerings, der, and tungsten carbide. re oo 
concentrate sales totaled 3,631,958 pounds Hearings were held in July 1977 by the 

_ of tungsten, of which 2,692,329 pounds was_ Trade Policy Staff Committee, Office of the _ 
: for domestic use and 939,629 pounds was for Special Representative for Trade Negoti- | 

export. Prices, ex-duty, of concentrate for ations, concerning the possible deletion or 
domestic use ranged from $126.50 to $159.57 addition of items covered by the Generaliz- 
per short ton unit of W0s. Prices, ex-duty, of ed System of Preferences (GSP). In August 
concentrate for export ranged from $138.12 1977, the Office of the Special Representa- | 
to $160.35 per short ton unit. Actual ship- tive formed an interagency task force to | 
ments of Government tungsten concentrate review and report confidentially on the 
stockpile excesses were 5,014,934 pounds of status of the domestic tungsten products | 

| - contained tungsten. | | industry. The report of the task force had 
On October 7, 1977, the Government not been completed at yearend, and hence | 

stockpile goals, as revised on October 1, no action was taken on changes desired by 

1976, were reaffirmed (table 2), subject to the domestic tungsten industry concerning 
: annual review and revision. As of Novem- the GSP for tungsten products. : | 

ber 1, 1977, the Federal Preparedness a oo 

| Table 2.—U.S. Government tungsten stockpile material inventories and goals | 
(Thousand pounds of contained tungsten) . 7 : 

| | | Inventory by program, Dec.31,1977 oo 
- Material Goals! National DPA? ‘Supple- 

| | stockpile inventory srcttie Total® 

Tungsten concentrate: | | en ; oo | 7 oS | 
| tockpilegrade _________.____________-_ 8,823. 64,850 1,917 3,196 69,962 

Nonstockpile grade ____.§__-_..-----=--- oe 32,369 359 1,043 33,772 a 

Total _-___--_------------------- 8828972192276 4,289 108,784 7 
Ferrotungsten: . | .- | _— oo 

Stockpilegrade ______________~___- -__- 17,769 | 841 __ _- 841 

Nonstockpile grade ———-—---------~-----_ BH NBG | 
Total® __.____- Lee 7,769 2,025 _ __ 2,025 

Tungsten metal powder: - 
Stockpilegrade _______________-_-_-__ 3,290 1,567 — _- 1,567 

Nonstockpile grade — ——~—-—------------- ee BBR N88 
Total _-_____________------------- 3,290 1,899 _ -- 1,899 | | 

Tungsten carbide powder: . 
Stockpilegrade ______________________ 12,845 842 __ 1,080 1,922 

Nonstockpile grade — ~----------------—— 02 
Total® ~~ LLL (12,845 953 _- 1,080 2,038 

1Goals established Oct.1, 1976 and reaffirmed in 1977. | 
2Defense Production Act (DPA). 
3Data may not add to totals shown because of independent rounding. 

DOMESTIC PRODUCTION 

Domestic mine production and shipments mine and mill of the Metals Division, Union 
of tungsten concentrate each increased 3% Carbide Corp. (UCC), located northwest of 

over those of 1976 and each totaled 6.0 Bishop, Calif., in Inyo County; and the 
million pounds of tungsten during 1977. Climax mine and mill of Climax Molybde- 
Although 77 mines in Alaska and 9 Western num Co., a division of AMAX, Inc., at 
States reported concentrate production and Climax, Colo., in Lake County. The major 
shipments, only 2 mines operated contin- mineral value recovered at Pine Creek con- 
uously throughout 1977: The Pine Creek tinued to be tungsten, with minor amounts
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of byproduct copper, gold, molybdenum, and Additionally, intermittent tungsten con- , silver. UCC processed the Pine Creek ore centrate production and shipments were directly into APT, an intermediate tungsten reported from east-central Alaska; Cochise, : product suitable for conversion to tungsten Pima, Pinal, and Yuma Counties, Ariz.; metal powder. | | Fresno, Inyo, Kern, Los Angeles, San Ber- The UCC Emerson mine and mill at nadino, and Tulare Counties, Calif. ; Boulder | | Tempiute, Lincoln County, Nev., about 150 County, Colo.; Custer and Valley Counties, miles north of Las Vegas, initiated oper- Idaho; Custer, Deer Lodge, and Granite ations in mid-1977. Scheelite ore was proc- Counties, Mont.; Churchill, Douglas, Elko, essed to a low-grade tungsten concentrate at Esmeralda, Lincoln, Mineral, Nye, Per- | the mill and shipped to UCC’s Pine Creek shing, Washoe, and White Pine Counties, facility, where it was converted to APT. The N ev.; Baker County, Oreg.; Box Elder, Emerson facility is scheduled to reach a Davis, Millard, Tooele, and Utah Counties, production capacity of 2 million pounds of Utah; and Stevens County, Wash. The. | concentrate annually by 1979. Tungsten Queen mine and mill of Ranchers : The major mineral value recovered at Exploration & Development Corp., near Climax was molybdenum. Concentrates of Townsville, in Vance County, N.C., remain- tungsten, tin, and pyrite were recovered as__ ed closed and on standby status throughout byproducts; the production rates of these the year. — : minerals were largely dependent upon the __— Data on tungsten shipped from domestic molybdenum production rate. mines are presented in table 3. | 

7 Table 3.—Tungsten concentrate shipped from mines in the United States oe 
. 

Quantity / Reported value, f.0.b. mine? — $$ —_____. __eporied value, f.0.b.mine* 4 Short tons Shortton Tungsten Average Average. . | | = 60% WOs units (td (thousands) Pet unit und of | basis  WOs pounds) . of WOs dungsten POE *tungston 1973 2 7,418 445,051. 7,059 =: $19,154 $43.04 $2.71 1974__-_ 8,233 494,012 7,836 37,413 75.73 4.77 : 1975 5,769 346,112 5,490 29,090 84.05 530 | 1976-168 370,069 5,869 37,266 - 100.70 6.35 1977 _-- 6,331 379,729. «6,022 55,073 145.03 9.15 - 
Values apply to finished concentrate and are in some instances f.o.b. custom mill. . . | . 7A short ton of 60% tungsten trioxide (W: Os) contains 951.6 pounds of tungsten. 3A short ton unit equals 20 pounds of tungsten trioxide (W Os) and contains 15.86 pounds of tungsten. 

| Table 4.—Major producers of tungsten concentrate and principal tungsten 
processors in 1977 | | 

Company processing plant 
Producers of tungsten concentrate: 

| Climax Molybdenum Co., asubsidiaryof AMAXInc________ Climax, Colo. Union Carbide Corp., Metals Div. } ~-- eee eee Bishop, Calif.; Tempiute, Nev. - 
Processors of tungsten:? 

Adamas Carbide Corp - ae ee Kenilworth, N.J. Fansteel, Inc Fenn ree eee North Chicago, I]. General Electric Co ~ 55 --- 5 --- ee Euclid, Ohio; Detroit, Mich. GTE Sylvania, Inc., a subsidiary of General Telephone & Electronics Corp wre 
Towanda, Pa. Kennametal, Inc woe ee Latrobe, Pa.; Fallon, Nev. Teneanesten Corp — --—----- 2222 TTT TTT TT TTT TII IIT Glen Cove, N.Y. Teledyne Firth Marling ora 
McKeesport, Pa. Teledyne Wah Chang Huntsville ~~ eee Huntsville, Ala. Union Carbide Corp., Metals Div ~ eee Niagara Falls, N.Y. Westinghouse Electric Corp meee 
Bloomfield, N.J. 

1At its Pine Creek mine and mill in California, UCC processes ore “straight through” to APT. *Major consumers of intermediate tungsten products.
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Figure 1.—Domestic shipments, imports, consumption, and average price of tungsten 

. concentrate. 

CONSUMPTION AND USES 

Total domestic tungsten product con- intermediate tungsten products used to 

sumption rose 1% to 16.9 million pounds of make end-use items was as follows: Tung- 

tungsten during 1977. The major end use sten carbide (including cemented, crushed 

continued to be in cutting and wear- and cast, and crystalline), 43%; tungsten 

resistant materials (65%), primarily as metal powder, 39%; ferrotungsten, 5%; and 

tungsten carbide. Other major end-use cate- scrap, 4%. 

gories were mill products (15%), specialty Figure 2 is a simplified tungsten flow 

steels (tool, alloy, and stainless) (9%), hard- diagram showing the major processing 

facing rods and materials (5%), superalloys steps, intermediate products, and end-use 

(3%), and chemicals (2%). items involved in the industry. 

| The consumption distribution in 1977 of



BS TUNGSTEN 965 
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Figure 2.—Simplified tungsten flow diagram. | 

Table 5.—Production, disposition, and stocks of tungsten products in the United States 
. _ (Thousand pounds of contained tungsten) — 

Tungsten carbide 
Hy drogen powder 

-carbon- Tah. . | reduced Made (Crushed Chemicals Other’ Total? 
metal metal crystal- . 

. powder = powder ine 

1976: . 
> Grogs production during year _________ 15,873 10,054 1,682 - 5,932 603 33,995 

Used to make other products listed here _ __ 10,505 oe 223 5,040 @) 15,769 
Net production _._______.__.____. 5,368 10,054 1,809 892 603 18,226 
Disposition: : 7 } : 

To other processors _____________ 861 272 335 384 439 - 2,841 
To end-use consumers ______._.____ 6,434 8,242 419 553 279 15,927 . 
To make products not listed in this table 2,372 1,913 1,101 14 2 5,402 ro reducer stocks, Dec. 81___..-_-_______ 1,881 547 486 365 11 3,390 

Gross production during year ___________ 16,185 9,897 1,906 6,616 421 85,026 Used to make other products listed here __ _ 10,131 186 108 5,596 (*) 16,021 
Net production ________._~________ 6,055 9,711 1,799 1,020 420 19,005 
Disposition: 

To other processors: _.._-__.______ 879 333 427 487 230 2,356 
To end-use consumers ___________ 7,801 8,082 394 574 17,079 
To make products not listed in this table 1,524 1,528 1,327 12 _- 4,387 

Producer stocks, Dec. 81-0 1,543 §71 - 543 363 120 8,139 

lIncludes ferrotungsten, scheelite (produced from scrap), nickel-tungsten, and self-reducing oxide pellets. 
*Data may not add to totals shown because of independent rounding. : 
®Less than 1/2 unit. . 

STOCKS 

Producers’ stocks of tungsten concentrate ing 1977, combined producers’ and con- 
held at domestic mines were 17% less at sumers’ stocks of APT increased 37 %, and 
yearend 1977 than at yearend 1976, and producers’ and consumers’ stocks of in- 
consumers’ stocks held were 18% less. Dur- termediate products each decreased 7%.
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Table 6.—Consumption and stocks of tungsten produets in the United States, by end use Oo 
| . . . (Thousand pounds of contained tungsten): - . . a 

Te | | | - Tungsten. Tungsten —_ Other. a 
oe . | End use : . t Ferro- 1 metal " carbide tungsten Total = oe 

_ tungsten” powder? powder_—materials® _ a 

Lo Steel:. - a - a 

- .  §tainless and heat-resisting _-~..______----- 69 _- _— 57 = (ssid ist . 
Alloy_____.-_-.----_-------+---~---- 97 oe ee 147  ~—,s« 244 

a Tool ._-_. --i-------------+----~----- 682 — — ~ 451 1,133 oo 
Bo  Castirons _..0-----------+------------ 4 me a 4. 

_ Superalloys ________----------~~-~-----~- 90 137. Ww 208 435 
Alloys (excludes steels and superalloys): = - oe : 

Cutting and wear-resistant materials _______— ~~ _- 3,744 6,081 OTT 10,402 . ae 
. Other alloys*____._.___._______--------~- 89 546 312 145 1,092 8 

Mill products made from metal powder.._____ ~~~ - 2,432 W —_ 2,432 
Chemical and ceramic uses _____________~--~~- _- — WwW 704 704 
Miscellaneous and unspecified __ __________-_--- -- 2 218 7 227 

| | Total....___________-___---------- 1,031 6,861 6,611 2,296 16,799 
Consumer stocks, Dec. 81 _._____.---___-----~- 272 606 1,430 470 2,778 

1977: | | 
Steel: 

Stainless and heat-resisting ___.________~~~- 94 _— _— 81 175 
Alloy.___~_.~-_.--------------~-----+- 154 __ _- 108 262 
Tool _.-_-_-_____-~-__~-___~~--~----~~-- 518 _- _- 606 1,124 

Cast irons __________~--_---~-----~-~---+-- 2 _- _- ee 2 
Superalloys ___._____--------+-+------+- 130 198 Ww 199 527 
Alloys (excludes steels and superalloys): 

Cutting and wear-resistant materials ______~_~ . — 3,434 6,680 766 10,880 
". Otheralloys*_____.______--______---- 50 441 274 129 894 | 

Mill products made from metal powder____-____-~-~ | _- 2,482 . WwW _- 2,482 
Chemical and ceramic uses __ _ __ _./__/-__-_--_~- ee _- WwW 275 275 
Miscellaneous and unspecified _ . _ _ ______-—-~-~- + 1 3 268 12 284 

Total...____________________-__---- 949 6,558 7,222 2,176 16,905 
Consumer stocks, Dec. 31 _._..-__~___-~--__---_~ 193 460 1,459 469 2,581 

| W Withheld to avoid disclosing company proprietary data, included in ‘Miscellaneous and unspecified.” . 
lIncludes melting base self-reducing tungsten. 
2Includes both carbon-reduced and hydrogen-reduced tungsten metal powder. 

- 3Includes tungsten chemicals, natural and synthetic scheelite, tungsten scrap, and other. 
“Includes welding and hard-facing rods and materials and nonferrous alloys. 

| PRICES AND SPECIFICATIONS | 

During 1977, the average value of tung- The U.S. spot quotation of tungsten con- 
sten concentrate shipped from domestic. centrate, published by Metals Week, ranged 
mines and mills, as reported to the Bureau from a low of $116.00 per short ton unit in 

of Mines, increased 44% to $145.03 per September to a high of $163.00 per short ton 
short ton unit of W0;, compared with the unit in May and June; quotes at yearend 
1976 value. In 1977, excess tungsten concen- were $145 to $150 per short ton unit. 
trate was purchased from GSA at prices, ex- The Tungsten Ore Users’ Index reported 
duty, ranging from $126.50 to $159.57 per tungsten concentrate prices ranging from a 
short ton unit for domestic use and from low of $140.10 per metric ton unit ($127.10 
$138.12 to $160.85 per short ton unit for per short ton unit) for the last half of 

export. January to a high of $175.43 per metric ton 
As quoted in the Metal Bulletin (London), unit ($159.15 per short ton unit) for the first 

-and reported in Metals Week, the European half of June. 
price of tungsten concentrate increased in The price of APT delivered to large vol- 
the first part of the year, remained relative- ume contract customers was $155 per short 
ly stable during mid-year, and was erratic ton unit at the beginning of 1977. From 
during the latter part of the year. Prices March through December it ranged from 
ranged from a low of $142.00 per metric ton $165 to $190 per short ton unit, dropping to 
unit ($128.82 per short ton unit)in January $180 per short ton unit at yearend. 
to a high of $186.50 per metric ton unit The price of hydrogen-reduced tungsten 
($169.19 per short ton unit) in June. The metal powder (99.9% purity), f.o.b. shipping 
average price of $155.08 per short ton unit point, as quoted in Metals Week, rose from 
of W0; was 50% higher than the 1976 a range of $10 to $13 per pound of tungsten 
average price of $103.68 per short ton unit. at the beginning of the year to a high range
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| --- ‘Pable 7.—Monthly price quotations of tungsten concentrate in 1977 - 

. ‘Rareamite | | US. spot quotations, 
7 market, dollars Equivalent quotations, dollars per toners pet short to n 

| Month per metric ton short ton unit of WOs, 65% basis" basis, | unit of WOs, c.f, U.S. ports? 

| : Low High Low High = Average® Low High 

_ January __-_______-____ 142.00 = 163.00 = 128.82 = 147.87 = :186.21 = :128.00 ~—187.00 
February __._____________ 166.00 180.00 ‘150.59 163.30 156.43 139.00 160.00 
March _________________-> 174.00 183.00 157.85 166.02 161.94 155.00 162.50 

| April ~~ 2 ___ 175.00 184.00  ° 158.76 178.85 164.21 160.00 162.50 
May ___________________ 177.00 185.00 160.00 169.19 164.08 155.00 163.00 

a June ___-_______________ 174.00 186.50 157.85 169.19 164.26 157.00 163.00 
July _- 168.00 183.00 152.41 166.02 160.01 155.00 162.00 
August _________________ 159.00 176.00 144.24 159.67 152.14 135.50 151.00 
September _______________ 147.00 163.00 «183.36 147.87 140.84 116.00 133.50 
October _________________ 144.00 178.00 130.64 161.48 146.00 122.00 160.00 | November _______________ 172.00 179.00 156.04 162.39 159.21 148.00 158.00 December _______________ 165.00 176.00 149.69 159.67 155.02 140.00 150.00 | 

A CL Lt , 

1Equivalent high and low quotations as reported in Metals Week from biweekly Metal Bulletin (London) data. 
2U.S. spot quotations as reported in Metals Week. | 
’Monthly averages are arithmetic average of weekly low and high quotations. The equivalent 1977 average price, 

excluding duty, was $155.03 per short ton unit. 

of $14.20 to $15.47 in April. At yearend, the of $12.75 on June 1. The price was reduced 
price range was $13.90 to $15.00. Within to $12.10 on September 1 and to $10.10 on 

| these ranges, the price was primarilydepen- October 1. It was increased to $12.10 on 
dent upon the tungsten powder particle size December 1 for the remainder of the year. 
(Fisher number). The price of scheelite concentrate (cal- 

The quoted price of UCAR, a proprietary cium tungstate) for direct addition to steel 
high-purity ferrotungsten, rose from $9.25 melts was believed to be comparable to the 
per pound of tungsten at the beginning of prices reported in table 7. . : 
the year to $10.50 on February 1 anda high 

FOREIGN TRADE _ 

_Exports.—Tungsten concentrate exports Exports of tungsten and tungsten alloy _ 
during 1977 decreased 26% to 1.8 million wire fell 3% from those of 1976 to 188,306 
pounds of tungsten. Ferrotungsten exports pounds, gross weight, valued at $8,607,172 | 
were 3,062 pounds of tungsten compared and were shipped primarily to Canada 
with none in 1976. APT exports were 22% (24%), Mexico and the U.S.S.R. (18% each), 
less than in 1976 and totaled 146,287 pounds and Brazil and Japan (11% each). Wrought 
of tungsten, of which 65% went to the tungsten and tungsten alloy exports in- 
United Kingdom. Exports of tungsten car- creased 3% compared with those of 1976 to 
bide powder decreased 6% to 1.2 million 248,576 pounds, gross weight, valued at 
pounds of tungsten compared with those of $4,417,968. Most of these materials were 
1976. The principal recipients were Canada __ shipped to the Federal Republic of Germany 
(34%), the Federal Republic of Germany (46%), the United Kingdom (13%), Mexico 
(11%), Italy (8%), and Denmark and Mexico (12%), Austria (8%), and Canada (7%). 
(7% each). Imports.—Imports for consumption - of 

Exports of unwrought tungsten metal and tungsten concentrate increased 31% com- 
alloys in crude form, waste, and scrap pared with those of 1976, and totaled 6.9 
decreased 32% compared with those of 1976 million pounds of contained tungsten. The 
to 746,284 pounds, gross weight, valued at major sources of these imports were Canada 
$4,350,299. This material was shipped pri- (30%), Bolivia (23%), Mexico and Peru (9% 
marily to the Federal Republic of Germany each), and Thailand and the People’s Re- 
(388%), Canada (22%), the United Kingdom _ public of China (7% each). 
(16%), and Belgium (6%). Tungsten and In 1977, tungsten carbide imports de- 
tungsten alloy powder exports were 26% creased 20% compared with those of 1976 to 
less than in 1976 and totaled 768,549 pounds 156,404 pounds of contained tungsten val- 
of tungsten valued at $11,457,147; with ued at $2,404,935, and came principally 
Israel (65%) as the main recipient. from the Federal Republic of Germany
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14%), ‘Sweden (12%), and Canada and tungsten” decreased 32% from those of 1976 
“France (6% each). Imports of waste and to 257,838 pounds of contained tungsten = 

--. -gerap containing over 50% tungsten in- valued at $2,098,461. The imports were _ 

oo ‘creased 104% compared with 1976 to principally from Chile (46%), Bolivia (21%), - | 
305,787 pounds of contained tungsten val- the Republic of Korea (20%), and Switzer- 

ued at $2,452,178. The major sources of land (10%), and were believed to be mostly 

| these imports were Israel (55%), the Feder- synthetic scheelite. Ferrotungsten imports 

7 al Republic of Germany (12%), Canada decreased 40% from those of 1976 to 504,7 61 

(10%), and Japan and Sweden (8% each). pounds of contained tungsten valued at 

| ‘Imports of unwrought tungsten (except al- $4,564,848. This material came mostly from 

| loys), in lump, grain, and powder decreased Austria (56%), the United Kingdom (24%), _ . 
90% compared with 1976 to 37,169 pounds andBrazil(®%). 
ef contained tungsten valued at $454,866 Ammonium paratungstate imports 
and were supplied principally by the Feder- decreased 36% compared with those of 1976 

al Republic: of Germany and Singapore to 370,010 pounds of contained tungsten | 

(84% each) and by Mexico (17%). Wrought valued at:$3,701,946, and was supplied sole- 

tungsten imports in 1977 rose 173% com- ly by the Republic of Korea. Imports of 

pared with 1976, and totaled 117,254 calcium tungstate increased 90% over those 

pounds, gross weight, valued at $3,243,246. of 1976 ‘to 36,187 pounds of contained , 

Canada (80%), Austria (11%), and Japan tungsten valued at $666,090 and was receiv- 

(6%) were the major sources. _ ed entirely from the Federal Republic of 

Imports of tungsten material classified as Germany. There were no reported imports 

“metal-bearing materials in chief value of of sodium tungstate in 1977. : | 

Table 8.—U.S. exports of tungsten ore and concentrate, by country 

- (Thousand pounds and thousand dollars) 
a 

| | 1976 : 1977 | 

| Country Gras fungsten Gress Tungsten 
weight content Value waht content? Value 

Austria_______-----_-_----------- 5 Oté« M1 Le Le __ 
a Belgium-Luxembourg _~..—-----------~— 30 16 79 -- -- _- 

France ________----~-~-----~----- 122 63 600 —_ _— —_ 
German Democratic Republic _..__.-----~ — _- -- 94 48 265 

. Germany, Federal Republic of _-----___-- 965 498 2,973 1,890 975 8,559 
Japan____________-_____---_---- 505 260 1,751 __ _- _ 
Netherlands ______________---_.---- 1,216 628 4,225 57 29 246 
South Africa, Republic of _._...-.----~-- -- -- -- 100 52 . 562 
Spain __________-_____----------- _- __ _. 12 6 24 

, Sweden _________.___-_---~------ 11 6 30 -- _- —_ 
Switzerland __________.-._--------- 30° 15 89 () () 3 
United Kingdom _.__________---=~-- 344 177 1,052 237 122 1,299 

USSR --—----------------------____@ TB 
Total _____._-_-------------- 3,351 1,729 11,189 $2,487 1,288 11,400 

Tungsten content estimated by multiplying the gross weight by a factor of 0.516 equal to 0.65 (to convert from 65% to 
100% WOs basis) times 0.7931 (to convert from WOs to W basis). 

2Less than 1/2 unit. 
3Data do not add to total shown because of independent rounding.
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Table 9.—U.S. exports of ammonium paratungstate, by country 

1976 1977 

Count Gross Tungsten Gross Tungsten 
y weight —_ content? Value weight - content} Value 

| (pounds) (pounds) (pounds) (pounds) 

Argentina __________~____~___ __ __ _— 339 240 $1,349 
Belgium-Luxembourg ae ee —_ __ _-. 2,390 1,689 9,560 
Canada _______~§___ 40,000 28,264 $253,865 24,054 16,997 166,193 
El Salvador ______________________ 200 141 3,347 _— _— _— 
Ethiopia _____..___.______-~______ —_ -- _- 1,153 815 4,611 
France _________—~_____~__ —_ —_ —_ 749 529 2,040 
Germany, Federal Republic of _._________ 4,556 3,220 ' 30,660 19,981 14,119 151,676 
Guatemala____________/_~_________ __ — a 316 223 1,352 
Italy___________-__-------_----_ _— _- _- 311 220 2,803 
Netherlands ____.__§______.__.~______ -__ a _- 22,050 15,581 17,520 
Pakistan _________~__~___~_________ -- _- _- 1,200 848 2,400 
Peru________~_~_______ ~~ ____ ee _- _- —_ 2,300 1,625 1,244 
Philippines _~_____-_~__§_ 7 Le 137 97 1,000 _- __ _— 
United Kingdom ___________________ 220,650 155,911 1,412,000 132,186 93,403 1,112,833 
Venezuela ____ ~~~ 1,029 727 4,410 _— — __ 

- Total ___-___--__~---_~~__-~~- 266,572 188,360 1,705,282 207,029 146,287 1,473,581 

1Tungsten content estimated by multiplying gross weight by 0.7066. 
2Data do not add to total shown because of independent rounding. 

Table 10.—U.S. exports of tungsten carbide powder, by country 

1976 1977 

Country . Gross Tungsten Gross Tungsten 
. weight content? Value weight content? Value 

(pounds) (pounds) (pounds) (pounds) 

Argentina ____-__.~__~_____ 10,574 8,248 $167,010 715 558 $20,551 
Australia. $$ $92 $e 13,181 10,281 108,222 5,570 4,345 77,502 
Austria __ ~~~ Le 63,153. 49,259 591,013 88,540 69,061 707,655 
Belgium-Luxembourg _________ 57,225 44,635 214,521 34,345 26,789 244,918 . 
Bermuda _____~_____._____ _— _- _- 90 70 648 
Brazil __-_-.-__~-__________ 22,154 17,748 253,662 44,832 34,969 510,829 
Canada ___ ~~ _~_~___________ 381,760 297,773 2,223,783 521,054 406,422 5,130,181 
Chile _._ ~~~ Le 2,653 2,069 25,000 3,166 2,469 35,260 
Colombia _________________ 57 44 2,695 242 189 4,084 
Czechoslovakia _.___...____~ _- _- _- 110 86 1,300 
Denmark _____-§_-§__~§ -§_-§ 5,483 4,277 51,260 105,338 82,164 948,564 
Finland __ _~__-____~-~________ 50 39 726 4,311 3,363 52,590 
France ___~_~__~_~__~_______ 7,702 6,008 58,071 19,149 14,936 189,931 
Gabon ___ ~~ 2 1,000 780 10,800 1,500 1,170 20,925 
Germany, Federal Republic of __ __ 171,397 133,690 1,436,085 164,259 128,122 1,546,569 

_ Guatemala__~______~__~______ -_— _- _- 750 585 4,361 
Hong Kong ____ ~~ -§ 8,881 6,927 3,998 __ _- _- 
India ~-___~ ~~ oe _- _- 80 62 1,138 
Tran ~~~ Le 91,445 71,327 18,251 187 146 1,428 
Ireland ________~_~________ 1,722 1,343 24,896 3,829 2,987 67,331 
Israel ___-_-____-_____-__- 30,000 23,400 4,320 22,786 17,773 156,962 
Italy _-_-_-- ~~ Le 57,955 45,205 454,980 121,390 94,684 1,299,153 

_dapan _______ 82,836 64,612 771,183 38,545 30,065 . 372,528 
Mexico ___________-_____- 428,988 334,611 437,209 110,505 86,194 403,642 
Netherlands _____________~- 29,387 22,922 261,485 44,759 34,912 524,109 
Nigeria _______.._________ _- _. _- 8,996 7,017 8,060 
Norway ________.---.-___- 643 502 7,105 8,818 6,878 121,760 
Peru ~~~ 2,000 1,560 4,280 _— — _- 
Philippines _~________-______ 2,395 1,868 1,032 406 317 5,540 
Portugal eee eee 110 86 1,874 — — _- 
Romania ________________- -- _- -- 1,306 1,019 16,983 
Saudi Arabia ______________ _- _- ~~ 54,114 42,209 9,135 
Singapore ________________ 82 64 1,184 _— _- __ 
South Africa, Republic of _____ ~~ 1,856 1,448 26,723 8,890 6,934 145,250 
Spain _______________ Le 2,057 1,604 33,278 3,429 2,675 61,956 
Sweden _________________- 94,253 73,518 501,356 13,824 10,783 78,672 
Switzerland _______________ 17,350 13,533 110,250 26,347 20,551 277,197 Taiwan _-________________ 30 23 780 740 BTT 10,312 
Thailand ____-__~__________ _- _- _- 50 39 1,600 
Turkey --- =~ ee 100 78 2,320 100 78 1,902 
United Arab Emirates _________ 5,000 3,900 10,231 _- _- _- 
United Kingdom ____________ 29,465 22,983 127,242 50,156 39,122 625,780 
Venezuela ________________ 398 310 3,813 110 86 4,008 
Yugoslavia ~~~ ~~~ _- _- _- 8,882 6,928 86,520 OE EO LU 

Total ___-_----_~----~_ 1,623,942 1,266,675 7,950,138 1,522,220 71,187,382 138,776,834 eee ees OS ee 

‘Tungsten content estimated by multiplying gross weight by 0.78. 
2Data do not add to total shown because of independent rounding.
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| Table 11.—U.S. exports of tungsten and tungsten alloy powder, by country : 
EE I 

: 1976 1977 
Count . Gross Tungsten Gross Tungsten 

"y . weight content? Value weight content! Value 
(pounds) (pounds) (pounds) (pounds) - 

Argentina _~__________----~---- oe _- -- ——« 825 660 $11,296 

Australia __________------~-~--- 434 347 $4,354 2,958 2,366 14,159 

Austria ___________---------- 37,321 29,857 253,933 28,867 23,094 883,816 

Belgium-Luxembourg __---—------- 2,705 2,164 24,166 250 200 11,076 

Brazil] _. _________----------- 1,243 995 14,300 924 739 12,249 

Canada ________--_--_-----~--- 67,554 54,043. 706,460 42,842 34,274 593,718 

Chile ____________-_----_-~---- —_— _- _— 82 66 4,697 

Denmark ________~-__----~---~- . _— _— —_ 15,500 12,400 123,300 

Finland ______-___--_-_-----~-~--~+- 4,312 3,450 40,918 24,443 19,554 301,080 

France ___________-----~---~- 1,501 1,201 16,726 | 29,125 23,300 297,721 

Germany, Federal Republic of __—_ ~~ - 28,417 22,734 181,987 26,276 21,021 274,740 

Ireland ________-_-------~---~- 3,308 2,646 41,443 28,796 23,0387 . 415,850 

Israel ~_- ~~ ~~ - - ~~ 457,074 365,659 1,202,601 739,851 591,881 8,732,308 

Italy _______-___--_---------- 2,005 1,604 18,920 470 376 2,970 

Japan __________-__---------- 1,915 1,532 10,623 426 - 341 2,604 

Korea, Republic of ___-____-__--~- __ _- _- 100 80 2,962 

Mexico ___________-------~~-~-~- 6,959 5,567 63,237 1,152 922 14,013 

Netherlands ________--~------- 236 189 1,128 10,103 8,082 116,414 

South Africa, Republic of ________-_- _- _- _- 2,607 2,086 32,719 

Spain _________-_-_---------~-- 330 264 ‘§,625 - 880 704 17,695 . 

Sweden _______-_____-------~-~- 28,109 22,487 260,455 oe ee _- 

Switzerland __________--_--_--- | 118 94 1,104 _— -- _- 

Taiwan __________-~~-~---_---~ 3,051 2,441 49,778 2,217 1,774 36,796 

Turkey ________-_-----~----~-~-- 13,411 10,729 136,294 137 110 1,980 

United Kingdom _______-____--- 99,709 79,767 . 775,089 1,855 - 1,484 52,984 

Venezuela _______-.-_------~- 3,860 3,088 27,530 _- _- _- 

Total __-_-_-_______-_--~-_----_- 763,572 610,858 3,836,671 960,686 2768,549 11,457,147 

1Tungsten content estimated by multiplying gross weight by 0.80. . 

2Data do not add to total shown because of independent rounding. 

_ Table 12.—U.S. general imports of tungsten ore and concentrate, by country 

(Thousand pounds and thousand dollars) 

a 
} 1976 | 1977 

Country Gross Tungsten Gross Tungsten 
- weight content Value weight content Value 

Australia __________---------- 311 | 172 864 251 128 1,081 
Bolivia ________----------=--- 1,753 963 4,900 2,644 1,475 12,062 
Brazil ~. _._-_____-_-_~-----~-~- 4 2 11 169 96 912 
Burma ___________-~_~-~__-~--_- 232 123 582 -— _- _- 
Burundi _________~________-_-_ 7 3 16 2 _ _- 
Canada _____-__-~----------- 4,101 1,343 7,656 6,384 2,046 18,191 
Chile _____________--------- _- _- oe 73 39 281 
China, People’s Republic of _.-__--_-- . 717 384 2,289 866 466 4,256 
France _~____________-~-~-_-~-~- _— _- _- 87 43 146 
Germany, Federal Republic of ______-~_ __ __ __ (4) (4) 1 
Hong Kong ______--_---------- 78 43 121 _— _- —_ 
Korea, Republic of _____-_-----~-- 357 202 1,054 115 69 514 
Malaysia ______.-_----------- 105 61 284 341 193 1,224 
Mexico _____________~--_--~--~ 927 440 2,279 1,694 647 3,494 
Netherlands __________~------~- __ __ —_ 7 4 36 . 
Peru_____________--~-_----- 1,458 839 4,450 1,094 626 5,235 
Portugal __________---------- 714 420 2,386 340 199 1,702 
Rhodesia, Southern _________-_-~- _- _- _- 128 58 406 
Rwanda _______------~------- 71 38 169 —_ _- __ 
Singapore _________--_-_~--~-- 19 10 59 _- _- — 
South Africa, Republic of ________-_-~- 26 15 69 13 7 51 
South-West Africa, Territory of _____-~_ __ _— —_ 65 36 262 
Spain _______ 36 21 119 __ __ __ 
Sweden _._________---------- _- _ __ 19 10 113 
Thailand ______________---_-- 1,314 655 3,266 1,115 576 4,849 
Uganda ________---~---------- -- -- _- 16 9 84 
United Kingdom _____-_-~------- —- _- _- 108 51 411 
Zaire _~_~_._________-~~~___--_-~ 125 68 376 128 70 576 

Total? ~_-________________ 12,355 5,802 30,950 15,656 6,847 55,886 

1Less than 1/2 unit. | 
2Data may not add to totals shown because of independent rounding.
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Table 13.—U.S. imports for consumption of tungsten ore and concentrate, by country . (Thousand pounds and thousan and dollars) oe . 

. IST 1977 a i . - Country . Gross’ Tungsten. Gross Tungsten 
| . . . weight content . Value _ . weight content _ Value . SO 

Argentina’___ == 23 10 - 46 _ -- ~— Australia___ = — Bll ‘172 =~ 864 251 128 1,081 
Bolivia’_ 222 8 1,062 580 2,649 2881 = 1,581 12,264 Brazil} Wee ee ee 4 2 11 191 ~—- 108 1,024 Burma?_____-___._ 232 . - 123 581 _- -- Burundit_________ 7 3 16 -_- _- —_ Canada _______ 4,101 1,343 . 7,656 6,384 2,046 18,191 
Chile? ____ = 

_— —_ —— - 73 39 281 
China, People’s Republic of ________~ ---- 708 87 2,256 | - 866 466 4,256 . 
France ~sae eee -- -_— _- 87 43 146 
Germany, Federal Republicof __________ . __ a __ (7) 41 Korea, Republic off 357 202 1,054 115 69 514 Malaysia! ~ ee eee 86 49 207 360 204 1,302 
Mexico! eee eee 883 417 2,166 1,694 647 3,494 
Netherlands ________ TTT ae ~~ ne 4 4 36 
Peru! mane ee 1501 $863 — 4,564 1,094 626 5,235 
Portugal? a - ee 714 - 420 2386 - . 840 199 1,702 
Rhodesia, Southern Ree ee ~- a oe 128. 58 - 406 
Rwanda! poe 

70. 38 169 oe ~~ _- 
Singapore’______________ ee (1) 59 -~ ne -- 

. South Africa, Republic of ___ wee LL 26 15. 69. 13 7 51 
South-West Africa, Territory of _.._______ -- -- __ 65 36 262 
Spain ~--~--- eee 36 21 - | W800 Le -- 
Sweden ___ 

a _- -— 19 10 13s 
Thailand! meee eee ee 1,193 588 3,073 - 1,015 518 $4,498 
Uganda_________ -- eo — oo 1G 9 84 
United Kingdom ae eee _- _- ne 108 51 4l1l 
Zairet__ 

125 68 — 876 128 70 576 Total _----__2 ee 11,453 5,801 28,320 15,785 6,919 355,927 
1Section 504(c) of the Trade Act of 1974 establishes a Generalized System of Preferences for the entry of tungsten from 

designated beneficiary developing countries. The program began Jan. 1,1976. — pe _- #Leas than 1/2 unit. 7 a | 3Data do not add to total shown because of independent rounding. . _ 

a Table 14.—U.S. imports for consumption of ferrotungsten, by country 7 
a 1976 - “19TT 

Country Gross Tungsten : Gross Tungsten weight content - Value weight content Value . - (pounds) (pounds) (pounds) (pounds) 
Austria __._______ | 313,704 260,191 $1,744,108 339,411 281,555 $2,565,631 
Brazi] _.-_____ _ -- -- 57,435 41,268 — 389,239 
France __________ 312,172 - - 246,447 1,502,085 -—- -- -- 
Germany, Federal Republic of - 64,588 -- 52,920 - 292,170 22,0238. | 18,298 = = 195,799 
India _-_-_- 39,262 32,077 —s- 251,209 a -- -- - 
Korea, Republicof _______ _ 4,409 3,349 18,959 _— ~~ —— 
Portugal _..______ «17,686 14,741 86,445 51,588 42,744 313,399 
Sweden _________ 24,692 20,001 147,831 — —- —- | 
United Kingdom ______ 265,431 214,545 1,408,448 148,334 120,901 1,100,780 a Total ~~~ _____ 1,041,894 = 844,971 5,451,245 618,791 504,761 4,564,848
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| Table 15.—U.S. import duties on all forms of tungsten | 

Tariff 
Rate of duty effective Jan. 1, 1978 

classifi- Article 
Ee en — 

cation | Prevailing’ 
Statutory | 

. 601.5400 Tungsten ore ____--=----- 25 cents per pound on 50 cents per pound on 

tungsten content. , tungsten content. 

603.4500 Other metal-bearing materials 21 cents per pound on 60 cents per pound on 

in chief value of tungsten. | tungsten content tungsten content . 

and 10% ad valorem. and 40% ad valorem. 

607.6500 Ferrotungsten _——-------- 21 cents per pound on 60 cents per pound on 

tungsten content — tungsten content 

. and 6% ad valorem. and 25% ad valorem. . 

629.2500 Waste and scrap containing by ____do ~~~ ---------- . Do. 

weight not over 50% tungsten. 

. 629.2600 Waste and scrap containing by 10.5% ad valorem ——----- 50% ad valorem. ; . 

weight over 50% tungsten. . 

629.2800 - Unwrought tungsten, except . 21 cents per pound on 60 cents per pound on 

alloys, in lump, grain, tungsten content tungsten content 

and powder. — and 12.5% ad valorem. and 50% ad valorem. 

629.2900 — Unwrought tungsten, ingots 10.5% ad valorem _—----- 50% ad valorem. 

and shot. 

629.3000 Unwrought tungsten, nec ——- 12.5% ad valorem _—~—---- 60% ad valorem. 

629.3200 Tungsten alloys, unwrought, 21 cents per pound on 60 cents per pound on 

containing by weight over tungsten content tungsten content oo 

50% tungsten. and 6% ad valorem. and 25% ad valorem. 

629.3300 Tungsten alloys, unwrought, 12.5% ad valorem _------ 60% ad valorem. 

containing by weight not . 

over 50% tungsten. 

629.3500 Wrought tungsten — -----—--- ____do___---~------- 
Do. 

416.4000 Tungstic acid _ _-_--------- 21 cents per pound on 60 cents per pound on 

; tungsten content tungsten content 

= 
-and 10% ad valorem. and 40% ad valorem. . 

417.4000 Ammonium tungstate _----- | ____do____---------- 
Do. 

418,3000 Calcium tungstate __------- ____do ~~ ---------- Do. 

420.3200 Potassium tungstate —-—----- ____do ~~~ --------- 
Do. 

421.5600 Sodium tungstate __------- ___ do ~~ ----+------ Do. 

422.4000 Tungsten carbide --------- 21 cents per pound on 60 cents per pound on 

tungsten content tungsten content 

and 12.5% ad valorem. and 50% ad valorem. 

422.4200 _ Other tungsten compounds --- 21 cents per pound on 60 cents per pound on 

tungsten content tungsten content 

and 10% ad valorem. and 40% ad valorem. 

423.9200 Mixtures of two or more ____do ___---------- 
Do... 

inorganic compounds in 

. chief value tungsten. 
. 

1Not applicable to most centrally planned economy countries. 

: : WORLD REVIEW | | 

| During April 1977, a special United Na- specific subjects relating to the tungsten 

tions Conference on Trade and Develop- market. At a November-December 1977 

ment (UNCTAD) board meeting was held in meeting of IGET in Geneva, these various 

Geneva, Switzerland, at which it was decid- studies were presented. It was concluded 

ed that a group of experts on tungsten be that the analyses to date, plus their contin- 

formed to examine and assess proposals for uing review and updating by governments 

the stabilization of the world tungsten mar- before the next meeting of IGET, should 

ket. In July 1977, the UNCTAD ad hoc permit completion and presentation of this. 

Intergovernmental Group of Experts on work at the 11th special session of the 

Tungsten (IGET) met at Geneva and agreed Committee on Tungsten in February 1978. | 

to make detailed studies of the various No agreement was reached between tung- 

areas affecting price and trade of tungsten sten-producing and tungsten-consuming 

as a framework for a possible international countries. 

arrangement to increase the stability of the The second annual general meeting of the 

market. Different countries made studieson Primary Tungsten Association (PTA) was
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—  Pable 16.—Tungsten: World mine production, by country = : 
Bo 7 Oo a - (Thousand pounds of contained tungsten)! a oe 

| On Country oo _ 1975 ~——s«:1976 1977" 

North and Central America: . 
Canada? ____________.-----.-----~-~-~-----~-------- 2,584 3,792 3,994 
Guatemala_____.__...----~---~----------~--~-+-+------- 2 _- _- 
Mexico ~....___.-.------~--~--~~.~------~----~+--+-- . 611 518 421 
United States ___..____-~------~-_-~----~---~---~~----+-+- 5,588. 5,830 6,008 

South America: 
Argentina _________~___~ ~~~ ee 190 207 183 

Bolivia oe - Hee --- ++ -- = -------- 95,661 “6,700 46,572 
0 Byagil eee --n------ —-—s-2,496 re2160 . —-°2,200 
oe Depp oe bee eee eee eee 1 288i 808 160 . 

Lo / Europes oe BRE ae | 
| “Austria 2 eee eee eee 798 —s«d,198 2,460 

Czechoslovakia®____._______..____-_____-----_--------- 175 175 175 
France _._______.____----------------~------------ 1,367 1,775 ®1,870 
Portugal ____.____-...-------------~~-~-----~-~------ 3,139 2,813 2,227 
Spain ______________--_____--------------------- 774 611 595 
Sweden _______________-_---_--------------------- 315 428 ©440 
USS.R.°___-___-_ eee eee eee 17,200 - —- 17,600 18,100 

| | United Kingdom ~___..-.__---------~---------------- 22 - 22 - ©22 
a Africa - a re ne en | 

. Burundi ~~-------- +--+ eH ee Be 2 . 4 4 - 

0 Nigeria TIT I Tillis il eel ree eee ® 9 &. 
, - - Rhodesia, Southern® __ 25. 2  --  e e ee+e 84.0 55 °55 

Rwanda ___________--_------~-------------------- 761 952 ©9990 
South-West Africa, Territory of? _.______- L~-----_-- P15 “18 “18 
Uganda® ______________-----_-----_-~-~~~-~ +--+ +--+ 240 240 240 
Zaire _....__________------~--~---~--~---=---------- 5AT °530 °550 

Asia: 
Burma ___.__.-_-..------------------------------ 1,091 1,032 983 
China, People’s Republic of€ __..__._.__.__-__-_------------- 19,800 19,800 - 19,800 

| India ___________.--------------------~---------- 44 51 49 
Japan_____________________ eee 1,693 1,795 1,704 

. - Korea, North®___________.____________-----.-------- 4,740 4,740 4,740 
Korea, Republic of ___._._.._.___--~--------~-~---=------- 5,298 5,655 5,573 
Malaysia _________-_-_-~~~~.----~-~---~~ +--+ 234 141 218 
‘Thailand _______________________________~__~-----_. 8,609 4,180 4,486 
Turkey ________________-___--- ieee -. | 2,046 ©2650 

Oceania: 
Australia _______------------------------------~--- 4,145 5,401 5,148 

Total_______._------------------------+------- 84,508 91,767 93,630 

Estimate. Preliminary. ‘Revised. _ | | | 
1Conversion factors: WO to W, multiply by 0.1931; 60% WOs to W, multiply by 0.4758. 
2Producer’s shipments; actual production data are not officially reported. 
SData presented are sum of production reported by COMIBOL and exports credited to medium and small mines and 

other unspecified exporters (including COMIBOL). Total national output is not reported. 
“Actual recorded total national output. Not available for prior years. 
5Less than 1/2 unit. ,; - 
6Production of Beardmore mine only. 
7Production of Brandberg West mine of South West Africa Company, Ltd. only. Data are for calendar years. 

held in July 1977 at Divonne-lesBains, Dolphin mines was maintained with the 
France.? A. B. Statsgruver of Sweden and _ objective of reaching the bottom of both ore 
R. B. Mining Pty. Ltd. of Australia were bodies in the 1978-79 fiscal year. The con- 

| elected as new members. In August 1977, struction of the artificial scheelite plant to 
the UNCTAD board accepted PTA on a_ produce a molybdenum-free calcium tung- 
consultative status that allows PTA to be state product from the flotation concentrate 

‘represented at all UNCTAD committee and was well advanced.’ | 
board meetings concerning tungsten. Bolivia.—Production of tungsten concen- 
Australia.—King Island Scheelite Pty., trate in Bolivia in 1977 totaled 6.6 million 

Ltd., a subsidiary of Peko-Wallsend Ltd., pounds of tungsten, of which Corporacion 
continued to produce most of Australia’s Minera de Bolivia (COMIBOL) produced 2.3 
tungsten concentrate. For the fiscal year million pounds, mainly from the Kami and 
ending July 5, 1977, production increased Bolsa Negra mines.. COMIBOL’s reserves 
36% from that of the previous 12 months to were estimated at 12.5 million pounds of 
1.8 million pounds of contained tungsten. tungsten. 
Mill recovery was 78.9% compared with International Mining Co., a subsidiary of 
715.4% for the previous fiscal year. Ad- Estalsa, S.A., operated three mines— Cham- 
vanced development in the Bold Head and billaya, Chojlla, and Enramada. During
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Table 17.—Tungsten: World concentrate consumption, by country’ | 

(Thousand pounds of contained tungsten) 

Country?» 1975 1976 1977" oO 

Actual consumption: . . 
Australia____§_§_____________ eee 88 - 88: 88 
Austria ___-_-§_-§_-____ eee 2,008 3,505 3,184 
Canada ________________-----_------------------ 269 639 * 3550 
Czechoslovakia® 7 _~______________+-~__-~--~------~-- 2,700 2,700 | 2,800 
France ___________________ eee 3,179 3,139 2,207 
Japan __~__ 4,773 5,677 4,667 
Mexico _________________-___-~--~--------~------ 106 71 . 130 
Portugal _.-__________~____-_------------------- 780 595 302 
Sweden _________________ eee 3,629 3,761 © 33.800 
United Kingdom ____________--_--__---~--~~--------- 4,967 4,251 4,046 
United States _.____-_______-__---~_---~-+---~-------~-+- "14,012 16,107 17,100 

Apparent consumption:* 
Argentina ______________________----- ~~~ 121 137 © 3130 
Belgium-Luxembourg __________-_--_--------------- 90 401 57 
Brazil_________________________.__-_-_-------e 613 © 3690 © 3620 
China, People’s Republic of€ 7 _~._.__._______________----- ¥4,630 4,740 5,100 
German Democratic Republic? ©__§_§_-§_-_-__________--_-_--- 550 600 600 
Germany, Federal Republic of ___.-__-_____-__--_-_-~------- 2,551 4,464 2,943 
Hungary® _______________________ eee 1,320 1,320 31320 
India ______________ eee eee 287 615 © 3660 
Italy® 9 2 eee 280 125 3110 
Korea: . 

