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Foreword 

This issue marks the 100th year since the first publication by the Federal 
Government of a report on the U.S. mineral industries and the 84th year in 
which the Minerals Yearbook or its predecessors have been issued on an annual 
basis. The general content of the four-volume edition follows: oo 

Volume I, Metals and Minerals (Except Fuels), contains chapters on metal | 
and nonmetal mineral commodities except mineral fuels. In addition, it in- 
cludes a chapter reviewing these mineral industries, a statistical summary, | 
and chapters on mining and metallurgical technology, employment and in- 
juries, and technologic trends. 

Volume II, Mineral Fuels, contains a chapter on each mineral fuel and on such 

related products as helium, carbon black, peat, coke and coal chemicals, and 

natural gas liquids. Also included are data on employment and injuries in 
the fuel industries and a mineral-fuels review summarizing recent economic 

and technologic developments. , 
Volume III, Area Reports: Domestic, contains chapters covering each of the 

50 States, the U.S. island possessions in the Pacific Ocean, the Commonwealth 
of Puerto Rico, the U.S. island possessions in the Caribbean Sea, and the Canal : 

Zone. Volume III also has a statistical summary chapter, identical with that 
in Volume I, and a chapter on employment and injuries. 

Volume IV, Area Reports: International, contains 105 chapters presenting the 
latest available mineral statistics for more than 130 foreign countries and areas. 
A separate chapter reviews minerals in the world economy. 

The 1965 Minerals Yearbook has been redesigned to achieve a more com- 
pact volume and to maximize economy and efficiency in its publication. We 
believe that the short lines of the text improve readability despite use of the 
smaller type. 
The Bureau of Mines’ continuous effort to enhance the Yearbook’s value to 

its wide readership can be aided by constructive comments and suggestions 
of its users. Such comment is particularly invited during the formative years 
of the new International review volume. | 

7 WALTER R. HiBBARD, JR., Director. 
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(Metals and Nonmetals Except Fuels) 

By Edward E. Johnson? and Phillip N. Yasnowsky ” 
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The U.S. economy boomed in 1965, com- in 1964; however, this increase almost en- 

_ pleting its fifth consecutive year of expan-  tirely reflected increased construction cost 
sion. Although the advance was somewhat rather than increased output. Most of this 
irregular, previous records for production, increased cost was not for raw materials 
sales, employment, and income were inputs, since the price of nonmetallics, 
topped. During the first few months of which are used principally by the construc- 
1965, as the: economy recovered from the tion industry, did not increase. The major 
depressing effects of the automobile strikes component of construction — residential — 
of late 1964, increases were unusually large. building—was the only major component — 
The gains moderated in early spring, but of private domestic investment that did not 
were stimulated at midyear by sharply ris- show.a real increase. The 28-billion cur- 
ing capital outlays, excise tax cuts, in- rent dollar investment for residential struc- 
creased Social Security payments, and accel- tures changed little from 1964, but the | 
erated Viet-Nam defense expenditures. constant dollar expenditures were 2 per- 

Gross national product (GNP) in cur- Cent lower in 1965. 
rent dollars rose $49.5 billion or 7.8 per- Expanding economic activity in 1965 led 
cent, to a total of $681.2 billion. In con- to both increased employment and reduc- 
stant dollars (effects of price changes tion of unemployment. The unemployment 
eliminated) , GNP increased 5.9 percent, a rate tended downward throughout the year, 
rate considerably higher than the historical falling from a high of 5.0 percent in Feb- 
postwar annual average growth of 3.5 per- _ruary to 4.1 percent in December. At year- 
cent. Demand increased in most final mar- end, labor shortages in some occupations 
kets and was especially strong for business and industries were common. 

fixed investment and consumption expendi- The domestic nonfuel mining industry 
tures. With the exception of construction, continued to expand in 1965. The Bureau 
most of the increases in GNP were real, 

. . oe 1 . . 
since prices increased less than 2 percent. onl Some cues aly Gen one this fhppter but 

The value of total new structures was a where mining-industry data were not available 

record $52.7 billion, 8 percent higher than °F both nonfuels and fuels components. 

I
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of Mines index of production increased 3.5 U.S. Government’s program of voluntary 

percent, with the largest gains made in restraint designed to improve the U.S: bal- 

monetary and base metals and in chemical ance of payments deficit. Higher incomes 

nonmetals. from foreign affiliates, greater use of inter- 

The net supply of most minerals and nal funds, and greater percentage of funds 

metals increased, because U.S. production obtained abroad helped strengthen the U.S. 

and imports increased. Domestic consump- balance of payments position. 
tion rose, with molybdenum, manganese In an attempt to insure a continuously 

ore, bismuth, aluminum, and zinc showing advancing mineral industry, Bureau of | 

the major gains. With the exception of a Mines obligations of funds for fiscal 1966. 

few metals, stocks generally declined. were increased 11 percent. The Bureau’s 

Total nonfuel mining employment in- research is directed at developing the capa- 

creased as a result of a substantial increase bility to solve production and consumption 

| in metal mining employment. There was a problems before they become critical. In 
substantial rise in average annual earnings 1965, the Bureau of Mines research made 
and in wages and salaries. Wages and sala- significant contributions in upgrading low- 

ries in the metal and quarrying and grade phosphorous-bearing shales and in 

‘nonmetallic mining industries increased 8 developing an economic process to upgrade 

and 9 percent, respectively. The large nonmagnetic taconites by using recovered 

| influx of new workers into the metal min- steel from junked auto bodies. 
ing industry contributed to the decline in There were several large disposals of 

labor productivity. | stockpile material in 1965. Releases from 

The index of average mine value in- the Atomic Energy Commission. (AEC) in- 

creased slightly in 1965. The nonferrous ventory and the establishment of stockpile | 

metals index increased 10 percent because objectives for silver were first made in 

of higher copper, lead, zinc, and mercury 1965. Stockpile releases were used as a 

prices. The chemicals index increased, since means to increase supply and restrain 

prices of numerous chemicals were general- prices. Large amounts of copper, zinc, nick- 

ly higher, especially for phosphate rock el, and mercury were released. The Office 

and potash. Higher wages and lower pro- of Minerals Exploration continued to en- 

ductivity caused the indexes of relative cost courage exploration to locate new domestic 

| and metal mining to increase. sources of essential materials by providing 

. National income originating in the min- financial assistance. Government assistance 

ing industry increased 8 percent in 1965. Programs continued to be dominated by 
Although total profits were higher, higher gold and silver. 

| costs have begun to reduce the ratio of The world economy, stimulated by US. 
profits to sales. demand, continued to expand, but at a 

Total expenditures on new plants and slower rate than in previous years. World 

equipment for the mining industry in- consumption of aluminum, copper, lead, 
creased ‘substantially in 1965. The expendi- and zinc increased. The world stocks of 
tures for new plants and equipment in the aluminum and tin declined; copper, lead, 
primary nonferrous metals industry in- and zinc stocks increased. 
creased 42 percent. Because of higher sales Stimulated by the strong demand from 

and profits, the mining industry was able the industrial nations for moye raw materi- 

to finance more of their operations from als, world trade increased. Trade patterns 
internally generated funds. | began to shift in response to new sources 

U.S. foreign investment increased, while of supply, erratic import supply, reduction 
world demand continued strong. U.S. for- of trade barriers, and administratively 
eign investment policy was guided by the higher export prices. 

DOMESTIC PRODUCTION 

Value of Mineral Production—The 4.5- record high and continued the upward 
percent increase in the value of U.S. min- trend which started in 1959. In 1965, met- 
eral production (metals, nonmetals, and als showed the greatest increase, 9.3 per- 

fuels) in current dollars established a _ cent, largely the result of higher prices and
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greater sales. Gains made by nonmetals new relative weights of the index as com- | 
and fuels were 6.3 percent and 3.1 percent, pared with the old weights are— 

respectively. | Percent of total 
Value of Mineral Production in 1957-59 1947-49 1957-59 

Constant Dollars—The value of mineral Metals __...............__ 9.57 9.01 

production in constant dollars increased 3.8 Ferrous ----------- 3.95 4.46 
. : Nonferrous -------. 5.62 4.55 

percent, slightly lower than the current- Base ____....... 4.43 3.04 

dollar equivalents. This indicated a slight Monetary ------ 39 52 
increase in the price of all minerals. The Nonmetals _............ 10.78 20.87 | 
largest price increases occurred in metals Construction ------- pat 16.20 
where the constant dollar value increased Other __...._...... 73 1.02 

5.2 percent, whereas nonmetals and fuels Fuels ------------------ 79.65 70.12 
showed little evidence of price increases in Total minerals --- 100.00 100.00 
1965. The greatest shift in the relative weights 

1965 continued to be a good year for was between nonmetals and fuels. The rel- 
domestic production. As the economy con- ative weight of nonmetals increased ‘as a re- 
tinued to expand, the greater need for bas- sult of extended coverage, relative price 
ic raw materials resulted in the record pro- _ changes, and greater production. oe 
duction of many mineral commodities. The The Federal Reserve Board (FRB) min- 
Bureau of Mines index of physical volume ing indexes showed similar upward trends. 
showed an increase of 3.5 percent in 1965, Before the Bureau of Mines index was re- 
establishing a new high. The metals index vised, the total FRB mining index moved 
rose 3.2 percent, featured by a 7.9-percent similarly to the total Bureau index of min- . 
increase of the base metals index, a 14.1- ing; but there were often rather large dis- 
percent increase of the monetary index, crepancies between the movements of the 
and a 14.3-percent decline of the other nonmetals sections of the indexes. The 

_ nonferrous metals index. The base metals FRB index of nonmetals had a tendency to 
increase resulted from higher production change at a faster rate than the Bureau of 
of copper, lead, and zinc; the decline of Mines nonmetals index. The 1957-59 

the other nonferrous metals index was weight revision, which increased the rela- 

mostly due to lower outputs of uranium, tive weight of nonmetals in the Bureau of 
platinum, ilmenite, and zirconium. Mines nonmetals index, greatly reduced 

The production of nonmetals increased _ this disparity. , 
5.7 percent, with major gains in chemicals. The FRB index of basic mineral manu- 
As a result of substantial production in- facturing indicated the following gains in 
creases for most chemicals, the nonmetals 1965: 6.5 percent for primary metals; 5.6 
chemical index increased 13.2 percent. percent for iron and steel; 10.0 percent for 
Volume of Mineral Production—The Bu- nonferrous metals and products; and 6.0 

reau of Mines index of physical volume of percent for clay, glass, and stone products. 
mineral production has been reweighted Total industrial production in 1965 in- 
using 1957-59 average prices as weights creased 8.3 percent and reached another 
rather than 1947-49 average prices. The alltime high. 

Table 1.—Value of mineral production in the United States by mineral group * | 
| (Millions) 

Change 
Mineral groups ? 1961 1962 1963 1964 © 1965 in 1965 

from 1964 
(percent) 

Metals and nonmetals except fuels: 
Nonmetals___._._-.---------.--------. $8,946 $4,117 $4,318 $4,623 $4,916 +6.3 
Metals. ___-_-.----------------------. 1,927 1,937 2,002 2,261 2,472 +9.3 

Total___--.-----_--------------_---- 5,878 6,054 6,320 6,884 7,388 +7.3 
Mineral fuels____--.-_-_-------------.---- 12,857 12,784 18,295 18,628 14,045 +3.1 

Grand total___...---..-.------------ 18,230 18,888 19,615 20,507 21,4838 +4.5 

' T Revised. 
* Includes Alaska and Hawaii. 
? For details see table 2 in the chapter “Statistical Summary” of this volume.
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Figure 1—Indexes of physical volume of mineral production in the United 
States, by groups.
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— Table 2.—Value of mineral production in the United States, by 

mineral group, 1957-59 constant dollars * 

(Millions) 

Nonmetals | , 
. Year (except Metals Nonfuel Mineral Total 

fuels) total fuels minerals 

1961___.-.--_----._.-__---_-_______- $3,930 $1,875 $5,805 $12 ,296 $18,101 
1962___.----_---- elle 4,129 1,870 5,999 112,632 r18,631 
1963____--- eee 4,366 r1;877 16,243 13,189 r19,432 
1964? ee 4,665 1,973 6,638 13 ,596 20 ,234 
1965___-.--- eee 4,966 2,076 7,042 13,961 21,003 

tT Revised. 

1'Values were deflated by the index of implicit unit value. 

Table 3.—Indexes of the physical volume of mineral production in the United States, 

by groups and subgroups * 

(1957-59100) . 

Metals Nonmetals 
All ———————-—___ OO 

Year min- Nonferrous Con- Fuels 
erals Total Ferrous——————————_———————— Total struc- Chem- Other 

Mone- tion _ical 
Total Base tary Other 

1956__._.._... 108.4 116.3 126.0 106.8 115.9 108.6 77.5 97.5 95.8 104.2 108.5 103.5 
1957___._... 103.3 120.0 182.8 107.5 113.7 106.8 88.6 95.4 94.2 99.7 100.1 103.5 
1958_._..-.-. 96.0 92.8 87.3 98.2 99.5 100.7 98.0 97.5 98.1 95.5 93.9 96.0 
1959._....._ 100.7 87.2 79.9 94.8 86.8 92.6 118.4 107.1 107.6 104.8 106.0 100.5 
1960___.__-_ 103.3 110.8 109.0 112.5 107.5 94.6 187.2 105.8 105.4 107.6 106.0 101.6 
1961__...._. 104.5 106.4 96.2 116.3 114.3 94.0 184.2 108.3 108.2 110.5 103.4 103.1 
1962___..._. 107.4 105.0 90.4 119.3 120.9 95.7 126.8 113.3 113.6 114.2 105.8 106.0 
1968__...... 112.2 105.7 95.8 115.5 120.8 90.8 112.2 119.4 119.6 120.5 111.6 110.8 
1964_.__._... 116.7 118.9 108.38 119.4 125.8 92.0 114.3 126.9 126.2 132.1. 119.0 114.0 
1965___..... 120.8 117.5 110.8 124.0 185.8 105.0 97.9 134.2 181.2 149.6 127.9 117.3 

1 Reweighted using 1957-59 weights. For description of index see Bureau of Mines Minerals 

Yearbook 1956, v. 1, pp. 2-5. . 

Table 4.—Federal Reserve Board index of production, mining and selected mineral 

related industries 

(1957-59100) 

Metal, Non- Clay, 
Coal, stone, Stone ferrous glass, Total 
oil, and Metal and Pri- Iron metals and indus- 

Year Mining and earth mining earth mary and and stone trial 
gas min- min- metals steel prod- prod- produc- 

erals erals ucts ucts tion 

1961__.._._____. 102.6 100.9 110.5 111.9 109.4 98.9 96.5 107.5 106.3 109.8 
1962___________. 105.0 100.8 110.9 112.6 109.7 104.6 100.6 119.1 111.1 118.3 
19638__....._.... 107.9 107.0 112.2 112.3 112.1 118.3 109.6 126.7 117.5 124.3 
1964___....___... 111.3 109.8 118.1 117.4 118.7 129.1 126.5 1388.3 126.0 132.3 
1965 p__...____.. 114.4 112.2 124.8 122.6 126.5 187.5 188.6 152.1 133.5 143.3 

P Preliminary. 

Source: Federal Reserve System, Industrial Production 1957-59 Base, 1962, 172 pp. Federal 
Reserve System, Federal Reserve Bulletin, February 1964, pp. 224-225; February 1965, pp. 301-311; 
February 1966, p. 259; April 1966, p. 589.
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Table 5.—Federal Reserve Board monthly indexes of mining production, seasonally adjusted 
(1957-59=100) 

. Mining ! Metal, stone, and earth materials Metal mining ' Stone and earth materials 

Month Change Change Change Change = 
1964 1965 from 1964 1964 1965 from 1964 1964 1965 from 1964 1964 1965 from 1964 =] 

(percent) (percent) (percent) (percent) tsi 

January____.-.._-.--..--------- 108.8 111.8 +2.8 114.7 123.3 + 7.5 116.4 126.7 + 8.8 113.5 120.8 + 6.4 S 
February._____-.-.---------.-.- 108.9 111.8 +2.7 116.4 123.1 + 5.8 118.8 123.4 + 3.9 114.7 122.9 + 7.1 a 
March____._-----------.-------- 108.8 112.5 +3.4 117.0 124,38 + 6.2 119.8 124.6 + 4.0 115.0 124.1 + 7.9 
April._.....-....--_.--2--- +... 109.9 113.0 +2.8 118.5 121.4 + 2.4 124.2 125.8 + 1.3 114.38 118.2 + 3.4 ig 
May____-.---.---.-.----------- 111.8 ‘114.0 +2.4 117.9 122.9 + 4.2 119.4 121.6 + 1.8 116.8 123.9 + 6.1 > 
June___..- 2-2 ---- eee 111.4 115.3 +8.5 119.2 124.9 + 4.8 119.2 128.7 + 8.8 119 .2 125.8 + 5.5 y 
July... eee 111.7 116.0 +3.8 114.9 126.9 +10.4 107.8 126.4 4+17.3 120.2 127.8 + 5.9 te 
August__.....-- 22-2 22 112.1 117.0 +4.4 117.6 129.6 +10.2 112.1 130.2 +16.1 121.7 129.1 + 6.1 o 
September__..__......----.----- 112.2 112.6 + .4 116.0 125.3 + 8.0 111.1 122.4 +10.2 119.6 127.4 + 6.5 ° 
October_.........--..----------- 112.0 115.8 +3.4 117.9 121.7 + 3.2 115.4 116.56 +1.0 119.7 125.5 + 4.8 es 
November. __.--..-....-.----.-. 112.8 116.0 +2.8 125.1 125.1 aoe 126.6 114.2 — 9.8 123.9 188 .2 + 7.5 - 
December_.......-.-.-.--------- 112.5 117.9 +4.8 122.7 180.7 + 6.5 121.8 120.6 — 1.0 128.4 188.2 +12.0 & 

Annual average......--.--.- 111.3 P114.4 +2.8 118.1 P 124.8 + 6.7 117.4 P 122.6 + 4.4 118.7 P 126.5 + 6.6 Cr 

P Preliminary. 
1Including fuels. 

. Source: Federal Reserve System, Industrial Production Indexes, Federal Reserve Bulletin, March 1965, p. 477; June 1965, p. 875; September 1965, p. 1827; 
November 1965, p. 1597; February 1966, p. 257; March 1966, p. 401; May 1966, p. 718.
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NET SUPPLY 

The net supply of most minerals and disposed of from the AEC inventory by the 

metals increased in 1965. As a result of the General Services Administration. Moderate 

general rise in U.S. production and im- changes were evident in copper, nickel, 

ports, only tungsten ore, cadmium, mer- tungsten, and potash. 

-cury, ilmenite, uranium concentrate, asbes- Canada and Mexico continued to be the : 

tos, gypsum, and talc showed declines of major sources of mineral imports. How- 
net supply. ever, the United States remained heavily 

With a few exceptions, there were no dependent upon South America for cop- 

radical changes in the relative shares of the _ per, tin, and tungsten. Imports of mercury, 
components of supply from 1964 to 1965. magnesia, natural abrasives, and talc came 

Reliance upon foreign sources for mercury mainly from Europe, and Oceania _ con- 

and uranium declined considerably; there tinued to be the principal foreign supplier 

was a substantial increase in domestic ship- of thorium, titanium, zirconium, and ura- | 

ments of uranium and in secondary pro- nium. Asia supplied the major share of mi- 

duction of mercury. The secondary produc- ca and Africa furnished almost half of the 

tion included 29,753 flasks which were imports of chrome and antimony. 

| CONSUMPTION 

Patterns—Domestic consumption of most cent. Notable increases in the consumption 

minerals and mineral products rose above of nonmetals were as follows: Phosphate 

the 1964 totals; some exceptions were iron rock, 18 percent; salt, 9 percent; crushed 

ore, titanium concentrates, uranium, and _ stone, 8 percent; and potash, 7 percent. 

asbestos. Substantial gains were made by Estimated 1975 Consumption.—The pro- 

some commodities in each of the three ma- jections for U.S. consumption of major - 

jor sections. Because 1965 was a year of mineral products in 1975 were made by ~ 

rapid economic expansion, many of the using a postwar period trend analysis be- 

percentage increases between 1964 and 1965 tween commodity consumption and _ asso- 

were higher than the projected average an- ciated economic and related factors such as 

nual growth rate. population, labor force, and construction 
activity. 

_For the ferrous metals group th ¢ largest The projected consumption figures for | 
rises were a 2l-percent increase in molyb- Lo. 
denum and a 28-percent increase in man- 1975 must not be regarded as predictions 

p . . 
. . and will change when assumptions about 

ganese ore. Iron ore consumption declined, : Lee 
. . future economic activities change. In 1965, 

but consumption for the remainder of the . . 
ferrous group made notable gains. the estimates for projected 1975 consump- 

tion of sulfur and copper were increased 

Consumption of nonferrous metals in- because the current consumption patterns 

creased substantially; newer ma ° a for these industries indicated that a revi- 
tanium concentrates and uranium declined. gj , 

The largest percentage increases were for oe Shinge ay . 
pments and Orders.—In 1965, ship- 

bismuth, aluminum, and zinc which in- ments of all primary metals increased. Net 
creased 36, 16, and 13 percent, respectively. new orders for the primary metals and 

The consumption of each nonmetal blast furnace industries declined, while 

shown in table 8 increased more than 4 new orders for all other primary metals 

percent with the exception of asbestos and industries increased. Unfilled orders at 

cement. The consumption of asbestos de- yearend for primary metals and blast fur- 

clined 2 percent, while the consumption of naces declined, but unfilled orders for 

cement increased slightly more than 1 per- other primary metals increased. |



Table 6.—Net supply of principal minerals in the United States and components of gross supply ' oO 

. . Components as a percent of gross supply . 
Net supply (gross supply = 100) Exports as a 

—— percent of , 
Commodity Thousand short tons Primary Secondary gross supply 

unless otherwise stated ' Change | shipments 2 production Imports 4 
—————_—__—______—_— from —_————_ 

1964 1965 (percent) 1964 1965 1964 1965 1964 1965 1964 1965 

Ferrous ores, scrap, and metal: 
Iron (equivalent) §_._.....-.......-......------.---.--.. 118,585 125,927 +6 46 44 6 30 631 24 25 4 4 
Manganese (content)_....._-___-.-.------------------- eee 997 1,244 +25 4 4 _- _- 796 796 1 2 
Chromite (Cr2O3 content)___._.._.-__.-.---------------.- 648 682 +6 _- -- -- -- 100 100 (8) (8) 
Cobalt (content)............_........._thousand pounds... 912,591 15,495 - +28 WwW WwW 104 101 99 99 (8) (8) 
Molybdenum (content).._..........-....-..------do_... 37,705 52,053 +38 100 100 _- _- (8) (8) 42 33 
Nickel (content)_.......---.------- ~~ r 163 192 +18 r10 9 r11 6 r7Q 85 (11) (41) 
Tungsten ore and concentrate (W content)...._short tons.. .'6,079 5,831 —-4 +92 65 -- -- r28 35 1 (8) 

Other metallic ores, scrap, and metals: 
Copper (content). __.........------ eee eee) 1, 666 1,705 +2 r 63 66 +724 25 ° +1183 9 r16 17 = 
Lead (content). __..._-___.-------- eee eee) 1,161 1,220 +5 124 25 46 47 29 29 1 1 2 
Zine (recoverable content). __........-...--..-.------... 11,015 1,185 +17 r 55 51 r7 7 r 38 42 3 (8) =| 
Aluminum (equivalent) 1#27___......2-.2 222 -eee 2,809 3,182 +13 10 10 4 5 86 86 10 8 8. 
Tin (content)_........_.-...-.............---long tons.. + 48,836 57 ,546 +19 WwW -- 27 25 13 75 5 4. > 
Antimony (recoverable content) #3_............short tons.. "40,211 40,901 +2 4 4 54 59 742 736 2 (8). CF 
Beryl] ore (BeO content)_______---__.---------.---do___- 597 857 +44 WwW WwW _- _- 100 100 (8) (8) < 
Cadmium (content) 4_______-_-_-____-.--__------..do__.. "5,745 5,095 —11 34 32 (15) (15) 66 68 rl 1 Bs 
Magnesium (content).___..-....--..--_-.---......do__.. "77,556 79 ,693 +3 +116 85 16 88 r138 14 2 3 r17 18 > 
Mercury______.--.-.-.._..__--..---_....76-pound flasks_. * 78,884 73,975 —6 18 24 30 56 52 20 r8 9 " 
Platinum-group metals.____........thousand troy ounces.--_ r 897 1,208 +35 r4 " Bg 1742 178 r 84 89 r14 8 #& 
Titanium concentrate: 

8 Ilmenite and slag (TiO content)___.._....--.-------. t 645 606 —6 r 82 82 -- _- 18 18 -- -- a 
Rutile (TiO2 content)_____..__......-.-..---------- 112 142 +27 9 WwW -- -- 91 100 2 1 . 

Uranium concentrate (UsO, content)___.....--short tons... 17,144 13 ,092 —24 69 80 -- -- 31 20 -- -- mt 
Nonmetals: & 

Asbestos_.____-...-_-_- 2 eee eee eee ee r 813 795 —2 12 14 oe -- 88 86 183 185 oe 
Barite, crude.._.........2-2.-2-.---- oe eee eee.) = 1,480 1,564 +9 58 54 -- _- 42 46 -- -- 
Bromine (bromine content)_.............-_million pounds. - 238 275 +16 (11) (11) (11) (11) (11) (11) (Ql) (1) 
Clays......-.---.---------- eee eee eee eee ee eee eee 752,286 54,348 +4 100 -- -- -- (8) (8) 2 2 
Fluorspar, finished___.........------_------------------ r901 1,048 +16 24 28 -- -- 76 47 (8) 1 
Gypsum, crude____...___-__-.----__-_-_--_-----_--------. 116,701 15,918 —5 63 63 _- _ 37 37 (8) (8) 
Mica (except scrap) _---.-------.-..-.-thousand pounds... 10,834 18 ,998 +-29 2 5 _- _- 98 95 5 5 
Phosphate rock (P2Os content)___..... thousand long tons. - 5,128 6 ,028 +18 99 99 .- -- 1. 1 26 26 oe 
Potash (K2O equivalent)_...........-------------------. 3,164 8,391 +7 80 73 _. _- 20 27 16 16 
Salt (common)____..-.--.------------------------------ 483,290 36,409 +9 93 94 -- _- q 6 2 2 
Sulfur, all forms (content) !9..........thousand long tons... "7,086 7,964 +12 r 82 85 _- .- 118 15 r21 25 
Talc and allied minerals_____.._....._.---.-------.------ 824 789 —4 97 98 _- _. 3 2 8 8 
Crushed and broken stone____.......-..----.----------- '721,568 776,481 +8 100 100 _- -- (8) (8) (8) (8) 
Sand and gravel___._.-.----.---.---------------------- ™868,692 908,748 +5 100 = 1100 -- -- (8) (8) (8) (8) 

r Revised. W Withheld to avoid disclosing individual company confidential data. Figure is not included in net and gross supply. . 
1Net supply is sum of primary shipments, secondary production, and imports minus exports. Gross supply is total before subtraction of exports. 
2 Primary shipments are mine shipments or mine sales (including consumption by producers) plus byproducts production. Shipments more nearly repre- 

sent quantities marketed by domestic industry and as such are more comparable to imports. Use of shipment data rather than production data also permits . 
uniform treatment among more commodities. :



3 From old scrap only. . 
‘Imports for consumption except where otherwise indicated; scrap is excluded wherever possible in both imports and exports, but all other sources of 

no minerals through refined or roughly comparable stage are included except when commodity description indicates earlier stage. Exports of foreign merchan- 
wo dise (re-exports), if any, are included when imports are general. 
~ 5Iron ore reduced to estimated pig iron equivalent; reported weights used for all other items of supply. 
~ ® Receipts of purchased scrap. 
a7) 7 General imports; corresponding exports are of both domestic and foreign merchandise. . 
o ® Less than 14 unit. . 

® Sum of secondary production and imports only. 
2 10 Consumption of purchased scrap. 

| 11 Mostly imports or exports not classified separately or consisting of manufactured products or scrap; therefore, impossible to determine net mineral 
~ content of commodity. 

12 Calculated from the percentage of bauxite mine production (rather than shipments): bauxite imports, and alumina imports used in producing alumi- 
num metal, and converted to aluminum equivalent. Some duplication occurs because of small quantities of loose scrap imported, which is also reflected in 
secondary production. To avoid a duplicate adjustment for nonmetallic use, exports of bauxite to Canada were excluded from exports. 

18 Based on recovery from all forms as byproducts from domestic and foreign sources. y) 
14 Primary shipments are calculated as a percentage of total primary production of metal, because part of the domestic primary output is recovered from eI 

foreign raw material sources. The quantities recovered from imported raw materials plus imports of cadmium metal are accounted for under imports. Ex- < 
ports exclude flue dust, dross, and residues. . re 

% Secondary statistics are included in the primary statistics to avoid disclosing company data. = 
16 Primary production of metal. . oO 
17 Recovery from old and new scrap. feat 
18 Reexports included. 
19 Includes sulfur content of pyrites production. e 
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Table 7.—Percentage distribution of imports of principal minerals consumed in the 

United States, by area of origin in 1965 

SITC North South Soviet 
code Commodity America America Europe Asia Africa Oceania bloc! 

2713000 Phosphates, crude and apatite____ 87 -- -- 3 ee -- --. 

ge Gem ulfur_.....--.---------------- _- _-. -- -- 
2752400 Natural abrasives.....-.-.------ 1 (7) 94 2 3 (?) oe 

aoe zo; Graphite, natural.....--..------ 35 _- 28 14-28 -- _- 
2762520 Magnesia, refractory, caustic- 
2762540§ calcined, and crude_------------ 2 -- 83 14 (?) 1 -- 
2763000 Salt____._...._------_---------- 93 _- 2 _ 5 a _- 
2764010 

3764030 | 2764040 Asbestos......----------------- 86 (?) 1 -- 13 (?) (?) 

2764050 

a 
2765239 Mica, including scrap-_-------~-- (?) 26 1 67 6 _- -- 

0 . 

2765420 Fluorspar_...--.-------.------- - 45 -- 22 3 . (?) _- -- 

gies parte erie a | ale_.--.--------------------- -- -- -- 
2810000 Iron ore and concentrates_-_-_-_--- 60 35 (7) (?) 5 (7) _- 
2820000 ‘Iron and steel scrap___..-------. | 82 _- 14 1 3 (?) _- 
2881110 Copper__._-------------------- 6 84 -- 1 3. 1 -- 

| oeepoap¢ Bauxite._..--.---------------- 77 23 _- _- _- _- _- 
2834000 Lead ores and concentrates _-_-__--_ 35 28 _- (2) 18 19 -- 
2835000 Zine ores and concentrates__-._.--- 73 19 (2) (2) 7 1 -- 
2836000 Tin ores and concentrates_-____._- _- 100 -- -- -- _- _- 

Zs 7040 } Manganese ores and concentrates _ 3 49 (?) 6 42 _- a 

28 
2ea0140 Chrome ores_._._.....--------- -- _- _. 34 47 _.. 19 

2839200 Tungsten ores and concentrates. _ 19 52 1 10 8 10 -- 
28393810 Tantalum, molybdenum, and va- 

nadium ores and concentrates. - 9 25 10 8 47 1 -- 

5839830 f Titanium ores_._...------------ 17 -- _- -- -- 83 -- 

2839340 Zirconium ores____.._._-.-----. 2 _- (?) _- _- 98 _- 
2839810 Antimony ores and needles__-_-.-- 15 36 ©) 4 45 Le _- 
28389820 Beryllium ores and concentrates_ oe 18 4 26 33 19 _- 
2839830 | Columbium ores and concentrates_ 48 -- 3 -- 49 -- _- 
2840200 Copper waste and scrap.-___..--- 38 57 1 2 1 1 _- 
2840300 Nickel waste and scrap.._..----- 56 ©) 43 1 _- (?) _- 
2840400 Aluminum waste and scrap ------ 41 (2) 21 25 (2) 1 12 
2840500 Magnesium waste and scrap-_-__--. 53 -- 40° 4 2 1 Po 
2840600 Lead waste and scrap__.._..---- 97 (?) (?) 2 -- 1 -- 
2840700 Zinc waste and scrap____...-.--- 100 _- _- -- -- -- -- 
2840900 Tin waste and scrap_______-_--- 100 _- (2) (?) -- _- -- 
2850000 Platinum group metals, ores, con- 

centrates, and waste____.._--_ AT 1 25 (?) 13 14 -- 
2860000 Uranium and thorium ores and . 

concentrates___.._-...---.--- _- 3 _- 35 3 59 -- 
5132500 Mercury, including waste and 
5136580 _ SePap.----------------------- 7 5 88 (2) -- -- -- 

pigecoy; Alumina......------..----.-- 26 15 2 30 27 _ _ 

N 1 USSR, Bulgaria, East Germany, Albania, Czechoslovakia, Hungary, Poland, Rumania, China, 
or orea, Nort iet-Nam. 
2 Less than 1 unit. 

STOCKS 

Indexes of Stocks..—The Bureau of stock indexes declined in response to the 
Mines index of yearend primary producers generally declining stocks of tungsten, mer- 

stocks declined more than 3 percent in CUTY, bauxite, and titanium concentrates. | 
1965. The 13-percent decrease in the The decline in the nonmetals index was 

nonmetals index more than offset the 12- caused by the 23-percent decline of sulfur 
. . . stocks. 

ercent gain in the metals index. The in- — Pp § 
dex of stocks of iron ore increased 18 per- 3J ohnson, Edward E. Index Numbers for — 

cent, however other ferrous and nonferrous the eee ps eusttes. BuMines Inf. Cire. 8275,



Table 8.—U.S. consumption of major mineral products, 1964, 1965, and projections for 1975 

eS 
; Average annual Projected average Commodity 1964 1965 growth rate 1975 annual growth ee 

1947-64 projection rate 1964-75 
(percent) (percent) ee SFSFSeSeSeSeSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS eNO 

Ferrous: . 
Iron ore......-..---------------....-..-..-.---thousand long tons_. 182 ,328 125,861  +0.6 164,000 +2 .0 | 
Pig iron__...--....---.-----------------.-.-thousand short tons. 86 ,882 88,945 | +1.2 104,800 +1.8 
Steel ingot !_..--- 2-0. 127 ,000 181,000 +1.2 158,000 +2.0 
Ferrous scrap__...-.--..-------------..---.---------------d0.._. 84,626 90,359 +.7 105,800 +2.0 
Chromite ores (gross weight): | 

Metallurgical grade._.......---.----.-.----------------do___- 832 907 +4.0 1,750 +7.0 
Refractory grade____...------.----..-...-----------.-.d0__.. +480 457 +.6 570 4+2.6 r 
Chemical grade............-.------.-----.------------d0___- r189 217 +1.7 235 4201 ci 

Manganese ore (85 percent or more Mn).._....__._.__-.------do_-__- 2,242 2,866 +1.4 8,090 +83.0 Ss 
Molybdenum (contained Mo)....._....-.........thousand pounds-_ 56,409 68 ,112 +5.0 87,800 +4.1 es 

N fumesten (W content)_..---..------_---..---.-------------d0_..- 12,311 18 ,868 +3.3 16,870 42.9 = 
onferrous: 

Aluminum 2.._.__..-.-.-.-------------------thousand short tons_- 8,216 3,786 +7.8 5,980 45.8 ° 
Bauxite, dry equivalent._...._................thousand long tons-_- 12 ,546 13 ,584 +9.8 27,550 +74 
Antimony, primary___-_..---.--..---------------------short tons_. 15,889 16 ,919 —1.9 27,850 +5.3 oe 
Bismuth __-.--..-.......-....----..-.-......_-thousand pounds. - 2,160 2,932 341.5 2,440 4+1.1 fs 
Copper, primary and old___.___.__....-...-.-thousand short tons__ ®¥1,969 2,039 +.1 2,300 r +1,5 

Lead, primary and secondary.......--.-.--..--.------------d0.... r1,202 1,241 — 2 1,610 +2.7 z 
Zine, all classes_....-....-.---.---.-----------------------d0__.. 1,536 1,742 +.9 2,150 +8.1 pet 
Mercury._...--.-----------.------.--------.----76-pound flasks_ 82 ,608 76,454 +3.3 104,000 42.1 Z 
Platinum-group metals.._........-..--.-----thousand troy ounces__ 1,140 1,187 +6.9 2,570 47.7 bo 
Silver, industry and the arts._._...-...-.-........------_..do__.- r 123 ,000 187 ,000 4+.4 155,000 +2.0 > 
Titanium, ilmenite including Ti slag (est. TiO2 content)...short tons.-. 602,921 588 , 485 +5.1 1,220,500 +6.6 e 

N Uranium (U0, content) 1__.__..- 2. eed. 11,847 10,442 5 +8.5 6 8,900-14,000 —2.6 to +1.6 5 
onmetals: 

Asbestos ?__._......--------..--------------thousand short tons- - 813 795 +.7 870 +.6 o 
Cement !____.....-...-------.---------.---------million barrels__ 8377 382 4+3.8 . 660 +5,2 cq 
Clays 2_._._....---.-.---..-.-.---.-.-..--..thousand short tons_- r §2 ,947 55 ,092 +2.1 65,740 42.1 i] 
Lime ’.___---.-------------------------------2----------- dO. * 16,089 16,794 +5.2 27,860 44.9 
Phosphate rock ?_____......-...---..----.-..---thousand long tons_- 16 ,546 19 ,523 +4.7 27,200 +4.6 os 
Potash (K:0 content) ?....................---thousand short tons__ 3,164 3,891 +6.3 6,250 +6.4 “a 
Salt 2.2.2 eee dL r 33,290 86,409 +4.4 58 ,950 +4.5 
Sand and gravel ?_____.....-...........-.-..--million short tons_ 868 908 8 44.8 1,800 +6.8 
Stone, crushed_.__-..--.------.-.-------------------------d0_._- 723 198 +8.3 1,500 +6.9 
Sulfur, all forms ?___........-..---..-..-.-..-.thousand long tons. - 7,260 7,959 +2.7 r 12,500 r +5,3 

eee ee lle— SS eres 
¥ Revised. . 
1 Production. 
2 Apparent consumption. . 
3 Growth rate 1951-1964. | 
*Growth rate 1947-1963. 
5 Growth rate 1956-1964. . 
* Faulkner and MeVey, U.S. Atomic Energy Commission. Fuel Resources and Availability for Civilian Nuclear Power for 1964-2000, table 4. See 1963 

Review Chapter. 
TSold or used. eet 
8 Growth rate 1954-1964. | pent
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Table 9.—Shipments, net new orders and yearend unfilled orders for selected mineral processing industries 

(Millions) 
a 

Shipments !. Net new orders ! ' Unfilled orders at end of period 
OE EE SFSs)sMMC MN Ea (iw DBI wuUeEFs {Ra Cn 

Year and month Primary Blast All other Primary Blast All other Primary Blast All other 

| metals furnaces primary metals furnaces primary metals furnaces primary 
metals 2 metals 2 metals 2 z 

1961____._-_-__________------------------ +e $31,659 $17,381 $14 ,278 $33 ,107 $18 ,816 $14,291 $5,129 $3 ,501 $1,628 2 

1962________-__..--_---_- +--+ -- 84,016 18 ,264 15,752 82,619 16,790 15 ,829 8,761 2,057 1,704 P=} 

19638_________-._----_-_----- ee eeee- 35 ,325 19 ,033 16 ,292 85,508 19,104 16 ,404 8,980 2,120 1,810 > 

1964_______.__ eee eee 38 ,832 21 ,236 17,596 t 41,308 t 23 ,303 18,005 6,559 4,311 2,248 a 

1965______.._-.----__ ue eee 41,910 22 ,916 18 ,994 41,017 21,378 19 ,689 5,646 2,780 2,916 + 

1965: 
| on 

January__......-----.-_---------------- 3,455 1,976 1,479 3,739 2 ,232 1,507 6 ,656 4,387 2,269 > 

February_._..--.--.-------------------- | 3,456 1,979 1,477 3,802 2,291 1,511 7,073 4,759 2,314 a 

March_____...---.----.-.--.------------ 3,629 2,086 1,543 3,593 2,018 1,575 7,058 4,720 2,338 5 

April__..-_......_----------.----------- 3,796 2,245 1,551 3,456 1,876 1,580 6,683 4,351 2,332 6 

May. -__....------.---------------------- 8,435 1,835 1,600 3,286 1,682 1,654 6,569 4,148 2,421 rs 

June___.__-._-_-----.--------- eee ee 3,389 1,820 1,569 8,454 1,816 1,688 6,687 4,144 2,498 . 

July__....-..---.----------------------- 3 , 782 2,170 1,612 3,493 1,851 1,642 6,348 - $,825 2,523 5 

August__..-_...-_---------------------- 3,708 2,105 1,603 8,119 1,465 1,654 5,760 8,185 2,575 H 

September__._.-.-.-.------------------- 3,237 1,652 1,585 2,908 1,276 1,682 5,481 2,809 2,622 x 

October____.....---.-_------------------ 3,204 1,608 1,596 - 8,148 1,451 1,697 5,875 ‘2,658 2,722 

November_-__..--..--------------------- 3,335 1,681 1,654 3,392 1,635 1,757 5 , 482 2,606 2,826 

December.....-.-..-.--_-.--------------- 3,470 1,730 1,740 3,684 1,854 1,830 5,646 2,730 2,916 
Rt 

T Revised. 
1Monthly figures are seasonally adjusted and do not add to totals. 
2 All other primary metals can be obtained by subtracting blast furnaces from primary metals. 

Sources: U.S. Department of Commerce, Bureau of the Census. Manufacturers’ Shipments, Inventories, and Orders: 1947-1963. Revised, series M 3-1, 

October 1963, pp. 31-37, 44-48. U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 45, No. 8, March 1965, 
pp. S-5, S-6; v. 46, No. 8, March 1966. pp. S-5, S-6. .
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The index of yearend stocks held by in the primary metals industry was 4 per- 

mineral manufacturers, consumers, and cent higher than in December 1964. The 
dealers did not change from 1964. . blast furnace and steel mill inventories de- 

The nonmetals segment of the index de- creased 1 percent, while the value of other | 
clined 11 percent, largely because of the . . . . 

| . . . primary metals inventories increased 11 
substantial decline in cement and importer LI tor} f st 1 d 
stocks of fluorspar. percent. nvent ories of stone, clay, an 

Value of Inventories—The value of sea- 8458S products increased more than 2 per- 

sonally adjusted inventories held by firms cent. 

Table 10.—Index of stocks of mineral manufacturers, consumers, and dealers at yearend 

(1957-59=100) 

Metals 
Total _ OO — Nonmetals 

Yearend metals and Other Base Other 
- nonmetals! Total Iron _ ferrous nonferrous nonferrous 

1961___._____ 103 102 99 98 98 126 120 
1962_..._._- 100 99 98 90 101 104 128 
19638_....___ 95 93 91 85 97 596 F128 
1964__.___.. Fr 89 t 87 85 72 88 197 r130 
1965... - 89 88 . 84 %2 92 96 116 

1 Excludes fuels. 
? Revised. . 

‘Table 11.—Index of stocks of crude minerals at mines or in hands of primary 

producers at yearend 

(1957-59100) 

Metals 
Metals —— ee ——  Nonmetals 

Yearend and Other 
nonmetals ! Total Iron ore ferrous §$ Nonferrous 

1961___._._.----_---- 121 184 r 147 63 r 168 115 | 
1962____.._-..--.--._--- 124 147 r165 73 149 113 
1963__...-..--- ~~. F122 r141 r157 69 r 153 113 
1964____.-. 2 ee r114 r133 r153 44 r147 r105 
1965... 2k 110 149 180 41 128 91 

r Revised. . 
1 Excludes fuels. 

Table 12.—Seasonally adjusted book value of inventories 

. for selected mineral processing industries 

(Millions) | 

. Primary metals . 
End of year or Stone, een; oo 

month clay, and Blast furnaces, Other primary 
glass products steel mills metals Total 

1961: December_._..-.._..-.--.--..-- $1,468 - $3,691 $2 ,286 $5,977 
1962: December_-__._.-.-.----..----- 1,492 3,528 2,345 5,873 
1963: December.._.......----..------ 1,544 8,533 2,385 5,918 
1968: December - .- -.---------------- 1,587 3,707 2,404 6,111 

December__.....--.------------- 1,626 3,678 2,671 6,849 
January_.__..-.--.----------.--- 1,595 3,744 ; 2,417 6,161 
February..----.-.----.----.-.--- 1,595 3,717 2,436 6,153 
March. _.__...-.-.-------------- 1,593 3,618 2,453 6,071 
April__...------------------ +e 1,606 3,427 2,473 5,900 
May. -___-_------------.-.-.----- 1,620 3,531 2,465 5,996 
June______-.-----2 ee 1,623 3,597 2,477 6,074 
July__.- 22 1,600 3,631 2,532 6,163 
August_____.-.-.----.-.--------- 1,618 3,576 2 , 566 6,142 
September_.___....-.....-.----- 1,614 3,633 . 2,591 6,224 
October_-_._----....-.-.-------- 1,640 3,669 2,606 6,275 
November____._.__.-------------- 1,684 3,658 2,608 6,261 

Sources: U.S. Department of Commerce, Bureau of the Census. Manufacturers’ Shipments, 
Inventories, and orders: 1947-1968. Revised, series M 3-1, October 1968, pp. 62-67. U.S. Depart- 
ment of Commerce, Office of Business Economics. Survey of Current Business. V. 45, No. 3, 
March 1965, p. S—5; v. 46, No. 3, March 1966, p. S—5.
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LABOR AND PRODUCTIVITY 

Employment.—Strong demand for non-_ ration, and layoff rates for 1965 for the 

fuel minerals in 1965 resulted in mining mineral manufacturing industries were — 
firms substantially increasing employment mixed. The most significant changes were 
in order to increase output. The gains in the layoff rates for blast furnaces and 

'made in nonfuel mining, however, were steel and rolling mills which increased 160 
offset by employment losses in the mineral percent and the nonferrous smelting and 
fuels industries so that total mining em-_ refining layoff rate which declined over 50 
ployment for the year declined slightly. percent. In manufacturing, accession rates 
Percentage changes in average total em- were slightly higher, separation rates re- 
ployment are shown below: mained constant, and layoff rates declined. 

. Percent Wages and Salaries.—Wages and salaries 
All industries .------------------- +3.9 in the mining industry, including fuels, 

| Mining (including fuels) ---------  —.1 continued the upward trend begun in 
Metals and nonfuel minerals____ 3.6 ' 1961. However, the 4.8-percent increase in 
Metal mining ~----------.---._ 4.9 
Nonmetal mining and 1965 was below the 7.4- and 7.8-percent 
quarrying ~---.---.--------.  -+2.7 gains reported for all industries and manu- 

_ Coal mining ----------------- —3.5 facturing, respectively. Wages and _ salaries 
Crude petroleum and natural . . . . 

, gas .---------------------- —2.4 in the metal mining industry increased 8 

Minerals manufacturing! ~...-.--. +4.3 percent, from $568 to $613 million. This 

1 Based upon categories listed under mineral waS surpassed by the quarrying and 
_ manufacturing in table 13. | nonmetallic mining industry which in- 

Employment in selected mineral manu- creased 9 percent, from $720 to $785 mil- 
facturing groups increased 4.3 percent, lion. 

slightly more than the average for all in- Average annual earnings of full-time em- 
dustries. Of the selected mineral manufac- ployees in mining rose 4 percent and re- 

emple Stes, ony plains hen in mained slightly higher than earnings in all 

1964. This decline was the result of ad- industries and manufacturing. 
vancing technology wherein new or re- Productivity —The most recent productiv- 
placement plants require less labor for the ity indexes available are those for 1964. 
same or increased productivity. | These indexes indicate substantial produc- | 

Hours and Earnings.—Average weekly tivity See oda for copper and iron ore 
hours of production workers in the nonfuel mining; Productivity Increases were a Te 
ee . . sult of fewer employees producing a larger 

mining industry rose slightly in 1965, and 
hourly and weekly earnings increased 3.4 output. 
and 4.7 percent, respectively. As a result of The productivity indexes may be used as 

increased hours, the percentage increase for an indicator of the shift in the average 

weekly earnings was higher than that for grade of ore mined. For example, in 1964 
hourly earnings. Similar trends were expe- the percentage increase in productivity of | 
rienced in the mineral manufacturing in- recoverable copper mined was less than 
dustries except for the declines in weekly that of copper ore, and the percentage in- 
hours worked by cement, blast furnace, crease in usable iron ore mined was greater 

and steel and rolling mill employees. than that of crude iron ore mined. These 

Labor Turnover Rates.—Accession rates facts implied a decline in the average 

for metal mining, generally lower than grade of copper ore mined and an increase 

those for all manufacturing, remained sta- in the average grade of iron ore mined. 
ble in 1965. However, there was a very Preliminary data not shown here give 
slight increase in accession in copper ore every indication that productivity of cop- 
mining. Separation rates in all metal min- per and iron ore mining will decline in 
ing increased slightly with the largest in- 1965. Both industries were forced to hire 
crease in iron ore mining. The layoff rate large numbers of new workers and, in both 
for all metal mining was unchanged at 0.7 industries, the marginal output of these 
layoffs per 100 employees. Accession, sepa- new workers was low.
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Table 13.—Total employment in selected nonfuel mineral industries 
(Thousands) 

Mining 

Year Nonmetal Metal 
Total nining and 

quarrying Total 1 Iron Copper | 

1961____...-.-_---_- 207.2 119.8 87.4 26.9 29.0 
1962__....----------_ 200.4 118.1 82.3 25.2 28.5 
1963__.--.-..-- 2 - r196.7 r117.0 79.7 124.1 27.7 
1964... 2 --- 2 _- r196.1 r116.7 79,4 124.7 r27.1 
1965.-...--- ~~ _- 203.1 119.8 83.3 26.1 29.9 

Mineral manufacturing 

. Blast furnaces, 
Fertilizers Cement, steel works, Nonferrous smelting 

complete and hydraulic and rolling and refining 
mixing only mills 

1961___..._._.-- LL 35.8 40.2 526.5 66.6 
1962_____--_..--- __- 36.8 39.8 522.3 68.1 
1963___-....----___- r38.2 38.9 r §20.0 68.4 
1964__.-.2- 2 137.7 38.7 t 657.2 r 69.2 
1965_....- 2 ee 38.3 38.3 584.5 72.1 

r Revised. | 
1 Includes other metal mining not shown separately. . 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings. V. 12. 
No. 9, March 1966, table B-2. U.S. Department of Labor, Bureau of Labor Statistics. Employment 
and Earnings Statistics for the United States 1909-1965. Bull. 1312-8, December 1965. 

Table 14.—-Average hours and gross earnings of production and related workers in the mineral 

industries (nonfuel) in continental United States, by industries 

Metal mining 
Total ! uum ure 

Total 2 Iron ores 
Year SO 

Weekly Weekly Weekly 
—_———- Hourly ———_-——- Hourly ————_—_—--_ Hourly 
Earnings Hours’ earnings Eamings Hours’ earnings Earnings Hours’ earnings 

1961__...._. $105.68 42.9 $2.57 $113.44 41.4 $2.74 $115.50 - 38.5 $3.00 
1962_....... 110.33 43.2 2.56 117.45 41.5 2.83 122.19 39.8 3.07 
1963__...-._. *™112.55 43.2 2.61 118.66 41.2 2.88 120.04 39.1 3.07 
1964_....... 7116.19 t 43.6 12.67 1122.54 r41.4 r2.96 125.83 40.2 3.13 
1965_........ 121.67 44.0 2.76 127.71 . 41.6 3.07 129.24 40.9 3.16 

Metal mining—Continued Mineral manufacturing 
———————_ Quarrying and nonmetallic ———_____________-__| 

mining Fertilizers, complete and 
Copper ores mixing only 

1961________ $119.03 43.6 $2.73 $100.09 43.9 $2.28 $80.94 42.6 $1.90 
1962_____... 120.70 42.8 2.82 105.43 44.3 2.38 84.12 42.7 1.97 
1963_......_. 124.56 43.1 2.89 1108.38 r 44.6 r2.43 '90.67 438.8 r2.07 
1964__...... 180.42 42.9 3.04 +F111.85 145.1 r2.48 193.74 43.4 12.16 
1965._..._.__ 186.71 43.4 3.15 117.45 45.7 2.57 96.57 43.5 2.22 

Mineral manufacturing—Continued 

Blast furnaces, steel and Nonferrous smelting and 
Cement, hydraulic rolling mills refining 

1961__...... $106.52 40.5 $2.63 $123.84 38.7 $38.20 $110.16 40.8 $2.70 
1962__...... 112.75 41.0 2.75 128.31 39.0 3.29 114.95 41.2 2.79 
1968_.._.... 116.60 41.2 2.83 184.40 40.0 3.36 118.14 41.6 2.84 
1964_..._.... 121.80 41.4 2.93 140.15 41.1 3.41 1120.22 41.6 r2.89 
1965_....... 124.42 41.2 3.02 141.86 41.0 3.46 124.44 41.9 2.97 

r Revised. 
1 Weighted average of data computed using figures for production workers as weights. 
2 Includes other metal mining not shown separately. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings, 
V. 12, No. 9, March 1966, table C-2. U.S. Department of Labor, Bureau of Labor Statistics. 
Employment and Earnings Statistics for the United States 1909-65, Bull. 1312-8, December 1965.
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- Table 15.—Labor-turnover rates in selected mineral industries * 

(Per 100 employees) 

Blast 
furnaces, Nonferrous 

Turnover rate. Manufac- Cement, steeland smelting Metal Iron Copper 
turing hydraulic rolling and mining ores ores 

. mills refining 

Total accession rate: 
1963____._-_--.---_-_ 3.9 3.3 3.2 2.4 3.1 3.4 2.2 
1964__._-..-----_---- 4.0 2.9 2.9 2.3 3.2 2.7 2.7 
1965__..-..---------- 4.3 2.6 2.3 2.5 3.2 2.7 2.8 

Total separation rate: 
1963__.___.-_--------- 3.9 3.5 2.8 2.1 3.1 2.7 2.1 
1964_._._-.--..------ 3.9 3.0 1.8 2.1 r2.9 2.3 2.5 
1965_...-.------------ 4.0 2.7 3.0 2.2 3.1 2.5 2.5 

Layoff rate: os 
1963______---..------- 1.8 2.4 1.7 8 tri. 1.8 5 
1964_____-_-_-------_ 1.7 2.0 5 r 7 7 1.3 3 
1965._.__------------- 1.4 ~ 1.6 1.3 3 aT 1.3 4 
nnn 

r Revised. 
1 Monthly rates are available in Employment and Earnings as indicated in source. 

. Source:. U.S. Department of Labor, Bureau of Labor Statistics. Employment and Earnings. 
V. 12, No. 9, March 1966, table D-2. U.S. Department of Labor, Bureau of Labor Statistics. 
Employment and Earnings Statistics for the United States 1909-65. Bull. 1312-3, December 1965. 

Table 16.—Wages, salaries, and average annual earnings in the United States 

Percent change 
1963 1964 1965 ———_————_—_——__——__——— 

. 1963-64 1964-65 

Wage and salaries, millions: | | . 
All industries, total.__.._..-.-.--.. $811,095 $333 ,619 $358 , 389 7.2 7.4. 
Mining._____.__-..-.------------- 3,956 -4,115 4,314 4.0 4.8 
Manufacturing____...-.-.-------- 100 , 606 107 ,166 115 ,509 6.5 7.8 

Average earnings per full-time employee, 
dollars: , 

, All industries, total.._.....-.----- 5,243 5,499 5,705 4.9 3.7 
Mining__._._-..---.----_-------- 6,240 6,521 6,783 4.5 4.0 
Manufacturing_..--_.....-------- 5,920 6,196 6,386 4.7 3.1 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. 
Vv. 46, No. 7, July 1966, pp. 30-31. 

Table 17.—Labor-productivity indexes for copper- and iron-ore mining 

(1957-59100) 

Copper, crude ore Iron, crude ore 
mined per— mined per— 

Year —— 
Production Production 

worker Man-hour worker Man-hour 

1955-59 (average)_.__._.---------------- 97.1 94.3 101.7 99.8 
1960____.---__-_-_- eee eee 116.9 108.2 122.7 116.3 
1961__._-_--_- 2 eee ee 117.4 110.6 188.4 135.2 
1962__-_____.-_-- eee 125.8 120.7 154.6 146.1 
1968__._---.---_--_ eee ee 126.2 120.3 164.9 158.7 
1964 P__-e eee -- ee 137.7 131.9 171.4 160.6 

Copper, recoverable metal Tron, usable ore 
mined per— mined per— 

Production Production 
worker Man-hour worker Man-hour 

1955-59 (average) ___...._---.----------- 98.4 95.6 106.1 103.9 
1960__.____-____.-_.------------------- 112.9 104.5 112.0 106.2 
1961_________--- 2 -------e eee ++ 115.6 109.0 115.1 112.4 
1962_____________-_ eee 124.1 119.1 123.6 116.9 
1963__.______..------------------------ 126.0 120.1 126.3 121.5 
1964 P_________ eee 133.7 128.0 133.0 124.6 

P Preliminary. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Index of Output per Man-Hour, 
Selected Industries. BLS Rept. 301, December 1965, tables 8, 11, 16, 19.
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PRICES AND COSTS | 

Index of Mine Value—The index of demand for these products in the rapidly 
average mine value of all minerals, includ- expanding fertilizer industry remained 
ing fuels, rose slightly in 1965. The index high. Upward price pressures on phosphate | 
of total metals increased 4 percent owing rock and phosphates were caused by the 
to the 7-percent increase in the nonferrous higher cost of inputs. . 

‘metals index. As in 1964, higher copper, i . 

lead, zinc, and mercury prices were respon- _ ©0Sts.—Price indexes of cost items shown 
sible for this increase. An increase in the ‘™ table 21 increased. The aveTage Prices of 
average mine value of chemical raw mate- _machinery and equipment used in mang | 
rials compensated for the decline in the icreased slightly more than 2 percent in 
average mine value of construction materi- 1965, but the price index for portable air 
als, keeping the total nonmetals index sta. CO™Pressors increased more than 9 percent. 

_ ble. The gain made in the chemicals group The percentage change from 1964 for ma- 
was attributed to increased prices for phos- JOY machinery and equipment items fol- 
phate rock and potassium salts. lows: 

The index of average mine value was Percent an a 
reweighted using 1957-59 weights. The Mining machinery and equipment  -++2.5 
commodity coverage of the revised index is | Power cranes, draglines, shovels, 
comparable to the Bureau of Mines index Te vtore thaw than few 7 ye 

_ Of physical volume. The more _ recent Construction machinery and 
weighting period and comparability with Pp Caupment compressors ~2. 22. Tee 
the index of production should make the 
new index a more useful tool. Prices of cost items shown in table 22 

. | were mixed. The price of most items in- 
Index of Implicit Unit Value-——The index creased moderately, but prices of coal and 

of implicit unit value which measures the explosives declined. 

rice change implied by the Bureau of . 
Mines indexes of volume and value in- Relative Labor Cost.— The labor cost per 
creased less than 1 percent. Since 1960, the pound of recoverable copper increased 9.1 
index of implicit unit value for nonmetals percent, the value of recoverable copper 
has been relatively stable while the index per man-hour increased 3.5 percent, and 7 
for metals has continually increased. In the labor cost per dollar of recoverable 
1965, the index of implicit unit value for hee P cr he as pnchangee. A (rombination of | 
metals increased 4 percent. These indexes agner founy OF the] ane “owes Pre na 

_ increase when the quantity of production tivity rates caused the labor cost per poun 
rises less than the value of production. In of recoverable copper to increase, but did | 
1965, the tendency toward lower productiv- not adversely affect the value of recover- 

ity and higher commodity prices was re- able copper per man-hour. The value of 
sponsible for the 8- and 10-percent in- recoverable copper per man-hour remained 

creases in the ferrous and nonferrous base Constant, since copper price increases more 
metals indexes. than offset higher labor cost and lower 

productivity. 

P rices.—While MOSt_ Prices of processed Also, as a result of increased wages and 
mineral commodities rose moderately, the 1 ductivit the lab 

nonferrous metals and nonferrous scrap OWER  ProcUeeyirys wae fabor cost’ per 
showed significant price increases. Slab pound of recoverable iron ore increased 3.5 
zinc, copper ingot, and pig lead prices rose percent; but the value of recoverable iron 
7, 10, and 18 percent, respectively, and Fe per man-hour declined 2.4 percent. 

nonferrous scrap prices rose 19.6 percent. The labor cost per dollar of recoverable 
- oo iron ore increased 3.2 percent because 
Prices of most nonmetallic mineral prod- wages increased, productivity declined, and 

ucts were slightly higher in 1965. The only the price of iron ore remained constant 
significant declines were for insulation ma- P 
terials and gypsum products. The major Index of Principal Metal Mining Expenses. 
price increases occurred in phosphate rock —The 4-percent increase in the index of 
and phosphates, more than 5 percent, as_ principal metal mining expenses, the first
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since 1961, was due largely to higher labor energy cost was constant. This index ex- 

costs. Labor costs increased more than 5 cludes capital cost and contract work ex- 

percent in 1965. The cost of fuels and sup- _ penses; consequently, it does not represent 

plies increased moderately, while electric changes in total unit cost of metal mining. 

Table 18.—Index of average unit mine value of minerals produced in the United States 

by group and subgroup * 
(1957-59 = 100) 

a 

Metals Nonmetals 
So 

: All Nonferrous 
Year min- Fer- ————_-—————— Con- Chem- . Fuels 

erals Total rous Mone- Total struc- ical Other 
Total Base tary Other tion . 

ne E 

1956......... 96.2 111.8 98.2 129.1 141.7 94.4 105.2 97.5 97.2 99.0 96.7 93.9 

1957_.___._. 101.1 101.2 98.3 104.1 104.9 98.8 103.6 99.4 99.0 101.0 101.0 101.6 

1958........ 99.5 97.5 100.6 94.4 91.0 100.6 101.8 99.4 99.3 99.7 99.3 99.8 

1959.._..... 99.1 102.0 102.2.101.8 104.0 100.8 95.6 101.1 101.6 98.9 99.5 98.1 

1960.._..... 99.7 108.8 102.2 104.4 109.8 101.5 91.2 102.5 103.2 100.0 100.8 98.3 

1961_.___._. 99.7 101.8 105.3 98.4 101.1 103.9 88.9 102.1 102.4 101.4 100.4 98.7 

1962...._... 100.0 102.8 104.8 100.8 102.8 111.8 92.7 101.8 102.4 99.4 100.0 99.0 

1963..______ 99.6 105.4 107.6 103.2 108.7 120.0 95.8 101.2 101.7 98.1 102.8 98.4 

1964.______. 99.9 110.3 110.9 109.7 112.5 120.5 98.6 101.9 101.9 101.2 103.5 98.0 

1965__.._-.. 100.1 114.6 112.0 117.1 128.2 120.5 99.8 101.5 101.2 102.7 103.0 97.8 
a 

1 Reweighted using 1957-59 weights. 

Table 19.—Index of implicit unit value of minerals produced in the United States 

(1957-59=100) 

. Metals Nonmetals 

All Nonferrous ; 
Year min- Fer—_ —— Con- Chem- — Fuels _ 

erals Total rous Mone- Total struc- ical © Other 
Total Base tary Other _ tion 
a 
1961...____. 101.1 102.8 108.9 103.7 103.4 101.2. 97.6 100.4 99.8 101.7 106.5 100.5 

1962._._____ 101.6 1083.6 103.5+1106.4 106.2 108.2 99.7 99.7 99.2 100.4 110.1 7101.2 

1963..._____ 101.41°106.8 107.7+*108.4 106.57116.61109.6 98.9 98.0 99.11114.9 100.8 

1964...____._ 102.0 114.6 111.9 116.5 114.7 117.6 119.6 99.1 97.9 101.3 116.1 100.2 

1965~_______ 102.9 119.1 112.1 126.3 126.2 116.3 123.1 99.0 97.8 102.1 117.8 100.6 
CC I 

P Preliminary. Tr Revised. 

7 INCOME 

National Income  Originated—Income was at an alltime high, profits are not in- 

originating in the mining industry in- creasing in proportion to sales. As the min- 

creased 8 percent in 1965. Nonmetallic In- ing industries strived to satisfy tremendous 
creased 13 percent and metal mining 16 demand, they often operated at greater 

P bore th nese acl sninine. 1 considera than optimal costs. Dividends paid by the 

above that tor total mining; hence the re!- minerals processing industry increased in 
ative share of total mining income origi- os . 

. 1965. The dividends of primary nonferrous 
nating from these two sectors was some- . 
what larger metals increased at a rate greater than all 

manufacturing, but those of primary iron 

Profits and Dividends.—The percent 1n- and steel, stone, clay, and glass products, 

crease 11 the annual profit rate on stock- and chemicals lagged behind manufactur- 
holders’ equity (after corporate income ing 
taxes) for all manufacturing was close to 

last year’s rate, but the rates for primary The number of failures in mining com- 

iron and steel, stone, clay, and glass prod- _ panies, including fuels, increased in 1965 

ucts, and chemicals were somewhat lower. although current liabilities of mining fail- 

Although the absolute amount of profits ures declined $15 million.
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Table 20.—Price indexes for selected metals and mineral commodities 
(1957-59==100) 

a 
- Annual average Percent 

Commodity —_——————__—_————-——————_———- change 
1964 1965 from 1964 

a 
Metals and metal products____.___..-------------------- 102.8 105.7 +2.8 

Iron and steel____..-------------------------------- 100.5 101.4 +.9 
Jron ore_____-__--._-.--.--------------------------- 90.6 90.5 —.l1 
Tron and steel scrap.___.._..------------------------ 79.3 81.6 +2.9 
Semifinished steel products___..__--.---------------- 103.5 103.3 —.2 
Finished steel products__._._.-..-------------------- 102.8 103.3 +.5 
Foundry and forge shop products___-.---.---.--------- 104.7 106.1 +1.3 
Pig iron and ferroalloys_-—_--..----.----------------- r77.7 80.2 +3.2 
Nonferrous metals__._....--..--.------------------- 105.9 115.2 +8.8 
Primary metal refinery shapes_-_...------------------- 111.2 119.6 +7.6 
Aluminum ingot__._......-..----------------------- 94.6 97.7 +3.3 
Copper, ingot, electrolytic. ....-..-.--.-------------- 110.6 121.2 +9 .6 
Lead, pig, common_-__.___-------------------------- 104.6 123.2 +17.8 
Zinc, slab, prime western._-...----------------------- 121.7 130.0 +6.8 
Nonferrous scrap......-..-------------------------- 117.3 140.3 +19.6 

Nonmetallic mineral products__.__---.------------------- 101.5 101.7 +.2 
Concrete ingredients._.....--.--.------------------- 102.8 103 .2 +.4 
Sand, gravel, and crushed stone__._.._--------------- 104.8 105.5 +.7 
Concrete products._.__..----...-------------------- 100.9 101.5 +.6 
Structural clay products__._.__-..-------------------- 6104.2 105.1 +.9 
Gypsum products.____--..-------------------------- 108.2 104.0 —3.9 
Other nonmetallic minerals. _.......-_.-------------- 101.5 101.3 —.2 
Building lime___-.....--.-------------------------- 110.3 113.1 42.5 
Insulation materials_____..._-----.-.--------------- 90.9 88.3 —2.9 
Asbestos cement shingles__......-..--.-------------- 111.0 113.3 42.1 
Bituminous binders (1958—100)__......-.------------ 100.0 99.9 —.1 
Fuels and related products and power. -_-.-.----------- 97.1 98.9 +1.9 
Fertilizer materials_._.......-..--.----------------- 100.1 103.5 +3.4 
Nitrogenates__.......----.------------------------- 94.1 96.8 +2 .9 
Phosphates___.....--.----------------------------- 110.4 116.0 +5.1 
Phosphate rock.___.-.----------------------------- 128.9 138.1 +7.1 
Potash. __._..._-----_--.-----.--.----------------- 113.9 117.8 +3.4 
Muriate, domestic__...-..--.--.-------------------- 111.1 115.0 +3.5 
Sulfate___.._....-_-.---_-------------------------- 117.3 121.0 +3 .2 

- All commodities other than farm and food. --_----.--.------ 101.2 102.5 +1.3 

All commodities. .....-.-.------------------------------ 100.5 102.5 +2.0 
nee 

r Revised. 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price . 

Indexes, January 1966, pp. 24-26. 

Table 21.—Price indexes for mining construction and material handling machinery and 

equipment | 

a 

Con- Power  Special- ; 
struction Mining Oilfield cranes, ized Con- Mixers, Trac- 
machin- machin- machin- drag- con- Portable Scrap- tractors pavers, tors, 

Year eryand eryand- ery and lines, struction aircom- ers and air tools, spread- other 

equip- equip- tools shovels, machin- pressors graders hand- _ ers, etc. than 

ment ment ete. ery held farm 
eee es s>Sswg;S SSE 

1961_._--_-- 107.5 107.8 101.8 105. 4 107.8 114.1 104. 4 113.5 108. 4 108. 0 

1962__.....- 107.8 108. 4 103. 2 106. 1 107. 4 113. 7 105. 3 113. 5 110.3 108. 5 

1963. ._-...- 109. 6 109. 1 102. 6 108. 8 108. 1 115. 1 108. 5 113.5 112.1 110.8 
1964__..-.-. 112. 4 F110.5 r 104.3 111.8 108. 5 117.6 110. 8 (?) 116.3 114.7 
1965__..---- 115. 3 113.3 104. 7 113. 7 110.3 128. 7 114.2 (1) 119. 8 117.6 
een oS Oe Ss WS: SN 

t Revised. 
1 Series discontinued. . . 
Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Pricesand Price Statistics. January 1966, 

pp. 24-26, and previous years.
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Table 22.—Price indexes for selected cost items in nonfuel mineral production 
(1957-59=100, unless otherwise specified) 

Change Change 
1965 - from Annual average from 

Commodity ———_—___—_—_—_—_—_———- January ———_—————"—-—-__ 1964 
January December (percent) 1964 1965 (percent) 

Coal_....--------------------------- 98.3 97.6 —0.7 96.9 96.5 —0.4 
Coke......-.-.---------------------- 107.3 107.3 --- 106.3 107.3 +.9 
Gas fuels (January 1958—=100)-_-_-_---_ 121.4 128.6 +5.9 r121.3 124.1 +2.3 
Petroleum and refined products_______-_ 95.2 98.4 +3.4 92.7 95.9 +3.5 
Industrial chemicals_--_--------------- 94.6 95.5 +1.0 94.2 95.0 +.8 
Lumber_.......--------------------- 100.8 103.4 +2.6 100.7 101.9 +1.2 
Explosives__..__-.------------------- 111.5 111.4 —.1 111.8 111.4 —.4 . 
Construction machinery and equipment _ 113.8 116.5 42.4 112.4 115.3 +2.6 

rT Revised. | | . 

Source: U.S. Department of Labor, Bureau of Labor Statistics. Monthly Labor Review. V. 89, 
No. 3, March 1966, pp. 360-861; No. 4, April 1966, pp. 474-475. Wholesale Price Statistics, 
February 1965, p. 10, and January 1966, p. 12. 

7 INVESTMENT 

New Plant and Equipment.—Total ex- Issues of Mining Securities—The extrac- 

penditures on new plant and equipment tive industries (including fuels) supplied 2 
increased from $44.9 in 1964 to $52.0 bil- percent of the new corporate securities 

lion in 1965. A large portion of this 16-per- offered for sale in 1965. These securities 

cent increase resulted from larger than ex- consisted of 71 percent bonds and 29 per- 
| pected sales which necessitated additions to eth Rerinos frock and were consistent 

the capacity of many industries. With offerings OF Previous years. 

In 1965 expenditures for new plant and Total Bross pro ceeeds from extraction 
. . . . . curities offered in 1965 decreased $79 mil- 

equipment in the mining industry in- ,. 
creased $110 million or 9.2 percent—a rate. lion or 19 percent, whereas all corporate 

hat 1 h h P Hj offerings increased 15 percent and manu- 
somew at tower t an that for all indus- facturing 78 percent. Although offering 

tries, manufacturing, and selected manufac- fewer securities in 1965, the extractive in- 
turing industries. The primary nonferrous  qustries were able to satisfy increased capi- 
metals industry experienced rapid acceler- tal requirements. The healthy state of the 
ation of demand in 1965, causing increased extractive industry made it possible to rely 

| use of capacity. Consequently, the largest more on internally generated funds or on 
percentage increase for new plant and __ loans from financial institutions for needed 

equipment was the 42-percent increase financing. 
made by the primary nonferrous metals in- Foreign Investment.—The value of direct 
dustry. private investment in foreign mining and
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Table 23.—Indexes of relative labor costs, copper and iron ore mining 1 
(1957-59=100) 

eee 
Labor costs per pound Value of recoverable Labor costs per dollar 

y of recoverable metal metal per man-hour of recoverable metal 
ear TT 

Copper Iron ore Copper Iron ore Copper __ Iron ore eee eee SSS. wee 
1961___._.--__ eee 105 97 113 114 101 96 
1962__.-.2-2- 2 ee 98 96 126 112 93 100 
1963_....--2 2 100 92 127 115 94. 97 
1964___.-2-- 99 r87 142 r123 89 r93 
1965 P__.-e ee 108 90. 147 120 89 96 eee 

P Preliminary. r Revised. 
1Computed from data found in U.S. Department of Labor, Employment and Earnings and 

Wholesale Price Indexes. 

Table 24.—Indexes of principal metal mining expenses 1 

(1957-59==100) . 
SSeS 

Electrical 
Year Total Labor Supplies Fuels energy eee 

1961... 2-222 101 100 101 101 103 
1962_._-- 22-2 ee 99 96 101 100 103 
1963... -.222- 98 95 102 100 102 
1964______ 2 Le r 96 r92 102 97 101 
1965 pew 100 97 103 99 101 

SEE 
Tr Revised. P Preliminary. 
* Indexes constructed using the following weights derived from the 19 58 Census of Mineral 

Industries: Labor, 59.87; explosives, 2.42: steel mill shapes and forms, 3.51; all other supplies, 
25.24; fuels, 5.08; electric energy, 4.38; and data from U.S. Department of Labor, Bureau of Labor 
Statistics, Wholesale Price Index. The index is computed for iron and copper ores only because 
sufficient data is not available for other mining sectors. 

_ Table 25.—National income originated in the mineral industries in the United States 
See 

Income, millions Change 
Industry —_—  ———-_ from 1964 

1963 1964 1965 (percent) 
eee Oe 

Mining..___.-..-.-----_-- 2 eee $5,954 $5,950 $6 , 432 +8.1 
Metal mining. __._.._-_-_--- 785 883 1,025 +16.1 
Coal mining____.._._..-___-_-_____._ 1,212 1,284 1,361 +6.0 
Crude petroleum and natural gas_____________. 2,917 2,658 2,775 +4.4 
Mining and quarrying of nonmetallic minerals___ 1,040 1,125 1,271 +13 .0 

Manufacturing. ___...-.---_-__-______ 8 143 , 839 155,078 170 , 408 +9.9 
- Chemicals and allied products._____.__________ 10,402 11,212 12 ,332 +10.0 
Petroleum refining and related industries_______ 4,597 4,667 5,063 +8.5 
Stone, clay, and glass products.________________ 5,062 5,437 5,789 +6.5 
Primary metal industries____________________. 11,521 13 ,126 14,747 +12.4 

All industries. ___... 2222-2 481,927 517 ,281 559 ,020 +8.1 $m es ER pio j©™™¥} es ppm 
Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Busi- 

ness. V. 46, No. 7, July 1966.



22 MINERALS YEARBOOK, 1965 | 

Table 26.—Annual average profit rates on shareholders equity, after taxes and total dividends, 

selected mineral manufacturing corporations 

Annual profit rate (percent) Total dividends (millions) 

Change Change 

Industry from from 

1964 1965 1964 1964 1965 1964 
(percent) (percent) 

a 

All manufacturing !___-.-------------- 11.6 13.0 +12.1 $10,810 $11,979 +10.8 

Primary metals__-_---.-------------- 9.2 10.6 +15.2 913 1,034 +13.3 

Primary iron and steel_-_..------- 8.8 9.8 +11.4 546 584 +7.0 

Primary nonferrous metals__-_--- -~--- 9.8 11.9 +21.4 367 450 +22.6 — 

Stone, clay, and glass products- - ---~~--- 9.6 10.3 +7.3 326 341 +4.6 

Chemicals and allied products___.------ 14.4 15.3 +6.3 1,486 1,556 +4.7 

a eee oe ee oe ererees ses 
1 Except newspapers. 

Source: Federal Trade Commission, Securities and Exchange Commission. Quarterly Financial 

Report for Manufacturing Corporations. Ist Quarter 1965 and 4th Quarter 1965, tables 4, 8. 

Table 27.—Industrial and commercial failures. and liabilities 
a 

Industry 1963 1964 1965 
a 

Mining: ! 
Number of failures____.---------------------------- 84 70 84 

Current liabilities._...........---.-------thousands_- $18 ,269 $30 ,030 $14,556 

Manufacturing: 
Number of failures______.-------.------------------ 2,325 2,184 2,013 

Current liabilities____......--------------thousands- - $539 , 430 $331,834 — $335,768 

All industrial and commercial industries: 
Number of failures____._._------------------------- 14,374 13,501 18,514 

Current liabilities..__._.__....._-----------thousands._ $1,352,593 $1 ,329 ,223 $1,321 , 666 

Oe eee ee 
1Including fuels. 

Source: Dun & Bradstreet, Inc., Business Economics Department, Business Conditions Staff. 

Monthly Business Failures. New York, N.Y., January 1965, p. 2; Jan. 26, 1966, p. 2. 

smelting industries increased $214 million than the 1964 expenditure of $420 million. 

in 1964. Canada gained $131 million and As a result of increased activity in the de- 

Australia $30 million. Data for direct pri- velopment of bauxite properties in Austra- 

vate investment in 1965 are not available. lia and iron ore production in Canada and 

U.S. foreign investment in 1964 should Australia, most of the increased U.S. in- 

be noted in relation to the U.S. Govern- vestments in 1965 were in those countries. 

ment program of voluntary restraint to im- Expenditures by foreign affiliates of U.S. 

prove the U.S. balance of payments deficit. mining and smelting firms were $1,044 mil- 

In the mining and smelting industries, net lion in 1964. The affiliates relied principal- 

capital outflow was $88 million as com- ly on internally generated funds—net in- 

pared to $65 million in 1963; but increased come and cash flows from depreciation and 

income from foreign affiliates was one of depletion, which accounted for $936 mil- 

the major elements of strength in the bal- lion of the $1,044 million expenditure. ‘The 

ance of payments. Assisted by higher prices most significant changes in the 1964 sources 

for metals and minerals, 1964 earnings of of funds were the large decrease in the 

affiliates in mining and smelting rose by amount of funds obtained from the United 

over $145 million and reached $505 mil- States and the increased amount of funds 

lion. Of that total, $399 million was re- obtained from other countries. During 1964 

turned to the United States compared with funds obtained from the United States de- 

$293 million in 1963. clined. The total negative outflow of US. 

The 1965 foreign plant and equipment funds was probably the result of repay- 

expenditure of U.S. mining and smelting ments of foreign loans or transfers of funds 

firms was $584 million, 39 percent more from foreign subsidiaries.
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Table 28.—Expenditures for new plant and equipment by U.S. business * in mining and 

selected mineral manufacturing industries 
(Billions) 

Industry | 1963 1964 1965 

Mining ?_____..-.---.-.--_-2- eee eee eee $1 .04 $1.19 $1.30 
Manufacturing. ___..-.-_.2- 2 eee ee 15.69 18.58 22.45 

Primary iron and steel__..._.._-...2 2-2 eee 1.24 1.69 1.93 
Primary nonferrous metals_._..._.___-____..-.-___---_-_-_- 41 .48 .68 
Stone, clay, and glass products_._.-__..._--.-_-______--_--- -61 .68 .78 
Chemicals __-__-._.-.--- ee eee eee eee 1.61 1.97 2.59 
Petroleum.__. 2.2222 eee eee 2.92 3.36 3.82 

1 Data exclude expenditures of agricultural business and all outlays charged to current accounts. 
2 Including fuels. 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 45, 
No. 3, March 1965, p. 8; v. 46, No. 3, March 1966, p. 14. 

Table 29.—Estimated gross proceeds of new corporate securities offered for cash in 1965 1 , 

eee 

Total corporate Manufacturing Extractive 2 
Type of security —_ 

Millions Percent Millions Percent Millions Percent 
eee eee OSes eee 

Bonds____---.------.-.--.----..-.-.. $13,720 85.8 $4,712 87.0 $243 71.1 
Preferred stock._..._....-.-.__---_--- 725 4.5 112 2.1 _-- _-- 
Common stock. _..._....----..------- 1,547 © 9.7 593 10.9 99 28.9 

. Total___.2- eee 15,992 100.0 5,417 100.0 342 100.0 
SP PE eye 

1 Substantially all new issues of securities offered for cash sale in the United States in amounts 
over $100,000 and with terms of maturity of more than 1 year are covered in these data. 

2 Including fuels. 

4 Source: U.S. Securities and Exchange Commission. Statistical Bulletin. V. 25, No. 4, April 
966, p. 9. 

Table 30.—Plant and equipment expenditures of direct investments by country and 

major industry. 
(Millions) 

1968 © 1964 r 19651 

Area and country Mining Manu- Mining Manu- Mining Manu- 
and Fetro- fac- and Fetro- fac- and Fetro- fac- 

smelting turing smelting turing smelting turing 
wee 

Canada_____..._...---.. $195 $375 $535 $220 $385 $769 $248 $377 $1,031 
Latin American Republics_ %5 245 271 12 272 363 102 309 399 . 
Other Western Hemisphere 34 62 37 | ‘64 55 39 54 59 21 
Europe_.._..._-._----_-_-_ 5 642 1,107 3 643 1,293 7 728 1,737 
Africa.._...2.2---2- Lee 58 164 24 41 268 63 46 287 92 
Middle East____________- _— 125 5 --- 114 9 --- 2038 9 
Far East______.._______- 2 172 131 1 164 205 1 238 258 
Oceania_._......--.----- 29 64 141 29 65 242 126 83 274 
International______---.-- --- 40 --- --- 100 --- --- 66 --- 

Grand total__.___._ 898 1,889 2,251 420 2,066 2,983 584 2,350 3,821 
eee Eee OE a 

r Revised. 
1 Estimated on the basis of company projections. 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business, V. 45, 
No. 9, September 1965, p. 30.
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Table 31.—Direct private investments of the United States in foreign mining and smelting industries in 1964 ° 

(Millions) 
a 

Mining and smelting All industries 
a 

Country and areas Net Undistributed Net Undistributed | 

Value capital earnings of Earnings! Income ? Value capital earnings of Earnings! Income? 

outflow subsidiaries outflow subsidiaries 
nnn TIS SSSESEEESUnUnSnEIIEEI SITIO ooo ane 

Canada_.__.._------------------------------ $1, 671 $45 $77 $191 $114 $13,820 $250 $498 $1,104 $684 

Latin America, total.__._-.-.----------+=------ 1,098 —§8 10 184 172 8,982 156 219 1,104 900 

Mexico___._.__------------------------- © 128. 5 3 17 12 1,035 94 34 92 61 

| Panama_____-.------------ nen e nen n eee 19 _. (3) (3) __ 668 25 31 73 44 § 
Brazil__._._-----.---------------------- 34 (4) (4) (4) - (4) 994 —44 58 58 5 2 

Chile.__.......--.---------------------- 499 —5 il 61 60 788 9 12 80 13 br} 

Peru__..____.--------------------------- 241 1 (?) 53 54 460 10 2 83 qT a 

Europe.__..------------------------ eee 56 2 —1 3 5 12,067 1,342 410 - 1,112 654 e 

Africa, total.........-.-----_---------------- 356 2 6 38 32 1,629 185 40 343 801 wn 

South Africa, Republic of...-.------------ 68 1 4 20 15 467 17 38 87 46 1 

Far East._....-----__-_---------------------- 31 (3) I 3 1 1,731 146 AT 191 148 ee 

Oceania, total._.._._-.-.----+_-------------- 100 10 7 10 3 1, 582 115 ' 80 143 59 > 

Australia. ______-_._-.-_-.-------------- 100 10 7 10 3 1,465 121 65 122 54 a 

All other countries 5....._._..---------------- 252 39 3 76 13 4,582 232 124 1,121 1,045 5 

Total all areas 67____.__.-.------------ 83,564 88 ' 102 505 399 44 ,343 2,376 1,417 —6§,118 8,741 g 

eee re 
f 

P Preliminary. 
. S 

1Earnings is the sum of the U.S. share in net earnings of subsidiaries and branch profits. o 

2Income is the sum of dividends, interest, and branch profits. — x 

3 Less than 1% unit. 
| 

4 Combined with other industries in source reference. 
5“All other countries” includes other Western Hemisphere, Middle East, and International. 

6 Excludes Cuba and Soviet bloc countries. 
7 Detail may not add to totals because of rounding. z 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 45, No. 9, September 1965, pp. 24-25. .



REVIEW OF THE MINERAL INDUSTRIES 25 

Table 32—Sources of funds of direct foreign investment by United States mining and smelting | 
| : industries | 

_ (Millions) : . 

Funds from Funds obtained Depreciation 
A Net income United States abroad ! and depletion. Total sources 

rea nn 

1962 1963 1964 1962 1963 1964 1962 1963 1964 1962 1963 1964 1962 1963 1964 

Canada_..---.-------- $179 $187 $318 $95 —$24 $14 $15 $70 $51 $100 $114 $116 $389 $347 $499 | 
Latin America......... 246 234 278 —28 144-72 31 15 338 80 101 98 3829 364 8 337 

_  Europe_-------------- 5 4 3 3 7 2 @) -1 @ 1 2 5 9 12 10 
Other areas.........-. 64 68 80 28 44 15 61 18 65 26 2 38 179 152 198 

, Total_.....-..-. 494 493 679 98 41 —41 107 102 149 207 239 257 906 875 1,044 

| 1 Includes miscellaneous sources. 
2 Less than 1 unit. | 

perce: «US. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 45, No. 11, November 
» p. 15. 

| FOREIGN TRADE | | 

_ Walue-—The 1965 crude and processed imports and just slightly higher for ex- ~~. 
‘  nonfuel mineral imports rose 24 percent ports. 

over the 1964 figure. Values of imported Tariffs.—In 1965 the U.S. Tariff Com- 
metal ores and scrap increased 14 percent, mission reported the results of investiga- 
while those of crude nonmetallic minerals tions concerning alleged injury to the USS. 
remained constant. Imports of processed minerals and processing industries by for- 
nonmetallic minerals increased 9 percent. eign imports to the United States at less 
Imports for consumption of numerous than fair value. It was determined that ti- 
manufactured metals showed substantial tanium dioxide imports from West Ger- 
increases. many and Japan are not injuring and are 

The value of nonfuel minerals exports not likely to injure the domestic industry. 
rose 3 percent. Crude nonmetallics, which A Presidential proclamation lifted the 

increased 33 percent, helped offset the loss import controls on lead and zinc ores and | 
of crude metals and scrap which declined concentrates effective on October 22, 1965, 
13 percent. The general trend for imports and the quotas on lead and zinc metals on 
and exports was substantially higher for November 21, 1965. 

RESEARCH AND DEVELOPMENT 

Obligations of funds by the Bureau of Most of the funds for metallurgical re- 
Mines for research and development dur- search went towards making domestic low- | 
ing fiscal year 1966 increased 11 percent grade ores competitive with foreign ores 
from $27.2 million to $30.3 million in an 4d satisfying the demand for materials to . 

effort to insure a continuously advancing be used at high temperatures, in corrosive 
mineral industry by developing compre- environments, or under other adverse con- 

. spe ditions. The most significant achievements 
hensive research capabilities able to solve , . 

. . of the Bureau’s metallurgy research in 1965 
production and consumption problems as 
h ise. The B 's oblivati for b were the development of a process for the 

they arise. me bureaus 0 igations tor Da- economic production of phosphate concen- 
ic and applied research during fiscal years trates from low-grade phosphorous-bearing 
1965 and 1966 were $24.1 and $26.3 mil- shales, the development of long-fiber syn- 
lion, respectively. During fiscal 1966, the thetic chrysotile asbestos, and the perfec- 
Bureau of Mines obligated expenditures of tion of a process which uses the scrap steel 

$6.2 million for metallurgy and material contained in old auto bodies to upgrade 

research. low-grade nonmagnetic taconites. 

232-748 O-67—3 .
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Table 33.—Uses of funds of direct foreign investment by United States mining and smelting industries 
(Millions) 

Property, plant, | 
A and equipment Inventories Receivables Other assets ! Income paid out Total uses 

rea — 
1962 1963 1964 1962 19638 1964 1962 1968 1964 1962 1963 1964 1962 1968 1964 1962 1963 1964 

Canada__._.......-.-...-. $245 $195 $220 $20 $-—12 $—20 (2) $19 $39 $26 $60 $96 $98 $85 $164 $889 $847 $499 
Latin America__.._.....--- 95 109 126 5 5 9 $25 10 10 34 16 22 170 224 170 8329 364 337. 
Europe__.....---.-------- 4 5 3 (?) —1 1 2 1 2 —2 (2) (2) 5 q 4 9 12 10 
Other areas_____..-..-.--- 94 89 71 20 5 16 15 15 21 (?) 5 34 50 38 56 179 152 198 

Total............... 488 898 420 45 —3 6 42 45 7 58 81. 162 328 354 394 906 875 1,044 

1Includes miscellaneous uses. 
2 Less than 1 unit. < 

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 45, No. 11, November 1965, p. 15. 2 
ms 
> 
rc 

| | | a S 
| Table 34.—Value of selected minerals and mineral products imported and exported by the : a 

, United States in 1965, by commodity groups and commodities ' | | 8 
(Thousands) | im | 

| Exports of § 
SITC Commodity Imports for domestic x 
No. . consumption merchandise 

Metals (crude and scrap): a 
668 Iron ore and concentrates______ ee ee ee eee eee eee eee $448 , 807 $80,418 — 
282 Iron and steel scrap__._-_.--2 ee ee eee ee ee ee ee ee ee ee ee eee — 8,286 197 ,459 
283 Ore and concentrates of nonferrous base metals........-.-.---.---------- eee en ee ne en en ee ee ene 415 ,221 68,475 
284 Nonferrous metal scrap____------------- eee ene ne ee ne ne ee ee ee eee ee ee eee 62 ,048 85 ,927 
286 Ores and concentrates of uranium and thorium............--.--.------- enn ee enn eee eee ee ee ee eee 189 9 

Total__.._---_- ee ee ee ee ee ee ee ee ee ee ee ee ee eee ee ees 929 ,501 432 ,858 
‘ See rrr 

Chemicals: 
Inorganic chemicals: 

518 Flements, oxides, and halogen salts____.__.--------- ee ee ee ee ee ee eee 114,503 157 ,412 
614 Other inorganic chemicals___._..--_.--- ee ee enn nn ee ee ne ee ene 42,787 100 ,670 
616 Radioactive and associated materials. _...._..-__-...---- 2-2 een ne en ne ee eee ene eee ee eee 61 ,894 42,470 

Total....-2 2 ee ne ee ne ne ee ee eee ee ee ee ee ee ee ee ee ene ee eee eee 218 ,684 300 , 552



Metals (manufactured): 
671 Pig iron, spiegeleisen, sponge iron, iron and steel powders and shot, and ferroalloys___..___._._._._._-._.____..____.__ 93 ,968 21,847 
672 Ingots and other primary forms of iron or steel_____-_.._.......-.--.-------- eee eee eee 85 ,348 84,993 673 Iron and steel bars, rods, angles, shapes, and sections_......._.-......-.---_--_-----_-- eee ee eee 877 ,156 79 ,272 
674 Universals, plates and sheets of iron or steel____._..--..-.--.-.------ eee eee 471 ,939 183 ,996 675 Hoops and strips of iron or steel__.-._.--_---.------.------- 2 eee 24,740 83 ,616 676 Rails and railway track construction material of iron or steel.._......._.....--__--.----_---_.____--_-_-__--- ee. 2,008 18,286 
677 Iron and steel wire (excluding wire rod)_._..-....---------------- nn ee 78,888 15 ,200 678 Tubes, pipes, and fillings of iron or steel____._--_---.-----_.-.------ eee eee 148 ,990. 159 , 895 679 Iron and steel castings and forgings, unworked, not, elsewhere specified____._........._..._.....__._._._........_. 3,367 36 ,509 681 Silver, platinum, and other metals of the platinum group__..._.._._.____._._...____.__..__._____...._.......... 69 ,152 13 ,208 
682 Copper_.-.-------- ++ --  n e. 377 , 874 292 ,769 683 Nickel_..--------------- 2-0 nn eee 206 , 899 80 ,802 684 Aluminum --_--..-------- 22-2 ne 264 ,340 158 ,901 685 Lead _...-.------------ 22 nn ee 61,270 8,714 
686 Zine._..--.------------- eee 43 ,717 «6,747 vs 687 Tin. __-. 2-2-2 ne ee, 167,448 — 10 ,946 fH 688 Uranium and thorium and their alloys__.__...........---_.----..-_--_----_----------_-____ ee 51 230 < 689 Miscellaneous nonferrous base metals employed in metallurgy__..._.........-....-__.._._______................. 47,396 35 , 969 = 

Total. __.---2--- ee 2,469 , 551 1,181,895 = 
——————— oO 

Minerals, nonmetallic (crude): . . = 
. rj 271 Fertilizers, crude__.--_-..-----------------e eee 3,139 . 67,424 a 278 Stone, sand and gravel____________-_ ee eee eee, 17,609 13 , 402 274 Sulfur and unroasted iron pyrites__..___-..--__---------.---------- eee eee eee 26,8385 65 ,324 2 275 Natural abrasives (including industrial diamonds)_......_..........--..--.__-.--.----.--_-.-_.-_...._.-..._..... 56 , 897 22 ,240 = 276 Other crude minerals. _- ----------------- +--+ - +--+ 2-2-2 ono ene nn enn nn eee 129 ,929 68,5381 Z 

A a a 234,409 236 ,921 e 
Minerals, nonmetallic (manufactured): , | 2 661 Lime, cement, and fabricated building materials except glass and clay materials_____._______.._...__._._....___... 37,117 12 , 864 2 662 Clay, construction materials, and refractory materials__.........._..._...._...-_.._._...__.__........._........ 33 , 790 51,097 ty 663 Mineral manufactures, not elsewhere specified__......_......_._.._-------_--_--__.___.-.._.____........... 0. 16 , 566 60,280 q 

Total... 87,473 124,24. : 
eee = jt Grand total_---.--.-.------- 2-2-2 eee eee 3,939,618 2,275,467 be ——_--—__--  _ _——-— oe .————— eee eee eee, 

1 Data in this table are for the indicated SITC numbers only and, therefore, may not correspond to the figures classified by commodity in the “Statis- tical Summary” chapter of this volume. 7 . 
Source: U.S. Department of Commerce, Bureau of the Census. United States Imports of Merchandise for Consumption, FT 125, December 1965, table 1. United States Exports, FT 410, December 1965, table 1. . . 

| | : | nN 
. ~]
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Table 35.—Bureau of Mines obligations for investigations were either those which pre- 

mining and mineral research and development liminary research indicated a high proba- 

, (Thousands) | _ bility of success or those which would con- | 

Co Fiscal Applied Basie Develop- tribute most directly to alleviating the 

year research research ment Total § social and economic problems caused by 

1962_.__.. $16,210 $4,045 $6,715 $26,970 Solid waste accumulation. | 

i oon HE ORE SS rante 26-—Durean of Mines obligation -19641__... 18, by , 36.—Bureau of Mines obligation for 
19641 ----- 18908 4'Bs 318 a7'206 «Fable 36-—Burean ei 
1966e!_.._ 21,675 4,630 4,006 30,311 total research, by field of science 

oo ee (Thousands) : 
e Estimate. | | NS 
1 Data not strictly comparable with those for Fiscal years 

previous years because definitions of research ——— 

and development were changed. 1964 r 1965 e 1966 | 

oo, Engineering sciences.. $15,141 $15,702 $17,410 
Additional funds were received in fiscal Physical sciences 7,108 7, 558 7,994 

1966 from a new appropriation for re- athematical sciences Eee 

search on solid-waste disposal problems. Total research. 23,043 24,088 26,305 

The projects selected for concentrated r Revised. © Estimate. 

Table 37.—Federal obligated funds for metallurgy and material research 

— (Thousands) . | 

a . Fiscal year 1965 . _. Fiscal year 1966 e 

- ' Federal agency Basic Applied Total Basic Applied Total | 
research research ‘research research research research 
a 

Department of Defense____...------- $15,566 $72,907 $88,473 $17,862 $78 ,573 $96 ,435 

Atomic Energy Commission _ - - --~---- 10,844 13 ,936 24,780 11,338 18 ,222 24,560 

National Aeronautics and Space Admin- | . 
istration.___..-.-.-.-------------- 13 ,361 3,572 16 ,933 13 ,416 3,459 16,875 

Bureau of Mines___..-.------------- > _.. 5,847 5,847 _-- 6,195 6,195 

oe National Science Foundation___-.----- 1,728 a 1,728 2,260 _-- 2,260 

- Department of Agriculture___.-..---- 238 1,619 1,857 290 1,789 2,079 

Department of Commerce___-.------- 755 224 979 798 237 1,035— 

Other_.._...----------------------- 425 76 501 609 157 766 

Total__...---.---------------- 42,917 97,681 140,598 46,573 103 , 632 150 ,205 
Messe ecs OE 

e Estimate. | . 

Source: National Science Foundation. | | 

LEGISLATION AND GOVERNMENT PROGRAMS 

Defense Production Act (DPA).A—The De- the silver objective would be fulfilled by 

fense Production Act was extended for 2  earmarking the objective amount in the 

| years from June 30, 1964, to June 30, 1966. Treasury stocks. OEP has made available 

By December 31, 1965, $2,119.4 million of to the Treasury excess stockpile materials 

the total $2,208.5 million borrowing au- that could be substituted for silver in the 

thority had been spent; this left $89.1 mil- subsidiary coinage program. The total 

lion available for new purchases. Some of stockpile objective is $4.0 billion; $3.7 bil- 

this $89.1 million had been previously allo- lion of this total had been achieved as of 

cated but not spent. December 31, 1965. 
e e es 5—— . 

National (Strategic) Stockpile Program. OEP prepared new basic data on crude 
The Office of Emergency Planning (OEP) . 

tinued th 1 . ts stud fused aluminum oxide and on three grades 

foe vel € sup P " reconetructi °F The of bauxite: abrasive, chemical, and refrac- 

or nuciear war and reconstruction. ae tory. At yearend, these data were awaiting 
results of this study will provide a basis for 

initiating action toward the subsequent de- 4 Executive Office of the President, Office of 

velopment of nuclear war stockpile objec- Emergency Planning and General Services Ad- 
tives. OEP for the first time established a ministration. Report on Borrowing Authority. 

7 oo . June 30, 1965, 78 pp. . 

stockpile objective for silver of 165 million 5 Executive Office of the President, Office of 

fine troy ounces based upon needs for a Emergency Planning. Stockpile Report to the 

conventional war. OEP determined that pecomber pe ee 1965, 21 pp. and July—
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| review by the Interdepartmental Materials certain prices down, the Government made 
Advisory Committee. a substantial profit on many of the dispo- 

On October 28, 1965, the Director of the sals. Total stockpile disposal of mineral 

Office of Emergency Planning issued Emer- Commodities during 1965 was $607 million, 

gency Defense Mobilization order 8600.1, of which $21 million came from the Atom- 
_ “Pyovision for the Release of Strategic Ma- ic Energy Commission, $64 million from 

terials From National Stockpile and De- the DPA inventory, and $522 million from 
fense Production Act Inventories by the the national stockpile. 

- Office of Emergency Planning Regional Di- Barter Program.6—The Commodity Credit 

rectors in the Event of Enemy Attack Corporation (CCC) was inactive in the 
Upon the United States. early part of 1965; consequently, only 3 

On December 31, 1965, the strategic ma- barter contracts for strategic mineral mate- 
terials held in all government inventories rials were negotiated. These amounted to 
amounted to $8.0 billion at acquisition cost $6.9 million and were for palladium.and ° 
and $7.8 billion at estimated market value. iodine only. Although refractory grade 
Of this total, $5.3 billion at cost was in the chromite was the only material acceptable 
national stockpile, $1.4 billion in the for barter offer in 1965, special invitations 

supplemental stockpile, and $1.3 billion in were extended for other strategic mineral 
the Defense Production Act (DPA) inven- materials. — 
tory. Of the total materials in government Office of Minerals Exploration (OME).’— 

inventories, $4.7 billion at cost and $4.1 E . . 
eas . . xploration for new domestic sources of es- 

billion at estimated market value are con- . . wes . 
. . . sential mineral commodities continued to 

sidered to be in excess of conventional war b . 
. . e encouraged by government assistance. 

stockpile objectives. Over 79 percent of the Th . . 
. . e OME program was still dominated by 

market value of the total excess is made up . . 
. . . gold and silver exploration grants. At year- 

of 11 materials: aluminum, metallurgical . . 
de ch t balt. industrial diamond end 42 contracts representing a maximum 

ee © lend. “ call cals , d ‘a government participation of $3.4 million 
Stones, ok 1 vubh an e a «t aan - were in force. Of the contracts, 18 were for 
nese, nickel, Tuber, tn, tungsten, an silver, 15 for gold, 4 for mercury, and 1 
ZINC. : | each for cobalt, nickel, copper, iron ore, 

During 1965 large quantities of copper, and molybdenum. 
- tin, nickel, zinc, aluminum, lead, molybde- = ———_______ 

i - ® Executive Office of the President, Office of 
num, magn esium, and tungsten = concen Emergency Planning. Stockpile Report to the 
trates were disposed of. Gongress. January—J une 19665, 21 PP.» and J uly 

‘ oo ecember 1965, 28 pp. U.S. epartment o 
Copper, lead, and aluminum were in Agriculture. Foreign Agricultural Service. Office 

short supply and large stockpile releases of of Barter and Stockpile. Published record._ ' 
sas : oe epartment o e interior, ce oO 

these commodities helped fo satisfy de- winerals Exploration. 14th annual report, June 
mand and to stabilize prices. Although 30, 1965, 9 pp. Also unpublished December 31, 
government sales had a tendency to hold 1365, data from the Office of Minerals Explora- 

WORLD REVIEW 

World Economy.—Although the world The United Nations index of world met- 
cconomy in 1965 continued to grow, it was al mining production increased 5.4 percent 
characterized by a decline in the rate of over that of 1964. However, the rate of 
growth. The economy of the United States, growth declined in all geographical group- 
unique among the principal industrial ings with the exception of Asia which ex- 
countries, continued to expand at an accel-__perienced a gain of 12.4 percent compared 
crated rate. with 3.8 percent in 1964. In Latin America 

World Production.—Free world produc- the growth rate fell to 2.4 percent in 1965, 

tion of principal metals and minerals con- from 5.0 percent in 1964. The rates of 
tinued to increase in 1965. The percentage 8rowth declined less noticeably in Europe, 
of U.S. production plus imports of world Canada, and the United States. 
production increased slightly and the es- The United Nations index of basic metal 
tablished historical production-import rela- industries increased 6.5 percent, considera- 
tionships were not materially altered. bly less than the 13.2-percent increase in
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Table 38.—U.S. Government stockpile disposal of min eral commodities, 1965 

. -  §ales commitments 
Commodity RR 

Quantity Sales value 
Cn nnn OnEEnSUINEU 

. National stockpile inventory: . 

Antimony____..-----------------------------------short tons_ 1,116 $921 ,289 

Cadmium ____._.-_---_------------------------------pounds_ 200 610 

Copper._..._.-.----------------------------------short tons_ 383 , 872 292 ,915,937 

Copper and copper base alloys__-------------------------d0-_-- 165 132 ,052 

Cupronickel ingots. __-_.-.---------------------------pounds. 732 ,000 297 , 286 

. Lead_.___._-_-__.-_--------------------------------Sshort tons_ 36,218 11,341,724 

Lead castings____..__--------------------------------pounds_ 46 ,800 6,520 

Magnesium ingots__.._...--------------------------short tons_ 2,650 1,662,891 

Mica, punch______-..--------------------------------pounds_ 220 ,230 9 ,470 

Molybdenum__._-».-----------------------------------do~-~ 3,019 , 783 6,121,664 
Nickel oxide powder___..-------------------------------d0o--. 1,014,191 , 750 ,381 
Nickel, various forms_1___------------------------------do--_ 78 ,669 , 736 60,166 ,942 
Quartz erystals_______..-------------------------------d0_-_ 20 , 432 33 ,521 
Silicon carbide_..._...-_---------------------------short tons. _ —s«sBG = 4,032 
Talc, steatite, block and lump_-_-.-_-----------------------do--- — 1 2,656 
Tantalum (nonspecified form) _ __----------------------pounds. _ 25,664 222,716 
Tin_.......---------------------------------------long tons_ 21,765 83 ,248 ,600 

Zine_.._----------------------------------------~--Short tons_ ‘211 , 453 63 , 862 ,381 

Zine engraving plates___..-...------------------------pounds_ 221,087 . 833,619 

Zireonium ores, baddeleyite___.__--.------------short dry tons_ 15 600 

Total national stockpile. ----------------------------------- ------- 521,734,891 

Defense Production Act (DPA) inventory: 
Aluminum____.__-.__--__-.-------------------------short tons_ 55,256 27,274,107 
Asbestos, chrysotile....__..-.--.------------------------d0---_ 6 937 
Bismuth, metal_____....-_.-----.---------------------pounds_ 22,901 91,601 

: Copper__.-.--------------------------------------short tons_ 29 , 543 + 20,423 ,825 

Nickel_.__.___.__-----------------------------------pounds_ 7,739 ,269 5,883 ,401 

_ Niekel, cathodes____.___.._--.-------------------------do--- 4,897,098 3,673 ,518 
Nickel, ferro...._._-.-_.-.-------------------------+------do-_-.- 4,800 ,428 3,620,706 
Rare-earth-bearing materials___....._-----------short wet tons_ 3,010 738 , O13 
Tungsten concentrates - --.----------------------------------- 1,010,196 2,166, 742 

‘Total DPA__....----------------------------------------- eee 63,872,850 

Atomic Energy Commission (AEC) inventory: — . | 
Mercury____-__--------------------------------------flasks. 29 , 751 - 15,509,780 
Vanadium pentoxide____.--.-------short tons vanadium content _. 1,281 5,656,113 

Total AEC_______.__-______.------------------------+---- eonnnee 21,165,893 

Grand total.___...-__-_-_---_----------------------------- eaeeeee 606 , 773 , 634 

Source: Office of Emergency Planning. Stockpile Report to the Congress, January-June 1965, 
p. 9, and July-December 1965, p. 9. 

Table 39.—Summary of government inventories of strategic and critical materials, 

December 31, 1965 . 

a 
Million Acquisition Market! .- 

short tons cost value 

i 

Total inventories: 
National stockpile...____.-...-------------------- 25.4 $5,284,882,400 $5,641,998,800 
Supplemental stockpile.___.-.-------------------- 17.8 1,403,044,300 1,317 ,351 , 800 
Defense Production Act___..__.----.------------- 6.5 1,340,915,200 840 , 764 , 600 
Commodity Credit Corporation__---_------------- wl 4,026 ,500 3,893 , 500 

Total on hand______--____-______------------------- 49.8 8,032,868 ,400 7,804,008, 700 
On order____.-------------------------------------- 2 37,990 ,000 39 , 430,900 
Inventories within objective: Total on hand_-_.._-------- 27.4 3,327,527,600 3,666 , 492,100 
Inventories excess to objectives: Total on hand_-------- 22.4 4,705,340,800 4,137,516 ,600 
a 

1 Market values are computed from prices at which similar materials are being traded currently; 
or, in the absence of current trading, an estimate of the price which would prevail in commercial 
markets. The market values are generally unadjusted for normal premiums and discounts relating 
to contained qualities, so that market values are understated for materials such as metal grade 
bauxite to the extent that the inventories are of premium quality. The market values do not 
necessarily reflect the amount that would be realized at time of sale. 

Source: Executive Office of the President, Office of Emergency Planning. Stockpile Report to 
the Congress. July-December 1965, p. 2.
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Table 40.—Indexes of world production of metal mining, basic metals, | 

and nonmetallic mineral products 
: (1958=100) : 

Canada Asia: East 
Year Free and the Latin and . Europe? 

. world! United States America? Southeast * 

METAL MINING 

1961___..-------------------------- 119 114 116 F131 114 
1962____.-------------------------- 122 115 117 134 r112 
1963__.__--------------------------- t 123 114 r119 132 106 
1964__..-..------------------------ 129 121 125 137 113 
1965: P 

First quarter__.____-.----------- 130 115 128 140 122 
Second quarter___.______..._---- 139 133 131 155 123 

_ Third quarter___...__.-.---.---- 142 138 132 165 110 
Fourth quarter _____..-___-.--- 135 121 ~ 123 156 124 

Annual average _._-_..-.-.-__ 136 127 128 . 154 120 

BASIC METAL INDUSTRIES . 

. 1961____._------------------------- 124 114 . ‘127 202 r 126 
1962_-..--.---------_-------------- T 128 121 r134 r 209 r124 
1968__._.-.--------------------.---- 7136 130 . 140 — 8235 " § 128 
1964_____..-.-.----_--------------- 154 149 155 278 142 
1965: P | 

First quarter____....-.-.-.------ 168 166 154 282 154 
Second quarter_._._.-.....------ 170 170 152 288 155 
Third quarter____...-.._._.------ 158 154 150 281 145 
Fourth quarter ___.-_.-_-.----- 158 143 165 288 158 

Annual average_____..-_------ 164 158 155 285 153 

NONMETALLIC MINERAL PRODUCTS INDUSTRIES | 

1961__-_-.-------------------------- 121 114 115 8157 126° 
1962___.----_-_-------------------- 128 119 r121 173 135 
1968____--.------------------------ 7135 126 123 187 ™140 
1964.__....--.------.-------------- 148 135 136 212 157 
1965: P . . 

First quarter___._....--.-------_ 138 124 — 131 214 143 
Second quarter._...-....-------- 155 146 139 | 220 169 
Third quarter_.......----------- 163 155 146 226 168 
Fourth quarter ___....-.--.-.-- 159 148 144 232 164 

Annual average __.....-.----- 154 143 140 223 161 

P Preliminary. r Revised. . | 
1 Excluding Albania, Bulgaria, China (mainland), Czechoslovakia, Eastern Germany, Hungary, 

Mongolia, North Korea, Poland, Rumania, the U.S.S.R., and North Viet-Nam. | 
2 Central and South America and the Caribbean Islands. 
3 Afghanistan, Brunei, Burma, Ceylon, China (Taiwan), Hong Kong, India, Indonesia, Iran, 

Japan, Republic of Korea, Malaysia (excluding Sabah), Pakistan, Philippines, Singapore, Thailand, 
and The Republic of Viet-Nam. . 

: 4Excluding Albania, Bulgaria, Czechoslovakia, Eastern Germany, Hungary, Poland, Rumania, 
and the U.S.S.R. . 

Source: United Nations Monthly Bulletin of Statistics. V. 20, May 1966, pp. X—XIX. 

1964. The United Nations world index of with Japan and the United States account- 
nonmetallic mineral product industries in- ing for most of the increase. 
creased 4 percent in 1965 compared with World Stocks.—Movements in the volume 
10 percent in 1964. of world stocks of major nonferrous metals 
World Consumption.—World consumption varied. Aluminum and tin stocks declined 

of most major nonferrous metals increased while copper, lead, and zinc stocks in- 
in 1965, but again at a declining rate. Alu- creased. The decline in aluminum stocks 
minum consumption was an exception be- was primarily a result of higher US. de- 
cause the ll-percent gain made in 1965 mand and limited use of aluminum as a 
surpassed the 10-percent gain made in _ substitute for copper. Tin stocks were re- 
1964. This increased consumption was pri- duced as consumption continued to exceed 
marily a result of rising demand in the production. Tin consumption exceeds out- 
United States. The consumption of copper, put because many of the major producers, 
lead, and zinc expanded, but tin consump-_ especially in Indonesia and the Congo, 
tion decreased slightly. World pig iron pro- have not been able to overcome certain 
duction (a general indicator of iron ore technical and political problems which 
consumption) increased by 4.5 percent, hinder tin output. :
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Table 41.—Comparisons of world and United States production and U.S. imports of 

principal metals and minerals in 1965 

. Total U.S. Total U.S. 
World US. U.S. —s production production 

. production production imports and im- and im- 
(thousand (percent- (percent- ports (per- ports (per-_ 

Mineral short tons age of age of centage centage 
unless world world of world of world 

otherwise produc- produc- production production 
. stated) 6 tion) tion) 1965) 1964 ) 
eS 

Fuels: 
Coal______-___--____-.---------------- 3,089,465 17 (*) 17 17 
Petroleum (crude).__..thousand barrels. 11,063 ,154 26 8 34 35 

. Nonmetals: . 
' Asbestos____._.-_--.------------------ 3,570 3 20 23 24 
Cement 2______._...-_thousand barrels._ 2,544,723 15 (4) 15 16 
Diamonds__...-------thousand carats_. 35,513 -- -- 45 46 
Feldspar___..__..---_thousand long tons._ | 1,900. 33 () 33 32 
Fluorspar____...---------------------- -8,170 8 26 33 33 
Gypsum____-------------------------- 51,610 19 11 31 33 
Mica (including scrap).thousand pounds.. 435,000 55 6 61 60 
Nitrogen agricultural 23______...-.--.-- 18 ,200 27 8 35 37 

' Phosphate rock__--.thousand long tons-- 64,600 41 () 41 40 
Potash (K20 equivalent) __....----.---- 14,800 21 13 34 31 
Salt 2.____-_-_..----_------------.--- 118,590 29 2 31 31 
Sulfur, elemental___. thousand long tons_- 15,120 48 10 58 56 

Metallic ores and concentrates: 
Bauxite____......--thousand long tons_- 36 ,530 5 31 36 35 
Chromite.__..------------------------ 5,400 _- 13 13 14 
Copper (content of ore and concentrate) - -_ 5,600 . 24 (4) 24 24 ; 
Iron ore____..-...-thousand long tons... 605,637 15 7 22 22 
Lead (content of ore and concentrate)_.--- 2,975 10 4 14 15 
Mercury __.._thousand 76-pound flasks__ 275 7 6 13 22 

~ Molybdenum (content of ore and con- 
: centrate)__.__.._..-thousand pounds-_ 115,400 - 67 () 67. 69 

Nickel (content of ore and concentrate) _ _ - AT2 © 3 31 34 34 , 
Platinum group (Pt, Pd, etc.) a 

thousand troy ounces__ 2,960. 1 1 2 | 3 
Silver_._..........------.-------do.... 251,000 16 22 38 36 

' Titanium concentrates: 
Timenite 4____._.-.-.------------- 2,728 36 6 42 45 
Rutile 4. _____..------------------ - 243 WwW 63 WwW 56 

Tungsten concentrate (60 percent tung- , 
sten dioxide)____...._..- short tons- - 59,800 13 3 16. 17 

Vanadium (content of ore and concen- 
trate)__._._.._.......---- short tons__- 9,150 57 _- 57 57 

Zinc (content of ore and concentrate) _ _--- 4,750 13 8 21 20. 
Metals, smelter basis: 

Aluminum______.______-.---.--------- 7,415 37 8 45 45 
Copper__...s..--------.-------------- 6,020. 24 3 27 27 

. ' Tron, pig_-_._....--_--_--------------- 370,065 25 (4) 25 25 
Lead.__....__.-.--------------------- 2,905 14 8 22 24 
Magnesium____..........._short tons... 174,000 47 2 48 49 . 
Steel ingots and castings__.....__._-.---. 507,540 26 2 28 28 
Tin_________._..-_thousand long tons_- 194 2 21 22 20 
Uranium oxide (U30s) 4.....-short tons_ - 20 ,800 60 13 63 64 
Zine____._._-------------------+----- 4,240 23 4 27 27 

T Revised. P Preliminary. W Withheld to avoid disclosing company confidential data. 
1 Less than 14 unit. 
?Including Puerto Rico. 
3 Year ended June 30 of year stated (United Nations). 
4 World total exclusive of U.S.S.R. 

Che accumulation of copper stocks in patterns to shift is a result of new sources 
1965 was encouraged by the high demand _ of supply, erratic import supply, reduction 
in the industrial nations and the unstable of trade barriers, and administratively 

political conditions which prevailed in higher export prices. These higher prices 
some of the major producing countries. may cause the importing country to find 

World Trade.—Free world trade in 1965 new sources of supply, use a lower cost 
continued to increase, stimulated by de- substitute if possible, or attempt to recover 
mand for raw materials from the industrial more of the basic raw material from pri- 
countries, principally the United States. In mary or secondary domestic sources. 
addition to the growth of trade, there were World Prices.—The export price indexes 
indications of a shift in certain established of metal ores and total minerals increased 

patterns of trade. The tendency for these slightly and the primary commodities in-
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Table 42.—World consumption indexes of lent in several of the major producing 
| major nonferrous metals * countries. Copper prices increased consider- 

eh ably but aluminum, lead, and zinc prices 
Quantity index, 1961 = 100 . . . 

Commodity § —————__________—_ remained relatively stable. Iron ore prices 

: 1962 1963 1964 1965 were stabilized by increased production 
Aluminum ____. 112 125 138 153 emanating from new iron ore develop- 
Copper..-----_ 102 108 121 124. ments. 
Lead__._------ 104 108 117 119 . . 
Tin ...______- 101 102 106 105 Ocean Freight Rates—The United Na- 

Zinc..--------- 104 113 123 129 tions index of ocean freight rates increased 
1 Based upon consumption quantities found in 13 percent for general cargo, 16 percent for 

| source, excludes centrally planned countries.’ ores, and remained constant for fertilizers. 

Source: United Nations, Trade and Develop- oo, 
ment Board, Committee on Commodities. Prepa- Table 43.—World stocks of major nonferrous 
ration of a Summary of the Current Market ~ metals ? 
Situation in Selected Commodities. UNCTAD 
Commodity Survey 1966, May 26, 1966, pp. 44, 1 f Ind. _ 
46; May 27, 1966, TD 66-1182, p. 42 and TD 66- | a Volume 0 cous oe 100) 
1182, pp. 65, 90; May 31, 1966, p. 46. S063: | (previous year =100) . 

| ; | . - (short tons) 1964 1965 
dex, excluding nonferrous metals, declined..<§©<§ ————————_—___________LLlt.|__——_ 

* Aluminum ?____ 99,100 98 67 Releases and _ threats to release material Copper 2....... 52000 71 95 

from the U.S. stockpile had a depressing Lead 8 441 , 900 iB | 2 
* nage es in 3__ 0 , — effect on prices; however, these actions = ine 7-7-7" 4747000 7A 88 

were not sufficient to counteract the in- TT Te Ez j d t il 1 d tri 
: . . . 1Excludes centrally planned countries. creased demand and price for certain com 2 U.S, stocks only. 

modities. | 3 Not comparable with previous year. 

The United Nations price index of ex- | Source: united Nations qtade gnd Develop- 
. ment Board, Committee on Commodities. repa- 

ports of nonferrous base metals increased ration of a summary of the Current Market 

15 percent, reflecting a strong U.S. demand situation | in, Selected 6 Commodities. UNCTAD . 
. . ‘gees ommodity Survey ’ 66-— ’ ay ’ 
and the uncertain supply conditions preva- 196, p. 42 and TD 66-1195, May 31, 1966, p. 47. 

Table 44.—Price indexes of selected world exports 
— (1958100) 

Primary Total Metal Nonferrous 
Year commodities ! minerals 2 - ores base metals 

1961___________-_____-__--_-_---__---- 95 92 100 110 
1962_________-__ ee 94 — 92 99 109 
19638__.- 2 eee 100 92 96 110 : 
1964__________ LL eee 103 94 104 135 
1965: 

First quarter_.._.._...-.-.-------- 100 96 108 147 
Second quarter__.._._-.-.-.-----__ 100 96 112 157 
Third quarter._........----------- - 100 96 110 - 153 
Fourth quarter.__......----------- 100 96 111 163 

Annual average____._.---------- 100 96 110 155 

1 Does not include nonferrous metals. 
2 Includes fuels and metal ores. 

. Source: United Nations Monthly Bulletin of Statistics. March 1966, special table C, pt. 1-2. 

Table 45.—Indexes of ocean freight rates | 

(1958100) 

Trip charter freight-rate indexes ! 
Year ———_—_ 

General cargo Ore Fertilizers 

1961_..___-.-_-_-----.-.--.------ 118 103 105 
1962_.2...--.- eee 98 79 96 
19638___._._..- 2 eee 120 99 97 
1964_____ ee 124 102 108 
1965: 

First quarter_._......--.--.--_ 131 105 (?) 
Second quarter__.....-_..-.-_- 139 125 134 
Third quarter_..___..-_._-___- 145 122 137 
Fourth quarter__.____..______- 143 122 (2) 

Annual average________._-_- 140 118 108 

._ ' United Kingdom indexes based upon weighted average of quotations by all flags on routes 
important to United Kingdom tramp fleet in 1960. 

2 Rate not determined. 

Source: United Nations Monthly Bulletin of Statistics. March 1966, special table E, p. XXXII.





Revi Metallurgi hn eview of Metallurgical Technology 
| By Kenneth B. Higbie ! and Ralph C. Kirby * | | 

| Expenditures to advance scientific tech- effort in the United States and a very im- 
nology in general reached an alltime high pressive effort elsewhere in the world, 
in 1965 with some $22.2 billion estimated there is littlke wonder that many new 
to have been allocated by government and metallurgical developments were  an- 
industry. Federal Government expendi- nounced in the technical press during the 

_ tures were estimated at $15.4 billion, with year. No effort has been made to cover 
almost 90 percent of the funds devoted to all aspects of the industry, but a few of 

. programs involving defense, atomic energy, the developments are described in this 
and outer space efforts. With this massive chapter. | 7 mo 

ae Mineral Dressing | | | 

An expanding steel industry was one of | per pole pair, 40 percent solids, maximum 
the signs of a healthy economy during field, with 14-inch soft iron balls. It pro- 

| 1965. Although the reserves of iron min- duced concentrate analyzing 61.4 percent 
erals are considered to be sufficient to sup- iron and 8.0 percent insoluble, with an 
ply the present industry for many years, iron recovery of 70 percent. Further 

| extensive efforts continue to be made to studies are underway to determine if a 
expand the iron ore resources, as, for ex- flotation step following the magnetic sepa- 
ample, the nonmagnetic Mesabi taconite ration can further improve the purity of 
deposits. ‘These vast reserves of iron ore the product. 
are not being utilized by the Nation’s Information developed by the Chemical 
steel industry, because the technology for Engineering Department of the University 
concentrating the nonmagnetic portion into of North Dakota from research sponsored 
a suitable product has not yet been de- by Great Northern Railways Co. showed 
veloped. Magnetic roasting, followed by that lignite will satisfy both fuel and re- 
low-intensity magnetic separation, has ductant requirements in the reduction 
shown considerable promise, because the roasting of taconites.2 The residual car- | 

high iron recovery makes the ratio of con- bon and fly ash were reported to have 
centration of many of the oxidized ores created no problems. A traveling grate 
more favorable than that obtained from reduction roasting machine was employed 
magnetic taconite. However, the capital in the test studies. Taconite did not ex- 
and operating costs are high, and, in many _ hibit a tendency to clinker, the reduction 
cases, high-grade concentrate cannot be reactions were not slowed by slag forma- 
made without resorting to flotation of the tion, and there was a negligible quantity 
magnetic concentrate. Lawyer and Car- of unreacted carbon in the bed. The ther- 
penter reported a process employing a mal efficiency of the system with lignite 
high-intensity wet magnetic separator.2 was as high as with natural gas. 
Ore from the Lower Cherty horizon of the TS aclalturei . 
taconite formation in Minnesota was Metaltaron uraist, Office of the Director of 
ground to 92 percent minus 150 mesh and, wer aren, James E., and J. Hall Carpenter. 
after the usual dry magnetic separation to et Magnetic Separation of Oxidized Semitac- 
remove a 1 percent magnet product, was on 36-91 Hng., v. 17, No. 9, September 1966, 
fed to the high-intensity wet magnetic * Gleason, D. S., and D. E. Severson. Lignite | 
separator that operated at 1 ton per hour  $wsifestion for Reduction Roasting of Tasonites 

35
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Two processes have been tested for the equipment corrosion reduced; overall oper- 
recovery of iron minerals from the plant ation simplified leading to a limited 
tailings of the Iron Ore Co. of Canada’s amount of automation; and the general 
plant at Labrador City, Newfoundland. costs of the total process not increased ma-. 
The first is a magnetic separation technique _ terially. Ce 
in which the magnetics are removed on a ‘The results of laboratory efforts to re- 
cobber drum and cleaned on.a rougher cover-molybdenum from sulfide and oxide 
drum. This product, after regrind and ores found in the vicinity of Questa, N. 

-3-stage finisher drum treatment, has been Mex. were reported.5 Sodium _ chlorate- 
upgraded to a 68 percent iron concentrate. sulfuric acid solutions were found to have 
The second, a flotation technique, involved advantages over other reagents. Leaching 
desliming the tailing and thickening to is rapid and efficient, the dissolved molyb- 
65 percent solids. The reagentized pulp denum can be recovered by ion exchange 
is treated in an alkaline circuit, using or solvent extraction, and the chlorate 
sodium hydroxide for pH control. After regenerated. Bacterial oxidation of molyb- 

carbonates are floated from silica and iron denite employing Thiobacillus thiooxidans 
in the alkaline circuit, flotation in an acid and _ other bacterial strains -were also 
circuit recovers a 66 percent iron concen- investigated. 
trate. | | . Pilot plant tests of a Bureau of Mines — 

Although the Magma Copper Co. in- segregation process for recovering copper | 
stalled a molybdenite recovery circuit in from low-grade complex ores were ini- | 
its San Manuel, Ariz., copper plant over tiated at Colorado School of Mines Re- | 
2 years ago, details of the process were not search Foundation under joint sponsor- 
revealed until this year. About 35,000 ship of the Mauritanian Government and : 

| | tons of ore, containing 0.85 percent copper U.-S., Canadian, and French mining inter- 
and 0.025 percent molybdenite are treat- ests. The tests are being made to obtain 

_ ed daily. Flotation of the ore, ground to design data for a projected $16 million 
5 percent plus 65 mesh and 65 percent plant to be built in the Republic of Mauri- 
minus 200 mesh, produces a copper con- tania. The direct-firing process is de- 
centrate which contains between 0.8 to 1.0 signed to recover copper and associated — 
percent molybdenite. This is thickened metals from oxide and sulfide minerals 
to 40 percent solids and sent to the molyb- that cannot be processed conventionally. 
denite plant for separation of the molyb- Lean ores containing 95 percent or more 
denite. Briefly, the process consists of of quartzite, limestone, sandstone, or limo- 
five basic steps: (1) Conditioning of the nite rock are crushed and mixed with salt 
copper concentrate with hydrogen perox- and coke. The crushed ores are heated 
ide, sulfuric acid, sodium cyanide, and _ for one half hour at 830°C in a reducing 
zinc sulfate; (2) a 2-stage rougher flota- atmosphere, during which time the oxides 
tion step utilizing stove oil, sodium fer- and sulfides are reduced to metal which 
rocyanide, and methyl isobutyl carbinol as segregates into thin metal particles. The 
reagents; the tailings of this step go to the metal can be recovered by conventional 
copper concentrate thickener for subse- flotation techniques. 
quent copper recovery; (3) the reagent in Mica is being produced in the western 
the first stage cleaning step is sodium United States by a fatty acid cationic- | 
ferrocyanide; (4) in the next cleaning anionic flotation process developed by the 
step sodium hypochlorite and potassium Bureau of Mines.6 The first commercial 
ferrocyanide are employed; and (5) in the plant on the West Coast, located in Mari- 
final cleaning circuit Exfoam 636 and  posa County, Calif., treats about 150 tons 

potassium ferrocyanide are the reagents. per day of mica-bearing schist. Until now, 
The molybdenite concentrate, containing the principal commercial sources of do- 
over 92.5 percent molybdenite and approx- a Burke, Harry K., and Joseph F. Shirley. 

imately 1 percent copper, is pumped to an Manuel’s New Process for Molybdenite 
the gold plant for cyanide leaching. Re- Recovery. Min. Eng., v. 17, No. 3, March 1965, 

ported advantages over the older sodium 7% Bharpu, R. B., D. H. Reynolds, and R. J. 

Continuous operation much more readily ma,oxide,OFen. 4, Metal ve 17, No. 33, No 
obtainable; effective flotation capacity of So Browning, JS. and P. E. Bennett Flota- 
the existing plant increased by 25 percent; tion eens 196e, nce Ore. BuMines Rept.
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mestic mica have been several mica-bear- Specific examples were cited in the ana- 
ing pegmatite deposits in the East. lysis of two pelatite concentrates. _ How- 

The world population explosion requires ever, it was indicated that ae fechmaue, 
, . aye - a ] veloped, cou e employe 
expansion of the fertilizer industry to sup- s Plenuf y ce ° > h: P 1 
ort increased food production. The phos- fo identity mineral constituents aving a* 

phate and potash industries of this coun most identical Gensities, ad fo a » article 
a f 5.0, and whose particle 

try for several years have been steadily density © Wt as. 10 microns PE ther 

ore aor emt a Phe ohosohate me dustry, organic or eavy ve or Clerici solu- 
. . . - 2 tions may be used. 

lower grade materials are being mined . . 
and acidulated by one company as a A newly developed technique which ap- . - : pears to be gaining more acceptance is 
Neveloved by whe Reneficiation techniques that of the column flotation machine. De- 

toe . . " veloped by Pierre Boutin, the device has addition, the industry will soon be able to heer ted. by Iron Ore. Co. of Canada 
treat off-grade phosphate shale that has and is undergoing further testing at Ope- 
been mined and stockpiled in anticipation miska Copper Mines. Basically, the de- 
of its eventual use. The new process in- . woe 1 . ° 
volves roasting the ore to remove organic sign Consists of a tall cylinder about 30 
carbon, attrition scrubbing sizing, and cet igh, with concitioned feed Soe The Lae : ? or about 6 feet from the overflow lip. e 
ang eH hich about pat rents air diffuser is near the column bottom and | | 
foe i dulation The fines enom the ore. slightly above the discharge point. Small 

ceding operations are deslimed and treat- Dubbles ed up thorugh the Gescend. . ing pulp and encounter a downwar ed by flotation to recover 25 percent of . . 
the ohosphate in the starting Shale as a ey am of wash va admit ted arent? } . elow the overflow line. .The flotation product comparable in grade to that used chemistry is the same in either froth or : 
as electric furnace feed to make elemental column flotation. However, the reagent . : | . ; 
phosphorus. new eee nesta appre. requirements are apparently drastically re- 
mately double the total reserves of west- duced in column flotation. Crest Explora- | 

h hate tock tion, Ltd., found that only 0.25 pound ~ 
em Pphospiate rock. : per ton of fatty acid and 0.375 pound | 

The use of heavy liquid density gra- per ton of AC 825 were required to float 
dients for the quantitative mineral analysis _ their iron minerals in the column, whereas / 
of rocks, ores, slags, and ceramic materials in the standard flotation cells, 1.0 and 1.5 
was described by Muller and Burton? pounds per ton respectively were required. 

Hydrometallurgy 

| The use of cyanides in the extractive which is recoverable by air, steam, or inert 
metallurgy of copper has led to a new’ gas stripping at ambient or higher tem- 
laboratory technique for the recovery of peratures. | , | 
copper from both sulfide and oxide copper- Kennecott epee Corp. patented an 
bearing minerals.8 Initially the ground 2PParatus and process for precipitating 
ore is leached in alkaline cyanide solutions wh a from hugh'y lute acidic solutions 

| at atmospheric temperatures and pressures. ond as ae’ vans hee copper ated 
A cyanide ratio of 3.0 grams NaCN equiv- ih, Mean t * as Scon percolate 
alent per gram of contained copper ex- rough waste dumps. Sponge or pow- tracted 81.6 percent of the copper in chal- dered iron is employed as the cementation 
cocite and 94.2 percent of the copper in 7 Muller, L. D., and C. J. Burton. The Heavy 
malachite in 15 minutes. Recovery of the Liquid Density Gradient and Its Applications in dissolved hi db dditi Ore Dressing Mineralogy. 31st Technical Ses- 
issolved copper was achieved by addition sion of the Eighth Commonwealth Mining and 

of sulfuric acid and sodium sulfide or tae lureical Congress, Melbourne, Australia, 
sodium bisulfide to precipitate copper sul- 8 Lower, George W., and Robert E. Booth. 
fide. On acidification of the pregnant so- Recovery of 1 Neos saidation. sean Eng., 
lutions in the precipitation step, the free i . Back, Alexander E., Kenneth E. Fisher, and 
cyanide i i ohn Kocherhans. Process and Apparatus for 
on - and the cyanide ‘a: the ve nid the Precipitation of Copper From Dilute Acid plex are converted to hydrocyanic aci Solutions. U.S. Pat. 3,154,411, March 20, 1962.
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agent. The process is carried out on a dissolves oxides, attacking the parent metal 
semicontinuous basis, in a conical shaped at a much slower rate. Sulfuric acid, on 
vessel. The dilute copper-bearing solution the other hand, reacts only slowly with the _ 
is fed into the bottom apex of the cone’ oxide but attacks the parent metal, gen- 
and allowed to rise to the top, while the erating hydrogen which causes the oxide 
finely divided iron powder settles through layer to pop off. This difference makes 

| it. Thus, the solution reaching the top or the under and over pickling inherent in 
wide portion of the inverted cone is flow- sulfuric acid treatment unlikely in a hy- 
ing relatively slowly and is barren of drochloric line. In addition, the hydro- 

| copper. This solution overflows the top  chloric acid treatment will remove more 
of the cone and is sent to waste. The easily rolled-in scale. Many efforts now 
cemented copper particles are removed at appear to be under-way to convert pickling 
the bottom of the cone and sent as a_ lines from sulfuric acid to hydrochloric 
slurry to filtration for recovery of copper. acid media. | 

A contact sulfuric acid plant was simu- A sulfation roast process for recovering 
) lated on a digital computer in a study nickel and cobalt from laterite ores in 

for fourth year chemical engineering stu- Australia was described.12 The complex 
| dents at McMaster University, Hamilton, ineralogy of the laterite has made it 

Ontario. The study of the 315 tons per impossible to concentrate them by conven- 
day plant operated by Canadian Indus- tional mineral dressing processes. The ore 

| tries, Ltd., proved the applicability of the wags first ground to minus 100 mesh and 

PACER (Process Assembly Case Evalua- then mixed with concentrated sulfuric acid 
tion Routine) executive program to simu- (30 percent acid by weight of dry ore); 

lation. Experience gained enabled im- the moist solids were dried at 400° to 
| provement in the program, so that future 500° C by direct firing and then roasted 

plans call for use of PACER in the design in indirectly fired furnaces at a tempera- 
of a larger plant.10 ~ es ture of 650° to 700° C. During this 

A new Process employing cation ex- roasting, a.selective sulfation of the nickel, 
| | change resins for treating waste sulfuric cobalt, and manganese is accomplished. 

. acid pickle liquor from the steel industry The roasted product is discharged directly 
was announced by Crucible Steel Co. The into agitated quench tanks and water 
resins remove the iron and regenerate the jeached for 4 to 1 hour at 70° to 80° CG. 

sulfuric acid. The iron is recovered from After filtration, the clear leach liquor hav- 
: the resin as an iron nitrate solution, which ing a pH of about 2 and containing 5 to 6 

1S processed in an autoclave at above 350° grams per liter nickel, 0.5 grams per liter 
| F with oxygen to precipitate iron oxide cobalt, and 5 to 10 grams per liter iron is 

powder. Unlike other ion exchange proc- treated with hydrogen sulfide at 120° C 
— esses which merely substituted a self-cre- ynder 30 to 35 pounds per square inch 

ated acid solution disposal problem for gage. At the increased pressure, the hydro- 
the one generated by the original pickle gen sulfide is highly soluble thereby insur- 
liquor, the new process recovers for reuse ing complete precipitation of the valuable 
the nitric acid used to elute iron from metals. Only a very small amount of iron 

ion exchange resin. The oxide produced and none of the magnesium and manganese 
can be agglomerated for iron and steel is found in the precipitate. Nickel extrac- 
processes, reduced directly to iron powder, tions of 85 percent and cobalt extraction 
or used in pigments. — . of 90 percent were obtained. 
Operating details of the first industrial Wah Chang Corp. patented a process | 

facility employing hydrochloric acid for for the beneficiation of ilmenite to produce 
pickling steel strip rather than the stand- 4 rutile-like product of improved char- 
ard sulfuric acid were revealed.11 United acter that is reportedly particularly effec- 
States Steel Corp.’s plant at Gadsden, Ala., 
represents a combination of an Austrian 10 British Chemical Engineering. Computer 
process for hydrochloric acid tower pick- Simulation wt 3 Operating Chemical Plant. 
ling and an English process for the re- "11 Boole. David E "Hydrochloric “Acid. Pickling 
covery of hydrochloric acid pickle liquor. of Steel Strip. J. Metals, v. 17, No. 3, March 

The action of the hydrochloric acid in re- 1965, Dp. 228 2k . ; yckyi, N., J. I. Evans, and V. N. 
moving scale is exactly the opposite of the Mackiw. Preferential Sulfation of Nickel and 

action of sulfuric acid. Hydrochloric acid Sar TO6E ee nee: J. Metals, v. 17, No.
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tive, by reason of the minimization of The application of rare-earth phosphors | 
fines, as feed material for the fluidized bed in the color TV tube necessitated expand- 
chlorination process to produce titanium ed facilities and new processes for. extract- 
tetrachloride. The invention provides for ing europium and other family members 
a two-step leaching process in which the from their rare-earth minerals. Details of 
total hydrochloric acid values utilized do such a process released during the year was 
not exceed about a 20-percent excess over that employed by the Molybdenum Cor- 

: the stoichiometric amounts required for poration of America for the processing of 
dissolution of the undesired acid-soluble bastnaesite at Mountain Pass, Calif.14 The a 
nontitaniferous. values in the ores. The ore is concentrated by froth flotation from 

_ first leach consists of acid from the sec- an essentially barite, calcite tailing, and 
ond leach stage of a previous cycle plus it is acid leached to remove residual cal- 

_ additional fresh concentrated acid to pro- cium. The resulting concentrate, averag- 
vide 60 percent of the stoichiometric ing about 75 percent rare-earth oxides, is 
amount required to react with the iron the feed material for the rare-earth chlo- 
and other acid soluble values other than ride process employed at the company’s 
TiO2 in the ore. The second leach em- plant in York, Pa. Here it is digested in 
ploys fresh commercial grade hydrochloric hydrochloric acid at 200° F for 4 hours. 
acid for about 50 percent of the remaining After this period, the liquors are decanted 
iron and other acid soluble values other from the reaction mass, and the undis- 
than TiO2 in the once-leached product. solved solids subjected to a caustic metath- 
Both of the leaching steps proceed undera_ esis step to recover any undigested rare 
pressure of 30 to 35 pounds per square inch earths. The metathesis cake (rare-earth 
gage and with an operating temperature of hydroxide) is waterwashed and added to 

. about 105° to 110° C. Under these con- the original mother liquors, neutralizing 
ditions, each leaching step requires only the excess hydrochloric acid; the iron, | 
about 4 to 6 hours, and the resultant lead, and excess sulfate content are re- 
liquor contains 95 percent or more of the duced; and thorium is precipitated as 
iron values present in the original ilmenite. hydroxide. The final solution, after clari- 
The remaining solids assay over 90 percent _fication,. is evaporated, yielding a mixed 
TiO. and have essentially the same par-' rare-earth chloride product. Details per- | 
ticle size range as that of the starting taining td the specific extraction and sepa- 
ilmenite ore. | , ration of europium from the mixed rare- 

The use of ion exchange resins in the earth chlorides have not been released. 
cadmium recovery process employed at the A solvent extraction process was re- 
Cockle Creek Works of Sulphide Corp. ported to be the key to recovering berylli- 
Pty. Ltd., Sidney, New South Wales, Aus- um from minerals found on Topas Moun- 
tralia, resulted in a major increase in the tain, Utah. Laboratory and pilot plant 
recovery and purity of cadmium produced studies by The Brush Beryllium Co. pro- 
as a byproduct for the company’s lead- duced high-purity BeO from ore contain- 
zinc facility.18 A clarified sulfuric acid ing 0.5 to 1.5 percent of the oxide. In 
solution of hot gas electrostatic precipita- the new process, an organophosphate 
tor sludge is fed to a series of two columns chelating agent selectively ties up the 
containing Zeocarb 225 cation exchange beryllium. The clay is first crushed, and 
resin. Arsenic, also present in the pre- then 10 percent sulfuric acid is added. 
cipitator sludge and soluble in sulfuric The pH is kept at 0.5 to 1.5. The slurry 
acid, does not become attached to the is separated, with the beryllium-bearing 
resin since it is in anionic form. The solution fed into tanks where it is mixed 
loaded resins are washed free of cadmium with the organic phase containing the 
by a sodium chloride solution. The strip organophosphate. The organic phase then 
liquor is collected in neoprene rubber- flows into mixing tanks where it is agi- 
lined tanks, steam heated to 70° C, and tated with an alkaline solution which strips 
trommeled with zinc rods to precipitate Ss 
cadmium sponge. The sponge is collected 18 Baker, F. H., and J. G. Munro. Cadmium 
and melted under a caustic soda flux to Recovery by 10a5 change, 60. Metals, v. 17, 
produce a crude cadmium metal which is 4 Kruesi, Paul R., and George Duker. Pro- 
subsequently purified by distillation to a duction of Rare Earth Chloride From Bastnasite. 
marketable grad e metal. Jig etals, v. 17, No. 8, August 1965, pp. 847—
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the contained metal. The beryllium in and vanadium chlorides operated at 620° 
the alkaline stripping solution is precipi- C and at cathode current densities of 250 
tated, washed, and calcined by conven- to 400 amp per square foot. Hardness 
tional means to the oxide. _ 7 : values as low as Rockwell B 21 were 

A new technique for the recovery of achieved for the pure metal. Metal re- 
—_ palladium and platinum from gold elec- covery averaged slightly over 80 percent. 

trolyte that is said to eliminate many of Another’ electrolytic process described 
the drawbacks of the zinc dust cementa- was for the preparation of uranium and 

| tion process was developed and placed in rare-earth metals from their oxides.17 A 
operation by Canadian Copper Refiners, cell. was developed for the electrolytic re- 
Ltd.15 Discarded electrolyte from the gold duction of the metal oxide from an elec- 
recovery process is neutralized with caustic trolyte containing fluorides of lithium, | 
and oxalic acid added to precipitate the barium, and the desired metal. Oxide . 
slight gold content. After a series of solubility ranged from 2 to 4 percent in 
filtration steps, the resulting dark brown the fluoride melts used for electrolysis. — 
solution is heated with live steam to 180° Operating temperatures varied from 850° | 

: -F, and powdered sodium formate is slowly to 1,300° C depending upon the base 
added. When all the palladium and plat- metal. At this temperature, the product 
inum have precipitated, the solution turns was in the molten state and collected at 
clear white or green. The black precipi- the bottom of the cell. By careful design 
tate is collected, dried, and analyzed. It of the cell, the valuable product could be 
will average 87.5 percent palladium and tapped _ periodically, thereby avoiding 
8.0 platinum. : | shorting out of the electrodes by accumu- 

An electrolytic process for the refining lation of the product and permitting con- | 
of vanadium products containing as little tinuous operation of the cell. Cerium, 
as 80 percent vanadium was described by lanthanum, and uranium metals having 
the Bureau of Mines.16 Laboratory pro- purities in excess of 99.8 percent were 

| . duction tests were successful in preparing obtained. Oxygen impurity values as low 
ductile; 99.6 percent metal from a metal as 10 ppm were noted. The technique 
analyzing 90 percent purity. The molten was believed modifiable for preparation of 

_— salt electrolyte contained lithium posassium _ other reactive metals. 

| , | Pyrometallurgy 

Cost estimates on changing technology operating costs were very close; $53.14 
in the steel industry are now being pub- per ton against $53.02 per ton, respective- 
lished. An economic evaluation of dif- ly, on the basis of 160 ingot tons of steel 
ferent types of blast furnace burdens, based _per heat.19 The Kaldo process; developed 
on representative material cost figures and in Sweden by Professor Bo Kalling at the 
production results of tests and actual blast Domnarvet Works of Stora Kopparberg 
furnace operations, was presented at the Corp., was installed in the United States 
AIME 94th Annual Meeting and subse- for the first time at the Sharon Steel 
quently published.18 It was stated that Corp. Roemer Works in Farrell, Pa. The 
economics will dictate a continuation of _ LD process was developed in Switzerland 
the shift, already in progress, toward high- and. Austria several years after World War 
er and higher percentages of pellets in II. Rapid expansion of oxygen steelmak- 
blast furnace burdens; and that as capital _— H+ 
becomes available to build more pelletizing 15 Elkin, E, M., and P. W. Bennett. Palladium 
Capacity, the operations which produce on ee Meek OB ee oe 55S: - Metals, 

natural ors coarse ore, and sinter fines ; “i Sullivan, ir A Elgetrorefining Vanadium. 
will gradually be completely phased out of eS, Ve Ths NO. 2, danuary 1960, pp. 40—48. 
existence. Exceptions will be those mines and Henrie, a Metals lectrowinning Gare Ba rth 
which enjoy a preferred position due to Metals, v. 16, No. 12, December 1964, pp. 978— 

either high ore quality, low cost of mining, 18 Graff, Howard M., and Sidney C. Bouwer. 
or a favorable geographic location. Economics gt Raw Materials Preparation for 

Cost evaluations published on the Kaldo April 1965, pp. 389-394. etals, v. 17, No. 4, 
oxygen steel-making process and the LD Cost ema F rank iy . Oxygen ytgelmaking 
basic oxygen process indicated that their 17, No. 4. April 1966, pp. 372-379. etals, v.
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ing in the United States is taking place at manual operation. Use is on a round- 
the expense of two older processes, the  the-clock basis for guidance during the 
basic open hearth and the acid bessemer' refining period on carbon steel grades. 
process. Advantages and disadvantages of _ Eventually, after sufficient data has been 
the four processes were described by F. W. collected, it is believed that the computer 

- Dittman in preparing his evaluations. He could be employed effectively in schedul- 
points out the remarkable change which ing other operations and facilities at 
has taken place in steelmaking that has Coatesville. | 
had its toll upon the scrap metal industry. Changing steelmaking techniques were 
The Kaldo process employs about 44 per- reflected by the placing on stream of a 
cent scrap, whereas the LD process re- continuous degassing plant, capable of 

| quires less than 30 percent. Since his treating 1 ton of special steel per minute, 
cost calculations show that the two proc- at the Low Moor Alloy Steelworks, Ltd., 
esses are competitive under U.S. economic Bradford, England. In the continuous de- 
conditions today, other factors must be gassing process, steel is sucked from a 
considered in selecting one process over tundish into a preheated, refractory-lined 
the other; such as the kinds of steels to be vacuum vessel and discharged through a | 
made, ease of process control, and per- barometric seal into a second tundish. — 

. centage of scrap which should be utilized During preheating, glass is melted in the 
in the best overall economic interest of a tundish to form the seal. When preheat- 
given company. ing is complete, the chamber is evacuated. 

A computerized study of blast furnace As soon as the inlet tundish is full of 
operation and thermal control was reported metal, it is raised, breaking the steel rup- | 
at the 23rd Ironmaking Conference.29 ture disc on the inlet pipe. The molten 
Through the use of an IBM 1710 com- metal explodes into droplets as it is drawn 
puter, a dynamic model of the blast fur- into the vacuum chamber. When suffi- 
nace was first prepared which could be cient metal has been admitted to fill the 

used for continuous process control, pro- outlet pipe and form a shallow pool in 
duction control, and quality control of an the hearth, the seal on the outlet pipe is 
actual blast furnace. The model con- broken. The metal is discharged con- 
trolled the process by using heat balance, tinuously into the tundish until all the - 
quantitative analysis of top gas, tempera- available metal has been used. By this 
ture of top gas, and the measurement of technique 2.5-ton heats of high-chromium 
heat loss in lower furnace. Having de- steels were degassed with about 50 percent 
termined on a theoretical basis how the hydrogen removal at an operating pressure 
blast furnace should react under a given Of 1.6 to 10.0 torr. About 14 percent 
set of conditions, the model was tied into manganese was lost, with no significant 
two actual blast furnace operations: One Change in oxygen or nitrogen content. 
using 100 percent self-fluxing sinter and Conversion of old automobile and other | 
the other using a burden of ore and sinter. waste metal appliances into a reusable steel 
The results obtained from the test se- product was the objective of several pro- 
quence indicated that a Wu factor (the grams initiated by the Bureau of Mines. 
energy transmitted by the gas to the bur- One research effort involves the incinera- 
den at a temperature above 1,000° C, tion of scrap metal from autos, refrigera- 
after correction for thermal losses) could tors, and other consumer items at con- | 
be used as the basic indicator for qualita- trolled high temperatures to remove thin 
tive control of blast furnace operation. coatings and low melting point metals. 

Lukens Steel Co. revealed late in 1964 Once such metals as aluminum, magne- 
that it had installed an IBM 1710 com- sium, zinc, and copper are removed, the 
puter at its Coatesville, Pa., plant to con- remainder of the steel skeleton is melted 
trol the electric furnaces in the melt at higher temperatures in a second fur- 
shop.21_ The computer acts only as a data. nace. The metal is cast into ingots ready 

down period end the ene sand caui c 70 Staib, Claude, and Jean Michard. On-Line 
. ’ eC omputer Control for the Blast Furnace. Part 

ment is not fully automatic; the computer r J paictals, v5 Mt No. aay, 1965 _ pp. 33- 
simply tells the furnace operator what to 1965, pp. 165-170. 
do, based upon the various input data fed * Gloven, Daniel O. Computer Control for 
to the machine from both automatic and No age Nove aoe anne Oe v- 16, 

232-748 O-67—4
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for shipment to the reuser.. Initial labora- moval of gases contained in the metal prior 

tory tests are being expanded to pilot plant to pouring, (2) the rolling of the slabs 

scale to determine the factors which in- without cutting from the actual casting, 

fluence the rate at which the metal con- and (3) automation of the entire process. 

taminants can be removed. _ Various .techniques have been proposed 

In another phase of the concerted at- for degassing, both in the ladle prior to 
tack on the problem of ever-increasing addition to the casting unit and in a head 

| quantities of waste materials, the Bureau tank above the casting unit. One such 

of Mines found that scrap steel from old method uses a separate vacuum tank which 
auto bodies can be used to upgrade low- sucks up metal from a feed trough and 

| grade iron concentrates in a reduction then passes it to the casting unit. Selec- 

roasting processs. In the process, both the tion of off-machine ladle degassing or on- 
scrap metal and the iron content of non- machine continuous degassing will likely 
magnetic taconite ores are converted to depend upon the type of steel being cast. 
magnetic iron oxide which is easily re- The first curved-mold, continuous slab 
coverable in relatively pure form. Non- caster for stainless and alloy sheet to be 
ferrous impurities in the auto body scrap installed in North America was placed in 

| - are removed during the magnetic separa- operation at Atlas Steel Company’s plant | 
tion step, and unconverted scrap is re- at Tracy, Quebec, Canada. The machine 
moved by screening for recycle. The net is of the single strand curved-mold type, 
result is the total.conversion of the iron 34 feet high, and built to curve the strand 

, and steel in auto body scrap (a material to the horizontal on a 30-foot radius. In 
which is currently accumulating over the normal operation, steel is tapped from a 

: country in large, unsightly dumps) and  60-foot furnace to a 75-ton bottom pour- 
the iron oxide in the nonmagnetic taconite ing ladle and then fed to the machine 
(a material the country possesses in large which casts slabs up to 6 by 52 inches in 
quantities but which cannot now be eco- cross section, at a rate of 20 to 100 inches 

. nomically used) into a high-grade iron per minute. 
ore readily usable by industry. Pilot plant Another variety of continuous billet- 
studies are underway to develop sufficient casting unit was placed in operation at 
information to design and build a demon- Armco Steel Corp.’s Sand Springs, Okla., 
stration production facility. works. The new Demag-Mannesmann- 

Electroslag remelting has reportedly been. Bohler (DMB) casting units is a 6-strand 
_. adapted to the production melting of spe- ‘“‘bow” type with an arc of 48.5-foot radius. 

: cial steels and alloys by Firth Brown, Ltd., A 75-ton ladle feeds metal at 2,925° to 
of Sheffield, England. Electric current is 2,965° F to a tundish which simultaneous- 
passed through the slag layer which covers ly casts six separate strands 27%, 3, or 444 
the molten steel. The slag’s function is to inches square. | 
convert electrical energy into heat without Kermac Nuclear Fuels Corp. of New . 
arcing and to protect the molten metal. Mexico started operation of a rotary kiln 
The melting technique virtually eliminates plant near Bowman, N.D., to treat 225 
nonmetallic inclusions, and segregation is tons per day of raw lignite containing 0.42 
considerably less than in conventionally percent U;Os and 35 percent moisture to 
melted steel. The cleanliness of the metal produce 75 tons per day of dry ash con- 
produced approaches that of vacuum-re- taining 0.68 percent U;Os for conventional 
melted steel. processing at Kermac’s plant at Grants, 

Published information shows that 16 N.M. Other companies, including Union 
companies in the United States have au- Carbide Corp., have similar plants for ash- 
thorized, are constructing, or are operating ing uranium-bearing lignite in the Da- 
some type of continuous casting machine. kotas. The 1- to 2-foot seams of lignite 
Although continuous casting has been prac- are strip mined from under 30 to 70 feet 
ticed almost exclusively with small heats of overburden. Incoming ore is stockpiled 
of steel (5 to 30 tons), at least five of the at the plant, which operates all year; min- 
new American machines authorized or un- ing, which is on an 8-hour basis, is cur- 
der construction are designed to handle tailed in winter. In the process, raw, wet 
heats ranging from 180 to 300 tons. ore passes over a 5-inch grizzley into hop- 

The prime problem of continuous cast- pers that feed two double roll crushers, 
ing facing the industry are (1) the re- and then into one of the three 120-foot
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long by 7-foot diameter gas-fired kilns. and, in addition, a stream of argon or 
Most of the necessary heat is supplied by nitrogen is -added at the bottom of the 

. the burning lignite. The kilns are unlined filter bed. The upward sweep of the gas 
for the first 18 feet; and the rest is lined through the downward flowing metal per- 
with 4 inches of firebrick. The ore dries mits any atomic hydrogen dissolved in the 
in the first 25 feet, burns in the next 65 aluminum to diffuse into the inert gas, 
feet, and cools in the rest of the length. thereby reducing the hydrogen content of 
Additional air for burning the lignite en- the final filtered metal. Reductions in hy- 
ters through openings in the sides of the drogen content as high as 75 percent were 
firing hoods and is controlled by dampers reported for this process. 
on the outlets of the kiln exhaust fans. A unique hydrogen-fluorine flame reduc- 
Dust collectors are used in front of the tion process for obtaining refractory metal | 
fans, and the dust is added to the ash powders was described by investigators of 
product. Ash from the kilns is sized on the Oak Ridge Gaseous Diffusion Plant | 
vibrating screens. The product is minus 6 of Union Carbide Corp.24 By changing 
mesh; oversize can be recycled through the gas feed system so that tungsten hexa- | 
the kiln or crushed and rescreened. fluoride is introduced to a reduction zone 

Reynolds Metals Co. announced a freeze- with fluorine gas rather than hydrogen, 
purification process for producing super- the resulting metal powder is much finer 
pure aluminum metal from standard cell and pyrophoric in nature. Average crys- | 

_. grade metal without use of the normal _ tallite size determined by X-ray diffraction 
Hoopes 3-layer electrolytic refining cell.22 is 340 Angstroms, and the surface area is 
The process comprises continuous frac- about 12 square meters per gram when 
tional crystallization of a portion of a fluorine is present as the reduction gas. 
liquid aluminum stream during strong agi- | With one-third hydrogen mixed with fluo- 
tation near the surface of the growing rine, the resulting powders measure 447 
crystal, thereby producing a solidified alu- Angstroms and have a surface area of 7.4 
minum of substantially uniformly high square meters per gram. Although the re- 
purity. The slightly less pure portion of duction reaction. is highly exothermic, it 
the: molten stream is returned to the main is not self-sustaining, and continuous addi- 
metal supply. The degree of purification tion of fluorine is necessary. The average 
obtainable by freeze purification depends flame reactor product contains 300 to 500 | 
onthe ratio of the solubility of the par- parts per million of fluorine which can be 
ticular impurity in solid aluminum to its reduced to as low as 7 parts per million 
solubility in molten aluminum. Elements by static bed treatment with hydrogen. 
such as iron, slicon, copper, manganese, Molybdenum, tungsten-molybdenum, and 
zinc, and gallium are greatly reduced in tungsten-rhenium powders also have been 
the final metal ingot. . prepared by this technique. 

Removal of inclusions from molten metal Two new pyrite treating processes going 
prior to casting has been the objective of | into commercial use emphasize the produc- 
many researchers. The Aluminum Com- tion of an iron oxide product as well as 
pany of America described two laboratory sulfuric acid. The first, developed by 
techniques it has developed for improv- Dorr-Oliver, Inc., and Montecatini, Soc. 
ing the quality of molten aluminum alloys Generale per l’Industria Mineraria e Chim- 
before casting.23 The first, a melt filtra- ica for use at F ollonica, Italy, employs a 
tion process, involves passing molten metal _ fluidized solids roaster to decompose pyrite 

_ downward through a packed bed of Tabu- and yield sulfur dioxide which is converted 
lar Alumina. This is an impingement type to sulfuric acid. The iron oxide calcine 
filter; hence, the size of the particles re- from the fluid bed and the dust recovered 
moved from the metal are considerably from the gas stream are sent to a second 

smaller than the interstl Ces of the bed. No 22 Dewey, John L. Freeze-Purification Process indication as to the minimum size of par- Upgrades Aluminum Purity. J. Metals, v. 1%, 
ticles removed could be determined. The NGs Broweiee e yo an P. Dp. Hess. Filtering — second technique, called the Combination and_ Fluxing Processes for Aluminum Alloys. 
Filtration-Inert Gas Fluxing Process, is a q 6 Metals, v. 17, No. 2, February 1965, pp. 
means o removing inclusions and of “ ee Smiley, 8. H., D. C. _Brater, and H. L. 
ucing hydrogen content o e metal. aufman. Preparation 0 efractory eta 

The bed of Tabular Alumina is employed, rower CN. 6 July ene! pe operties. J. Metals,
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fluidized roaster for reduction to mag- to 635,000 tons of iron pellets, 850,000 

netite, which is further concentrated.25 tons of sulfuric acid, and 250,000 tons of 

The second process is in commercial use sulfur. In the first step of this process, a 

by Outokumpu Oy at Kokkola, Finland, flash smelter, operating at about 2,500° F, 

‘and another installation is under construc- decomposes pyrite to pyrrhotite and a gas 

tion by the Lummus Co. for Brunswick from which sulfur is recovered as a sepa- 

Mining & Smelting Corp. Ltd. at Bathurst, rate product. The pyrrhotite is burned to 

New Brunswick, Canada. Following com- yield sulfur dioxide, which is converted to 

pletion in 1966, the Canadian plant will sulfuric acid. The residual iron oxide is 

convert 1.1 million tons of pyrite per year recovered for iron-blast furnace feed.26 

| | Materials | 

Perhaps the one new material released _ reactions involving the substrate. At the 

+n 1965 which will become familiar to present time, the metal receiving the great- 

: every American is the sandwich-type, com- est amount of attention is tungsten, large- __ 

posite coin issued by the U.S. Government _ ly because of its strength at high tempera- 

| to reduce the ever-increasing demands for tures and its wide spread use as a therm- 

silver metal. Quarters and dimes, which _ ionic-emitter. | 

have been made for the past 173 years Chemical vapor deposition processes 

from a 90 percent silver and 10 percent continue to be the subject of increasing 

copper alloy, are now being minted from interest for applications in which it is 

a material whose outside surfaces consist difficult or impossible to use conventional 

of an alloy of 75 percent copper and 25 methods for coating objects with metals 

percent nickel and whose core is pure or metal compounds.28 Metal chelates of 

: copper. The half dollar is also being mint- fluorocarbon-B-diketones were found satis- 

ed from a sandwich material consisting of factory for obtaining coatings of copper, 

outer layers of an 80 percent silver and nickel, and rhodium on glass or stainless 

20 percent copper alloy over a core of 21 _ steel surfaces at temperatures as low as 

percent silver and 79 percent copper. The 250° C and at atmospheric pressure. Hy- 

new half dollar contains only 40 percent drogen gas is the reducing agent. 

silver instead of 90 percent as formerly. Chemical vapor deposition. techniques 

The new dimes and quarters contain no have been investigated for coating steel 

silver. The materials which are sand- tools and machine parts with titanium | 

wiched together are produced by either nitride and titanium carbide in an effort 

a rolling or an explosive process that binds to improve the wear resistance and main- 

the metals together under very high pres- tain good sliding properties. 

sure. The final bond is as stong as the General Technologies Corp. of Alex- 

| individual metals, and the composite ma- andria, Va., reported a process to deposit 

terial can be bent, twisted, stamped, or pure aluminum coatings of variable thick- 

heated without separation. nesses on almost any substrate by vaporiz- 

The technology for preparing solid ing aluminum alkyl. Coatings produced 

shapes and the coating of others with re- in the laboratory ranged from 0.0003 to 

fractory metals or their compounds by 0.1 inch and took 2 minutes per mil to 

chemical vapor decomposition (CVD) has deposit. Operating temperature is 350° 

become a much more useful scientific ac- F. In addition to the alkyl, a purging gas 
complishment in the past year. A review such as nitrogen is used to keep air out 
of the history and the various technologies of the system and to act as carrier or 
involved in CVD was presented at the ~ 3,1; . . 
o4th Annual Meeting of the AIME in pellet and Suifusie Acid. V. 16, No. 11, Novem. 

icago this year. Even though thi er 1964, p. 866. , 
technology 1S relatively old, its potential Fool's “Gold. v.96 None san. "3 1965 oP 
has not been fully realized because of the 27-29. SO _ "pe 
lack of fundamental knowledge. These in- Vapor Sr ee the Wrst Men a 
clude thermal decomposition (pyrolysis), J: Metals, v. 17, No. 8: June 1965, pp. 595-599. 

hydrogen or active-metal-vapor reduction  E. Sievers Vapor Reposition at Metals iy 
of volatile inorganic compounds, dispro- Hydrogen Reduction of Metal Chelates. J. Elec- 

portionation reactions, and displacement eee ECTS v. 112, No. 11, November 1960,
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dilutant. A proprietary suppressant gas is Australia and New Zealand.3! Problems 
used by General Technologies to avoid of die material and design as well as téch- _ 
reactions that might lead to formation of niques for measuring temperatures and 
aluminum carbide or hydride. , pressures at the reaction point still need to 

Two methods for applying coatings of _ be solved. | | so . 
tungsten or molybdenum to the surface of Brush Beryllium Co., Elmore, Ohio, ex- 
powdered magnesia, alumina, and other panded part of its metal processing system. 
refractory’ particles were investigated by Improved production equipment for mak- 
the Bureau of Mines.29 In one case coat- ing uniformly sized pure beryllium peb- 
ings were applied by the vapor phase hy- bles for alloying with other metals has 

_ drogen reduction. of tungsten or molyb- been installed: Using a modified wet : 
denum chlorides at 750° to 900° C. Coat- grinding system, 500 pounds of pebbles 
ing rates up to 6 grams of metal per hour are obtained in 4 hours. The grinder is 
were obtained on a particle bed of 100 charged with 6,600 pounds of crushed 
grams. The second process was a 2-step — billets containing beryllium pebbles, used | 
system in which an oxide of either metal beryllium fluoride, and fused magnesium 
was first applied to the particle and subse- fluoride. During wet grinding in a ball 
quently reduced by hydrogen. Trioxide par- mill, water leaches out the beryllium fluo- 
ticles of either tungsten or molybdenum ride, while the more friable magnesium 
were added to a heated, fluidized bed of fluoride grinds down and passes through : 
the particles to be coated at 850° to the discharge: screen. Direction of the 
1,000° C, thereby forming a coating on mill is reversed at the end of the run to 

_ the latter. After lowering the chamber discharge the beryllium pebbles. The . 
temperature to 750° to 850° C, the addi- equipment is fabricated of 316 stainless 
tion of hydrogen reduced the surface steel to withstand corrosion. During op- = 
oxides to metal coatings. By repeating eration, the system is sealed under slightly , 
the two steps any number of times, any negative pressure to avoid leakage. | 7 

| thickness of coating could be obtained. Beryllium sheet rolled directly from in- 
The feasibility of producing tungsten, got rather than from powder metallurgy 

iron, and nickel base alloys with or. with- billets was produced: as a result of a re- 
| out a dispersal phase using very fine sized search and development program sponsored |. 

elemental powders and standard powder by the U.S. Air Force and The Beryllium — 
metallurgical techniques for space appli- Corp. The directly rolled sheet is char- 
cations was investigated by many research acterized by low oxygen content, which 
groups. Researchers at Aerospace Corp., results in significantly greater ductility at 
El Segundo, Calif., found that 10 volume forming temperatures. Analyses indicate 
percent of thorium oxide in a 68 percent less than 0.30 percent BeO and almost a 
tungsten, 20 percent tantalum, 12 percent total absence of nonmetallic inclusions. 
molybdenum alloy increased oxidation re- The potentials of extreme strength, high 
sistance from three to ten times at tem- modulus, and light weight are pushing : 
peratures ranging from 1,600° to 3,000° the development of numerous new fiber 
C30 reinforced composite materials which are 

Foote Mineral Co. developed an alloy expected to create metalworking problems. 
steel that contains only 12.5 percent nickel It is not yet known if metallic composites 

: yet has the characteristics of maraging will be made amenable to extrusion or 
steels containing 18 percent nickel. Actual subsequent forming operations after they 

| alloy composition is 12.5 percent nickel, 2 are pressed in their original shape. Even 
percent manganese, 0.2 percent titanium, with this problem, Air Force attention is 
0.1 percent aluminum, and the balance centered on metallic matrix composites, 
iron. Part of the nickel was replaced by _——————— | 
less costly manganese. Increasing or de- * Landsberg, A., T. T. Campbell, and F. E. 
creasing the manganese content from 2 metallic. Ponders ny Maly bdenum Tr No. "8, 
percent did not improve the alloy char-  AUgW#r 1965, BP. S50 855... spersion Strength. acteristics. ening by Powder Metallurgy. J. Metals, v. 17, A review of the theory and practice of No. §, June 1965, pp. eee vurgical Aspect t 
making synthetic diamond was presented the Production " of “Synthetic Diamonds. 36th 
this year before the Eighth Commonwealth Technical Session of the Eighth Commonwealth 
Mining and Metallurgical Congress of Austin 1968 erence No is Melbourne,
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because they seem to offer definite advan- The Carborundum Co. announced a de- 
tages over improved resinous composites. crease in price of silicon carbide whiskers 
Among the advantages, metallic matrices from $45,000 to $1,000 a pound as the 

| can utilize all the strength of either short whiskers became available for commer- 
| or long fibers, whereas resin composites cial distribution. Tensile strengths of the 

require continuous fibers for proper rein- whiskers are about 1 million pounds per | 
| forcement. | square inch, with an elastic modulus of 

Even though a major research and de- 70 million pounds per square inch. 
velopment effort is aimed at fiber-rein- Two researchers at the General Electric 
forced composites with metallic matrices, (Co, Research and Development Laboratory . | glass filament resin composites are being jy Schenectady, N.Y., found that the ad- | 

: used extensively. Glass filament rocket dition of iodine to ordinary lubricating 
| cases are used in the upper stage of the oils will allow the use of such metals as 

Polaris A-3 and the third stage of the  gtainless steel or titanium for moving parts 
Minuteman 3 missiles to achieve remark- jy machines where formerly parts fabri- 7 
ably extended ranges as a result of the cated from these metals would gall and 
weight reduction. In addition to light  gtick even where the surfaces were coated 
weight, glass filament materials are at- with oil.. They found that iodine reacts tractive for radar-deceiving capabilities be- with clean titanium and _ stainless steel 
cause they do not reflect radar waves. surfaces to form titanium and _ iron . Near. the end of the year, Union Car- diiodides. These compounds have a 

_ bide Corp.’s Carbon Products Division lamellar crystal structure similar to graph- 
| announced a new graphite filament called ite and have planes of very low shear 
- Thornel which was said to be the Strong- strengths which allow them to act as 

_ est and stiffest fiber for its weight ever effective lubricants. Normally the metals 
ee produced. It can be used for reinforcing are unreactive to iodine, but in the pres- | _ both resin and metal-matrix composites. ence of a sliding interface, the protective 

Laboratory fibers were reported with tensile oxides are ruptured through spot pressure | 
strength of 400,000 pounds per square welding and the fresh metal exposed forms 
inch, modulus of elasticity of 50 million the diiodides. Compared with conven- , 

_ pounds per square inch, and density of tional products, lubricants containing 0.25 
0.054 pound per cubic inch. One variety to 0.5 percent iodine reduce the coefficient 
of the material, Thornel 25, is being sold of friction up to 75 percent. When used for $500 a pound and has a tensile in cutting oils, they increase the cutting 
strength of 200,000 pounds per square speed by 100 percent and the cutting depth inch and a modulus of 25 million pounds by 400 percent. | 
per square inch for the 0.2 mil filaments.. Metalworking problems in tooling and 
In comparison, boron filaments cost $1,500 lubrication are also expected to arise from 
a pound for material having tensile expanded use of ceramic, superalloy, and 

7 strength of 350,000 pounds per square refractory materials. Titanium alloys re- 
inch, modulus of elasticity up to 50 million quire special attention with regard to con- 
pounds for square inch, and density of 0.1 tamination and cleanliness; there is enough pound per cubic inch. Laboratory strength chlorine in tap water to cause cracking. and modulus have been reported double Beryllium requires incremental cuts of no these figures for boron. Boron filament is more than 0.0005 inch to avoid notching 
made by vapor deposition of boron on an efforts. Columbium alloys are the most inert tungsten filament. Thornel is thought highly considered of the refractory metals, to be made by an improvement in Car- but temperature control in processing is bide’s technique used since 1959 for car- critical for maximum properties. Brittle- bon yarn in which a-carbon-chain synthetic ness is the major problem in handling organic fiber is pyrolized. Research is ceramics and graphite. The high-temper- starting on the effectiveness of the new ature vapor deposition used to make pyro- filament and potential matrix materials. litic graphite results in high residual The high-temperature strength of graphite stresses on cooling, thereby thwarting ma- is a major advantage; its tensile strength chining. Electron beam or laser cutting is unaffected at 2,800° F. may have to be used for shaping.



R ° e ° 

eview of Mining Technology 
By James E. Hill+ 2 and Thomas M. Nasiatka } 2 | 

Tremendous improvements in mining mate the total mining process with the | 
technology have been witnessed during the commencement of production at the Brit- 
past 100 years. For example, before 1860 ish National Coal Boards Bevercotes mine. 
all blastholes were drilled manually and If this full-scale experiment proves suc- 
blasting was done with low-energy black- cessful, it could lead towards other fully | 
powder. During the 1860’s both the pneu- automated mines in both Britain and other 
matic rock drill and high-energy dynamite parts of the world. This decade, there- 
were introduced, ushering in an era of fore, could be considered the one that pro- 
mining mechanization that has steadily vided the foundation for the mines of the 
progressed since that time. future. : 

' Today, with the rapid implementation | | | . 
of the latest advances in communication Although the inauguration of automated 
science, mining technology is moving into mining is considered the technological 
a new era that goes beyond mechanization _ highlight of 1965, there were other signifi- 
as such. Transistors, transducers, scan- cant advancements in mining technology. 
ners, telemetry, and the like, all terms Generally, the advancements were in the 

_ largely derived from the new communica- form of wider application and improve- 
tion sciences, add up to what is popularly ments in practices initiated earlier. There : 
know as automation—the communication were, however, several innovations, such 
of machine with machine. Automation as a novel drive-method for monorail sys- 
is now playing an important role in se- tems, a rigmounted computer to control 
lected parts of the mining process, such drilling, a special multiple-impact hammer 
as hoisting, hydraulic roof supports, and for cable drilling, a new process for sharp- 

_ underground surface locomotive haulage ening tungsten carbide bits and use of 
and belt conveyor systems. But this odorless oils in ammonium nitrate-fuel 
year marked the first attempt to auto- (AN-—FO) oil blasting agents. 

EXPLORATION AND SAMPLING 

| Several new techniques were reported sufficient quantity to be detected by either 
_ during the year that appear promising in surface or aerial spectrometry. Another 

certain areas of mineral exploration. A possible method of locating economically 
truck-mounted transistorized gamma-ray important ore bodies is through spectro- 
spectrometer was used to successfully de- photometric trace element analysis. High 
termine the intensity of hydrothermal al- concentrations of the base metals were 
teration zones surrounding base metal de- ascertained through  spectrophotometric 
posits in Arizona.? Equating spectrometric analysis of soil horizons above a copper- 
with chemically analyzed data gave stand- 9 ——-—_____ 
ard errors of 0.06 percent potassium, 3 Mint ne engineer, Office of the Director of 
parts per million thorium, and 10 parts 2Compiled in “part from material submitted 
per million uranium for outcrop analysis >y Bureau of Mines Mining Research Centers : é and Laboratories. 
with the spectrometer. The amount of ’Moxham, R. M., R. S. Foote, and C. M. 

Potassium introduced by hydrothermal al.  iydrothermally ‘Altered Hocks. ‘Weon, Geol, ¥. 
teration in some areas is believed to be of 60, No. 4, June-July 1965, pp. 663-671. 

| 47
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zinc ore deposit.4 This sensitive method tional sampling holes as required. As each 

is also useful in geochemical exploration hole is drilled and samples from various 

| for ore deposits of gold, silver, lead, and depths are analyzed, the data are imme- | 

| bismuth.5 A new electron microprobe diately correlated with the previous sam- 

analyzer used extensively in France has © ples. In this manner, it can be deter- 

been responsible for a number of accurate mined whether additional holes are de- 

determinations of trace elements occurring sirable as well as their location and depth. 
in ores.6 The microanalyzer, based on the Although a computer was used for the 

principle of direct X-ray spectrography, original calculations, it is not required in 

can become an important tool for rare applying the method. 

mineral exploration. It is reported to be The Mohole project was reactivated 
| the only instrument that will enable a and plans made to drill to a depth of 

thorough evaluation of mineral associa- 35,000 feet in the Pacific Ocean near 
. tions. The main feature of this instrument Hawaii. The work is of interest to the 7 

| is the possibility of completing a series of mining and petroleum industry from the 
. . : ~* 3 . ° ° e 

| elemental analyses of practically “point” standpoint of pioneering deep exploration - 
areas. Tests are effected on polished sur- equipment. The large, specially designed 

faces and are nondestructive. In a dif- drilling platform was under contract for 
ferent domain, a sonar probe has been de- construction. A turbocorer drill has been 
veloped which is capable of discerning the developed, differing from the conventional 

| depth and contours of sea-bottom sedi-  turbodrill in that the hollow stem permits 
-mentary layers and locating buried ob- a rock core to be taken. Drill tests to 
jects down to 50 feet from the bottom.7 3.000 feet in basalt at the Uvalde, Tex., 
The probe can also be used near the sur- test site indicated a penetration rate of 
face of the sea for preliminary reconnais- more than 51% feet per hour and as much 
sance operations. _ as 200 hours between bit changes. 

| A new concept of prime ore control an * Scott, B. P.. and A. R. Byers. Trace Copper 
Missouri's Lead Belt has resulted in dis- an inc in the Coronation Mine Overburden. 
ee voll district.8 Ore Canadian Min. and Met. Bull. v. 58, No. 687, 

covering an essentially new district. re May 1965, pp. 534-537. 
control was premised on paleophysiography : Lakin, H. W., and H. M. Nakagawa. Sim- 

. : ie plified pectrophotometric Determination for and sedimentation rather than on mechani Gold. Ene and Min. J. v. 166, No 10, October 
cal deformation. 1965, pp. 108-110. | 

Tots : ‘ ; 6 Canadian Mining Journal. Electron Micro- 
. A Stat stical investigation of copper lode probe Analyzer—A New Tool for the Geologist. 

distribution in a shear zone in India rela~- V. 86, No. 3, March 1965, p. 58. 
tive to several geological factors indicated 7 Mining Magazine. Pinger Probe. V. 112, 
that structure was the guiding control in Non venuary ye ne tion for Lead i 

° e ensaaw, au e xpioration ror a in 

locating these ore deposits.9 It was re- Southeast Missouri. Min. Cong. J., v. 51, No. 
ported that similar analysis could be an 12, December 1965, pp. 28-30. 

a : ; 1 ® Ghosh, A. K. A Statistical Approach to the 
aid in locating favorable exploration sites Exploration of Copper in the Singhbhum Shear 
in other areas of mineralization and could Zone, Bihar, India. Econ. Geol., v. 60, No. 7, 
be utilized as an added tool in exploration November 1965, pp. 1422-1430. 

* 4s 10 Langford, F. F. A Method to Evaluate the 
programs. Statistical methods were used Probability of Success of a Geochemical Survey. 
also to recognize anomalous samples in Econ. Geol., v. 60, No. 2, March-April 1965, pp. 
geochemical surveys.19 Statistical evalua- seer eck Robert M. Some G ized Prob 

° ° ° ° ° ° ecKer, oper e ome eneralize robda- 

tion indicated that it 18 relatively easy to bility Distributions With Special Reference to 
guarantee recognition with a probability of the Mineral Industries ; (in, Five Parts). 3. Com- 

puter rograms oO istriopution oments. Ue 

success greater than 0.99. Mines Rept. of Inv. 6598, 1965, 79 pp. 
Several reports were published by the b Becker, Robert Mu Some Generalized Proba- 

° ° : : ility Distribution it pecia eference to 
Bureau of Mines regarding pertinent apphi- the Mineral Industries (in Five Parts). 4. Ex- 
cations of mathematical statistical theory perimental Confirmation. BuMines Rept. of Inv. 
to mineral sampling.11_ One of the reports , » OF PP- 
d b pang fGci d fi eabl Hewlett, Richard F. Design of Drill-Hole Grid 
escribes a more e€ cient an exible Spacings for Evaluating Low-Grade Copper 

method of spacing exploratory holes. The Deposits. BuMines Rept. of Inv. 6634, 1965, 
° . e . e pp. 

method is useful in delineating any min Schottler, George R. Statistical Analysis of 
eral deposit from a limited number of Gamma-Ray Log Sample Data From a Uranium 

; : : eposit, Ambrosia ke Area, McKinley County, 
drill hole samples. A formula is provided  X°PQre: “"BuMines Rept. of Inv. 6645, 1966, 
for laying out a grid or pattern for addi- 49 pp.
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| | | DEVELOPMENT | Oe 

| Prospects for a breakthrough in mine tunneling machine ever built. It weighs 
development technology were made bright- 280 tons and exerts a thrust of 1.4 million 
er during 1965 as indicated by continuous pounds against the face. An unusual fea- 
mechanical boring machine activities. ture of the machine is a cutting head 
Tests with a 7-foot-diameter boring ma- capable of drilling three different hole 
chine in a Michigan iron ore mine were sizes ranging from 19 feet 10 inches to 
completed and it was reported that this 21 feet 2 inches. The larger diameter 
method can be more economical than con- _ holes are bored as needed to provide ade- 
ventional methods and that the heading quate space for placing ring-beam supports. 
advancement rate per man-shift can at The cutterhead having 43 rolling burr- 
least be tripled12 A  100-horsepower type cutters rotates up to 5 revolutions per 
machine equipped with 14 disc cutters and minute. Muck removal is accomplished 

_ a center three-cone bit, bored through by a system of buckets mounted on the 
rock having a compressive strength of rotating cutterhead which feeds an over- 
8,000 to 20,000 pounds per square inch in head conveyor belt extending from the 
drifts and inclines with gradients up to  front-to the rear of the machine. An- 
22 degrees at a rate of 4 feet per hour. other machine was used to bore a 13-foot- 
Based upon a conservative estimate, head- diameter tunnel up to 200 feet per day 
ings could be advanced 52 feet per day through shale having a compressive strength 
with a larger 150 horsepower boring ma- of 3,000 to 11,000. pounds per square 

| chine. Although the anticipated major inch.14 7 . 
rewards of boring through rock will be A new world shaft sinking record was — 
more rapid advancement per man-shift claimed by a South African team.15 A 7 
and lower cost per foot, the principle of 20-foot-diameter, 4,295-feet-deep concrete- 
boring instead of blasting has other im- lined shaft was sunk in 180 days. The 
portant advantages. The ground is not average sinking rate was 23 feet 9 inches 
disturbed as with blasting and the smooth per day. An unusual shaft was sunk at 
circular cross section has greater strength, a Montana mine.16 Part of the shaft is 
and therefore ground support problems inclined and part is vertical, requiring a | 
are minimized. In addition, materials unique underground hoisting arrangement 
handling is simplified because the exca- because the shaft changes direction from 

. vated rock is smaller in size. Other encour- _ vertical to 71.5 degrees. The International 
aging boring activities outside the mining Nickel Company of Canada, Ltd., has an- 

_ industry are the continuing successes in — nounced the initial opening of the deepest 
general purpose tunneling. A 1,000-horse- single mine shaft in the western hemisphere , 
power boring machine is driving a 20-foot- at its Creighton mine.17 The 21-foot-. 
diameter tunnel through sandstone having diameter shaft will be sunk to a depth of 
a compressive strength of 5,000 to 6,000 7,150 feet. This deep, single-stage hoist- | 
pounds per square inch at speeds up to ing shaft was made possible because of the | 
120 feet per day.18 The machine which high-tensile-strength ropes now available. 
maintains grade and line with a guidance The four 2-1/5-inch-diameter ropes re- 
system incorporating a laser beam was re- quired a breaking strength of 270 tons and 
ported to be the most powerful hard rock weigh 30 tons each. 

DRILLING 

A logical approach to lower drilling = pig o0,Ft. Diameter Tunnding Machine costs involves more intelligent use of vari- Vv. 17, No. 6, June 1965, p. 27. =r edits . ae oe 8, > ables affecting drillability. This approach , 00 eosinesring yous peared. 18 ae Makes 
was successfully demonstrated with the aid 5, 30, 

ee 15 Skillings’ Mining Review. Shaft Sinking 
12 McAuliffe, J. D. Testing of a Seven-Ft, Record at Western Holdings Gold Mine. V. 54, 

Tunnel Borer. Min. Cong. J., v. 51, No. 6, No. 35, Aug. 28, 1965, p. 20. . June 1965, pp. 49-55. 6 Q’Donnel, J. C. A New Angle in Shaft , 
18 Engineering News-Record. Mole Bores Tun- sink ep. Min, Eng., v. 17, No. 11, November nel No. 1; Miners, No. 2. V. 175, No. 20, Nov. 17 Canadian Mining Journal. INCO Marks 

11, 1965, pp. 26-33. Opening of Continent’s Deepest Single Mine Mining Engineering. Hughes Tool Manufac- Shaft. V. 86, No. 11, November 1965, pp. 88-89.
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of the first electronic computer to be used and drilled a 55-foot-deep hole with an 
on a drilling rig.18 Optimum drilling oxygen-fuel oil rotary drill. It drills a 
energy values for respective formation in- nominal 9-inch diameter hole which can 
tervals within the borehole and for given subsequently be chambered to diameters up 
drilling equipment, based upon analyses of to 24 inches, if desired, for the explosive 
extensive drilling data, were fed into a load.. A future development which re- 
small computer on the rig. The com-_ portedly is progressing favorably is the con- 
puter instantly calculated and precisely version of oxygen - fuel oil rotary drills to 
controlled the appropriate bit weight for air-fuel oil rotary drills with the expec- 
any rotary speed used and also limited the tation of equal drilling rates at a much 
weight to any predetermined value. Sub- lower cost. Other reports about thermal 
stantial reductions in rotating time and drilling described the thermal conductivity 
better bit performance were reportedly of six rocks amenable to this method of 

achieved resulting in attractive reductions fragmentation,?? and a drilling technique 
in drilling costs. that utilizes an electrically heated bit of 

| A precision drilling technique for long refractory metal to melt its way through 
| holes using ordinary hammer drills with rock.23 A 2-inch electrical bit which was 

: 114-inch-diameter extension drill steel was heated to 1,200° C from a portable 5- 
described.19 The technique used in Swe-_ kilowatt generator drilled through basalt 
den for driving raises up to 165 feet in at a rate of 50 feet per day. The bit is 
length, involves the use of guide tubes internally water-cooled and with low pres- 
which are significant in maintaining the sure, the melted rock is extruded upward | 
desired hole direction. With the standard through the center tube then flaked away 

: equipment outlined in the report, it is and blown out of the drill string. It is 
possible to achieve a drilling precision of believed that the bit could be scaled up to 

| approximately 0.5 percent deviation over 8 inches in diameter and could be heated 
the length of the hole. adequately with a 90-kilowatt generator. _ 

_ A recent innovation, called a “chatter Drilling and blasting was the primary | 

hammer” was described as the first major subject of a meeting held during the year.?4 
, breakthrough in cable drilling in more Most of the papers presented stressed the 

than a century. The hammer looks like behavior of rock under dynamic loads in- 
any other ordinary drill stem, but has a duced by rock penetration and fragmenta- 

| sealed, self-contained unit with no ex- tion processes and the nature of these 
terior moving parts and no requirement processes themselves. Some of the subjects 
for lubrication or adjustment. An internal discussed were thermal and explosive drill- _ 
piston-action mechanism which automati- ing, tungsten carbide bits, and a drillabil- 
cally produces at least two impacts for a ity index. The proposed index classifies 

| single tool stroke is the special feature of 
. . 7 18 

the tool. Standard hammer sizes are 47 puters Invade the Rig Floor. Oil and’ Gas 
| inches by 17 feet and 41% inches by 20) Jj. y. 63, No. 41, Oct. 11, 1965, pp. 125-140. 

feet for 6- and 8-inch holes, respectively, Caspar, Jorgan. Raising by Long-Hole 
and can be used on any make of cable-tool- re Min. Mag., v. 112, No. 4, April 1965, 
drilling machine. The hammer is reported ”"%0 Goal Age. Breakthrough Announced in 
to have been a major factor in doubling Cable Tool Drilling. V. 70, No. 8, August 1965, 

drilling speed and bit life.20 “st Short, J. F. Jet Piercing and Chambering 
The continued interest and developments for Improved Open-Pit Operations. Canadian 

. “aq: . qe Min. and Met. Bull., v. 58, No. 639, July 1965, 
in thermal rock drilling were indicated 4). 729-731. 
in several published reports. One report The Marovelli, Robert Le and war! F. Veith. 

about jet piercing and chambering pro- Jtermal Conductivity of Rock: Measurement by 
vided performance data, reviewed the Rept. of Inv. 6604, 1965, 19 PP. Rock Melt 

equipment in use, and described the most ing as ‘a Drilling “Technique. Los “Alamos Scien. 
recent developments.21 On a one-shift tific Lab., Los Alamos, N. Mex., LA-3243, TID- 

basis a single air-fuel oll jet-piercing ma- 100, JTh el, Mar 18, 1005 "36 po. 
chine weighing 30 tons was responsible for mal Drill Bit Melts its Way in Rock. V. 160, 

the production drilling of 9,000 yards of NG: Coioraxo “School of “Mines. and others. VII 
ore at 2 cents per yard. The largest jet- Symposium on Rock Mechanics 1965, Pennsyl- 
piercing machine used industrially when vate. eek any yune ng Evzineres TIME, 
this report was written weighed 45 tons  v. 1, 208 pp.; v. 2, 323 pp.
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a given rock type under the three major | which takes place when an electric knife 
drilling systems; rotary, percussive, and switch is opened and closed. By using a | 

. rotary-percussive. The drillability index generator system to continually charge a 
was based upon 98 kinds of rocks. . capacitor bank, a steady stream of sparks 

Some interesting Canadian open-pit per- flow from the electrode to the bit. Any de- 
formance and drilling cost data were pub- sired shape can be imparted to the bit by © 
lished during the year. At one mine where altering the electrode design. Although this 
copper-iron ore is being extracted, tests method of sharpening bits is not quite as 
showed that an electric-powered rotary cheap as conventional methods, the overall 
drill was superior to both an electric pow- bit cost of drilling is reduced. Bit life has 
ered down-the-hole percussion drill and a been increased 50 percent because of less 
diesel-powered rotary drill.25 The drilling metal being removed, lower residual stresses, | 
cost of 1 cent per ton broken was half as and a more accurate profile. 
much and the tons drilled per shift were A world drilling record was set in Can- 
twice as much with the electric-powered ada with a recently developed button bit.28 
rotary drill as compared with the other Using an 834-inch-diameter bit with com- 
drill types. At another mine where copper pressed air as the circulating medium, 
ore is being extracted down-the-hole drills 5,460 feet of rock was drilled in 66 hours 
were claimed to be most efficient.26 The without changing the bit. It was reported 
operating cost averaged about 4 cents per that this was about 1/10 the drilling time 
foot of depth for 6-inch-diameter holes. required, using mud with conventional 

A spark erosion process developed for bits that must be changed every 150 feet. 
sharpening tungsten carbide bits could lib- The new record of 83 feet per hour is 25 
erate rock bit design limitations now im-_ feet per hour faster than the former rec- | 
posed by conventional grinding.2? The new ord set in Texas. Button bits are also 
process was used to restore most of the bits finding wide application for percussion 
at a Canadian mine. It is basically a con- drilling of hard rock holes as small as 14%, 
trolled application of the same occurrence inches in diameter. 

: | FRAGMENTATION | | —— 

Since ammonia nitrate was introduced _ slurries appear destined to replace AN—FO. 
to the mining industry as a blasting agent A number of larger mines are already 
10 years ago, it has been rapidly adopted, blasting by this method.32 Some of the 
particularly at surface mines. Today for reported advantages of using this blasting 
example, only one surface coal operation method other than its higher energy are 
is known to be using liquid oxygen and speed of loading, complete filling of the 
none are using dynamite as the sole blast- blasthole, flexibility of pumping several 
ing agent.29 All other surface coal opera- = ——-————-_ oo . 

tions are using AN-FO for blasting. The at Craigmont Minos Limited,  Ganndies Mine 
application of AN-FO for underground and Met. Bull., v. 58, No. 638, June 1965, pp. 

blasting in non-coal mines 8 increasing 28 Kermee, J. S. Drilling and Blasting at the | 
also. It has almost replaced nitroglycerine Phoenix Mine. Canadian Min. and Met. Buil., 
at the Great Boulder mine because of lower _V-_ 58, No. 688, June 1965, pp. 632-633. | 
overall blasting cost and improved frag- Shareen he es ant Mining J ournal. 6 Nore 
mentation.29 With the increased use of April 1965, p. 6. 
ammonium nitrate explosives, the static * Canadian Mining Journal. B. A. Drilling 
electricity problem has become more criti- {yes Sets World Record. V. 86, No. 8, August 
cal, especially during bulk loading in dry 22 Dannenberg, Joe. How Much Did AN/FO 
atmospheres. This problem has been miti- Lower the Highwall? Coal Min. and Proc., v. 2, 

. : No. 6, June 1965, pp. 22-27. 
gated substantially by a recently introduced 80 Mining Magazine. Great Boulder Chan 

° . . . ges 

electric blasting cap.21_ The improved cap to AN/FO. V. 113, No. 4, October 1965, pp. 

provides a fivefold increase in static elec- Om Mining Magazine. New Caps Provide Extra 
tricity resistance and a threefold increase Safety. Vv. 112, No. 6, June 1965, D. 417. : 
in arc resistance. ; onger, e . e ize urry as ing. 

Outside the coal stripping industry Min, Eng, v. 17, No. 11, November 1965, pp. 

where more powerful explosives are _re- Cook, Vernon O. Will Slurry Blasting Agents 

quired, high energy metallized blasting ee Ibe, sete oe. and Proc., v. 2,
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grades of explosive, safety of on-site mix- between methods of evaluating explosives.36 
ing, and lower overall cost. . a There was an increased interest in de- 

Continued interest is being shown in veloping unconventional methods of break- 
inclined blast holes. Experiments at a ing rock. Progress and future potentialties 
Mesabi range taconite mine in Minnesota’ of these techniques were described includ- 
have indicated that inclined holes are de- ing ultrasonic vibration, steady and pulsed 
sirable.23 Additional tests are being made high-pressure water, thermal, electrical, 
to determine the most advantageous blast- chemical, and compressed air-abrasive 
ing pattern. Results thus far indicate that methods.37 Other reports described the 
the best hole angle is 10 degrees. Although feasibility of using nuclear explosives for 
fragmentation is satisfactory at 20 and 30 removing overburden from certain types 
degree angles, the muck pile is too flat. of deposits 38 and for fragmenting oil 

| Results of several research studies on shale through 2-foot diameter boreholes.39 
blasting were published during the year. A new world record for tonnage of ore 
One study showed that a presplit fracture broken and amount of explosives used in a 
plane did not cause a significant reduction — single blast was established in a Canadian 
in the vibration level during the primary mine.4° The biggest blast in the history 
fragmentation blast in the area behind the of underground mining broke 3.75 million | 
fracture plane.24 It was also shown that tons of ore and 1.5 million tons of rock. 
the vibration levels from the blast used to More than a year of planning went into 
form the presplit can be higher than any the blast which required 1 million feet of 
of the primary rock breakage blasts. An- drilling in 16,700 holes. Delivery and 

: other study showed that decoupling the loading of the 19,000 cases of cartridge 
charge is of greater importance than the powder weighing a total of 464 tons re- 
type of stemming for producing the maxi- quired a week involving 130 men per shift. 
mum transfer of explosive energy to the The full 31-cap delays were used to spread _ 

| _ rock.35 A third study showed correlations the total blast over 3 seconds. — 

| . MATERIALS HANDLING | : | 

| The ability of some mines to lower costs to be increased 30 percent by installing an 
and increase production was attributed in improved materials handling system be- 
a large degree to automated or improved tween a continuous coal mining machine 
materials handling practices. Costs at an 7 , 

Arizona open pit mine for example, were 33 Gilmore, Emmett M. Angle Hole Drilling. 
reduced substantially by introducing radio Min. Cong. J., v. 51, No. 8, August 1965, pp. 
remote control equipment as an aid in 39-42. — oe 

operating more than 20 haulage trains.4t  y"@)*Meyer and Wilbur | Duvall: Vibration 
This reportedly is the first large-scale appli- | Levels Transmitted Across a Presplit Fracture 
cation of radio remote equipment to stand- Plane. BuMines Rept. of Inv. 6695, 1965, 29 pp. 

: : . Fogelson, D. E., D. V. D’Andrea, and R. L. 
ard gage railroad trains. Higher produc- Fischer. Effects of Decoupling and Type of 
tion and lower costs were attributed to re- Stemming on Explosion-Generated Pulses in 
ducing train crews from two men to one Mortar 6679, 1908 Is pe BuMines Rept. 
man, ease of spotting cars, and fewer de- 38 Sadwin, L. D. and W. I. Duvall. A Com- 
railments. Completely automated trains Methods. Teas AME y pas ee ond 6 ne 
are being used at the Carol mine of the 110-115. 
Iron Ore Company of Canada to haul ore 37 Farmer, I. W. New Methods of Fracturing 
approximately 6 miles to a concentrating Rocks. O68, and ea Ene» v. 1, No. 6, 
plant.42 The system includes four 1 ,750- 38 Sighal, R. K. Explosives for Surface Mining. 
horsepower diesel-electric locomotives, each Min. Mag., v. 112, No. 6, June 1965, pp. 372-381. 
handling 15 ore cars of 100-ton capaci ; 8° Canadian Mining Journal. Progress in Oil 

and it is used to haul a minimum of 55.006 shale Studies. V. 86, No. 6, June 1965, pp. 
tons per day of ore. The operation of each 40 Engineering and Mining Journal. INCO’s 
locomotive is controlled automatically from Bie Blast. V. 166, No, 2, February 1965, p. 6. 
the wayside by coded alternating current. Remon.” oe, TF ence ae one Man 
The current is interrupted at various code 17, No. 4, April 1965, pp. 75-79. 
rates to provide the required commands. #2 Travis, Leslie. Automated Railroad Haulage. 

At another mine, production was claimed op 104 aay. J. v. 51, No. 9, September 1965,
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and the main haulage conveyor.44 The a locomotive powered by a diesel engine, 
system comprises a unique mobile bridge a train of cars, and an overhead track : 
conveyor and an extensible panel conveyor fabricated from standard 10- by 8-inch 
providing continuous material flow from rolled steel joists. A special feature of | 
the mining machine to the main haulage the 314-ton-capacity cars is their ability to | 
conveyor. An additional benefit of the negotiate turns of just over a 2-foot radius. — 
new system is that it is cheaper to main- Another monorail system having a novel 
tain than commonly used shuttle cars. drive system has been introduced by a 
Maintenance costs are no more than 2 British firm and is called the “Hunt- 

, cents per ton as compared with 5 to 13 rider.” 49 Carriers are supported on an 
cents per ton for shuttle car maintenance. overhead rotating tubular track by carry- 

Surface mining materials handling equip- ing heads, each having rollers which can 
ment sizes continued to increase. A 240- be turned with a lever to various angles in 
ton capacity truck was placed in operation _ relation to the revolving track. The grip- 
at a coal pit that is using a 180-cubic ping action will move the carrier at differ- 
yard shovel.44 The truck which is 96 feet ent speeds in either direction. At present _ | 
long has a 1,000-horsepower diesel engine both personnel and multiple-head mate-_ 
and tractor at each end. It can be op-_ rial carriers with capacities up to 4 tons | 
erated similarly to a shuttle car at a maxi- are available. Several monorail installa- 
mum speed of more than 40 miles per tions of American manufacture have been [ 
hour. Both the truck and shovel are the installed in western uranium mines. 
largest in the world. In hard rock pits Another materials handling device find- | | 
where truck capacities normally range from ing wide application in European mines 
35 to 85 tons, new units are being market- and tunnels was a rail-mounted shuttle - 
ed with capacities of 100 and 110 tons.45 car. One of the newer types, equipped 
Instead of using trucks to haul overburd- with moving conveyor bottoms, may be 
en, The Anaconda Company will use a used singly or in trains in drifts and tun- 
belt conveyor system at one of its open pit nels having cross-sectional areas as small 
mines because of the depths, tonnages, and as 43 square feet.50 Available in six ‘sizes | 

_ operating costs involved.46 The conveyor with capacities ranging from 7 to 15 cubic —_ 
system will be 11,000 feet long, including yards, the cars offer up to 5 times the load 
a single section 8,300 feet long. It has capacity of conventional models. By using 
been described as the longest known single shuttle trains of several cars, a complete 
overland belt conveyor used in open pit round can be mucked continuously with- 
mining in the United States. The 5-foot- out interruptions for switching. Two self- 
wide conveyor will be reinforced with propelled versions of the shuttle cars are 
high-tensile steel cable under. a Y%-inch- available—one air-powered for short hauls 
thick top rubber cover. and the other diesel-powered for longer 

The use of monorail systems for trans- hauls. — 
porting both men and material in Europe 43 Mining Engineering. Bell & Zoller Com- 
and South. Africa continued to expand. pany Floneers, the Mobile, Bridge Haulage Sys- . 

baie cdgameon ,'s attributed to certain "BH 'itining Congress Journal, 180-Ca a. Shovel 
; ‘ C and 240-Ton Truck in Operation. V. 51, No. 11, 

rail methods.*7 Maj OF a dvantages claimed NGS Ginpineeree ‘and Miniae Journal. New Prod- are the ease in negotiating steep gradients, ucts Digest. V. 166, No. 11, November 1965, pp. 
sharp Curves, _COMners, and u ndulations; ee Engineering and Mining Journal. Anaconda virtual impossibility of derailment; and to Install Belt Conveyor to Haul Overburden. the simplicity and speed in extending the VA. .No- gem Ta, i monorail. Also, maintenance and operat- Transport Systems, V. 1, No. 6. January 1965, 
ing costs are reported to compare favor- PP. Mone En ineering. News From Mi a 
ably with conventional haulage. One sys- ill. V. 17, No. 1, January “1965, D 4 
tem recently installed in a South African P ate tre ares Graham. Buntrider gransport 
gold mine is capable of negotiating 25- and Proc. v. 2, No. 3, March 1965, po 36-87. 
foot radius curves on either horizontal or °° Mining Magazine. Shuttle Train From 
vertical planes.48 The system consists of OAeaais V. 112, No. 2, February 1965, pp. 107—
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| oo GROUND SUPPORT AND CONTROL : | 

Rock mechanics studies and applications of Mines report contributed further to the 
| ~ continued to contribute towards a better understanding of rock bolt pull tests.58 

understanding of ground conditions and It was reported that in testing a prestressed 
| towards improving ground support and bolt there is a range of loading during 

control methods. The borehole stress-re- which bolt load is greater than the jack- 
lief method and other proven techniques applied load. Furthermore, it was shown 

7 were used to determine stresses or changes that preload as well as size, shape, and 
in stresses in rocks around mine open- __ type of bearing plate, and also the geome- 
ings.51 In another study using model pil- try of the system determine the point at 
lars, a mathematical expression was de- which bolt load and applied load become 
veloped for predicting the creep rate of equal. 
quasiplastic rocks.52 The expression has Hydraulically filling underground open- 
special engineering significance because it ings with mill tailings continued to be 
can be used as an aid in designing mine recognized as an efficient ground support 

7 pillars. Other studies provided pertinent and control method. Several mines in the 
_ information regarding the energy necessary | United States and Canada are adding ce- 

for and available from rockbursts in high- ment to the fill to increase support ca- 
| stress fields 53 and the factors governing the pability, to prevent fines from being lost - 

stability of open pit slopes.54 An electrical in the fill, and to provide a smooth, rela- - 
analog was used successfully to predict the tively strong working surface for equip- 

| strata movement of three crosscuts above ment.°? The. strength and support prop- 
a stabilizing pillar in an African mine.55 erties of fill are improved substantially if 

/ The prediction agreed well with observed _ the fill is in as dense a state as possible 
movements. The analog was being used immediately following placement. ‘Tests 

to assist mining engineers in determining = . 
oq ee : Bolmer, R. L. Stresses Induced Around 3 the feasibility of raising ahead of unmined Mine Development Workings By Undercutting 

_. low-grade blocks to reestablish a longwall and Caving, Climax Molybdenum Mine, Colorado 
. Dy _ 8 ° ° - in wo arts). . rain an erormation 

face at depth in economical higher grade Measurement. BuMines Rept. of Inv. 6666, 1965, 
blocks. Interpretation of the data revealed (BT pp. Th A. Willism G. Fisch ; : 

os _e organ, omas A., William G. Fischer, an 
| that conditions at one site would have William J. Sturgis. Distribution of Stress in 

been bad and that more favorable condi- the Weatvaco Trona Mine, Westvaco, Wyo. Bu- 
. . : : ines Rept. of Inv. ’ ’ pp. tions existed at other sites. In time the Utter, Stephen, and Willard J. Tesch, Jr. 

analog may become a valuable tool to as- Stresses Induced Around Mine, Development 
"4 3 : orkings by Undercutting an aving, Climax 

sist In mine layouts. . . Molybdenum Mine, Colorado (in Two Parts). 1. 
- Rockbolts gained wider attention and Use and Evaluation of Cages for Measuring 

nat : . train or Deformation. BuMines Rept. of Inv. application during the year. Under con 6653, 1965, 26 pp. 
ditions where previously only timber was 52 Obert, Leonard. Creep in Model Pillars. 

| used, rockbolts were used successfully to BuMines Rept. of Inv. 6703, 1965, 23 pp. 
~ - 53 Duvall, W. I., and D. E. Stephenson. Seismic 

font be a 9- by 10-foot haulageway 5,900 Energy Available From Rockbursts and Under- 
eet beneath the surface while a stope ground Explosions. Trans. AIME, v. 232, pp. 

above was advanced.56 The rockbolts 235-241. 
; 3/24 ’ 54 Rauch, D. O. Roek Structure and Slope 

which had a %-inch diameter were placed gy vility. "Min. Eng., v. 17, No. 6, June 1965, 
on 214- to 3-foot centers on both the side- pp. 58-62. 
walls and hanging wall. In a surface appli- 55 Mining Magazine. Benefits From Rock Me- 
cation, rockbolts grouted with resin were canes peneeree V. 118, No. 2, August 1965, 

found to be an efficient method of bond- 56 Mining Magazine. Rockbolts in a Rand 
ing an exposed rock formation in Canada. Haulage. V. 112, No. 4, April 1965, pp. 267-269. 

14-3 -di_ 57 Canadian Mining Journal. Resin Grouting 
The es cemon strated tha ae inch di for Rock Support. V. 86, No. 7, July 1965, p. 63. 

ameter O-toot bolts grouted their entire = ssQsen, Lars, J. L. Habberstad, E. W. Par- 
length and cured for 314 hours withstood sons, and E. R. Rodriguez. Load Relations in 
loads up to 90 tons before the bolt broke. Preloaded Rockbolt Testing. BuMines Rept. of 

. . . . " nv. , , pp. 
This method is also finding increased use 59 Holmes, Roy. Uppers and Wagon Drills in 
for bonding rock in underground mines. Cut-and-Fill Stoping. Canadian Min. and Met. 
It has been reported that 50,000 to 70,000 097 
resin-bonded bolts have been placed in Mamen, Chris. Mining Technology—Trends 
the Sudbury mines in Canada.5?7 A Bureau and Developments in 1964. V. 86, No. 2, Feb- 

ry . ruary 1965, pp. 151-162.



| REVIEW OF MINING TECHNOLOGY 99 

by the Bureau of Mines in Idaho metal mated 20 percent. The results of these 
mines have shown that fill density can be _ tests are the latest reported by the Bureau 
increased significantly by vibration.£9 This of Mines in the course of general studies 
was accomplished with a standard 2-inch being made of backfilling practices. The 
concrete vibrator. In one test the average field is a promising one for research and 
density of the fill was increased by an esti- further investigations are underway. : 

HEALTH AND SAFETY 

The Public Health Service conducted a strated by the allocation of $850,000 by 
214-year study on the extent and severity the European Coal and Steel Community 
of pneumoconiosis among bituminous coal to provide 70 percent of the total cost for 
miners.61 Nearly 10 percent of the miners research in the emission of methane in 
working in the coalfields of Appalachia French mines.85 
has radiographic evidence of this disease. As industry probes deeper into the 
Among inactive miners, the study revealed earth’s crust for minerals, one of the ma- 
that about 20 percent were afflicted. On jor problems encountered is higher tem- | 
the brighter side, Swedish scientists are peratures which must be reduced to pro- 
proving that by exhaustive medical-pro. vide a healthy and efficient working en- 
filing and “clean air’ research pneumocon- vironment. Following a practice used in 
losis cannot only be contained but can be | other countries, several mines in the Unit- 

_ almost entirely eradicated as an occupa- ed States, have begun to use refrigeration 
tional hazard to miners.62 A 16-year case- units to lower underground temperatures. | 
free record has been set at a high-silica In the Homestake mine where air tempera- 
lead mine by a unique combination of tures are as high as 120° F, mobile re- 
strict dust control and applied preventa- frigeration units are taken within 100 to | 
tive medicine. The studies showed that 1,000 feet of the mining area to provide 

_ -miners with certain lung diseases are con- a more comfortable working environment.66 
siderably more susceptible to pneumocon- The rail-mounted units, rated at 30 tons, 
iosis; therefore, these men are kept out of are being used in headings as small as — 
quartz-dust laden working areas. This iso- 8 by 8 foot and have a 6,000-cubic-foot- 
lation was said to be just as vital as rigid per-minute fan to force cool air through 
dust control. An effective method of con- vent tubing. Other mines are using sur- 
trolling dust is to suppress. it at its source. face refrigeration units to supply chilled 
Normally, the dust is wetted with water, water for stationary underground air cqn- 
but recently there has been a rapid and ditioning plants.6™ These plants incorpo- 

' widespread increase in using a water de- rate an air washing chamber where the | 

gent iitore for st suppresion® "= Waymey, Willa Rand DE Nilo. g ectiveness of Backfill. Min. Cong. 
stream of drilling equipment. This method J- v- 51, No. & August 1965, pp. 28-82. 

not only suppresses dust effectively but is aj DIED, Murrey, C., Pneumoconjosis in, Bia 
also cheap. The cost of detergent is re- 8, August 1965, pp. 44—48. 
portedly less than 20 cents per drill shift. ., Engineering and Mining Journal. High- 
Another threat, particularly in coal oe mead woe, eemiates Silicosis. . 'V. 166, 

mines, to the health and safety of miners 63 Dannenberg, Joe. No Wonder Detergent 
besides dust is methane. There is an in- Drilling Is Making History—Its Cost Averages 
creasing effort to develop methods of con- Oe 58. Neos ‘Novemts IOeE, To 1s. » Vv. , . 5, ember 1965, pp. 129— 
trolling methane emission underground and 130 alm ren, Carl. Dry P ‘on Drill 

to develop devices that can be mounted with Detergent Mist. Min. Cong. J. v. Bl, No 
on a mining machine to warn personnel 1: January 1965, p. 62. 

or interrupt the machine power supply  with's Methane Monitor. Coal ave, MG Re before methane concentrations reach the 1, January 1965, pp. 77-79. 
explosive range. One such device was 6 Colliery Guardian. ECSC Spends Millions 

recently tested in a coal mine, and it was 2. 1968 cel “nae V. 210, No. 5424, Apr. 
concluded that it offers considerable 6 Engineering and Mining Journal. Home- 
promise as a machine-mounted warning a iar te 1s Hot Work Levels. V. 166, No. 
system.64 Continued interest in develop- “7 Warren, John W. Supplemental Cooling for 
ing methane drainage controls was demon- °? 1 ea Sngilation. | Min. Cong. J., v. 51,
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air is thoroughly scrubbed with the chilled tremors were detected by a network of 
water before entering a heat absorber sec- seismic monotoring devices placed around 
tion, the mining area. | 

A series of potentially destructive coal An American Mining Congress commit- 
mine “bumps” were successfully predicted tee has developed standards for roof-bolt 
several days in advance as a result of drill bits and plates intended to assure 
seismic studies carried out by the Geo- mine operators that roof-bolting materials 
logical Survey.68 The forecast was based meet minimum quality and performance 

| on a change in the number and intensity standards.6® The primary objective of es- 
of tremors from less hazardous toward _ tablishing the standards is to improve mine 
more hazardous areas of the mine. These _ safety. | 

MINING PRACTICE AND PERFORMANCE 7 

Automation in mining reached a cli- hoisting is coordinated with the filling and 
| max with the commencement of produc- emptying of the skips. Another shaft that 

tion at the National Coal Board’s Bever- is operated conventionally is used to hoist 
cotes colliery.70 This ambitious full-scale men, supplies, and waste. | . 

| experiment incorporated the most up-to- — It was anticipated that Bevercotes would 
date techniques in mechanization and auto- have an annual output of 1.5 million tons 
mation and may well foreshadow the de- from five longwall faces by 1968, with a 

_ gree of technological progress that will en- labor force of 770 men producing 8 tons 
| compass not only the coal mines of the per man-shift. This compares with an 

future but world mining in general. All original productivity target of 3 tons per 
of the operations are automated and in- man-shift by conventional methods which 

| tegrated from coal fragmentation at the illustrates the dramatic increase in pro- 
face through processing on the surface. ductivity envisaged. If the experiment 
The underground network is divided into at this mine is successful, an estimated 

| four sectors: The remotely operated long- half of Britain’s coal mines will be fully 
wall faces; the transport system; the coal- automated within 10 years. 

hoisting shaft; and the service shaft for Because longwalling a test panel 1,200 
men, supplies, and materials. Each seC- feet beneath the surface was a technical 

| tor is supervised by a senior mine official, success) the White Pine Copper Co. has 
and the whole network is directed from a developed a production-size panel to de- 
central control station located on the sur- termine the economic feasibility of hard- 

: face. Each sector has facilities for remote rock longwalling.71 The production panel — 

control of equipment within the sector i, 565 feet wide and 1,200 feet long and 
from its own console. Also, information  j, equipped with self-advancing hydraulic 
and instructions can be transmitted to and supports and chain conveyors. The test 
received from the surface control center panel was equipped with individual hy- 

| and other sectors. _ draulic roof supports that had to be ad- 
Production which started in October vanced and set manually. The major 

1965 came from five remotely operated ad- m 

vancing longwall faces. On each 810-foot- Mining Engineering. Successful Forecast of 
long face, a shearer loader mines the coal, yi er, nas Me ees, S U; S. Geologists. 

with power-advanced roof supports and 9 Gaddy, Frank L. Standards for Roof Bolt 
an armored chain conveyor as ancillary Plates and Drill Bits. Min. Cong. J., v. 51, 
equipment. The operation of this equip- N° 10, October 1965, pp. 39-41. 
ment is coordinated with machines that Min Meee”. tis, Towards, the 168 ee Mine. 
mine out the stables at each end of the Nash, w L. Graham, Britain's Mine of the 

. ' ; uture Goes Into Production. in. ie, ih zeny ting machines that Fay Ea", Roehl 3 
; Mining Magazine. Bevercotes—Design for The 

of belt conveyors that extends from the Future. V. 113, No. 2, August 1965, pp. 104-111. 
face area to the coal-hoisting shaft. The Sheppard, W. V. Longwall Automation of 
coal skips, loaded alternately from a shaft other 1965, Te sao Yo ve Bly No. 9 ‘Sep- 
bottom bunker, are hoisted automatically a Huebner, G. R. White Pine Copper Develop- 

Sea, i dor aoasen Genk, Eachus nae, g. 21, 1965, pp. 1-6.
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problems encountered in adopting mecha- _ three-dimensional coordinate system of the 
nized longwall equipment to hardrock min- _orebody’s_ physical dimensions, including 
ing were the protection of the roof sup- footwall and hanging-wall contacts, original 
port system from blast damage and the topography, diamond drill core evaluation, 
development of drilling and mucking pit limitations imposed by buildings and , 
equipment for use in the very limited property lines, overall pit slopes, tonnage — 
space between the supports and face. — factors, minimum operating widths, and. 

A mining practice that was expanding bench heights. Variable input data in- | 
rapidly in a variety ef applications was cluded cut-off value, recovery coefficient, 
precision blasting.?2 This practice is de- mining and processing costs, royalty pay- 
scribed under numerous names such as _ ments, and mining cost increments for the .— | 
smoothwall, presplit, perimeter, cushion, pit depth. Another recent application of | 
sculpture, contour or line blasting. The computers is being used by Consolidation | 
common objective of these techniques is to Coal Co.’s Hanna Division to calculate tt 

_ reduce overbreak and to provide smoother stripping volumes for production control.75 oo 
and more competent walls, backs, and Formerly these monthly calculations were - 
slopes. Climax Molybdenum Co. is using done by hand and required an average of _ - 
the presplit technique as a boundary cut- 120 hours. Now overburden volume 
off device to minimize dilution and the calculations reportedly can be made in | 
smoothwall method to reduce overbreak about 4 hours. | | | | 
in slusher drifts which are to be concreted. A number of noteworthy papers on min- | 
Other benefits derived from precision blast- ing technology and research were presented 
ing are: 10 to 15 percent reduction in at the Eighth Commonwealth Mining and 
slushing or mucking time, 25 percent de- Metallurgical Congress in Australia and 
crease in scaling time, improvement in New Zealand. The papers included such 
safety because of fewer rockfalls, and less topics as current practices; present and | 
time required for installing supports be- future research needs; application of 
cause the opening is smoother and more mathematical and statistical principles and 
competent. Climax reported that spec- use of computers for planning and control; tacular results have been achieved in hard exploration techniques; safety; ventilation: 
ground, but the most beneficial results were and open pit slope stability. Highlights 
obtained in areas where the ground is of a few of the numerous papers given | 
relatively soft and highly fractured. The during the 7-week meeting are discussed smoothwall blasting technique was also in the following paragraphs. 
used successfully by Homestake Mining | . . . . . Several interesting operating practices Co. to enlarge a 1,200-foot-long ventila- . . . . ws ee ee have been introduced at the Sullivan lead tion drift. In addition to minimizing over- . . . 76 ’ and zinc mine in Canada. A bland break and damage to the walls and back, . . . . : odorless oil has been substituted for fuel the desired drift shape: and smoothness a . . . | : . ° ° oil in ammonium nitrate explosive to re- was obtained, resulting in greater airflow d oe ee uce odors and skin irritations and for per fan horsepower. Another successful | 
application of precision blasting is being wh Engineering and Mining Journal. How and ° : a y Mines Go to Smoothwa asting. . 166, used by Craigmont Mines Ltd., to im No. 10, October 1965, pp. 92-96. 
prove the stability of open pit walls. Line > Undwie, J. J., and A. kK Smith. Evolution _ of Pre-Splitting an ontrolle asting. in. holes on 10-foot centers are blasted to pro- Cong. J., v 51, No. 10, October 1965, pe 66-71, 
vide a plane of weakness adjacent to the 5 Smith, jAlbert K., gene Ralph M. Barnett. : ° moothwa asting Shows Promise at Climax. final pit wall for the main blast. . Min. Eng., v. 17, No. 7, July 1965, pp. 162—166. Computers continue to find wider appli- 73 Engineering and Mining Journal. Open Pit 
cation in the mining industry. Kennecott Oe Tg 285. V. 166, No. 9, September 1965, 
Copper Corp. Western Mining Division 74 O'Brien, Noel, and F. J. Nowak. An Appl: . . oo on: cation of a Computer to Open-Pit Mine pera- is using Computers as an aid in designing = 0.007 FB computer to Open Bull., v. 58, No. alternate pit layouts and evaluating mine 638, June 1965, pp. 649-654. 

ies. 73 imi icati . "3 Cook, Paul A. C., and Joseph Hickle. Rapid Prop erties. . A similar app lication of com Calculation of Overburden Volumes. Min. Cong. puters is being used by National Asbestos J. y. 51, No. 1, January 1965, pp. 45-49. in 74 “6 Hurdle, B. E. Recent Developments at the anes Ltd. : A computer program was Sullivan Mine of the Consolidated Mining & eveloped to aid in optimizing the pit con- Smelting Co. of Canada Ltd. Bighth Common- 
figuration. The fi 1 - wealth Min. and Met. Cong. Australia an ew a themati ree nput data are essen-  Fealth Min, nd Met. Cong. Australia, Mining, tially mathematical descriptions based on a Melbourne, Australia, preprint 46, 1965, pp. 1—5. 
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secondary blasting the prilled mixture is nently in the stope design and the selection 

pulverized by jetting against a stainless of the type of fill for the Mt. Charlotte 

steel plate to provide a more effective ex- ore body of Gold Mines of Kalgoorlie 

plosive. The noise level of diamond drills (Australia) Ltd.78 The ore will be selec- 

has been reduced to satisfactory levels, and tively mined by the cut-and-fill method 

about 90 percent of the noise energy de- with buttress pillars as support. Stope de- 

veloped by percussion drilling machines sign was resolved after an examination of 

: is absorbed by application of a rubber- primary rock stress conditions and in situ 

sleeved type muffler with reduction of some deformation moduli of the rock in the ore 

10 decibels in the significant speech range. body. Dry unclassified mill tailings will 

_ The company has also reduced the dust be used as fill material. 

count substantially in development head- At Mount Isa Mines Ltd., mining in 

ings by using a supplementary system for hot ground (temperature above 135° F 
| sweeping the heading with clean air. The and up to 250° F) has given rise to special 

air supply system consists of 6-inch metal yyles which govern the use of explosives.79 
pipe and telescoping polyethelene tubing Because of problems with misfires and the 
connected to a venturi type air mover. — eventual inevitable decomposition of nitro- 

A new stoping configuration, the cas-  slycerine based explosives at temperatures 
cade continuous retreat method, has been above 165° F, these explosives have been 

developed at the Mufulira mine in Rhode- replaced by AN-FO where the ground 

sia to mine 30- to 35-degree dipping ore temperature is higher than 150° F.° How- 
7 bodies which range from 30 to 70 feet in ever the use of AN-FO also has complica- : 

thickness.77 This method was devised to tions because of its reactions under certain 
reduce pillars to the minimum by retreat- conditions, which result in rapid elevation 
ing continuously along the strike allowing of the temperature within a blasthole to 
caving of the hanging wall some distance above 500° F. These reactions have been 
back from the working face; to do as_ eliminated in development headings by 
much development as possible in ore, there- separating AN-FO from the hole walls 
by minimizing waste development; to make with suitable hole linings and in ring- 

use of gravity in dipping ore bodies by firing by using special high temperature 
reducing stope back length and creating cartridged explosives. 
an artificial stoping footwall; to use de- : 

: velopment headings of large cross section 77 Airey, L. D. The Introduction of Mech- 

| where possible so that blastholes may be gpizet, Mining Methods at Mufulita, | Cones 
drilled with 6-foot extension steels and Met. Cong. Australia and New. Zealand, 1965, 
large autofeed drifters and so that large oie ue eprint eta ene: one Aus- 

capacity rock handling equipment may be 78 Simpson, R. C. Operations at Mount Char- 
used in both the development and produc- __lotte. Eighth | Commonwealth Min. and Met. 

° . Cong. Australia and New Zealand, 1965, 6th 
tion stages; and to reduce the effects of tech. sess. Metal Mining, Melbourne, Australia, 
dilution from premature collapse of the preprint 125, 1965, pp. 6-15. 

hanging wall to a8 small an area as pos- Ors, David M_The, Une of, Beplosie, in 
sible by reducing back lengths of indi-  kighth Commonwealth Min. and Met. Cong. 
vidual stopes. | Australia and New Zealand, 1965, 6th tech. sess. 

Rock and soil mechanics figured promi- Metal Mining, Melbourne, Australia, preprint gured p 20, pp. 42-60.



Technologic Trends in t echnologic Trends in the Mineral 
Industri : uStries , 

(Metals and Nonmetals Except Fuels) 

| By F. L. Wideman * | 

| Output of ore and waste from metal and creased 4 percent and output of waste rose | 
- nonmetal mines in the United States con- | 10 percent. Ore and waste were 48 percent 

tinued an upward trend and established a and 52 percent, respectively, of the total 
new high. The tonnage of ore handled in- materials handled at metal mines. Copper 
creased 6 percent over that moved in 1964 and iron ore mines accounted for 79 per- | 
and the tonnage of waste rose almost 10 cent of the crude ore (77 percent in 1964) 
percent. Earth moving by these two activi- and 85 percent (82 percent) of the total 
ties exceeded 3.2 billion tons, an increase material handled. For the second consecu- 

of 7 percent over the 1964 total. Crude tive year, the Peter Mitchell mine of Re- 
material from which metal or nonmetal serve Mining Co. was the largest producer 
products were derived continued to be of ore in the United States. However, an 

about 75 percent of the total material han- enormous tonnage of waste added to a 
dled. . large tonnage of ore mined by Kennecott 

In 1965, surface mining methods were Copper Corp., Utah Copper Division, 
used to produce about 93 percent of the placed the mine in first place in total ma- | 
ore, 99 percent of the waste, and 95 per- terials handled. 

cent of the total material handled. These The tonnage of all materials handled at | 
percentages have remained almost constant ponmetal mines increased 7 percent over 
since the beginning of this decade. | that of 1964 and totaled 2,224 million tons. 

Exploration and development increased Qutput of usable raw material increased 
25 percent over that performed in 1964 almost 7 percent, 1 percent more than the | 
and totaled more than 18.6 million feet. jncrease in 1964. Waste removal rose 7 per- 

However, the total remained below the cent and with the large increase in waste 
high of 21.9 million feet established in removed at metal mines contributed to the 
1961. | rise in total tonnage of waste removed. 

_ A rapid growth in the treatment of raw The combined material handled at sand 
materials by froth flotation characterized and gravel pits and stone quarries totaled 

the mineral industries in 1960-65. The about 1.77 billion tons and was 80 percent —_ 
number of plants treating coal increased 8] percent in 1964) of the total materials 
from 31 to 69 and the number of mills handled at nonmetal mines and quarries. 
processing other raw material rose from Increased production added Ohio and 
163 to 186. The daily capacity of the latter pennsylvania to the list of States handling 
mentioned mills rose 23 percent to more more than 100 million tons of material in 
than 860,000 tons and ore treated increased 1965. Mines in each of six other States— 
38 percent to 269 million tons. In 1960, 31 Arizona, California, Florida, Michigan, 

percent of the ore mined—coal, sand and Minnesota, and Utah—also produced more 
gravel, and stone excluded—was treated by than 100 million tons of material. Califor- 
froth flotation. In 1965, the ratio increased ia replaced Arizona for first place with 

to 38 percent. the production of 267 million tons of ma- 
Material Handled.—Output of ore and terial handled. Minnesota was in second 

waste at metal and nonmetal mines in the place with 263 million tons and Arizona 
United States totaled 3,213 million tons, an —_ was in third place with 261 million tons. 
increase of 7 percent over that of 1964. At | 

metal mines, crude ore production in- 1Commodity specialist, Division of Minerals. 
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Table 1.—Material handled at surface and underground mines, by commodities, in 1965 

(Thousand short tons) ; 

Surface - - Underground All mines 
_ Commodity | -———$ $$ 

Crude ore Waste Total Crude ore | Waste Total Crude ore Waste Total 

Metals: 
so, 

Bauxite_.__..-_-_-.--_-.-.---.---.------- 2,095 555 2,650. 209 See 209 2,804 555 2,859 
Beryllium_..-...------------------------ 2 1 8 manne wae-- anne 2 1 3 
Copper__..----..-----.----------------- 149 , 434 286 ,048 435 ,482 . 26,043 547 26,590 175,477 286 ,595 462 ,072 
Gold: . 

Lode____._.-..--------------------- 1,498 6,993 8 , 486 2,504 309 2,818 3,997 7,802 11,299 - 
Placer._.._.-.-----.--------.------- 27,198 5,809 82 , 507 ----- meee meene 27,198 5,309 $2,507 

Tron ore. ____--------------------------+- 179 ,104 172 ,480 851,584 21,678 2,397 24,075 200 , 782 174,877 875,659 
Lead__...--.------..--.---------------- 148 | 221 369 6,460 641 | 7,101 6,608 862 7,470 
Manganese ore____-.-------------------- ----- ----- ----- 24 7 31 24 4 31 Ss 
Manganiferous ore_.._------------------- 646 2,892 3,538 ae wen-e wn--- 646 2,892 8,588 2 
Mercury.....--.------------------------ 236 634 870 154 151 - 805 390 785 1,175 tx} 
Molybdenum_._....--.-------------.---- 158 4,647 4,805 14,3538 - 140 14,493 14,511 4,787 - 19,298 ys) 
Silver_______--_-----_- ue eee 315 396 711 469 142 611 784 588 1,322 > 
Titanium: Ilmenite___.....-.----.------- 19,535 4,915 24,450. wo-ee eee w---- 19 , 535 4,915 24,450 DF 
Tungsten____..------------------------- ----- ----- ----- 442 78 520 © 442 78 520 
Uranium....---------------------------- 1,797 19 , 529 21,826 8,369 892 4,261 5,166 20,421 25,587 fg 
Zine__._.._.--------------+-------------- 598 48 646 11,738 945 12,688 12 ,336 993. 18 ,329 > 
Other !__.._-_.....---------------------- 7,150 . 622 7,672: eee ----- waoee 7,150 522 7,672 3 

Total metals___...-------.-.-----.---- 389 ,909 505,190 895 ,099 87,443 . 6,249 — 93,692 A477 ,852 511,489 - 988,791 8 

Nonmetals: , . _ ws 
Abrasives 2__._..--------.~-----.--------e 143—C«; 89 232... 37 ----- 37 180 89 | 269 a 
Asbestos___....------------------------- 2,401 2,802 5,203 62 16 78 2,463 2,818 5,281 & 
Barite.........-.-.-.------------------- 6,516 4,094 10,610 - 227 wooee 227 6,748 4,094 10,837 or 
Boron minerals_........----------------- 10 ,291 7,095 17,386 2 wonee 2 10,298 7,095 17 ,888 
Clays..-..-.-------.-.------------------ 54,055 48 ,049 102,104 1,646 25 1,671 55,701 48 ,074 108 ,775 
Diatomite_......-..--.------------------ 1,182 5,898 .6,580 wne-e. weene ween 1,182 5,398 6,530 . 
Feldspar.......------.------------------ 1,420 273 1,693 6 meee | an 1,426 278 1,699 
Fluorspar...-..-..-------.----------.---- 60 51 111 815 5 . 820 875 56 981 
Gypsum_._....-.------------------ eee ee 7,997 11,020 19,017 — 2,506 541 8,047 10 ,508 11,561 22 ,064 
Mica___....--....-~-------------------- 588 170 758 manne woene ween 588 170 758 
Perlite........-----.-------------------- 586 18 699 . 3 wanes 8 589 18 602 
Phosphate rock.....-----.-----.---------.- 81,548 185,928 : 217 , 476 1,421 wanes 1,421 82 ,969 185 ,928 218 ,897 
Potassium salts......-.-------------.---- w---e ----- -~---- 19,178 1,876 20,554 19,178 1,876 20 , 554 
Pumice.......------+--------- eee e eee 8,464 183 8,597 meeee eee a 8,464 188 8,697 
Salt._.-.-....---------------- ++ eee 6,680 weene 6,680 11,855 888 12,188 17,985 888 18 ,818 | 
Sand and gravel__..---..-...-----------.- 895,601 ennee 895,601 — -----  neeee .---. 895,601 wou-e 895,601 
Sodium carbonate (natural)......-.......- weene wne-e w--- 1,947 q 1,954 1,947 G7 . 1,954 
tone: an 

Crushed and broken__....-...-.-.-.-- 755,954 71,180 827,184 87 ,626 246 87 , 872 798 , 580 71,426 865 ,006 
Suit Dimension. .....-...-----.-.-------- 5,252 2,919 8,171 | 264 wens 264 5,516 2,919 8,485 
ulfur: 

Frasch-process mines.......-.-...----. 8,198 w---- 8,198 woeee wo-ee wneee 8,198 waeee 8,198



Other mines......---..---..-.------- 4 ----- 4 ----- ----- ----- 4 anaes 4 
Talc, soapstone, and pyrophyllite_--------- 379 890 769 613 56 669 992 446 1,488 
Vermiculite__......-------------..------- 1,177 2,746 8,923 weene a w---- 1,177 2,746 8,923 
Other ?_____-- eee ee 3 , 829 3,378 7,207 76 8 84 3,905 3,386 7,291 

Total nonmetals_-...-..-.----.-------- 1,847,220 295,728 2,142,948 77,784 3,113 . 80,897 1,925,004 298 , 841 2,228 ,845 

Grand total_...-.-.-..--.-2-...----.._. 2,287,129 800,918 8,088,047 165,227 . 9,862 174,589 2,402,356 | 810 ,280 3,212 ,686 

1 Antimony, magnesium, nickel, platinum-group metals, rare-earth metals, rutile, tin, vanadium, and zirconium. 
2Emery, garnet, and tripoli. | 
8 Brucite, graphite, greensand marl, kyanite, lithium minerals, magnesite, olivine, sodium sulfate (natural), and wollastonite. 4 
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Table 2.—Material handled at surface and underground mines (including sand and gravel and stone), by States, in 1965 @? 

(Thousand short tons) 
Surface Underground All mines 

State TT 
Crude ore . Waste Total Crude ore Waste Total Crude ore Waste Total 

Alabama.___.____----.-------------------- eee 32,081 29 444 61,475 848 79 927 32,879 29 ,528 62 , 402 . 
Alaska____-- eee eee 39 ,209 4,599 43 ,808 122 5 127 89 ,331 4,604 48 ,935 

Arizona____.------ ee eee eee 98 ,344 145 , 820 244,164 15,968 375 16 343 114,312 146 ,195 260 , 507 
Arkansas_____--------_-_--_----- eee eee eee 87 ,272 1,396 88 ,668 1,272 - wn---e 1,272 38 ,544 1,896 39 ,940 
California_._.._.-..---.---------_------------ 215,394 49 , 867 266 ,261 1,630 256 1,886 217 ,024 50,123 267 , 147 
Colorado_____._.---------------------------- 26,722 908 27,630 16,016 857 16,873 42 ,738 1,765 44,503 : 
Connecticut._...........-.-.-.--------------- 16 ,262 253 16,515 w~---- wwane ----- 16 ,262 253 16,515 
Florida______-...--------------------------- 133 ,511 116 ,350 249 ,861 wuune wanue nauee 133 ,511 116 ,350 249 ,861 
Georgia__...--_-------------- eee 84 ,933 25,618 60 , 546 1,069 w---- 1,069 36 ,002 25,613 61,615 
Idaho______.----- eee eee eee 18 ,360 18 , 844 37,204 1,541 416 1,957 19 ,901 19 ,260 89 ,161 
Tilinois. ___-_. 22 e ee 88 , 282 8,090 91,372 8,611 12 8,623 86 ,893 8,102 94,995 
Indiana___..__--.-_---22 2-2 eee 50,614 1,661 52 ,275 908 2 905 51,517 1,663 53,180 
Towa_...---.-.----- eee eee 45 ,653 10,193 55 , 846 1,901 wee 1,901 47,554 10,1938 57,747 
Kansas________---_.-----_-----~------ eee 29 , 562 1,541 31,108 3,773 85 3,808 33 ,335 1,576 84,911 2 
Kentucky.__._._.------- eee 27,398 3,815 31,218 6,777 5. 6 , 782 84,175 8,820 87,995 wz 
Louisiana. ___._.---------__.---_------ eee 27 ,462 w---- 27 , 462 3,661 21 8,682 31,123 21 31,144 a 
Maine____._.._.---------------------------- 18 ,467 11 18,478 24 89 68 18,491 50 18,541 se 

. Maryland_____..-___----_-._-__------------- 32 ,212 787 32,999 92 w-+-. 92 82 ,304 787 33,091 S . 
Massachusetts__.......--..----------4- eee 28,678 114 28,792 5 w~---- 5 28 ,683 114 28,797 =) 
Michigan___-__.._.--.------_---_.-----~----- 118 , 724 16 , 583 130 ,307 16 ,987 1,869 18,356 130,711 17 ,952 148 , 663 ~ 
Minnesota__._._.-__...-_.-..-------.------- 169 ,209 91,769 260 ,978 2,451 43 2,494 171 ,660 91,812 268 , 472 “s 
Mississippi_..-........2--.2-.2- 2 eee 12,533 1,725 14,258 wwase wane ----- 12 ,533 1,725 14,258 > 
Missouri_...__.....__--_-___..-------------- 48 ,461 5, 896 54,357 16 ,487 310 16,797 64,948 6,206 71,154 bs 
Montana_______-__.-_---___- ee eee 31,934 2,856 84,790 4,076 32 4,108 36,010 2,888 88,898 bd 
Nebraska__..__-.-..--._--_--.-------------- 16,298 3,746 20,044 ee ween wenee 16 ,298 8,746 20 ,044 Oo 
Nevada__._.._.-.-..------------------------ 31;531 45 346 16,877 317 44 861 31,848 45,390 77 ,238 © 
New Hampshire___-_-__......-..-_..--.----- 10,872 / 12 10 , 884 eee ----- won-e 10,872 12 10 ,884 A 
New Jersey. __._._-_-_----------- 2 31,916 596 82 ,512 946 6 952 32 ,862 602 - 88,464 — 
New Mexico________..__-__.---------------.- 23,791 28,515 52,306 20 ,952 1,201 (22,158 44,743 29 ,716 74,459 © 
New York___..--...-.---- eee 69 , 056 8,078 17,134 6,455 62 6,517 76,511 8,140 83 ,651 S 
North Carolina.........-.-.-------- ~~ eee 34,866 . 1,187 36 ,003 38 enone 38 34,904 1,137 36 ,041 
North Dakota____-..2.- 2-2-2 eee 8,115 2,193 10,308 we--e wo--e -~---- 8,115 2,198 10 ,808 
Ohio. __ 22 - eee eee 87,106 9,879 96,485 5, 758 ATT 6,280 92 ,859 9,856 102 ,715 
Oklahoma.......-2-0---- eee eee 22 ,698 2,352 25,050 1,879 wane 1,879 24,077 2,852 26 ,429 . 
Oregon__..--.--- 222 e eee eee 46,140 628 46,768 22 5 27 46 ,162 638 46,795 
Pennsylvania.._.-......--.-..---------------- 76,601 17,188 98 , 789 8,174 1,794 9,968 84,775 18 ,982 108 , 757 
Rhode Island__....-.-..-.....--.---.--.----- 2,089 wnaee 2,089 wneee w-oee wenee 2,089 ----- 2,089 . 
South Carolina. _.....22.002------- eee eee 15,648 4,801 20 , 444. wnnen meee meee 15,648 4,801 20 , 444 
South Dakota_......22---- 2 eee 15 ,957 685 16,592 2,107 206 2,818 18 ,064 841 18 ,905 
Tennessee... eee eee 41,085 6,816 47,851 6,928 865... 7,288 47 ,958 6,681 64,689 
Texas. __ 2 ee ee ee ee eee 87 ,640 4,109 91,749 278 wonne. 278 87,918 . 4,109 92 ,022 
Utah... 2-2 eee ee 49,780 i 90,118 189 , 848 -1,580 184 2,864 51,810 90,897 142 ,207 
Vermont... - 22 eee eee 5,971 652 6,628 241... a 244 6,212 655 6,867 
Virginia. __....-.-2-- eee eee 52,945. 8 ,298 56 ,288 8,384 100 8,484 56 ,279 8,898 59 ,672 
Washington.....-------.-------- eee eee ee 44,962 1,274 46 ,286 171 .. 82 - 228 45,188 1,826. 46 ,459 
West Virginia___....-..--- 22-2 eee 11,648 1,815 18 ,468 2,799 42 2,841 14,447 1,857 16,804 
Wisconsin......-...--.--.-.------- eee eee 54,281 400 54,681 1,108 wa--- 1,108 55,8384 400 55, 784 
Wyoming. -—-----n-o rere rere rere teeter 17,018 29 , 802 46,815 8,446 865 - §,811 ~* 20,459 80 ,167 50 , 626 . 
Other States}. 220 8,048 408 8,451 wonee wane woeee 8,048 408 8,451 
ee 

Total_.......---------. eee. =, 287,129 800,918 8,088,047 165,227 9,362 174,589 2,402,856 810 ,280 8 ,212 ,686 
1 Delaware and Hawaii.
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. Table 3.—Crude ore and total material handled at surface and underground mines, 

. ‘by commodities in 1965 

_ (Percent) . 

Crude ore Total material 

Commodity Under- Under- 
Surface ground Surface ground 

Metals: 
. Bauxite __....------- ee 91 9 93 7 

Beryllium_.___._..----2-22- eee 100 uae. 100 _-- 
Copnper___._-.--.---_.---- eee 85 15 . 94 6 
Gold: ; . 

Lode__.._.---.. 2-2 eee 28 | 72 75 25 
Placer__._.-..-.--..2.-- 2-2-2 eee 100 _-- 100 _-- 

Tron ore__...--_-._-_____-.-_------------- eee 90 10 94 . 6 
Lead____._-_--_-_-_-- eee _-- 100 5 95 
Manganese ore_________.__.----_--_---------- —_— 100 oe 100 
Manganiferous ore._____...-_.---_-_--------_- 100 _-- 100 —_— 

. Mercury. ____._._.--_-_- eee 59 41 74 26 ; 
Molybdenum_______.___-________-_._-_-__--e ee 1 99 25 © 75 
Nickel____-_._.-_-- 2 eee 100 woe 100 _-- 
Rare-earth metals and thorium__________-_---_- 100 _-- 100 --- 
Silver... 2-2 39 61 54 46 
Titanium: 

Timenite____-....2--22 eee 100 _-- 100 ee 
_ Rutile... 22 ee 100 _-- 100 _-- 
Tungsten_______.-.__-_--_-_-_- eee _-- 100 _-. 100 
Uranium ____._-- eee 25 75 83 17 
Zine____..-.---- eee eee 4 96 5 95 

- Total metals..._...--..----.- 222i 82 18 91 9 

Nonmetals: - | 
_ Abrasives: 

Emery._-.__-_----------_ eee eee 100 _-- 100. --- 
Garnet__...- 2-2-2 eee 100 _-- 100 --- 
Tripoli___...---- 22 eee 48 52 62 38 

Asbestos___2_----..-- +222 ee 97 3 99 1 
Barite_____~___.- 2-2 eee 96 4 98 2 
Boron minerals_____...........-.------------- 100 _-- 100 --- 
Clays__._ 2 ee eee eee QT 3 98 2. 
Diatomite__._..-_.....-- 2 eee 100 -a- 100 --- 
Feldspar____._.-.---_._--_-_-- eee 100 _-- 100 _—— 
Fluorspar__...-.-----.----------------------- 6 94 12 = 88 
Graphite____...---.22- eee 100 _-- 100 --- 
Gypsum___.o.----- eee 16 24 86 14 
Kyanite._..._.-2 22 100 _-- 100 --- 
Lithium minerals_____...----2 2 eee 100 --- 100 --- 
Magnesite._..___...-..-_..-----_-- eee 100 --- 100 --- 
Marl, greensand____.______.____-. 2 eee ieee 100 --- 100 --- 
Mica: Serap___.-----.-.-...------------- ee 100 --- 100 --- 
Olivine.______.------ eee 100 _-- 100 --- 
Perlite___..-._--_------- eee ee 100 _-- 100 --- 
Phosphate rock_____...--..--2-- 2 eee 98 2 99 1 
Potassium salts____..-__-_--_------ eee _-- 100 _-- 100 
Pumice_____.------------ eee ee 100 _-- 100 --- 

. Salt__......---- 22 7 93 9 91 
Sand and gravel______._.....-...-...-.------- 100 ee 100 --- 
Sodium carbonate (natural)______....-..-_----- _-- 100 — 100 
Sodium sulfate (natural)____._.......-------_- 100 _-- 100 --- 
Stone: 

Crushed and broken_____._..._.--..------ 95 5 96 4 
Dimension__.__...-..-.--------- eee ee 95 5 97 3 

Sulfur: Frasch-process mines___.._........----- 100 _-- 100 --- 
Tale, soapstone, and pyrophyllite_____2.....-._- . 88 62 54 46 
Vermiculite_......_..-.-----_...- 1-2. + _--- 100 --- 100 --- 
Wollastonite__.....-.---__---- eee 2 98 1 99 

Total nonmetals._....._....-.-.--.-.------- 96 4 97 3 

Grand total__..-..-.--.__--.-------_-------- 94 6 95 5 

Comparison of Production From Sur- Crude ore and waste produced at metal 
face and Underground Mines.—Surface mines by surface mining were 82 percent 

mines produced 93 percent of the ore and and 99 percent, respectively, of the total 
95 percent of the total materials handled output, both percentages were unchanged 

in 1965. Both percentages were unchanged from 1964. Crude nonmetal materials and 
from those of the two previous years. waste produced from surface mines re-
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mained at 96 percent and 99 percent, re- and gravel; sulfur (other than Frasch-proc- 
spectively, of the total; ratios unchanged in __ ess) ; and vermiculite. | 

| the st 7 years. oditi Underground mining continued to ac- 
ce commodities—manganese = ores count for substantial percentages of ore 

tungsten, and sodium carbonate (natural) , . : 
. . produced in the same four States as in 

excluding that produced from brines—were 19 lorado. 37 t (36 ti 
produced by underground mining methods oforado, percent (36 percent in 
only. Ores of four metals—placer gold, 1964) , Kentucky, 20 percent (20 percent) ; 
manganiferous ore, nickel, and ilmenite Missouri, 26 percent (25 percent); and : 
and tutile—were produced by surface min- | New Mexico, 47 percent (49 percent). Un- 
ing only. Nonmetals mined by surface derground mining was not reported in 10 
methods only included mica, pumice, sand States. 