. North®? _________ eee 3,500 3,500 3,500 
Republic off 5 ~.- -_-_-_-_-__-_-__-_-_ eee 1,500 1,600 1,600 

Netherlands __________________-________ ee 2,465 2,598 © 32 650 
Poland ______________~___~-~ ee 3,549 4,231 3,935 
South Africa, Republic of€ ~~~. ~_-________--_.---------. 550 550 3550 
Spain _____________ ee 132 168 168 | 
USS.R.°% eee 5 5 -- -- -------- 15,300 16,100 16,300 | 

. Total_ ______--_---~------------------------ *73,949 82,297 79,117 

€Estimate. Preliminary. ‘Revised. 
1Source, unless otherwise specified, is the Quarterly Bulletin of the UNCTAD Committee on Tungsten. Tungsten 

Statistics. V.12, No. 3, July 1978, 57 pp. 
2In addition: to the countries listed, Bulgaria, Denmark, Finland, Israel, Norway, Romania, Switzerland, and 

Yugoslavia may consume tungsten concentrate, but consumption levels are not reported and available general . 
information is inadequate to permit formulation of reliable estimates of consumption levels. 

3Estimated by U.S. Bureau of Mines. (All estimates not so footnoted are reported in the primary source.) 
“Production plus imports minus exports. For a few countries where data were available, variations in stocks were used 

in determining consumption. 
5Data represents tungsten content of concentrate consumed to make ammonium paratungstate at APT plant adjacent 

to Sangdong mine and mill. 

1977, work was done on mine expansion, a_ a ceiling of $180 per short ton unit. The 
new camp, and a 660-short-ton-per-day mill tungsten consumers earlier had asked the 
at Enramada. Completion was scheduled for Government to embargo concentrate ship- 
late 1978. Trackless mining was introduced ments because they felt they were being 
at Chojlla to counter declining production penalized by paying higher prices than 
caused by lowering grades. those sought for export by the tungsten 

Empresa Nacional de _ Fundiciones producers.* . 
(ENAF) formed a joint venture with Inter- Canada.—Tungsten concentrate pro- 
national Mining Co. to produce 2,200 short duced by Canada Tungsten Mining Corp. 
‘tons of APT per year. The project was Ltd. from tbe Flat River mine and mill at 
suspended in 1977 awaiting action on a Tungsten, Northwest Territories, near the 
request for reduction or elimination of du- Yukon border, increased 5% compared with 
ties on APT imports into the United States, that of 1976 to 4 million pounds of tungsten. 
which is the principal market for this prod- Overall, W0; recovery was 82.2% compared 
uct. ENAF also plans to issue a construc- with 81.6% in 1976. The concentrator was 
tion contract for a ferrotungsten plant in operational 98.6% of the time and averaged 
August 1978, which will supply the Andean 535 tons of ore per day. 
Common Market. Construction work for the expansion of 

Brazil.—Four tungsten producers and mine and mill capacity from 500 to 1,000 
five consumers in Brazil reached an agree- tons of ore per day commenced in June 
ment that the domestic price for scheelite 1977. Exploration and diamond drilling add- 
concentrate (70% W0;) was to be based on’ ed reserves of ore containing 4.9 million 
the weighted quotes of the previous month’s pounds of tungsten. At yearend, reserves 
Metal Bulletin (London) tungsten price with totaled 103 million pounds of tungsten.®
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Korea, Republic of.—The Korea Tung- shortage of labor. The revised commission- sten Mining Co., Ltd. (KTMC), 8.6% owned ing target for the new shaft is early 1981. by the Republic of Korea, decreased pro- The heavy-media separation plant at Bar- duction of tungsten concentrate by 8%, but roca Grande and the mill at Rio operated accounted for 90% of the country’s tungsten satisfactorily throughout the year.’ output. KTMC produced 3.1 million pounds According to the Portuguese State Secre- of APT, the entire production of the coun- tary of Planning, the reserves at the Pana- __ | try. | squeira mine were 38 million pounds of Mexico.—A four-part study of the tung- tungsten in early 1977.8 sten industry in Mexico and the world was Sweden.—The Sandvik Grou p increased published during 1977 and early 1978.6 Part h and devel t k aimed at 1 of the study analyzes tungsten production, *S@@rch and develop men work aime consumption, reserves, commerce, prices, reducing the company s dep endence on the | and foreign trade in Mexico. Part 2 covers type of raw materials previously used. The world production, consumption, reserves, Coromant factory in Stockholm was trying | and prices of tungsten concentrate. Part 3 in 1977 to evolve substitute materials and to concerns commerce, foreign trade, and in- find ways of recycling indexable inserts and __ ternational cooperation to stabilize world other items made of cemented carbide. Dur- Prices. Part 4 refers to world trade and the ing the year, Sandvik obtained minority prices of certain tungsten-based interme- interest in Queensland Wolfram Pty. Ltd. in diate goods, ending with conclusions on the Australia, which planned to mine and con- | entire study. In the study, the reserves of centrate ore starting in 1978.9 : contained tungsten in Mexico as of May Turkey.—Etibank’s scheelite mine at 1977 were estimated to be 44 million Uludag near Bursa was expetted to start , pounds. The most recent published esti: APT. production of 6.6 million pounds of mates prior to the study were 2 million tungsten in mid-1978. A fire and technical | pounds. — difficulties delayed the start of production P ortugal.—Tungsten concentrate pro- for more than 1 year. In 1977, Turkey’s | duction. by the major Portugese tungsten reserves were estimated at 170 million producer, Beralt Tin & Wolfram (P ortugal) pounds of contained tungsten in ore aver- SARL, at the Panasqueira mine decreased aging 0.51% W0s. 
19% to 1.7 million pounds of tungsien in United Kingdom.—In 1977, exploration 1977, due, according to the company, mainly | for tunest d tin in the H q , to absenteeism, reduction of the work week “OF tungsten and tin in the Hemerdon area from 6 to 5 days, and labor unrest. Lower €ar Ply mouth was begun by . AMAX grade of ore fed to the mill also contributeqd Exploration of U. K., Inc., a subsidiary of to the lower production. Production improv. AMAX Anc., under a joint venture agree- ed in the last quarter of the year. Byproduct ™ent with Hemerdon Mining and Smelting production of copper and tin concentrates Ltd. of Bermuda (HMSL) and its subsidiary, declined in line with the reduction of Hemerdon Mining and Smelting (U. K.) Ltd. tungsten concentrates. HMSL had already completed the first Excavation continued on an inclined phase of a drilling program, having con- Shaft scheme to service the new Level 2, firmed earlier estimates that the known | except for the period of May through Sep- part of the ore body contained 5.6 million | tember when work was suspended due to a short tons of ore averaging 0.18% W0s. 

TECHNOLOGY | 
A technique capable of removing tung- proved ineffective for recovering tungsten sten from the complex brines of Searles from the alkaline brines, so the Bureau Lake, Calif., was demonstrated by the developed a unique resin for that purpose. Bureau of Mines during 1977. The tungsten Research at yearend was directed toward is adsorbed on a specially synthesized, ion- providing information for . operating an exchange resin and stripped by using an expanded-scale process research unit and alkaline solution. Tungsten can be recover- appraising the process economics. The Sear- ed either as a marketable iron-tungsten les Lake brines are estimated to contain 135 product or as tungstic. acid concentrate. million pounds of tungsten, compared with Available commercial ion-exchange resins present U.S. reserves of 275 million pounds.
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The Bureau of Mines continued to con- ‘tungsten reserves. a 

- duct research on new and improved meth- The _ tensile properties of chemically =. 

~ ds. for the economic recovery of tungsten _ vapor-deposited (CVD) tungsten were stud- 

and associated valuable metals and min- ied to establish the reason for its reportedly = = = =— 

-- erals from domestic tactite ores and hot poor high-temperature ductility andtocom- 

--—-_ gprings deposits. Studies were also contin. pare its tensile properties with ‘powder a 

ued on the recovery of tungsten from pro- metallurgy tungsten.” Co | 

cessing sludges and scrap. — | ‘The latest technology available in Europe. ; 

| The National Institute for Occupational | and thé United States was cused by Wolf- 

Safety and Health of the U.S. Department | ram-Bergbau & Hiiettengesellschaft mbH 

- . of Health, Education, ‘and Welfare present- to overcome an array ‘of geographic and 

ed criteria in a recommended standard for metallurgical obstacles to development of 

occupational exposure to tungsten and integrated tungsten mining and processing 

cemented tungsten carbide in workplaces facili ties in Austria. | 

that produce cemented tungsten carbide.’° ~sphysical scientist Division of Ferrous Metals 

Cemented tungsten carbides consume about *Primary Tungsten Association (London). ‘Quarterly = 

68% of tungsten prodtiction and are made Bull, No, 2, September 197 gyane Australia). 1976-77 | 

| by binding with cobalt and/or other metals, Anaual Report 83 PP. . “ . Ye . n ‘etn / 

including nickel. The criteria for tungsten, gg. 54, Veek. V. 48, No. 48, November 28, 1977, po. 

its compounds, and the cobalt and nickel 1977 atal Report, ee CorP. Lid. (Toronto, Canada), 

that are used as binders in making cement- a uriarte, M Ay and A. ,B.. Partide. Tungsten and Ns 

ed carbides are based on the health effects Joly 1977 pe. 280-287. riciiasineaeaesar anaes 

(chiefly on the respiratory and dermal sys- Mixioo 7. 28 No 8 and By Ee Comercio Exterior de 0 7 

tems) of exposure to these materials. =§= = |_ ——. Tungsten and By Products oe eecioExteriorde 

me of etimgsten Mining Corp. Ltd. de- Meweov,23.Ne 10, 0ngbes Wr gro meeioede 
scribed the changing of a tungsten mining Mexico, y. 24, No. 2, February 1978, pp. 87-91. | 

and milling operation in the harsh climate Rent, an and Wolfram Ltd. (London). 1977 Annual 

of northern Canada from a seasonal open iat Secretary. of Planning | (Lisbon). Productive | 

pit mine with a limited life to an under- Sera ae and Social Questions, n-9, June-July ee | 
ground mine with 20 years reserves.’ igandvik (Sweden). 1977 Annual Report 40 P. ey and 

Improved technology in mineral process- U.S. National insthute fr pational Salety an | 

ing, constituting a major breakthrough in Heal Criterion Recommended ooo rae Oot, es 

| tungsten processing at the Mount Carbine \T4 BP. singe, W. W, and D i Biuee Cansda 

mine and mill in Australia, was announced Tungsten—Change to Underground Mining & Description 3 

by R. B. Mining Pty. Ltd. The process °'19 No. 75 ures. Canadian Min. and Met. »u" | 

involves photometric sorting of metallic ore * iMtetal See a cay Photometry and W. No. 6188, 

from gangue at high speed and in large May 3, 10 P21. Ghemically-Deposited Tungsten: Its 

volume. The successful use of photometry High “Temperature Strength’ and. | Ductility. J. “Less: 

for low-grade tungsten resources could Cyan MN» tecnnlogy GrercomerObtae inthe 
markedly increase present estimates of Alps. Am. Metal Market, v.86. No. 3, Jan. 5, 1978, pp. 9, 16.



~ Uranium (Deplet - Uranium (Depleted) 
| By William S. Kirk! 

| Depleted uranium hexafluoride (UF;), re-. about 90% of total consumption. Commer- 
sulting from the enrichment of natural cial sales of depleted UF. or UF; for use in 
uranium for nuclear applications by the containers for spent nuclear reactor resi- 
Department of Energy (DOE), was the sole dues, other radiation shielding applications, 
source of uranium for nonenergy applica- as counterweights and ballast for aircraft 
tions. The quantity of depleted UF, that can and ships, and in research, accounted for 
be made available greatly exceeds current the remaining 10% of demand. 
demand. DOE converts some of the UF, to Legislation and Government  Pro- 
the tetrafluoride (UF, or greensalt) which is grams.—Depleted uranium, though less 

, shipped to several domestic companies and radioactive than the enriched product, is 
a company in Canada for reduction to treated as a source material in the Code of 
uranium metal for use in ordnance applica- Federal Regulations and is referred to in 
tions. This use is believed to account for sections 10 CFR 40.25 and 10 CFR 110.23.2 

| | DOMESTIC PRODUCTION | 

| DOE is the sole domestic processor of product is generated for each ton of the 
uranium to produce a uranium product that enriched product. Expressed as uranium | 
is enriched in the isotope uranium 235 (Uzss) equivalent, DOE, in 1977, generated 32,140 

used for nuclear applications. About 4.5 tons of depleted UF., 0.25% of which was 
tons of depleted UF., which still contains the hexafluoride of Usss, and 526 tons of 
some U2, is generated for each ton of depleted UF., 0.30% of which was the hexa- 
commercial power reactor-grade enriched fluoride of Uass. In 1977, 2,764 tons (uranium 
UF, produced. If a more enriched product is equivalent) of depleted UF, was converted 
required, such as for weapons use, a consid- by DOE to UF,, 0.25% of which was the 

erably larger quantity of depleted uranium _ tetrafluoride of U.3s. 

CONSUMPTION AND USES 

7 Expressed as the uranium equivalent, system. Depleted uranium metal ammuni- 
1,974 tons of depleted UF, was shipped in tion is reported to be more effective than 
1977 for eventual conversion to metal.Some tungsten alloy ammunition. Depleted 
90% of depleted uranium metal is used in uranium metal is also used in making con- 
ordnance applications. Due to its high den- tainers for spent nuclear reactor residues 
sity and pyrophoricity, depleted uranium nd other radiation shielding applications. 
metal is used by the Army for 120-mm Other uses are as ballast and counter- 
antitank ammunition, by the Air Force for weights on aircraft control surfaces and 
30-mm ammunition on the A-10 aircraft, research. 

and by the Navy in its Phalanx antimissile 

977 
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| | a PRICES AND STOCKS 7 oo: : 

The price of depleted UF. charged by by DOE dropped 7% from 1976, from 79,085 - 

- _-DOE since August 14, 1973, was $2.50 per | to 73,423 tons. DOE stocks of depleted UFs it 

kilogram, or about $1.25 per pound. The rose 8.7% in the same period, from 180,466 

_ price of depleted uranium metal was about to 196,205 tons. Depleted UF. held by DOE | 

$2.50 per pound. | at the end of 1977 by assay was: 0.20% Usss, - | 

| The yearend inventory of depleted UF,, 76,417 tons; 0.25% Usss, 77,725 tons; 0.30% | 

| expressed as the uranium equivalent, held _Usss, 42,063 tons. | 

/ | | — .. WORLD REVIEW , Fo a 

The United Kingdom had some 15,000 to of depleted uranium products in other 

: 20,000 tons of depleted uranium in various countries with’ enriching facilities, such as 

| forms on hand. The quantity of depleted France and the Federal Republic of Ger- 

| UF, reported to be held by the Netherlands many, were not available. - 

was several thousand tons. Data on stocks a Oo | 

an | TECHNOLOGY  #} 3} }yx— | oe : 

- Uranium ore is mined and sent to milling therefore diffuse through the. containment . 

plants where it is mechanically and chemi- vessel faster than those of the heavier 

_ cally processed to upgrade the uranium isotopes. The barrier contains hundreds of 

- content. The product from the milling plant - millions of submicroscopic openings per | 

-- ig_ called yellow cake (uranium oxide or square inch. The degree of enrichment in a 
--U,0,). The yellow cake is converted to UF., single stage is very small, but the desired an 

which is a gas at about 56°C at atmospheric enrichment level is achieved by repeating : 
pressure. The UF, is shipped to any one of the process through hundreds of stages 

three DOE enrichment facilities (Oak arranged in cascade. A portion of the | 

Ridge, Tenn., Paducah, Ky., or Portsmouth, enriched UF. is shipped in 2-1/2-ton steel — 
Ohio), where it is enriched by a process containers to facilities where it is converted 

) known as gaseous diffusion. Gaseous diffu- to uranium oxide (UO,.) for use in power 

- gion operates on the principle that the reactors. A portion of the depleted UF. is 
average velocities of gas molecules at a converted to UF, and reduced to depleted 
given temperature depend on their molecu- Uranium metal by using magnesium metal. _ 

: lar mass. The molecules of the lighter iso —~———____ | 

topes of uranium will contact the walls of a 2P hysical scientist, Nonterrout tlana. Title. 10—Energy; 
porous containment vessel more frequently Chapter I—Nuclear Regulatory Commission; Sections 

than the molecules of the heavier isotopes. 40-2 110.28, under General Licenses. 

The molecules of the lighter isotopes will | ,



Vanadi 
Grace N. Broderick! | 

The supply of vanadium in 1977 exceeded period. Arkansas, however, continued to be 
requirements, although reported consump- the leading vanadium-producing State for 
tion of intermediate products increased the sixth consecutive year. Exports of ferro- 
11% over that of 1976, and vanadium oxide vanadium were down in 1977, but exports 
recovered. from domestic sources decreased classified as ores, concentrates, oxides, and 
16%. Union Carbide Corp., the principal vanadates increased considerably over 
producer of vanadium oxide in the United those of the previous year. Vanadium pent- 
States, announced in November 1977 that it oxide (anhydride) imports and imports of 

| was reducing its vanadium operations at residues and slags were both less than in 
Hot Springs, Ark., because of the depressed 1976. Ferrovanadium imports for consump-— 
demand for vanadium, and that it would tion, however, were higher than those of 
shutdown the Arkansas mine and mill in any other year except 1968. | 
the first quarter of 1978 for an indefinite | | | 

| Table 1.—Salient vanadium statistics 

. (Short tons of contained vanadium) . 

 1738~S~«W‘TS”S*~‘aTSS~C~*CT6~~C*CTT —_———$—$<—$ $$ 

United States: 
Production: 

Ore and concentrate: 
Recoverable vanadium?__________________ 4,377 4,870 4,743 1,376 6,504 
Value ___.__________~ (thousand dollars). $26,611 $88,266 $49,329 $81,279 $74,488 

Vanadium oxides recovered? _________________ 4,864 5,368 4,859 6,197 5,208 
Consumption _______~__~_____________ 6,393 7,200 5,501 4,720 5,261 
Exports: 

Ferrovanadium and other vanadium 
alloying materials (gross weight). _.__.__________ 1,416 1,385 1,018 1,210 658 

Vanadium ores, concentrates, 
oxides, and vanadates ____________________ 232 203 215 99 192 

Imports (general): - 
Ferrovanadium (gross weight) ________________ 303 225 179 433 558 
Ores, slags, residues. _-§_________________ 2,600 2,485 2,895 2,998 2,812 
Vanadium pentoxide (anhydride) ______________ () 533 1,275 668 444 

World production _ __-_____--___--------------. 21,653 20,762 28,471 *31,271 33,317 

4Recoverable vanadium contained in uranium and vanadium ores and concentrates received at mills, plus vanadium 
recovered from ferrophosphorus derived from domestic phosphate rock. 

2Produced directly from all domestic sources and includes metavanadates. 
SLess than 1/2 unit. 

Legislation and Government Pro- in October 1977, subject to annual review 
grams.—As of December 31, 1977, the physi- and revisions; these goals for vanadium 
cal inventory of the U.S. Government stock- were 10,095 tons of ferrovanadium and 
pile remained at 540 tons of contained 2,576 tons of vanadium pentoxide. 
vanadium, all in the form of vanadium The National Institute for Occupational 
pentoxide. The stockpile goals for vanadium Safety and Health (NIOSH), U.S. Depart- 
announced by the General Services Admini- ment of Health, Education, and Welfare, 
stration on October 1, 1976 were reaffirmed recommended in a document sent to the 

: 979
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| Occupational Safety and Health Admini- cubic meter of air. OSHA’s current stand- 

stration (OSHA), U.S. Department of Labor, ards for vanadium are: For vanadium pent- / 

that occupational exposure to vanadium ‘oxide dust, a’: maximum exposure not ex- 

carbide and metallic and alloyed forms of ceeding 1.0 milligram per cubic meter of air; 

vanadium be limited to 1.0 milligram per for vanadium pentoxide in fume form, a 

cubic meter of air measured on a 10-hour, maximum of 0.1 milligram per cubic meter | 

time-weighted concentration. It also rec- of air; and for ferrovanadium, 1.0 milligram 

| ommended that exposure to all other vana- per cubic meter of air based on an 8-hour, 

dium compounds be limited to a 15-minute time-weighted average. 

ceiling concentration of 0.05 milligram per : 

| DOMESTIC PRODUCTION | , 

The same four mills that recovered vana- in power-generating operations. Long 

dium oxide from domestic sources in 1976 Island Lighting Co. (LILCO) sold vanadium- 

continued as the producers in 1977: Union bearing material recovered from this 

| - Carbide Corp., Rifle, Colo., and Hot Springs, source. Niagara Mowhawk Power Corp. also 

Ark.; Atlas Corp., Moab, Utah; and Kerr- sold vanadium-bearing ash and slag from its 

: McGee Corp., Soda Springs, Idaho. Colorado two oil-fired generating stations at Albany , 

Plateau uranium-vanadium ores, Arkansas and Oswego, N.Y. Several other power sta- 

- vanadium ore, and Idaho ferrophosphorus tions burning vanadium-bearing Venezue- 

constituted the domestic raw materials that lan residual oil located along the east coast 

were run through the mills. Other feed of the United States contributed residues 

materials included vanadium-bearing slags from which vanadium was extracted. 

from Chile, the U.S.S.R., and the Republic | 

of South Africa, spent catalysts, and vana- ‘able 2.—Mine production and recoverable 

dium residues. Vanadium recovered from vanadium of domestic origin produced in 

imported vanadium-bearing materials is the United States 

not included in any of the production fig- (Short tons of contained vanadium) 

ures shown in the tables, nor is the vana- = ___E 

dium recovered directly from slags or resi- y Mine Recovers 

dues as ferrovanadium or similar products. ear ets yvanadium? 

Gulf Chemical and Metallurgical Corp. ee 

continued to recover vanadium oxide from 19/0 --------7--77777 pile aot 

foreign materials at its Texas City, Tex. 1975 TTT 5,218 4,748 

plant. Ranchers Exploration & Develop- 1976 ------------- 777 8,078 L376 

ment Corp.’s Durita project at Naturita, Oe See 

Colo., which involves the leaching of old Measured by receipts of uranium and vanadium ores 

uranjumvanadium mill tailings and treat- "ag neenrrtteS iam contained in uranium and va 
| ment of the leaching liquors to recover both nadium ores and ¢ concentrates received at, mills, plus 

uranium and vanadium, came onstream in Yomestic phosphate 1 from ferrophosphorus denveswum 

December 1977. Additional production from 

uranium-vanadium ores of the Colorado . . ss 

Plateau will be forthcoming with the com- Table 8 — Prot of vanadium oxides 

pletion of Cotter Corp.’s Canon City, Colo. 

facility, expected to be onstream in 1979, _ Short tons) 

and Pioneer Uravan, Inc.’s mill in Colorado, Y Gross Oxide 

which has a target startup date for early ear weight content? _ 

1981. Kaiser Engineers, Inc. was selected for 973 8.296 8 683 

the engineering design of Pioneer Uravan's 1974 TTT T TTT T TTT 9/304 9,583 

projected mill, which will be located in 1915 - ------ ~~~ 77777 poet BANS 

Disappointment Valley near Slick Rock, 1977____-------------- 9,341 9,297 

Colo. 
cee 

Vanadium continu ed to be produced asa mete ed d directly from all domestic sources; includes 

byproduct of the burning of Venezuelan oil 2Expressed as equivalent V20s.



Producers of vanadium additives used by sonia, Pa; Shieldalloy Corp. (a division of == 
_ the steel and titanium industries were Metallurg, Inc.), Newfield, N.J.; and Union —_—- 

_ Engelhard Minerals & Chemicals Corp., Carbide Corp. at Marietta, Ohio,and Niaga- 

_ bridge, Ohio; Reading Alloys, Inc., Robe- a 

oe = CONSUMPTIONANDUSES ts” 

- -- Domestic consumption of vanadium, re- applications, continued to be the largest end a 
__ ported by type of material in table 4 and by use. : | | | 

end use category in table 5, increased11% §_Ferrovanadium consumption (including —_ 
_ over the 4,720 tons consumed in 1976. proprietary vanadium-iron-carbon ferro- — 
_ Approximately 88% of the vanadium con- alloys), compared with data for 1976, rose | 

_ sumed went to the production of steel,and 13%; oxide consumption decreased 18%; —_ 
| all of the steel end use categories registered and ammonium metavanadate consumption 

| increases. The most significant gain in 1977 increased 5%. Consumption of other vana- | 
was for carbon steel, which increased more dium materials, consisting principally of | | 
than 35%. High-strength low-alloy steels, vanadium-aluminum alloys and small quan- 
with extensive use in structural. steels, tities of other vanadium alloys, was 6% _ | 

_ large-diameter natural gas and oil trans- abovethatof1976. = = = | 
mission pipelines, and automotive industry _ ne ee 7 

: Table 4.—Consumption and consumer stocks of vanadium materials in the United States 
| | (Short tons of contained vanadium) a 

| | _ a 19% SSSS~«sT | 
7 Type of material Consump- Ending Consump- Ending | 

. tion stocks tion stocks . 

_ Ferrovanadium! ____-____--_--__-____----_----_--- 4,144 924 4,698 669 
Oxide _.- 2 ee 175 50 143 34 
Ammonium metavanadate .._. 2200 41 9 43 14 
Other? _. 0 360 97 382 128 

| ‘Total --_-------------------------------- 4,720 1,080 5261845 

1Includes other vanadium-iron-carbon alloys. a | 
*Consists principally of vanadium-aluminum alloy, plus relatively small quantities of other vanadium alloys and 

vanadium metal. 

Table 5.—Consumption of vanadium in the United States, by end use 
(Short tons of contained vanadium) . 

| End use ) ) "1977 

Steel: | 

garbon an a 78 

| Pulley === -~======= 22222227 2277222os22eeeeaeeee eee 1,428 

Hletre een OW ANY ~o oon nao nr re rrre rarer 
Tool ... +--+ 603 

Castirons __.._..-_~~~.~~~~~_--~- ~~ +++ ee ee ee ee eee ee e+ 47 
Superalloys _...___...-.~-~---~--~-~-~--+-~~~-~-~~ +--+ ee eee eee ee 19 
Alloys (excluding steels and superalloys): | 

tting and wear resistant materials _____.___.__-_.--_~~~ ~~~ -~~--~~~~-+--- ~~ +--+ WwW 
Welding and alloy hard-facing rods and materials _._.__..._.--_-----~----~-----~+-~-~--- 9 
Nonferrous alloys... _.._....----~----.--~---~--~-+.----~-+-+--- +--+ +--+ 350 
Other alloys’ ~a+----------- +--+ ~~ ++ +--+ - +--+ + +--+ +--+ + - Ww . 

Chemical and ceramic uses: 
Catalysts __...___-_________---_------ ~~ ee 180 
Other? ___________ ~~ ee ee eee ee ee eee e+ WwW 

Miscellaneous and unspecified _ .. .._...-.~------------~-+~+-+~--~-~--+~ ~~ ++ ee eee 51 

—. Jotal_ eee -------- 5,261 

W Withheld to avoid disclosing individual company confidential data, included in “Miscellaneous and unspecified.” 
1Includes magnetic alloys. 
*Includes pigments.
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| oe | STOCKS : | 7 

| In addition to the consumers’ stocks totaled 3,518 tons of contained vanadium at 
shown in table 4, producers’ stocks of vana- yearend 1977, compared with 3,018 tons at 
dium as fused oxide, precipitated oxide, yearend 1976. | 
metavanadate, metal, alloys, and chemicals a | 

| PRICES | oe 

The price for domestic 98% fused vana- pound of contained vanadium stayed the 
dium pentoxide (metallurgical grade) quot- same throughout the year. _ | | 

: ed by Metals Week remained at $2.75 to. —_- Union Carbide Corp., effective September - 
| $3.35 per pound of contained V.O; through- 1, 1977, raised the price of VQ 65% vana- | 

out 1977, and that for technical-grade, air- giym-aluminum from $8.27 to $9.25 per | 

dried vanadium pentoxide (chemical grade) pound of contained vanadium and, effective 
remained at $2.75 to $3.54 per pound of December 1, 1977, reduced this to $8.95 per 
Oe aly 15 arenpnout the Rtineral Co pound of contained vanadium. In December, 

Pargremes : ~“" the company resumed production of VQ 
| resumed production of 70% to 80% vana- . . . | 

dium-grade ferrovanadium, which had been 50% vanadium-aluminum, which had been 
rt eg aed discontinued in September 1977; its price discontinued about 5 years earlier when the P ? pric 

company decided to concentrate on its pro. WS set at $9.25 per pound of contained 
7 prietary Ferovan grade (42.6% vanadium). V@nadium, an increase from the previous 

Price for the 70% to 80% grade was $5.85 Price of $8.60. The price for vanadium- 
per pound of contained vanadium. Shield- aluminum alloys sold by Reading Alloys, 
alloy Corp., effective July 25, 1977, reduced Inc., effective December 1, 1977, was $8.95 
the price of its 80% vanadium-grade ferro- per pound of contained vanadium for 65% 
vanadium from $6.10 to $5.85 per pound of to 35% vanadium-aluminum, and $9.25 per 
contained vanadium. U.S. price quotations pound of contained vanadium for 50% 

| for Carvan and Ferovan of $5.60 per vanadium-aluminum. 

| FOREIGN TRADE 

Exports of ferrovanadium totaled 1.3 mil- from the Federal Republic of Germany. 
lion pounds (gross weight) in 1977, 46% less Imports of vanadium-bearing materials 

_ than in 1976. Exports of ores, concentrates, (such as ashes and slags) totaled 5.6 million 
and oxides, however, were ata much higher pounds of contained vanadium, compared 
level than in 1976, rising from 197,000 with 6.0 million pounds of contained vana- 
pounds of contained vanadium to 384,000 dium in 1976. In both years, the Republic of 
pounds, an increase of 95%. ane average South Africa, Chile, and the U.S.S.R. con- 

eciared value tor expo ores, concen- tinued to be the major sources of this 
trates, and technical-grade oxides was $2.86 uonly. Vanadium pentoxide (anhydride) 
per pound of contained vanadium pentoxide imports for consumption decreased from 
in 1977, compared with $2.11 per pound in 2,184,241 pounds (gross weight) in 1976 to 
1976. The average declared value for ex- ,’-q0’ pounds g n 

rts of ferrovanadium was $3.76 per pound 1,598,571 pounds in 1977. Imports of ammo- 
as alloy in 1977, compared with $3.79 in nium vanadate (gross weight) were 10,069 
1976 y a } pounds from the Federal Republic of Ger- 

Imports classified as vanadium ore and ™any and 5,630 pounds from the United 
concentrates, the first to be reported since Kingdom; sodium vanadate imports a- 
1973, were received from Canada in Decem- mounted to 55,115 pounds (gross weight), all 
ber 1977. The quantity imported had a Of which came from the United Kingdom. 

vanadium pentoxide content of 14,000 Ferrovanadium imports, shown in table 7, 
pounds, valued at $15,698. Imports classi- in terms of general imports were the high- 

fied as vanadium carbide totaled 3,452 est since 1972, and in terms of imports for 

pounds (gross weight), 2,800 pounds of consumption were higher than any other 

which came from Canada and 652 pounds year except 1968.
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| _ Table 6.—U.S. exports of vanadium, by country __ | 
| a (Thousand pounds and thousand dollars) ts | 

. . Vanadium ore, concentrates, . Ferrovanadium and other pentoxide, vanadic acid, 
vanadium alloying materials vanadium oxide, and vana- FO containing over 6% vanadium dates (except chemically aeee, (gross weig pure grade | Destination | | s + ‘(vanadium content) 

: SAAS: TS estpeamenyesenetesemeneesn 

1976 1977 © 1976 ' 1977 

| | | ity Value QE” Value WAP Value quan Value | 
Beponne ~ ae ee 40 172 © 84 343 -- -- _- --, Belgium-Luxembourg ____________.___. 110 394 _- _— _~ -— -—- . Canada_______ 22 ee 780 3,236 507 2,240 65 206 212 543 El Salvador _. 2.2 _— _- 1 3 m= ae -— _- Finland____. 2222 "33 122 -- -- -- _- -- —_ Germany, Federal Republicof_......... 41 128 _- ae ~- -- 0 ee a _ Hong Kong. _____ 2 2 _— —- 26 110 -- —_ India a-~=-+-- ++ 1 3 (3) 3 23 100 12 ~=~=— 49 Indonesia_ __ ~~ 22 $2 -- -- 5 11 -- _— _- __ Italy __ _ ee 5 20 0 Japan. __- ~~ 718 = =—2,414 579 ~—s_ 1,858 -- _- a __ . Korea, Republicof _.._____________ Le -- 2 6 oe __ — __ Malaysia __ =~ 2 se 1 4 _- __ __ __ __ __ Mexico ____.~- ~~ 16 57 104 348 50 233 30 103 Netherlands... 22 22 = 132 527 -- -- -- -- _- _2 New Guinea _____~~____-_________ _- _- —L _- (?) 1 _- -- Pert — — ~~~ ~~-~------------+--- -- -- “5 x0 1 1 -_ _.’ ppines __._-__ ~- ~- -- -- --. -- Poland ~~. ~~~ 277 2727777777777 107 399 -- -- -- -- -— -- Spain ____. 22 230 934 —- -- 53 181 6 22 CO oo Sweden... 121 504 5 17. _- — __ — Switzerland _.. $2.2 _= _ 70 204 -- _- -- -- -- _- Taiwan _.- 2-222 -- -- 1 5 -- _- ~— _— Venezuela ____ 222 m=. oe -- _- — -- 124 1,242 Yugoslavia...00-_2_-______ sD 82 LL __ __ __ -- _- 

~ 
SE ST SSS SSSA 

Total _-_._-..---.-_.--_--_. 2,422 9,180 1,816 4,954 197 742 $884 # 1,959 

‘Less than 1/2 unit. ; - | _ 

Table 7.—U.S. imports of ferrovanadium, by country | a 
“(Thousand pounds and thousand dollars) 

. rh ee SS eS SS SSS SSeS aS rss sss sos . . . 1976 1977 

_ Country . Gross  Vana- Gross  Vana- 
| weight dium | Value weight ium Value 

a_i 
ones enshipenssnay> 

General imports: - . oo 
Austria -_ ~~. - 55 45 219 12 10 53 . Canada ___. ~~~ 91 69 371 416 319 1,658 Germany, Federal Republicof _..___________ 323 238 1,200 169 114 597 
Norway _.-_____----_-_~_~___~________ 353 166 656 407 186 901 
Sweden ______--- 44 36 172 111 90 443 Ls 

Total! ~--- 866 - 553 2,618 1,116 719 3,652 . , = _ 
Imports for consumption: 

Austria ~~~ ~~~ - 65 45 - 219 12 10 53 
Canada _______ 9] 69 371 416 319 1,658 
Germany, Federal Republic of _..___________ 219 202 1,029 169 114 597 
Norway _____--.~- ~~~ 2 353 166 656 304 140 687 
Sweden -_____ ~~ 44 36 173 111 90 443 

‘Total -- 822 518 2,448 ~—Ss:1,012 673 —- 8,488 | 
ence cece eee menaeee ee 

aT SS ssa nsnsnnsancns 

1Data may not add to totals shown because of independent rounding. 

+ .
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Table 8.—U.S. imports of vanadium pentoxide (anhydride), by country 

_ oe - a 1976 —_ TT 

Country Gross Vanadium Gross) Vanadium = — 

- oe weight content. Value weight content .. Value mo 

_ (pounds) ._ (pounds) _ (pounds) = (pounds) 

-- Generalimports:; ==8=« sis | Sa | CO : oe co 

ae Denmark ..---------»--- oe 24,889 18,685 $24,000 | 
7 Finland. ---.----- _- -ee 162,754 91,175 $21,344 

oe Republicof _._..___.--- 2,888,754 1,835,379 $8,766,686 1,897,515 182,888 2872358 = | 

So United Kingdom -.-------- | __ 665 — «- 878—<“Cst*té«S «BD. 6 ~ 8 1,201 

+ tigtal _-- = --__ 2,884,419 1,885,752___3,769,587__ 1,584,614 887,701 2,718,908 

oe _ Imports for consumption: fe a - - mos pe 

Denmark _-.------------ _- _- _- 24,339 18,685 — 24,000. 

a Finland ___._____------- _- = _- 162,754 91,175 $21,344 : 

oe South Africa, . oO — . oe 

Republicof _.____-----_ 2,188,576 1,228,289 © 8,478,196 1,411,472 790,706 = 2,898,292 , 

ss United Kingdom —-~-------__ 665 — 3873 2,351 6 7 3 1201000C 

| Total _-------------- 2,184,241 1,228,612 8,481,047 1,598,571 895,519 2,744,887 

a a WORLD REVIEW | a . ae . 

In addition to the nations listed in table 9, Brazil.—Import barriers against vana- SO 

 gome others had relatively small vanadium dium pentoxide were dropped by the Brazil- 

_. production from secondary, waste, or by- ian Government at midyear, thus making it . 

product sources. Japan and the Federal possible for Brazil’s ferroalloy producers to — | 

Republic of Germany produced. vanadium import this material at an attractive price — —— 

| from several such sources. . | level. : 

World capacity to produce vanadium has. Finland.—The new Mustavaara mine 

| increased considerably with the result that and plant of Rautaruukki Oy, in combina- _ : 

it now exceeds the rate of world vanadium tion with their Otanmaki mine and plant, 

consumption. Oversupply, along with ac- have greatly increased Finland's capacity to. | 

- cumulated inventories, led to announce- produce vanadium. The company developed  _ 

-. ments of production. curtailments by its own extraction process, which is used at 

_ Highveld Steel and Vanadium Corp., Ltd. both plants. In this process, after magnetic — 

_. (HSV); Ucar Minerals Corp.; Rautaruukki concentration of vanadiferous magnetite, . | 

Oy; and Elkem-Spigerverket A/S. - soda is added to the concentrate and the | | 

Australia.—It was reported that a vana- concentrate is pelletized. Wet pellets are 

dium/pig iron project planned by Garrick charged to sintering furnaces that convert 

Agnew, a mining entrepreneur whose com- the magnetite to hematite; meanwhile, un- 

pany, Agnew Clough, Ltd., owns a charcoal der the influence of the soda, vanadium 

pig iron plant at Wundowie in Western forms a water-soluble compound that can be 

Australia, would cost about $28,000,000. leached from the pellets with hot water. 

Subsidies would be granted by the Western -Vanadium is precipitated from the leaching 

Australian Government to Agnew Clough, solution as ammonium trivanadate, which 

Ltd., when the company undertakes con- is then fused into vanadium pentoxide. The 

struction of a facility to produce vanadium Mustavaara deposit is located at the border 

pentoxide from vanadiferous magnetite de- area of Taivalkoski and Posio, about 90 

posits at the rate of 1:2 million pounds of miles north of Otanmaki and 43 miles 

contained vanadium per year. southeast of Rovaniemi. , 

Austria —Treibacher Chemische Werke India.—Ferrovanadium production was 

A.G. continued to produce ferrovanadium 99 tons in 1977, compared with 58 tons in 

from imported vanadium material. Aus- 197 6. Plans for the construction of a ferro- 

trian trade statistics do not record exports vanadium plant in the State of Orissa were 

of ferrovanadium separately, but imports under consideration by Ipicol. 

reported by the U.S. Bureau of Census Norway.—Elkem-Spigerverket A/S, a 

indicate that the United States received company formed by the merger of Elkem 

from Austria 55 tons (gross weight) of ferro- A/S and Christiania Spigerverk in 1972, 

vanadium in 1976 and 12 tons in 1977. produced ferrovanadium at its Bremenger
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| Table 9.—Vanadium: World production from ores and concentrates, by country | | | - | (Short tons of contained vanadium) _ , | | 

| | — Country ) se eee ee | i 
1199 950 Finland (in vanadium pentoxide product) ~a-- 

heto 1649 2,655 orway TTT mate nn nm nn ne 

South Africa, Republic of? _ . 
_ Content of pentoxide and variadate product* meee ee 5,300 3,931 4,900 Content of vanadiferous slag product® ~~ ~~ ee 6,434 6954 7,488 

| Total ————_-______ 
11,734 10,885 12,888 , South Weat Africa, Territory of (in lead vanadate concentrate®______ = 619 782  °©§20 US.S.R. ° ves (recoverable vanadingg rrr nee eee _ 8,800 ™8,800 10,000 | United States (recoverable vanadium) Wot tars an nen ene 4748 7,376 6,504 

Tiel’ ~~ ~~~ =" -7~~-5-----~----------2-- == "28,471 31,271 88,817 | 

1Based ed on US. importa of vanadium bearing rslag. So . So oo . "The Republic of South Africa officially reports the undistributed total production of vanadium in pentoxides and the basis (fa reported tor medium beating TiN slag (oro ‘multiplied by an sessed yeseaed on vanadieny Vanadum content of pentoxide and vanadate products represents the difference between the reported total | and the calculated estimate for vanadium in slag, . a “Data represent output of South West Africa Co. Ltd. for the years ending June 30 of that stated. _ 

| smelter at Svelgen. Christiania Spigerverk brought onstream its new plant at Brits. 7 was a producer and exporter of vanadifer- Planned eutbacks in production at these | : _ ous slag and vanadiferous pig iron for some plants and of its mining operations at Brits : | _ years, but in 1966 changed over to the were announced by the company, because of | | production of ferrovanadium for export.. current oversupply of vanadium resulting __ - The titaniferous magnetite ore of the Rod- from increased world production capacity = Sand mine was, and continues to be, the coupled with weakened demand. oe - _ source of the vanadium. It was reported in The shareholding of Otavi Mining Co. | _ September 1977 that Elkem-Spigerverket (piy.) Ltd. in Transvaal Alloys (Pty.) Ltd. | A/S was not producing vanadium titanium was acquired in 1976 by Norddeutsche a | es P Polar re iat Sime. h Governmer twas re. ‘iiimerie. Modifications of the vanadium = © . ortedly studving the fencihilite -fe ns, Pentoxide plant and equipment were imple. | portedly studying the feasibility of a project mented and full annual output capacity was froma large tiaifrous mapaetae Senge diated fobeabout 130 ome ofcontained ee TeaSe titan “ ™ : vanadium. Sales, handled on alongterm ” South Afrien: Republic of—South Africa °Ontractual basis by Brandeis Goldschmidt | Continued to be the world’s largest producer © Co. a rere mainly pas rope bat also of vanadium with an estimated production South-West Africa. Territo ef—The _ : in 1977 of 22,113 tons, as V.0; equivalent, South-West Africa Ce Lid. (SW, ACO) con. for the combined forms— slag,polyvanadate South ne lend vomadetn 2 / and metavanadate, and fused pentoxide. tinued te produce lead vanadate concen- _ - During the fiscal year ending June 30,1977, trate from the Berg Aukas mine, near tewe a: se world’s lead. Grootfontein. As of- November 24, 1976, the | 
HSV, the country’s and the world’s leading em. aM . ooo producing company in vanadium, produced company became a wholly owned subsidiary 7 at its Witbank plant a total of 53,482 tons of Kiln Products Ltd; SWACO is adminis- | (gross weight) of vanadium-bearing slag, tered by Gold Fields of South Africa wa a compared with 49,571 tons in fiscal year Rossing ~ranlum, Ltd., reportedly, nas | 1976. The company’s Vantra division, as a source of vanadium raw material available result of lowered vanadium demand, cur- in the tailings from its uranium mining and tailed its production of vanadium pentoxide this material may be stockpiled against and operated only one of its eight roasting future use. | 
units during the latter part of calendar year — Turkey.—Prospecting teams of the Min- 1977. ing Research and Prospecting Institute of Ucar Minerals Corp. continued to operate Turkey (MTA) reported the discovery of | its vanadium plant at Bon Accord and vanadium mineralization near Keban.
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| U.S.S.R.—The USSR., which has large from bauxite at the Dneprovsk aluminum 

--yanadium resources, continued to produce plant. At Tula, a city south of Moscow, a . 

vanadium-rich slag, a coproduct with ‘ron relatively large vanadium oxide plant, with 

| vont a the titanif erous aaa aN of ane a reported capacity of »” ee pounds of | 

- Kac ar open pits in the Ural Moun Os per year, was sal ave been com- - 

and iron ore from Lisakovsk in Kazakhstan. pleted. - | Oo | | 

_ A unit for vanadium recovery from waste, Yugoslavia.—Vanadium and titanium re- 

commissioned in 1976 by the Ust’-Kamen- portedly have been discovered in Yugo- 

ogorsk titanium-magnesium complex in Ka- slavia. The ore bodies, located in the Jaste- 

zakhstan, began production in 1977. Vana- bec Mountains west of Nis, were estimated | 

dium pentoxide has been recovered as a_ to contain 50,000 tons of vanadium pentox- 

| byproduct of the production of alumina ide and 2,000 tons of titanium oxide. 

oe oe TECHNOLOGY | a | 

Research projects sponsored by the Vana- dack Mountains in New York. A finely 

dium. International Technical Committee divided magnetite concentrate was screen- 

(Vanitec) included research on the proper- ed, and the minus 250-mesh fraction mixed 

ties of vanadium-nitrogen steels at the Na- with a sodium compound; the mixture was 

tional Physical Laboratory in England, the roasted at a temperature of 1,000° to 

weldability of vanadium steels at The Weld- 1,300° C. to form a water-soluble sodium- 

ing Institute in England, the properties of vena compound, was then re- 

qual phase HSLA steels at the Swedish moved by leaching with water. ‘he magne- 

oe ‘uatitute for Metal Research, vanadium tite end product contained as low as 0.3% | 

| steels for line pipe at Italsider S.p.A. and sodium and no more than about 1.0% SiO: 

Centro Sperimentalie Metallurgico in Italy, and was suitable for use as feed material for 

. vanadium steels for rails at the University blast furnaces in the production of metallic 

| of Ghent in Belgium, the strength-tough- iron 

ness balance of vanadium line pipe steels at Two paten for recovering vanadium 

ee pritish Steel Corp., and precipitation from 8 vars Leone source were 3s 

reactions in vanadium steels at the Massa- signed to > Inc. One process teat | 

chusetts Institute of Technology. . vanadium-bearing material with an ammo- 

| Several experimental programs were con- niaen solution ire temperature on to 

ducted on vanadium steels and vanadium- The sulti P e up date Pi tion 

columbium steels with emphasis on devel- e resulting ammonium vanadate solution - 

. mpositi witable for Arctic- was separated from insoluble metal impur1- 

oping a composition * M ties and cooled to below 50° C to precipitate | 

grade line pipe. Reaute from these P by ammonium vanadate, and the precipitate 

grams Wate on an oar trials ; Hd separated and calcined to form vanadium 

recent ; Of inom micro. od. ie? pentoxide.’ The second process leached 

vanadium-columbium microalloy steels? anadium-bearing material with a solution 

A superformable, high-strength sheet of sodium hydroxide or sodium carbonate. 

steel, GM eee; developed a ee ies The leach liquor was separated from insol- 

at Gener bed ore ee A char teri aby uble impurities and treated with ammonia 

was ribed.® The stee! 18 acterized and carbon dioxide to precipitate ammo- 

a low yield strength, a continuous stress- nium vanadate. The precipitate was sepa- 

strain curve win ee yield point clone rated and calcined to form vanadium pent- 

a high ond a large ine i elongation tt is ome th oom aren So amamoni athe 
, . with s remove ammonia, the 

basically a commercially available steam-ammonia mixture recycled to the 

vanadium-strengthened SAE 980X that has precipitation step, and the stripped caustic 

been heated at 790° C for 3 minutes and solution recycled to the leaching step.° 

then air-cooled to oO ea a roe § Other patents issued in 1977 included one 

A patent was issued on a Process or for recovery of vanadium, as vanadium 

recovering vanadium from a magnetite con- pentoxide, from a solution of sodium vana- 

centrate produced during the beneficiation date obtained during processing of vana- 

of titaniferous magnetite, for example, the dium-containing sludge in the production 

ilmenite-magnetite deposits of the Adiron- of alumina. Solution at a pH value of -



| from 4.0 to 6.0 and ata temperature lower . 1Physical scientist, Division of Ferrous Metals 
7 than 40° C was treated with ammonium  — “Goetz, G. J. New X70-X80 HSLA Steels for Structural 

chloride or ammonium sulfate to precipi- and Line Pipe Use. J. Metals, v. 29, No. 8, August 1977, pp. 7 
: tate ammonium-sodium decavanadate. The 17°: a , } 

: sipitate wl "4 d dissol ed ; 5Baxter, D. F., Jr. GM Develops a Superformable HSLA 
. precipi was separated and dissolved in Steel. Metal Prog,, v. 112, No. 8, August 1977, pp. 44-48. 

| hot water, the aqueous solution treated Nilsen, A. E, (assigned to NE Industries, Ine.) Method 
ee te ee) ot 4 hewete, varini. or Recovering Vanadium from Magnetite and Forming a 

_. . With a mineral acid and heated to precipi- ya cnetite Product Low in Sodium and Silica. US. Pat. 
| tate ammonium polyvanadate, and the pre- 4,023,959, May 17, 1977. 

cipitate calcined.” “Morgan, K. A., and R. R. Frame (assigned to UOP Inc.). 
| Anoth er patent was f or th e@ recovery of Recovery of Vanadium Values. US. Pat. 4,061,711, Dec. 6, 

| vanadium pentoxide from vanadium- — ‘Morgan, K. A., and M. Miller (assigned to UOP Inc.). 
oo containing metallurgical slag. Ground slag Recovery of Vanadium Values. US. Pat. 4,061,712, Dec. 6, . 