Table 4.—Crude ore and total material handled at surface and underground mines, 

by States, in 1965 

. (Percent) . 

Crude ore Total material 

. State Under-. ; Under- 
Surface ground Surface = —s_ ground 

Alabama _._ ._- 2 22L-------------------- 2 «98 2 99 1 
Alaska__.22--..-------------------- 2 ee 100 ae 100 _-- 
Arizona_____..----------------------~----------- 86 14 94 6 
Arkansas. _.._.--.------------------------------- _ OF 3 97 Oe 3 
Califomia___...----.--.------------------------- 99 1 99 1 
Colorado..__...-..--------_.--------------------- 63 37 62 38 

: Connecticut. _.....---.---.---------------------- 100 —— 100° _— 
Delaware__.....--..-----------------.----------- 100 _-- 100 . tee 
Florida_.....-..--...-----_------~---------------- 100 _-- 100 nee 
Georgia. _.---.-----.-----.--------------+-------- 97 3 98 . 2 
Hawaii__._...-....._--.-------.-------.-------.- 100 _-- 100 _-- 
Idaho____..-..._..-_-----.----------------------- 93 qT 95 5 
Tilinois__......-_._..--.-.----------------- +--+ 96 4 96 4 

. Indiana_____._.__-._.--.-_.--------------- +--+ 98 2 98 2 
Towa_.___..---_------------_--.-- eee 96 4 97 3 
Kansas____..._...--....--.---------- eee 89 11 89 11 
Kentucky.__...-..------------------------------ 80 20 82 —«18 
Louisiana___......._..._..---------------.------- 93 7 93 qT 

_ Maine____.-...- ~~~ 2 100 _-- 100 _-- 
Maryland___.........-..---..------------------- 100 _-- 100 _-- 
Massachusetts. __.....-....---------------------- 100 _-- 100 _-- 
Michigan________....._--------------.-..-----.-- 88 12 88 12 
Minnesota_____.-_._--...---_-------------------- 99 1 99 ot 
Mississippi____.__.-.-.--------..--------.-.----- 100 _-- 100 --- 
Missouri. ___..---_-___.------------------------- 74 26 76 24 
Montana.________- eee 89 11 90 10 
Nebraska__._.......--.---_.._--.-.--------------- 100 --- 100 --- 
Nevada_______.------_---------- ee 99 1 100 --- 
New Hampshire____.-....----.------------------- 100 _a- 100 --- 
New Jersey_...-..----------_-------------------- 99 1 99 1 
New Mexico___._._..-.------___----------------- 53 47 70 30 
New York__________-----_----__----------------- 92 8 92 8 
North Carolina__.._._____._..-.-.-----_.----------- 100 --- 100 --- 
North Dakota_________.-_--.--__-.-..-.--------- 100 _-- 100 --- 
Ohio______-___-_--_--_ eee 94 6 QA 6 
Oklahoma_____-._.-----.- eee ee 94 6 95 5 
Oregon_._...-_.....-.-------- 2+ eee 100 --- 100 --- 
Pennsylvania___...._._.-...._-.-..-.------------- 90 10 90 10 
Rhode Island__...._-___._..-...-.-.--------------- 100 _-- 100 _-- 
South Carolina__...____----___-_---_--.----------- 100 _-- 100 --- 
South Dakota____......--..-._--_--_-------------- 89 11 88 12 
Tennessee_____..-_-_-------L_ e+e 86 14 87 13 
Texas_______----- eee eee eee 100 _-- 100 — 
Utah_.__.. eee 98 2 99 1 
Vermont. ___..- eee 96 4 97 3 
Virginia_.___.__..----..- 2 _- 2 eee 95 5 95 5 
Washington__________-._-_-_-_--------------------- 100 _-- 100 _-- 
West Virginia___........---.------.-------------- 82 18 85 15 
Wisconsin _ _.....-------------------------------- 98 2 98 2 
Wyoming.__._..-.-------_----------------------- 83 17 93 7 

Total____--- eee 94 6 95 5
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Magnitude of the Mining Industry— that handled less than 1,000 tons of ore 

Crude ore production was reported from increased from 716 in 1964 to 747 and the 

8,600 mines (7,093 in 1964) —1,621 (1,449) number of nonmetal mines in this class in- 

metal. and 6,979 (5,644) nonmetal—exclu- creased from 565 to 627. The number of 
: sive of sand and 8r avel pits. Outp ut of ore metal mines that produced more than 10 

_ from individual mines ranged from 1 to Hlion t increased from 7 in 1964 to 10 . 
more than 30 million tons and total mate- ™ ton FOS iMerease ma - : | 
rials handled at one mine exceeded 116 i 1965 and the number of nonmetal mines oo 

million tons. The number of metal mines in this class remained unchanged at 2. 

Fable 5.—Number of domestic metal and nonmetal minés in 1965, by commodity a 
7 and magnitude of crude ore production : 

Total Less 1,000 10,000 400,000. 1,000,000 oo 
. number than to. to | - to. to More than . 

Commodity of 1,600. 10,000 100,000 1,000,000 10,000,000 106,000,000 
mines tons. tons tons tons — tons tons - 

| ee etn ee en83+ Ce ee 

Metals: Sy 
Antimony -__-__.-_-___.___ 4 4 os a --- --- ~-- 
Bauxite____._____-_______ 4  ___ a) 6 2 1 ee 
Beryllium ____._-..--2____ 10 10 Lk --- --- --- --- 

. Copper__2.-.-____-.__._-.__ 128 55 12 22 17 17 5 
Gold: - . 

- Lode___--.- 2-22 180 84 52 30 12 1 1 
Placer__._.--.-_-_____ 1038 ——i(‘as«é2 q 2 | 3 1 _-- 

Tron ore__-_-_-.----.--.-_ 155 5 12 26 67 42 3 
Lead____.-.._---2 Lee 119 79 24 _ 8 7 1 --- 
Manganese ore____________ 4 1 1 2 _-- _-- _-- 
Manganiferous ore_________ 3 a a 2 1 — _-- 
Mercury.___.--._._______ 146 123 14 9 —_— —— _-- 
Molybdenum_____________ 5 2 1 a 1 _-- 1 
Silver__..--.-2- 2-2 eee 135 63 62 4 3 --- --- 
Tin. ee 4 2 1 1 a _-- --- 
Titanium concentrates _____ 6 a --- 1 id 4 _-- 
Tungsten____________-____ 5 4 ae a 1 --- --- 
Uranium ________-- 2 ____ 423 195. 116 49 63 a _-- 
Zine________-____-_--_----___ 172 30 13 38 88 3 _-- 
Other !____ 2 ee 5 oe ee 1 1 3. _-- 

Total metals__....__..._._ 1,621 T47 320 204 267 73 10 

Nonmetals: 
Abrasives ?_____________.- 27 15 8 4 --- -o- _a- 
Asbestos_____-___.___-___ 11 3 1 3 3 1 _-- 

. Barite________-__-_--_____ 45 9 . 6 | 12 17 1 --- 
Boron minerals____________ 4 1 1 a an 2 ae 
Clays__....._----........ 1,247 88 321 687 151 --- --- - 
Diatomite____.__________. 15 3 4 4 4 --- --- 
Feldspar________.-___-.__ 89. 538 17 14 5 _-- _-- 
Fluorspar.____._.-----___ 16 4 5 4 3 --- --- 
Gypsum.______---- ee 75 1 11 24 39 a - _-- 
Kyanite_______...-...-___ 6 --- --- id 5 --- --- 
Marl, greensand_..________ 2 -~-- 2 =e --- --- --- 
Mica___.. ee 25 7 7 10 1 —_— --- 
Olivine... 22 eee 6 1 2 3 --- --- _-- 
Perlite. __.__..__.-_______ 17 3 8 4 2 _-- --- 
Phosphate rock_______-___ 51 a 5 6 24 — 15 1 
Potassium salts______.____ 11 --- es woe 6 5 --- 
Pumice_.._...-...-------- 137 25 39 60 13 _-- _-- 
Salt_.----.2- ee 62 2 11 15 29 5 -~-- 
Sodium carbonate (natural) _ 3 --- --- --- 2 1 _-- 
Stone: 

Crushed and broken__. 4,422 154 422 1,438 1,984 423 1 
Dimension___.---.____ 597 234 268 82 13 _-- _-- 

Sulfur: 
Frasch-process mines___ 11 --- --- 1 q 3 _-- 
Other mines___.._____ 2 1 1 --- a --- _-- 

Talc, soapstone, and pyro- 
phyllite. __.-_..-.-.____ 80 19 36 24 1 _-- _-- 

Vermiculite__.__...-__ -__- 6 1 2 1 2 _-- --- 
Wollastonite____......___- 4 3 --- 1 _— a --- 
Other 2?___________ 8 --- 1 1 5 1 _-- 

Total nonmetals___..._... 6,979 627 1,178 2,399 2,316 457 2 

Grand total__._..._......_ 8,600 1,374 1,498 2,603 2 , 583 530 12 

1 Magnesium, nickel, platinum-group metals, rare-earth metals, and zirconium. 
2 Emery, garnet, and tripoli. 
3 Brucite, graphite, lithium minerals, magnesite, and sodium sulfate (natural) .
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Underground Mining Methods.—Ore ex- large percentage of the total ore at metal 

tracted by underground mining methods mines came from multiple bench opera- 

remained at 7 percent of the total pro- tions. Barite, phosphate rock, sand and 

duced in the United States. However, the gravel, and dimension stone, commodities 

percentage of ore of some commodities that supplied 94 percent of the total out- 

produced by certain types of methods put of non metals, were mined with little 

varied widely. Ore produced by open stop- or no blasting. | 

ing was approximately 74 percent (75 per- Exploration and Development.—The up- 

cent in 1964) and output from caving ward trend in exploration and develop- 

methods was 25 percent (24 percent). All ment accelerated in 1965 and totaled 18.7 

the bauxite, boron minerals, feldspar, po- million feet, 25 percent more than in 1964 

tassium salts, tripoli, and wollastonite (9 percent more in 1964 than in 1963). 

mined underground were extracted from For metals, the total was 11.9 million feet 

naturally supported open stopes. Most of compared with 10.8 in 1964, whereas the 

| the molybdenum ore was produced by cav- footage for nonmetals rose from 4.1 million 

ing methods. The percentage of copper to 6.8 million. Footage excavated by shaft 

ore mined by underground methods that sinking, raising, drifting, and crosscutting 
was extracted by caving decreased from 51 decreased 6 percent. an 
percent to 48 percent and the ratio for In 1965, drilling accounted for 17.0 mil- 
iron ore, produced by this method, de- lion feet which was 91 percent of the total _ 
creased from 45 percent to 38 percent. footage of exploration and development 
. Surface Mining.—Practically all the ma- and resulted in a 31 percent increase over 
terial handled at surface mines continued — that of 1964. Footage by diamond drilling» 
to be loaded mechanically. In metal min- decreased 10 percent and was 13 percent 
ing, a large percentage of the ore required (17 percent in 1964) of the total footage 
drilling and blasting before loading. A of drilling. Although the footage reported 

Table 6.—Mining methods used in underground operations, by commodities 

(Percent) 
a 

_ Open stoping 
——— Other and 

Natural Artificial Caving unspecified 
Commodity support support 

1964 1965 1964 1965 1964 1965 1964 1965 

Metals: . 
Bauxite__...---------------. 100.0 100.0 ---- ---- ---- ---- nau- ---- 
Copper___------------------- 37.7 42.0 11.3 8.8 51.0 48.3 ---- 0.9 
Gold: Lode__---------------- 4.2 20.4 95.6 13.8 2 64.6 -o-- 1.2 
Tron ore..------------------- 44.6 61.6 8.4 — 45.2 38.4 1.8 ---- 
Lead___--_-----------------. 85.1 70.2 14.9 12.3 ---- 15.9 ---- 1.6 
Manganese ore_.-__---------- «© ---- -6 100.0 _--- ---- 99.0 ~--- 4 
Mercury____---------------- 2.7 64.3 82.6 8.5 14.7 22.0 ae 5.2 
Molybdenum___.----.------- ---- 2.2 nant _--- 100.0 97.7 _--- l 
Silver____.------------------ 18.3 44.3 81.5 9.7 ---- 45.2 5.2 8 
Uranium__------------------ 67.8 66.6 27.4 ---- 4.8 33.4 ---- ---- 
Zine___.-------------------- 13.9 74.9 23.9 10.7 2.2 13.1 ---- 1.3 

Nonmetals: 
Asbestos__._---------------- 93.3 79.5 ---- 20.5 6.7 ---- -o--: w--- 
Barite___._.------------------- 7.6 45.0 62.4 ---- 30.0 55.0 ---- ---- 
Boron minerals____----------- 100.0 100.0 ---- ---- ---- ---- ---- ---- 
Clays__-.------------------- 94.0 94.6 5.6 3 4 5.1 ---- ---- 
Feldspar_____-._.-_-.------- 36.8 100.0 63 .2 _--- ---- ---- ---- ---- 
Fluorspar____--------------- 35.1 77.5 58.1 16.1 6.8 1.5 ---- 4.9 
Gypsum______----.------.--- 99.3 94.0 7 ---- ---- ---- ---- 6.0 
Phosphate rock__._...------- 29.3 69 .4 67.5 ae 3.2 ---- aoa 30.6 
Potassium salts____..-------- 94.0 100.0 ---- ---- 6.0 ---- ---- ---- 
Pyrites__._..---------------- 56.9 7.1 43.1 | 9 ---- 92.0 ---- ---- 
Salt__.---------------------- 98.8 94.8 ---- ---- ---- ---- 6.2 5.2 
Sodium carbonate (natural)_._. 100.0 30.9 a ---- ---- 69.1 a--- wane 
tone: 

Crushed and broken__.--- 98.1 99.3 1.0 3 ---- 4 9 ---- 
Dimension__.-----..----- 94.1 97.0 ---- ---- 5.9 3.0 ---- ---- 

Tale, soapstone, and pyro- 
phyllite___..-------------- 65.6 67.6 15.9 1.0 1.3 18.2 17.2 13.2 

Tripoli..._---..------------- 100.0 100.0 wo-- _--- a _--- _--- -o-e 
Wollastonite._.....---------- 100.0 100.0 ---- ---- ---- mene ---- ---- 

Total___-----------------. 65.8 71.0 9.1 2.7 24.2 25.1 9 1.2
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Table 7.—Mining methods used in underground operations, by States | 

(Pereent) 

a 

Open stoping 
—————— Other and 

Natural Artificial . Caving unspecified 
- State support - support 

1964 1965 1964 1965 1964 1965 1964 1965 | 

Alabama______-----_-..------.--. 100.0 98.8 ---- a ---- 1.2 _--- ---- 
Alaska __-....-----.------------- a 50.0 100.0 -o-- a _--- _--- 50.0 
Arizona______.-----.------------ 7.6 8.1 9.0 2.6 83.4 89.3 _--- —— 
Arkansas___..----_.---..-------- 86.5 90.2 8.5 a--- 5.0 9.8 _--- wane 
California____---...---..-------- 80.2 771.9 16.7 9.2 ---- 5.5 3.1 T.4 

Colorado_____.----.------------- 4.6 9.5 6.7 .2 88.7 90.3 ---- a 
Georgia_______-----------------. 100.0 98.5 . ___- a _--- 1.5 LL. u-- 
Idaho_____._--.-.--------------- 6.5 3.3 89.9 82.6 2.5 2.0 1.1 12.1 
Ilinois._._.--.-------- ie ----- 95.3 93.9 4.0 2.8 7 2.3 ---- 1.0 
Indiana_______-___-_____--.-----. 100.0 100.0 a _--- ---- w--- ---- ---- 
Towa_____-.-.------------------. 100.0 100.0 aaa- ---- ---- ---- ---- w--- 
Kansas___..-_._.-.-._----------. 100.0 100.0 a--- -a--- _--- a--- ---- a--- 
Kentucky. __---------.---------- 97.5 99.3 2.4 ----.. 1 .T ---- ---- 
Louisiana_.....-._-.-.-.-.------- 100.0 93.1 _--- ---- _a-- _--- _--- © 6.9 
Maine_________-.---_----------- © ---- 87.4 a ---- 100.0 12.6 —— a 
Maryland____.___-___-_-.-.-.-.- 100.0 100.0 ---- -~--- ---- _--- ---- — 

Massachusetts___...-.-...--------- _... 100.0 a pee eee _--- won- a 

Michigan__......-.--------------- 17.5 87.7 4.2 ---- 15.8 12.3 2.5 ---- 

Minnesota______..---.----------- 2.1 100.0 a _a-- 97.9 _--- _--- ---- . 

Missouri-___.._-_.------.------- 91.8 100.0 8.2 ---- _--- _--- a ---- 

Montana___..---..-------------- 17.5 26.7 82.5 35.6 —— 25.7 ---- 12.0 

Nevada__..----------.---.------- 5.4 TT.4 14.8 6.6 17.3 8 2.5 15.2 — 

New Jersey___.-----.-----.------ 78.3 76.1 21.7 17.8 —--- 5.9 a 7 

New Mexico...-.---.-.---------- 90.4 94.5 . 4.0 ---- 5.6. 5.5 _--- ---- 

New York___.-_--.--------------- 90.2 92.0 a _--- a Al 9.3 7.9 

North Carolina__.....------------. 11.0 29.1 78.0 15.7 11.0 55.2 _ane ---- 

Ohio_____.-.-..----------------- 99.6 100.0 .4 ---- _--- ---- a ---- 

Oklahoma___._...--._----------- 100.0 © 100.0 _--- a a _oue a - aeee 

Oregon_.____..--.--------------- 50.0 100.0 50.0 ---- _--- _--- ---- ---- . 

Pennsylvania___.-.----.--------- 48.9 42.7 ae _eee Bl... 57.38 © _--- ---- 

South Dakota__.._._-.-.--------- 1.2 78.4 98.8 21.6 ---- eae woe ---- 

Tennessee__...------------------ 100.0 100.0 ---- — — — ---- e--- . 

Texas__._.....-..- eee ------ 100.0 100.00 _--- -2-e nee we ee wee oo | 
Utah__._-..--.----------------- 34.6 69.4 57.4 . 9.9 8.0 20.7 ---- a--- 

Vermont___._----.-----.-------- 88 .4 84.9 11.6 wane a 15.1 ---- ---- 

Virginia__.._.------------------- 89.9 91.4 — 6 _--- ---- -o--e 9.5 8.6 

Washington___...--.-.---.------- 90.8 12.2 8.7 44.8 wo-- ---- .5 43.0 

West Virginia___._-._-.----------. 100.0 100.0 a a a -o-- _--- ---- 

Wisconsin. _....-...-.---.------. 90.1 100.0 es _--- 9.9 a ---- ---- 

Wyoming__.___-..--.------------- 60.2 31.9 15.4 ---- 24.4 68.1 ---- ---- 
een eee ee oon eee 

Total.__..-.-------------. 65.8 71.0. 9.1 2.7 24.2 25.1 9 1.2 | 
een 

for churn drilling increased somewhat over and 40 percent, respectively. Footage by ro- 

that for 1964, the percentage of the total tary drilling was 35 percent of the total 

drilling accomplished by this method con- drilled in 1965 and that by percussion 

tinued to decline to about 1.5 percent. drilling was 51 percent. Approximately 62 

Footage reported for rotary drilling and percent (72 percent) of the total drilling 

percussion drilling increased 43 percent was for exploration of metals. 

TRENDS IN FROTH FLOTATION : 

The growth of flotation in the United of flotation plants operating in the mineral 

States in the past 5 years was measured by industries in 1965 compared with that of 

a comparison of data collected for 1965 1960 increased 31 percent; the tonnage of 

with those gathered for 1960.2 The number material treated, 40 percent; the quantity 

ee of reagents consumed rose 46 percent; and 

2 Based on data collected from flotation plant the quantity of products recovered jumped 
operators by Mineral Resource Area Offices for . 
a national canvass conducted by Charles W. OOO 

Merrill and James W. Pennington. Also see ———. Trends in Froth Flotation—Reagent 

Merrill, Charles W. and James W. Pennington. Use and Product Recovery. Min. Cong. J., v. 52, 

The Magnitude and Significance of Flotation in No. 11, November 1966, pp. 22-26, 28, 31. 

the Mineral Industries of the United States. Irving, Donald R. Technologic Trends in the 

AIME, Froth Flotation, 50th Anniversary Vol- Mineral Industries (Metals and Nonmetals Ex- 

ume, 1962. cept Fuels). BuMines Minerals Yearbook, 1961.
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Table 8.—Kind of surface mining operation, of. almost 100 different reagents used in 

by commodities, in 1965 1965 was nearly three times the number 

(Percent of crude ore). reported in 1935. Apparently, this resulted 

ry a a from treating a wider variety of material, a 

Commodity Open Single tiple more extensive use of selective flotation, 
pit bench bench — and increased recovery of byproducts. : 

Metals: | Magnitude of Flotation—The number 

| Capen wera ctetcco 33 7 3 3 of flotation plants reported operating in 

Gold: Lode__--------- & 39 84 the minerals industry in the United States 
Tron ore___----------- : 3 cn Manganiferous ore....--- 10 90 increased from 194 in 1960 to 255 in 1965, 

Mercury..------------ 57 26 if and their combined daily capacity in- 

Nick ah metals and tt (i‘ésétCS 00 creased from 729,300 tons to’ 908,200 tons. 

thorium ___--------- 9) 59 95 Of the plants, 117 (96 in 1960) treated 

Titanium: oat metallic minerals; 69 (67) nonmetallic 

Imenite- ~--n----- g 0 --- 30 minerals; 64 (26) bituminous coal; and 5 

Uranium. ne t(iatti‘< ~SC*~“‘é‘“Q] C5) anthracite. Combined daily capacity of 

N Zinc. -- none ennn-ennnee- wee ee 100 the plants was as follows: metallic minerals 

on brasives: 665,500 tons (558,800 tons in 1960); 
Emery_...--.----- 100 --- --- | . 

Garnet __-_------- 6 16 78 Table 9.—Kind of surface mining operation, 
Tripoli____.-----. 100 --- _-- . , 

Aplite_-----------2---  --- = 100 | by States, in 1965 
. Asbestos_..----------- --- P f 

Asbestos------------- -ag gs gs CS Percent of crude ore) 
~ Boron minerals___----.  --- ---) 100 . Mul- 

Clays_..-------------- au 33 a0 State Open Single jtiple 
. Diatomite__..._-------- it 

| Feldspar..-.-.-.---- 82 27 44 Pee 
Fluorspar_------------  -=- 1 99 Alabama____-------------- 93 2 5 

| Gypsum_..----------- 58 30 $j.17 ~~ Arizona.....-.----------- 12 - 14 74 
Kyanite__..----------  _--- 13 87  Arkansas______________-_- 90 2 8 

. Lithium minerals-_-_----- 91 --- 9 (GCalifornia._..._._._.______- 63 4 33 

‘Marl, greensand_------ -.- 100 ~=- Colorado__....------------ 81 14. 5 

. Mica: Scrap.---------- 36 7 57 ~~ Connecticut_.__..__.-.----- 68 24 18 
Olivine- -------------- 91 9 ->- Delaware._---------------. 90 _-- 10 

Perlite....------------  --- 62 88  Florida_.....------------- 97 1 2 
Phosphate rock_- ------ 92 --- 8  Georgia...__._--.--------- 14 13 -13 

Pumice._------------- 32 63 5 Hawaii__.._...-...------. 36 AT 17 
Sand and gravel__...-. 100  § --- ---  Idaho___.-.--.--.-.-----. 48 1 51 
tone: inoi eee eee eee 4 

| Ci ushedandbroken 42 27 931 Jilinois-..----------------- #8 BY 
Dimension - ------- 27 == 1 52 sJowa______..____-_---- ee BA 20 26 

_ Sulfur, other than Kansas__________________- 93 5 2 

| Frasch__------------ --- --- 100 Kentucky_......-.-------- 74 8 18 
' Tale, soapstone, and Louisiana_...__.._-__----.._ 99 1 __- 

pyrophyllite._....--. 59 9 32 Maine..______-_---------- 98 2 __ 
Vermiculite-_--------- | --- 1. 99° Maryland_____._---------- 55 20 25 
a Massachusetts_.--_-_------ 82 qT 11 
80 percent. Increases were reported for al-  Michigan__--.---.-------- 52 14 34 
most every type of ore treated in 1965 com- Minnesota_---.-----------  #€ 2 82 

: Mississippi. -...-..-------- 94 6 _-- 
pared with the 1960 figures and large per- Missouri____..._.--------- 717 9 14 

: i Montana__.__------------ 87 1 12, 
centage increases were reported for iron ye TUTTI Sb 23 3 

ore and bituminous coal. Copper, copper-  Nevada_-_-__------------- 15 7 18 

molybdenum and molybdenum ores, phos- New Bampshire- -~--2------ 38 1 1 

phate rock, and potash continued to be the New Mexico.__----------- 28 5 72 
‘ : New York_-__------------- 43 15 42 

leading materials treated. / North Carolina... oollnl.t« 2 15 

An outstanding feature of froth flotation North Dakota_---.-------- 77 23 --- 

was the growth in diversity and quantity Ohio, - ma 27777 oa 3 15 

of materials processed in the past 30 years. Oregon _o---------------- 95 a 3 
: * ennsylvania___-_-.------- 0 

In 1935, concentration by froth flotation jpioae Island..............~ 8 1 18 

was almost entirely confined to the treat- South Carolina__._--------- 7% 8 20 

ment of sulfide ores of 5 metals and native Soutk Dakota Seeeeenen 8 e 2 

copper ore, whereas by 1965 the number of Texas__------------------ 88 7 5 

different materials treated increased to al- Utah worse 1° 2 | Le 

most 30. Comparison of flotation reagent Virginia aggrtr 46 23 31 

data for 1965 with those of 1935 empha- Wast Virginia. ono i 5 ‘1 

sizes significant differences in the numbers  Wisconsin___--__---------- 78 11 11 
oe Wyoming. ____._-_-_-_---- 24 53 23 

and quantities of reagents used. The total



Table 10.—Exploration and development by methods and selected metals and nonmetals in 1965 

(Feet) 

Drifting 
Shaft and and Diamond Churn Rotary Percussion 

Commodity . winze Raising cross- Trenching drilling drilling drilling drilling Other Total aj 
sinking cutting , i 
re re re ane a Ce YE PA errr pe ee 

Metals: | * 
Beryllium._...-....--------.---------- 10 eee ----- ----- 1,627 240 44 ,027 ~ao-- 10,000 55,904 Zz 
Copper_.........-.---.---.----------- 3,341 37 , 847 180 ,646 4,170 724,160 86,395 114,808 34,645 8,872 1,089,384 o 
Gold... llIZTTITIT 1,889 19,780 68,362 9,208 96 , 762 4,449 21,437 673 ,089 80,750 925,721 O 
Iron ore___--_--.---------------------- 920 60,661 118 ,327 8,000 318 ,906 21,262 218,289 2,024,662 158,215 2,919,242 Q 
Lead __...----------------------------. 2,254 22 ,275 88 , 837 8,910 369 , 008 186 ,356 18,183 563 , 286 57,275 1,261,379 - am 
Mercury.._.--.---..-.---.------------ 838 8,090 6,176 3,050 27,707 8,272 88 ,831 27 , 547 14,475 174,481 
Molybdenum__...._....--------.--.--. w---- 7,295 42,932 400 78,807 anne 47,619 wae ee an 177 ,053 - 
Silver____.-.----------- eee eee 2,240 7,104 40,359 2,512 61,0389 21,250 31,470 $15,135 500 471 ,609 7 
Tungsten____.-__.------..-.-.---..--- 278 4,774 7,961 2,200 22,186 wnoee ween, 150 weaeee 87 ,549 5 
Uranium___.-__---.-------.----------- 1,883 11,499 183,118 695 116 , 839 _ 190 1,687,080 929 , 446 4,218 2,984,418 <i 
Zinc___....----------------_---------- 5,073 14,684 88 ,260 waaee 189 , 742 25 ,240 11,405 1,386,513 16,462 1,737,379 a” 
Other !____ eee 76 277 1,890 6 ,425 6,900 | 4,898 50,993 7,200 ween 78,659 5 

Total metals___.....-.---.-----_---- 18 ,297 189 ,286 776 , 868 40,565 2,003,678 253,552 2,328,592 5,961,673 290,267 11,862,778 4 

Nonmetals: a 
Asbestos._._......-..----.---_-------- manne 790 2,270 ----. . 2,873 manne 87,271 ae 15,000 57 , 704 
Barite......--..-.-------- 21. ee wonne 245 1,879 6,965 2,104 3,000 wanee nenee 12,315 26 ,508 Ks 
Clays.......---..----------.---------- 60 500 2,800 © 900 3,107 woeee 558 ,376 27,690 35,688 629 ,121 2 
Diatomite_____-....-----..--_--.----- ----- ----- ----- 2,000 Til asans 3,800 aou-- aauee . 6,511 bx} _ 
Fluorspar__..---.-.------------------- 637 266 1,628 wenee 9,567 847 | wenee 45 ,000 _-.-. 57,840 b=) 
Gypsum_.....-----------_------------ 246 ween 14,209 ----- 9,352 w---- 667 ,166 82,298 6,500 G79 ,T71 > 
Mica: Scrap_._------------------------ wane wanne ----- 8,650 menee ----- 2,000 400 1,500 12,550 me 
Phosphate rock..._..-.-...-.-.-..----- ----- 3,424 14,687 1,600 10,142 woaee 263 , 863 28,919 16 ,222 338 , 857 — 
Potassium salts_._.......-.------------ neuen 200 34,700 none 12,955 noone 31, 506 on one 79 361 Zz 
Pumice-___.-.-.-...---.---_--- eee ----- manne. wa--- ae 57 a 108 menne 2,500 2,665 — ct 
Sodium carbonate (natural) _-....------.- 1,625 ----- 47 , 866 -~---- 1,112 ~---- 53 , 881 women a 104 , 484 na 
Stone__._.......-------_-------- ee 622 420 31,884 2,850 132,016 20,200 1,726,723 1,890,639 5,000 3,810,354 rj 
Sulfur: Frasch process mines___.__--__-- ae ae eee ----. week ~enee 181,504 week woeee 181 ,504 a 
Talc, soapstone, and pyrophyllite____..__ 1,280 6,733 7,129 — 120 31,695 ae 675 2,560 88 ,990 89 ,182 bi 
Other ?_______.----------_------------ manne 80 150 | — 70 Le 2,800 41,200 571 ,345 a 616 ,325 an 

Total nonmetals__......-..----.----- 4,470 12 ,658 159,097 28 , 835 215,191 26,847 8,568,073 2,648,851 183,715 6,792,787 

Grand total__....---.-.-----------e- 22,767 201 ,944 935 ,965 64,400 2,218,869 280,899 5,896,665 8,610,524 423,982 18,655,515 

1 Antimony, bauxite, manganese ore, nickel, platinum-group metals, rare-earth metals and thorium, and tin. 
2 Abrasives, feldspar, lithium minerals, vermiculite, and wollastonite. an 

| nD 
tO
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Table 11.—Exploration and development activity in the United States, by methods 

| _ Metals Nonmetals Total 

Method Percent Percent Percent 
Feet of Feet of. Feet of 

total total total 

1964: | | 
Shaft and winze sinking- _--_ 16,860 0.2 12 ,694 0.3 29 , 554 0.2 
Raising. _.-.---.---------- 202 ,825 1.9 21,157 5 223 , 982 1.5 
Drifting and crosscutting_---_ 839 , 724 7.8 139 ,956 3.4 979 ,680° 6.5 
Diamond drilling......-..-. 2,288,147 21.2 178 ,903 4.4 2,467,050 16.5 
Churn drilling.......---.--- 243 ,095 2.2 23 ,387 6 266 , 482 1.8 
‘Rotary drilling.....-.------ 1,949,804 18.0 2,159,625 - 52.5 4,109,429 27.5 
Percussion drilling-...-----. 4,832,634 44.7 1,318,660 32.0 6,151,294 41.3 
Trenching - ---------------- 38,318 3 2,305 1 40 ,623 3 
Other -_.-.---------------- 401 , 704 3.7 256,890 6.2 658 , 594 4.4 

Total_------------------ 10,818,111 100.0 4,118,577 100.0 14,926,688 " 100.0 

1965: : | —_ | | 
Shaft and winze sinking _--~- 18 ,297 0.6 . 4,470 0.6 22 , 767 . 0.5 

. Raising_--_------+-------- 189 ,286 1.5 12,658 1 201 ,944 . 1.0 
Drifting and crosscutting_. - _ 776 , 868. 6.5 159,097 ..... 2.3 935 ,965 — 5.0 
Diamond drilling-.--..-.--. 2,003,678 16.8 215,191 .:- 3.1 2,218,869 ~ 11.8 
Churn drilling-.-.-.-------- 258,552 $2.1 |  26,847— 8 280 ,399 1.5 
Rotary drilling-_-_-.-_-.---- 2,828,592 19.6 3,568,073. . 52.5 5,896,665 — 81.6 
Percussion drilling-....----. 5,961,673 50.2 2,648,851 38.9 8,610,524 - 46.1 
Trenching_...-_...-..--.-- 40 ,565 3 23 ,835 3 64,400 3 
Other__...-.-----------.-.. 290,267. 2.4 - 183,715 | 1.9 423 ,982 2.2 

: Total__.---------------- 11,862,778 100.0 6,792,787 100.0 18,655,515 100.0 

| nonmetallic minerals 195,700 tons (144,000 4,077 million kilowatt-hours in 1965. En- 
tons); bituminous coal 42,000 tons (21,500 ergy consumption included all that was 
tons); and anthracite 5,000 tons (5,000 consumed by processes preceding or follow- 
tons). | ing flotation, such as crushing, grinding, 

In 1965, approximately 279 million tons conveying, classifying, flotation, filtering, | 
(200 million in 1960) of raw material was and materials handling. | 
treated in froth flotation plants. Concen- Water used in the flotation plants in- 
trates produced from the material totaled creased from 222 billion gallons in 1960 to 

38.7 million tons (21.5 million in 1960) 322 billion gallons in 1965 and the average 
and consisted of 30 different commodities— consumption per ton of ore increased from 
various metallic and nonmetallic minerals 1,149 gallons to 1,240 gallons. Total quanti- 

and coal. — ; _ ties are reported and included recirculated 

| 255 flotation plants were located in 35 Grindi ‘edi d dur th 
States compared with 32 States in 1960. A mh tie 8 st. a for flotati OTIS od 
flotation mill in Minnesota, reported oper- Oe nillic, ° vind _ ts, 201 7 oil , 
ating in 1960, did not report activity in " ae And Finer * 69 s; Wk om ‘de. 
1965. However, data were reported for the pons Ss; an the » SO Tm «tL Pee s- 
first time on plants in Kansas, Oregon, ee rode 0549. od: ‘halle 08 Bt ° ds. 

South Dakota, and Texas. Concurrent with ead ii > 01 oe oo ? d Com, ie "4 . 
the large increase in the number of plants an vt ay. ‘abl 1960 U a . ait a 

: treating bituminous coal, the number of are din avana a or tl - hk, grmnems 

plants in West Virginia increased from 9 to tio e was P '. tals fo, 4 nati © prepara 
38 and in Pennsylvania from 12 to 22. The ton OF ores of metals tor moranon. 
number of mills in Colorado and Arizona Consumption of Reagents.—Total con- 

each were 20 or more, and more than 10 sumption of flotation reagents increased 
plants were operating in each Florida, New from 850.3 million pounds in 1960 to 
Mexico, and Idaho. 1,243.9 million pounds in 1965. The aver- 

Consumption of Energy, Water and age consumption of reagents per ton of ore 

Grinding Media, Including Mill Limers— treated increased from 4.297 pounds in 

The consumption of energy in the opera- 1960 to 4.507 pounds in 1965. During the 
tion of flotation plants increased from interval, the total value of reagents in- 
3,210 million kilowatt-hours in 1960 to creased from $21.8 million to $31.0 million,



Table 12.—Exploration and development by methods and States in 1965 

(Feet) 

Drifting 
Shaft and and ; Diamond Churn Rotary Percussion 

State winze Raising CTOSS- Trenching _ drilling drilling drilling drilling Other Total 
| sinking cutting — a 

A ee Alabama___...-...--.---------.----------- w---- wo-n- - aeeee 4,000 2,045 6 ,006 237 ,000 11,000 20,565 280,616 Alaska_.......---..-.--------------------- 434 84 7710 40, wee 4,551 ----- ----- 10,395 16,274 4 Arizona_......-..__..-------_-_------------ 1,885 30,991 108 , 862 3,074 501 ,677 29 , 526 638,110 20,718 _uuee 754,788 a 
Arkansas... __.-.--_----_-2 +e --n-e 245 1,839 ween 2,000 ween 6,770 waene ----- 10,854 rt California........_....-.--..---..--------- 2,529 8,663 21,419 8,985 110 ,689 20,977 8302 ,958 807 ,083 80,196. 1,363,499 2 Colorado.___..--.------------------------- 1,027 16 ,626 103 , 573 5,450 189 ,888 2,314 97 ,379 169 ,134 25 585,416 ° 
Florida........-.--.---------------------- woe-- eee oren- ween. ~----~ woo-- 96,825 w-e-e 7,290 104,115 me Georgia____......---..---- eee eee ----- weeee eee ----- 18,200 8,000 871 ,812 a pence 888 ,012° ° Hawaii_...-..---------------...----------- ----- ~---- ~---- menen ----=. ----- ----- 185,000 ~-o-8 185,000 Q Idaho_._.-.-.-.------------- 2-2 eee 928 19,715 46 ,666 5,110 © 105,091 w---- 47,677 1,796,977 8,297 2,025,461 ga Tilinois__......------.-----.---_---------- 562 266 1,523 w---- 9 , 567 847 2,810 wau-e 6,724 - 22,299 7 Indiana_......-.-.------------------------ wee-- | ween ~---- ----- 1,974 ----- 102,000 wa--- ----- 108,974 3 Towa__.---------------------------------- ~---- ----- ----- ----- 7,259 ~---- 17,200 ----- woene 24,459 io Kansas____._-.---.----------------------- ----- ----- 1,000 ----- ~---- 5,912 109 , 427 8,855 weaned 125,194 4 Kentucky___.__..-..----- ~~ ee 125 150 500 100 83,800 20,000 441,511 171,000 an 636,686 oo - _ Louisiana__.-..--------------------------- 400 we wee 180 weeee - ewe eee 165 , 435 2o--- ----. 165,965 a” Maine._____---.-.---.----- ee eee ee 410 TAT 6,429 ----- 13,721 wo--- eee 250 , 000 eeene 271,307 2 Massachusetts._...-.-.-------------.------ ----- ~---- --n-- eeeee 2,400 wo-ee _ neeee ----- ----- 2,400 Michigan._.....-....-.-----_--------.------ 582 88 ,294 86 ,006 ----- 174,968 = __.2_ 18,931 18 ,637 ae 327,413 J . | Minnesota.._.-...-.-..--.-------- eee e ee wen-e 400 | 9650 ---+- 121 ,082 4,607 40 ,083 4,156 182 ,650 308 ,928 ~ Mississippi_--.-...----.---------------.--- ----- w---- ~---- ----- meeee ----- _ 400 en wenne 400 Missouri___.......-.---.-----2----- eee 1,950 28 ,688 126 ,388 7,565 368 , 022 147 ,205 34,986 1,251,468 66,886 2,027,548 2 Montana. ___.....------- eee 556 4,367 20,359 5,870 1,090 ----- 36,106 85,214 | 9,482 162 ,994 a Nebraska._....-.------------------------e weeee eee ----- ----. ----- wneee 5,600 a aouee 5,600 Z Nevada__......-.---.--------------------- 2,090 2,617 16 ,876 14,450 39 ,356 8,471 555,775 658,106 21,3830 1,319,071 tH New Mexico. ___....---..--------------- ee 2,728 12,528 155,939 1,001 138,118 5,245 1,177,681 633 , 485 1,625 2,128,290 e New York___..-..------------------------ ----- 2,348 2,769 ----- ----- ----- ~---- ----- ----- 5,117 < North Carolina_.__......-----.------------ 540 ----. 800 5,000 75,881 w-n-e 21,000 1,335,582 1,500 1,489,803 = North Dakota___._.......-..--.----------- ----- ----- ----- ----- eee ----- 19,559 ----- ----e 19 ,559 2 Qhio___.-.----------------.-------------- 60 ----- wo--- w---- ween we nee -u--- ewe ----- 60 9 Oklahoma___........-------.-------------- ----- ----- w---- wane ----- 363 29,698 20 9,348 389 ,429 CG Oregon_______-_-.- eee 15 580 617 enue. 3,600 2,410 manne 4,075 2,650 18 ,947 4 . Pennsylvania.__.......-..------------_-- ee ----- ----- 1,480 a 396 wanne 16 ,380 nan-n wouee 18 ,256 bs South Carolina__..-._.._..___-_..---__-.-_ wee ee wenn wneee ----- w-oee 500 eeu-e mee ne 500 best South Dakota_...........----------------- ----. 12,058 43 ,028 ----. | 86,527 ----- 150,178 anne none 291,786 Se Tennessee. ........--.---.----------------- 2,427 7,276 48 ,027 w---- 118,102 900 311,180 148 ,874 12,066 | 648 , 802 Texas. .__..-2-- 2-20 eee ----- wanne ----- a 330 ----- 704,230 212 ,448 a~---- 917,003 — Utah.._-.2.----02-- eee eee 771 9,484 54,052 810 91,556 wenee 98 , 849 529 , 852 ATT 785,851 Vermont.........---.-.------------------- 50 2,100 350 menee 10,168 wanee a wa--- maone 12 ,668 - Virginia_._.....-.---.-.-...------_--------- 246 wen e 6,909 250 weawe wenn 102,577 wane wenne 109 ,982 Washington____.__....-_--.-_--__-.------- 70 4,825 9,964 - 2,000 ne enee ----- ee 271,068 12,076 300 ,003 Wisconsin___.........--------------------- ~---- ----- wa--- wenee 6,500 18,065 9,882 30 anand 34,477 Wyoming...-.....-----.------------------ 2,487 3 , 897 74,250 695 20,372 w---- 506 ,306 42 , 752 26 ,000 676 , 709 

Total.......-------..-------_-----.- 22 , 767 201 ,944 935 ,965 64,400 2,218,869 280,399 5,896,665 8,610,524 423,982 18,655,515 ~J see 
Oe Eee Oe es —
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Table 13.—Froth flotation in 1965 

Te 
ee 

_. 

Plants - . 

— -—- Concen- Energy used Water used Rod consumption Ball consumption Liner consumption 

Capacity Ore treated trates (kilowatt-hours) (gallons) (pounds) (pounds) (pounds) - 

Num- (short (short tons) produced —————————_— es MIO 

Type ber tons (short tons) Total. Per Total Per Per . Per . Per 

per day) (million) ton (million): ton Total. ton Total ton. Total | ton 

Antimony-___...---. 1 NA WwW WwW NA NA . NA NA NA NA _ NA NA NA. NA - 

Copper....---.--.--. 16 181,100 55,793,000 1,821,781 895.7 16:3. 40,495.9 745 11,688,968 0.858 $1,602,579 0.813 6,618,629 0.170 

Copper-molybdenum 18 808,600 106,963,800 2,791,610 1,628.8 15.2 | -76,668.7 755. 14,889,601 .579 110,704,702 1.259 $8,597,104 .083 x 

Copper-lead-zinc.... 14 380,000 8 ,562 ,800 348 ,081 1562.9 18.1 4,188.0 495 $8,280,826 .413 4,752,282 .573 . 116,041 .021 2 

Copper-zinc-iron- - - . 4 11,000 8,302,800 1,084,559 59.5 18.0 2,687.5 815: 1,058,425 .3827 2,091,724 .688 -..-.-.--- ---.- bx 

Gold-silver..... 2... 7 1,100 175 , 400 - 2,508 8.2 . 18.9 115.0 670 8,688 38.531 | 826,354 1.901 42,411 .247 2 

Lead-zine.......--- 10 10,800 2,600 ,000 255 , 987 38.0 14.6 1,881.6 705. 820,651 .449 1,888,640 .534 160,127 .064 

Lead-zine-silver_..... 81 30,000 5,206 ,000 627 , 748 111.4 25.5 8,818.6 .790 1,519,174 .982 8,581,501 1.716 1,914,596 .481 _ DF 

Zinc__.-...-.-.---. 10 15,000 3,740,500 289 , 232 61.5. 16.4 1,585.9 425 1,160,972 .818 659,942 .203 187,308 .063 

Barite.......--.--- 4 2,250 366 , 400 225,402 . NA NA NA NA | NA NA NA NA NA NA ‘S a, 

Bastnaesite____...- 1 WwW Ww wow Ww Ww WwW Ww Ww. WwW WwW Ww WwW > | 

Feldspar-mica-quartz 18 10,200 2,211,000 1,269,860 85.8 16.2 -§,572.8 2,500 978,685 .984 WwW WwW 76,092 .155 ww 

Fluorspar_..-.---.- 6 2,000 516,200 282 ,881 80.9 44.1 — 905.1 1,290 ------.--. --.-- 533,356 1.033 160,484 .811 wm 

Garnet_____.-----. 1 WwW WwW W NA NA Ww WwW. ‘NA NA NA NA NA NA 8 
Ilmenite_...-.-..-- 2 WwW WwW WwW NA NA NA NA WwW WwW W Ww Ww w- 4 

Tron ores.....------ 6 40,000 14,046,600 6,055,863 318.5 22.7 25,871.1 1,840 15,108,781 1.075 17,624,712 1.267 1,017,989 .123 o 

Kyanite___...-...- 4 WwW WwW WwW NA NA NA NA — Ww W .cc--------  ----- Ww WwW = 

Limestone-magnesite 5 4,500 1,064,200 795,918 NA NA NA NA .---.-.--- ----- WwW WwW WwW Ww gs. 

Mercury. ---~------ 1 NA WwW WwW NA NA NA NA NA NA © NA NA NA . NA oO 

Molybdenum... --.-. 1 WwW WwW WwW WwW WwW W wW .uuu------ = ----- wv WwW WwW “WwW 

Phosphate__....... 18 122,400 32,477,500 11,221,018 268 .2 8.8 145,299.6 4,476 w  $W 890,577 .154 .--.------ -«--- 

Potash__...------- 9 50,000 16,088,000 4,226,180 806.2 19.0 4,271.4 265 NA NA NA NA NA NA’ 

Tale_....-.-------- 2 WwW WwW WwW NA NA NA NA WwW WwW . WwW WwW WwW Ww a 

Tungsten___..-.-.-.- 1 WwW WwW WwW NA NA WwW W ..--------) ----- . WwW W u.uu..------ ----- 

Vermiculite_.....-- 1 WwW WwW WwW NA NA NA NA WwW Ww. WwW WwW WwW “W 

Anthracite. ......-.- 5 5,000 744 ,600 407 ,000 - NA NA NA NA NA NA | NA NA NA NA 

Bituminous coal_._.. 64 42,000 8,755,600 6,625,500 NA NA . NA © NA NA NA NA NA NA NA. 

Total_....... 255 908,200 278,986,500 88,707,917 4,076.9 15.4 $21,757.7 1,240 60,818,958 .649 201,681,715 1.088 16,913,140 .188 
eee 

NA Not available. W Withheld to avoid disclosing individual company confidential data; included in “Total.” . ,
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? Table 14.—Consumption of reagents by types and plants in froth flotation in 1965 _ , 

po 
- _ . Reagent consumption (pounds) - os . ; ts 

Modifiers Activators — Depressants Collectors. . - .  Frothers Flocculants — en 
Type of plant ————_ _ . Per Z 

Per Per Per Per 5 wl, Per Per Total ton. g 
Total ton Total ton Total ton Total ton Total © ton Total ton | : } 

Copper ---------- 297,478,880 5.621 _------. --.-- 42,528 0.004 4,342,671 0.078: 8,612,205 0.065 68,122 0.008 1417,898,128 17.508 s 
opper- " - mo 
molybdenum_.. 406,620,011 8.801 220,045 0.016 4,252,212 . .065 6,282,405 .059 8,795,662 .082 140,218 .004 426,810,548 $.986 mj 

Copper-lead-zinc.. 14,845,428 4.410 596 , 829 -110 2,558,861 444 - 671,742 .068 $468,520 .055 12,505 004 19,058,885 2.252 wn 
Copper-zinc-iron.. 18,694,074 5.660 1,052,687 .664 812,624 .1638 860,729 .261 311,987 .096 14,708  .005- 21,246,759 6.398 te 

Gold-silver.... 874,178 2.199 9,819 .120 989 .006 40,7381 286 ~ 11,941 .070. 2,412 014 440,020 2.545 Z 
Lead-zinc._.-.... 1,895,897 1.851 1,597,275 .617 ‘96,101 .087 442,886 .171. 268,220 .104 2,278 .008 4,801,657 1.662 A . 
Lead-zine-silver...._ 7,184,420 2.089 3,489,665 .702 2,496,192 - .502 1,010,896 .208:  ~=«601,261 .121 8,814 — .005 14,740,748 2.9638 — 
Zine.__..-..----- 718,880 8.586 2,016,773 .589 47,792  .084 285,554 .076 804,632 .215 939 .002 3,874,570 1.086 2 
Barite.......___. Ww WwW w iw WwW WwW WwW WwW WwW WwW WwW WwW Ww Ww 4 
Bastnaesite_____. WwW Ww WwW Ww WwW WwW WwW WwW WwW Ww. WwW wit WwW WwW nt 
Feldspar-mica- . i 

quartz.....-.... 4,484,117 2.825  -_.....-. 0 --uLe 856,180 .780 8,814,418 2.000 948,677 .769 488,561 1.074 9,981,958 5.234 
Fluorspar.._..... 5,295,394 10.259 611,677 1.088 1,121,847 2.275 586,758 1.040 168,882 .382 28,606 .055 7,657,159 14.884 < 
Iimenite..._....- WwW WwW WwW Ww. WwW WwW WwW W WwW WwW WwW WwW "WwW Ww 2 
Iron ore___....-. 10,167,642 2.842  .-.--.-_.  w.Lee 59,407 .518 20,844,666 1.448 749,254 .087 4,802 .009 81,825,771 2.230 tl 
Kyanite_._.....- WwW Ww . WwW WwW _ WwW Ww WwW WwW WwW \ W Ww WwW WwW * 
Limestone- > 
magnesite. -- -- meee nnn eee meen ee eee ee eee nee 1,669,247 1.654 - 18,3847 3.152 10,994 .018 1,698,588 1.683 mo 
Molybdenum. . - - - WwW WwW WwW Ww WwW Ww WwW Ww WwW WwW WwW WwW WwW WwW ad 
Phosphate._.--.- 42,981,014 1.3862 -_.---.-. ----. --------.. ----. 178,788,798 5.508 2,118,052 .442 88,356 .263 218,971,220 6.940 S 
Potash__._...--.- 1,174,654 .187 —-..-.-..-. .---. 2,566,798  .296 6,756,072 .440 1,616,985 .105 2,625,822 .171 14,740,281 .959 ~ e 
Tale._..--..----- WwW WwW WwW WwW WwW WwW WwW WwW WwW WwW WwW Ww . w .Ww wa 
Tungsten ._...-.- W WwW WwW Ww WwW WwW WwW WwW WwW WwW WwW w w.-.W rj 
Vermiculite___... WwW WwW WwW WwW w ow WwW WwW WwW WwW WwW Ww WwW WwW a 
Anthracite_..-_.. ----------- 0 --- ee eee eee ee eee eee eee), 772,224 2.880 211,021 1.288 _--._-_--. LLL. 1,988,245 2.668 bx 
Bituminous coal _ _ 298,274 1.922 -..---.- 2 pene wee eee eee toe ee 2,283,082 1.762 1,848,780 .156 2,801,001 .365 6,226,187 .711 a” 

Total...... 886,144,179 8.579 9,494,770 .292 16,798,085 .148 289,851,584  .911 22,790,826  .095 6,517,837  .059 11,248,945,948 14.507 

W Withheld to avoid disclosing individual company confidential data; included in “Total.” . 
1Includes 112,849,217 pounds (4.867 pounds per ton) other reagents.
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: - Table 15.—Froth flotation plants in 1965, - | The following classification of reagents is 
by States — : used in this chapter: 

| | | | Modifiers—Reagents used to control al- 
——_—— = kalinity and to eliminate harmful effects of 

| | _ State - Number —_—_ colloidal material and soluble salts. 
| Alsbama | 7 Activators.—Reagents used to assist or 

| Arizona...--_------------------------ 20 improve the flotation of minerals that do 
Arkansas___------------------------- 2 = not respond to a simple collector-froth 
California_._...------------+----------- 8 . . 
Colorado__..------------------------- - 21 combination. 

Florida _-~--~--+--<---+-"-¥-0+7-2--7- 16 Depressants.—Reagents used to improve 
a Idaho... oon 12 ‘the selective separation of minerals by low- 

Minos -- ---------~--+----~-"---207-7 5 ering the floatability of specific minerals. | 
nsas___..------------------------- . 

| Kentucky__.-------.----------------- 4 Collectors.—Reagents used to provide a 
| Maryland. -------------------=-----~ 1 _water-repellent surface on the mineral to 

ichigan__...-.--------------------- 8 . 
Missouri_.-__----.----------------=-- 5 be floated so as to improve adherence of 

| Nevada. 22222 2wwTTIITII 7 the mineral to air bubbles. 
ne New Jersey__------------------------ 1 Frothers.—Reagents used to produce a 

New Yor ew ITTITICITTccci: =i Broth of adequate durability to permit re- 
North Carolina. ___._.--.------------- 8 . moval of mineral-carrying bubbles from 

| Oklahoma. 2222222222 222222TTTIITT 2 the flotation machine. | ; 
Oregon__.__------------------------- 2 Flocculants.—Reagents used to flocculate 

| South Carolina s2222lclcvzl277772.|~«"g~ssolids in aqueous suspension and thereby 
South Dakota_-___-..----------------- 1 facilitate thickening and filtering opera- 
Tennessee. ------=-2-------2<-7----- 6 tions. a 
exXaS____...------------------------ 1 

Utah.....------.-------------------- 8 Whenever possible, the chemical names 

Virginia 2220vw227U777cT22: «== «Sather than the trade names of reagents — 
Washington. ------------------------- 38 are reported. For those reagents whose 

Wisconsin ne TITIT 5 chemical compositions are unknown or too 
Wyoming ---------------------------- 1 complex for simple presentation, the trade 

Notal.......................... 955 names are shown. Included in those cate- 
————_ gories are Aero Depressants, Aerofloats, 

oO | Aerofroths, Aero Promoters, Aeroflocs, 
or at the average rate of 7 percent per Superflocs (products of American Cyana- | 
year. The average cost of reagents per ton wid Co ), Dowfroth, Dow Z-200, Separan 
of ore treated was $0.112, reflecting an in- (products of The Dow Chemical Co), 

crease of two-tenths of a cent. Minerec (product of Minerec Corp.) , and 
7 In 1965, total consumption by classes of Nalco (product of Nalco Chemical Co.). 

flotation reagents was modifiers, 836.1 mil- Also, to avoid disclosing confidential infor- 
lion pounds (567.6 million pounds in ation, some reagents are not identified, 
1960) ; activators, 9.5 million pounds (12.4 but are included under “other” classifica- 
million pounds) ; depressants, 16.8 million tion, or information on two or more rea- 
pounds (15.9 million pounds); collectors, gents is combined. 
239.9 million pounds 220.1 million pounds; Changes in Types of Material Treated. 

frothers, 22.8 million pounds (16.9 million —Significant changes have occurred in the 

pounds) a flocculants, 6.5 million pounds types of material treated, kinds and quan- 
(17.4 million pounds); and other, 112 mil- tities of product prepared, and reagents 
lion pounds (no data). Average consump- consumed. Data were compiled by classify- 
tion per ton of ore was modifiers, 3.579 ing materials of similar characteristics into 
pounds (3.716 pounds); activators, 0.292 four groups. The groups consist of metallic 
pound (0.496 pound); depressants, 0.143 sulfides, metallic oxides and carbonates, 
pound (0.191 pound); collectors, 0.911 nonmetallic minerals, and solid mineral 
pound (1.125 pounds); frothers, 0.095 fuels, Data were compiled in greater detail 
pound (0.097 pound); flocculants, 0.059 for individual mineral commodities. 
pound (0.303 pound); and other, 4.867 Sulfide Ores—The number of concen- 
pounds (no data). Consumption of reagents trators processing sulfide ores increased 
in pounds per ton was calculated by divid- from 95 in 1960 to 108 in 1965 and the 
ing the quantity in pounds of reagents by daily capacity rose 14 percent. Sulfide ore 
the quantity in tons of ore treated. treated and concentrate produced in 1965
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Table 16. Consumption and value of reagents in froth flotation in 1965 

Consumption, pounds Consumption, pounds 
Function and name | -——--________—_—____ Function and name © ———_——_$$________— . 

Total. Per ton Total Per ton 

Modifier: Collector—Continued 
Caustic soda________ 17 ,241 ,226 0.653 Kerosine___..______- 6,193 , 568 284 
Hydrofiuoric acid_._.. | 1,429,430 1.138 Minerec.-_____.____ 639 , 228 -030 
Lime_.__.-........._ 781,864,986 3.942 Petroleum sulfonate__ 460,411 ~757 
Naleo___--_.-----_- 717,992 .013 Potassium amyl xan- 
Phosphates__________ 4,193,020 . .064 thate_........___- 721,017 .022 
Salt___-_.-.-.22- 2 - 3,961,348 5.194 Potassium ethyl xan- 
Soda ash.___.______- 4,736 ,533 444 thate____...__.__- 200 , 069 .020 
Sodium carbonate____ 193 ,235 .520 Sodium Aerofloat___- 1,483 ,925 "022 
Sodium hydroxide.___. 6,911,295 .386 Sodium ethyl xan- 
Sodium silicate______ 22 , 822 ,202 .839 thate__.__.._ 1 - 1,852 ,965 .030 
Sulfuric acid_______- 40 ,029 , 046 . 753 Sodium isopropyl xan- 
Other______.-___-_- 2,043 , 866 .076 _ thate..-_---- 2. 2,975,285 .048 . 

—_——_-— Sodium _secondary- 
Total: butyl xanthate____ 133 ,577 .067 

Pounds._..... 886,144,179 3.579 Tall oif__--.-.--____ 26,400,688 2.033 
Value____.-.. $11,838,502  $0.051 Xanthates__________. 1,759 ,005 .101 

——— Other________-_ 2 2. 10,535 ,988 (455 
Activator: —_——— 

Copper sulfate______- 9,128 ,896 0.405 . Total: 
Sodium sulfide______- 243 , 874 .080° -*-  Pounds.. _._. 289,851,534 911 
Other. ___.._--_.___- 127 ,000 .016 Value________ $9,539,506 $0.086 

Total: . Frother: 
- Pounds_.-_____ 9,494,770 292 Aerofroth 65____.__- 689,484 0.024 

Value___ 222. $1,301,773  $0.040 — Aerofroth 70,78_.... = ~=—=—*7, 988 .001 
SS Aerofroth 71________ ' 243,045 _ .028 

Depressant: So Aerofroth 77____-___ 382,688 — .. .155 
' Aero Depressant 610, __ mo . Barrett oil. _.._____- 856,642. = .087 . . . 688-8 67,8389 0.085 Creosote._._____-__- 1,305,285  .080 : 

Calcium ecyanide__--__- 85,509 ~~ .008 Cresylie acid_______- 2,695,471 . 047 
Lignin sulfonate _____ 382,691 -479 Dowfroth_._______-_ 1,098,873 .022 
Phosphorous penta- Methyl isobutyl car- - . 

sulfide____..__.___ 879 , 428 . .038 - binol_. 22 8,566,310 .066 
Quebracho__________ 595 , 756 1.209 Pine oil__?.2---__ 6,984,293 _ .079 
Sodium cyanide___-__- 3,224 ,208 044 - Other_____________. 10,847 179 
Sodium ferrocyanide_ 941,053  .057 _—_— 
Sodium fiuoride____-_ - 831,198 -959 Total: . 
Sodium fluosilicate___ ~ 8,620 .250 . Pounds.______ 22,790, 826 .095 
Sodium hydrosulfide__ 2,099 ,096 .296 Oo Value____.... $8,236,264  $0.013 . 

- Sodium sulfite____.__ TTT, 735 617 " oe ——S 
 Stareh.....-........ | 2,085,932 104 Flocculant: - 

Zine hydrosulfite___- - 70,506 255 Aerofloe 550_.___-___- 78,863 0.029 
Zinc sulfate_________ 1,681,585 - 160 © Alum___.. 2222-22 1,037,006 .697 

‘  Other_____- 2 ee 3,117,434 068° Guar__ 2-22 ee 691,906 084 
, ———————__—_—_—_——_. Lime_____-..__.___- 711,168 .049 

Total: - Naleo___-..-.----__ 329 , 084 .048 
Pounds... --_ 16 ,798 ,085 148. - Separan_____---___- 340,254 .005 | 

: Value_____--- $1,888,622  $0.016 Starch___.__....-___ 2,625,494 | (444 
———————————— Superfloe__-__..____ 154,114 .013 

Collector: Other__._.-..-____- 549 , 448 .408 
Aerofloat 15, 38_____- 46,197 0.099 —_——— 
Aerofloat 31______.-_ 206,736 -. —-. 060 Total: : 
Aerofloat 208_______- 33 , 794 .053 Pounds_-______ 6,517,337 .059 

. Aerofloat 211_._____- 165 , 736 091 Value______._ $1,776,171  $0.016 
Aerofioat 238_______-_ 277,631 .0138 ———————SS—S 
Aerofloat 242___..__- 70, 882 .063 Other: Sulfuric acid, 
Aerofloat 2438, 249____ 162 ,265 024 sponge iron 
Aero Promoter 404___ 110,649 .057 Total: 
Aero Promoter 801, a, Pounds._..... 112,349,217 4.867 

. 825,.899__........ 3,261,178 . 969 Value_______- $1,375,258  $0.060 
Amines_____...__.__ 4,882 ,498 , 084 , ———— 
Dow Z-200____.-._- 721,615 0.018 Total reagents: 
Fatty acids_____-_-_ 48 ,494,790 1. 348 Pounds.._.......--_ 1,243 ,945,948 4.507 
Fuel oil._.....-----. 128,111‘887 1.190 WValue__._----.----. $80,956,091 $0.112 

increased 29 percent and 23 percent, re- percent in 1965. In the past 5 years, the 
spectively, over that of 1960. In 1960, ratio of concentration increased from 26.5:1 
sulfide ore was 78 percent of the total ma- to 27.8:1. 

terial treated by flotation and decreased to In the period under discussion, reagent 
72 percent of the total in 1965. Concentrate consumption rose 73 percent and consump- 
produced in 1960 was 27 percent of the tion per ton of ore increased 34 percent. 
total material recovered but dropped to 19 Larger consumption of modifiers and in-
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creased use of leaching and precipitating ucts of the plants increased sharply from 4 

agents in the flotation of copper caused percent of the total output from flotation 

much of the increase in the consumption plants in 1960 to 18 percent in 1965. Ex- 

| of reagents. panded flotation of iron oxide ores ac- 

Metal Oxides and Carbonates.—This counted for nearly all the growth in mate- 
group includes iron oxide ores, ilmenite, rial treated and concentrate produced. In 
limestone, magnesite, and manganese and the past 5 years, the ratio of concentration 
tungsten minerals. Although the plants decreased from 3.0:1 to 2.3:1, apparently — 

| treating these materials in 1965 exceeded reflecting an increase in grade of material 
the number in 1960 by only one, daily  j.ateg | 
plant capacity more than tripled to 47,500 In 19 5 ‘on of d 
tons. From 1960 to 1965, ore treated and. n 60 65, consump ion'o reagents use 
products therefrom increased almost sixfold © ‘eating this category of materials in- 

- and more than sevenfold, respectively. The teased 24 percent. However, a large reduc- 
quantity of ore treated in 1960 was 2 per- tion in the use of activators and collectors 

cent of the total material processed and in resulted in a sharp drop in the pounds of 

| 1965, it was 6 percent of the total. Prod- reagents used per ton of material treated. 

Table 17.—Froth flotation of sulfide ores a 

Operating data : =. 1960 1965 

Plants: ; | | 
Number___..-..--.--------------------+----+---------------+------ 95 108 

. _.  Capacity.........---..--------.--.-...------short tons per day-. 545,700 622 ,300 
Ore treated ___......-.--..--------------.---.-----------short tons... 155,125,000 200 , 754,000 
Concentrates produced____....._.-....-------------------=----d0--.- 5,855,000 7,218,000 
Ratio of concentration ___._......-.--------------------------------- 26.5:1 27 .8:1 

. CONSUMPTION OF REAGENTS . 

; | | . . Pounds, total Pounds per ton 
Type ——_— nn ooo ee 

. | 1960 1965 1960 © 1965 

Modifier_......-.-.---_-------------------- 489,706,448 765 , 676 , 534 3.710 4.114 
Activator_..........-....------------------ 7,858,889 8,983 ,093 .353 281 
Depressant____._____..-..---------.--.---- ' 6,338,230 10 , 863 , 482 .089 .101 
Collector___..--.----------------.--------- 25,346,078 28 ,982 , 758 .163 _. ..120 

_ Frother___-.-_.--------------------------- 12,411,044 15,501,516 .080 077 | 
Flocculant__...--.-..----------.----------- 1,129,430 551 ,362 .026 .007 
Other_-_-_.-.----------------------------- 0 ----------- 112 ,349 ,217 ~a--e 4.867 

Total_......-.---------------------- 542,790,119 987,907,962 3.499 4.684 

Table 18.—Froth flotation of metallic carbonate and oxide ores | 

Operating data 1960 1965 

Plants: 
Number__.__.------------.------------------------------------ 13 14 
Capacity_........-----.-...-.-.-.---.-------short tons per day-- 13,600 47,500 

Ore treated______________.-_---._-.---------------------short tons.-_ 2,854,000 16 ,079 ,000 
Concentrates produced__..._...__....-.-----------------------do__-- 941,000 7,086,000 
Ratio of concentration___..---.------------------------------------- 3.0:1 2.3:1 

CONSUMPTION OF REAGENTS 

Pounds, total Pounds per ton 
Type 

ee 
1960 1965 1960 1965 

Modifier__....__.-..----------------------- 6,639 ,418 15,279 ,991 2.368 3.444 
Activator__._-.____..-.-----_.-_--_---------- 1,280,205 wo eee 5.000 ----- 
Depressant__.-_.---.---------------------- 609 , 809 1,588 ,578 .320 1.466 
Collector__.__.---------------------------- 22,572 ,698 23 ,694, 707 8.049 1.479 
Frother____------------------------------- 1,344,778 864 ,657 1.333 .090 
Flocculant__.-..------------_-------------- 1,306 ,029 458 ,285 1.618 .250 

Total___---------------------------- 33 , 752 ,937 41,886,218 12.036 2.614
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Nonmetallic Ores.—In the past 5: years, Solid Mineral Fuels—The number of 
the number of plants treating nonmetallic plants treating anthracite and bituminous 
minerals increased from 55 to 64, resulting coal increased from 31 in 1960 to 69 in 
in a growth of 33 percent in their daily 1965 as a result of the rapid growth of 
capacity. Quantities of raw material proc- flotation of bituminous coal. In the past 5 
essed and upgraded product each increased years, the daily capacity of the plants in- 
about 45 percent. The tonnage of raw ma- creased 77 percent. Raw product treated | 
terial processed in 1960 and 1965 was 18 and clean -coal produced increased 131 per- 
percent and 19 percent of the total materi-. cent and 152 percent, respectively. Solid 
al treated by flotation, whereas concen- fuels accounted for 2 percent and 3 percent 
trates produced in those years were 56 per- of the total materials treated in 1960 and 
cent and 45 percent, respectively, of the 1965, respectively. However, during the 

total output. The ratio of concentration of same period, the quantities of materials re- 
were minerals remained unchanged covered increased from 13 percent to 18 
at 9.0." . . percent of the total. 

Despite an increase in tonnage of raw lthough th . f d 
material treated in the period under dis- Although the quantity of coal treated 
cussion, the quantity of reagents used de- OTe than doubled in the past 5 years, 

_ creased 2 pereent. Almost all the drop of Consumption of reagents decreased 23. per- | 
| 30 percent in consumption of reagents, per cent. Concurrently, consumption of rea- 

ton of material treated, was caused by a _ gents, per ton of coal treated, fell 67 per- 
decrease in use of modifiers and collectors cent as a result of sharp decreases in the — 
in phosphate flotation. use of modifiers and collectors. - 

, - Table 19.—Froth flotation of nonmetallic ores : | , 

. Operating data | 1960 1965 
—“~r A A 

Plants: 
Number____-___----.------------- eee 55 64 
Capacity_..---_----------------.--.-.-.-_.--_short tons per day_- 143 , 500 191,400 

Ore treated____.__._-___-_--_______=______.-_.____.______short tons_. 36,191,000 52 ,653 ,000 
Concentrates produced_____.__._-._-_____-_.______.-._.._..___..do____ 11,888 ,000 17,376,000 . 
Ratio of concentration ___.__.......-.-.-..-----2-- eee eee eee 8.021 - §.0:1 

| CONSUMPTION OF REAGENTS | 

| Pounds, total. Pounds per ton 
Type > . 

1960 1965 1960 1965 

Modifier_____.-_--.-------.---------------- 82,455,910 54,889 ,380 3.566 1.278 
Activator____.--------------.-------------- 2,987,585 511,677 887 1.038 
Depressant____.-.------------------------- 9,231 ,057 4,346 ,025 755 451 
Collector ____._.-.------------------------- 168,967,377 188,118 , 763 4.576 3.741 
Frother___.------------------------------- 2,475,037 4,869 , 852 . 166 -219 
Flocculant__...._-----------.-------------- 874,974 3,206 ,689 -129 187 

Total___---------------------------. 261,991,940 255 ,942 ,386 7.311 5.089 

_ Table 20.—Froth flotation of anthracite and bituminous coal 

Operating data 1960 1965 

Plants: 
Number________-_--------------------------- +--+ eee 31 69 
Capacity__......_._-..----.--.-..-..--.-----short tons per day-_- 26,500 47 ,000 

Raw coal treated___...___________--- 2 ee _____-___short tons__ 4,112,000 9,500,000 
Clean coal produced ______-.-.-_------- eee do__ 2,795,000 7,033 ,000 

CONSUMPTION OF REAGENTS 

Pounds, total Pounds per ton 
Type eee 

1960 1965 1960 1965 

Modifier_____._-..-.---_-------------------- 1,609 ,352 298 ,274 3.841 1.922 
Collector_...-_--- 22-2 eee 8,142,058 4,055 ,306 3.015 1.988 
Frother____.-..--------------------------- 584,798 1,554,801 175 . 166 
Flocculant_____...-.--_---.-.----.--------- 393 , 885 2,301,001 .332 .3865 

Total___...--------_---------------- 10,730 ,0938 8,209 , 382 2.610 . 864
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| Table 21.—Froth flotation of copper ores in 1965 . 

| OPERATING DATA. 

Plants: Water used, gallons: . 
Number_-_--.---.-------------- 16 — Total, million........---.----. 40 ,495.9 
Capacity, short tons per day--_-__- 181,100 Per ton__.-.-..--.--.--.------... 745 

Ore treated: Rod consumption, pounds: 
Short tons.__...-...--.--...-.---.. 55,793,000 Total____..-.----------.--------- 11 ,633 ,968 

. Grade: Per ton.......------.------.---- . 0.358 
Copper, percent___.__------ 0.92 Ball consumption, pounds: 
Gold, ounce per ton___._---_ 0.0025 Total___.-------------------- 31,602 ,579 
Silver, ounce per ton_._--..- | .1301 Per ton____----------.------- 0.813 

Energy used, kilowatt-hours: _ Liner consumption, pounds: 
Total, million._...._...__-.._--- 895.7 Total___._-_.-._-.-.--------- 6,613 ,629 
Per ton_____-_-_-_------------ 16.3 ' Per ton_.__.----.------------ 0.170 | 

| CONCENTRATES PRODUCED . . 

Grade : Recovery, percent 

Type Quantity, Gold, Silver, . . 
short tons Copper, ounce ounces Copper Gold Silver 

oe percent per ton per ton 

- Copper___.-.-----------. 1,821,781 23 .80 0.0533 3.0510 84 71 81 

‘CONSUMPTION OF FLOTATION REAGENTS? 

Function and name Total §.~+=+Perton . 

Modifier: . a | 
Lime____.____---__------.-.-----.---- ++ eee 293 , 743 ,890 5.551 - 
Phosphate___......_.-._----_-_-----------+----------------------- 3,337,419 © .125 
Naleo_..-_-------2-------------- ee eee 397,071  —s_ «. 016 

‘Total: | oe | 
| Pounds_____._.-----------_----.--------------------------- 297,478,380 5.621 

. Value__.__-_..----------~---------------------------------- $2 ,555, 787 $0 .048 

| - Depressant: Total: : oe : 7 
Pounds__...------------_--_- eee eee ee ee eee 42 ,528 0.004 
Value_._.__---_-- eee eee eee $2,977 $0 .0003 

. Collector: - . 
Aerofloat 33, Aerofloat 238______._..-.--.------------.------------- 89,071 0.008 
Aerofloat 249____.__ ee ee eee eee ee 130 ,962 .020 
Aero Promoter 404_____._._..-_-.--- 1 eee eee 55,976 049. 
Dow Z-200_._..._.__.._-_-.---------------------------------eee 183 ,485 .009 
Potassium amy] xanthate____._...___.-_-.-_-_------_--------------- 88 ,444 .027 
Sodium Aerofloat__.__....._._.--.-_.-.----------.---------------- 208 ,958 .022 
Sodium isopropyl xanthate__.__.._..-...-.-.-------------.--------.- © 1,952,144 .053 

. Other____.-.._--__-_--- ee ee eee 1,633 ,631 .068 

Total: 
Pounds__..____-------------------------~------------------ 4,342,671 .078 
Value________.-.------------------- eee $1,141,494 $0.021 

Frother: | 
Aerofroth 65, Aerofroth 71__....___.._____------- ------ eee eee 358 ,912 0.018 
Creosote, cresylic acid__........___._.____.-. 2. ~~. ele e----e-e- 1,184,059 .079 
Dowfroth 250__________-___.-_-__-_____-__- eee eee 683 ,252 .035 
Methyl isobutyl carbinol___....__-._...-.-.._-.._--__-_-_--------- 396,150 .025 
Pine oil... ee eee eee eee ee 994 , 832 .033 

Total: | 
Pounds_________-___---- ue eee 3.612 ,205 .065 
Value_____.___-_.-----_--------- + ee eee eee $539 , 522 $0.010 

Flocculant: Separan: Total: 
Pounds______--.-__.-.- eee eee eee eee 68 ,122 0.003 
Value____-- eee eee eee eee $85 ,004 $0.003 

Other: Sulfuric acid, sponge iron: Total: 
Pounds________._.--_.---_-_.-~--_-------_---_--- eee 112 ,349 ,217 4.867 
Value___.___..__-_.._----- -- eee ee $1,375,253 $0 .060 

Total reagents: 
Pounds____________-_--------------- eee +e 417 ,893 ,123 7.508 
Value________________--- eee eee eee ee $5,700,037 $0 .102 

1 Based on 14 operations accounting for virtually total ore. 

Copper.—The number of copper flota- new ones started. Despite the fewer plants, 
tion plants decreased to 16 in 1965 from in 1965 daily capacity rose 23,000 tons, 
the 18 reported in 1960. During the inter- quantity of ore treated increased more 
val, six plants ceased operating and four than 11.6 million tons, and concentrate
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produced exceeded that of 1960 by nearly Except for two copper, lead, and zinc 
302,000. tons. A noteworthy change oc- flotation plants in Missouri, the remainder 
curred in reagent consumption and costs were in the Western States with four in 
with the quantity used per ton rising from Idaho, three each in Arizona and Colorado, 
2.473 pounds in 1960 to 7.508 pounds in and one each in Nevada and New Mexico. 
1965 and the costs per ton increasing from Copper-Zinc-Iron-Sulfides.—Although the 

sumption and costs were due principally to numbel of copper-zine‘ron sultige floration L ; plants dropped from eight in to four 
an increased use of modifiers and of leach- in 1965, the combined daily capacity in- 

af and Peet ea reagents. The grade creased 1,000 tons. In 1965, the ore treated 
of ore treated and copper recovery Yre- exceeded that of 1960 by about 925,000 | 
mained unchanged at 0.92 and 84 percent, tons. At the same time, production of cop- 

respective’y. rach 16 plan's 6 were in per concentrate was up about 18,000 tons, 
rizona, 5 in Michigan, and | each in Ida- json sulfide concentrate production increas- 

ho, Montana, Nevada, New Mexico, and ¢q about 30,000 tons, and output of zinc 
Utah. 7 concentrate was down about 13,000 tons. | 

SOO rN lennnn ee oe qvanety o Average copper and zinc recoveries in 3988 | 
copper-molybdenum ore treated by flota- e an percent, respectively, from 
tion in 1965 exceeded that of 1960 by near- 1960, whereas that of iron sulfide remained 

ly 24 million tons. Ore was concentrated in unchanged -at 83 percent. Average con- . 

13 plants having a combined daily capacity sumption and cost of reagents per ton of 
of 303,600 tons compared with 10 plantsand ore in 1965 was about 2.0 pounds and 2 : 
263,300 tons daily capacity in 1960. Concur- cents, respectively, lower than in 1960. 
rently, production of copper concentrate Two of the four plants were in Pennsy]l- 
increased nearly 600,000 tons and that of vania, with one each in Arizona and Ten- 
molybdenum about 5,000 tons. Although nessee. 

reagent average consumption fell about 0.5 Gold-Silver.—Seven flotation plants treated 
P pund Lan on OF ore treated, beat 8 conte gold-silver ores in 1965 compared with four | 
A gent P de of d ined * in 1960. Although the total daily capacity | 
verage grade of ore treated remained un- dropped 500 tons from 1960 the quantity of | 

_ changed at 0.79 percent copper and aver- -ore treated rose more than 43,000 tons in 
at 1os5 4 recovery fell ony pet occ 1965. However, concentrate production de- 
publishe d fon 4060. The Natron inca ed creased about 900 tons and gold and silver 

. ° ) recoveries were down 14 and 23 percent, 
| ond a © operation Eat produced’ byprod. respectively. Average consumption and cost 

‘uct copper and molybdenum. Inasmuch as of reagents oe one one increase? vom 
the data on those two operations distorted 0.398 pound an “Cents In I fo 

. 2.545 pounds and 16.9 cents in 1965. Two 
the copper-byproduct molybdenum data, , . . . 

of the gold-silver flotation plants were in 
they have been excluded from the 1965 . , . . 7 

. . : California, two in Washington, and one 
classification. each in Montana, Nevada, and Oregon. | 

Of the 13 flotation plants treating cop- er 
per-molybdenum ores in 1965—3 being new aa ae wean ote =, 1968 « treated 
since 1960—9 were in Arizona, 2 in Utah, * , 1 a 06 P Th. in Genin are 

and 1 each in Nevada and New Mexico. wth i tot t 4 ere “ite , m9 1500 

Copper-Lead-Zine—Despite a drop in tons in 1960 to 10,300 tons in 1965. At the 
number of flotation plants to 14 in 1965 . mor " 

. . ; same time the quantity of ore treated de- 
from the 19 in 1960, total daily capacity d about £50,000 d producti 
rose nearly 4,000 tons. This was accom- oe Ie: abou , tons and production 
panied by an increase of over 3.5 million of ead concentrate dropped 15,000 tons, 
tons of ore treated; also, output of copper, but zinc concentrate output rose 27,000 

lead, and zinc concentrates in 1965 exceed- tons. Average lead recovery rose 2 percent, 
ed that of 1960 by 32,200, 82,000, and but that of zinc jumped 16 percent. There 

21,500 tons, respectively. Average reagent Was only a slight change in reagent use as 
consumption per ton of ore went up 0.6 average consumption per ton of ore in- 
pound, but average costs remained virtual- creased 0.08 pound and average cost went 
ly unchanged. up 1.9 cents per ton of ore.
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7 Table 22.—Froth flotation of copper-molybdenum ores in 1965 

| a OPERATING DATA 
Plants: . Water used, gallons: . | 

. Number... -------------------- 13 Total, million___-.-_-_-..--- _ 76,668 .7 
a . Capacity, short tons per day__--__ 303 ,600 Per ton_____-_-.--~.-----.--- 755 

Ore treated: Rod consumption, pounds: 
an Short tons_.__._......-.._._.____. 106,963,300 Total___..---------------_-_- 14,339 , 601 

Grade: _ Per ton_____-_-.----- ee 0.579 
oo _ - Copper, percent_.......__-__- 0.79 Ball consumption, pounds:. 

Gold, ounce per ton_________ 0.0011 Total____________.._..._-.... 110,764,702 
_ Silver, ounce per ton______-_- .0617 Per ton___------------------- 41.259. 

Energy used, kilowatt-hours: - Liner consumption, pounds: 
Total, million.__.....-.._-.____ 1,623.3 Total__.-...-_---.-_-_------- _ 8,597,104 
Per ton___ ~~~ eee ~~ 15.2 — Per ton__..-----_-_-_------ eee 0.083 

_CONCENTRATES PRODUCED Oo 

Grade Recovery, percent 

: Type Quantity, Gold, Silver, a 
short tons Copper, ounce ounces Molybdenum, Copper Gold Silver 

percent per ton per ton percent 

Copper.___-.--.. 2,770,124 25.36 0.1814 2.174 a 83 77 73 

, Molybdenite----- 21,486 0 ----- ~~~ BBD eee 
CONSUMPTION OF FLOTATION REAGENT . 

. | Function and name Total Per ton 

Modifier: . 
Lime....----------.---_ 2 eee eee ee 404 ,225 ,298 3.779 
Nalco___.----------------- 2 eee 177 ,852 .006 
Phosphates ___._..-_--------_------------------------ +e ee 507.885 .014 
Sodium hydroxide_-_._______._._--__.-___-_ ee 194,415 .022 

- Sodium silicate_...____.-__._~____- eee 1,253 ,164 ' 027 
Sulfuric acid___..-..---_ 2-2 199 ,295 .023 
Other_____-_---------- eee eee eee - 62,102 .004 

Total: | . 
Pounds_........-.-.. --- ~~~ eee eee 406 ,620 ,011 ‘3.801 
Value___-.. 2 eee $6 ,271 ,226 $0 .059 

Activator: Total: . . 
Pounds. __.__.--------.--- 2 eee eee eee eee 220 ,045 0.016 
Value_.__..---- eee eee $18,013 $0 .001 

| Depressant: 
Dextrin-zine sulfate___..__-__--._-._.---..---.---.---------------- 450,209 0.010 
Phosphorous pentasulfide, sodium hydrosulfide____._...-..-.-__.-__--- 1,306 ,355 .016 
Sodium cyanide______-.__.-_--___- eee 1,554,595 .0382 

. Sodium ferrocyanide.._....______..__-_- eee 941 ,053 057 

Total: . 
Pounds_________-222. eee eee 4,252,212 .065 
Value__.. 22-2 eee $496 ,991 $0 .008 

Collector: . 
Aerofloat 238, Aero Promoter 404______________-_--_-_-_L_------_.- 200 , 543 .019 
Dow Z-200____.-..-------- eee eee ee 375,027 .014 
Fuel oil. ____---- ee eee eee 2,403 ,481 .038 
Minerec-xanthate__.....-._--- eee eee 862 ,915 .065 
Potassium amyl xanthate__________________________-_ eee 288 , 844 O11 
Potassium ethyl xanthate_______._____._____ eee eee 89 ,834 .010 
Sodium Aerofloat__...........-_..-..-------_.------ eee ee 817,282 .016 
Sodium ethyl xanthate____________2-_ eee eee 815,458 .019 
Sodium isopropyl xanthate____________-____-___-----_-_-_-----_-___- 429 ,021 .025 

Total: 
Pounds. ____.._...--_-_-_------ eee eee 6,282 ,405 .059 
Value__...-.--- eee eee eee $1,011,595 $0 .009 

Frother: re 
Aerofroth 65, Aerofroth 73, Aerofroth 77_____._____----_-__-_-_.------- 8,193 0.001 
Creosote, cresylic acid___________________.-___-_______-_-_-_-.----- 2,528 ,328 047 
Dowfroth._____._.-___-_--.2 2 eee eee ee eee 2538 ,344 .016 
Methyl isobutyl carbinol________-_-__-__________--_-_- eee 4,277,459 .059 
Pine oil]_________.----- eee eee eee eee eee 1,728 ,338 .052 

Total: 
Pounds.______---.----- 2 eee 8,795,662 .082 
Value_______------------- eee eee $1 ,227 ,206 $0.011 

Flocculant: Separan, Superfloe: Total: 
Pounds_____.-_-_----------- eee eee ee 140,213 0.004 
Value__.__---. 2 eee eee $169 ,561 $0 .005 

Total reagents: 
Pounds_____----.-__-__- +--+ eee eee eee ee 426 ,310 ,548 3.986 
Value___--- 2-2 eee $9,194,592 $0 .086
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Table 23.—Froth flotation of copper-lead-zinc ores in 1965 — 

COP ERATING DATA 
Plants: .. Water used, gallons: | 

Number___.-_...-----.-------- 14 - Total, million___._.__...------ 4,188.0 
Capacity, short tons per day__-_-- 80 ,000 Per ton_____._----_._.-_------- 495 

Ore treated: Rod consumption, pounds: : 
’ Short tons_._.....--......----- 8,562,300 Total___________._-_-_-----.-- 8 ,280 ,826 
Grade: - . . Per ton_________---_.-------- 0.413 

Copper, percent__..._-_.-_- 0.39 Ball consumption, pounds: 
Lead, percent__._-_-_-..___- 2.62 Total. _____._.__-_.__-------- 4,752 ,232 
Zine, percent__...-.-------- 0.66 Per ton___._-_--------------- 0.573 
Gold, ounce per ton_____-___ 0.0506 Liner consumption, pounds: 
Silver, ounces per ton !______ 3.7478 ~Total___.--___---- eee 116,041 

Energy used, kilowatt-hour: Per ton_______--.------------ 0.021 
Total, million. ___-__-_-_--_-_._-_- 152.9 
Per ton____-.-.-_-___--------- 18.1 

CONCENTRATES PRODUCED 
Grade Recovery, percent 

Quantity, ——__________________——_————————————VV@Om 
Type short Copper, Lead, Zinc, Gold, Silver, . 

tons per- per- per- ounce ounces Copper Lead Zine Gold_ Silver 

_ cent cent cent =perton. pertomn 
Copper._.. 107,344 25.16 10.73 2.99 0.2821 118.6604 78 1 6 25 91 
Lead_..... 185,494 2.69 71.72 2.28 .8484 48.3392 1 93 1 46 6 
Zine__.... 50,248 .62 .93 56.03 .0367 3.0619 1 -- 84 6 1 

CONSUMPTION OF FLOTATION REAGENTS ? 

Function and name Total Per ton 

Modifier: 
Lime__..--.-.---.2.--- eee eee 14,692,120 4.410 
Other_--_--.--------------------------------=------------------- 153 ,308 0.050 

Total: | . 
Pounds. _____..--...-._____-----------------e- 14,845,428 4.410 

| Value_...--..--2- 2 $288 , 888 $0 .086 

Activator: Te 
Copper sulfate___..... 2-2 eee $52,955 0.147 
Sodium sulfide__-........---.------------------------------------ 243 , 874 .080 

Total: — . 
Pounds.______.___-__---_-__------------ +e eee 596 , 829 .110 

| Value....-.---------------------------------------------- $71,947 $0.013 

Depressant: - 
Sodium cyanide____.__.._.__-.__-__.___-_------------------------- 122 ,712 0.184 
Sodium sulfite__.......--- 2-2 eee eee 216 ,223 .897 
Zine sulfate___._....._.-__--_---_-------------- ee ee eee 410,147 . 153 
Other__.-.-- 2-2 eee 1,809 , 779 .367 

Total: . 
. Pounds_____--_-.-.---__---_-__2------ eee eee 2,558,861 444 

 WValue._...----..---.---_----------------- +--+ e+ $250,199 — $0 .043 

Collector: : 
Aerofloat 31, Aero Promoter 404____._..--------_------------------ . 1,504 0.027 
Aerofloat 208, Sodium Aerofloat___.........-.-...---.---.---------- 1,504 .027 
Aerofloat 242. _____--__---_-_-__ eee ee 6,894 .020 
Dow Z-200__._...-...-.._-.---__--_- ee eee ee ee ee : 133 ,241 .026 

- Potassium amyl xanthate__._..__....-.-__---.-------.------------- 121,717 .046 
Sodium isopropyl xanthate___.._...-.-...-----------------.------- 306 , 882 .054 

Total: , 
Pounds._._...-.-_-_._-.-_-----.-_---- eee ee 571,742 .068 
Value___...-...------------------------------------------- $155 , 427 $0.018 

Frother: 
Aerofroth 71_____.____--_---------- eee eee 126 ,657 0.026 
Methy] isobutyl carbinol_._........-.----------------------------- 292 ,947 .086 
Pine oil___._-__----_-___-------------.-------------- +--+ +--+ - 8,096 .015 
Other__.___._-----_-___.._--- eee +e 40 ,820 .013 

Total: 
Pounds______--_------.----- + - ee ee 468 , 520 .055 
Value.___._----__.----- eee $66 , 433 $0 .008 

Flocculant: Separan, Superfloc: Total: 
Pounds_______...--_-.-_---_--_-_ ee eee eee eee 12 ,505 0.004 
Value__________._ ee ee eee eee ee eee $14 ,369 $0 .005 

Total reagents: . 
Pounds_____--___-_---_- eee eee ee 19 ,053 , 885 2.252 
Value__.-- 2 ee eee eee eee $847 , 263 $0.100 

1 Based on 8 operations. 
2 Based on 9 operations accounting for 99 percent of total ore.
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Fable 24.—Froth flotation of copper-zinc-iron sulfide ores in 1965 ) 

| | OPERATING DATA 7 | 

Plants: — Water used, gallons: . 
Number._.-..---------------_- 4 Total, million......-.._-._-___ 2,687.5 . 
Capacity, short tons per day___-__ 11,000 Per ton____.-------------_---. ~. 815 

Ore treated: Rod consumption, pounds: 
Short tons___.-...-.-----2 2 Le 3,302 ,800 Total___.--_-- ee 1,058 ,425 
Grade, percent: — Per ton___------. ---------- 0.327 

Copper._....-.-.-.--------_ 0.82 Ball consumption, pounds: 
Zine__-.-..-----------____ 1.68 Total___-_--_--- ee 2,091,724 
Iron sulfide..._......_-.-.. 30.46 Per ton_____---.-.---------- _ 0.633 

Energy used, kilowatt-hours: . 
Total, million.-........---- _ 59.5 7 . 
Per ton____.----.---- le 18.0 . 

CONCENTRATES PRODUCED 

Grade ‘ Recovery, percent 

Type Quantity, Gold, ‘Silver, Tron 
short ounce ounces Copper, Zine, sulfide, Copper Zinc Iron 
tons per ton per ton. percent percent percent | 

Copper__.. 108,700 0.0170 1.1524 20.57 ----- nanan 92 -- -- 
Zine_..... 32,958 wan ne were wee 55.26 ~---- -- 68 _-. 
Iron__.... 892,901 ----- an ween ee 91.23 -- -- 83 

CONSUMPTION OF FLOTATION REAGENTS 

Function and name OS Total | Per ton 

Modifier: . 
Lime____.-_-...------------- eee ee eee eee 3,851 ,326 1.166 
Sulfurie acid. ..-.-...-.-.....- --- 2 eee eee 10,189 ,237 5.480 . 

| Other___---.---.--.- ~~ eee eee | 4,653,511 3.060 

Total: . 
Pounds_.__.......-.----------- eee 18 ,694 ,074 5.660 
Value_._..2 eee $214,224  $0.065 

Activator: Copper sulfate: Total: , 
Pounds. ___.....---.- eee eee 1,052 ,687 0.664 
Value___..-.. 22 - eee eee $153 , 717 $0 .097 

Depressant: . 
Sodium cyanide__________.___-___--__-_-__-__ ee . 281,880 0.178 
Other___-.---.--- ee eee 30,744 .076 

Total: 
Pounds___.__--.-.-.-.----------------- ee eeeeeeeee 312 ,624 .163 
Value_____.---- eee $57 ,970 $0 .030 

Collector: Aero Promoter 404, potassium amyl xanthate, sodium ethyl 
xanthate, sodium isopropyl xanthate, sodium secondary-butyl xanthate: 

otal: 
Pounds_____-_--..-..----------- +e eee eee 860 , 729 0.261 
Value_._.--.-------------------- +--+ eee $74,050 .022 

Frother: Creosote, methyl isobutyl carbinol, pine oil: Total: oe 
Pounds_____--.-.-....--------_--_---_- eee eee 311 ,937 0.096 
Value___-_---- ~~ eee $12 , 463 $0 .004 

Flocculant: Aerofloc 550, Nalco, Separan: Total: 
- Pounds____---------------- eee 14,708 0.005 
Value____----- +e $14,251 $0 .004 

Total reagents: 
Pounds_____-__----.-.------- + eee ee 21,246,759 6.398 
Value____----------2- eee $526 ,675 $0.159 
eee, 

Of the flotation plants, 5 were in Wis- Lead-Zinc-Silver.—Flotation of lead-zinc- 
consin, and one each in Missouri, Illinois, silver ores in 1965 showed a tremendous 

New York, Oklahoma and Virginia. A new increase over the 1960 totals. Some 31 
flotation mill of 5,000-tons per day capacity plants with a combined daily capacity of 
was under construction in Missouri to 30,000 tons treated 5.2 million tons of ore 

tread lead-zinc ore but did not operate in compared with 17 plants in 1960 with a 
1965. | total daily capacity of 17,600 tons treating
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Table 25.—Froth flotation of gold-silver ores in 1965 : 

OPERATING DATA 

Plants: . Water used, gallons: 
Number_-_-_-__.---------------- 7 Total, million___-_._..-.--._-- 115.0 
Capacity, short tons per day-_-_--- 1,100 Per ton_____-.._---------- eee 670 

Ore treated: . Rod consumption: 
Quantity, short tons__...._2____ 175 ,400 - Total, pounds_._________-.---- 8,638 

. Grade, ounces per ton: Per ton_____-_---------------- 3.531 
Gold_....-..--.------- _L- ' 0.5636 Ball consumption: vO 
Silver__.......------------ 2.2194 Total, pounds._____._..-------. 326 ,354 

Energy used, kilowatt-hours: , Per ton___..----.------------ 1.901 
Total, million._.__.....---.--__- 3.2 Liner consumption: 
Per ton____.-.-_-.---------- _ 18.9 Total, pounds______.._..--.--_ - 42,411 

. Per ton____.----...--.------- 0.247 

oO . CONCENTRATES PRODUCED . 

| | Grade, ounces per ton Recovery, percent 
Type Quantity, ——___________—__——_____—_———__cccccm—- 

short tons Gold . Silver Gold Silver 

Gold-silver _ ___.--------------------- 2,508 29 .9501 112 .0364 TI 70 

| CONSUMPTION OF FLOTATION REAGENTS? | . - 

. Function and name , Total ' Per ton 

Modifier: . 
Soda ash___.___-_---- 2-2 eee eee 210 ,536 1.237 
Other_....-.-.- ~~ ee eee eee eee 163 , 642° 2.000 

~ Total: . 
Pounds_______-.2 22 ee eee 374,178 0.056 

. Value... ee eee eee $9 , 565 . $0.056 

Activator: Total: : | 
_ Pounds_____.- 2-2 eee eee ee 9,819 0.120 
Value_-_-_------------------------------------------------------ . $2,062 $0 .025 

Depressant: Aero Depressant 638, sodium cyanide: Total: | 
. Pounds__.__. 2-2 eee eee 939 0.006 

Value__....--..-- 2 eee eee .- $253 $0 .002 

Collector: . oe 7 : : 
. Aerofloat 15, Aerofloat 831__....-_._-__-__----- eee 18 ,073 0.148 

Aerofloat 208_______.--_--.-----_.---.-------- +--+ eee 8,485 + 050 
Aero Promoter 404___...........-_---.--------------------------- 3,288  _- ~ ,040 , 
Potassium ethyl xanthate, sodium isopropyl xanthate___.___.__.------ 285 - .100 
Potassium amyl xanthate__..._._..--._____-.---_---__---------- ee 4,560 .052 
Sodium secondary-butyl xanthate_______.__-.._..-_-_--.-----.------ 11,040 .065 

Total: . | | , 
Pounds____......-..-.---.----------- eee 40,7381 .236 
Value___... 2-2 ee ee eee $11,729 $0 .068 

Frother: 
Aerofroth 77, Pine oil__.......---.....-_-------------------------- 3,124 0.038 
Dowfroth 250__.__...-...-.---_---------------------------------- 8,817 .100 

Total: | 
Pounds___.__.....--_-----2 +--+ ee eee 11,941 .070 
Value. ._..--...--------.----- eee eee $4,147 $0 .024 

. Flocculant: Aerofioe 550: Total: 
Pounds______-..---.-.-.----- ee eee eee 2,412 0.014 
Value... eee eee eee ee eee ee $1,463 $0 .009 

Total reagents: 
Pounds. _____..----.-.---- ee 440 ,020 2.545 
Value. __.._------------ + eee ee eee eee $29 ,219 $0 .169 

1 Based on 6 operations accounting for 99 percent of total ore. 

2.9 million tons. Output of lead and zinc Of the 31 plants, 14 were in Colorado, 7 
concentrates jumped 64,000 and 149,000 in Idaho, 3 in New Mexico, 2 each in Utah 
tons, respectively, from the 1960 level. and Washington, and 1 each in Arizona, 
Average reagent consumption per ton of Montana, and Nevada. 
ore in 1965 dropped 0.66 pound and 1.7 Zinc.—Flotation plants treating zinc ores 

cents below the 1960 level. increased from 7 in 1960 to 10 in 1965.
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| Table 26.—Froth flotation of lead-zinc ores in 1965 

OPERATING DATA 

Plants: Water used, gallons: 
Number-_-_--------------------- 10 Total, million___....-.-.-.- 2 1,831.6 
Capacity, short tons per day__.-. 10,300 Per ton. ___.--.------ ee 705 

Ore treated: Rod consumption, pounds: . 
Short tons_.-.-...-.----------- 2,600,000 Total_____--_------------ Le 820,651 

_ Grade, percent: Per ton____.-----..-.----_-_- 0.449 
Lead._.--.-------.-------- 1.04 Ball consumption, pounds: 
Zine__.--..-..------------ 5.79 Total. ...----- ~~ - 1,388,640 

Energy used, Kilowatt-hours: Per ton____--.-..------------ 0.584 
Total, million..._.-.....-_-..-- 88.0 Liner consumption, pounds: 
Per ton....---.--------------- 14.6 Total__..---- 2 160 ,127 

Per ton____..--.-----.------- 0.064 

. CONCENTRATES PRODUCED SO 

| Grade Recovery, percent 

: Type Quantity, | Silver, | 
short Lead, Zine, ounce Lead — Zine 

| tons percent percent. per ton oo 

Lead_.....-.-.-..----.-- 27,193 72.63 ° uu... eee 93 -- 
Zine :....--.------------ 228 , 794 wnnne 58.50 0.3670 -- 89 

: CONSUMPTION OF FLOTATION REAGENTS} 

a Function and name Total Per ton 

Modifier: 7 | | . 
: Lime___..---------------- ++ eee 1,865,903 1.494 

Other. __..------.------------------- ee eee 29 ,494 . 191 

_ Total:. 
. Pounds___....-.----...------------- eee eee 1,895,397 1.351 

Value__.-.--------- + eee ee $25 ,507 $0.018 

Activator: Copper sulfate: Total: 
Pounds..........-.-_.---.--------------- ee eee 1,597 ,275 0.617 
Value__.....-.----.---- +--+. eee eee eee $226 ,180 $0 .087 

Depressant: 
Sodium cyanide_-__.....--..-----.---------------------- eee 96 ,063 0.037 
Other.__.--...--------- +--+ eee - 38 .001 

Total: 
Pounds. ____...----..----.--------- eee 96,101 .037 
Value___...-------- eee ee $18 ,224 $0 .007 

Collector: oO 
Aerofloat 31, Aero Promoter 404__._._.___-_.-__-_- eee 73 ,848 0.062 
Aerofloat 242... eee 44,190 .078 
Sodium Aerofloat_..__.......-.._----.-----.------------- ee 163 ,633 .215 
Sodium ethyl xanthate.___.._._..--..-.-..---- 2-2 eee 121 ,673 .093 
Sodium isopropyl xanthate_______..-.-.-.._----- 2-2 eee 39 ,042 .252 

| Total: 
Pounds__.._._..-.-.-------------- + eee 442 ,386 171 
Value____.-.-------.----- eee $122 ,128 $0 .047 

Frother: 
Aerofroth 65, Aerofroth 70__..._._._-_-_..-__-_-__-.-_--__-_-_--___-_- 1,519 0.011 
Aerofroth 71_...._...------ eee 17,586 .032 
Methyl isobuty] carbinol._.___-...---- ~~ eee eee 118 ,814 .189 
Pine oil_____.2 eee eee 130 ,301 .093 

, Total: 
Pounds. ____.-_....-.---------. -------_------- eee 268 ,220 .104 
Value____.-.-----------.------ eee $36 , 796 $0 .014 

Flocculant: Superfloc: Total: 
Pounds ______-_-----_-.------------------- eee 2,278 0.003 
Value___.-__--.--- eee $2 ,539 .003 

Total reagents: 
Pounds__-.----.-...--------------------------------------------- 4,301,657 1.662 
Value___-.--.--------------------------- eee $431 ,374 $0 .167 

? Based on 10 operations accounting for 99 percent of total ore.



| TECHNOLOGIC TRENDS IN THE MINERAL INDUSTRIES 85 

During that period one plant closed opera- As in 1960, four of the flotation plants | 
tions but four new plants became active. were in Illinois and one each in Colorado 
Daily plant capacity in 1965 was up only and Kentucky. However, five of the plants 
about 1,000 tons over 1960 but 1.15 million used heavy media for preconcentration of | 
more tons of ore were treated than in 1960. the ore before flotation or an increase of | 
However, inasmuch as the average grade of __ three. , 
the ore dropped from 5.91 to 4.98 percent Iron Ore.—Although the number of iron 
zinc, production of concentrate in 1965 ex- Ge flotation plants increased from four in | 

_ ceeded that of 1960 by only 57,000 tons. 1969 to six in 1965, the rated daily input 
Average zinc recovery rose slightly from 93 jumped from 5,700 tons to 40,000 tons. 

percent in 1960 to 95 percent in 1965. This expanded capacity resulted in an 
Average consumption of reagents per ton enormous rise of 12.5 million tons in quan- 
of ore dropped from 1.112 pounds in 1960 tity of ore treated and of 5.5 million tons 
to 1.036 pounds in 1965 but average costs of concentrate produced. Concurrently, 
of reagents rose 1 cent per ton. ‘Tennessee more efficient use of flotation reagents was 
led all States with five flotation plants  ,eajized as total average quantity and cost 
treating zinc ores followed by Kansas, Ken- | per ton of ore treated dropped from 5.302 

tucky, New York, Oklahoma, and Pennsyl- pounds and 27.7 cents in 1960 to 2.230 7 
vania with one plant each. pounds and 12.1 cents in 1965. This was 

Feldspar, Mica, and  Quartz.—Data on accomplished principally by using smaller 

these commodities were combined to avoid quantities per ton of modifiers and collec-— 
disclosing company confidential informa- tors. | 

tion. The number of plants treating Taw Of the six plants—three of which were 
. materials of these minerals increased from in Michigan, two in Missouri, and one in 

__-15_in 1960 to 18 in 1965 and the rated New York—two used flotation only and 
| daily capacity rose 1,400 tons. The quantity four operated in conjunction with magnet- 

of raw material treated increased 380,800 x. oF gravity separation plants. Another 

tons and total production of upgraded plant in Michigan, data are excluded from | 
products increased 106,700 tons. Increases this survey, operated intermittently to up- | 
of 178,800 tons in the output of feldspar grade magnetic concentrates. 
products, 30,500 tons in mica products, and . . _- 
102,400 tons in other products were partly Limestone and Magnesite.— Because of 
offset by a drop of 205,000 tons in quartz the similar reagents used in the flotation of 
products. limestone and magnesite and to avoid dis- 

. . | closing confidential information, data on 
One plant was located in each Alabama, three limestone operations—one each in 

New Jersey, Ohio, _South Carolina, and California, Maryland, and Texas—and two 
South Dakota. Distribution of the other magnesite operations—one each in Nevada | 
plants was California three, Georgia two, and Washington—have been combined. Al- 

. and North Carolina eight. . so, the plants are too few in number to 

Fluorspar.—Flotation plants treating permit comparison of the 1965 and 1960 | 
fluorspar ores in 1965 remained unchanged data without disclosing confidential infor- 
from 1960 in number and in daily capaci- mation. | 
ty. The outstanding feature of fluorspar Phosphate.—Phosphate flotation in 1965 
flotation in 1965 was the increase in recov- .nowed an increase of three plants and 

ery to 92 percent from the 77 percent re- 33.700 tons in daily capacity over 1960. Al- 
ported for 1960. As a result, the quantity 0, the quantity of ore treated rose from 
of concentrate produced rose 43,000 tons 20,981,900 tons to 32,477,500 tons and of 

with an increase of only 32,000 tons of ore concentrate produced from 7,023,544 tons 
treated In 1965, there was a corresponding to 11,221,018 tons. Other changes from 1960 
increase in byproduct zinc concentrate of to 1965 included an increase in average 
7,900 tons and lead concentrate of 2,300 grade of ore treated from 13.8 to 14.7 per- 

tons over 1960. Average total consumption cent P,O,, a decrease in average grade of 
of reagents per ton of ore more than dou- concentrate produced from 346 to 34.3 
bled from 7.011 pounds in 1960 to 14.834 percent P,O,, and a drop of 4.0 percent 
pounds in 1965 but average cost rose only average PO. recovery. A significant drop of 
9 cents per ton. 4.132 pounds in quantity and 6.0 cents in
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| Table 27.—Froth flotation of lead-zinc-silver ores in 1965 
ee 

OPERATING DATA | | 

Plants: Water used, gallons: =. 
: Number_._--------------------- 31 Total, million___._.-__....-_-- 3,818.6 

Capacity, short tons per day-_---- 30,000 Per ton__________- 2 - ee 790 
Ore treated: . Rod consumption, pounds: 

Short tons__..-.-.-.----.-.---- 5,206,000 Total___----2- ee 1,519 ,174 
Grade: . Per ton_____-_-__--- 222 ee 0.932 

Lead, percent..._.-._.-.-.- _ 2.90 Ball consumption, pounds: 
Zine, percent__.._....------ 4.90 Total_____2-- ee 8,581,501 
Copper, percent___._-...--- 0.22 Per ton____--__-- ee 1.716 | 
Gold, ounce per ton_____-_._ 0.0328 Liner consumption, pounds: 
Silver, ounces per ton___.._-_ -3.1240 Total___-._-_--__--_-- ee 1,914,596 

Energy used, kilowatt-hours: Per ton_____._._2 2-2 eee 0.481 
Total, million..-......---.---_- 111.4 - 
Per ton_.._------------------. 25.5 

CONCENTRATES PRODUCED 

. Grade Recovery, percent 
Quantity, ————___---- 

Type short Copper, Lead, Zinc, Gold, Silver, 
tons - per- per- per- ounce ounces Copper Lead Zine Gold _ Silver 

cent cent cent perton per ton . 

| Lead_.___. 221,884 1.88 58.238 7.25 0.4606 44.9737 69 90 6 69 78 
Zine_..... 406,364 0.42 2.23 53.98  .0266 5.6843 19 5 87 7 14 

CONSUMPTION OF FLOTATION REAGENTS? | 

. Function and name Total Per ton: 

Modifier: . . 
Lime____-._--------------------------- eee. 6,016 ,487 2.168 
Soda ash___...-..-------------=--------------------+------------- 1,117,933 124 

Total: . | 
Pounds____.-.--._-_.-------- +e ee eee eee 7,134,420 2.089 . 
Value__.-_-- ee eee eee $133 ,540 —$0.039 

Activator: Copper sulfate: Total: | —— . 
' Pounds. ___------- eee eee ee 3,489 ,665 0.702 

| Value____....--------2- +--+ eee eee $478 ,989 $0 .096 

Depressant: 
Caleium cyanide_________-..--_-- 1 ee eee 43 ,876 0.510 
Lignin sulfonate...__._.......-...---..---.------------------------- 33 ,311 052 
Sodium cyanide_________...-.---_-.-----------------------------. 484 ,423 .120 
Sodium sulfite......._...---.-.-.-.-.-.---- eee 561 ,512 . 786 
Zine sulfate...___._-_--.----.----.-.- 1 eee eee 1,225,071 .373 
Other.______----------- uo eee eee 147 ,999 .238 

Total: , . 
Pounds___.......---------------------------------- ee 2,496 ,192 . 502 
Value___..------------------------------------------------ $239 ,027 - $0.048 

Collector: 
Aerofloat 31____....-_---------------2 eee 128 ,447 0.061 
Aerofloat 208, Aerofloat 288_____.___._-____-__-___-_-_ eee 48 ,464 O71 
Aerofloat 242, Aerofloat 248______._.__________-____-_-- eee eee 51,051 .108 
Aero Promoter 404____._.___--_- eee eee ee 38,796 .066 
Dow Z-200___.--.- ee eee eee 29 ,862 041 
Potassium amyl xanthate___.____-_-_-..____-_-_---_-_----- --_-__ee 108 ,421 .069 

. Potassium ethyl xanthate__..._-..__.-.._..-_--_-_----- 2 eee eee 47,739 047 
Sodium Aerofloat_._......_-..---_---------- eee eee 64,539 .120 
Sodium ethyl xanthate________.____-.2-- eee ‘148 ,152 .083 
Sodium isopropyl] xanthate_____..__._._________.-- 2 eee 282,584 127 

- Other (fuel oil, Minerec, Thiocarbanilide)_.........-.-.._-_-_-_-_-_--__-_- 112 ,341 .071 

Total: 
Pounds_____._-- eee eee 1,010 ,396 .203 .- 

. Value... eee eee $283 ,280 $0 .057 

Frother: 
Aerofroth 65, Aerofroth 77__._._-__--._--.--_----- eee 9 ,076 0.028 
Aerofroth 71__.____.__________-__-___- eee 37 ,415 .065 
Barrett oil, eresylic acid______.___-__-_---____-___-_-_____-_- eee 82 ,373 .043 
Dowfroth.___.-_.____________-___--____--__-___ eee 49 ,264 .062 
Methy] isobutyl carbinol__..._._-_------- eee eee 405 ,106 .104 
Pine oil. __ 2 eee 68 ,027 081 

Total: 
Pounds....____-_---------------- 12+ eee 601 ,261 .121 
Value____2 2222 $106 ,977 $0 .022 

See footnote at end of table.
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Table 27,—Froth flotation of lead-zinc-silver ores in. 1965—Continued 

CONSUMPTION OF FLOTATION REAGENTS 1 

Function and name Total Per ton 

Floceulant: 
Separan._._._.-..------------_-- eee 7,641 0.005 
Superfloc_____---.-_------------ 22 eee 1,173 .002 

Total: 
Pounds.___.-.-.-.-..------__ eee 8,814 .005 
Value_____..--- eee $10, 806 . $0.006 

Total reagents: 
Pounds..___....---... 2-2-2 ee eee eee 14,740,748 2.963 
Value____.-..-2 2-22 eee $1,252,619 $0 .252 

1 Based on 19 operations accounting for 96 percent of total ore. 

Table 28.—Froth flotation of zinc ores in 1965 

OPERATING DATA | | | 

Plants: . Rod consumption, pounds: . 
Number__.__._-.----- 2 10 Total__.._- ee 1,160,972 
Capacity, short tons per day__-___ 15,000 Per ton_______-____-_-_-_-_--_- 0.318 . 

Ore treated: Ball consumption, pounds: 
Short tons___.-_.-..-__..__.--- 3,740, 500 Total___.- eee 659 ,942 CO 
Zine, percent________-_.________ 4.98 Per ton. ___-_.--_-_-_-_-__- ee - 0.203 

Energy used, kilowatt-hours: Liner consumption, pounds: 
Total, million_...-._-_-_.______ 61.5 © Total____ ~~~ eee 137 ,303 
Per ton___ 22 16.4 Per ton_____._-_-___-______.- 0.063 . 

Water used, gallons: 
Total, million__.._-___.-._-_____ 1,585.9 
Per ton_______ 425 

CONCENTRATES PRODUCED 

Quantity, short tons__.__..-_2 2 eee 289 , 232 
Zine, percent_____.._.-.--.__--__-_-__ eee eee eek 61.14 . 
Recovery, percent__....-_-...-.-.--.--__- eee eee 95 

CONSUMPTION OF FLOTATION REAGENTS | 

Function and name Total -  Perton | 

Modifier: Lime: Total: 
Pounds___....-_.---..-- ~~ eee ee ee 718,880 3.536 
Value___-.-------------------------------------- +--+ $9 .467 $0 .047 

Activator: Copper sulfate: Total: 
Pounds_____._...-2-- 22-2 eee eee eee 2,016,773 0.539 
Value___.-_--- eee eee $267 , 748 $0 .072 

Depressant: Calcium cyanide, sodium cyanide: Total: 
Pounds_____..--.2-2---- eee eee nee 47,792 0.034 
Value__..-- eee eee $4,711 $0 .003 . 

Collector: ) 
Aerofloat 211___.-_-.._-- eee eee 105,798 - 0.072 
Sodium Aerofloat____.... 2 _--- eee 162 ,297 .078 
Sodium ethyl xanthate, sodium isopropyl xanthate___.......__-__---_- 17,459 .082 

Total: 
Pounds___..-...-.---.-..----.-.-_--.- eee eee ee 285 , 554 .076 
Value___..-.-------- eee eee $74,689 $0 .020 

Frother: 
Aerofroth 65_._.__.--.---.--------------------- eee 247 ,450 0.106 
Aerofroth 77, Dowfroth 250__._.._._...-._...-----2--- eee 214,654 . 142 
Barrett oil, cresylic acid___...._...---__- 2 eee eee 148 ,282 .233 
Methyl isobutyl carbinol_____.__...._..._-.-2- 2-2-2 7,322 .128 
Pine oil_____.-.-----.--- eee 186 ,924 .239 

Total: | 
Pounds____.....---------.-------------- eee 804,632 .215 
Value____..----------- eee $147 , 844 $0 .040 

Flocculant: Separan, Superfioc: Total: 
Pounds_______..- 2222 ee eee eee 939 0.002 
Value__..- eee $1,421 $0 .003 

Total reagents: | 
Pounds_____...-.-------- eee eee eee 3,874,570 1.036 
Value____.2 2 eee ee $505 , 880 $0 .135
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Table 29.—Froth flotation of feldspar, mica, and quartz ores in 1965 

| OPERATING DATA - 

Plants: “Rod consumption, pounds: 
Number___.------------------- 18 Total____._--_---_----------- 973,635 — 
Capacity, short tons per day_---- 10,200 Per ton____--_------.--------- 0.984 

Ore treated, short tons______..__---- 2,211,000 Liner consumption, pounds: 
Energy used, kilowatt-hours: Total______---_~_. ~~ -- eee 76 ,092 

Total, million.._._....--.------ 35.8 Per ton_____.---.------------ 0.155 
a Per ton___-.------------------ 16.2 . 

' ‘Water used, gallons: _ 
Total, million._...-.-.--------- 5,552.8 
Per ton_____------------------ 2,510.0 

| CONCENTRATES PRODUCED, SHORT TONS a 

Feldspar__..---------------------------------------------------------------=-------- 451 ,362 
Mica____.-_-------------------------------+_------- +--+ eee eee eens 51,364 
Quartz__...-.---.----------------+----------------------------- ee ee 598 ,976 
Other_..__._.-----------_----------------- +--+ +--+ ee eee 168 ,158 

. «CONSUMPTION OF FLOTATION REAGENTS! . 

. Function and name Total Per ton 

Modifier: | 
Hydrofluorie acid__..._-_.---------------------------------------- 1,429 ,430 1.138 
Lime_.__.---------.------.-------------------------------------- 59 ,200 375 
Sodium carbonate_____-_----------------------------------------- 43,040 .356 
Sodium hydroxide_._...-...----.--_---------_-------------------- 503 ,980 1.407 
Sulfurie acid_...__...--.__.---_-_.----- ee 2,373,716 1.369 
Other__.__------.-----._----------------------------- 24,751 .162 

Total: . 
Pounds. _____.--.----------------------------------------- 4,434,117 2.325 
Value__.._.--.------.--------------------------------- +--+ $283 ,245 $0.149 

Depressant: . 
Lignin sulfonate_....-..--.----------------------------------+----- 56 ,300 0.456 
Other____--__..---------.--------L------- ee 299 ,880 .900 

Total: . . 
Pounds_____...-----.------------------------------------- 356 ,180 .780 
Value________-____--- eee eee $38 , 433 $0 .084 

Collector: 
Aero Promoter 801, 825___.-.....-------------------------.=------- 394 ,900 1.374 
Amines__._.-.----.---------------------------------------------- 686 ,257 .505 
Fatty acids.__.____-_..-...-------------.------------------------- 526 , 700 1.160 
Fuel oil. ___...-------..-------------------------------- eee 1,445 ,577 1.384 
Petroleum sulfonate_____..-.-.------.-------------------- +--+ 428,911 161 
Other__..._--.-.-----------_-------- + - eee e 332 ,073 .812 

Total: 
Pounds. ____.-.--.-.-------------------------------------- 3,814,418 2.000 
Value__.___---.-..-.-------------------------------------- $405 , 237 $0 .213 

Frother: 
Aerofroth 65___...-_..--.--.------------------------------------- 8,420 0.053 
Methyl] isobutyl carbinol__.-__.---.------------------------------- 109 ,660 271 
Pine oil____.....--.--------------------------------------------- 825 ,597 1.204 

Total: 
Pounds__...-.-.------------------------------------------- 943 ,677 . 769 
Value__._..------.--.-----.-------------------------------- $141,165 $0.115 

Flocculant: Total: 
Pounds_____-----.-------------------- + eee eee 433 ,561 1.074 
Value_.___._.--.-------_------------ +--+ eee $13 , 967 $0 .035 

Total reagents: 
Pounds_____.------------------------------------ eee 9,981,953 5.234 
Value______-_-_--_- eee eee eee $882 , 047 $0 .463 

1 Based on 16 operations accounting for 86 percent of total ore. 

cost of reagents per ton of ore treated oc- Florida continued as the leader in phos- 
curred in 1965 compared with similar data phate flotation with 16 plants with Mon- 
in 1960. This resulted from less consump- tana and Wyoming each having 1 flotation 
tion of modifiers and collectors. plant. A new flotation plant for treating
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| Table 30.—Froth flotation of fluorspar ores in 1965. — oe 

| OPERATING DATA . : 

Plants: So . Water used, gallons: . oo 
Number..____--_--.____ ee 6 Total, million. _-_.-_.-.._______ 905.1 . 
Capacity, short tons per day__-_-_ 2,000 .. Per ton_____.___ eee 1,290 

Ore treated: i Ball consumption: 
Short tons___.-.._..-...-.-.--- 516,200. Total, pounds________._______-_ 533 , 356 

_ Fluorspar, percent__._..________ 41.24 Per ton_____2_--_____________e 1.033 
Energy used,. kilowatt-hours: Liner consumption: a 

Total, million__.2.2.--._-______- 30.9 Total, pounds___________._____ 160 , 434 
~ Per ton____------------------- 44.1 Per ton_______--_--_-_______- 0.311 

. . CONCENTRATES PRODUCED . SEE Enna 

Fluorspar _ Lead . Zine 
eee . 

Quantity, Grade, Recovery, Quantity, Grade, Quantity, Grade, 
- short tons percent percent short tons percent _ short tons | percent . me nnn Oss SS Tse eee 

201,889 95.82 92 5,303 71.54 25,689 61.99 

CONSUMPTION OF FLOTATION REAGENTS . . 

_  Funetion and name a Total Per ton © 

' Modifier: ; ne : oe 
Salt__._--_----------22 eee eee 3,376,783 | 7.915 - 

-. Soda ash_-____._ 2 eee 1,652,849 3.202. _ 
Other (Nalco, sodium hydroxide, sodium pyrophosphate, sodium silicate)_ 265,762 848 

| Total: . a oo 
- Pounds. __ ~~ 2-2 es 5,295,394 10.259 

| —  Walue___.- eee $72 ,831 $0.141 | oo 

Activator:. Copper sulfate: Total: oe . - 
Pounds_ -___.----_----_----- eee 511,677 1.038 

. Value_.___------~------_----------------+-2---- 22 ------------- $83 ,117  $0.169 

Depressant: | 
Quebracho_____-___--.--------- eee 595,756 1.209 
Zine hydrosulfite_-_.......__.-_---_-_- eee eee 70 ,506 255 
Other (Aero Depressant 633, sodium cyanide, starch) ___.-_----------- 455 ,085 1.289 

Total: — . 7 | | | a 
Pounds____...-...---_.--_-2- eee 1,121,347 2.275 
Value___-_-_----- eee $148 ,062 $0.300 

Collector: 
Fatty acids._....--_..-. 2 eee 396 ,552 0.768 
Potassium ethyl xanthate______..-____---_--------------- eee 62,481 . 178 | 

' Other (Aerofloat 31, Aerofloat 211, Sodium Aerofloat)_________________ 717,720 : .220 

Total: . 
Pounds._._.-------------.------------ eee 536 , 753 1.040 
Value_____-------------- eee $93 ,529 $0.181 

Frother: . - 
Methyl isobutyl carbinol_________________________-___ Le 153 ,048 0.359 
Other (Pentasol, pine oil)_____.-_._______________ 10 ,334 .050 

Total: 
Pounds.__._-_...-.-------_-_-_- ~~ ee 163 ,382 .332 
Value____-_-_----_- eee $25 ,276 $0.051 

Flocculant: Alum, Separan, Superfiloc: Total: 7 
Pounds__._----.--.--.----- 22-2 eee 28 ,606 0.055 
Value___.--.-2----- eee $11,164 $0 .022 

Total reagents: 
Pounds__..----_-------.------ eee 7,657,159 14.834 
Value_..---.--.---------------------------------- +--+ --- $433,979 | $0.841 . wee eee ee SO 

phosphate rock was under construction in 1965 totaled 4,100,000 tons in ore treated, 
North Carolina and was scheduled for 1,110,000 tons in concentrate produced, and 
operation in early 1966. I percent in K,O recovery. At the same 
Potash—In 1965, nine flotation plants time, the average grade of ore treated 

having a total daily capacity of 50,000 tons dropped from 18.54 to 17.28 percent K,O 
treated potash ores compared with seven and that of the concentrate produced 
plants and 39,800 tons in 1960. Increases in dipped from 60.95 to 57.25 percent K,O. 