Was roasted in an oxidizing medium, the —“*Nasyrov, G. Z, and I. V. Ravdonikas (assigned to 
calcine leached with phosphoric acid at a Yeesojuany Nauchne Issledovatelsky, i Prosktay Institut 

; ° 9 ~ a ner juminievoi an ievoi i Elekt i Promyshlen- 

30 0 120 minutes to solubilize vanadium as Past Parag Vena Bonen Us : Me at. 4, 9 ug. 9 > . Pat. > > , ve ? 

vanadium pentoxide, the leach liquor filter- 1 vineky Sidak. N.P. and N. V. Grinberg. Method of 
: : : oO y-Sidak, N. P., and N. V. Grinberg. Method o 

ed off, and the vanadium pentoxide recover- preparing Vanadium Pentoxide from Metallurgical Slags 
ed from the solution.® Containing Vanadium. U.S. Pat. 4,089,614, Aug. 2, 1977. |





By Stanley K.Hainest  —_ Oe 

-. Domestic. production of crude vermiculite Texas, and South Africa. The principal end 
reached 359,000 tons, slightly below the uses were as loose-fill and block insulation; — 
record of 365,000 tons in 1973. Output of in concrete aggregate; in premixes for - 

_ exfoliated vermiculite increased to 321,000 acoustic, fireproofing, and other applica- 
a tons, 19% above the revised 1976 total. The | tions; and for agricultural purposes. World 
.... average value per ton continued to climb, production of crude vermiculite was 569,879 | 

reaching $157.42. Exfoliating plants proc- | tons, a decrease of 1% from 1976. : 
| essed ore from Montana, South Carolina, = re : - 

| oo Table 1.—Salient vermiculite statistics a a 
a Bo _- (Thousand short tons and thousand dollars) | | 

Tannen ee . 1978 1974 9 1976 1977 

United States: _ Be oe 
_ Sold or used by producers: SO ce, re 

 Grude 2 365 841 880 304 359 
| 7 Value. _.___-._.._.___..--. $9,464 $10,120» $18,761 = $14,082 «= $18,579 

| | Average value per ton ___._ -_______ $25.98 . $29.68 $41.70 $46.16 $51.75 
 . Exfoliated . 2. -1-------------- 298 215, 285 F270 321 

Value 22 ai. «$81,186 =~ $80,916 ~=—- $86,345. «$42,255 = $50,108 
ce _ Average value per ton =. $106.44 $112.42 $154.66 | "$156.40 $157.42 

_ Exports toCanada ~~~. e 36 02€¢«~C~C*«*SAA 45 Al 45 - 
| Imports from the Republic ofSouth Africa------ 80 4 33 40 40 | 

| World: Production, crude _...:-.-..-------- - 549 557 7588 577 — 510 | - 

, ~ DOMESTIC PRODUCTION 

Crude Vermiculite.—Output of vermicu- Exfoliated Vermiculite.—Production of 
lite concentrate, commonly called crude, exfoliated vermiculite increased 18% in 
iritreased 18%, from 304,000.tons in 1976 to quantity and 19% in value in 1977. The five 

| 359,000 tons. The principal mining oper- leading producing States were Ohio, South __ 
ations were W. R. Grace & Co.’s mines and Carolina, Texas, Florida, and New Jersey. 
beneficiating plants in Libby, Mont. and W. R. Grace & Co., Construction Products 
Enoree, S.C. Crude vermiculite was also Div., the principal producer of crude and 
produced by Patterson Vermiculite Co. in — exfoliated vermiculite, operated 30 plants in 
Lanford, S. C., and Volite, Inc., Llano, Tex. 24 States. Vermiculite was produced by 22 

At yearend Virginia Vermiculite Co. had companies with 52 plants in 29 States. 
obtained commercial financing for its mine, Crude vermiculite from the Republic of 
beneficiation plant, and exfoliation plant in South Africa was exfoliated at about 10 
Louisa County, Va. Mining was planned for domestic plants. 
late 1978. | 

989
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| | __ Table 2.—Exfoliated vermiculite sold or used, byend use : | 

| a ~ ) —-*41976 _ 1977 7 | 
- Use Percent of het. Percent of . a | ce a " Short tons “total | Short tons total 

_ Aggregates: - | a | : 
‘Concrete _... 2 67,710 . 25 65,920 21 
Plaster 2 8,099 1 - 3,599 1 

DO Premixes’ _____.___.__------=--- 89,450: 15 30,130 a) 

| : Total? _.. ee 110,300 41 99,650 31 | 

Insulation: . SO a | 
~ Loose fill .. -. -. ~~ ee 39,050 . 14 74,900 23 

Block _ ~~~ 39,310 15 50,980 16 
Packing _.___..-.--.--------- . - 390 -—- 168 -- 

a Total? = 18,750 29 126,000 39 

Agriculture: . Oe 
Horticulture and soil Oo | Lo | 

conditioning ._........-..---- 36,380 13 40,780. 13 
SO Fertilizer carrier _._...__--.---.-- *37,450. a 14 47,580 15 | 

| 7 ‘Total? ______--------------- P7880 eT 883,360 «=i (“stitéi 

Miscellaneous ________------------ 1884. 83 6797 2 

; | Grand total? _____-..--_------ *270,200 100 820,800 100 

te, cludes vermiculite used in premixes for acoustic and fireproofing purposes, decorative textures, moisture sealant, : 

2Data may not add to totals shown due to independent rounding. | 

| Table 3.—Vermiculite exfoliating plants in the United States in 1977 | 

_ Company — State 7 County Nearest city 

J.P. Austin Assoc.,Inc _....-._... Pennsylvania __._ Allegheny ______ Beaver Falls. 
J.J. Brouk &Co., Inc ____ .. -. ~~~ Missouri _..___~ St. Louis _______ St. Louis. 
Cleveland Builders Supply Co. _ Ohio ~~ Cuyahoga __.____ Cleveland. 
Cleveland Gypsum Div. CO 

Diversified Insulation, Inc ~~~ Minnesota ___—__— Hennepin _ _____— Minneapolis. 
W. R. Grace & Co., Construction Arizona ____—_—— Maricopa __——___ Phoenix. 
Products Div. 

. os Arkansas _____—— Pulaski ._-___1- North Little Rock. 
“ . California. __. Alameda —_____— Newark. 

ee OL Los Angeles _____ Los Angeles. 
. __--do_____-_ Orange _______- Santa Ana. . 

Colorado ___._._._. Denver _______- Denver. a 
Florida _.____—— Broward ______~ Pompano Beach. 
~---fe-------- Duval ooo o- ona Jacksonville. 
_-..do..----- Jisborough — — — — — ampa. sie 
Illinois. _ ~~ Dubage ~~~ West Chicago. 
Kentucky _____— Campbell _______ Newport. 
Louisiana —— —_ ___ Orleans ________ New Orleans. 
Maryland___—___ Prince Georges_ _ _ — Muirkirk. 
Massachusetts_._.._ § Hampshire ______ Easthampton. 
Michigan _____~— _ Wayne________-_ Dearborn. 
Minnesota -___ ~~ Hennepin —_____— Minneapolis. 
Missouri _._____ St. Louis _._____ St. Louis. 
Nebraska ___ _ ___ Douglas _______— Omaha. . 
New Jersey__.... Mercer __._____- Trenton. 
New York______-— Cayuga ________ Weedsport. 
North Carolina — ~~ Guilford. __—__- High oint. 
Oklahoma _____~- Oklahoma ____—~ Oklahoma City. 
Oregon ______—- Multnomah_ — —_ __ Portland: 
Pennsylvania __— — Lawrence __.—__— New Castle. 
South Carolina. _ — _ Greenville ______ Kearney. 
oi do. _- ~-~~-do___ Travellers Rest. 
Tennessee ______ Davidson _______ Nashville. 
Texas-_________ Bexar _________ San Antonio. 
~---do-_____-- Dallas _.._.-__- Dallas. 
Wisconsin. _ — — — —_ Milwaukee __.___ Milwaukee. 

Hyzer & Lewellen ~~ ~._.-~__-~~- Pennsylvania _—-—_— Bucks ___-____~ Southampton. 
International VermiculiteCo _.___ ~~ Illinois. ___.-_-~- Macoupin ______~_ Girard. 
Koos, Inc __._-___.----------~~- Wisconsin_____— _ Kenosha ______~_ Kenosha. 
La Habra Products, Inc _.....__-_~- California. __-~ — Orange ____~____ Anaheim.



CO | VERMICULITE = == sight itt” 
| Table 3.—Vermiculite exfoliating plants in the United States in 1977—Continued = 

Company . State | County | Nearest city a 

MacArthurCo_.-___________ Minnesota ~----- Ramsey __ St. Paul. a Mica Pellets,Inc __.__..________ Ilinois__—______ DeKalb ________ DeKalb. oe . Patterson VermiculiteCo ___________ South Carolina_ _ __ Laurens________ Lanford. . Robinson InsulationCo ___________ Montana _______ Cascade ._______ Great Falls. 
North Dakota ____ Ward _________ ° Minot. oo Schmelzer Sales Associates,Inc _..... Florida _______~ Hillsborough_____ Tampa. . The Schundler Co_______________ New Jersey____ __ Middlesex_ ___.__ Metuchen. . O.M. Scott _.-- =. Ohio __________ Union __.__._.___ . Marysville. Strong-Lite Products_____________ Arkansas_.__.._ _ Jefferson _______ Pine Bluff. | Supreme PerliteCo______________ Oregon ____..._  . Multnomah _____ Portland. Vermiculite of Hawaii,Inc _._______ Hawaii _-______=_ Honolulu _______ Honolulu. . Vermiculite-Intermountain, Inc _______ Utah__.___ Salt Lake _______ Salt Lake City. | a - Vermiculite Products,Inc__________ Texas _..______ Harris. ___ Houston. . Volite, Inc __--.. 22 --~-dow 22 Llano ~~ Llano. 

| _. CONSUMPTION AND USES ne 
The end-use pattern shifted substantially, the need to insulate their homes, causingan sy _ through a large increase in loose-fill insula-_ increase in demand for all forms of home | tion and a drop in premixes. The Principal insulation. Some of the other insulating — end-use categories were insulation, 39% (up _ materials underwent a period of tight sup- an 10 percentage points); aggregate, 31% (down - ply, thereby throwing more business to the _ 10 percentage points); agriculture, 28%; and vermiculite industry. Additionally, about miscellaneous, 2%. One explanation for the 21,000 tons of crude vermiculite was con- : increase in demand for loose-fill insulation sumed for various end uses without exfo- is that U.S. consumers became convinced of liation, | 

| | PRICES | ; 
According to the Bureau of Mines can- Engineering and Mining Journal quoted vass, the average value of domestic crude nominal yearend prices for crude vermicu- - vermiculite increased 12%, from $46.16 per lite as follows: Per short ton, f.o.b. mine, a ton in 1976 to $51.75 in 1977. The average domestic crude, $48 to $75; cif. Atlantic - value of exfoliated vermiculite increased ports, Republic of South Africa crude, $60 to $1.02 per ton to $157.42 in 1977, fo.b. mine $80. | | 

or plant. — | | | 

| FOREIGN TRADE oe 
Exports of crude vermiculite to Canada — Mont. About 40,000 tons of crude vermicu- increased to 45,000 tons in 1977. The ver- lite was imported duty free from the Repub- | miculite was shipped primarily from Libby, lic of South Africa. 

7 _ . WORLD REVIEW : | a 
Canada.—A total of 59,47 1.tons of crude follows: Loose-fill insulation, 71.9%; horti- vermiculite was imported in 1977, from the culture, 8.8%; insulating concrete, 7.3%; United States and the Republic of South plaster, 2%; and other uses (including fire- Africa. The Provinces receiving the most proofing and barbecue base), 10%.2 

vermiculite were Quebec, 28,800 tons; On- Japan.—Production of crude vermiculite tario, 15,000 tons; Alberta, 9,700 tons; Mani- in Japan in 1977 was 15,000 tons, compared toba, 6,000 tons; and British Columbia, 4,500 with 14,000 tons in 1976. The deposits are tons. The end-use pattern for 1976 was as generally of lower quality vermiculite. The |
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primary producing companies were Sinsei Most of the vermiculite is consumed by the 

Nekken Kogyo Co., Ltd., U. S. Industry Co, constructionindustry® =. 

Toyo Hiruishi Kogyo.Co., and Nihon Hiru- | South Africa, Republic of.—-Total pro- — | 

a ishi Kabuishiki Kaisha. The. principal de- — duction of crude vermiculite was 182,348 

posits are in Fukushima Prefecture in the short tons. Local usage amounted to T4850 

northeast, and in Fukui Prefecture in cen- tons, and exports were 163,800 tons. 

tral Japan. i | —_ Physical ecientist, Division of Nonmetallic Minerals * asa lit ysical scien vision of Nonmetallic erals. 

_ About 80,000 tons of vermiculite per year — 26,onehouse, D. H. Lightweight Aggregate, 1976. Cana- | 

is imported into Japan, mainly from the da Dept. Energy, Mines, and Reso urces (Ottawa), 1976, 5 

Republic of South Africa with a small PP ea ag: | | 
ee ae - " ne Industrial Minerals (London). No. 119, August 1977, p. 

ae quantity from the United Statesand Kenya. 22 ° Bo P Oo , 

Table 4.—Vermiculite: World production, by country’ | 

: , _. (Short tons) — | | | 

. Country! - | oS ~ 1975 «1976 19779 

: nC e400 020Ct:té‘i IT OtC«C«K GO 
Brazil® _..._____----.----------------+---------- 982s LL -°1,200 : 

Egypt! wee een nn enn nn nen nner ) a) es 

, India. _____ 2.2222 - ~~~ = enone enn ---- 2,887 4,600 - 2,954 

Japan® .__..._..----------------+--------- 9-2 18,000 14,000 15,000 

, Kenya eee ee eee eee eee eer enn 8,249 | 3,954 4,762 

South Africa, Republic of ....-..----------------------- 228,761 244,798 182,843 

Tanzania® _____.--.-----~------------------------- . 20 20 20 

United States (gold or used by producers) - - -~---------~-----~-~ 330,000 | - 304,000. 359,000 - 

| ‘Total -------------------------------------- 587,689 577,000 «569,879 | 

 CRstimate. Preliminary. "Revised ae as | ~ | 

Excludes production by centrally planned economy countries. 

_ *Production for Brazil in previous editions of the Minerals Yearbook has been estimated owing to the absence of 

reliable source materials. Official Brazilian output data for the years 1967 to 1974 that has become available since the last 

‘edition of the Minerals Yearbook was published ‘as follows in short tons: 1967, 239; 1968, 186; 1969, 18; 1970, 9; 1971, 104; 

1972, 622; 1973, 51; and 1974, 7. oS : | a oS BO 

*Revised to zero. . . :



By V. Anthony Cammarota, Jr.‘ and John M. Lucas: oe 

_ The zine industry in 1977 was marked by due to ore depletion or low zine prices. A OO | | production cutbacks, lower consumption, — 4-month strike at a mine in Tennessee cut = falling prices, and labor strikes. Mine pro- production in that State, and a 5-month _. duction of recoverable zinc fell 7%, primary — strike at a smelter in Idaho affected mine | | a ‘Slab zine production dropped 10%, and slab production in several Western States, 8 _ Zine consumption decreased 3%. Several ~ U.S. primary and secondary smelters pro; = gine closures and strikes adversely affected | duced 500,756 tons of slab zinc, down 12% both mine and smelter production. Primary from that of. 1976. A strike, - Mechanical ; - _ Producers. announced cutbacks in. pro- problems at several smelters, and cutbacks _. duction rates to about: 70% of capacity in’ in Productjpn to bring it more in line with _ the second half of the year. Stocks of both demand were reasons for the decline. The consumers and producers fell 21%. construction of a new 90,000-ton-per-year = a Mine development continued in middle zinc plant in Tennessee was nearly half | os _ Tennessee, while several mines in Arizona, — completed by yearend. _ ee | _. Maine, Tennessee, and Washington closed Consumption of slab zinc was 1.1 million. 

~ . Production: ee oo ae . oe a a 
a - Domestic ores, recoverable content short tons_ — 478,850 499,872 469,355 . 484,513 449,620. 
SO , Value __--2- =. thousands. _ $197,861 $358,908 $366,097 . $358,541 $309,338 

- From domestic ores ______ short tons_ _ 899,119 346998 307,959 881,872 — 355,174 _ From foreign ores ____ ------do.___ 184,860 208,195 130,092 116,983 94,971 ; 
. . . From scrap ~-------- ~~~. dow 88,187 78,535 57,886 *68,555 50,611 — , Total —----- ~~~ it 666,666 633,728 = 495,987 "567,410 «500,756 tt | : | Secondary zinc! do. 300,078 259,947. 225,815 804,386 «= «818.128 | Exports of slab zinc. ______ "7" To do.--_ +. 14566 19,062 6,897 3,513 -- 237 Imports (general): nn a : | | | Ores (zinc content) ____________ do... _ 199,634 240,043 144,987 97,115 122,808 Slabzine __ do 592,046 589,588 = 380,487 «714489 «576786 | At producer plants ...________ do... 25,947 39,720 74,676 "96,950 -«- 92.887 

| At consumer plants_______-____do--_ 114317 211,158 107,276 121,154 80,941 : _ Government stockpile ~--c----- do... 677,009 391,600 © -385'714 385,192 83,415 Reproceased GSA zin ~---~-~~-~___ do____ 109,333 42,850 3,442 — -- ‘Consumption: 7 
Slabzine ~~ do... 1,508,988 — 1,287,696 925,330 1,184,141 ‘1,101,765 _ Allclasses -_______ TT dg 7 1,981,925 1,673,018 1,281,815 °1,586,890 _1,507'635 Ww Frice: Prime Western, cents per pound (delivered) _ 20.66 35.95 ' 38.96 37.01 34.39 

orid: 
, 

Production: 
eae eae ee short tona_ _ eee edse etay'eoe 76,448,041 16,357,626 6,682,951 _, omelter do. 876, 1182, 5,526,379 5,907,566 040, Price: Prime Western grade, London . 

6 B34 cents per pound wee eee ee 38.55 56.13 33.76 32.38 26.71 
. Revised oe . . 

. 

| 
1Excludes redistilled slab zinc. 
“Included in total amount withdrawn from Government stockpile. | ‘Primary metal production only; includes secondary metal production where inseparably included in country total. 

| | | 993
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- Figure 1.—Trends in supply and consumption in the United States. . ge 

, tons. Consumption for brass and bronze was imports of zinc metal, up from 19% in 1976. = 

—_ down 15%, followed by zinc-base alloy, Legislation and Government Pro- — - 

down 5%. Consumption for galvanizing in- grams.—On October 7, the President reaf- = 

creased 9%; for zinc oxide, 9%; and for firmed the major elements of the strategic 

tolled zinc, 1%. The continuing decline in and critical materials stockpile policy de 

the amount of zinc used in diecastings by veloped in 1976. The overall long-range 

the automotive industry was an important goals will be reviewed atleast annuallyand . 

factor in lowering consumption. == revised whenever appropriate. The goal for «ssw 

oe Secondary slab zinc production was zinc was 1,318,000 tons. Total inventory in - 

50,611 tons, 267%. less than in 1976. Pro- storage was 383,415 tons, and uncommitted 

/ duction of zinc dust from secondary mate- inventory was 374,159 tons at the end of 
- rials was 39,674 tons, down slightly from 1977, a ~ ne 

that of 1976. Producer and consumer stocks 4 pill, H.R. 9911, was introduced in Cons 

fell consistently through the year to finish gress to continue until June 30, 1981, the = 

at 173,828 tn Ne eck sine ware made suspension of duties on zinc concentrates 

a With a high stock position by the pro- and waste and scrap as provided by Public 

- duce rs weak | demand, and a continued Lew The bill had not passed by os 

strong level of imports, zinc prices fell in en . . | . 

May, October, and November by a total of The Commodity Futures Trading Com-— , 

6.5 cents, so that by yearend producers were ‘mission approved trading of zinc futures 

quoting 30.5 cents per pound for Prime contracts on the Commodity Exchange Inc. . 

Western Grade zinc. The average. price for. of New York. The zinc contract calls for 
| the year was 34. 4 cents compared with 37 delivery of 60,000-pound units of slabs | 

cents per pound in 1976. On the London weighing 40 to 60 pounds each with a purity = 

Metal Exchange (LME) prices generally de- of at least 99.99% zinc, which corresponds | 

clined through the year to less than 25 cents to Special High Grade zinc. Trading was | 

‘per pound by yearend. expected to begin in February 1978. 

General imports of zinc in ores and con- The International Lead and Zinc Study | 

centrates were 26% over those of 1976. Group (ILZSG) held its 21st session inGene- 

Major sources were Canada, Honduras, and = ® Switzerland, Sept. 12-16, 1977, 2 months 

Mexico. General imports of slab zinc were earlier than usual, because of the uncertain 

576,736 tons, down 137,753 tons from those international zinc situation. It was noted 

of 1976. Canada, Finland, Mexico, and that until the zinc market recovered, pro- : 

Yugoslavia provided about one-half of the ducers would attempt to maintain zinc met- | 

imports in 1977 compared with three-fifths al output at 1976-77 levels. Ireland became 

in 1976. Imports from Yugoslavia dropped the 3lst member of ILZSG. Earlier in the 

88% from those of 1976. The European year ILZSG moved its headquarters from 

Economic Community provided 23% of U.S. the United Nations in New York to London.
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Figure 2.—Trends in average London Metal Exchange (LME) and domestic zinc prices. — | 

| | 7 DOMESTIC PRODUCTION et - 

| , MINEPRODUCTION =—s—=«ws construction and development at its Lost > 
a a ; | Creek and Beaver Creek properties and | 

US. mine production of zinc from 18 began production at the Idol mine. | 

Set yu a on 1 a nt ers ep ASANO ne . rated suspended mining operations at two 
Tennessee (20%), Missouri (18%), New York mines and reduced production at the re- 
(16%), Colorado (9%), and New Jersey (7%). maining two, thus reducing production to 
Production in Idaho was down 338% com- 62% of capacity. Production from the four 
pared with that of 1976, largely as the result mines totaled 41,620 tons of zinc compared 
of a prolonged labor strike. with 42,700 tons in 1976. The zinc concen- 

Table 5 shows sources of zinc production trate is used mainly for the production of 7 
in 1977 according to ore type. Zinc ore zinc oxide at ASARCO’s own plants in Ohio 
accounted for 59% of the total zinc pro- and Illinois. At the Young mill, construc- 

duction, followed by lead ore (19%), zinc- tion was completed in April on a new 
lead ore (16%), copper-zinc, copper-lead, and concentrate drying and loading facility. 
copper-lead-zine ores (5%), and other ores, St. Joe Minerals Corp., in a joint venture 
(1%). | | with a subsidiary of Freeport Minerals Co., 

The 25 leading U.S. zinc mines (table 6) Teported that significant zinc mineraliza- 
accounted for 87% of the recoverable do- ‘on was encountered on its property near 
mestic zinc mined in 1977. The 10 leading Carthage, at A shaft is being sunk to 
mines accounted for 57% of the total U.S. CValuate further the discovery. Detailed 
mine production. drilling to evaluate the potential of a large 

Tennessee was the foremost producer of pw grade also . P ee “ roaches Run, 
zinc during 1977 and despite a 4-month the y nar © condu y ot. Yoe during 

ste at the Cities Service Co. opp Zinc production as a coproduct from eight 
»P n of zinc irom mines wi lead mines in Missouri declined 2% from 

the State rose 10% above that of 1976. that of 1976. The Buick mine near Boss 

Seven mines produced zinc from zinc ores; Mo., owned 50% each by Homestake Mining 
and one mine, Copperhill, produced zinc (po, and AMAX Inc., produced 176,788 tons 
from copper-zinc ore. Jersey Miniére Zinc of zinc concentrate from ore assaying 8.6% 
Co., a 60-40 joint venture of The New Jersey ead and 3.4% zinc. Ore reserves were given 
Zinc Co. and Union Miniére, S.A., of Bel- ag 54 million tons assaying 7% lead and 2% 
gium, continued development of the zinc. The program to increase mine pro- 

Gordonsville and Stonewall mines. During duction to 1.8 million tons of ore annually 
its first full year of operation, production at through improved techniques continued 
the Elmwood mine increased to 3,000 tons of through 1977. 
ore per day. New Jersey Zinc continued At St. Joe Zinc Co.’s Balmat and Edwards |
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mines in New York, production declined Calculated ore reserves at the end of 1977 
- . nearly 4% compared with the 1976 level. were 510,000 tons compared with 475,000 | | 

During 1977, 1.19 million tons of ore averag- tons at the end of 1976. Operating costs  —/ 

ing 6.79% zinc was mined at the complex increased about 18%, compared with about = -s_- 
. - with the Balmat mine retaining its position a 5% increase during 1976. Development == = 
- ag the Nation’s largest zinc producer. The continued on the west end of the Lucky ~— | 
“company stated that the decline in ore Friday vein on both the 4,050- and 4,250-foot = 

production resulted from optimizing the levels. The main shaft was deepened to 262 = = © 
_ grade of concentrate produced and reducing feet below the 4,660-foot level. A new shaft, : 

- . unit operating costs through improved la- offset 550 feet from the existing main shaft, oe 
-.- borschedules. —»"-.-. has been planned to increase hoisting ca-  —s_ 

In Colorado, zinc production from 13 pacity and provide access tea depth of 9,700 | 
mines was. 40,267 tons, down 20%.compared feet. Intermountain Mining Engineers, with 
with that of 1976. Idarado Mining Co., equal participation by U.S. Antimony Corp, == 

| owned. 80.1% by Newmont Mining Co., produced some zinc together with lead, | 
treated 301,000 tons of ore grading 3.89% silver, and gold from its recently rehabili- - 

_..  aine, 2.22% lead, 0.42% copper, and 0.035 tated Nabob mine located in the Pine Creek — — 
~~ and 0.95 ounces of gold and silver per ton, area of the Coeur d’Alene mining district. _ 

respectively. Ore reserves were 34 million | Utah-production of zincfrom threemines = 
- tons grading about 4.4% zinc. Resurrection was 17,759 tons, 21% less than that of 1976. 
.. Mining Co. wholly owned by Newment Park City Ventures, a joint venture owned _ “ 
_. Mining Corp., milled 186,000 tons of ore 60% by The Anaconda Company and 40% _ 

grading 8.18% zine frem the Leadville mine, by ASARCO, mined 116,000 tonsoforeatits - 
. Which is managed by ASARCO. Ore re- leased lead-zinc-silver Ontario mine. Ore He 

> ‘gerves were 1.9 million tons grading 10.11% reserves at the Ontario mine were reported = = = => 
-.- gine and 5.01% lead. Homestake Mining Co. to be 1.1 million tons grading 9.9% zinc, 
_. produced some coproduct zinc from its Bull- 17.4% lead, and 6.2 ounces of silver per ton. _ 7 
_- »»..dog silver mihe near Creede. In December, Zinc ore production from one mine in Poe 
_ New Jersey Zinc.suspended zine mining Virginia increased 18%. over that of 1976. 
- operations at its high-cost. mine at Gilman, Piedmont Mineral Associates, a joint ven- > 
© Colon ture of Callahan Mining Corp. (49%) and 
_. . . Zine mine production was reported from. New Jersey Zinc (51%), terminated its un- Oo 
., 21 mines in Idaho, where production during _derground exploration program atthe Cofer = 

. the year declined to just under 31,000 tons mine at Mineral, Va., but continued explo- | 
. of zinc. At the Bunker Hill mine of The ration for base metals on a reduced basis  _— 
o Bunker Hill Co., a wholly owned subsidiary _ elsewhere in central Virginia. / 
-. Of Gulf Resourees & Chemical Corp., a | Two mines produced zinc in Washington _ 

S-month labor strike resulted in a 42% . during the year compared with four in 1976. | 
| _ reduction in crude ore production compared Bunker Hill’s Pend Oreille mine, which was 

with 1976. Production from the Star- closed in June as a result of the labor strike 
| Morning unit area, owned 30% by Hecla at the Bunker Hill facility in Idaho, was 
__ Mining Co., increased about 4%. Proven subsequently placed on a care and mainte- | 

a and probable reserves of lead-zinc ore at nance basis pending improvement in the 
_- these mines were 3.8 million tons contain- zinc market. Callahan Mining and its two 

ing 3.3% zinc and 2.4% lead. Ore grade of partners terminated work on their Wash- 
the Star mine averaged 7.8% zinc, 6.9% ington Zinc Unit, formerly known as the 
lead, and 4.0 ounces of silver per ton, all of Van Stone mine; a new owner was being 

| which were higher than 1976 grade levels. sought. | | 
- Production from several veins was main- In Maine, mining operations were sus- 

_ tained throughout mest of the year with pended in October at the Blue Hill joint 
_ principal production coming from the deep- venture, 60% owned by Kerr Addison, Ltd., 
er levels of the mine. Preparation of new and 40% by Kerramerican, Inc. Mine pro- 
stoping areas on the 7,700-foot level assured duction during the year to the time of 
adequate production for the next year. Lat- suspension amounted to 143,200 tons of ore 
eral development continued at the 7,900- that averaged 5.7% zinc and 1.1% copper. 
foot level. Hecla’s wholly-owned Lucky The mine openings were sealed with 
Friday mine produced 182,412 tons of ore concrete, and all mine and plant equipment 
compared with 186,520 tons mined during was prepared for storage. 
1976. Ore grade was 1.39% zinc and 10.57% Mine production of zinc in southwestern 
lead, with 14.73 ounces of silver per ton. Wisconsin increased 3% over that of 1976
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despite closure of one of the two operating 43% of the total. Redistilled slab zinc from | | _ Mines earlier in the year. Exxon Company, secondary materials produced at primary : U.S.A., a division of Exxon Corp., continued smelters decreased 238% and contributed _ | evaluating its large zinc-copper discovery 6% of the total; redistilled slab zinc at near Crandon in northern Wisconsin. The secondary smelters decreased 31% and com- deposit was reported to contain 70 million prised 4% of the total. Distribution of slab _ tons of ore grading 5% zinc and 1% copper, zinc production, by grades, was Prime West- with lesser amounts of lead, gold, and silver. ern, 56%; Special High Grade, 33%; High | Eagle-Picher Industries, Inc., deferred open- Grade, 9%; and Intermediate, 2%. | . , ing its Elmo No. 3 and Crawhall mines | The new 350-ton-per-day acid plant at pending improvement in the price of zinc. ASARCO’s Corpus Christi, Tex., electrolytic | | _ Arizona zine production from four mines inc plant came onstream in March. About was 4,380 tons, down 54% from that of 1976. two-thirds of the concentrate came from Because of low copper prices Cyprus Mines ASARCO’s mines or those of affiliated com- | Corp. shut down its Bruce mine near Bag- panies. The company’s $26.3 million pro- — ___ dad, Ariz. The mine had about a l-year gram aimed at modernizing the leaching reserve of ore remaining. Ore production up _and electrolyte purification systems and air ta the time of closure in July amounted to quality controls was 20% complete by year- 40,710 tons grading 13.5% zinc and 3.97% end. A labor strike at the El Paso, Tex., _ copper and yielded concentrates containing smelting complex interrupted the flow of 3,618 tons of zinc and 1,428 tons of copper. zinc fume to the Corpus Christi refinery. Zinc production in Nevada increased 16% Because of the poor outlook for zinc, ASAR- | over that of 1976. As a consequence of the CO again deferred constr uction of a 180,000- labor strike at its Kellogg, Idaho, facility, ton-per-year zinc plant in Kentucky. | Bunker Hill curtailed exploration. at the AMAX Zinc Co., Inc.’s Sauget, IIL, . recently acquired Pan American mine near €lectrolytic zinc plant produced 66,100 tons Pioche. Milling operations at the nearby of refined zinc compared wth 70,000 tons in | Caselton concentrator, leased by Bunker 1976. Bunker Hill produced 52,000 tons of Hill, were also suspended from July to lab zinc in Idaho, down 48,000 tons from December, : | the previous year due toa 5-month strike, | In Alaska, a joint venture of Houston Oil 2? ar ea-wide flood, and a major power & Minerals Corp. and General Crude Oil Co. outage. Following gettlement of the strike | reported the discovery of significant lead- in September, production was r esumed at zinc mineralization in the Western Brooks 70% of capacity through yearend. During Mountain range 80 miles north of Kotzebue. 1977, approximately 40% of Bunker Hill’s _ Preliminary drilling indicated some values ine production was Special High Grade ranging in excess of 8% lead and 14% zinc ing grades and ae ee Sear ving 
combined with cadmium and silver. metals were handled by The Bunker Hill SMELTER AND REFINERY PRODUCTION Sales Co. in Kellogg, Idaho. The company | filed a petition in late 1975 for a judicial U.S. slab zinc production at 6 primary review of the Environmental Protection plants and 13 secondary plants was 900,756 Agency (EPA) decision to disapprove the tons in 1977, a decrease of 12% from that of Idaho plan for control of sulfur dioxide 1976. Primary and secondary metal pro- emissions; in July 1977 the case was ‘re- duction at primary plants was 479,299 tons, manded to EPA for reconsideration. In for a capacity utilization of nearly 69%.The August, the company completed con- portion of domestic slab zinc production struction on two tall smelter stacks to from domestic ore was 71%; from foreign reduce sulfur dioxide pollution of the am- ore, 19%; and scrap, 10%. Zinc produced bient air. In December, EPA filed a civil from foreign ore decreased 19% fromthatof action against Bunker Hill for alleged fail- 1976, production from domestic ore decreas- ure to control the emission of particulate ed 7%, and from scrap, 26%. Producer matter into the ambient air. stocks at the smelter decreased from 96,950 Construction continued on Jersey Min- tons to 92,387 tons during the year. iére’s $97 million, 90,000-ton-per-year zinc Primary slab zinc produced at electrolytic plant at Clarksville, Tenn., scheduled for refineries during 1977 decreased 9% com- completion by late 1978. Concentrate from pared with that of 1976 and was 47% of the the Tennessee mines being developed by the . total slab zinc produced. Zinc produced at partnership will be transported to the plant retort plants was down 11% and comprised _ by river barge.
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--- During 1977, St. Joe Zinc’s production of scrap declined from that of 1976. Zinc re 

glab zinc at its Monaca, Pa., smelter fell covered from old scrap accounted for 25% of 

- 18% to 184,907 tons. Zinc concentrates from the total compared with 26% during 1976.0 

the Balmat and Edwards mines comprised Of the total zinc recovered from scrap, 25% = 

almost half of the smelter feed, with the Was recovered as zinc metal, 58% as alloys 

balance being obtained from other domestic (mostly brass and bronze), and 17% a8 

and foreign suppliers. St. Joe financed a compounds (mostly zinc oxide). Australian. as 

$21.1 million pollution control project at the Mining & Smelting. Ltd. bought Pacific 

: -Monaca smelter through the issuance of Smelting | Co., one of the largest secondary 

pollution control revenue bonds. Approxi- zinc plants in the United States. _ ne 

mately $4.6 million of the proceeds from the Slag-Fuming Plants. Slag fn. plants 

bond sale was expended during 1977. St. Joe processed hot and cold wea last a ide | 

| ~ expects to spend approximately $15.8 mil- ‘slags and residues to produce zinc OxIce— 

ii | : a fume. The oxide was either sold and used as | 

: ion over the next 3 years to reduce the level oxide or sent to smelters and refineries for | 

| of alr oxide and particulate emiions. Proce into metalic inc, Three pani 
citrate unit at the ‘St. Joe powerplant in operateg an a East ree eg regen , 

Monaca, Pa., that supplies electricity to the Bunker Hill at Kellogg, Idaho. ae : 

_ electrotherme smelter. The unit echedulet é Byproduct Sulfuric Acid.—In 1977, seven 

: od fo an e » eulfuy F or de fom a el plants roasted zinc sulfide concentrates and 

7 ru f dioxt } - produced sulfuric acid, with one plant. op- © | 

fired powerplant stack gas. . © erating solely to produce calcine for process- 

ny ca Palpepaelg rere ing to zinc oxide or slab zinc. In 1977, 

a 2d from zinc-bearing scrap Was vb», MS production of byproduct sulfuric acid from _ 

in 1977, a 2% decrease compared with that ne plants wan 137781 tons, down from | , 

, recovered in 1976. Zinc-base scrap account- 799,773 tons produced in 1976. — | 

ed for 57% of the total compared with 59% Zinc Dust.—Production of zinc dust in- 

in 1976; zinc recovered from ‘copper-base creased 3% over that of 1976 to 47,594 tons 

scrap was 43% compared with 41% in 1976. in 1977. Zinc dust from distilled scrap : 

Recovery of zinc from both new and old accounted for 39,674 tons. | 

| CONSUMPTION AND USES : 

’ In 1977, slab zinc consumption, at termediate, 21,874 tons (2%); Brass Special, | 

- 1,101,765 tons, decreased 3% from that of 111,483 tons (10%); Prime Western, 323,710 

1976 in spite of higher automotive output tons, (80%); and Remelt, 1,349 tons (0.1%). 

and housing starts. Some of the loss of zinc” Consumption of all grades of slab zinc 

consumption for die casting in the trans- except Brass Special decreased from that of 

portation industry was made up through 1976.’ 

increased use of galvanized steel or steel Slab zinc consumed at rolling mills was — | 

protected with a zinc-based coating. The 30,210 tons in 1977, an increase of 1% over 

zinc content of the ore used fen ‘in that of 1976. Production of rolled zinc prod- 

oown oncom ol 241 tons *n 197 6 The vos, ucts decreased 7% to 27,932 tons. Strip and 

content of secondary materials to make foil ac counted ‘or ne , ee of wrought 

alloys, zinc dust, and compounds was zinc incre 2 ,681 tons, and im- 

10681 tons, up from 301,508 tons in 1976, Ports decreased from 2°) tens to 205 tons. 
-” Total consumption of zinc for all classes was Production of rolled zinc from scrap was 

1,507,635 tons, a decrease of 2% from that of 74268 tons in 1977, yielding a total of 52,200 
1976. | tons of rolled zinc during the year, com- 

Slab zinc used for galvanizing accounted pared with 54,504 tons in 1976. | 

for 436,998 tons (39%); zinc-base alloys, _ The leading zinc-consuming States in 

404,691 tons (87%); brass products, 141,438 1977 were Illinois with 165,470 tons (15%); 

tons (13%); zinc oxide, 42,454 tons (4%); Ohio, 139,945 tons (13%); Pennsylvania, 

. rolled zinc, 30,210 tons (8%); and other, 131,019 tons (12%); New York, 117,194 tons, 

45,974 tons (4%). (11%); Michigan, 109,401 tons, (10%); and 

Slab zinc consumption distributed by Indiana, 98,930 tons, (9%). Ohio ranked 

grade was Special High Grade, 543,047 tons highest in galvanizing and Michigan was 

(49%); High Grade, 100,302 tons (9%); In- the leader in diecasting.



| oe The Zinc Institute Inc. conducted a sur- consumption of zinc oxide increased 5% in 
vey of 460 diecasters to determine the mar- 1977 to about 224,000 tons. Analysis of . ket distribution of the 418,319 tons of zinc domestic shipments by industry usage _ die castings shipped by these companies in showed the largest consumers to be the . 1977. The results showed that. automotive rubber industry with 54% of the. total; | __ components accounted for 49.3% of the chemicals, 14%; photocopying, 11%; and total; builders’ hardware, 22.4%; domestic _ paints, 7%. The use of zinc oxide increased , appliances, 5.4%; industrial, agricultural, for rubber, agriculture, and miscellaneous _ — and ponents, 93% arovtne ae ond ten uses. Photocopying declined 3%, continuing 

“TLS, J.070; > oods __ >? the downward trend of recent years. mong 2.5%; scientific and professional equipment, miscellaneous uses, zinc oxide was used in 1.4%; sound and television equipment, figor coverings, fabrics, lubricants, plastics, oe and Sa ea oa ara pinee dicate and rayon manufacturing. Agriculture was that builders’ he iw are end “l ectri cal com the chief use for zinc sulfate with lesser 
| ponents increased their market share from agente, aid tgned. te rayon: a 

25.5% to 31.7% » While the share taken by was used in rubber, and lithopone was used : | comestic app nances and industrial, eng mainly in paints. Most of the zinc chloride from 16 0% to 11.3% ry was used in soldering fluxes and batteries. _ rom 10.U'70 to 11.0%. | _ Prices.—-List prices at the beginning of | | ZINC PIGMENTS AND SALTS the year were 40 cents per pound for - oo 7 _. ,  American-process, lead-free, pigment grade, | Production.—Production of zinc oxide in 41.5 cents for French process, regular, 43 to 1977, at 207,725 tons, increased 7% over 44 cents for electrophotographic grade, and : phat of aan 6. | Shipments were 4 higher 38 cents for zinc oxide, leaded, 12%. With than production. The source of domestic the reduction in the price of zinc metal in __ zinc oxide production was 54% from ore and May, U.S. producers lowered zinc oxide | concentrate (American process), 26% from prices to 37.5 cents per pound for American- slab ane (F rench a ores and ov from process zinc oxide, 39 cents for French- Secondary material. lotal French-process process, 40.5 to 41.5 cents for electrophoto- zinc oxide, Bene, that from remett and graphic grade, and 35.5 cents for leaded zinc Scrap, Was 30% 0 ed e 13 vl ad-tree ‘the oxide. Again in October prices were lowered | eae ras produc dl at ed Pp ants & the 4. cent per pound for all grades except | | Aduced ot Polen, aded zine oxide was jeaded zinc oxide, which dropped 1.25 cents 
_ -PYjine sulfate production, at 38 818 tons Per pound. The price of zinc sulfate, granu- from nine companies, showed an increase of lar monohydrate industrial, 36% zinc, bags 

12% over that of 1976. Zinc sulfate pro- in carload lots, was quoted at $24 to $26.50 . . . per 100 pounds throughout the year. The duction came from secondary material and ice of technical-srade 7; hloride. 50 from ore or intermediate products. Zinc Price of technical-grade zinc chloride, 90% chloride production from four companies soetene im erred ee gee was quoted was 18,913 tons; 14,007 tons was shipped. at $15. TT SE at yoo ang® im January and at St. Joe produced 50,201 tons of zinc oxide, $ to $ oo at yearend. — . down 4% from that of 1976, and ASARCO, . Foreign Trade.—Exports of zinc oxide with plants at Columbus, Ohio, and Hills. increased 40% over those of 1976 to 6,771 
boro, Ill., produced about 32,000 tons, down _ tons, of which 4,048 tons was pigment grade. 11% from that of 1976. New Jersey Zinc Canada and the Federal Republic of Ger- | ‘also produced zinc oxide from ores or con- Many received 71% of the total. Lithopone _ centrates, and slab zinc. Other major zinc exports decreased 44% to 435 tons. Imports oxide producers such as the Eagle-Picher, of all classes of zinc compounds increased in Hillsboro, Il, plant and the Sherwin- 1977 toa total of 30,154 tons, an 8% gain. As Williams Co., Coffeyville, Kans., plant, used in 1976, zinc oxide was the major compo- calcines, fume, and secondary materials as nent of imports of zinc compounds. Mexico raw materials. New Jersey Zinc and St. Joe and Canada supplied 93% of the zinc oxide; were the two largest of the six producers of _ other _ European Economic Community . French-process zinc oxide. countries contributed most of the remain- Consumption and Uses.—The apparent der.
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STOCKS | 

Producer Stocks.—Stocks of slab zinc at quarter, increased in the second quarter, 

producer plants at the beginning ofthe year but by yearend showed a reduction of 26%. 

were 96,950 tons, decreasing to 92,387 tons § Consumer Stocks.—Slab zinc inventories 

by yearend. Beginning with yearend 1977, at consumer plants were 121,154 tons at the 

producer stocks include stocks at plants, beginning of the year, but by yearend con- 

warehouses, and other locations, but contin- sumer stocks had dropped to 80,941 tons. In 

ued to exclude stocks on consignment to the first 6 months, consumer stocks declin- 

consumers. The American Bureau of Metal ed to less than 90,000 tons, falling to the 

Statistics Inc. (ABMS) reported that pro- 1977 low of about 76,000 tons in November. 

ducer stocks at smelters dropped in the first . | | 

PRICES | 

Effective May 17, ASARCO lowered the ber 3 by lowering its price for Prime West- 

price for Prime Western and High Grade ern and High Grade zinc 2 cents to 32 cents 

zinc by 3 cents to 34 cents per pound, a__ per pound. Bunker Hill followed but cut the 

move soon followed by the other producers. price to 31 cents per pound for all grades of 

Special High Grade and Continuous Gal- zinc, thereby eliminating the normal pre- 

vanizing Grade zinc were priced at 34.5 mium pricing system. The remainder of the 

cents per pound. Producers cited the high industry, however, reduced prices for Prime 

rate of imports as the reason behind the Western and High Grade zinc to 32 cents 

price cuts. Foreign producers selling zinc in per pound, 82.25 cents for Controlled Lead, 

the United States matched the new U.S. list and 32.5 cents for Continuous Galvanizing 

price. Grade and Special High Grade zinc. Most 

National Zinc Co. took the lead on Octo- producers reiterated their belief that in-
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_ ¢ereased foreign competition had forced the tion cutbacks and absorbtion of some of the | 
| price reductions that were causing worker uncommitted North Korean zinc flowing to 

layoffs and production cuts. | Europe. By August the LME price fell | 
___St. Joe lowered its list price for allgrades further to £295 (23.3 cents per pound) in the 

| _ of zinc to 31 cents per pound effective face of weak zinc demand. By yearend LME 
| | November 1. All other United States and prices had leveled at about £290 (24.7 cents : | Canadian producers did the same except per pound). LME stocks dropped 27,172 tons’ 

National Zinc, which reestablished the pre- during the year to 71,127 tons on December 
mium pricing system by posting a 0.5-cent- 30 , 

_ per-pound premium for Continuous Galvan- : . . . 
izing Grade over Prime Western zinc. Na-_ US. dealer dy at or here crear 
tional’s new prices became 30.5 cents for 7M¢ were s d aay & h Fi oe but . Prime Western and High Grade zinc, 30.75 Per _pound during the first quarter, bu as 
cents for Controlled Lead Grade, and 31 UME quotes fell during the year, so did 

_ cents per pound for Continuous Galvanizing dealer Pe ae, oy yearend, dealers were 
Grade. By monthend, all producers were quoting 28.5 to 28.8 cents per pound. 