232-748 O-67—7



| 90 : -MINERALS YEARBOOK, 1965 - 

| a - Table 31.—Froth flotation of iron ores in 1965 | , 

OPERATING DATA 

Plants: Oo Rod. consumption, pounds: a 

Number__...------------------ . 6 _ Total_______-----------------, | 15,103,731 

Capacity, short tons per day----- 40,000 Per ton____.----------------- ; 1.075 

Ore treated: - Ball consumption, pounds: — 

Short tons..___:---------------. 14,046,600 Total_____------------------- 17,624,712 

Tron, percent____..-------------- ~* 34.8 Per ton_____.__------.------- / 1.267 | 
Energy used, kilowatt-hours: oo a Liner consumption, pounds: _ . 

Total, million_____..----------- 318.5 Total_______.____2i --------- 1,017 ,939 
Per ton_____.__-__.----------- 22.7 Per ton____.-.----.---------- 0.123 

Water used, gallons: —_ - 
Total, million_.....------------  25,871.1 
Per ton______----------------- 1,840 . . - 

ee 

CONCENTRATES PRODUCED 
A 

: Quantity, Tron, Recovery, — 
Type short tons percent percent 
a 
Iron________..-------------------------------------------- . 5,987,581 58.8 7 
Other____-.---.------------- e+e eeeeeen eee eee «68, 282 ao a 

~~ CONSUMPTION OF FLOTATION REAGENTS. | 

. . . - - Function and name . Total - Per ton 

Modifier: — . 
Sulfuric acid_.._...__------_--_-_--_----------------------------- | 6,296,916 1.760 
Sodium silicate_.....--------------------------------------------- 3,870,726 1.126 

Total: | | oe a | 
| Pounds.___..--------------------------------+------------ 10,167,642 2.842 

~  Walue__...-------------------------+---+----+-------------- $152,019 - $0 .042 

Depressant: Sodium fluoride: Total: . 
, -" PoundS.__ 2. ------ een nnn 59,407 0.518 - 

~ Value___.-__-.--------------------------------------------------- ~ $10,099 $0 .087 

Collector: 
Aero Promoter 899____._________-___--------------~---------------+-- 2,866 ,278 ‘0.979 
Fatty acids.___._._...---.----------------------------------------- 14,805,668 1.056 
Fuel oil____-.--------------------------------------------------- 2,604,814 . 753 
Other.._._..------.-.--_----------------+-------------- +--+ ------ . 67,906 .122 

Total: | . 
Pounds__......-------------------------------------------- 20 , 344,666 1.448 
Value__.____---------------------------------------------- $1 , 436 ,936 $0 .102 

Frother: Methy! isobutyl carbinol-pine oil: Total: 
Pounds______.-------------------------------------------------- 749,254 - 0.087 

. Value____.___--------------------------------------------------- $101,561 $0 .012 

Flocculant: Total: 
Pounds.____._.__.--.------------------------+---------------------- 4,802 0.009 
Value__.__.__----------------- eee eee eee eee $5,042 $0 .009 

Total reagents: . . , 
Pounds.......-----.--------------------------------------------- 31,325,771 2.230 
Value___.._.-..--.---------------------------------------------- $1,705,657 $0.121 

Total reagent consumption and cost per reagent consumption and cost per ton of 
ton of potash ore treated fell from 1.085 raw coal rose 0.469 pound and 1.5 cents, 
pounds and 16.7 cents in 1960 to 0.959 respectively. The principal functions of the 
pound and 13.6 cents in 1965. Again New flotation were to recover fine-sized coal and 

: Mexico and Utah were the only potash to prepare a low-ash coal for power plant 

producers with seven of the plants in the _ fuel. 
former and two in the latter State. Bituminous Coal.—The number of flota- 

Anthracite.—Five flotation plants—all in tion plants treating bituminous coal in- 
Pennsylvania—treated anthracite in 1965, creased from 26 in 1960 to 64 in 1965. Cor- 
the same number as in 1960. There was a___ responding increases of 20,500 tons in plant 
small decrease of 55,400 tons in the quan- capacity, 5,443,600 tons in raw coal treated, 
tity of raw coal treated and of 18,000 tons and 4,255,500 tons of clean coal produced 
in clean coal produced. At the same time, were recorded. Although there was a de-
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| Table 32.—Froth flotation of limestone-magnesite ores in 1965 _ | | 

_tt~“‘“‘®NNC OPERATING DATA OOOO : 
Plants: m 

Number____.-----_-------2------ eee 5 Capacity__...-.-------2 ee -__-_________- short tons per day__ 4,500 Ore treated _ _--_.--.----_----------------- ee --__-___-_-_...._..... short tons__ 1,064,200 Concentrate produced__________-_----_------22--_---___________.. do... 795,918 
. CONSUMPTION OF FLOTATION REAGENTS 12 Oo 

| . _ Function and name | | - Total Per ton a 
Collector: - . . 

_ Fatty acids__________..-_-_-_- eee. 1,230 ,287 1.297 © o Fuel oil. _-. 2-2-2 ee. 401 ,085 -451 | Other__-2 37,875 - (625 

: Total: | TT Pounds_.__..--22__---2------ eee 1,669 ,247 . 1.654 
Value_____2-- eee, $115 ,192 $0.114 

Frother: Total: . - Pounds-______..._-_-----------2- eee 18 ,347 0.152 Value__.---_---.---- 22 eee $3 ,855 $0 .032 
Flocculant: Separan, Superfloc: Total: me - Pounds. ___________-_- 22 10,994 - 0.013 

Value____-- 2 eee $11,904 $0 .014 

‘Total reagents: - 
Pounds. ______-_--__--_----_--- ee 1,698 ,588 1.683 . Value_____--___-_ eee __ tt $130,951 ~  $0.180 

1 Based on 4 operations accounting for 95 percent of total ore. 

, Table 33.—Froth flotation of phosphate ores in 1965 
_t™t™~—‘(COC~COCSSCSCSCSCSCSCOCOPERRATINNG DATTA | | 

. Plants: Water used, gallons: 
Number____--.-----2- 2-2-2 18 Total, million........_._._____ 145 ,299 .6 
Capacity, short tons per day_____ 122 , 400 Per ton______________________ 4,475 Ore treated: Ball consumption, pounds: 
Short tons___-.___--_.._.__.... 32,477,500 Total_____________ ee 890 ,577 Percent P2O5_.___---_._-_2_____ 14.7 Per ton______-_--.---_ eee 0.154 

Energy used, kilowatt-hours: 
Total, million___._-_____________ 268.2 . 
Per ton_____-____-_______ 8.3 

_ CONCENTRATES PRODUCED . 
Quantity, short tons. ____---- ee _____tittttst#LN -11,221,018  P2Os content, pereent____....___.__.__._.._____..________-......._._.... 34.3 
Recovery, percent___.-_-_---...----..--_-_____._____-______..._._.................. 80.0 

| CONSUMPTION OF FLOTATION REAGENTS 12 
sts... anetion and name ——~—~—~S~CSC~O”CCC...O otal” Pe ton 

Modifier: 
. . Caustic soda_____...__2 ee. 17,139 ,475 0.653 

' Sodium hydroxide__.__._-_.-_____-_____ i. 5,739 ,133 1.081 
Sulfurie acid_.__-__--.-__2-_2 2 ee 18,896 ,321 1.013 
Other_.__-----_----- eet 1,206 ,085 3.590 

Total: 
Pounds_______--____-2 ee, 42,981,014 1.362 
Value___-__--- 22 eee $1,092 ,795 $0 .035 

Collector: 
Amine_____---.------2 2. 1,026,890 0.040 
Fatty acids___-__--___..--. 2-2-2 ee e.________e 56,170,977 1.780 
Fuel oil____-----2---- eet 112 ,306 , 488 3.621 
Kerosine_____.....-__.--_____._-_____-_____..__ 4,284 ,443 212 

Total: 
Pounds__.__._.____- eee. 173 , 788 , 798 5.508 
Value___-_-- eee. $3 ,158 , 422 $0.100 

Frother: Pine oil: Total: 
Pounds_____------------_-----2--- eee 2,118,052 0.442 
Value___-_------- 2-2 eee. $289 , 503 $0.061 . 

Floceculant: Total: 
Pounds______._-_.-2 2 88 ,356 0.263 
Value. ___----- 2 $10,631 $0 .082 

Total reagents: 
Pounds_-____..-..--_-2 eee, 218 ,971 ,220 6.940 
Value______---- ee $4,551,351 $0 .144 

1 Based on 16 operations accounting for 97 percent of total ore.
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. . Table 34.—Froth flotation of potash ores in 1965 , 

, OPERATING DATA 

| _, . Energy used, ee 
Plants oe Ore treated > kilowatt-hours Water used, gallons 

Capacity, oo . - . 7 

Number short Quantity, K:0, Total, Per ton Total, ~ Per ton 

tons/day short tons . percent | million : - million 

“g 50,000 . 16,083,000 17.28 306.2 - 19.0 4,271.4 — 265 
aaa 

| - Co CONCENTRATES PRODUCED | - ae 

Quantity, short tons. --._---------------+-----------
-------- 2 -- one 4,226,180 | 

KO, percent_____------.------------
------------------ 22 oon nnn rnc 57.25 

KeO recovery, percent. ___.----------------------------------
----------- ore rrr 87 

oo . CONSUMPTION OF FLOTATION REAGENTS 1 7 

Function and name Total — Per ton 

Modifier: 7 | 
‘Sulfuric acid__.---_------,----------+------=5--------

-----0 000 nr 139 ,664 0.043 

Phosphate, sodium hydroxide, hydrochloric acid_-------~------------- - 1,084,990 121 

Total: . | : 7 . . 

. Pounds____.__------------------------------
-- een 1,174,654 .187 

. Value___.__.-------------------------------------------
--- $55,201 - $0.006 

| Depressant: = 
Starch___..---------------------------+ -- enero 1,813 ,827 0.365 

Other_____..-------------------------------------------
--------- 752,971 .204 

Total: . - | 

Pounds____._.__-_--------------------------------------
--- 2,566 , 798 .296 

Value___._____-----_------------------------------+-----
--- $413 ,173 $0 .048 

Collector: / a 

Amine______._.__-_----_---+-----------+-------------------
--------- 2,914,499 | 0.190 

Fuel oil. _____.----------------------------------------------
---- 3,841,573 - ~195 

Total: | | 
Pounds______.-__--------------------------------------

--- 6, 756 , 072 .440 

Value________-_-----_-----------------------------------
--- $831,085 — $0 .054 

Frother: . a 

Barrett oil.__..__-_--_-----------------------------------------
-- 680,215 . 0.079 

. Methyl! isobutyl carbinol-pentasol _ __~------------------------------ , 936 , 720 '  .061 

Total: a 

Pounds________----------+------------------------------
--- 1,616,935 .105 

Value___.___--__----i--_------L-- +--+ ----- = - - -- - +--+ $157 , 569 . $0.010 

Flocculant: 
Guar_..______._--- eee ee eee nn ee nee en eee ee 639 , 826 0.084 

Separan____..--_---------------------------------------
--------- 64,214 .009 

Aerofloe 550, Superfloc, Nalco, starch_-_----------------------------- 1,921,782 .197 

Total: , 

Pounds_______-__---------+------------------------------
--- 2,625,822 171 

Value___..__________-------------------+--+-----+-----------
--- $629 ,645 $0 .041 

Total reagents: 
Pounds__________.__-----------------+----- +--+ -- ----- - - = - - +--+ -- 14,740,281 0.959 

Value_________-._--_-_--------------+----- eee $2 ,086 , 673 $0 .136 

PBS errr 
1 Based on 7 operations accounting for 96 percent of total ore. 

crease in total reagents used per ton of raw each in Colorado and Kentucky, and 1 

coal from 2.7 pounds in 1960 to 0.7 pound each in New Mexico, Utah, and Virginia. 

in 1965, reagent costs rose from 9 to 12 Miscellaneous.—Data for some flotation 

cents per ton. operations are not shown separately to 

. . avoid disclosing confidential information. 
Like that for anthracite, froth flotation 8 . sage 

£ bitumi li cipal d Also, because of dissimilarity of the data 

of bi uminous nn is puncipa ny used tO for the various plants, it would be inap- 
recover fine-size materia containing little propriate to combine the data to overcome 

ash. The data include information on one the confidentiality problem. However, the 

plant used to reduce ash content of gilson- data have been included in the totals in 

ite. Of the 64 plants, 38 were in West Vir- order to present complete information on 
ginia, 14 in Pennsylvania, 5 in Alabama, 2 flotation in the mineral industry.
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Table 35.—Froth flotation of anthracite Table 36.—Froth flotation of bituminous . 

in 1965 coal in 1965 

. OPERATING DATA . OPERATING DATA 

Plants: : Plants: 
_ Number__-_.....----------------- 5 Number. __________-_-_-_-_-----_-- ee — 64 | 

Capacity_....._.short tons per day-- _ 5, 000 _Capacity___...-short tons per day-_ - 42 ,000 

Raw coal treated__._._._...._short tons.. 744,600 Raw coal treated_____..____-short tons_. 8,755,600 > 

Clean coal produced__._....._.--.do_...- 407,000 Clean coal produced___.-----.---do_.-. 6,625,500 

CONSUMPTION OF FLOTATION REAGENTS CONSUMPTION OF FLOTATION REAGENTS 

Function and name Total Per ton Function and name Total Per ton 

Collector: Fuel oil, kerosine: Modifier: Sulfuric acid: Total: | 
Total: Pounds._.___---_-------. 298,274 1.922 

Pounds______________--_ 1,772,224 2.380 Value______-__-_-_------- $3,231 $0.021 

Value_____---____-_-_-- $30,193 $0.041 ea 

—————SSE Collector: 
Frother: Aerofroth 65, pine Fuel oil..._--_---------. 969,991 2.158 

oil: Total: Kerosine_____.__._.__-__-- 1,313,091 1.553 

Pounds____------------. 211,021 0.283 ——— 
Value________...___---. $86,574  $0.049 Total: 

———— - Pounds._______.-_ 2,283,082 1.762 

Total reagents: Value_______-_--- $41,582 $0.032 

Pounds___._.__--..----_ 1,983,245 2.663 —— 

Value_____.-.--...----- $66,767 $0.090 FF rother: 
so Aerofroth 71___--------- 42,006 0.268 

- Flotation plants for which data have Acrofroth v7 ea 1 au" a a7 152 

been handled in this manner include: Pines” 6 TIO «1400 
Antimony .............1 in Nevada Total - sO | 

Barite ...............-2 in Arkansas om Pounds... 1,343,780 156 

Do ............-+..-1 in Georgia Value_.__-------- $280,951 $0.027 | 

Do ..........1 in South Carolina Floceulant: __ 
i ee eeeeeeed in liforni Aerofloe 550___---------- 60 ,391 0.071 Bastnaesite 1 i Calif a Aerofloc 550------------- 438939 “082 

Garnet ...............1 in New York Separan_~_------------ goer! 051 

. i i Stareh_____-_-.--------- ; . 
Ilmenite ..............1 in New York Supertlog 22222227772 '1087402 “079 

Do. ..........-.--- 1 in Virginia Other.....___._-...-.-_- 1,036,382 687 | 

Kyanite .........---5- .2 in Virginia Total: | | 

Do ..............--1 in Georgia Pounds____------- 2,301,001 865 

Do .........1 in South Carolinia Value_-.---------__ $768,978 $0121 | 

Mercury .............-.1 im Oregon Total reagents: § 296.187 O-TLL 
: ounds.____.._..--..--. 50, ». . 

Molybdenum .........1 in Colorado Value. 2272277277777 731089742  $0.119 

Talc ................-1 in Alabama ——_ | 

| Do ..............-1 in New York . | 

Tungsten ...........1 in California - | 

Vermiculite ..........1 in Montana
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Statisti mmary Statistical Summa 
| By Kathleen J. D’Amico ! | 

| Contents | 

| | | | . | Page 
Mineral production: Page ws. exports of principal minerals and 
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- tered by the United States ___ 125 products ~--___________________ 130 
Commonwealth of Puerto Rico __ 126 Comparison of world and U.S. produc- 

| | | : | tion of principal metals and minerals 133 

This summary appears in Minerals Year- Because of inadequacies in the statistics 
book volumes I and III, which cover min- available, some series deviate from the | 

_ eral production in the United States, its foregoing definition. The quantities of 
island possessions, the Canal Zone, and the gold, silver, copper, lead, zinc, and tin are 

_ Commonwealth of Puerto Rico, as well as recorded on a mine basis (as the recover- 
_ the principal minerals imported into and able content of ore sold or treated). The , 
exported from the United States. The sev- values assigned to these quantities, how- 
eral commodity and area chapters contain ever, are based on the average selling price 
further details on production. A summary of refined metal, not the mine value. Mer-_ | 
table comparing world and U.S. mineral cury is measured as recovered metal and 
production also is included. valued at the average New York price for Mineral production may be measured at metal. , 
any of several stages of extraction and | 
processing. The stage of measurement used The weight or volume units shown are 

. in the chapter is normally what is termed those customary in the particular indus- 
: “mine output.” It usually refers to miner- tries producing the respective commodities. _ 

als in the form in which they are first ex- No adjustment has been made in dollar | 
tracted from the ground, but customarily values for changes in purchasing power of 
includes for some minerals the product of the dollar. 
auxiliary processing operations at or near : 
mines. 1 Statistical officer, Division of Minerals. | 
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: | Table 1.—Value of mineral production ‘ in the United States * by mineral groups * 

- (Millions) . . | 
i 

Non- Non- 
Min- metals Min- metals 

Year eral (except Metals Total Year eral (except Metals Total 

_ fuels fuels) fuels fuels) 
NN 

1925_...___.-.-. $2,910 $1,187: $715 $4,812 1946._.....--.. $5,090 $1,243: $729 $7,062 

1926_.__....-... 8,371 1,219 | 721 5,811 1947__--------- 17,188 1,338 1,084 9 610. 

1927_._._...---. 2,875 1,201 622 4,698 1948._.____._-.-_ 9,502 1,552 1,219 12,273 

1928_.._._.-._._.. 2,666 1,163 655 4,484 1949.._.__.___.__ 7,920 1,559 1,101 10,580 

1929_..._.._..... 2,940 1,166 -802- 4,908 1950_._.__....-. 8,689 1,822 1,351 11,862 

1980_........_... 2,500 973 507 3,980 1951___._--.-._-_ 9,779 2,079 1,671 138,529 

1981_....._._-.... 1,620 671 287 2,578 1952_....-.-.-. 9,616 2,163 1,617 13,396 

1932_._...._..... 1,460 412 (128 «62,000 1953_-_-_-----. 10,257 2,350 1,811 14,418 

1938_.__......-. 1,418 432 205 2,050 1954_.___-_-_-_. 9,919 2,733 1,518 14,170 

19384_...____.__._ 1,947 520 277 2,744 1955_._.__-_-_-_ 10,780 3,076 2,055 15,911 

19385_..._..----. 2,013 564 365 2,942 1956__._._..-_-_ 11,741 3,391 2,358 17,490 

19386_._.__--_-.- 2,405 685 516 3,606 1957_______-_-. 12,709 3,387 2,137 18,233 

1937__..-......-.. 2,798 711 756 4,265 1958__.__._.._-._-._ 11,589 3,466 1,594 16,649 

1938.-.._-...--- 2,486 622 460 3,518 1959_____-_-.-. 11,950 3,861 1,570 17,381 

— 1989_..._--.-... 2,423 754 631 3,808 1960______..... 12,142 3,868 2,022. 18 ,032 

1940_...._------ 2,662 184 752 4,198 1961_.___-...-. 12,357 3,946 1,927 18,230 

1941_..__....--. 3,228 989 890 5,107 1962_____.__---. 12,784 4,117 1,937 18,838 

1942_._.__..__._. 3,568 1,056 999 5,623 1963______.__.-_ 18,295 4,318 2,002 19,615 

1943_______..._. 4,028 916 987 5,931 1964+1________.. 18,623 4,623 2,261. 20,507 

1944_._._.___... 4,574 836 900 6,310 1965.__.__-._-._ 14,045 4,916 2,472 21,433 

1945__..__.__.._... 4,569 888 174 . 6,231 . 
OA 

A 

¥ Revised. 7 . | 

1 Production as measured by mine shipments, sales, or marketable production (including consump- 

tion by producers). 
2 Excludes Alaska and Hawaii, 1925-53. 
3 Data for 1925-46 are not strictly comparable with those for subsequent years, since for earlier 

years value of heavy clay products has not been replaced by value of raw clays used for such 

products. — oe 
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Figure 1.—Value of mineral production in the United States.



Table 2.—Mineral production’ in the United States : | , 

- 1962 19638 1964 1965 . Mineral TT A 
Quantity Value Quantity Value Quantity Value Quantity Value . (thousands) _ (thousands) (thousands) (thousands) . 

Fee Be Mineral fuels: . . Asphalt and related bitumens (native): Bituminous lime- 
stone and sandstone and gilsonite._......_short tons_._ 1,647,063 $14,601 1,632,645 $8,388 1,985,344 $10,038 1,911,664 $9 , 461 Carbon dioxide, natural (estimate)__thousand cubic feet__ 1,144,107 146 §1,295,545 178 1,282,816 166 1,173,676 152 Coal: . . 

Bituminous and lignite ?._.....thousand short tons_-_ 422,149 1,891,553 458,928 2,013,309 486,998 2,165,582 512 ,088 2,276 ,022 Pennsylvania anthracite__.........._.-.-.._do___. 16,894 184,094 18 ,267 153 , 503 17 ,184 148 ,648 14,866 122,021 © Helium *____..-................_-_thousand cubic feet... 599,519 20,905 627 ,344 21,957 * 4,027,497 761,245 4,365,068 66 ,687 Natural gas..---.------------------million cubic feet_. 18,876,622 2,145,801 14,746,663 2,828,080 715,462,188 2,387,689 16,039,753 2,494,542 
Natural gas liquids: “ | . 

Natural gasoline and cycle products | . oo Tc | 
thousand gallons.. 6,244,522 444,817 6,584,967 439,173 7,000,181 463,600 7,288,070 494 354 LP gases_____.----.-.-------.----.-----.-do_-_.. 9,409,083 358 ,8384 10,802,250 359,770 10,748,591 362,792 11,257,267 417 ,249 Peat_...-.-.........-_.-.--_-----.-------short tons... 566 , 441 5,186 546 ,621 5,423 639 ,690 76,198 - 608,746 6,080 — 4 Petroleum (crude)........._thousand 42-gallon barrels... 2,676,189 7,774,051 2,752,728 7,965,748 2,786,822 8,017,078 42 ,848,462 48,158,150 > nr 

ms] Total mineral fuels_...........-......-__-_-____.___. XX 12,784,000 XX 18,295,000 XX +13,623,000 XX 14,045,000 PA 

Nonmetals (except fuels): L . . 3 Abrasive stone §___ 2... 2... _______.-_short tons__ 2,653 260 Z,693 255 3,186 292 3,603 432 > Aplite__.. 2-2 2--2--------.----_long tons_- 125,156 912 . (8) (8) . (8) (8) (8) (8) - Asbestos__....-...........-_.-.-----.-.--short tons_ 53,190 4,677 66 ,396 5,108 101 ,092 8,143 118,275 | 10 ,162 th Barite_......-................._ thousand short tons. _ 860 9,820 824 9,402 ~ 830 9,796 852 10,192 a Boron minerals_____..._.._....-....-_.---short tons__ 646 ,613 49 ,336 700 ,183 54,981 776 ,000 60 , 871 807 ,000 64,180 < . Bromine_-_--._.......-.....-.-....--thousand pounds__- 190,747 46,617 208,333 48,558 t 283 , 530 T 66,064 328,115 77,259 z . Calcite (optical grade)_____.-.-..--..---.--poumds___. -.-._...-.  ____..__.. ___... wannn nent 4 2 (6) (6) e ement: 
“ Portland. __..........thousand 376-pound barrels_. 825,476 1,070,871 342,086 1,095,884 858,378 1,145,108 366 , 802 1,154,448 rs Masonry__-_-....-..-.thousand 280-pound barrels_- 19 ,998 57,405 20 ,997 59 ,599 22,397 63 ,305 23 ,260 ~ 65,979 Natural and slag___.._thousand 376-pound barrels__ ' 402 -1,611 352 1,407 283 1,057 279 1,027 Clays__........-........_..._.. thousand short tons__ 47,797 168 ,012 50,1385 180,810 t 52,947 192,631 55,089 208 , 772 Emery__.-........_--_--__-__.__._.-__-.._short tons__ 4,316. 71 6,782 119 9,214 172 10,720 204 — Feldspar___..........--.-.---_...--..___.-long tons__ 492 ,476 5,076 548,954 5,525 - + 587,194 5,389 624 ,598 6,263 Fluorspar__...._.......-.-.--_-_-.-.-.---short tons__ 206 ,026 9,166 ~ 199 ,948 9,001 217 ,137 9,723 240 ,932 10,889 Garnet (abrasive)__._............-..._--.-_.-...do____ 14,166 1,172 14,626 1,412 16,123 1,622 19,330 1,717 Gem stones (estimate)_......._.......___..__.__.____- NA 1,296 NA 1,421 . NA 1,474 NA 2,218 Gypsum.._........_-.._........-thousand short tons... 9,969 86 ,343 10 ,388 38 ,138 10,684 38 , 874 10,035 37 , 423 Lime_-_.---...---------------------.----_---.d0___. 13 , 752 186 , 754 14,521 199 ,389 16 ,089 t 223 ,149 16,794 232 ,939 Magnesium compounds from sea water and brine (except 

Mie metals) short tons, MgO equivalent_______.______. 408 ,129 28 , 742 520 , 699 39 ,328 599 , 698 42,177 644 ,021 47,555 ica: 
Scrap....---------.-----.--._._....--short tons... 107,702 2,639 109 ,323 2,776 114,729 3,353 120 , 255 8,468 Sheet. __ 22.22 2-222. pounds.- 363 ,016 1,299 102 ,961 13 242 ,662 58 716 ,086 185 | Perlite......-.........._.____._._____.___-short tons... 320 , 3830 2 ,663 325 ,132 2,727 349 , 867 3,073 392 ,384 3,352 Phosphate rock_-___.-----------.._ thousand long tons_- 19 ,382 184,304 19 ,855 139 , 861 -22 ,960 161 , 067 26 ,440 194 ,552 Potassium salt__.._thousand short tons, K2O equivalent. _- 2,452 94,859 2,864 110,164 2,897 r114,095 3,140 129 , 767 Pumice___._..._._.........._..._thousand short tons... 2,271 6,301 2,618 6,578 2,776 6,443 3,483 6,640 O Pyrites__......-._..-.......--_--_thousand long tons_. 916 6,809 825 5,698 847 5,471 875 5,333 ~J



| Table 2.—Mineral production’ in the United States—Continued : | 

1962 . 1963 Oo . 1964 1965 © 

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

Noni fexeept fuels): - ‘Continued _thousand short tons-_- 28 , 807 $174,841 80,641 . $184,589 31,628 $200 , 706 34,687 $215 ,699 

Sand and gravel____._..---.-.---------+-------do_._- 776,701 794,725 821 , 850 847 ,272 r 868 ,208 t 893 ,375 4908 ,049 957 ,416 

Sodium carbonate (natural)_.___.......-._--short tons... 977 , 584 24,330 1,119,081 27,616 1,274,745 30,451 1,494,105 34,717 
Sodium sulfate (natural)_.__...._...-.------.----do--_-- 457,881 — 9,092 435 ,257 8,892 575 ,033 10,989 619 , 752 11,024 
Stone 7__.._._.._._-..-_-_---.---thousand short tons_- 656,954 1,025,697 688,366 1,068,108 r725,583 *1,184,564 780 ,072 1,203 ,618 
Sulfur: . 

Frasch process mines____...--.thousand long tons-_. 4,917 107 ,069 4,995 99 ,014 r 6,035 r 120,776 7,251 | 146 921 

Other mines_____......._.---------.---_long tons. 150 , 550 1,439 1,371 15 194 8 , 2,852 6 8348 <= . 

Tale, soapstone, and pyrophyllite___.......-short tons-- 771,728 5,278 804,358 5,505 889 ,949 6,218 —- 862,875 B81 _ 
Tripoli_.__.__.-.---.--------- ee ee eee eee - 0.2 61,732 244 66 ,635 266 64,613 268 71,188 Ad Z 
Vermiculite_______.._.._.....---.thousand short tons. - 205 8,293 . 226 8,572 226 3,613 249 »460 B 
Value of items that cannot be disclosed; Brucite, calcium- a. > ; 

magnesium chloride, diatomite, epsom salts from 7 oo e 
ep somite (1961-68), grap hite, iodine, kyanite, lithivm : ne ” . 
minerals, magnesite, greensand marl, olivine, staurolite, ao 
wol lastonite, and values indicated by footnote 6 xX 49,486 — XX 54,929 xx 58,771 XX 65 , 028 A 

Total nonmetals____.____.____ ee ee eee : xx 4,117,000 xx 4,818,000 : xX r 4,628 ,000 : XX 4,916 ,000 a . 

Metals: 3 ' 2 
ntimony ore and concentrate a 

short tons, antimony content. . 681 (8) 645 (8) 632 (8) 845 8 632 —_ 
Bauxite. ____.....---.---long tons, dried equivalent. 1,869,007 16,609 1,524,700 1234 1,600,722 tyrere B60 BAO oti‘ 
Beryllium concentrate___..... short tons, gross weight - 9 8 Fe . or 
Copper (recoverable content of ores, etc.)...-short tons._. 1,228,421 756,707 1,213,166 747,310 1,246,780 812,901 1,351,734 907 , o28 . 

Gold (recoverable content of ores, etc.)__-.-troy ounces. - 1,542,511 58,990 1,454,010 | 50,889 1,456,308 50,971 1,705,190 ’ 

ron ore, usable (excluding byproduct iron sinter) thousan . 
long tons, nas cuding byproduct iron sinter) thousand 69,969 618,242 73 , 563 678,177 84 ,300 802 ,331 84,472 50 oeo 

Lead (recoverable content of ores, etc.) > ..--Short tons_- 236 ,956 43 ,602 253 ,369 54,727 286 ,010 74,935 801,147 9! 
anganese ore (85 percent or more Mn oe . 

. short tons, gross weight... | 24,758 (8) 10 ,622 " (8) 26 ,058 . (%) 29, 258 (") 
Manganiferous ore (5 to 35 percent Mn)____._----do_..- 338,501 (8) 548,125 == (8) _ 238,776 (8) 332,76 O 176 
Mercury____..------_--------------.76-pound flasks_ 26,277 5,024 19,117 © 3,623 14,142 4,452 19 582 120'801 
Molybdenum (content of concentrate) thousand pounds. . 50,506 69 ,390 65, 839 91,096 65,097 97 ,121 a ' 33 @ ’ 
N ickel (content of ore and concentrate). _-.--Short tons_- 13,110 (8) 18 ,894 (8) 15,420 (8) ’ ( 
ilver (recoverable content of ores, etc. . . 9, 

thousand troy ounces. . 36 , 798 39 ,929 35 , 243 — 45,076 ~—s«- B6 , 834 46 ,980 39, 808 51, 168 

DI a ooo nnn wenn n nnn ONG tons_-_ (8) (8) . (8) ) 65 185 7 | 
itanium concentrate: 

Iimenite___...._..._...---short tons, gross weight_-_ 809 ,037 18 ,974 890 ,071 16,529 1,003,997 19,178 948 , 832 18 ,058 
. Rutile..2 00 doe 8.083 9388 «11,811 1,262 10,547 1,016 10,037 759 
ungsten ore and concentrate . 

short tons, 60 percent WO: basis. 8,429 11,689 6,657 . 7,202 9,244 11,251 7,949 13 ,028 | 
Uranium ore........................ short tons. 7,052,870 188,294 5,645,921 115,821 *5,674,681 4111,707 4,362,614 83,915



Vanadium (recoverable in ore and concentrate)_-_-.do---- 5,211 18 ,605 8,862 13 , 788 4,362 — 13,061 |. 5,226 18 ,284 

Zine (recoverable content of ores, etc.)_.._.-----.do-.-. 505, 491 116 ,418 529 ,254 122 , 533 574 ,858 156 ,308 611,153 178 ,284 

Value of items that cannot be disclosed: Cobalt, magne- 
sium chloride for magnesium metal, manganiferous . . 

residuum, platinum-group metals (crude), rare-earth 
metal concentrates, zirconium concentrate, and values . : | 

indicated by footnote 8__.._._-.-.------------------ xX 35,071 xX 36 , 827 .@.¢ r 40,183  &xX 42 ,641 
Se CS 

Total metals___....-_-_---._-.-.---_-...-.---------- XX 1,937,000 XX 2,002,000 XX. +2,261,000 xX 2,472,000 

Grand total mineral production._.......------------- XX 18,838,000 — XX 19,615,000 — XX 20,507,000 XX 21,483,000 

Tr Revised. NA Not available. XX Not applicable. . 
1 Production as measured by mine shipments, sales, or marketable production (including consumption by producers). . 
2 Includes small quantity of anthracite mined in States other than Pennsylvania. 

8 Refined only, 1962-68; crude and refined, 1964-65. . 
4 Final figure; superseded figure given in commodity chapter. . 
5 Grindstones, pulpstones, millstones (weight not recorded), grinding pebbles, sharpening stones, and tube-mill liners. 
¢ Figure withheld to avoid disclosing individual company confidential data; value included with “Value of items (nonmetal) that cannot be disclosed.” 

7 Excludes abrasive stone, bituminous limestone, bituminous sandstone, and ground soapstone, all included elsewhere in table. 4 

. 8 Figure withheld to avoid disclosing individual company confidential data; value included with “Value of items (metal) that cannot be disclosed.” | > 

° Includes low-grade beryllium ore as follows: 760 tons in 1962, and 750 tons in 1963. i] 
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Table 3.—Minerals produced in the United States and principal 
producing States in 1965 

. Principal producing States . a 
Mineral in order of quantity _ Other producing States 

oo Antimony.._._._.-.-------------. Idaho, Nev., Alaska____--------- 

Aplite._....-.------------------- Va----------~------------------ 
Asbestos_____.__.._-_----------- Calif., Vt., Ariz., N.C__-.-------- os . 

Asphalt___._.___---------------- Tex., Utah, Ala., Mo____.------- . 

Barite______._._.......-_--.---- Mo., Ark., Ga., Nev_------------ Calif., Mont., N. Mex., S.C., Tenn., | 
. ; . Tex., Wash. 

Bauxite___.._.______._._-------. Ark., Ala., Ga__-_-.------------- a 

Beryllium___-.-...-------------- §. Dak_------------------------ Colo., Wyo. 

Boron___...--------------------- Calif....---------.-~.---------- 
Bromine__.__._...___._----------- Tex., Mich., Ark., Calif. ....----- . 

Calcium-magnesium chloride__...-. Mich., Calif., W. Va-_-_-.-------- - 

Carbon dioxide.__.__._.___------. N. Mex., Colo., Utah, Calif....... Wash. ; 

. Cement__............-_--------. Calif., Pa., Tex., N. Y_._...----- Ala., Ariz., Ark., Colo., Fla., Ga., 
/ Hawaii, Idaho, Ill., Ind., Iowa, 

- Kans., Ky., La., Maine, Md., 
_ Mich., Minn., Miss., Mo., Mont., 

. Nebr., Nev., N. Mex., N.C., 

. - Qhio, Okla., Oreg., S.C., S. Dak., 
. Tenn., Utah, Va., Wash., W. Va2., 

- Wis., Wyo. 

Clays__...---------------------- Ohio, Ga., Tex., Pa_--..--------+ All other States except Alaska and 

Coal........_..----_------------ W. Va., Pa., Ky., Ml_-..--------- Ala., Alaska, Ark.; Colo., Ind., 

oo Iowa, Kans., Md., Mo., Mont., 

. N. Mex.; N. Dak., Ohio, Okla., 
S. Dak., Tenn., Utah, Va., Wash., 
Wyo. 

Cobalt__.._.._..__--------_-----_ Pa -_.-.----------------------- 
Copper__.----------------------- Ariz., Utah, Mont., N. Mex__.--- Alaska, Calif., Colo., Idaho, Mich., 

Mo., Nev., Okla., Oreg., Pa., 

. Tenn., Wash., Wyo. 
Diatomite___.._..._-_-.--------- Calif., Nev., Wash., Ariz._.....-_ Oreg. | 
Emery _..----------------------- N.Y--.--.--------------------- 
Feldspar_____------------------- N.C., Calif., Conn., S. Dak_..-.-. Ariz., Colo., Ga., Maine, N.H., 

. S.C., Va., Wyo. 
Fluorspar__.......--------------- Ill, Ky., Mont., Nev___..------- Colo., Utah. 
Garnet, abrasive____.__._.-.---.--. N.Y., Idaho_____.-.--.--------- - 

Gold_.....__.._............__.-. §. Dak., Utah, Nev., Ariz._...--. Alaska, Calif., Colo., Idaho, Mont., 
N. Mex., Oreg., Pa., Tenn., 

Wash., Wyo. 
Graphite___._..----------------- Tex_----.---------------------- -. 

Gypsum.._._....._.....---------- Calif., Mich., Iowa, Tex.__..-.--- Ariz., Ark., Colo., Ind., Kans., La., 
Mont., Nev., N. Mex., N.Y., 
Ohio, Okla., S. Dak., Utah, Va., 

. . - Wyo. 7 
Helium___.__.____.__._._-_-___... Kans., Tex., Okla., Ariz._.-.-.--. N. Mex. 
Jodine____._..__-.----_.-.---_-. Mich., Calif.___...------------- 
Iron ore._.............._........ Minn., Mich., Calif., N.Y___...-._- Ala., Ariz., Ark., Colo., Ga., Idaho, 

Miss., Mo., Mont., Nev., NJ., 

, N. Mex., Oreg., Pa., Tex., Utah, 

. Wis., Wyo. 
Kyanite___........-..-_..-----.- Va.,§.C., Ga___--_-.----------- 
Lead............................ Mo., Idaho, Utah, Colo___._-...- Ariz., Ark., Calif., Tl, Kans., Ky., 

Mont., Nev., N. Mex., N.Y., 

. Okla., Oreg., Va., Wash. 
Lime_._..__._............__-.... Ohio, Pa., Mo., Tex__._----.-.-. Ala., Ariz., Ark., Calif., Colo., — 

Conn., Fla., Hawaii, Idaho, Iil., 
Iowa, La., Md., Mass., Mich., 
Minn., Miss., Mont., Nebr., 
Nev., N.J., N. Mex., N.Y., N. 
Dak., Okla., Oreg., S._Dak., 
Tenn., Utah, Vt., Va., Wash., 

— . W. Va., Wis., Wyo. 
Lithium_-.--..-..---------------- N.C., Calif., S. Dak___---------- 
Magnesite_.........--.---------- Nev., Wash___.----------------- 
Magnesium chloride_~-_----------- Tex__._________---------------- 
Magnesium compounds____.-----. Mich., Calif., Tex., N.JJ_-_.------- Fla., Miss. 

Manganese ore_________-.--.----. Mont., N. Mex____------------- 
Manganiferous ore______......-... Minn., N. Mex., Mont.__-------- 

Marl____.__-_______________-_-.-. N.J., Md__-_------------------- 
Meroury. -------~--------2------ Calif., Nev., Oreg., Idaho_.__----. Alaska, Ariz., Tex., Wash. 

ica: 
Scrap_____.....---_--------- N.C., Ala., Ga., S.C__----------- Ariz., Calif., Conn., N. Mex., Pa... 

. S. Dak. 
Sheet___._.___..__._____.-__. N.C., Ga__--------------------- 

Molybdenum______-_.----------_ Colo., Utah, Ariz., N. Mex_------ Calif., Nev., N. Dak., S. Dak. 

Natural gas_____.._...----------. Tex., La., Okla., N. Mex_-------- Ala., Alaska, Ariz., Ark., Calif., 
Colo., Fla., Ill., Ind., Kans., Ky., 

; Md., Mich., Miss., Mo., Mont., 
Nebr., N.Y., N. Dak., Ohio, Pa., 
Tenn., Utah, Va., W. Va., Wyo.
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Table 3.—Minerals produced in the United States and principal | 
producing States in 1965—Continued 

a 

- Principal producing States 
Mineral in order of quantity Other producing States . 

SS 
Natural gas liquids__...___..-_-_._.. Tex., La., Okla., N. Mex__.___.__ Ark., Calif., Colo., Fla., Il., Kans., 

Ky., Mich., Miss., Mont., Nebr., 
. : N. Dak., Pa., Utah, W. Va., Wyo. 

Nickel____.-..--.-.--.-.-_.-..-.. Oreg__.-.___-2-_--_-_- ee 
Olivine__.............-.......... Wash., N.C__.-_.______________. 
Peat_.-....--_-------------.-... Mich., Ind., Pa., N.JJ____.._..._. Alaska, Calif., Colo., Conn., Fla., 

Ga., Idaho, Ill., Iowa, Maine, 
. Md., Mass., Minn., Mont., Nev., 

, N.Y., N. Dak., Ohio, S.C., Vt., 
Wash., Wis. 

Perlite. __......--.-..-----.-.... N. Mex., Ariz., Nev., Calif___.._. Colo., Idaho, Tex., Utah. a 
Petroleum--__..-.--_.----------_ Tex., La., Calif., Okla._.........._ Ala., Alaska, Ariz., Ark., Colo., 

Fla., Ill., Ind., Kans., Ky., Mich., 
a Miss., Mo., Mont., Nebr., Nev., 

- N. Mex., N.Y., N. Dak., Ohio, 
° ' Pa., S. Dak., Tenn., Utah, Va., 

. W. Va., Wyo. | 
Phosphate rock__-_...__...-.-.... Fla., Idaho, Tenn., Mont__.__:_._ Ark., Utah, Wyo. . oo 
Platinum-group metals.__._._.._._._ Alaska, Calif_...__._...________- . . 
Potassium salts__._._.........-.. N..Mex., Calif., Utah_..___.._-.. Md., Mich. . 
Pumice__._....-----...-_.-..---. Ariz., Calif., Oreg., Hawaii____.._ Colo., Idaho, Nebr., Nev., Okla., 

. Tex., Utah, Wash. , 
Pyrites._..-..-.-..-......_...-.. Tenn., Pa., Ariz., Colo____.____.__ S.C. 
Rare-earth metals. _...__.___-____ Callif., Pla__.....____________- : 
Salt__...---2-------2-2-.-__.__._ La., Tex., Ohio, N.Y__.___.______ Calif., Colo., Hawaii, Kans., Mich., 

o Nev., N. Mex., N. Dak., Okla., 
: . Utah, Va., W. Va. 

Sand and gravel____.............. Calif., Mich., Ohio, N.Y_.._.._.____ All other States. 
Silver__..-.--.---.-.-....-...... Idaho, Ariz., Utah, Mont_______._ Alaska, Calif., Colo., La., Mich., . 

-. . Mo., Nev., N. Mex., N.Y., Okla., 
Oo . : Oreg., Pa., S. Dak., Tenn., 

. Wash., Wyo. . 
Sodium carbonate___._.._._...... Wyo., Calif_....________.___.___ . 
Sodium sulfate____............... Calif., Tex., Wyo__.____________- 
Staurolite_____........_......... Fla_____-_ __. 
Stone____.-__-.-......_...-.-._- Pa., II, Calif, Ohio..._._......._ All other States. 
Sulfur (Frasch)_................._° Tex:, La_.__..-----..-_._-___-__- 
Sulfur, ore_...--.-...........-.._ Utah, Calif., Nev__...___________ 
Tale___.-_...-----1---_-.-_-2..._ N.Y., Calif., N.C., Vt_..._.._...... Ala., Ark., Ga., Md., Mont., Nev., 

. - _ Pa., Tex., Va., Wash. . — 
Tin__..-__-__-_----_--.--------- Colo.,. Alaska, Calif., N. Mex __-- . 
Titanium..__......-._...-.-.---.. N.Y., Fla., NJ., Va____._._..-.. Ga., Idaho. 
Tripoli___......................_ II, Okla., Ark., Mo____._____.__ Ala., Pa. 
Tungsten__..__..._.-.........-.. Calif., Colo., Wash___..._._...__ Ariz., Nev. 
Uranium. __2.-.-..-..-_._.._..... N. Mex., Wyo., Colo., Utah____._ Alaska, Ariz., Calif., Nev., N. Dak., 

S. Dak., Tex., Wash. 
Vanadium__________------------. Colo., Utah, Ariz., Idaho__._._._... N.-Mex., N. Dak., S. Dak., Wyo. 
Vermiculite._______._.._.._..._._.. Mont., S.C__.._____- et 
Wollastonite____......._..._.____ N.Y., Calif__... 2. ~~ ~~ __ ee 
Zine___._...-_..-...--.--._..._. Temn., N.Y., Idaho, Colo_.._._..... Ariz., Calif., Tll., Kans., Ky., Mo., 

Mont., Nev., N.J., N. Mex., 
Okla., Oreg., Pa:, Utah, Va., 
Wash., Wis. 

Zirconium____------------------- Fia., Ga___-_..----------------- .
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Table 4.—Value of mineral production in the United States, 
and principal minerals produced in 1965 

. (Thousands) — — 

Percent 
State Value Rank of US. Principal minerals in order of value 

tota 
NN 

Alabama____-.-__-_---- $246 ,264 21 1.15 Coal, cement, stone, petroleum. 
Alaska__...---.-------- . 83 ,455 35 .389 Sand and gravel, petroleum, coal, stone. 
Arizona__...----.------ 580 ,182 9 2.70 Copper, sand and gravel, molybdenum, 

Ce -. . cement. oo 
Arkansas. .....-.--.---- 179 ,110 27 .83. Petroleum, stone, bauxite, sand and gravel. 
California.._..--..----. 1,599,388 3 7.46 Petroleum, natural gas, cement, sand and 

* gravel. — 
- Colorado_..----..------ 331 ,216 17 1.54 Petroleum, molybdenum, coal, sand and 

- oo . gravel. 
. Connecticut____....---- 21,234 45 .10 Stone, sand and gravel, lime, feldspar. 

Delaware. _-_------------ ~~ 1,903 50 .01 Sand and gravel, stone, clays, gem stones. — 
Florida_._.....-..------ 249 ,320 20 1.16 Phosphate rock, stone, cement, clays. 

. Georgia. _-----.---.---- 135,182 28 .63 Clays, stone, cement, sand and gravel. . 
- Hawaii___...--.-------- ~ 20,885 46 .10 Stone, cement, sand and gravel, pumice. 
Idaho__....---------«-- 105 ,085 30 .49 Silver, lead, zinc, phosphate. rock. 
Tilinois_..:..-..---2-.-- 593 ,025 - & |. 2.979 Coal, petroleum, stone, sand and. gravel. 
Indiana_____-__.___.--- | 218 , 567 24 1.02 Coal, cement, stone, petroleum. Do 

. Jowa...--.------------- 112 , 783 29 .53 Cement, stone, sand and gravel, gypsum. 

Kansas__.-.--.--------- 553,491 | it 2.58. Petroleum, natural gas, helium, natural.gas 
- iquids. 

Kentucky___..--------- 466 ,381 _ 414 2.17 . Coal, petroleum, stone, natural gas. 
- Louisiana___....-..----. 2,978,855 2 13.90 Petroleum, natural gas, natural gas liquids, 
Ss ° - - sulfur. 
Maine_____-~-----..--_ 17,741 AT .08 Sand and gravel, cement, stone, clays. 
Maryland___...-------_ . 717,995 38 .36 Stone, cement, sand and gravel, coal. 

- Massachusetts___...---. - 36,198 48  ° 19 Stone, sand and gravel, lime, clays. 
Michigan____._..._.---. |. 565,560 10 2.69 Iron ore, cement, copper, sand and gravel. 
Minnesota_______.._----: - 507,760 12 2.37 Iron ore, sand and gravel, stone, cement. 
Mississippi__._...-.---...° . 208,972 25 .97 Petroleum, natural gas, sand and gravel, 

. cement. 

Missouri____.---------_ 225 ,568 23 1.05 Stone; cement, lead, iron ore. . 

. Montana. __-._-.------- 229 , 392 22 1.07 Copper, petroleum, sand and gravel, phos- 
phate rock. 

Nebraska___....-._-_--- 83,791 34 .39 Petroleum, cement, sand and gravel, stone, 
natural gas. 

. Nevada_____..-..---.-- 99 ,916 31 .47. Copper, sand and gravel, gold, iron ore. 
New Hampshire......-.. ~ 7,665 48 / .03 Sand and gravel, stone, feldspar, clays. 
New Jersey_.._.---.--- 80,158 37 .37 Sand and gravel, stone, zinc, magnesium 

oe compounds. 
New Mexico__......--. | 773,274 7 3.61 Petroleum, potassium salts, natural gas, 

: copper. 
New York___-___---_.--:. . 290,057 18 1.35 Cement, stone, sand and gravel, salt. 
North Carolina__.____--- 60 ,383 40 — .28 Stone, sand and gravel, cement, feldspar. ~ 
North Dakota____.__.-- 92 ,878 32 -.43 Petroleum, sand and gravel, coal, natural 

gas. 
Ohio.__....-..2.-..---- 464 ,252 15 2.17 Coal, stone, lime, cement. 
Oklahoma___...-.-.---- 907 ,914 5 4.24 Petroleum, natural gas, natural gas liquids, 

cement. 
Oregon.....-.---------. 82 ,966 36 .39 Sand and gravel, stone, cement, nickel. 
Pennsylvania___...-.--- 913 , 823 4 4.26 Coal, cement, stone, iron ore. 
Rhode Island__._------- 2,931 49 .01 Sand and gravel, stone. 
‘South Carolina_.....---- 41,261 42 .19 Cement, stone, clays, sand and gravel. 
South Dakota___..._--- 50,175 - 41 .28 Gold, sand and gravel, stone, cement. 
Tennessee___..._._.----- 182 ,941 26 .85 Stone, zinc, cement, phosphate rock. 
Texas_.........-.----.. 4,708,709 1 21.97 Petroleum, natural gas, natural gas liquids, 

cement. 
Utah.___- eee 431,378 16 2.01 Copper, petroleum, coal, molybdenum. 
Vermont___...-.------- 27 , 392 44 .18 Stone, asbestos, sand and gravel, talc. 
Virginia...._....------- 267 ,977 19 1.25 Coal, stone, cement, sand and gravel. 
Washington__._....----- 86 ,172 33 .40 Sand and gravel, cement, stone, zinc. 
West Virginia__....----- 859 , 604 6 4.01 Coal, natural gas, natural gas liquids, stone. 
Wisconsin____..-----..- 72,999 39 .34 Sand and gravel, stone, cement, zinc. 
Wyoming__....--------. 498 ,552 13 2.33 Petroleum, natural gas, iron ore, sodium 

salts. 

Total__......._.. 21,483,000 -- 100.00 Petroleum, natural gas, coal, cement. 
eee



Table 5.—Mineral production’ in the United States, by States 

1962 1963 1964 1965 
Mineral ees 

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

So ————E—_—_—_—_—_—_———— RN rrp eres 

ALABAMA . 
NN A CL NE 

Cement: 2 
Portland............-_...-thousand 876-pound barrels_- 12 ,482 $40,164 | 12,218 $38 ,417 12,870 $40,108 18 , 765 $42 ,604 
Masonry.-__......---..----thousand 280-pound barrels. -_ 2,187 6,521 2,386 7,242 2,574 7,794 2,598 7,853 

Clays ?.._....-.--.--.--------.-------thousand short tons_- 1,632 1,947 1,607 3,003 1,991 4,060 2,220 4,888 
Coal (bituminous) _._....-....---.-.---------------d0._.- 12,880 95,149 12,359 - 91,248 14,435 102 ,267 14,832 106 ,249 
Gem stones-___-_----------- ee een ne cee ee eee eee nee NA 2 een nee eee eee eee eee eee eee ee 
Iron ore (usable)..........thousand long tons, gross weight... 2,962: 17,838 2,126 11,806 2,106 11,812 1,495 - 8,241 - 
Lime...........-.-.---.-----------~--thousand short tons. 522 6,298 596 6,974 599 7,118 653 7,905 
Natural gas.._........-.-.----.--------million cubic feet... 128 18 177 21 r165 - 18 208 26 
Petroleum (crude).........--..--thousand 42-gallon barrels_. 7,473 19 ,355 9,175 23 , 763 8,498 22 ,095 8,064 21,047 4 
Sand and gravel__.....-..-...--------thousand short tons_- . 4,655 4,486 5,363 5,778 5,840 6,191 6 ,422 7,195. > Stone4__________________________________ = doi _: 12,680 19 ,667 13,684 22 ,206 15,852 ~~ 24,976 17 ,987 30,810 J 
Value of items that cannot be disclosed: Native asphalt, . 7 

bauxite, slag cement, clays (kaolin, bentonite 1964-65), scrap ‘ 7 J 
mica, sheet mica (1962), salt, stone (dimension limestone, oo a) 
dimension marble 1964-65, shell 1968-65, crushed sand- > 
stone 1965), tale, and tripoli (1965)..._...._._..__---...- xX 8,347 XX 5,415 xXx 9,251 xx 9,446 te 

Total... 22 e XX 219 , 785 XX 215,870 XX 235,690 xX 246 ,264 S 
fn 7 

ALASKA = 
—  - rvwvOhrerororordaora > 

Antimony ore and concentrate-_short tons, antimony content._ --_-----.-  --.-------  ---------- wee eee 14 $18 1 $1 x Coal (bituminous) ______....__....---- thousand short tons__ 871 $6 , 409 853 $5,910 745 5,008 893 6,095 < . 
Copper (recoverable content of ores, etc.)._...-.-short tons.. -..---.--. 0 --- ee ele Leet eee Lee 11 7 82 23 
Gold (recoverable content of ores, etc.)_.......-troy ounces. - 165,259 5,784 99 ,573 8,485 58,416 2,045 42 ,249 1,479 © 
Lead (recoverable content of ores, etc.).___.._-.---short tons_. .-......-.. ---.-___-- 5 Lo ieee eee Leelee 9 3 
Mercury___....-------.--..------...-_..-76-pound flasks._ 3,719 711 400 76 303 - 95 WwW WwW 
Natural gas......._...-.---.....-...-.-million cubic feet. 2,184 467 4,498 1,111 r6§,238 1,719 7,255 1,799 
Peat........-.--..-.--.-.---------------------short tons_- 64 W iie------- w+ ------- 2,350 19 1,967 16 — 
Petroleum (crude)_._.___......_-thousand 42-gallon barrels__ 10,259 31,187 10, 740 32 ,650 11,059 33 ,627 11,128 84,073 
Sand and gravel_____.___-...-.....-- thousand short tons. - 5,781 5,355 16 ,926 - 22,005. 26,089 18,488 30 ,266 34,467 . 
Silver (recoverable content of ores, etc.) — 

thousand troy ounces_- 22 24 14 18 7 9 8 10 
Value of items that cannot be disclosed: Gem stones, platinum- oo 

group metals, stone, tin (1964-65), uranium ore, and values . 
indicated by symbol W_....._.-------.----.------------ XX 4,255 XX 2,584 XX 4,912 . xX 5,489 

Total....-....----.--.------- 2 -ee eeeeee xX 54,192 XX 67 ,840 XX 65,947 xx ~ 83,455 meses meme eee ee ee ROD 

— a | | oO . 
Go



Table 5.—Mineral production: in the United States, by States—Continued | = 
e 

1962 1963 1964 1965 — 
_ Mineral + / 

| Quantity Value Quantity Value Quantity Value. Quantity Value 
(thousands) (thousands) (thousands) (thousands) 

er ES A SL EN OO LLL ALA 

. ARIZONA . 
aN PENSE ee eee ee nn cE nee eee eee OLS 

Asbestos____._..-.-.-_----------..-..---_-.--short tons. . WwW WwW WwW WwW WwW WwW 3,469 $441 
Beryllium concentrate. _.--.----.--short tons, gross weight. . 1 (5) ween ne ween eee ee nnn eee ee ne nee cece nen ee cee eee eee 
Clays 8§.__......-.---.-.-------------thousand short tons. - 139 $184 163 $203 168 ' $218 129 164 
Copper (recoverable content of ores, etc.) __....--short tons_- 644,242 396 ,853 660 ,977 407 ,162 690 ,988 450 ,524 703 ,877 497 ,991 
Diatomite____....-.--------------------------.----d0_..- WwW WwW WwW WwW 450 16 295 8 . 
Gem stones. __.._---------- ~~~ eee eee NA 120 NA 120 NA 120 NA 120 
Gold (recoverable content of ores, etc.)..----..--troy ounces. - 137 ,207 4,802 140 ,030 4,901 158 ,676 - §,3879 150,431 5,265 
Gypsum____....--.------------.-.---thousand short tons--. . WwW WwW WwW WwW 147 770 103 540 
Helium, refined__...........---....-..thousand cubic feet... WwW WwW WwW WwW 46 ,000 1,610 58 ,000 ' 2,080. 
Iron ore (usable)_......---thousand long tons, gross weight--_ WwW WwW WwW WwW 4 82 8 . 51 
Lead (recoverable content of ores, etc.) _.-------.-short tons_-. 6,966 1,282 5,815 1,256 6,147 1,611 5,918 ~ 1,845 < 
Lime__.....--...--..----....--.-.---thousand short tons... 174 2,914 . 181 8,048 177 2,920 204 8,548 2 
Mercury......----------------.----------/6-pound flasks . WwW WwW - W WwW V7 24 158 90 re 
Molybdenum (content of concentrate) ....-thousand pounds. - 4,412 5, 864 5,558 7,684 6,296 9,532 9,399 15,880 x. 
Natural gas_..........-.---------------million cubic feet. - 2380 27 1,384 161 r2,014 241 8,106 376 PF 
Petroleum (crude).....-.-...---thousand 42-gallon barrels. - 39 W 68 WwW . 64 WwW 97 WwW a 
Pumice.........-----.-.-------------thousand short tons-. 756 1,640 800 1,877 880 1,685 1,278 1,605 
Sand and gravel. ......-...----------.-------------d0.... 15,579 17,404 15 ,087 14,466 18,116 20,868 14,918 16,621 = 
Silver (recoverable content of ores, etc.) > 

thousand troy ounces- - 5,454 5,917 5,878 6,878 5,811 7,518 6,095 7,881 n 
Stone_........---..---..-----.------thousand short tons... 4,833 6,616 8,257 5,069 8,759 6,288 2,474 4,171 5 
Tungsten ore and concentrate 6 

short tons, 60-percent WOs basis- - 15 14) _.o-.----- ++ ------ 16S 17 8 . 5 x 
Uranium ore.....-..--.---.---------------...--short tons-_-. 148 ,196 8,047 150,584 4,844 102 ,258 (8,258 117,898 8,918 . 
Vanadium (recoverable in ore and concentrate)........do.... 632 WwW 222 WwW WwW 875 WwW 381 om 
Zinc (recoverable content of ores, etc.)____.---.-----.do.... 82,888 7,564 25,419 ~—§, 846 24,690 6,716 21,757 6,353 m4 
Value of items that cannot be disclosed: Cement, clays (ben- - x 

tonite, fire clay 1962-64), feldspar, scrap mica, perlite, . : 
pyrites, and values indicated by symbol W__.------------- xX 19 ,883 XX 17,705 xX r14,501 XxX 10 ,9038 

Total... ee eee eee XX 474,131 xx 481,115 xX t 634,353 xx 580 , 182 

ARKANSAS 

Barite_......_...-.-.-..._.-.....--. thousand short tons. 259 $2 ,282 236 $2,161 2338 |. $2,202 249 $2,379 
Bauxite__.........-.......-.._long tons, dried equivalent... 1,270,124 14,606 1,478,047 (16,701: 1,561,984 17,4381 1,598,085 17 ,974 
Bromine and bromine in compounds.......thousand pounds. . WwW WwW W : W WwW WwW 32,254 7,171 
Clays__......----...-.-...-.------.--.-thousand short tons. . 654 1,693 769 1,763 892 > -2,152 866 1,890 
Coal (bituminous)_............---.....-..---------.d0_..- 256 1,809 221 1,505 ~ 212 1,503 226 1,648 . 
Gem stones____.__2- eee eee NA 15 NA 42 NA 33 NA 31 
Gypsum___.____.._.........._..-.__ thousand short tons. - 83 261 wi. WwW W WwW WwW WwW 
Iron ore (usable). .......-.thousand long tons, gross weight- - 43 296 WwW - W WwW WwW WwW WwW 
Lime___.._..-..-...-.-._--_.___._._-thousand short tons_- - 850 4,542 167 2,237 189 2,814 192 — 2,776 
Natural gas__..._............-.-.------million cubic feet... 66 ,213 9,866 - 76,101 ~ 11,796 r 75,753 11,806 82,831 12 ,922 . 
Natural gas liquids: . 

Natural gasoline and cycle products___thousand gallons... 29 ,415 1,673 26 ,219 1,466 30 ,082 1,678 27 , 787 1,578



LP gases._.....-.-----------------------------d0..-. 69 , 452 2,482 66 ,377 2,497 61,616 2,460 69 , 752 . 8,139 
Petroleum (crude)._...._--------thousand 42-gallon barrels. 27,649 73,646 27 , 406 72,900 26, 737 71,120 25,930 68,974 

ny) Sand and gravel_.....----------------thousand short tons-. 10 , 847 10 ,006 12 ,099 18 , 589 11,794 14,836 12 ,806 15,836 

o  Stone_____..---------------- een ee ene nee od 20,611 19 , 866 18,918 22,727 20,241 26,172 21,241 26,778 

' Zine (recoverable content of ores, etc.)..---------short tons... 211 AQ anne nen ween net n etree enn nese rete ne carer nn ee cere eee enee 
= Value of items phat ca to6d 6 grsciosed ji Abrasive tone . 
co cement, phosphate roc -65), soapstone, tripoli , | | 

0 and values indicated by symbol W_____..---------------- xX 11,063 xX 17,900 xX * 20,611 XxX 16,019 
Oe - hoor 

2 Total_..-._--------------- een nnn xx 158 ,955 xX 167 ,284 xX r 174,818 xx 179,110 
ee OO. EE EE  ——e——__O 

L CALIFORNIA } | | 
ES 

Asbestos______._.--_._-----------------------Short tons_. WwW WwW 19,591 $1,547 55,041 $4,419 74,587 $6,177 
Barite...._._...._.....------_-.------thousand short tons_ 4 $133 5 31 6 45 4 21 
Boron minerals____....-----------------------short tons... 646 ,613 49 ,336 700 ,183 54,981 776 ,000 60,871 807 ,000 64,180 

Calcite (optical grade).._.._..---.----------------poumds.. ----.----.  ---------- -----2-22- 0 ---2-7--5- 4 2. WwW Ww . 

Cement._._______...-----.----_thousand 376-pound barrels... 43 ,667 139,151 46 ,278 — 147 ,656 47,204 149 ,933 45 ,352 144,852 . 
Clays_..._.......--------------------thousand short tons- . 3,187 7,849 3,395 8,031 3,685 t 8,433 3,207 7,226 
Copper (recoverable content of ores, etc.) ..-.-.--short tons_ 1,162 716 916 564 1,035 675 1,165 825 

Feldspar___......-----------------------------long tons-_- WwW WwW 75,516 WwW 102 ,264 Ww 95,975 WwW . 

Gem stones______-_-_-_-----------.--~--- e+ +e . NA 200 NA 200 NA 200 NA 200 7) 

Gold (recoverable content of ores, etc.).----.--.troy ounces-. 106 ,272 3,720 86 ,867 3,040 71,028 2,486 62 ,885 2,201 a 
Gypsum._____._.._-_--.--_.----------thousand short tons... 1,747 4,118 1,756 4,222 1,893 4,539 1,611 8,881 + 
Lead (recoverable content of ores, etc.) ___-------short tons_- : 455 84 823 178 1,546 405 1,810 565 he 
Lime____..__----_----.-._-_--._.---.--thousand short tons__ 470 8,454 487 8,932 577 r10,294 602 11,078 4 

Magnesium compounds from sea water and bitterns (partly bet 

estimated) short tons, MgO equivalent.__.--------------- 76,445 6,077 82,397 6,135 94,739 7,148 101,563 8,302 p 
Mercury. ____...-.-_.--..-.------------.76-pound flasks_ 15,951 3,050 13 ,592 . 2,575 10,291 3,240 13 ,404 7,650 

Mica, scrap__.-_.---...--.-.--_.-.------------short tons_. WwW — OW OTT _ 14 WwW W WwW Ww an 
Natural gas._......--..--.-------------million cubic feet - 564,220 163 ,624 646 , 486 189 ,420 r 660 , 444 198 ,551 660 , 384 204,059 a 
Natural gas liquids: . Zz 

Natural gasoline and cycle products___thousand gallons-- 716 ,904 54,460 715 ,303 54,188 720,373 54,088 655 , 780 49 ,850 2 
LP gases__._._._._.._-..-...------------------do___- 407 ,378 19 ,294 393 , 503 17 ,329 352 ,614 15,893 339 , 082 15,467 > 

Peat__......-_-__--.-.-.----------------.-----short tons_- 33,901 331 39 ,873 450 35,391 443 30,905 434 9 
Petroleum (crude) .__.-.........thousand 42-gallon barrels_-. 296 ,590 741,475 300 ,908 746 , 252 800,009 729 , 022 316,428 | 758 ,099 ne 
Pumice___.......-.-..---.------------thousand short tons__ 573 2,615 460 2,017 443 1,937 676 1,744 
Salt_..-- 2-2-0 1,643 | WwW 1,716 WwW 1,525 WwW 1,638 WwW 
Sand and gravel__.........------------------------d0__-- 107 , 660 124 ,922 112 ,185 128 ,178 112 ,995 129 ,333 118 ,310 136 ,227 
Silver (recoverable content of ores, etc.) 

thousand troy ounces... 133 144 _ 157 -200 172 222 197 254 
Stone___._.-..-..--..._-.._....-...-thousand short tons_- 84,776 54,722 87,977 58 ,253 45,805 63 , 566 42,575 59 ,668 . 
Sulfure ore__...-.-._..---_._---........_-....--long tons_- WwW W. %85 4 520 3 — 360 2 
Tale, soapstone, and pyrophyllite___._.....-..--short tons_- 117 ,912 1,339 120 , 452 1,427 132 ,601 1,681 141 ,074 1,725 

| Wollastonite_____-......-./-.-...------------------do.... WwW Ww 3,000 28 8,625 36 Ww WwW 
Zinc (recoverable content of ores, etc.)_...-----------do__-. 822 74 101 23 ' 148 389 225 66 
Value of items that cannot be disclosed: Bromine, calcium- | . 

magnesium chloride, carbon dioxide, coal (lignite), diatomite, 
iodine, iron ore, lithium minerals, manganiferous ore (1962), . 
molybdenum, perlite, platinum-group metals (crude), potas- - . 
sium salts, pyrites (1962), rare-earth metal concentrates, : . 
sodium carbonates and sulfates, tin (1963-65), tungsten ; 
concentrate, uranium ore (1963-65), and values indicated . 
by symbol W____..-...--.----------.------------------ XxX 81,957 XX 90,866 XX r118,043 . xX 119 ,640 i 

Total_.._.......------------.---------- eee XX 1,467,340 XX 1,526,241 — XX +*1,560,492 XxX 1,599 ,388 S



Table 5.—Mineral production ‘ in the United States, by States—Continued S 
——— 

ee nH 
1962 1963 . 1964 1965 

Mineral a a aera a 
Quantity Value Quantity Value Quantity Value Quantity Value 

| (thousands) ' (thousands) (thousands) (thousands) — 

. COLORADO 
A A TN perpen 

Beryllium concentrate___........._short tons, gross weight_-_ 6 782 WwW 6 751 WwW W WwW W WwW 
Carbon dioxide, natural____....._.._._thousand cubic feet__ 148 , 940 $15 224, 856 $38 ‘211,830 . $86 155 , 668 $26 
Clays__---------.---..--......._.__-thousand short tons_.- 802 1,573 | 686 1,334 558 1,275 631 1,446 
Coal (bituminous) .___.-_-.-2 2 do_ 8,379 19,999. 3,690 21,888 4,355 23 ,427 4,790 24,431 
Copper (recoverable content of ores, etc.)_______-short tons__ 4,534 2,793 4,169 2,568 4,653 3,034 —~8,828 2,710 
Feldspar_.__..-.---...-.--------------.--__---long tons_- Ww WwW WwW WwW WwW WwW 521 3 
Gem stones____._-.-2 2 eee NA 45 NA 63 NA 80 NA 80 
Gold (recoverable content of ores, etc.)_..._.___troy ounces__ 48 ,882 1,711 33 , 605 1,176 42,122 1,474 37 ,228 1,303 
Gypsum._.._.-................._...-thousand short tons__ 108 383 99 346 100 398 102 427 
Iron ore (usable) ._...__.._thousand long tons, gross weight_ WwW Ww WwW WwW 35 231 114 787 
Lead (recoverable content of ores, etc.)___._..__.-short tons_. 17,411 3,204 19 ,918 4,302 20 , 563 5,388 22,495. 7,018 < 
Lime____..--.-----.........._--___.-_thousand short tons...  . 93 1,518 128 2,104 188 2,193 118 2,074 2 
Mica, scrap................._...._-_.__.._.._-_short tons__ 142 2 440 T  nnnennn eee Hoenn eee een nee eee weet ae 
Molybdenum (content of concentrate). _.._thousand pounds-. 32,412 45,376 47,977 67,168 46 ,378 69,207 760,715 778,609 y ) 
Natural gas___.._--..._......._.__...-_million cubie feet__ 101,826 - 11,812 105 , 705 12 ,367 r113,691 18 ,489 126 ,381 16 ,303 > Natural gas liquids: 7 . B 

Natural gasoline___._.............._thousand gallons__ 60,558  - 3,826 56,869 3,191 52,400 2,845 54,180 3,034 LP gases_______.-----------------------------do_..-. 100,787 4,411 91,309 4,171 88,916 8,894 91,899 - 3,930 ig Peat_.....--.--...-...-----.-----------------short tons__ 12,351 68 13,774 98 27,931 188 31,179 236 > 
Petroleum (crude)______._....___thousand 42-gallon barrels__ 42,477 122,834 38 ,288 110,255. 34,755 — 100,094 38,511 96 ,512 ) 
Pumice.............._-....-.-__.-.-_thousand short tons__ 76 82 60 87 61 - 4114 56 134 wo 
Pyrites__...-..--.-..--.....-.-...-_.-thousand long tons_. WwW WwW | OW WwW WwW WwW 30 90 Q 
Sand and gravel_______..___._._.__... thousand short tons__ 19,813 18 ,926 20,385 20,929 20,746 22,227 20,810 | 22,041 Q 
Silver (recoverable content of ores, etc.) . 

thousand troy ounces-__ 2,088 2,265 2,307 2,951 | 2,626 3,396 2,051. 2,652 ps 
Stone. _...--.----..........___.._..-thousand short tons__ 2,353 5,597 2,510  —- 5, 698 8,217 6 , 805 4,789 8,688 S Tin. __ 2 eee -----------_long tons_- W WwW WwW WwW 29 103 32 76 o 
Tungsten_._...................____-.-.-------short tons__ WwW WwW WwW WwW WwW WwW 1,176 1,985 
Uranium ore__.-_-_....--...-----_-.---.-----------do_.... 1,185,440 18,044 1,014,206 15 , 864 833 ,282 13 ,389 574,795 10,651 
Vanadium (recoverable in ore and concentrate)_____.__.do_.__ 8,742 WwW 3,047 WwW 3,312 9,916 4,017 14,056 a 
Vermiculite__..._................... thousand short tons__ WwW WwW (5) 1 (5) 1 wane eee eee 
Zinc (recoverable content of ores, etc.)___._.._.._-short tons_. 43 ,851 9,971 48,109 11,065 58 , 682 14,602 53 ,870 15,730 
Value of items that cannot be disclosed: Cement, fluorspar, . , 
molybdenum (1965), perlite, salt, and values indicated by . symbol W___.._-_____. eee xx 84,209 xX 29 ,478 XX ™18,205 XX 16 ,234 eee 

Total__--22 2 eee xX 808,164 xx 317,144 xx 316,011 XX 381,216 | . EEE ee Eee 
CONNECTICUT | 

SSeS 
Beryllium concentrate___........._short tons, gross weight__ 7 $40 Loe eee eee eee eee nee eee nee eee 
Clays__....-.-.-..-......._-__.._..-thousand short tons__ 3179 3287 189 ~ $339 212 $262 237 $3822 
Gem stones.__.-__.._-___--- eee NA 8 NA 8 NA r:) NA 8 
Lime____..-.-....-........._..._._.-thousand short tons__ 35 635 35 666 . 39 689 Ww W | Sand and gravel___.._.._.......-_._-__-_.-_-.-.-__-.do_... 10,208 9,244 10,5038 9,343 10,088 . 9,437 9 ,940 9,106 . Stone___-..-.----2-2- eee - 0 5,090 8,816 5,318 9,612 5,864 10,764 5,871 10,444



Value of items that cannot be disclosed: Clays (kaolin 1962), | a 
feldspar, scrap mica, sheet mica (1962), peat, and values in- . 

dicated by symbol W..-....----------------------------- xX 760 XX 646 XX 690 xx 1,854 | 

Total........--------------.----------------------- xx 19 , 754 XX 20,614 | xX 21,850 Xx 21 ,284 

. DELAWARE. . 
ee A se rn SCE A LL LOLOL LL 

Clays_.......-----------------------thousand short tons- WwW WwW 18 $13 11 $11 11 $11 
Gem stones___...-.----.-------------------------------- NA WwW NA 1 NA 1 NA . 1 
Sand and gravel__.-...----..---------thousand short tons- - 1,755 $1,445 1,094 1,186 -1,282 1,280 1,545 1,441 
Stone_____-_.-----...------.----------------------d0_-_- WwW WwW WwW WwW 180 450 180 450 
Value of items that cannot be disclosed: Other nonmetals and . 

values indicated by symbol W_......--------------+----- XX 86 - xX 191 XX ....------ XX .--------. 

Total. ...------------------- eee eee eee eee XX 1,581 xX 1,341 xXx 1,742 xx 1,908 _ 

| | FLORIDA | : | . 
. A . : aaa . : 

Clays__....--..---------.-.---------thousand short tons-- A487 $6,741 538 $7,777 627 $8 , 405. 651 $9, 752 an 
Lime. .....---------------~---.---------- oe  -dO_ WwW ws. 126 1,996 117 1,814 101 1,558 
Natural gas__......---.----------------million cubic feet. 29 6. 35 7 40 . 5 107 14 > 
Peat......-.-------------------------.-------short tons_. 20,595 139 21,049 129 19,8138 102 19 ,258 109 =] 
Petroleum (crude)___.........._thousand 42-gallon barrels_- 419 WwW 464 WwW 620 WwW 1,464 WwW a 
Phosphate rock. _..-.-.---.-----------thousand long tons-- 13 ,949 94,595 14,592 101 ,050. 17,108 119 ,667 19 ,268 141 ,258 j 
Sand and gravel__...........-..--.--.thousand short tons. - 5,924 5,179 7,542 5,828 7,420 6,427 7,298 6,877 Oo 
Stone. ___...-------__---------------~------------do.-.- 27,279 82 ,608 31,900 © 38,173 88 ,157 88 ,862 35,730 41,148 > 
Value of items that cannot be disclosed: Cement, gem stones . i 

(1968), magnesium compounds, natural gas liquids, rare- . wn 
earth metals concentrates, staurolite, titanium concentrate, _& 
zirconium concentrate, and values indicated by symbol W..- -- XX 46 ,432 xX 46 ,665 xx 48 ,627 xXx 49 ,104 S 

Total...--------2-- ee nnn eee ee nee eee eee eee eee XX 185,700 XX 201,620 KX 228,409 xx 249,320 > | 

| | | GEORGIA . | | | | . | 

Barite._.....-.-----------.----------thousand short tons_- 109  — $1, 987 117 $2,013 109 $2,022 = W WwW 
Clays_____...-..----..------..-1--- ee OL. 8,801 47,462. 4,208 54,024 4,865 58 ,899 4,607 $68 , 158 
Coal (bituminous) -_...---...----------------------do____ 8 28 6b 16 _ 4 ne > ee 
Feldspar..........--------------.--.----------long tons_- 35 , 692 795 WwW WwW WwW WwW WwW WwW 
Gem stones_.___......-.--.-.--------------- eee NA WwW NA ee 
Tron ore (usable).........-thousand long tons, gross weight -- 215 1,118 © 260 1,304 354 1,752 424 2,170 . 

ica: 
Scrap........-..--.--..------------------short tons. - WwW = WwW Ww  . W WwW WwW 18 ,065 WwW 
Sheet. _....-....--.--..---------------------pounds_. — 60 . Lo Lene eee eee eee nee eee ee net eee eee e- 2,793 (5) 

Sand and gravel_.........--.---------thousand short tons_- 8,429 8,865 8,817 3,922 r 8,588 73,594 8,675 8,588 
Stone_........-.-------------- eee - - 0 19,555 42 ,037 19 , 582 46,044 t 22,822. 146,428 . 28,421 48 ,265 
Tale._......-...--..-....--------------------S8hort tons. . 45,940 96 42,000 98 40,400 185 44,800 818 
Value of items that cannot be disclosed: Bauxite, cement, m 

kyanite (1968-65), manganiferous ore (1962), peat, titanium an De, . . 
‘concentrate (1965), zirconium concentrate (1965), and values - -. 

indicated by symbol W......--------------------------- xX 10,816 - XX . 12 ,059 XX 14,292 xX 17,688 

a XX = 107,70 | #$XX $119,476 XX 127,187 xx 185,18 &



Table 5.—Mineral production’ in the United States, by States—Continued — > 

1962 1968 1964 1965 | 
Mineral —_—_—_—_-.+-—TV0--7T——-r eee 

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

i TN 

HAWAII oe 
tr Le 

Cement___.__-.--_.----------thousand 376-pound barrels- - 1,128 $6,055 1,483 $7,125 1,717 $8 , 877 1,564 $8 ,297 
Clays_.....-----.------.-.----------thousand short tons. - WwW Ww. WwW WwW 3 WwW WwW WwW 

Gem stones____....-----.------------------------------- NA WwW NA 36 NA WwW NA WwW 

Lime__.......-----------------------thousand short tons_- 15 386 12 428 9 321 9 805 

Pumice___.....-----------------------------------d0-_.- 282 380 274 469 3865 608 - 380 624 
Sand and gravel_...--.-.--------------------------d0---- 700 1,122 304 164 407 979 751 2,237 
Stone__.._..-----------.--------------------------d0-... 4,071 6,883 3 , 844 6,480 5,282 8,765 5,172 9,358 

Value of items that cannot be disclosed: Other nonmetals and . 
values indicated by symbol W___----.-------.----------- XX 18 XX 5 xx 60 xx - 19 

Total__.-_-_-__---- ~~. eee xX 14,844 xX 15,307 XxX 19 ,605 xX 20,835 : S 

IDAHO } _ _ fi - 

Antimony ore and concentrate | | oe — > 
short tons, antimony content. - 631 WwW 645 WwW 585 WwW 818 Ww D 

Clays........------------------------thousand short tons... 35 $70 331 3 $15 329 3 $25 347 3 $88 i 
Copper (recoverable content of ores, etc.) _--..---short tons_- 3,861 2,378 4,172 2,570 4,666 — 3,042 ~~. 5,140 3,639 bi 
Gold (recoverable content of ores, etc.)__----.--troy ounces_ - 5,845 205 6,477 192 5,677 199 5,078 178 > 
Iron ore (usable)___..-.---thousand long tons, gross weight_ 5 35 6 40 4 33 9 84 nw . 
Lead (recoverable content of ores, etc.)._.-------short tons_- 84,058 15,467 75, 759 16,364 71,312 18,684 66 ,606 20,781 os 
Lime__......--.---------------------thousand short tons... 68 801 60 874 WwW W WwW. WwW 8 
Mercury___...-_-.-----------------_--.-76-pound flasks_- -..-----.. .---------- W WwW - 83 26 1,119 639 ee 
Peat______--_-----------__----.-.------.-.--short tons_. W WwW WwW WwW 900 _—. . 8 WwW Ww ss 
Phosphate rock___._.-.-.-...---------thousand long tons_.-. 1,912 10,6385 1,700 10,589 WwW W WwW WW = 
Pumice___.__.-.---------------------thousand short tons_. 67 103 161 | 275 59 100: 46 79 o 
Sand and gravel___._____._-.-.-----------.--------d0__.. 14,321 18 ,029 12 , 483 10,615 9,582 - 8,691 12,151 13 ,198 or 
Silver (recoverable content of ores, etc.) . 

thousand troy ounces-_- 17,772 19,283 — 16,711 21,375 © 16,488 21,313 18 ,457 23 , 865 
Stone__._..-.---_.-__...._..-.--..-.-thousand short tons_- 1,381 2,698 1,168 2,217 1,144 2,773 1,831 3,440 oe 
Tungsten concentrate____.-short tons, 60-percent WOs basis.. .......--.- ---------- ----------  ----+------- 11 re . 
Vanadium (recoverable in ore and concentrate) . __short tons__ W WwW 23 WwW WwW WwW WwW WwW 
Zinc (recoverable content of ores, etc.)_____._..-.-.---do__.. 62 ,865 14,459 63 , 267 14,551 59 ,298 16,129 58 ,084 16,946 
Value of items that cannot be disclosed: Barite (1962-64), 

cement, clays (fire clay 1963-65, bentonite 1963-65, kaolin . 
1963-65), abrasive garnet, gem stones, scrap mica (1963-64), . 
sheet mica (1962), perlite, titanium concentrate, uranium 
(1962), and values indicated by symbol W__-.....-------- xx 3,451 xX 3,110 xX 15,281 xX 22 ,208 

Total___-.-. 22 ee xX 82,614 xX 82 ,787 xX 86 ,262 xX 105 ,085 

ILLINOIS . . | 

Cement: 
Portland._._............_thousand 376-pound barrels-_- 9,145 $30 ,205 9,281 $80 ,577 9,790 $32 ,191 9,358 $30 ,622 . 
Masonry._....-.........-thousand 280-pound barrels. _ 440 1,320 A472 1,440 596 2,038 615 1,907



Clays.....--.-----......-...-..----..-thousand short tons... 1,929 -4,151 1,949 4,368 82,007 34,358 32,169 | $4,601 
Coal] (bituminous) ___........-.--..-.-...--.-------d0__.. 48 ,487 186 ,986 51,786 196,518 55 ,023 208 , 448 58 , 483 218 ,972 
Fluorspar__....-..-.-...--.------------------short tons... 132 , 830 6,392 132 ,060 6,547 127 ,454 6 , 452 159 ,140 7,861 
Lead (recoverable content of ores, etc.).......-.-.--.-do--_. 8,610 . 664 2,901 : 627 2,180 571 8,005 938 
Natural gas______....___..__.....__._.-_million cubic feet_-. 10,650 1,528 9,459 1,220 17,824 905 7,396 865 
Natural gas liquids: 

- Natural gasoline and cycle products___thousand gallons. . 13 ,315 1,023 14,9389 1,077 14,109 1,030 WwW WwW 
LP gases__.____--..---..---------------------do___- 827 ,616 13,812 887 ,278 14,714 312,173 - 18 , 758 WwW WwW 

Peat__........--.-------------------.--------Short tons_. Ww WwW WwW WwW WwW WwW 86,774 453 
Petroleum (crude) ___........-..thousand 42-gallon barrels_- 78,796 234,812 74,796 222 , 892 70,168 205 ,592 68 , 708 186 ,664 
Sand and gravel__........--.-.--_----thousand short tons__- 84,122 38,981 31,746 86,481 34,880 39 ,966 86 ,228 40 , 480 
Stone_____._....-.---_----------------------------d0__.. 41,293 54,411 40,298 52,217 42 ,987 56,553 47 ,066 61,294 
Zine (recoverable content of ores, etc.).___...----short tons_. 27,418 6,305 20 ,337 4,678 18 ,800 3,754 18,314 5,848 
Value of items that cannot be disclosed: Clay (fuller’s earth oe 

1964-65), gem stones, lime, tripoli, and values indicated by . . 
symbol W_._.....-.--.---_----------------------- eee XxX 12,183 xx 18 ,656 xX 15,520 XX 33 ,020 

I! 0) :) xx 592,718 xx 586 ,962 xX 591,186. XxX 593 ,025 

INDIANA a 

Abrasive stones_______._.._..___....___-__.__-short tons... 5 - $15 5 $16 5 ($16 5 $15 rj 
Cement 2. ____.____.--___...._thousand 876-pound barrels__ 12,878 42,572 13,165 A8 ,216 15,038 48 ,695 14,925 48,797 A 
Clays__..._..--...-........_-.-._.--thousand short tons-_-. 1,450 2 255 1,546 2,347 1,545 2,264 1,459 © 2,160 fe 
Coal (bituminous)__........._..--.-.-.-_--_--.-.-.-do___- 15,709 60,079 15,100 57,120 15,075  =BT,246 15 ,565 59 ,927 oO | 
Natural gas_._...__._...........-..----million cubic feet_- 284 60 286 67 r199 47 239 56 > 
Peat__..-.-..--.------2--_-----_-__---__-__.-short tons_- 47 ,480 272 47,695 412 66 , 568 543 53 ,873 511 m 
Petroleum (crude)____...._...._thousand 42-gallon barrels _- 12,077 35,989 11,902 35,230 11,283 32,157 811,429 8 32 , 458 a 
Sand and gravel._.._..._........-..--.thousand short tons_- 21,261 18,692 22,840 20,683 24,416 21,811 24,867 = 22,220 2 
Stone__._--.....-.--------------- 0... 18,709 34,653 19,667 85,616 22 ,818 39 ,978 24,574 42,124 
Value of items that cannot be disclosed: Cement (masonry . _ S 

1968-64), gem stones (1962-63), and gypsum__..._.__._-_- xx 8,839 xx 9,259 XX 9 ,026 - KX 10,299 by 

Total__...--.-------_------_ eee eee Xx 208 , 426 xx 2038 , 966. _ XX 211,783 . XX 218 ,567 < 

IOWA _ . 

Cement: | a 
Portland.._...........-..thousand 376-pound barrels. -_ 12,261 $42 ,417 12 ,495 $42 ,891 13 ,607 $46 ,398 13 ,643 $46 ,273 
_Masonry..........-.....-thousand 280-pound barrels__ 568 1,786 551 1,754 585 1,847 608 1,867 

Clays._.........--....-.-.....-.-----thousand short tons_. 1,039 1,427 1,064 1,405 1,008 1,254 1,085 1,347 
Coal (bituminous)_._.......-..-......_..-_....._..-do..-. 1,180 4,026 1,213 4,244 978 3,447 1,043 3,694 
Gypsum..__.......-...-..--.---------------------d0_..- 1,256 5,318 1,282 5,667 1,287 6,821 ~ 1,254 5,554 
Sand and gravel___._.-...__.___.........-__-_.--..do_._. 13,797 12 ,474 14,168 12 ,845 18 ,890 13 ,546 18 ,205 17,152 
Stone_.........02.0.00--.------- eee dO... 21,618 28,244 20,904 27,788 28 ,935 33 ,038 25,891 35, 468 
Value of items that cannot be disclosed: Gem stones, lime, peat, 

and petroleum (1962-64)_._._...._...-_--.-..---------.- XX 869 XxX 1,076 XX 1,279 XX 1,428 

Total... ee ee eee eee eee xx 96,561 xX 97 ,670 XX 106 ,630 XX 112 ,783 

©



: Table 5.—Mineral production’ in the United States, by States—Continued - 

1962 1963 1964 . . 1965 © 
Mineral en 

Quantity Value Quantity Value Quantity Value | Quantity Value 
(thousands) (thousands) (thousands) . _ (thousands) 

KANSAS | . 

Cement: . | . 
Portland___.......--...---thousand 376-pound barrels- - 8,058 $25,134 8,201 $25 , 372 8,483 $25,959 © 8,801 $26 ,972 
Masonry........----------thousand 280-pound barrels- 392 1,156 387 1,183 384 1,173 404 1,178 

Clays__.._-.----....-------------.--thousand short tons_- 895 1,091 893 1,104 785 935 789 953 
Coal (bituminous)_._._.......--.-----.--------------do-__. 915 4,249 1,169 5,311 1,263 5,749. 1,310 6,072 
Helium 9_____._.._______--_-_-.--_----thousand cubic feet_- 42 ,305 1,478 46,177 1,616 2,215,338 r26,598 2,570,889 80 ,422 
Lead (recoverable content of ores, etc.)...-------short tons_- ~ 970 178 1,027 222 1,185 310 1,644 513 
Lime____.___..--...------------------thousand short tons... 5 59 Lee eee eee eee eee eee ee eee eee eee ee eee 
Natural gas__.._.__..-...---.-----.----million cubic feet_- 694 ,352 86,100 732 ,946 97 ,482 r 764,073 96,0381 793 ,379 105,519 
Natural gas liquids: . . . 

Natural gasoline__...........--------thousand gallons-_- 151,360 7,696 165,370 9,811 162 , 725 8,713 158 , 485 7,791 
LP gases___.._._.....-----...---------------.-d0_... 166 , 769 6,295 395,877 15,481 512 , 747 18,121 587 ,416 22 ,822 = 

Petroleum (crude)_.__...-.-.-.-thousand 42-gallon barrels... 112 ,076 826,141 109 ,107 317,501 106 ,252 — 310 ,256 © 104,733 305 , 820 2 
Salt 10.0 0 eee _--__--_-_-_thousand short tons_- 944 11,654 924 11,993 930 11,799 1,053 12 ,3876 sz 
Sand and gravel______....-------.-.---.-----------d0o__.. 11,552 8,089 12 ,062 8,676 12 ,968 9,108 — 12 ,544 8,473 a 
Stone__..-.-.----- eee - dL 413,527 417,274 18 ,558 18 ,483 14,1388 18,912 15,270 20 ,538 zB 
Zinc (recoverable content of ores, etc.)_.__.-.----short tons-_- 3,943 907 3,508 807 4,665 1,269 6 ,508 1,900 wn 
Value of items that cannot be disclosed: Natural cement, ; i. 

gypsum, pumice, salt (brine), and stone (crushed sand- tl 
stone 1962)____..___.. 2. eee XxX 3,625 xx 3,260 xx 8,277 XX 2,642 & 

Total_..-_...--_--------.----- +a xx 501,076 xx 518 ,302 — XX r 538,210 xX 553 ,491 % 

KENTUCKY . g 

Barite.__....-.._.--..__...-..-___..-thousand short tons_- 4. $386 6 $85 . 6 $96 L.-T uu u---e 
Clays3____.-.-.--.-.-----------------------------do___- 936 | 2,158 984 2,397 | 920 _ 1,801 1,059 $2 , 580 & 
Coal (bituminous) _________.._..____.___.._--_-._-.do___. 69 ,212 270,875 77 ,350 295,743 82,747 309 , 896 - 85,766 324 ,523 
Fluorspar__.....---.-.-.----..---.-.---.-.-.-short tons_- 83 , 830 1,492 35,072 1,537 88 ,214 1,693 31,992 1,485 
Lead (recoverable content of ores, etc.)..........--_...do___- 743 137 831 179 858 | 225 756 236 
Natural gas........_.......-._..-_------million cubic feet__ 70,241 17,419 74,634 17,838 t 76,940 18,257 78,976 18 ,638 
Petroleum (crude)_._..........._thousand 42-gallon barrels-_- 17,789 52,478 18,344 58 , 564 19,772 56 , 746 19 ,386 55,638 
Sand and gravel____.._......_-...._._-thousand short tons__ 6,137 5,378 - 6,480 6,071 6 ,560 6,297 © 6,742 6,332 
Silver (recoverable content of ores, etc.) , 

thousand troy ounces-_ 1 2 2 2 2 2 2 2 
Stone____-...---.-------.-----------thousand short tons. - 19 ,472 27 , 682 24,689 84,571 421,868 429,594 © 26,029 34,533 
Zinc (recoverable content of ores, etc.).._.._-----short tons_. 1,172 270 1,461 336 2,063 561 5,654 1,651 
Value of items that cannot be disclosed: Cement, ball clay, 

gem stones (1962-63), natural gas liquids, and stone a 
(dimension sandstone 1964)_____....--._---.--------.--- XX = 20,609 xx 20,370 xx 19,211 xXx 20,763 

Total... eee ee o XX 8398 ,536 xx 432 ,693 xx 444 ,379 xX 466 ,381 

LOUISIANA ; . 

Clays_....-...----------.----.------thousand short tons... 638 $641 655 $655 780 $797 909 $936 
Lime.....2 222 -dO_ 8 624 6,519 657 6 ,862 725 8,312 842 9,980



Natural gas....--..---.--...--...---.--million cubic feet_. 3,525,456 694,515 . 8,928,427  . 777,829 +*4,152,731 793 , 328 4,466,786 812 ,955 
Natural liquids: ) a 

Natural gasoline and cycle products___thousand gallons.. 1,010,187 74,726 1,148,707 . -81,882 1,852,980 91,9381 1,481,886 102 , 781 
LP gases.......----------------------..--...--d0..__ 862 , 772 29,087 1,118,670 41,048 1,247,484 45,9385 1,800,088 46,101 

Petroleum (crude)_...........--thousand 42-gallon barrels__ 477,158 1,502,568 © 515,057 1,608,120 549,698 1,709,622 594 , 853 1,841,714 
Salt_._-....02-222......-_...._._..... thousand short tons-__ 5,248 27 ,407 6,199 30 , 450 6,401 36,056 8,126 41,812 
Sand and gravel_.__....-------.--...----------..-_-do___- 12 ,040 14,817 12 ,500 14,701 13,594 15 ,253 14,298 16 ,405 
Stone 4____.-..-2------ oe OL 5,711 8,067. 5,408 7,961 5,459 7,228 7,452 10,905 
Sulfur (Frasch process)_............----thousand long tons__ 2,262 49 ,772 2,445 48 ,905 2,733 54,996 8,577 71,966 
Value of items that cannot be disclosed: Cement, gypsum, oe 

and stone (crushed miscellaneous)......-....-----------.- xx 18 ,554 xX 20,5381 Kx 21,549 xX 28 ,850 . 

Total_.._..-----.------ eee XX 2,426,623 XX 2,638,389 XX 2,785,007 XX 2,978 , 855 

MAINE . . 
A e 

Beryllium concentrate__..........-short tons, gross weight. - WwW Se a 
Clays._........-...............__...-_thousand short tons_. 48 $63 a 42 $55 45 - $58 49 $63 
Gem stones.__...-..--------2- eee eee NA - 25 NA 25 NA 35 NA 85 

ica: . 
Scrap..._...--------.-.-..-.-.--..-.__.--short tons... 15 (5) ween cee eee ee eee ee eee cee cee eee Hm 
Sheet ____.--..--.---------.----.----.--...-pounds_ _ 2,017 16 -oee eee eee eee ee eee eee eee ee eee eee - 

Peat___...-------..--.-----------------------short tons... 1,250 Aq WwW Ww 6,350 171 1,275 56. > 
Sand and gravel___..._...___.......-.-thousand short tons__ 10,014 4,013 ~ 11,195 . 4,673 13 ,552 6,463 17,294 7,831 4 
Stone_.......------------ 2-0 1,127 .4,249 - 947. 3,581 1,414 4,506 1,100 3,409 A 
Value of items that cannot be disclosed: Cement, feldspar, and Ss 4 

values indicated by symbol W_..._..--..---_.-.-_----_-_. XxX 6 , 534 xX 6,770 XxX 6,341 xX 6,347 Q 

Total_..----.-2--- eee xX 14,947 | EX 14,104 xX 17,574 xX 17,741 mm . 

MARYLAND . 7 oo S . 

Clays_.....-----.-..............._.-thousand short tons__ 593 $899 ~ §80 $897 . 3635 3 $798 3914 8 $1,088 = 
Coal (bituminous) ___......_-.._..---.--_.._...__-_.do__.. 821 3,168 1,162 ' 4,380 1,186 4,511 1,210 4,389 > Gem stones_____.........-.--.----------------------_--- NA 3 . NA 3 NA 3 NA 3 a | 
Lime._.......-...-...........---_..-thousand short tons. _ WwW WwW WwW - WV WwW WwW 37 481 | 
Natural gas. --_--------------------~-;-million cubic feet_- 2,472 667 1,633 . 489 1,378 366 — 408 1038 
Sand and gravel____........_.__.___..thousand short tons... 12 , 762 16 ,816 18 ,310 16 ,063 15,041 | 18,071 16,200 | 21,188 
Stone__...-..-.------.----- eee 0, 11,610 22,595 18 ,012 26,407 18 ,348 26,715 14,553 » 28,4382 
Value of items that cannot be disclosed: Cement, ball clay . 

(1964-65), diatomite (1962-68), greensand marl, peat, 
potassium salts, tale and soapstone, and values indicated oe a y symbol W_._....---.-.- 2-2 XX 22 ,481 xX 22,111 xX 23 ,429 xX 22,811 

eT nnn 

Total__.--.-.-------------------- eee eee xX 66 , 629 XxX 70,250 KX 73 ,898 XxX 77,995 
I A A A ge 

MASSACHUSETTS 
ON en 

Clays_..----------..---..---.......-thousand short tons_. 125 $96 157 $218 1388 $174 181 $238 Gem stones____.....----.----2---- eee NA : 2 NA 2 NA ; 2 NA 2 | Lime........-............-.........-thousand short tons__ | 148 2,387 145 2,426 171 2,708 170 2,779 
Sand and gravel.__.........._.....-__-_-...._.....do.._- 17 , 566 15 ,026 19,905 = 15,592 21,341 16,794 22,141 16,172 
Stone_.........----------------- dO. 4,985 12,541 5,570 14,396 6,519 16,668 6,168 16 ,980 
Value of items that cannot be disclosed: Nonmetals__._..__-_ xX 33 XX 32 xX . 81 XX 27 — 

Total______...2-- eee xX 80,085 a. ©.¢ $2,661 XX 86 ,867 XX 36,198 an nna nnn ster nsss ea 8G OO CAA 980,800 CAA 886, 198



Table 5.—Mineral production’ in the United States, by States—Continued / | | rh 

1962 1968 . 1964 a 1965 a 

Mineral | 
eee 

Quantity Value — Quantity Value Quantity Value Quantity Value . 

(thousands) - (thousands) (thousands) (thousands) — 
jj‘ 

MICHIGAN 

Cement: : oe oe - 

Portland____...----------thousand 376-pound barrels-- 22 ,682 $73 ,267 25,016 $76 ,944 26,745 $84,316 27,565 — $86 ,996 

Masonry. __..------------thousand 280-pound barrels. - 1,517 4,335 1,684 4,519 1,865. 4,954 2,108 5,378 | 

Clays____..-------------------------thousand short tons-- 1,751 1,917 1,958 2,149 2,385 2,592 / 2,402 2,580 

Copper (recoverable content of ores, etc.) - ___..-.-short tons_~ 74,099 45,645 75,262 46 ,361  ~=6«669 040 45,014 71,749 50,798 

Gypsum_____..--.------------------- thousand short tons- - 1,278 4,791. 1,315 4,938 1,421 5,263 1,338 5,027 ~ 

Iron ore (usable)_..-.-----thousand long tons, gross weight _- 9,422 85,597 10,789 | 107,201 -18,871 . 143 ,979 13,527 | 145 482 

Lime____.._.._..---------------------thousand short tons_- 1,153 15,371 1,371 18 ,431 1,480 19,246 _ 1,095 13 ,057 

Magnesium compounds from sea water and brine (except for a oe TS 2 

metal).___.--...------------Short tons, MgO equivalent- - Ww Ww 266 , 740 23 , 062 306 ,494 28 ,385 319 ,389 26,148 2 

Manganiferous ore (5 to 35 percent Mn) 
7 ; fs 

short tons, gross weight... ..-------- ---------- 152 ,957 | r=) 

Natural gas.__......-..----------------million cubie feet_- 28 , 987 6,174 . 82,850 8,902 t 31,388 7,984 34,558 8,674 > 

Natural gas liquids: . ° OO . 

Natural gasoline. ___.__----.--------thousand gallons.. ----------  ----------  ------- ree cern r re reer rrecs ocreterceee 9,054 . 607 . 

LP gaseS.__ = seen ee WO nen eee enn reece gee wen eegrarg cee gneczey 7-77" 3-475 76 ,299 3,815 ig 
Peat_.___.___.._-__----------------------------short tons... 257 ,693 2,277 251,809 2,418 269 ,074 2,412 230 ,950. 2,134 > 

Petroleum (crude) ___-----------thousand 42-gallon barrels- - 17,114 _ 48,775. 15,972 45 ;520. 15,601 48,889 14,728 41,091 ma 

Salt__.._..._..-.-_-------------------thousand short tons. - 4,274 33 ,343 4,244 33 , 656 4,345 35,711 4,171 36,087 WB 

Sand and gravel__.._------------------------------d0o---- 47 , 563 42 ,029 50,458. 43 , 433 51,921 44,405 53,168 47,176 © . 

Silver (recoverable content of ores, etc.) SS . 

thousand troy ounces-- 401 436 339. 434 349 452 ‘458  §92 2 

Stone_._.__..___--_-----------------thousand short tons- - 28 , 440 29 ,055 ~ 80,816 - 32,065 84,650 87 ,002 34,713 86 ,438 - 

Value of items that cannot be disclosed: Bromine, calcium- . &. 

magnesium chloride, gem stones, iodine, potassium salts, oo . a 

and values indicated by symbol W--.-------------------- xX ‘53,500 xx 42,001 xX t 54,278 - RE 53 , 490 
. . . - rr = meneame 

Total__._______-_-----_----- eee xx 446,512 — xX. 492 ,029 xX r §54, 832 xx © 565,560 
I 

. MINNESOTA — 

Clays__....----..-------------------thousand short tons- _ 208 $291 3199 3 $298 $213 3 $319 3207 —. § $811 

Iron ore (usable)___....._-thousand long tons, gross weight-__ 44,295 385 ,997 45,485 - 408,486 — 49 ,626 449 ,289 50,873 459 ,290 

Manganiferous ore (5 to 35 percent Mn) . a 

short tons, gross weight- - 292,779 WwW 347,336 . ‘W 188 ,481 WwW 280,705 — WV! 

Peat_._._----_-.---------.-------------------short tons-_- 14,386 . 307 8,110 294 19 ,188 405 7,346 - 123 

Sand and gravel___...-.-..---.-------thousand short tons-- 29 ,399 22 , 656. 30 , 462 23 ,318 . 85,817 25,907 37 ,545 27 ,296 

Stone________-_---_------------------------------- - do. 3,808 10,360 | 3,898 11,027 3,588 12 ,297 4,371. 11,680 

Value of items that cannot be disclosed: Abrasive stones, eo 

cement, fire clay (1963-65), gem stones, lime, and values . - . 2 . 

indicated by symbol W__..--..------------------------- xx 9,325 XX 10,120 xX 9,278 xX 9,060 | 
nr
 I 

Total___..___....-------.~---------- +--+ - xX 428 ,936 xX 453 , 543 xX 497,495 xx 507 , 760



ss I III II 

MISSISSIPPI . 

Clays._..:-.----------.-----..-..-.--thousand short tons... 1,129 $5, 742 1,285 $5,968 1,381 $6,180 1,502 © $5,925 Natural gas_.....--_.-----------.--..--million cubic feet_- 170 ,271 32 ,351 176 , 807 31,825 r 180,428 81,385 166 , 825 28,861 . | Natural gas liquids: 
Natural gasoline and cycle products. __thousand gallons_ 25,891 1,616 28 , 757. 1,755 27,485 1,644 26 , 582 1,606 LP gases___.....-----.---.-----------------.--do___. 20,401 732 24,541 956 i 28,277 780 _ 22,150 975 Petroleum (crude) _._...........thousand 42-gallon barrels__ 55,713 154 , 882 58,619 161,788 56,777 151,595 56,183 148 ,437 Sand and gravel___...-._.-...--.--.-.-thousand short tons_- _ 7,001 7,262 6,825 7,056 7,825 ' 8,569 8,447 8,717 Stone. ____-.---.. 2222-20 1,199 1,266 1,267 1,267 1,553 1,557 42,357 42,358 Value of items that cannot be disclosed: Cement, iron ore 

(1965), lime magnesium compounds, and stone (dimension - 
sandstone 1965)_____--_------_---_-.-----------------e XX 9,030 . XX 9,579 | xX 10,533 xx 12,098 ee , : , 

Total_...-.--------------------- eee ee XX 212 ,881 xX 220 ,194  xkxX 212,198 xx . 208 ,972 

- MISSOURI , 

Asphalt, native__.......--.-.----------.-----_short tons_. Ww Ww 1,779 $15 1,522 $13 Ww ow 4 
Barite----------------------------~--thousand short tons... 304 . $3 ,994 . 287 3,680 267 8,451 ~ 329 $4,219 > ement: 

Portland____...-..-._..._thousand 376-pound barrels. _ 12 ,739 44,004 12 ,402 41,640 12 ,378 42,618 13 ,334 46 ,034 3 Masonry. -___.---------.--thousand 280-pound barrels_ - 455 1,457 417 1,345 334 1,046 377 1,173 a Clays_______________________________thousand short tons__ 2,053 5,033 1,746 4,467 1,966 4,874. 2,226 5,439 Oo Coal (bituminous) -___-..---.----------------------d0___- 2,896 12 ,057 3,174 18,196 8,254 18 ,285 3,564 14,779 > Copper (recoverable content of ores, etc.)__=._-._-short tons__ 2,752 1,695 1,816 1,119 2,059 | 1,343 2,331 1,650 ™ Iron ore (usable). -....-.--thousand long tons, gross weight__ 346 3,188 345 3,085 1,116 14,907 1,784 . - 24,607 ~ wn Lead (recoverable content of ores, etc.)___....._-_short tons__ 60,982 | 11,221 79 ,844 17 ,246 120,148 31,479 138 ,521 41,659 q Lime.__..--..-----------------------thousand short tons. _ - 1,176 13 , 703 1,240 14,386 1,219 - 14,328 1,442 16 , 782 z Natural gas.._._.................._.---_million cubic feet__ 92 23 100 27 r107 26 84 21 Zz Petroleum (crude)__..........-.thousand 42-gallon barrels. . 55 W 53 150 65 163 | 43 . Ww > Sand and gravel___._...........--.-thousand short tons____ 10 ,804 11,572 10,653 12 ,260 11,483 13,380 12 ,068 18,735 nw Silver (recoverable content of ores, etc.) as 
thousand troy ounces_. A491 533 132 168 --- eee. LL. 300 387 Stone____......-.......----.-...----thousand short tons... 28,876 | 44,006 30,885 46,130 81,487 47,984 36 ,247 58,574 Zine (recoverable content of ores, etc.)____._...._short tons_. 2,792 642 321 74 1,501 408 4,312 1,259 Value of items that cannot be disclosed: Gem stones (1962), 

tripoli (1965), and values indicated by symbol W_________- xx 179 XX wlll lle >. ©. Ge xx . 250 aoe nner eee cho 
Total__.-_.-.--------------- 2+ eee XX 153 ,307 XX 158 ,988 xX 189 ,805 . xx 225 ,568 

‘ 
. 

+ MONTANA . 

Clays ?___._.-..---....-----........ thousand short tons__ - 86 $T7 88 $45 49 $59 16 _ $98 Coal (bituminous and lignite)._......................do___. 382 1,140 343 967 346 . 925 364 1,050 Copper (recoverable content of ores, etc.)__.____-_short tons__ 94,021 - 57 ,917 79 , 762 49,133 108,806 67 ,682 115,489 81,766. Gold (recoverable content of ores, ete.).______..troy ounces... 24,387 854 18,520 648 29,115 1,019 22,772 797 _ Iron ore (usable) _-_._.-...-thousand long tons, gross weight-- 9 62 13.—t« ' 89 15 99 9 ay . Lead (recoverable content of ores, etc.)__._.__._-short tons_. 6,121 1,126 5,000 1,080 4,538 1,189 . 6,981 2,178 . Lime___..-...---------..--.--------.-thousand short tons__ 104 1,049 114 -  . 1,290 186 1,385 159 1,512 . Manganese ore (35 percent or more Mn) Oo , 
short tons, gross weight-. 24, 758 Ww ~ 5,260 — WwW 20 ,264 WwW 28 ,621 Ww m Manganiferous ore (5 to 85 percent Mn)_...-_.-...-.-do_.... ° 2,264 29 1,688 WwW . $,688 WwW 1,968 WwW Oo



Table 5.—Mineral production’ in the United States, by States—Continued : -_ | 
. js . 

1962 1968 1964 : 1965 = Mineral eee 
. Quantity Value Quantity Value _ Quantity Value Quantity Value | . 

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

‘MONTANA—Continued | , 

Natural gas__.__.._.........-..__.---- million cubic feet_-_ 29 ,955 $2,217 - $80,026 $2,253 | 25,051 $1,965 28,105 $2 ,305 
Petroleum (crude)____-...--._.-thousand 42-gallon barrels__ 81,648 76,690 30,870 75 ,3823 30 ,647 74,621 32,778 79 ,624 
Sand and gravel_____.._.._.__.........__thousand short tons-- 18,473 17,642 14,319 18,756 16,017 17,840 12 ,048 13 ,587 
Silver (recoverable content of ores, etc.) 

thousand troy ounces-__ 4,561 4,948 4,242 5,426 5,290 6 , 840 5,207 6,733 
Stone__..._.....-.................. thousand short tons__ 996 1,708 6,109 7,081 7,345 8,477 5,512 - 5,971 
Zine (recoverable content of ores, etc.)_._.._._..-short tons-_-_ 37 ,678 8,666 82 ,941 7,576 29 ,059 7,904 33 , 786 9,866 
Value of items that cannot be disclosed: Barite, cement, clays 

(fire clay 1962-64, bentonite 1964-65), fluorspar, gem stones, . 
gypsum, sheet mica (1962), natural gas liquids, peat, phos-. | 
phate rock, pumice (1964), rare-earth metal concentrates 
(1962), tale, tungsten (1962), uranium ore (1962-64), . Oe = 
vermiculite, and values indicated by symbol W____.__-_._- xX 16,5381 xX 17,351 — xx r 21,447 XX 23 , 834 2 
es 

Total... eee XX 190,656 XX 182 ,018 xX r211,452 xx 229 ,392 s 

NEBRASKA . ; OF 

Clays............_._...-.-.-...-._-...thousand short tons__ 142 $142 © - 148 $148 143 - - $143 106 $106 es 
Gem stones... 2. NA 5 NA oe 5 NA 5 NA 5 S 
Natural gas_.............-.....-_---_- million cubie feet__ 14,880 2,708 13 ,051 2,454 r11,094 1,707 10,720 . 1,565 bg 
Natural gas liquids: ae: 

; Natural gasoline_____...............thousand gallons_- 12 ,239 809 > 10,119 «687 . 9,587 627 . .. 9,822 516 © 
LP gases_.._....--...-.-..--------_-_---------do___- 28,718 1,329 25,931 1,207 24,556 1,092 16 ,946 847 ° 

Petroleum (crude)_.._...........thousand 42-gallon barrels_- 24,894 70,450 21,846 61 , 824 19 ,113 51,605 17 ,216 45,796 a 
Sand and gravel.__.._._........._...._.-thousand short tons. 12,853 9,797 11,166 10,680 14,641 15,748 — 11 ,993 13 ,697 het 
Stone_____-.-...-.-.--- 2. .--------- ~~~ - do. 8,670 6,626 3,700 6,192 3,779 6,417 - 4,198 - 6,637 S. 
Value of items that cannot be disclosed: Cement,. lime, and - . or . 

pumice ___.._...-- 2-2-2 eee eee eee eee xX 16 ,507 xX 15,710 | xX 14,615 xX 14,622 
nn 

Total_...-.-.--- +2 eee eee XX 108 ,373 xX 98 ,907 xX . 91,959 a. ©.¢ 83,791 

_ NEVADA . 
A 

en 
. Antimony ore and concentrate 

. short tons, antimony content.. -_-_-----.  ----------0 ----------) -e-e ee eee — 88 $20 26 $19 Barite__-.-.-..--.---......_...._...-thousand short tons__ 138 $954 120 $760 149 1,261 91 583 Copper (recoverable content of ores, etc.)__.-_._-short tons__ 82 , 602 50,883 81 , 738 50,351 67,272 48,861 71,332 50,503 
Gem stones. ____.._-- eee eee NA 100. NA 100 NA 100 NA 100 
Gold (recoverable content of ores, etc.)__-__._. _troy ounces__ 62 , 863 2,200 98 , 879 3,461 90 , 469 3,166 229 ,050 8,017 
Gypsum._._....-........_._...._.._- thousand short tons_. 817 2,952 890 3,216 799 . 2,894 - 710 2,518 Iron ore (usable)__.__.....thousand long tons, gross weight._ 617 3,238 172 3,921 911 5,048 1,141 5 ,3830 
Lead (recoverable content of ores, etc.)___....._-short tons__ 771 142 1,126 : 248 809 212 2,277 710 
Mercury___.__----.---_.--.-.---..--_--.76-pound flasks. _ 6,573 1,257 4,944 937 3,262 1,027 3,333 1,902 Perlite._._-...-..-..-.---2-2--___--____-____-__short tons_- 25 , 067 205 22,910 192 15,603 135 13 ,780 121 . 
Petroleum (crude)__........_...thousand 42-gallon barrels_- 141 WwW 118 WwW 255 WwW 209 WwW 
Pumice.__.-_.-...-.........-..._..--_thousand short tons... WwW WwW WwW WwW WwW WwW 68 187 Sand and gravel_________._....__......._.___._....do.... 7,850 9,655 9,688 10,518 14,142 14,427 9,455 11,796



Silver (recoverable content of ores, etc.) - 
thousand troy ounces__ 245 266 215 275 172 223 507 656 Stone. _...............-._._._...__._thousand short tons__ [22 1,220 639 1,101 788 1,396 1,248 2,247 Sulfur ore._..--._.-..-.......-.------...--..--long tons__ WwW WwW 586 11 274 5 386 6 Talc and soapstone.___.........--.-.---.-.----short tons__ 6,157 55 4,243 60 5,322 58 3,592 $1 Tungsten ore and concentrate a 

short tons, 60-percent WOs basis--_ 156 234 WwW WwW WwW WwW WwW Ww Zine (recoverable content of ores, etc.).._....._--_short tons__ 281 65 571 131 | 582 158 3, 858 1,127 Value of items that cannot be disclosed: Brucite (1965), cement . 
(1965), clays, diatomite, fluorspar, lime, magnesite, molyb- . 
denum, peat (1964-65), salt, uranium ore (1963-65), and 
values indicated by symbol W__.._.-...-.-.-.-_--_------ XX 9,648 xX 10,215 xx 11,146 xX 14,0638 eee aS 

_. Total......2-2 eee eee xX 83 ,074 XxX 85,477 xXx 85,137 xX 99 ,916 

NEW HAMPSHIRE . oe 
AD eo : a Beryllium concentrate___..........short tons, gross weight. _ 7 $40 owen nee eee ee lee eee cee Clays_....--.-.-..--..------.--.....thousand short tons_- 37 37 47 $40 46 $40 53 $47 Mica: | . ” 
Sheet__._....-.--...-..---.....-..-.-.---.-pounds.. 37 , 508 896 2 eee een eee eee cece eee eee tn Scrap....-....-.------..--..._.--_--_-_---short tons_. 411 1 — Sand and gravel... woth wand short tons. _ 8,260 4,119 7,581 4,376 8,768 4,996 10,584 5,559 > Stone___.-.-.-_-...----.---.----------------------do__.. 154 1,368 137 1,566 202 2,138 153 1,932 4 Value of items that cannot be disclosed: Other nonmetals- -_. XX OF KX 109 xX 128 xX - 127 4 

Total___..-.--------.----------------------------- xX 6 , 032 xX 6,091 XX 7,302 xX 7,665 2 

| NEW JERSEY | oc m ; an 

Clays.........----------.---.-------thousand short tons... 584 $1,476 498 $1,392 500 $1,441 506 $1,388 S | Gem stones__-__---------.----------------- 2 eee NA 9 NA 9 NA 10 NA 10 Peat__.--.-....--.--.--------..--..---._-----short tons_- 29 ,099 247 28 , 685. 241 WwW WwW 40 ,480 431 S Sand and gravel_.....................thousand short tons_. 13 , 728 21,230 16,672 -25 ,245 17,661 27 ,079 17,389 28 ,646 os Stone_-_-_----.-----.--2..---------- 2. -----_-d0__.- 14,214 28,979 11,229 25,654 i #12,326. 28,461 12 ,282 27 ,247 ne Zine (recoverable content of ores, etc.) '__.._..__short tons__ 15,309 3,559 82 , 788 7,855 32 ,926 8,985 38 ,297 11,106 . Value of items that cannot be disclosed: Iron ore, lime, mag- - 
nesium compounds, manganiferous residuum, greensand oo . . marl, titanium concentrate, and values indicated by symbol 7 . W._--- ee eee XX 10,186 xX 12,880. Kx 12 ,246 XX 11,330 — 

Total_.._----- 22 XX 65 ,686 XX 73 ,276 xX 78,172 xX 80,158 
eee 

NEW MEXICO 7 : 
° 

, 
i ‘ Barite._....-..-.........._.......-_thousand short tons_. (5) . $4 1 $6 W | WwW (5) $2 Beryllium concentrate__....._...._short tons, gross weight_. — 34 © 19 Lee Lee were een eee eee ee eee ee eee eee Carbon dioxide, natural____._...._..._thousand cubic feet_. 826 ,810 74 854,339 Oo 63 816,168 $61 833 ,819 62 . Clays__...--..--............-......-thousand short tons... 52 156 Ww . 140 3104 3167 60 101 . Coal (bituminous) — a ooo onan oon nn nanan nai 7 7 d0~--- 677 2,595 1,945 5,629 2,969 9,763 3,212. 10,710 Copper (recoverable content of ores, etc.) _._..._short tons_. 82,683 50,933 83 ,087 51,151 86,104 56,140 98 ,658 69 ,850 Fluorspar_._....-2---2----- eee eee en OL cee ee cece ewe 137 5 ee : Gem stones_-__......--.--_------ ee eee eee NA 45 NA 45 NA 45 NA 45 hens Gold (recoverable content of ores, etc.)_.__...__troy ounces... 7,529 264 7,805 273 © 6,110  —= 214 9,641 887 pat Gypsum..._.................-.....--thousand short tons_. 151 - 664 179 656 - WwW WwW WwW Ww qn



Table 5.—Mineral production! in the United States, by States—Continued = 

a 
senor sacPCaEEN 

. 

1962 1963 1964 1965 o 

Mineral ——_—_————— lll 
Quantity Value Quantity Value Quantity Value Quantity Value 

(thousands) (thousands) (thousands) (thousands) 

. NEW MEXICO—Continued  — ; 

Helium, refined__......---------------thousand cubic feet. - 27,377 $958 79 ,624 $2,787 r 82,105 $2 ,958 80 , 583 $2,975 

Iron ore (usable)_..-.-----thousand long tons, gross weight.. 9 121 - WwW WwW WwW WwW WwW WwW 

Lead (recoverable content of ores, etc.) _-.------ -Short tons. - 1,134 . 209 1,014 ~ . 219 — 1,626 426 3,387 1,057 

Lime..___..___----------------------thousand short tons. - 29 403. 27 377 25 352 33 465 . 

Manganese ore (85 percent or more Mn) . 

short tons, gross weight -- WwW WwW 5,862 137 5,794 149 5,637 156 . 

Manganiferous ore (5 to 35 percent Mn)..----------- ~do._-- WwW WwW 41,144 WwW 46 ,657 300 50 ,090 8328 

Mica: Scrap.-..-.-----------------------------short tons-- 5,731 140 Ww WwW 6 ,922 105 4 ,263 45 

Natural gas____.-.-.-------------------million cubic feet_- 804,612 92 ,530 808 ,377 96,197 t 873 ,947 ~ 101,932 937 ,205 110 ,590 

Natural gas liquids: ; 
Natural gasoline and cycle products _ __thousand gallons- - 273 ,969 ~ 16,775 291 ,388 17,555 356 ,047 21,570 358 , 487 20 ,824 . 

LP gases_____.-------------------------------d0--.. 661 ,330 20,359 728 ,200 21,801 739 ,190 21,641 759 ,311 25,817 S : 

Perlite._....-.-------------------------------short tons-- 258 ,164 2,148 259 ,113 2,212 286 ,329 2,568 331,011 . 2,905 2 

Petroleum (crude). ___.---------thousand 42-gallon barrels_ 109 ,328 314,883 109 ,941 316,574 118 , 863 826 , 565 119 , 166 334,977 ee 

Potassium salts..__.... thousand short tons, K2O equivalent. - 2,208 85,124 _ 2,648 101 , 458 2,675 104,861 _ — 2,848 117,771 a 

Pumice___.___-_._------------.------thousand short tons... 308 741 322 850 | 260 760 264 915 e | 

Salt.___________----- ee nee ee ee ee ee eee + 0. 43 334 54 472 62 559 | 64 572 ltD 

Sand and gravel_____..-----------------------------d0---- 6,889 8,021 8,402 12 , 843 © 8,781 10,160 11,763 12 ,130 ne . 