_ quoting these prices for U.S. sales. On December 20, the Lead-Zinc Producers | 
In May, Cominco Ltd. anew a re- ries petitioned me US. Internation- 

duction in its European price to $700 per al Trade Commission for temporary import 
metric ton (31.8 cents per pound) from the relief in the form of a tariff-rate quota on 

_. previous price of $795 per metric ton (36.1 excessive imports of slab zinc. The Commit: — 
__ cents per pound), and most other European tee suggested that for the first year of a 5- producers immediately followed. This price year period, higher import duties of an 

7 held until October when first the Austral- additional 7 cents per pound apply to im- | 
ont reduced it D #630 De Nees n C86 ports in excess of 350,000 tons. Adjustments | cents per pound), and in November when would be made in the next 4 years, depend- _ | _ other producers lowered it still further to ing on market conditions | | 
$600 per metric ton (27.2 cents per pound). A ; : we _According to documents from the Aus- Weak market conditions and lower LME tralian Trade Practi C ission that 
prices forced the move. Nonintegrated mine hen tan «bk, a J rn Australia’s at producers, who are paid for their concen- came pubic in euly, Australias major | trate depending on the list price of zinc lead and zinc producers were linked to an 

_ metal, claimed the lower price could lead to an national cartel, onan A tr. dine 
mine closures. : ucers in Europe and Canada. rading 

On the LME, prices rose during the first concern, Blenden Pty., Ltd., had been organ- 
quarter from £399 per-metric ton (30.9 cents ized to support zinc prices since 1965, N ews | 
per pound) to £412 (32.1 cents per pound). of the cartel’s operations weakened LME oo 
Several producers had announced produc- prices at midyear. 

| | FOREIGN TRADE | 

Exports of unwrought zinc and alloys Luxembourg, Finland, France, the Federal 
weye 1,228 tons in 1977, a 76% decrease Republic of Germany, Peru, and Spain in- 
from those of 1976. Canada received 37% of creased their. share of US. imports to 31% | 
the exports; Guatemala, 11%; and Egypt, compared with 25% in 1976. Among the 
9%. Wrought zinc and zinc alloy exports major suppliers, Canada, Italy, Mexico, 
were 7,837 tons in 1977, of which 47% went and Yugoslavia accounted for a smaller 
° vanada and Ae ooigium-Luxem- share of the total compared with that of the 

urg. Exports of lead and zinc ores and previous year. In 197 7, developed market 
concentrates decreased from 148,787 tons economy countries provided 84% of the (gross weight) in 1976 to 128,056 tons in 1977 total, developing market economy coun- | vaned a $28.75 maton. oo tries 15% and contra Pe ned coonomy 

neral impo of zinc in ore were countries, 1%; compared wi o, 17%, 122,808 tons in 1977, an increase of 26% and 5%, respectively, in 1976. 
Fond oe, 197 - Tenada speed Gone imports of Concentrate bs consumption 
onduras 0, an and, 13%. Gener- were , tons in 1977, a decrease of al imports of zinc metal were 576,736 tons, a 35,346 tons from those of 1976. Metal im- decrease of 19% from those of 1976. Canada ports for consumption were 555,147 tons in supplied 42% of the total; Belgium-Luxem- 1977 , 20% less than in 1976. 

bourg and the Federal Republic of Ger- The U.S. Department of the Treasury many, 7% each; and Zaire, 6%. Belgium- placed an additional 4% ad valorem duty on
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imports of zinc metal from Spain to offset pound, and zinc dust at 0.3 cent per pound. 

the rebate given to exporters by the Spanish The duty rate for unwrought alloys of zinc, | 

Government. which include diecasting alloys, was 19% ad 

There were no changes in the basic tariff valorem. Oo 

rates in 1977 for slab zinc at 0.7 cent per ar | | | : 

WORLD REVIEW | 

Preliminary data from the World Bureau United States. . 

of Metal Statistics (WBMS)? indicated that World smelter capacity for slab zinc in- 

. the world consumption of slab zinc decreas- creased slightly to 7.71 million tons per 

ed 1.5% from that of 1976. Consumption in year. Hindustan Zinc Ltd. expanded its : 

centrally planned economy (CPE) countries plant in India by 30,000 tons. Asturiana de 

increased 1%, but Canadian consumption Zinc S.A. increased capacity at its San Juan 

declined 8%; Australia, 7%; and Japan, 4%; de Nieva plant in Spain by 77,000 tons, and 

Western Europe was unchanged. Bureau of Cia. Mineira de Metais in Brazil by 14,000 | 

Mines data showed world mine production tons. All new capacity was electrolytic. U.S. 

up 5%, and slab zinc production up 2%, capacity was revised upward to 699,000 

over 1976 levels. In mining, increases were tons. | | | 

especially noted in Bolivia, Canada, France, The European Zinc Institute, with head- 

India, the Republic of Korea, J apan, Aus- quarters in Paris, was formed during the 

tralia, Ireland, and Southwest Africa. Pro- year. Its purpose is to provide statistical | 

duction in most other countries showed information on zinc, especially production. 

little change from the previous year. Mine Australia.—About one-half of the zinc 
- production in the CPE countries gained 1%. swined is sold as concentrate to smelters in 

Significant increases in primary smeiter Japan and Europe; about two-thirds of the 

production occurred Ret Canada, G elgium, — 7inc metal produced is exported, mainly to 

vapan, the R © bli S th ° AF ma Fy. Southeast Asia, India, New Zealand, and 

ie a oh © Revublie f Kor the U ; ted the United States. Zinc production from the 

Kir , d e Or irke Produ ti e th Mount Isa mine in Queensland, operated by 

ingdom, and /urkey. t roduc ion in the Mount Isa Mines Ltd., was 111,900 tons, 
United Kingdom recovered from the strike- . 

. . down from 123,800 tons in 1976. ASARCO 

affected 1976 level. Primary zinc metal . | 
ee . will have 27,000 tons of concentrate from 

production in CPE countries decreased less Mount Isa toll refined each y for th 

than 1% from that of 1976; total world et 3 sa to t tw, "Ja eac yvelte or The | 

production gained 2%. At yearend, many next o years at two apanese smetters. he 
od d cutbacks in an at- Zinc content of the ore dropped from 6.7% 

: Pree eS ee tck in 1976 to 6.0% in 1977. Re t th 
tempt to avoid stock buildup and keep mit ad. m . reserves at the 
supply and demand in closer balance. mine increas _to 63 million tons of ore 

Smelter production of secondary zinc has assaying 6.5% zinc. At the Hilton lead-zinc- 

been separated from primary zinc produc- silver hed i. uncerg ound diamond drilling 

tion where information is available, and is Continued In order to contirm ore reserves. 

shown in table 40. Substantial quantities of ie Tot olay pegan oe a poten Per 

secondary slab zinc are produced in France, @Y Pilot plant at the C ur Kiver lead- 

Japan, the United States, and the U.S.S.R. zinc-silver deposit in the Northern Territo- 

Stocks in LME warehouses decreased Ty as part of the feasibility study. 

from 98,299 tons on January 1 to 71,127 tons ' * the weet Coast mines in Tasmania, EZ 

by yearend. Most of the decrease occurred fe ustries Ltd. produced 73,047 tons of zinc 

in the last half of the year, although by from ore grading 12.5% zinc. The company 

yearend stocks began to increase somewhat. also treated zinc-rich tailings at the site. 

Producer stocks worldwide increased 21% [Reserves were given as 8.3 million tons of 

to about 912,000 tons during the year. Eu- ore. An exploratory shaft was sunk at the 

ropean producers held about 278,000 tons Elura prospect near Cobar, New South 

and Japanese producers about 189,000 tons. Wales. Australian Mining & Smelting Ltd., 

Consumer stocks were about 183,000 tons,a through The Zinc Corp., Ltd. and New 

decrease of 24%.5 Broken Hill Consolidated Ltd., milled 2.3 

World mine capacity was estimated to be million tons of ore grading 10.9% zinc and 

843 million tons of zinc annually. Major 8.2% lead. In addition, some mine tailings 

expansions occurred in Ireland and Spain;a were treated. 

number of mines closed in Canada and the EZ Industries produced 187,283 tons of
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_. ine metal and 6,980 tons of zine dust from that of 1976. The average evade of occ 

June 30, 1977. Work began on a pollution age recovery tate at the mill of Santa 
| abatement program to meet the require. ¢ apacity at pe te at the mill of. 84%. MN 

“ments of the Tasmanian Environment Pro. 101700 tore or ee nes eclined to 
tection Act of 1974. Production at the minesclosed* P  eCause Several 
Pty. Ltd., which operated at about 80% ~ Ontari Jeaging Producing provinces were _—__ Gapacity most of the year, was about 64,000 duction fethrwer oy eae, total wine pro _ tons. The Broken Hill Associated Smelters i¢g,- noe Reo ent Territories, 

Pty. Lid. produced about 87,500 tons of zine big 11900 and ne oo, rts Colum 
_ in 1977 at its Port Pirie smelter. = we, and Quebec, 10%. Data for the = : ___, St. Joe Minerals, Phelps Dodge Corp, and Pirie bog, Producing mines are given in _. Australian Mining & Smelting began mine 21°,” Slab zine output was 545,521 tons, 
+ development ‘at. the Weodlawn zinc-lead. ‘Bp NS over that of 1976. 
__ silver-copper deposit in New South Wales... Sut Ine: completed the transition —__ 

The open pit mine, which was to be opera. om pee Pit to underground mining st the _ > tional in mid-1978, was expected to produce i Creek tine in Timmins, Ontario. The 
7,000 tons of zine, 25,000 tons ‘of lead, Program to increase mine capacity to 5 
15,000 tons of copper, and 880,000 ounces of ‘Milian tons of ore per year by the addition 

Minerals, “Mining and Metallurgy ex. CoR¢eatrater circuit was delayed, with com- 
panded its Blackwoods silver-lead-zine mine  Pletion expected in 1978. Mattagami Lake 
In. New South Wales to abaut 220,000 tong of ‘Mines, Ltd. suspended all development 

_-____ Bolivia.—Corporacién Minera de Bolivia #b!¢ market outloak for zinc. Willroy Mines 
._ (COMTBOL) produced 38,551 tens of zinc in. 1*#- closed its Manitouwadge mine because ~ 

+ 1977, up from 37,529 tons in 1976. The .1# Could not be operated economically, and 
__. Matilde mine, the largest in Bolivia with a . 5914 @Pertion ofthe plant. = 
. Mall capacity of 1,100 tons per day, produced. = New Brunswick, Brunswick Mining & 

about 21,100 tons of zinc. The Medium Smelting Corp. Ltd. delayed the planned 
_. «Miners Association produced about 25,700 ©*Pansion of the No. 12 mine. The company - tong, mainly from.the Porco mine and New _ ©%Perienced a total operating cost per ton of 
-. dersey Zine’s Huari-Huari mine. Low prices 9% milled of $18.75," compared with $20.06 

for zinc led to lower production and curtail im 1976 at its No. 12 underground mine, 
re Tocey pee, GEE ZC FeCOVery at the mill improved from: 

__.. Brazil—Zine production came from two 75% in 1976 to 80% in 1977. With the 
. _ ‘Western Minas Gerais. Reserves at these Was $13.30 at the open pit mine, up from posits, which are mainly willemite and $1184in1976, 0 

Mem Torpaite, are about 11 million tons _. On Baffin Island in the Northwest Terri 
grading 25% zinc. Cia. Mineira de Motes _ tories, Nanisivik . Mines Lee er oee 

_ Planned to upgrade the ore in a benefi- -Texasgulf has a 35% net-profits i iterest. 

_. ‘Per year of zinc oxide, with additional at the Nanisivik mine. Texasgulf continued 7 expansion to 80,000 tons by 1979. Explo- drilling at ok Lake but made no plane to __-Fation activities were centered in the mine the deposit in view cf ieee, _ VazanteParacata region of Minas Gerais, location and the poor world mark fone, _.- Where Noranda, New Jersey Zinc’ and. Drilling at the Geact Qo me ee 
United States Steel Corp. have been sarfans Re reauure betes see drilling, in Bahia, and in western Rio de and DuPont of Cancde Geir eee | Janeiro State. In southwestern So Paulo resulted in an increased 1 Exploration Lid, = State, St. Joe Minerals, among others, has 3.8 million tons grading 91) enn uncovered large areas of sulfide mineraliz. lead. Bracing 9.1% gine and 8.3% ation. Paraibuna de Metais began - ‘In Que bec. Mattasam; milla 1. an 
struction of a 27,000-ton-per-year electroly. tin ieee, qoitagami milled less ore 

oe tic zinc plant which will be operational in metal rec and the ore grade declined, but 
1979. oo see ME, : , Group Life The Sullivan | | Canada.—Mine output, at 1,433,223 tons January. Orchan Mine ron eerie in é 433,4 anuary..Orchan Mines Ltd. sus | from about 30 mines, was 14% higher than erations in December at eg oe |
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and Norita mines because of low zinc prices. producing mines and deposits under devel- 
Site preparation at the low-grade zinc- opment, with the Provinces of New Bruns- 
copper deposit acquired from Phelps Dodge _ wick and Ontario containing about one-half | 
of Canada was postponed until market con- of the total. os — 
ditions improved. Noranda formed a new Greenland.—Production of ore by Vest- 
company for the West Macdonald zinc depo- _gron Mines Ltd. declined 8% to 610,000 tons 
sit, Les Mines Gallen, but active develop- grading 15.1% zinc because of a 6-week 
ment was to await improved market condi- strike. Exploration uncovered an amount of 

ons. new ore approximately equal to production. | 
In Manitoba, ore production by Hudson Ore reserves at yearend totaled 3.6 million : 

. Bay Mining & Smelting Co., Ltd. was tons grading 12.4% zinc and 4.6% lead. 
258,563 tons more than that of 1976, but ore Honduras.—Production from the El Mo- 

grade was lower. The Centennial mine was chito mine of Rosario Resources Corp. was 
| brought We an producuen an amidyear, 359,216 tons yielding 29,257 tons of zinc in 

and the Westarm an © © mines concentrates, Reserves in all ore bodies of 
were expected to be in production in early the mine were 6.5 million tous averaging 

| 1978. Construction began on a 3,800-ton-per- g9% zinc and 4.9% lead. Ore reserves | 
day mill adjacent to the Stall Lake mine to increased as a result of development work 
process ore from five mines in the Flin Flon- in the San Juan orebody, which was to— 

Snow Lake area. Production at the Ruttan contribute to production in 1978. The mill 
mine of Sherritt Gordon Mines Ltd. decreas- 45 also being expanded. 

ed owing to operating problems and lower Ireland.—Tara Mines Ltd. commenced — 
ore grade, but p roduction at the Fox mine operation of its concentrator at the Navan 
improved through higher ore grade and 7inctead mine. A total of 789,700 tons of ore : 

| ime production in ‘the Yukon Territory grading 9 ‘3% zine and 2.07% lead was treat | 
from the Faro mine of Cyprus Anvil Mining ed y eae awe tons of Zine and 10,700 
Corp. recovered to 112,385 tons, about dou- ,°"% ° od b m éweek ra ‘ke ining was 
ble that of strike-affected 1976. Sales agree. /ptertupted by a G-week strike in the fourth 
ments with Japan and the Federal Republic feed r is © ae that 58% of mill 
of Germany for the concentrates expired in ‘©? Came trom stockpile. Ore TESETVES total 

| late 1977, but new ones were being negoti- about 67 million tons gr ading 11% zine and 
ated. Pilot plant runs were made on_ore 2.4% lead. New Jersey Zinc announced it . 
from the Grum zinc-lead-silver deposit, in would study the feasibility of a 110,000-ton- 
which Kerr Addison held a 60% interest. It Per-year zinc smelter to process the Navan 
was found that acceptable concentrates Concentrate. segs 
could be produced, and the company began Irish Base Metals, a subsidiary of North- 
site design and evaluation of the mining gate Exploration Ltd., treated 616,388 tons 

| method. . of ore from the Tynagh mine, County Gal- 

Production at ASARCO’S Buchans mine WAY. The ore grade was 3% zinc and 3.6% 
in Newfoundland continued to decline, and ead, with some silver and copper. Metallur- 
the company stated that since no economic ical recovery of zinc was 81% compared 
deposits were found, operations may end in With 77% in 1976. Direct operating costs per 
2 years. ton of ore mined during 1977 were $14.74, 

Texasgulf Canada Ltd. produced 91,100 compared wth $12.02 in 1976. Ore reserves 
tons of zinc metal at its smelter in Ontario, were given at 1.5 million tons assaying 4.2% 
down from 107,700 tons in 1976. The com- lead, 3.3% zinc, 0.2% copper, and 1 ounce of 
pany installed labor-saving mechanical de- silver per ton. Almost 700,000 tons of mate- 
vices and began work on an automated rial was excluded from reserve estimates 

' cathode stripping line. Cominco Ltd. pro- because the zones were reevaluated and 
duced about the same amount as in 1976, found to be uneconomical. The company 
223,000 tons, at Trail, British Columbia. The stated that operations at Tynagh were un- 
company announced plans to increase plant _ likely to continue beyond 1979. 
capacity to 300,000 tons of zinc through Mogul of Ireland, in which Kerr Addison 
modernization over the next 3 years. Cana- has a 75% interest, mined 931,000 tons of 
dian Electrolytic Zinc, at its Valleyfield, ore grading 6.7% zinc and 2.5% lead. Oper- 
Quebec, plant, produced 155,550 tons of ating costs increased 21% over those of 
metal in 1977 compared with 125,800 tonsin 1976, mainly for power, transportation, and 
1976. Hudson Bay Mining & Smelting Co., labor. Metal recovery of zinc was 87%. Ore 
Ltd., produced 75,910 tons of zinc. reserves after dilution were 5.1 million tons 

Canadian zinc reserves on January 1, grading 5.4% zinc and 2.7% lead. | 
1977, were given as 30 million tons at the Japan.—An increased stockpile program
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was initiated by the Metallic Minerals South Africa, Republic of.—Phelps | 
| Stockpile Association to buy an additional Dodge Corp. reached an agreement with 

100,000 tons of zinc. When the program is Gold Fields of South Africa Ltd. for the 
completed in February 1978, the total metal development of the Broken Hill deposit 
purchased will be 122,000 tons of zinc. near Aggeneys in northern Cape Province. 
Falling prices allowed the increased pur- Gold Fields will manage the project, which | 
chase. _ is expected to cost about $191 million. Be- 
Dowa Mining Co. Ltd. began the develop- ginning in mid-1980, the annual production — 

ment of the Ezuri mine with reserves of 3 from the mine was expected to be about 
million tons of ore grading 10.1% zinc, 3.3% 99,000 tons of lead, 20,000 tons of zinc, and 

_ lead, and smaller amounts of copper, silver, byproduct copper and silver. 
and gold. Initial production in 1979 will be Anglo American Corp. of South Africa 
10,000 tons of ore per month. | took a 45% interest in the Gamsberg pro- 
Sumitomo Metal Mining Co. Ltd. com- ject, with Newmont Mining Corp. and 

pleted a plant to extract crude zinc oxide O’okiep Copper Co. Ltd. owning equally the 
from flue dust for use in its Imperial smelt- remaining 55%. Reserve estimates were 
ing furnace. Nisso Smelting Co., Ltd. began expanded to 146 million tons grading 7.1% 
to process only zinc residues from steel zinc and 0.6% lead. Drilling was to continue 

plants. Toho Zinc Co. Ltd. announced plans __ at the site, but development of the ore body | 
to recover more than 22,000 tons of zinc per was deferred because of the depressed zinc 
year from zinc leach residue using the market. oe 

| jarosite process. A plant to process the South-West Africa, Territory of.—At the 
residue was being constructed at the Anna- Tsumeb mine, Tsumeb Corp. Ltd. mined 

_ ka zinc refinery. Toho also began construc- and milled 490,211 tons of ore grading 2.0% 
tion of a plant at its Chigirishima lead zinc, 7.8% lead, and 4.7% copper, about the 
refinery to produce 4,000 tons of distilled same as in 1976. Zinc in concentrates was 
zinc per year from the lead slag. Toho will 1,200 tons. As deeper ore was mined, the 

| be using a process already in operation at lead content decreased. Ore reserves at the 
the Tamioka plant of Mitsui Mining & mine at yearend were estimated at 4.9 | 
Smelting Co. Ltd. oo _ million tons containing 7.1% lead, 4.4% 

Japan imported 29,680 tons of zinc from copper, and 1.9% zinc. Open pit mining will 
North Korea in 1977; that country used zinc give way to underground operations at the 
in settlement for imported material from Rosh Pinah mine of Imcor Zinc (Pty.) Ltd. 
Japan. Japan exported 77,278 tons of refin- Exploration proved a reserve of over 1 
ed zinc. Of the million tons of imported million tons grading 8.1% zinc and 2.3% 
concentrate, Canada supplied 30%; Peru, lead. : : 
31%; Australia, 21%; and the Republic of A small amount of zinc concentrate was 
Korea, 5%. produced and stockpiled by Johnnies’ Otji- 
_-Nicaragua.—Neptune Mining Co., owned hase Mining Company (Pty.) Ltd. from its 
51.8% by ASARCO, treated 230,672 tons of copper mine near Windhoek. 
ore averaging 9.1% zinc and 0.8% lead. Spain.—The Rubiales zinc-lead mine of : 
Reserves were estimated at 970,000 tons Exploraci6én Minera Internacional Espafia, | 
grading 5.8% zinc, and 0.8% lead, with S.A. began operations. Cominco Europe NV 
lesser amounts of copper, silver, and gold. is the major stockholder with 47.48%. The 
Peru.—Empresa Minera del Centro del underground mine has reserves of about 12 

Pera (Centromin) accounted for 49% of the million tons grading 8.1% zinc and 1.5% 
country’s zinc production. Other principal lead, and a capacity of 2,750 tons of ore per 
zinc-producing mines were San Ignacio, day. Both the zinc and lead concentrates are 
47,300 tons; Sta. Luisa, 32,600 tons; Huaron, smelted in Spain. Cia. Andaluza de Piritas 
28,200 tons; Volcan, 22,300 tons; and Ataco- continued construction work on its open pit 
cha, 21,100 tons. Basic engineering work mine where reserves were estimated at 45 
began on the construction of a 110,000-ton- million tons of pyrite ore grading 3.3% zinc, 
per-year zinc refinery to be built at Caja- 1.7% lead, and lesser quantities of copper, 

marquilla. silver, and gold, with an additional 35 mil- 
Cia. Minera del Madrigal, a division of lion tons of ore overlying the pyrite ore 

Homestake Mining, milled 286,708 tons of body. A small pilot plant has been operating 
copper-lead-zinc ore to produce 20,158 tons for a year to provide design data for the 
of zinc concentrate. Ore reserves totaled mill. 
1 million tons grading 5.4% zinc, 2.3% lead, Thailand.—In July, the Thai Government 
and 1.2% copper. ASARCO, through North- and Thai Zinc, Ltd., signed an agreement 
ern Peru Mining Corp., produced 9,100 tons under which Thai Zinc will receive a con- 
of zinc from the Quiruvilca mine. cession for the Mae Sot zinc deposit. Thai
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: Zinc was expected to have its smelter near in the Waelz kilns. The company began — 

‘Tak operationalin 1980. =  . _——-_ recovering lead and zinc from smelter waste 

-Zambia—Nchanga Consolidated Copper products at Kabwe that have been accumu- 

-_ Mines Ltd. may start operations at the Star lating from the Imperial smelting furnace. == 

nine if the oxide ore can be suitably treated _ Ce ee 

en ECHNOLOGY Os 

A paper by researchers at EZ Industries catalyst. A bench-scale hydrocracker using 
a and New Jersey Zinc described a process zinc’ chloride as the catalyst successfully = 

tested on a pilot scale at Risdon, Australia, converted about 40% of the coal to distile = 
. in which willemite ore was leached and lates boiling in the gasoline range*® 

_. neutralized in a manner that avoided the —At the Rolla Metallurgy Research Center 

_ formation of a gelatinous material. The of the Federal Bureau of Mines, a process 

 regults of the program demonstrated that was developed for the high recovery of zinc 

deposits of oxidized ore, which have been from pelletized electric furnace flue dust == 
used to only a limited extent or not at all, (PEFD). The PEFD would be compatible = 

2 can become commercial sources of zinc. The with the mixture of sintered zinc oxide and 

electrolytic plant to be constructed at Tak, éoke fed to commercial vertical retort = =~ 
Thailand, will be based on this process tO fiennces™® Pe 

use“ hemimorphite-smithsonite ore* Th€ — Comprehensive coverage of zinc-related = 
Kiveet CS shaft furnace pilot plant for « octigations and an extensive review of 

_ simultaneous smelting of lead and zinchas ~:~ ras wrld liter: ture on the. - fine 3 

demonstrated that the process is ready for — and ita vod : te era vontain edi bin ° tly oo 

- industrial-scale application in the U.S.S.R. 200 1's Pre 5977 Zine. Ahets in bimon’y — 
_ The zinc can be recovered as zinc oxide or as issues of the it éine A stracts published : 

_ zinc metal that would require subsequent bythe ZincInstituteInc 
refining. Some of the advantages given for _ Progress reports of the projects supported 

| the process include reduced volumes of by the International Lead and Zinc Re 

waste gas, improved environmental control, search Organization, Inc. (LZRO) are ré- 

and allowances of the concentrator at the leased annually in the ILZRO Research 
mine to achieve higher lead and zinc ‘Digest oO a 

recovery.’ ee - 

_ With the growth in the electrolytic pro- — 2h hysical scientists Division of Nonferrous Metal, di | 
; ‘ 7 a > lect | or. ureau: or Metal . tistics. (London). ‘World . , 

cess for the production of zinc in the last 20 wietai Statistica. V. 29, No. 5, August 1977, pp. 1,9, 
years, there has been increased emphasis on _ "International Lead and Zinc Study Group. Lead and 
methods for the economical treatment of Zinc Statistics. Monthly Bull., v. 17, No. 6, June 1977, pp. 

residues to recover more zinc. Methods «Canadian Mining Journal. Canadian Mineral Survey | 
currently in use include the jarosite, goe- 1977. V. 99, No. 2, February 1978, pp. 70-75. | 

thite, hematite, and ferric oxide processes. , “Where necessary, 1977 values have been converted 

For concentrates with 8% to 10% iron, zinc Cor caso” (Can$) to USS. dollars at the rate of 
recoveries could be as high as 95% to 97% _ *Wood, J.T., P. L. Kern, and N.C. Ashdown. Electrolytic = 

using one of these processes, compared with Ree ery On Lath op Oxidized Ores. J. Metals, v. 29, No. 

about 87% previously.® , . | 7Mueller, E. How KIVCET CS Shaft Furnace Simul- 

A laboratory study has shown the chemi- taneous Smelts Pb-Zn. World Min., v. 30, No. 4, April 1977, | 

cal and economic feasibility of recovering ®Gordon, ALR. Improved Use of Raw Materials, Human 

zinc from mine water by an ion exchange- and Energy Resources in the Extraction | of Zine. Ch. in 

precipitation technique. Total operating vances in Extractive Metallurgy 1977, ed. by J. J. Jones. 
and capital costs were estimated to be 0.316 we Symp. Inst. of Min. and Met., London, Apr. 18-10, | 

cent per pound of zinc recovered, which was werumore, Ad ghe Recovery of fine From a Mine 
. . ater ntainin, m: 2: ’ 

considered to be about the break-even Metals CIM Bull. v. 70, No. 780, April 1977, pp. 142-146. 
Por 5 Re h and Devel Bin ates e wy W. A. Parker, M. Pell, and R. T. Struck. 

e Energy search an velopment inc ide Hydrocracking Process for Distillate Fue 

Administration RDA) sponsored work on 55 Feb. 1g, pp valle rom Nations! Technical 
e production of clean liquid and gaseous Information Service, Springfield, Va. | 

roar Higley, L. W., Jr., and M. M. Fine. Electric Fu 
fuels from coal extracts and subbituminous Steelmaking DusteA Zi naw Material, BuMines RI 8209, 

coals using a zinc halide as the cracking 1977, 15 pp.
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_ Table 3.—Mine production of recoverable zinc in the United States, by State __ 
(Short tons) 

7 ‘State _ 1973. +1974 «#41975 +~=~=«1976~=S=«977 

Arizona... _§_-____-.-_--~__~_-__ ee 8,427 9,699 8,655 9,501 4,380 
California ________-________________________ 20 8 206 170 2 
Colorado __.______________________________. 58,8389 49,489 «48,460 «=s-550,621 += 40,267 
Idaho __________-._-_______-_____________.__. 46,107 39,469 40,926 46,586 30,998 
Illinois __.____---____-_--_____-_.---~--___. 5,250 4104 . W W W 
Kentucky .~._____--_~_~~ ~~~ 273 _- 4l 59 -_— 
Maine_______________________________.__.. | 19,640 10,425 8,318 7,810 7,269 
Missouri ______.__-______-__-_______________ 82,850 —-: 91,987 ~—s«-74,867 «= 83,580 ~=—s_ 81,689 | 
Montana ________-__--______-_.__-__-_-__-- 73 136 110 64 79 

| Nevada____________-_-___-__-____--_-.-_--- __ 3,405 5,496 1,438 1,672 
_ NewJdersey ________________________________ | 38,027 82,848 31,105 = 88,767.. 38,464 

New Mexico __... --. ___- ~~ ee 12,327 13,784 11,015 WwW WwW 
_ New York _______-___---____________________ 81,455 93,077 -Ss«76,612 = 73,671 = 70,889 

Pennsylvania _...___...-..~-i---~--~--~~--~- 18,857 20,288 21,090 22,280 22,825 
Tennessee _____.____--_____________________ 64,172 85,671 = 88,298 «= 82,512 ~=—s-_- 90,438 
Utah _.________-.________________________ 16,800 12,619 19,640 22,481 17,759 . 
Virginia __.____----_---__-_______-_-__----_— 16,688 17,195 15,151 11,241 = 18,272 
Washington ______._._.-.___-____.-____-___- 6,378 6,909 Ww Ww 5,572 | 

| Wisconsin _____._.--...---.______-__--__-- 8,672 8,737 Ww W WwW 
Other States... --------------_---------- _ 23 24,370 88,782 29,095 | 

Total _._.___.-----------~--------------- 478,850 1499,872 469,355 484,518 449,620 

W Withheld to avoid disclosing company proprietary data, included with “Other States.” 
oo , 1Data do not add to total shown because of independent, rounding. - 

_ . Pable 4.—Mine production of recoverable zinc in the United States, by month | 
. oe (Short tons) | 

. a | Month . | 1976 1977 

- January __-..--___ ee 40,404 88,642 | 
February ____________________._-___________~ eee 41,632 40,070 
March ____-_.-__________________________ ee 42,862 40,390 

| April Wo ne ee 41,199 39,693 
ay____________________ 4 eee 41,733 38,714 

June ______________________ eee 41,112 38,284 
| July_.-_-_________________ ee 39,033 32,365 

| August 2 37,165  —- 87,151 
_ > .« September 0 = 40,499 36,262 
oe October____________________________ ee 40,507 37,285 

. November __._____.-____________________________ ee 39,573 35,447 
| December _____________-___________________ ee 38,794 35,317 

Total _-_____.--_----_-------------------------------------- 484,513 449,620 |



9+... Table 5-Production of zinc and lead in the United States in 1977, by State 
- -. aid class of ore, from old tailings, ete., in terns of recoverable metals 

oo oo  Minicore = 2 eadore. t—ts«iséséSanleorle ne 

State Gross Zine Lead... G83 Pine Lead  _Gross Zine Lead ae  gcightt content: _ content (ary basis) content content a ety content content =. 

0) Avizona 22 ee wa ne Oe a _- -- 
California. ee ee “= == One aw —— 

~  . * @olorado ~~ 159,861. 11,767 - 1,758 = 1,289 kt 8 s«48987 = 7042S sa2,979 ti (atti st : 
idaho ee ee 9,680 = 49612 «185,872 = 2,186 «18,609 764,033 27,966 27,879 

- Maine 222 See mm ee, Se cae ne. __ . ; 

Missouri .-_-.... en hue 8,925,602. 81,689 500,178 -— ee a 
. Mentana wee ee 2,012 — - QZ “15 ee me : : 

|. Nevada wesc 800 US 00 — a 04,679“, 668 M9 7 
” Newdefeey -._- 207,052 38,464 ee ce __ we, 

— NewYork ---_. 1,194,510. 70.889 778 a __ _ 
| Pemisylvania _.- «584,274 22,825 me ee ee ee --— oe 

_ -. ‘Dennéasee -.__. 3,744,422 88,6609 ae ae “— ee — ae i 
3) Utah lk Co te ee -- — 339,638 17,759 10,746 

Virginia __.... 541,875 18,272 2,208 oe _ _ oe a we | : Washington es __ —-  .. 158,595 5,570 «1,200 oe 
Other States! _._ 655,729. 24810. 3,421. 159 ek eT es oo 

Total ~_ 7,097,703 266,144 10,178 9,114,965 88,878 518,836 1,844,882 70,005 - 68,523 ~ 
:  Percentof. 7 co - ae ; - : ae 

| totatzinlead =H ek 16. 9 

, Copper-zitic, copper-lead, and = llother sources?’ 1 Oe 

a a (dey bass) content _ content — (ary te ht .) . content content ide tis) . content “content = 

Arizona 2 40,710 4,364 | __ 46,360,681. 16 318 46,401,391 4,380 318 
| California ----- ek et 8 4,240 2B 

_ - . Célerado _____ 300,750. 10,286 5,648 = 217,206 1172 2,586 1,161,983 40,267 22,994 Oe 
. Idaho _.__-_._. Oe _. .. 571,995 — 350 758° 1,581,580 30,998 47,258 

— Maine 2-2-2 148,177,269 178 TT C869 "178 ns 
. ‘Miigsouri -. 2) oar meee AT 8,925,602 81,689 500,255 an 

Montana 2-2-2 LL 10,288 TT Ot 12,250 19 106 | | Nevada 2 | ao a 1,278,082 - 1 14, 1,888,411 «672 4B 

—. . NewYork 2-2-2 0 -- > >a. * 1,194,510 70,889 2,778 - | | Pennsylvania 2-2 a2TA 207805 ae es 
- _. Tennessee _____ . 1,250,180. 1,769 me a ee ee | 4,994,552 90,488 : 

Utah ------e ee 73895688 «177759 (10,746 - Virginia eee ae BE 875 13,272 2,203 
_ Washington -_-_- ose ee ee 89805 2. 198,400 5572201; : Other States! --- et 2,856,084. 4,285 280 —-—8,011,918 29,095 = 83,708 ~~ oe 

Total ___.__ 1,784,767 —-28,688 «5,826 ..50,838,281 5,905 4,128 70,680,548 449,620 592,491 - oo 
Percent of Ce re mo 

— tetalzinclead Ba a Le 100 100 | 
‘Other States includes Illinois, New Mexico, Oklahoma, and Wisconsin.. = ae 

oe ' "Lead and zinc recovered from copper, gold, silver, and fluorspar ores, and from mill tailings and miscellaneous _
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Table 6.—Twenty-five leading zinc-producing mines in the United States in 1977 , 
in order of output | 

Pea Nn 

Rank Mine County and State Operator Source of zinc 8 OO 
1 Balmat ____.__.__  St.Lawrence,N.Y_____  St.JoeZincCo_______ Zinc ore. 2 Buick __________ Iron, Mo___~__$_§_____ AMAX Lead Co. of Lead ore. 

. Missouri . 
3 Sterling _________ Sussex, N.J_-._______ The New Jersey Zinc Co _ Zinc ore. 
4 Friedensville______ Pehigh, Pa m--------)) + do Do. 
5 Elmwood ________ Smith, Tenn ________ ~~—-do___________ Do. 6 Star Unit_._..._._._. Shoshone,Idaho______ The Bunker Hill Co. and Lead, lead-zinc ore. =. - Hecla Mining Co. 
7 ~Young__._.___._._  Jefferson,Temn ______ ASARCO Incorporated _ _ Zinc ore. 8 Ground Hog ______ Grant,N.Mex_______  ___do____._..____ Do. 9 New Market ____ __ Jefferson, Tenn _____ _ —~--do_______ Do. 10 flustinville and Wythe, Va _._._._._.___._ The NewJersey ZincCo _ Do. 

vanhoe. 
11 Immel__________ Knox, Tenn_________ PSARCO Incorporated — - Do. 12 Bunker Hill ______ Shoshone, Idaho ______ The Bunker Hill Co ___ _ Lead-zinc ore. 13 Eagle __________ Eagle, Colo --------. TheNewJersey ZincCo _  Zincore. 14 Leadville ________ e,Colo _...._..._._. ASARCO Incorporated __ Lead-zinc ore. (15 Magmont-_.__-_-_ Iron,Mo___________  ComincoAmericanInc__ _ Lead ore. 16 Idarado _________ Guray, and San Miguel, Idarado MiningCo ____ —_ Copper-lead-zinc ore. 

oO. 

17 Jefferson City _...__  Jefferson,Tenn ______ TheNewJ. ersey Zinc Co _ Zinc ore. 18 Ontario _________ Summit, Utah _______ Park City Ventures ___ _ Lead-zinc ore. 19 Burgin._____.__.__ Utah,Utah_______ Kennecott Copper Corp _ Do. 20 Edwards ________ St. Lawrence, N.Y ____ _ St. Joe Zinc Co _______ Zinc ore. 21 Blue Hill _.______ Hancock, Maine _____ _ Kerramerican Inc ____ _ Copper-zinc ore. 22 Ozark _________. Reynolds,Mo________ OvzarkLeadCo_______ _ Leadore. 23 Brushy Creek _-__. ____do___________ St. Joe Zinc Co ________ Do. 24 Shulleburg —- Le LaFayette, Wisc _______ Eagle-Picher Industries, Zinc ore. 
ne. 

25 “Pend Oreille__._._ Pend Oreille, Wash ____ _ The Bunker HilliCo____ —_ Lead-zinc ore. 

Table 7.—Primary and redistilled secondary slab zinc produced in the United States 
(Short tons) 

ee eeeeeeseeeSsSseseses 
1973 1974- 1975 1976 1977 SO 

Primary: . 
From domestic ores $$ _-§_______________ 399,119 346,993 | 307,959 381,872 355,174 From foreign ores _____________________ 184,360 208,195 130,092 116,983 94,971 

rr 
_ Total 2 583,479 555,188 438,051 498,855 450,145 Redistilled secondary ____________________ 83,187 78,535 57,886 768,555 50,611 $99 EL ooaoaoaoyqaaeE€EeE=E=S=S=ES=oomomoeeeeeeeEeEeeeeeeee 

Total (excludes zinc recovered 
by remelting) _..______________ 666,666 633,723 495,937 567,410 500,756 

eee 
"Revised. 
"Excludes processed zinc from the General Services Administration (GSA). . . 

Table 8.—Distilled and electrolytic zinc, primary and secondary, produced in 
the United States, by method of reduction 

(Short tons) 

Method of reduction 1973 1974 1975 1976 1977 ee DT 
Electrolytic primary Tota oa aaa aaa no -----------~ 211,921 227,480 —- 282,059 =. 257,624 ~—-285,640 Distilled _-_-_________e 371,558 327,758 205,992 241,281 214.505 Redistilled secondary: 

At primary smelters _.________________.__ > 67,758 56,342 34,931 37,624 29,154 At secondary smelters _______________ 15,429 22,198 22,955 = *80,981 = 21,457 —<—— EE OE 
Total -____-_-_-__ ~~ ee 666,666 633,723 495,937 567,410 500,756 

. 
"Revised.



— 1012 MINERALS YEARBOOK, 1977 

| Table 9.—Distilled and electrolytic zinc, primary and secondary, preduced in ee 
the United States, by grade | | 

(Short tons) . 

Grade 1973 1974 1975 1976 1977 

Special High _________.__----------------- 275,665 277,024 242,128 234,171 166,685 

High oe eee eee 25,900 16,912 18,913 81,3878 42,433 . 
Intermediate _______________-_---_-------~  . "6,468 8,868 78.590 F10,489 9,184 
Brass Special ___________--__------------- Ty] 482 () (*) (4) 
Prime Western _____________________----~~ 358,682 330,487 226,306 291,372 282,454 

Total _.-___________._--_-_-----~----+-+- 666,666 633,723 495,987  *°567,410 500,756 

Revised. . , | _ | 
1Revised to zero. . 

Table 10.—Primary slab zinc produced in the United States, by State where smelted __ 
(Short tons) 

State 1973 1974 1975 1976 1977 oo 

Idaho _________________- eee 98,321 92,321 92,300 100,694 60,577 
Illinois _-______________---- 26,616 55,527 55,337 68,206 64,374 
Oklahoma _________________.~~--~---_------- 77,819 43,187 35,071 22,402 44,198. 
Pennsylvania ________________-----_--------~ 250,752 240,891 152,280) 218,829.) 214,505 
Texas _______________ eee ~— 129,971 128,262 ~——-108, 068 88,724 66,491 

Total ____________________ eee =: 88,479 = 555,188 438,051 498,855 450,145 
Un TSS EEE | 

Table 11.—Annual slab zinc capacity of primary zinc plants in the , 
United States in 1977 | 
a ey 

Slab zinc 
Type of plant Plant location capacity 

, (short tons) 

Electrolytic plants: oo a 
Amax Zinc Co., Inc _____________..__---..-— © Sauget, TH _~_______-_--------~ 84,000 

ASARCO Incorporated ee eee ee Corpus Christi, Tex __..______-~- ~ 108,000 . 
The Bunker HillCo _~__________~_-------~--- Kellogg, Idaho _________-~-~-~- 109,000 
National Zinc Co ___§________. ~~~ Bartlesville, Okla ~__._____-_--- 56,000 

Vertical-retert plants: 
The New Jersey Zinc Co_________._____-_-=---~  Palmerton, Pa ________----~-~ 120,000 
St. JoeZincCo ~_-___________-----.-------— Mbonaca, Pa ________ ~~ ---~-- 222,000 

Table 12.—Secendary slab zinc plants, by group capacity, in the 
United States in 1977 | 

. Slab zinc 
Company Plant location capacity® 

(short tons) 

Arco Alloys Corp ___-.-__---------~--- Detroit, Mich_____________~_____~-~--~~- 

ASARCO Incorporated _____-_-_--_--~--- Trenton, N.J~_-___.~__________-_-.-~--- 

Belmont Smelting & Refining Works _ __ ——_ ~~ Brooklyn, N.Y ~__________________---- 
W. J. Bullock, Inc________-_---------- Fairfield, Ala... -~-_-_______-___--- 
T. L. Diamond & Co.,Inc _______-------~- Spelter, W.Va___-___________________- 

Gulf Reduction Co _________----~--~---- Houston, Tex. ___§_§______________u___- 
Hugo Neu-Proler Co _________-__------~- Terminal Island, Calif _.__§______________ 

Illinois Smelting & Refining Co _________~_~- Chicago, Il]. -$_-$25$ »5 / -- ~» -_- § 5 ee eee 150,000 

H. Kramer & Co __________-_-~----~-~--- ~_.do_______ ~~ ee 
New England Smelting Works, Inc ________~_ West Springfield, Mass_________________ _ 
Pacific Smelting Co __________---~---~-+- Torrance, Calif. ________________-___ ~~ 
Peerless Alloy Inc __________--------- Denver, Colo _______.___________~____ 

Prolerized Schiabo Neu Co _______------~- Jersey City, N.J __-_______ Le 
S-G Metals Industries Inc_ _______.-----~- Kansas City, Kans ____§_§_§_§_____________ 

°Estimate. 
1Includes capacity at Proler International Corp., Houston, Tex., which did not produce slab zinc in 1977.
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| Table 13.—Stocks and consumption of new and old zine scrap. | - : 
Oo | . _ inthe United Statesin 1977 > | | — - 

_ a a ‘(Shorttons,zinccontent) © a 

an a : } rs a , ~ Consumption = OS 
2) _ Class of consumer and ~ Stocks Sepa gte Os SS % 7 Tey Receipts oe Z } . . t f Do Jan. 1 New . Old Stocks . Se 

- oe Oo ype ob ecrap / an. a . scrap ‘scrap Total - - Dec. 31 

. Smelters and distillers: - | Se a — re 
_  . New clippings..........----.-.---.  . 822 1306 . 1,877 - .. .° 1,877 251 - oo 

‘Old zinc. 2 Le 457 © 10,418 —_ 9,856 9856 1,019 . 
- .Remelt zine _-..- - - 2 678 2,452 » 2,730 - -~ 2,730. 400 — oe 

.. . . Engravers’ plates... - 98. 926 --  . 872 - 812 : 147 es 
oe . Rod and die scrap. ____~2 2227277777 1,382 8658  __ 9,600 ° 9,600. 440 . 

et Diecastings -_......-------_-.-- "1,576 18,520 “-- 18,888 =—s:18,888 1,258 SO 
_ =: >” Fragmentized diecastings._.......--— 886 9,739 -- 10,326 |= 10,326 - 299 
/ ss Remelt die-cast slab - 22... -_. 487 14,584. = == 14,640 14,640 481 mo 

Skimmings and ashes ___..-.._---... — 110,690 41,722 40,008 = __ 40,008 . 12404 © 
-  Salskimmings _.... 2.02.22. LLL 44. 881 | 879 _- 879 46°. 

_ . . .. Die-cast skimmings. 2.22... 2 1,491. ——-7,705 -6,505 oe 6,505 2,691 
Galvanizers’ dross _-.2.............. — 19,689 54,527 . 48,446 an 48,446 25,770 — . 

. - Flue dust___- 2-4-2 4 8,694 $8,545 -~ | 8545. 574 © 
. Chemical residues _.....-2-.-2-.---~ -- ~ 8,009 3,009 -- 8,009 . -- | 

_  - Other ------------------------- - 4 . 551 | 555 555 oe 7 

— Potal ------ _788,224 188,692 112,054 64,182 176,186 48,730 oe 
Co Chemical plant, foundries, and. Coe me co, ee - ca 7 - 

Other manufacturers: Se . re Soe Do 
ew Cc ee a i ——_ ee: -_— . a ‘ : a nn ae 

a - Oldzine.- ~~ 222222222222 27277 9: 28 LL. 26° . 26 UU 
. Rod and die scrap.....2222.-.----.-- 8. 98 nk 81. 81 20 co 

_ Diecastings _____. 22.22 . 39 2,086 = 2,099 2,099 260. . °° | 
Skimmings and ashes _____....-.__ - 8,052 $041 ~~ 4,523 a 4,523 3,570 

: . Sal skimmings _.........-...-___. 1002 4694 38888 = __ 3,838 © 1,858 - 
. - Die-cast skimmings._.....-....-.-_- ae 469 ne a -- 469 . 

Flue dust... - 5-2-4118 6,108 ‘6,108 — oe >) 6 6,108 418 2 
-_ Chemical residues. ---_-____ 2,966 12,557 9,805 __ 9,805 5,718 

Other LTT II IIT II *500 6161 6161  __ 6161 500 - 

| Total.____-__---.-._-------- "7,989 37,287 30,485 «= s«2,206 = 82,641 ~—«:12,585 

All classes of consumers: a a en wo 
New clippings ___-_ ~~... ..- 322 1,806 ~—1,877 .-- 1,877 251 
Old zine. 2 2 - 466 © 10,446 -- 9,882 | 9,882  —_ 1,030 
Remelt zinc _. ~~. ~~~ 678 — 2,452 2,730 _— 2,730 400 . 
Engravers’ plates — - — -—-------------- 93 ~ 926 - 872 872. 147 

od anddiescrap.____._-____-__.__. _1,890 8,751. __ | 9681. 9,681 460 : 
Diecastings _..___.-...-....._.- 71,615 20,606 _—— 20,937 20,937 1,284 7 

_ . Fragmentized diecastings............. 886 9,739 -— 10,326 . 10,326 _ 299 - 
Remelt die-cast slab _...~..--.._.._-- 487 14584 © 9. 14,640 14640 481 
Skimmings and ashes _______....-= - 18,742 46,763 44,531 -- 44,531 — 15,974 
Sal skimmings _-.._..--_-..-2 202 ___ 1,046 5,575 | 4,717 -- 4,717 1,904 
Die-cast skimmings. $$. ______ 1,491 8,174 6,505 _- 6,505 3,160 
Galvanizers’ dross ___ 19,689 54,527 48,446 _- 48,446 25,770 

_ Flue dust___-----..---..---__- 838 14,802 14,653 _— 14,653 987 
Chemical residues _.._....-......... 2,966 15,566 12,814 a 12,814 5,718 a 
Other ______----~--~--~- ek ™504 6,712 6,716 -- 6,716 500 

Total... 46,213 220,929 142,489 66,338 208,827 | 58,315 . 

Table 14.—Production of zine products from zinc-base scrap in the United States 
(Short tons) 

eee een enn een 
AE A AC SAS 

Products 1973 1974 1975 1976 1977 
TT SL LSS SSS SPSS assets teers ais TSSEESYUNERSE 

Redistilled slab zinc __--_-----~---------------- 83,187 78,5385 457,886 "68,555 50,611" 
Zinc dust _ .---__-__------------- ~~ ee 36,531 29,339 35,479 40,471 39,674 
Remelt zinc _-___.._.___--.----.---------~- 1,096 893 127 342 295 . Remelt die-cast slab _..__________-_-_____.-___- 12,595 12,358 4,829 4,639 3,897 
Zinc-die and diecasting alloys _._______......_.____ 4,786 4,393 4,740 7,049 8,333 
Galvanizing stocks ____..~._..._---.--------__-- 670 872 1,435 2,486 2,302 

| Secondary zinc in chemical products _________________ 56,591 56,275 32,966 48,981 60,971 
nnn n enna nnn nnn enn nr LL AS
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. ‘Fable 16.—Zinc dust produced in the on 
Table 15.—Zinc recovered from scrap able 16 United States d | , 

_ processed in the United States, by kind of | a 
_ scrap and form of recovery — - 

: Oe iantity ————_______——_- | 
(Short tons) Year hort ° _ Total = Average oe 

eS tons) (thou- per 
1976 1977 sands) pound ~~ 

_ KIND OF SCRAP 1973__._--.-_ 56,154 $29,279 $0.261 
New scrap: — 1974_________ 50,775 46,398. "457 : 

- Zine-base___..____----— 147,883 142,196 1975______--- 42,149 40,294 AIR a 
- Copper-base _____________ 129,562 180,459 1976________~- 46,358 45,282 488 

Magnesium-base _________ 104 187 1977_._---__- 47,594 45,414 ATT 

‘Total. i. 277,499 272,842 | - 

Old scrap: an | oe 
‘Zine-base._--_--__----- 71,117 64,957 | a 
Copper-base _______--_~—- 23,764 . 25,413 . 
Aluminum-base __ __ ~~ ~~ ~~ 282 288 . . 
Magnesium-base _____—_~- 229 239 ae 

Total. = 95,892 90,897 | 

Grand total__._..._._._-_ 372,891 363,739 : 

FORM OF RECOVERY - | co 
As metal: ‘ . . 