Silver (recoverable content of ores, etc.) 
ne 

thousand troy ounces- - 302 327 256 328 242 313 288 372 > 

Stone_._____.__---------------------thousand short tons--. 2,004 2,782 2,509 4,236 2,760 4,244 1,911 3,020 xn 

Uranium ore_..._..._.-------------------------Short tons. 3,478,238 63,504 2,304,577 41,372 2,093,350 38,203 2,013,861 38,311 5 

Vanadium (recoverable in ore and concentrate) __---.-.do---- WwW WwW 23 WwW WwW 154 WwW 221 6 

Zine (recoverable content of ores, etc.) _..------------d0---- 22,015 5,063 12 ,938 2,976 29 , 833 8,115 36 , 460 10,646 eI 

Value of items that cannot be disclosed: Cement, fire clay 
. 

(1964), molybdenum, sheet mica (1962), tin (1964-65), and 
a 

values indicated by symbol W_-------------------------- xX 6,743 xXx 8,249 xX 7,802 xX 8,070 D . 
Sn 

Total..._...--------------------------- eee xX 675,814 xX 688 , 606 XxX t 720,130 xx 173 ,274 

eee eee 
NEW YORK ; . 

Clays._....-------------------------thousand short tons-- 1,397 $1,618 1,598 $2 ,186 1,499 $1,993 1,354 $1,717 , 

Emery____--.---------------------------------Short tons- - 4,316 71 6,732 119 9,214 172 10,720 204 

Gem stones___..---------------------------------------- NA 10 NA 10 NA 10 NA 10 

Gypsum_____..--.---.---------------thousand short tons- - 601 3,122 647 3,339 653 3,321 662 8,511 

Iron ore (usable)_......---thousand long tons, gross weight - - 2,099 24,9538 WwW WwW WwW WwW WwW WwW 

Lead (recoverable content of ores, etc.) --.---.-- -short tons... 1,063 196 1,009 218 732 192 601 188 

Natural gas_.._.....-------------------million cubic feet_- 4,262 1,198 8,962 1,169 r3,108 963 3,340 1,029 

Peat..._....------------------+---------------Short tons_- 14,400 113 21 ,358 178 82,574 261 25 ,098 232 

Petroleum (crude) __...---.-----thousand 42-gallon barrels_ - 1,589 7,309 1,679 7,707 1,874 8,321 1,632 7,246 . 

Salt_...._..-.-----------------------thousand short tons... 4,456 82 ,236 4,782 34,228 . 4,216 — 84,216 5,002 35,771 - 

Sand and gravel___.-------------------------------d0o-_-- 29 ,447 31,346 37 ,381 37 ,274 839 ,282 38 , 583 . 39 ,225 40,370 

Silver (recoverable content of ores, etc.) oO . 

thousand troy ounces... 19 21 20 25 13 17 11 15 

Stone______._-----------------------thousand short tons... 27 , 589 47 ,256 26,611 44,549 29,141 46 ,669 30,801 48 ,675 

Zine (recoverable content of ores, etc.)_..--------short tons__ | 53 ,654 12 ,340 53 ,495 12 ,304 60,754 16,525 69 , 880 20,405 .



Value of items that cannot be disclosed: Cement, abrasive . 
garnet, lime, talc, titanium concentrate, wollastonite, and 
values indicated by symbol W._.......-..-...-.-------~'-- XX 79,188 XX 115,768 | XxX 18'7 ,202 xx 130 ,684 

eee Oe 

Total___...---------.------------------- += eee xX 240 ,972 XX $259,074 XX 288 ,445 xX 290 ,057 
A SN EE Pere 

NORTH CAROLINA . 
ll Tl ll Tee ne NN CL ee 

Abrasive stones (millstones)......------.---:-------------- NA $2 NA Ge wn nn nn eee nee | Clays *___.._.....-....--.----.--.---thousand short tons_. 2,731 1,782 2,735 1,761 3,199 $2 ,064 8,383 $2,162 
Feldspar____.......---.---------------------._long tons_. 244,708 2,373 267 , 654 2,821 r 281,449 r 2,342 278 ,990 3,153 
Gem stones____.....-.---------------------------------- NA 2. NA 14 NA 15 NA 15 
Gold (recoverable content of ores, etc.)_._....._troy ounces. . 460 16 33 | 
Tron ore (usable)........----...-..--.-thousand long tons_. 1 13 1 10) eee ee eee eee eee Lee eee 
lead (recoverable content of ores, etc.) __...-----short tons_- - 219 40 62 13 eee eee Lee eee ee Le 

: ca: 
Scrap..__.-.---------------------------------d0_... 61 ,983 1,384 61,598 1,497 64,010 2,027 72,199 1,987 
Sheet__......-.-.-.----.--.---.-----..------pounds.. 320 ,305 ' 867 92,961 18 242 ,662 58 718 ,298 185 

Phosphate rock__......---------------thousand long tons_. __..----..0 ---------. ween eee eee eee eee 6 a . 
Sand and gravel__...._.-.......--.---thousand short tons. 12,516 11,457 11,028 10,1382 11,150 10 ,404 10,499 10,076 an 
Silver (recoverable content of ores, etc.) | 

. : thousand troy ounces_. 100 109 27 a > 
Stone..._.......-.........._....._.-thousand short tons_. 19 ,308 29 ,533 15,701 25,683 417,943 430,378 418,835 430,920 | 
Tale and pyrophyllite_...............-........-short tons... 100 ,298 433 106 , 652 446 106 ,035 495 109 , 721 556 A 
Zine (recoverable content of ores, ete.)____...-.....-.do__.. we Lee Lee 18 5 rej 
Value of items that cannot be disclosed: Asbestos, cement Q 

(1968-65), clay (kaolin), copper (1962-63), lithium min- > 
erals, olivine, stone (crushed and dimension marble and m 
dimension slate 1964-65), and tungsten concentrate (1962- n 
64) ona eee xx 6,586 xx 2,095 xx 7,903 XxX 11,829 S 

Total__....-------------- nee nee XxX 54,597 Xx 44,525 XX ~~ -° 55,727 xx 60 ,388 = 

NORTH DAKOTA a re 

Clays_.......-.-.-..-.--.-..--------thousand short tons-_- - 98 $124 35 3 $10 85 $119 81 $114 
Coal (lignite)_.......-..-.....-.-------------------do...- 2,733 6,135 2,399 5,250 2,637 5,659 2,782 5,848 
Gem stones___...-_.--.-.-.-------------------- ee NA 1 NA 1 NA 1 NA 1 
Natural gas_-_........-.-.----.--------million cubic feet_-_ 25,155 3,446 82,798 6,264 t 34,512 7,634 85,652 5,704 

. Natural gas liquids: - 
Natural gasoline. __...........-..--.thousand gallons_. 16 , 872 1,085 20,511 1,339 21,368 1,338 21,059 1,263 
LP gases__.__..---.---.------------.---------d0___. 68 ,881 2,665 79 ,653 3,166 84,338 2,960 85,174 8,066 

Petroleum (crude) _.............thousand 42-gallon barrels_-. 25,181 69 ,248 25 ,030 68 ,332 25,731 63 ,8138 26 ,350 65,875 
Sand and gravel_._.............._...._-thousand short tons__ 9,615 7,122 9,529 9,193 10,520 10,142 7,574 7,895 
Stone_____._-.-----.-.-...-..-------------~---------d0_--~ 19 19 132 132 31 56 356 624 
Uranium ore____.-...-...-.------.--.-.---_.--Sshort tons_. | WwW WwW 5, 567 141 WwW Ww 44 ,558 - 1,359 
Value of items that cannot be disclosed: Clays (bentonite 1963, 

miscellaneous clay 1968), lime (1965), molybdenum (1964-65), ‘se 
peat (1963-65), salt, vanadium (1965), and values indicated a . — . 

y symbol W_.._...--.-.------------------ eee XX 774 xX 875 XX - 1,144 xXx 1,129 

Total_._.-......---.------------------ ee XX 90,619 XX 94,703 XX 92 , 866 XxX 92 ,878 — 
——— sss))j)n)n;n||ntnttntgggigg |g a 

pout ——_ 7 a “I
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Table 5.—Mineral production’ in the United States, by States—Continued , Lo oO 

a nm 
1962 - 1963 1964 1965 

Mineral a 
Quantity Value Quantity Value - Quantity Value Quantity Value 

(thousands) (thousands) (thousands) _— (thousands) 
— NN a a a ee 

. 

OHIO 
a 

Cement: 
oe 

Portland__.._.._.-..------thousand 376-pound barrels: - 15 ,353 $51,006 16,218 $53 ,244 15,553 $50 ,647 14,786 $47 ,499 

Masonry_._....----------thousand 280-pound barrels- - 946 2,793 1,023 3,084 1,068 3,127 1,050: 3,004 

Clays__......-----------------------thousand short tons_ 4,751 12 ,979 4,841 13 ,959 . 5,005 14,426 5,070 14,816 

Coal (bituminous)__.__....-------------------------do.-.- 34,125 127,051 36 , 790 136 ,113 37,310 137 ,776 39 ,390 | 146 ,028 

Gem stones_______.----__------------ ene ee NA 3 NA 3 NA 3 NA 3 

Lime__...__.-----------------------.thousand short tons. - 3,102 43 , 792 3,207 45 ,957 3,664 53 ,308 3,831 53,208 

Natural gas._......_--.-..-------------million cubic feet. 36,747 9,407 36 , 817 8,909 r 37,106 8,880 35 ,684 8,421 

Peat__..__...-_----.---.---------------------short tons_- 7,383 106 6,910 109 6,363 83 5,352 80 = 

Petroleum (crude)__..--.-------thousand 42-gallon barrels- - 5,835 18 ,089 6,039 19 ,023 15,859 46 ,420 12 ,908 37,940 2 

Salt__.____....--__.--.--.----_--..-..thousand short tons-- 4,187 28,706 4,245 29 ,682 4,537 31,092  §,026 34,816 fx 

Sand and gravel_______----------------------------do_--- 35,204 43 ,333 37 , 790 44 ,368 37,771 45,567 40,852 — 49 ,305 a 

Stone_______.___---------_-.-.--------------------d0_.-- 34,470 57 , 202 37 ,537 62 , 787 437,715 461,814 42 ,263 66 ,969 > 

Value of items that cannot be disclosed: Abrasive stone, DF . 

gypsum, stone (calcareous marl 1964)____..-------------- XX 1,588 XX 1,742 XxX 1,794 xX 2,163 i 

Total..........------------------ + - =e eee xX 396 ,055 XX 418 ,980 . xX 454 ,937 XX 464 ,252 S 
I y=) 

OKLAHOMA 3 

Clays 8_______-.-.-_.-.-...-----.----thousand short tons_- 737 _ $756 898 $911 835 $854 . 194 $806 g 

Coal (bituminous) .__.....----.--------------------do--.. 1,048 6,978 1,008 5,667 1,028 5,474 974 5,520 £ 

Gypsum____...-----------------------------------d0...- 509 1,668 531 1 , 462 694 1,899 761 2,343 —_ 

Helium, refined______...._-......-----thousand cubic feet_-_ 284,214 9,917 237 ,201 8,302 r 298 , 803 8,591 300 ,992 9,582 & 

Lead (recoverable content of ores, etc.)__--..----short tons-- 2,710 499 3,192 689 2,781 729 2,813 878 ox 

Natural gas____._....-.-_.-------------million cubic feet.. 1,060,717 135,772 1,283,883 160,405 11,316,201 166,747 1,320,995 182 ,297 

Natural gas liquids: . 
Natural gasoline and cycle ‘products___thousand gallons- - 552,795 35 , 764 555 , 467 35,131 554,053 34,011 570 ,129 84,561 

LP gases_____...-.-..-------------------------d0-... 838 ,903 25,223 810, 894 28 ,981 - 880,804 28,055 © 894,665 32 ,208 

Petroleum (crude)..._...-------thousand 42-gallon barrels_- 202 , 732 591,977 201 , 962 587 , 709 202 ,524 587,320 § 208,441 587 ,944 

Salt_...._..__._.._-.--.-..--_-..-...-thousand short tons_-. 5 25 4 26 6  4L 9 65 

Sand and gravel_.......---------------------------d0.-_- 4,436 4,736 5,420 6,116 6,680 7,003 5,218 | 6 ,023 

Stone____._.-_--_----------- + -e ee ee - --d0- 14,666 18,819 13,817 16,160 13 ,987 15,087 16,417 18,071 

Zine (recoverable content of ores, etc.).._.-.-----short tons_. | 10,013 2,303 13 ,245 3,046 12,159 3,307 12,715 3,713 

Value of items that cannot be disclosed: Clay (bentonite), 
cement, copper (1965), gem stones (1962), lime, pumice, 
silver (1965) and tripoli..__........---------------------- XxX 20,853 xX 22 ,929 XX 22,670 XX 23 ,953 

Total__.__.__--__--_-------_----------------------- XX 855,290 xX 877 , 5384 xX r 881,788 xX 907 ,914 

OREGON a 

Clays__........-.---.--------.------thousand short tons_- 249 $305 279 $330 r 290 t $356 291 $359 

Copper (recoverable content of ores, etc.)__.---.-short tons_- W WwW WwW WwW 15 10 WwW WwW



Diatomite____..-..-..-.----.------------2---.-..-do__.. 50 2 150 3... - WwW W Ww WwW 
Gold (recoverable content of ores, etc.)_.-......troy ounces_-. 822 29 1,809 63 661 23 _ 499 17 Lime_._..-..-.----..-......._...-...thousand short tons. - 78 1,514 87 1,835 95 1,918 98 1,853 
Mercury..___---------------------------.76-pound flasks__ WwW WwW WwW WwW 126 40 1,364 179 . 
Nickel (content of ore and concentrate)_...._..._short tons... 18,110 WwW 13 ,394 WwW 15,420 WwW 16,188 WwW 
Perlite__.._...------...-------------- 2 Oe 3 - (3) weeeeee ene Hoenn eee 5 (5) meee eee eee een eens . Pumice...........-------------------thousand short tons__ wv. WwW 422 . 664 . 566 909 657 1,181 
Sand and gravel__._..--...--..------.---.--_--.----do.__. 14,869 14,556 15,715 — 18,850: — 18,253 25,158 21,800 $2,849 
Silver (recoverable content of ores, etc.) . | 

thousand troy ounces. ._ 6 7% 58 74 14 19 9 11 ‘Stone__._--.....-....--...._..._.....thousand short tons_-_ 18 ,258 20,977 19 ,692 24,197 16,120 19,296 21,212 27,801 
Tungsten concentrate_.__--short tons, 60-percent WOs basis... .....-.... ----------) -aeeue---e) eee 1 Lo cee e eee ce eee. 
Uranium ore__......--....--.----.-.-------.--Short tons__ 2,722 112 1,763 © 45 27 2 Lene eee ee eee eee Zinc (recoverable content of ores, etc.)____-----------do.-.. ---------. oie 3 1 WwW Ww Ww WwW 
Value of items that cannot be disclosed: Cement, gem stones, oo 

iron ore (pigment material 1963, 1965), lead (1963-65), 
vanadium (1964), and values indicated by symbol W_-__-_-.. XX 14,956 xX 16,630 xX 16,631 xx 18 ,616 oo 

A A A arte 

Total_...----...----- eee xX 52,458 XX 62,692 - XX r 64,363 XxX 82 ,966 Ss Ome OD 
. PENNSYLVANIA . an 

Cement: . . 7 Se Portland__....._........._thousand 376-pound barrels- 38 , 463 $127,969 38,316 $118 ,208 37 , 663 $113 , 409 40,153 $116 ,925 ] 
Masonry_-__-_......--..._thousand 280-pound barrels. - 2,565 7,105 2,510 6,611 2,818 7,594 3,006 7,991 — 

Clays ae ---------_._thousand short tons_-_ 2,893 . 12,815 3,191 | 14,717 . 8,187 15,814 8,394 17,697 4 
oal: 

Anthracite._...-........---.---_-.--__.-_._.--do___- 16 ,894 134,094 18 , 267 153 , 503 17,184 148 ,648 14,866 122 ,021 p 
Bituminous~_.........-..--..-.-----------.--.do__-_. 65,315 331,298 71,501 350,085 $76,531 388 ,218 80,308 407 ,267 i 

Copper (recoverable content of ores, etc.)__...._-short tons_. WwW WwW 4,434 2,781 3,614 2,356 4,354 - §,083 on Gem stones____.-.----------.------------ eee NA 4 NA ‘4 NA 4 NA 4 a 
Lime_____...---........_-..___.... thousand short tons__ 1,104 16,647 1,188: 17,548 1,440 20,656 1,568 22 ,496 2 
Natural gas...._-............._._.-_-_-_million cubie feet. - 90 ,053 24,494 92,657 24,091 r 81,720 22,349 84,461 22,551 2 
Natural gas liquids: ae. . > 

Natural gasoline. __................_thousand gallons_. 1,350 - 95 1,811 7% 1,138 64 1,022: 55 P) 
LP gases_..-.-.-.--..---...-...---------..----d0._.. 1,521 112 1,721 118 "1,481 100 ~ 1,683 - 109 we 

Peat_....--.----------.-..-.-.._...-------..-short tons_. 32 ,936 869 33,952 339 . 39 ,500 397 45,600 527 
Petroleum (crude)__.__.......-_thousand 42-gallon barrels_. 5,302 24,230 ~ 56,088 23,178 ' 6,118. 22 ,088 4,922 21,263 
Sand and gravel__._.........._....._-thousand short tons_. 14,419 23 ,587 14,066 23,539 16,199 26,414 18 ,502 29 ,606 
Stone____....--------- ee do 48,144 82,087 49 ,536 83 , 450 62,829 91,075 56 , 806 99 ,627 
Zine (recoverable content of ores, etc.) 1!._.._._.._short tons__ 24,308 5,652 27,389 6,572 30,754 8,345 27,685 8,014 
Value of items that cannot be disclosed: Clay (kaolin), cobalt, 

gold, iron ore, scrap mica, pyrites, pyrophyllite, silver, 
tripoli, and values indicated by symbol W____...-_.___--- XX 32 ,966 XX 32 ,644 XX 34,519 . xX 34,587 

Total._.--.-.-.-..--.--- 2-2 eee xx 828 ,504 XX 857,411 xX 902 ,050 XxX 918 , 823 SF oo oo Rk ll svswev» 
RHODE ISLAND 

UA 
Gem stones___...--...----_---_-_--2.- eee NA WwW NA ., $1 NA WwW NA WwW Sand and gravel__.............._.... thousand short tons. _ 2,346 $1,890 1,750 1,838 1,647 $1,613 1,681 $1,811 Stone__........--2.2--222 ed. 4304 4 483. . 442 968 450 935 437 1,119 
Value of items that cannot be disclosed: Nonmetals and values . 

indicated by symbol W_.____.-_.__......._._-_..-____.. XX 621 XX -1Luuu ee. xX 1 xX i 
a a ae 

Total.....--.- 2-22-20 eee eee ee xx 2,994 XX 2,807 | xx 2,549 xx 2,981 4a sss sss ss IiI—i I tO



Table 5.—Mineral production! in the United States, by States—Continued : 5 

I 
————————— - 

. , 

. : + oO 

1962 1963 | 1964 , 1965 
Mineral Tk e—o—w—rrwr 

Quantity Value.. Quantity Value Quantity Value Quantity Value 

(thousands) (thousands) (thousands) (thousands) 

. SOUTH CAROLINA | . 

Clays____----------------------------thousand short tons. . 1,518 $7,165 1,491 $7,589 1,743 $8 ,309 1,837 $8 , 539 

Sand and gravel__.....----------------------------d0---- 3,318 _ 8,670 4,051 4,750 4,622 5,262 5,248 6,688 

Stone____.__ ea eee e ne en ee eee nen eee = dO 6,382 10 ,066 7,262 10,926 46,109 49,176 _ 45,948 48,447 

Value of items that cannot be disclosed: Barite, cement, feld- 

spar, gem stones (1962-63), kyanite, scrap mica, peat, 

pyrites, stone (crushed limestone 1964-65 and dimension 
. . 

granite 1965), and vermiculite_-------------------------- XX 13 ,000 .?.¢ 13,214 xX 15,966 xx 17,587 
ee SSS 

Total._....------------------- ee ee enn nn eee ene xx 83,901 xx 36,479 XxX 38,713 xX 41,261 

SOUTH DAKOTA =: | < 

Beryllium concentrate. _...-.------Short tons, gross weight - 144 $77 (8) (5) - OW WwW WwW WwW 2 

ement: 
ws 

Portland.....____.....---.thousand 376-pound barrels--. 2,316 7,369 1,869 $5,909 2,001 $6,873 1,575 $5,127 > 

Masonry___.-------------thousand 280-pound barrels. . ~ 60 197 60 198 57 200 55 180 oe 

Clays__......-----------------------thousand short tons. . 249 690 240 960 245 1,076 223 ‘1,220. 

Coal (lignite)..........----------------------------d0---- 18 17 16 62 18 63 10 rt) tg 

Copper (recoverable content of ores, etc.)..-.----Short tons.. ----------  -------=-- 1 (2) ene e eee ee eee een ewe eee ene --------=-- > 

Feldspar._.-.---------------------------------long tons-- 29 ,697 191 25,590 ~ 157 26,980 180 51,560 346 a 

Gem stones___._--.-.----------------------------------- NA. 20 NA 20: NA 20 NA 20 wo 

Gold (recoverable content of ores, etc.).--------troy ounces. - 577 ,232 20,203 576 , 726 20,185 616 ,913 21,592 628 , 259 21,989. Q 

Gypsum_..__..----------------------thousand short tons_- 23 93 24 97 19 16 7 oT g 

Iron ore (usable) ___..__..-------------thousand long tons- - 34 118) 9 eee ee eee ee ee eee eee ee nee ne ene ween ee ce eee een eee . 

Lead (recoverable content of ores, etc.) ...--.----short tons-- 3. . 1. 4 CL cece ee eel Te eee eee eee eee eee ee eee ht 

Lithium minerals____..--...-----------------------d0---- WwW WwW WwW WwW WwW W 150 | —e@& & 

Mica: . a, Oo 

Scrap..__-------------- = eeeeeeee dO- 210 6 “WwW WwW 996 — 32 ‘WwW WwW 

Sheet_______._____-------------------------pounds.- 2,085 . 12 10,000 (5) eee wee eee cece eee cece e ewe eee eee nen e 

Petroleum (crude) ___...--------thousand 42-gallon barrels. 169 WwW 215 | 428 247 495 219 — 488 - 

Sand and gravel____...-..------------thousand short tons-- 15,371 9 ,207 20,806 16,313 13 ,770 13,641 13 ,998 14,155 | 

Silver (recoverable content of ores, etc.) - 

thousand troy ounces... 113 123 © —  1T 150 133 172 129 167 . 

Stone____.._.------------------------thousand short tons-- 2 , 852 6 ,533 2,794 - 7,339 2,118 6,245 1,554 - ‘5,387 

Uranium ore......----------------------------short tons... 29 ,452 370 72,088  . -1,981 110 ,147 1,551 44,738 . — 803 — 

Value of items that cannot be disclosed: Lime, molybdenum . . 

(1964-65), vanadium, and values indicated by symbol W- -- xX 505 xx 366 xX - 608 xx 762 . 

Total_.____.--.--.-------------------------------- xX 45,787 XxX 54,116 XxX 52 , 824 xx 50,175. 

TENNESSEE oS | | 
I I I 

Barite.------------2-0-7-2----------- thousand short tons-. 14 $229 24 $404 39 $519 31 $442 7 

ement: 
, 

Portland___....._..-------thousand 376-pound barrels-_. 8,509 27,741 8,283 26,760 ~ 8,848 26,791. 8,724 27 , 535 a 

Masonry.___---.---------thousand 280-pound barrels. - 1,089 2,931 1,161 3,079 © (1,212 3,228 - 1,185 3,140



Clays ....-.------------------------thousand short tons-. 71,087 = 34,597 31,238 $5,248 . 31,310 35,576 1,495 6,108. 
Coal (bituminous)...........-.....-..---.-.___.---do__-- 6,214 22,555 - 6,121. 22 ,689 5,990 22,674 5,865 20,930 
Copper (recoverable content of ores, ete.).._....-short tons... _ 14,298 8,808 18,717 8,450 18 , 889 9,056 . 14,823 -10,495 | o> Gem stones........---.-.....----------------- eee ' NA 1 NA (5) weet eee ee cnn . n Gold (recoverable content of ores, etc.)___..___-troy ounces_. 158. 6 137. 5 133 5 122 A ~: Lead (recoverable content of ores, etc.)__..___..-short-tons__ 51 9 nnn e nnn n een n nee eee een eee eee eee Lee & Natural gas_____-.........---.-_____-._-million cubic feet__ 15 . 14 90 17 T7 15 85 16 0 Petroleum (crude)___._.....-.._thousand 42-gallon barrels. - 14 WwW 16 WwW 10 . WwW 11 WwW ~ Phosphate rock__.-..._...-........_._thousand long tons.. | 2,418 (19,868 2,352 17,876 2,441 18,971 2,637 - 22,296 , @ Sand and gravel_............._._.--.-thousand short tons... 6,075 8,018 7,613 9,443 7,972 10,245 8,193 10,690 ; l Silver (recoverable content of ores, etc.) . | . 

to thousand troy ounces_. 112 . 122 108° 1388 91 117 94 -.  .122 Stone_._.........-........__..____-_thousand short tons__ 24,398 35,614 26 , 825 38,113 426,497 438,289 428,888 438,859 Zinc (recoverable content of ores, etc.)_.._.__._--_short tons_- 71,548 16,456 95,847 22 ,045 115 ,943 31,536 122 ,387 85,737 = | 
Value of items that cannot be disclosed: Clay (fuller’s earth . CO ; 1962-64), iron ore (1962-63), lime, pyrites, stone (crushed So 

sandstone 1964-65), and values indicated by symbol W___.__ XxX 7,050 | xX _ 6,458 xx . 6,993 XX 6,572 

Total......---------- eee XX 154,019 XX 160 , 725 XX 173 ,965 XX - 182,941 - . 

TEXAS | oO : th 

Cement: . - > Portland __...._......._thousand 876-pound barrels_-_. 26 ,204 $83,162 — 29,104 $92 , 734 30,030 | $94 ,492 80 ,820 $97 ,598 yj Masonry_-__...----.---..-thousand 280-pound barrels__ 926 _ 2,774 930 - 2,858 930 2,805 968 3,011 an Clays....-------..-----..-.______.._-thousand short tons__ 38,744 36,684 $4,199 86,849 24,156 6,695 4,469 6,865 4 Gem stones__..---.----.---- 2 eee NA 150 - NA 150 NA 140 NA 150 a Gypsum, ..-------------------------- thousand short tons_-_ 1,120 © 3,956 1,099 3,999 1,131 4,049 1,045 3,794 > ‘Helium 9____2.22-2.2..........._____thousand cubic feet__ 245,623 ~ 8,552 264 ,342 9,252 1,885,251  +121,488 1,354,704 21,728 rt . Lime....-.-.-.....---.....-._._-_...thousand short tons__ 1,046 11,999 ——*:11,181 13 ,026 1,350 © 17,201 - 1,888 19,668  w Natural gas__.-.......---..---..-...--.million cubic feet._ 6,080,210 747,866 6,205,034 775,629 6,490,202 | 809,180 6,636,555 ~ 858 ,396 cq Natural gas liquids: : . oo oe 7 ; S Natural gasoline and cycle products__-thousand gallons.._ 3,205,517 233,345 3,320,416 . 218,975 3,512,460 232,245 38,772,471 256,959 < LP gases_.___...-...-......-----.-.--.-----.-d0__.. 5,012,291 189,382 5,366,831 169,695 5,521,236 167,492 5,847,601 204,666  »- Perlite......---.---.-----------.-------------short tons.. -...2----- 0 ---- eee, eee eee 300 | 3 1,000 | 8 a Petroleum (crude). __.........-.thousand 42-gallon barrels__ 943,328 2,818,709 977,835 2,908,380 989,525 2,928,994 1,000,749 2,962,119 Salt__....-----------.-..._...___-.._thousand short tons__ 5,553 19,485 5,965 22,355 6,410 28, 797 6,964 80,771 . Sand and gravel_____.___.-..-..__-.-__--.__.-_...-do__-- 30 ,076 33 ,097 33 ,256 36,311 29 ,155 33 ,394 32 ,649 - 36,075 Stone. ___--_-..--------- 2 doe 38 ,067- 48 ,988 43,142 - 54,007 40,240 52,070 39 , 520 53,659 Sulfur (Frasch process) ____...-_....... thousand long tons_- 2,655. 57 , 297 2,550 50,109 3,302 t 65,780 . 8,674 74,955 Tale and soapstone____...._......___..._.._._-_short tons. . 73,635 387 72,658 368 89 ,334 395 (64,211. 204 Values of items that cannot be disclosed: Native asphalt, _ | 
barite, bromine, clays (fuller’s earth, kaolin 1964), coal (lig- . - . 
nite), graphite, iron ore, magnesium chloride (for metal), . to. a 
magnesium compounds (except for metal), mercury (1965), oo - a . pumice, sodium sulfate, and uranium ore_____._.__._______ xX 58,774 . xX 62,777 xX r 83 ,604 xx 78,088 

Total.....--------22- 2 eee XX 4,823,557 XX 4,427,474 XX 14,548,824 . xX 4,708,709 eee Eee EepSbb UAE i 
UTAH . 

Carbon dioxide, natural____.........._thousand cubic feet__ 81,920 $6 — 100,895 $7 96 , 432 $7 ~=—s« 836, 201 $6 Clays....................-.._-.._._.thousand short tons. 174 1,403 3125 — $470 . 127 3330 3149 3332 Ci; Coal (bituminous) ____._._.....___....._____.......do___- 4,297 23,209 . | 4,860 22,755 4,720 33 ,184 4,992 31,811 —_ Copper (recoverable content of ores, etc.)___..._-_short tons_- 218,018 © 184,299 | § 203,095. 125,107 199 ,588 130,131 259,188 — 183,470 NO



Table 5.—Mineral production’ in the United States, by States—Continued — — 

A n> 

| 1962 - . 1963. =: 1964 —_ 1965 

Mineral ———_——_ --_ —-eer--YI-I-.W._-roO™>™}wooo0ossoe 
Quantity Value . Quantity Value Quantity Value . Quantity Value 

(thousands) (thousands) (thousands) (thousands) 

- UTAH—Continued : Lou ; _ 

Fluorspar..._.-------------------------------short tons... 399 $12 247 $7 WwW Ww Ww WwW 

Gem stones ____-.----------------+--+--------------+---- NA 75 NA 75 NA $75 NA $75 . 

Gold (recoverable content of ores, etc.)...------troy ounces-- 311 ,924 10 ,917 285 ,907 10 ,007 287 , 674 10 ,069 426,299 — 14,921 

Tron ore (usable)__...-_---thousand long tons, gross weight- - 2,630 18,242 | 1,881 12 ,900 2,082 14,306 2,139 14,229 

Lead (recoverable content of ores, etc.) _..-------short tons. - 38,199 7,029 45 ,028 9,726 40,249 10,545 37,700 11,762 

Lime............--------------------thousand short tons. - 163 2,759 156 2,668 _ 168 2,917 189 - . §,470 . 

Natural gas.__...--.-------------------million cubic feet - 74,128 12 ,454 77,122 14,036 t 79,789 10,904 - 71,616 8,952 

Perlite....__.--------------------------------short tons-- 929 3 1,313 7 2,003 12 WwW IW 

Petroleum (crude) ___...-----.--thousand 42-gallon barrels- - 31,029 85,019 33 , 435 90,943 28 ,575 74,867 25,298 . 66,045 

Pumice_._....-----------------------thousand short tons-- 28 46 28 “46 “WwW OW aT | “WwW 

Salt._..__._._----- oe eee en eee ee - dO 311 3,349 325 - 8,462 371 8,848 ; 384 3,591 z 

Sand and gravel_......-.--------------------------d0-... 19,941 20,954 ~~ = 11,709 10 , 408 10,218 © 10,405 810,082 810,464 fo 

Silver (recoverable content of ores, etc.) ae Sot a . Zz 

thousand troy ounces. - 4,628 5,022 . . 4,791 ©. 6,128 4,552 5,886 5,636 7,287 sz 

Stone__.___.____.--------------------thousand short tons. - 2,118. 3,865 2,346 4,040 3,105 6,930 2,158 4,552 2 

Sulfur ore.__......----------------long tons, gross weight.. ---.------  -------52- 0 ---cenn nee center rcse cress sr ees ree rg esse 2,156 | 3 < 

Uranium ore._......--------------------------8hort tons... 781,955 © 28 ,653 743 ,792 28 , 852 761,180 26,385 377 ,989 9,014 7) 

Vanadium (recoverable in ore and concentrate)-_-._--.-.do----  . B25 | WwW 382 — WwW 405 1,214 387 1,353 i 

Zine (recoverable content of ores, etc.) -_----.--------do---- $4,313 7,892 86,179 8,321 $1,428 8,548 27,747. 8,102 

Value of items that cannot be disclosed: Asphalt (gilsonite), _ > 

barite (1962), beryllium (1968), cement, clays (fire clay . a DS a 

1963-65, kaolin 1965), gypsum, molybdenum, natural gas . | & 

liquids, phosphate rock, potassium salts, and values indi- . oe 3 

cated by symbol W._-_.-...---------------------------- xX 50,882 xX 40,458 XX 40,867 xX 51,989 x 
- a ce eh er Opi sa PSP GS STE SO — 

. 

Total....--..-------- ee nee enn ee ee nee nn eens XxX 410,590 XX . 885,428 xX 391,480 xx - 481,878 a 

| VERMONT | : | m 

Gem stones__....----~--------+-------#------------------- NA $2 . NA WwW NA - WwW NA W 

Peat....._.__----- eee eee eee eee ee nee ee ---- Short tons_. --------- eee e een ee eee eens -o eee --- ee 286 $4 780 $3 

Sand and gravel_.....----------------thousand short tons- - 1,480 1,076 2,375 $1,410 1,764 $1 , 494 . 2,084 1,670 

_ Stone______----_------.------------+-------------do_-_- 1,715 19,815 2,159 19 ,193 2,070 20,652 2,591 21,564 

Value of items that cannot be disclosed: Asbestos, clays, lime, . , —_ 

talc, and values indicated by symbol W-_--_----.--------- xX . 4,237 xX 3,788 xX 3,977 xX 4,155 

Total__..__.-.--.--------------------------------- xx 25,130 xX 24,391 xX 26,127 xX 27 , 3892 

ne ee nn Uno Ics 

. 
VIRGINIA 

. 

Aplite__.._.....--.---------------------------long tons. - 125,156 $912 WwW WwW WwW WwW WwW WwW | 

Clays__.....----.-------------------thousand short tons. 1,464 1,444 1,410 . $1,558 1,440 $1,614 1,415 $1,657 a 

Coal (bituminous) ___....--.-.---------------------do...- 29 ,474 117 ,560 30,531 120 ,972 31,654 123 ,123 34,053 189 ,291 

Gem stones____-___-____...-- ++ - we eee ene NA 6 NA 6 NA 6. NA. 4q 

Lead (recoverable content of ores, etc.)._.--.---.-short tons... 4,059 WaT 8,500 - 156. 3,857 1,010 — 3,651 - 1,139 

Lime___._....-----..-.--..--.--...--thousand short tons. - . 615 7,668 639 8,058 780. 9,781. 847 10 , 584 

Natural gas....._-.--.--------------.---million cubic feet. - 2,499 677 2,085 488 1,600 479 8,152 942



Petroleum (crude) ___...._...---thousand 42-gallon barrels-- 3 WwW 3 WwW — 6 . WwW 4 WwW 
Sand and gravel.._....-.....---------thousand short tons. - 9,745 16 ,375 10,400 17,752 (10,588 | 18 , 722. 15,822 18,019 . 
Soapstone__....-----.-..---------------------short tons... WwW WwW 8,696 9 3,775 9 3,549 9 
Stone_.._._....-.-------------------thousand short tons-- 25,766 43 ,121 27,653 45,529 30,407 52,1538 86 ,350 59,397 
Zine (recoverable content of ores, etc.) U¥__.____--short tons__ 26,479 #.6,141 23 ,988 5,725 21 ,004 5,700 20,491 '  §,942 
Value of items that cannot be disclosed: Cement, feldspar, 

gypsum, iron ore (pigment materials), kyanite, pyrites 
(1962), salt, titanium concentrate, and values indicated by . 
symbol W_.__.--..-----------------------------+------ xx 27 , 843 xx 28,211 xX 29 ,818- XX 30,990 

Total_........--------------- ee ee eee xx 222 ,494 xx 229 , 064 xX 287 ,415 XX == ~=—- 267,977 

WASHINGTON 

Barite......_._._...._.-....____.--.----thousand short tons-_. WwW W ence eee eee eee eee eee Lee (5) $1 
Carbon dioxide................--..---thousand cubic feet_- WwW WwW WwW WwW WwW WwW 11,848 3 
ement: 

Portland.._...........-.. thousand 376-pound barrels__ WwW W WwW WwW WwW WwW 6,258 22 ,851 
Masonry_........--.------thousand 280-pound barrels_ - WwW WwW WwW WwW WwW . Ww 62 201 

Clay’_......-...---.--------------.-thousand short tons-- 103 $100 134 $123 128 $119 «162 211 
Coal (bituminous) _._......--.-.--..---------------d0__-- 235 1,630 190 1,380 68 575 55 497 
Copper (recoverable content of ores, etc.)....-..-short tons_. Al 25 WwW WwW 35 23 30 21 na 
Lead (recoverable content of ores, etc.)..-..---.------do_--~- 6 ,033 1,110 5,374 1,161 5,781 1,502 6 ,828 1,974 S 
Peat__.........-.-.---...-------------------------d0.... 41,962 288 37 ,248 188 35,609 170 29 , 729 181 4 
Pumice____-.--_.-_-..-_-...._.-...--thousand short tons-. 10 ~ 180 W WwW - WwW : W WwW WwW i 
Sand and gravel_.___.--.---.----------------------d0o_... 19 ,580 18,145 22,760 20,490 31,920 25,971 31,301 27 ,284 4 
Stone__________-. eee ee - doe 12,749 18,180 12,9384 16 ,846 ©10,498 ®15,204 12,461 17 ,446 peat 
Tale and soapstone.__._..-..------------------short tons__ 2,835 11 2,969 18 2,680 18 2,861 17 2 | 
Uranium ore. _....--.-------------.------«+---------d0_... 110,948 2,050 117 ,286 2,545 147,005 3,601 73,495 1,871 i 
Zinc (recoverable content of ores, etc.)......-.---.---.do_.-- 21,644 4,978 22 ,270 5,122 24,296 6,609 22,230 6,491 th . 
Value of items that cannot be disclosed: Abrasive stones | c 

(1962-68), clays (fire clay, bentonite 1965), diatomite, epsom 2 
salts (1962-63), gem stones, gold, gypsum (1962), lime 2 
(1963-65), magnesite, mercury (1965), olivine, silver, > 
tungsten (1965), and values indicated by symbol W..--_.-. xX 21,827 xx 24 ,057 xX 27,518 xx 7,723 od 

errant A tt rr SP i A wel 

Total__..-.--..-2 ee xx 68 , 474 xX 71,430 xX r 81,310 . XxX | 86,172 

WEST VIRGINIA . 

Clays__........--.--..._.....-..._.-thousand short tons... 447 $2 , 086 414 $2 ,044 8261 3 $309 3 289 ' 8 $328 
Coal (bituminous) ___......._..---.---...----.---.-do__. 118,499 578 , 293 132 , 568 634,794 141,409 698 , 572 149 ,191 726 ,096 
Natural gas._........._._..._........--_million cubic feet. 210,698 57 ,942 210 , 223 55,919 t 202,765 50,968 207 , 416 48 , 743 
Natural gas liquids: 

Natural gasoline_____...._._........thousand gallons- 82,921 2,216 WwW wi. WwW WwW WwW Ww 
LP gases_____.-..--..--..--------.-----------do.... | 344,969 17,475 WwW WwW WwW WwW . WwW WwW 

Petroleum (crude)____-........-thousand 42-gallon barrels_- 3,470 © 13 , 880 3,350 13 ,367 3,370 12 ,975 $3,530 13,591 
Salt_____.-----2- eee. __-_____. thousand short tons-. 1,042 4,635 WwW WwW 1,083 3,666 1,153 5,539 
Sand and gravel__._..-._...--.------------------.-d0o_... 5,202 10 ,942 4,808 10,578 © 5,472 11,555 5,258 11,480 
Stone 4______.- 222 - eee -d0_ 7,506 13 ,242 9,452 14,489 7,481 13,105 — 8,482 14,587 
Value of items that cannot be disclosed: Calcium-magnesium 

chloride, cement, clay (fire clay 1964-65), gem stones, lime, : 
stone (dimension sandstone) and values indicated by sym- , oe 
bol W_._-.-2---- eee xX 14,753 XX .87,051 XX 36,541 XxX 39 ,240 

Total___..--...-.-----.--------------------------- XX 715,464 XX 768 ,242 xx 822 ,691 xX 859 , 604 nO 
a Sn Oo



Table 5.—Mineral production’ in the United States, by States—Continued | 

1962 1968 : 1964 1965 ie 
Mineral — Tle r: :R_ _ 

Quantity Value - Quantity Value Quantity Value Quantity Value 
(thousands) (thousands) (thousands) . (thousands) 

WISCONSIN 

Abrasive stones___.________---_-__--..--___-_-_.-short tons__ 12 569 12 $17 13 561 13 $21 WwW WwW WwW WwW. 
Clays_............._..............._thousand short tons_- _ 187 156 111 140 — 2119 . $147 119 $147 | 
Iron ore (usable)_.........thousand long tons, gross weight- 1,045 WwW 938 WwW 524 WwW - 441 WwW 
Lead (recoverable content of ores, etc.)._.......-short tons. 1,394 256 1,116 241 1,742 456 1,645 518 
Lime. ____..--..----.-...__-_.._--..-thousand short tons_- WwW WwW WwW WwW WwW WwW 197 8,076 
Peat_____..-_-------------__-__------_---__.---short tons-_-_ WwW WwW 2,667 136 _ 8,261 136 8,090 . 122 
Sand and gravel___.___._.-_....____.__thousand short tons. _ 38 ,649 24,408 35 ,363 24,863 34 ,348 24,695 838 ,751 27,707 
Stone__.-..------- eee dO 13 ,892 19 , 709 13 ,583 18,744 13 ,901 20 ,282 15,344 21,924 
Zinc (recoverable content of ores, etc.)_.._...--_-_short tons_. 18 ,292 8,057 15,114 3,476 26 ,278 7,148 26,993 7,882 
Value of items that cannot be disclosed: Abrasive stones . 

(tube-mill liners, 1968), cement, gem stones, and values in- . 
dicated by symbol W__..----.---..--------------------- xX 20 ,686 XX 19 ,220 XX 17,193 XX 11,628 z 

. = 

Total_...._..-.-.-.-.-._----.--------- eee xx 68 ,289 xx 66,841 Xx 70,007 xx 72,999 Z 
eee eee eee eee eee eee 

| WYOMING | ¢ eee 
Beryllium concentrate___.........-short tons, gross weight_- 1 (5) (5) (5) WwW WwW WwW WwW BS 
Clays._.............._......_...--...thousand short !tons_- 1,141 $11,188 1,187 $12 ,385 1,271 $12 ,816 1,352 $13 , 683 
Coal (bituminous) .___----..---...-----.-----.-.--.d0__.. 2'569 8,198 3/124 9,922 8,101 9,774 3,260 10/150 
Copper (recoverable content of ores, etc.)__.....-short tons_. -.-------2 week eee Leen ee eee ween eee 5 3 6 4 > 
Gem stones. ._..-222.22 2. eee eee eee eee NA 85 NA 110 NA - 120 NA 120 7 
Gold (recoverable content of ores, ete.) w---..~-.trOy OUNCES... .2--ee eee owen 4 ”) 6 (5)... 3 Q - 5 
Iron ore (usable)..........thousand long tons, gross weight - 739 6,441 1,604 ~ 17,504 2,056 24,548 2,087 6,198 S 
Natural BOR owas rrr inion cubic feet... 204,996 29 ,929 209 ,060 29 ,687 r 281 ,618 29 ,808 285 , 849 81,840 Px 

atural gas liquids: . 
Natural gasoline. __.............._..thousand gallons. 78,780 4,985 86,014 5,628 86 ,808 5,607 95,098 6,195 3 
LP gases.................--.---.--....-.------d0...- 149 , 488 5, 762 150 ,487 6,208 152 ,982 6,488 148 ,881 6,020 H 

Petroleum (crude)............._thousand 42-gallon barrels. - 185 , 847 888 ,259 144,407 861,018 188 , 752 851,048 188 ,814 845,785 x 
Pumice._..............--.---..---..-thousand short tons... 42 Al WwW WwW WwW a 
Sand and gravel__._.__...-_-_-____._..-...-.._.--_-do___- 7,769 8,104 7,901 7,874 5,682 5,986 7,996 8,873 
Stone_____.---2 2 eee doe 1,755 8,054 1,940 2,991 2,164 3,671 1,594 2,791 
Uranium ore._....._....-.--.--..------.------short tons.. 1,801,784 25,715 1,178,420 23,849 81,188,754 828,821 1,048,176 — 17 , 758 
Vanadium (recoverable in ore and concentrate)_.......do_._- WwW 442 W 435 . WwW 359 WwW 444 
Value of items that cannot be disclosed: Cement, feldspar 

(1965), gypsum, lime, phosphate rock, silver (1964-65), 
sodium carbonates and sulfates, vermiculite (1962-63), . 7 
and values indicated by symbol W_____.__._.____._.-.__- xxX 20 ,467 xX 24,736 xx 26 , 822 XX 30 ,241 

Total_____---- 2-2 eee xx 462 ,570 xX 502 , 237 XX. 8&6500,256° xX 498 , 552 

¢ Estimate. ® Revised. NA Not available. W Withheld to avoid disclosing individual company confidential data; included with “Value of items 
that cannot be disclosed.”’ XX Not applicable. 

1 Production as measured by mine shipments, sales, or marketable production (including consumption by producers). SC 
? Excludes certain cement, included with “Value of items that cannot be disclosed.” 
’ Excludes certain clays, included with ‘Value of items that cannot be disclosed.” Lo . 
‘Excludes certain stone, included with ‘Value of items that cannot be disclosed.” 
5 Less than 14 unit. :



® Includes 760 tons of low-grade beryllium ore in 1962, and 750 tons in 1963. 
7 Excludes shipments from Nye Metals, Inc., included with “Value of items that cannot be disclosed.” 
8 Final figure, supersedes figure given in commodity chapter. 
® Refined only, 1962-63; crude and refined, 1964—65. . 
10 Excludes salt in brine, included with “Value of items that cannot be dis closed.” 
“4 Recoverable zinc valued at the yearly average price of Prime Western slab zinc, East St. Louis market. Represents value established after transporta- tion, smelting and manufacturing charges have been added to the value of ore at mine. oe 
12 Grinding pebbles and tube-mill liners. . . 18 Grinding pebbles; tube-mill liners included with “Value of items that cannot be disclosed.” 

Table 6.—Mineral production’ in the Canal Zone and islands administered by the United States? , : 

ee eee 
1962 1963 1964 1965 : Mineral —_ OO 

Quantity Value Quantity Value Quantity Value Quantity Value . co . - (thousands) (thousands) (thousands) (thousands) 
. i TO wa American Samoa: 

=} Pumice._.......................-thousand short tons... 50 $108) eee eee eee tee eee ene ween nee > Sand and gravel. __.........._.._......_..___..do__.. 3 4 77 ~ =~) ~——« $198 22 $20 60 $55 J Stone......_--..---.--.----._-_---__-____ do. 1,103 1,788 944 2,351 157 284. 60 60 v Sa EEUETa enna eee nas rj Total...._...-----...------ ~~ eee xX 1,900 xX 2,644 xX 254 xX - 115 a . 
Canal Zone: 

oo. Sand and gravel___..__.._._..._._-.thousand short tons__ 70 17 84 87 84 82 83 85 in Stone (crushed). ___......_.-.-._..._-________.do____ 207 359 162 281 153 349 153 366 S eee a 
Total__..-2. 22 eee xXx 436 xX 868 xX 431 xX 451 x Canton: Stone (crushed)___..._......._thousand short tons. _ (8) (3) 2 6 Loewen eee eee eee eee ee eee > Guam: Stone_____.._.-.....-__.........-._.--___..do___- 82 123 307 439 469 868 483 925 a virgin Islands: Stone (crushed)_...__..._-_-__..____.do___. 21 82 66 329 69 342 68 302 Wake: Stone (crushed) __--_-_----.--..---.---...--.--do___- 5 41 9 61 2 5 1 4 

. TTT inning ; 
XX Not applicable. 
1 Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
2 Production data for Canton and Wake furnished by U.S. Department of Commerce, Civil Aeronautics Administration; Guam, by the Government of Guam; American Samoz; by the Government of American Samoa. 

| 3 Less than 14 unit. . 

, pa 
NO 
Oo



| | | | — 
NO 

Table 7—Mineral production’ in the Commonwealth of Puerto Rico | 2 : 

ee 
ae 

1962 1968 - 1964 1965 —  g 
Mineral a a r) 

Quantity ~ Value — Quantity Value Quantity Value Quantity Value > 
(thousands) (thousands) (thousands) (thousands) BF 

Cement.___..................thousand 876-pound barrels... 6,847 $20 ,018 7,217 $22 ,090 © 7,926 $28 ,879 _ 4,284 $28 ,415 fs 
Clays_.........-....................thousand short tons. . 219 131 ~ 200 158 841 271 857 | 288° oS 
Lime... 2.22202 ene ee eee 0 1 14 . 4 108 18 574 27 867 eg 
Salt... 222-2 -- 2 ee en dO eee eee eee eee ee 8 - 181 5 74 8 188 
Sand and gravel_.-...-...---------------.~---------d0.... 7,878 9,798 7,616 10,407 7,816 11,492 8,147 12 ,405 Qo 
Stone-_-__..----------------- eee eee 0. 5, 589 8,551 5,884 | 8,287 5, 504 8,586 5,844 9,111 S 

Total. eee eee eee eee xx 88,507 XX 41,126 XxX 44,876. xx 46 , 224 3 

XX Not applicable. . 7 7 or 
1 Production as measured by mine shipments, sales, or marketable production (including consumption by producers) . . .



STATISTICAL SUMMARY : 127 

Table 8.—U.S. exports of principal minerals and products 
eee 

. 1964 1965 

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

OE EES ee eee 
Metals: 

Aluminum: . 
Ingots, slabs, crude_______._____short tons__ 208 ,622 $92 ,227 203 ,642 $92 , 533 

: Serap_-_-.-.-.--.----------.-__-__do____ 68 ,615 21,476 38 , 547 12 ,452 
_ Plates, sheets, bars, ete____.......__do___- 69,761 50,982 65 ,172 51 ,323 

_Castings and forgings_____._........do___- 1,832 4,671 2,256 6,669 
Antimony: Metals and alloys, crude______do____ 401 . 223 14 18 
Arsenic: Calcium arsenate____.........pounds__ 1,537,484 _ 96 NA NA : 

. Bauxite, including bauxite concentrates . 
long tons... 278,812 r22,211 146 ,830 10,736 

Aluminum sulfate___.__________short tons__ 16,511 531 15,641 501 
Other aluminum compounds. --_-.~___do_--_- 240,581 23 ,334 386 , 590 31,430 

. Beryllium. _-..--.-...-.-.-....__..._pounds_- 170 ,698 - 680 119 , 761 624 
Bismuth: Metals and alloys________-____do___- r 61,299 r102 341 ,868 940 
Cadmium______--......._.._thousand pounds__ 1,439 4,033 173 1195 

- Calcium chloride_.._.____..______._short tons__ 39 , 893 1,513 ‘NA NA 
Chrome: 

Ore and concentrate: , 
Exports___--_--_.._........_._do.-_- 6 ,366 241 7,047 285 
Reexports____..._.________.=__do_-_- 82,116 1,256 94 ,963 3,719 

Chromic acid__--_-.....-_.....__.__do_-_- 891 523 999 574 
Ferrochrome_-_.-_-..--.-.-.-.-..--_do_-_. | 10,0382 2,504 12 ,002 3,021 

Cobalt__-.....-.--_------....____.-_pounds_. 1,453,107 2,002 1,441,187 2,097 
columbium metals, alloys, and other forms_do--_-__ 348 ,107 610 4,217 177 
opper: 

Ore, concentrate, composition metal, and 
unrefined copper (copper content) , 

. _ short tons_- 5,395 2,971 15,510 8,869 
Refined copper and semimanufactures_do- - - - 381 , 432 262 , 741 379 ,498 317 ,338 
Other copper manufactures_______.__do.__-_ 4,470 3,668 5,805 5,436 

- Copper sulfate or blue vitriol______._do___-_ 1,087 275 2,135 1,288 So 
Copper base alloys. ___..__.._._____do___-_ 80,6138 56,705 80 ,049 70,116 

Ferroalloys: 
Ferrosilicon.__._---.-----.--.-..-.do.._- 5,785 1,232 4,585 1,755 

G ae ro bosPhorus.----------------pounds. -326 ,332 , 849 4,938 159,820 ,667 2,914 
old: , . 

Ore and base bullion______..__troy ounces_- . 21,566 755 49 ,836 1,744 
Bullion, refined____.-..............do.-_. 12,056,841 421,989 36,667 ,207 1,283 ,352 

Iron ore____.---_-.-.-----thousand long tons_- 6 ,963 79 ,670 7,085 80 , 418 
_ Tron and steel: 

Pig iron__..__...-...._.__..__short tons_- 176 ,056 10 ,275 28 ,225 1,665 
Iron and steel products (major): 

Semimanufactures_____........_do.-.- * 2,800,935 r440,485 1,935,571 351,212 
Manufactured steel mill products_do._.. 1,264,427 440 ,549 952,664 | 397 ,379 

- Advanced products______..____.do.__- NA 206,378 NA 201,810 
Iron and steel scrap: Ferrous scrap, includ- 

Lead ing rerolling materials__....._short tons. * 7,898,473 r 243,333 6,248,728 199 , 744 
ad: . 

Ore, matte, base bullion (lead content)_do- - - - . 19 4 NA NA 
Pigs, bars, anodes___._........__._._.do.__- 10,175 2,813 7,811 3,714 
Serap_.....--------.-.-.---_._._._do_.-- 13 ,148 2,384 3,793 757 

Magnesium: . 
Metal and alloys and semimanufactured 

forms, n.e.c_..._..........._short tons_- 16,811 10,202 18 ,820 11,525 
Powder ___--.---------------------do---- 8 29 NA NA . 

Manganese: 
Ore and concentrate ___......._..._-do.-_- 14,444 1,451 14,150 1,387 
Ferromanganese__....-.......-.....do.__- 3,903 670 3,273 727 

Mercury: 
Exports__............-._7%6-pound flasks - - 188 52 7,543 5,031 

—  Reexports_....-.--------...-.-.-.-do...-  - 196 50 494 316 
Molybdenum: 

Ore and concentrates (molybdenum con- 
tent)_._.-.--.----.--........_pounds.. 24,939,780 40,987 24,095,858 44 ,282 

Metals and alloys, crude and scrap___do..-. 1,404,502 3,630 110,709 414 
Wire___....-.._---..-.--.-..._....do_._- 30 ,903 500 23 ,414 631 
Semifabricated forms, n.e.c__._..___.do.._- 34,950 290 66 ,366 516 
Powder ____----.------.-......-_.-do....  *3802,024 r1,176 602 , 759 2,095 
Ferromolybdenum.................-do..._. 1,745,611. 3,328 2,242,275 4,577 

Nickel: 
Ore____.---------...--...__._short tons__ 8 3 NA NA 
Alloys and scrap (including Monel metal), 

ingots, bars, sheets, ete_______short tons_- 66,108 35,412 16 , 552 26 , 437 
Catalysts____.._...__-------------.do___- 1,002 2,013 2,547 6,063 

_ Nickel-chrome electric resistance wire_do-_-- 445 1,929 380 1,914 
Semifabricated forms, n.e.c___.......do___- 939 4,754 1,455 6,114 

Platinum: 
Ore, concentrate, metal and alloys in ingots, 

bars, sheets, anodes, and other forms, in- 
cluding scrap____........._troy ounces__ 125,139 9,842 72,925 9,838
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Table 8.—U.S. exports of principal minerals and products—Continued 

a 
1964. 1965 

Mineral | Value Value 
Quantity (thousands) Quantity (thousands) 

Ne 

Metals—Continued 
Platinum—Continued oO f 

Palladium, rhodium, iridium, osmiridium, 
ruthenium, and osmium (metal and alloys 
including scrap_..----------troy ounces- - 21,167 $1 ,363 30,172: $3 , 758 

Platinum group manufactures, except jewelry NA ~ §,083° NA 2,515 
: Radium metal (radium content). _---milligrams. - 177 2 NA NA 

Rare carts: tal, and all | ds 1,637 ,142 400 erium ore, metal, and alloys__-_-.--pounds-_-_ , , 
- sayeiehter flints....----------.----.--do...- 87,455 139 \ 54,1510 22l 

ilver: 
. Ore and base bullion_thousand troy ounces-- r 649 r 840 537 697 

Bullion, refined__._.......-.--------do_--- *108,746 r 140,557 39 ,128 50,727 © 
Tantalum: — . 

Ore, metal, and other forms___-_---pounds-_- 232 ,282 1,211 304,409 1,656 
Ti Powder___.-..--------------------do_-_- 32,217 574 24,662 757 

in: : . 
Ingots, pigs, bars, etc: 

a _ Exports__.......----------long tons_-_ 2,726 9,241 2,605 10,078 
Reexports_-._..---------------do_~~- 1,315 6,225 | 224 880 

Tin scrap and other tin-bearing material . 
except tinplate scrap__-_-_-_----long tons_- 4,844 2,151 1,354 1,220 | 

Tin cans, finished or unfinished_-___.-.do_-_-- 23 ,963 . 14,244 NA NA 
Titanium: 

Ore and concentrate ___....___short tons_- 2,161 sr. 386 1,201 . +  —§ 203 
Sponge (including iodide titanium) and 

scrap__..--_..--------------short tons_- 1,817 1,781 2,132 2,070 
Intermediate mill shapes__..__..-..-do___- 790 3,696 |. 605 5.144 
Mill products, n.e.e_._-_.--.-.------do___- 15 1,302 ’ 
Ferrotitanium_____...__....-------do_--- 541 392 NA NA 
Dioxide and pigments____.-....-.---do_~_- 29 ,359 8 ,287 26, 896 - 4,249 

Tungsten: Ore and concentrate: 
Exports......--.------------------d0_-_- 17 145 11 18 
Reexports_.._..--.-.---.----------do__--_ 150 122 261 181 

Vanadium ore and concentrate, pentoxide, etc. 
zi onadium content)__.__..._.......pounds.. 2,461,193 3,620 1,856,096 3,540 
inc: 

Ore and concentrate (zinc content) 
short tons__ 39 12 NA | - NA 

Slabs, pigs, or blocks_...._.....-.---do.._.  . 26,515 | 7,240 5,939 ~ 1,765 
Sheets, plates, strips, or other forms, n.e.c 

short tons__ — 6 , 569 3,978 5,120 3,051 
Scrap (zine content)_..._-..-..-----do--_- 6,448 1,379 5,617 1,153 
Dust__...........--..--.-.-_--------do___- 1,828 542 NA. NA 

_ Semifabricated forms, n.e.c__-.------do---- - 5,666 2,451 2,764 1,931 
Zirconium :. 

_Ore and concentrate__..........---.do_-_- 2,500 352 1,761 287 
Metals and alloys and other forms___pounds_- 533 ,449 - 8,191 213 ,326 1,933 

Nonmetals: 
Abrasives: 

Grindstones___.............-..-_short tons_- 179 48 NA NA 
Diamond dust and powder___-..---carats.. 1,892,097 _ 4,097 1,147,838 3,268 
Diamond grinding wheels___.....-.-.do_--- 405 ,328 2,709 882,605. 3,053 
Other natural and artificial metallic abrasives ae 

and products_____--...--.-..---------- NA r 36,601 NA 42,754 
Asbestos: Unmanufactured: 

Exports__........-...---------short tons-_- 26,819 3,162 42 ,995 5,270 
Reexports____..-.-.---------------do___. 328 37 - 131 23 

Boron: Boric acid, borates, crude and refined 
pounds__766 ,200 , 586 31,289 348,033 ,874 16 ,922 

Bromine, bromides, and bromates._.....-do._.. 17,036,442 3,437 NA NA 
Cement. ----------------- -876-pound barrels _. 712,678 8,290 748,440 4,288 

ys: 
Kaolin or china clay___-.--.---short tons_- 151,725 4,671 192,875 6,244 
Fire clay_.._.......-..-..-..---.--do___- 246 , 796 5,596 182,446. 3,667 
Other clays________..__..-.-.---...do___- 449 ,537 14,706 474,443 15,828 

Cryolite.........-.......-_------------do_-_- 3,385 744 NA NA 
Fluorspar____--.--....-.--------------do_-_- 3,702 158 9,429 395 
Graphite: 

Amorphous__..__._.....-...--.-----do_-_- 1,326 194 
Crystalline flake, lump, or chip__..--_do_-_- 229 62 3,196 419 
Natural, n.e.c._...-...-..--------.-do___- 409 17 

Gypsum: 
Crude, crushed or calcined 

thousand short tons_-_ 21 829 28 1,112 
Manufactures, n.e.c____.--..-------------- NA 979 NA 920 

Iodine, iodide, iodates__......thousand pounds. - 147 343 NA NA 
Kyanite and allied minerals. -__-_-.---short tons-- 6,080 393 10 ,238 732 
Lime____.-_-.-----.------------.-----d0__-- 29 , 858 TTT 40 ,036 942
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Table 8.—U.S. exports of principal minerals and products—Continued 

adem 

. 1964 1965 

Mineral Value Value 
Quantity (thousands) Quantity (thousands) 

Nonmetals—Continued , 
Mica: 7 : 

. Unmanufactured_______..__....._pounds_- 542,516 $161.) | 
se Manufactured: 4 7,802,539 $589 

Ground or pulverized__...___._.do.-__ 8,263,497 478 } 
; Other___.___..__ 2 do. 281,131 946 523 ,338 1,635 

Mineral-earth pigments: Iron oxide, natural and | 
manufactured ________._......__-_short tons__ - 56,097 1,817 4,656 1,380 

Nitrogen compounds (major)_______.____do.___ l ,182 ,425 67,686 1,637,752 88 ,421 Phosphate rock_______._.._.__.____long tons_. 5,652,573 52,6380 6,653,602 65 , 632 
_  Phosphatic fertilizers (superphosphates)___do.___ 107 ,943 33 ,259 528 ,137 29 , 504 

Pigments and compounds (lead and zine): . 
Lead pigments________.__._.___short tons__ 1,680 , 608 | 2,286 890 » 
Zine pigments____________________-do____ 3,619 899 . 8 ,269 1,005 
Lead compounds___.___._.___.______do.__. 936 278 NA NA 

- Potash: : . 
Fertilizer__.___.------.-.-.___....._do.-_. 1,026,446. 32,563 1,052,305 33 , 809 
Chemical_.__..-..--_-__-____________do____ 22 ,033 5,024 . 46 ,289 8,685 

Quartz crystal (raw)____-_.__________2____ ee NA 558 NA 848 
. Radioactive isotopes, etc.___.___________eurie__ 388,112 ~ 2,919 513,038 2,816 

alt: 
Crude and refined_____________short tons__ 594,318 _ 8,873 688 ,418 _ 4,285 
Shipments to noncontiguous Territories oS . | ’ 

a do._-- 13 ,966 1,174 16,755 1,263 
Sodium and sodium compounds: S Oo - ce Sodium sulfate__.____.____.________do.__- 48 ,545 1,320 12,808. A415 
St Sodium carbonate_._._thousand short tons __ 276 ™ 8,535 277 9,030 _ 

' Stone: =. ‘ 
' . Limestone, crushed, ground, broken 

short tons.. 1,369,728 2,079 1,165,827 ~= = 2,905 
Marble and other building and monumental . 2 

~ eubic feet__ 441,312 - 2,027. 517,843 3,290 
Stone, crushed, ground, broken__short tons__ 105,504 2,013. 73,096 1,955: . 
Manufactures of stone__-________-_____-_ NA 677 NA 1,480 

Sulfur: . . 
Crude___.---..-._-.--_.....-_-_long tons_. 1,920,392 39,651 2,624,052 — 64 ,278 

Tal Crushed, ground, flowers of______.___do____ 7,700 - 1,287 © 27 ,683 1,271 
ale: 

Crude and ground___..________short tons__ 73,998 © 3,316 69,597 3,486 
Manufactures, n.e.¢c._....._______.__do____ 128 15 | NA 4.045 

Fuel Powders-talcum (face and compact) ____-_-_- NA 1,068 ’ 
els: 
Carbon black___-..-_.-...._thousand pounds_- 333 ,907 31,929 274,608 26 ,658 

oal: . - 
Anthracite._._._.....-_......_short tons_. 1,575,097 . 22,060 850, 630 - 411,488 
Bituminous_______...-.....-.......do_.-__ 47,969 , 423 441,216 50,181,361 465,314 
Briquets.___..-.____.__..-..__.____do____ 17,857 210 88 , 506 1,149 © 
Coke____---.----.--- 2 -__-_do___- 523 ,695 10 ,093 833 , 668 16 ,307 

. Petroleum: 
Crude___..._....._...._thousand barrels_-_ 1,361 3,806 — 1,004 2,841 
Gasoline... _.-.-2- 2-2 do 5,295 31,877 3,820 24,371 
Jet fuel... 22 dole 169 652 (154 - 621 

_ Naphtha_.---.-.-.---222 2 do____ 1,830 18,193 1,545 16 ,842 . 
Kerosine___..-...._-_.__-___-_-__-..do____ 160 1,240 166 1,275 
Distillate oil__...-...........-__.._do___- 6,507 - 20,498 ' 5,042 17 ,576 
Residual oil___-..-...---.________...do___-_ 19,185 41,853 ’ 14,997 33 ,509 
Lubricating oil__............______-do____ 116,177 197,420 14,191 165,135 
Asphalt__._..--..---.---.---_._...do_._- 614 4,909 450 2,827 
Liquefied petroleum gases_____._.___do___-_ 5,365 14,836 7,511 27 ,231 
Wax... ed 0- e 1,736 32,849 1,646 30 ,072 
Coke_____..------------.------_-_do_._- 13 ,618 45,491 13 ,263 42 ,027 
Petrochemical feedstocks____._....__do.__- 716 8,501 1,944 11,700 
Miscellaneous_...............-._..-do.__-_ r1,363 tr 22,121 1,333 20 ,086 

r Revised. NA Not available. 

1 Not strictly comparable to preceding years. 

2 Excludes 10,275 pounds of spent catalysts, valued at $12,272 and 171,152 pounds of residues, 
valued at $17,980. .
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Table 9.—U.S. imports for consumption of principal minerals and products 

. 1964 1965 

~~ Mineral Value Value 
Quantity (thousands) Quantity (thousands) 

Metals: 
Aluminum: 

Metal___._._______..____--.--short tons__- 394 ,563 $163,419 . 527,252 $218 ,217 
Serap____.__._---_._-.------------do_-_- 8,152 2,038 27,029 8,482 
Plates, sheets, bars, ete____---------do_--- 50 , 542 30,376 |i 66,484 38 ,993 

Antimony: . 
Ore (antimony content)___...--.----do_--_- 10 ,676 . 3,294 10,360 — 4,310 
Needle or liquated__..__-.----------do_---. 31 21 23 18 
Metal___.____-____---__------------do--_- 3,307 2,481 2,650 2,112 
Oxide___......----.-_--__---_----.do___- 3,131 3,022 2,173 1,798 

Arsenic: White (As2O3 content). __-_-----do_--- 18 ,185 1,383 15,525 1,271 
Bauxite: Crude___._..._.___thousand long tons__- r10,180 . 128 , 787 11,400 142 ,989 
Beryllium ore__.....-.-.-.-------_short tons_- 5,425. «11,3872 _ 7,791 2,056 
Bismuth (general imports)__._._.--..-.pounds_-- 1,238,252 2,372 1,378,147 3,506 
Boron carbide__...._....---------------do_---- 4,845 — 19 13,801 | 48 
Cadmium: . 

Metal____....__. .._._._thousand pounds__-- 1,104 2,870 © 2,121 | 4,669 
Flue dust (cadmium content) _._.....do_--_- 1,272 1,545 1,531 1,521 

. Calcium: . ~ 
Metal_____..._-._._....._-..-.--.pounds_. 42,439 — 42 | 28,219 28 
Chloride__..__...-_..-.-...---short tons_- 2,718 . 92 8,658 © | 100 

Chromate: mo 
Ore and concentrate (Cr2O3 content) __do_-_-_ 645 ,693 22,713 685 ,497 25,239 
Ferrochrome (chromium content)_-___.do-.--- 17,696 -§,783. 36,961 18,236 
Metal___-.-----__- ~~~ dow ee 132 1,109 ~ 1,010 1,522 

Cobalt: | . an 
Metal_____._.._.______..thousand. pounds_- 11,333 - 16,526 14,846 . 28,182 

Ls Oxide (gross weight)__...._.._.._..-.do-_-_- 1,514 1,422 947 1,011 
Salts and compounds (gross weight) - . .do---_- 94 43 108 149 

Columbium ore__...-.._.........----pounds__ 4,600,800 2,277 4,891,786 2,712 
Copper (copper content): 

Ore and concentrate_____.._.._short tons__ r 33 ,033 117,235. . 1,441 - T17 
, Regulus, black, coarse____....-..-.-do_--_- r 88 t47 83 72 

Unrefined, black, blister____....----.do---- 121,365 . 73,300 | 75,122 45 ,262 
Refined in ingots, ete__..._...-.---.do_-.- 113,018 r 67 ,468 1038 ,269 70,937 
Old and serap___.-.....-..--..----.do_-_- r2,011 1,372 7,646 . 6,410 

. Old and clippings._.......-.--.----.do_--- 641 415 1,490 1,151 
Ferroalloys: Ferrosilicon (silicon content) -_do---_- ‘3,044 908 4,558 - 1,606 

Ore and base bullion___.....__troy ounces_ 314,674 10,988 : 292 ,167 10,199 
Bullion_____...-.-...-.-----.-.-..do.-_~_- 854,211 29,900 . 2,613,161 91,469 

Iron ore: 
Ore___.--...-.-.__._-thousand long tons_- 42 ,408 421 ,288 45,103 443 , 788 
Pyrites cinder....__.._..._....-long tons__ 8,635 49 1,563 19 

Iron and steel: 
Pig iron__.-...........-..-.--short tons__ 736,471 31,591 882,095 38 ,438 
Tron and steel products (major): | a 

Iron products_.....-.---.------do_-_- 46 ,055 11 ,242 45 ,038 15 ,013 
Steel products_____.._.__-----.do_-__ *6,583,651 ¥784,166 10,645,877 1,232 ,902 

, Serap.......-.-..----_--.--.-----.do____ 259,229 57,795 193 ,482 6,999 
— Leads ete ~~ --- nore dO---- 22,561 472 18 ,988. 451 

Ore, flue dust, matte (lead content)._.do_-_- 128 ,067 21,789. 128 ,933 26 , 923 
Base bullion (lead content) ___......_do_-_- 7,043 2,058 566 380 
Pigs and bars (lead content) _..-----_do_-_- 211,140 45,790 221,519 - 60,391 
Reclaimed, scrap, etc. (lead content). -do-_--- 1,907 - 350 3,612 793 
Sheets, pipe, and shot_____....._--.-do___- 1,523 369 880 273 
Babbitt metal and solder (lead content) 

do.__- r1,228 55,077 986 | 8,129 
Manufactures___._.__.____....-..--do___- 2,276 713 512 329 

Magnesium: , 
Metallic and scrap__..._.-_-.--------do_-__- 2,227 890 2,551 1,101 
Alloys (magnesium content) ___...--.do_-_- 474 710 327 760 
Sheets, tubing, ribbons, wire and other forms 

(magnesium content)___.....-----do_~.~- 40 70 103 128 
Manganese: 

Ore (85 percent or more manganese) (man- 
ganese content)__.._._..--._short tons__ 1,430,431 76,977 1,825,709 109 , 747 

M Ferromanganese (manganese content) _do- --_- 162 ,075 25,811 198,118 31,486 
ercury: 

Compounds______..--.-_-------_pounds_-_ 8,625 30 47,808 186 
Metal____...-....-.._-.-.76-pound flasks -- 41,153 8,775 16 ,238 7,614 

Minor metals: Selenium and salts____..pounds-_- 292 ,938 1,289 250 ,912 1,244 
ickel: 

Ore and matte___________._____-short tons._ _.-------_  ---------- 81 (4) 
Pigs, ingots, shot, cathodes___...----do.--. _ * 105,327 155 ,973 134 , 406 205 ,493 
Scrap___...-----------------------d0___- 1,343 1,256 1,188 898 
Oxide____._.-_-._.-..--_.-..------do.__- 16 , 862 17 ,504 13 ,592 14,979



: STATISTICAL SUMMARY | 131 

Table 9,—U.S. imports for consumption of principal minerals and products—Continued | 

I 

1964 | 1965 

. Mineral | | Value Value 
: Quantity (thousands) Quantity (thousands) eee NE UE eee | 

Metals—Continued . 
Platinum group: Do 

; Unrefined materials: .. . . 
Grains and nuggets, including crude, 7 . oo 

dust, and residues______troy ounces__ 35,916 $3 ,341 20,430 - $2 ,275 
Sponge and scrap_____.________do.___ | 5,127 — 487 oe 4 oe 1 ‘ % Osmiridium._...2.2..-.__-._.__.do.___ r2,548 r85 3,988 228 . Refined metal: Oo 
Platinum____.-..--.-...--.....do_-.. + 281,922 r 24,102 . 349,280 36,125 
Palladium. __..-.--.--..-......do.... *483,018  +©13,475 734,881 © + 22,381 
Iridium ____....._2-____.-_____do.._- - 6,615 489 ' 10,839 - . 948 

“7 Osmium_._..--.------2 22. _do.___ 1,399 113 269 83 - 
Rhodium... .............-__-__.do.__- 55,804 7,955 39 , 768 6,762 
Ruthenium. ___._.2.___________do____ 10,356 404 8,198 307 

| Radium: Radioactive substitutes___________.___ NA 1,869 . NA 2,816 a 
Rare earths: Ferrocerium and other cerium alloys 

pounds__ 9,621 48 9,916 36 
Silver: - a . 

Ore and base bullion_thousand troy ounces_. 43,146 54,235 - 47,831 56 , 065 
Bullion. ____._... 2-22 ____ do. 8,528 - 10,159 6,878 © - 6,888 

. Tantalum: Ore__....-.-.-.---.-....__pounds_- 980,702. 1,606 1,196,487 2,150 
Tin: 

7 Ore (tin content)___...___.___~_long tons__ 5,190 11,539 4,326 13 ,228 
Blocks, pigs, grains, ete___._._______-do____ r 32,132 r101,049 40 ,816 159 , 506 
Dross, skimmings, scrap, residues, and tin 

alloys, n.s.p.f_._-..-......__._long tons__ 1,210 77114 502 883 
Tinfoil, powder, flitters, ete.....__.__._.___ NA 300 “NA 261 

Titanium: . 
Ilmenite___._...--........-._-_short tons__ 178,219 r5,472 166 , 406 4,770 
Rutile_____---------22-----2-___-.do.-._ © 110,981 7,724 151,957 10,116 
Metal__.___--.-----_-..--....___pounds__ 4,111,285 3,711 6,497,792 °6,118 
Ferrotitanium___.___._._____.___-..do.___ 55,450 19 33 ,919 12 
Compounds and mixtures______.._._do.___ 81,794,801 15,322 99,503,628 18 ,259 . Tungsten: (tungsten content) So 

a Ore and concentrate___..thousand pounds__ 3,148 2,008 3,618 3,886 
. Metal___.._-_....-..-.-_-_....._pounds__ 65,418 131 60,2138 187 

Ferrotungsten_____....._thousand pounds_. 195 136 386 404 
i Other alloys___........_...._..__pounds__ 29 ,048 27 43 ,890 . 117 
ine: 

" Ore (zine content) _____________short tons_. 311,435 35,831 402 ,936 53 ,829 
: Blocks, pigs, and slabs______.___.____do____ 134,118 31,898 155,489 43 ,094 

Sheets___._.-.....-.-_.-_._-___-__.do.___ 1,774 © 527 1,381 453 
Old, dross, and skimmings___________do_.__ 3,775 652 4,701 1,004 
Dust___-_-------.-.-.-------...-..do.._-.  - 3,269 197 244 57 
Manufactures______-__-.......--------_-- NA -F1,339 NA 962 

Zirconium: Ore, including zirconium sand 
- short tons__ 44,413 © 1,184 58 ,873 1,690 . 

Nonmetals: oS | 
Abrasives: Diamond (industrial) ___.____carats__* 14,297,911 r60,042 12,889,314 55,318 
Asbestos__._._....._._..___......_short tons__ 739 ,361 12,973 719 , 559 70 ,457 
Barite: 

Crude and ground____._......._-.._do___- 601,010 _ . 4,837 712,718 5, 561 
Witherite_.......22-- 22-2 __do___- 2,407 98 2,570 112 
Chemicals. ____....-_-.-.-___-...._do___- 5,190 529 4,204 565 

Bromine____..-.-...._-_.-._-_-.---.pounds__ 897 3 NA NA 
Cement _.._...........-_._876-pound barrels_._ 3,633,069 9,228 5,504,840 13 ,523 
Clays: 

"Raw___--.-.--.--------....--short tons... 133 ,140 2,525 93 ,045 1,970 
Manufactured______.._...___.-_-__.do___- 3,852 1138 4,826 168 

Cryolite..__.....-.- 2-22 do___- 24,264 1,765 24,011 2,009 
Feldspar: Crude_...._..........._-_-_long tons_- 10 1 —~:16 2 
Fluorspar_______..............._-_short tons_- 687 ,933 16,882 816 ,546 19 ,958 
Gem stones: 

Diamond._._....-.----......-.._carats._. 2,644,750 258,534 3,159,681 307 ,285 
Emerald_..-...-. --.-------..---._do.__- 180 ,069 3,218 189 , 828 5,397 
Other__.._..-------- 2 eee NA r 36,420 NA 40,749 

Graphite... __.____....____._._____short tons_- r 47,200 1,944 58 ,056 2,387 
Gypsum: 

Crude, ground, calcined.._....._....do.-.. 6,259,066 13,358 5,912,624 11,913 
Manufactures_____..___..---__.__.-_---_- NA 1,329 NA 1,415 

Iodine, crude_...............thousand pounds_- 2,592 2,369 2,847 2,476 
Kyanite--------------------------short tons__ 2,386 104 4,047 167 

me: 
Hydrated._........._..__-__.-_.....do___- 843 10 532 10 
Other._.___.--2_- 2 do. 93 , 420 1,112 215,816 2,590 
Dead-burned dolomite____..........do____ 28 , 876 1,165 159,519 2,385 

Magnesium: 
Magnesite_..__..__._._...___..____do___. 69 , 480 3,673 83 ,922 4,807 
Compounds._..._-.._.-.--_-...-_.._do__.. 12,591 556 12 ,008 546
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. Table 9.—U.S. imports for consumption of principal minerals and products—Continued 

1964 1965 

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

Nonmetal—Continued Fo, mS 
ca: 

Uncut sheet and punch___...--._.pounds__ 2,267,681 $2,434 2,116,113 $2,142 
Scrap____..-...---------------short tons__ 2,733. 71 1,521. 71 
Manufactures._.___.----------------do___-_ 4,433 4,566 4,971 6,371 

Mineral-earth pigments: Iron oxide pigments: ~ . - 
Natural__.__._..------------------do___~- 2,902 186 °# ©2,978 155 : 
Synthetic_-__....------------------do__-- 8,829 1,426 ‘10,071 | 1,748 
Ocher, crude and refined___...-----.do-__. 191 18. me 186 14 

_. Siennas, crude and refined__.-_--.---do_-_. 7126 97 1,025 105 
Umber, crude and refined ____------.do---_— 3,412 118 3,195 118 

. | Vandyke brown. -.--------------+---do_-__- 259; 21 296. 25 
Nitrogen compounds (major), including urea | - 

- _ do... 1,586,631 65,838 1,511,563 71,743 
Phosphate, crude___..-:-.----------long tons_-. 155,819 3,329 132 , 263. 2,980 
Phosphatic fertilizers__._...-------------do_--. | 170,512 4,010 51,698 | 3,139 
Pigments and salts: 

Lead pigments and compounds- -short tons_-_ 24,250 5,174 24,571 6,183 
Zinc pigments and compounds- -_-~.--.do___- - 12,480 . 2,389. -17,731 3 , 482 

Potash___..__..-.-----_---_-_--.-----.do____ *1,254,026 35,797 1,866,750 52,675 
Pumice: . . a co, ae 

' Crude or unmanufactured_.___.__...do____ 5,499 65 9,457 ‘ 99 
_ Wholly or partly manufactured.._.._..do__.__ | 104,444 356 180 , 768 509 

Manufactures, n.s.p.f__..---.------------- NA. 20 NA - 27 
Quartz crystal (Brazilian pebble)__._-_._._.pounds__ "834,062 r645. 1,181,753 1,083 
Salt__...-..----._-.-_____...-.-.--short tons... 2,261,318 5,677 2,410,409 6,505 
Sand and gravel: - 

Glass sand_______.___..-.---------.do___- 40,308 128 10,830 89 
, Other sand and gravel____.--.--.--.do___-_ 443 ,213 558 677 ,814 840 

Sedium sulfate._.._.......-thousand short tons_- 290 5,064 273 4,763 
- _ Stone and whiting...___..--.--.--------------- NA _ 28,753 NA 20,414 

. S§trontium: Mineral___......_...-- short tons__ 21,617  — 506 9,741 221 
Sulfur and pyrites: : 

Sulfur: Ores and other forms, n.e.s 
. long tons__ 1,462,211 . 26,100 1,465,093 26 , 759 

Pyrites_.......-.--.---------------do__-- 10,202 49 138 ,959 76 
. , Fu ale: Unmanufactured___..._._.--_short tons__ 22,714 917 21,022 833 

els: : 
Carbon black: 

Acetylene. _._.__...-------------.-pounds__ 6,878,084 1,184 6,359,080 1,094 ° 
Co ics black and carbon black____._.._...do_.._. 1,337,683 225 168 ,068 36 

al: 
Bituminous, slack, culm, and lignite 

short tons_- 293 ,059 2,289 184,399 .—. 1,564 
Briquets_____..-....--------------do___- 11 ,593 182 12 ,621 205 

P Coke. ~~ n-ne nero n nec ne nana nen -dO---- 103 ,286 1,509 89 ,620 1,379 
eat: 

Fertilizer grade_____--------.--.-.-do___- 265,585 11,997 271 , 466 _ 11,748 
Poultry and stable grade_____-_--..-do_-_- 4,834 . 256. 3,996 220 

Petroleum________.._.____-.-thousand barrels__ * 826,736 11,962,629 900,744 |. 2,147,936 

T Revised. NA Not available. | 
1 Less than 14 unit.
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Table 10.—Comparison of world and United States production of 
| principal metals and minerals 

See 

1964 1965 p 
eee 

World United States World United States 
Mineral ana eeerpemeeee  eU 

Thousand short tons Percent Thousand short tons Percent 
(unless otherwise of (unless otherwise of 

stated) world stated) world 
eee 

Fuels: 
Carbon black 
Coal thousand pounds-_- NA 2,223,216 NA NA 2,353,776 NA 

oal: 
Bituminous_--...-....... 2,008,575 484 ,048 24 2,064,381 509 ,045 25 
Lignite._.-_-.-...........  * 820,387 2,950 () 816 ,185 3,043 (‘) 
Pennsylvania anthracite___ 209,700 17,184 8 208 ,900 14,866 8 

Coke (excluding breeze): 
Gashouse ?___. 2 r 48,620 208 Q) 46 ,260 149 () 
Oven and beehive____.__._ 326,434 62 ,145 19 340,723 | 66 ,854 20 

Fuel briquets and packaged 
fuel___.------2-----.-_____ + 188,800 368 63) 128,400 369 = (1) 

Natural gas (marketable) 
million cubic feet_ NA '15,462,667 NA NA 16,039,753 NA 

Peat.-.---------------_-_-. = 185,600 3 649 () 204,900 3604 (4) Petroleum (crude) oo 
thousand barrels__* 10,309,116 *2,786,822 27 11,068,154 2,848,514 26 

Nonmetals: 
Asbestos... _-..2-- 2 3,540 101 — 83 3,570 118 3 
Barite___..--2--2 2 r3,400 817 24 3,790 846 22 Cement 4____thousand barrels__ + 2,484,019 tr 385,386 16 2,544,723 388 ,842 15 
China clay...--...-__._ 2 ___ NA 3,331 NA NA 3,604 | NA . Corundum___.___________ 9 LLL eee Lee pO 

; Diamond. ___thousand carats__ 36,815 ___.__-__.. ______ $5,518) __-_- eee Lee 
Diatomite_.......-._-________ r1,890 r 580 31 1,750 580 33 Feldspar__thousand long tons__ r1,815 t 587 32 1,900 625 33 
Fluorspar_______-__________. 12,730 217 8 3,170 241 8 Graphite___..._________.____ r 700 Ww WwW 675 WwW. WwW 
Gypsum__._-.---__--___ r 51,370 10,684 21 51,610 10 ,035 19 
Lime (sold or used by producers) NA 16,089 NA NA 16,794 NA 
Magnesite_..._.-..---_ r10,025 Ww WwW 10,700 WwW Ww 
Mica (including scrap) . 

thousand pounds. -_ 410,000 229,701 56 435,000 241 ,226 55 
Nitrogen, agricultural 45______ r16,300 tr 4,422 27 18,200 4,888 27 
Phosphate rock 

thousand long tons_-_ r 58,130 22 ,960 39 64,600 26 ,440 41 
Potash (K2O equivalent) _____- r13,200 2,897 22 14,800 3,140 21 
Pumice 6____.2 2-22 -e © 16,300 2,776 17 16 ,560 3,484 21 
Pyrites___thousand long tons__ r 20,200 847 4 21,100 875 4 
Salt 4-22 2-2-2. = 109,720 31,628 = 29 118 ,590 34,695 . 29 
Strontium 6__._-..-.__________ F250 Leelee eee LLL eee 9 LLL ueeee ee LLL 
Sulfur, elemental — 

_ thousand long tons__ r13,870 6,250 45 15,120 7,332 48 
Tale, pyrophyllite, and soap- 
stone____._.___..--___ __. 3,840 890 23 3,870 863 22 

Vermiculite 6_.-.....2-_- r 343 226 66 382 249 65 
Metals, mine basis: 

Antimony (content of ore and 
concentrate) ____short tons__ r68,100 632 1 69,100 845 1 

Arsenic, white 6______________ r 65 WwW Ww 68 Ww WwW 
Bauxite___thousand long tons__ r 33 ,230 1,601 5 36,530 1,654 5 
Beryllium concentrate 

short tons. _ 775,200 WwW WwW 75,700 WwW WwW 
Bismuth__. thousand pounds_- r 8,200 WwW WwW 9,400 WwW WwW 
Cadmium... _..........do____ r 28 ,900 10,458 36 27,800 9,671 35 
Chromite____.-..----2-_ 2 _ T4,705 _.ooleleee LLL eee 5,400 __-.------. ) _Lu ee 
Cobalt (contained) 6 

short tons_ _ r 15,500 WwW WwW 17,100 WwW WwW 
Columbium-tantalum concen- 

trates 6___thousand pounds_- 11,745) --.-_--__- LLL Lee 14,880 ______.--- LLL ieee 
Copper (content of ore and 
concentrate) __....._.____ r 5,340 1,247 23 5,600 1,352 24 

Gold. ._thousand troy ounces_- 46 ,100 r1,456 3 47,700 1,705 4 
Iron ore__thousand long tons._ 569,336 84,836 15 605 , 637 87 , 842 15 
Lead (content of ore and con- 

centrate)__....-.-- ___e 2,835 286 10 2,975 301 10 
Manganese ore (35 percent or 

more Mn)-_-.--_-..._-__..__- ¥17,437 26 (4) 19 ,406 29 (1) 
Mercury 

thousand 76-pound flasks__ r 255 14 5 275 20 q 
Molybdenum (content of ore 

and concentrate) 
thousand pounds. - r 94,500 65 ,605 69 115 ,400 17,372 67 

Nickel (content of ore and con- 
centrate) _....-.2-2.-- 2 Le t 423 12 3 472 14 3
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Table 10.—Comparison of world and United States production of 

- principal metals and minerals—Continued 

1964 1965 8 . 
ee 

World United States World United States 
Mineral Thousand short tons Percent Thousand short tons Percent 

. (unless otherwise of (unless otherwise of 
stated) world stated) world 

tt 

Metals, mine basis—Continued 
Platinum groups (Pt, Pd, etc.) 

thousand troy ounces-- r2,550 40 2 2,960 35 1 

- Silver____..__.-.--.----do_... *246,400 -©36,334 15 251 ,000 . 39 ,806 16 

Tin (content of ore and con- 
centrate)_....--_long tons_._ +1194,500 WwW WwW 199,200 . 47 (4) © 

. Titanium concentrates: mo 0 

. Ilmenite 6____:--.------- r2,588 1,001 39 2,728 969 36 

Rutile 6__...------------ 212 8 4 243 WwW WwW 

Tungsten concentrate (60 per- Ss 

cent WOQ;)-_-_----short tons-_- r 64,500 9,244 14 - 59,800 -7,949 13 

Vanadium (content of ore and 
concentrate) 6_._short tons_- r7,841 4,362 56 9,150 5,226 * BF 

Zine (content of ore and con- 
centrate)___--..----------- 54,425 575 13 4,750 611 13 

Metals, smelter basis: 
Aluminum_-_-_..---.---------- r6,720 — 2,553 38 7,415 2,754 37 

Copper_._--.-.-------------- r5,730 1,338 23 6,020 1,434. 24 © 

Iron, pig (including ferroalloys). 351,034 87 ,922 25 370 ,065 91,016 25 

Lead__....-.---------------- r2,825 449 16 2,905 | 418 14 

Magnesium___..--short tons._. «166,200 - 79,488 48 174,000 81,361 . 47 

Selenium 6__thousand pounds__- ~ 2,100 929 44 1,740 540 31 

- Steel ingots and castings__._.-- 1 482,570 127 ,076 26 507 , 540 131 , 462 26 

Tellurium *_thousand pounds. - r277 145 52 337 195 58 . 

Tin._......_.-----long tons... 1 188,900 85,190 3 194,100 3,098 — 2 

Uranium oxide (U30s8) ® _ 7 
~  ghort tons_- r 26,700 11,847 44 20,800 10,442 50 

Zine. __--_------------------- | 4,110 954 23 4,240 994 23 
I 

'P Preliminary. T Revised. NA Not avaiable. © W Withheld to avoid disclosing individual 

company confidential data. 
1 Less than 14 unit. 
2 Includes low- and medium-temperature and gashouse coke. 
3 Agricultural use only. — 
4 Including Puerto Rico. | 
5 Year ended June 30 of year stated (United Nations). 
6 World total exclusive of U.S.S.R. 
™Not including U.S. output which was very small, but withheld to. avoid disclosing individual 

company confidential data. | . 

8 U.S. imports of tin concentrates (tin content).



Employment and Injuries in t ployment and Injuries in the 
Metal an ometal Industri etal and Nonmetal Industries 

By Forrest T. Moyer ' 

_ Frequency rates of injuries per million worse at nonferrous reduction and refining 
man-hours of exposure were improved dur- _ plants, nonmetal mines and mills, and sand 

. ing 1965 slightly to moderately over those and gravel operations. | | 
of 1964 at metal mines, nonferrous reduc- The average number of men working 
tion and refining plants, nonmetal mills, daily and man-hours of worktime were 

stone quarries and mills, sand and gravel greater in 1965 in all the. broad industry 
operations, and slag operations. However, groups except in the sand and gravel in- 
at metal mills and nonmetal mines the dustry. 

rates of occurrence of work injuries were In addition to the industry classifications 
less favorable. included in this chapter, similar employ- 

— ment and injury experience data on miner- 
The severity rates of injuries during 1965 al fuels industries are presented in volume 

were better than in 1964 at metal mines’ II. Corresponding data for broad classifi- | | 
and mills, stone quarries and mills, and slag cations of mineral industry groups are 
operations. Conversely, severity rates were given by States in volume ITI. — 

| METAL MINES AND MILLS | 

During 1965 the overall frequency and man-hours from 3,468 in 1964. The in- 
severity of work-injury rates at metal mines creased severity rate resulted largely from 
improved slightly. There were 58 fatalities, the 20 fatalities that occurred at metal 

3 more than in 1964. ‘The number of non- mines during 1965, 7 more than in 1964. 

fatal injuries in 1965 increased slightly to In the milling of copper ores, the fre- 
3,320. At metal mills, the injury-frequency quency rate increased slightly, but the 
rate in 1965 increased 13 percent because severity rate was improved substantially to 
of a substantial rise in the number of non- 379 from 883. No fatalities were reported 
fatal injuries. However, the count of fatal in 1965 at copper mills. The average num- 
injuries was three, two less than in 1964. ber of men working daily and the total 
The injury-severity rate for mills was re- worktime increased moderately at copper 
duced to 851 from 1,090, the rate for 1964. mines and mills during 1965. 

Activity in the mining and milling of Gold-Silver (Lode and Placer).—Injury 

metallic ores was higher in 1965, and the experience at gold-silver lode and placer 
average number of men working and the mines worsened substantially during 1965 
man-hours of worktime increased over the owing largely to an increased number of 
corresponding data for 1964. nonfatal injuries. No fatalities occurred in 
Copper.—The frequency rate of injuries g0ld-silver mills during 1965. There were 

at copper mines in 1965 decreased to 25.41 ‘four fatalities reported for gold-silver mines, 

per million man-hours, a notable drop the same as in 1964. | 
from 28.82 in 1964. However, the severity Wl. a . - ooo. 
rate increased to 4,084 days lost per million ¢_ atiet, Branch of Accident Analysis, Division 

135
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Operating activity at mines declined lead-zinc mines and slightly at lead-zinc 

moderately from that of 1964 as measured mills. 

by the number of men employed and the Uranium.—Injury experience at uranium 

| man-hours of worktime. However, activity ines was affected predominantly by 10 

at mills increased moderately. . fatalities, an. increase of 6 over those of 

| Iron.—Less favorable injury - frequency — 1964. The severity rate increased to. 13,117 

rates at iron mines and mills and an in- from 6,401 in spite of a substantial drop in 

creased severity rate at mills during 1965— nonfatal injuries. However, the frequency 

| were offset in part by a significant decrease Tate improved slightly over that of 1964. 

_ in the severity rate for iron mines. The At uranium mills, the injury-frequency rate 
| improved rate of 1,773 days lost per million increased substantially; from 16.85 to 21.51. 

man-hours—from 3,309 in 1964—resulted However, the severity rate was reduced sub- 

primarily from the sharply reduced num- stantially. | , 

ber of fatalities. The five fatalities at iron The average number of men working 

mines in 1965 were seven less than in 1964. daily and man-hours of worktime at ura- 

This was the lowest annual total in a sta- nium mines and mills continued to decline 
tistical history extending back to 1911. in 1965. | | | 

Employment and man-hours worked at Miscellaneous Metals.—Establishments in 
iron mines and mills were moderately the miscellaneous metal group are those — 

oe greater than in 1964. : mines and mills working antimony, bauxite, 
manganese, mecury, rare-earth metals, ti- 

a Lead-Zince.—Injury experience at lead- tanium, and other metallic ores not spe- 

| zinc mines and mills generally was less cified earlier in this chapter. 

favorable in 1965. At the mines, the rate The injury experience at mines and mills 

of injury-occurrence was slightly Tess favor- in the miscellaneous metal group was im- 

| able than m 1964. However, owing prin- proved in 1965. The largest change, from 

cipally to three fewer fatalities in 1965, the 1,028 to 305, was in the injury-severity rate 

injury-severity rate was imp roved ‘substan- at mills. No fatalities were reported in 

sevesity At ine of inju ne frequency ane mills for: 1965, and the count of nonfatal 

worse than in 1964 because of the larger injuries increased only slightly. | 

numbers of fatal and nonfatal injuries. The averagg number of men working 
| daily and man-hours worked at miscella- 

Operating activity, as measured by man- neous metal mines and mills increased 
hours worked, increased moderately at moderately.
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Table 1.—Employment and injury experience at metal mines in the United States, 
| by industry groups 

. ; Injury rates 
. Man- Man- Number of per million 

Men Average days hours injuries man-hours 
Industry and year working active worked worked 

7 daily mine ((thou- (thou- . 
. days sands) sands) Fatal Non- Fre- Sever- 

fatal quency ity 

Copper: 
1956-60 (average) --.... 16,212 278 . 4,518 36,100 20 ~-=«:1,0388 29.31 NA 
1961 ~-.-------.. i... 15,661 - 285 4,460 35,790 13 893 25.31 3,847 
1962 ~----.--_____.____. 15,629 = 280 4,877 35,017 -15 908 26.36 4,598 
1963 ~~~. 4,5 47 297 4,326 $4,611 — 414 908 26.64 4,199 
1964 ---------.------. 15,820 288 4,549 36,328 . 13 1,034 28.82 3,468 
1965 P eee 16,600 302 5,017 39,950 20 995 25.41 4,084 

Gold-silver (lode-placer) : 
1956-60 (average) —----. 4,949 228 1,127 9,111 6 448 49.83 NA. 
1961 ~.-- 5,011 213 1,068 8,576 4 865 48.08 . 5,852 an 

— 1962 ~-------------_---. 4,361. 215 937 7,553 8 268 36.54 7,945 
19638 ~~~ 4,823 210 1,015 8,162 6 265 33.20 | 6,405 

'. 1964 oe 4,312 228 983 © 7,885 | 4 208 26.89 3,955. . 
1965 P ~~ 4,000 235 938 7,500 4 270 36.53 5,155 

Iron: : 
1956-60 (average) --._-.. 23,427 224 £5,254 42,1388 15 573 13.95 NA 
1961 eee. 7,,251 224 3,868 31,027 10 449 14.79 3,014 

- 1962 -----e------------. 16,165 234 3,776 30,481 9 453 15.16 2,799 
1963 ~----------...---_. 13,8538 251 3,057 27,079 10 402 15.21 3,339 
1964 ~~~. =: 14, 189 258 3,659 29,443 12 452 15.76 3,309 
1965 P Lowe 4,, 400 265 3,820 30,730 5 495 16.27 1,773 

Lead-zine: 
1956-60 (average) —___-. 9,384 249 2,334 18,668 16 1,106 60.10 NA 
1961 ~~~. «7,510 243 ~§=1,829 14,628 q 1,167 80.26 6,441 
1962 ---u eee. Ss, 150 243 1,735 13,877 9 935 68.03 7,713 
1968 ~~ ~~ 7,443 234 1,738 138,901 — 6 961 69.56 5,076 
1964 ee 8,158 260 2,118 16,969 19 1,038 62.29 10,1138 
1965 P oo 8,500 | 260 2,208 17,670 16° ~=—:1,100 63.16 8,277 

Uranium: 1 a 
1960 ~~~ 7,329 233 1,710 18,882 32 862 64.63 16,599 
1961 ~-----------------. 5, 965 245 1,461 11,811 11 525 45.38 8,203 
1962 ~~. 5,967 231 1,379 11,175 13 420 38.75 .9,059 
1963 --.2-2-uw ee. 5,086 199 1,011 8,163 4 348 48.12 4,531 
1964 ~~~ --_____-_ 4,772 203 969 7,833 4 349 45.07 6,401 
1965 P ie 4,000 189 757 6,115 10 260 44.15 13,117 

Miscellaneous: 2 
1956-60 (average) —__-. 7,660 235 1,799 14,485. 14 783 55.02 NA 
1961 2-2 2,853 256 730 5,846 — 5 270 47.04 9,157 
1962 ~~~... L. 8,015 239 720 5,764 7 279 49.62 9,279 
19638 ~--------------. = 2,592 251 | 650 5,196 1 191 36.95 2,613 
1964 2,514 286 718 5,750 3 185 32.70 4,755 
1965 P 1 2,800 294 823 6,509 8 200 30.80 4,019 . 

Total: 3 . 
1956-60 (average) -..-.. 63,098 244 15,869 128,268 97 4,121 34.06 NA 
1961 ~~ eee. 54,251 247 13,416 107,678 50 3,669 34.54 4,885 
1962 ~.-----------___. 552,287 247 12,924 108,867 61 3,263 32.00 5,469 
19638 ~---_---.----.__._. 417,844 258 12,096 97,111 «Ad 3,075 32.09 4,212 
1964 _-- ee. 49,765 261 12,996 104,204 55 3,266 31.87 4,833 
1965 P -W_----____ 50,800 270 18,564 108,555 58 3,320 31.12 4,691 

P Preliminary. NA Not available. 
1 Classed as uranium-vanadium and included with miscellaneous prior to 1960. 
2 Includes uranium prior to 1960. 
3 Data may not add to totals shown because of rounding. 

232-748 O-67—10
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Table 2.—Employment and injury experience at metal mills in the United States, by 

oo industry groups | 

. . ; Injury rates 
oo Man- Man- Number of per million 

Men Average days hours injuries man-hours 
Industry and year working active worked worked _ 

daily mill (thou- (thou- | 
. days sands) sands) Fatal Non- | Fre- Sever- 

. a fatal quency ity 

Copper: . 

1956-60 (average) -~--- 6,215 804 1,886 15,091 2 159 10.67 NA . 
1964 ~~~ 5,688 317 1,804 14,434 -- 106 . 1.34 286 
1962 ~-2------------.. 5, 947 325 1,935 15,482 7 . 127 8.66 2,940 
1968 ~---------.-----~- 4,839 320 1,550 12,402 1 91 7.42 1,545 

. 1964 ~.~-------_.--.- 5,062 316 1,600 12,800 | 1 89 7.03 883 
1965 P tt. 5,500 338 1,857 14,855 -- 105 7.07 379 

Gold-silver (lode-placer) : 
1956-60 (average) ----~ 379 274 104 830 n 18 21.69 NA 
1961 ~~----------~-.--_ 343 241  ~=—-83 659 -- 12 18.21 220 
1962 ~--.-.----..-----. 347 251 87 702 -— 30 42.74 1,845 
1968 ~-----------~----- 335 263 88 708 -- 25 35.31 768 
1964 ~~~ ~1~----..----. 318 283 90 716 -- 13 18.16 » $62 

. I 1965 P t+ 400 253 101 805 -- 25 31.06 617 
ron: . Co 

1956-60 (average) —---- 5,785 240 1,386 11,166 1 T1 6.45 — NA 
1961 ~-+--------_--_~_- 5,515 266. = 1,468 11,777 | 3 65 6.17 1,804 , 
1962 ~--.-.---..-----._.._ 4,868 - 2838 1,376 11,1380 3 °&®g!1 8.45 2,167 
1968 ~-----------~----- 4,856 . 287 1,392 11,189 -- 65 5.81 | 288 
1964 ._-.-------_----_. 5,534 293 1,622 12,944 1 103 8.03 719 
1965 P ~-----..--.---_- 6,100 — 296 1,803 14,505 - 1 130 9.03 781 

Lead-zinc: 
1956-60 (average) — ~~~. 2,382 261 621 4,971 -- 72 14,48 NA 
1962 ~------.------___- 1,322 241 319 2,554 -- 76 29.76 1,688 
1962 ~----------------- 1,743 254 442 3,539 -- 55 15.54 653 

. 1963 ~----.--------__~- 1,356 229 310 2,484 2 65 26.97 7,093 
1964 ~----------------. 1,285 267 © 343 2,731 1 46 17.21 2,883 
1965 P .------------.- 1,300 272 353 2,835 2 75 27.16 -. 5,040 

Uranium: 1 oe 
1960 ~-----.---------.- 2,578 321 826 6,610 1 138 21.03 2,431 
1961 ~----~-_------___- 2,481 312 775 6,222 -- 95 15.27 1,051 
1962 ~~~. -_---.------. 2,219 3802 670 5,406 2 . 87 16.46 — 2,842 
1963 -----------_-_____ 1,796 275 494 3,988 a 75 18.81 404 

— 1964 Loe 1,441 300 432 3,560 oe 59 16.85 2,142 
1965 P ~~~. 1,300 314 408 3,255 -~ 70 21.51 - 1,621 

Miscellaneous: 2 
1956-60 (average) —.--- 5,214 299 1,558 12,478 2 198 16.03 NA 
1961 ~~ 5,169 336 1,737 13,907 -- 104 7.48 310 
1962 ~----------___--.. 4,859 332 1,613 12,904 2 ~ 92 7.28 1,227 
19638 ~~~. 4,834 339 1,638 13,103 2 89 6.94 1,134 
1964 ~---_~~-__-----._ 4,075 324 1,319 10,565 1 86 8.23 1,028 
1965 P wit 4,600 308 1,417 11,3855 -- 90 7.93 - 805 

Total; 3 
1956-60 (average) ----. 20,491 © 279 5,721. 45,859 6 546 12.04 NA 
1961 -~-----.-__-__-.... 20,518 301 6,186 49,552 3 458 9.30 821 
1962 ~------.-___-_-.._ 19,983 306 6,123 49,163 14 482 10.09 2,124 
19638 ~----_-----.--.... 18,016 304 5,472 43,874 5 410 9.46 1,298 
1964 ~~~. )—17,715 3805 5,406 43,317 5 396 9.26 1,090 
1965 P -------_____-_... 19,200 309 5,939 47,610 3 495 10.46 851 

._ P Preliminary. NA Not available. 

1 Classed as uranium-vanadium and included with miscellaneous metals prior to 1960. 

2 Includes uranium prior to 1960. 
3 Data may not add to totals shown because of rounding. 

NONFERROUS REDUCTION AND REFINING PLANTS 

The overall injury-frequency rate for pri- higher in 1965 than in 1964, 1,107 days of 
mary nonferrous reduction plants and re- lost time per million man-hours worked 
fineries improved moderately in 1965 to compared with 1,005 in 1964. 
8.89 per million man-hours from 10.30 in 
1964. This was lower than. the correspond- The injury-frequency and severity rates 
ing rate for any of the previous 4 years. for aluminum plants were lower in 1965 
The overall injury-severity rate was slightly than in 1964. The injury-frequency rates
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decreased during 1965 at copper, zinc, and and in the man-hours worked in all plants 
miscellaneous metal plants, but these were indicate that operating activity at the pri- 

accompanied by moderately higher severity ary nonferrous smelting and refining 
rates. Frequency and severity rates both lants i al higher in 1965. This 
were higher in 1965 for lead smelters and P an sm penera was higher m ° j 
refineries. was a continuation of an upward trend in 

Gains in the number of men working operating activity during recent years. 

Table 3.—Employment and injury experience at primary nonferrous reduction and 
refinery plants in the United States, by industry groups 

Man- Man- Number of per million 
Men Average days hours injuries man-hours 

Industry and year working. active worked worked 
| daily smelter (thou- (thou- 

‘days sands) sands) Fatal $Non- Fre- Sever- 
. . . fatal quency ity 

Copper: | | . 
1956-60. (average) ----- 11,566 307. 3,552 = 28,401. 4 374 18.81 NA 
1961 --~~---------....... 11,414 329 3,750 § 29,999 3 420 14.10 1,398 
1962 ~----~-=-.--.---. 10,954 328 3,590 28,697 5 360 = :12.72 1,563 
19638 ~---------------... 10,289 3834 3,443 27,579 2 339 12.36 1,020 
1964 ..-------.------. 10,495 328 =—s_-« 3,885 Ss 27,106 1 ' 355 138.18 751 | 
1965 P wee. 10,900 333 3,635.. 29,060 - 38 315 10.95 . 1,257 

Lead: | 
1956-60 (average) --.-. 3,214 _ 286 918 17,844 2 125 17.29 NA. 
1961 ~---.-.---..-.---- 2,498 — 300 747 5,973 -- 116 19.41 995 
1962 ~------_.---_-_~-. 2,493 ' 289 720 5,760 2 . - 82 15.58 2,443 
19638 ~-~--------_-_--_. 2,581 277 715 5,720 | 1 61 10.84 2,057 . 
1964 ~----.------~---.- 2,327 321 746 6,002 1 67 11.33 2,353 
1965 P ~---------------- 2,300 305 701 5,610 1 15 13.55 2,896 

Zine: : . 

1956-60 (average) ~~~. 8,168 320 2,611 20,852 2 468 22.30 NA 
1961 ~-~-----...------- 6,518 329 2,188 . 17,107 2 360 21.16 1,740 
1962 -----.----------.. 6,588 328 2,158 17,246 -- 277 =: 16.06 399 
1963 ~.--.-.-----___-_. 6,108 346 2,114 16,909 3 261 15.61 684 
1964 ~~~ -.-_--_____-_. 6,848 334 2,284 18,074 3 814 17.55 854 
1965 P ~~ ~---~_-____-- 7,100 342 2,426 18,970 4 285 15.23 1,067 

Aluminum 1 
1960 ~--------..--_--..._ 12,630 346 4,365 34,920 1 214 6.16 389 
1961 ~-------.---_---...._ 18,408 326 4,371 34,966 1 331 9.50 790 
1962 ~~ ---..----..--.-.. 18,184 336 4,433 35,453 3 269 7.67 1,498 
1963 27 _..........§. 14,086 358 5,022 40,179 -- 269 6.70 1,622 
1964 ------------------ 15,794 334 5,278 42,917 3 242 5.71 1,898 
1965 P .1.---------.-_ 20,100 341 6,846 538,120 3 285 5.42 622 

Miscellaneous: * 
1956-60 (average) -.-.. 18,504 356 4,814 38,351 1 310 8.11 NA 
1961 ~.-.----.-_____... 1,714 278 ATT 3,816 -~ 20 5.24 215 
1962 ~-------------___. 1,605 297 477 3,819 -- 22 5.76 199 
1963 ~-------_--..._.__ 1,428 312 446 3,633 1 27 7.71 1,888 
1964 ----~--.--_----. 1,492 312 465 3,719 oe 21 5.65 155 
1965 P Jie 1,900 272 517 4,140 -- 20 4.83 221 

Total: 4 | 
1956-60 (average) ..--. 38,978 328 12,769 101,934 9 1,316 13.00 NA 
1961) ~~. 85,547 323 11,483 91,862 6 1,247 13.64 1,179 
1962 -..----_._-._.-... 34,824 3827 §=©11,878 90,975 10 1,010 11.21 1,147 
1968? www 84,442 341 11,740 94,020 7 957 10.25 933 
1964 --------___-_..._. 36,956 329 12,158 97,807 8 999 10.30 1,005 
1965 P wl 42,800 334 14,126 110,900 11 975 8.89 1,107 

P Preliminary. NA Not available. 
1 Aluminum included with miscellaneous prior to 1960. 
? Revised figures. 
? Includes aluminum prior to 1960. 
* Data may not add to total shown because of rounding.
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- NONMETAL (EXCEPT STONE) MINES AND MILLS 

The overall injury experience at non- causing most of the sharp increase in the 

metal mines was less favorable in 1965 than severity rate. The frequency rates of in- 

in 1964. The injury-frequency and severity juries at potash mines and mills were some- 

| rates increased from 25.68 to 28.06 and from what higher in 1965, although the severity 

4,389 to 5,009 per million man-hours, re- rates were markedly lower. At salt mines 

spectively. At nonmetal mills, the frequency and mills, the injury-frequency rates were 

rate decreased to 19.23 per million man- lower in 1965. However, three fatalities, 

-hours in 1965 from 22.19 in 1964. How- two more than in 1964, at salt mines re- 

ever, the severity rate increased to 1,884 sulted in a noticeably higher severity rate, — 

_ per million man-hours in 1965 from 1,550 whereas at salt mills the severity rate was 

in 1964, due principally to the larger num- improved. The injury-frequency rate at 

| ber of fatalities in 1965. | | sulfur mines declined slightly in 1965, but 

At clay and shale mines, the frequency two fatalities (none in 1964) caused a _ 

rate was noticeably higher while the sever- sharp increase in the severity rate. A larger 

ity rate was reduced principally as a result number of fatalities also worsened the 

of fewer fatalities in 1964. At clay and severity rate for miscellaneous nonmetal 

shale mills, the frequency and severity rates mines in 1965; however, the frequency rate 

were improved in 1965. Gypsum mines re- _ was relatively unchanged. The severity rate 

ported two. fatalities in 1965, causing the at the miscellaneous mills was moderately 

severity rate. to be markedly higher. The higher in 1965, but the rate of injury oc- 

number of nonfatal injuries at gypsum. currence was improved compared with that 

: mines was up substantially from 1964. At of 1964. . 

| gypsum mills, frequency and severity rates Increased numbers of men working at 

both were appreciably lower. -clay-shale, phosphate rock, and salt mines 

At phosphate rock mines, the injury-fre- in 1964 more than offset. the relatively 

quency rate increased slightly, but the minor decreases in gypsum, potash, sulfur, 

severity rate was reduced considerably. and miscellaneous nonmetal mines. Em- 

Both frequency and severity rates were ployment increased slightly at mills of most 

higher in 1965 at phosphate rock mills, with of the nonmetal mineral industries and de- 

four fatalities (none were reported in 1964) creased at clay, salt, and sulfur mills.
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Table 4.—Employment and injury experience at nonmetal (except stone) mines in the 
United States, by industry groups | 

| : . Injury rates 
. . Man- Man- Number of per million 

. Men Average days hours injuries man-hours 
Industry and year working active worked worked _ . 

daily mine (thou- (thou- 
DO days sands) sands) Fatal Non- Fre- Sever- 

- i | 7 fatal quency ity 

Clay-shale: | , | a | Oo 
. —. 1960) ~--u---------. 6,209 192 ~~: 11,193 9,638 5 272 28.74 4,897 - 

1961 w-.---._---------. 5,896 194 1,144 9,220 3 189 20.82 , 4,533 
1962 ~-.--___--_-----... 5,383 185 995 8,031 1 230 28.76 2,464 
19638 ~~. -.----------. 4,651 — 199 927 7,490 1 192 25.77 - 1,659 

. 1964 - ~~~... 5,450 212 1,156 9,366 q 254 27.87 6,169 
1965 P =, 500 217 1,196 9,690 4 320 33.44 4,064 — . 

Gypsum: | 7 

1960 -.----------_----_ 1,178 251 296 ~ 2,887 1 33 «14.24 3,811 
1961 ------.-.--_----. 1,100 | 249 274 2,215 | 1 27 12.64 3,431 
1962 .-------_--...-. 1,105 251 277 2,230 -- 19 8.52 2,376 
19638 ..--------_-_-____ 992 256 254 2,051 1 23 11.70 3,841 
1964 c-------~-.--..... 1,019 255 260 2,091 -- 15 7.17 302 
1965 P Lie 1,000 248 248 2,000 2 20 11.00 6,432 

Phosphate rock: | 
1960 ~--u-------iu-. = 2,852 289 679  ~ *5,419 -- ~ 112 ~=—- 20.67 754 
1961 ~---.------------. 2,873 =: 271 644 5,253 2 13 14.28 3,070 

=: 1962) Leet 1,974 257 507 4,122 2 70 17.47 4,382 
19638 --------------.--_ 2,012 279 561 4,536 3. 72 16.53 5,088 
1964 ~~~ 2,124 296 629 5,063 2 92 18.57 3,410 
1965 P ~~. = 2,300 309 T1 5,725 2 105 18.69 2,464 

Potash: 
1960 --.----.-.__..-... 1,603 315 506. 4,046. 1 176 43.75 2,360 
1961 ~.-----..-----.-. 1,708 314 5387 4,294 5 169 40.52 7,959 
1962 ----.--.-------. 1,602. 306 491 3,925 5 181 47.38 8,846 

—6-:1968 ete, 723 353 608 4,851 19 206 46.38 24,431 . 
1964-2 2,022 333 673 5,384 ~ 4 171 32.50 6,138 
1965 P -_---._.____.-_.. 1,800 334 602 4,815 1 200 41.74 4,542 

— . Salt: 
1960) -Leee een) 1,292 261 337 2,771 1 109 39.70 3,300 
1961 -2----------.--... 1,444 255 368 . £38,067 # °#£®%2 101 33.57 6,666 

. 1962 oe eee 1,625 | 267 434 3,635 . 2 164 45.67 _ 4,289 
1963 ~-..-----..-...-.. 1,582 270 414 3,443 3 113 33.69 6,214 

~ 1964 wee 1,551 273 ' 423 3,487 1 122 35.27 4,335 
1965 P _.-..-..__-.... 2,000 272 544 4,460 3 135 30.94 6,566 

Sulfur: 
1960 ~------.-----..-.. 1,878 346 650 5,558 5 167 30.95 6,817 
1961 ---.-----._--.---. 1,656 350 580 3 =—s_ 4,971 - -- 93 18.71 «612 
1962 ~.----.----.---.. 1,468 353 518 4,407. ~~ 72 16.34 748 
19638 -----..-------.... 1,366 361 493 4,247 1 = 61 14.60 1,816 
1964 ~~ .----.--.-. 1,313 363 476 4,106. -- 53 - 12.91 418 

. 1965 P 1-1, 800 365 475 4,290 2 - 60 12.12 3,184 

Miscellaneous: . 
1960 ~~ -~-.------..... 4,141 206 8538 6,985. 6 187 27.68 NA 
1961 w--.------.._-.... 4,104 195 800 6,496 2 209 32.48 3,222 
1962 -.----.------..... 3,760 201 757 6,138 4 208 34.57 6,858 
1968 ~~ ~--------.-... 3,294 223 7338 5,921 3 190 82.60 4,117 
1964 ~-.--...--.--..... 3,608 223 803 6,479 4 199 31.33 4,993 
1965 P -..-.-_-.._.--.._ 3,300 247 815 6,485 7 195 81.15 ' 8,708 

Total: 1 
1960 ~~ -------.-..... 18,653 242 4,515 36,805 19 1,056 29.21 4,478 
1961 ~~~---..--...-..-. 18,281 238 4,347 35,517 15 861 24.66 4,058 
1962 ~--------_...-.-. 16,917 235 3,979 82,484 14 944 29.49 4,276 
1968  ----.--.--.-.----. 15,570 256 3,990 32,539 31 857 27.29 6,630 
1964 ~~~... 17,087 259 4,420 35,977 18 906 25.68 4,389 
1965 P -_---~~--___.-. 17,200 267 4,591 37,460 21 1,030 28.06 5,009 

P Preliminary. NA Not available. 

1 Data may not add to totals shown because of rounding.
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Table 5.—Employment and injury experience at nonmetal (except stone) mills in the 
| United States, by industry groups 

| | Injury rates 
Man- Man- Number of per million 

Men Average days hours injuries man-hours 
Industry and year = working active worked worked a! 

daily - mill (thou- (thou- . 
days sands) sands) Fatal Non- Fre- Sever- 

| _. fatal quency _ ity 

- Clay-shale: | : a 7 
= 1960 eee eee 20,222 247 4,991 40,784 6 1,121 27.63 | 2,070 

— 1961 pene 20,532 247 5,068 40,593 2 1,107 27.32 1,032 
(1962 w----e eee 7, 142. 233 3,987 32,756 3 796 24.39 1,539 
1963 ---~---~------.--. 15,746 250 3,942 31,762 --- 881 27.74 836 
1964 we 15,250 261° 3,982 32,058 4 1,011 31.66 2,025 

me 1965 P -2u---.----e---- = 15,200 270 - 4,104 33,025 5. 890 27.10 1,974... . 

: Gypsum: : | oo, | . : 

1960 ~_-2 2,464 261 - 642 5,146 2 18 - 3.89 2,674 
oO 1961 2 ne 1,691 254 430 3,445 -- 19 5.52 1,998 

_° 1962-2 1,690 — 257 434 3,517 oe " 21 6.97 289 
19638 ~2o ee 1,615 © 289 466 3,731 -- 14 3.75 294 

. 1964 we 1,589 278 442 3,467 20 5.77 1,804 
. 1965 P12 ooo 2,900 294 852 6,555 -- 25 3.81 588 

Phosphate rock: | 
1960 12-2 2,188 293 642 5,188 | 1 61 11.95 1,502 
1961 wee 2,523 279 705 5,644 1 50 9.04 2,078 
1962 ~~~ 2,381 ° 299 712 5,699 — 2 53 9.65 2,631 
1963 ~~2 ~~ 2,297 310 712 . 6,714 1 29 5.25 ~ 1,260 
1964 ~~~ ee 2,163 319 690 5,514 -- 38 6.89 1,017 

. 1965 P woe 2,200 340 749 6,040 4 55 9.77 oe 5,844 

Potash: - . 

1960 Lee 978 . $329 322 2,572 —- 118 45.88 900 
1961 ~~. 1,052 331 348 2,786 1 81 29.43. = 2,887 
1962 ~~ ewe 712 305 217 1,737 -— . 58 33.39 716 
1963 ~~~ 1,020 330 = =§=——— 837 2,695 1 25 9.65 2,612 
1964 wwe 1,003 332 333 2,666 — 45 17.25 2,644 — 
1965 P uuu 1,100 361 397 - 3,180 1 70 22.01 1,980 

| Salt: | a 
1960 2 5,000 282 1,410 11,304 1 159 14.15 1,066 
1961) ~~~ ee 4,711 © 286 1,847 - 10,811 -- 174 16.09 453 

1962 22 4,429 269 1,190. . 10,259 3 196 19.40 2,381 
1963) .----.-- ee 4,539 301 1,368 10,999 -- 182 16.55 369 
1964-2 4,870 289 1,405 11,229 -_ 183 16.30 657 
1965 P wou 4,200 290 1,220 9,755 ee 120 12.30 568 

. Sulfur: 

1960 ~2-w ee 51 216 11 92 _- 8 86.96 1,003 
1961 -e ee 33 182 6 49 -- 1 20.41 ~ 408 
1962 ~~~ 34 265 9 } | -— -- — 

1963 ~2--we 20. 300 6 47 _- 1 21.28 553 
1964 uuu 11 273 3 21 _- -- -- -- 
1965 P wee _- --— -— -_ -- —_- -— -< 

Miscellaneous: 

1960 ~~~ ieee 8,665 307 2,661 21,300 3 309 14.65 NA 

1961 ~pe 8,489 303 2,568 20,597 2 248 12.14 1,817 
1962 ~--_-___-__ 8,512 301 2,568 20,585 1 259 12.63 1,279 
19638 ~~~ 8,495 — ~3809 2,621 20,996 -- 344 16.38 514 
1964 uu 7,081 291 2,060 16,506 1 283 17.21 1,185 
1965 P _ou 7,200 297 2,136 17,125 1 280 16.41 1,367 

Total: 2 

1960 ~~~ ----__--_ =: 39, 568 270 10,679 86,386 13 1,794 20.92 1,705 
1961 ----i_____________ 39,031 268 10,471 83,925 6 1,680 20.09 1,199 
1962 -_.-_______-______ = 3.4, 900 261 9,112 74,621 9 1,383 18.65 1,587 
1963 ~--u-uuuuuuL_____ S838, 732 280 9,452 75,944 2 1,476 19.45 589 
1964 iii 831,967 279 8,914 71,461 6 1,580 22.19 1,550 
1965 P wwii 832,800 288 9,459 75,680 10 1,445 19.23 1,844 

eee 

P Preliminary. NA Not available. 

* Includes mill data not reported in previous years. 
2 Data may not add to totals shown because of rounding.
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STONE QUARRIES AND MILLS | 

The overall safety record of all stone The severity rate was improved for 
quarries and mills has been improved _ granite, lime, limestone, slate, traprock, 

slightly in each of the past 3 years. In and.miscellaneous stone quarries and mills. 
1965, the injury-frequency. rate was 18.16 This measure of injury experience was less 
injuries per million man-hours compared favorable at cement, marblé, and sandstone 

with 18.20 in 1964 and 18.22 in 1963. The operations, each of which reported more 

severity rate, 2,426 per million man-hours fatalities. : —_ 
in 1965, was lower than the 2,752 in 1964. . _. 7 
and 2,913 in 1963. There were 49 fatali- Operating activity, as measured by the | 
ties reported in 1965, 12 less than in each average number of men working daily, 

| 1963 and 1964. _ . registered slight to moderate changes. In- 

The injury-frequency rate was improved creased employment in the granite, lime, 

compared with that in 1964 for granite, limestone, sandstone, and traprock indus- 
lime, sandstone, and traprock, but was less tries was accompanied by corresponding | 

favorable for cement, limestone, marble, gains in total worktime. Slight increases | 
slate, and miscellaneous stone quarries and in man-hours worked were listed for the | 

mills. In spite of the slight increase, ce- slate and miscellaneous stone industries, al- | _ ment operations continued to show the ; . 7 | 
lowest rate of occurrence, 5.97 injuries per though employment declined slightly. This 
million man-hours. Marble quarries showed anomoly results from the increased number — oe 

the highest rate of occurrence, 35.65 in- of active days at slate and miscellaneous a 
| juries per million man-hours. stone operations in 1965. - a -
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Table 6.—Employment and injury experience at stone quarries and mills in the 
| | United States, by industry groups — 

Injury rates 
. oe Man- Man- Number of | per million 

Men Average days hours ‘injuries man-hours 
| Industry and year working active worked worked 

. daily days (thou- (thou- . 
sands) sands) Fatal Non- Fre- Sever- 

fatal quency ity 

Cement: 1° . a. oe an 
1956-60 (average) ----. 28,818 NA NA 72,102 9 313 4.47 NA 

1961 ~-----~.-----_---. | 27,028 308 8,336 66,732 2 259 3.91 NA 
1962 -----.----------. 25,564 306 7,817 62,545 8 251 — 4.14 1,077 
19638 --.-----.--.----... 24,956 809 7,715 61,727 7 306 5.07 950 

. 1964 ~-----------=----- 23,017 318 7,328 58,592 8 803 5.381 = 1,017 
1965 P ~----------_----. 22,700 .- 318 7,218 57,770 10 335 5.97 1,438 | 

Granite: . 
1956-60 (average) ~~~. 7,527 NA NA 14,941 5 608 . 41.03 NA 
1961 J----~------_----- 8,329 234 1,949 16,192 © A 547 34.03 NA 
1962 ~-.--------_~--~.- 8,239 229 1,886 15,870 7 425 27.22 5,052 
1968 ~----..---------.- 8,131 234 1,900 15,797. 13 423 27.60 7,393 
1964 —~-------~------.~~ 8,743 236 2,065 17,076 6 466 27.64 3,753 

. 1965 P ~----------_----~ 9,000 250 2,246 18,430 6 445 24.47 2,973 
Lime: 1 oO . 7 

: 1956-60 (average) —---~- 8,061 NA NA — 18,940 5B ° 890 20.86 NA 
1961 uw. -e-e ue —t—s«83 , 48855 291° 2,466 19,775 3 348 17.75 NA 
1962 ~-~---~-.~---_-----~ 7,690 289 2,222 17,847 5B. 812 17.76 2,216 

— 1968 + ------------. 7,439 300 2,230 17,890 3 2387 13.42 - 1,716 
1964 eee, 284 «808 2,189 17,595 5 300 17.33 - 2,237 

. 1965 P ee 7,700 292 . 2,250 18,095 : 4 » 285 15.97 $1,797 
oe Limestone: . : - . SO “ 

oo Oe 1956-60..(average) --... 30,026 - NA NA 58,873 20 1,956 (33.56 NA |. 
1961 ~~-------..------. 31,923 = 229 7,822 61,717 15 1,903 31.08 NA. 

: 1962) ~----------------. 32,931 229 7,538 64,570 338 1,415 22.48 4,830 — 
a 1968  -u-------2-__--.. 38,093 230 7,603 64,500 29 1,499 23.69 8,958 

: 1964 ~--_-------_-_--..._ 31,660 _. 286 7,482 63,476 © 84 1,424 22.97 4,468 
- 1965 P -u-L-i-_-__-_-.. 32,600 238 7,768 65,875 21 1,555 23.92 3,404. 

Marble: 7 
_ 1956-60 (average) ~--~. ~ 2,995 NA NA §,221 — 1 235 37.94 NA 

1961 2 3,119 245 765 6,257 2 289 46.51 NA 
1962 ~--.---_-~_-_---__ 2,919 . 247 721 5,938 3 260 44,29 4,419 
1963 ~---~-------~-- 2,792 254 710 5,763 1 168 29.33 3,454 
1964 wu e 2,602 258 671 5,456 a 174 31.89 581 
1965 P wou 2,500 250 . 625 5,105 2 180 35.65 3,359 © 

Sandstone: . 
- 1956-60 (average) —--- 3,699 NA NA 6,444 2 305 47.64 | NA 

1961 ~w---- 4,370 206 900 7,404 2 327 49.23 NA 
1962 ~~ ~~~ 5,867 219 1,282 10,802 3 267 25.15 3,444 
19638 uuu 5,982 222 1,329 11,096 2 334 29.25 2,844 
1964 wou 5,427 221 1,197 9,779 4 282 30.28 3,180 

Pa i P owe 5,600 221 1,237 10,340 | 5 255 25.00 3,610 
ate: 

1956-60 (average) — - ._ 1,371 NA NA 2,803 _- 138 44,44 NA 
“1961 wee 1,160 251 292 2,359 ~-- 135 57.23 NA 
1962 ooo 1,224 243 298 2,510 3 17 31.87 7,970 
19638 ~-----2-e 1,270 264 335 2,719 —_ 103 37.88 1,047 
1964 cLueeeee ell SC, 4002 263 369 2,993 1 86 29.07 3,035 

. = 1965 P Lee 1,400 264 370 8,005 _- 90 29.95 849 
Traprock: 

1956-60 (average) -—-.. 4,054 NA NA 7,269 5 340 47.46 NA 
1961 -ueee ee 4,979 220 1,097 9,079 4 407 45.27 NA 
1962 wu 5.734 215 1,235 10,197 4 224 22.36 4,284 
1963 oe 6,254 216 1,315 11,146 2 319 28.80 2,014 
1964 uuu 5,417 208 1,125 9,401 2 240 25.174 2,285 
1965 P - uu 6,000 210 1,257 10,440 1 210 20.21 1,120 

Miscellaneous: 2 
1957-61 (average) —_--_ 1,744 209 364 3,082 1 127 41.53 NA 
1962 ~--uwee 2,071 190 393 3,173 1 68 21.75 3,865 
19638 ~--- ~~~ 2,043 186 379 3,046 4 79 27.25 8,524 
1964 2 2,635 199 525 4,200 1 96 23.10 1,799 
1965 P ~~ 2,500 222 554 4,400 ~— 105 23.86 1.360 

Total; 3 
1956-60 (average) --... 87,899 NA NA _ 190,037 48 4,899 23.40 NA 
1961-2 S91, 871 257 28,524 192,705 82 4,280 22.38 NA 
1962 ue, 241 254 238,393 193,453 67 3,299 17.40 3,201 
1963 ~~~. = 91, 960 256 238,553 193,685 61 3,468 18.22 2,913 
1964  L--u--uueeeeeee=—838,187 260 22,944 188,569 61 3,371 18.20 2,752 
1965 P Liu. =: 90, 200 261 238,526 193,465 49 3,465 18.16 2,426 

P Preliminary. NA Not available. 

1Includes burning or calcining and other mill operations. 

* Not compiled separately before 1957. 
3 Data may not add to total shown because of rounding.
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| | SAND AND GRAVEL OPERATIONS | 

Injury experience at sand and gravel op- in 1964. The number of nonfatal injuries 
erations was relatively unchanged in 1965. decreased to 1,870 from 1,957 in 1964. | 
The frequency rate was lowered to 19.15 Activity at sand and gravel operations 

injuries per million man-hours from 19.73 gecreased slightly in 1965, as indicated by 
in 1964. However, the severity rate during he slight decli . lov d 
1965 advanced to 3,322 days lost per mil- the . ight declines in employment an | 
lion man-hours from 3,237 in 1964. A total worktime. However, the number of active | 
of 40 fatalities was reported, 6 more than plant days increased to 228 in 1965. _ 

Table 7.—Employment and injury experience at sand and gravel plants in the 
United States | | 

| Injury rates 
Man- Man- Number of per million 

Men Average days hours injuries man-hours 
Year working active worked worked 

daily plant (thou- (thou- 
days sands) sands) Fatal Non- Fre- Sever- 

fatal quency ity 

1961 ~-~-----.--------.-... 55,726 217 12,117 101,707 21 1,814 18.04 2,331 
1962 ~~. +--+... 538,599 218 11,690 97,589 51 2,093 21.97 4,232 
1963 -.------.-----.-..-__. 52,804 216 =11,400 95,786 33 1,894 20.12 3,095 
1964 ~------.-.-...----__-. 55,886 217 12,129 100,891 34 1,957 19.73 3,237 
1965 P ~~. 54,700 228 = =11,979 99,745 40 1,870 19.15 © 3,322 

. P Preliminary | 

| SLAG (IRON-BLAST-FURNACE) OPERATIONS . 

The frequency rate of injuries dropped was reduced to 3,173 in 1965 from 3,895 in 
appreciably in slag operations in 1965 to 1964. Operating activity was higher in 1965, 
14.93 per million man-hours from a high both in terms of men employed and man- 
in 1964 of 17.38. The severity rate also hours worked. 

Table 8.—Employment and injury experience at slag (iron-blast-furnace) plants in the 
United States 

| Injury rates 
Man- Man- Number of per million 

Men Average days hours injuries man-hours 
Year working active worked worked 

daily plant (thou- (thou- 
days sands) sands) Fatal Non- Fre- Sever- 

fatal quency ity 

1960 ~----------..--------. 1,680 NA NA 8,618 -- 34 9.41 1,050 | 
1961 ~-.------------------. 1,682 246 415 3,361 -- 30 8.93 248 
1962 ~-~-------------.-.--. 1,462 248 362 2,927 -- 29 9.91 417 
1963 ~--------.-------..--. 1,421 252 358 2,867 2 35 12.96 4,562 
1964 ~~ ------------------. 1,472 264 389 3,107 1 53 17.88 — 3,895 
1965 ~~~ ------------..-. 1,537 277 425 3,415 1 50 14.93 3,173 

NA Not available.
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Overall the domestic abrasives industry | Foreign Trade.—Increases in value of _ 
had one of its best years in 1965. Produc- most imports of abrasive materials in 1965 | 
tion and value of all commodities increased were offset by a decrease in the value of 
over that of 1964 which also was a good imported industrial diamond. Production | 
year. Production of tripoli that was down of fused aluminum oxide and silicon car- 
in the previous year rebounded and pro- bide in the United States and Canada and 
duction from two new mines was reported. imports of these commodities into the Unit- 
Plant capacities for production of silicon ed States increased, but combined exports 
carbide and fused crude aluminum oxide of finished grain of these materials was 
and production from plants in the United virtually unchanged from the previous year. 
States and Canada increased, but demand 
was high and yearend stocks were less than | 

at the end of 1964. 1Commodity specialist, Division of Minerals. 

Table 1.—Salient abrasive statistics in the United States | 

1956-60 } 
Kind (average) 1961 1962 1963 1964 1965 

Natural abrasives (domestic) sold or 
used by producers: 
Tripoli. ........-.-short tons_... 50,690 54,641 61,732 66,635 64,613 71,138 

Value__......-thousands. --. $209 $225 $244 $266 $268 $381 
Special silica-stone products ! 

short tons. -.- 4,502 2,495 2,653 2,693 3,186 3,603 
Value____..-.-thousands- -.- $342 $238 $260 $255 $292 $432 

Garnet__._._.._..-short tons_..- 11,396 12,057 14,166 14,626 16,123 19,330 
Value. ._._.._.thousands- --_- $1,044 $1,036 $1,172 $1,412 $1,622 $1,717 

Emery........._._-short tons-_--- 9,691 6,180 4,316 6,732 9,214 10,720 
Value_____.....thousands_ _ _- $155 $106 $71 $119 $172 $204 

Artificial abrasives 2_____short tons_ ___ 421,945 372,192 423,412 402,823 459,169 524,305 
Value_....._......thousands_-___ $59,531 $54,937 $59,854 $56,523 $63,370 $73,102 

Foreign trade (natural and artificial 
abrasives) : 

Imports for consumption (value) 
thousands. --_- $84,369 $96,219 $79,473 $77,500 * $89,299 $88,972 

Exports (value)__..........do__-_- $25,311 $29,209 $32,757 $385,774 * $43,455 $49,075 
Reexports (value)..__._._...do__-_- $10,706 $17,814 $11,454 $12,918 $17,142 $13,741 

t Revised. 
! See table 6 for kind of products. 
2 Production of silicon carbide and aluminum oride (United States and Canada); shipments of metallic 

abrasives (United States). 
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- Fable 2.—U.S. exports of abrasive materials, by kinds : 
i eee 

1964 1965 

Kind : . 
Quantity Value Quantity | Value 

Natural abrasives: 
Diamond dust and powder. -__.-..-.-carats---- 1,892,097 $4,097,482 $1,147,838 $3,268,019 

. Diamond suitable only for industrial use . 
carats... - 1,324,195 4,710,488 2,003,218 7,317,265 

Grindstones and pulpstones._...-short tons.--- 179 48,460 } (2) (1) 
~ Whetstones, sticks, etc. (natural)_..-pounds- --- 271,942 162,950 

Emery powder, grains, and grit (natural) _ . 

d ( 1) 777 90-777 308/386 "73°666 | Corundum grains and grits (natural)._...do_--- 08, , . 
. Natural abrasives not elsewhere classified . 26,337,618 1,846,775 

pounds.... 27,981,930 1,831,076 
Mantfactured abrasives: - . 

Aluminum oxide, fused, crude, and grains 
: pounds. ._ 37,421,869 5,611,540 34,507,958 5,262,361 

Silicon carbide, fused, crude, and grains 
~1...do.... 22,430,140 3,863,948 25,518,766 5,774,644 

: Alumina, unfused_............--.----.-do---- 902,253 — 148,651 
Manufactured abrasives, not elsewhere classified oo 

pounds_._- 346,905 113,907 (?) (?) 
Abrasive pastes, compounds, and cake (except 
chemical)_........-.-.----------pounds- ~~ *944,480 +*301,905 7 

Diamond-grinding wheels and stones_.carats_ ~~ 405,328 2,708,712 382,605 3,053,371 
Grinding wheels except diamond wheels 

pounds.... 3,240,038 | 4,485,107 4,327,701 6,437,862 
, Pulpstones of manufactured abrasives 

- Loe dow. Le 3,278,133 871,112 3,271,615 934,373 
. Whetstones etc. of manufactured abrasives 

....d0.__. _ 472,847 1,261,764 570,865 — 1,039,798 
Abrasive paper and cloth (natural abrasives) 

: reams... 31,729 645,282 
Abrasive paper and cloth (artificial abrasives) 397,202 12,109,950 

OS reams-_-- r 310,495 * 10,920,601 
Metallic abrasives (except steel wool). pounds.... 17,290,096 1,404,483 22,202,412 1,922,528 
Abrasives coated not elsewhere classified_.....-. an a ----- 3 108,035 

Total_...-.-.----.----------------------- _..-. 143,455,159 aunne 49,074,981 

r Revised. 
1 No longer separately classified, included in manufactures. 
2 No longer separately classified. 
3 Class established Jan. 1, 1965, value only. 

Table 3.—U.S. reexports of abrasive materials, by kinds 

1964 1965 

Kind 
Quantity Value Quantity Value 

Natural abrasives: 
Diamond-grinding wheels, sticks, hones, and laps 

. carats_—_- 950 $5,522 721 $7,632 
Diamond dust and powder______..._.-.-do_...- 185,037 373,269 146,799 409,507 
Diamond suitable only for industrial use 

carats. -- 2,947,487 16,750,524 2,250,936 13,311,196 
Emery powder, grains, and grits (natural) 

pounds... 10,500 1,155 
Natural abrasives not elsewhere classified 900 848 

_.--do___- 86,970 3,792 
Manufactured abrasives: 

Abrasive paper and cloth coated with natural and 
artificial abrasive materials_.___...reams__-_- ----- ~e--- 5 1,146 

Abrasives coated not elsewhere classified.. _._-_- neuee _a--- (1) 206 
Aluminum oxide, fused, crude, and grains 

, pounds. _ -__ 600 286 ----- ances 
Grinding wheels, except diamond wheels 

pounds. .-_- 5,436 3,175 2,167 9,115 
Whetstones, etc., of manufactured abrasives 

pounds. -._ 204 1,991 2,139 1,372 

Total_____.----- eee .---. 17,141,714 ~u--e 13,741,022 

1 Class established Jan. 1, 1965, quantity not recorded.
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Table 4.—U.S. imports for consumption of abrasive materials (natural and artificial), 
by kinds 

1964 1965 . 

Kind . 
. Quantity Value Quantity Value 

Corundum, crude or crushed._.....-short tons. ---- ~ 1,969 $53,130 1,900 $46,990 
Emery, flint, rottenstone, and tripoli, crude or 

crushed______...______-_-......--short tons-_-...- 18,519 517,632 17,702 504,664 ‘ 
Silicon carbide, crude..__--..-.-.---.-----do_--.. . 79,557 9,659,262 . 89,604 11,078,129 
Aluminum oxide, crude__......-.-......--do.-_.. 136,391 14,099,179 153,482 16,045,262 
Other crude artificial abrasives.............do.-... - 2,764 270,402 3,839 396,673  — 
Abrasives, ground, grains, pulverized or refined: . 

Rottenstone and tripoli_.__....-short tons---_.- 6 GY) Q) panes ae 
Silicon carbide. ___..............-----do__-.. 603 205,636 1,083 346,998 
Aluminum oxide. 2... --....-.....-.---do.-_.. r 3,338 772,450 5,971 1,157,787 
Emery, corundum, flint, garnet, and other, in- . 

cluding artificial abrasives. _...short tons- -~-. 99 26,341 247 51,355 
Papers, cloths, and other materials wholly or partly . . 

coated with natural or artificial abrasives_....-.-.- — 2 1,788,809 (?) 2,655,637 
_ Hones, whetstones, oilstones, and polishing stones 

number... ..- 234,526 52,322 177,304 46,098 
Abrasive wheels: . 

Solid natural stone wheels____........-do....-- 4,878 6,845 3,536 6,390 
Diamond..-_.._-_-.----_--.-----.--.do_.-.- 12,483 108,757 60,757 188,188 . 
Other. __-.- 2 ee (?) 553,261 © (?) 493,059 

Articles not specifically provided for: 
Emery or garnet_._....-_-....-----.----.---- (?) 9,406 (?) 20,669 
Natural corundum or of artificial abrasive 

materials. _._..---.- 2-2-2 eee eee (?) 37,878 (?) 82,162 
Other... ee eee (?) 66,053 (?) 40,169 

Grit, shot, and sand of iron and steel___short tons- -_-- r 2,825 t 864,643 2,214 314,362 
Diamonds: 

Diamond dies____..-.-...-..---.number..-.. 8,022 163,711 | 8,522 179,707 
Crushing bort_._.........._._-.---carats..... '3,819,033 79,544,366 2,612,309 6,874,618 
Other industrial diamonds___-.....-.-.-do.---. 16,944,599 39,583,201 5,412,395 34,548,945 
Miners’ diamonds_..._.........-..--.-do.-_.- 782,391 4,074,312 705,615 3,700,044 
Dust and powder__._.___._..-.-...-..do..... 12,731,888 | * 6,840,920 4,108,995 10,194,041 

Total... 22 eee eee eee ----. * 89,298,516 weene 88,971,947 

-  ¥ Revised. — 
1 Revised to none. . 
2 Quantity not recorded. . 

| TRIPOLI 2 | 

Output was by seven companies in six Muncy, Pa. (rottenstone). | 
States. Since January 1, 1965, the Illinois Material from Alabama was used for 
Minerals Co. has produced (amorphous foundry facing and that from Arkansas, 7 
silica) from the property at Elco, Ill., Missouri, and Oklahoma was used princi- 
formerly operated by Ozark Minerals Co. pally for buffing, polishing, and cleansing. 
Other new producing companies in 1965 The products from Illinois and Pennsyl- 
were Alasil Corporation, Waterloo, Ala., vania were used as abrasives and fillers. 
and Caddo Minerals Co., Inc., Glenwood, Processed tripoli prices remained vir- 

Ark. Companies that continued produc- tually unchanged from 1964 according to 
tion were Tamms Industries Co., Tamms, quotations in E&MJ Metal and Mineral 
Ill. (amorphous silica); American Tripoli Markets. : 
Division, The Carborundum Co., Seneca, 9 ———_ 

: . 1Se 2Tripoli includes tripoli from the Missouri- 
Mo. 2 and Ottawa County, Okla. ; . (Mis Oklahoma, and Arkansas fields; amorphous or 
souri-Oklahoma-tripoli) ; Penn Paint & soft silica from Alabama and southern Illinois; 
Filler Co., Antes Fort, Pa. (rottenstone) ; and rottenstone from Pennsylvania. Although | 

and Keystone Filler & Manufacturing Co., porous. silica. materiale 7 Bm are mne-grame”



| | | | So | 

Table 5.—Processed tripoli: sold or used by producers in the United States, by uses? _ | | : 

| Other, including 8 
Abrasives Filler foundry facings Total Z 

Year a 
: | | > 

Short Value Short Value Short Value Short Value te 
tons (thousands) - tons (thousands) tons (thousands) tons (thousands) a 

eK 

1956-60 (average).........-___-.-_------------ e+e 32,990 $1,400 7,975 . $184 - 4,901. $161 45,866 | $1,745 Bs 
1961__.-.---_-----.---- eee ee eee ~ 34,581 1,472 9,409 231 4,605 | 149  +48,595 1,852 te 
1962____.--_--.._-. ~~ eee eee eee 38,241 1,641 9,578 252 - 4,863 152 52,682 2,045 °° 
1968__.....-.--.-_-.-.------ ee eee eee eee 38,979 1,645 10,145 276 5,619 197 64,743 2,118 R 
1964__.__-_- eee eee eee 42,371 1,831 10,865 295 5,253 169 58,489 2,295 J 
1965___.__-__..--_------ eee eee eee 48,935 2,025 11,011 296 4,830 | 142 64,776 2,463 ia 

| | __. © 

1 Includes amorphous silica and Pennsylvania rottenstone. So wo 
2 Partly estimated. .
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| SPECIAL SILICA-STONE PRODUCTS | | 

Grindstone sales were reported from Table 6.—Special silica-stone products sold 
Ohio; abrasive material for oilstones from or used by producers in the 
Arkansas; whetstones from Indiana; grind- 7 ~ United States + 
ing pebbles from Minnesota and Wisconsin; 9 7 
and tube-mill liners from Minnesota. For . Value : 

; : Year . Short (thou- 
the second successive year there was no | “tons sands) | 
reported production of millstones. $$ | 

| 1956-60 (average).....-.-..----. 4,502 $342 
1961__....---------- ee 2,495 238 
1962. ee 2,653 260 — 
OS 2,693 255 
1964... ee 3,186 292 

| 1965-22222 2LLLLLILLIIITLLLI. 3608 482 

oo . 1Includes grinding pebbles, oilstones and other . 
sharpening stones, tube-mill liners, grindstones, and 
value of millstones (1956-63). 

| NATURAL SILICATE ABRASIVES | | 

- Garnet.—Sales of domestic garnet, most Table 7.—Abrasive garnet sold or used by 
of which has no sales value until crushed, producers in the United States 

-. concentrated, and ground to definite par- . | | 
ticle size specifications by the producer, | / a Value 7 
increased substantially in both Idaho and — Year Short (thou- | Ho 
New York. Increases were noted in garnet ee tons —_ sands) : | 
used for sandblasting and for skid-resistant | oe 
paving. Little change was noted in the 1936-60 (average) - a= 2 nee -e----- 17,396 #1046 Oo 
quantity of garnet produced for glass 1962____-_-.-....-....--.----- 14,166 1,172 
grinding, metal lapping, and wood, leather,  1983-------------------7-7---- 14626 ae . 
and plastic sanding. Some losses of sales 1965...._.-.-.---------------- 19,330 1,717 
of abrasive-grade garnet were reported to = =——————___________——____ : 
be temporary and might be regained in Sg — 

' 1966. Producers in 1965 were Idaho Gar- Mines Corp., North Creek, N.Y.; and: 

net Abrasive Co., Division of Sunshine Cabot Corp., Willsboro, N.Y. There was_ 
- Mining Co.,, and Emerald Creek Garnet no reported production from Porter Broth- _ | 
Milling Co., Fernwood, Idaho; Barton ers Corp., Valley County, Idaho. , | 

7 NATURAL ALUMINA ABRASIVES - | | 

Corundum.—Commercial production of | Mass., imported and processed corundum | 
corundum has not been reported in the that was used principally as abrasive grains | 
United States or Canada since 1946 when and powder for optical grinding and in . 
production in Canada was last reported. lapping compounds. _ 
The American Abrasive Co., Westfield, | 

| Table 8.—World production of corundum, by countries 1 a 
(Short tons) " 

Country | 1961 1962 1963 1964 1965 Pp 2 | . 

India.__._.-.._._.-.-----.-------------------- 363 332 725 t 595 e 600 
Rhodesia, Southern___...........----.--------- 2,792 3,348 r 5,940 r 2,870 e 4,600 
South Africa, Republic of..........-.---.-.--.-- 159 349 79 60 345 

World total ¢.........__.--..------------ 8,000 9,000 11,000 9,000 11,000 

e Estimate. P Preliminary. * Revised. - | . . - 
1 Corundum is produced in U.S.S.R., data on production are not available, but estimated output is included 

in the totals. , 
2 Compiled from data available April 1966.
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Emery.—De Luca No. 1 mine at Peeks- _ Table 9.—Emery sold or used by producers | 
| | kill, N.Y., was closed throughout 1965, in the United States 

Oe being nonproductive for the first ttme in __——OOOOOO 

several years. Producers were De Luca © : y gg Value 

Emery mine from De Luca No. 2 at Peeks- ad Short spony 
kill, N.Y., Di Rubbo American Emery Ore 9 —_—__»_-* SSS 

a from the Kinkston mine at Croton-on- — 1956-60 (average)..------------- 9,691 $185 

| - Hudson, N.Y.; and Peekskill Emery Co. 1961... --------------2-07--7-- 6,180 106 

at Peekskill, N.Y. The consumption of 1963 277777777T7777777ITIZ77777 ~~ 6'732 119 
emery, which increased 59 percent above 1964-------------------------- - 9214 172 
that for 1964, was approximately equal for 1965 - ~~ ~~~ -- 22a n nnn neem nn nne 10,720 204 

| heavy-duty nonslip floors and pavements, 
| ‘and for abrasive purposes. | | 

| INDUSTRIAL DIAMOND 

| Foreign and Industry Review.—A de-  endar years 1964 and 1965. 
crease of 32 percent in imports of crushing Production of manufactured diamond 

: | bort in 1965 was counterbalanced by an suitable for grinding wheels and saws, in 
increase of 50 percent in imports of dust the United States, was estimated at 5.5 

| and powder. Although most of the crush- million carats. This is the highest estimate 
ing bort originates in the Congo (Léopold- since commercial production was first an-_ 

- ville) major imports were from the Re- nounced in 1957. Diamond was also man- — 
| a public of South Africa in 1964, and Ire- ufactured in Ireland, Sweden, Japan, Re- 

. land in 1965. Most of the imports from public of South Africa, and in the U.S.S.R. 
| ‘Ireland were in May, July, and October. : | eo, a a, 

| - - Total imports of crushing bort and dust Table werrnes et Ce for eae 
and) powder. that have similar’. end uses or in u a cA die ) ime amon 

| have been surprisingly regular for the past (Thousand carats and thousand dollars) 
| 3 years as 6.5 million carats were imported | _ | 

in both 1963 and 1964 and 6.7 million oe | Quan- 
ae carats was imported in 1965. Most of the Year | tity Value 

| decrease of approximately 1.5 million car-_©_§_——-——_—________ 
ats of “Other industrial diamond” can be 1956-60 (average)-------------- 18,064 $55,763 

accounted for by a decrease of 1 million jgg97777777772777TTTTIIIIIIIIT raia81 51/040 © 
carats in imports from Republic of South  1963______.._..-.-.----------- _ 11,846 49,884 

- Africa. Imports of miners’ diamond have 19@5727227777727727UTTTTIT. “1289 ‘55'318 
: been constant since a separate class was | 

established for this import for the full cal- r Revised. 

| : : | WORLD REVIEW | 

| AFRICA 7 had been given a concession reportedly 

Angola.—Angolan Exploration Co. valid for 2 years and renewable for 1 to 3 

(Pty.), Ltd., rights to explore for diamond years. The company expected to spend 
| over 64,000 square kilometers along the about $1 million to explore the area.? 

| coast from Ambriz to Baia dos Tigres was 9=— > > aes 
. . ines. . Vz 

| being contested. The South African firm 60, Neen OF oss, esi Trade Notes



Table 11.—U.S. imports for consumption of industrial diamond (including diamond dust), by countries | 

I 
no : 

8 Crushing bort Other industrial 

\ (including all ‘diamond (includ- Miners’ Dust and 

> types of bort ing glazers’ and diamond powder 

co Year and country suitable for engravers’ dia- 

0 crushing) mond, unset) 

9 en 

| Carat Value Carat Value Carat —*'Vaailue Carat Value 

Mr 

1964: | 
North America: 

Canada___._---------------------------------- 19,672 $110,478. 203,234 $1,151,217 15,622 $66,855 9,322 $15,162 

Mexico_______.---------------------- eee 60,330 120,084 woe ee eeuee 930 1,860 ween a 

en 

Total. ._-_..-.._---------------------------- 80,002 230,562 203,234 1,151,217 16,552 68,715 9,322 15,162 
ee 

South America: ; . os 

Brazil__._......-_---------------------------- _---- ane 13,943 169,699 400 3,382 ae a a 

British Guiana._-.---------------------------- ee a 1,630 32,429 ~---- ~---- wees ----- 
Chile___._..._-..__--------------------------- wauue ae 372 198 one _oue- oeee _eeee 

Colombia_.-.--.------------------------------ ---=- ----- 131 1,767 ----- ~---- ----- ----- 

Venezuela__._..----.--.---------------------- 76 114 12,273 131,737 ----- ~uu-- a eens 2 

a > . 

Total._._.____----------------------------- 76 | (114 28,349 335,830 400 3,382 wueee ae a 

Europe; | > 

elgium-Luxembourg- .-.---------------------- 415,161 985,707 606,433 3,281,663 4,557 44,899 140,402 340,215 te 

France.....--.----_-------------------------- 34,850 54,958 ~ 6,431 62,589 1,362 6,958 wenee wawee wn 

Germany, West.......------------------------- 6,000 9,300 33,315 375,245 uae _u--- 3,809 9,136 

Ireland..__.....-----.------------------------ 427,000 1,101,946 393,308 1,020,536 680,797 3,560,484 1818,882 r 2,148,234 

Italy_..._..---.-------------------------+----- peek pueee -a--- _o--- one re 634 1,584 

Malta, Gozo. ____.---------------------------- a a 422 3,150 onan ee en eee 

Netherlands. ____..--------------------------- 350,876 836,655 128,651 929,467 5,905 47,497 52,460 130,945 © 

Sweden___..---------------------------------- wee ee a 1,939 15,460 pauee weeee -eeee eee 

Switzerland___........------.----------------- 5,472 13,133 18,332 159,882 . 151 814 25,722 31,542 

United Kingdom-_-___-_-.--------------------- r 516,045 * 1,339,904 r 898,681 * 7,608,101 34,256 171,332 r 996,040 r 2,383,069 
a 

Total. ._.._.---- eee nee eee eee eee eeeeeeee--- 71,755,404 4,341,603 = * 2,087,512 * 13,456,093 727,028 3,831,984 + 2,037,949 x §,044,725 

rr 

" Revised. 

— 
on 

, Oo



| Table 11.—U.S. imports for consumption of industrial diamond (including diamond dust), by countries—Continued on 
TS 

a 

Crushing bort Other industrial 
(including all diamond (includ- Miners’ Dust and 
types of bort ing glazers’ and - diamond powder 

Year and country suitable for engravers’ dia- 
crushing) mond, unset) 

~ Carat Value Carat Value Carat Value Carat Value 

1964: 
Africa: . 

British West Africa and Sierra Leone..-_..------ 4,748 $11,483 222,271 $4,723,771 ~ nace ----e 6,818 $13,358 

Central African Republiec__....-------.--------- 8,362 21,396 61,960 895,680 25,617 $120,897 ~auee eos 

Congo (Léopoldville)__...-....-....---.--------- r792,108 * 1,865,218 r 284,187 + 1,005,558 1,000 5,692 t 436,714 1,125,209 
Ghana______----_--__-_--------------- +--+ 2,500 9,625 +* 1,205,831 * 5,850,050 ee enue 2,176 6,528 2 

Guinea_______.-__--------------------- eee -oeee _eo-e 313 2,359 | wonee -oeee weaue ~oeee = 

Ivory Coast_..-.-----------------------+-------- a _---- 1,869 19,529 _oue- weuee wocee wee ee Z 

Tiberia.__.___-------------------------------- 7,260 17,884 3,227 31,554 200 1,115 ---- wwe 
Maderia Islands___.....-.--------------------- waaee week 1,514 7,870 a a a a > 

. Portuguese Western Africa, n.e.c__.------------- _auee a 3,113 8,404 _uuee waeee a eee re 

South Africa, Republic of._._..-.-.------------- 1,029,307 2,724,698 2,560,014 10,101,336 1,545 10,852 210,863 572,197 ” 

Western Africa, n.e.c_.._..-.------------------- t 47,004 r 106,961 r225,091 * 1,277,749 3,511 17,555 4,552 13,957 

i > 

Total._.__..-_--_-- ee eee eee eee eee eee ee ee---- =: 1,891,289 = 4,757,265 + 4,569,390 * 23,923,860 31,873 156,111 r 661,123 1,731,249 . e 

oooooooooooEoEoEoEoEoooooaoooooooOoNoooooaeeeeeoo@nununununanananauaoaoaaeeeeeeeeeeeeeeeeeeeeeeeaqooooaoaooaoaoaeeeeeeeeeeeeeeeee 6 

Asia: . , A 

Hong Kong_-_-...---------------------------+-- weane a 47 579 -o--e manne ae penne rz 

Israel. __._-.___-----_-_------------- eee 92,262. 214,822 17,277 181,500 5,038 12,635 panne ----- © 

Japan.__..-..------------------------ eee wu--- anon 35,886 525,772 1,500 1,485 7,494 21,534 o 

Korea, South. ._._--.------------------------- a ----- 2,904 8,350 -a--- a wane wa--- m 

Total_..._.__-_----_-_---_--=---------------- 92,262 214,822 56,114 716,201 6,538 14,120 7,494 21,534 

Oceania: Australia._.__....-.._.------------------ ae a a wanes an _o--e 16,000 28,250 

Grand total......__..-_-.-----------------------  °38,819,033 19,544,366 *6,944,599 * 39,583,201 782,391 4,074,312 * 2,731,888 r 6,840,920 .



1965: 
North America: . 

Canada .._-.--..---------_---_--------------- . 1,072 3,651 167,250 980,657 1,034 4,675 20,411 39,945 
Mexico..-___....---.------------ eee eee ~aeee ee wonee a 1,000 1,000 wneee menene 

Total. .._.___-__-- eee 1,072 3,651 167,250 980,657 2,034 5,675 20,411 39,945 

South America: . 
Argentina__.__..--- 2 eee eee eee -o--e 101 1,071 a eoeee pee ee pauee 
Brazil_.............---------------- eee 1,000 2,000 35,620 478,729 1,150 4,268 138 4,158 
British Guiana_______-.--- eee ene ee! ~aeee 1,700 24,727 ~ae-e -aoee ee ee -auee 
Venezuela_.______.__-_.. 22 eee eee 1,928 4,608 13,198 117,233 ----- w--ue wonue ae 

Total_____ 2 eee eee 2,928 6,608 50,619 621,760 1,150 4,268 ~ 138 4,158 

Europe: . 
elgium-Luxembourg._...-..__.-_.-.---__----- 160,067 383,892 602,083 3,086,157 82 1,568 285,539 631,548 

France....-..--..--------------- eee eee ee 152 441 1,439 21,371 ween waoee 350 630 > 
Germany, West_._.__-.---.-----__------------ wauee -oeee 11,906 204,856 205 2,380 - 3,108 7,769 b 
Iceland_..._---------------------------------- ---- <a a= ----- _ =~ 18,000 96,857 oo _a---- § 
Treland_...-.---.-.---.---_--------- eee eee 1,321,000 3,507,656 430,006 1,018,615 606,593 3,169,119 2,611,844 6,716,123 wm 
Netherlands__._________._________-______--..- 105,123 269,898 239,137 1,448,075 9,620 66,574 199,156 497,909 a 
Sweden.__...-.--_--------- eee wa-u- a 87,037 172,571 -ouee women weoeue wa--- to 
Switzerland.__....._.-__.--..-.--------------- wees woolen 88,435 1,202,181 a ween 4,920 10,988 
United Kingdom. _______.--- 2-2 622,812 1,629,975 1,024,807 10,074,357 11,543 59,347 545,544 1,278,923 5 
Yugoslavia__.-_..---.-_--- eee eee -a-ee ~ueee 609 7,563 - ae aanee wenn wanes <4 

a 
Total... ---- 2 eee 2,209,154 5,791,862 2,485,459 17,235,746 646,043 3,395,845 3,650,461 9,143,890 2 

. —————————— 7) 
Africa: 

British West Africa and Sierra Leone. _--._----- 10,919 32,625 63,126 561,089 eae weeee 396 791 
Central African Republic_ we ee eee ee ee ee 13,581 38,864 98,031 1,336,711 32,439 144,359 ween wane 
Congo, (Léopoldville)____......-.-..----------- 196,942 467,318 153,424 428,683 3,050 16,671 900 2,363 
Ghana. _____--_---_--_-_-_-_---_--------------- eons ween 510,005 2,683,152 penne wenee: 879 2,330 
Guinea______.--_----------------------------- one a 5,545 45,809 _- oe eee _ooee _oeee 
Ivory Coast_..-..----------------------------- wenn waweee 4,883 26,186 ae weeee _eeee oe 
Liberia__.__.....---_-_----_--------_---.----- _---- _au-- 462 2,351 _aou- enue a eee 
Portuguese Western Africa, n.e.c._..------------ a ----- 5,582 25,025 mace eeee ~ouee wuoee 
South Africa, Republic of..........------------- 104,088 279,872 1,571,967 8,347,673 20,849 132,526 865,903 859,167 |. 
Western Africa, n.e.c._._.-- 2 eee 73,625 253,818 197,000 1,358,945 50 -700 «32,562 80,474 

Total. ___.- 2 ee eee 399,155. =1,072,497 2,610,025 14,815,624 56,388 294,256 400,640 945,125



Table 11.—U.S. imports for consumption of industrial diamond (including diamond dust), by countries—Continued on 
aD eee 

Crushing bort Other industrial 
(including all diamond (includ- Miners’ Dust and 
types of bort — ing glazers’ and diamond . powder 

Year and country suitable for _- engravers’ dia- : 
crushing) . mond, unset) = 

Carat Value | Carat Value Carat . Value Carat Value . 

. . . . ‘ 

1965: 
Asia: . —_ 

Israel_____-_ eee eee week ween 13,630 $172,227 ae wneee wonee ----- 
Japan....-..-.2-- 2-2 eee eee wau-- a 36,237 445,524 a nwoee wane 11,780 $35,358 
Korea, South. .-._-_---------.-------.--------- wan-- wane 400 5,577 a weeee wenee weeee 
Thailand____........_.-.---.----------------- one eee 47,775 265,684 _ooee ween aoe meres 

remanence orem nr 
—~ 

Total_.-.--2 eee woene eee 98,042 889,012 wa--ue ween 11,780 35,358 a 
Oceania: Australia.....,_..-...._-.._-__.-----2 none nee 1,000 6,146 _o--- ewes. 25,565 25,565 e 

a al ta 
Grand total.._.-...-.-.02-22-- 0 eee eee 2,612,309 $6,874,618 5,412,395 34,548,945 705,615 $3,700,044 4,108,995 10,194,041 i 

‘ ° . bi 

|  &§ 
. 0 

0 
. aA : 

| | , 
w
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Table 12.—World production of natural Mozambique.—Two local residents were 
industrial diamond, by countries granted a concession to explore for dia- 

___—s—s«(Thousandearats) Ss mond: in the Chicualacuala, Pafurs, and 
| Country 1964 «1965 Malvernia regions of Mozambique. Avail- 
a C~—séaatbsoe:s Capital for exploration was reported 
Afttea: | | to be approximately $420,000.7 | 

Central Airican Republic. 321 26 ~«—_—sSterra_Leone.—The licensed diamond 
. Congo (Brazzaville)!2e_.... 4,949 4,982 mining in Sierra Leone including licensing, 

| Gonzo (Leopoldville) --.----- 1 aos 12.090 location of deposits, geology, mining meth- _ 
Guinea 112770777777 7777777512 #51~=—s ods, and marketing were discussed.8 

Tibeia St ccccc777777777 2 ~—263.~=S=:« South Africa, Republic of.—Diamond- 
——OBEMR ARS Giapatiie of «=«C8Y* = «M4 earing yellow ground removed as over- 

“Pipe” mines: burden at the Finsch mine was being . 
| Bee Geoup 82, 1,668 _@ 1063 treated in a pilot plant. The Finsch mine 

| Other Pipe Mines--_- 41°42 was scheduled to start producing early in 
South edeg 27277777 192° 126-1966 and be worked by open pit method 
Tanzania._.____......----- 326 ¢414 until a depth of 500 to 600 feet had been 

: | ——__——__——___ reached after which mining would be un- 
Total Africa........------ '26,795 24,854 derground. One million loads of ground 

Other areas: | 7 | had been stockpiled for treatment in the 
Brazil ¢___-...------------- 175 175 main plant and over half of the overburden 

| British Guiana. ------------ 49 | 68 had been removed from the top of the | 
U.S.S.R.-.....-..-----..--- 2,760 3,200 pipe that is 40 acres in area.9 | 

Venemuela------------------ 58 * Rand Mines Ltd. and De Beers Con- 
: . solidated Mines Ltd. planned to prospect 

World total *-.----------- 729,888 28,348 8,970 acres adjacent to the De Beers 
° Estimated. t Revised. OS - Finsch mine in Cape Province on land | 
2 Pap Origin, Republic of the Congo. owned and controlled by Northern Lime oe 
$ Includes some alluvial from DeBeers Properties. Co. If exploration was successful Rand 
4 Does not include minor world production. Mines and De Beers would each be entitled 

Ghana.—A new plant capable of ‘treat- to subscribe at par for 30 percent of stock 

ing 80,000 tons of diamond-bearing gravel in any mining company that might be ae 

per month was completed at Akwatia for formed. Northern Lime would be refund- a 
Consolidated African Selection Trust Ltd. ed costs incurred in acquiring prospecting 

(CAST). - The plant is complete with sec- rights and could purchase 40 percent of 
tions for feeding, washing and screening, any stock at par value.19 A diamond- 

. gravel storage, concentrating, and waste bearing pipe 340 feet deep was discovered 
disposal. A 600-ton storage bin assures — and reported to be producing exceptionally 
a steady rate of feed to the concentrator.‘ well between Dealesville and Boshof in the 

In late 1964 the Ghanaian Government Orange Free State.11 | 
announced plans to establish a government - A 1,000-ton-per-day plant, in which 500 
organization to control the production and tons per day of kimberlite ore were being 
marketing of diamond. Plans were to treated, was put on stream in Orange Free 
withdraw existing licenses of diggers and ~~“ wining Journal (London). V. 265, No. 6786, 
centralize mining other than that done by Sept. 3, 1965, p. 167. | Trade N y 
CAST, Akim Concessions Ltd., and Cayco 61, Nee November’ 1968 1 e Notes. VY. 
Ltd. under the Government organization. 6 Bureau of Mines. Mineral Trade Notes. V. 
Strict control would be maintained to pre- OL ising ayy nal’ (Lonaon). Diamond Pros- 
vent smuggling.5 pecting in Mozambique. V. 265, No. 6789, Oct. 

Guinea.—Soviet _ geologists have been *s Paivbairn W. C. Licensed Diamond Mining 
prospecting in Guinea for the past few in Sierra Leone. Min. Mag. (London), v. 112, 

years during which several important min- No 8, arch 1965, pp. 166-167, 169, 171, 173, 
eral finds have been claimed. The most 9 Mining Magazine (London). Plant for Dia- 
recent was a diamond find in the Fore- mond Recovery. V. 113, No. 4, October 1965, 

cariah area southeast of Conakry. It was Pe South African Digest (Pretoria). Diamond 

not stated whether the find was an alluvial Prospecting. Vv. 12, No; 32, oe 13, 1965, Pe. 
or kimberlite occurrence.® No. 9, September 1965, p. 226.
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State. The extra capacity was to be used of $980,000 and should make possible a 

in treating dump material until a dump total production of 125,000 carats per 

washing plant could be constructed. It month.1# - cS 
was planned to increase the feed to the Tanzania.— Diamond deposits were dis- 
main plant to reach capacity rates. Addi- covered near Kahama. Williamson Dia- 

: tional exploration was planned.1? monds owned equally by the Tanzania _ 
The Helam mine in the western Trans- Government and the De Beers Organiza- 

vaal was started 8 years ago. It has 5 tion was planning to work the new dis- | 

years of proven. reserves and a probable life covery that contains both gems and indus- 

of more than 30 years, if mining is con- trial diamond.15_ , | 

tinued at the rate of 12,000. tons per | : - 

month. Percent rate of recovery from EUROPE | 

| newly mined kimberlite ranges from 225 | | 4 

carats per 100 tons to 290 carats per 100 Greece.— Greek emery sales have de-— 

tons. The average is 260 carats per 100 clined owing to the competition from nat- 

loads, the highest in the world. Combined ural abrasives. Early in 1965 the Greek 

production from kimberlite and tailings Mi£nistry of Industry commissioned Fried. 

average 13,600 carats per month of which Krupp Industriebau of West Germany to | 

65 percent are industrial stones.18 investigate the economic feasibility of pro- 
South-West Africa—A new heavy-me- ducing electrocorundum and a study of 

dium plant to increase the recovery of dia- chemically producing corundum from 

mond to 10,000 carats per month at Con- emery was underway by an emery proc- 
solidated Diamond mines was brought into essing firm in Greece in cooperation with 
production in September. The addition the Hellenic Industrial Development 

was completed in less than 1 year at a cost Bank.16 | 

| ae _ TECHNOLOGY Do | 

| A method for manufacturing diamond milling large quantities of ore in a pilot 

developed at the University of Bonn was mill. Costs and controlling returns for 
claimed to have absolute certainty and re- various deposits of different sizes were em- 
producibility. A cylinder of pure graphite phasized. Offshore and beach deposits had 

- mixed with nickel powder was’in a cham- high exploratory and operating costs.19. 
| ber and the pressure raised to 59 to 70 An X-ray luminescent apparatus coupled 

: kilobars.. When the charge was raised to with a microscope was used to study the 
| 1,200° CG by an electric current the trans- distribution of small diamonds in kim- 

formation began and resistance of the  berlite and the interrelationship with rock- 
graphite sample increased. Cubes were forming minerals. The method was used 
produced at 1,240° C, cube-octahedrons to study diamond not visible to the naked 
between 1,300° C and 1,400° C, and octa- eye—less than 0.1 micron. Both small and 
hedrons between 1,450° C and 1,500° C. large diamond crystals are encrusted in a 
The diamonds had a maximum diameter _carbonate-serpentine mass. Additional work 
of 0.5 millimeter, but it was stated that § —H-~ 
larger diamonds could have been made 1965 or a7 Mining. V. 18, No. 12, November 

in a larger pressure chamber. They were 18 South African Mining and Engineering Jour- 
clear, transparent, and colorless to light nal. V. 76, pt. 2, No. 3778, July 2, 1965, pp. 
green.1? Another method of synthesizing 15881540, 1542-1544, 1546, 1548. ; . 

diamond was developed by Japan, Inc., ung. v 11, No. 12, December 1965, pp. 60-61. 
located just outside Tokyo. Graphite elec- 15 Mining Journal (London). Diamond Find 
trodes were inserted in a closed vessel im Tanzania. V. 265, No. 6777, July 9, 1965, 

. . . . p. 31. 

filled with a dielectric fluid. Impulse heat 16 Bureau of Mines. Mineral Trade Notes. V. 
and pressure were used and the electrodes 60, No. 5, May 1965, pp.3-4. 
were quenched in the fluid. The product 17 New Scientist. Simpler Route to Synthetic 
was termed “instant diamonds.’’18 Diamond? V. 28, No. 464, October 1965, p. 27. 

. . Chemical Week. V. 97, No. 5, July 31, 1965, 
Clues needed to appraise the potential of _p. 52. 

any diamond occurrence and the economics 1 South African Mining and Engineering Jour- 

of exploitation were discussed. The nec- 94, (Johgnnesburg}._ The Evaluation of South 
essity for thorough sampling including Nov. 26, 1965, pp. 2793-2794.
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may help to explain the genesis of dia- industrial use would be recovered in addi- 
mond.20 | tional pans. Pan concentrate would be | 

The residual energy of X-rays after pass- treated by heavy-medium separation fol- 
ing through solids was used as the basis lowed by grease belts and hand sorting.?4 
of a process for separating diamond from Dry grinding with resin-bonded diamond 
concentrate. Hand sorting from concen- Wheels at. wheel surface speeds ranging 
trate involved visual appraisal with accom- from 2,500 to 3,000 standard cubic feet | 
panying possible errors in not detecting all per minute, resulted in greater grinding 
diamond. Residual energies of X-rays after efficiency than when excessive wheel speeds 
passing through diamond are at least 10 were used. Speeds of greater than 5,000 
times as great as that remaining after standard cubic feet per minute were only 
passing through other materials. Residual half as effective as the optimum speed.25 
energies were transformed into light to in- Surface irregularities of metals were 
fluence the cathode of a photoelectric ironed out and a satisfactory smoothness 
cell. Amplified signals were used in sepa- | Was obtained when a spherical-shaped dia- 
rating the stones into diamond and non- mond point was moved over the metal 
diamond. Presized material was fed onto surface in an overlapping path of a series _ 
a drum whose surface was covered with Of such paths. Compression of the surface 
cup-shaped recesses. Feed was held in the layer improved the fatigue strength. The 

| cups by suction. After identification dia- $Yreatest initial surface roughness could be : 
mond was blown off in a chute and other tolerated with very ductile metals. With 
material was delivered to a second con- harder less-ductile metals the permissible 
tainer. A diagrammatic layout of the sepa- degree of surface roughness was less. The 
rator and capacities and efficiencies were Smoothing tool had a radius of 1.3 milli- 
given.21 | meters,26 

When nitrogen atoms with five electrons Cost-performance evaluatio n and test | 
are attached to carbon stones with four procedures for grinding carbides wet with 
electrons as in the diamond, the surplus resinoid diamond wheels were described electrons from the nitrogen can absorb low 1” 2 Series of articles. Total costs included 
energy light. Investigations disclosed that cost of wheel plus labor cost and overhead. 

: the yellow color of both natural and manu- A method for determining t he volumetric 
factured diamond and the greenish color efficiency (cubic inches carbide ground per 
in some manufactured stones and in some cubic inches wheel loss) was developed. 
Congo diamond was due to surplus elec- . Diamond saws were used for the first trons.22 = fime fo cut 3/ jorinch-wide | channels 114 

; inches deep prior to laying cable for a . pen nt these eo ete Td hesting tm at Shell Cee o the 
on the northwestern cape coastline. After * Rozhkov, I. S., and K. K. Abrashev. Re- . search on Diamond-Bearing Kimberlite Ores. removing ue to 20 feet of pverburden phe Ind. Diamond Rev., v. 25, No. 296, July 1965, 
same bulldozers were used to pus la- _—~PP. ~eUl: . . : 
mondiferous gravel into stockpiles above aration of Diam mde ore eect ttomnatic Sep- 
high water. The gravel rae ed from 6 NG Souk wey Minin ard ‘Engineering Jour- inches to 2 feet in thickness. nal (Johannesburg). Nitrogen in Diamonds 

Results at a pilot plant at the Finsch No eee eee eo oor, pt. 2, 
mine indicated that the diamond was more *3 South African Mining and Engineering Jour- difficult to recover on a grease table than 92),,7°hannesburg). Beachcombing by Bull- 
diamonds from the Kimberly mine. The  p. 303. _ a , oo 
diamonds are better recovered on specially mond Re neazine (tondon). | Hlant for pis- 
designed grease belts and a heavy-medium pp, 313. pee , 
separator gives a better concentrate for Grinds Fees re xcessive Speed Reduces Jae 
further treatment. About 95 percent of 29, 1965, pp. 48-49, _— 
the ore can be removed readily as a light pe Uist Metale and Metal Industry (London). fraction. The medium was a mixture of V. 28, No. 328, September 1965, p. 69. 

ferrosilicon and water with a specific grav- 7 pompson, | John | R. Cost, Performance ity of 2.75. In plant operation gem dia- Finishing, v. 11, No. 8, August 1965, pp. 34-36. 
mond would be recovered in primary and Wet. Geer tes for Grinding Carbides 
secondary pans and fine-sized diamonds for Qetgber 1965, oD 35-37. Be ve te NOES
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South Bank of the Thames, London.?8 saw blades mounted on a single arbor. 

Diamond was being used to groove mas- Only 4214 hours were required to restore 

ter gratings from which other diffraction the road surface.31 : 

: gratings were made for use in metrology, — Diamond saws were used instead of sili- 
spectroscopy, and astronomy. Gratings ¢on carbide saws in sawing a broad array 

with as many as 250,000 grooves to the of fused quartz carriers to hold thin silicon 
inch were being made for use in space wafers for heat treating. Both 14-inch 
technology. The grooves were all parallel plates and 3/16-inch plates were cut from 
and equidistant to within 1 millionth of 4, wheel-shaped fused quartz ingot 18 inch- __ 

an inch.?9 ee es in diameter and 7 inches thick.32 
A diamond blade in a power hacksaw | a | 

was used to fit precut marble slabs used Diamond was used in both grinding and 

| in a hotel lobby. When a slab had to be polishing thin sections for electron micro- 

cut a pattern was made on the floor and probe analysis,°4 and (a new | holder for 

the slab was marked following the pattern. grinding thin sections using diamonds for 

Cutting was so easy that no fixing was Wear points was highly satisfactory. | 

~ necessary during cutting that was done at - Outstanding time savings in piercing and 

speeds up to 24 inches per minute. It was polishing small diamond dies were claimed 

estimated that the blade could have cut for an ultrasonic drilling machine devised 

more than 1,000 linear feet of 7%-inch at the Moscow Cable Research Institute. | 

marble before it had to be replaced.3? First holes were irregular in shape and 

A rough-riding 8,000 square-foot deck badly finished. Improvements were report- 

section of the Golden Gate Bridge was re- ed as testing proceeded. The advantages 

stored to original smoothness with a de- claimed were a reduction from 120 hours 
sirable corduroy skid-resistant surface with- to 2 hours in drilling a diamond die 0.5 
out rerouting traffic. A newly ground sur- millimeter in diameter and a reduction 
face could be immediately opened to traf- from 3 hours to 30 minutes in polishing 
fic. Bumps ranging from 1/6 to 3/8 inch time. Dies were reported to be more 
were removed by 120 diamond-impregnated _ durable.35 

ARTIFICIAL ABRASIVES | 

Legislation and Government Programs. sumed 5 percent of the aluminum oxide 

—As part of the program to reduce stock- and 41 percent of the silicon carbide. 

piles of material not needed and to dispose Metallic abrasives continued to assume | 
of stockpiled materials not meeting specifi- an increasingly more important role among 
cations, the General Services Administra- the artificial abrasives. In 1965 metallic 
tion sold 56 short tons of impure silicon abrasives sold or used accounted for more 
carbide. Sealed bids were opened on De- 
cember. 17, 1965. The successful bidder 28 Industrial Diamond Review. Diamonds Saw 

was American Metallurgical Products Co., tet at Shell Centre. V. 25, No. 292, March 
Inc., Pittsburgh, Pa., who paid $4,032 for 2 Industrial Diamond Review. As A Rule It’s 
the lot Diamond. V. 25, No. 298, September 1965, pp. 

| 394-395. 
Industry Review.—A 3-year trend for 0 Industrial Diamond Review. On-Site Trim- 

increased production of abrasive-grade oan Sat resin (ail V. 25, No. 300, No- 
aluminum oxide and silicon carbide in the $1 Roads and Streets. Massed Diamond Blades 

United States and Canada has been. es- Un-Roughen pee op TO Deck. V. 108, No. 
tablished. Production of silicon carbide 22 South African Mining and Engineering Jour- 

was 5,000 tons greater than in 1960, the Care en ae Ne. sen, Dee. Fae oes 
previous record year. Most nonmetallic 3076-3077. ; 

artificial abrasives are manufactured in ya Cedyell, Donald E, and Paul, W.,Wetblen 
Canada and processed in the United States. tions for Electron Microprobe Analysis. Econ. 
Some abrasive grain is returned to Canada Coo NOB No. 6, September—October 1965, pp. 
for use in grinding wheels and other abras- % Cochran, M. C., and J. R. Jensen. An Im- 
ive products. Silicon carbide production proved Bolder for Nein Sections. Am. 
was at 89 percent of capacity; aluminum cember 1965, pp. 2092-2094. 
oxide at 64 percent; and metallic abrasives Utne” ne Dia Rye ob NC Boy, 
at 50 percent. Nonabrasive uses con- December 1965, pp. 599-601.



Table 13.—Crude artificial abrasives produced in the United States and Canada a 

Aluminum oxide ! Metallic 
Silicon carbide ! (abrasive grade) abrasives ? Total m 

Year , | | @ 

Short Value Short Value Short Value Short Value — a 
tons (thousands) tons (thousands) tons (thousands) — tons (thousands) ts 

Ss 
1956-60 (average)...--.---.--.------------------------- 119,320 $18,862 180,181 $23,362 122,444 $17,307 421,945 $59,531 > 
1961._.__---_----- 2 eee 125,726 20,078 136,951 18,735 109,515 16,124 372,192 54,937 ‘a 
1962___.__------------------ eee eee eee 115,716 17,728 181,924 23,458 | 125,772 18,668 423,412 59,854 by 
19638...._..-.----------------- eee 109,351 (15,530 160,064 20,936 133,408 20,057 402,823 56,523 5 
1964__._..--.._..----_------ eee eee 131,905 18,432 171,462 21,493 | 155,802 ~ 23,445 459,169 63,370 te 
1965__-...------------- ee eee eee eee 138,282 19,963 195,476 24,909 190,547 | 28,230 §24,305 — 73,102 na 

1 Figures include material used for refractories and other nonabrasive purposes. . 
2 Shipments for U.S. plants only. . 

poet 
| D 

. —
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than 36 percent of the total quantity of duction. Four States supplied over 88 
artificial abrasives and nearly 39 percent percent of the metallic abrasives produc- 
of the total value. Production of metallic tion. These States, in descending order of 
abrasives was a record high. An increase production, were Ohio, Michigan, Pennsy]- 

| of 19 percent was registered for both quan- vania, and Indiana. Ohio alone produced 
: tity and value over the previous year’s pro- 37 percent of the total metallic abrasives. 

- Table 14.—Production, shipments, and stocks of metallic abrasives in the United States, 
| by products | 

Manufactured Sold or used Stocks Annual 
. Dec. 31 capacity 

Year and product (short (short 
. Value _ Value tons) tons) 

Short (thou- Short — _ (thou- 
tons sands) tons sands) . 

1964: 
Chilled iron shot and grit._.__-.--- 40,823 $4,407 40,470 $4,618 13,805 253,438 
Annealed iron shot and grit__._-__ 35,710 4,028 35,541 4,199 1,813 1 101,894 
Steel shot and grit._-.---...----- 76,921 12,727 77,866 14,037 6,963 122,850 

| Other ?___.-.-------.----------- - 2,177 638 1,925 592 517 9,700 

Total__-._-.---------.---..--- 155,631 21,800 155,802 23,446  °23,098 385,988 

1965: 
Chilled iron shot and grit._...---.- 42,804 4,502 48,181 5,257 8,428 238,838 
Annealed iron shot and grit___.._- 43,032 5,290 43,474 5,410 1,371 1 101,894 
Steel shot and grit...........--.. | 96,436 15,360 95,857 16,764 7,542 128,530 
Other ?___......--..-----_-_----- 3,303 759 3,035 799 785 9,450 

Total_.._-..-----..----------- 185,575 25,911 190,547 28,230 18,126 376,818 

1 Included in capacity of chilled iron shot and grit. | 
2 Includes cut wire shot. . | 
5 Includes revisions in product detail.
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Figure 1.—Artificial abrasives production. 

Table 15.—Stocks of crude artificial abrasives and capacity of manufacturing plants, as 
reported by producers in the United States and Canada 

(Thousand short tons) 

Silicon carbide Aluminum oxide Metallic abrasives ! 

Year 
Stocks Annual Stocks Annual Stocks Annual 

. Dec. 31 capacity Dec.31 capacity Dec. 31 capacity 

1956-60 (average)_....-..------------- 12.3 136.1 33.2 296.1 16.5 262.2 
1961_..-..- 222 eee 14.7 145.7 23.2 299.5 18.6 265.4 
1962... 2-2 eee 19.2 144.9 33.8 299.5 21.2 363.9 
1963_._.-.--.-..------------------- 11.2 146.5 20.6 303.4 19.2 380.5 
1964.2... 2-2-2 ee 15.0 152.5 14.5 298.8 r 23.1 386.0 
1965. ..2.222 eee 9.1 155.9 10.9 304.8 18.1 376.8 

t Revised. 
1 United States only.
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a | TECHNOLOGY © | : 
A new method was developed for pro- is the work piece. Electrolyte was intro- 

ducing high-purity silicon carbide by react- duced through slots in the honing tool. 
- ing graphite and a silicon tetrachloride- Time savings of approximately 80 percent 

_ saturated hydrogen gas.36 __ were realized in typical tests.38 
An investigation of the cutting edges of Advantages of mechanical descaling over | 

abrasive wheels that although the cutting pickling of steel were discussed in consid- 
edges of the grit were affected by both the erable detail. This technique eliminated 

| grinding action and the dressing action need for pickling in some instances. Among 

wear of the grain by sliding of the cutting the.claimed advantages for many opera- 
' edges did not result in a self-dressing ac- tions were elimination of liquor-disposal 

tion of grains in the usual grinding work.37 problems, avoidance of hydrogen embrit- 
Electrolytically assisted honing showed  tlement, better control, speed up of opera- 

promise of reducing honing time in finish- tions, better surfaces for further treatment 
ing metal parts. In electrolytic honing the and, in some instances, lowering costs to 

cathode is the honing tool and the anode about two-fifths of former pickling costs.29 

MISCELLANEOUS MINERAL-ABRASIVE MATERIALS 

____1n addition to the natural and artifi- “Sy aiciyn, N. T., and R. A. Jewell (assigned 
cial abrasive materials for which data are to U.S. Administrator of National Aeronautics 

1 ; and Space Administration). Production of High 
available, many other minerals were used 31d Space, Administration). producti 3,174,827, 
for abrasive purposes. Oxides of tin, mag- Mar, 28, 1965. A 

i i i suwa, Hideo. n Investigation of Whee 
nesium, iron, and cerium were used for Cutting Edges. Grinding and Finishing, pt. 1, 
polishing. Boron carbide and tungsten car- _y. 10, No. 12, December 1964, pp. 22-27; pt. 2, 

; Why : v. 11, No. 1, January 1965, pp. 30-34. / bide were used as abrasives where extreme Tron Age. Haning Get, Electrolyte Help. 

: _ hardness was required. ee ground and V..196, No. 15, Apr. 15, 1965, pp. 06-107. 
i i r - Electrochemical Honing Nearing Pro- calcined clays, lime, talc, 8! ound feldspar, ‘duction Stage Vo leh Neat Nearing Pro- 

river silt, slate flour, whiting, and other p44. | 
materials also were u brasives. % Toles, George E. Mechanical Descaling Over 

s sed as abrasives Pickling. Grinding and Finishing, v. 11, No. 6, 
June 1965, pp. 26-28.



| | . | 

- By John W. Stamper: — 7 

Growth in demand for aluminum and Australia, and the U.S.S.R. | | 

international developments in the industry A study of the two methods of replac- 
continued to be prominent. Apparent ing anode carbon in aluminum reduction 
consumption in the United States increased _ cells (Soderberg and prebaked) indicated 
16 percent. In Europe joint ventures in that the continuous Soderberg system is — : 

| the aluminum industry in France, Belgium, used by 63 percent of the aluminum plants | 
and West Germany were formed. New in the free world, by about 46 percent of | 

| primary aluminum production plants were — the facilities in the United States, and by 
| built or scheduled in Iceland, Brazil, Ven- about half of the entirely new plants built 

ezuela, Greece, the Netherlands, Japan, in the free world during recent years. - 

‘Fable 1.—Salient aluminum statistics | 
| (Thousand short tons and thousand dollars) — 

| 1956-60 1961 1962 1963 1964 1965 
(average) . 

United States: | | | | | 
Primary production._....--- 1,772 1,904 2,118 2,313 2 ,553 2 754 

Value___..-.-..------- $880,307 $949,768 $998,559 $1,039,812 $1,196,013 $1,337,795 
Price: Ingot, average cents 

‘per pound.._...........- 26.7 25.5 23.9 22.6 23.7 24.5 
Secondary recovery _____._.-_ 336 340 462 506 552 - -. 641 
Exports (crude and semi- . 

crude) ___....----------- 152 238 259 292 349 313 
Imports’ for consumption . 

(crude and semicrude):. - - - 263 255 377 466 453 621 
Consumption, apparent. - - -- 2,172 2,320 2,770 3,040 3,216 3,736 

World: Production._.......--- 4,145 5,185 5,580 6 ,075 6,720 — 7,415 

Legislation and Government Programs. authorized the disposal of the excess alu- 
—-Interested Government agencies and ma- minum. The disposal plan provides that 
jor aluminum producers held a number of __ sales will be through long-term contracts 
group meetings and individual conferences with primary aluminum producers (with 
to develop a long-range program to dispose _set-asides to small business) pursuant to | 
of approximately 1.4 million short tons of | contracts requirements (included in the 
primary aluminum, which was excess to Department of Defense contracts and in 
the objective of 450,000 tons. A Memo-_ contracts of other agencies, if feasible). 
randum of Understanding was signed on Defense contractors and subcontractors will 
November 23 by the General Services Ad- be required to purchase or pass on to the 
ministration with the Aluminum Company participating producers the quantities of 
of America, Kaiser Aluminum & Chemical — excess stockpile aluminum needed for the 
Corp., Reynolds Metals Co., and Olin end-products acquired under the contracts. 
Mathieson Chemical Corp., who agreed to Participating producers agreed to guaran- 
participate in the purchase of the alumi- tee the sale of 150,000 tons from Novem- 
num excess. ber 1, 1965, to December 31, 1966, and 

Subject to obtaining congressional ap- 

proval, the Office of Emergency Planning 1 Commodity specialist, Division of Minerals. 
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their respective shares of 100,000 tons per In March, GSA made a final offering of 

| year thereafter; or if the Government re- the 34,800 tons (of 135,000 tons), which 

quirements involved in this disposal pro- remained to be sold under a 2-year pro- 

| gram in any such period are greater, a gram which started on May 1, 1963, and 

7 quantity not in excess of 200,000 tons in sold 5,800 tons valued at $2.8 million. 

any such period. After December 31, The 29,000 tons which remained unsold 

1966, certain deferrals of obligations to was to be included as a part of the long- 

purchase will be permitted, but all obli- range aluminum disposal program. | 

gations to purchase during each successive The Business and Defense Services Ad- 

4-year period (the first such period extend- ministration announced that the aluminum 

ing from November 1, 1965, through De- _ set aside for defense and related orders for 

cember 31, 1969) must be fulfilled by De- _the first quarter of 1966 would be raised 

cember 31, 1969, and during each suc- to 107,500 tons, compared with the 64,000 

cessive 4-year period not later than the end tons set aside in each quarter of 1965. 

| of such period. - So The increase reflected the. demand created 
| During the 2-month period ending De- by military action in South Viet-Nam, 

cember 31, 1965, GSA sales of aluminum The quantity of aluminum metal in the 

: - from Defense Production Act (DPA) in- national (Strategic) stockpile at yearend 

ventories were 49,455 short tons with a was 1,129,000 tons. An additional 768,- 

sales value of $24.5 million. 000 tons was in the DPA inventory. 

| a DOMESTIC PRODUCTION | | 

| PRIMARY company started construction of a second 

| Primary aluminum output reached a Unit to bring total capacity of the plant to 
new record for the fourth successive year, 152,000 tons by 1967. 
8 percent higher than in 1964 and virtually Anaconda Aluminum Co. began produc- 
100 percent of the yearend capacity. tion from a third potline at its Columbia 
Aluminum Company of America (Alcoa) Falls, Mont., aluminum reduction plant, 

activated the second and third potline at ringing annual primary aluminum capac- 
its Warrick, Ind., reduction plant, increas- _ ity of the facility to about 100,000 tons. 
ing annual capacity to 75,000 tons. The A fourth. line was scheduled to be built by 

company reported production capacities at 1968, raising capacity to 135,000 tons. 
its primary aluminum reduction plants in Through a continuing program of mod- 
25,000 ton increments, resulting in slight ernization and technologic improvements 
changes from previous ratings at some of in operating practices, Kaiser Aluminum 

| the plants as shown in table 3. Alcoa also & Chemical Corp. raised capacity of its 
| planned to build, by 1966, a multimillion- | aluminum reduction plants at Chalmette, 

dollar rolling mill at Lebanon, Pa., to pro- La.; Mead, Wash.; and Ravenswood, W. 
duce aluminum foil. Va. bringing total capacity of the com- 

Intalco Aluminum Corp. continued con- _pany’s reduction plants, including its Ta- 
struction of a 76,000-ton-per-year alumi- coma, Wash., facility, to 650,000 tons per 
num reduction plant at Bellingham, Wash., year. The company began truck deliveries 
and was expected to start operations at the of molten aluminum metal to the Chrysler 
plant by the second quarter of 1966. The Corp. foundry at Kokomo, Ind., from its 

Table 2.—Production and shipments of primary aluminum in the United States 
(Short tons) 

1964 1965 
Quarter 

. Production Shipments Production Shipments 

First_.... eee eee eee eee ee eeeeee---------- 626,418 619,465 655,934 671,752 
Second...____..__-----.------------------------------ 626,680 645 ,665 691 ,235 692 ,866 
Third.___.__...._--.-------------------------------- 644,612 621 ,675 688 ,599 697 ,039 
Fourth._____._...__--------------------------------- 655,037 668 ,093 718,710 724 ,927 

Total. .....----------------------------------- 2,552,747 2,554,898 2,754,478 2,786,584
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Table 3.—Aluminum production capacity in the United States, by companies 
| (Short tons per year) - 

| | | Capacity 

Company and plant Actual, end of 1965 Total, actual 
ee Being built and under 

in 1965 construction a 
Prebaked Soderberg 

Aluminum Company of America: | . | | 
Alcoa, Tenn.___.._---.-.---- eee 50 ,000 75,000 _.--------_. 125 ,000 
Badin, N.C_____._...-..- 2 - 22 eee eee 50,000 ___________-------..-.-- 50,000 
Evansville, Ind__-......_.-....--------__--__- 75,000 ___.._.___-- 100 ,000 175 ,000 
Massena, N.Y. _.--_-_.-------22-------_ eee 125,000 ___...__.... 25,000 150 ,000 
Point Comfort, Tex..._._.__.._____-.____--_____.____ ee 175,000 ___..--...-- 175 ,000 

_ Rockdale, Tex_..._..-.__-- 2 eee -175,000 ____________----~- eee 175 ,000 
. _ Vancouver, Wash...._._.-.-_-.-------------. © 100,000 _______________________. 100 ,000 

Wenatchee, Wash__.__----------------------. | 125,000 _________-_ eee eee 125,000 

Total_______._-.-.------.--.---------..--. 700,000 250,000 += 125,000 ~—«1,075,000 
Reynolds Metals Co.: | a | 

Arkadelphia, Ark_.-_-_-__.---2 2 eee 55,000 __.. 2. 2 _- 55 ,000 
Jones Mills, Ark__.._____---- ee 109,000 __...________----_-.---- 109 ,C00 
Listerhill, Ala._____.____.2_ 2.22 eee eee 194,500 __.___.- __- 194 ,500 
Longview, Wash_______-____-_-_-________-_.2 2 65,000 ____.-_____- 65 ,000 
Massena, N.Y_._--.1.---_-___- 2 eee 115,000 _.._._-___- 115,000 
San Patricio, Tex._..____._._...___._____------__--------- 95 ,000 9,500 ~ 104,500 
Troutdale, Oreg_.______.__________._________ 91,500 ___ eee 91,500 

| - Total_-_-22-- 222-22 e------ ©: 200,500 524 ,500 9,500 734,500 

Kaiser Aluminum & Chemical Corp.: . 
Chalmette, La__________-__________o ee 257 ,000 __..._-__-_-- 257 ,000 
Mead, Wash___.________--____- 1938 ,000 ______._________._.-.__.- 193 ,000 
Ravenswood, W. Va_____..___---.---.-_--.--_- 159,000 _____ 2 eee 159 ,000 
Tacoma, Wash._________.--.__--___._____-.-_____ ee 41,000 ___________- 41 ,000 

- Total. ._-.----------------------------.--- | 352,000 298,000 ......------ 650 ,000 

Anaconda Aluminum Co.: Columbia Falls, Mont._..____________ 100 ,000 35,000 135 ,000 : 
Consolidated Aluminum Corp.: New Johnsonville, - 

. Tenn... -_.---------- eee - 62,000 ____._____. 44 ,000 106 ,000 
Harvey Aluminum, Inc.: The Dalles, Oreg______.__..__-_____-__- 87,000 ___.._-_-____- 87 ,000 
Ormet Corp.: Hannibal, Ohio_________________.___ 185,000 ____._____-_| 40 ,000 225 ,000 
Intaleo Aluminum Corp.: Bellingham, Wash __._._-_------------------------ 1 152 ,000 152 ,000 

| Grand total.-...-.------.-----------.--.--- 1,499,500 1,259,500 405,500 3,164,500 | 

1 Prebaked anodes will be used. | 

Ravenswood, W. Va., reduction plant. San Patricio plant was expected to be the 
Under a contract arrangement delivery of first increase resulting from the $140 mil- 

_ about 30,000 tons per year over the 300- lion expansion’ program Reynolds an- 
mile distance is scheduled through 1970. nounced in 1964, which will raise the 

Early in the year Consolidated Alumi- company’s capacity to 815,000 tons per 
num Corp. (Conalco) completed expansion year by 1967, if needed. Reynolds also 
of its primary aluminum production facili- was planning an additional outlay of over 
ties at New Johnsonville, Tenn., bringing $300 million to be spent by 1970 for in- 
total capacity to about 62,000 tons per creasing plant capacities for producing and 
year. Later in the year, Conalco an- fabricating primary aluminum. | 
nounced that it would build another pot- Ormet Corp. planned to add 40,000- 
line at New Johnsonville and expand the _ton-per-year capacity to its aluminum re- 
two existing ones to bring total primary duction plant at Hannibal, Ohio, raising 
aluminum capacity to 106,000 tons per its capacity to about 225,000 tons per year 
year by the end of 1966. by 1967. Revere Copper & Brass Corp., 

Reynolds Metals Co. announced that ca- Inc., part owner of Ormet with Olin 
pacity of its reduction plant at San Pa- Mathieson Chemical Corp., started con- 
tricio, Tex., would be increased 10 percent struction on a $55 million aluminum roll- 
to 104,500 tons of primary aluminum per’ ing mill near Scottsboro, Ala. By 1968 
year by late 1966. The expansion of the capacity of the new plant was scheduled to
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be 90,000 tons per year. 8 So, | SECONDARY | 
Ethyl Corp., a major manufacturer of -- The secondary aluminum industry had 

petroleum and industrial. chemicals, plas- — its best year on record, recovering 641,000 
tics, and paper products acquired a con- tons or. about 89,000 tons more aluminum 

: trolling interest in the William L. Bonnell metal than in 1964. According to reports 
Co., a major producer of aluminum ex- received by the Bureau of Mines, domestic 
trusions at Newman, Ga. Vereinigte Alu- recovery of aluminum alloys (including all 
minium Werke A.G., the largest producer constituents) from aluminum-base scrap 

| of primary aluminum in West Germany, totaled 691,000 tons. Metallic recovery 
acquired the aluminum operations of Chan- from new scrap was 509,428 tons, an in- 

: nel Master Corp., another important pro- crease of 12 percent. Recovery from old 
ducer of aluminum extruded products. scrap and sweated pig increased to 181,112 

. The Tars & Chemical Division of the tons. An additional 1,262 tons of alumi- 

Koppers Co. Inc. announced that by 1966 num was recovered from copper-, zinc-, | 
a $1 million plant to produce carbon pitch, and magnesium-base scrap. The value of 
for use in making electrodes used in pro- 639,456 million tons of aluminum re- 
ducing primary aluminum, would be built covered from processed aluminum scrap 
at Portland, Oreg. Reportedly the hot was $313 million computed from the aver- 
liquid pitch will be delivered by tank car age price of primary aluminum ingot of 
to Northwest aluminum plants. 24.5 cents per pound. - 

American Metal Climax Inc. announced The calculated consumption of pur- 
the formation of Amax Aluminum Co. to chased aluminum-base scrap and sweated 

~ consolidate its aluminum operations. The pig based on.reports from consumers to- 
new company will operate as a division of taled 817,000 tons. Independent secon- 
the parent company and will include Kaw- _—_ dary smelters used 580,000 tons, or 71 per- 
neer Co., Inc., fabricators of architectural cent. Primary producers used 95,000 tons, 
and industrial aluminum products; Hunter or 12 percent; fabricators used 92,000 
Engineering Co., fabricators of aluminum tons, or 11 percent; and foundries and 
sheet, mill products, and special machinery other consumers used 50,000 tons, or 6 
and equipment; and Apex Smelting Co., percent. oe 
the largest secondary aluminum smelter in The Bureau of Mines estimated that _ 

' the United States. The parent company’s complete coverage of the industry would 
50-percent interest in the Intalco Alumi- show a total scrap consumption of 970,000 
num Corp. aluminum smelter, under con- tons and a secondary ingot production of 
struction at Bellingham, Wash., also will 585,000 tons. Calculated aluminum re- | 
be consolidated under Amax Aluminum Co. _ covery based on full coverage would total 

Table 4.—Aluminum recovered from scrap processed in the United States, by kind of 
scrap and form of recovery 

(Short tons) . 

Kind of scrap 1964 1965 Form of recovery 1964 - 1965 

New scrap: 
Aluminum-base__..__.__... 1427,518 2480,444 As metal____.__.____________ 24,130 26 ,199 
Copper-base____________--- 67 99 Aluminum alloys___..._._._. 518,328 597,464 

' Zine-base_...___._...--.--- 150 80 In brass and bronze__._._._.._. 1,945 671 
Magnesium-base___________ 279 391 In zinc-base alloys___...___._._. 6,292 9 ,350 

————_—_—____———— In magnesium alloys_______._. 1,522 1,718 
Total___----.-------.--- 428,014 481,014 Inchemical compounds_____. 4,474 5,316 

Old scrap: Total___.........__._. 551,691 640,718 
Aluminum-base_________.__ 1122,943 2159,012 
Copper-base_________-.__.- 98 84 
Zinc-base____..__...-_.___-- 450 470 
Magnesium-base-----__-_-- 186 138 

Total................... 128,677 159,704 

Grand total.._....._._...._ 551,691 640,718 

1 Aluminum alloys recovered from aluminum-base scrap in 1964, including all constituents, were 454,985 
tons from new scrap and 140,150 tons from old scrap and sweated pig, a total of 595,135 tons. 

? Aluminum alloys recovered from aluminum-base scrap in 1965, including all constituents, were 509,428 
tons from new scrap and 181,112 tons from old scrap and sweated pig, a total of 690,540 tons.
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Table 5.—Stocks and consumption of new and old aluminum scrap and sweated pig 
| in the United States in 1965 1 

(Short tons) 
_ 

Consumption 
Stocks, Stocks, 

Class of consumer and type of scrap Jan.1* Receipts Dec. 31 
New Old Total : 

mo scrap scrap | 
eee 

Secondary smelters: 2 
New scrap: 

Segregated 2S sheet and clips_.._____ 457 12,897 12,586 ......... 12,586. 768 
Segregated 3S sheet and clips. _______ 625 9,319 9,266 _.....--. 9,266 678 
Segregated 518, 528, 618, etc., sheet 

and clips, less than 0.6 percent Cu.. 1,618 37,982 37,601 ___.____- 37 ,601 1,999 
: Segregated 14S, 17S, 24S, 258, etc., mo 

. sheet and clips, more than 0.6 per- 
cent Cu___-- 22 394 10,118 10,121 __.__.... 10,121 391 

Segregated 75S, 76S, 778, 788, 80S . 
type sheet and clips, more than 0.6 
percent Cu___._--.- 22-2 ee 504 6,751 6,860 _____.__- 6 ,860 395 

Mixed low Cu clips, 0.6 percent max- 
imum Cu_.-.-..-.------------.-.- 1,931 42,911 48,014 _._._____ 43 ,014 1 ,828 

Mixed clips, more than 0.6 percentCu. 1,211 41,056 40,830 ___._.... 40 ,330 1 ,437 
Cast scrap_____._.--.-.---..2._---- 172 8,158 8,026 ......... 8,026 304 
Borings and turnings: 

Segregated 148, 178, 24S, 25S___-_ 325 7,113 7,091 __....... 7,091 347 
Segregated 75S, 76S, 778, 788, 

808 type_-_____._-._---- ie. 168 13,303 18,065 __._...___ 13,065 406 
Segregated other_______..._____ 669 20,374 20,457 _..._..._. 20,457 586 
Mixed, Zn 1.0 percent maximum. 1,436 37,765 36,949 _........ 36,949 2 ,252 
Mixed, Zn over 1.0 percent.__.__. 1,420 54,806 54,797 _........ 54,797 1,429 

Dross and skimmings..._........... 6,544 82,934 80,955 .-...._... 80,955 8 ,523 
Foil (includes both new and old) _____ 314 2,898 2,981 _.....__. 2,981 231 
Miscellaneous_________.._____._____ 883 17,4380 17,348 __.._.__. 17,343 970 

Old scrap: 
Wire and cable____.____.__._______. 426 2,533 -......-. 2,550 2,550 409 
Pots and pans_...____-_-..-..-.-.-. 1,282 34,701 ___._____ 34,500 34,500 1 ,483 
Mixed alloy sheet._.__...._________. 561 9,208 _........ 9,253 9,253 516 
‘Aircraft... 156 3,573 _._.._.... 3,364 3,364 365 
Castings and forgings.__........-... 1,200 33,720 ________. 33,070 33,070 1,850 
Pistons_._....2-.-2- = ee 149 4,745 ......... 4,807 4,807 87 
Irony aluminum.-.--__...---------- 1,414 19,975 .___..... 20,355 20 ,355 1,034 
Miscellaneous._..---.-...----..---- 1,717 16,069 _________ 15,476 15,476 2,310 

Purchased pig.--...-.....-------------- 4,690 57,517 __..___._ 54,527 54 ,527 7,680 

Total_....-.-.---------------------- 30,266 587,856 401,942 177,902 579 ,844 38 ,278 

Foundries, fabricators, and chemical plants: 
New scrap: 

Segregated 2S sheet and clips. ______- 133 8 ,960 8,607 ......... 8,607. 486 
Segregated 3S sheet and clips_______- 320 34,937 34,882 _._._.._._. 34,882 375 
Segregated 51S, 52S, 61S, etc., sheet 

and clips, less than 0.6 percent Cu__ 531 21,871 21,922 _._._._.. 21,922 480 
Segregated 14S, 17S, 248, 25S, ete., 

sheet and clips, more than 0.6 per- 
cent Cu__.__..----2 ee 76 76 .---.-_-.- 76 ...-.---.- 

Segregated 75S, 76S, 77S, 78S, 80S 
type sheet and clips, more than 0.6 
percent Cu_____~___-.--_____.-__- 564 1,767 1,881 ......._. 1,831 500 

Mixed low Cu clips, 0.6 percent max- 
imum Cu_.___-__2--_--2------_-- 172 10,036 9,620 _...._.__ 9,620 588 

Mixed clips, more than 0.6 percent Cu- 49 3,600 3,551 -....-... 3,551 98 
Cast scrap_......-..---._-_-.___--. 5 3,452 3,214 _..__..... 3,214 243 
Borings and turnings: 

| Segregated 14S, 17S, 248, 25S_.........---- eee 
Segregated 75S, 768, 77S, 80S 

type-_------.----2 33 33 ... 1. 33 ..--.---- 
. Segregated other______.________ 2 162 162 _.--_ LL. 162 2 
Mixed, 4n 1.0 percent maximum.__..._..._.--___.---.-.-_____._.____--.---- eee eee 

Dross and skimmings---__...___.____ 15 94 88 _....-__- 88 21 
Foil (includes both new and old) _ - __- 572 2 ,863 2,851 _...._-_. 2,851 584 
Miscellaneous..-.........--_____.__ 528 19,462 19,597 _.._..__. 19,597 393 

Old scrap: 
Wire and cable.___._...-.__________ 162 5,212 ......... 5,087 5 ,087 287 
Pots and pans__---_.--......_---_-_.---_._.- 54 21-22. 49 49 5 
Mixed alloy sheet__._-_.__.___.____ 2 94 _.. LL. 73 73 23 
Aircraft....-.... 2-2-2 ee | ] 1 iow. ieee 
Castings and forgings__.__._._______ 49 442 ___._____ 469 469 22 
Pistons.......-.._--_---_-- 2 15 1 ee 17 17 _..-.-_-- 
Irony aluminum__________._..._____ 26 696 ________-_ 713 713 9 
Miscellaneous._._...-.._......_____ 8 231 ___-_-_- 230 230 9 

Purchased pig---..-.------.---.-..-.... 3,013 28,069 _________ 28,718 28,718 2 ,364 

Total. ._...----.-----2-------------- 6,153 142,127 106,434 35,357 141,791 6 ,489 

See footnotes at end of table. 

232-748 O-67—12
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Table 5.—-Stocks and consumption of new and old aluminum scrap and sweated pig 

| in the United States in 1965 1—Continued 
(Short tons) | 

Consumption 

. Stocks, Stocks, 

Class of consumer and type of scrap Jan.1* Receipts _ Dec. 31 
New . Old Total 
scrap scrap 

I 

Primary producers: 
. 

New scrap: 
Segregated 2S sheet and clips- -~----- 84 2,124 2,168 __...---- 2,168 40 

Segregated 3S sheet and clips. --.---- 190 5,931 6,031 _....---. 6,031 : 90 

Segregated 51S, 528, 6158, etc., sheet . 
and clips, less than 0.6 percent Cu-- 3,990 30,650 28,598 _....-... 28,598 6 ,042 

Segregated 148, 17S, 248, 258, etc., . : 

sheet and clips, more than 0.6 per- . 

cent Cu______---_--.-.---------- 77 14,163 14,175 -.--.---- 14,175 65 

Segregated 75S, 76S, 778, 78S, 808 : 

type sheet and clips, more than 0.6 oo 

percent Cu. _----_--------------- 56 911 926 __.-.---- 926 | Al 

Mixed low Cu clips, 0.6 percent max- 
imum Cu_____..-----..---------- 461 2,996 3,077 __...---- 3,077 380 

Mixed clips, more than 0.6 percent Cu_-__.---.---------------+-22------
-- ones nese grrre 

Cast scrap._..---.-.--------------- 243 10,251 10,448 _....---. 10,448 46 

Borings and turnings: 
Segregated 148, 17S, 248, 258__-- 1 10 § ~-.-.---- 5 6 

Segregated 758, 76S, 778, 785, . . 

80S, type.....------------------------ 1 | 1 ww... 

Segregated other.-...---------- Al 229 - 227 __-..-- 227 43 

Mixed, Zn 1.0 percent maximum. -..-.---- 24 24 _____...- 24 ___._..-. 

Mixed, Zn over 1.0 percent._-.-.--------- 3 3 ..--.---- 3 _-.-.---- 

Dross and skimmings-_._____..------.--------------
--2---------- 2-2 oer serra 

Foil (includes both new and old) - 110 5,231 5,293 _....-... 5,293 48 

Miscellaneous. _._..------------ 781 23,207 23,495 .....---- 23,495 493 . 

Old scrap: 
Wire and cable_..-...---------- 88 273 ...------ 361 361 _.--.---- . 

Castings and forgings..-..-------+------- 4 .......... . 4 4 __-u---- 

Miscellaneous____.__.-..---------------- 149 ____..--- 149 149 _____..-- 

Total......._._------------- 6,122 96,157 94,471 514 94,985 7,294 

Total of all scrap consumed: . 

New scrap: 
Segregated 2S sheet and clips- ------- 674 23,981 23,361 .....---- 23,361 1,294 

Segregated 3S sheet and clips.-.-.---- 1,185 50,187 50 ,179 _..-..--. 50,179 1,143 

Segregated 51S, 52S, 6158, etc., sheet 
and clips, less than 0.6 percent Cu-. 6,139 90,503 88,121 -__...---. 88,121 8,521 

Segregated 14S, 17S, 248, 258, ete., 
sheet and clips, more than 0.6 per- 
cent Cu__...._..---------------- 471 24,357 24,372 -..:.---. 24,372 456 

Segregated 75S, 76S, 77S, 78S, 80S 
type sheet and clips, more than 0.6 
percent Cu___..---.------------- 1,124 9 ,429 9,617 _.--.---- 9,617 936 

Mixed low Cu clips, 0.6 percent max- 
imum Cu_.__..__-_.._.-----_----- 2,564 55,943 55,711 --------- 55,711 2,796 

Mixed clips, more than 0.6 percent Cu_ 1,260 44,656 44,381 -..------ 44,381. 1 5385 

Cast serap.-..-.------_------------ 420 21,861 21,688 _....---- 21,688° 593 

Borings and turnings: . 
Segregated 14S, 178, 24S, 258---.- 326 7,123 7,096 _.__.._--. 7,096 353 

Segregated 75S, 76S, 77S, 80S 
type_____.._---.------------ 168 18,337 18,099 _.--.---- 138,099 406 

Segregated other_...._-..------ 712 20,765 20,846 ___._.--- 20,846 631 

Mixed, Zn 1.0 percent maximum - 1,436 37,789 36,973 _---.---- 36,973 2 ,252 

Mixed, Zn over 1.0 percent_.-... 1,420 54,809 54,800 ----.---- 54 ,800 1 ,429 

Dross and skimmings_._.--.-------- 6,559 83,028 81,043 -.-..---- 81 ,043 8 544 

Foil (includes both new and old) ----- 996 10,992 11,125 __--.---- 11,125 863 

Miscellaneous......._........---.--. 2,192 60,099 60,485 -._..---- 60,435 1 ,856 

Old scrap: 
Wire and cable_______.__.---------- 676 8,018 _....-.-. 7,998 7,998 696 

Pots and pans______..------------- 1,282 34,755 -.--.---- 34,549 34,549 1 ,488 

Mixed alloy sheet___...------------ 563 9,302 _._-_---- 9 326 9 ,326 539 

Aireraft.._.._.-.------------------ 156 3,574 ___-_.--- 3,365 3 ,365 365 

Castings and forgings-___----------- 1,249 34,166 --.-_.---. 38,543 33,543 1,872 

Pistons__.____.__.----------------- 151 4,760 ___..---- 4 ,824 4 ,824 87 

Irony aluminum_______--.---------- 1,440 20,671 --------- 21,068 21,068 1 ,043 

Miscellaneous__._.._.-.------------ 1,725 16,449 ___...--- 15,855 15,855 2,319 

Purchased pig______-..----------------- 7,703 85,586 ----.---- 88,245 83,245 10 ,044 
nO 

Total.___.._.._...._---------------- 42,541 826,140 602,847 213,773 816,620 52 ,061 

a 

r Revised. 
1 Includes imported scrap. 
2 Excludes secondary smelters owned by primary aluminum companies.
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| ‘Fable 6.—Production and shipments of secondary aluminum alloys, — 
a by independent smelters 

(Short tons) ! . 

a 

. . 1964 1965 

. Product . . 
Produc- Ship- Produc-  Ship- 

| tion? ments* tion? ments * 

Pure aluminum (Al minimum, 97.0 percent)_---....------------- 24,130 23,382 26,199 26,548 
Aluminum-silicon (maximum Cu, 0.6 percent) -......_-------------------+------2-5---25-225---- 22-757 

_,95/5 Al-Si, 356, ete. (0.6 percent Cu maximum)-.------------- 20 ,036 20,735 19,550 19,480 
13 percent Si, 360, etc. (0.6 percent Cu maximum) ----.------- 34,786 35 074 33,675 33 ,805 

Aluminum-silicon (Cu, 0.6 to 2 percent):-._.-.--------+--------- 8,561 8,337 9,263 9,448 
No. 12 and variations___..-.-.---.---------------------------- 6 ,550 6 ,677 6.368 6 ,413 
Aluminum-copper (maximum Si, 1.5 percent) ---..--------------- _1,945 2,022 671 708 
No. 319 and variations_._._______..------_----.--------------- 52,358 53,352 50,199 49 ,157 

Nos, 122, 188._.____-..-------------------------+-------- __1,757 1 ,744 910 750 
AXS-679 and variations__.._....-.---------------------------- 219 ,569 220,116 248,767 240,806 | 
Aluminum-silicon-copper-nickel_ _ . ..-.------------------------- 24,862 25,307 26,307 26 ,469 
Deoxidizing and other destructive uses__.__...---------------------------------------+------------=--- 

Grades 1 and 2______-___._____---..---------------------- 10,626 10,932 12,091 11,529 
Grades 3 and 4_2.__._..-----.------------------+--------- 13,023 . 13,261 17,715 17,670 

Aluminum-base hardeners. - -.-..--.--~------------------------ 15,864 16,480 10,024 10 ,373 
Aluminum-magnesium --._-.-.------~------------------------- 1,522 1 ,564 1,718 © 1,693 

_  Aluminum-zine___._._.._..--.-------------------------------- 6,292 6,219 9,350 9,293 
Miscellaneous__._______.___.___-__--_---_-------------------- 80,410 30,717 | 27,457 26 , 794 

- Total_._...__ eee eee ene se ------------ 472,291 475,919 500,264 490,936 

1 Gross weight, including copper, silicon, and other alloying elements. Secondary smelters used_11,498 and 
13,260 tons of primary aluminum in 1964 and 1965, respectively, in producing pure aluminum and secondary 
alloys. me a . 

2 No allowance was made for consumption by producing plants. 
- 3 No allowanee was made for receipts by producing plants. . 

769,000 tons and the metallic aluminum- has molten metal contracts with Wabash | 

alloy recovery would total 829,000 tons. Smelting Co. (another secondary alloy pro- 

Secondary aluminum-alloy ingot produc- ducer) and Kaiser Aluminum & Chemical 

tion, as reported to the Bureau of Mines, Corp., a primary aluminum producer. U.S. 

totaled 500,000 tons, 6 percent more than Reduction also acquired a controlling in- 

in 1964. Data on remelt ingots excluded terest in William F. Jobbins Co., another 

alloys produced from purchased scrap by secondary aluminum smelter located at 

the primary producers. The increase in Aurora, Il. : 

shipments of AXS~679 and variations ac- § Rio Tinto-Zinc Corp. Ltd. (R.T.Z. ) 

counted for most of the increase in ship- reported that Alloys & Chemicals Corp. of 

ments of secondary aluminum. Cleveland, Ohio, a major producer of sec- 

Data obtained through a Bureau canvass ondary aluminum alloys, used some primary 

were combined with data made availableto aluminum from the Comalco Aluminium 

the Bureau by the Aluminum Smelters Re- (Bell Bay) Ltd. reduction plant in Aus- 

search Institute, which covered operations tralia. R.T.Z. owns 50 percent of Comal- 

of its members. The combined coverage  co’s Australian primary aluminum facility 

was estimated to represent about 85 per- and a controlling interest in Alloys & 

cent of the secondary aluminum smelter Chemicals Corp. 
industry. Republic Foil Inc. reportedly will install 

U.S. Reduction Company started making an induction melting system to recover alu- 

delivery of molten secondary aluminum in- minum from aluminum foil scrap at its 

got to Chrysler Corp.’s foundry at Kokomo, Salisbury, N.C., foil mill. The plant was 

: Ind. Chrysler, which uses more aluminum expected to recover more than 2,500 tons 

per car than any other automobile maker, of aluminum per year. 

CONSUMPTION 

Primary aluminum producers sold or creased 16 percent. The difference was | 
used 9 percent more primary aluminum accounted for by a sharp increase in net 
in 1965 than in 1964. However, the total trade and greater recovery of aluminum 
apparent consumption of aluminum in- from scrap.
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According to figures compiled by the The transportation industry, where alu- 
Aluminum Association from industry esti- | minum’s strength and lightweight are used 7 
mates, the distribution of shipments of alu- to greatest advantage, continued as a sig- 
minum metal to various industries was as nificant market for aluminum products. 
follows: Building and construction, 23 per- Passenger automobile makers used about 
cent; transportation, 23 percent; consumer 70 pounds of aluminum per car in the 

' durables, 10 percent; electrical equipment, 1966 models compared with about 69 
13 percent; machinery and equipment, 7 pounds per car in 1965 models. New 
percent; containers and packaging, 9 per- model usage of aluminum per car ranged 
cent; and other industries, 9 percent. The from 51 pounds in the Rambler to 128 
remainder was exported. Per capita con- pounds in the Corvair, which used an alu- | 

| sumption increased from 34 pounds in 1964 minum engine. Engines, transmissions, and . 
to 38 pounds in 1965. As in 1964 the use _ electrical systems were the three main users 
of aluminum in electrical equipment and of aluminum; however, significant uses of 
for containers was the fastest growing, in- aluminum in radiators, brakes, air condi- 
creasing about 20 percent over 1964 con- tioners, trim, and wheels foreshadowed 
sumption. : oo | continued growth in this: sector. 

Net shipments of aluminum wrought and The largest Navy vessel ever built entire- 
cast products by producers were 17 per- ly of aluminum was launched. The vessel, 
cent higher than in 1964. Shipments of | which was a new type gunboat, is the first . 
rolled and continuous cast rod, bar, and of seven of the PGM-84 class to be built. 
wire jumped 28 percent, reflecting in- It is 165 feet long and required almost 80 
creased use of aluminum in electrical ap- tons of aluminum for its construction. 
plications. Shipments of aluminum pow- The United Tanker Corp. and Reynolds 

_ der, flake, and paste increased 27 percent. Metals Co. announced plans for a 226-foot 
The increase in this category was account- aluminum-hulled vessel for service between 
ed for by a marked increase in atomized Florida and Puerto Rico. About 300 tons | 
aluminum powder shipments. - of aluminum will be required for this 

The expanding market for aluminum in vessel. , | | | 
the building and construction industry, | The Aluminaut, the all aluminum re- 
which along with the transportation indus- search submarine, built in 1964 for Rey- 
try uses more aluminum than any other in- _nolds Metals Co., set a depth record dur- 

| dustry was highlighted by an unusual roof, ing the year of 6,250 feet. , 
constructed of 574 cast aluminum panels, A new Coast Guard Cutter which util- 

| 4 feed wide, 5 feet long, and weighing 53 ized about 260 tons of aluminum in the 
pounds each.2 A report showed that the superstructure reportedly was launched. 
number of aluminum windows produced Aluminum was scheduled to be used for 
each year has increased from 13 percent of §=—————__-__ 

the total in 1953, when the number of  ,,¢Buginetring News Record, Aluminum Cost wood and steel windows produced each jj, 1965, p. 43. 
surpassed that of aluminum, to over half He 90 ei ee the ee tet num Windows Now 
of the total in 1964.3 and No. 12, December 1965, pp. 23-24. 

Table 7.—Apparent consumption of aluminum in the United States 
(Short tons) 

See 

Primary sold Imports Recovery Recovery Total 
Year or used by (net) ? from old from new apparent 

producers ! scrap 3 scrap 3 consumption 
ee 

1956-60 (average) _._..............._-. 1,723,266 112 ,662 69 ,794 266 ,310 2,172 ,032 
1961__-..------------ ee eee. )=6-1, 956,167 24 ,004 102 ,137 238 ,109 2 ,320 ,417 
1962__.___-----------.-...--..-..._. 2,184,876 123 ,839 128 ,520 333 ,236 2,770,471 
1963__--__---------.-- Lilt __-. «62,353,624 180 ,878 115,921 389 ,670 3 ,040 093 
1964__-___---_.--____-______--____-. 2,554,898 109 ,901 123 ,677 428 ,014 3,216,490 
1965__.--------------- 22 ee --. «62,786,584 308 ,939 159 ,704 481 ,014 3,736 ,241 

eee 
1 Includes shipments to the Government: 1957, 324,311 tons; 1958, 323,128 tons; 1959, 73,235 tons; 1960, 

37,002 tons; 1961, 52,138 tons; 1962, 41,544 tons; 1963, 24,293 tons; 1964 and 1965, none. 
? Crude and semicrude. Includes ingot equivalent of scrap imports and exports (weight multiplied by 0.9). 

Includes some shipments to Government stockpiles. Figures not available. 
5’ Aluminum content.
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38 such vessels planned for the next decade. _ginia Electric & Power Co. Kaiser planned . 
An estimated 52 percent of the approxi- to market a sheathed aluminum cable for 

| mately 328,000 pleasure boats made during home wiring. | 

1965 had aluminum hulls. oe Aluminum continued to replace other 
| ~The Titan II, which launched the materials in many container and packaging 

manned Gemini spacecraft early in the year, applications, especially in lids and cans for 
was essentially an all-aluminum launch ve- _ packaging beer and other beverages.5 It 

hicle. The two-stage Titan II, built of was estimated by an industry source that 
aluminum, is 90 feet high and 10 feet in in 1965 91 percent of the frozen-juice con- 

_ diameter. When it is fully | fueled and centrates containers produced and 80 per- 
topped by the 1 9-foot-high Germini space- cent of the motor oil containers produced 
craft, the Titan II weighs 1 65 tons. utilized aluminum-fiber composites. In ad- 
Because of the military action in South dition, 4 percent of the beverage contain- 

Viet-Nam, the use of aluminum in heli- ers, 75 percent of the beer lids, 3 percent 
copters and other aircraft, landing mats, of the aerosol containers, and 30 percent 
and expendable items such as ammunition of drawn cans for meat and fish produced 
and wing tanks increased significantly dur- in 1965 were made of aluminum. 

7 ing the de to . f alumi The Bureau of Mines estimated con- 
markets in 9 65 c alk evi . ll f a the oven. sumption of aluminum mill products in the _ | 
head electric t 0s ad ' “bution Western States in 1961 at 250,000. tons.é 
on alla ve sami, ion an th mu me n Projected consumption in 1985 was 1.1 

installations use aluminum, srowth in tis million tons. The following distribution 
application ot aluminum reflects the rapid for wrought products was obtained from 
expansion of America’s power grid. Alu- ¢ . F aie ures published by the Bureau of the _ minum Cable Steel Reinforced (ACSR)  Cenesc. | Py tne 
held about 90 percent of this market, but oe | ; oe 
the use of Aluminum Conductor-Alloy Re-  aLieht Metal A Onward AL a vy 
. a : . 1 e e. nw . um. ° 

inforced’ (ACAR) was expanding. Alu- 93 Nos. 11-12, December 1965, pp. 5-6, 24. 
minum conductors were used in about 20 > Chemical & Engineering News. Steel Con- : 
percent of: underground residential distri- _ No 37, Sept. 18, 1966, Do. ‘to-41. met. 

| bution lines. Underground high-voltage 6 Fulkerson; Frank B., and Jerry J. Gray. 
1 1 iSsi 7 _ Economic Trends in the Pacific Northwest Alu- 

(115,000 volts) tranmission using alumi minum Mill Products Industry. BuMines Inf. 
num conductors was being tested by Vir-  Gire. 8267, 1965, 36 pp. 

| . | Percent 

1964 1965 

Sheet, plate, and foil: 
Non-heat-treatable __...-...--------------.------------------------------- 41,1 40.8 
Heat-treatable._...........-------------------------------------------+--- 5.9 5.8 
Foil__....---------.--..---.---------------- +--+ ee 7.4 6.9 

Rolled and continuous cast rod and bar; wire: 
Rod, bar, ete..-.--..._.__-.--.------.------ +--+ eee 3.0 2.7 
Bare wire, conductor and nonconductor-. -.__-._-.----.-.--.------------------ 1.3 1.4 
Bare cable (including steel-reinforced) -.........-_-..--.--.------------.-----.- 6.4 7.5 
Wire and cable, insulated or covered._.------.------------------------------ 2.1 2.3 

Extruded rod, bar, pipe, tube, and shapes: 
Alloys other than 2,000 and 7,000 series !__..._...--------------------------- 25.8 25.5 
Alloys in 2,000 and 7,000 series.__..._._....-.------------------------------ 1.2 1.4 

Tubing: . 
Drawn......----.------------------------ ~~ ee ee eee eee 1.4 1.4 
Welded, nonheat-treatable ?___.._.....--.--------------------------------- 1.6 1.6 

Powder, flake, and paste: 
Atomized__.......--.--------------------- +--+ +--+ eee eee eee 5 .6 
Flaked __._..--.-.---------.------- 2 ee ee ee ee eee - 1 al 
Paste___..---.----- ee ee ee en ee eee ee 4 3 

Forgings (including impact extrusions) . __._-_.--..------------------------------- 1.8 1.7 

A 100.0 100.0 

1 Includes a small amount of rolled structural shapes. 
2 Includes a small amount of heat-treatable welded tube.
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oS - Table 8.—Net shipments 1 of aluminum wrought and cast products by producers 
. (Short tons) — | 

| oe | - 1964 1965 P | 

Wrought products: | | | . 
Sheet, plate, and foil..._-.-........-..--.--_....-.----.--.------------ 1,315,320 1 ,524 ,582 
Rolled and continuous cast rod and bar; wire__._._________----_-___----- 311,138 - 397,094 
Extruded rod, bar, pipe, shapes, drawn and welded tubing and rolled struc- 

tural shapes___.._..-.------------------------.-------------------- 723,690 855,084 
Powder, flake, paste...-_-_------------.-.-----------------------+---- 23 ,138 29 ,424 
Forgings. -------------------------2 2-2 - eee nne nnn eee ee eeeeeee------- 44,199 47,550 

| Total__..-.-_------_---------------------------------------------- 2,417,485 2,858,784 

Castings: oo —— 
Sand_...-.--....-.-------------+-- eee ee - 115 ,412 134 ,326 
Permanent mold____.__.._.--..-------.-.--------_------------------- 162 ,150 165,414 
Die__._---------.------------ 2+ e e e ee 343 ,640 401 ,758 
Others_......-..-.----------.---------------------------- +--+ -- 5,630 2,982 

| Total____._._._--.-----------.-------------- eee -------- = 6.26 , 832 704 ,480 

Grand total_.__._...-...------------------------------------------- 3,044,317 3,558,214 

P Preliminary. . . 
1 Derived by subtracting the sum of producer’s domestic receipts of each mill shape from the domestie 

industries’ gross shipments of that shape. 

| STOCKS : a 

Reflecting the increased demand, alumi- _ters produced more alloy ingot than was 
num ingot stocks at primary reduction shipped and yearend stocks of secondary 
plants declined from 96,900 tons on Janu- alloy ingots were 38,000 tons compared 

| ary 1 to 64,800 tons on December 31,1965, with 29,000 tons at the beginning of the 
- equivalent to just over a week’s output. year, Consumers yearend inventories of 

| - Reduction plants also had inventories of all types of aluminum scrap were about 
ingot and aluminum in process. _ 10,000 tons higher than at the beginning | 

Independent secondary aluminum smel- of the year.
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. PRICES © 

The published domestic price for unal- pound, and others increased by about 1 
loyed primary aluminum was unchanged’ cent per pound. Steel deoxidizing grades 
through October. Early in November one’ increased 1.5 percent to 2.0 cents per 
producer followed by others announced an _ pound. | 
increase of 0.5 cent per pound to 25 cents Prices quoted at the end of 1965 for 

per pound. The increase was rescinded various grades of aluminum scrap clippings 
after the Government proposed to sell 300,- ranged from 12 to 14 cents per pound for 

oo ae a surpus alumina As de- 2075 (75S) to 16 to 17 cents per pound 
Pro ed uncer Legisiation and Government for 1100 (2S). Mixed aluminum clippings 
rograms, Government and industry later were quoted at 15 to 16 cents per pound. 

reacted agreement on the orderly disposal Old aluminum sheets and castings were 
aa the Governments surplus  luminura quoted at 12 to 14 cents per pound, and 
(9 9 99. percent alumin um) at “the beginning aluminum borings and turnings were 

of the year was 44.5 cents per pound. The quoted at 13.5 to 14.5 cents per pound. 
price was decreased to 44 cents per pound Effective at the and of the year quoted 
in March and effective May 12 through delivery prices for 10-ton lots of various 
May 28 the quoted price was 45.3 cents grades of smelters’ alloy delivered to the 
per pound. For the remainder of the year buyers plant ranged from 24 to 24.5 cents 
the quoted price was 40 cents per pound. per pound for 380 (AXS-—679) alloy, con- 

The average of prices quoted by the taining 3 percent zinc to 31.25 to 31.75 
American Metal Market for clippings, old cents per pound for 218 alloy grades. 
sheet, castings, and borings and turnings Steel-deoxidizing grades ranged from 22 | 
of scrap aluminum increased about 1 cent cents per pound for 85 percent aluminum 
per pound during the year. Most grades (No. 4 grade) to 25.75 cents per pound 
of smelters’ alloys increased 2 cents per for 95 percent aluminum (No. 1 grade). 

FOREIGN TRADE 

The quantity of crude and semicrude markedly. West Germany received almost 
aluminum exported was 10 percent less half of the total. The Netherlands, United 
than in 1964, but increased exports of high- Kingdom, and Japan received most of the 
valued products resulted in a decline in remainder. 
total value of only 2 percent. The total quantity of crude and semi- 

. . . crude aluminum imported was 37 percent 
As in past years the United Kingdom higher than in 1964. This was due chiefly | 

was the destination of most of the alumi- to sharply increasing imports of crude alu- | 
num ingots, slabs and crude accounting minum and alloys from Canada, which 

jor 22 Pe cail of ire total West eed shipped 85,000 tons more than in 1964. 
rance, brazi', and Argentina received most Imports of crude aluminum metal and 

of the remainder. alloys from Norway declined slightly, but 
Exports of aluminum scrap also declined imports from France more than doubled.
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Table 9.—U.S. exports of aluminum, by classes | 

| 1964 1965 

Class 
Short tons Value Short tons Value 

(thousands) (thousands) 

Crude and semicrude: 
, Ingots, slabs, and crude___.._...-.......------ 208 ,622 $92 ,227 203 ,642 $92 ,533 

Serap._..-.----_---__-------------_--------- 68 ,615 21,476 38 ,547 12,452 
Plates, sheets, bars, etec__...__._.______..--__-- 69 ,761 50 ,982 65,172 -§1,323 
Casting and forgings.._____...__-_--_.--.-.------ 1,832 4,671 2 ,256 6 ,669 
Semifabricated forms, n.e.c______....__-_--_--- 572 619 3,361 - 3,817 

| Total__________.____-__--_ eee eee 349 ,402 169 ,975 312 ,978 166 ,794 

Manufactures: . | 
Foil and leaf. _...-....---------------------- 1,666 2 ,671 3 ,093 5,199 
Powders and pastes (aluminum and aluminum 

bronze, aluminum content) ..---_....-------- 554 708 629 887 
Cooking, kitchen, and hospital utensils_.....---- 1,179 3,095 1,130 2,932 
Sash sections, frames (door and window) .----_--- 1,775 2,917 3,579 6,546 
Venetian blinds and parts......_._...___.---.-- 729 886 652 771 

| Wire and eable-___--.-.---------------------- 8,632 5,282 7,928 5,506 | 

Total. .._.---.-.----.-------------------- 14 ,535 15,559 17,011 21,841 . 

Table 10.—U.S. exports of aluminum, by classes and countries 
(Short tons) 

: 1964 1965 | 
. Destination = — — a 

Ingots, Plates, Ingots, Plates, 
slabs, and _ sheets, Scrap slabs, and _ sheets, Scrap 

crude bars,etc.1 crude __ bars, etc. ! 

North America: 
Canada___________-_--_------_--- 2,183 37 ,122 1 ,849 6 ,583 40 ,944 2,779 
Mexico_______._-...-_.----------- 289 3,110 35 370 3,031 21 
Other____.__._-_---------------- 867 2,123 84 1,637 1,872 38 

Total_....-.---.-. 2-2 ee ee 3,339 42 ,355 1,968 8,590 45,847 2 ,838 

South America: 
Argentina_____._______-.-_..---- 13 ,976 81 __-__.__-_- 14,655 | ee 
Brazil.____.__.__-.-.--__.---_--- 2,387 69 4 15 ,228 117 _.__-.-_-- 
Colombia____......-.-------._--- 3,733 175 5 4,169 122 . 6 
Venezuela__________-_.-___--_---- 2 ,028 849 16 2,347 568 15 
Other___._-_.---_---- eee 2 ,362 1,490 22 3,614 1,734 19 . 

Total. _-._-__--_- eee 24 ,486 2 ,664 47 40 ,013 2 , 554 40 

Europe: 
Belgium-Luxembourg_______-._---- 10,895 319 75 5 ,042 283 35 
France________-_--__-_---.-.---. 22,209 376 80 25 ,060 255 22 
Germany, West____._._-.-.--.--. 40,827 1,263 31,937 28 ,029 1,366 14 ,334 
Greece___._.-_____-__--------- ee 3,431 | 11 _________. 1,257 47 11 
Italy_...._-___-- eee 8 ,399 2 ,927 9 ,326 6 ,062 3,051 3,327 
Netherlands__.__.__._.__-_---_---. 12,047 3,003 960 9 ,286 1,150  °#5,884 
Sweden______________--_--_--_-- 1,373 726 4 2,049 345 ______._-- 
Switzerland____________--_-.-__--- 1,255 11 242 731 179 420 
United Kingdom________..._----. 41,307 2,311 7,548 44 ,454 1,421 5,767 
Other_________-_________--___--- 14,801 1,050 359 8 ,083 987 120 

Total___.-.-.---___-_-_ ele. )=—156,, 544 11 ,997 50,531 130,053 9 ,084 29 ,920 
Africa..-..- eee 925 3,219 11 2.948 2,707 ..._--.--- 

Asia: 
India____-__._--___ 2 __-- eeee 1,888 6,671 ___-____ _- 2 ,549 5,711 ___.-____- 
Israel_____.__-- eee 2,265 496 3 1,321 407 _.___.-.-- 
Japan_.______----_-- eee eee 4,100 884 15 ,333 4,561 994 5,325 
Korea, South__-___-__-__-_------_- 160 ll 2 LeeLee 3,448 10 _.. ee. 
Philippines___-_.._.-._.---------- 4,112 56 __-__-__-- 2 ,363 147 1 
Other________-__._-.__---------- 8,183 3,113 352 5,716 2 ,504 - 357 

Total_..____-__-__-------- ee 20 ,708 11 ,231 15,688 19 ,958 9,773 5,683 
Oceania__.________-.__-____.-------- 2 ,620 699 370 2 ,080 824 66 

Grand total...-......._.-.....-. 208,622 72 ,165 68,615 203,642 70 ,789 38 , 547 
Value, thousands__._.._.....--. $92,227 $56,272 $21,476 $92,533 $61,809 $12 ,452 

1 Includes plates, sheets, bars, extrusions, castings, forgings, and unclassified semifabricated forms.
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Table 11.—U.S. imports for consumption of aluminum, by classes | 

1964 1965 

Class . ' 7 a — 
Short tons Value Short tons Value 

| (thousands) | (thousands) 

Crude and semicrude: | 
Metals and alloys, crude__..-_..-..--------._- 394 ,563 $163 ,419 527 ,252 $218 ,217 
Circles and disks___......-.-----------------_- 7,049 4,423 7,238 4,515 
Plates, sheets, etc., n.e.c_.._.-.-.--..-.---_-._- r 39 ,000 r 22 ,896 52 ,491 29 ,960 
Rods and bars_________-._-__-_---------=---- r 4,493 ' © 3,057 6,755 _ 4,518 
Scrap____-_.__.___-------------------------- 8,152 2 ,038 . 27,029 8 ,482 

Total_.____________ eee ee 453 ,257 t 195 ,833 620 ,765 265 ,692 

Manufactures: 
Foil. .-_-_.--_.___---- 2 eee eee 5 ,292 5,893 4,090 5 ,223 
Folding rules__.___..-_--__-_...---------------- () 1 - @) 6 
Leaf (5.5 by 5.5 inches) ______...-.---------.-- (2) 18 (*) . 31 
Flakes and powders.__-._______..-------------- 206 | 206 355 300 
Tables, kitchen, hospital utensils, etc. ...._--.-- 2 ,323 3,757 7,500 5,031 
Other manufactures__._.....___--.------------ (4) 3,679 () 2,485 

| Total. .-.---.-.-.-2------2----------------- 13 ,554 (1) 13 ,076 
Grand total_..._-_-__..------- ee eee (@) r 209 ,387 (4) 278 ,768 

t Revised. | | oe | 
1 Quantity not recorded. . 
2 1964, 1,578,300 leaves, and 56,882,353 square inches of leaf; 1965, 3,390,000 leaves, and 55,315,007 square 

inches of leaf. . . 

Table 12.—U.S. imports for consumption of aluminum, by classes and countries | 
(Short tons) 

| 1964 1965 

| Country Metal, Plates, Metal, Plates, 
and sheets, Scrap and sheets, Scrap 

alloys, bars, alloys, bars, 
crude etc. ! crude etc. ! 