By distillation: 
Slab zinc!___________ "68,555 50,611 | | 
Zincdust ____._._.._.. 40,471 39,674 : 

- Byremelting ____------- 2,828 2,597 | 

Total__________--__ 111,854 92,882 | 

In zinc-base alloys ___.___..-. _ 11,688 12,230 | 
In brass and bronze______---— 199,530. 196,942 . 

_ In aluminum-base alloys _____-_- 314 288 © 
In magnesium-base alloys _ _ — — _ _ . 340 426 . 
In chemical products: 

Zinc oxide (lead free)__._.____ 26,069 32,981 . 
Zinc sulfate ____________ 8,724 - 10,047 

: Zinc chloride ___._.___.__. 18,862 13,364 
Miscellaneous | ______ ____ “510 4,579 | 

. Total__._____-----~ 1261,037 270,857 ~ 

Grand total__________ 372,891 363,739 . 

"Revised. | 
1Includes zinc content of redistilled slab made from 

remelt die-cast slab. 

: Table 17.—Consumption of zinc in the United States | 
a (Short tons) | 

1973 1974 1975 1976 1977 

Slabzine __-_______________________ 1,503,938 1,287,696 925,380 1,184,141 —«-1,101,765 
. Ores (zinc content)! __________-_------- 129,651 127,118 82,732 101,241 95,339 

Secondary (zinc content)? _~______________ 298,336 258,204 223,753 F301,508 310,531 

Total _-__-----------~---------- 1,981,925 1,678,018 ~=—-1,281,815 +=—-*1,536,890 —‘1,507,635 

"Revised. 
1Includes ore used directly in galvanizing. 
Excludes redistilled slab and remelt zinc.
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Table 18.—Slab zinc consumption in the United States, by industry use 

(Short tons) 

_ Industry and product 1973 1974 1975 1976 1977 

Galvanizing: 
Sheet andstrip ~__~__~__-__~___-_-__- 321,927 291,008 185,795 244,711 260,173 
Wire and wire rope _________________ 34,315 27,579 24,945 26,801 23,654 
Tubes and pipe __._~§_______~_______ 68,048 59,995 47,180 48,968 47,021 
Fittings (for tube and pipe) ____________ 11,969 9,294 6,359 6,450 6,416 
Tanks and containers Bee 2,941 3,203 1,917 3,326 3,370 
Structural shapes |. _.__.._______- 21,714 36,784 41,235 36,601 29,347 
Fasteners ______________________ 4,782 5,703 4,426 4,028 4,289 
Pole-line hardware _______~____~_~_____ 8,193 6,783 4,934 4,728 4,933 

. Fencing, wire cloth, netting ___________- 25,418 26,284 20,051 22,006 22,455 
Other and unspecified uses __________~~_ 64,530 56,636 40,045 35,464 35,340 

Total _____§_____ i 563,837 523,269 376,887 433,083 436,998 

Brass products: 
Sheet, strip, plate _-__§_______________ 109,582 99,971 64,958 91,157 77,347 
Rodandwire _____________ ~~ 63,164 57,725 33,415 54,552 43,569 
Tube ~_~_________ ~~~ 10,858 9,930 6,451 7,388 6,109 
Castings and billets _~_______________ 6,000 4,431 3,079: 4,240 4,493 
Copper-base ingots _________________ 6,895 8,244 6,623 7,681 8,316 
Other copper-base products __._~________ 1,151 1,262 800 1,226 1,604 

Total _.-____________________-_ 197,650 181,563 115,326 166,244 141,438 

Zinc-base alloy: 
Diecasting alloy _____________~____-_ 598,725 436,377 330,190 419,708 396,550 
Dies and rodalloy —~__~__~_._______~_ 111 384 149 1,028 614 
Slush and sand casting alloy _~_________-_ 11,770 3,498 3,852 6,295 1,527 

Total __-____~____ Le 610,606 440,259 334,191 427,031 404,691 
Rolled zinc ___§_§_~»-§ / _-/_-_-_// »§ - 40,763 39,393 27,308 29,859 30,210 
Zinc oxide _~_______ a 61,734 65,376 39,020 39,027 42,454 

Other uses: CE 
Light-metal alloys ~_~___.....____-- 7,466 9,690 5,832 5,767 6,156 
Other? __-_______ 21,882 28,146 26,766 33,130 39,818 

Total __-_-_____ LLL 29,348 37,836 32,598 38,897 45,974 

Grand total ___________________ 1,508,988 1,287,696 925,380 —«:1,134,141_—«i1,101,765 

"Revised. 
'Includes zinc used in making zinc dust, wet batteries, desilverizing lead, powder, alloys, chemicals, castings, and 

miscellaneous uses not elsewhere mentioned. 

Table 19.—Slab zinc consumption in the United States in 1977, 
by grade and industry use 

(Short tons) 

Indust Special High Inter: Brass Prime!’ pt Total 
ry Greje Grade = mediate == Special Western me ° 

Galvanizing ____________ 31,104 25,980 10,593 108,509 259,737 1,075 436,998 
Brass and bronze __________ 51,131 71,761 30 2,973 15,353 190 141,438 
Zinc-base alloys ___________ 404,092 441 _- —_ 74 84 404,691 
Rolled zine __./-§_-§_________ 18,925 34 11,251 _- __ — 30,210 
Zinc oxide ______________ 18,591 _- _- _~ 23,863 _- 42,454 
Other _________________ 19,204 2,086 _- 1 24,683 __ 45,974 

Total __-____________ 543,047 100,302 21,874 111,483 323,710 1,349 1,101,765 

1Includes select grade.
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Table 20.—Rolled zinc produced and quantity available for consumption 
in the United States 

ee 
. 1976 1977 

Value Value ‘ 

Total Average Total Average 
Short (thou- per Short (thou- per 

sands) pound sands) pound 

Production:? 
E’hotoengraving plate ~o------ + WwW Ww Ww WwW Ww WwW 
Strip and foil _..__.-_____-_-__---- 22,259 $24,498 $0.550 21,583 $23,707 $0.549 

° Total rolled zinc? __________..--- 29,874 33,482 .560 27,932 30,903 553 
Exports. ____.______-_---------~~-- 2,271 2,817 .620 2,681. 3,144 586 
Imports_______.~--_____---_------ 209 392 .938 205 211 515 
Available for consumption _________-_~- 29,058 XX XX 24,527 XX . XX 

XX Not applicable. © W Withheld to avoid disclosing company proprietary data, included in “Total rolled zinc.” 
1Figures represent net production. In addition, 24,630 tons in 1976 and 24,268 tons in 1977 were rerolled from scrap 

originating in fabricating plants operating in connection with zinc-rolling mills. 
Includes other plate over 0.375 inch thick, sheet zinc less than 0.375 inch thick, and rod and wire. Bureau of Mines not 

at liberty to publish separately. 

Table 21.—Slab zinc consumption in the United States in 1977, 
by industry and State 

(Short tons) 

Galva- Brass Die 3 
State nizers mills? casters” Other Total 

Alabama ____________.~----____~~----_ . 28,467 WwW _— WwW 30,859 
Arizona __ ~~~ __/ § -§ - _- — Le WwW W 
Arkansas ___._§__________~__~~-~-~-~-~-~--- _- —_ WwW WwW Ww 
California _~_____________~-__-_~______ 32,072 2,652 W Ww 44,633 
Colorado _______~__~_________-~------- WwW WwW WwW WwW WwW 
Connecticut ____________________-~--_ 2,745 25,950 W Ww 34,876 
Delaware _______.~~______~_~~_~~--__- Ww WwW — W WwW 
Florida __________________~-~~--~--~--_-_ 4,018 _- _- _- 4,018 
Georgia _________________~_____ Ww _- Ww — Ww 
Hawaii ____-________________-___ WwW _- _- _— WwW 
Idaho _____-_____ ~~ ~_______ = _— Ww Ww WwW 
Illinois _~_-__-____________~_ ~~ 54,912 24,099 79,087 7,372 165,470 
Indiana __§_____§__ 2 Le 59,420 Ww 17,028 Ww 98,930 
Towa______-~~__________~--------- eel. 395 _- Ww Ww 2,808 
Kansas ____________~_~___~-______-_- ——— Ww w Ww WwW 
Kentucky —~_-____________~___~__~______-_ 16,634 Ww _— WwW 17,357 
Louisiana _________________________- 3,009 _- Ww Ww 4,917 
Maine___ __-____________ WwW _- _— _- WwW 
Maryland ___________~_____________-_ WwW _- _- WwW 19,201 
Massachusetts______________---------- 2,952 7718 WwW WwW 5,416 
Michigan ____________________--___-- 1,898 17,993 88,486 1,024 109,401 
Minnesota _____________~____ ee 885 _- _- —_ 885 
Mississippi ___________________-_-__-_ 1,951 __ __ — 1,951 
Missouri _____§_____________~~----__- 6,996 WwW W Ww 10,684 
Nebraska $$ _-/ 2 5 ee ee 5,415 WwW WwW W 6,052 
New Jersey ________________ 2,389 5,120 WwW WwW 14,601 
New York __________________~--_-__-- 14,517 18,027 82,954 1,696 117,194 
North Carolina ____________----------- WwW __ WwW __ WwW 
Ohio_______________~~-_~ ~~ _-_ 67,107 WwW 61,816 W 189,945 
Oklahoma __-___________~--~_~~-_-~~-~-~-_-- W _- _- Ww 4,982 
Oregon ___-_____~-___~~--~-~-------- 974 Ww W W 1,866 
Pennsylvania _____________----------- 57,357 7,438 WwW W 131,019 
Rhode Island ___________________~--___ W Ww a Ww Ww 
South Carolina ____________________ W — __ __ Ww 
Tennessee ______§__________ WwW _— Ww WwW WwW 

| Texas ___--__- ee 16,537 Ww WwW 976 39,794 
Utah ~~ ___ 2 2D T TTT IIT ITIL IT i W W __ _ W 
Virginia ________________---~-------- W Ww WwW WwW 771 
Washington ___________________-_____ Ww _- _- WwW 2,125 
West Virginia ________________-----__- WwW __ __ Ww 25,317 
Wisconsin ___—_--____-_~------------ 1,177 Ww 7,646 Ww 12,055 
Undistributed ________________--_-_--- 54,096 39,191 67,590 107,570 53,289 

Total* _--_-_____ Le 435,923 141,248 404,607 118,638 1,100,416 

W Withheld to avoid disclosing company proprietary data; included with “Undistributed.”’ 
1Includes brass mills, brass ingot makers, and brass foundries. 
2Includes producers of zinc-base aliey for diecastings, stamping dies, and rods. 
3Includes slab zinc used in rolled zine products and in zinc oxide. 
“Excludes remelt zinc.
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Table 22.—Production and shipments of zinc pigments and compounds! in the 
United States 

1976 1977 ——_——_ ——_—_—_-—--— ee SS . 
Shipments Shipments 

. Pigment or Produc- Tg Produc- GOTT > 
compound tion —_ Quantity —__Value” tion Quantity —__Value" (short (short Total Average (short (short Total Average . tons) tons) (thou- per tons) tons) (thou- per ; 

sands) ton sands) ton 8S) ton 
Zinc oxide*>___§_ = 194,481 198,078 $136,447 $689 207,725 209,551 $138,134 $659 Zinc sulfate ___________ 34,681 34,344 10,096 294 38,818. 37,530 10,229 273 Zinc chloride, 50°Baumé* ___ 32,626 25,184 Ww WwW 30,885 21,371 Ww WwW 

W_ Withheld to avoid disclosing company proprietary data. 
Excludes leaded zinc oxide and lithopone. 
Value at plant, exclusive of container. 
5Zinc oxide containing 5% or more lead is classed as leaded zinc oxide. “Includes zinc content of zinc ammonium chloride and chromated zinc chloride. 

Table 23.—Zinc content of zinc pigments! and compounds produced by domestic 
manufacturers, by source 

(Short tons) 

. 1976 1977 SO CO ——F — eS SSes Zinc in pigments and com- Total Zinc in pigmentsandcom- ~~ Total . pounds produced from—— zinc in pounds produced from—— zinc in Pigment or eee L- 
pig- compound Secon- ments Secon- ments ; Ore Slab dary and Ore Slab dary and zinc mate- com- zinc _ mate- com- 

rial pounds rial pounds . 
TTT a IE pounds 

Zinc oxide ________ 91,399 38,166 26,069 155,634 88,565 43,809 32,981 165,355 Zinc sulfate ________ 1,736 _- 11,861 13,597 1,974 _— 10,047 12,021 Zinc chloride? _____ _ _- _- 10,634 10,634 _- _— 10,118 10,118 

1Excludes leaded zinc oxide, zinc sulfide, and lithopone. 
*Includes zinc content of zinc ammonium chloride and chromated zinc chloride. 

Table 24.—Distribution of zinc oxide shipments, by industry 
(Short tons) 

Industry 1973 1974 1975 1976 1977 TTT sss ee TT 
, Rubber ---- ~~ 129,462 108,976 96,209 104,669 112,137 Paints__________. 26,115 17,029 11,016 15,699 13,800 Ceramics _-____________ 11,678 12,177 6,300 8,433 8,106 Chemicals ~~ ee 26,187 35,167 17,544 33,186 29,020 Agriculture —~-- 2,044 6,066 1,847 3,481 6,061 Photocopying _-_____ 38,724 34,577 24,647 24,149 23,537 Other -~------ 18,623 18,550 11,922 8,461 16,890 $$ OE 10,090 

Total ______ wee ee 252,833 232,542 169,485 198,078 209,551 TTT 
OY Ep ol 

Table 25.—Distribution of zinc sulfate shipments, by industry 
(Short tons) 

Agriculture Other? Total 
Year Gross Dry Gross Dry Gross Dry weight basis weight basis weight basis 

19738 _ 3 13,909 8,353 31,288 24,902 45,197 33,255 1974__ 14,508 8,677 29,627 18,245 44,135 26,922 1975 --§ 8,470 3,579 15,022 5,852 23,492 9,431 1976 ----- 12,797 5,326 21,547 10,283 34,344 15,609 1977 __- 15,526 6,121 22,004 9,745 37,530 15,866 
‘Includes rayon; Bureau of Mines not at liberty to publish separately.
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Table 26.—Stocks of slab zinc at zinc-reduction plants in the United States, December 31 

(Short tons) I 

1973 1974 1975 1976 1977 

At primary reduction plants ____------~----------~-- 25,229 38,293 73,431 92,558 84,478 

At secondary distilling plants ___------------------ 718 1,427 1,245 4,397 7,909 

Total ________------------------------- 25,947 39,720 74,676 96,950 92,387 

TRevised. 

Table 27.—Consumer stocks of slab zinc at plants, December 31, by grade 

(Short tons) 
I i 

Special Hi . 
: gh Inter- Brass Prime 

Year High {8D | Oliste Special Western Remelt Total 
Grade 

1976 __________-__--_-------- 44,479 10,870 3,467 8.419 53,739 180 121,154 

1977 __________-__---~------ 29,602 7,650 3481 10,284 29,931 43 80,941 

Table 28.—Average monthly U.S., LME,* and European Producers’ prices for 

Prime Western zinc and equivalent 

(Metallic zinc, cents per pound) 
I 

Month United LME European United LME European 
States cash producer States cash producer 

January _____--___----------------- 37.12 31.34 36.05 37.00 31.32 36.05. : 

February ______-__----------------- 37.00 31.27 36.05 37.00 31.86 36.05 

March ___________----------------- 37.00 32.92 36.05 —_—-37.00 32.56 36.05 

April _____---_------------------- + 37.00 35.78 36.05 37.00 29.66 36.05 

May__________--_---------------- 37.00 35.08 36.05 35.57 27.71 33.80 

June ____________----~----------- 37.00 35.93 36.05 34.00 24.55 31.75 

July__________------------------- 37.00 35.12 36.05 34.00 24.53 31.75 

August ____________--------------- 37.00 33.53 36.05 34.00 23.54 31.75 

September __________---------------- 37.00 32.27 36.05 34.00 23.48 31.75 

October__________----------------- 37.00 28.94 36.05 31.90 23.20 29.26 

November ______-___----_----------- 37.00 27.34 36.05 30.73 23.79 27 22 

December __________--------------- 37.00 29.07 36.05 30.50 24.35 27 22 

Average for year ______-—--------~--- 37.01 32.38 36.05 34.39 26.71 32.39 

1],ondon Metal Exchange. 

Source: Metals Week.
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| - . able 29.—U.S. exports of zinc and zinc alloys, by country — : 
ND 

. _ 1975 . 1976 1977 

Destination Quantity Value Quantity Value Quantity Value 
. (short (thou- (short (thou- (short (thou- 

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

Unwrought zinc and zinc alloys: 
Argentina eee eee ee ee + 10 $8 -- _- 20 $34 

Bahrain ________~------~------- 1 (7) — _- 44 82 

Brazil _._-_-.~___.---~-~~---~--+-+-+- 1,714 1,628 _- _— — — 

Canada ___________-1.-----~----- 619 _ 528 972 $640 458 458 

Chile ______.___.--.-------+--- 10 22. = 36 42 14 18 

Colombia ____..__-_--~---------- 142 127 12 22 1 1 

Dominican Republic _______-------- 55 37 1 2 5 13 

Egypt _.______.--------~------- 17 34 3 5 115 99 . 

France .-_~_-._=------+-----+--- 397 339 216 105 (?) 1 

Germany, Federal Republic of __——_---- 64 31 36 29 4 12 

Guatemala ___._§_.___--_-----~----- 26 21 C) 1 138 121 

Israel .__§__ .- - --~ ~~ + + -- _- _- 6 12 9 17 

Italy... ______----------~-~---- a _- qt. 13 4 3 

Japan ____._._.----~~---------- 479 - 391 5 15 27 20 

Korea, Republic of _.____.---~~---~- 118 50 59 29 -- _— 

Mexico _____._._.---~--~----~---~-+-- 181 108 163 85 102 50 

Netherlands _____~.._-_---~---~+-+-+- 4,107 3,781 2,873 ~— 1,918 2 6 

Nicaragua __._..___---~--~-~----+-- 2 2 71 57 1 2 

Philippines _____~----------~-+-- 5 8 6 9 12 11 

Saudi Arabia _____._-_~-----~-~-~- _— —_ 351 435 1 2 

. Singapore ______~-_------------ 38 57 19 30 -- _- 

South Africa, Republic of ___.-..-----~.| _— -- 23 28 _- _- 

Spain _.______---------------- 58 47 _- _— _- _- 

Taiwan ________._~-~~~------~-~- 4 10 1 4 - §8 52 
United Arab Emirates __-..____---~-- 21 39 84 44 (7) 1 
United Kingdom ____--_------~---- 202 194 (7) 4 5 8 
Venezuela _______._~-~-~~-~----- 1,319 1,094 164 143 32 40 
Other ______~__---------~-~-~--+-- 38 T3960 38 "BT 181 228 

Total_______.__-__~--~--+--+- _ 9,627 8,642 5,106 3,729 1,228 1,279 
——_——————————_. _ecC€_lT CTO =n 

Wrought zinc and zinc alloys: 
Algeria ____.____---------~----- 24 53 31 56 ee __ 

Australia. ______...-..~-----+--~- 53 91 98 182 94 170 

Belgium-Luxembourg ~~ ~~ ———-~---~-- 8,159 — 4,118 4,825 2,541 2,267 1,191 

Brazil _.___._._---~.-~------+-- 133 103 —_ _- 1 1 

Canada ___________~__--~-_-~---+- 3,137 1,975 3,344 2,369 3,679 2,780 

Chile _.________---~-~~-~----+--- 49 65 17 - 23 38 56 

Colombia ____._.._..------~--~--- 58 © 713 69 88 52 70 

: Denmark __________~_~~--.~----- 9 11 23 36 27 83 

Dominican Republic _.__.__.-----~-- 112 121 13 27 1 1 

Ecuador _____-_____-_—~_-----+--~- 26 38 29 52 58 105 

Egypt ___.____.___--_--------- 56 79 23 28 46 61 

Germany, Federal Republic of _.___~—~~ 63 57 ~ 10 73 -- _- 

Hong Kong. ______.--.--~-+------ 81 93 115 130 37 50 

Indonesia_____..9___-.__------~~-- 1 5 -- _- 10 12 

Israel _. -- -- ee 48 56 60 78 63 77 

Italy____._-_----.----------+-- 2 3 27 39° 38 56 

Japan — — ~~ ~~~ --~-~~=~~--~---~- 2 4 5 24 19 72 
Lebanon __________~__--------+- 33 43 _- _— 26 38 
Mexico ________.__-_.~--~----- 81 84 59 112 113 134 
Netherlands _______...__------~+-+- 10 76 14 37 4 23 
New Zealand ___________-------- 41 47 107 122 69 84 
Panama ________.-~__~----~-~-+-+- 17 5 58 115 24 47 
Peru_________._---_--.----+--- 124 312 28 45 35 54 
Philippines _.____.__-_-_-------- 40 53 57 76 48 89 
Saudi Arabia _~_____.-._.-------- 20 4 35 36 8 12 
Singapore _________-.---------- 5 12 14 16 8 17 
South Africa, Republic of _..._-----~-+- 131 191 78 115 106 164 
Sweden __________--__---.~----- 3 9 -- _- 28 33 
Switzerland ____~--------------- 56 40 48 27 29 41 
Syria _____---~--------------- 8 10 199 76 41 61 
Taiwan _______._-_~--~--~------- 13 15 46 52 58 16 

Thailand ____.___.~_..-~---~-~--~-- 11 26 31 45 —_ __ 
Turkey ~--~----~---~--~--------- 5 6 38 44 35 30 

United Arab Emirates __-_.----~-~--- lil 19 5 7 5 8 
United Kingdom ________---_--~-- 180 255 189 317 330 311 
Venezuela __________~.__~------~-- 76 105 69 100 173 235 

Other _________------~---~----- ¥217 441 T2834 T382 267 451 

Total_________-~_ ~~ ~----- 13,095 8,693 9,998 7,470 7,837 6,693 

TRevised. 
1Less than 1/2 unit.
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| Table 31.—U.S. exports of zinc pigments | 

1976 1977 
Kind Quantity Value Quantity Value . (short (thou- (short (thou- 

tons) sands) tons) sands) —_-———. ee OO) Sans) 
Zinc oxide ~-- 4,838 $3,112 6,771 $3,634 Lithopone -+---- 7719 937 435 698 $$ OS 

Total __-_-_-~-_--- ee 5,617 4,049 7,206 4,332 
eee’ 

Table 32.—U.S. exports of lead and zinc ores and concentrates | 
(Gross weight) 7 

. Quantity . Value Year (short (thou- 
tons) sands) 

a 

1965 ~ 7 oe = - 
434 $152 1966 Wrote ee 49 9 1967 _ rt 39 16 1968 wart ee - -  - - 

11,831 2,931 1969 ~ aoa eT 115 (AT 1970 Wore ee --  - 
15,575 1,458 1971 Watt 
29,145 _ 38,286 1972 Wooo -- ee 43,845 5,802 — 1973 Wt otro ee 104,180 18,884 . 1974 Werte He 111,176 27,281 1975 Totten tnt stan nnn n+ eee L__  —s«150, 880 31,502 1976 - roa 
148,787 28,892 1977 ~~ ~-~--~-~-----~--- ~~~ == 222 128,056 28,758 

. 

. 

| Table 33.—U.S. exports of lead and zinc ores and concentrates, by country 
(Gross weight) 

| | } 1975 1976 1977 
Destinati Quantity Value Quantity Value Quantity Value samen (short (thou- (short (thou- (short (thou- tons) sands) tons sands) tons) sands) 

ee 

Argentina ______________ > 5,276 $727 _- —_ __ __ Belgium-Luxembourg oe eee 50,666 10,086 62,111 $13,660 32,704 $8,067 Brazil __-_.__-______ 5,690 1,008 16,919 3,487 49,807 11,979 Bulgaria __-_______-______ _- _- 10,067 1,764 _- -- Canada ________________ 5,522 1,559 942 195 3,751 1,067 Finland __-______________ _- _- 5,430 1,500 _— __ France ________________ 12 8 12 7 3,194 439 Germany, Federal Republic of _______ 6,879 1,646 25,154 3,563 71 96 Italy _ _ _ __ 5,904 1,143 Japan __________ 6,271 1,261 15,600 2,526 10,751 1,848 Mexico ______________ 8,219 802 11 6 6,482 1,170 Netherlands __.________________ 8,196 2,045 5,907 838 __ __ Poland __________________ 19,930 4,614 — _- — __ Spain ~----e 16,282 3,750 5,543 1,070 10,274 1,781 SSR 6,017 1,336 _— So __ __ United Kingdom ________ 1,461 370 1,082 260 5,112 1,150 Yugoslavia____________ 10,406 2,286 _— __ — __ Other _______-__ r3 T4 t9 "16 6 13 ——— eC iB 
‘Total ~~~ 150,830 31,502 148,787 28,892 128,056 28,753 

. - "Revised.
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Table 34.—U.S. general imports of zinc, by country | , 

i
 

a serOC~S 

1975 : 1976 | 1977 

Country Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 

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

- ORES AND CONCENTRATES 
(zinc content). 

Australia. ____.._._.-------------- 4,044 | $485 2,291 $275 4,343. $968 

Bolivia ____._-__-_---~------------ 1,217 218 785 87 4,991 673 

Canada _________~--------------- 98,700 87,084 69,901 27,339 58,578 21,064 

Chile _-___.___-_-------~-------- -- a _- -- 11,784 3,750 

Colombia _.__..__--~----------+--- 8 1 14 2 18 2 

Costa Rica __.____-__-------------- -- -- --. -- 851 553 

_.. Germany, Federal Republic of ~~~ -------- 20 7 231 103 812 302 

Greenland _____-.--~------=+----- 304 46 ~ 580. 80 _- -- 

Honduras ____.__~--~------------- 13,362 4,936 16,307 7,289 17,369 8,275 

Mexico ______-__--~------~-------- 9,334 3,789 2,625 763 4,289 615 

Nicaragua __..------------------- 7,299 2,577 3,637 1,982 3,051 1,907 

Peru__.____.__.-~.------------- 4,902 2,011 794 166 1,034 141 

Thailand ___.._._.---./----------- 5,797 882 -- -- 15,688 1,308 

Total ___._.._.--------------- 144,987 52,036 97,115 38,086 122,808 39,553 

————oooeeeeeeeeeEeeeeeEe=e=eloEeeee=SOE—eEEe 

BLOCKS, PIGS, OR SLABS 
. 

Algeria ___-.---------~----+------ —_ _- 999 621 1,278 ey . 

Angola __.-.-------------------- 5,512 4,354 _- -- _- — 

Australia. _______-.-.-~---------- 22,875 17,295 32,586 23,549 29,262 19,612 

Belgium-Luxembourg ~~ ——~—---------- 19,084 16,456 35,473 23,420 42,971 24,686 

Canada ______-_~-~----------~---- 181,692 134,010 313,006 223,125 239,555 160,224 

China, People’s Republic of _ _.-—--------- 298 194 2,532 1,597 1,109 615 

Finland___.____.-~---~----------- 19,157 14,264 31,526 23,006 32,669 21,245 

France ________---------~-------- 1,837 1,282 10,397 7,438 17,427 11,021 

Germany, Federal Republic of _ ~~ —------- 17,827 12,507 48,665 32,989 41,552 25,886 

Italy... _. _--------------------- 7,299 5,137 30,739 18,867 21,602 18,844 

Japan ____...------------------- 1,202 5,724 9,483 6,789 14,353. 9,769 

Korea, Republic of ____.~------------ -- _- 57 35 . _- _- 

Liberia ________.---------------- 3,601 2,502 -- _- _- _- 

Malaysia __----~—~---------------- 45 660 _- _- _ _- 

Mexico _._____---------~--------- 17,605 12,818 62,638 42,762 29,981 18,826 

Netherlands __ ___-.------~-~-------- 15,123 10,208 9,642 6,586 6,424 3,737 

Norway ___----------------------- — — 1,102 827 __ es 

Peru_________--_-----------~---- 19,128 12,917 19,911 18,111 18,885 11,740 

Poland ____.____--------~-------- 440 292 1,018 619 3,941 1,991 

South Africa, Republic of ._....-------- 2,077 1,698 3,650 2,453 5,885 3,811 

os Spain ____---------------------- 26,268 16,143 29,687 19,892 28,339 16,821 - 

Switzerland ________-------------- -- _- 118 89 —_ _- 

United Kingdom _______---~-------- 2,200 1,528 1,820 1,190 1,643 981 

Yugoslavia __.____-_.------------- 7,009 4,557 29,869 19,699 3,574 2,101 

Zaire _.______...~----~---------- 4,158 2,841 36,922 26,839 35,707 _ 28,910 

Zambia _________---~------------- a _- 2,649 1,627 579 359 

Total _.______.--~-------+---+-- 380,437 277,337 714,489 497,130 576,736 371,736 

nen IDPs
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Table 35.—U.S. imports for consumption of zinc, by country | 
eter a SE CSS SSS a SS 

1975 1976 1977 

Country Quantity Value ._ Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
-tons) sands) © tons) ~ sands) tons) ~ gands) 

oe pnt PE EP PP PS SSE STP DS SSS SSS SS SS SSP SS See nee 

ORES AND CONCENTRATES . 

_ (zine content) 
Australia. __§____~~_-_-_----.------ 22,954 $1,949 2,467 $295 3,657 $896 

Bolivia _.._._____-~--------+----- 1,217 218 7185 87 4,991 673 

Canada ________.-~----~~----~---- 209,150 57,888 124,320 40,148 60,411 21,621 

Chile __-_________-_-~__--------- _- _— — — 11,784 3,751 

Colombia _____~___..____---~------ 8 1 14 2 18 2 

Germany, Federal Republic of _____..--~-- 20 7 231 103i 812 302 
Greenland _________--_---.~-----~- _— _- 721 108 -- -_- 
Honduras ________~__~--~--------- 43,224 13,040 13,069 6,171 17,369 8,275 
Ireland ____.____-____.-..------. | 4,820 . 150 —_ _- _- ~— 
Mexico _________---~--------~~-~-- 61,656 16,037 © 9,689 1,795 3,748 526 

Nicaragua __.._._____.-_----~-~---+-- 36,749 8,858 3,019 1,376 945 407 . 
Peru___~_________-----~---------- 20,683 3,991 1,488 468 ‘1,034 141 . 
Thailand _-_______~______-----..-. _ 25,148 5,172 _— oe 15,688 1,303 
Turkey _____-_-_-_----~--~--~-----+-- 2,970 911 -- -- — — 

Total. ._-_____-.--_--------- 428,544 108,822 155,803 50,553 120,457 37,897 

BLOCKS, PIGS, OR SLABS 
Algeria _-.-_.--_------~~---~-~-~-~-+-- —_ —_ 999 621 971 407 
Australia. ~~ .~_-___----------.---- 22,875: 17,295 32,586 23,549 29,262 19,612 
Belgium-Luxembourg ——.-~-.------~--- 17,430 14,417 35,197 23,211 41,317 23,986 

. Canada __-________--_---~~~.--_---- 181,725 134,015 313,006 223,125 239,555 160,224 

a China, People’s Republic of .. ...-._-_---- 298 194 2,532 1,597 914 586 
Finland. _____.--------~------~-- 19,157 14,264 31,526 23,006 32,559 21,115 
France __________~~~---~-------- 1,837 1,282 8,552 6,099 18,718 11,999 
Germany, Federal Republic of ____._~~~-~- 17,853 12,5388 47,397 32,119 . 41,552 25,886 
Italy___._____-__-_~~-~----+--~---- 5,792 4,202 — 28,686 19,069 18,295 11,909 
Japan __ _____.~---~-----~_---~----- 8,403 6,832 —_ — _- — 
Korea, Republic of _..._.....-----+--+- -— _— 57 35 -— _- 
Liberia _._____._.---_-_--------+- 3,601 2,502 =e _- _- _— 
Malaysia ____..____.--.------~---- 45 660 — —_ —_ —_ 
Mexico __________~---------~----- 14,187 10,083 58,001. 39,421 31,991 20,418 
Netherlands _____._____-_.-~------- 15,123 10,208 | 7,768 5,361 4,906 . 2,808 
Norway ___-~-~~—~---------~-~---- -- -_~— ~ 1,102 827 -- —— 
Peru___~__-_--_-----~-~---------- 19,128 12,917 19,911 13,111 20,868 13,020 
Poland __________~---~~----+----- 661 496 1,018 619 3,941 1,991 
Portugal __.___.___--------------- 104 87 —_ —_ -_— -- 

- Romania _________~__---_---~-~~-- _- a 6,748 1,957 _- —_ 
South Africa, Republic of _......----+--- 2,077 1,698 3,650 2,453 5,885 3,811 
Spain ___._____.---------------- 28,509 . 18,895 29,687 19,892 23,489 14,416 
Switzerland _____._-__-__----~------ —_ _- 118 89 _- —_ 
United Kingdom __________-.--~---- . 2,200 1,528 1,820 . 1,190 1,643 981 

-  Yugoslavia___._..-.----------~---- 7,390 4,861 29,869 19,699 3,216 1,923 
Zaire ~~. ee 6,527 4,712 32,302 23,588 35,486 23,733 
Zambia ___________~~~--------~-~-- -— _- 2,649 1,627 579 359 

Total__________--_-_--~----- 374,922 273,636 695,131 482,265 555,147 359,134 
ee Sp A SSP APA SS .
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| | Table 36.—U.S. imports for consumption of zinc, by class | 

Ore Blocks, pigs, Sheets, plates, strips Waste and 
(zinc content) - slabs? _ other forms scrap 

Quantity Value | Quantity Value § Quantity Value Quantity Value | 
(short (thou- (short (thou- _ (short (thou- (short (thou- 

- / tons) sands) tons) sands) tons) sands) ‘_ tons) sands) 

1975 428,544 $108,822 374,922 $273,636 236 $507 1,418 $468 
- 1976___ 155,803 50,553 695,131 482,265 209 329 1,803 516 

1 120,457 37,897 555,147 | 359,134 205 211 10,128 2,175 OTE 900 EE ON t0S e110 128 217 . 
Dross and skimmings Zinc fume Dust, powder, 

. - (zine content) ' (zine content) flakes Total 

Quantity Value Quantity Value Quantity Value value 
oo (short (thou- (short (thou- (short (thou- (thousands) 

tons) sands) tons) . sands) tons) sands) 

1975_ 3,158 $1,238 33,327 $9,442 5,739 $5,744 $399,857 
1976_____.___ 12,445 |. 4,884 6,927 2,558 6,009 5,134 546,239 

| WITT 12,940 5,204 257 516 7,388 6,277 411,414 - 

1Unwrought alloys of zinc were imported as follows: 197 5, 101 short tons ($87,395); 1976, 27 short tons ($14,141); and 
1977, 354 short tons ($211,624). a 

 *In addition, manufactures of zinc were imported as follows: 1975, $78,837; 1976, $96,945; and 1977, $261,554. : 

Table 37.—U.S. imports for consumption of zinc pigments and compounds | 

Oe 1976 . 1977 

Kind. Quantity Value Quantity Value 
. (short (thou- (short - (thou- 

a . tons) sands) tons) sands) 

Zincoxide _-_____-____-~___ ieee 19,913 ~ $12,391 20,789 $13,108 
Zinc sulfide _~_-_-____.__~____ i 539 358 686 481 
Lithopone ___-______________ 69 25 65 27 

. Zincchloride ____-_________ 1,372 701 1,878 1,031 . Zinc sulfate _.-.-___ 5,485 .  —- 11,602 5,689 1,757 
Zinc cyanide _________-________ ee 57 84 71 104 
Zinc hydrosulfite ___..-.-.~-~-_ ~~ _- _— 85 «2 Zinc compounds, ns.pf =. ~~~ 584 575 891 . T7172 ne cee oe 

Total ---______-__ eee 27,969 15,736 30,154 17,332
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Table 38.—Zinc: World mine production (content of ore), by country 
(Short tons) 

Country 1975 1976 1977" 

North America: 
Canada! __-________________ LL -__ ~—s71,,855,269 1,262,594 1,433,223 

- Guatemala_______________ Le , 1,624 - 1,129 
Honduras _______~____~_~___ eee 33,398 27,392 29,257 
Mexico ________~_~_________ eee 318,403 285,700 - 292,629 
Nicaragua ____________~_____~-_ ee 12,321 15,749 11,180 
United States (recoverable) ___ __§_______. 2-1 __--~-~------- 469,355 484,513. — 449,620 . 

South America: 
Argentina ~_-___§_____ ee 41,172 44,644 44,974 
Bolivia wee eee ee ee ee ee ee ee 251,984 53,513 66,983 
Brazil ~§ ~~ eee e+ 55,120 53,634 ©55,000 
Chile __________~__ eee 3,499 5,573 4,122 
Colombia ___________.-~_~--~-~_-_ ~~ ee et 8 66 _- 
Ecuador ____§________ eee 91 150 2,202 
Peru______ eee 424,169 436,240 446,859 

Europe: . 
Austria? ~~ _§_§ $5 5 5 eee ee 719,175 19,426 21,718 . 
Bulgaria _______~_~-----~---~-~-__~-~~_~-~~--+-+-~--~-+-+-~- 91,492 F €94,200 £92,600 
Czechoslovakia ________.-___-~-_-_______-~-~----~--~---- 9,838 10,217 ©11,000 

' Finland ~~ ~~~ eee 59,917. 67,399 67,584 
- France __ ~~~ _~___~_ + -~-- ee 15,822 38,250 © 47,852 
’. Germany, Federal Republic of _..____..__..._-__~-~---~~---~-~- 127,947 127,145 125,831 

_ Greece. ________---_~----~~~-~~--~++---+-_ ++ +--+ ----- 17,6387 33,510 26,455 
Greenland ____________~-~___-~--__~_~_-~-_ +e 100,156 89,287 84,437 
Hungary® ___________________ eee 2,400 _ .*2,400 €2,800 
Ireland ___~_§ ~~~ ee 73,500 69,200 128,200 
Italy___§ ~~ eee eee eee 83,792 88,610 87,367 . 
Norway —_____~~___~_~_ ee 26,460 32,027 33,425 

'  - Poland®_ eee 230,000 ™200,000 200,000 : 
Romania (recoverable)® _____..______-__--___--~----~--~--- 66,000 66,000 66,000 
Spain ___________ eee eee 94,024 93,233 102,498 
Sweden ______ eC. 122,715 141,455 149,914 po 
U.S.S.Re eee eee 760,000 790,000 810,000 . 
United Kingdom _______________-_-~-~-__---__~~-~__---- 4,409 5,291 €5,500 
Yugoslavia. $$$. -- eee 114,023 117,551 118,057 

Africa: 
Algeria ____§_____~___~~~__~~~~_ ~~ eee 12,456 8,708 6,393 
Congo __ ~~ ____-_--_-----~---_-~----~---~------+--+-+-- 75,622 5,732 5,732 
Morocco ________~___~~~___ eee 23,100 15,983 12,346 
Nigeria ________.--.-__.-_-_--~--~_~-~_~--_--~-~--+-~- 821 ©500 __ 
South Africa, Republic of _. .______._____._____-_-__----__ 78,014 86,596 80,439 
South-West Africa, Territory of€ *__-____________~____ ee ™41,600 F29,400 42,200 

Tunisia ________~____-~__~_--~-+---~~~~-~~~-+-+~~ ~~~ -+-- 6,614 8,047 7,826 
Zaire ____~____~---~~~-~_-~-~~~-~---+-~ ~~~ +e 88,626 74,736 80,469 
Zambia _________---_-~------~-~-~-~-+-~-~~_~-+-~~~ ++ +--+ 773,083 53,793 — 56,328 

Asia: 
Burma __-~__________~-~~_~--~---~-+-+-~~-----~-+-+--+---+ 2,918 2,437 2,022 
China, People’s Republic of ©_____________-______~._----_- 110,000 110,000 110,000 
Cyprus woe ee ee ee ee ee eee _- 956 197 
India ~~ _____ eee 25,175 29,366 35,825 
Iran? ~~ ee ™88,000 79,000 67,792 
Japan______~______ ~~~ ee 280,453 286,549 303,941 
Korea, North®___._§_.§_.____ _______~---__~~____-_ ~~~ 176,000 *165,000 165,000 
Korea, Republic of _._.._.___.._.---_-__-_--~~~-__-__-_-_ 50,617 65,186 75,348 
Philippines _________~_______~-~-_~~_~ 11,522 ~ 14,770 14,640 
Thailand® ____________-~____---___~~___--_ 3,549 ; 18 302 
Turkey __-_____--__-~-__-~~--~~-~~-~----~-~-~~--~---+-- 28,2387 37,811 44,667 
Vietnam® ___________~-___----~-- ~~ ee 11,000 11,000 11,000 

Oceania:Australia ______._.-___-_-~~---~- ~~~ LL 552,088 515,445 542,068 

Total_______--__-~-~-~-+--~------~--~-~~-----~-----~~ 76,448,041 6,357,626 6,682,951 

“Estimate. Preliminary. ‘Revised. 
1Content of concentrates. - 
2Production by COMIBOL plus exports by medium, small, and other unspecified sources. 
5Series revised to show output on a recoverable basis; figures appearing in previous editions were on the basis of 

content by analysis. 
“Series revised to reflect estimated mine output of all producers on a calendar year basis. 
‘Series revised to reflect estimated output on a calendar year basis. 

; ®Content of zinc concentrates; additional quantities of zinc may be contained in lead concentrates produced, but 
information is inadequate to make reliable estimates of such production.
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Table 39.—World smelter production of zinc, by country! | 

(Short tons) 

Country - 1975 1976. 1977" 

North America: 
Canada __-_-__ eee 470,622 520,639 545,521 
Mexico?___._.§_-__-_ ee eee ee 169,711 188,871 188,523 

__ United States _._.__- _-_ eee 438,051 ‘498,855 450,145 
South America: 

Argentina __________-_-----~~----__-- ee 43,500 — 38,800 32,000 
Brazil _____-_______-~-__---_--~--~--_ eee 34,643 47,569 “50,000 - 

. Peru_________~ ~~~ ee ee 69,709 71,297 73,799 
Europe: _ 

Austria? _-____________-___ eee 17,938 18,240 18,490 
Belgium’ ?______ eee 235,000 254,400 265,200 

Bulgaria?___-.»§ §_-» -§ »$ 5 5 ee eee ee 101,000 102,000 99,200 
Finland 22222222 ~ 121,127 121,952 152,097 

- France®_ > 5 25 5 5 ee eee ™164, 944 195,109 ©199,500 . 
German Democratic Republic? _--» ~~~» $$ ~~ 2 5 ee 16,800 _ 16,500 17,100 - 
Germany, Federal Republic of _-..__.___.._.-_--..----- -__ ™302,400 *312,349 355,968 
Italy____-_-____- LL 198,120 208,804 - 194,660 

. Netherlands ___________-~___-~-~_ ~~ 136,623 155,213 120,591 
Norway___--_--.---_.--~~-_-- eee 67,121 70,936 76,483 
Poland?__..-._-.--_______- ee _______ —s«™267,900 261,200 -. 251,500 

| Romania? ____-__§______ ~~ eee 77,200 77,200 71,700 
Spain ____-_________--_-__-_-- ee s™147,018 174,566 172,653 
USS.Ro eee 760,000 790,000 810,000 

United Kingdom? _______________--------------------- 758,910 45,837 89,817 
Yugoslavie* _. 2 5 ee Le 107,591 116,288 108,954 

Africa: 
- Algeria ----.--___.~___-_-- ee ee 22,000 19,800 10,500 

South Africa, Republic of -..--_-- ~~~ eee eee 70,243 73,082 83,800 
Zaire _~_.-_-_-___-_-_-_-- ee 72,298 67,994 56,272 

Nant ~~~ n-ne nnn nnn nnn nnn nnn einen nnn 51,600 41,146 44,218 
ia: 
China, People’s Republic of 7 ~.__.§_-. -._--.-_--_-_-_-____ Le 110,000 110,000 | 110,000 
India _~__---_-_____--_ ~~ eee 28,359 29,525 39,689 ; 
Japan _________---___--~=-------+-~-~--~~-~-~------ 769,716 817,990 858,045 
Korea, North? ©_ $$$ 5-5 5 5 5 5 5 ee eee 155,000 150,000 150,000 
Korea, Republic of __ _._______-_-_----._---.-.--_-__-__ 23,079 30,366 86,107 
Thailand ___-____ ~~~ ~~ Le 73 78 -- 
Turkey® _-_-_-_-_-___ __ 2,500 23,000 
Vietnam _______--_-_.--~ Le 5,000 11,000 11,000 

Oceania:Australia __...__-__._---_-----_--~---_--- Le 213,088 267,460 274,302 

. Total.---- eee eee = 5,526,879 5,907,566. — 6,040,834 
— ee 

“Estimate. Preliminary. ‘Revised. . 
1An attempt has been made to restrict the contents of this table to primary production only. Where secondary metal is 

inseparably included, this fact has been so noted. 
_ ?Known to include secondary production (recovered from reclaimed scrap). - 

5Series revised to exclude secondary production. 
_ ‘May include secondary production from reclaimed scrap. 

Table 40.—Zine: World secondary smelter production, by country’ 
(Short tons) 

I LL LL LL CCC TE TSE SA CCS CTC TC eC Sa tt ts ts epee pee pune ssgmmnattsnnosen 

Country 1975 1976 1977 ee 

North America: United States ____________-__---_____________ 57,886 68,555 50,611 
Europe: 

Belgium® ______________---___~_ ~~ ee 5,200 5,800 8,800 
France -__--_-__--_-_-_---------~-~-_---- ~~ 34,722 62,009 62,800 

_ Germany, Federal Republic of ~-___.-_-.._-_-_-_-__~__________ 22,478 23,584 20,561 
Spain _-________-_---___-_ eee 14 -- _- 
USS.RS ~~ eee eee 85,000 90,000 90,000 

Asia:Japan ______________-__~ ~~ 26,052 37,452 29,135 
Oceania: Australia® ~__~__._- 5 5 eee 7,700 8,800 8,800 

Total _-_-__----_-__---__- ~~~ eee 239,052 296,200 270,707 
ee LL CT TC SAC Pp erpeateenhe 

°Estimate. 
‘Figures presented are incomplete; for the following countries not listed in this table, secondary production is included 

with primary production because there is no reliable source or basis for estimating the proportion of total output 
reclaimed from scrap: Bulgaria, the People’s Republic of China, the German Democratic Republic, North Korea, Poland, 
Romania, the Republic of South Africa, the United Kingdom, and Yugoslavia.
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irconium and Hafnium 

By Langtry E. Lynd! | 

| Zircon production by domestic mining Legislation and Government  Pro- 
companies increased 16% in tonnage and grams.—There were no stockpile goals for 
decreased 18% in value in 1977 from 1976 zirconium and hafnium materials. The U:S. 
levels. Zircon exports increased 52%, while Department of Energy (DOE) had an inven- 
imports increased slightly. Exports of zirco- tory as of December 30, 1977, of approxi- 
nium metal and zirconium alloys decreased mately 948 tons of zirconium sponge, 197 

_ in 1977, as did those of zirconium oxide. tons of zirconium ingots and shapes, 3 tons 
Production of zirconium-bearing compounds of zirconium scrap, 39 tons of hafnium 
for chemicals and refractories increased crystal bar, 4 tons of hafnium oxide, and 1 
slightly. Zircon consumption by foundries, ton of hafnium scrap. : 
the principal use, increased 3%. Estimates The Food and Drug Administration 
of U.S. production of zirconium sponge met- issued a final order on August 16 banning 
al ranged from 5 million to 10 million the use of zirconium in aerosol antiperspi- 
pounds. Some hafnium metal was also rants because of its possible toxic effects to 
produced. the lungs, skin, and other organs. The 

In 1977, zircon remained in a condition of action does not affect zirconium-containing 
oversupply and prices continued to weaken. , nonaerosol antiperspirants.? | 

_ Published prices for Australian zircon drop- The Oregon State Health Division an- 
ped almost 50% during the year. The list nounced in May that mineral wastes on the - 
price of domestic standard-grade zircon was_ property of Teledyne Wah Chang Albany 
unchanged. : (TWCA), the sole U.S. producer of zirconium 
‘Zircon use was largely in foundry sands, metal, near Albany, Oreg., were radioactive 

refractories, abrasives, ceramics, and as a_ and contained much more radium 226 than 
source of zirconium metal. The metal was_ could be legally discharged into the environ- 
used mostly in nuclear reactors, in corro- ment under State law. The Health Division | 
sion-resistant equipment for industrial ordered a halt to shipments of radioactive 

| plants, and in refractory alloys. Hafnium materials off Wah Chang’s plant site, and 
was used in nuclear reactors, in flashbulbs, required the company to apply for licenses 
and in refractory alloys. to handle such materials, as well as to 

Table 1.—Salient zirconium statistics in the United States 
(Short tons) 

Product | 1973 1974 1975 1976 1977 meee NTT 
Zircon: 

Production _________~§ ~~ _________ Ww WwW WwW WwW WwW Exports _____________._-_ 28,921 21,487 18,766 9,428 14,364 Imports __________________ 98,023 62,504 40,205 64,643 65,204 
Consumption®*_~_~_-__§________ 175,000 167,000 122,000 155,000 162,000 
Stocks, yearend, dealers’ and consumers’? ______ 51,500 41,900 37,033 38,625 25,835 

Zirconium oxide: 
Production® ________________________ 14,300 11,630 11,760 8,000 7,414 
Producers’ stocks, yearend® _______________ 648 1,480 1,745 "667 671 ee SEO t—“(_ 

‘Estimate. "Revised. _W Withheld to avoid disclosing company proprietary data. 
Includes baddeleyite: 1973-1,019 tons; 1974-°2,950 tons; 1975-°1,000 tons; 1976-©2,000 tons; 1977-°3,000 tons. 

?Excludes foundries. 
SExcludes oxide produced by zirconium metal producers. 
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immediately find a way to stabilize the company to dump an average of 400 pounds 7 

| wastes on the plant site or ship them out of _ per day. The company asked to be allowed 

the State to an authorized disposal site. The to dump 2,000 pounds of ammonia per day, 

| Oregon Department of Environmental and was paying a $50 per day fine since July | 

Quality agreed to relax the Wah Chang 1 for each day it failed to meet the stand- 

plant’s ammonia disposal limit to allow the ards that went into effect on that date.® 

- | ~ DOMESTIC PRODUCTION - 

E. L. du Pont de Nemours & Co., Humph- Humphreys Mining Co. for Du Pont, at 

reys Mining Co., and Titanium Enterprises, Boulougne, Fla., and Folkston, Ga.; and 

Inc., were the only producers of zircon owned and operated by Titanium Enter- 

mineral concentrate in the United States. prises at Green Cove Springs, Fla. Produc- 

Zircon was recovered as a coproduct of tion data were withheld from publication to 

titanium mineral concentrates from miner- avoid disclosing company proprietary data. 

al sands at the dredging and milling facili- The combined zircon capacity of these three 

ties owned and operated by Du Pont at plants was estimated to be 135,000 tons per 

Starke and Highland, Fla; operated by year. | | | 

Table 2.—Producers of zirconium and hafnium materials in 1977 

“ Company Location Materials 

ZIRCONIUM MATERIALS | 
AMAX Specialty Metals Corp _____------------- | Akron, N.Y ___-----—-- Ingot, mill products. 

Do _____________ eee eee Cleveland, Ohio ___-~-—~_~- Foil, cold-rolled 
sheet. 

Associated Minerals Consolidated Ltd .__.__-__----~- Bow, N.H ________-_--- Oxide. 

Babcock & Wilcox Co., Nuclear Materials Div _ __—~---—- Parks Township, Pa_ — ~~ — Powder. 

The Carborundum Co ________---~-~---~---—---- Falconer, N.Y __—----~- Refractories. 

C-E Cast Industrial Products _______--~-----—----- Carson, Calif _.___-_--—- Milled zircon. . . 

C-E Refractories, Div. of Combustion St. Louis, Mo ___~—_--~~- ~ Do. 

Engineering, Inc : 

Do _______________ ee ee King of Prussia, Pa ___ ~~ Refractories, zircon. 

Do ____________ ee Vandalia, Mo _~__~---- © Do. 

Continental Mineral Processing Corp ____—~__---—---- Sharonville, Ohio _ ~~ ——_— Milled zircon. 

Corhart Refractories Co _____§____--_-----~-~-~+--- Buckhannon, W. Va __—_— Refractories. 

Do ______________ ee Corning, N.Y ___----~—- Do. 

Do... Louisville, Ky ~-~----- Do. | 
E. I. du Pont de Nemours & Co ______ _-___---~----—- Wilmington, Del___—~—~_~- Zircon, foundry mixes. 

Ferro Corp _______----------------------- Cleveland, Ohio _____ ~~ Ceramics, ceramic 
colors. , 

Foote Mineral Co __________.—_____----~-~------- Cambridge, Ohio ___—--~- Alloys. 

A. P. Green Refractories Co., Remmey Div ______—--~-- Philadelphia, Pa_ —___~~— Refractories. 

Harbison-Walker RefractoriesCo _________------- Mount Union, Pa ___—_—-~— Do. 

Harshaw Chemical Co., Inc _.-__ -_ _ -___-------- Cleveland, Ohio ___—_—-~— Oxide, ceramics. 

Hercules, Inc., Drakenfeld Div __ ______----—------ Washington, Pa _____~-~ Ceramic colors, milled 
. zircon. 

Humphreys Mining Co. (now owned by Folkston, Ga ______-~-~- Zircon. 

Buttes Gas & Oil Co.) 
Lincoln Electric Co., nc _._-. -___/ __----_-~-------- Cleveland, Ohio __ ~~ ~~~ Welding rods. 

M & T Chemicals, Inc _~__~______-___----~-~---+-- Andrews, S.C ___ ___—-~— Milled zircon. 

Magnesium Electron, Inc __________--~----~---- Flemington, N.J ___-—--~ Alloys, chemicals. 

NL Industries, Inc., Industrial Chemicals Div ___———~-~— Hightstown, N.J______~- Milled zircon, oxide, 
alloys, chloride. 

Charles Taylor Div ________----~--~-------- Cincinnati, Ohio — __ _ ~~~ Refractories. 

Do ____________ ee + --- South Shore, Ky _ __ ~~ _.- Do. 

Norton Co __________-_------~-~~-~-------- Huntsville, Ala ______~- Oxide. 

Ohio Ferro-Alloys Corp _____-~----~-----~------- Brilliant, Ohio ______—_~- Alloys. 

Ronson Metals Corp _______---~---------—-~---- Newark, N.J ______---~ Baddeleyite (oxide). 

Sherwood Refractories Co __-___----~-~---------- Cleveland, Ohio _____~ - Zircon cores. 

Shieldalloy Corp ________------------------ Newfield, N.J ~._----~- Welding rods, alloys. 

Teledyne Wah Chang Albany ______---------~--- Albany, Oreg______--~-~- Oxide, chloride, 
sponge, ingot, pow- 

oo, der, crystal bar. 

Titanium Enterprises, Inc________-~----------- Green Cove Springs, Fla _ — Zircon. 

Transelco, Inc ____---~-------~--~----------- Dresden, N.Y_——~___--- Chemicals, ceramics. 

Union Carbide Corp _______-_-------~-------- Niagara Falls, N.Y __—~~- Alloys. 

Ventron Corp ______-__---------~---------- Beverly, Mass ______~~- Alloys, oxide, sponge. 

Zedmark, Inc oe Butler, Pa_________-~— Refractories. 

Zirconium Corp. of America ______~_~---_~----- Cleveland, Ohio _____ ~~ Oxide, refractories, ce- 
ramics. 

HAFNIUM MATERIALS ‘ 

AMAX Specialty Metals Corp _______----~------- Akron, N.Y_____~----~- Ingot, mil] products. 
Teledyne Wah Chang Albany _________--~------- Albany, Oreg_______~-~ Oxide, sponge, 

crystal bar, ingot. 
NN



. ZIRCONIUM AND HAFNIUM 1029 

Statistical data on production of zirconi- plant of AMAX Specialty Metals Corp. re- 
um sponge, ingot, and scrap, and on haf- mained closed but supplied zirconium and 
nium sponge and oxide are also withheld to hafnium from stock to AMAX’s Akron, avoid disclosing company proprietary data. N -Y., plant. The Parkersburg site was sold Estimates of 1977 zirconium Sponge pro- and the plant was being dismantled. 
duction ranged from 5 million to 10 million Teledyne, Inc. announced plans to build a pounds. second zirconium plant at a new site to ‘Approximately 2,460 tons of alloys con- augment production of zirconium products taining from 3% to 70% zirconium was at its TWCA plant in Albany, Oreg. The produced in 1977. | proposed plant was to be devoted initially to Four firms produced 41,820 tons of milled the chemical extraction of zirconium from (ground) zircon from domestic and imported zircon to produce zirconium oxide. Because 
concentrates, an increase of 55% from the of environmental requirements, TWCA’s reported 1976 production. Seven companies, zirconium oxide production rate at Albany : excluding those that produce metal, pro- was said to be limited to 50,000 pounds per | duced 7,400 tons of zirconium oxide, 7% less day.* 
than reported in 1976. Early in 1977, Pechiney Ugine Kuhlmann Hafnium crystal bar production was esti- Corp. withdrew from a plan to build a 3- mated at 30 tons in 1977, the same as for million-pound-per-year zirconium plant as a 1976. : joint venture with Western Zirconium Co., Buttes Gas & Oil Co. acquired all the Salem, Oreg., in Dallesport, Wash. At year- stock of Humphreys Engineering Co., par- end, Western Zirconium reportedly was still ent company of Humphreys Mining Co., for planning to build a facility in Dallesport, $3.6 million. : and was seeking a new partner for the The Parkersburg, W. Va., zirconium project.® 

CONSUMPTION AND USES 

Estimated zircon consumption in the 9-inch brick, valued at $11.5 million. In United States in 1977, based on incomplete 1976, final figures for shipments were 1.8 | reported data, was 162,000 tons. Consump-_ million brick valued at $13.3 million.* tion of zircon concentrate and milled zircon Zirconium metal was used in nuclear was estimated to be 69,000 tons for found- reactors, in chemical plants for corrosion- ries, 42,000 tons for refractories, 14,000 tons resistant material, in refractory alloys, and for zirconium oxide, 3,000 tons for zirconi- in photography for flashbulbs. Commercial um alloys (excluding zirconium-base alloys), nuclear powerplants were estimated to con- and 34,000 tons for all other uses. Foundries sume 80% of the total used, with the rest of used about 43% of domestic zircon con- the market being shared by the Navy nu- sumption, with the remainder consumed by clear submarine program, corrosion- refractory, abrasive, ceramic, metal, and resistant applications in the chemical in- other industries. Domestic zircon was mar- dustry, and other uses. Navy requirements keted in proprietary mixtures for use as were said to be constant, while those of the weighting agents, zircon-TiO. blends for chemical industry were increasing and ex- welding rod manufacture, and zircon- pected to reach 300,000 to 400,000 pounds of refractory heavy mineral (kyanite, sillima- commercial-grade ingot in 1978. Growth in nite, and staurolite) sand blends for found- overall demand has been slowed because of ry sand and sand-blasting applications. The numerous delays in construction of nuclear zircon-bearing foundry sand was reportedly powerplants.’ 
designed to provide consistent high-quality Zirconium compounds, natural and performance at low cost for critical casting manufactured, were used in refractories, applications. abrasives, polishes, glazes, enamels, welding In 1977, imported Republic of South Afri- rods, chemicals, and sandblasting. Zirco- ca baddeleyite ore was used principally in nium chemicals were finding increasing the manufacture of alumina-zirconia abra- application in the paint, textile, and phar- sives and also in ceramic colors, refracto- maceutical industries. Hafnium metal, al- ries, and for other uses. loys, and compounds continued to have few Preliminary Bureau of the Census figures uses. The metal was used for nuclear for 1977 showed that shipments of zircon reactor control rods, in special refractory and zirconia brick and Shapes, composed alloys, and in photographic flashbulbs. The mostly of these materials, totaled 1.6 mil- nonnuclear hafnium metal uses were re- lion brick, expressed in terms of equivalent portedly increasing.
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| Table 3.—Estimated! consumption of Table 4.—Estimated’ consumption of 

zircon in the United States in 1977, zirconium oxide? in the United States 

by end use in 1977, by end use 

(Short tons) 
(Short tons) 

Use Quantity _ Use Quantity | 

8 EEE” mmn0_._— Oo 

Zircon refractories? _..._----------- 31,000 AZabrasives_— ~~ -----------~-~-~- 4,000 

AZS refractories®?______------------ 
- H,000 AZS refractories® __ _ _-------------- 2,000 

Zirconia 4 and AZ abrasives” _ __—----—--.-~- — 14,000 Other refractories ~------~-------~~- 1,700 

Alloys’ _______----------------- 3.000 Chemicals ___—-~---~------------- 700 

, Foundry aids ____---------------- 69,000 Glazes, opacifiers, colors.__._-__..-------____ 600 

. Other? _________--------------- 34,000 Total _._.----------------- 9,000 

Total __.___-_-------------- 162,000 : | 

Te 1Based on incomplete reported data. 

1 Based on incomplete reported data. 2Excludes oxide produced by zirconium metal pro- 

2Dense and pressed zircon brick and shapes. ducers. Includes baddeley® 

3Fused cast and bonded alumina-zirconia-silica-based Fused cast and bonded. 

refractories. 
4Excludes oxide produced by zirconium metal pro- 

ducers. 
5 Alumina-zirconia-based abrasives. 

| 6kxcludes alloys above 90% zirconium. 

7Includes ceramics, chemicals, metallurgical-grade zir- 

conium tetrachloride, sandblasting, welding rods, and 

miscellaneous uses. 

Table 5.—Yearend stocks of zirconium and hafnium materials . 

(Short tons) : 
I 

Item | 1976 1977 

Zircon concentrate held by dealers and consumers, excluding foundries — ——- __ _------ 733,549 21,742 

Milled zircon held by dealers and consumers, excluding foundries ~~—-------------- 5,076 4,093 

Zirconium:) 
Oxide __.______-_-_-----------------<----

------5 5-555 000n 667 671 

Sponge ______------------
----------- srr 209 36 

Ingot _______-----------
----------- 9 66 68 . 

Scrap Tee +--+ --- --- - eo rrrr 146 113 

Alloys ____-__-------------------- 7 2 ~ 539 244 

Refractories ___________---_--------------------------557777
 T4762 4,905 

Hafnium:* 
Sponge andcrystalbar ____----------------------7-7

-77 TTT 40 40 

€Estimate. "Revised. . 
. 

1Rxcludes material held by zirconium sponge metal producers. 

| PRICES | 

The published yearend price for standard tralia announced withdrawal of the mini- 

grade domestic zircon remained at $150 per mum price on exports of zircon, which had | 

ton in 1977. Prices of zirconium oxides were been subject to export control since 1971, 

either unchanged or unlisted for the entire and toa formal floor price which had been 

year. The prices of zirconium chemicals, reduced to $A115 per ton in November 1976. 

zirconium powder, and hafnium metal A more flexible control policy was to be 

sponge were unchanged. Zirconium sponge used in which each export contract was to 

prices advanced slightly to a range of $5.50 be viewed on its own merit. Published prices 

to $9.00 per pound. The baddeleyite prices for Australian zircon dropped from $A115 

furnished by Ronson Metals Corp., were to $A125 per metric ton in January to $A65 

about 10% to 40% higher than in 1976. to $A70 per metric ton in December, f.o.b. 

In March 1977, the Government of Aus- Australian ports.
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Table 6.—Published prices of zirconium and hafnium materials in 1977 

- Specification of material Price 
Zircon: 

Domestic, standard grade, f.o.b. Starke, Fla., bulk, pershortton!_-§_____ __ $150.00 . Domestic, 75% minimum quantity zircon and aluminum silicates, Starke, Fla., bulk, per short ton! ~grocp s+ --------2-t ee 90.00 Imported sand, containing 65% ZrOo, f.o.b., bulk, per metricton?______ _ $74.00— 79.00 Domestic, granular, 30-ton lots, from works, bags, pershortton? _..____ _- 435.00—440.00 Domestic, milled, 220-mesh, 18-ton lots, from works, bags, per short ton? _______—_ LL 490.00—495.00 — Baddeleyite imported concentrate:4 . | 96% to 98% ZrOe, minus 100-mesh, c.i.f. Atlantic ports, perpound _______ 29— = 85 99+ % ZrOe, minus 325-mesh, c.i.f. Atlantic portsperpound____________ .60—  .80 Zirconium oxide:? 
Powder, commercial-reactor grade, drums, from works, bags,perpound______ | __ NA Chemically pure white ground, barrels or bags, works, perpound____________ eee 2.22 Lump electric fused, bags, 500- to 1,999-pound lots, from works, perpound._______ NA Lump electric fused, bags, smaller lots, from works, per pound _____ ~- ee NA Milled, bags, carlots, from works, per pound ______. = 

NA Glass-polishing grade, ton lots, bags, 94% to 97% ZrOe, from works, per pound_____ | 1.11 Opacifier grade, 3,300-pound lots, 85% to 90% ZrOo, bags,perpound________ -- 81 Stabilized oxide, 10-pound bags, 91% ZrOno, milled,perpound_______ -- LL 1.57 Zirconium oxychloride: rystal, cartons, 5-ton lots, from works, perpound ________ ' 515 - . Zirconium acetate solution: . 
13% ZrOz, drums, carlots, 15-tons minimum, from works, per pound_______ 22 22% ZrOo, same basis, per pound ______ ~~~ 

38 Zirconium hydride: Electronic grade, powder, drums, 100- to 990-pound lots, from works, per pound were ee, 14.50— 16.00 Zirconium: 
Powder, per pound TTT t atte saan eae, 70.00—100.00 Sponge, per pound® _-_____ 22 

5.50— 9.00 Sheets, strip, bars, per pound? ~---------- 
10.00— 15.00 Hafnium:5 Sponge, per pound Dott t tron 

75.00 
NA Not available. 
1K. I. du Pont de Nemours & Co. Price List (effective Jan. 1, 1978). December 1977. . *Industrial Minerals (London). No. 123, December 1977, p. 81. 3Chemical Marketing Reporter. V. 213, No. 26, Dec. 26, 1977, p. 37. Ronson Metals Corp. Baddeleyite Price List. Jan. 1, 1978. -5American Metal Market. V. 85, No. 252, Dec. 30, 1977, p. 8. 

: FOREIGN TRADE 

Exports of zirconium oxide decreased in ed 15% in 1977 to 1,964,551 pounds valued 1977, while exports of zirconium ore and at $36,827,521, 16% less than in 1976. Ex- concentrate increased above those of 1976. ports of wrought zirconium and zirconium Exports of wrought zirconium metal and alloys, and zirconium and zirconium alloy alloys decreased in 1977 compared with foil and leaf decreased 15% and 75%, re- 1976, while exports of unwrought zirconium spectively, in 1977. Exports of unwrought and scrap increased. Hafnium was not ex- and waste and scrap zirconium increased ported. 
11% in 1977. . Exports of zirconium ore and concentrate Exports of zirconium oxide in 1977 were were shipped to 18 countries in 1977 » and 3,703,999 pounds, 30% lower than in 1976. increased from 9,428 tons with a value of The value of these exports was $3,845,996, $2,783,994 in 1976 to 14,364 tons valued at 37% lower than in 1976. These zirconium $2,242,155. The quantity exported increased oxide shipments were made to 26 countries, 52%, while the value of these exports de- the five major recipients in 1977 being creased 19% in 1977. The average value of J apan, France, the Federal Republic of the zirconium ore and concentrate exported Germany, Canada, and the United King- in 1977 was $156 per ton, 47% less than the dom, each receiving 16% to 19%. 1976 value of $295 per ton. The major Imports for consumption of zirconium recipients of the exported zirconium ore and ores in 1977 rose about 1% to 65,204 short concentrate were the United Kingdom 42%, tons. In addition to the data in table 10, it Mexico 27%, Brazil 11%, Canada 8%, and was estimated that approximately 3,000 the Federal Republic of Germany 6%. short tons of South African baddeleyite was Total exports of zirconium metal decreas- imported in 1977.
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The average declared value of imported unwrought and waste and scrap; zirconium _ 

zircon at foreign ports decreased 17% in alloys unwrought; zirconium oxide; and haf- 

1977 to $175 per short ton, compared with nium, wrought. Imports for consumption of 

$212 in 1976. zirconium chemicals and unwrought zirco- 

Imports for consumption of zirconium nium alloys decreased in both quantity and 

_ and hafnium in 1977 increased both in value. Imports of hafnium in the unwrought 

quantity and value in the following catego- and waste category increased in quantity 

ries. Zirconium, wrought; zirconium, but decreased in value in 1977. 

Table 7.—U.S. exports of zirconium ore and concentrate, by country 
ST 

1976 , 1977 
Destination 

ae 

Pounds Value Pounds Value. 

Argentina ______--_---------------- 393,919  —»«- $104,979 94,414 $9,158 | 

Australia.____._______--__---------- __ _. 809,200 71,808 

Belgium-Luxembourg — _ ~~ ——------------ 100,429 4,218 7,052 5,147 

Brazil.________-___--__---------- 2,827,203 1,002,444 3,170,660 214,820 

Canada________________---------- 2,347,886 353,507 2,224,054 231,592 

Colombia________-----—------------ 8,000 2,235 __ _— 

Dominican Republic ______~----------- __ oe 37,791 1,560 

Germany, Federal Republic of _ _ _ _- ------- 862,304 74,253 1,584,295 106,940 

Israel___ ___._________-------------- — __ 5,350 1472 — 

‘Ttaly___________----------------- __ _ 25,991 7,920 

Japan__________---_------------- __ a. 257,457 241,162 

Korea, Republic of _______------------ 135,600 43,419 49,200 14,510 

Mexico _______------------------- 8,136,643 915,708 7,760,881 651,928 | 

Netherlands_________-~------------- 3,210,689 200,821 __ _- 

New Zealand ______-____------------ 4,000 660 _— — 

Peru______________-_/_------------ 26,422 9,350 55,100 6,300 

South Africa, Republic of ______--------- _- — 23,021 30,200 

Surinam __________--_------------- __ — 438,800 ~. 9,521 

Switzerland _________—------------- — __ 6,156 3,078 

Thailand____________-_~---------- 2,000 592 __ __ | 

United Kingdom ________------------ 800,500 71,808 12,165,300 629,747 

Yugoslavia._________-_------------ __ __ 12,384 5,292 

Total____________-__--------- 18,855,595 2,783,994 28,727,106 . 2,242,155 

Table 8.—U.S. exports of zirconium, by class and country 
I 

1976 1977 
Country a 

Pounds Value Pounds Value 

Zirconium and zirconium alloys, wrought: . 

Argentina ________--------------- 9,427 $100,585 166 $1,100 
Australia______.__--------------- 382 4,474 306 6,093 
Belgium-Luxembourg —_ -—— ----~------- 117,251 4,571,126 100,965 4,544,827 
Brazil. _____________------------ 90 2,647 169 4,250 

Canada _________---------------- 449,341 8,560,395 557,201 10,251,980 
Chile _________________---------- __ __ 13 1,950 
France ____________-___--------- 2,883 13,502 1,371 31,947 
Germany, Federal Republic of _ ___------- 599,480 . 8,388,128 521,188 8,599,667 

Israel ____ = + __ __ 692 8,369 
Italy_____________-------------- 2,756 102,078 6,918 464,891 
Japan_____________------------- 536,634 13,077,686 303,219 7,000,793 
Korea, Republic of _____-_----------- 298 5,228 . 2,079 92,700 

Netherlands___________----------- 21,174 272,081 49,420 736,883 
Norway ___ __- ------------------- _- _ 6,847 32,597 

Portugal _______--_--------------- _- _- 490 11,506 - 

South Africa, Republic of ___---~-------- 102 846 —_ __ 

Spain ____________-------------- 2,561 35,684 20,955 564,918 
Sweden _____________-_---------- 108,820 1,629,181 126,924 1,653,035 
Switzerland __________~----~------- _- —_ 68 3,726 

Taiwan _____________-__--------- 103,625 3,444,617 130 4,440 
. Thailand ____________-_------~---- __ — 900 6,197 

USS.R_--_--_-_----------------- __ __ 7,336 603,396 
United Kingdom ___________-------- 85,859 1,191,755 37,392 453,838 

Total _________________-------- 2,040,683 . 41,400,013 1,744,749 35,079,103 
——
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Table 8.—U.S. exports of zirconium, by class and country —Continued 
nr rr eA A AF SS eee 

. Count 1976 © 1977 
UW ——— ere sl 
my Pounds Value Pounds Value — . 

Zirconium and zirconium alloys, unwrought 
and waste and scrap: 
Australia. _- ~~~ ~~~ __ ee _— __ 17 $2,101 

Belgium-Luxembourg __—_-~--_~---~---- 9,177 $62,404 11,725 47,232 

, Brazil] _-§__ ~~ =__-~--_------- —_ —_ 85 2,217 

Canada _____-____----_~------~--- 1,333 24,615 8,136 54,273 

France _________~--_~----~~------+- 5,951 69,299 22,083 156,314 

Germany, Federal Republic of _____.___-_~- 36,682 373,525 1,165 14,7238 

Japan ___§____-___~----~-~----~--- 8,190 76,001 60,819 282,320 

Korea, Republic of _.___._.____--~---- . — _ 6,835 28,206 

Netherlands _______ ___.__---------- 85,991 419,012 4,386 18,142 

Norway___-_~-__~-----~---~-~---~--- __ oe 6,614 29,233 
Peru___.__________-~__~-_~------ 956 12,926 _- _- 
South Africa, Republic of _._.____-~---~-~- _. — 23 2,868 
Sweden __________~-~-_--~------- 4,937 83,158 _- _- 
Switzerland ___.______-_-------~--- 1,182 10,188 ae —_ 

United Kingdom ______~__~-----~--~-- 74,142 703,554 76,951 771,034 

Total _.________.-_--~------~--- 178,491 1,834,682 198,839 1,408,663 

Zirconium and zirconium alloy foil and leaf: . 
Belgium-Luxembourg ________~--~~~--- 5,393 97,119 10,544 184,710 
Canada _______~_____-~__---~---~-~- 12,317 256,782 5,005 117,679 
France ___________--__~----~-~-+-- 315 5,580 28 1,410 
Germany, Federal Republic of _____-__-~-- 488 16,155 242 6,906 
Japan___. ____~-__~__-~~_~----~+-- 61,299 61,299 34 1,220 
Netherlands ____§_________~-_~--_-- — oe 100 2,582 
Switzerland _________-__--~~--~--~-- _- _- 427 5,405 
United Kingdom —_______._----~----- 5,216 136,895 4,583 19,843 

Total __________--_------------ 85,028 573,830 20,963 339,755 
nn Sn 

Table 9.—U.S. exports of zirconium oxide, by country 
ee SSE SS SSP SSS SSS SSS SS 

. 1976 1977 
Country —_—_——_— 

Pounds Value Pounds Value 

Argentina ______~_____~~__~~---~~--- - 146,431 $166,392 32,488 $42,641 
Australia. ________.___-_-.~--_---~--~-- 5,227 5,048 1,957 3,850 
Austria ____________--~_--+-~-~--~-~--- 100 806 _— _- 
Belgium-Luxembourg ____________-_-~-- 5,396 6,927 12,498 19,258 
Brazil ~~. 29-9 2 5 2 ee eee Ct 215,022 238,700 78,529 88,913 
Canada ____ > 671,495 449,904 627,106 428,186 
France ______________.-__~---~---~-- 1,562,642 3,097,169 654,452 1,604,309 
Germany, Federal Republic of _________~--- 1,184,289 533,140 652,785 330,208 
Greece _____________~~___-~~-~~~-~-- _ 1,000 1,553 1,000 1,812 
Hong Kong. _ ~~ -. _____-__~-----~--+-- 3,170 6,249 6,478 6,850 . 
India ~_________~_________ ~~ 1,000 3,005 1,248 1,898 , 
Ireland _____________~-___---~-+-~-~-+- 408 2,752 8,966 10,294 
Israel ____- > ee 1,350 2,442 122 1,830 
Italy. _--__-__/ _-______ ee 4,843 8,591 19,982 35,930 
Japan. _~_~__§_____ ee 796,994 822,740 688,658 661,436 
Korea, Republic of _.__._____.___.--~----- _- _- 2,372 7,350 
Kuwait ___________----~----------- 300 552 — _. 
Mexico _____________~--~---~---~-~_-- 145,202 148,415 201,279 225,100 
Netherlands ________.___-~___-~-_~--~-~- 523,278 501,700 35,286 52,745 
Norway._____ ~~~ __-~~--~~-~-~--~--~-~--- 6,615 27,965 _. _- 
Portugal ___________-_------------- 100 2,374 2,232 , 2,682 
South Africa, Republic of ________-------- 1,462 6,142 440 826 
Spain ________~____~-~_____~--___-_- 13,331 22,409 7,000 11,928 
Sweden __________-----~----------- 7719 522 52,691 54,420 
Switzerland ____--___-~--~----------- 5,178 4,315 1,015 680 
Taiwan ___——-~--~_-~---~-~--~-------- 200 3,108 17,938 29,935 
Trinidad and Tobago. ___________--__--- 180 2,432 __ a 
qurkey ——-~~--~-~~--~--~-~-~~-----+--- _- _ 400 5,448 

United Kingdom ______________-~__--- 27,244 33,372 596,637 216,647 
Venezuela __________--------------- 2,000 2,976 _- -- 
Yugoslavia_____~_~___.______-~-~__---- 2 2,500 440 820 

Total _._________________-___-- 5,325,238 6,104,200 3,703,999 3,845,996
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Table 10.—U.S. imports for consumption of zirconium ores, by country 

1975. 1976 1977 | 

Count: Quantity Value Quantity Value Quantity Value 
wry (short . (thou- (short (thou- (short (thou-- 

tons) sands) tons) | sands) tons) sands) 

Australia. 2 = 36,114 $7,602 62,604 $13,230 64,638 $11,174 Canada’ ___-__ 377 61 2,014 492 504 198 
Christmas Island} ___________ __ oe 25 10 Pe -- India ~~~. 2 2,756 894 (”) 1 _— ~— . Malaysia _______.-________ 440 82 ~- _- -- _- Mozambique _______________ 22 10 . — _- -—- — South Africa, Republic of ______ _ 496 225 ~~ -- 62 29 oh 

Total _..-.__~_____ 40,205 8,874 64,643 13,733 65,204 11,401 ————_—_—_——————— eee 
‘Believed to be country of shipment rather than country of origin. 
?Less than 1/2 unit. | 

oO Table 11.—U.S. imports for consumption of zirconium and hafnium, 1977 | 
eee 

Country Pounds Value 
. : 

Zirconium, wrought: . . 
France ____ = 412,271 $5,293,548 Germany, Federal Republic of Won 959 30,737 Netherlands ~~ --- ee ee 3. 670 

Total _--_- eee 413,233 5,824,955 

Zirconium, unwrought and waste and scrap: 
Canada __ 97,773 124,487 France moe en 13,664 20,649 Germany, Federal Republicof _.._._.________________.____.___. ca 135,079 264,174 Japan __. 521,645 3,168,925 Sweden __-- 19,581 22,005 United Kingdom --- + -e e e  e 37,231 51,826 

Total _---__ ~~~ 824,973 3,652,066 

Zirconium alloys, unwrought: . France _________.____-__ ee 34,241 337,060 Germany, Federal Republic of a7 ee 220 5,079 United Kingdom - eee 5,004 12,947 

Total --_ ee 39,465 355,086 — 
Zirconium oxide: 

France ~s- > ~~~ ek 1,356 3,638 Germany, Federal Republic of ~--- ee e 1,521 33,510 Japan —____- 
44 836 South Africa, Republic of ---- 2 2,205 600 Switzerland ~--- + 

150 5,524 United Kingdom ~~~  e _ 116,844 116,214 US.S.R ~----- ~~ +--+ ee 76,015 70,003 ee Aes hited 
Total ~~-----~+-- en 198,135 230,325 EOD ae Zirconium compounds: 

Australia -____ ~~~ ees 88 316 France ->->--2-- + ----  __ 33,069 22,744 Germany, Federal Republic of -~-~-~ ee L 33,926 34,055 India Too oa 5 ~~ 15,432 27,539 Madagascar a~ a --- - - - e 41,802 14,028 South Africa, Republic of ~~ 766,212 213,589 United Kingdom ~------- 393,850 394,681 ONDE 
Total ----+--------- =e Le 1,284,379 706,952 Hafnium, unwrought and waste and scrap: France___._____________ 72 2,088 Hafnium, wrought: 

Mexico ~------+------- ee 2,880 35,251 Spain woe 
370 3,980 ad ht 

Total ~---------- ~~ 3,250 39,231
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WORLD REVIEW 

Australia leads the world in production of | Ltd.In New South Wales, the State Govern- 
zircon, which is recovered from sand mining ment reportedly decided to permit sand 
operations along its eastern coast (53%) and mining to continue in national park areas 
in Western Australia (47%). Production of for the next 5 years, after which no mining 
zircon, as a coproduct of rutile on the east is to be permitted in national parkland. 
coast, is expected to remain relatively con- Mining applications were reported to 
stant due to lower grades and reserves have been rejected on environmental 
coupled with persistent environmental grounds for the first time by the Govern- 
problems. However, substantial zircon re- ment of Western Australia. The applica- 
serves, with coproduct ilmenite as well as tions involved plans for recovering ilmenite, 
rutile, have been developed in Western zircon, and other heavy minerals by dredg- 
Australia and will assure Australia’s con- ing in Hardy inlet at Augusta by Northwest 
tinuing role in world zircon markets. Development Corp. Ltd. | 

Zircon sand is also produced in Brazil, the Queensland Titanium Mines Pty. Ltd. 
People’s Republic of China, India, Malaysia, reportedly accepted the Australian Govern- 
the Republic of South Africa, Sri Lanka, ment’s offer of $440,000 compensation for 
Thailand, and the U.S.S.R. 1977 profits the company was denied as a 

Baddeleyite is produced in the Republic of result of the Government’s withdrawal of 
South Africa and in Brazil and also isfound export licenses for Fraser Island mineral 
in East Africa, Sri Lanka, and the U.S.S.R. concentrates. However, Dillingham- 

In 1977, production of zirconium ingot in Murphyores Minerals, whose operations 
market economy countries was approxi- were also halted, late in 1977 rejected a $4.4 . 
mately 8.5 million pounds, of which about million offer and was reportedly demanding 
7.0 million pounds was used for commercial a $23.9 million settlement. 
nuclear powerplants. Assuming no change Mineral Deposits Ltd. was reported to 
in current projections for nuclear capacity, have deferred development of its planned 
the total requirements for nuclear plants $15 million Agnes Waters mineral sands 
are expected to reach about 11.5 million project in Queensland, because of the 
pounds of zirconium ingot by 1985.8 uncertainty concerning future sand mining 

Australia.—Zircon and other beach sand __ regulations. 
minerals continued-to be in a condition of Tioxide Australia Pty. Ltd. and Westral- 
oversupply, Depressed prices for zircon and ian Sands Ltd. agreed on a plan to merge 
rutile coupled with metallurgical problems _ the two firms, giving Tioxide a 40% share in 
led to suspension of Western Mining Corp.’s Westralian Sands. 
mineral sands operation at Jurien Bay in Du Pont reportedly acquired an addition- 
Western Australia. Kibuka Mines Pty. Ltd. al 25% interest in Allied Eneabba Pty. Ltd. 
was reported to have suspended its Nara- through its subsidiary Du Pont (Australia), 
coopa, King Island, Tasmania, rutile-zircon increasing its total equity in Allied Eneabba 
operation because of the slump in thezircon to 40%. | . 
market. | Canada.—Great Canadian Oil Sands Ltd. 

Following the withdrawal of export li- (GCOS), and Canadian Titanium Pigments 
censes for mineral concentrates mined from Ltd., (a subsidiary of NL Industries, Inc.) 
sands on Fraser Island, Queensland, at the were reportedly planning a joint project to 
end of 1976, there was continued environ- recover zircon as a byproduct of GCOS 
mental pressure to further restrict mining synthetic crude oil production. The zircon 
of sand minerals. The Queensland State recovery plant was to be operated by Cana- 
Government was reportedly considering dian Titanium Pigments, which planned to 
allowing only 6%: of Moreton Island, near process into zirconium oxide about 1,500 
Brisbane, to be mined with all mining to tons per day of zircon concentrate. Consid- 
cease by 1990 when the island would be- eration was also being given to recovery of 
come a national park. Among the compa- titanium minerals associated with the 
nies involved on Moreton Island were Dil- zircon.® 
lingham Minerals, Associated Minerals France.—Péchiney Ugine Kuhlmann 
Consolidated Ltd., and Mineral Deposits Corp. was reportedly planning to double its
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Table 12.—Zirconium concentrate: World production, by country’ 

(Short tons) 

a 
Country 1975 1976 1977” 

Australia, _- = == ee + ------ 421,322 461,227 438,086 
Brazil__§________________-___---+--------+---------- 3,224 3,071 3,500 

Indiae___ et e+ - +--+ -- 11,400 11,400 11,400 
Korea, Republic of _. ____._._--_----.-------------------- 22 _- _- 

Malaysia? ______________-------------------------=- 11,417 3,449 1,300 

South Africa, Republic of ___-----~---~-~------------------ 12,780 12,403 13,551 

-’ SriLanka ___________--~--__----~-~--+-—--------------- 43 11 “10 

Thailand______________-----_------=--~----------- 422 61 60 

United States ________-_----------------------------___ WOW 

Total 2 eee +--+ ----- 460,630 491,922 467,907 

Estimate. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 
1No data are available on production, if any, within the centrally-planned economy nations, nor is there any basis for 

the formulation of reliable estimates of output levels. 
2Exports (production not officially reported; exports believed to closely approximate total output).. 

production of zirconium sponge by 1979. N atal. Richards Bay Minerals will manage 

Pechiney reportedly uses TWCA zirconium the combined affairs of Tisand (Pty.) Ltd. 

oxide for metal production, and produced an and Richards Bay Iron and Titanium (Pty.) 

estimated 1.2 million pounds of sponge in  Ltd., the companies responsible for operat- 
1977. ing the new mine facilities and the ilmenite 

Japan—Sumitomo Metal Industries, smelting plant, respectively. An 85% TiO2 
Ltd., was expected to treble its Zircaloy tube slag was to be produced at the smelter 

production from 328,000 feet per year to beginning in March 1978. Planned annual — 
984,000 feet per year. Zircaloy tube manu- production rates from Richards Bay Min- 

facturers in Japan reportedly were expand- ¢rals were about 127,000 tons of zircon, _ 

ing their production facilities in a belle’ 62,000 tons of rutile, 440,000 tons of high- 
On 604 of clactee ay ts eee niggas TiO2 slag, and 239,000 tons of low-man- 

‘O'7o OF electric power generalion i ganese pig iron. The Richards Bay pro- 
compared with 7 ST in 1975. Kobe Steel, duction was expected to aggravate the over- 
Ltd. and Mitsubishi Metal Corp. reportedly supvly situation in zircon and rutile 
each has a Zircaloy tube plant of 984,000- Jann Yin hopes for IY ori . 

feet-per-year capacity, and Kobe was said to th P 8 ait: 1 the y , Tice sointed it 

be planning to raise its production level to ese commodities. Wt has Deen pointed ou 
1,968/000 to 2,953,000 feet by 1980.2° that under these circumstances there will 

Zirconium Industry Co., Ltd., in Hiratsu- be a tendency for buyers to become more 
ka, was said to be converting TWCA reac- Selective in purchasing zircon. This was 
tor-grade zirconium oxide to sponge metal, demonstrated by a trend in Australia, 
which is returned to TWCA for melting and where the substantial stock increases in 

fabrication. Zirconium Industry was report- 1977 almost all occurred on the west coast 
edly expanding capacity in 1978.44 where zircon quality is generally lower than 

Sierra Leone.—Sierra Rutile Ltd. (owned ©” the east coast.” . 
85% by Bethlehem Steel Corp. and 15% by Sri Lanka.—The processing facilities of 
Nord Resources Corp.) was reportedly pro- the Sri Lanka Mineral Sands Corp. at Pul- 

gressing on schedule with development of moddai were expanded and integrated, in- 
the former Sherbro Minerals property. Ini- cluding the transfer of the rutile-zircon 

tial output was expected in late 1978, witha plant from China Bay and the installation 
planned annual production rate of 110,000 of new equipment. Annual installed capaci- 
tons of rutile, 27,000 tons of ilmenite, and ty was reportedly about 100,000 tons of 
11,000 tons of zircon. ilmenite, 14,000 tons rutile, and 8,000 tons 

South Africa, Republic of. —Shipments of zircon. Estimated reserves were 2.1 million 

zircon and rutile were started from the tons ilmenite, 276,000 tons rutile, and 

Richards Bay mineral sands operation in 287,000 tons zircon.
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| oO | ARSENIC? | 

Legislation and Government Pro- particulate matter emissions. This notice 
grams.—On February 4, 1977, the Occupa- followed the Washington State Pollution | 
tional Safety and Health Administration Control Hearing Board overturning a prior | 
(OSHA) issued its final environmental im- ruling by the Puget Sound Air Pollution 7 

| pact statement on the occupational use of Control Agency (PSAPCA) which had per- 
inorganic arsenic.? The statement examined mitted a 5-year variance from the State of | 
the ramifications of the original proposéd Washington air quality standards. In De- _ 
standard published in the Draft Environ- cember 1977, ASARCO appealed in court 
mental Impact Statement (DEIS). The _ the decision of the Hearing Board. 

_ DEIS proposed to limit ‘the exposure of Domestic Production.—Arsenic trioxide — 
employees to no more than 4 micrograms of (95% <As.03), white arsenic, was produced 

arsenic per cubic meter of air as determined only at the Tacoma, Wash., copper smelter | 
on an 8-hour-time-weighted average basis; of ASARCO Incorporated. Production data 

: or a ceiling limit of 10 micrograms of cannot be published. In 1977, production | 
arsenic per cubic meter of air basedona15- dropped 28%, shipments increased 15%, 
minute sampling period. The purpose of the and stocks declined 90%, relative to 1976. _ 
proposed regulation is to reduce the risk of ASARCO processes arsenic residues and 

- gmelter workers developing lung and skin _high-arsenic copper concentrates from both 
cancer as a result of exposure. A compre- imported and domestic sources. In the last 5 
hensive study compiled by the Committee years, domestic arsenic trioxide production | 
on Medical and Biologic Effects of Environ- has declined partly as a result of environ- 
mental Pollutants concluded that “there is mental constraints. Implementation of 
strong epidemiologic evidence that inorgan- proposed arsenic emission standards could 
ic arsenic is a skin and lung carcinogen in further curtail output of arsenic at the 
man.” ASARCO Tacoma plant. 

In April 1977, the Environmental Pro- ASARCO began producing arsenic metal 
tection Agency (EPA) served notice to in 1974 and has steadily been increasing 
ASARCO Incorporated that its Tacoma production since that time. 
copper smelter and associated arsenic- ‘© Consumption and Uses.—The most im- 
producing facilities were in violation of portant commercial arsenic compound is 

State laws which limit sulfur dioxide and white arsenic. Apparent consumption of 

| 1039
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white arsenic in the United States increas- nate phenol (Wolman salts and osmosalts). — 

ed in 1977. Major uses of arsenic were in the Usage of CCA has increased every year 
- manufacture of agricultural chemicals, since 1967, reaching a level of 8,546 tons in oe 

_ glass and glassware, industrial chemicals, _ 1976, the latest year for which data are — . 
copper and lead alloys, and pharmaceuti- available. Consumption of fluor chrome | 
cals. . | oe -. arsenate phenol steadily dropped between _ 

Agricultural chemicals include arsenical 1969 and 1975, but increased in 1976 to 
pesticides (insecticides and herbicides) and 1,228 tons. | 

_ arsenical crop desiccants. Arsenical pesti- Other uses of arsenic are as a decolorizer 
cides account for a very small percentage of in glass manufacture, a feed additive for 
the total pesticide market. Insecticides still poultry, a nonferrous alloying agent, and as 

in se today but of minor importance in- a component of certain pharmaceuticals, 
| } hares ne : semiconductors, and electronic devices. In 

Department of Agriculture no longer re. ‘he glase industry, cerium oxide and sele 
ports domestic production of these chemi- tecak “ well as arsenic, are being used as — 

: cals. The growing usage of the major organ- ? oriZe) Th price of refined white a1 
ic arsenical herbicides include monosodium __* TIC€S--~4 Ne price of retined white arse- 
methanearsonate (MSMA), disodium meth- Hic, 99.5%, at New York docks, remained 
anearsonate (DSMA), and cacodylic acid stable at 20 to 21 cents per pound through- 

_ (dimethylarsinic acid). In addition, the us- Ut 1977. Refined white arsenic, 99%, at 
age of arsenic acid as a desiccant to prepare Laredo, increased from 17 to 18 cents per 
cotton for harvesting has increased in the Pound on January 1, 1977. The price of 

| last decade. Estimated consumption of crude white arsenic, 95%, at Tacoma, re- | 
| methanearsonates in 1974 was 8,000 to mained unchanged at 13 cents per pound = 

10,500 tons; and estimated consumption of throughout 1977. Tacoma’s price of arsenic 
arsenic acid in 1975 was 6,100 tons.® - metal rose from $1.75 per pound to $1.90 per 

The chief industrial use of arsenic is in pound on September 9, 1977. Arsenic metal 
wood preservatives such as chromated cop- was quoted in London at £2,950 per metric 
per arsenate (CCA) and fluor chrome arse- ton, unchanged since December 1976. | 

Table 1.—U.S. imports for consumption of white arsenic (As.0;) content, by country 

} 1975 1976 1977 
me ee, --  .-.... “Qqanitity’ Value Quantity Value. Quantity. Value. 

Country TY how, Signore” (thous “hort? thou 
es - . - a seas ss. tens) sands) tors) sands) tons) sands) oo 

jum- Woon anne Le _- 1 1 44 13 Gelgigm Luxembourg -—---------n-nevv a BG 
China, People’s Republic of ......_._..------ _- _- 2 <1 _- __ 
France ______.________~_ ~~~ ___ eee 595 $261 462 163 1,352 420 
Germany, Federai Republic of __..._._.---- 6 5 (4) 4 1 4 
Japan ____..- ~~~ _- -- ~- _— 140 57 
Mexico ___--_ ee 3174 =. 918 3,793 1,854 3,089 —-1,009 

Sten Set Africa, Territory of ~-----777777> gang BBB 
Switzerland — ——-~-~~-~~~~--~~~~--~--~~ 30 It 4 “y 10 6 . 

ni Ingaom a etn 

Total _....-._____-.------------ 12,013 4,426 4,262 1,528 5,981 1,962 

1Less than 1/2 unit. 

Table 2.—U.S. imports for consumption of arsenicals, by class 
(Thousand pounds and thousand dollars) 

ae a 
Class Quantity Value Quantity Value Quantity Value 

~oeeeeeeee---- 24,027 4,426 8,524 1,528 11,962 1,962 
Metallic arene 2222222222222 2o 9g 2681585 
Sue, arsenate 122222222777 ITITITIITT 5 MBG 
Arsenic acid __._______--------------- (2) 1 40 67 165 180 
Arsenic compounds n.e.c ~~ _----_----~~---- 152 90 81 57 2,218 686 
ee 

1Less than 1/2 unit.
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Foreign Trade.—U.S. imports of white 2,217,669 pounds, with the United Kingdom arsenic increased from 4,262 tons in 1976 to supplying 2,216,746 pounds; the Federal _ 5,981 tons in 1977, the first increase since Republic of Germany, 893 pounds; Japan,20 1974. Mexico supplied 52%, France 23%, pounds; and Belgium-Luxembourg, 10 - 

: and Sweden 22% of total white arsenic pounds. a 
| imports. Of the 764,842 pounds of arsenic . Arsenic metal imports increased from 288  - acid imported, 576,128 pounds was received tons in 1976 to 356 tons in 1977. Sweden | | from Mexico and 188,714 pounds was receiv- shipped 329 tons; Canada, 25 tons; and _ ed from the United Kingdom. Allofthe lead Japan, 2 _tons. Smaller quantities were 

| arsenate (220,460 pounds) came from the ~ received from the Federal Republic of — 
| Republic of Korea and all of the sheep dip Germany, the Netherlands, and the United Oo 

| (2,646 pounds) was received from New Zea- Kingdom. ee Se 
land. Of the 2,376 pounds of sodium arse- — Tariff.—Arsenic oxide (white arsenic) and . nate imported, 1,102 pounds was from the ~ arsenic sulfide enter the United States duty 

| United Kingdom, 1,054 pounds was from free. A duty of 2 cents per pound was > 
Hong Kong, and the remaining 220 pounds applicable to arsenic metal, and 5% ad . 

| was from the Federal Republic of Germany. valorem to other arsenic compounds. | a 
Imports of other arsenic compounds totaled _ | . 