North America: . 
Canada__._....---..-._.__....-. 259,656 3,347 7,849 344,464 4 ,053 11,744 
Other___.____.---.------_------- 390 (?) 93 10 11 57 

Total_._____-__-.-___.-.-.-.-. 260,046 3,347 7,942 344,474 4 ,064 11,801 
South America____________.-_------------------ 16 __._---- eee ee 5 2 

Europe: 
Austria__..--. 222-2 eee 331 1,260 ___.----.-.-----.--- 1,365 ____.----- 
Belgium-Luxembourg.._....------ 5 19,371 ____._--.-_..------. 30,257 304 
Denmark___________.-----------~---- +e eee 16 200 24 1,058 
France..-.._....-.......-----.-. 14,884 5,269 _._...__._. 33,724 6,675 _.-------- 
Germany, West__....--.--------- 189 3,023 _...------ 102 1,596 316 
Italy__._____..-.-.-.__-.-------- 11 7,150 __._--__-- 37 8,128 94 
Norway____-.------------------- 93,906 -_.-.-_.-._....-.-.-- 90,978 262 ____..---- 
Spain_______.______...-_-----------------. 1,567 _.._.--_- 385 1,250 ___..----- 
Sweden____..-____-_..----.----- 460 458 169 _.___-_.-- 347 268 
Switzerland___._..._-..---------- 2 ,007 296 __.....--- 6 150 __--.----- 
United Kingdom. ._.____...-.---- 24 521 8 5,998 969 2 ,036 
Yugoslavia____....---_.--.----- 110 2,353 __......--.-.---.--.- 2,809 ___._..--- 
Other___.__.-_.---.--------.---- 3 117 17 _---_- 180 3 ,988 

Total_______-----.-- 111,930 41 ,385 210 131,430 54 ,012 8 ,064 
Africa...._-______._-.----------_----- 3,994 __....._-.-.----.-.. 14,071 1 19 

Asia: _ 
Japan._...._---.----..--.---.... 15,038 § ,544 _.....-... .24,267 8 ,250 6 ,867 
Taiwan. __.._-------_- eee 385 227 _____..-.- 661 130 __...----- 
Other__..___..---_---- ee 169 22 __ ee 22 ___..----- 

Total__....------------------. 15,592 5,793 ___.__..--. 24,928 8,402 6, 867 
Oceania____.____-.---_- 2-2 ee 3,001 1 ee.) 12,3849 _____ Lee 276 

Grand total__._................ 394,563 50,542 8,152 527,252 66,484 27 ,029 
Value, thousands____._..__._____. $163,419 * $30,376 $2,038 $218,217 $38,993 $8 ,482 

t Revised. 
1 Includes circles and disks, bars and rods, and plates, sheets, etc. 
2 Less than 4 unit.
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WORLD REVIEW 7 
Production of primary aluminum was 10 acquiring. aluminum semifabricating and 

percent higher than in 1964. However, fabricating plants and obtained control of 

most of the increase was due to a marked _Polyfoil Papers Ltd., the leading supplier 

increase in the estimated output in the of household aluminum foil in the U.K., _ 

U.S.S.R. and Alcan Ltd., an aluminum extruder and 
Canadian output declined, and the larg- _ finisher at Aurora, Ontario. The company 

est producer continued acquiring semifab- brought in new aluminum reduction facili- 

ricating facilities abroad and in Canada. ties at Kitimat, British Columbia, raising 

Consumption of primary aluminum in Eu- annual capacity there to 212,000 tons. 
rope increased only slightly and joint ven- | However, certain older reduction facilities 

tures in aluminum semifabricating facilities in Quebec were shut down for moderniza- 
in West Germany, Belgium, and France tion during the year and total output by 

: were formed. New primary aluminum re- the company decreased about 2 percent 
duction plants were scheduled in Iceland, to 728,000 tons. A new 24,000-ton-per- 
Brazil, Venezuela, Greece, the Netherlands, year addition to the Kitimat smelter was 
Japan, Australia, and the U.S.S.R. scheduled for completion during the first 

, | half of 1966. The modernization program 
NORTH AMERICA at the Arvida reduction plant in Quebec 

| Canada.—Aluminum Company of Can- was expected to continue through 1966. 
| ada, Ltd. (Alcan), continued its policy of Canadian British Aluminium Company 

Table 13.—World production of aluminum, by countries 

(Short tons) | | 

- Country 1961 1962 1963 1964 1965P 1} 

North America: 
Canada. ._..-...---------------- 663 ,173 690 ,297 719 ,390 r 843 ,002 840 ,348 
Mexico_....__.-_.--------------------------------------- 6,100 ¥ 19,487 21,041 
United States_._.._.__.------.--. 1,903,711 2,117,929 2,312,528 2,552,747 2 , 754 ,478 

Total___.____.._....-...---.-. 2,566,884 2,808,226 3,038,018 * 3,415,236 3,615 ,867 
South America: Brazil._......2..---- 22 ,078 22 ,202 19 ,412 r 29 ,366 32 ,617 

Europe: . 
Austria_....-__---...--_-__.------ 74,578 81,668 84 ,287 85 ,646 86 ,790 
Czechoslovakia.__.__........-.---- 55,100 e 65 ,000 e 65,000 e€ 65,000 e 68 ,000 
France.........----------------- 308 ,047 325 ,288 328 ,891 t 348,319 375 ,445 
Germany: 

Hast ¢._._.......------------ 50 ,000 50,000 50,000 50 ,000 55 ,000 
West__-..-.---.--------.---- 190 ,212 196 ,017 230 , 142 242 ,418 258 ,407 

Hungary -.__.-..---.-.---------- 56 ,286 58 ,127 61,176 62 ,693 64 ,043 
Italy__....-.-------------------- 91,881 r 91,390 r 100,782 127 ,337 136 ,659 
Norway...-....----.------------ 189 ,109 r 226 ,941 r 238 ,209 278 ,444 304 ,557 
Poland (includes secondary) - - - ~~ -- 52 ,488 53 ,007 51,365 52 ,639 52,117 
Rumania._._______._________-___-_-__-- eee ee ee eee ee eee 25,127 
Spain. ........--.--------------- 41,500 45 ,953 50,142 t 54,723 56 ,660 
Sweden (includes alloys).----.--.-- 17 ,463 17 ,580 r 18,878 r 35,164 33 ,731 
Switzerland__.__._..__.__-_-------- 46 ,530 54 ,640 t 66 ,260 70 ,805 74,010 
U.S.S.R. e_- 2 -- +--+ ------ 980 ,000 990,000 1,060,C00 1,100,000 1,410,000 
United Kingdom......_....------ 36 ,169 38 ,113 34 ,243 35,516 39 ,911 
Yugoslavia___......-_.-.-------- 30,211 30 ,843 39 ,567 38 ,320 44 ,443 

Totale_____.___________._..--. 2,200,000 2,325,000 2,480,000 * 2,645,000 3,085 ,000 
Africa: Cameroon, Republic of_____--- 52 ,446 57 ,596 58 ,327 56,777 56 ,027 

Asia: a 
China ¢.__--....__-_-.-.---------- 110 ,000 110 ,000 110,000 110 ,C00 110,000 
India. .______-__--_--_-..-------- 20 ,263 39 ,025 r 60,881 60 ,830 74 ,041 
Japan ? _..._-_-___-------.-------- 169 ,424 rT 188 ,991 246 , 854 292 ,950 322 ,756 
Taiwan_____.------_-.---------- 9 ,938 12 ,135 13,148 t 21,354 20 , 847 

Total e__...------ + ------ 309 ,600 r 350 ,200 430 ,900 t 485 ,100 527 ,600 
Oceania: Australia__...___._.__.-_---- 14,789 18 ,090 46 ,214 r 88,194 96 ,743 

World total e_.....__.-_..--__-. 5,185,000 5,580,000 *6,075,000 * 6,720,000 7,415,000 

e Estimate. P Preliminary. t Revised. 
1 Compiled mostly from data available June 1966. 
2 Includes superpurity: 1961, 1,307; 1962, 1,969; 1963, 2,060; 1964, 2,092; and 1965 not available.
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| _ Table 14.—World producers of aluminum _ - | 
(Thousand short tons) 

; es _ | 

Annual capacity, 
. end 1965 . 

Country, company, and plant location Participants — 

Pre- Soder- 
baked _—iberg 

. FREE WORLD > 

a eeeeeeeSeeeeSeSeSeSsSeeeseSesSSSSSSSSSSSSSSSSSSSSSeeSS 

° North America: 
Canda: . ee 

Aluminum Company of Canada, Ltd. (Alean)_..____..._......_. Aluminium, Ltd. 
_ Arvida, Quebee_-__-_._------------- 173 200 . 

; Shawinigan, Quebec________________._._______- 70 Oo 
. Isle Maligne, Quebec. «- - ------------2-------- 115 = . 

Kitimat, British Colombia. ._______...__.______ 212 — , ° 
. Beauharnois, Quebec______________._-_.-______- 38 - 

Canadian British Aluminium Co. Ltd..........._.......-..- British Aluminium Co. Ltd., 54 
Baie Comeau, Quebec______.___.-.----__---_-- 108 percent; Quebec North Shore 

- —_—__—__————_—___ Paper Co. and private interests _ 
Total_._..-22 2-2 Lee 173 743 (Canadian), 46 percent. 

Mexico: | _ : a | 
Aluminio Mexicano §.A. de C.V______.--.-.......2......... Aleoa 35 percent; American and 

, Veracruz. __-_____ ee 22 Foreign Power Co., 14 percent; 
'-and Mexican interests, 51 per- 

: cent. 
United States }__...2222 2 eee -e---. «61,500 1,259 

Total North America____....__._._......... 1,673 2,024 So 

South America: 
. Brazil: 

Alumino Minas Gerais, 8.A_-_.___-------.-.-.-....._....... Aluminium, Ltd. 
Ouro Preto, Minas Gerais______.__-.._.________ 17 

Cia. Brasileira de Aluminio_-_._..._.-..--...._...........--. Industria Votorantim, Ltd., 80 per- 
cent, and other Brazilian inter- 
ests, 20 percent. 

Sorocaba, Sao Paula_...-__--.---------------. 22 . , 

Total. __.--------.------------------------ 39 

Surinam: - 
Surinam Aluminum Co__-___.____-.--2_-.---__-___________. Alloa. 

Paranam-______-.-.------------__ ei ee 58 

| Total South America_..-.--------....--.-... . 97 

Europe: . 
Austria: . 

Salzburger Aluminium G.m.b.H____._.__......____._.-..... Swiss Aluminium Ltd. 
Lend_______--_- eee 12 

Vereinigte Metallwerke Ranshofen-Berndorf, 
A.G,__.-.--------------- ee --------------. Government owned. 
Ranshofen___...-.--.-.-----------.---------- 75 

Total. __._.---- 2-2 eee 87 

France: 
Pechiney, Compagnie de Produits Chimiques _______......... Privately owned (French). 

et Electrometallurgiques 
Chedde (Haute-Savoie) -__._....._.._- 10 _.. 1 Le 
La Praz (Savoie)__._.__...____-___._- 4 ____ Le 
La Saussaz (Savoie)......____._.___-..- 13 ____-Le 
St. Jean de Maurienne (Savoie) - .___._-_ 39 43 
l’ Argentiere (Hautes-Alpes)____.__-._- 22 _____ Le 
Rioupéroux (Isére)_-_.__....-___--.-- 25 __..-  - 
Auzat (Ariége)___-_-_____-._-_..______-__ ie. 23 
Sabart (Ariége)_____._-_-__.________._- 24 ________ . 
Noguéres (Basses-Pyrénées) _-_.___.__..-.----_-- 122 

Soc. d’Electro-chimie, d’Electro-Metallurgie ________.______- Do. 
et des Acieries Electriques d’Ugine 

Venthon (Savoie) ____._._-_.__.____---- 10 18 
Lannemezan (Hautes-Pyrénées) __.._...__.-__-- 57 

Total___ 22 eee 147 263 

See footnotes at end of table.
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| Table 14.—World producers of aluminum—Continued | 
(Thousand short tons) . 

Annual capacity, | 
end 1965 

| Country, company, and plant location o Participants 

- Pre- Soder- 
baked berg 

_ FREE WORLD—Continued — : | 

Europe—Continued * 
. Germany West: . 

Aluminium-Hitte G.m.b.H______2_..--------+.-.--..---.-. Swiss Aluminium, Ltd. 
Rheinfelden, Baden ?____.._-._____-.--.------- 55 

be Vereinigte Aluminium Werke A.G. (VAW)--_..-----.-------- Government owned. 
Erftwerk, Grevenbroich ?__._....-...---------+- 38 sO, 
Innwerke, Téging___.-_._-----.-.---.. 26 36 : 

co Lippewerke, Linen ?_.______...._.--..-.------ 43 
Norf 2... ..-..-------- eee 60 - 

Oo Total__.-.------------------------ 26 232 

 Ttaly: | | . ;: . 
Montecatini, Soc. Generale per |l’Industria ......._....._._.._. Privately owned (Italian). 

Mineraria e Chimica oo 
Mori___-_..-------_-.-.---_------------------ 26 
Bolzano §____._._.-__.-----2.-----.----------- 63 

. Soc. Alluminio Veneto per Azioni (SAVA) --_-_..--.---------- Swiss Aluminium, Ltd. 
Porté Marghera____....-..-..-...--.------.-. 30 
Fusina._._._.--.-.-.---------------- 22 ___----- 

Soc. Alluminio Italiano__..............----.----.---...-... Aluminium, Ltd. 
Borgofranco, d’Ivrea__..-.-..--------- 6 eee 

| 0) :) 1 119 . 

Norway: | | - 
A/S Aardal og Sunndal Verk__..______...--..--...--.-_.-.. Government owned. 

. Aardal____.----- ieee 22 99 
Sundals6éra.__.-_..----- ei ee --------- = ~—- 66 

Det Norske Nitride A/S _______2._..._-...-.-.---.---..--. Aluminium, Ltd., 50 percent, and 
Hydehavn-__--._-..----------------- 11 _......- British Aluminium Lid., 50 
Tyssedal____.....--------------------------- 22 __percent. 

Norsk Aluminium A/S ________._.______-_---.._.._._..-.. Aluminium, Ltd., 50 percent and 
Hoéyanger._-____._.--- ~~ 2 eee 30 private (Norwegian) interests, 50 | 

- percent. 
Mosjoen Aluminium A/S _.__.__.______2__.__.........-..-. Aleoa, 50 percent and Electro- 

Mosjoen___._____-_._------ eee 63 Chemisk A/S (Norwegian), 50 
percent. 

Sgr-Norge Aluminium A/S ___.__...-.-.......-.___._..._-... Swiss Aluminium Ltd., 80 percent; 
Husnes__-___ ~~ eee 33 _....._. Compadec (French), 15 percent; 

—_______———-_ Norwegian interests, 5 percent. 
Total_________-__-------- eee eee 66 280 

Spain: 
Empresa Nacional del Aluminio, 8.A__-..._..._.........-... Government and minority com- 

Valladolid. ___________--___-____-- eee 14 mercial interests (Spanish). 
Aviles... 2-2. -- eee 20 

Aluminio Espanol 8.A____._-._._..------_-.-..-...-..-.---. Pechiney. 
Sabinanigo, Huesca________._____.--_--_---_-- 10 

Aluminio de Galicia____...__._..____..--_-_____---___...... Pechiney and Kaiser, 36 percent 
La Coruna._-._-_. eee 18 and Spanish interests, 64 per- 

He ——__—_—__—_—————__ cent. 
Total... 2 eee 62 

Sweden: —_ 
A/B Svenska Aluminiumkompaniet_......_.............-..-- Private (Swedish), 78 percent, and 

Kubikenborg__.____....---._------- + eee 33 Aluminium, Ltd., 22 percent. 

Total. eee 33 

Switzerland: 
Swiss Aluminium Ltd. _-..__.--- eee 

Chippis_.__.._.----------- 2 eee ee 23 10 Privately owned (Swiss). 
Steg__..- eee 27 _.-.--- 

Usine d’Aluminium de Martigny, S:A_____-__--------------- Do. 
Martigny._......_.--_.---..------------ .--- 6 

Total._...--..--------------------- 50 16 

See footnotes at end of table.
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Table 14.—World producers of aluminum—Continued 
(Thousand short tons) 

. Annual capacity, 
end 1965 _ 

Country, company, and plant location __. Participants 

: Pre- Soder- 
baked berg 

FREE WORLD—Continued 

Europe—Continued 
United Kingdom: 

British Aluminium Co. Ltd__.__-.-.-...................... Tube Investments Ltd. (British), 
Kinlochleven._.__-._-._------_._- 11 47percent; Reynolds Metals Co., 
Fort William, Inverness-Shire___..__._._.._____ 28 45 percent; Reynolds Tube In- 

—_—_————————-_ vestments Ltd., 4 percent; and 
Total_.-..-.-2 2 eee 39 miscellaneous shareholders, 4 

———— percent. 

Yugoslavia: 
State-owned works_..............._._._-.._.____.......---. Government owned. 

Razine____...-.--- 2-2 eee ee 4 . 
Lozovac....-...-----.--------.-.------------ 6 
Kidrigevo......-....---------_----- eee 44 

Total_.-..------- 22 eee 54 

Total Europe. ___......-..-_---_---- 317 = 1,185 

Africa: Cameroon, Republic of: Cie. ; 
Camerounaise de l’Aluminium Pechiney-Ugine 

(Alucam). : 
Edea_-___.---------------_-- eee eee 58 Pechiney-Ugine (French). Caisse 

———__—_———————_ Centrale de la France d’Out- 
Total_____--- 2 58 remen (French) and the Cam- 

—=—==_~—s— eroon Government. 
Asia: ‘ 

India: 
Aluminium Corp. of India Ltd______.-_..................._ Private (Indian). 

. Asansol, West Bengal_.__._____._._-._._______ 9 . 
Indian Aluminium Co. Ltd___....------.---.-.-.-.----..-- Aluminium Ltd., 65 percent and 

Alupuram, Kerala__.___...... 222 -2.22 2 8 Le 13 Indian interests, 35 percent. 
Hirakud, Orissa__....___-...--___-.._.________ . 23 

Hindustan Aluminium Corp. Ltd___-........-.......-------. Birla and private interests (Indian), 
Renukoot, Uttar Pradesh__-___..__-._- 53 ...------ 73 percent and Kaiser, 27 

percent. 
Madras Aluminium Co. Ltd__.....---.-.------------..-..- Government owned (Madras State), 

Mettur, Madras__....._-.--._- 2-2-2 ee eee 11 73 percent and Montecatini, 27 
—_——_—_—_—————___ percent. 

Total... -_------- eee 53 56 ‘ 

Japan: 
Showa Denko K.K. (Showa Electro-Chemical __._.__.._...._.... Privately owned (Japanese). 

Industry Co. Ltd.). 
Kitakata_____.......-----2 22-2 eee 39 
Omachi-_._..._____------------_----- 13 ___..--- 
Chiba_.....-_---.-----..----- = eee 38 

Nippon Keikinzoku K.K. (Japan Light -._............_. Aluminium Ltd., 50 percent and 
Metals Co., Ltd.). private (Japanese), 50 percent. 
Kambara..-._.--------------------+------2---- 100 
Niigata... ..--..----.---.------_------------- 35 . 

Sumitomo Kagaku K.K. (Sumitomo Chem- -_._..._.._..._. Private (Japanese). 
ical Co. Ltd.). 

Kikumoto.------.-....-----.---------------- 34 
Nagoya. ---------.-------------------------- 52 

Mitsubishi Chemical Co________________.------__-_._-____. Do. 
Naoetsu-_-_--..-.-..----- 2-22 eee eee 50 

Total. .._.---- 2 ee 13 348 

Taiwan: 
Taiwan Aluminium Corp-_-____._.--_----------------------. Government owned. 

Takao__..-.-.--..- 2 eee ee 22 

Total Taiwan.._._._- ek 22 

Total Asia._.....-22 22 eee 66 426 

See footnotes at end of table.
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| Table 14.—World producers of aluminum—Continued 7 | 
(Thousand short tons) 

| : a Annual capacity, ce 
. OO end 1965 . 

Country, company, and plant location —_ ee Participants 

| | - , Pre- ~-Soder- - | 
. oo oo. baked berg 

: 7 | FREE WORLD—Continued ae 

| Oceania: Australia: ; SO ; 
Comaleo Aluminium (Bell Bay) Ltd_.......-.....--------.----- Kaiser Aluminium & Chemical 

. Bell Bay, Tasmania._..._-...------.------ 61 __.._..... Corp. (U.S.), 50 percent; Con- 
a solidated Zinc of Australia Pty. 

50 percent; Alcoa (U.S.), 51 per- 
cent; Western Mining Corp. and 

. other Australian interests, 49 
percent. 

Aloca of Australia, Pty. Ltd__.......---.-----.---------------- 
Geelong......-.-........-----.----------- 45 ....---- 

Total__..---.----..-....------------ 106 _._.-.-- 

Total free world......---------------- 2,162 3,790 | 

7 | COMMUNIST COUNTRIES 4 | 

Europe: _ . 
zechoslovakia: Ziar Aluminium Works. ...........----.-..-.-- 

Svaty Kriz: -.--..-.---------------2---- 60 

Germany, East: Electrochemisches Kombinat.............--.--- 7 
Bitterfeld__...-.------------------------ 39 
Lauta___.-......-.-.---------------- eee 35 

| Total__.______-_-.-.----- eee _ 74 

- Hungary: Magyarsoviet Bauxit Ipar......-.-.-.--.------------ . 
Felsogalla-Totis_._......------.-.-------- 17 
Ajka_..--- eee 22 
Inota_---..-----------------+------------ 33 

Total__...._...--------_- eee - 72 

Poland: Skawina Aluminium Works: Skawina- 67 
Rumania: Slatina_.........-.-.--..-..----- 25 
U.S.S.R.:.__.-------- ----- eee ee ee ee ee ene eee ee 

Volkhov (Zvanka), Leningrad Oblast. .__-_- 50 
Zaporozhye (Dneprovskiy), Zaporozhskaya 110 

Oblast, Ukraine. Government owned. 
. Kamensk-Ural'skiy, Sverdlovskaya Oblast, 132 

ral. 
Kandalaksha, Murmanskaya Oblast_____--- 28 
Novokuznetsk (Stalinsk), Kemerovskaya 132 

Oblast, Siberia. 
Bogoslovsk (Krasnoturinsk), Sverdlovskaya 138 

Oblast, Ural. 
Chirchik, Near Tashkent, Uzbekistan_.__-_-_- 33 
Sumgait (Kirovabad), Azerbaijan____.__-.- 110 
Nadvoitsy, Karelskaya, A.S.S.R_-.-.---..-- 22 
Kanaker (Yerevan), A.S.S.R_.._---.--.---- 50 
Volgograd (Stalingrad), Volgogradskaya 220 

Oblast. 
Irkutsk (Shelekhovo), Irkutskaya Oblast, 250 

Siberia. 
Krasnoyarsk, Krasnoyarskiy Kray, Siberia_- 165 

Total. _..------- eee 1,440 

Asia: 
China: Nationalized plants.__....-.-..------- 165 
Korea. North___..___.__--.------------------ 39 j 

Total Communist countries___....----------- 1,942 

Total world__._.-._._-.-----------.-------- 7,894 

! See table 3 for breakdown of plants. 
2 Replaces anode carbon continuously but uses prebaked slabs instead of Soderberg paste. 
8 A few (number unknown) of the Soderberg cells reportedly were converted to prebaked cells in 1965. 
4 In a number of instances it was impossible to confirm the data on plants in Communist countries.
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Ltd. (C.B.A.), produced 112,000 tons of 25,000 tons of wire and cable, and 3,000 
primary aluminum at Baie Comeau, Que- tons of tubing. The company reportedly 
bec, bringing the total output to 840,000 was doubling capacity of its aluminum re- 
tons, slightly below that of 1964. duction plant. 

| Iceland.—Negotiations between the Gov- | The National Economic Council ap- | 

ernment and Swiss Aluminium Ltd., tocon- _ proved the plans of Aluminio Minas Gerais 
: struct an aluminum reduction plant at SA. (ALUMINAS) for expanding its pro- 

Straumsvik, near Reykjavik, reportedly ductive capacity to 23,000 tons per year. 
reached an advanced stage. The plant The company expected to increase capacity 
was expected to be built before 1970 and from about 17,000 tons per year in 1966 
eventually would have a 60,000-ton-per- tp: 19,500 tons per year by mid—1966. 
year capacity. . . 
Mexico.—The estimated 1965 consump- es Amn Fae ao roany to eavry out 

tion of about oe the of Brimary iad preliminary plans for an industrial com- 

ble by 1970 and expansion of all segments plex for the production of alumina a nd . ? aluminum at Pocos de Caldas, Minas 
of the industry was planned or under study. Gerais. The company, to be known as 

Reynolds Aluminio S.A. (RASA), an . rs | re : 
affiliate of Reynolds Metals Co. of the Ci. wcoente J eveneaaiy (Anos), 

United States, reportedly planned a $5.3 ite to produce 50,000 tons per year of 
million expansion of its rolling mill near alumina and 25,000 tons per year of pri- 

Mexico City. RASA currently produces mary aluminum as well as rolled and ex- 
about 3,000 tons of sheet products and truded aluminum products 
1,700 tons of foil per year in addition to . . , 
other products. Reynolds, through its sub- Chile.—Cia. Manufacturas de Cobre 
sidiary Reynolds International, Inc. applied S-A. (MADECO) was producing more | 
for a license for the construction of an than 900 tons of ACSR (Aluminum Cable 
aluminum reduction plant in the State of Steel Reinforced) with technical assistance 

Tabasco with an estimated capacity of 25, from Kaiser. The cable was scheduled 
000 tons per year. | for use in the pape electrification program 

A 2-year plan of Aluminio S.A. de C. V.  32¢ Marked the frst time aluminum as | 
would reportedly raise its primary alumi- been used in preference to copper. 
num capacity at Vera Cruz to 44,000 tons Surinam.—P r oguction of primary ; alu- 
per year. minum was starte y surinam uminum 

Aluminio Industrial Mexicano S.A., an Co. (Suralco) at its new 58,000-ton-per- 7 
affiliate of Alcan and a producer of alu- year reduction plant at Paranam. Power 
minum sheet and foil, planned a $2 mil- for the plant is obtained from a 180,000- 

lion expenditure as part of a $10 million Howat hydroctectrie fact built by oe 
expansion program. raico on the Suriname NKiver at oO a, 

A $3.5 million aluminum continuous 45 miles south of Paranam. 
casting and rolling mill was scheduled to Venezuela.—Construction of an 11,000,- 
be built by 1966 at Puebla by Alumex S/A, __ton-per-year primary aluminum plant and 
which is owned 40 percent by American associated semi-fabricating facilities at San- 
Metal Climax and 60 percent by American to Tome de Guayana was expected to start 
& Foreign Power Co. The Export-Import late in the year by Aluminio del Caroni, 
Bank of Washington approved a $1.8 mil- S.A. (Alcasa). A $12.5 million loan to 
lion loan for the project. help finance the $22.5 million project was 

authorized by the Export-Import Bank of 
SOUTH AMERICA Washington. Alcasa is jointly owned by 

Brazil.—Cia. Brasileira de Aluminio in Reynolds International Inc. (a subsidiary 
the State of Sa6 Paulo planned to increase of Reynolds Metals Co.) and Corporacion 
its annual production of aluminum mill Venezolana de Guayana (CVG), a Gov- 
products from about 21,000 to 50,000 tons ernment agency. 
by 1969. Capacity was about 8,000 tons The reduction plant will be of conven- 
of aluminum sheet, 2,000 tons of aluminum _ tional design. Power will be supplied by 
extrusions, and 10,000 tons of aluminum = a wholly owned subsidiary of CVG.—Elec- 
wire and cable. By 1969 the company _ trification del Caroni, C.A. (EDELCA) 
planned to produce 22,000 tons of sheet, from the Caroni River hydroelectric sys-
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| tem. Completion of the plant was ex-  c¢ais, agreed to enter into a long-range ar- 
pected in 1967 or 1968. rangement with Reunion des Tréfileries et 

EUROPE Laminoirs du Havre et de la Compagnie 

| Consumption of primary aluminum prangaise des a aux (iret métaux) ? “a | 

- Jeveled off at about the same rate as in ‘CePencent producer’ aurinurm 
1964. Only the United Kingdom, West products. The two prt mary producers will 
Germany, Switzerland, Austria, and Spain SuPPly Trefimétaux with Primaty metal iF 
showed improvement compared with the 7° Ss needs cannot be satishe Tough an 

; arrangement with a proposed aluminum re- 
previous year. | : . 

| Belgium.—Kaiser Aluminum & Chemi- duction plant in Curacao, Netherlands An- 

cal Corp. of Oakland, Calif., entered into tilles » Which is planned by Kaiser -_ Tre- 
| — . oe fimétaux reportedly is to receive one-fourth 

an equal partnership agreement with Phe- bout 15.000 t lly £ the 
nix Aluminium S.A. at Ivoz-Ramet near Ch abou f lit ons annually trom 
Liége, Belgium. The new venture, capital- uracao tacuny: te ; 
ized at $6 million, will increase the output In addition, Pp echiney ; and Ugine will 

‘of aluminum foil at the Phenix plant. increase their existing participation in Com- 

: Present plant capacity is 5,000 tons per Pagmue Gener ale du Duralumin et du 
annum. Cuiure (Cégédur) and Coquillard Froges, 

This is the second American-Belgian leading producers of aluminum mill prod- 
joint venture for the manufacture of alu- ucts. Tr efimetaux, which is among the 25 
minum foil. Reynolds Metals Co., in part- largest domestic firms, is to cooperate with 
nership with Société Générale de Belgique, CGégédur in the pr oduction and develop- 

, produces aluminum foil at a plant near ment of mill pr oducts of aluminum and 
Mons. : aluminum alloy and with Coquillard in the 

France.—Production of primary alumi- production and development of aluminum 

num was 8 percent higher than in 1964, foil. 
but consumption, which historically has. Germany, West.—Aluminium Ltd. and ~ 

| been less than output, declined slightly. Vereinigte Aluminium Werke, A.G. p ? . ° 3 . 

The two producers of primary aluminum (VAW), (the largest producer of primary 
and an independent mill product producer aluminum), planned to construct jointly a tep p pr p fae . ; 
took steps intended to strengthen theircom- 200,000-ton-per-year aluminum rolling mill 
petitive positions in the domestic and in- near Cologne by 1967. The state-owned 
ternational aluminum industry. Péchiney, WVAW also acquired the Aluminum Division — 
Compagnie de Produits Chimiques et Elec- of Channel Master Corp., a producer of 
trométallurgiques (Péchiney) and Société aluminum pipe, tubing, and extrusion bil- 
d’Electro-Chimie, d’Electro-Métallurgie et lets in Ellenville, N.Y. Reported capacity 
des Aciéries Electriques d’Ugine (Ugine), of the facility was 15,000 tons of pipe and 
through their subsidiary, Aluminium Fran- tubing and 30,000 tons of billet. : 

Table 15.—Non-Communist Europe: Consumption of primary aluminum 
(Thousand short tons) 

Country 1961 1962 1963 — 1964 1965 P 

United Kingdom._.___-.-_----.--_-------------- 313.2 315.8 351.1 401.4 402.9 
Germany, West__._-_-_-_.-_--____.---.-------- 320.2 323.3 334.4 390.2 400.4 
France__..__-._.-------.---------------------- 227 .2 259.7 267.3 274.8 274.0 
Italy_.......---.------------- eee 115.7 126.8 141.1 132.3 124.6 
Belgium and Luxembourg. _-_______..-._.-.-_---- 73.7 74.4 98.0 124.1 122.4 
Switzerland. _...---.------.-..-_-------------- 51.4 57.4 (4) 56.2 68.3 
Sweden.__....-------------------------------- 37.4 43.8 55.9 56.4 48.7 
Austria___.....---------.---------------------- 41.4 37.6 46.0 50.7 53.1 
Spain.....-.-.-------------------------------- 22.0 24.3 24.3 50.7 70.5 
Norway. ..---_---------------------~----------- 25.5 25.9 23.7 40.8 33.6 
Other countries ?___._-----___------------------ 38.6 43.8 46.8 50.9 61.0 

Total. _.._---------.-----.-_-_.-_-.------ 1,266.3 1,332.8 1,440.0 1,628.5 1,659.5 

P Preliminary. 
1 Data not available. Estimate included in total. 
2 The Netherlands, Greece, Denmark, Portugal, Ireland, and Turkey. Includes Bureau of Mines estimates. 

Source: Organization for Economic Cooperation and Development (OECD).
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_ Greece.—Aluminium de Gréce, S.A.. num productive capacity at Kubikenborg 
completed the 62,500-ton-per-year alumi- from 33,000 tons per year to 53,000 tons 
num reduction plant near Distomon. How- per year by the end of 1967. 
ever, production was not expected until U.S.S.R.—Production of primary alumi- 
early 1966 when electricity from the Kre- num reportedly was started from a second | , 
masta power plant would be available. potline at Krasnoyarsk, bringing annual , 
The plant will use prebaked electrodes and capacity to about. 165,000 tons. It was 
operate at 70,000 amperes. Os indicated that large aluminum reduction 

Hungary.—Installation: of a modern sili- plants were under construction at Bratsk, 
_ con diode rectifier system and other im- Irkutskaya Oblast, in Siberia and at Gissar 

provements in cell efficiency increased pri- in Tadzhikistan. 7 
' mary aluminum reduction capacity at Ajka . 

_ to 22,000 tons per year. | I : AFRICA 
The Netherlands.—The 33,000-tons-per- Ghana.—Overall construction of the 

year aluminum reduction plant under:con- _100,000-ton-per-year aluminum reduction __ | 
struction at Delfzijl, Groningen, by Alumin- _ plant being built at Tema was about one- 
ium Delfzijl was expected to begin pro- third complete. ee | : 
duction early in 1966. .A second reduc- South Africa, Republic of.—The Gov- 
tion plant reportedly was being planned in ernment-owned Industrial Development 
the province of Limburg. — , | Corp. announced that it would underwrite 

| A 130,000-ton-per-year plant near Rotter- _ the construction of a $49 million, 45,000- | 
dam for producing carbon anodes used in _ton-per-year primary aluminum plant. Lo- 
aluminum production was near completion cal and foreign firms will be invited to par- 
by Aluminium en Chemie Rotterdam N/V ticipate. The new smelter was expected 
a wholly owned subsidiary of Swiss Alumin- to be located at Phalaborwa or near Pieter- 
ium Ltd. About half of the output was  maritzburg. Consumption of primary alu- 
scheduled to be exported to the United minum reportedly has been increasing at 
States and the remainder was to be shipped 12 to 14 percent per year during the past 
to Norway and Iceland. decade and reached 30,000 tons in 1964. | 
Norway.—Late in the year production — : ae 

of primary aluminum was started by S@r- | - ASIA | a : 
Norge Aluminium A/S at its new reduction India.—Production of primary aluminum 

_ plant at Husnes.. The plant is scheduled was begun at the new 11,000-ton-per-year 
to be operating at full capacity of about reduction plant of Madras Aluminium Co., | 

_ 50,000 tons per year by the end of 1966. Lid. | _ 
Expansion to about 110,000 tons per year The Indian Aluminium Co. completed 
by 1967 and to 190,000 tons per year after _ the first half of an 11,000-ton expansion to | 
1970 also was planned. | the Alupuram smelter in mid—year, but a 

Work was started on a 25,000-ton-per- power shortage reduced production below 
year expansion of the aluminum reduction capacity. The second half of the expan- _ 
plant at Mosjgen by Mosjgen Aluminium _ sion was scheduled for completion in the 
A/S (MOSAL). The expansion would second half of 1966, bringing total capacity 

_ bring total capacity to 88,000 tons per year of the company’s reduction plants in Alu- 
by 1968. - | puram and Hirkud to 42,000 tons per 
Rumania.—The aluminum reduction year. The company continued engineering 

plant at Slatina, which was built with as- studies for the new bauxite, alumina, and 
sistance of Péchiney, began partial opera- aluminum facilities on the West Coast of 
tions in the middle of the year. When India, which are expected to add 33,000 
completed, the plant reportedly will have tons per year to primary aluminum ca- 
328 prebaked anode cells operating at 63,- _ pacity. | 
000 amperes, and an annual capacity of Hindustan Aluminium Corp. Ltd., raised 
about 55,000 tons of primary aluminum. annual Capacity at its aluminum reduction 
Lignite reportedly is the source of electric plant at Renukoot to 53,000 tons per year. 
power. Alumina will be furnished by a An additional potline was under construc- 
new plant supplied from the Oreada re-’ tion to raise capacity by 20,000 tons. 
finery and pitch from Henedoara. Japan.—Japan Light Metals Co. Ltd., 
Sweden.—A/B Svenska Aluminiumkom- continued a flexible program to increase 

paniet planned to increase primary alumi- primary aluminum capacity at Kambara 

232-748 O-67-—13
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and Niigata which could result in a total made a provisional contract to supply a 

capacity of 160,000 tons per year by 1967. complete alumina and primary aluminum 

The company also planned to construct a _ reduction plant to the Korean Aluminum : 

7 new plant with a primary aluminum ca- Industrial Co. The 15,000-ton-per-year 

| | pacity of 25,000 tons per year at Shimizu. smelter was expected to cost $16 million. 

. Sumitomo Chemical Co. Ltd., was ex- LO - . : 

pected to start construction of a new pri- : OCEANIA - 

, mary aluminum plant at Niithama in 1966. Australia.—Comalco Aluminium (Bell 

The plant was scheduled to be operating Bay) Ltd. announced plans to raise ca- 

late in 1967 at a rate of 31,000 tons per pacity of its primary aluminum smelter at | 

year. Cost of the initial stage was expected _ Bell Bay, Tasmania, by almost 20,000 tons 

- to be about $22.4 million. It was planned per year, bringing total capacity to 80,000 © 

to add an additional 30,000 tons capacity tons per year by late 1967. - 

each year to attain an eventual capacity ~The Australian Aluminium Co. Ltd. | 

a of 113,000 tons per year. (Australuco), a wholly owned subsidiary 

- Production of superpurity aluminum of the Aluminum Company of Canada, an- 

oO (99.99 percent aluminum) by Sumitomo nounced plans to build a 30,000- to 40,000- 

Chemical Co. Ltd., and Japan Light Met- ton primary aluminum plant near New 

als Co. Ltd., reportedly was 1,230 tons Castle, New South Wales. Construction of 

| and 824 tons, respectively. 7 | the $23 million facility was scheduled to 

| Korea, South.—Toyo Menka and Showa ___ begin in 1967 and to be completed by 1969 

Denko K.K. of Japan reportedly have or 1970. 

| , a a - TECHNOLOGY | 

Two methods of replacing anode carbon In a study of the petroleum coke indus- 
in aluminum reduction plants were in use. try of the United States, the Bureau of 

} Both have advantages and disadvantages Mines discussed the sources, specifications, 

| depending to a large extent on local con- and _ utilization of petroleum coke in elec- 

i _ ditions but also on other factors. For ex- trodes for domestic aluminum reduction 
ample, the prebaked system generally con- _ plants.# | 

__ sumes less electrical power, is easier to op- Discussion of the oxidation of aluminum 
- erate, and is somewhat cleaner insofar as by carbon dioxide in a cryolitic electrolyte 

air pollution is concerned. The Soder- indicated that the reactions of carbon di- 
berg system involves a lower initial cost oxide with dissolved sodium probably are 

and in the older plants, lower operating more important in reducing the current 
: labor cost. Plants using the prebaked sys- efficiency in aluminum reduction cells than 

tem have considerably more flexibility in the reaction with aluminum.® 

| controlling total plant production than A photograph and a brief description of 

, have plants using the Soderberg electrodes. q 2,750-ton hydraulic press for making 

The two systems apparently are closely carbon block anodes for aluminum reduc- — 
competitive with respect to metal quality tion was published.2 The press, which - 
and consumption of carbon. weighs 600,000 pounds, forms 450-pound 

Data in table 14 show that in 1965 64 carbon blocks, 31.5 inches long, 21 inches 
percent of the reduction plants in the free wide, and 24 inches high, under 8,300 
world used the Soderberg method for re- pounds per square inch. | 
placing anode carbon. However, only 46 ‘The current and energy efficiencies of 

| percent of the plants in the United States aluminum reduction cells of high amperage 
used Soderberg anodes, and of the remain- (80,000 amperes and higher), which have 
ing free world plants about 79 percent used ~— 7 LL, 
Soderberg electrodes. Three of the plants Jr. Se NGokn on the West Coast of “the 
in West Germany used a Soderberg-type United States. Its Production, Utilization, and 

cell which utilizes prebaked slabs of carbon Mines Inf. Cire, 8950, 1965, 80 ype Bue 
for the anode. Of the totally new reduc- 8Frank, W. B. Oxidation of Aluminum by 
tion plants built in the free world between Faron piomide in the Tregence ole ryote 
1960 and 1965 about one-half used the aT he Meal Age Cc bon Block P y 

Soderberg system. 28, Nos. 11-12, December 1965, p. 32.
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-: been developed commercially, initially were ingots of specified purity reportedly were 
not as high as expected. Circulation and produced at a fraction of the cost necessary 
convexity of the molten aluminum in the to operate 3-layer electrolytic refining 
‘cell associated with the distribution of elec- _cells.12. The process comprises continuous 
tromagnetic forces in the cell were believed _ fractional crystallization of a portion of a 
to have been among the factors preventing liquid aluminum feed stream under con- 
attainment of expected efficiencies. An ditions of strong agitation at the surface of 
electromagnetic cell model which permitted the growing crystal. The remaining and 

_ simple and rapid variation of some of the slightly less pure portion of the feed stream 
parameters was described. The model is returned to normal plant usage. Ele- 
reportedly reproduced the electro-magnetic ments which tended to concentrate in the 

| field components as functions of location less pure portion included iron, silicon, 
‘for all possible bus bar and input arrange- copper, manganese, zinc, and gallium. Ti- 
ments of an 80,000-ampere cell. tanium apparently solidified with the puri- 

A thermodynamic analysis of the car- fied product. Iron was the easiest of the 
bothermic reduction of alumina was pub- elements to remove. 
lished.11 Using recent thermodynamic data The. practice of delivering aluminum 

- on aluminum carbide, the author suggested metal in the molten state directly from the : 
that liquid aluminum is not present in the reduction plant or secondary smelter was 

_ aluminum - carbon - oxygen system under used increasingly. Molten primary alu- | 
_ equilibrium conditions below:.1,800°°C and § minum was. transported by truck as far as 

that appreciable quantities of an aluminum 300 miles in insulated crucibles.13 —Sec- 
oxide exists in the gaseous state. ~ - ondary aluminum alloys were transported | 

At the annual meeting of the American molten for distances up to 130 miles. The oe 
Institute of Mining, Metallurgical and Pe- loss in temperature of the metal during , 
troleum Engineers at Chicago in February, transit reportedly is negligible. ' 

: A: Daurat of Péchiney discussed the pro- The use of aluminum in deoxidizing 
_ duction of superpurity aluminum at Mer- — steels was the subject of several reports. 

cus, France. Seventy-four 18,000-ampere In one experimental study it was indicated _ 
pots are in the plant, corresponding to an that the oxygen concentration in a melt in 
annual capacity of 4,200 tons of superpure equilibrium with. alumina and _hercynite 
aluminum per year. The superpurity alu- (FeO*AleOs) was 0.058 percent. At high- | 

| minum, containing 99.99.(or better) per- er oxygen concentrations, the deoxidation 
cent aluminum, is refined from commercial product was hercynite while at lower con- 
electrolytic or cell-grade aluminum by elec-. centrations alumina was formed.14  An- 
trolysis in a molten bath consisting of a other report indicated that rimming steels 
mixture of. fluorides and chlorides of bari- capped by the addition of about 1 pound 
um, sodium, and aluminum. i of aluminum per ton of steel had a better 

. The cell consists of three molten layers. surface than those that were mechanically 
The bottom layer is the anode. It consists capped.15 | } : 
of the cell-grade aluminum alloyed with Commercially pure aluminum, desig- 
about 30 percent copper which is heavier nated as the 1000 series, is noted primarily | 
than the bath and the pure aluminum for its high electrical and thermal conduc- 
product. The molten salt makes up the —— | 

middle layer and the superpure aluminum  4i.5° "Magnetic Fields in, High Amperage Ald: 
floats on the top of the bath. Graphite minum Reduction Cells. J. Metals, v. 17, No. 3, 

electrodes are used. oy eet Worrell Wayne L.. Carbothermic Reduction 
The -main drawback to the process, of Alumina. A Thermodynamic Analysis. Ca- 

which is the principal method used for padian | Metallurgical Quarterly, v. 4, No. 1, 
producing superpure aluminum, is its high 12 Dewey, John L. Freeze-Purification Process 
costs. However, electric energy consump- ar air vali oy ie 40° seietals, v. 17, 
tion per pound at Mercus had declined 18 Chemical & Engineering News. Kaiser Alu- 
from about 9 kilowatt-hours to about 6.25 minum & Chemical Avil Ship mE as. Siillion 
kilowatt-hours in recent years. | July 5, 1965, p. 9. 

. ; ° 44 i Alternative methods for producing super- Deo Widatinn Products in Rigi y eee TM 
pure aluminum were under development.  y, 17, No. 5, May 1965, pp. 526-528. sot 
In one process, being developed by Rey- 25 Steel Times (London). Capping Ingots o 
nolds Metals Co., 8- and 20-inch-diameter ae Steel. V- 191, No. 5067, Aug. 27, 1968,
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tivity, corrosion resistance, and high re- and careful attention to prevent contami- — 
| - flectivity. In the annealed condition it nation. | a 

- has low strength and is relatively soft. Basic data on wrought, cast, and pow- ' 
However, it is available in strain-hardened dered aluminum products were given in a 
conditions of higher strength and reduced _report.19 Some aluminum alloys retain 
ductility... Wrought alloys in the 2000 their strength at 500° F and higher. Al- 
series, which contain 1.9 to 6.8 percent loys used for wrought products normally 
copper, are heat-treatable to strength levels are unsatisfactory for casting because good 
exceeding those of mild steel. Manganese casting characteristics require higher per- 

—_ is the principal alloying element in the centages of alloying elements. 
nonheat treatable 3000 series of aluminum A new die-casting alloy was being de- 
alloys, The 4000 series, which contain veloped for automotive engine blocks. The 
about 4.5 to 13.5 percent silicon as the new alloy, which contains 16 to 18 percent 

, main alloying ingredient, includes alloys _ silicon, was abrasion resistant after special 
used for forged pistons. The aluminum- finishing, thus, eliminating the need for 

-magnesium alloys in the 5000 series have _ steel inserts for cylinder walls.2° 
moderate strength and generally high cor- Some predictions indicate that by the late 

a rosion resistance and weldability which 1970's, 90 percent of nonferrous metal pro- | 
make them suitable for welded structures duction will be cast by continuous proc- 
in marine and cryogenic applications. Al- esses. Machines developed for continuous-. 
loys in the 6000 series contain both mag- ly casting aluminum and other nonferrous | 
nesium and silicon as the principal alloy- metals into a variety of shapes were de- 
ing constituents and are heat-treatable and scribed in detail.24 | “ 

a have good ductility, weldability, and cor- — A report indicated that the cost of metal 
| | rosion resistance. Alloys in the 7000 series _ losses, depreciation, maintenance, crucibles, 

_ which contain -zinc and some magnesium fluxes, and fuels in melting aluminum metal 

a include the strongest aluminum alloys com- in oil-fired crucible furnaces was less than 
mercially available. Alclad alloys include half of the melting costs of using an open- 

7 ~ those which are clad on one or both sides flame furnace and only about two-thirds 
with high-purity aluminum or another al- of the cost of using electric induction fur- 
loy to improve surface properties.16 naces.22 : | : 

. _ A series of papers on the pre i 
Melting procedures for aluminum and. d chemical P 7 \e h preparation 

. . "7 1 of 2nd chemical and electrochemical bright- 
its alloys were described.1* Removal o . | yee . , 

. . Ln ening and anodizing of aluminum were 
oxides, degassing, grain refinement and con- published.23 on - 
trol of trace elements is the objective of I . . eqege 

ae , . . nstallation of commercial facilities for 
good melting practices for producing air- . | . Dare . 

. . : continuously annealing aluminum strip sus- 
craft quality aluminum castings. Gaseous . 1 

.. . : pended by an airstream was planned. This 
| or liquid fluxing methods are used to re- | . ) . . : ae method reportedly overcomes basic obsta- move oxides. Chlorine, or a mixture of 1 .. . : 

. . ra cles toward obtaining uniform metallurgy 
sodium and potassium chloride and cryo- } ) 
lite, or volatile chlorides, such as zinc chlo- 18 Materials in Design Engineering. Wrought 
ride, are preferred fluxing agents, although Aluminum and Its Alloys. V. 61, No. 6, June 

: : ial} 1965, pp. 117-132. many fluxing materials for specialized use "Kirk, W. A. Melting Procedures for Alu- 
also contain other materials. minum and Magnesium Alloys. Foundry, v. 93, 

. . No. 12, December 1965, pp. 62-65. 
Hydrogen is the gas most likely to cause 18 Crouch, G. H., J. G. Monck, and J. C. Hoff. 

trouble in aluminum alloys and it is best a ETT aes suiodern. Metals, v. 21, No. 
removed by bubbling gaseous chlorine, or 19 Holt, Marshall, and Kenneth O. Bogardus. 
nitrogen, or a mixture of the two through The ‘Hot’ Aluminum Alloys. Product Eng., v. 

; ._ 36, No. 17, Aug. 16, 1965, pp. 88-96. 
the melt. Titanium and boron are used 20 Modern Metals. New Casting Alloy Boosts 

. : ‘di Prospects of All-Aluminum Engine. V. 21, No. for grain refining. Recent tests indicated 7, August 1965, pp. 62, 64. 

that a master alloy, containing about 5.5 C 21 Light Metals and Metal Industry (London). 
: : ontinuous Casting of Non-Ferrous Metals. . percent titanium, 1.1 percent boron, and 98, No. 322, March 1965, mp. 38-60. 

the balance in aluminum was superior to 22 Light Metals and Metal Industry (London). 
; i ' Economic Aspects of Metal. Melting In Non- 

and more economical than Hanium alone Ferrous Foundries. V. 28, No. 325, June 1965, 
. in refining several aluminum alloys.18 Con- pp. 47-51. 

i i 23 American Society for Testing and Materials. 
trol of trace elements is accomplished by dived Aluminum ASTM Special Tech, Pub. 
utilization of high-purity aluminum alloys No, 388, Feb. 9, 1965, 144 pp.
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and flawless annealing in all gages up to in a molten bath of a metallic salt such as : 
‘one-eighth inch in thickness and prevents aluminum chloride with lithium hydride.?? 
staining and gouging of the heated metal. Although the electrolyte is flammable and 
Because of its speed as well as labor and explosive, it was believed that electroform-. 
space-saving features, the method was ex- ing could be conducted safely. Aluminum — 
pected to supplant the batch-annealing foil spoons, made. by an air-forming tech- | 
system in current use.24 nique opened up a new packaging use for | 

A producer of electrolytic, galvanized aluminum.28 A large can manufacturer 
steel sheet found that a thin galvanized introduced a new squeeze-tube container | 
coating (which is applied much faster than which utilized layers of plastic and foil. 
thicker coatings): overlaid with vapor-de- The report indicated that 75 percent of 
posited aluminum formed as easily as hot- the tubes currently produced are of pure 
dip galvanized sheet, cost less than ordi- aluminum.?9. 

nary electrolytic galvanized sheet, and met 24Tron and Steel Engineer. Air Flotation of 
coating standards for automotive markets.*5 Ajuminum Strip Used in Annealing. V. 42, 

A new Process for preparing aluminum for NG Bennett, ew, "Alaminum Joins Zine for 
patng by other metals was. described. Best of Both. iron ‘Age, v. 196, No. 18, Oct. 28, 

irst aluminum is treated to obtain a uni- 2 Dp. 26. : . . 
. form surface and then it is immersed in a a Merria atin ee Ton ee To, 

tin solution. This is followed immediately No. 21, Nov. 18, 1965, pp. 80-81. . El | 

by a brief electrolytic strike in a special formed Aluminum Parts Feasible. V- 62, No. 4, 
bronze plating bath.26 _ October 1965, p bo ket, Air Forming Tech. oo 
A report indicated that it may be feasible nique Is Seen “Opening Up New Packaging | 

to produce parabaloid mirrors, 30 inches Vege wi 12: No. 1s, Aug. 4, 1965, p. 13. — 

in diameter, by electroforming aluminum jum Collapsible. No. 7991) Apr. 28, To6e, p29.
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| By Donald E. Moulds: 

Consumption of primary antimony in- the decrease principally in the form of re- : 
creased approximately 7 percent in 1965. fined metal and oxide. 

. This consumption rate was last exceeded | Legislation and Government Programs. 
during the Korean War in 1953. Despite —At yearend Government stocks of anti- a 
the high requirements, supply of primary mony totaled 49,491 tons of which 159 - 

_ antimony from domestic and foreign sources tons was nonstockpile grade. The reduc- 
plus deliveries of antimony from Govern- tion in Government stocks resulted from 
ment sales in October 1964 and January the delivery of 765.7 tons of antimony 
1965 was ample. While domestic metal metal and 350 tons of antimony ore, sold - 
quotations remained unchanged throughout by General Services Administration in Jan- 
the year, the reported price of foreign metal uary under authorization of Public Law 
declined steadily. Secondary output of an- 88-615 enacted in 1964. This authoriza- 
timony continued upward and reached a_ tion was for 5,000 tons, of which 2,750 
new high of 24,300 tons as secondary lead tons remain unsold. In addition, —12,227 | 

_ smelters processed a record tonnage of anti. tons of antimonial lead was held in the 
_ monial lead scrap. Imports of antimony national stockpile. | 

| Oo — Table 1.—Salient antimony statistics 7 | / 
. . | .. (Shorttons) . » | SO : 

. 1956-60 1961 ' 1962 1963 1964 . 1965 . 
(average) | 

” : . - 

United States: | 
Production: . a 

Primary: 
Mine__.__.-._.---___ -- 663 689 631 645 © 632 845 
Smelter !___....._._.._.. 10,103 11 ,329 11,727 12,117 13 ,358 12 ,389 

Secondary.....__._-.__.._... 21,267 19 ,466 19 ,362 20 ,803 22 ,339 24 ,321 
Exports of ore, metal and alloys-_-_.- 260 44 45 143 807 14 
Imports, general (antimony con- 
tent)_.---..-.-.--.-----.-----. §=18 ,802 13 ,942 16 ,833 17,781 * 16,718 14,879 

Consumption ?.__................ 18,872 12 ,697 15 ,452 16 ,532 15 ,839 16 ,919 
Price: New York, average cents 

per pound__________-_-_-_-_-__- 32.88 33 .89 34.75 34.75 42.22 45.75 
World: Production__.__..........-.. 56,700 57 ,200 59,100 61 ,300 68 ,100 69,100 

eee 

r Revised. 
' 1 Includes primary content of antimonial lead produced at primary lead smelters. 

? Includes primary content of antimonial lead produced at primary lead smelters and antimony content of 
alloys imported 1956 through 1963. Not available thereafter. 

| DOMESTIC PRODUCTION 

: MINE PRODUCTION Mining Co. antimony-tungsten mine at 
Domestic mine production increased 34 Stibnite, Idaho, in 1952. Antimony re- 

percent over that of 1964 and reached the covered as a byproduct of lead-silver ores, 
highest level since closure of the Bradley produced by the Sunshine Mining Co., 

7 191
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Hecla Mining Co., and Silver Dollar Min- essing. Antimony metal was produced by 
ing Co. in Idaho, was the predominant National Lead Co. and Sunshine Mining 

| source of mine production. Seven anti- Co. Oxide was produced by American 
| | mony mines were reopened in northern Smelting and Refining Company, Harshaw 

| Nevada, and small shipments of ore con- Chemical Co., McGean Chemical Co., 
- | taining 35 to 50 percent antimony were M.&T. Chemicals, Inc., and National Lead 

reported. The Stampede mine in Alaska, Co. Antimony sulfide was produced by 
| operated by Earl R. Pilgrim & Co., pro- Foote Mineral Co., Hummel Chemical Co., 

7 duced small tonnage of antimony ore. and McGean Chemical Co. _ 
_ Nevcal Minerals, Inc., was reported to be ae 

initiating operations at a property in San Secondary.—The secondary lead smelt- 
_ Bernardino County, Calif., and Silver ing industry continued to expand consump- | 

a _ Ridge Mining Co. Ltd., proceeded with tion of scrap material, of which a major | 
oO _. development of its Eagle Creek property portion contains antimony, and achieved 

| | near Fairbanks, Alaska. - a new record output of lead and antimony. 
oo so | ' In 1965, the antimony recovered, increased 

- _SMELTER PRODUCTION 9 percent to 24,300 tons with a valuation of 
‘Primary.—Production of 12,400 tons of $22.3 million. . This valuation reflected, in 

_ antimony from primary materials at do- part, the increased average price of do- 
oO mestic smelters represented a 7-percent de- mestic antimony. Secondary smelters’ re- 

crease below that of 1964. Output of all covered 22,600 tons, primary smelters re- 
| Classes of refined materials decreased, al- covered 600 tons, and manufacturers and 

though output of ground and processed foundries recovered the remaining 1,100 
/ sulfide material was about double the small tons. Sources of old scrap, which con- 

production of the previous year. The tributed 89 percent of the antimony, con- 
source of feed material for the smelters sisted of the following: Batteries, 66 per- 

| _ was as follows: 17 percent from domestic cent; type metal, 24 percent; babbitt, 7 
| ores and 83 percent from foreign ores. percent; and other end products, 3 percent... 

a Approximately 19 percent of the antimony New scrap, consisting of refining and man- 
| obtained was a byproduct in the refining ufacturing residues and drosses, also. in- 

| of lead ores from domestic and foreign creased over the tonnage reported for 1964. 
sources. Of this byproduct. antimony, Antimony in scrap is usually recovered — 
about 1,400 tons was recovered as anti- as antimonial lead, with additions or re- | 

| : monial lead and the remainder was re- moval of antimony as necessary in the | 
7 covered as oxide. co refining stage to meet specifications for the 

. Materials produced by the smelters con- various antimonial lead alloys. Approxi- 
sisted. of the following: Metal, 34 percent; mately 3,800 tons of primary antimony was 
oxide, 52 percent; antimonial lead, 11 per- used in 1965 to supplement the secondary 
cent; and the remaining 3 percent as antimony supply at secondary smelters and 

| ground sulfide and as residues for reproc- foundries. : 

| Table 2.—Antimony mine production and shipments in the United States 
(Short tons) . 

meee 

Antimony concentrate Antimony 

. Year CO 

Antimony 
Quantity content, Produced Shipped 

percent 
a 

1956-60 (average) ._______._-_--- 2 ele 3 ,994 17.2 663 720 
1961___2-_- eee 4,245 16.2 689 1 ,646 
1 3,941 16.0 631 732 
1963_._._-.---------- eee 3,540 18.2 645 503 
1964___ eee 3,296 19.2 632 789 
1965_..--_- 2 eee. 4,711 17.9 845 848 
ee
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a Table 3.—Primary antimony produced in the United States 
. (Short tons, antimony content) 

| Class of material produced 

Year Byproduct Total 
Metal Oxide Sulfide Residues antimonial 

oO lead 

1956-60 (average) __...--- 3 ,623 4,473 90 457 1,460 10,103 
1961__--_--------------- 4,558 - 4,609 84 355 1,723 11 ,329 
1962_........---.-.----- 4,407 4,788 53 366 2,113 ~ 11,727 
19638_._...--.-.--..------ 4,160 5,983 76 392 1 ,506 12,117 
1964_____.--_.-.__-_---- 4,418 6,748 53 447 1 ,692 13 ,358 
1965__.-_---------------- 4,216 6 ,485 94 205 1 ,389 12 ,389 

_ Table 4.—Secondary antimony produced in the United States, by kind of scrap | 
and form of recovery 

(Short tons, antimony content) 

1964 1965 1964 1965 

Kind of scrap: Form of recovery: . 
_ New scrap: In antimonial lead }__....._-. 16,199 16,574 

Lead-base___........_... 2,272 2,529 In other lead alloys...._.... 6,110 7,726 . 
Tin-base__.___....__--- 87 . 82. In tin-base alloys___._--..-- 30 21 

Total__.-....--.-..-. 2,359 2,611 Total__......._._-------- 22,339 24,321 
———S Value (millions).._......-. $18.9 $22.3 

Old scrap: 
Lead-base.._.........-. 19,941 21,675 
Tin-base___._.--.---.-- 39 35 

Total._........----. 19,980 21,710 : a : | 

| Grand total.__....... 22,339 24,321 | , 

-1Includes 303 tons of antimony recovered in antimonial lead from secondary sources at primary 
plants in 1964 and 595 tons in 1965. . 

Table 5.—Byproduct antimonial lead produced at primary lead refineries in the 
United States | 

(Short tons) 

Antimony content 

Gross 0 
Year weight From From Total 

domestic foreign From 
ores ! ores ? scrap 

Quantity Percent 

1956-60 (average) .....--- 50,515 913. 548 1 ,082 2 ,543 5.1 
1961__.----.---.-------- 35 ,080 1,010 713 171 1 ,894 5.4 
1962___--_------ ~~~ -- 33 ,325 1,361 752 136 2 ,249 6.7 
1963_...-----...-------- 18,818 836 670 384 1,890 10.0 
1964___.-.--..._-------- 24 ,023 997 695 303 1,995 8.3 
1965_--.---------------- 27 ,895 998 391 §95 1 ,984 7.1 

1 Includes primary residues and a small quantity of antimony ore. 
2 Includes foreign base bullion and small quantities of foreign antimony ore. 

CONSUMPTION AND USES 

Industrial requirements are supplied by comparison with a total requirement of 
antimony derived from primary and sec- 38,200 tons in 1964. The breakdown of 
ondary materials. Consumption of sec- the use of secondary antimonial lead in 
ondary antimony occurs mostly in the pro- various products is not available, and only 
duction of antimonial lead. The total re- consumption of primary antimony is re- 
quirements in 1965 were 41,200 tons in ported to the Bureau of Mines.
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Consumption of primary antimony in- tics increased significantly in antimony. 
creased in 1965 and continued the upward This increase offset the decrease of anti- | 
trend in requirements since 1961.. This mony requirements in pigments and rub- 

, upward trend was interrupted only by the ber products. Of the 1,853 tons of anti- 
curtailed consumptions in 1964, necessi- mony consumed in the ceramics and glass 
tated by a shortage in supply of oxide. Re- category, 75 percent was consumed by the 
quirements for antimony were approxi- ceramics industry. Other unclassified non- 
mately equal for metal products using an- metal use of antimony, predominantly in 
timony metal predominantly as a lead al- industrial chemicals, adhesives, and paper, 
loying agent, and for nonmetal products was 100 tons less than the 1964 amount. 
requiring antimony essentially as a tri- The use of antimony in flame-retardant 
oxide. Requirements for metal products compounds is continuing to provide new 
have increased 33 percent since 1961 and, products for specialized use in plastics and 
in comparison with those of 1964, an in- wood-based materials that have improved 
crease was registered for all classes except commercial possibilities in the high-tem- 
collapsible tubes and foil. Flameproofing perature field. | 
compounds, ceramics and glass, and plas- a 

Table 6.—Industrial consumption of primary antimony in the United States 
(Short tons, antimony content) . 

2 Class of material consumed _ | 

co Year Oe Total 

Ore and Byproduct 
-concen- Metal Oxide Sulfide Residues antimonial 

_ | trate oo lead | 

° 1956-60 (average) ____._.___ 567 4,949 5 ,847 92 457 1,460 13 .372 
1961___.... 22 106 4 ,994 5,450 69 355 1,723 12 ,697 
1962___....-.-------._- _- 137 . 6,126 6 ,642 68 366 2,113 15 ,452 
1963__....-----.- 22 ee 266 7,124 7,173 71 392 1,506 16 ,532 
1964___-_.__ ee 252 6,050 7,325 73 447 1 ,692 15,839 
1965__.-.- 2 ee 404 £6,992 7,847 81 206 1,389 16,919 
a 

the Includes antimony content of imported antimonial lead consumed 1956 through 1963. Not available 
eTreaiter.
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Table 7.—Industrial consumption of primary antimony in the United States, by class 

: of material produced | oe 
| (Short tons, antimony content) 

Product 1956-60 1961 1962 : 1963 1964 1965 

. (average) . - 

. ‘ , - 

Metal products: - 
Ammunition____.._..-.-------------=------- 5 WwW Ww WwW 15 36 

Antimonial lead !____......----------------- 4,393 4,708 6,090 6,462 5,952 . 6,382 

Bearing metal and bearings------------------ 871 737 682 992 804 821 

Cable covering__..._.__--------------------- 177 141 114 101 49 68 

Castings.......__...--.-------------------- 80 53 64 49 50 76 

Collapsible tubes and foil_...---------------- 24 24 112 72 53 49 

Sheet and pipe____.._..---_---------------- - 247 147 127 81 99 104 

Solder_..-.._-_.----.-----------------.---- 115 97 172 188 149 244 

Type metal !__.__.___-.-------------+------- 799 448 429 652 -513 642 

Other____.___--._.___-_---+1---------------- 143 152 271 199 167 | 214 
, ee ew ee 

Total!_.._______..-----------.~---------- 6,854 6,507 8,061 8,796 7,851 8 ,636 . 

Nonmetal products: 
‘Ammunition primers__._..------------------ ’ 12 15 14 15 17 16 

Fireworks_._........---------------------- 34 20 23 36 47 46 

Flameproofing chemicals and compounds. - - - -- 962 1,138 1,215 1,601 1 ,626 1,971 

Ceramics and glass_____..------------------ 1,747 1,228 1,146 1,465 1,649 1 ,853 

Matches. __________-__..---.-------------- 20 - WwW 9 5 WwW Ww 

Pigments...............-2--2222tsee-e----- ~=—«2,210 = 845 -1,161 1,009 1,178 855 
Plastics. _._....._-__---.------------------ 922 1,228 1,269 1,352 1,289 1,469 

Rubber products-_-__..---------------------- . 232 287 460 597 492 477 

. Other______....----.---------------------- 1,379 1,434 2,094 1,656 1,695 1,596 
OO eeeeeEeEeE—EE———E—ESEE 

‘Total. ___._...-._------.---------------- 6,518 6,190 7,391 7,736 7,988 - 8,283 . 

Grand total............--..-.------------ 18,372 12,697 15,452 16,532 15,839 16,919 

. W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other.”’ 

1 Includes antimony content of imported antimonial lead consumed 1956 through 1963. Not available 

thereafter. a a . 

a } | STOCKS _ oo 

- Industrial stocks of primary antimony, since 1956. This increase represents a gain - 

as reported to the Bureau of Mines, stead- of 1,300 tons during the year. The only 

ily increased each quarter to a total of stock decline in comparison with 1964 was | 

8,600 tons at yearend, the largest reported in the form of oxide. 

Table 8.—Industry stocks of primary antimony in the United States, December 31 

_ (Short tons, antimony content) : 
| 

Stocks 1961 1962 1963 1964 1965 

a 

Ore and concentrate-____..---------------------- 850 1,450 ~ 1,970 1 ,647 2,735 

Metal____._._-__-.--.------------------------- 1 ,680 1,599 1 ,420 1 ,433 1,585 

Oxide._._____.____------------------------------ 2 ,398 1,895 1,861 2 ,895 2,705 

Sulfide._____._..---.-------------------------- 107 90 81 81 98 

Residues and slags..-.---.---------------------- 873 999 1,081 935 1,088 

Antimonial lead !__......--.----.---------------- 538 403 651 309 411 
Se 

Total__.___.-_------------.------------- 6 ,446 6 ,436 7,064 7,300 8 ,622 

eo 

1 Inventories from primary sources at primary lead smelters only. 

PRICES | 

The shortage in supply of antimony ore and January 1965. Supply availability 

during 1963-64, caused by increased de- from expanded free world areas, as well as 

mand and readjustment in trade channels, increased Chinese marketings in Europe, 

which induced sharp increases in price of resulted in a weakening ore market in the 

ore, metal, and oxide, was eased by sale second quarter of 1965. During the third 

of Government stocks in October 1964 and fourth quarters of the year, further
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Oo deterioration in the import market oc- pound toa yearend price of 47.5 cents per 
| curred. This deterioration brought the pound. While the quoted price of 99.5- 

| quoted price for prime 65-percent antimo- percent domestic metal continued un- 
| ny ore at New York down from $8.25 to changed at 45.75 cents per pound in bulk 

$6.50 per short ton unit of contained at New York, the dealer price for import- 
antimony. 7 ed metal declined from a range of. 54 to 

| 60 cents, dependent on quality, at the be- 
: _ The domestic price of antimony oxide ginning of the year to a range of 43 to 47 

_ also declined from a high of 60 cents per cents per pound at yearend. 

| Table 9.—Antimony price ranges in 1965 
| | . . 

Price 
Type of antimony: . . 

Domestic metal !_____..2_----_------------.---------____-._----cents per pound_- 44,00 
Foreign metal ?___.._.______.___ 22 eee ____.-.____.-do__._ 43.00 to 58.00 
Antimony trioxide °_____....._.--------------------------------------.--..do___. 47.50 to 60.00 
Antimony ore,’ 50 to 55-percent__-......---.-----------_dollars per short-ton unit.. 5.50 to 8.25 
Antimony ore, minimum 60-percent__...._....-.-___-_____-______-..-...._.._do_.__ 6.00 to 8.50 
Antimony ore, minimum 65-percent__.._......_._._---_-_-____-____.._____-do____ 6.25 to 8.75 

-1RMM brand, f.o.b., Laredo, Tex. . | | : 
2 Duty-paid delivery, New York. . 
5 Quoted in E&MJ Metal and Mineral Markets. . : 

| | - _ FOREIGN TRADE | OO | 

Exports.— During 1965 exports of anti- of South Africa, and Bolivia, were 300 tons 
mony, including antimony as ore, refined, less than the 1964 imports. Ecuador and 

: wrought and unwrought alloys, and scrap Uruguay were new South American sources 
| amounted to less than 14 tons gross weight. of antimony. Imports of metal, 53 percent 

Of this, France received 5 tons and the from Yugoslavia, decreased 21 percent in 
remainder consisted of small shipments to comparison with the 1964 imports. Im- 
12 countries. ports of oxide decreased 30 percent as_ | 

: _ Imports.—General imports of antimony | shipments from all suppliers except France 
| in various forms decreased 11 percent to were substantially reduced. The United 

_ 14,900 tons, of which about 5,300 tons Kingdom, Belgium-Luxembou rg, and 
_ was delivered in the fourth quarter. Ore France together supplied 92 percent of the 

imports, primarily from Mexico, Republic total import of oxide. .
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- Table 10.—U. S. imports! of antimony, by countries. | 

Needle or . 
a _Antimony ore -__ _____ liquated Antimony metal Antimony oxide 

a , antimony 

- Year and country Antimony 
Short content Short Short 

a tons _.__ ss téiBCONS Value Short Value tons Value 
(gross (gross (thou- tons (thou- (gross (thou- 

; weight) Short Value weight) sands) sands) weight) sands) 
tons (thou- . 

sands) 

1956-60 (average)-...-..- 15,7438 6,224 $1,366 81 $37 4,786 $2,251 1,888 2 $774 
1961____...------------- 16,204 6,713 1,389 13 6 4,912 2,347 1,980 935 
1962__._......-..----.-. 20,122 * 8,602 2,168 17 8 4,740 2,309 2,910 1,391 
1963___...---.----.----- 22,807 9,784 2,675 22 11 5,696 2,958 2,089 1,038 

Austria_..-..-.--------22---- +--+ ee 4 3 .....--.....-------------------- . 
Belgium-Luxembourg.__........-.-...-.-----.---------------- 302 278 1,168 1 ,362 
Bolivia._...-.-.------. 3,240 2,128 919 __-- eee -48 £9 Lii.--n-2------- 

; Canada. ...--.- 2s eee ee een ee eee (3) 24:. | ; 113 121 , 

Chile. -......-.--.-. 562 357 147 ___ 2 ee ee ee ee ee 
France________-__-_-----------------_----- ee eee eee nee eee eee: 248 237 
Germany, West. ....._..-..----------..-...------------------ @ 1 #£«310 824 
Honduras. -.---.---- 15 - 10 2 ee eee eee 
Hungary .-.......--.---.-.----......--------- ee eee ee 11 8 
Japan......-..--.--.-- +2 ee nn ee ee ene ene 39 34 

7 Korea, South..__.... 140 85 36 ____-- LeeLee e+ +e 
Mexico.........-.--. 12,652 3,937 |. 633 ._.....-.-...-.. *%352 227 ..---..-.------- 
Netherlands. ..._.....-.-.-----------2-U------------------------------------ 9 ' 10 
Pakistan..-.......-.--..-.----------------.2-------- +--+ +--+ 83 30 
Peru___....----.---- 288 . 180 86 .--.--- 2.2... 425 217 .....-.---.----- . 
South Africa, rns _ 
Republic of-....... 6,528 $3,951 1,454 ____......--_------------------- 4 3 

Switzerland__...___.-----2 ee ee ee ne nee eee — 6 8 
_ Thailand__...------- 55. 28 17 _._.-.---------- 118. 7% __.-.~.---------- 

'” United Kingdom --._._..-....--------...-.---- 27 18 470 381 . 1,140 885 
Yugoslavia___...._-.---..----2-2---- ieee ------ 61,712) 1,884 ----.----------- . 

Total_._._........ 23,480 10,676 3,294 31 21 *3,422 *2,592 3,131 3 ,022 

1965: 
Belgium-Luxembourg.-_._...-...-....-.._----- 3 2 129 113 715 611 
Bolivia........-..... 3,806 2,804 1,286 _.._..-.---.-.-. 5 § .....----------- 
Canada. ._._..-..--- 58 15 2 --- eeu.) () 19 _..-2..--------- 
Chile. .......---..-- 405 256 133 ... ~~. ae ene ee eee 
Congo (Leopoldville)......-...-.......--...------.---+-------- . 3 | § wii. en-e eee 
Eeuador--.--..------- 129 - 78 4] ._._ oe ee - -------- -- 
France_._. ~~~ 2 nn ee ee ne ee enn nee nn eee ene 298 274 

_ Germany, West_._....-...--.-_---_-.._..-.--..--------------. (4) “8 113 - 96 
Honduras........-...._ 54 28 | 14 Loe eee eee 
Japan_....2 2-22 lene eee ee eee 18 17 

_ Mexico......-----.-- 11,895 3,770 638 ___.....-..----- 283 190 _._.-......----- 
Morocco.......------ 304 118 5 
Netherlands. ._.__.._..__..------- ee ee en nn ee nnn eee eee 32 29 

. Pakistan. ..._.._..__-1- ~~ eee ee eee eee eee ene ee 11 10 
-Peru_....-.-.--.---- 218 153 69 eee ee 240 1938 ...-.--...------ 
South Africa, . 

Republic of...._.... 5,353 3,292 1,864 - __...-------- 95 37 ....------------ 
=| CTT RE [ 16 138 ...--------.---- 
Thailand....._...--- 529 259 168 ....-----__..--- 7 6 _...-...-.------ 

_ United Kingdom. -.--..-....--.-.---..------..-. 20 16 476 393 991 765 
Uruguay _---..------ 135 87 89 L121 ee ee -- . 
Yugoslavia. .........-......---------------.----.------------ 1,442 1,165 ....-..--------- 

Total._..._....--. 22,886 10,360 4,310 23 18 2,696 2,147 2,178 1 ,802 

t Revised. . 
1 Data are general imports; that is, they include antimony imported for immediate consumption plus material 

entering the country under bond. Table does not include antimony contained in lead-silver ores. 
21957 data known to be not comparable with other years. 
3 Less than }4 unit.
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Table 11.—U.S. imports for consumption of antimony! | | 

| a . ~° ... Needle or oo | . 
oo _. Antimony ore- liquated - Antimony metal _ Antimony oxide 

. antimony _ Type. 
: : a _Cometal 

. oo — and 
Year Antimony : . anti- — 

os Short content Short . monial = Short 
oS tons ____ _ tons Value Short . Value lead ? tons Value 

(gross “ (gross (thou- tons (thou- (short (gross (thou- 
. weight) Short Value weight) sands) sands) tons) weight) sands) 

tons (thou- * 
sands) 

1956-60 (average). 15,748 6,224 $1 ,066 84 $38 4,775 $2,247 669 «=—«1, 886 3 $773 
1961_____._-.---. 16,204 6,713 1,389 13 6 4,912 2,347 665 £1,980 935 
1962___._------- 20,122 8,602 2,168 17 8 4,720 °2,300 1,064 2,910 1,391 
1963__...-.----. 22,807. 9,784 2,675 22 ll 5,717 2,968 4552 2,089 1 ,038 

- 1964._..__..-.-. 28,480 10,676 3,294 31 21 3,307 2,481 (5) 3,131 3 ,022 
1965__._...-..-. 22,886 10,360 4,310 . 23 18 2,650 . 2,112 (5) 2,173 1,798 

4 Does not include antimony contained in lead-silver ore. oe ~ 
oo 2 Estimated antimony content; for gross weight and value, see Lead chapter of 1965 Minerals. Yearbook. 
ae 31957 data known to be not comparable with other years. _ a : 

. 4 Data not comparable with earlier years. : oo, De . 
5 No longer separately classified. . " 

oo 7 WORLD REVIEW - ee 7 

— Algeria.— During the first half. of 1965, . antimony. Development was in progress 
: a the Société de la Vieille Montagne re- and ore was stockpiled. Sn | 
. _ opened its antimony mine located at Ham- _Bolivia.—Production of antimony ‘was 

man N’Bails in eastern Algeria. Produc- approximately equal to the high level es- 
tion in 1965 amounted to 220 short tons tablished in 1964. A short strike at the 

of ore containing 32.35 percent antimony. mines operated by Empresa Minera Uni- 
Production is expected to exceed 1,100  ficada, S.A. (EMUSA) slightly curtailed 
tons in 1966. | : output. Of antimony produced, the small 

| privately owned mines, selling ore to the 
Australia.—Output of antimony is essen- State-owned Banco Minero de Bolivia, rep- | 

tially a byproduct of the refining of lead- _ resented 38 percent, and exports by EMU- 
zinc ores from Broken Hill, New South SA and the two mines owned by Metal 
Wales, and the Rosebery area mines in Traders, Inc., New York, represented 61 
Tasmania. A new antimony discovery in percent. The remainder comes as a by- 
1965 near Dorrigo, New South Wales, by product from the nationalized lead-zinc 

, Dundee Mines Ltd., is. reported to have mines operated by Corporacién Minera de 
450,000 tons of ore containing 4.5 percent _ Bolivia. :
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Table 12.—World production of antimony (content of ore except as indicated) 
Lo | _ _ . by. countries | 

. (Short tons) | 

Country 1961 1962 1963 1964 1965? 

North America: . | Oo _ | oo 
. Canada ?_._._..______.2-.-.--- +--+ +--+ -- 666 966 801 $$*796 — 616 

Guatemala (U.S. imports). ._.........--.---- 71 32 31 2 eee 
Mexico 3_________.__-_-_------------------ 3,978 5 ,257 5,320 £5,278 4,924 
United States___._..-_.-------------_------ 689 631 645 632 845 

South America: . 
Bolivia (exports) 3......_...--.------...----. | 7,480 7,331 8 ,337 10 ,626 10 ,606 
Peru $___-__------------------------------- 870 * 575 ' F 674 — ¥ 752 683 

Europe: a. - . 
ustria_.___-_-__-..----1-------------.---- 668 767  §48 685 434 

Czechoslovakia ¢_.__..___._--. Lie 1,800 2,200 2,200 2,200 . 2,200 
France__....--.2..--------- eee eee eee 110 F185 ________.- 

_ Ytaly..2__________-_-_-_-----2--.---------- 276 369 266 - 376 ~—Ssé«298 
Portugal.__. 2-2-2 eee eee 7 13 11 
Spain._------. 2 eee 190 175 65 r 60 1 ,012 
U.S.S.R. ¢. 2+ 6 ,300 6,600 6,700 6,700 6 ,800 

at _ Yugoslavia (metal) .....-----------------+-- 2,715 2 ,966 2 ,933 3 ,008 3,051 
Arica: a, oo 

Algeria__.---.......------..--------------- 720 149 ___. Li .------- 71 
Morocco. _______..-_------.--.-2---------- 406. 449 744 1,720 2,477 
Rhodesia, Southern.____.___.-._--_-_=-___-- 68 61 66 49 e 200 

Asi South Africa, Republic of._--..........--.---. 11,804 11 ,697 12 ,410 14,200 13 ,901 
Sa: : te : - 

- Burma 8______ eee r 166 r75 (4) (4) 55 
China e¢._.. 22.222 22 ee ee-e-------. 16,500 16 ,500 16 ,500 16,500 16 ,500 . 
Tran §____-- ee eee 6 66 e680 
Japan... 2-2-2 215 190 212 554 e 600 
Pakistan.........-.--_-_-_-_-----------.-- 15 75 9 90 "67 
Ryukyu Islands____.-.----..-.------ -- ---- 112 Lee ee 

. Sarawak____...__..----.--------------------- ieee 86 _.L------ 
Thailand____..._-_-_.----_---22---- ----_-- 25 19 . 676 1,399 e.1,380 
Turkey_._..__...-.-.-.-_-_---------------- 1,502 1 ,962 1,981 1,915 e 2,340 

Oceania: Australia__..._._.....-.----.--------- 1382 74 83 t 305 39 

World total !___.-_---------------------- 57,200 * 59,100 * 61,300 68 ,100 69 ,100 

__ e Estimate. P Preliminary. t Revised. . / | . 
1 Compiled mostly from data available June 1966. - 
2 Antimony content of smelter products exclusively from mixed ores. . . 
3 Includes antimony content of smelter products derived from mixed ores. . 
4 Revised to none. — 
5 Year ended March 20 of year following that stated. 

- . 6 Exports. - a | 

Canada.—The Consolidated Mining & China.— Information concerning Chinese | 
Smelting Co. of Canada Ltd. (COMIN- _ output was not available. Heavy offerings 
CO), produced all of the Canadian anti- of regulus reported at the Canton and other 
mony at Trail, British Columbia, as a by- industrial fairs and the availability of im- 
product of refining lead-zinc concentrates. ported regulus in the European area in- 
The antimony produced was consumed in dicate an effort by the Chinese to again 
output of antimonial lead at the refinery. supply the Western market. 
Output in 1965 decreased approximately Japan.—Mine production of recoverable 
23 percent below that of 1964. Extensive antimony in concentrates was approximate- 
exploration and development was under- ly as high as the 1964 output of 550 tons. 
taken on an antimony deposit near Tulse- Nevertheless, the reduced demand for re- 
quah, British Columbia, by New Taku Mines fined antimony resulted in a substantial 
Ltd., in a joint venture with Mineral De- cutback in production by the two major 
velopment Co., a subsidiary of Homestake antimony smelters in Japan, which rely es- 
Mining Co. Yukon Antimony Corp. ac- _ sentially on imported ores. | 
complished underground development and Mexico.—The production of antimony 
testing at an antimony-silver property 30 ores by the mines of National Lead Co. 
miles southwest of Robinson, Yukon Terri- and other small individually operated 
tory. Exploratory drilling was initiated mines, all of which was exported to the Na- 
at a new antimony discovery about 35 tional Lead Co. smelter at Laredo, Tex., 
miles southwest of Golden, British Colum- was well below the 1964 output. A small 
bia, by Columbia River Mines Ltd. tonnage of antimony was also produced in
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various smelter byproducts for export and ous sections of the mine. was conducted, 
refining. | | and reserves were increased to 480,000 
Morocco.—The reopening of several an- tons by yearend. The expansion of the 

timony mines in 1964—65, as well as the crushing and concentrating capacity was 
expanded output of the largest antimony carried forward with completion expected 
producer, Omnium de Gérance Industrielle in January 1966.2 — 
et Miniere, resulted in a 44 percent in- Thailand.—Interest in antimony | con- 

crease in production over that of 1964. | b tinued with a number of small mines com- 
Rhodesia, Southern.—Antimony was ob- ing into production at a rate of 5 to 10 

_ tained as a byproduct of gold mining op- - tons of 55-percent antimony ore monthly. 
erations at the Sebakwe mine near Que A new mining company, Minerals Develop- 

Que and shipped as a concentrate to the ent Co. Ltd., was reportedly formed by 
: United Kingdom. A new company, Rho- Thai citizens to engage in exploration and | 

desian Antimony Ltd., was formed to in- evaluation of tin and antimony properties. 
vestigate a new deposit in the Que Que. } | - | 
area | Turkey.—Development of an antimony 

South Africa, Republic of.—The Con- . °Fe deposit near Nigde in the Zamanti 
. 9 ° - ee en ~~. 

solidated Murchison (Transvaal) Gold- "mms district by Rasih ve Ihsan Maden- 
| fields & Development Co. Ltd., produced cilik Skiti was in progress. Handpicked 

22.700 short tons of cobbed ore and con- Fe; Containing up to 60 percent antimony, 
centrates in 1965 in comparison with the Was stocked and the Mineral Research and 

| 23,600 tons produced in 1964. The en- Exploration Institute of Turkey has esti- 
3 ° : : 

tire decrease was in cobbed ore. The mine ™ated a reserve of 74,000 tons of ore aver- 

was worked to capacity, and the stocks of 28!98 12.5 percent antimony. 
| ore and concentrate increased by almost Yugoslavia.—The antimony mines pro- 

| 3,000 tons. The Alpha shaft was bot- duced about 140,000 tons of ore ranging 
~ tomed at 3,615 feet in January and the from 1 to 4 percent antimony and produc- 

installation of permanent hoisting equip- tion of regulus amounted to 3,050 tons _ 
| ment completed. Development in the vari- averaging 99.5 percent antimony. - | 

| TECHNOLOGY os | 
| The semiconductor and thermoelectric The Geological Survey published a pro-- 

| properties of ultra-high-purity antimony fessional paper covering the ore deposits 
metal, as an alloying element with bismuth, | (including antimony) of Humboldt and | 
indium, and tellurium, have become a ma- Lander Counties, Nev.§ an 
jor research area. Development of new y Gonsolidated Murchisor (Transvaal) Gold 

° : : ° onsolda urcnison ransvaa old- techniques and applications of antimony fields & Development Co. Ltd., Annual Report, 
metal and oxide in commercial alloys and 1965, pp. 12-13. | 

i , ia i - 3Henger, G. W., and E. A. Peretti. Consti- 
co mpounds continued especially in rela tution of the Lead— and Antimony-Rich Regions 
tion to alloys of lead and to flameproofing of the Antimony-Lead—Tellurium System. J. 

s—Common etals, v. 8, Oo 2, FKebruary 
i daaaee f the j . : f th 1965, pp. 124-135. 

. . € results of t e investigations ol the 4 Skinner, Brian J. The System Arsenic—Anti- 
antimony-lead-tellurium system? and the mony. Econ. Geol. v. 60, No. 2, March-April 

i i 1 pp. . arsenic-antimony system + were reported. ew . 
. . Hobson, Melvin C., Jr., and Henry Leid- 

A noe t ot a technique for electrodeposi- heiser, Jr. Increased Rate of Formation of InSb 
tion of gallium antimonide and indium 02 an Antimony Surface During Electrolytic 

. . . ~ . Treat t. Trans. AIME, v. 233 . -)> 
antimonide was published,° and a rapid No. 3, March 1965, oe May asd. (Met. Soe.) 
method of polarographic determination of : ® Scholes, I. R., and K. H. Denmead. he Po- 

1 m [ : . arographic Determination o oying Amounts 
anumeny in antimonial lead was present of Antimony in Antimonial Lead. Metallurgia 
ed.6 A battery using a potassium chloride- (Manchester, England), v. 71, No. 428, June 
antimony chloride electrolyte was under 1965, pp. 295-296. 
study by a research team from colleges in 196e. rode Engineering. V. 36, No. 23, Nov. 8, 
Montana and Oregon, which offers an ad- * Roberts, R. J, and D.C. jAmold. 30% Dee 
vantage in operation at subzero tempera- posits of the Antler Peak Quadrangle, Humboldt 
t 8 P P and Lander Counties, Nevada. Geol. Survey 
ures. Prof. Paper 459-B, 1965, 94 pp.



| By Timothy C. May * ae | 

California maintained its position as the inventory of specification grade chrysotile | 
leading domestic producer of asbestos. was 33 percent below the stockpile objec- 

‘ Production of asbestos increased 17 per- tive and amosite was 43 percent in excess. | 
cent in quantity and 25 percent in value Approximately 850 short tons of subspeci- 

_ over that of 1964. Most of the increase fication grade chrysotile was authorized as 
: in production came from California. The a short-term release from the Defense Pro- 

. nation ranked sixth among world pro- duction Act inventory. . Sales offerings 
ducers. World production exceeded 3.5. were made but only 6 tons were purchased | 
million tons. Canada continued to be the with a value of $937. 7 . 

| leading free world producer, with an out- Under the Agricultural Trade Develop- 
put close to 1.4 million tons in 1965. Im- ment and Assistance Act of 1954 (Public 

ports of asbestos were 3 percent less than Law 480, 83d Cong.), the Department of 
1964. Exports of unmanufactured asbes- Agriculture, through the Commodity Credit 
tos in 1965 increased 59 percent in volume Corporation (CCC), bartered agricultural : 

| over those of 1964. - commodities for 5,681 tons of amosite and ss 
| Legislation and Government Programs. ©!46 tons of crocidolite. | 

. _ —As of December 31, 1965, the stockpile 1 Commodity specialist, Division of Minerals. 

, Table 1.—Salient asbestos statistics -_ | 
La . 

. , 

: - | 1956-60 | Oo, 
| - (average) 1961 1962 1963 1964 1965 

United States: . _ | . ee 
Production (sales) ._short tons___- 43,925 52,814. 53,190 66,396 101,092 118,275 . 

Value-__.--..--thousands-____ $4,682 $4,347 ~ $4,677 $5,108 $8,143 $10,162 
Exports and reexports (unmanu- OS . 

oe factured)_._-__-- short tons__.- | 3,771 3,799 | 2,949 10,044 27,147 ' 43,126 
—_ Value_____..-_thousands___. -$960 $759 $598 $1,304 $3,199 $5,294 

Exports and reexports of asbestos ~ | 
products (value) __thousands- --- $13,852 $13,825 $14,274 $16,267 $16,288 $19,101 

Imports for consumption (un- _._— 
manufactured) -_ short tons__-_- 679,903 616,529 675,953 667,860 739,361 719,559 

Value__..____._thousands.._-_ $61,742 $58,942 $64,112 $61,739 $72,973 $70,457 
Consumption, apparent " 

_ short tons. __- 720,057 665,544 726,194 724,212 813,306 794,708 | 
World: Production._.-.------do-.-- 2,167,000 2,770,000 3,050,000 3,210,000 3,540,000 3,570,000 

1 Measured by quantity produced, plus imports, minus exports. . 

The stockpile position as of December 31, 1965, was as follows: | 

Table 2.—Stockpile objective and Government inventories as of December 31, 1965 
(Short tons) 

eee 

. Com- 
. modity Defense 

‘Stockpile . Supple- Credit Produc- 
objective National mental Corpora- tion Total 

7 tion Act 
eee 

Amosite..____._.-------.---_-_----- 40,000 11,705 43,465 2,184 _______- 57,304 
Chrysotile_____._.--------.--- --__- 13,700 6,072 2,864 199 _______- 9,135 

(Subspecification)._.__________.__ None (152) (3,193) _.___-__ (2,343) (5,688) Crocidolite__...._._.-..--._-.-__--_- None 1,566 44,245 2,243 __------ 48,054 
A 

232-748 O-67—14 201



202 MINERALS YEARBOOK, 1965 | 

DOMESTIC PRODUCTION 

| | Production of asbestos in California was Production and shipments were made by : 

: 36 percent higher than in 1964, account- the following California companies. Asbes- 

: ing for the substantial increase in domestic tos Bonding Co. from the Phoenix mine, 

output. 7 Napa County; Atlas Mineral Corp. from 

7 Vermont Asbestos Mines Division of the Rover Pit and Santa Cruz mines, Fres- 

Ruberoid Co., Lowell mine, near Hyde no County; Coalinga Asbestos Co., Inc., 

7 Park, Vt., continued as the major producer Fresno County; Pacific. Asbestos Corp. from 

of chrysotile. Production was 7 percent the Pacific Asbestos mine, Calaveras Coun- 

below that of 1964. ty; and Union Carbide Corp., Nuclear Di- 

Production in Arizona was approximate- __ vision, from the Joe 5 mine, San Benito 

ly the same as in 1964. Three companies County, =. - 

reported shipments of chrysotile from Gila CO oe 

County, Ariz.; Asbestos Manufacturing Co. _Powhatan Mining Co., Baltimore, Md., 
from the Phillips mine; Jaquays Mining produced anthophyllite asbestos at the 

Corp. from the Regal and Chrysotile Burnsville mine, Yancey County, N.C. 

Mines; and Metate Asbestos Corp. from the Shipments were slightly below those of 

: Lucky Seven mine. | | 1964. - 

: | CONSUMPTION AND USES | | 

- Total consumption of asbestos in 1965 Asbestos cement products, floor tile, as- 
dropped slightly from that of 1964. Ap-  bestos paper, friction materials and gas- 

. proximately 95 percent of the chrysotile kets, textiles, plastics, paints, roof coatings, | 
- consumed was short fiber of less than spin- caulks, and many miscellaneous items. . 

ning length and was used chiefly in the Consumption of amosite and crocidolite 
- manufacture of building materials. The in 1965, based on imports, was substantially 

major uses of asbestos were the following: less in 1964. See table 5. 

| PRICES? | 

| Quotations for Arizona asbestos, f.o.b. Globe, were listed as follows: | 

| Grade ... Per short ton Grade Per short ton 

Crude No. 1.____--~ $1,410 to $1,650 Group No. 5 (plastic co : 
Crude No. 2 ~_---- 610to 900 and filtering) __. $250to $400 

| AAA ____--- ~~~ 800 Group No. 7 (refuse 4 
Group No. 3 (non- ce and shorts) —---— 58 to 90 

ferrous filtering | Canadian (Quebec) chrysotile, f.o.b. 
and spinning) —-_ 425to 750 es . 

mine, prices changed depending on grade 
Group No. 4 (non- of fiber, as of January 1, 1965 

ferrous plastic and ? ? " 

filtering) ---~-~-- 385 to =: 500 * Asbestos. V. 47, No. 6, December 1965, p. 44. 

Canadian (Quebec) chrysotile asbestos prices, f.o.b. mine, were as follows: 

Per short ton 

Grade 
1964 Jan. 1, 1965 

Crude No. 1_._---_-__----_---.------------------ Can $1,410 to $1,475 Can $  _.... $1,410 
Crude No. 2, crude run of mine and sundry.___._--- 610 to 875 640 to 875 
No. 3, spinning fiber_..___._.----.--.------------- 350 to 650 345 to 565 
No. 4, shingle fiber. _...-._._..---.-------------- 180 to 245 190 to 320 
No. 5, paper fiber__...._.....-.------------------- 120 to 150 115to 156 
No. 6, waste, stucco, or plaster_........----------- w~o--- 86 -oeee 95 
No. 7, refuse or shorts...._....--....------------- 40 to 80 40 to 80
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- Prices for British Columbia chrysotile’ Grade a Per short ton 
_ asbestos, f.o.b. Vancouver, from Cassiar Group No. 5, paper fiber_$121 to $144 

_ Asbestos Corp. Ltd., were as follows: Group No. 6, waste, | 
| Grade Per shori ton stucco, or plaster me 88 
. C1 _ an 1,522 Group No. 7, shorts and 

AAA Woo § 787 floats -----_.---.. 40.50 to 75 

AA ~~__ 625 Market quotations were not available | A ~o en 470 for African and Australian asbestos because | AG ~_ow 325 sales were negotiated privately. The fol- AD ______ 260 lowing average values were calculated from | AK _____-_- 220 U.S. Department of Commerce import AS BL datas! Oo 
ic ~o----------------- 80 | a Per short ton 

| ris | Imports: | 1964 1965 
_ Vermont asbestos prices, f.o.b. Hyde Amosite: ; . 
Park or Morrisville, were as follows: South Airica, Republic of $157 $156 : - | | Chrysotile: | | Grade «Per shortton == Rhodesia, Southern ___. 226 186 
Group No. 3, spinning South Africa, Republic of 173 177 and filtering _______ $319 to $370 Crocidolite: — a | — 

| Group No. 4, shingle Australia _..-.._...... 197 190 oe 
fiber ---_.-________ 176to 296 — South Africa, Republic of 198 195 | 

oe | FOREIGN TRADE OO ae | 
Exports of manufactured products in- Imports of amosite and crocidolite in 

creased 17 percent over those of 1964. 1965 decreased 29 and 15 percent, respec- 
Canada accounted for 25 percent of the to- __ tively. Imports of low-iron spinning-length 
tal value. The products consisted of as- chrysotile from British Columbia increased 
bestos gaskets and packings, asbestos tex- to 6,038 tons from 4,948 tons and imports 
tiles and yarns, clutch facings and linings, of all grades increased to 27,392 tons from 
brake linings, and manufactures other than 18,640 tons in 1964. Of all the chrysotile 
friction materials. imported, fiber of less than spinning length : 

amounted to 94 percent. |
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- Table 3.—U.S. exports and reexports of asbestos and asbestos products : 

| » 1964 - ~~ «1965 ; 

. Product . ” 

. M Quantity | Value — Quantity Value . 

Exports: . . 
* Unmanufactured: — . 

Crude and spinning fibers_...short tons- --- ~ 620 $168,137 - 4,251 _ $326,095 

Nonspinning fibers...__....--------do---- 12,887 1,881,195 _ 24,221 3,621,528 

Waste and refuse_____._..---------do---- 13,312 1,112,664 17,523 1,322,501 

Total unmanufactured_____.-----do__-- 26,819 3,161,996 42,995 5,270,124 

Products: : 
Brake lining and blocks-molded, semi- . 
molded, and woven. _.----------------- -() 4,808,497 - Q) 4,727,861 

Clutch facing and lining-_...... number- --- 2,046,247 1,840,560 2,020,864 1,690,590 

Construction materials, n.e.c._ short tons- - - - 12,988 3,204,223 11,566 2,684,776 

Pipe covering and cement_- ~~ ------do---- 3,951 1,599,039 @) | (2) 

Textiles, yarn, and packing. __------do---- 1,520 3,566,507 2,526 © 5,595,007 

. Manufactures, 0.e.c.. ..---------+--+------ NA 1,235,055. NA 4,388,676 , 

. Total products. - -.--------+----------- | ---------- 16,253,881  _..-.----- 19,086,910 

Reexports: | — - 

’ Unmanufactured: 
Crude and spinning fibers_-.-short tons- --- ~ 108 17,725 - 60 10,306 

Nonspinning fibers. _._.--.----.---do---- 2 660 81 13,075 

Waste and refuse__..____._-.------do__-- 218 18,861 _--------- ----------- 

Total unmanufactured_._.-.----------- 398 37,246 131 23,381 

Products: 7 7 
' Brake lining and blocks-molded, semi- - 

molded, and woven_..-.----.----------  ----------  ---------- ©) 1,712 

Clutch facing and lining...._...number__--_ ---------- ---------- 5,000 4,100 

Construction materials, n.e.c__short tons- - - - 114 ~ 22,496 _._...---- ----------- 

Textiles, yarn, and packing----_--_---do---- ) 122 900 

Manufactures, N.e.c....-.---------------- NA 11,870 N. 7,542 

‘Total products......------------------  ce-------- > (34,488 ---------- 14,254 
a 

A 
er 

NA Not available. . 
1 Values have been summarized: quantities not shown. 
2 Effective Jan. 1, 1965, no longer separately classified, included with manufactures, n.e.c. 

- 8 Less than 14 unit. .
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| Table 4.—U.S. imports for consumption of asbestos (unmanufactured), _ 
| by classes and countries 

Crude (including Textile . | oO blue fiber) | fiber All other Total 

Year and country a 
. Short tons Value Short tons Value Short tons Value Short tons Value 

1964: 
. Australia___.______. 475 $94,022 eee eee eee ee 475 — $94,022 Bolivia__-.....____- 3 4,800 2-22 Lee eee eee 3 4,800 Canada___..______. 4,466 — 795,546 13,881 $5,380,633 648,626 $54,404,684 666,973 60,580,863 Finland__. 2-22 ___ 117 4,400 _..----2. LLL le 934 42,522 1,051 46,922 Italy. ------e ee eee eeette eee 6 7,395 6 7,395 Mexico..----.2-22.0 2-2-2222. Leu------ eee 304 32,995 304 32,995 Mozambique_.__--.. __.-_-__.. LL. 90 37,273 239 41,921 329 79,194 Portugal__..----2-- eee eee eee wee eee 5 560—i 5 560 Portuguese Western 

' Africa, 0.e.c..---2 eee eee eee eee 130 =: 10,386 130 10,386 Rhodesia and 
Malawi!_________ 7,633 1,518,126 90 35,719 6,271 1,330,350 13,994 2,884,195 South Africa, 
Republic of. ______ 49,607 8,843,905 ..-..-.... ____-._.- 924 169,208 50,531 - 9,013,113 Spain. ...------ eee Lee ween eee ee fee ene 50 8,374 — 50 8,374 USSR. eee eee lee eeee Leet 20 732 20 732 Venezuela....----2- eee eee eee ee 624 26,996 624 26,996 Yugoslavia_...______ ~ 2,785 . 107,148 _.._-_____ Sennen 2,081 74,977 4,866 182,125 

m A 

. Total... 2.2 65,086 11,367,947 14,061 5,453,625 660,214 56,151,100 739,361 72,972,672 —SS 
| 1965: 5 : 

Australia... __- 260 49,669... eee eee eee 260 . 49,669 . _ Bolivia_._.---.-_ 7. | rrr 7 5,260 Canada____-._____- 4,210 680,991 17,105 6,138,587 636,734 53,560,020 658,049 60,379,598 Chile..._-______.._- — 2 1,640 -.--- ee eee LeeLee 2 1,640 Finland_.._2..-..-. 50 5,175 2.02 eee Lee 2,475 150,859 2,525 156,034 Italy_--- 222-22 eee eee Le 2 2,550 9 2,550 Mozambique....-.. -_----.-.  __.. 22. 30 12,391 51 21,925 81 . 34,316 
Portugal_.....____-_ 959 33,289 _..-----, Lele 45 4,213 1,004 37,502 Rhodesia and 
Malawil___.____- 6,482 1,111,691 223 91,098 5,482 1,116,122 12,187 2,318,911 South Africa, ne 

- Republic of_._____- 40,011 7,124,938 11 2,542 911 181,715 40,933 7,309,195 . . USSR. eee Leelee eee ne eecneeee 33 3,637 33 3,637 
Yugoslavia... .._._- 3,461 122,762 _.------ Ll 1,015 36,156 4,476 158,918 

Total_.._..-._-_- 55,442 9,135,415 17,369 6,244,618 646,748 55,077,197 719,559 70,457,230 

1 All believed to be from Southern Rhodesia. | . 

Table 5.—U.S. imports for consumption of asbestos, from specified countries, by grades 
(Short tons). . 

OO 

, 1964 1965 _ 

Grade 
. 

Republic — Republic 
Canada Southern of South Canada Southern of uth 

Rhodesia! Africa Rhodesia! Africa 
eee 

Chrysotile: . 
Crudes.__-..__.____-_-__________ 4,466 7,633 817 4,210 6,482 1,804 
Spinning and textile________.___._ 13,881 90 __. LLL. 17,105 223 11 All other__.____2_-___ ee 648,626 6,271 924 636,734 5,482 911 Crocidolite (blue). ._-._..-.--2---- 2-2) Leelee, Le, 24,858 -_.-__.. ________ 21,165 Amosite___..---.___- 2 ee. weeeeeee eee eee 23,982 .------.  __1 Le 17,042 ee ee ee rr 

Total_._---_-2 2 ee 666,973 13,994 50,531 658,049 12,187. 40,933 
SSeS 

1 Reported by the Bureau of the Census as Rhodesia and Malawi.
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| | WORLD. REVIEW | | ) 

| : NORTH AMERICA spectively, while production in Quebec, the 

-Canada.—For the first time since 1958 largest producing Prove? decreased a 
production (measured by sales) of asbestos P® cent ron, t a oO oe uring the 

decreased. The decline was due in part to first. 9 months, 08 3 i of asbestos ex- 

- large shipments late in 1964 to consumers POF ts was Can$ ; mution, an increase == 

who anticipated a price increase that be- of 1 percent el that of 1964; eau ever, 

came effective January 1, 1965. Produc- the quantity decreased to 91 8,25 tons | 

tion in 1965 was 3 percent less than in from 926,740 tons in 1964. _ 

1964 and value was 4 percent lower. Pro- In 1965 the market price for Canadian 

duction in Newfoundland and British Co- asbestos increased for the first time during 

| lumbia increased 10 and 27 percent, re- the past 4 years. : | 

Table 6.—World production of asbestos, by countries 1 : 

. (Short tons) . . 

a 

: oof Country ! 1961 1962 1963 1964  1965P2 
| | 

| _ North America: | 7 : oe oo 
. Canada (sales)...-.------------- 1,173,695 1,215,814 *1,275,530. *.1,420,769 1,387,555 

United States (sold or used by a 7 

producers) ...----------------- 52,814 | 53,190 66,396 101,092 118,275 

South America: 
Argentina_........-------------  ---------- t 203 r 365 r §42 e550 

Bolivia (exports)..-..------------ 57 56 10 r7 3 

Brazil_.....-------------------- e $3,400 e 34,900 41,440 NA 41,204 

Venezuela... ------------------ 650 ___------. ----------  ---------- 0 ----------- 

Europe: - 
ustria_.......----------------- 564 503. 638 _..-.----- ----------- 

Bulgaria_....----.-------------- 1,213 e 1,100 e1,100 ~~ ¢1,100 e 1,100 

Finland 5. .-.------------------- 10,340 10,869 10,108 11,611 ~ $13,307 a 

France. ...-.------------------- 30,746 28,364 26,645 24,250 7,716 

Italy.....-...-------------.---- 62,804 r 60,860 r 63,016 75,573 79,214 

Portugal_......----------------- 7 29 ___...---- 33 

Spain. ..-..--.----------------- - ll .-_ eee eee ee eee eee en eee een eee eee nee 

. UVSS.R. ¢.. 2. ---------- +--+ ---- 880,000: 1,100,000 1,200,000 1,300,000 1,800,000 

Afct Yugoslavia... ...---------------- 6,709 7,401 9,074 9,280 10,585 

T1Cca: . 

. Bechuanaland. ..-.---.---------- 1,924 2,375 2,368 2,161 — 888 

os Kenya_...-..------------------ 151 212 78 204 136 

Mozambique-....-...---------- 162 oY | 

Rhodesia, Southern. -..---..----- 161,610 | 142,196 142,255 . 153,450 e 172,400 

South Africa, Republic of._------- 194,834 221,302 205,744 215,592 240,752 

Swaziland ........--.-.--------- _ 80,792 32,830 33,350 39,862 40,884 

Asi United Arab Republic (Egypt) - --- 254 — 606 192  -# 1,739 _ 8,225 
. 8128: . . ‘ . . . 

China ¢.......--.--------------- _ 100,000 100,000 110,000 130,000 140,000 

Cyprus. .......----------------- 16,207 22,391 19,962 t 13,755 15,733 

India___......--.-------------- 1,624 -1,865 2,989 3,271 4,989 

Japan_.__..._.....-.------------ 18,799 15,407 18,210 17,979 e 18,000 

Korea, South. ....-------------- 341 1,333 2,120 r 1,402 e 2,000 

Philippines. ....-...------------ 83 1,037 421 586 e 600 

Taiwan_.......--..-------------- 44 525 604 526 883 

Turkey..-.--.------------------ 496 709 408 r 1,291 1,376 

Oceania: 
Australia. ......---------------- 16,746 18,416 13,374 r 13,545 11,647 

New Zealand__..._....---------- 373 457 439 — 6 Lolli 
Ee 

--World total (estimate) }_.-..--- 2,770,000 3,050,000 = 3,210,000 +~— 3,540,000 =~=—=_3,570,000 
| 

e Estimate. P Preliminary. * Revised. 
1 Asbestos also is produced in Czechoslovakia, Eritrea, Greece, North Korea, and Rumania. No 

estimates for these countries are included in the total, as production is believed to be negligible. 

2 Compiled from data available June 1966. 
. 3 Data represents fiber. 

4 Bahia only. 
5 Includes asbestos flour. 
6 Revised to none. 

It was reported that the Canadian Gov- northwest of Dawson in the Yukon Terri- | 

ernment would provide financial assistance tory, owned by Cassiar Asbestos Corp. 

towards the development of an asbestos With Government aid the initial 3 7 miles 

mine at Clinton Creek, about 70 miles of the Dawson-Alaska boundary road will
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be reconstructed and a new road andriver the eighth Turner asbestos-cement factory 
bridge from the boundary road to themine _in the United Kingdom.8 
wt be constructed.3 Oo Italy.—Production, imports, and exports 

he history of the development of Ad- of asbestos increased substantially in 1964. vocate Mines Ltd. Baie Verte mine waS most of the imported product was high- 
traced from discovery through initial ex- grade long fiber. Imports of 48,380 tons ploration, financing, ore body delineation was 13 percent higher than 1963, and ex- 
and evaluation, construction of the plant, ports of 9,939 tons was 41 percent more 
construction of deep-sea shipping facilities, than in 1963.9 | 
provision of a closed shipping season, S.S.R SSR through to reaiaton of full production ,, VSSR—USSR, expors of asbenos capacity. The mine began production in 198.524 tons on 1963 Ashestos was 
1963. It is at the north end of the Burl- shipped to 25 countries with East Germany ington Peninsula, White Bay District, New- accounting for 12 percent: West Germany 

__ foundland, 3.8 miles from the town of Baie d Fr: ll pe ah. y Verte.4 | an rance, percent each; Poland, 9 
As the result of the shutdown of the P&?cents Czechoslovakia and Japan, 8 per- 

Johns-Manville Co. Ltd. plant at Mathe- cent each; Hungary, J percent; Ind 1a, 6 . . percent; and the remainder was distributed son, Ontario, asbestos production decreased among 17 countries.10 ~ 
to less than $80,000 from $2.2 million in s " | 
1904. _ | AFRICA | | 
Con pects te han its, Chita Mining South Africa, Republic of.—Production 
vem “ash 2 tos property in vro duetinn b of asbestos in 1965 consisted of 80,735 
1967. Total prop f yin P Y tons of amosite, 121,122 tons of crocidolite, 
fo ro duction ene engin the Pe tae and 38,895 tons of chrysotile. Exports , 
$17: 5 million} | were as follows: Amosite, 75,981 tons; 

The Quebec Asbestos Minine Associa. crocidolite, 108,279; and chrysotile, 25,299. 
we ce | gs 2 The total volume of local sales of asbestos | tion issued a “Handbook of Canadian As- was 22,428 tons, almost twice that of 

bestos Products.” The brochure was pre- 1964.11 ° ° : | 
| P ared to provide architects and engineers It was reported that Griqualand Explor- with general information about the Ca- . F} Ltd.. acquired the H 

_ nadian asbestos industry. The handbook ation & Finance Ltd., acquire © hans . . . . g  Merensky Trust asbestos interests in the is published both in English and French. Kuruman area of Cape Province. Two 

SOUTH AMERICA producing mines at Tendo and Coretse 

Bolivia.—The crocidolite deposits of Bo- South were equipped with a modern mill, . . : having a capacity of 7,000 tons of fiber. via were geologically mapped by the Bo- "Rhodesia, Southern. Following the Uni- livian National Department of Geology i iD 1 : f Ind den . . atera eclaration of Independence on 
(Denageo). The marin deposits, close to November 11, 1965, the United: Kingdom the Espiritu Santo River at an elevation ° , 
of 500 meters, are in the Alto Chapare re- 8 Northern Miner (Toronto). Federal Program | 
gion on the eastern slopes of the Cordillera to Aid Cassiar. se a AUS. 18.1965, p. 82. 
de Cochabamba. The largest mines op- bestos ee ere pa agate Mines Ltd. | Canadian 

. in. an et. Bull. ontreal), v. 58, No. 642, erate sporadically.” | October 1965, pp. 1070-1076. 
5 Northern Miner (Toronto). No. 51, Mar. 11, 

EUROPE 1055; Pp 4, Asb M A (Q . . uebec Asbestos Mining Association ue- United Kingdom.—Turner & Newall bec). Handbook of Canadian Asbestos Products. 
Ltd., Manchester, issued a booklet on the OP World Mining Bolivia’s Blue Asbestos De- 
history and activities of its organization. posits. V. 18, No. 6, June 1965, pp. 33, 55. 
The companies of Turner & Newall Ltd., Jul en 1n6h > (London). V. 191, No. 5063, 
operate more than 20 factories and 40 sales ® Bureau of Mines. Mineral Trade Notes. V. offices and employ approximately 39000 61,,Ne, November 1966 fs vo people. Interests of the group cover as- 26, 1965, . 28. South Af (Pretoria). M 

' ; i ublic o ut rica etoria). Min- bestos, chemicals, and plastic materials. erals Dept. of Minos Quarterly Inf. Cire. Oa. 
It was announced that Turner Asbestos tober-Derember 1965, pp. 36, 38, 41. _ 

Cement Co. Ltd., opened the first asbestos- nal South aba ne and Engineering Jour 
cement factory in Northern Ireland and Dec. 3, 1965, p. 2848.  ° oa °
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on December 1, issued stringent economic in Hokkaido, although it occurs in several 
and financial measures against Rhodesia other widely scattered areas in Japan. The 
which included embargo on imports of | Hokkaido deposits in the Yamabe District 
chrysotile asbestos. are chrysotile, but some amphibole has 

The rate of asbestos production in South- been produced in the past particularly in 
ern Rhodesia is governed by the export Kyushu. Mine production in 1964. was . 
demand. In 1964 output increased to 17,979 tons, slightly lower than the record 
153,450 tons having a value 14 percent 18,210 short tons set in 1963. However, 
more than 1963 output. Exports went to demand increased in all segments of indus- 
52 countries and included all grades of _ try and brought on a rise of 24.7 percent 
fiber. ~The largest market was the United in imports over those of the previous year. 
Kingdom, which purchased 46,364 tons of | Ganada provided about 60 percent of the 

_ asbestos from Rhodesia, out of total asbes- imports.14 
tos exports of 177,821 tons. Production 
of chrysotile was approximately 12 percent | OCEANIA | 
more than in 1964. Exports were at about Australia.—Total exports of crocidolite 
the same level as in 1964. - in 1964-were 7,280 tons. Of this amount 

Most of the Rhodesian material came almost 50 percent was exported to Malay- 
from the substantial mining interests of sia, 14 percent to Japan, 6 percent to Italy, | 
Turner & Newall Ltd., which controls the 5 percent to the United States, and the 
largest Rhodesian producer, the Shabanie remainder to other countries. There were 

| Mine. This mine employs 3,800 people. no exports of chrysotile in 1964. . Imports 
One of Rhodesia’s largest customers was of chrysotile in 1964 was 32,075 tons. 

the cement piping and sheeting industry Canada supplied 96 percent of the total. 
of Western Europe. The Pangani mine Imports of amosite were 6,677 tons, and | 

| near Filabusi is being reopened and_ crocidolite 27 tons. 
equipped to produce a grade of fiber suit- The principal use of asbestos fiber was 
able for export to asbestos cement manu- in the manufacture of asbestos cement | 
facturers.18 | products. Other uses include manufacture | 

. : of plastic floor and wall tiles, friction ma- 
ASIA terials, insulating materials and _ mill 

Japan.—Asbestos was mined exclusively board.15 

| TECHNOLOGY 

Major advances in the design of asbestos A method for defiberizing asbestos fiber 
mills were discussed. Particular reference bundles was patented.19 : 
was made to the new Advocate asbestos The development and application of a 
mill in Baie Verte, Newfoundland, and the computer program to an open pit mine 
Johns-Manville Jeffrey mill at Asbestos, design problem was described. An auto- 
Quebec. The mill buildings themselves matic mill control system including re- 
and the air process systems which constitute motely operated feeders, automatic sam- 
the fiber aspirating and dust collection —H————— . 
operations were discussed.1® 18Mining Journal (London). Embargoes on 

A new system of asbestos fiber extraction onesian Minerals. V. 265, No. 6799, Dec. 10, 
was developed. A full-scale plant incorpor- 14 Bureau of Mines. Mineral Trade Notes. V. 

ating the latest principles was commis- O's Depaztinent of National “pevelopment, Bu- 
sioned at the crocidolite property of Me-  reau of Mineral Resources, Geology, and Geo- 

rencor Asbestos mines on the farm Eldoret physics. Zhe, Auctralian Mineral, Industry, 1964 
in the Kuruman District, Northern Cape, 343 pp. ; 

Republic of South Africa. The general siento an J eens: and K. Deksnis. sor 
method of fiber separation used was dis- (Quebec), July 1965, pp. 37-42. 
cussed.17 17 South African Mining and Engineering Jour- 

. . nal (Johannesburg). V. 176, pt. 2, No. 3786, 
A patent was issued covering a method Oct. 22, 1965, pp. 2470-2474. 

for removing contaminants from milled Asbo coe een is. Production oot Improved 

chrysotile asbestos fiber, so as to produce a 1965. 

fiber product suitable for use as a filter Or. Desterheld, RS. be ec creers Pressing 
material in the food preparation industry.18 —_1965.
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pling of fiber being processed, and a closed- _in five States: Massachusetts, New Hamp- = circuit television system went into opera- shire, Maine, Delaware, and New York.30 | tion in the mill of National Asbestos Mines Greater use of asbestds in asphalt hot Ltd.2o | me _ mixes for paving was reported. The use . Drilling and blasting methods employed of asbestos in asphalt mixes provides a a at the Cassiar mine in British Columbia tougher surface,. increased resistance to | near the Yukon border were discussed. indentation under heavy load and high _ : Specific problems such as working in frozen temperatures, plus better flexibility and | ground were mentioned, and the breaking improved resistance to weather.31 __ | 
_ char acteristics of the various rock forma- The extension skirt for the second-stage tions were outlined. Se a engine of Gemini 4 space rocket was made - The different mining systems used in of asbestos felt impregnated with a spe- | asbestos _ Mining, including ; underground cially developed phenolic resin. The ex- methods in_ massive deposits, shrinkage tension skirt weighing 650 pounds directs stoping, sublevel and panel stoping, Cav- the flow of gases from the two second-. ing systems, and underground methods in stage exhaust nozzles.32. | 7 l . e ° e . 22 

, . 
. tabular deposits were mentioned | It was reported that asbestos phenolic Patents were also issued for the follow- . or y . , : nae materials are used in aerospace applica- ing: Rodmill and milling method for de- tions These materials include _ tape- fiberizing mine-run asbestos ore or asbestos 7 | . is ‘ape: | 1. 3 , . wrapped backup insulation, rocket motor fiber bundles ;23 a method for making an . . . | 7 ‘ | improved process and apparatus for the liners, ablation-resistant structures, and in- 

manufacture of articles from a water slurry _ Sulator panels. They are resistant to | * : anh flames, chemicals, and water. | of asbestos fiber and portland cement 324 ee ? _ water Also, they . | oe have a high modulus of elasticity and ” and improved apparatus for shaping and. - rn os 1 | . 1. , strength at. all environmental _tempera- compressing roofing tiles or other sheets tures.33 / , 
formed from an aqueous mixture of as- Te | 7 ~ bestos fiber.and portland cement.25 It was reported that the body of the | ‘The proceedings of the New York Acad- rorvette auromonile 1S made of panels of | emy of Sciences on the biological effects of | © oreee Plastic attached to a steel “bird 

_ asbestos were published. Papers included C@8€ frame. Powdered asbestos is used the following subjects: Asbestos materials ome ks O’Brien: N.. acd F 5 N ak An Apoli | : . “ge , DO, rien, + and f. Jd. owak. nm Appilica- In modern technology ; lung tissue and tion. of a Computer to Open-Pit Mine Design. 7 mineral matter; human exposure to asbes-. Canadian Min. and Met. Bull. (Montreal), v. 58, ~clint Hidiac ; oo . , Jun » Dp. 649-654. tos; clinical studies of pulmonary asbestosis ; oh Horsley, T. L | Drilling and Blasting at the | asbestos and neoplasia; and problems and Cassiar Mine. Canadian Min and Met. Bull. - perspectives.26 a a (Montreal), v. 58, No. 638, June 1965, pp. 625- . 
Investigations were undertaken to deter- An Sinclair, oo: 9 Mgbestos Mining Systems. ° : Sbestos, v. ? Oo. 4, ugus » Dp. ° mine whether mesothelioma of the pleura 73 Bacher, J. P. (assigned to F. L. Smidth & and peritoneum had any important rela- Co., New York). Method and Apparatus for : Pt Y P . Defibrati f Fib Material U.S. P tion with asbestos exposure. Materials and 3,186,647, June 1 1966, rials. U.S. Pat. 

methods used and the results obtained were eos Sirera, S. B. British Pat. 979,447, Jan. 6, 27 | | 1965. 7 } _ described. a . . 75 Marchioli, G., and G. Gremigni. British The decomposition of amosite was dis- Pat. 285,563, Mar. 10, 1965. k Academy of 8 wt di: nnals of the New Yor cademy of Sci- cussed ° When amosite 1S heated in argon ences. Biological Effects of Asbestos. V. 132, or nitrogen physically combined water is art. ds, December 1966, Ges pp. iECEH } 
° ° ° elikoff, I. J., J. urg, an . C. Ham- lost up to 500 f° 700 C. . Above 500° C mond. Relation Between Exposure to Asbestos (static) of 700° C (dynamic) dehydroxy]- and gilesothelioma. | New England J. Medicine, . 