Bn Table 3.—White arsenic (arsenic trioxide): World production by country - | 
| a  Bhorttons) - 
a Country? SSS 

Brazil _-_ 2 eee A (3) a 
France®_______-__ 7,300 *7,600 ~ 7,600. . _Germany, Federal Republic of€ ~...________-__ 350 ™400 400 . Japan __ = 66 66 _~— _ Kerea, Republic of -_--_._____-_____-- eee eee “110 178 541-——Osi _. Mexico _-____~__ eee 6,747 4,591 ©4400 Peru___~___-__-_~ + - ee 1,461 870 "380 | Portugal .. ______- 282 =. 306 a) South-West Africa, Territory off... == 7,345 - ©7700 - ©8000 . Sweden ________ 12,884 7,994 | 7,412 USS.Ro ee 8,100 ™8,200 8,300 | : United States ______. ~~ Ww _ WwW wo 

| Total __----__------------- eee e ieee. 44,659, 38,505 87,798 
. “Estimate. Preliminary. "Revised. |W Withheld to avoid disclosing company proprietary data. 

Including calculated arsenic trioxide equivalent of output of elemental arsenic and arsenic compounds other than white arsenic, where inclusion of such materials would not duplicate reported white arsenic production. . 
__ "In addition to the countries listed, Austria, Belgium, the People’s Republic of China, Czechoslovakia, the German Democratic Republic, Finland, Hungary, Southern Rhodesia, the United Kingdom, and Yugoslavia have produced arsenic and/or arsenic compounds in previous years, but information is inadequate to make reliable estimates of output levels. 

SRevised to zero. 
oo : “Output of Tsumeb Corp. Ltd. only. 

| | CESIUM AND RUBIDIUMS - | -_ 

Domestic Production.—There was no Callery Chemical Co., Callery, Pa.; Kawecki 7 
domestic production of cesium- or rubidium- Beryleo Industries, Inc., Revere, Pa.; Kerr- | 
bearing minerals during 1977. Cesium and McGee Corp., Trona, Calif.; and Research a 
its compounds were produced from import- Organic-Inorganic Chemical Co., Sun Val- 
ed cesium ore (pollucite). ALKARB, a resi- _ ley, Calif. | a | 
due from the processing of lithium ore in Consumption and Uses.—Data pertain- | 
previous years, and lepidolite were the ing to consumption and end use distribution 
sources of domestically produced rubidium of cesium and rubidium metals and com- 
and its compounds. Compared with 1976 pounds were net available. These materials 
levels, total cesium compound production found commercial application in the manu- “ 
about doubled while rubidium compound facture of pharmaceuticals, ultracentrifuge 
production more than doubled. separation of organic compounds, and in > 

The following companies were sources of electronic apparatus such as scintillation — 
cesium and rubidium metal and chemicals: counters, photomultiplier tubes, and 7
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photoelectric cells. Cesium, rubidium, and Prices.—The yearend American Metal 

their compounds can be substituted foreach Market quotation for cesium metal, 99+ % : 

_- other in some end uses. purity, was $275 to $325 per pound. At 

_. While there were no large-scale commer- yearend the Metal Bulletin quoted the 

cial uses for cesium, cesium metal and nominal price for pollucite concentrates , 

compounds have been used in experimental containing a minimum of 24% Cs,0, f.o.b. | 

magnetohydrodynamic (MHD) power gen- source, at $12.40 to $13 per metric ton unit 

erators. If MHD electrical generation is (22.046 pounds of Cs,0). Rubidium metal, | 

_ successfully developed, demand for cesium 99.5% purity, according to industry sources, 

may increase in the future. | was priced at $250 to $300 per pound. | 

Table 4.—Prices of selected cesium and rubidium compounds in 1977 

| : | ; | _ Base price per pound? a 

, ‘Item Technical High: 

| oo grade bua 
Cesium bromide ___._____--__---------------------------------- 2g $65 
Cesium carbonate __________-_---------~-------------

---------7-- 29 67 

Cesium chloride ______.___.--------------
--------------- 9-07 30 - 68 

. Cesium fluoride ______.__.--------------------
--------------77-7 35 75 

Cesium hydroxide ____.___----~--~--------------------
---------7-7- 35 5 

Rubidium carbonate __________-_----------------------
----------- 45 75 

Rubidium chloride _______..------------------------
------------ 46 76 

Rubidium fluoride _________-_------~-------------
---------- 7-7-7777 51 83 

Rubidium hydroxide __ ___--_---------~-----------
-------7 7777707 51 83 

| ae ee ene 
1Excludes packaging cost, 50- to 100-pound quantities, f.o.b. Revere, Pa. | | | 

. Source: Kawecki Berylco Industries, Inc. - . | . 

Foreign Trade.—Pollucite import data at $197,553 in 1976, to 11,486 pounds valued 

were not available. Imports of cesium com- at $476,011 in 1977. No cesium or rubidium 

pounds increased from 4,506 pounds valued metal was imported during the year. 

a Table 5.—U.S. imports for consumption of cesium compounds in 1977, by country 
ee 

Cesium 
Cesium chloride compounds, 

Country n.s.p.f. 

Pounds Value Pounds’ Value 

Canada ______.___--------------------------------- 60 $2,079 _. __ 
Germany, Federal Republicof ___-.------------------------ 3,148 181,561 7,882 $828,648 

United Kingdom Be nnn nee eee nnn nnn AB 12,926 8B TT 

Total _...__-___e eee eee ee eee eee en en nee ---- «8621 146,566 7,865 329,445 

Technology.—The Department of Energy radiation source. Reportedly, sludge dispos- 

and the Environmental Protection Agency al cost could be lowered from $200 to $300 

funded research to investigate the potential per dry ton for landfill disposal to near zero. 

of using gamma radiation to reduce patho- if the radiation processing plus composting 

gen levels in sewage sludge.” Cesium-137 procedure could be used. 

extracted from reactor waste would be the
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| | GERMANIUM: 

nn Consumption of germanium in infrared facturers of heavy-current power devices 
optical systems registered a substantial anticipated a growing demand for germa- | 

| ' gain in 1977, but the declining use of germa- nium power devices which can operate with __ 
| nium in transistors and light-emitting higher power efficiencies at lower voltage 7 

diodes restricted overs demand to. the than similar mechanisms employing silicon. | 
same level as the past 7 years. Demand for Germanium was also used in single-crystal 
germanium in other traditional or experi- gamma-radiation detectors, lass nero: 

| menta’ applications continued at about the scope lenses, petroleum catalysts, fluores- 

: same level as the previous years. . cent lamp phosphors, and special purpose : 
| Domestic Production.—Eagle-Picher In- alloys. Germanium dioxide has been used in | 

dustries, Inc. at Quapaw, Okla., was the sole fyrope as a catalyst in polyester fiber 

_ domestic producer of primary germanium. manufacturing. The development of glass 
Most of the output was extracted from fiber light guides for long-distance telecom- 

| stockpiled smelter residues producedin past munications was advanced by the use of 
| years from. concentrates derived from zinc high-index germania-core fibers which were 

_._ mining operations in the Kansas-Missouri- found to achieve the lowest practical atten- _ 
: Oklahoma district. Domestic production  yation or optical resistance of any materials 

was supplemented by secondary material or tested thus far. The fiber optic system _ 
new scrap generated during the manu- which replaces conventional wire conduc- 
facture of electronic devices and electro- 447. could provide a compact, inexpensive, 
optical components. ra I | . short-circuit-free transmission medium 
op Kawecki Beryico ere wi ee _ which is not susceptible to distortion by an 

| | view ON Y Se reel ced germ aniun from electromagnetic field, and which cannot be | 

| domestic secondary materials as well as tapped using . currently available devices. 
| imported metal, oxide, and scrap. Research continued on energy-saving super- 

A . ’ ? _ conductors utilizing thin films of germa- | 
n estimated 35,000 pounds of germa i d columbi ‘nd photovoltai 

nium was produced from domestic sources nium and colum jum, and photovoltaic | 

during 1977. Based on the U.S. producer lar cells which employ germanium as a 
| price for refined germanium the value of Substrate upon Which photoconductive 

_ production was $5 million. | materials may be deposited. 
. Consumption and Uses.—Germanium The estimated consumption pattern for 

usage in infrared optical systems increased V&rlous end uses of germanium was about 
substantially during 1977. Forward-looking 60% in electronics, 36% in instruments and 
infrared (FLIR) detection devices which OPtics, and about 4% for other uses includ- 
usually employ several large germanium ng research. , 
lenses are finding increasing application in _ Prices—In February 1977 the price of 
various military guidance systems. The de- domestically produced germanium was in- 
mand for germanium as a substrate upon creased for the first time since 1970. Zone- 

which gallium arsenide phosphide is depos- refined germanium metal was raised from — 
ited to form an essential part of light- $293 to $316 per kilogram; electronic-grade 

| emitting diodes declined slightly from the germanium dioxide was increased from 
1976 level. The production of germanium $167.50 to $177.50 per kilogram. New York 
semiconductors for use in transistors and dealer prices for imported germanium, 
signal diodes continued to decline as less unchanged since 1975, were $174.50 and 

expensive, more versatile silicon devices $330 per kilogram for dioxide and metal, 

were developed. However, several manu- respectively. |
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-.. Foreign Trade.—During 1977, 5,884 germanium-bearing raw materials. The 
7 _ pounds of unwrought germanium having a largest reserves of germanium are located | 
_.. value of $1.05 million was imported for in the Shaba (formerly Katanga) Province — 
._.- domestic consumption. Of the major source of Zaire, and germanium-bearing concen- | 

_. countries, the U.S.S.R. accounted for 31% of trates from that country have traditionally = _ 
the total followed by Switzerland, 27%; the been refined in Belgium by Métallurgie Ho- 

| _ Federal Republic of Germany, 20%; and boken-Overpelt, S.A./N.V. However, due to 
: Belgium-Luxembourg, 17%. Seventy-three recent political difficulties in Zaire, no 

, percent of the total import value was attrib- germanium-bearing material has been re- _ - 
uted to imports from Belgium-Luxem- ported to have moved from Zaire to Belgium 

_.  -bourg; this higher unit value represented quring the past 2 years. The Belgium refin. _— 
| expensive high-purity monocrystalline er also relied upon material derived from : 

| material whereas other imnorts were large- mines in Italy as well as stockpiled material | 
ly industrial Scrap | and waste. Only 20 from Zaire. Other germanium refineries are 

_ pounds of wrought material were imported  jocated in the Federal Republic of Germany, 
| _ during the year. oe the Netherlands, France, Italy, and Japan. 

a - | , | The mines of the Tsumeb Corp. in the 
Table 6.—U.S. imports for consumption of Territory of South-West Africa contain 

germanium in 1977, by country some of the richest deposits of germanium 
Oe in the world. Production of germanium 

a Country (pounded _ Value . metal ceased in the Territory in 1970, and - | 
since then most of the germanium has been 

a Ungroueht, and: waste and’. recovered from South-West African blister _ 
oo Belgium-Luxembourg - — - - 994 $766,654 copper exported to the Federal Republic of 

Denmark. _. =~ -.--~-~-- 134 (15,919 German | i 

Oerepubticot ore _ 1,206 = 102,808 World production of germanium during 
— Sritzertand or clii77:~SStstes «== 9805 «1977 was estimated at 198,000 pounds. Of _ 

~ USS.R------.------___1,818 -_ 188,289. this production, the United States account- 

OO _ Total...----_---- 5,884 1,054,046 ed. for approximately 35,000 pounds. Japan 

Wrought: = was reported to have refined 28,827 pounds 
Belgium-Luxembourg —__ - i9 4080 of metal and 35,527 pounds of oxide, all of 
Germany, Federal 1 1005 Which was probably refined from domestic 

| 7 } ~  ——_—_——«—<<««=<=  ¢gal ash and imported raw materials, waste, 
| ; Total------------ 05,085 ang scrap. Austria reported that 8,774 

| pounds of germanium were contained in 

| World Review.—As a byproduct of base zinc ores produced during the year. 
| metal mining, mainly zinc, primary germa- | Technology.—The second International 

nium supplies are dependent upon the rate Conference on Organometallic and Coordi- 
of production and recovery of the host nation Chemistry of Germanium, Tin, and = 

: metal. Zaire, the U.S.S.R., the Federal Lead was held in England on July 12-15, 
Republic of Germany, France, Italy, andthe 1977. A paper was presented on organosili- 

, United States are the major sources of con and organogermanium compounds.® 

| | . | INDIUM?’ 

Domestic Production.—Indium was pro- proprietary information, remained about 
duced by ASARCO Incorporated at its Den- the same as that of 1976. , 

| ver, Colo. plant and by Indium Corp. of Consumption and Uses.—Indium con- 
America in Utica, N.Y. NJZ Alloys, Inc.,a sumption slackened somewhat in 1977. The 

| partnership formed by The New Jersey Zinc metal however, continued to find applica- 
Co. and Indium Corp. in 1977, commenced tion in numerous uses. Estimated consump- 
production at the Palmerton, Pa. plant of tion patterns for indium were instruments, 
New Jersey Zinc. Further refining and mar- 30%; solders, alloys, and coatings, 40%; 
keting was provided by Indium Corp. Total electronic components, 10%; and research 
domestic production, the data for which and other uses, 20%. 

were withheld to avoid disclosing company
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| Stocks.—Producer stocks remained rela- plier, with the United Kingdom moving into 
tively constant throughout the year. _ second place, followed by Canada and 
Prices.—The price in January was$10to Japan.  — | ; | a : 

$10.25 per troy ounce, and declined in sev- _ The duty on unwrought, waste and scrap 
eral steps to $8.50 to $10 per troy ounce by indium has been 5% ad valorem since 

, yearend. | January 1, 1972 for the most favored ‘na- 
Foreign Trade.—Imports of indium in tions. Duties on waste and scrap have been 

1977 were nearly the same as those of 1976, suspended until June 30, 1978. The dutyon 
and still well below the high levels of the wrought indium was 9%. Statutory duties 

| 1970-74 period. The value of indium im- for the U.S.S.R. and the German Demo- 
ports, at $2.2 million, was the highest in cratic Republic were 25% ad valorem on 
recent years and reflected higher indium unwrought and 45% ad valorem on wrought 
prices. Peru remained the dominant sup- metal. | 

a | - Table 7 .—U.S. imports for consumption of indium, by country | a — 
(Thousand troy ounces and thousand dollars) / . 

) Count 1975 1976 «a9 7 
| mary Quantity Value Quantity Value Quantity Value 
reenter 

senate 

Unwrought, and waste and scrap: a , 
Belgium-Luxembourg ___. 9... ______ 2 9 © -Q) lL 4 22 
Canada _____ ~~~ 12 64 76 472 60 524 

_ France _..- 2-2 _.. -- 12 | 18 _- a 
. German Democratic Republic ~__..______~ a. _- 27 «2174 --. =- 

. Germany, Federal Republic of _..-.~_-______ 37 201 = me 19 186 : 
“India ~20 2 LLL ne _- : 3 18 Le a 
Japan ____.- 22 130 50 398 24 175 
Netherlands ____~__~...-~~ ~~ ~~~ _____ _- -- 16 16 20 137 
Peru____.-____-_ 21 ~=—s 116 70. 476 89 865 
Switzerland ___...~-.--___ (7) 3 —_ _- —_- _- 
USSR _-.- 1 2 _ __ __ __ 
United Kingdom -----—--------------_ 1902, 2068084 

Total _..._-___.-_-- 114. 627 274 1,801 286 —-2,208 7 

Wrought: | | 
Canada _______----~~ ~~~ ~~~ -- _- _- (?) 4 (?) 2 
France _______~_~~--~~--~_----- eee _- _ _- __ (4) 1 
Japan _____~ ~~~ eee (7) (7) _- ~~ _- —_ 

, Peru___ LLL _-— . -— on . — / 5 : 43 

-.- South Africa, Republic of _.-..---.-----5 Be 
__ United Kingdom won nn enn h nee On oo 

| Total _-__..-------------------- 2 6 7 +5 $1 | 

1Less than 1/2 unit. | 

World Review.—Sporadic production pat- §.A./N.V., experienced a significant in- 
terns again characterized the key indium crease in indium output in 1977. The _ 

a _ producers. Cominco Ltd., normally a domi- U.S.S.R. is known to be a major indium 
nant factor among world producers and _ producer; however, little information on 
Canada’s only indium producer, reduced specific plant locations and quantities pro- 
indium output sharply to 36,000 troy ounces duced is available. A new indium pro- 
in 1977, mainly due to lower indiumcontent duction unit at Tashkent, in the Republic of 
in their ore supplies. Belgium’s only indium Uzbek, recently started operations. | 
producer, Métallurgie Hoboken-Overpelt .
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a | RADIUM” 

The major use for radium was in thera- crease from the 1976 prices. _ 

peutic treatment of cancer. Replacement of _ Foreign Trade.—Official trade statistics | 

radium by other radioisotopes continued. | . did not report trade in radium, as such, but | 

| Domestic Production.—There was no re- included radium with other radioactive 

| ported radium production in the United commodities. Belgium was believed to be 

—_ States during 1977. Imports, withdrawals the principal source of imported radium. 

from company stocks, and reprocessing, World Review.—Information on radium 

- supplied sufficient radium to meet the in world markets was not readily available. 

_ small domestic demand. Radium Chemical The largest radium producer and supplier | 

— Co., Inc., New York, was the main domestic was thought to be the Belgian company 

dealer. tit _-: Union. Miniére S.A. Small’ quantities of 

Consumption and Uses.—Radium was radium were also apparently produced in | 

mostly used in the therapeutic treatment of Canada, the United Kingdom, the Federal 

‘cancer. A few tens of millicuries of radium Republic of Germany, and in some centrally _ 

were consumed in the production of home controlled economy countries..:The indus- 

alarm smoke detectors. Other uses of ra- trial nations consumed most of the radium 

_ dium were as a source of gamma radiation, in use patterns similar to the United States. 

used in soil moisture density gages, and in Technology.—During uranium ex- | 

static eliminators, although polonium-210 traction nearly all the radium remains in 

was replacing radium. One traditional use the mill tailings, causing storage and possi- 

| of radium, as an illuminator on alarm ble environmental problems. The Environ- 

clocks, was almost completely replaced by mental Protection “Agency, the Nuclear 

. tritium. Radium is also used in calibration Regulatory Commission, U.S. Department 

. sources and laboratory standards. _of Energy, and the Federal Bureau of Mines 

, About 900 grams of radium were used in continued studying potential health haz- 

| the United States, and around 100 grams ards, and possible ‘seepage and erosional 

| were stored in a Government-owned deposi- problems of radioactive uranium tailings. 

: tory in Alabama during 1977. About 74. The effects of phosphate mineralization and 

requests for deposits containing a total of the phosphate industry on radium in 

11,143 milligrams of radium were received ground water of central Florida were also 

| by the Environmental Protection Agency. — studied.2 Methods of removal of radium , 

‘Prices.—Radium prices, per milligram from water supplies were discussed.” . 

unencapsulated, were quoted by Radium Radium content of spring water was 

Chemical Co., as follows: Less than 100 measured in an effort to locate uranium 

milligrams $26.50; 100 to 199 milligrams, deposits.* Radium-226 was recommended 

$25; 200 to 499 milligrams, $22; 500 milli- for use as a calibration standard for lith- 

grams to 5 grams, $18. There was no in- ium-drifted germanium spectrometers.® 

| | SCANDIUM’< | | 

Production of scandium metal nearly dou- Consumption and Uses.—Research and 

bled in 1977 compared with the 1976 level. development continued to be the major 

There was no domestic mine production application of. scandium. A system for fil- 

during the year; producers’ inventories and tering the. neutron beams at the High Flux 

imports were adequate to meet demand. Beam Reactor at Brookhaven National 

Shipments during the year increased from Laboratory at Upton, N.Y. was described.” 

the 1976 level. The system used filters primarily composed 

Domestic Production.—There was no of scandium and iron, which reduced the 

domestic mine production of scandium. Re- gamma-ray and thermal neutron contami- | 

search Chemicals, Div. of Nucor Corp., nation of ‘the external beams. Scandium 

Phoenix, Ariz., and Atomergic Chemetals metal was used in high-intensity mercury 

Corp., Plainview, N.Y., produced scandium vapor lamps, to strengthen magnesium 

metal and compounds. During 1977, pro- alloys, and as a tracer in petroleum pro- 

duction of scandium metal nearly doubled duction.” a 

and shipments tripled from the 1976 level. oe : |
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Prices.—During 1977, prices of scandium presence of larger than normal amounts of 
metal were quoted by Research Chemicals scandium.'* The study concluded that car- 
as follows: _. bonatites could become a future source of 

a , scandium if demand were to increase. 
—————— Technology.—Synthesis of a new olivine, 

Metal Pree Pee LiScSiO., and the presence of a solid-solu- 

_ ams 453 grams — tion series between MgSiO,. and LiScSiO, 

Ingots___________-___- $10.50. $3.09 | proved the direct Sc** substitution for Mg?* 

Powder ~-~~----------- 11.36 10.38 in silicates.*° Charge balance was maintain- 

| Distilled —= >= 2=22DIIT- 19.00 1500 ed by the simultaneous entry of Li* into the 

ide: _ Mg?* octahedra. | | 

999% 222222 w 22 380 280 A zirconia-scandia system was studied | 
Salts * ____----------- 2.50 2.00 using X-ray diffraction, differential therm- 

| 1Salts include acetates, carbonates, chlorides, nitrates, al, and melting point analyses.” Addition of 

and oxalates in most stable, hydrous form produced from scandia decreased the temperature of the 

oxides of 99.9% minimum purity. monoclinic-tetragonal transformation in 

Scandium was also available in sheet foil zirconia. The temperature range over which 
of 0.001 to 0.05 inch thick at $22.00 to $60.25 the transformation occurred increased with . 
per square inch, in lots of 1 to 10 square heating and cooling when the scandia con- 

inches. , tent wasincreased. 

Foreign Trade.—There are no official A Patent was issued for a threelayer , 

U.S. foreign trade statistics for scandium. silicon carbide light-emitting semiconductor 

Data on scandium were included indata for in which the intermediate layer was doped — 

| other minerals and metals, n.e.c.; however, With luminescence activators of the donor 

scandium trade was believed to be minor. type (oxygen or nitrogen) and the acceptor | 

Based on available information, Australia type (scandium, boron, beryllium, alumi- | 

and the centrally controlled economy coun- num, or gallium). The three-layer struc- 
tries were the principal suppliers of ture increased the brightness, lowered the 

scandium-bearing raw materials. — oS device rejection rate, and extended the op- 

World Review.—Investigations of sam- erating temperature range. | | 

ples of rauhaugite and rodberg from the The elastic properties of scandium ses- 

Fen area of southern Norway indicated the quioxide were discussed.”? — CS 

SELENIUM? | . _ 

Despite an industry-wide copper strike in over those of 1976. Net imports of 518,063 | 

1977, domestic production of selenium in- pounds and apparent consumption of 

creased 25% to 499,475 pounds while ship- 871,161 pounds represented declines for the 

ments to consumers decreased 4% to second and third consecutive years. Japan — | 

358,098 pounds compared with 1976. This was the largest single producer of refined _ 

led to the highest level of yearend producer selenium and contributed 33% of the 

stocks since 1968. Producer stocks were world’s total output of 3.02 million pounds. ee 

323.119 pounds in 1977, an increase of 88% | — | oe ve
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‘Table 8.—Salient selenium statistics | 
oe | oo : (Pounds of contained selenium) __ Se a | 

en TZ 9T4 1975 1976 1977 : 

- United States: — Bn | | an | | 
.. . Production, primary __...........: 795,781. 644,055 357,722 - 400,609 499,475 | 
| _ Shipments toconsumers ____=_______ 851,200 - 670,875 284,479 369,588 353,098 | _. |. Imports for consumption ___________ 553,000 837,191 889,320 811,257 585,673 

| _Exports___-_-----------------.  *264,000 166,206 117,596 193,484 67,610 | 
. Shipments from Government stocks _ _ _~ 228,689 223,606 — 6,169 2,470 oe ; 
Apparent consumption .-___.._.-_. 1,868,889. 1,565,466 ‘1,062,372 989,831 871,161 Be Stocks, yearend, producer.___=--=-._ 105,950 79,180 152,373 = «176,742 «= 328,119 is 
Producers’ price, average per pound, . . : : — . . | 

/ commercial and high-purity grades___.  $9.25-$12.36 $16.53-$19.19 $18.22 $18-$22 $17.12-$20.86 | 
__.. World: Refinery production__.-..------ 2,682,000 - 2,667,679. 2,608,356 -*2,501,100 3,018,569 

 SEstimate. "Revised. Oe | | : 

_, Domestic Production—In the United — Inelectronic and photocopier applications 
_., States in 1977 primary selenium was re- selenium is used in semiconductors, recti- --— 

_. . covered at three copper refineries; AMAX. fiers, photoelectric cells, calculators, andas == 
_ . Copper, Inc., Carteret, N.J.; ASARCO Incor-_ the photoreceptor coating on drums used in oe 

_ porated, Amarillo, Tex.; and Kennecott Cop- xerography. Silicon and germanium com- —_ 
- per-Corp.,Magma, Utah, _ pete with selenium as one of the materials 

| __ In addition, anode slimes recovered from used in manufacturing electronic rectifiers. = 
.. the electrolytic tanks of copper refineries. High-purity grades of selenium are prefer- = 

_ and residues of pollution abatement plants _ red for these applications. oO — 
_ at nonferrous smelters and refineries owned _ The glass industry continued to be the 7 
_ by other foreign and domestic mining com- single largest industrial consumer of sele = | 

_ panies were shipped to these plants for nium. The iron impurity which occurs natu- : 
recovery of gold, silver, selenium, and tellu- rally in “flint” glass, produces a green tint  =—=_— 

- rium. High-purity selenium and various which may be neutralized by adding sele 
- ‘selenium compounds were produced by pri- nium in amounts of 0.02 to 0.03 pound per © | 
_ Taary and other processors from com- ton of glass. Selenium is added to environ- —— 

- - Inercial-grade metal. | ae -_ mental glass used in office buildings to 
_.- The 1977 copper strike forced the shut- reduce glare and heat transfer. _ a 

down of one selenium refining plant for the ‘In the industrial chemical field, selenium 
entire third quarter and the other two in the form of cadmium sulfoselenate is Oe 

_ selenium plants for.3 weeks and 2 months, used to impart pigmentation to plastics, — | 
respectively. _ a paints, inks, and enamels. Colors range | 

a Most of the U.S. selenium scrap supply is from yellow to deep maroon, becoming | 
sent to Canada for reprocessing and return-’ darker as the ratio of selenium to sulfur 
ed to U.S. markets for consumption. Sele- increases. These pigments are known for | 

_ °° niurn scrap is recovered from xerographic, their resistance to deterioration caused by _ Oo 
| rectifier, and chemical processes. heat, sunlight, and chemical action. Phar- 

The Wittenzellner Refining Co. of Provi- maceutical compounds such as selenium 
dence, R.I., a wholly owned subsidiary of sulfide are used in making antidandruff 
A. J. Oster Co., was purchased by Selenium shampoos. . 
Inc., a subsidiary of RefineMet Internation- Demand for selenium in other end uses 
al Co. The Wittenzellner Refining Co. was included the addition of small amounts of 
involved in the reprocessing of selenium ferroselenium to improve the casting, forg- 
from scrap wastes. | ing, and machining characteristics of stain- 
Consumption and Uses.—Apparent con- less steel. Iron selenide is added to casting 

sumption of selenium in 1977, consisting of steels to prevent pinhole porosity. The addi- 
| shipments from primary producers, net im- tion of copper selenide to copper alloys 

ports, and stockpile releases decreased 12% improves machinability and working pro- | 
to 871,161 pounds from 1976 and 18% from perties. In the rubber industry, selenium 
1975. Trends in 1977 suggested the follow- diethyldithiocarbamate is used as a curing- 
ing estimate of selenium purchases and _ accelerator for a number of rubbers. Sele- 
consumption by end use categories: Elec- nium, in the form of sodium selenite, has 
tronic and photocopier components, 35%; been administered to chickens, sheep, cat- 
glass manufacturing, 30%; chemicals and _ tle, and hogs to control animal deficiency 
pigments, 25%; and other, 10%. diseases.
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. - Stocks.—U.S. producer stocks continued Selenium imports for consumption drop- =__- a to rise, increasing 83% over the 1976 level ped to 585,673 pounds, a decrease of 28% |. to 323,100 pounds. This was the highest. from 1976, while the value of imports | sevel attained since 1968 when yearend decreased 23% to $9,322,012. The average Stocks were 428,000 pounds. Stock levels value of unwrought selenium metal import. _ - a represent about 4 months supply at the ed during the year was $16.89 per pound = 1977 rate of apparent consumption. and for selenium dioxide $13.90 per pound. | ; | Prices.—Selenium is usually sold as Canada supplied 41% by. quantity and 56% ~° 
_. minus 200-mesh commercial-grade powder by value, and Japan 18% and 16%, re 

_ containing 97% to 99.94% selenium or as spectively, of all selenium imported. oe | high-purity grade in pellets, sticks, and US. import tariff schedule items 632.40,  —=-— , powder containing 99.95% to 99.99+% sele- selenium metal, unwrought, other than al- — nium. Pellets containing | 99.999+% sele- loys, and waste and scrap; 420.50 , selenium | nium are also available. a _,. dioxide; and 420.52, selenium salts, were | The producer price of selenium, which duty-free at yearend. The duty on Tariff __ began the year at $18 per pound for com- §chedule of the United States (TSUS) item | mercial grade and $21 to $22 per pound for 490.54, other selenium compounds, was 5% © | high-purity grade, dropped by mid-Sep- advalorem. ##§8 # | cir = 
tember to $15 per pound and $18 per pound, = ne . : | respectively. The price cut nearly coincided’ eo, oo | with a strike against 13 glass manufactur- Table 9.—-U.S. exports of selenium metal, | ers by the American Flint Glass Workers Waste, and scrap in 1977, by country | | Union.* The New York dealer price of Que on — commercial-grade selenium began in Jan- Country «=i (wttisY ate 

_ ary at $13.50 per pound, rose to ahigh in. a | (pounds) a a 
_ March, April, and May of $17.50 per pound, . 2 : a a | | and then gradually declined to a low of $10 Gsiombig 77-7722222277777 ia 8 Se to $11 per pound by yearend. | | rance ~—————-—-________ eee 088 

Foreign = Trade.—Selenium —_ exports [radi 7” "ers! Republicof --- 13,868 242,781 | _ decreased 65% from 1976 to 67,610 pounds sapan moran e nna r eH HH 2,384 38,766 ae 
valued at $1,144,768, with an average value Netherlands _-~~~~ 77777272268). g7v'osn | of $16.93 per pound. As shown in table 9, the . Nicaragua Toten nnn n enn 6 ie 110 506 ne 
Netherlands (82%), the Federal Republic of Spain) 77777777777 ~~~) 778. 45782 | _ Germany (21%), the United Kingdom | United Kingdom ~---------- 18,793 255,508 a 

: (20%), and Poland (10%) took delivery of Total ------_____---_- 67,610 1,144,763. | » the major share of exports. | rrr
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: Table 10.—U.S. imports for consumption of selenium in1977,by country = - 

| oo (Pounds of contained selenium) . OC : os 

— — . = ‘Country | ~~ Quantity Value _ oe 

| Unwrought, and waste and scrap: oO oo - 7 | - a - : - So ce ; 

Belgium-Luxembourg __ . -__-- -----------------------+----------- 46,942 $390,362 ee 

| Canada________.._________ ~~~ eee eee ee 241,416 5,184,236 - an 

- Chile _._.___.______---_ ~~~ 2 26.014 390,903 , 
Germany, Federal Republic of ______--------~----------------------- 2,440 © 41,095 - 

Italy, - 5 5 ee -------- -------- - -- - -- --- een eern 1,113 | 25,798 Bo 

- Japan_________-_-_------------------=-------------------- 107,074 1,482,928 —— 

Mexico _____.._.______- ~~ eee ee == === 15,653 183,169 Co 

Norway_______-.----L------------------------------
--5507- 1,605 27,086 . 

 Peru.___-------------------------------- nr 4,752 ~ 81,611 

- Gweden__.____-__-_-------------------------
------ 3-5 rr 165 4,377 - 

United Kingdom _____..-_---------_-----=----=----------------7- - 3488 .- 40,828 

Yugoslavia... __-.-~---- =~ -- == === == __ 80,626 T8226 

a 5112888684914 

Selenium dioxide: = i re oe 
‘Germany, Federal Republic of ___...__-- -------------------------- 12,404 149,171 Co 

Sweden —_.____----------------- + ----------- === 5-2-5 20,045 314488 

Total_______-------------------------------------------=- 33,349 463,609 

Gonmany, Federal Republic of _.._.------------------=------------- 264. 9,600: oo: 

| United Kingdom Den np een eee eae _ 2,208 _2,683 _ 

Total ATE 12,288 a 

| Other selenium compounds: | | ae CO ” = 

Germany, Federal Republic of ___-_- -_------+----------+----------~ 34,100 165,172 

Japan___________------------------------------------
0077-- 607 11,931 | 

United Kingdom ____-___-~----------------------------+------__3,857__ 34,103 | 

| | ‘Total _-------------------------------------------------- 8 211,206 : 

otal, all forms__.____------------------------e-e eo == 85,6738 9,322,012 — | 

World Review.—Japan was the world’s selenium were produced valued at $4.4 mil- ) 

leading selenium producer with an output aon 3 The mayer seleniun Producers ine. 

of 1,006,158 pounds in 1977. Canada pro- anada were Canadian Copper fherners a 

duced 905,111 pounds followed by the Ltd. (CCR) owned by Noranda Mines Ltd. 
| United States’ production of 499,475 and Inco Ltd. Canada exported 435,400 . | 

pounds. The U.S.S.R. is known to be a major pounds of seein ee 976 TE Ne ae 

producer, but available data are insufficient crease of 18% rom that o . +he Dulko | 

. . exported metal in 1976 was shipped to the 
to estimate annual production. Uni : ; | 

nited States (54%), and the United King- 
Canada.—Refinery output from all dom (38%) : | 

sources, including imported material and Japan.—Total output of refined selenium 

secondary sources, declined sharply in 197 6 by the six Japanese producers decreased 

to 499,168 pounds from 754,842 pounds in Jess than 1% in 1977 to 1,006,158 pounds. 

1975, and then spurted ahead in 1977 to Exports of metal in 1977 totaled 652,219 | 
905,111 pounds. Selenium production from pounds, a drop of 16% from 1976, with the | 

primary sources increased in 1977 to bulk being shipped to the Netherlands 

456,000 pounds valued at $7.8 million com- (46%), the United Kingdom (18%), and the 

pared with 1976 when 241,734 pounds of United States(14%).
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| Table 11.—Selenium: World refinery production, by country? | 

| (Pounds) . | 
ET OD A CT TT TE TL CS SS SS SD , 

| } Country? | 1975 1976 1977? 

Belgium®_______________.___._- eee 145,000 ¥130,000 - 130,000 | 
Canada® ______________ 754,842 499,168 905,111 | 
Chile ____________-__-_-- ~~ ------ 2 ------ e+ -o- 26,056 § —«-33,160 35,000 
Finland. ______._-_____ ~~ eee 18,689 21,894 25,698 | 
Japan________-__--_- ee 920,089 1,014,586 1,006,158 . 
Mexico _____________-___~____- 128,000 128,000 128,000 
Peru_______________-~-_4- eee 14,744 | 19,299 35,132 
Sweden ______-_---+------~------~-~~---~-~---+--~--- 147,710 F €155,000 — 155,000 

| United States _____________-__-----___----------_-_-- 357,722 400,609 499,475 
Yugoslavia_______=~-_------_-_------+- +--+ ----eee 95,504 99,384 £99,000 : 

Total. ______ eee ------------ —_*2,608,356 2,501,100 3,018,569 | 

Estimate. Preliminary. "Revised. | | a 
. 1Insofar as possible, data relate to refinery output only; thus countries that produce selenium contained in copper ores, 

copper concentrates, blister copper, and/or refinery residues, but do not recover refined selenium from these materials 
‘indigenously are excluded to avoid double counting. , ; 

7In addition to the countries listed, Australia, the Federal Republic of Germany, the U.S.S.R., and Zambia produce 
refined selenium, but output is not reported, and available information is inadequate for formulation of reliable estimates 

of output levels. . 
3Refinery output from all sources, including imported materials and secondary sources. __ a . 

Technology.—Maintenance-free auto- Ltd., headquartered in the Federal Republic | 
mobile batteries are beginning to have a of Germany, produces a selenium-antimony- 

_ major impact on consumer markets. Their lead battery that contains approximately 
advantage is that they require no additional 2% antimony, versus. the 4.5% antimony 
water during normal service life, suffer less commonly used in conventional _lead- 

_ from terminal corrosion, and havea longer antimony batteries. A trace amount of 
shelf life. Metals which can be substituted selenium added to the lead-antimony pro- 
or combined with lead and antimony in duces a particularly fine and uniform grid 
such batteries include selenium,‘ calcium, structure comparable to a pure antimony- : 
strontium, tin, and cadmium. The calcium- lead mixture. Much experimentation and 

lead, maintenance-free battery contains no refinement is continuing in this field. | 
antimony whatsoever. VARTA Batteries | | oo a | a 

| oe TELLURIUM?6 Oo | 

. -Domestic Production.—Tellurium was tellurium master alloys, and tellurium com- 

recovered domestically as a byproduct of pounds were produced by primary and in- 
. electrolytic copper refining by AMAX Cop- termediate processors from commercial- 
per, Inc., at Carteret, N.J., and ASARCO grade metal and tellurium dioxide. In 1977, 
Incorporated at Amarillo, Tex. Commercial- refined tellurium production, shipments to 
grade tellurium and tellurium dioxide were consumers, and yearend producer stocks all 
also produced from the precious-metal-rich increased. Figures have been withheld to - 
anode slimes shipped from domestic copper avoid disclosing company proprietary data. 
refinery tankhouses. High-purity tellurium,
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Be ‘Table 12.—Salient tellurium statistics | 
we a - . ‘(Pounds of contained tellurium) an ee a 

ae NS se eT GETS 

"Refinery production _______-__-_------------- . 240,879 _ 191,824 130,844" WwW Ww 
+ (Shipments toconsumers _____---------------- 236,721 160,162 168089 WwW =- W 

- Imports for consumption __—___-.---_-----+---- 79,159 164,344 —97,350 203,534 171,291 

Apparent consumption _____~_--------------- 365,880 324,506 260,439 W W. , 

_ Stocks, yearend, producer______-_------------- 56,279 87,441 55,196 WwW Ww 

Producers’ price: Average per ~ : - . 

7 _ pound, commercial grade _—_~---~---------- $6.05 $8.34 $9.28 $10.33 $17.15 
» , World: Refinery production_ __ = ------»----------- 446,000 466,866 *342,402 NA . NA 

~~ FRevised. NA Not available: W Withheld to avoid disclosing company proprietary data. | , 

os Consumption and Uses.—Apparent con- the increase in the U.S. producer price of 

-_. gumption_ of tellurium remained at essen-. commercial-grade tellurium from $12 per | 

tially the same level as 1976. Tellurium pound on January 1 to $20 per pound by _ 

oo consumption by end use in 1977 was esti- mid-September. The price increased $3 per 

~~ mated as follows: Iron and steel production, pound in January, an additional $3 per _ | 

97%; nonferrous metal production, 14%; pound in June, and another $2 per pound in | 

. chemical uses, 5%; and other uses including September. The price remained at $20 per 
rubber manufacturing, 4%. -__- pound frem mid-September until yearend. | 

| In the iron and steel industry, the addi- | Tellurium metal is usually marketed in . 

we tion of approximately 0.04% by weight of the form of minus 200-mesh powder or as 

a elemental tellurium to leaded, resulfurized, slabs, tablets, or sticks. Normal commercial 

low-carbon steel produces a marked im- grades contain a minimum of 99% or 99.5% | 

provement -in machinability. Small a-  tellurium. Further refining through distil- 

a mounts of tellurium added to gray cast iron lation and sublimation processes produces 

-. and malleable cast iron produce a hard, high-purity grades chiefly for use in semi- | 

_. ‘wear-resistant surface, an effect know as conductors. containing 99.95%, 99.999%, — . 

“chilling.” os | oO and 99.9999% tellurium. 

-. In nonferrous metal production, tellu- Fereign Trade.—Tellurium metal im- | 

| rium is added to copper, lead, and tin-base ports totaled 118,373 pounds or about two- 

alloys as a means to improve machinability, thirds the amount imported in 1976. The 

ol fatigue strengths, and electrical conductiv- average value of imperted metal increased 

: ity. ne / : - gubstantially from $8.68 per pound in 1976 

“Other applications include the use of to $20.27 per pound in 1977. In addition, 

bismuth and lead telluride alloys in making 52,918 pounds of tellurium in compounds — 

semiconductors and thermoelectric devices. . was also imported. Canada supplied 42%, _ 

In the rubber industry, elemental tellurium Peru 21%, and Fiji 16% of all imports. The 

| and tellurium diethyldithiocarbamate as first year that Fijibegan shipping tellurium 

_ well as sulfur are used as curing agents and to the United States was 1977. There are no _ 

| accelerators. Tellurium oxide and chloride data on tellurium exports. oS | 

: compounds are used in the chemical indus- _ The USS. tariff for 197 7 on TSUS Item 

try as catalysts for oxidation, hydrogen- 632.48, tellurium metal, unwrought, other | 

- ation, and halogenation reactions. than alloys, and waste and scrap, was 4% ‘ad 

Prices.—Reduced imports and midyear valorem; and TSUS Items 421.90, tellurium 

work stoppages resulting from labor- compounds, and 427.12, tellurium salts, 

management disagreements contributed to were 5% ad valorem.



| | : | oo MINOR METALS ee QB 

| . Table 13.—U.S. imports for consumption of tellurium in 1977, by country | | 

| | oS | | “Country a : Pounds = Value | 

Oo Unwrought, and waste and scrap: oe ee a oe oo 

Australia _._-_--__--.--~------~--------.~~------~-------+------ 2,233 $49,581 a 
Belgium-Luxembourg ~_____-_~-=-~-----u--.---~--~-~-L-~-----+---+--. 318°  . 7,071 - 

— Canada -_____---___-------~-----------------~-------------- 41,108 654,689 | . 
| — - Biji 222 LL eee eee eee ----- «18,287 283,059 tt 

Japan _._._____. ee ee ee eee ee 18,824 408,911 . 
| Peru __--__-_-------=--------~-------~----------------------+ 36,467 861,586 

—_ _ . United Kingdom ____---~--~-~-~-------~---------------+~--~-------- 6,186 | 135,051 a 

oo | Total _.___---------------------------------------------__118,378 __ 2,899,948 

oe ‘Compounds: - oo | | | as | 

: | Australia _~__________-.2-_____--__i +--+ --- 2,210 38,242 | 
: - Canada. eee ------------- 30,087 404568 . . 

oe Fiji eee ee ee ee ee ee ee ee eee ee ee ee eee 13,616 : 236,284 

Germany, Federal Republicof ~__._____--..----~----~---~------------- ~ 129 - 8,794 
‘Netherlands _______.--_-_--_--_----_-_----------------------- 6,376 _ 57,840 . 
United Kingdom — -___-~-~~~---~-~--~-----~----------------------~--- 500 | 12,500 me 

- —°. Gotal ---------------------- 2 ---- 2+ -----------------=-+__ 52,918 ___ 758,228 a 

Grand total eee ee eee teed e ee ~~ -471,291.«3,158,176 

_..s -. World Review.—World production of tel- Government authorized aloanofupto$F2 — 
-.  lurium, excluding the United States, in- million to the mine over a 28-month period, = «_— 

_ @reased from 220,000 pounds in 1976 to beginning March 1, 1977.77 Despite the loan, = 
279,000 pounds in 1977. == = =~~—«Wthe’smine continued deficit operations => 

Se - The United States was the world’s largest throughout the remaining year. In Decem- = 
a _ producer and consumer of tellurium. The ber, the Government decided against loan- 
a last publishable figure on U.S. production ing more funds and began negotiations to = 

was 130,844 pounds produced in 1975. In purchase the gold mine.”* The future viabil- | 
that year, the United States produced 88% ity of the mine will depend toa large extent =—_ 
and consumed 76% of total world pro- on the future priceofgold. oo 

-.. - ‘duetion. Other major producing nations — Japan.—Japan more than doubled its pro- 
were Japan, Canada, and Peru. = ~~ ~—_—_ duction of tellurium in 1977. The increase 

__.. Fiji.—Tellurium was produced for the was a result of Mitsubishi Metal Corp.'s 
first time in 1976. The Emperor Gold Min- decision to increase its productive capacity — - 

OS ing Co., Ltd. at Vatukoula extracted tellu- for refined tellurium based on imported oe 

_.. yium as a byproduct of gold. Severe finan- slag.” In addition, Sumitomo Metal Mining — | 

: -. cial and labor problems plus declining gold Co. Ltd., which began production in Novem- , 
-. ore grades have threatened to close the gold _ ber 1976, produced on full scale in 1977. | | 

mine in the past few years. The Fijian | On | 

an Table 14.—Tellurium: World refinery production, by country! Cs 

. (Pounds) 

Country? _ 1975 1976 1977" 
eee EG PP SS TCP SSS SSS Se 

Canada® __________________-.---------------------------~ 793,150 117,156 81,617 
Fiji _..___----__--------------------------------------- -_ 2,446 ©2500 
Japan ______..----------------------------------------- 71,650 73,634 ©154,000 
Peru_______----_--_-----_--~_-~-------------------------- 46,758 27,185 40,498 

United States _______--.----------------------------------_180,84 Ww Ww ; 

: Total_____________------------------------<------ - "342,402 ‘NA ‘NA : 
Ree re ern ee eee eee eee eee area 

€Kstimate. Preliminary. "Revised. NA Not available. |W Witheld to avoid disclosing company proprietary 
data. 

Insofar as possible, data relate to refinery output only; thus countries that produce tellurium contained in copper 

ores, copper concentrates, blister copper, and/or refinery residues, but do not recover refined tellurium, are excluded to 

avoid double counting. 
2In addition to the countries listed, Australia, Belgium, the Federal Republic of Germany, and the U.S.S.R. are known 

to produce refined tellerium, but output is not reported, and available information is inadequate for formulation of 

reliable estimates of output levels. Moreover, other major copper refining nations such as Chile, Zaire, and Zambia may 
produce refined tellurium, but output in these nations is conjectural. 

SRefinery output from all sources, including imports and secondary sources. 

4Not totaled because of the exclusion of United States’ data owing to company confidentiality.
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| = THALLIUM”. - a 

| Thallium is a highly toxic metallic ele. metal and compounds increased in 1977. 
ment limited in production and size of Consumption and Uses.—Apparent con- 
market. fic Product Thali sumption in 197 if was aoe. . a 

omestic Production.—Thallium was pounds on a metal basis. Thallium was use | 
produced domestically by ASARCO Incorpo- in photography and xerography where its 
rated at its’ Globe refinery in Denver, Colo. incorporation in certain chemical emulsions 
The company recovered thallium metal and improved the developing process and aided 
compounds as a byproduct from the treat- in the transmission of infrared light. 
ment of dusts, slags, and residues generated General laboratory use continued to be an | 
from smelting and refining of zinc, lead,and important part of the consumption total. | | 

| copper ores. No metal was produced. in 1977 Prices.—The price of thallium in 25- : 
but production of compounds was slightly pound lots was $7.50 per pound, a price in — 
higher than that of 1976. Shipments of both effect since December 1957. 7 

| _ Table 15.—U.S. imports for consumption of thallium in 1977, by country - 

. Unwrought, 
. area and waste — 

. Country of origin and scrap 

| | oe - Pounds Value Pounds’ Value 

Belgium-Luxembourg ~a eee ee 7 $256 20 $459 : | 
anada_________ ee _- __ 4, 

Germany, Federal Republic of _._._.§. $9 > ~§ 5 ee eee Le 185 - 4,580. _- __ 
United Kingdom ______._.__-.-_--------------------- 11 906 -- — 

Total ____-______-_-----_-----------+----_----- 208 «5,842 21,885 

<n | _ : . 13Sinsley, J. E,, B. A.. Beaudet, W. E. Bolch, andJ.F2 
Foreign : Trade.—U.S. imports for con Palmer. Costs of Radium Removal from Potable Water . 

sumption in 1977 were 25 pounds of un- Supplies. Florida University, Gainesville, Department of __ 
wrought metal, waste, and scrap valued at mar Veh laren apni Sciences, AO gO PP. 7 

. on killing’s Mining Review. ium in pring is 
$1,885, and 203 pounds of compounds valued Clue to Uranium. V. 66, No. 23,dune 4.1977, p. 29. 
al po, . : Zobel, V., J. Eberth, V. Eberth, and E. Eube. (Inst. . 

<u + te . Kernphys.; Univ. Koeln, Cologne, Germany). Nucl. Instr. § - . 
World Review.—In addition to the United yyctntds (ingland), v. 141, No.2, 1977, pp. 359.369. 

Germany, and the U.S.S.R. produced refin- Bes reenwood, RC. and R. E. Chrien. Filtered Reactor | —_ 
* ams for Fast Neutron Capture Gamma-Ray Experi- | . : 

| ed thallium metal. ments. Nucl. Instr. Methods., v.12, No. 1, 1976, pp. 125-143. a 
———_—_—_—— 8Amli, R. Carbonatites, a Possible Source of Scandium : 

1Prepared by J. Roger Loebenstein, physical scientist. < as Indicated by Se Mineralization in ie Fen Fer alkaline | 
2U.S. Department of Labor, Occupational Safety and omplex, Southern Norway. Econ. Geol., v.72, No. 5, a oe 

Health Administration. Inorganic Arsenic. Final Environ- August 1977, pp. 855-859. ee a Oe 
mental Impact Statement, February 1977, 217 pp. : Ito, J. Crystal. Synthesis of a New Olivine, LiScSiO4. 
_3__— Proposed Regulation, Inorganic Arsenié. Draft | Am. Mineralogist, v. 62, No. 3-4, March-April 1977, pp. 356- oo 

. Environmental Impact Statement, Mar. 21, 1975, 63 pp. 361. | ee ee 
“National Research Council, National Academy of ?°Rush, R., H. J. Garret, R. F. Domagala, andF.A.Patel. Se 

Sciences. Arsenic. 1977, p. 223. The System Zirconia-Scandia. J. Am. Ceram. Soc., v. 60, = 
'  5Page 56 of work cited in footnote 2. _ No. 9-10, September-October 1977, pp. 399-403. | 

. 6Prepared by Keith L. Harris, physical scientist. 21Vodakov, Y. A., G. A. Lomakina, E. N. Mokhov, 
TMorris, M., et al. Report on Technical and Economic I. I. Kruglov, I. V. Ryzhikov, V. I. Pavlichenko, T. G. 

Factors in the Beneficial Use of Radiation in Municipal Kmita, G. F. Kholuyanov, and E. E. Violin. Semiconductor 
Sludge Management. Sandia Laboratory, SAND77-7028, Silicon Carbide Light Source. U.S. Pat. 3,986,196, Oct. 12, 
November 1977, 107 pp. Available from the National 1976. 

- Technical Information Service, Springfield, Va. | 22Dole, S. L., O. Hunter, Jr., and F. W. Calderwood. 
' _ Remini, W. C., E. J. Wahlquist, and H. D. Sivinski. Elastic Properties of Polycrystalline Scandium and Thu- - 

Beneficial Use of Waste Nuclear Isotopes. 137 Cesium lium Sesquioxides. J. Am. Ceram. Soc., v. 60, No. 3-4, 
Irradiation Treatment of Municipal Sludge and Compost. March-April 1977, pp. 167-168. 

Energy Research and Development Adminatraton,ERDA —" SProparedby J Noger Loebenstcin, physical scientist. 
cal Information Service Springfield, Va. V a stals W ek. Selenium Hit by Glassworkers' Strike. 

8Prepared by John M. Lucas, physical scientist. ee DEE. 20; 19'E Pf . 
*Mazerolles, P. Comparative Study of Cyclic Organosili- M ane ek assigned ° ARR batteries itd.) " 

con and Organogermanium Derivatives. Pres. at 2d Inter- , . ¢ y 
nat. Conf. on the Organometallic and Coordination Concept. Pres. at IBMA 40th Convention, Chicago, Ill, Oct. 

istry of ium, Ti d Lead, Nottingham, p . . . ae 
Breed July Ge ‘i 5, 1977, in an a 8 Erepared by J. Roger Loebenstein, physical scientist. 

i8prepared by James F. Carlin, Jr., physical scientist. Mining Journal. Fijian Gold, Emperor Bows Out. V. 
11Prepared by Martha L. Kahn, physical scientist. 289, No. 7426, Dec. 16, 1977, p. 494. 
12K aufmann, R. D., and J. F. Bliss. Effects of Phosphate 28Mining Journal. Fiji to Buy Emperor. V. 290, No. 7432, 

Mineralization and the Phosphate Industry on Radium- Jan. 27, 1978, p. 65. . ; 
226 in Ground Water of Central Florida. Office of Ra- Japan Metal Journal. Sharp Increase in Production of 

‘ati ironmental Protection Agency, Las Tellurium Planned. V. 7, No. 25, June 20, 1977, p. 8 diation Programs, Envi gency, 
Vegas, Nev. October 1977, 127 pp. 3°Prepared by John A. Rathjen, mineral specialist.
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| ASPHALT (NATIVE)! | 

| oo Native asphalt was produced in 197 7 by Barton County Rock Asphalt Co. in Barton 
Oo six companies in four States. Leading States County, Mo. : 

| were Texas and Utah. Output declined 39% Gilsonite was produced by American Gil- 
| to 1,237,000 tons valued at $13,874,000. _ sonite Co. in Uinta County, Utah, and by 

__ Bituminous limestone was produced by Ziegler Chemical and Mineral Corp. in 
a Whites Uvalde Mines and by Uvalde Rock Weber County, Utah. _ | ; 

| Asphalt Co. in Uvalde County, Tex.; by The asphalt was used for streets and 
- | Southern Stone Co. in Colbert, Ala; and by roads, and for other purposes. _ : 

a oe _ GREENSAND? | | — 

a a Greensand, which is widely distributed in | Raw greensand produced by the company | 
. _ . the Eastern United States, was produced in was sold for agricultural use as a soil 

- 1977 only by the Inversand Co., a subsidiary conditioner. Processed greensand was sold 
_ of Hungerford and Terry Inc., near Clayton, for use as a filter media for the removal of 
en N.J, Production and sales information is manganese, iron, sulfide, and other ele- 

- 7 withheld to avoid disclosing company pro- ments from water. -— | - | | 
oo prietary data. | , 

| a IODINE? — | 

a | World markets for crude iodine continued increased output over the 1976 level while : 
to recover in 1977. The increase in U.S. the output of Japan, by far the largest world 

; demand was satisfied by a significant in- supplier, declined. Strong U.S. demand for 
crease in domestic production and with- crude iodine was reflected in greater con- 

: drawals from the surplus world supply sumption reported by the major chemical 
| accumulated in prior years. Of the three companies, up 11% from that of 1976, and 

| major market economy countries producing an increase in imports of 7%; furthermore, 
crude iodine, the United States and Chile company inventories decreased considera- 

| 1055
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+ bly during the year. The quoted market tary refinements. Most of the natural gas 

price of crude iodine was reduced from $2.59 was used for space and water heating for 

to $2.31 per pound; however, discounted the facility. Designed to minimize environ- oo 

gales prices were beginning to rise toward mental degradation, the entire operation _ a 

-. yearend. eo eS - mnade use of modern recycling techniques. ; 

-. Although the small output of The Dow The effluent stream was adjusted chemical- 

-- Chemical Co., formerly the sole U.S. pro- ly to approximate its original state (less the | oe 

“<.. ducer, continued to decline, the initial gas and iodine) and reinjected into the =. 

production in 1977 of Woodward Iodine subterranean formation, thereby reducing = 

- Operations increased the ratio of domestic the potential for the type of subsidence that - 

supply to demand. The new facility near has damaged the Japanese iodine industry. 

Woodward; Okla., owned jointly by PPG | The Dow Chemical Co. supplied asmall  s—ai«s 

. _Industries, Inc. and Amoco Production Co., part of the total U.S. requirement for ITT. 

-- has capacity to produce 2 million pounds Dow recovered iodine as a coproduct of ~~ 

per year from brines averaging 330 parts bromine, calcium and magnesium com- = 
_.. per million iodine. Compared with the oper- pounds, and potash from subterranean = 

_ ations in Michigan, Japan, and Chile, Wood-. brines at Midland, Mich. The company’s Bg 

“ward is unique because crude iodine is the iodine production declined from the 1976 — 

primary product. seve. oe a 
. . Japan further delayed plans to expand Consumption. and Uses.—According to : 

--- jodine production. Japanese plants were the Bureau of Mines canvass for 1977, = 

--. operating at about 80% of capacity, with approximately 5.9 million pounds of iodine si. 

total production 12% below that of 1976. was consumed by 31 plants in 14 States, . _ 

- Exports remained near the 1976 level de- representing an 11% increase over reported — oo 

. gpite the smaller output as world demand _ iodine consumption in 1976. Seventeen of — ms 

-. was met from excess inventories. The Ja- these plants, which were located in the 

- - panese were assessing the effect of the new leading consumer States of Missouri, New  3-—— 

‘US. producer on the market, as well asthe Jersey, New York, and Pennsylvania (in a 

effect. of possible release of iodine that is decreasing magnitude of consumption), = — 

excess. to the U.S. Government stockpile accounted for 67% of total iodine consump- 
- ‘goals. Chile’s output of crude iodine in- tion. BO 

> creased 16% in 1977, and U. S. imports of __ While the canvass information indicates ts 

... Chilean iodine were more than double those a general consumption pattern, establishing = 

oo “Of 19T6. ... an accurate pattern of demand byenduseis. 

©... Legislation “and Government. Pro- difficult because iodine is frequently con- = 

_. - grams.— On December 31, 1977, the U.S. verted into intermediate compounds.and > 

_.. Government strategic stockpile contained marketed as such before reaching its ulti; 
“.* . 8,011,814 pounds of crude iodine, the same mate end use. Moreover, iodine and iodides - 

a quantity reported at yearend 1976. The used in catalytic and other dissipative proe 

- stockpile goal for iodine remained at cesses are not well covered. This situation __ - 

| 8,888,000 pounds. No iodine disposals were has been revealed consistently in “recent. - 

authorized a years by import figures that exceeded re- 

The depletion allowance for iodine re- ported consumption figures; in 1977 crude 

mained at 14% of gross income, and may iodine imports exceeded reported consump- 

| not exceed 50% of net income without the tion by 1.04 million pounds. Combining 

depletion deduction. imports with domestic production and in- 

Domestic Production.—In its first year of ventory withdrawals, apparent consump- 

production, Woodward Iodine Operations, tion in 1977 was about 8.6 million pounds. 

which began producing in February 1977, Comparison of the results of the 1977 

nearly doubled the ratio of domestic supply canvass with 1976 figures showed an in- 

to demand. Amoco Production Co., (with a crease of 15% in consumption of crude 

49% interest in the joint venture with PPG iodine for making organic iodine chemicals 

Industries, Inc.) operated nine production and an increase of 9% for inorganic iodine 

wells and five reinjection wells. Amoco compounds (including resublimed iodine). 

pumped brines and natural gas from 7,500 The most significant rise in inorganic com- 

feet below the surface to the PPG plant pounds was attributed to a 70% increase in 

where the natural gas constituents were iodine consumed in making calcium iodate. 

separated from the iodine-rich brines. The Other important inorganics decreased: Po- 

iodine was recovered by the conventional tassium iodide, down 2%; ammonium io- 

blow-out process with incorporated proprie- dide, down 77%; sodium iodide, down 26%;
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a | Table 1.—Crude iodine consumed in the United States 

Consumption Consumption 
: ae Products Number Thou- Percent | Number Thou- Percent 

| | | | , Plants wounds total. «AMES etal | UNS tot OS total 
Reported consumption: 

Resublimed iodine _._________________ 6 697 13. «6 506 9 | Potassium iodide _.__________________ 9 1,259 24 4 1,237 21 
Other inorganic compounds _____________ T12 T} 273 T24 14 1,782 30 
Organic compounds ~----------------- 21 r2.070 39 20 2,376 40 OO 

| Total? eee 231 5,298 100s 8 5,900 100 
Apparent consumption __._______________ XX 7,200 XX XX 8,600 XX 

"Revised. XX Not applicable. 
1Data may not add to totals shown because of independent rounding. 

. 2Nonadditive total because.some plants produce more than one product. 

and resublimed iodine, down 27%. With The quoted U.S. prices for the element | 
| respect to iodine consumed in making or- and its primary compounds at yearend 1977 

| ganic chemicals, ethylene diamine dihy- wereas follows: | 
droiodide, a cattle feed additive, increased 
20%. , | . —_ 
_ The major downstream uses for iodine in | Per pound | 
1977 continued to be catalysts (for synthetic Iodine, crude,drums______________. $2.31 
rubber, stabilized rosin, tall oil), estimated  Resublimed iodine, US.P., granular, a | at 22%; animal feed supplements (mainly caleiube Walete creme tivered 277777 8400528 for cattle), 18%; stabilizers (as in nylon Calcium iodide, 35 pound drums, works _ ~~ 5.98 
precursors), 15%; inks and colorants, 14%;  Fojassium iodide, U-s Deeepnular, crystals, 3.76 

| pharmaceuticals, 13%; sanitary and indus- Sodium iodide, USP, crystals, 300- to 500- 
_ trial disinfectants, 9%; photographic film,  ,4opmélns,erams. treight equalized ———— 5.16 

3%; and other uses, 6%. Other uses includes =_—————___—_____________ 
the making of high-purity metals, motor 3 Source: Chemical Marketing Reporter, v. 213, No. 27, 

Sas -oaae an. 2, 1978. 
fuels, iodized salt, smog inhibitors, and 7 
lubricants. Iodine also has application in Foreign Trade.—The quantity of crude 
Cloud seeding and radio-opaque diagnosis in iodine imported by the United States in- 

| medicine. | creased 7% over that of 1976, but remained 
__ Prices.—The quoted price for crude io- below the peak levels of 1974, while the 

_ dine was reduced temporarily during the value remained about the same as that of 
7 latter half of 1977 from $2.59 to $2.31 per 1976. The average U.S. Customs declared 

| pound. Although U.S. demand for iodine value of imported crude iodine dropped 
and its compounds was greater than in from $2.13 per pound in 1976 to $1.99 per 
(1976, and surplus stocks were reduced in pound in 1977. Of the 6.9 million pounds | the United States and Japan, the continued imported, 78% was from Japan and 22% 

| existence of these inventories plus the new was from Chile. Although the proportion of 
source of U.S. supply combined to exert imports from Chile remained below the 
downward pressure on prices. Higher pro- sizable share of the U.S. market that Chile 
duction costs and the declining value of the enjoyed prior to 1972 (in 1971 U.S. imports 
dollar versus the yen counterbalanced this from Chile amounted to 41% of total im- 
Pressure to some extent and discounted ports), imports did increase by 138% over sales prices began rising toward yearend. those of 1976. | 
As the leading vendor of crude iodine in the Imports of resublimed iodine, mostly from 
world market, Japan exemplified this up- Japan, amounted to 44,822 pounds, com- 
ward trend in discount prices. Exports of pared with 23,231 pounds in 1976. 
Japanese iodine for the year had an average Tariff rates were 8 cents per pound on | value of $2.27 per pound, 1.7% below the resublimed iodine and 12 cents per pound temporary base price and 6% above the on potassium iodide. Crude iodine enters 
average value of $2.14 per pound for Ja- the United States duty free. 
panese exports in 1976.
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Table 2.—U.S. imports for consumption of crude iodine, by country 

. | (Thousand pounds and thousand dollars) 

a 1975 - 1976 —19TT . 

Country - Quantity Value Quantity Value Quantity Value 

Canada ______________=------------- __ ae _. 7 4 

Chile _____________-----~----------- 865 Ci tsi«é8G 661 . 1,258 1,543 2,860 

Japan ________--_---~----------+--- 4,944 10,865 5,821 12,571 5,390 10,967 . 

Total ___.____-_----------------- 5,309 11,721 6,482 18,824 6,940 18,881 

World Review.—Chile.— Production of not available. 

crude iodine increased in 1977 to 3.6 million _ _Indonesia.—The ‘iodine plant of P.T. 

pounds.‘ This figure was 16% greater than Kimia Farma, at Mojokerto, East Java, 

1976 output, but also 16% less than the 4.3- remained the only crude iodine producer in | 

million-pound output of 1975. Iodine, a by- Indonesia.” Production in 1977 decreased 

product of potassium and sodium nitrates 25% to 45,000 pounds.® Indonesia has tradi- 

extracted from Chile’s caliche deposits, is tionally exported about. half of its iodine 

dependent on nitrate production; however, output and used the balance for manu- 

in 1977 nitrate production declined by facture of pharmaceuticals. 

9% while iodine production gained. The Japan.—Production of crude iodine in 

Government-owned mining concern, Socie- Japan, the foremost producer for the world 

dad Quimica y Minera de Chile S.A. (SO- market, declined 12% from that of 1976.° 

QUIMICH), produced nitrates and iodine The total of 13.4 million pounds was 19% 

from three mines and plants: Pedro de below the 1972 record of 16.5 million 

- Valdivia, Maria Elena, and Victoria. pounds; however, reviving demand brought > 

It was reported that a joint venture about withdrawals that were expected to 

between Garret Research and Development return inventories to basic reserve levels by 

Co., Inc. and the Chilean Corporation of 197 8. 7 

Development was organized to improve ni- Japanese exports of crude iodine in 1977 

trate production methods.' Part of the pro- were about 1% less than in 1976. Export 

gram is the design of an efficient plant to values averaged $2.27 per pound, or 1.7% _ 

recover nitrates, sodium sulfate, sodium below the reduced base price of $2.31 per . 

borate, and iodine from caliche. The effi- pound. Exports to the United States a- 

ciencies of the existing plants will also be mounted to 47% of the total of 12.1 million | 

improved, with the possible effect of dras- pounds of iodine shipped to 38 countries. 

tically reducing the labor force of 9,200 The countries of the European Community 

7 workers in caliche processing plants and represented another 38%, and other signifi- 

complementary port operations. cant markets were India (4%), Canada (3%), | 

U.S. imports of Chilean iodine increased and Poland (2%). | 

133% in 1977 to 1.5 million pounds, or about Ise Chemical Industries, Ltd., which pro- 

two-fifths of Chilean production. Most of the duces about 60% of Japan’s iodine, andthe 

balance went to Western Europe and Latin other five producers operated on the Chiba 

America. peninsula, the original site of the industry. 

China, People’s Republic of.—The No.115 However, irreversible subsidence caused by 

geological prospecting team discovered an removal of the subterranean natural gas 

: extensive phosphate deposit embedded with brines have forced the closing of approxi- 

high-grade iodine in Kweichow Province.‘ It mately 150 wells at Chiba, and only Ise has 

was reported that exploitation of the depos- developed additional resources in other 

it was underway. Although data are not parts of the country. The need to reduce 

available, it is believed that Chinese con- excess inventories to more acceptable levels 

sumption of iodine is equivalent to about in 1977 further delayed Ise’s expansion 

one-fourth the quantity consumed in the plans at Miyazaki and Niigata. 

United States. No exports of iodine from U.S.S.R.—It is believed that the Soviet 

Japan to China were reported in 1977, and iodine industry is operating near capacity 

figures on Chilean exports for the year were (estimated at 3.8 million pounds per year),



oe and a 1977 article indicated that this capaci- cycle, unlike other proposed cycles, is being __ 
| ty may soon be enlarged. Some of the developed for integration into heat sources  —__ 

_. largest chemical centers in the republics of such as coal-fired powerplants as well as 

-... Transcaucus (Azerbaidzhan, Georgia, and nuclear powerplants. ee 
_. Armenia) are under expansion. Azerbaid-- | The Department of Energy is providing 
_- ghan, representing about 46% of the funds to another company, General Atomic = 

a chemical and petrochemical production in  Co.,. to develop a pure thermochemical __ 
| the region, possesses a variety of natural sulfur-iodine water splitting cycle. Research | 

resources including iodine, bromine, oil, has progressed to the bench-scale test —— 
- natural gas, and rock salt. The republic’s phase. Japanese research is also advancing 

| leading chemicals industries are plastics, in this area. Hitachiis planning todesigna  —_ 
-._- resins, synthetic rubber, and phesphate pilot plant for its processofthermochemical — 

ss fertilizers. | sydrogen generation in an iedinesodium == 
---—, ‘Technology.—Research progressed in carbonate system.'* The process consists of . 

1977 to develop hydrogen generation pro- four stages beginning with ammonia decom- 
cesses, the need for which is related to the position in the presence of a nickel catalyst. 

| -. long-term requirement for a replacement Total thermal efficiency of the system is __ 
Se for natural gas and synthetic natural gas. It expeetedtoexceed30%. = =. 

is possible that a nonfossil source of hydre- Two U.S. Government chemists have 
gen, that is water, may eventually become a developed a laser fluorescent technique for 

techniques proposed for splitting water iodine-129 at nuclear fuel reprocessing 
molecules is the Westinghouse sulfur-iodine —_ plants.'* This radioactive isotope occursasa = 

__ -eycle, which employs electrolysis and high- fission product of uranium, but in the past - 
| temperature chemistry. Westinghouse’s _ has been impractical as a tracer because its __ 

| objective is large-scale production after low specific activity, long half-life, and the = 
- 1985, although it is generally believed that low energy decay of its radiations have 

Oo commercial thermochemical generation of inhibited its detection by radio-counting 
- hydrogen will not be available until after techniques. = = Pe 
os the year 2000. The Westinghouse hybrid = ae 

 ABERSCHAUM 
| | Imports of crude meerschaum in 1977 value of the imported meerschaum was . 

| _ totaled only 485 pounds compared with declared at $2.62 per pound. Imported | 
1,200 pounds in 1976. Spain (331 pounds) . meerschaum is primarily used to manu- 
and the Federal Republic of Germany (154 facture smoking articles such as pipes. | 

: pounds) were the import sources. Customs = #«;} ==  .— | | 

| | | _ QUARTZ CRYSTAL" SO | 

Cultured quartz crystal production grams.— At yearend, the total Defense 
| decreased 31% from 849,000 pounds in 1976 Materials Inventory was 2.6 million pounds 

to 583,000 pounds in 1977. Consumption of of electronic-grade quartz crystal valued at 
both cultured and natural quartz decreased $15.7 million, or $6.00 per pound, average 
20% from 349,000 pounds in 1976 to 280,000 market value. The stockpile objective for 
pounds. Consumption of cultured quartz electronic-grade crystal remained at zero | 
increased from 190,000 pounds in 1976 to throughout 1977, so the entire stock of 7 
224,000 pounds or 18%, and the consump- quartz crystals was excess. Sales from the , 
tion of natural quartz decreased from _ stockpile during 1977 totaled 74,000 pounds 
159,000 pounds in 1976 to 56,000 pounds or and shipments amounted to 120,000 pounds. 
65%. Exports of natural and cultured Some of the stockpile material was sold for 
quartz decreased from 645,000 pounds in consumption in fused quartz operations for 
1976 to 502,000 pounds or 22%. Production which statistics are unavailable. The stock- 
of finished piezoelectric units decreased piled electronic-grade quartz was natural 
40% from 83 million in 1976 to 50 million. quartz crystal. 

Legislation and Gevernment  Pro-
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. Table 3.—Salient electronic- and optical-grade quartz crystal statistics | 
| (Thousand pounds and thousand dollars unless otherwise noted) _ | 

j973.~—~«W974 1975 1976 = = 1977 | : 

Production of cultured quartz ________------------- 307 ~< 529. 724 849 58S | 
Imports of electronic- and optical-grade 

natural quartz crystal: 
Quantity ~ eee ee eee eee 104 389 NA NA NA. 
alue___________ eee $92 $368 NA NA NA 

Exports of electronic- and optical-grade_ 
quartz crystal: . 
Quantity oe ee ee ee ee ee ee. 287 299 486 645 502 
alue____~_~_ eee $3,283 $4,398 . $5,713 $10,908 $4,005 

Natural: a . - 

. Quantity _._____________------------_--- 205 166 313 _ 188 370 7 
Value ___________--__~--_-___~_--~-~-~--=- $1,933 $1,634 $1,656 $1,626 $1,371 

Cultured: 
Quantity _.______________-_----------- 82 133 173 457 133 
Value _______________________--_--__. $1,850 $2,764. «$4,057 «$9,282 «= $2,634 

Consumption of raw electronic-grade . 
quartz crystal_________.__--_-_------~------- 249 285 240 349 280 

| Natural -___________________________- 99 122 90 159 56 
Cultured ___. _-______=____ ee --a-e 150 163 149 190 224 , 

Production piezoelectric units, number__._____-_ thousands_... -—- 27,006 35,541 39,545 82,730 49,927 | . 

NA Not available. | | ; . . 

| | Domestic Production.—Three companies only, and 14 cut both natural and cultured —— | 

produced 606,000 pounds of various grades quartz. Kansas was the leading quartz- : 
of natural quartz in Arkansas in 1977. crystal consuming State followed by Penn- : 
These companies were: The Quartz Process- sylvania, Illinois, New York, and Mas- 
ing Co., Hot Springs, Ark., 594,000 pounds; sachusetts. — - , | 

-Ocus Stanley, Mt. Ida, Ark., 11,000 pounds; Finished piezoelectric units were manu- sis 

and Terry Mining Co. of Midwest, Okla.,550 factured by 58 operations in 19 States. : 
pounds. The production from Terry Mining Oscillator plates comprised 76% of the pro-. | 
Corp. was in Garland County, Ark.'’* It was duction; filter plates, 21%; and telephone | 
reported that some of the production of the resonator plates and units for other uses, 
Quartz Processing Co. was used as lasca .3%. Of the approximately 50 million units SO 
(lump quartz used as feedstock for growing produced, 93% were produced by 23 plants , 

- cultured quartz crystal). in 14 States. : | 
Eight companies in five States reported Stocks.—Total stocks of raw quartz crys- 

production of cultured quartz for use by the tal (cultured and natural) increased from 
quartz-crystal cutting industry. These com- 292,000 pounds in 1976 to 462,000 pounds. 
panies were Motorola, Inc., Chicago, Ill; Of this total 236,000 pounds was cultured 
Electro Dynamics Corp., and Thermody- quartz and 226,000 pounds was natural 
namics Corp., both in Shawnee Mission, quartz crystal. 
Kans.; Western Electric Co., Inc., North Prices.—There was a decline in the prices 
Andover, Mass.; Bliley Electric Co., Cort- of finished quartz crystals. This was attrib- | 

_ land, Ohio; Crystal Systems, Inc., Chardon, uted to both the considerable expansion of | 
Ohio; Sawyer Research Products, Inc., capacity in the industry and increased im- 
Eastlake, Ohio; and P. R. Hoffman Co., ports of quartz crystal components. Whole- 
Carlisle, Pa. These eight companies report-__ sale prices for quartz crystal units that had 
ed consumption of 939,000 pounds of lasca been in the range of $2.35 to $2.85 in 1976, 
in 1977. dropped to an average of $1.15 to $1.50 in 
Consumption and Uses.— Consumption 1977.17 

of raw cultured quartz crystal increased to One producer of quartz cystal oscillators 
224,000 pounds, 18% above the 190,000 reported that as long as crystal units were 

pounds consumed in 1976. Natural quartz valued at $2 or more each, it continued to 
crystal consumption decreased 65% from manufacture the units for watches. When 
159,000 pounds in 1976 to 56,000 pounds. the units could be imported for less than $2, _ 

Total consumption of electronic- and the firm discontinued production and. 
optical-grade natural and cultured quartz purchased imports at 75 cents each to sup- | 
crystal was 280,000 pounds in 1977. ply its needs. 

Production and consumption data for Finished quartz crystal units in wholesale 
1977 were derived from reports of 70 oper- quantities were reported at low prices: Citi- 
ations in 20 States. There were 40 crystal zens band (CB) radio crystals, 60 cents to 
cutting operations in 16 States. Of the total $1.05 each; XY flexure bar watch crystals, 
cutting operations, 26 cut cultured quartz 50 cents each; and tuning fork watch crys-
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: tals, 80 to 90 cents each.'* from 150,000 to 500,000 per month.*° The 

Foreign Trade.—Exports of natural United States and Japan were the main 

quartz from the United States almost dou- suppliers of quartz crystals tg Hong Kong. 

| bled from 188,130 pounds in 1976 to 370,363 According to the Hong Kong Trade Develop- 

pounds in 1977, valued at $1,371,379. The ment Council, International Quartz Ltd., 

unit value, $3.70 per pound, was a marked was formed to produce cultured quartz 

, decrease from $8.64 in 1976, suggesting the crystal for the manufacture of watches for 
inclusion of lower grade material. The lead- _export.?! | 

| ing countries of destination were: Poland, Japan.—The Government reported that 

174,301 pounds; Japan, 141,266 pounds; and 34 million mounted piezoelectric crystals 

the Federal Republic of Germany, 15,385 valued at $12 million were exported to the 

pounds. : United States during 1977. It was not stated 

‘US. exports of cultured quartz decreased how many of these crystals were quartz. 

| from 497,410 pounds in 1976 to 132,761 This represented a 47% increase over 

pounds in 1977, valued at $2,633,810. The 197 6.22 It was estimated that Japan would 

unit value for cultured quartz was $19.84 supply 65% of the watch crystals sold in the 
- _ ~—per pound, a. 2% decrease from $20.29 per United States in 1977. Manufacture of tun- 

| pound in 1976. The countries that received ing fork crystals for watches continued and 

| most of the cultured quartz were: Japan, exports of them to the United States 
47,974 pounds; Belgium, 30,177 pounds; the increased.?? 

— Federal Republic of Germany , 23,481 Korea, Republic of (South)—American 

pounds; and the United Kingdom, 16,640 Microsystems ended quartz crystal pro- 

oS | pounds. f | 1 +2. desi duction for watches. | 

| ue imports ° ae ee esig- _ Madagascar.—A small quantity of natu- 

: | nated as crude brazilian pel ~ ©, were Te ‘ral piezoelectric quartz (2.54 pounds) was | 
ported in two categories, above and below 50 oduced in 1977.3 | 

re cents per pound. The Bureau of the Census PF Mexi 4 " : 
| . . . . exico.—A quartz crystal plant was op- 

, advised that imports in both categories erated in Juarez by Sentry Manufacturi 

from Mexico were not correctly classified, Co. f Chick ha aL ton Okl ‘ae uring | 

and the Mexican import figures were elimi- . "Toi AICKASs SK oh ot G, dwich | 

- nated from the following statistics. Imports aiwan. i. nights Inc., Sandwich, 

| _ of raw natural quartz valued over 50 cents eee a quartz crystal plant in Tai- 

| r pound increased 42% from 187,248 . : ; | 
| pounds in 1976 to 265,389 pounds in 1977. Technology.—Tuning fork watch crystals 

| - Both electronic-grade quartz and lasca were Were considered to have some advantages 

: included in this category. Brazil supplied °Ve" the XY flexure-bar-type watch cryst- 

99% and Canada, 1%. The average unit als: Smaller size, lower cost, more resistance 

| price was $1.49 per pound. U.S. imports of to shock, and firm mounting on a base 

raw natural quartz, valued at less than 50 instead of being mounted on two wires.” 
cents per pound, increased 11% from Investigations of the growth rate of cultu- 

~ 961,558 pounds in 1976 to 1,068,474 pounds ed quartz crystals were summarized. It was 
in 1977. Brazil was the source of 63% of this demonstrated that the growth rate of cultu- 

| low-grade material; France, 29%; and Cana- red aa. crystals increased weary from 
da, 8%. mils per day as the hydrogen 

World Review.—Brazil.—The leading concentration (H) in the ratio H:106 silicon 

world source for electronic-grade and lasca- increased from zero to 1,100. Also the me- 
grade quartz continued to be Brazil. chanical efficiency Q of the oscillating 

Canada.—Quartz crystal components quartz was shown to increase exponentially 

were supplied by Croven Ltd. Whittby, from 10 X 10~‘ to 160 X 10~‘ as the growth 

Ont. rate decreased from 100 to about 43 mils per 

Hong Kong.—Solider (Hong Kong) Ltd., a. day. Mechanical Q not only depended on 
subsidiary of Solitron Services, planned to growth rate but also on the nature of the 
increase production of finished crystal units solvent used and other variables in the 
for watches and citizens band (CB) radios operation.”*
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-STAUROLITE?® 

Staurolite is a naturally occurring min- bing and drying, the staurolite is removed 
eral of uncertain and variable composition, by electromagnetic separation. This stauro- 
but with the general formula FeAl];Si- lite concentrate, about 77% of which is 

-0,.(OH). It occurs as reddish-brown to black mineral staurolite with uniformly sized, 

opaque crystals with specific gravity of 3.65 clean, and rounded grains, may contain 
to 3.77 and hardness of between 7 and 8 minor proportions of various other min- 
(Moh’s scale). Staurolite begins to melt at erals; but has a nominal composition of 45% 
2,800° F and has a high rate of thermal AJl,0; (minimum), 18% Fe.0; (maximum), 

| conductivity and a low rate of thermal 3% ZrO. (maximum), 5% TiO. (maximum), 
expansion. | | and 5% SiOz. Although originally marketed 

Aside from a small rock-shop trade in only for use in portland cement manu- 
cruciform-twinned crystals (sometimes call- facture, it is now being marketed as a 
ed fairy crosses) from some deposits in specialty foundry sand under the trade 
Georgia, North Carolina, and Virginia that name “Biasill,” and as a sandblast abrasive 

are sold as curios or amulets, all the stauro- under the trade name “Starblast.” _ 

lite in the United States is produced com- Quantitative production data are not re- 
mercially by E. I. du Pont de Nemours & leased for publication, but the 1977 output | 
Co., Inc. This staurolite is a byproduct of of staurolite was 10% over that of 1976. 
heavy minerals recovery from beach sand Shipments increased 44% in tonnage but 
from a glacial age deposit in Clay County, in decreased 3% in price per ton from 1976. : 
north-central Florida. After caustic scrub- | 

STRONTIUM®° 

Domestic consumption of strontium on a_ 14,408 short tons of nonstockpile-grade cel- 
_ carbonate basis was estimated at 29,000 estite (strontium sulfate) at yearend, 

short tons in 1977, representing a 12% unchanged from that of 1976. This material 
increase over that of 1976. Imports of stron- was available for disposal throughout 1977, | 
tium minerals increased 20% to 42,986 but no sales were made. 

_ short tons. Imports of strontium com- Domestic Production.—Strontium min- 
pounds, primarily from the Federal Repub-_ erals have not been produced commercially 
lic of Germany, decreased 67% compared in the United States since 1959. However, a 

with those of 1976. | number of firms produced strontium com- 
Legislation and Government Pro- pounds from imported celestite. | 

grams.—Government stockpiles contained 

Table 4.—Major producers of strontium compounds, 1977 

Company . Location Compounds 

Chemical Products Corp____§_$____________ Cartersville,Ga _.__________ Carbonate. 
FMC Corp ____-_-________-__--____- Modesto, Calif ~..____§______ Carbonate, nitrate. 
Mallinckrodt Chemical Works _____________ St. Louis, Mo _--_ § 5 5 Various. 
Milwhite Co., Inc _._-__-_-§__ ~~~ ____ ee Houston, Tex _-§_$___________ Carbonate. 
$$$ eee es 

Consumption and Uses.—Domestic con- technics and signals increased slightly from 
sumption of strontium in the manufacture that of 1976. | 

of various strontium compounds increased —_— Miscellaneous applications for strontium 
12% to 29,000 short tons on a strontium compounds included ferrites, greases, 
carbonate basis. Although quantitative C ; lastics, toothpaste. ph 
information concerning consumption is eramics, piasiics, obhpaste, pharmaceu- 
incomplete, sales of domestically produced als, paint, electronic components, weld- 
strontium carbonate to manufacturers of 18 fluxes, and the making of high-purity 
glass for color television picture tubes ap- Zinc metals. Small quantities of strontium 

peared to have declined. Strontium nitrate metal were produced by research compa- 
consumption in the manufacture of pyro- nies.
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Prices.—At yearend, prices quoted in compounds to the United States in 1977, 
a Chemical Marketing Reporter were as fol- more than quadrupled. Imports of stron- 

| lows: Strontium carbonate-technical, bags, tium carbonate were down 71%, and im- carlots, works, 18 to 20.8 cents per pound; ports of strontium nitrate were down 77% strontium nitrate-bags, carlots, works, $24 from those of ' 1976. Quantitative “ta on per 100 pounds, unchanged from the pre- ve exports of strontium compounds were 
vious year. Prices for strontium minerals "0° 4valabie. 
are usually determined by direct nego- 
tiations between buyer and seller and are Table 5.—U.S. imports for consumption of . Lr: : : 1 seldom published. The average value of strontium minerals,’ by country 
imported strontium minerals at foreign ©£=—£ ———___ 1976 1977 | 
ports was $44.55 per short ton, up $2.94 Quan. vy. Quam 
from 1976. Country tity (alue tity Value 

Foreign Trade——Imports of strontium (short sands) (short sands) 
minerals totaled 42,986 short tons, a 20% Me 
increase over those of 1976. Virtually all the Mexico ------ 35,711 $1,486 te905 $1,918 
material was imported from Mexico. Im- United Kingdom _ __ 18 1 . . ° | 

syed ey _ .ports of strontium compounds decreased Total _.___ 35,711. 1,486 42.986 ~—-:1,915 
67% from those of 1976, although material ys: ° * Strontianite or mineral strontium carbonate and cel- coming from the Federal Rep ublic of Ger- estite or mineral strontium sulfate. many, the leading exporter of strontium 2Less than 1/2 unit. 

_ Table 6.—U.S. imports for consumption of strontium compounds, by country 

: 7 1976 | : 1977 Country — eee 
Pounds Value Pounds Value | eee Strontium carbonate, not percipitated: 

Germany, Federal Republicof ______________ . — _. 39,802 $6,388 
. - 

| lee Strontium carbonate, precipitated: 
Canada ~_____-_ 8,421,573 $1,588,757 131,484 24,850 China, People's Republicof ~.-.___________ _— _— 62,059 12,481 Germany, Federal Republicof ______________ 464,685 61,513 2,292,716 364,387 Japan ___-____ 200 403 ~— —_ | Mexico _____________________ _ __ 75,527 13,035 Netherlands ______________ _- _- 2,557 663 United Kingdom ~- 5 4 451 -- _- 

Total _- 2 ~ eee 8,886,462 1,601,124 2,564,343 415,416 rn 008 085 415,416 lle Strontium chromate: 
Canada ___________ 473,382 357,767 553,800 461,019 Germany, Federal Republicof _____________ _— _— 661 1,561 Norway __-___-________- 40,000 19,655 __ _— —_ 

Total _-_______ 518,382 377,422 554,461 462,580 | EOE 402,580 . . 

Re Strontium nitrate: . 
Canada __________ 1,178,500 276,065 80,000 18,400 Germany, Federal Republicof ______________ 22,046 6,738 200,932 61,319 200,982,319 

Total ~~~ 1,200,546 282,803 280,932 79,719 —— ONS T9*,719 . 
a_i err Strontium compounds, n.s.p.f.: 

Canada ~~ -- ee 81,191 22,622 — — France ~a---- 2-5 2,205 6,562 882 2,498 Germany, Federal Republicof ______________ 44,862 33,956 46,495 39,663 Japan a -- ee e LL 21,444 10,283 31,262 13,961 United Kingdom _______________ _- _- 1 326 se t——“—L 8 
Total _--______- ee 149,702 73,423 78,640 56,448 : —— DAO, 448 
Grandtotal __-______________ 10,750,092 2,334,772 3,518,178 1,020,551 | 

EE __ 1,020,551
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| ~ World Review.—Deposits of strontium though Kaiser Strontium Products, Ltd., 

‘minerals are numerous throughout the closed its Nova Scotia Canadian plant in 

world, but 95% of known world production 1976. Renewed operations in Algeria, which | 

was produced by four countries in 1977. last reported production in 1974, anda40% ——t 

| World production of these minerals increas- increase in Mexican production primarily . | 

ed 10% over that reported for 1976, even accounted for this increase. a | 

Table 7.—Strontium minerals: World production, by country : | 

Oo (Short tons) | | 

Country! CS 1975 1976 1977" | 

Algeria ______------------------------- 77700
7 _- _- 5,732 

Argentina _____----------
-------- 1,102 2,264 2,435 

Canada® _________-------
--------- - 28,000 13,200 — 

lone? 11 e----------------- 
380 220 220 | 

Italy? ____--_---_-----------------------
--- 00077707 800 7710 | 770 : 

_ Mexico _______-------
------- --- rr 16,228 ©36,000 50,302 

Pakistan __.._..-__------------------
--- 9-9 r rr 1,121 - 665 756 

Spain ____.___-__---~-------- rr 
8,818 €g 300 &g 300 

United Kingdom ______---------------------------77077- 2,094 5,952 £6,000 

«Total... ee ee eee 58,493 67,371 74,219 

€fstimate. Preliminary. 
1In addition to the countries listed, the Federal Republic of Germany, Poland, and the U.S.S.R. produce strontium 

minerals, but output is not reported quantitatively and available information is inadequate for formulation of reliable 

estimates of output levels. . 
. : 

2V ear beginning March 21 of that stated. eo . . oe 

WOLLASTONITE*? 

Wollastonite is a natural calcium meta- N_Y., had been the only U.S. producer in 

silicate, usually white or light-colored, with recent years. However, R. T. Vanderbilt 

a specific gravity of 2.87 to 3.09 anda Moh’s announced in 1977 that it also would be 

hardness of 4.5 to 5. It theoretically consists marketing wollastonite, from its property at 

of 48.3% lime combined with 51.7% silica. Gouverneur, N.Y. 

Wollastonite from selected deposits has Interpace announced that - additional 

found increasing use as an ingredient in beneficiation, milling, and auxiliary equip- | 

| ceramic mixes for glazes and enamels and © ment was being installed at its Willsboro ~~ 

especially for floor and wall tile; in the facility. This 30% increase in wollastonite | 

building industry for the production of production capacity was to be followed by 

mineral wool and cold-setting insulation an additional 15% expansion planned by 

foams, and as a pigment and extender for the end of 1977. The two-phase expansion 

paints; asa filling agent for plastics, rubber, was necessitated by improving market 

and asphalt products; in agriculture as a penetration into the plastics and coatings 

fertilizer and soil conditioner; and in a wide industries.” | | a 

variety of other applications still being Chemical Marketing Reporter, December 

developed. 26, 1977, quoted the price of wollastonite, 

Wollastonite output in the United States fine paint grade, bagged, in carload lots, 

in 1977 was 7% lower in tonnage than in f.o.b. works, as $80 per ton; medium paint 

1976, and the corresponding total value was grade, $70 per ton. The December 19, 1977, 

3% higher. Output data are withheld to issue of American Paint & Coatings Journal 

avoid disclosing company proprietary data. quoted prices ranging from $29 to $50.50 per 

Interpace Corp. at Willsboro, Essex County, ton for paint-grade wollastonite. | 

ZEOLITES** 

Natural zeolite production in the United was sold from the Bowie, Ariz. deposit, and 

States in 1977 rose from several hundred 1,500 tons of clinoptilolite from the Creede, 

tons in 1976 to more than 5,000 tons. There Colo. area. Another 2,000 tons of clinoptilo- 

was still no clear emergence of sustained lite from an undisclosed source was sold. 

markets. Roughly 1,800 tons of chabazite Prices were unavailable, but would not be
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relevant because of the market develop- of introducing a national ban on phosphate 
| ment period that zeolites were undergoing detergents. 

during 1977. | At the 1977 World Soaps and Detergents © 
. _ A promising market in the insulation Conference in Switzerland, Henkel GmbH : 

| industry opened up temporarily and ended of the Federal Republic of Germany describ- 
| abruptly when cellulose insulation demand  ¢q the successful test of zeolite detergents in 

slackened. One insulation manufacturer a community of 11,000 households near 

, resolved an ammonia-emission problem, on Stuttgart. The effects on the associated 
| heating, by adding clinop tilolite to absorb sewage works were minimal. Another firm the liberated ammonia fumes. f . 

The Bureau of Mines survey early in 1977 *70™ the Federal Republic of Germany, | . . y y D GmbH, will expand its present produced some interesting, if fragmentary, egussa , exp Pp 
information. The information is incomplete 2©0lite pilot plant capacity of ap proximately 
because at least two large holders of zeolite 5900 tons per year to meet the gr Owing 
properties felt it inadvisable to list their demand for detergent zeolites even prior to 

| properties, and it is almost certain there are Completion of its 50,000-ton-per-year plant. 
several smaller owners that could not be The plant, at Wesseling, the Federal Repub- 

| _ contacted. At least 15 companies hold about _lic of Germany, will be owned and operated 
500 zeolite claims in approximately 7 West- by Degussa, but is a joint development with 

, ern States. _ Henkel. Akzo Chemie Nederland is plan- 
Several domestic companies continued ning a 20,000- to 30,000-ton-per-year plant 

: their applications research to develop mar- in Amsterdam to manufacture its own zeo- 
kets for natural zeolites with very encour- lites for detergents, and in the United 

_ aging but confidential results. _ States, Ethyl Corp. is building a plant, 
| In Japan, 10 or more companies either reportedly of 75,000 tons capacity, at _ 

produce natural zeolites or possess the Houston, Tex., to produce zeolites for 
potential i do te Pratley Perlite Naming Proctor & Gamble Co.’s detergents. 

— v0. Brought onstream a new operation in The following estimation of current world 
Zululand, Republic of South Africa, that sarkets and projections for synthetic zeo- 

a | nas a zeolite production capability 4 lites in thousand metric tons, was given at 
| n an article reviewing past an current the 1977 World Soaps and Detergents Con- sy research in the animal sciences, it was ference by Dr. George C. Sweiker of the PQ 
demonstrated that natural zeolites, abun- Co Phil d 1 hj 5 * 

. _ dantly available at a nominal $50 to $75 per MP» Fnvadelpnia, Fa.: 
ton, had great potential in the agriculture | 
and aquaculture areas of animal science.*4 World region 1975 1977 1979 1981 

The current expansion rate of the syn<_<————————— 
| thetic zeolite industry is ory pre to assess. NO ete merica: _ 7 o7 90 295 

Legislative and regulatory proposals in Catalysts ____ 20 23 28 35 
several parts of the world are hastening Adsorbents.-- 1) 4620 

| development and production 6f zeolites for Total_ ___ 31 64 134 280 
the newest market—substitution for phos- South america: Q) Q) 
phates in detergents. The Dutch Minister of Catalysts ___ “3 3 4 5 

| Health and Environmental Protection prop- Adsorbents_--_ 7 910 
osed a full ban on detergent phosphates in r Total____ 10 12 14 18 

_ the Netherlands, preferably by 1980, but Europe: 
with 1985 as the final target date. Federal Catalee __ 3 “ "4 ee 
Republic of Germany plans call for 50% Adsorbents--- 5 TDD 
replacement by 1983. In the United States, Asi Total__ __ 8 38 103 241 
a new ruling by Michigan’s Natural Re- ‘Dete rgents___ _ _ 99 90 
sources Commission would ban the use of Catalysts____ 3 5 6 8 
household laundry detergents containing Adsorbents--__ 8 8 
phosphates in that State. Part of the Feder- Total. ___ 11 16 49 116 

; al Clean Water Act of 1977 will restrict the ee ooo 
use of phosphate detergents in eight States ___ World total 60180800655 
bordering the Great Lakes and will also 1Unknown. 

: require the Environmental Protection , 
Agency (EPA) to investigate the feasibility a5 iat mB een Chemical News, v. 31, No. 813, Nov.
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| “Amone research reports isst 4. a: :. “Chemical and Engineering News. Developers Vie for 
Among research reports issued during post Hydrogen Technology. V. 55, No. 47, Nov. 21, 1977, | 

1977 was one detailing a practical way of pp, 2. <a Beonbinice, New Hydvogen Production P | 
- eae eae of pane 3S shermical Economics. New | zen Production Pro- a 
__. regenerating _ clinoptilolite - for reuse. cess V_9, No. 1 (No. 102), January 9p. 

"Another article revealed that the zeolite _'"Baronavski, AP. and JR. McDonald. Radioidine = 
Lo “used by Mobil ‘erp. to onvert i sthanel Detector Based on Laser Induced Fluorescence. Naval ss 

d by Mobil Corp. to convert methanol — Regearch Laboratory, Washington, D.C., May 1977, 24 pp. © 

and/or syn gas directly to high octane § | Prepared by A.C. fieisinger, industry economist. - 

peli _ Syn 88 2SM5 ye so this ~— _ 18Prepared by Stanley K. Haines and C. Mead Patter- — | 

gasoline was its ZSM-5 version.** This versa- son, physical scientist. 

| tile zeolite can also dewax residual oils, 4 Artauem Ceclafey Comin 0) Douce and 
make ethyl benzene by alkalating benzene Production 1977, Little Rock, Ark, March 1978,p4- 
with ethylene, isomerize xylenes to the para pp /iies gr Guat Oventiw, V2, Notun, 
isomer, and catalyze disproportionation of _  1*———. V. 23, No. 1147, Aug. 29, 1977, pp. 1, 40-42. OO 

| toluene to xylene and benzene. A copper 3p, 286 42. of work cited in footnote Is. ae 
oe non a ye cg ge : Work cited in footnote 17._ ae . oe 

version of ZSM-5 can also selectively absorb ——* Jewelers’ Circular Keystoné. August 1977, p. 140. OS 
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