. ee _ Vv. > ar. ’ » Pp. — ° 
ation occurs endothermically, giving a py Hodgson, A. A. A. G. Freeman, and H. F. 
roxene as the main product. Ww. Taylor. The Thermal Decomposition of Amo- ' : site. ineralogical Magazine ( ondon), v. 35, enue use of crocidolite as a component is 271, September 1965, pp. 445-463. 
O asbestos-reinforced plastic pipe was de- »Cryor, R.'E. Asbestos-Reinforced Plastic scribed. Crocidolite has excellent heat re- ee gscngm Eng., v. 72, No. 16, Aug. 2, 1965, 
sistance, high modulus of elasticity, ex- 30 Roads and Streets, Asbestos-Asphalt Curb- cevti l : ; . ing. - 108, No. 12, December 1965, pp. 75, 81. ij Ptional strength, and resists acids, alka- 31 Chemical Week. Asbestos Bright Spot. V. iS) neutral salts, and organic solvents. 96, No. 7, Feb, 13, 1966, P- 2: 1965 16 s al asb sto 1 1 m- sbestos. . 47, O. Gs ugust >, DP. . lud P . t estos curbing 1s currently in 33 Materials in Designing Engineeriny. Asbes- cluded in State specifications or alternates tos Phenolics. V. 61, No. 6, June 1965, p. 4.
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ag the reinforcing agent in the joining of _ ticles, whereby dry asbestos fiber and dry 

the various reinforced plastic parts.34. - particulate portland cement are tumbled 

_ A-method was ‘patented for preparing a together in a mixing zone while being 

| homogeneous, well-dispersed mass of asbes- sprayed with water ;>1 an improved method 

_ tos fiber and a molding solution by project- _ for corrugating relatively thick sheets 

ing a fluffy asbestos into mixing blades formed from an aqueous mixture of: as- 

which are turning in the molding solution _bestos fiber and portland cement ;5? method. 

and continuing the mixing while adding re ee . a 

_more fibers.35 | a $4 Siegrist, Fred L. Assembly of | Reinforced 

__A method for the use of asbestos (am- Flastic Giutomobile Bodies. Metal Prog., v. 88, 

osite, chrysotile, or crocidolite) fiber as a os , October 1965, Dp. 239, 241, 250, 262, 25 4. 
. . . __ %5 Gouveia, A. P. (assigned to Johns-Manville | 

base or matrix to be coated with a ceramic Corp.; New York). Method and Apparatus for 

frit and then with a thermosetting resin Preparing a Fiber-Reinforced Molding Composi- 
“on the other face was stente 4 nee tion. U.S. Pat. 3,175,807, Mar. 30, 1965. 

| “ee Aa 5 Pp a . 36 Shaines, A. _(assigned to American Radiator 

A patent was granted on a method for & Standard Sanitary Corp., New York). Method 

upgrading the filtration rate of asbestos of Coating Resin On Ceramic. U.S. Pat. 3,172,- 

fiber to provide fast-filtering asbestos fiber 7 Pundsack, F. L., and G. P.. Reimschussel 

product slurries or feed stocks for use in (assigned to Johns-Manville Corp., New York). 
_ Ae. . naa. Method o mproving the Filtration | racter- 

fae Process asbestos cement or like manu istics of Asbestos. U.S. Pat. 3,173,831, Mar. 16, 
| acturing procedures. : eo on a 

- ° . 38 McCoy, F. C., and H. C. Knowles. (assigned 
Patents were issued for the use of MICrO- —_ tg Texaco Inc., New York). U.S. Pat. 3,171,779, 

dimensional chrysotile asbestos fiber as a Mary 2, 1965. G. ( | 
: . +t a . Quinn, R. G. (assigned to Johns-Manville 

cosuspending agent In a pesticidal compo Corp., New York). Asbestos-Glass Fiber Satu- 

| sition ;88 for improved porous, flexible, high- rating Paper Containing Thermoplastic Resin 

| bulk asbestos-glass fiber paper or felt for 379. onpminue Acid Phosphate. U.S. Pat. 3,- 

saturation with plastic molding composi- "49 Bartlett, F, J. W. (assigned to the Ruber- 

tions;39 for use of asbestos in grease-re- oid Co., New York). Flooring Materials. U.S. 
- floo les -40 f duction of at. 194,775, July 13, 1965. _ | 

Se oor tiles; or production of as- . hi rae J. P. (assigned 2 Tenngeo Ghem- 

ane . : + 4s icals, Inc., a corporation of Delaware). Stabil- 

het ber vinyl halide resin compositions ized Asbestos Containing Vinyl Halide Resin 

' at are, resis to the deteriorating ef- Compositions. US. Pat. 3,194,786, July 18, 1968. 
ects of heat: or use of et, : isenberg, B. J. (assigned to U.S. Rubber 

| j bond 7 h r use of asbe stos fiber in Co., New York). Latex Bonded Asbestos Fiber 

apex on c S eet materials ;42 for a meth- Sheet Material. U.S. Pat. 3,193,446, July 6, 

od for making aluminum phosphate-bon re 2 
lami : d: cf she Pp. ok ate bonded 48 Bolton, M. J., G. A. Joyner, Jr., and R. H. 

| pear as are e eets O increased di- Lux (assigned | to, General Hlectric Co., Schnec- . 

| electric strength ;43 for a method to pre- y, N.Y.). Method of Making Insulation, and 
ge . . _ . Prod ¥ . S. . e 

vent discoloration in resin-base floor tiles Ape 6. 1968 Thereby. U.S. Pat. 8,177,107, 

caused by use of iron-containing asbestos “ Hecker, A. C., M. W. Pollock, and S. Cohen 
rs (assigned to Argus Chemical Corp., New York). 

therein i an for dat method to. prevent Prevention ef Colored, Iron {Compounds in An. 

jron-induced degradation of vinyl halide stos_ Containing Polyvinyl Chloride Resins. 
vosin-base f ca or Lik 1 re ide TFS. Pat. 3,184,428, May 18, 1965. : 

se oor ue or like materials. 45 Thompson, H. R. (assigned to Nopco Chem. 

The following patents were granted for Corp. ewer, N.J-). Stabilization Ros Vinyl 
alide Resin Compositions ULontainin ron-bear- 

asbestos-cement products: Method of mak- ing Asbestos. U.S. Pat. 3,180,848, Apr. 27, 1965. 
ing ceramic-glazed sheets from an aqueous 4 * Greiner, N S. (assigned to Johns-Manville | 

mixture of asbestos fibers and portland COP Ney 197 929, July 27, 1965. Sheets. 

cement ;#6 method for forming sharp cor- 4 “ French, ¢ 1‘ (assigned to Johns Manville 
. orp., New York). i 

ners and irregular contours and cross-sec- —_ Asbestos-Cement ‘Krtieles, U.S. Pat. 3,197,536, 
tional shapes in products manufactured July 27, 1965. H. (assigned to Johns-Manvill 

nyaer, ° .- (assigne onans- anville 

from an aqueous slurry of asbestos fibers Corp., New York). Asbestos-Cement Products. 

and portland cement;4? production of im- U8. at. 3,169,878, je: 16,, 1965. h 
. . reiner, N. S. (assigned to Johns-Manville 

proved articles from an aqueous mixture Corp., New York). Asbestos Cement Products. 

of portland cement and a blend of amosite US nai 3,197,313, July a 1965. c 
. 4 ican, F. W., L. R. Blair, J. C. Yang, and 

and chrysotile asbestos fibers;4® method . R. J. Gorman (assigned to Johns-Manville Corp., 

for inhibiting growth of fungus organisms New York). gilanufacture | of Asbestos-Cement 
. roducts. .S. Pat. 3,219,467, Nov. 23, 1965. 

in products manufactured from a slurry 51 Schulze, H. C. Process for Forming Cement 
of asbestos fiber and portland cement ;49 and Asbestos Articles. U.S. Pat. 3,204,019, Aug. 

a composition for use in forming good. 52 Oesterheld, K. A. (assigned to Eurasbest, 

quality, cured asbestos-cement products ;5° A. Go Besel. Switzerland). citethod for Corru- 
* gatin ee 

method for producing asbestos-cement ar- $173,828, Mar. 16, sbestos Cement. U.S. Pat.
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for forming in situ on a sloping roof a A booklet entitled “Fire Protection of 
series of cast Bermuda-type concrete roof Sturctures” was issued by Turner Asbes- 

: tiles, using an aqueous mixture of chysotile tos Cement Co. Ltd., Manchester, Eng- | | 
_ asbestos floats, portland cement, and either land. The publication includes an inter- 

a heavy sandstone aggregate or preferably pretation of the 1965 building regulations 
a lightweight aggregate.53 _ for England and Wales in relation to as- | 

The anthophyllite mineralization in the bestos and asbestos-cement materials. The | 
_ area is localized in the zones of enstatite- | mportance of asbestos and asbestos-cement 
anthophyllite and _ talc-carbonate rocks. products when constructing buildings that 
Rich asbestos mineralization is related to will minimize the risk of heavy losses by 
the enstatite-anthophyllite rocks having a fire 1S described. Details and photographs 
coarse crystalline texture.54 are included.®? : , 

Using molten salt bath and vapor deposi- 68 Woodworth, C, L. (assigned to Ari-Zonalite 
tion methods, whiskers exceeding 25 mm ©0., Glendale, Ariz.). Method of Casting Ce | . ve mentitious Shingles on a Sloping Roof. U.S. in length were grown; three different alu- Pat. 3,222,486, Dec. 7, 1965. 

i . iti i in 54 Khmara, A. Ya. Localization and Distribu- 
minum | borate comp Ositions were identi tion of Anthophyllite Asbestos Mineralization fied by X-ray and chemical analyses.55 in the Sysert Area of the Urals. Chem. Abs. 

itv v. 63, No. 5, Aug. 30, 1965, col. 5392 Ve Density measurements were made on 23 & ft (Moscow), v. 8, No. 6, 1965, pp. 181-142). | - bulk specimens of chrysotile and 7 massive 8 Johnson, Robert C., and John K. Alley. 
j ; Synthesis and Some Properties Of Aluminum 

serp entine samples, both by using mercury Borate Whiskers. BuMines Rept. of Inv. 6575, _ and by coating and by coating the samples 1965, 93 pp. | | : 
i i i =m j ‘6 Huggins, C. V., and H. R. Shell. Density . r . > ’ 

with pa affin and immersing them mm water of Bulk Chrysotile and Massive Serpentine. Am. 

a anadian c ile. Arizona mas- 1067. 7 than jan chrysotile. Arizona mas- 105 steel"Times (London). V. 191, No. 5088, sive serpentine blocks had less porosity.® 5084, Dec. 17, 24, 1965, p. 781. -
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By Donald E. Eilertsen‘ | | 

The trends of barite output,» imports, tinued upward. , : 
consumption, and world production con- OS . 

| Table 1.—Salient barite and barium-chemical statistics : 
| (Thousand short tons and thousand dollars) 

1956-60 . _ - (average) 1961 1962 1963 1964 1965 
United States: . 

Primary: . 
_ Mine or plant production______-_ 956 731 887 803 817 846 - Sold or used by producers.__.____ 933 a) 860. 824. .830 852 . Value___---- ~~. $10,555 $9 ,300 $9,820 $9,402 $9,796 $10,192 Imports.for consumption ________ 646. 608 . T3T 578 600 712 Value_____-.--__- le $4,606 $5,185 | $6,009 $4 ,637 $4,796 $5,553. Consumption !________.________ 1,498 1,391 . 1,211. 1,230 1,277 1,388 Ground and crushed sold by producers. 1,287 1,036 1,023 1,030 1,077 1,169 . so Value___ 2222 $33,396 $25,182 $24,285 $25,517 $26,948 $29,444 . Barium chemicals sold by producers____ 94 — Of 104. ~=—-—s«109 117 125 . Value___.._..---_----2-----___ $12,921 $18,770 $14,656 $15,837. $17,101 $17,935 World: Production_____.__...._._.______- 3,136 3,140 3,430 3,220 3,400 3,790 

' Includes some witherite. . . . 

| | 7 DOMESTIC PRODUCTION | a So oe 
| Approximately 50 mining operations in lion. tons compared with 110 million tons a 11 States produced barite. Yearend stocks of in 1964. a , 

barite at mining operations totaled 105 mil- | co = 

a Table 2.—Domestic barite sold or used by producers in the United States, by States | 
. (Thousand short tons and thousand dollars) a 

, 1956-60 (average) 1961 1962 a State A 
Quantity Value Quantity Value Quantity Value 

Arkansas____.__.._-_________ 352 $3,227 | .. 278 $2,630 .259 $2,232 California___._......_-_._____ WwW WwW 21 295 7 133 Georgia__...----_2-- (1) . (1) ‘107 2,046 109 1,987 Missouri_._._2_.-..____.____ 275 3,515 227 3,052 304 3,994 Nevada__....0 22 __ 105 . 681 - 180 863 138. 954 South Carolina and Tennessee____ 1133 12,474 13 258 16 327° ; Other States ?_-_-___2 68 658 21 161 . 27 193 . eee SY 
. Total_...-...-------2-_- “ 933 10,555 797 9,300 860 9,820 eee AE 

a - 1968 1964 1965 | eee 
Arkansas___.._... 2-22-22. 236 | 2,161 2338 2,202 249 2,879 California_..._.-...-_--_-_ 28 __ 5 31 6 45 4 21 Georgia___..-.----- 117 2,013 109 2,022 Ww Ww Kentucky_________-_...________ 6 85 6 96 --- --- Missouri_....-___..____________ 287 3,680 267 3,451 829 4,219 Nevada_____..__-_________._____ 120 760 149 1,261 91 583 New Mexico__________.._______ 1 6 WwW WwW (3) 2 Tennessee___.._....__-._______. 24 404 39 519 31 442 Washington_._______._...._____ a — —— --- 8) 1 Other States 2___.__..___. 28 262 21 200 148 2,545 eee 

Total_____-.-_--_-_-_ 2 8 824 9,402 830 9,796 852 10,192 
W Withheld to avoid disclosing individual company confidential data; included with “Other States. 1 Georgia included with South Carolina and Tennessee. 
2 Idaho (1956-64), Kentucky (1959-62), Montana, North Carolina (1961 only), New Mexico (1956-62), South Carolina (1968-65), Texas (1961-65), Utah (1959-62), and Washington (1957-62). 3 Less than 4 unit. 

*Commodity specialist, Division of Minerals. 

213



214 | MINERALS YEARBOOK, 1965: 

| CONSUMPTION AND USES 

Most of the barite consumption in the _ linckrodt Chemical Works, St. Louis, Mo.; 
| United States was used as a weighting mate- Ozark Smelting & Refining Co., Coffeyville, _ 

rial by the well-drilling industry, but an  Kan.; and Pittsburgh Plate Glass Co., 

appreciable quantity was also consumed in Chemical Division, Natrium, W. Va. | 
the manufacture of a number of barium Three firms bought various barium chem- 

| chemicals. ‘The following firms produced _ icals for processing into other barium chem- 
barium chemicals from barite, except where icals. ‘These firms were J. T. Baker 
indicated: Chemical Products Corp., Car- Chemical Co., Phillipsburg, N.J., Barium & 

| - tersville, Ga.; Chicago Copper & Chemical Chemicals Inc., Steubenville, Ohio, and In- 

Co., Blue Island, Ill.; witherite—Ethyl Cor- organic Chemicals Division, FMC Corp., 
poration, Baton Rouge, La.; Inorganic Carteret, N.J. 

i Division, FMC Corp., Modesto, ae . . . 

: Cal Fa ithevite and barite rhe Great Table 4.—Crude barite (domestic and im- ate Co. D Colo: Holland. Ported) used in the manufacture of ground 
Western Sugar Co., Denver, Colo.; Holland-  jarite and barium chemicals in the United - Suco Color Co., Huntington, W. Va.; Mal- States) ts 

. | . (Thousand short tons) , 
Table 3.—Ground and crushed barite pro- ©©§_———————_—______ 
duced and sold by: producers in the United In manufacture of— 
Se = States , Year _--_- Barium Total 

- (Thousand short tons and thousand dollars) ~ Ground chemicals ne barite 2 and oO 
| Produc- es _  lithopone a 

. _ tion oot Sales a 
Year Plants (quan- ———————______ 1956-60 . . . - ; nti (average)__. 1,325 | 172 1,498 | CY) Quantity Value ggi eo --- 77352 167 1/391 

1956-60 -- 1962____..... 1,043: 168 - 1,211 
_ (average)--. 33 1,258 1,237 $88,396  1968_........ 1,048 182 1,230 | 1961___..-... 35 1,101 1,086 . 25,182 1964-___-.... 1,103 © 174 1,277 1962____.._.. 35 1,012 1,023 - 24,285  1965._......_ 1,199 189 1,388 1963____..... 34 1,027 1,030 25,517 yO Tenadee dn oe LG 
1964__...-:.. 383. 1,079 1,077 26,948 ' Includes some witherite in the manufacture of ; 
1965._._.-... 81 1,169 1/169 29,444 barium chemicals. ae , —_ 2 Includes some crushed barite. __ 

Table 5.—Ground and. crushed barite sold by producers, by consuming industries | 
em 

Short — Percent Short Percent Short Percent 
tons of total tons of total tons of total _ Industry eee 

| —- 1956-60 | : 
. (average) 1961 1962 . 

Well drilling. _....-.--- 2-2 1,172,905 95 941,539 91 934 ,007 91 Glass._-_-__- 2222-2 . 19,465 2 . 80,718 3 39 ,017 4 Paint____-.-.. 22-2 17,348 1 16,128 2 19 , 786° 2 Rubber__-___-----.-2222 222 19 , 832 2 _ 24,007 2 26 ,235 3 _Undistributed__._.___..222 22 _ 7,196 -- 23,395 2 4,045 -- 

Total__...-.._....._._.__ 1,236,746 100° 1,035,782 100 1,023,090 100 
a / 

1963 1964 : 1965 
ee 

Well drilling._....-..----__-..___ 907,184 89 930 ,965 87 986, 889 © 84 Glass__..-.-.----22- 2-8 56,362 5 56 , 866 5 70,158 6 Paint_..-------2- 2-2 34,611 3 58 ,396 6 68, 827 6 Rubber__.__.-_________________ 28 ,479 3 26,675 2 29 ,992 38. Undistributed___.__.___________ 3,121 ~- 3,787 -- 12,718 1 
Ne 

_* Potal._-.- 2... 2. -.._-__ 1,029,707 100 1,076,689 100 1,168,584 100 a



| BARITE | | 215 

Table 6.—Barium chemicals produced and used or sold by producers in the 
United States 

(Short tons) 

Used ! by 
producers 2 Sold by producers 3 . Chemical and year | Plants Produced in other ©§=——_——_____________ 
barium ~ Short . _ chemicals tons Value 

Black ash: 4 
1956-60 (average)____..._______.___ 9 111,666 107 ,647 2,975 $263 , 641 . 1961___..- 2-2 8. 105,117 102,591 2,363 228 ,358 1962___-_- eee 10 107,418 105,114 3,393 365 ,904 1963___--- 2-2 8 112 ,9538 102 ,945 3,374 322 ,941 1964_____-__ 22. 9 114,421 110,676 3,605 344 ,295 . 1965_-__ 2 ee. 7 124 ,279 118 ,805 ~ 3,954 375,815 . Carbonate (synthetic): . - . 1956-60 (average)_______.__________ 6 74,295 29 ,541 44,407 4,596,503 1961_____-- 2 eee 7 78 , 665 28 , 599 - 47,401 5,119,826 1962-22 7 79 ,313 27 ,683 49 ,484 5,415,751 19638___---.2 2 7 78,411 25,688 © 52 ,026 5,685,281 1964_____ 222 7 81,018 - 28,088 53,897 6 ,021 , 728 1965___-_- 2 6 85,609. 28,734 57 ,264 6,206 ,303 Chloride (100 percent BaCl.): 

. 1956-60 (average)________..________ 3 7,729 26 7,614 1,221,818 1961____-_ 2-2 3 10,891 aa--ee 10,290 1,697 ,606 1962____--2 2, —. &5 10,888 © ____e_ 10,276. 1,703 ,123 1963___-.- 22-2 11,100 aa---e 11 ,299 1 , 842 ,105 1964_____ 2 5 11,425. ------ 11,590 1 ,926 ,885 1965____-_- 2 ee 3 11,214 a --- 10,975 1,892 ,909 Hydroxide: 
1956-60 (average)________._.______ 5 14,284 70 . 13,658 2,295 ,578 1961___-_ 2 ee 4 18,715 -----e 13 ,873 2,167 ,245 _ 1962__ 22 22 4 16 ,328 aan nee 16 ,925 2,745 ,135 1963___.- 22, 4 18,746 ------ .18,486 3,018,482 — 1964_____. 2 ee 5 23,384 WwW 23 313 3,688 ,060 1965___ ee, 5 ~ 30,211 WwW 30 ,459 4,662 ,887 Other barium chemicals: 5 . Oe 1956-60 (average)__.__...__________ -- 32 ,423 5,936 25 ,274 4,543 ,116 1961____-_2 2 _- 27,878 WwW 23 ,452 4,557 ,193 1962_____. 2 ee — 27 , 850 WwW 23 , 864 4,425,798 19638___... _ 26 ,555 WwW 23 , 462 4,967 ,844 1964____._ oe. a 28 ,365 WwW 24,598 5,120,953 1965___ 2. (6) 29 ,006 WwW 21,926 4,796 ,988 we Total: 7 . 

. 1956-60 (average)_____...________. -- aa aee wennee 93 ,928 12 ,920 ,656 1961____-_-_ 14 a ae-ee ~-o--e 97,379 13 , 770 ,228 1962____. ee. 15 oe one ne 1038 ,942 14,655,711 1968___ 22 14 a----- anu ue 108 ,597 15 , 836 ,653 1964____-2 14 ~oeee -ennne 117,003 17,101,021 1965___ 2 12 --.-2- ~aeuee 124,578 17,934,902 
W Withheld to avoid disclosing individual company confidential data. ! Includes purchased material. 

2 Of any barium chemical. 
’ Exclusive of purchased material and exclusive of sales by one producer to another. 4 Black-ash data include lithopone plants. 
5 Includes barium acetate, nitrate, oxide, peroxide, sulfate, and other compounds for which separate data may not be revealed. 

- 6 Barium acetate, 1 plant; nitrate, 3; oxide, 2; peroxide, 1; and sulfate (synthetic) 5. — 7A plant producing more than 1 product is counted only once in arriving at total.
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| - PRICES - 

The quoted prices of crude and ground ites and of most barium chemicals were un- 

chemical-grade and drilling-mud-grade bar- changed during the year. 

| - Table 7.—Price quotations for crude and ground barite in 1965 

(Per short ton) 

| Item | | : 1965 
Tao 

Chemical grade, f.o.b. shipping point, carlots: 

. - Hand picked, 95 percent BaSOz, 1 percent Fe__.________----------------------------- $18 .50 

Flotation or magnetic separation; 96-97.5 percent BaSOu, 0.3-0.7 percent Fe (add $3 for 

100-pound bags). --------------------=---
2------gqr rrr 19 to 23 .50 

. Water ground; 99.5 percent BaSOuz, 325 mesh, 50-pound bags_-_------------------------- 45 to 49 

. Drilling-mud grade, f.o.b. shipping point, carlots: 

. . 83-98 percent BaSOuz, 3-12 percent Fe specific gravity 4.20-4.30: 

. Crude, bulk_.....-_---------------------
------------ o-oo nnn rrr 12 to 16 

Some restricted sales_._.------------------
-------- nnn . 11.50 

Ground____-----.---------------- 2-2 nnn ne
 26.75 

-” Imported, 4.20-4.30 specific gravity, bulk, c.i.f. gulf ports_...-------------------------- 11 to 14 

Source: E&MJ Metal and Mineral Markets. | 

Table 8.—Price quotations for barium chemicals in 1965 | 

(Per short ton, except as noted) 

TO | Item | , 1965 

. Barium carbonate, precipitated, bags, earlots, works__.-.--.-----------------------------+-- $111.50 

Barium chlorate, drums, works-_ wee ee ne nen en nn nn nn nn nen nnn PT pound... .32 to .41 

Barium chloride, anhydrous, bags, carlots, works--..----------------------------7o- > 176 .00 

Barium dioxide (peroxide), drums, freight equalized. __--------------------------Per pound_- .30 

Barium hydrate, crystalline, bags, carlots, truckloads, delivered___..------------------------- 224 .00 

Barium monohydrate, 99 percent, bags, carlots, delivered_____.___-.----------per 100 pounds- - 12.00 

Barium nitrate, barrels, carlots, truckloads, delivered__--------------------------P@ pound__- .16 

Less carlots, less truckloads, delivered__....__---------------------------------d0--.-- 
17 

Barium oxide, ground, drums, carlots, truckloads, freight, delivered. -.--.-------------------- 288 .00 

Blanc fixe, direct process, bags, carlots, works-------------------------------7 770 tt 1$156-$175 

— 1 $160 until March 8; then $156-$160 until April 26; then $156-$175 to year end. 

Source: Oil, Paint and Drug Reporter. 

FOREIGN TRADE 

Lithopone exports decreased sharply in cent; Laredo, Tex., 33.53 percent; Sabine, 

1965 over those of 1964. Tex., 18.32 percent; Galveston, Tex., 12.83 

The average declared values per short percent; El Paso, Tex., 3.07 percent; and 

ton of imported crude barite at foreign San Diego and San Francisco, Calif., 0.13 

ports were as follows: Canada, $8.20; Mex- _ percent. 

ico, $6.12; Brazil, $7.26; Peru, $10.25; Ire- 

~ land, $7.56; Yugoslavia, $8.35; Greece, $9.52; Table 9.—U.S. exports of lithopone 

Turkey, $8.23; and Morocco, $9.80. Year Short tons Value 

The imported barite entered the United error Cee OA 

P ie . 1963_____.-.----------- 839 $135,874 

States through the following customs dis-  1964_._____....._------ 1,184 191.774 

tricts of entry, New Orleans, La., 32.12 per- 1965____--------------- 609 187,300



| BARITE 217 

Table 10.—U.S. imports for consumption of barite, by countries 

1964 1965 

: Type and source Short Short 
| _. tons Value | tons Value 

Crude barite: . . 
North America: 

Canada___.__._..__---__--_.. 141,845 $1 , 204,669 155 , 736 $1 ,276 ,966 
Mexico.__.________-____.__-_ 188,635 1,219,540 . 243 ,195 1,488,106 

South America: 
Brazil_-.....-.._.---_--_-_-_- _---- aoeee 11,128 80,766 
Peru___.-______------------. 117,987 1,137 ,265 - 104,012 1 ,066 ,598 

Europe: 
Greece__.__.________-_.--_-_- 24,512 186 ,031 11,769 112 ,014 
Treland.._....__.-.__.-_-_-.- 63 , 541 480 ,528 80 ,378 607 , 859 
Italy .......---------_-_--- 7,648 | 69 , 456 a _au-- 
Spain._____-_--___-_- 8,572 72,155 a _---- 
United Kingdom______.._-.___- _---- teeee 43 ,479 328 , 805 , 
Yugoslavia___._..._..__.-..... 14,080 110,117 8,727 72 ,852 

Africa: Moroeeo__...-_---..---.--. 383,179 315,772 48 ,160 472 ,140 
Asia: Turkey____________________ ~---- . a | 5,659 46 ,572 

. Total___.--.._._______-___.____ 599,949 4,795,533 712 ,243 5,552,678 

Ground barite: 
North America: 

Canada____.__.____-_.--_-.-_ ' 997 837 ,967 _-u-- _-s-- 
Mexico__________.-_.--_.---- _---- _ea-- 449 7,605 

_ Europe: Germany, West --_--_----_ 64 . $3,295 21 977 

Total___.........-..-.-.-------_ 1, 061 41,262 470 8,582 | 

Table 11.—U.S. imports for consumption of barium chemicals 

Short Short Short Short — 
tons Value tons Value tons Value tons Value 

Year Blanc fixe 
Lithopone (precipitated Barium Barium 

barium sulfate) chloride hydroxide 

1956-60 (average)......_...-.--. 81 $10,817 1,486 $114,063 1,385 $116,782 113 $19,829 
1961___ 2 74 8,848 1,378 122,174 1,019 93 ,105 11 1,880 
1962______-___ eee 98 12,538 1,724 152,267 1,150 107,214 11 1,680 
19638___.-----_-___-___-___._.. 159 21,360 1,602 157,382 1,152 103,890 a a 
1964_____.-_-..-.-..----_.-... 1172 *°*21,387 2,314 217,595 1,183 101,018 6 945 
1965______-. 2 i eee. )=6190 34,249 1,624 181,400 889 79 ,625 6 945 

Barium carbonate, Other barium 
. Barium nitrate precipitated compounds 

1956-60 (average)____.-_--.--_._ 684 $103 ,123 1,393 $98 ,331 93 $50 ,495 
1961___.. ee 807 128 ,120 1,190 86 ,123 160 111 ,427 
1962___ 2. Lee 807 125 ,253 1,501 112 , 406 126 95,931 
19638___-.--- ~~ ie.) = (948 145 ,341 838 58 ,302 107 78 ,286 
1964______ ee 601 90,176 1,040 71,367 96 47,733 
1965____-__ ee 568 83 , 834 826 53 ,452 291 165 , 429 

r Revised. 

Table 12.—U:S. imports for consumption of crude, unground, and crushed or 
ground witherite 

y Crude unground Crushed or ground 
ear —_——————— 

Short tons Value Short tons | Value 

1963____-.- eee... = 2, 690 $113 ,813 90 $5,956 
1964____-. eee... = 2, 407 97 ,546 25 1,708 
1965___- 2 eee. = 2, 570 112 ,244 25 1,752 

232-748 O-67—15
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| WORLD REVIEW 

| Ireland.—The demand for barite sharply produce about 100,000 tons of barite in 
increased because of the flurry of oil ex- 1965, at the property of Silvermines Lead 
ploration in northern Europe and in the and Zinc Co. Ltd. The 1965 target output 
North Sea. Dresser Industries, Inc., of the of byproduct barite for Irish Base Metals 
United States, was reportedly expecting to Ltd. (a firm controlled by Northgate Ex- 

, Table 13.—World production of barite, by countries ! : | 
(Short tons) 

Country © 1961 1962 ' 1963 1964 1965 p?2 

North America: 
Canada___.---_-------------- 191 ,404 226 ,600 173 , 503 ¥ 169,149 201 ,357 
Mexico...------------------- 274,153 350 , 684 283 , 246 359 ,372 406 ,405 

_ United States___-------.----- 731 ,381 886 ,964 803 , 106 816 , 706 845 ,656 

Total___..-_-.------------- 1,196,938 1,464,248 1,259 ,855 ° 1,345,227 1,453,418 

South America: 
. Argentina___-.-.------------- 31 ,476 13 ,819 725,350 15,107 e 15,000 

Brazil_-.---.---------------- 68 , 834 60 ,241 37,601 ¥ 36,968 | 70,601 
. Chile..-2.2-------------2---- 1,551 1,156 1,123 1,203 3,143 

Colombia-------------------- . 11,272 8,800 11,574 11,244 9,700 
Peru__---------------------- 122 ,538 126 ,271 ¥ 187,557 145 ,934 118,711 

Total_____---_------------- 235 ,671 210 ,287 r 213,205 210,456 212 ,155 

Europe: 
Austria (marketable). _--..---- 2,716 1,192 2,395 r 1,390 2,538 
France___..--.-------------- 95,007 92 ,570 82 ,078 r 92 ,397 e 93 ,000 

. Germany, West (marketable) - __ 518,951 512 ,231 466 ,419 487 ,884 e 490 ,000 
' Greece. ___------------------ 82 ,673 78,712 93 ,696 T4957 e 132 ,000 
Ireland__---.---------------- 4,659 22 10,192 | 68 ,629 e 93 ,000 
Italy_..--------------------- T1483 ,555 * 133 ,976 ¥114,229 r 93 ,408 156 ,412 
Poland__..------------------ 41,161 49 ,841 50 ,376 ® 50,376 e 53 ,000 
Portugal__._..--------------- 2,285 1,489 1,828 r 384 1,199 
Rumania-_-_-.--------------- NA NA NA NA 49 ,604 
Spain____--_----2----------- 37,449 42 ,923 54,312 r 65,183 e 65,000 
USS.R.e_.-_---------------- 165 ,000 200 ,000 220 ,000 220 ,000 240 ,000 
United Kingdom 3_______.._-- 91,677 84,754 61,066 r 68 ,343 67 ,241 
Yugoslavia__.-..------------- 114,872 114,379 115,176 t 112 ,072 e 112,000 

Total e!______...-.-_-----. 11,330,000 1,350,000 1,310,000 +*1,370,000 1,590,006 

Africa : | | . 
Algeria__-.-..--------------- 33 , 883 r 30,404 r 32,421 t 32 ,665 AT ,142 
Morocco__.------------------ 90,591 98 ,980 — 104,228 99 ,036 114,508 
Rhodesia, Southern ____------- -a--- ~-_-- 1,953 1,561 e 1,500 
South Africa, Republic of___.-~- 1,962 1,873 2,704 2,835 1,477 
Swaziland_____.-._.--.------- 454 68 93 17 541 
United Arab Republic (Egypt) .- 1,734 1,356 4,545 6,017 16 ,924 

Total__.....--------------- 128 , 624 ¥ 132,681 145,944 r 142,131 182 ,092 

Asia: 
Burma. _-_------.-.---------- 2,248 - 4,462 ----- ~---- e 2,200 
China, mainland e.____-_------ 90,000 — 90,000 100 ,000 110,000 110,000 
India___...------------------ 17,325 36 ,004 t 41,752 50 ,954 50,611 

|. Tran 4. e+ ------ 20 ,944 16,535 ¢ 16,500 e 16,500 e 16,500 
Japan - ~~ ~~ ---------2-2-2o =o 32 ,243 42,016 41 ,360 t 43,810 e 44,000 

orea: 

North ¢___-----_---------- 60 ,000 65 ,000 75,000 75,000 90 ,000 
South. __-__------------- T72 1,014 3,040 3,024 1,419 

Pakistan______....-.-.---_--- 489 3,264 . t 5,422 13 ,235 9,740 
Philippines__._.......-.-_..-- 2,109 459 1,008 1,627 e1,700 
Turkey.........------------- ----- 2,094 1,081 6 ,669 13 ,206 

Total e!_____--_ eee 226 ,000 261 ,000 r285,000 —§ *321,000 339 ,000 
Oceania: Australia__.....-.-.----- 21,523 14,038 9,206 °13,778 11,591 

World total e....--..----.-. 13,140,000 +*3,430,000 +*3,220,000 *3,400,000 3,790 ,000 

e Estimate. P Preliminary. r Revised. NA Not Available. 
1 Barite is produced in Bulgaria, Czechoslovakia and East Germany, but data on production are not avail- 

able. Estimates by author of chapter included in total, with the exception of Bulgaria. 
2 Compiled mostly from data available June 1966. 
3 Includes witherite. 
4 Year ended March 20 of year following that stated.
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ploration, Ltd., Canada) was reported at (Mineral & Chemical Paint Plant) of Istan- 
112,000 tons.2 bul was the country’s only producer of 

_— . barite in 1963. It produced about 1,000 
chee Southern the i. odge nen - tons of barite, near Alanya, for processing 

b amva, the Ol ote 196 i wecd ucer 0 to lithopone. <A _ private miner named 
en Re, Obl: ne So, h Afri ofa output Hamdi Bozbag reportedly exported about 

tb t vce ihdustry 3 outh Africa for use in 5 400 tons of barite in 1964 to the United 
the glass incustry. States for use in well drilling; thus Tur- 

Tunisia—The Hamman Zriba fluorspar key was for the first time a barite ex- 
mine, closed for more than 10 years, was Porter. ae Boag properties, near 
reopened. Annual production was expected Maras, and near a railroad and the port 

. of Iskenderun, could probably yield annu- 
to reach 35,000 tons of barite and 25,000 . 

| ally more than 50,000 tons of barite.5 
tons of fluorspar.4 

; | United Kingdom.—The new Cavendish 
Turkey.—Mineral Research and Explora- mill at Eyam, Derbyshire, was reported to 

tion Institute (MTA) tentatively estimated have a capacity of 100,000 tons of fluorspar, 

Turkey’s barite reserve at 3 million tons. 18,000 tons of barite, and: 3,850 tons of lead 
Madeni ve Kimyevi Boyalari Fabrikasi Ltd. annually.6 

TECHNOLOGY , 

A large map showing barite resources in of Benitoite. Am. Mineralogist, v. 50, September 
; : » Dp. — e residual, bedded, vein, and other types of 9 Gates, George L., and W. Hodge Caraway. 

deposits in conterminous United States to- Instrumental Techniques for Rapid Analysis of 
gether with references was published.’ California oi well Seales. BuMines Rept. Inv. 

The occurrence of pabstite, a new ron ABE: Casting | in a ‘Cocoon’ of Salt. 
: ° ° : °1: : . » No. 24, Dec. 9, 65, p. 99. barium-tin-titanium silicate mineral, at 1 United States Department of Commerce. 

Santa Cruz, Calif. was reported.s — Barium piitanate {Supplement to OTR 351). 
: : earinghouse for era cientific an ech- 

The Bureau of Mines did some work on —jical Information, SB-536, March 1964, 7 pp. 
microgrinding barite. Petroleum researchers B 2 Kirk, peaymond E., and Donald F. Othmer. 

: ® arlum—barlium ompounds. - in neyclo- , 

developed a rapid instrumental method for pedia of Chem. Tech., Intersicence Publishers, 
analyzing the composition of oil well scales New York, 24, ed., v. 8, 1964, PP. 7-98. 

* +? * : s / slam, onammad, Vv enzipu asan, 

containing principally barium sulfate.® Riaz Ali Shah, and Khurshid Naqui Zaidi (as- 
A new continuous rotary-drum method signed to pakistan ounce vi, Scientific and 

* ° ndustrial Research, Karachi, Pakistan). Me 
of p roducing coated steel strip from molten of Producing Artificial Marble from Barium 
materials was described, the coating mate- Sulfate and Aqueous, Alcali Silicate. U.S. Pat. 

e e ° ° ° ’ ’ ’ e . ’ . 

rial possibly being barium chloride.1 Baldauf, Gerard A., and Michael J. Elkind 
The price list of a select bibliography of {assigned i‘ Bell ‘Telephone Laboratories, Inc., 

. ew or e arlum x1de oisture er 

Government research reports on barium  prenaration. U.S. Pat. 3,214,881, Oct. 26, 1965. 
titanate was published.11 5 Embring, Paul Gunnar, and Per Ove Mattsson. 

° * ° ° tabiliz arium Sulfate X-Ray mpositions. A comprehensive brief digest on barium US. Pat. 8,216,900, Nov. 9, 1965. 

and barium compounds was published.12 Illyn, Alexis V- Gerald | G. Palmer, and Viadi- 
: : mir L. Popo (assign to nera ectric Patents were issued on numerous barium Corp., New York). Lead Barium Niobate Ce- 

compositions.13 ramic Composition. U.S. Pat. 3,222,283, Dec. 7, 
——_—_ 1965. 
2Mining Journal (London). A Boom for Malloy, Paul V., and Jose P. R. Cells (as- 

Barite. V. 265, No. 6776, July 2, 1965, p. 9. signed to Union Carbide Corp., New York). 
3 Bureau of Mines. Mineral Trade Notes. V. Silicon-Containing Barium-Aluminum Getter Ma- 

61, No. 2, August 1965, p. 11. terial. U.S. Pat. 3,193,508, July 6, 1965. 
4 Metal Bulletin (London). No, 5046, Nov. 9, Miller, Roscoe E., Indianapolis, Ind. Antifoam 

1965, p. 22. Barium Sulfate Suspensions. U.S. Pat. 3,201,317, 
5 Bureau of Mines. Mineral Trade Notes. V. Aug. 17, 1965. 

60, No. 5, May 1965, p. 8. Rogers, James D., and Carl W. Stuebe (as- 
6 Mining and Minerals Engineering (London). signed to The Lubrizol Corp., Wickliffe, Ohio). 

The Cavendish Mill. V. 1, No. 15, November Barium-Calcium Sulfonate Complexes and Lub- 
1965, pp. 579-586. ricating Compositions Containing Same. U.S. 

7 Brobst, Donald A. Barite in the United Pat. 3,172,855, Mar. 9, 1965. . 
States, Exclusive of Alaska and Hawaii. US. Ropp, Richard C. (assigned to Sylvania Elec- 
Geol. Survey, Mineral Investigations Resource tric Products Inc., Delaware). Tin Activated 
Map MR-43, 1965, 11 pp. Barium-Magnesium Pyrophosphate Phosphors. 

8 Gross, Eugene B. Pabstite, The Tin Analogue U.S. Pat. 3,198,742, Aug. 8. 1965.
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Bauxite | 

By Lloyd R. Williams * 

World production of bauxite reached a metal is discussed in the “Aluminum” 
new high, 37 million tons, 10 percent or chapter of this volume). 
more than in 1964. About 51 percent of Legislation and Government Programs. 
the world production was in the Western —No withdrawals were made from the 
Hemisphere. Jamaica was the leading pro- Government strategic or nonstrategic stock- | 
ducer, followed by Surinam and British piles. Jamaican, Surinam, and refractory 
Guiana. types of bauxite remained on the group I 

Production of bauxite in the United [list of strategic materials for the national 

States increased 3 percent and was equiva- stock ile. 
lent to 13 percent of the domestic supply ' uring the year, 512,000 long dry tons 

of new bauxite. A record 5.9 million short J amaican-type ore was acquired by 
tons of alumina and aluminum oxide prod- barter > bringing the total Gover nment in- 
ucts was produced from bauxite. Alumi- VeMtories to 8,859,000 tons of Jamaican- 

num production accounted for 84 percent ‘YPe Ore. | | 
of the bauxite consumed. (Aluminum 1 Commodity specialist, Division of Minerals. 

Table 1.—Salient bauxite statistics 
(Thousand long tons and thousand dollars) 

1956-60 1961 1962 1963 1964 1965 
(average) . 

United States: | 
Production, crude ore (dry equivalent)....._. 1,634 1,228 1,369 1,525 1,601 1 654 

.. Value.._...-.------.--.--------.--.--- $15,925 $13,937 $15,609 $17,234 $17,875 $18,632 
Imports for consumption.........-......-. 7,514 9,206 10,575 9,212 10,180 11 ,400 
Exports (as shipped)_._...........-------- 27 151 259 203 ® 279 147 
Consumption (dry equivalent)............. 7,984 8,621 10,577 11,318 12,546 13 ,534 

World: Production.......................... 21,932. 28,945 30,8385 30,260 33,230 36 ,530 

_® Revised. | 

Table 2.—U.S. defense materials inventories and objectives as of December 31, 1965 

Alumina Bauxite 
(short dry tons) (long ton s) 

Metal grade, dried 
Crude Abrasive _._ ss t—“‘(RCOCO#WRRWe@pfrracttr'yy 
fused grain grade, 

Jamaican Surinam calcined 
type type 

Objective..._......---..-----.--.--------- 160,000 -_.......... 5,000,000 5,300,000 173 ,000 

Government inventories: 
National (strategic) stockpile._......... 200,000 ........... 880,000 4,963,000 299 ,000 

' DPA inventories_........-..-------2 eee. 1,870,000 --__-- eee 
CCC and supplemental stockpile........ 178,000 51,000 6,609,000 2,927,000 __...._---- 

Total. ....-..-..-------.---------.. 378,000 51,000 8,859,000 7,890,000 299 ,000 

221
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- DOMESTIC PRODUCTION 

Output of crude bauxite in the United Consolidated Chemical Division of Stauf- 

States increased 3 percent, while shipments fer Chemical Co. started operation of an 

to consumers from mines and processing aluminum sulfate plant at Baton Rouge, 

_ plants increased 12 percent. | La. The output will add to the supply of 
Arkansas produced 96 percent of the sulfate for the increased demands of Loui- ~ 

total U.S. output. The two leading pro- S!4na and Mississippi Gulf Coast areas. 
ducers in Arkansas were Aluminum Com- Two other plants are under construction 
pany of America (Alcoa) and Reynolds Alabama: one at Neheola by Stauffer 
Metals Co., and each shipped crude ore and the other at Coosa Pines by American 

to its own alumina plant. Calcined baux- Cyanamid Co. oe | 
ite was produced by American Cyanamid The refractory division of H. K. Porter 
Co., Norton Co., and Stauffer Chemical Co. Inc. purchased 45 acres of land near 

Co. Activated bauxite was produced by Fulton, Mo., for a proposed alumina refrac- | 
Porocel Corp. and Stauffer Chemical Co. tomes plant. ‘Kaiser Aluminum & Chemical 

. : . Corp. announced plans to construct a re- 
Ween Waser Refractories 0. Nin, fractory specialty plant at Frostburg, Md., 

ison Mining U0., and ylson-one - using various raw materials—bauxite, alu- 
ng, cc operated pauxie mines in Barbour rnina, graphite, and others. Kaiser also 
and Henry Counties, Ala., and American announced plans to increase capacity of 
Cyanamid Co. mined in Bartow and Sum- 4p, Chalmette, La., plant to produce syn- 

ter Counties, Ga. Together they produced thetic cryolite required for the production ~ 
61,000 long dry tons of ore, a 56-percent of alumina. Cryolite in the natural state 
a narid gom ao wil American On is found only in Greenland. Kaiser’s alu- 

: anamid Go. and A. H. Yuison Mining “10. mina plants at Baton Rouge and Gra- | 
processed their crude ore and produced mercy ‘were severely damaged by a storm 
dried bauxite, and Harbison-Walker Re- byt were back in production within a few 
fractories Co. produced calcined bauxite. days. 

The Anaconda Company was consider- Several companies including Harbison- 
ing plans to build a plant in Georgia to Walker Refractories Co., Walsh Refrac- 
extract alumina from clay. If-constructed, tories Corp., and Kaiser announced pro- 
it would be the first commercial plant in duction of new higher grade alumina re- 
the United States to use clay for the pro- _fractory brick. . | 

| duction of alumina. At present Anaconda Reynolds Aluminum Co. started opera- 
purchases alumina from other producers tion of a low-soda alumina plant at Baux- 
for its reduction plant at Columbia Falls, ite, Ark., to increase production of alu- 
Mont. mina.
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Table 3.—Mine production of bauxite and shipments from mines and processing plants 
to consumers in the United States 

- (Thousand long tons and thousand dollars) 

Mine production Shipments from mines and processing 
. plants to consumers 

State and year a 

Crude Dry Value! As shipped Dry Value } 
equivalent equivalent 

Alabama and Georgia: 
1956-60 (average) _. _. 82 64 $608 63 60 $657 
1961___.------------ 60 49 475 40 43 498 
1962___...-.--..---- 120 99 1 ,003 50 53 609 
19638__..-.-.-----.-- 60 47 533 54 62 747 
1964____------------ 51 39 444, 57 57 - 809 
1965___..----------- 79 61 — 658 57 56 792 

Arkansas: 
1956-60 (average) - ._. 1,875 1,569 15,317 1,822 1,559 16 ,487 
1961___..----------- . 1,419 1,179 13 ,462 1,244 1,080 13 ,220 
1962__._.----.------ 1,523 1,270 14 ,606 1,715 1,481 17 ,585 
1963__-------------- © 1,771 1,478 16,701 1,725 1,483 17 ,543 
1964____------------ 1 ,864 1 ,562 17 ,431 1,773 1,531 17 ,859 
1965____---.-------- 1,911 1 ,593 17 ,974 2,008 1,729 — 20 ,293 

Total United States: 
1956-60 (average) - -__ 1 ,957 1 ,634 15,925 1,885 1,619 17 ,144 
1961__..---...-.---- 1,479 1 ,228 13 ,937 1 ,284 1,123 13,718 
1962__...-.-.-.-.---- 1 ,643 1 ,369 15,609 . 1,765 1,534 18,144 
1963....-.--.--.---- 1 ,831° 1,525 17 ,234 1,779 1,545 18 ,290 
1964__.._---.------- 1,915 — 1,601 17 ,875 1,830 1,588 18 ,668 
1965....-.-.-------- 1,990 1 ,654 18 ,632 2 ,065 1,785 21,085 

1 Computed from selling prices and values assigned by producers and estimates of the Bureau of Mines. 

Table 4.—Recovery of dried, calcined, and activated bauxite in the United States . 
(Long tons) 

Processed bauxite recovered 

‘Year Crude ore Total 
treated Calcined or 

Dried activated 
As Dry 

recovered equivalent 

1956-60 (average) ..--.------.-------- 192 ,714 93 ,431 38 ,782 132 ,213 152 ,402 
| 1961____..____---------------------- 153 ,321 30 ,202 55 ,242 85 ,444 124 ,992 

1962__..._._._..--..---------------- 172 ,262 37 ,776 57 ,232 95 ,008 141 ,969 
19638__.-..-_..-.---.---------------- 170 ,641 35 ,727 61 ,853 97 ,580 137 ,946 
1964_.____--..---------------------- 166 ,884 WwW Ww 93 ,235 128 ,347 
1965____.-..._-------.-------------- 193 ,076 WwW WwW 99 ,765 140,713 

W Withheld to avoid disclosing individual company confidential data. . 

CONSUMPTION AND USES | 

| Domestic consumption of bauxite in- shipped in 1964. The proportion of ore 
creased 8 percent. Foreign sources sup- containing 8 to 15 percent silica increased 
plied 87 percent of the total consumption. from 63 to 64 percent, and the proportion 
Jamaican-type ore (from Jamaica, Haiti, of the ore containing more than 15 percent 
and the Dominican Republic) comprised _ silica remained at 31 percent of the total. 

| 56 percent of the total consumption; Suri- The eight domestic alumina plants op- 
nam-type ore (from Surinam and British erated by the aluminum companies pro- 
Guiana) made up 31 percent. Domestic duced 5,771,000 short tons of calcined 
sources supplied the remainder. _ alumina and aluminum oxide products cal- 

Shipments of domestic ore (an index of | culated on the basis of calcined equivalent. 
the grade of ore consumed) containing This was 5 percent more than in 1964. 
less than 8 percent silica were 5 percent of The gross weight of the calcined alumina 
the total, a decrease from the 6 percent and aluminum oxide products was 5,864,-
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Table 5.—Bauxite consumed in the United States, by industries _ | 
(Long tons, dry equivalent) . . 

_ Year and industry Domestic Foreign Total 

. 1964: 
Alumina... ...---.-----------------------+-------- 1,576,145 10,193 ,109 11,769 ,254 
Abrasive !_________-___-.---..--.------------------- WwW 240 ,469 2 240 ,469 
Chemical.__..__--..--.-------.-------------------- 96 ,133 158 ,600 254 ,733 
Refractory ...............--.--.--.----------------- 31,174 187 ,909 219 ,083 
Other____._..--.._..-.---------------------------- 22 ,745 39 ,297 62 ,042 

Total !_____.-___----..-------------------------- 1,726 ,197 10 ,819 ,384 12 545,581 

1965: 
Alumina__._.._-_....-.----------------------------- 1 ,630 ,021 10,991 ,592 12 ,621 ,613 

' Abrasive !_____-__.___ eee ee W 266 ,115 2 266,115 
Chemical___._.._._._.--.-.---.-------------------- 97 ,791 162 ,769 260 ,560 
Refractory._.........._-------.-------------------- 29 ,562 268 ,410 297 ,972 
Other._____._----...------------------------------ 44 ,930 42 ,499 87 ,429 

Total !__......___..--.-------------------------- 1 ,802 ,304 11,731 ,385 13 ,533 ,689 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other.”’ 
1 Includes consumption by Canadian abrasives industry. 
2 Excludes domestic. - 

000 tons, of which 5,538,000 tons was 4.136 long dry tons of bauxite to 1 short 
calcined alumina and 248,000 tons was tri- ton of aluminum. 
hydrate alumina. The remainder was ac- Alcoa announced plans to operate two 
tivated, tabular alumina, or light hydrate. all-aluminum unit trains to transport alu- 
Shipments of alumina and aluminum oxide mina from Mobile, Ala., to its reduction 
products totaled 5,756,000 tons, of which plant at Massena, N.Y., on a weekly basis. 
94 percent, or 5,411,000 tons, went to the Each train will be comprised of 50 covered 
aluminum industry. The remaining 345,- hopper cars weighing 24 short tons empty 
000 tons was shipped as commercial tri- and capable of hauling 106 tons of alu- | 
hydrate, light hydrate, or as activated, mina. A total of 110 cars including 10 
calcined, or tabular alumina for use chiefly Cars in reserve for emergency use and nor- 
by the chemical, abrasive, ceramic, and re- | mal maintenance requirements are under 

fractory industries. construction by Transco Inc. of Chicago. 
| | A trend toward high compression ratios 

Table 6.—Bauxite consumed in the United 11 automobile and airplane motors expand- 
States in 1965, by grades ed the market for alumina as the ceramic 

(Long tons, dry equivalent) insulator in spark plugs, about a 13,000- | 
~—s ton maakt in 1965. Impurities in the 

Grade Domestic Foreign Total previously used materials caused insulating 

origin origin characteristics to break down under strain.? 
ee Hydrated silico aluminate and sodium 

rude. ~-777 1630 are 10. tee sis 308254 calcium silico aluminate may be used as a 
Caleined.-.-. 109,185 533 ,996 643,181 partial substitute for titanium dioxide in 
Activated __~- 17,524 __--___-__-- 17,524 Jotex paints. 

Total_. 1,802,304 11,731,385 13,533,689 Thermosprayed powdered alumina coat- 
TT RA Ing On inside walls of pipe-still eductors 

. . in gasoline refineries resulted in a sixfold 
Calcined alumina consumed at the 23 longer service life compared with a copper 

aluminum reduction plants in the United hlori . 
chloride treatment. The alumina is melt- 

States totaled 5,210,000 short tons, 7 per- | . . ed by an oxygen and acetylene gas mix- 
cent more than in 1964. An average of ture3 

2.187 long dry tons of bauxite was required 
to produce 1 short ton of alumina, and * Chemical Week. Alumina: In “Big Time” 
an average of 1.891 short tons of alumina on ats Own. V. 97, No. 24, Dec. 11, 1965, pp. 
was required to produce 1 short ton of * Electronic News. Metco Alumina Spray Pro- 
aluminum metal. The overall ratio was ones Eduetor Life. V. 84, No. 5, March 1965,
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Table 7.—Capacities of domestic alumina plants in operation and under construction 

. Capacity as of Dec. 31, 1965 
(short tons per year) 

Company and plant a 

Operating Plants under 
plants construction 

Aluminum Company of America: 
Mobile, Ala__.......- 2-2 eee eee 880,000 _._________-__-_- 
Bauxite, Ark... eee 440,000 _____._____ 
Point Comfort, Tex_..__._._._.___.____._...--..-_-____-------- 880,000 ____..__.. 

Total. ._.-.. eee 2,200,000 ___...-___ 8. 

Reynolds Metals Co.: 
Hurricane Creek, Ark___..__________.--_---.-_._-__-_-- eee 803 ,000 _.....________-- 
La Quinta, Tex__...._ 2 eee 876 ,C00 220 ,000 

Total_._- 2-2 eee 1,679 ,000 220 ,000 

Kaiser Aluminum & Chemical Corp.: 
Baton Rouge, La.._....._._..-- eee 940,000 __._..__.---.--- 
Gramercy, La_.......--.------------------------------------- | 610,000 _..._-.__.._..-- 

” Total. ___-.-_-- 2 eee eee eee 1,550,000 _......-_------- 
Ormet Corp.: Burnside, La_____.._________- 2-2 eee 479 ,000 33 ,000 
Harvey Aluminum, Ince.: St. Croix, Virgin Islands ......_...._._._.--.-.-.---_------_-_---. 220 ,000 

Grand total___.__.-..-------------------------------------- 5,908,000 — 473 ,000 

Table 8.—Production and shipments of selected aluminum salts in the United States 
| | in 1964 a 

. Total shipments including 
Number of interplant transfers 

Type of salt plants Production 
producing (short tons) 

Short tons Value 
| (thousands) 

Aluminum sulfate: 
- Commercial (17 percent AleO3)_-_....-._-.-.---- 57 ~=1,018,801 98 ,965 $36 ,281 

Municipal (17 percent Al,O3)..-.......__.--._- 5 $3,551 _.....- 2-222 aie 
Iron-free (17 percent AleO3)--.-.......----.---- 14 55 ,877 36 ,568 2,142 

Aluminum chloride: 
Liquid (32° Bé)_._.......-...-.-.-.-.-------- 10 28 ,943 13,811 1,102 
Crystal (82° Bé)___-._..- 22-2 eee 
Anhydrous (100 percent AlCls)......-.-.--_---- 8 29 ,890 30 ,167 6 ,950 

Aluminum flouride, technical__.-..._-....-----.----_- 6 92 ,614 93 ,590 25,313 
Aluminum hydroxide, trihydrate (100 percent 

AleO3.3H2O) .___.-...- 2. eee 9 253 ,005 234 ,696 16 ,659 
Other inorganic aluminum compounds !. ___..._--.-- NA NA NA 16 ,985 

Total______-- 2 eee XxX xx xX 105 ,432 

NA Not available. XX Not applicable. 
1 Includes sodium aluminate, light aluminum hydroxide, eryolite, 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. 

STOCKS 

Bauxite stocks in the United States on processed bauxite increased 13 percent and 
December 31, 1965, were 87,000 long dry those at mines and processing plants de- 
tons more than at yearend 1964. By dry creased 14 percent. 
weight, consumers’ inventories of crude and
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Table 9.—Stocks of bauxite in the United States 1 | 
. (Long tons) 

Producers and processors Consumers 
Year oe 

| _ Grude Processed ? Crude Processed 2? 

— 1961___--------------------------------- =: 1, 806,419 9,466 621 ,729 1,897 ,635 
1962__.___..-....-----..------------+----- 1,121,705 9,960 ' §42 ,539 1,920 ,051 
1963_.._..---.-.-.-------.-.-.---------- 1,143 ,893 8 ,967 499 ,526 1 ,696 ,700 
1964______._-_-------.-.---------------- 1,163 ,770 10 ,264 tT 402 ,394 F 1,399 ,509 
1965__.__..---.-.-.---.----.-----1------- 1,007 ,020 8 ,689 419 ,525 1,609 ,104 

r Revised. 
1 Excludes strategic stockpile. 
2 Dried, calcined, and activated. - 

PRICES 

| No open market price was in effect for was $16.84 per long ton, dry equivalent, 
bauxite mined in the United States, be- for imported ore. . 
cause the output was consumed mainly by Prices per long ton quoted in E&MJ 
the producing companies. | Metal and Mineral Markets for imported 

The average value of bauxite shipped bauxite at yearend in 1964 and 1965 fol- 
and delivered to domestic alumina plants low: : | 

| | | Atlantic ports, f.o.b. cars 
| Dec. 28, 1964 ~ Nov. 15, 1965 

Calcined, crushed (abrasive grade) 1__-_____--. 2 $27.05—$28.80  $27.05—$28.80 
Refractory grade? _______-----_--__-________- 36.25 36.25 
Dried bauxite, crushed chemical grade (60 per- : : 

cent AlsOs, 6 percent silica, 1.25 percent iron) - 13.95 13.95 
187 percent minimum Ale2Qs3, 

. 2 Penalties for Si content more than 7 percent. 
388 percent minimum Al20s. | 

The average value of calcined alumina, Table 11.—Average value of U.S. exports — 
as determined from producer reports, was _ and imports of bauxite | 

. $0.0317 per pound. The value of import- (Per long ton) 
ed calcined alumina classified as aluminum OOOO OOO 

oxide for use in producing aluminum was _ Average value port 
0.0299 d of shipment 

$0. per pouna. Type and country ee 

. 1964 1965 
Table 10.—Average value of domestic 

bauxite in the United States + Exports: Bauxite and baux- 
(Per long ton) ite concentrate._._....--. * $79.66 $73.12 

Imports: 
Crude and dried: 

Shipments f.o.b. British Guiana_ - - _- 8.89 10.15 
mines or plants Dominican 

Type Republic !____... 14.36 9.87 
Greece___...------ 10.87 14,28 

1964 1965 Haiti !__--_.--_---- 14.25 9.40 
Crude (undried)_.__.----.-- $9.55 $9.52 Jamaica !________-- 14.05 12.35 
Dried___...-....------_-.-- WwW WwW Surinam _____---.-- 9.80 9.46 
Calcined.___..__----.------ 19.54 19.90 _ 
Activated__..._..__.--.----. WwW WwW Average__..__--- 12.65 11.26 

Calcined: ? 
British Guiana- - - _- 25.04 26.22 

W Withheld to avoid disclosing individual com- Canada__._____---- 33.44 31.55 
pany confidential data. Surinam ___...----- 21.13 23.94 

1 Calculated from reports to the Bureau of Mines United Kingdom. .--_- 26.75 _...------ 
by bauxite producers. ————— 

Average_._-----. 24.28 25.78 

t Revised. 
1Dry equivalent tons adjusted by Bureau of 

Mines used in computation. 
2 For refractory use. 
Note: Bauxite is not subject to an ad valorem 

rate of duty and the average values reported may be 
arbitrary for accountancy between allied firms, etc. 
Consequently the data do not necessarily. reflect 
market values in the country of origin.
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Table 12.-Market quotations on alumina and aluminum compounds | 

Compound Dec. 28, 1964 Dec. 27, 1965 
. i 

Alumina, calcined, bags, carlots, works....._...._.........--------pound_- $0.0530 - $0.0530 
Aluminum hydrate, héavy, bags, carlots, freight equalized______....-do__-_- .0370 .0370 
Aluminum sulfate, commercial, ground, bulk, carlots,- works, freight 
equalized_____..-.--_.-----------.-----------.----------------ton.. 44.00 48.25 

Aluminum sulfate, iron-free, bags, carlots, works, freight equalized . 
100 pounds... 3.80 3.80 

Source: Oil, Paint and Drug Reporter. 

FOREIGN TRADE 

Exports.—Exports of bauxite and bauxite About 5,366 tons of aluminum hydroxide | 
concentrate were about half of the 1964 was exported to 47 countries; Mexico, Can- | 
amount. Canada received 58 percent; ada, and West Germany received 38 per- 
Mexico 26 percent; Australia 11 percent; cent, 13 percent and 11 percent, respec- 
and France 1 percent. tively. Approximately 17,254 tons of arti- , 

ficial corundum was exported; Canada re- 
Approximately 54 percent of the 15,641 ceived 38 percent, the United Kingdom 

tons of aluminum sulfate exported was 14 percent, and Sweden and India each 11 
shipped to Venezuela; 35 percent was percent. The remainder was shipped to 28° 
shipped to Canada, Mexico, and Guate- other countries. Of the 13,425 tons of 
mala; and 9 percent was shipped to. the other aluminum compounds exported to 54 
Philippines, Paraguay, Colombia, and Viet- countries, 29 percent was shipped to Aus- 
Nam. Of the 317,800 tons of aluminum tralia; 14 percent to India; 13 percent to 
oxide exported, Norway received 57 per- Brazil; 9 percent to Canada; 8 percent to 
cent and Canada 36 percent. Small quan- Surinam, and 5 percent each to Norway, 
tities were shipped to 47 other countries. Taiwan, and Japan. 

Table 13.—U.S. exports of bauxite (including bauxite concentrates), by countries 
(Long tons) . 

Destination | 1956-60 1961 1962 1963 1964 1965 
_ (average) 

North America: | 
Canada__-_:-.-.---------------- 23,959 108,104 160,811 121,044 +*191,294 84 ,689 
Mexico_____--.....-..----.-.---- 1,414 562 826 20 ,245 30 ,863 38 ,643 
Other____------ 22 - ee 196 109 239 79 353 67 

Total..._..-.-----.--.-..-..-. 25,569 108,775 161,876 141,368 222,510 123 ,399 
South America____._._..-...-__--__-- 135 559 655 455 327 547 — 
Europe.._..__..-..--....------------ 608 39 ,859 62 ,721 24 ,362 16 ,935 7 ,233 
Africa_.........---- 2-2-2 eee 38 10 51 33 207 1 
Asia___. 2222-2 eee 549 1,327 22 ,861 4,059 2,104 50 
Oceania______-..-.-.---__--_-------- 1 153 10,397: 32,919 36 ,729 15,600 

Grand total as reported__..----.-. 26,900 150,683 258,561 203,196 * 278,812 146 ,830 
Dried bauxite equivalent........-. 41,696 233,559 400,770 314,954 * 432,159 227 , 587 
Value._....--.-------thousands.. $2,212 $12,189 $19,874 $15,696 $22,211 $10 ,736 

F Revised. 

Imports.—Imports of bauxite including The Dominican Republic and Haiti ac- 
ores acquired by the U.S. Government to- counted for most of the remaining imports. 
taled 12 percent more than in 1964. Of By dry weight, 44 percent of the imports 
this, 58 percent came from Jamaica reach- entered through the New Orleans, La., 
ing a new high with a 14-percent increase. customs district; 34 percent through the 
Imports of bauxite originating in British Galveston, Tex., district; 21 percent 
Guiana and Surinam increased 4 percent through the Mobile, Ala., district; and 1 
and constituted 30 percent of total imports. percent through other districts.
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| Table 14.—U.S. imports for consumption of bauxite (crude and dried) by country + 
(Thousand long tons and thousand dollars) 

Country 1956-60 1961 1962 1963 1964 1965 
(average) 

re 

British Guiana__._....--.------------ 274 319 © 560 335 253 87 
Dominican Republic. _...--.--_------- 203 722 719 729 640 976 
Haiti_-......----.------.------------ 257 289 437 328 396 330 
Jamaica.._..------------------------ 3,908 4,933 5 ,986 5 ,239 5,792 6 ,602 
Surinam___...._...----------.------- 2 ,865 2 ,885 2,856 2 ,487 3,027 2 ,962 
Trinidad ?_...._.__-.-------------------------- 27 2 73 43 407 
Other countries. ____...-------------- 7 31 15 21 29 36 

Total: Quantity______._------- 7,514 9,206 10,575 9,212 10,180 11,400 . 
Value__......__-_--.-.-- $65,405 $88 ,814 $212,880 $114,546 $128,787 $142,989 

1 Official Bureau of Census import data for Jamaican, Haitian, and Dominican Republic bauxite have been 
converted to dry equivalent by deducting 13.6 percent free moisture for Jamaican; 14.6 percent for Haitian 
bauxite in 1957 and 13.6 percent in 1958 and subsequent years; and 17.7 percent for Dominican Republic. 

' Otherimports, which are virtually all dried, are on an as-shipped basis. . 
2 Bauxite imports from Trinidad originated in British Guiana and Surinam. Bauxite is not produced in 

Trinidad. 

Imports of aluminum oxides and com- lands, and Japan. 
pounds classified as aluminum hydroxides Tariff.—The duties on crude bauxite, 
and oxides (alumina) totaled 24,302 tons, calcined bauxite, and alumina imported for 
of which 39 percent came from Jamaica, making aluminum continued to be suspend- 
31 percent from British Guiana, and 26 ed until July 15, 1966. Duties on alumi- 
percent from Canada. The remainder num hydroxide and alumina not used for 
came chiefly from Australia, West Ger- aluminum production were 0.25 cent per 
many, United Kingdom, France, Nether- pound. , 

WORLD REVIEW | 

World bauxite production increased 10 subsidiary of Alcoa of Australia Pty. Ltd., 
percent. Jamaica, the principal producer, signed an agreement with Amax to supply 
with an increase of 9 percent accounted Intalco with Australian alumina. 

| fore percent a the total. A barter agreement was signed in Buda- 
a Port of Tacoma, Wash. planned to pest by Guinea and Hungary; the former _ 

inst a and operate juntoa ing facilities to will receive manufactured products in ex- 
handle Australian alumina for Kaiser Alu- change for agricultural commodities and 
minum & Chemical Corp., aluminum plants inerals including bauxite and alumina. 
at Tacoma and Mead, and for Intalco . . . 
Aluminum Corp., a new reduction plant Worldwide the ratio of bauxite to alu- 

2 . : . 
at Bellingham, Wash minum production has declined as follows: ; ; 

Intalco is a joint venture of American 1956-60 (average) ~-___.__-_-. 5.7 
_ Metal Climax Inc. (Amax), which owns 1961_____---_____-___-_----.. 6.3 

50 percent, and Howmet Corp. and Péch- 1962_______________---_----- 6.2 
iney, Compagnie de Produits Chimiques 1963_.--___________ 586 
et Electrométallurgiques, which owns 25 1964_________-___ 8S 
percent each. Western Aluminum N.L., a 1965_____________-___------.. 5.5
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Table 15.—World production of bauxite by countries 
(Thousand long tons) 

Country 1961 1962 1963 1964 1965 p } 

North America (dried equivalent of crude ore): . 
Dominican Republic_.._......-.....-------- t 737 t 665 761 ® 807 927 
Haiti_-.----- 2 eee eee 263 370 327 373 320 
Jamaica_.....____- eee 6 ,663 7,495 6 ,903 27,811 38,514 
United States.._._....__..-- 2-2 2 eee ee 1 ,228 1,369 1,525 1,601 1,654 

South America: 
Brazil__.-..------------------------------- 110 188 167 r 130 190 
British Guiana._.....-..-..-.--- 22 eee 2 ,374 ® 3,036 2 ,342 2,468 2 ,638 
Surinam_._._..--.--.--.----------.--.-..-. *3,398 3,245 3,384 r 3,930 4,291 

Europe: 
Austria_.-... 22-22-2222 18 17 18 4 Li 1u--e 
France_._._.------..--.--------_-.-------- 2,190 2,160 1 ,997 r 2,394 | 2,610 
Greece____..--.--------------------------- 1,100 r ] 267 1,261 e 1,280 e 1,080 
Hungary ..__.-.-.--.--.------2---- 2 eee 1,344 1,450 1,340 1,465 1,455 
Italy... 2 eee ” 322 F 305 r 264 - 232 241 
Rumania.___.__...-_-__.------- 2 eee 68 30 10 r7 e 30 
U.S.S.R.¢ 3.2 eee ee 4,000 4,200 4,300 4 ,300 4,700 
Yugoslavia... .__._---- eee 1,213 1,311 1 ,265 1 ,273 1,549 

Africa: 
Ghana. _.___.-.-_..----------- 2 - -------- r 201 t 239 r 309 t 246 314 
Guinea, Republic of ........-.-.--- 22-2 Lee 1,739 tr] 445 1 ,638 | 1 ,652 1,840 
Rhodesia (formerly Southern) _..._.._.....--.---.------ 1 2 2 e2 | 
Sierra Leone_.____._..__.-_----__-------_------------------- eee er 30 r151 204 

Asia: 
China (diasporic) ¢.-....._.-__..-.--------- 400 400 400 400 400 
India. -.-__.-._-._-.--.-------- 1 eee 468 568 r 560 582 695 
Indonesia.__.......-....- 22 eee 413 454 485 r 638 e 690 
Malaysia: 

Malaya.____..-__-_.-------_----_----- 410 349 444 464 843 
Sarawak_._____._-__-.--_.- 2 2-2-2 eee 253 225 155 r 158 158 

Turkey... ee eee eee eee eee ee 4 10 
Oceania: Australia_..__...____--_.-_-_-_-_-_-_-- 16 | 30 354 r 841 1,158 

World totale_.___._-__._...-.._-_--.-._.. '28,945 *30,835 *30,260 * 33,230 36 ,530 

e Estimate. P Preliminary. t Revised. 
1 Compiled mostly from data available June 1966. 
2 Bone dry equivalent of bauxite shipments and bauxite converted into alumina. 
$’ Excludes nepheline concentrates and alunite ores.



Table 16.—Production and trade of bauxite in 1964, by major countries 
(Thousand long tons) 

nN: 

Exports by country of destination Oo 

Country Produc- North America Europe - 
tion me téA Sita ~—s A other 

Total (Japan) countries 
Canada United France Germany, Italy Spain U.S.8.R.! United Other 

States West Kingdom Europe 

North America: 
Dominican Republic____.______. r 807 909 ________- 909 ___._ Lee eee eee Haiti__________-___- 2 ee 373 2396 _________ 2396 __..--_--------------- eee eee eee Jamaica.....__....__..-.._-..-. %7,811 5,967 __..___.. 5,967 wn ee eee ene. . United States___.__.._.._...... 1,601 293 206 ___.____- 9 (4) 1 § _-. Le 2 (4) (4) 70 South America: 
Brazil_...22.-- 222 ee r 130 3 -----_-- +e ee 3 British Guiana_._._____...___.._ 2,468 1,319 582 472 36 87 | 29 56 ________. 65 17 | 5 67 8 Z Surinam_._.....___...-_.-.__-. *3,9380 3,921 595 3,318 ____- 2 eee 56 oe ene Looe lee 2 a Europe: oo, td Austria.........-------- 4 2. - eee 2 owe eee eee eee mW France.__..._-.....-_-.-..-_.-. "2,394 196 ___-__ 22 eee 134 4 | re 1 4 e Germany, West._.__-._._.-_.-- 4 1 _.ee eee (4) wee ee ee ee ee eee LLL e wee wn Greece_.__.___...._--_.-------. ° 1,280 1,046 ___-__._- 29 105 5366 ...-..__- 5 36 429 45 25 .2.-.-.-- 11 Hungary_........-.--------.-. 1,465 749 oo lee 574 owe eee 8 675 Lee s Italy_.....-.--.--------------. 232 2 n-ne ee ee eee eee eee eee ee 2 Rumania._..__.-....-------1-- OT own ne en nn ne eee fy Spain_._...._-2-- 2 eee ee BO nnn nnn nn ee EET w USS Roo T ITIL e e 4,300 NA ~~~ 2222-22222 no-one nen ng panne nee ene rege eeeeeegenesnesseetesle!| Yugoslavia...___.._...-.__..-. 1,273 1,063 __.-_ 2-2 eee 667 259 _._____. 130 4 5 A Africa: . 
Ghana__________-___-_________- r 246 264 _._-___ Lee 19 _L2 ee eee 227 18 _L owe ee _ Guinea, Republic of.____....... 1,652 164 5 $2 ~__-. eee $112 _o ee © Mozambique__--__..-_--.------ 6 7 ~-------------- 2-2 ee ee nn nn eee 7 8 Rhodesia, Southern____.______-- r2 ove - e223 ----- 2-7 + - ee ee ee eee eee Sierra Leone___________._____-- r 151 127 _..2 eee 56 50 _.___ ee Il woe lee 10 __o eee eee Asia: 

. China (diasporic)___._._...____- e 400 NA -.--.------- 22 n  n e 
India___.________..--- ee 582 198 ____-_-- ~~ eee 26 30 ___..__- 5 1 (4) 131 5 Indonesia____.___.._._--___--__- ¥ 638 § 657 -_.-.-.- 2-2 eee §§2 _-2 2 eee eee § 605 ..__-___- Malaysia: 

Malaya..___..___..__._--.- 464 548 ...-- ee eee eee eee 499 49 Sarawak. _._._.-_-2.2_-_-_-__-- r 158 166 _._.--_-.-- 2-2 - eee 121 45 Turkey. -__..-.-------- eee 4 wore enone oon ee ee ee ee ee ee ee eee eee eee eee . Oceania: Australia___..____________. r 841] 406 _._..-._-- -_ -___e “4 155 _-_ eee ee 239 11 
AL A a 

World total._....._...._.....1*33,230 18,404 1,485 11,091 170 1,569 373 53 1 ,362 397 75 1 ,662 217 
Eee 

¢ Estimate. NA Not available. tT Revised. 
1U.S.8.R. and other Communist nations of East Europe. 
2U.S. imports. 
3 Bone dry equivalent of bauxite shipments and bauxite converted into alumina. 
4 Less than &% unit. . 
5 Imports. 
6 Excludes nepheline concentrates and alunite ore. —
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| NORTH AMERICA : from waste material was installed by 
. . Demba. Canada.— Allied Chemical Canada Ltd., ; 

announced plans to double the capacity of Reynolds an ve. Nee eons Gan 
its plant at Port Arthur to produce liquid 48reement with the british Gui 
aluminum sulfate. The company has six ¢@ment to produce 600,000 tons per year 
aluminum sulfate facilities either in opera- of bauxite from its three mines at Wong, 
tion or under construction in Canada, Mombaka, and Bissaruni. The agreement Aluminum Company of Canada Lid, Providing for dredging of the Berbice River | 
(Alcan) announced plans to construct a and insured ample dol ves of pauxite. son - . lfate plant in the Ot- company announced plans to build a - 

supplement its plants at Arvida and Shaw-. S mame oF A30 000 he oa | 
inigan. The chemical is used for water "2M amounted to 4,90U, S tons, . percent more than in 1964. Surinam purification and for the manufacture of : ov pulp used in the paper industry. Aluminum Wan rance) furnished 63 per- 

a ) ° cent of tota J exports, . 
Jamaica. As th e world’s major producer Suralco started operation of two units of bauxite, Jamaica accounted for 23 per- (400,000 tons) of its alumina plant at 

. : 6 aoer . . . cent of the world total. Exports of 6 Paramaribo designed for four units with a 
million long tons, or 78 percent, went to total capacity of 800,000 tons when com- | the United States. Alcan Jamaica Ltd. — ? ” 
consumed the remainder and produced P leted. _The first shipment of 14,000 tons : 828,000 short tons of alumina, about the of alumina to e.g muted States was made 
same as in 1964. in september . 

Reynolds Jamaica Mines Ltd. announced : EUROPE 
plans to double shipments of bauxite by in- Germany, West._I ts of bauxite 
stalling new facilities including mining, q rermany, t AU vet *T 065. ted 
storage, handling, and a 6.5-mile conveyor uring J anuary to Augus » amountet . to about 1 million long tons. Of this system from the drying plant at Lydford to . . . . . vs Yugoslavia supplied 41 percent, Greece 23 the loading pier at Ocho Rios alongside ra 
the two existing cableways. | percent, Australia L ey ae France 9 oe t, an lerra Leone / percent. Virgin Islands.—The 220,000-ton capac- | Percent, , Pee 
ity alumina plant under construction by ae ppough Pe chine y Com 
Harvey Aluminum, Inc. is designed to P@Smle de Tocuits Ubimiques € ectro- 
handle both monohydrate and trihydrate ee aretaues contract with ine Greek . . | Government for construction of an alumi- bauxite ores. Plans include a 22,000- : . owe 
kilowatt steam-electric powerplant, a sub- 7U™ smelter in Greece included limiting . - tT as exports of bauxite to 0.98 million long stantial water distillation system, and a f baux; both parti qd 
70,000-gallon-per-minute cooling system tons of bauxite per year, Dota parties agree 
using titanium tubes to circulate sea water. that exports could be raised to 1.2 million 

SOUTH AMERICA Hungary.— Development of the Halemba 
Brazil.— Two new mines at Catas Altas II mine was started, to produce 600,000 

and Moro de Fraga produced bauxite tons of bauxite per year when fully op- 
for the Aluminio Minas Gerais S.A. alu-  erational. Expansion of the Ajkaalumina 
mina plant at Ouro Preto. Alcoa report- plant and modernization of the Almasfuzito 
edly had preliminary plans for a bauxite alumina plant was in progress. The Hun- 
alumina-aluminum complex in Minas Ge- garian Government agreed to supply the rais with an aluminum capacity of 25,000 State-owned Vereinigte Metallwerke of tons per year subject to participation of Ranshoven, Austria, with 22,000 tons of Brazilian interests. alumina per year with an option to supply British Guiana.—Production of bauxite an additional 3,000 tons annually. 
continued to increase. Demerara Bauxite Italy.—Mineraria Montevergine S.p.A., Co. Ltd. (Demba), shipped 881,000 long a subsidiary of Compagnie Belge de 1’Alu- tons of dried bauxite, a 65-percent increase minum (Cobeal), started development of a from 1964 production; 486,000 tons of cal- bauxite mine at Montevergine, Italy. cined bauxite, a 5-percent increase; and Norway.—A joint venture of Kaiser 275,000 tons of alumina, a 6-percent de- Aluminum & Chemical Corp., with a 40- crease. A plant to recover usable bauxite percent interest, and Norsk Spraengstof-
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industri, with a 60-percent interest, to build Indonesia.—The Government was com- 
an aluminum fluroide plant on the Oslo mitted to supply 1.8 million metric tons of 
Fiord was announced. Norsk would sup- bauxite over a 3-year period to Japan at 

| ply the sulfuric acid and Kaiser the alu- $5.60 per metric ton f.o.b. and 200,000 
mina trihydrate and fluorspar. tons to Taiwan. 
Rumania.—A 120,000-ton alumina plant Japan.—Nippon Light Metals Co. con- 

was under construction at Oradea on the cluded two contracts for Australian bauxite _ 
Hungarian border as part of a Rumanian _from the Weipa deposit. One contract was 
aluminum complex. Plans included re- with Commonwealth Aluminium Corp. Pty. 
covery of bauxite from deposits in Padurea Ltd. (Comalco), for 2.5 million tons over 
Craiuli mountains in northwest Rumania a 10-year period starting in 1967 and the 
and use of Rumanian aluminum fluoride other with Australian Bauxite Co. for 10 
and cryolite. million tons over a 35-year period starting 

U.S.S.R.— Bauxite deposits were discov- in 1977. Showa Denko K.K., financially 
ered in the Kzyl-Kum desert. A member connected with Comalco through the Hong- © 
of the Central Committee of the Com- Kong Bauxite Co., plans to import 2.5 
munist Party announced expected. com- million tons over a 10-year period start- 

pletion in 1965 of alumina plants at Kiro- ing in 1966 from the Comalco Weipa de- 
vabad and Zhdanov. posit. Showa Denko K.K. increased ca- 

: | _ pacity of the Yokohama plant to 200,000 
| AFRICA tons of alumina per year. | 

Camaroon.—Prospecting by the Govern- Turkey.— Several bauxite deposits in Tur- 
ment of Camaroon outlined two bauxite key were reassessed or proved. Bauxite re- 

deposits of 45 million and 100 million serves between Kenya and Antalias were 
tons each. | reassessed at 30 million metric tons. About 

: | Guinea, Republic of.—Halco Mining 10 million tons was discovered at Mortas; 
| Inc., a wholly owned subsidiary of Harvey 18 million tons at Dogan Kuso, 170,000 

| Aluminum Inc., received a U.S. Agency — tons at Marcukar; 40 million tons at Milas; 
for International Development (AID) ini- 10 million tons at Mugla; 3 million tons at 
tial risk guarantee protecting its $20 mil- Alanya; and 4 million tons at Bolkardag. 
lion investment in Compagnie des Bauxites OCEANIA 
de Guinée against inconvertibility, expro- 
priation, revolution, and __ insurrection. Australia——The Government of Aus- 

_ Bauxites de Guinée is a partnership of _ tralia accepted a tender resubmitted March 

Halco and the Republic of Guinea to ex- 11, 1965, by Nabalco Pty. Ltd., a con- 
clusively exploit the Boké bauxite deposit. sortium of Swiss Aluminium Ltd. and eight 
Negotiations with world bauxite users were Australian companies to develop the inner 
in progress to establish long-tefm purchas- bauxite lease at Gove, Northern Territory. 

| ing agreements for bauxite. The lease covers a deposit of 22 square 
Sierra Leone.—The Sierra Leone Ore & miles with an estimated reserve of 100 to 

Development Co., a subsidiary of Alumin- 200 million tons of bauxite reported to 
ium Industrie, A.G., increased the pro- contain 48 to 50 percent alumina mostly 
duction of its mine in the Mokanji hills. in the form of gibbsite. 

ASIA Previous tenders submitted December 
India.—Plans for an alumina plant at 1, 1964, had been rejected for revisions 

Korba'in Madhya Pradesch were changed and resubmittal. The requested revisions 
from a 120,000 to a 200,000-ton-per-year included Australian participation, plans for 
plant. — an aluminum reduction plant, and a prom- 

The Gujarat Mineral Development Corp. ise to respect the rights and interests of 
announced plans to mine the Kutch baux- the local aborigines. Only Nabalco and a 
ite deposit and erect an alumina plant at combine of Reynolds Metals Co. and 
Mandvi. Reserves in the Kutch deposit Broken Hill Pty. Co. Ltd. resubmitted 
were estimated at 6 million tons with an tenders. 
average alumina content of 55 to 60 per- It was announced that Nabalco would 
cent. start aerial mapping before the end of the 

Preliminary surveys indicate reserves of | year and also start a drilling program. 
about 2 million tons of bauxite in Jummu Costs for developing the deposit would be 
and Kashmir. determined within 2 years, followed by 4
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years for designing and construction. Pre- of discovery of brown coal below bauxite | 
liminary plans include ‘a port and mining _ beds raises a possibility for investigation of : 
facilities with a capacity of 1.25 million coal reserves to be considered as a possible | 
tons per year, a township for about 3,000 source of power. | 
people, and construction of a 300,000-ton- Péchiney, Compagnie de Produits Chi- 
per-year alumina plant by 1971 for a total miques et Electrométallurgiques holds the 
cost of about $112 million. Plans also in- peripheral leases at Gove subject to ac- 
clude an aluminum smelter when a con- ceptable firm commitments to the Govern- 
tinuous supply of low-cost electricity is ment on development plans by mid—1966. | 
available. Meanwhile the alumina will be American Metal Climax Inc. (Amax) 
shipped to the United States and Norway announced discoveries of bauxite deposits 
and possibly also to Iceland, Japan, and covering 2,558 square miles in the northern 
Southern Africa. part of Western Australia close to Secure 

Swiss Aluminium Ltd. owns 50 percent Bay and Walcott Inlet, sites described as 
of Nabalco, and Australian companies have _a source of tidal energy for electric-power 
agreed to provide the other 50 percent of the _ generation. | 
capital, subject to a return of at least 7.5 Alcoa of Australia, Pty. Ltd., reported 
percent on the investment after taxes. The that the detailed design for expansion of 
Australian companies with percent of in- its Kwinana alumina plant from 210,000 
vestment are Colonial Sugar Refining Co. to 410,000 tons per year was almost com- 
Ltd., 27.5 percent; Australian Mutual pleted. The increased production will be 
Provident Society, 5 percent; Mutual Life needed to meet export commitments. 
& Citizens Assurance Co. and Peko-Walls- Bauxite Exploration Pty. Ltd., reported 

| enc Investment Ltd. each 3.75 percent; discovery of bauxite deposits 43 miles east | 
and Bank of New South Wales, Commer- of Perth showing 52 percent alumina. 
cial Banking Co. of Sidney, Elder Smith The Gladstone alumina plant of Queens- | 
Goldsborough Mort Ltd. and Mount Mor- land Alumina Ltd. is scheduled for com- 
gan Ltd. each 2.5 percent. pletion of its first unit (675,000 short tons 

An Australian Government spokesman per year) early in 1965. The facility was 
stated that atomic power might well be designed for future expansion to 1,350,000 
the only possible source of electricity for tons and eventually to 2,025,000 tons per : 
an aluminum smelter near Gove. Reports year. : 

TECHNOLOGY 

Research continued in development of respectively, from the top on 1 to 1 slopes. 
processes and techniques for extraction of | A drainage ditch was to be placed at the 
alumina from low-grade and nonbauxite toe of the top cut. The spoilage slope was 
materials. planned with two intermediate 50-foot- 

Exploratory research on the composition, wide benches at intervals of 60 feet, Te- 
structure, and properties of aluminas was ‘°P ectively, from the bottom of the pit and 
stimulated by the surprising strength of re- 7 total height of 176 feet to the leveled 
fractory fibers and the demand for fused ‘°P: Slope ratios of 1/2 to 1 for the low- y 1 1 for the refractories. est slope interval and of 144 to 1 

middle and top slope intervals were planned. 
Because of the increasing depth of the Similar plans were developed for over- 

overburden at the Reynolds Mining Co. burden depths up to 200 feet with cuts 
open pit mine near Bauxite, Arkansas, the of 30, 90, and 80 feet in steps from the 
company planned to replace a 200-foot- top. 
boom, 13-cubic-yard-walking dragline with A sulfuric acid process for the produc- 
a 285-foot-boom, 25-cubic-yard dragline. tion of alumina from aluminum-bearing 
Plans were developed to strip 160 feet of | ore was patented whereby, after ferric iron 
overburden from a 20-foot-thick bauxite in the digestion liquor was reduced to the 
deposit and establish a stable highwall and _ ferrous state, reactive alumina was added 
spoil slope. A_ shaped highwall was = —~ 
planned with three cuts 140-feet-wide at *Rumfelt, Henry. Recent Developments in 
vertical intervals of 30, 80, and 50 feet, Sept eben ane " oe Tse J+ v. 51, No. 9, 

232-748 O-67— 16
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- precipitating basic aluminum sulfate for. Aluminous ores are a source of gallium 
calcining to produce alumina. which normally is recovered as a byproduct 

A nitric acid process for treating ferru- Of the Bayer Process. However, the per- 
ginous aluminum-bearing ores was patented centage of gallium m the Bayer liquor | 
whereby alumina was recovered by heating which has a high organic content 1s not 
the nitrate formed by leaching the ore with sufficient for recovery by electrolysis. In a 
nitric acid. The patent also included cal- solution containing less than 0.3 gram of 
cining the ore at 700° to 850° C before gallium per liter, the rate of deposition 
leaching to break the aluminum silicate at a solid cathode is less than the rate of 
bonding in the ore; it also included mag- Solution from the cathode. The Breteque 
netic removal of iron converted to the mag- ™ethod in France uses an agitated mercury 
netic form when calcined in a reducing Cathode. The rate of deposition exceeds 
atmosphere.® the rate of solution because of the reduced 

A patent was granted on a method to 2°tivity of the gallium in the amalgan. 

produce aluminum nitride refractory by Studies were made to correlate some of | 
heating a mixture of aluminum with 5 _ the properties of the aluminate ion in caus- 
to 20 percent finely divided carbon at tic solutions.12 The specific conductance 
1,000° to 1,500° C in an atmosphere of of sodium hydroxide and sodium aluminate 
excess nitrogen.? solutions, products of casutic leaching of 

A patent was granted for a refractory lime-soda sinters for the recovery of alu- 

batch to provide a dense spinel-bonded re- | ™4 from aluminum ores, is directly pro- 
fractory product consisting of a minor pro- PFtional to the temperature. The density 

| portion of essentially finely divided alu- and viscosity of sodium aluminate solutions 
mina, a major proportion of non-acid grain Were inversely proportional to the tempera- 

material compatible with a 5- to 20-percent ‘ure of the solution and directly propor- 
proportion of magnesium aluminate in- tional to the concentrations of sodium and 
cluding 1 to 5 percent titania, and a chemi- aluminate ions. Aluminate ions did not 
cal bonding agent.8 influence the temperature dependence of 

The lime soda sinter process i appli pH in caustic solutions containing sodium 
~ . ~ aluminate. 

: cable to the recovery of aluminum from i h for ; ce fib 
aluminum silicate, a major constituent of ona for n or I nebectos hore as a sub- 

- anorthosite. The recovered sinters contain, nate hick natural as “ee aluminum bo- 
in addition to sodium aluminate, extrane- 4° W . vol ont, on enc th vapor deposi- 
ous calcium-sodium-aluminum compounds "0°? eb molten- on methods. Whiskers 
which must be considered in devising opti- $S7O0W" Py vapor Ceposition were superior 
mum procedures for leaching a sinter. A With a maximum tensile strength of 174,- 
laboratory investigation showed about 99 BS ott ‘Thou Th Robert (assiened to C 

* . ° cout, omas ober assigne Oo VLommon- 
percent extraction of sodium and alumi- wealth Scientific and Industrial Research Or- 
num from synthesized 2NazO*3CaOe5Al.Oz ganization). Production of Alumina. U.S. Pat. 
° . : > > , ov. ’ ° in solutions of NaOH-—NazCOs at leaching ° Hyde, Richard W., and Stanley V. Margolin 
temperatures of 50° C and above.9 (assigned f° Arthur D. Little, Inc.). Process 

. $ or reating erruginous uminum-bearing In the lime process for recovery of galli- Ores, U.S. Pat. 3.211524, Jan, 29, 1964. 
um from the Bayer process liquor, CO2 is " Lapp, David T and Howard J. Bartlett (as- 

‘4s . signed to Norton Co.). ethod for Production 
used to precipitate a concentrate contain- of Aluminum Refractory Material. U.S. Pat. ing 0.3 to | percent gallium after the less 3,194,635, July 18, 1961, aM Lv 

. : : + a3 arikh, Kanalyala -, an erton L. Van soluble calcium aluminate is precipitated Dresser (assigned to Kaiser Aluminum & Chene 
from the causticized solution. The car- ical Corp). Refractory. U.S. Pat. 3,184,322, 

i ; tm ept. 7, 1961. 
bonization Process 18 similar except that ® Lundquist, R. V. Extraction of Aluminum COs is introduced in the beginning to- From 2Naze3CaQe5Al203 in Water and in Solu- 
gether with alumina trihydrate seed and pions Sey aon aN tO BuMines Rept. of 
slightly higher gallium to aluminum ratio 10 Hudson, L. K. Gallium as a By-Product of 
results before the final CO: is introduced.19 Alumina Manufacture. J. Metals, v. 17, No. 9, 

. . September 1965, pp. 948-951. 
The Refractories Institute announced 11 American Metal Market, Refractories Insti- 

i ; tute to Establish Research Center at Ohio State plans to establish a Refractories Industry University. V. 72, No 23, Feb, 3, 1968, po 6. 
Research and Testing Center at Columbus, 12 Lundquist, R. V. Specific Conductance, pH. 
Ohio, to conduct a full line of tests on Density and Viscosity of Sodium Aluminate So- 

a . . 11 lutions and Some Properties of the Aluminate 
heat-resistant brick and materials. Ion. BuMines Rept. of Inv. 6582, 1965, 11 pp.
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000 pounds per square inch and a melting __ the kiln-fired refractories generallly used in 
point between 1,675° and 1,795° C38 blast furnaces. 

A study of aluminum oxide whiskers Development of an inorganic foam sys- 
showed that whiskers grown by oxidizing tem made by treating colloidal alumina 
molten aluminum globules are of two with small amounts of organic acids or 
types: parallel-sided ribbons of perfect crys- __ their salts was announced by E. I. du Pont 
tals and solid or hollow bars of circular de Nemours & Co., Inc. The system is 
or hexagonal cross sections with a defect cationic and can be acidic, basic, or neu- 
in the crystal lattice.14 tral.17 

The application and results of composites §=——————— 
nf Pr ‘th fib “aclud P . 13 Johnson, Robert C., and John K. Alley. | 

remlorce with ers including alumina Synthesis_and Some Properties of Aluminum 
| whiskers were investigated and described.15 Borate 3 niskers. BuMines Rept. of Inv. 6575, 

Chemical and petrographic analyses and 14 Barber, D. J. Aluminum Oxide Whiskers 
; TES | - Studied by Electron Microscopy. Tech. News physical properties of three types of fused re Bull. v. 49, No. 3, March 1965. p. 49. 

fractories—Alpha alumina, alpha-beta alu- 15 Wagner, H. J. Review of Recent Develop- 
i 1 iq- ma — - ments Fiber-Reinfore aterials. efense Met- 

mina, ie d__zirconia-alumina were de als Inf. Center, Battelle Memorial Inst., Dec. 31, 
scribed. They are cast from electric-arc 1965, 6 pp. a 

; 16 Brown, Roy W. Fused Cast Refractories 
furnaces of temperatures ranging from For Blast Furnace Linings. Blast Furnace and 
3,200° to 4,100° F. slowly cooled, and Steel Plant, v. 8, No. 4, April 1965, pp, 811-814. 

liz . i 7 Chemica ngineering News. u Pont 
crystal } ed from a molten magma This Unveils Inorganic Foam System. V. 43, No. 21, 
greatly differentiates these materials from May 24, 1965, p. 31.





Berylli 

By Donald E. Eilertsen * | 

Domestic beryl output continued to be use was reversed. As a result of continu- 
negligible in 1965, but the downward ing research beryllium and beryllium alloys 
trend in worldwide beryl production and found wider use. 

Table 1.—Salient beryl statistics 
a 

1956-60 1961 1962 1963 1964: 1965 
(average) 

: . CO United States: Beryl, approximately 11 per- 
cent BeO unless otherwise stated: 

Domestic beryl shipped from 
mines._____.__..___________short tons... 400 317 218 1 Ww Ww Other domestic low-grade beryllium 
ore... -.---.________short tons__ (*) 805 760 750 a ---- Imports ~~... --________._ do. 8,248 8,516 8,552 6,243 5,425 7,791 Consumption —...____________.__do______ 6,503 9,392 7,758 7,984 4,435 5,845 Price, approximate, per unit BeO im- 
ported, cobbed beryl at port of .expor- 

| tation ___-...--_-__________-__-_ 880 $30 $31 $24 $23 $24. ' - World: Production_..__._________short tons_. 11,080 12,900 11,000 7,700 5,200 5,700 

W Withheld to avoid disclosing individual company confidential data. _ 1 Material first available in 1958; 1958, 42 short tons, 1959, 97 short tons, and 1960, 265 short tons. 

Legislation and Government Programs. approximately 75 tons of beryllium billets 
—Under the Agricultural Trade Develop- for stockpiling. | 
ment and Assistance Act of 1954, a total of Government yearend stocks of beryl, 
498 tons of beryl was added to the inven- _ beryllium metal, and beryllium copper are 
tory of Commodity Credit Corporation shown in table 2. | 
(CCC). CCC asked U.S. firms to submit 
bids on converting beryl from India to 1 Commodity specialist, Division of Minerals. 

Table 2.—Government yearend stocks of beryllium-bearing materials 
(Short tons) 

aa aT 

Defense Supple- Commodity 
Item National Production. mental Credit Total 

stockpile Act (DPA) stockpile Cory. (CCC) —— eee Eg ee 
Beryl: 

Stockpile grade, objective_______. 15,215 ---- ---- a 15,215 Stockpile grade, excess__._______ 6,519 2,086 3,369 498 12,472 Nonstockpile grade, excess______. a 456 ~--- ---- 456 eee 
Total... 21,734 2,542 3,369 498 1 28,143 EO 

Beryllium-copper master alloy : 
Objective_._..----- 1,075 ~--- 3,675 a 4,750 Excess... 2-2 a a 2,637 ---- 2,637 

eee 
Total... 1,075 a 6,312 Wane 7,387 

ae 
Beryllium metal: 

Objective.....----_-- a ---- 150 ~--- 150 Excess... a W-ae 3 ---— 3 eee 
Total... _--- ---- 153 ---- 153 

1 Tycem rat Trelaadee EET 1 Does not include 5,501 tons of stockpile grade beryl on order by CCC. 

237
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DOMESTIC PRODUCTION 

‘Hand-sorted beryl was produced in South Lithium Corporation of America, Inc., 
Dakota, Colorado, and Wyoming. The total announced that its subsidiary, Beryllium 
output was small. Data are company con- Metals & Chemicals Corp., Bessemer City, 
fidential. | N.C., encountered difficulties in the manu- 

The Beryllium Corp. of Reading and facture and quality control of beryllium, 
Hazleton, Pa., and The Brush Beryllium and that decisions were made to improve 
Co. of Elmore, Ohio, processed hand-sorted the electrorefining process and produce 
beryl into beryllium metal, alloys, and com- high-purity beryllium on a reduced basis. 
pounds. Outputs were mostly beryllium The Anaconda Company, Anaconda, 
and beryllium-copper master alloy, each Mont., continued research on electrolytic 
larger in 1965 than in 1964. Production beryllium and also on the extraction of 
data are company confidential. beryllium from Spor Mountain, Utah ore. 

CONSUMPTION AND USES 

Cobbed beryl consumption by the beryl- ance systems increased and some beryllium 
lium and ceramic industries totaled 5,845 powder went to the beryllium fuel develop- 
tons, most of which was processed to be- ment program. The use of beryllium in 
ryllium metal, alloys, and compounds. brakes to save weight in aircraft also in- 

Net sales of The Beryllium Corp. were creased : . 
sane : . eryllium-copper alloys continued to be 

$29.0 million, compared with $24.8 mil- h ‘ncipal blished f th 
lion in 1964. The Brush Beryllium Co. he principal established support of the 

sate : eryllium industry. The alloys, well-known 
net sales were $23.2 million, compared with f . . ; 

eae: or their outstanding high strength, and 
$22.4 million in 1964. hi : on 

igh thermal and electrical conductivity, 
Other consumers of cobbed beryl were had many different industrial applications 

Beryl Ores Co., Arvada, Colo., which pro- such as in electronic devices, business ma- 
duced specialized beryl materials for the chines, automobile and aircraft products, 

ceramic industry ; Lapp Insulator Co., Le- household appliances, and telephone sys- 
Roy, N.Y., which used ground beryl in tems. New free-machining beryllium-cop- 
making high-voltage electrical porcelain ; per rod which machines at rates compa- 
and the Ceramic Division, Champion Spark able to brasses and bronzes appeared on 
Plug Co., Detroit, Mich., which used beryl jhe market. _ 

as a minor constitutent in special ceramic Heat-treatable beryllium-nickel alloys 
compositions, principally spark plugs. were used in many applications requiring 

Beryllium continued to be used exten- high strength, toughness, and hardness. 
sively in research and development appli- The use of beryllium-nickel alloy in dies 
cations. Most of the uses that have been for the glass industry increased. 
developed for beryllium have been for spe- Beryllium was used also as an alloying 
cial purposes and these applications have constituent to improve the processing and 
not included continuous large-scale out- properties of light metals. 
puts. The use of beryllium in inertial guid- Beryllium oxide had uses in ceramics. 

STOCKS 

Consumers stocks of beryl at yearend totaled 7,136 tons. 

PRICES AND SPECIFICATIONS 

Prices for domestic and imported cobbed at $54 per pound in quantities of 20,000 
beryl were on a buyer and seller basis. pounds. Vacuum-cast beryllium ingot was 

The price of beryllium metal, 97-percent quoted at $67 to $71 per pound. In Janu- 
pure, beads, f.o.b. Reading, Pa., and Cleve- ary, beryllium-copper master alloy was 
land, Ohio, was quoted at $62 per pound in quoted f.o.b. Reading, Pa., Detroit, Mich., 
1,000 to 2,000-pound quantities. A blend and Elmore, Ohio, at $43 per pound of 
of beryllium powder, 200-grade, was quoted contained beryllium and at about 34 cents
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per pound of contained copper, but by $2.24 per pound. In January, beryllium | 
yearend the price was $46 per pound of aluminum was quoted at $65 per pound 
contained beryllium and 47 cents per of contained beryllium and at market 
pound of contained copper. In January, price for contained aluminum, but by year- 
beryllium-copper strip, rod, and wire were end the price of the contained beryllium 

- quoted at $2.04 per pound, but during the was $60 per pound.? 
year several increases in prices occurred — 77,4 

. A Metal Market. . 72, . 1-252, 
and by yearend the prices were quoted at January.December 1965. et. V. 72, Nos. 1-262 

| FOREIGN TRADE | | 
No data were available on exports of beryllium-copper alloy. 

Table 3.—U.S exports of beryllium, beryllium alloys wrought or unwrought and 
waste and scrap 1 

et eee ent pnp i TP OP NPD OLA AAAS 

1964 1965 
Country _— —__—— or 

Pounds Value Pounds Value 
a 
Austria_._.--.-.-.------------+---+-------- ._ 6,879 $22,126 2. $204 
Australia____..-..--.------~-+----.---.--- 1,759 5,774 2 900 
Brazil___......-..--.--..----------------- 18 640 ---- ---~ 
Canada.___-.-.---...-~--------+-+--------- 18,280 45,907 29,294 79,270 
Denmark.........--..---------~.---------- a-+- ---- 35 7,018 
France... --------- +--+ + e+ -- 95 16,722 3,187 104,148 
Germany, West___-._._-.--._.----------~-~--.- 68,638 . 210,687 44,776 . 157,424 
India___.--..-.-----.--.-----------~------ 233 12,808 ---- ---- 
Italy__..---.--.----------------.--------. 2,241 7,236 — 241 7,604 
Ivory Coast....-.-----.--+---~------------ 444 766 ---- ---- 
Japan_._..--~.--.----~+------~---~------- 3,210 101,376 1,164 33,217 
Mexico.._____..----------------~---~----~+--. 2,810 2,042 220 820 
Netherlands___--_-------.--..------------. 222: 1,284 5 1,493 

Norway-_-_--------------------~--~---------- 39,981 52,598 6,684 6,595 

South Africa, Republic of_......------------. | - 90. 508 8 2,641 

Spain__-_.-_--.--------------------------. 1,105 4,272 1,107 5,325 

Sweden_.__._-~-.--------------~----------- ~--- ---- 2 513 

Switzerland____.-.-.-_------~---~--------- 3,655 11,618 40 1,384 

Turkey....-.-..-.----.------~-----~------ 426 1,290 ---- ---~ 

United Kingdom_.____.-----------~-------. 18,380 124,742 32,969 212,237 

Yugoslavia__..-...--.----------------~---.- 2,205 6,680 25 3,628 

Total_____-.-._---.---_.--.---~----- 170,671 629,076 . 119,761 624,421 
earn RE 

1 Consisting of beryllium lumps, single crystals, and powder; beryllium-base alloy powder; and 

beryllium rods, sheets, and wire.
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| Table 4—U.S. imports for consumption of beryl, by countries and customs districts 
(Short tons) 
a 

Country and customs district | 1964 1965 

South America: 
. 

' Argentina: 
New York____--____--_-__----~------- ++ - eee ee eee 46 
Philadelphia___-_________-_-_-___-_-__-------------e eee 383 "257 

Total_._________________ eee ee ee eee ee. 4 

Bolivia : Philadelphia_......-.------------------------------------. 
28 257 

Brazil: York 
ew York_______________---------- eee eee ee - 128 

Philadelphia. _______._._------------~---.--------------------- 1,768 1,089 

Total___.______._-_____.-_-.-.-----------------------------. 1,896 1,172 

Total South America_____----------------------------------- 2,325 1,462 

Europe: 
Belgium-Luxembourg: Philadelphia__......-.---------------~------- _--- 190 

_ Finland: Philadelphia_____.__._------------------------------------ 3 __-- 

Italy: Philadelphia____..._._-------------------------------------- a 61 

Portugal : Philadelphia_________--__---------------.--------------- _--- . 74 

Sweden: Philadelphia______._.______-------------+------------------ 49 _--- 

Total Hurope.__------------------- enn nnn 52 325 

Africa: 
Burundi and Rwandi: Philadelphia___.-..-------------------------- 101 167 

Congo (Léopoldville) : Philadelphia_—...-.-.------------------------ 224 1,178 

Kenya: Philadelphia______-_--------------------------------------- ---- 254 . 

Malagasy, Republic: Philadelphia_--_.---.-------~-----------------. 297 77 

Malawi, Southern Rhodesia, and Zambia: Philadelphia__....--------- 384 101 

Mozambique: Philadelphia__-__----_------------------------------- 716 295 

South Africa, Republic of : Philadelphia__.......-------------------- 660 514 

Uganda: 
New York__._.-.___-_---------------~-------------~----------- a 168 

_ Philadelphia__.._..-.-.--------------------------------------- 411 245 

| Total___..._---------- eee eee ee ee eee 411 413 

Total Africa__.._____----------------~----+------------------ 2,793 2,999 

Asia: 
India: Maryland____-._..----------------------------------------- ---- 1,507 

Pakistan: Philadelphia_._._._...__.----------------------------------- 13 ---- 

‘Total Asia__--------.------------------------------------------- 138 1,507 

Oceania: | 
Australia : 

New York______--------------~-------------------------------- ---- 14 

Philadelphia____---------------------------------------------" 
242 1,484 

Total Oceania____----------------------------~+-------------: 242 1,498 

Grand total__._----------~----------------------------------- 
5,425 7,791 

Value________---------------------------------------------- 
$1,372,160 $2,055,675 

een 

Table 5.—Imports of beryllium products in 1965, by countries 
a OO OO mn 

Beryllium ; un- Beryllium Other 

wrought, waste, Wrought oxide or beryllium 

Country and scrap beryllium carbonate compounds 
ee ee 

Pounds Value Pounds Value Pounds Value Pounds Value 
a 

Canada_-__---.--.-.. _ ---- ~--- 39 $352 ---- _--- ---- a 

France_._._.__-------. 8,248 $458,333 51 5,587 ---- ---- 2,037 $10,381 

Italy___..-----------. ---- ---- 1 527 ---- ---- W--- ---- 

Japan__.__-.--------. 693 10,273 a ---- 20 $407 ---- ~o-- 

United Kingdom-_-__-_-- 99 9,753 1 419 (1) 127 ---- a 
re 

Total_.._._._____ 9,040 478,359 92 6,885 20 534 2,037 10,381 

rr 

1 Less than % unit. 

WORLD REVIEW 

Greenland.—Two Soviet geologists re- oxide and 7 percent beryllium oxide in the 

portedly discovered a new silicate mineral Narssaq area while on a visit in this 

containing approximately 20 percent tin country.
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Table 6.—World production of beryl by countries | | 
(Short tons): 

| Country 1961 1962 1963 1964 1265 P1 
eee 

Australia__----_ 343 250 123 r 123 14 Argentina__-~--_..------------ ee. 31,488 3998 3 895 3 449 4957 
Brazil 3_______________------------_--_ 8,508 3,319 r 2,170 T 1,566 1,226 Congo (Léopoldville)_-._-..-..-.--.-- 184 304 235 T1386 21 India #_~---- ~~~ 885 150 ---- ~--- 1,507 Kenya_____.--+--22 1 ~--- ---- 1 1 Korea, South_-___._--- 6 a a a _--. Malagasy Republic__..__.__-._.- 836 743 458 +5 934 29 Mozambique-----~.--___---------_--------_. 1,078 627 613 TABL 4995 Portugal___-----2 39 19 2 20 43 Rhodesia, Southern__._.---_-... 396 559 249 182 e 90 | 
Rwanda_--_~-----_ ee. 525 394 282 328 3756 South Africa, Republic of___...._._._ 192 360 425 151 53 South-West Africa_._.._..-- 252 159 — 61 8 57 Swaziland___--_.--- 7 a 2 _--- ee Sweden #_.----- an 26 ---- 49 _~--- Uganda____--- 1,136 1,116 419 T 484 - 912 U.S.S.R. ¢ oe 900 1,000 1,100 1,100 1,100 United States (mine shipments) : 

Cobbed beryl_..----..--- 317 218 1 2Ww is. 2Ww . Other lower grade beryllium ore________. 805 760 750 wane a+ 
A 

ep yenaenepenssnereennninninrin 

World total ¢1_____-_ 12,900 11,000 7,700 5,200 5,700 

e Estimate. P? Preiminary. Tf Revised. W Withheld to avoid disclosing individual company con- fidential data. 
1 Compiled from data available May 1966. 
2U.S. output was very small, not included in world total. 
3 Exports. 
“United States imports. . 
5 Cobbed concentrates at about 11 percent BeO. 

| _ TECHNOLOGY 
Some quartz-carbonate veins in the Various reports on U.S. Air Force re- 

southern part of the Gold Hill District, search on beryllium were published. The 
Utah, were reported to contain abnormal mechanical properties of zone-leveled crys- 
amounts of bertrandite.? tals of beryllium were found to be between 

The pilot plant extraction of beryllium those of high purity and commercial crys- 
from bertrandite ore from Spor Mountain, _ tals.9 The properties of sheet produced 
Utah, was described.4 from beryllium flake and beryllium lumps 

The Bureau of Mines ended its nation- 3 Griffitts, Wallace R. Recently Discovered wide study of beryllium deposits in June, Beryllium Deposits Near Gold Hill, Utah. Econ. 
but continued its metallurgical research on rool osb—tans NO 6, September—October 1965, 
beneficiation, extraction, purification, and 4 Chemical & Engineering News. Process Wins 
fabrication of beryllium. Various thermal ea gee pe ene Ores. V. 43, No. 16, 
properties of beryllium fluoride were re- P * Taylor, A. R. Jr., and JT. Estelle Gardner. 5 ome ermal Properties o eryllium Fluoride ported.6 Three fluorescent methods were From 8° to 1,200° K, BuMines Rept. of Inv. . developed to quickly detect beryllium in 6664, 1965, 5 gry 

Pattee, E. C. ariations on a Theme Foster 
the field. The first method was a bead —Better, Faster Field Tests for Beryllium. Min. test; the second, a spray method; and third, Eng. v. 17, No, 5, May 1965, pp. 59-62. 

_nr 6 * Mulligan, John J. Diamond-Drill Sampling a contact. print method. as Data, Fluorite-Beryllium Deposits, Lost River A preliminary report describing Bureau Valley, Seward Peninsula, Alaska, 1964. May : . 112 : 1965, 94 pp. Open-file report available for in- of Mines diamon d drilling and sampling spection at Bureau of Mines offices in Juneau of fluorite-beryllium deposits in the Lost and Anchorage, Alaska, and in the Department 
River Valley, Seward Peninsula, Alaska, of the Interior Library (Rept. No. 29), Wash- 
was placed in open files for inspection, 8 Materials Advisory Board. Benin Progress 

; mc] 1 Report by The Committee on Beryllium Metal- chrysober yl being the Pp rincipal beryllium lurgy of The Materials Advisory Board. Nat. mineral. Acad. Sci. Nat. Res. Council, MAB-199-M(3). 
ish- i - June 1, 1965, 39 pp. 

. General progress on high purity beryl ® Carrabine, J. A., and others. Investigation lium research and summaries on various of the Mechanical Characteristics of Zone- 
aspects of .. Al - Leveled Beryllium. Wright-Patterson Air Force pe U.S. Air F SB research on be Base, Ohio, AFML-TR-64-388, January 1965, ryllium were reported. 58 pp.
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were studied.10 Work on the elasticity sure bonding of beryllium sheet. : 

of beryllium was discussed.*+ A few other The fabrication and properties of beryl- 

reports on U.S. Air Force research on be- lium ingot sheet,!2 the machining damage 
ryllium had limited distribution. Some of to beryllium,18 and the corrosion of beryl- 

the discussions were on the purification of liym14 were discussed. 

beryllium by distillation, and also by sub- . . } . eae 

limation and evaporation; the inclusions one hist of sere cove biptiogt aphy a 

in beryllium of different origins; beryllium tions on he it m Pa shed is Tansla- 

bicrystals; beryllium technological material ; on berylium was pubusied. 

effects on thermomechanical variables on Numerous patents concerning beryllium 

7 high-purity beryllium sheet; and gas-pres- were issued .16 | 

eS 

10 Moriceau, J. and others. Beryllium Re- 15 J.S. Dept. of Commerce, Clearinghouse for 

search and Development Program—lInfluence of Federal and Scientific Reports. Beryllium. SB- 

the Distribution of Oxide and of the Total 413, Supp. 1, 1965, 35 pp. 

Impurity Level on Recrystallization and Grain 16 Beaver, Wallace W., Robert M. Paine, and 

Growth of Beryllium. Wright-Patterson Air Albert James Stonehouse (assigned to The Brush 

Force Base, Ohio, ASD-TDR-62-509, v. 6, Febru- Beryllium Co.). Beryllium-Niobium Composition. 

ary 1965, 84 pp. U.S. Pat. 3,172,761, Mar. 9, 1965. 

-  UDai, P. K. Mechanical Considerations in Lane, Donald H., and Frank Emley (assigned 

the Utilization of Beryllium in Structural Sys- to Westinghouse Electric Corp.). Copper-Base 

tems; Part 1: Equations for Plane Elastic Alloys Containing Cobalt, Beryllium, and Zir- 

Analysis of a Transversely Isotropic Medium. conium. U.S. Pat. 3,196,006, July 20, 1965. 

Wright-Patterson Air Force Base, Ohio, AFML- Mod, William A., and Charles W. Recker 

TR-64-395, January 1965, 13 pp. (assigned to The Dow Chemical Co.). Recovery 

12 Battelle Memorial Institute, Defense Metals of Beryllium From Bertrandite Ore. U.S. Pat. 

Information Center. Beryllium Ingot Sheet. 3,177,068, Apr. 6, 1965. 

DMIC 206, Aug. 10, 1965, 8 pp. Morana, Simon J., Gordon F. Simons, Arthur 

13 Battelle Memorial Institute, Defense Metals Epstein, and Robert Harry Ray (assigned to The 

Information Center. Surface Damage in Ma- Beryllium Corp.). Process for Producing High- 

chined Beryllium. DMIC Memo 198, Jan. 4, Purity Beryllium Fluoride. U.S. Pat. 3,205,035, 

1965, 9 pp. Sept. 7, 1965. 

14 Stonehouse, A. J., and W. W. Beaver. Schwenzfeier, Carl W., and Carl S. Pomelee 

Beryllium Corrosion and How to Prevent it. (assigned to The Brush Beryllium Co.). Pro- 

Materials Protection, v. 4, No. 1, January 1965, duction of High-Purity Sinterable Beryllium 

pp. 24-28. Oxide. U.S. Pat. 3,172,728, Mar. 9, 1965.



Bismut ismuth 
By Donald E. Moulds ! | 

The highlight of the year was a record —Bismuth held in Government stocks re- consumption of nearly 3 million pounds of | mained essentially unchanged at 3.8 mil- bismuth, 36 percent more than in 1964. lion pounds. Of this total, the national . Growing demand was accompanied by a __ stockpile held 1.3 million pounds and the 
_ price advance from $2.35 per pound to $4 supplemental stockpile 2.5 million pounds. 

per pound, in lots of 1 ton. Approximately 23,000 pounds of bismuth 
Disposal of 36,580 pounds of bismuth held in the Defense Production Act stock- 

in alloy in the Government stockpile was pile was transferred to the Atomic Energy . authorized by Congress, but the material Commission. Bismuth of stockpile grade was not sold during 1965. The 22,901 exceeded the 3 million pound objective by | pounds remaining in the Defense Produc- some 800,000 pounds; and an additional | tion Act stockpile was transferred to the 36,600 pounds of nonstockpile-grade_ bis- Atomic Energy Commission. | muth alloy was held awaiting sale as au- Legislation and Government Programs. thorized by Congress in August. 

Table 1.—Salient bismuth statistics 
(Pounds) 

1956-60 
” (average) 1961 1962 1963 1964 1965 

United States: 
Consumption.__..-_.-___._ 1,499,242 1,478,423 1,909,548 2,175,038 2,160,100 2,931,673 Imports, general____________. 805,502 798,518 816,190 1,123,466 1,238,252 1,378,147 Exports 1__.0 291,778 317,735 350,763 36,035 61,299 341,868 Price: New York, average 

ton lots_-_---__- $2.25 $2.25 $2.25 $2.25 $2.30 $3.43 Stocks Dec. 31: Consumer 
and dealer_.___._.-__-___ 397,040 323,000 447,800 428,100 656,900 506,300 World: Production_____......._____. 5,040,000 5,700,000 6,700,000 6,800,000 8,200,000 9,400,000 

, 1 Includes bismuth, bismuth alloys, and waste and scrap. 

DOMESTIC PRODUCTION | 

_ Bismuth from foreign and domestic base- Production from primary materials cur- 
metal ores. was refined at the Omaha, rently being refined, augmented by previ- 
Neb., and Perth Amboy, N.J., plants of ously accumulated foreign and domestic — 
American Smelting and Refining Company stocks of bismuth-rich segregates, was al- 
and at the East Chicago, Ind., plant of most double the unusually low production 
United States Smelting Lead Refinery, Inc. of 1964, and shipments in 1965 were 
Secondary bismuth recovery from re- greater than any since 1942, when there 
claimed alloy-scrap was resumed in May was wartime demand. Secondary output, 
1965 in the new refining facilities of Unit- curtailed during construction of the Frank- 
ed Refining & Smelting Co. at Franklin lin Park refinery, was about 65 percent of Park, Ill. The old plant of this company’ the 1964 production. 
in Chicago, Ill., had been destroyed by 
fire in September 1964. 1 Commodity specialist, Division of Minerals. 

243 |
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CONSUMPTION AND USES | 

The growth in domestic bismuth con- Table 2.—Bismuth metal consumed in the 

sumption initiated in 1962 accelerated United States, by uses 

sharply during 1965 and exceeded 2.9 mil- (Pounds) 
lion pounds, an increase of 35 percent Use 1964 a 
over the previous record consumption in Soe an ee 

: : ib 1 we 688,255 783,283 1963. The substantial increase resulted ther alloys ---2ow.~(668°659 573844 
from the expanding use of bismuth in free- Pharmaceuticals 2 756,864 1,523,904 

: 1 1- i ta ---- 18,551 15,275 cutting steels, malleable iron and alumi- Qi ines wT oT TTL 36°367 
num and to the mushrooming demand for ————$—$—$$ 
the metal in the manufacture of a catalytic Total___.-.----- 2,160,100 2,931,673 
compound required in the production of 1 Includes 127,446 jpounds 3 of bismuth contained 

. . in blemut I ere | 

acrylic fibre. Demand in 1965 exceeded in bsmutilend bullion aed vty nae ass 
available supply, and producer allocation pounds in 1965. | 
was exercised to meet essential require- 2 Includes industria] and laboratory chemicals. 

: ments. | | 
" The leading use of bismuth was again alloys was the largest consumption of this 

in the pharmaceutical classification. This type since 1962. The classification “other 

classification covers bismuth used in in- alloys” includes use of bismuth as a metal- 

dustrial and laboratory chemicals, includ- lurgical additive in steel, aluminum, and 
ing catalytic compounds, which accounts malleable iron. Consumption for this pur- 

- for some 80 percent of the bismuth in this pose accounted for 524,000 pounds, and 
category. Use in medical compounds de- miscellaneous multimetal and special pur- 
clined by almost 52,000 pounds in 1965 pose alloys required 50,000 pounds. Re- 
and represented only 20 percent of the quirements in this category decreased 14 
total, compared with 46 percent in 1964. percent in relation to the major increase 

Consumption in the form of fusible shown in 1964. 

STOCKS 

Stocks of bismuth metal held by con- slimes were held by primary refining 
sumers and dealers, decreased to 506,000 plants. The increased rate of production 
pounds at yearend. Additional stocks of in 1965 indicated that inventories of this 

_ bismuth metal as well as. refinery feed material declined substantially and that 
materials in the form of bismuth-lead bul- current output of bismuth-rich segregates 
lion, smelter residues, and electrolytic was being processed as available. 

PRICES 

The delivered price of refined bismuth domestic price to $4 per pound, and, until 
as quoted by the E&XMJ Metal and Min- firmed on June 21, a range of $3 to $4 
eral Market (New York) advanced sharply per pound existed. 
from $2.35 per pound at the beginning of 
the year to a firm price of $4 per pound The Metal Bulletin (London) quota- 

: in 1-ton lots on June 21, 1965. The ini- tion for bismuth metal advanced in early 
tial advance was on March 5 to $2.75 per March to $3.08 per pound and again in 
pound, followed on March 23 by an in- late July to approximately $4 per pound. 
crease to $3 per pound. On June 1, one Quotations for bismuth ores were “nomi- 
of the major producers increased the nal” throughout the year. 

| FOREIGN TRADE 

Exports of bismuth in all forms were previously segregated bismuth metal and 
substantially above exports in 1963 and alloys, which in 1964 amounted to 48,000 
1964 and approached the level of ship- pounds of the 61,300 pounds gross weight 
ments prior to 1963. Exports data en- shown in table 3. The United Kingdom 
compass waste and scrap in addition to the received 74 percent of the exports, and
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other European countries, 20 percent. Table 4.—U.S. general imports of metallic Canada was the other significant importer bismuth, by countries 
at 4 percent. — | | | (Pounds) 

General imports of metallic bismuth in. §©_<———HH—————_____________ : . Countr 1964 9 creased 11 percent in relation to 1964 Country 19641965 imports. North America: P panada ----+--- +8 oo 0671 50,424 
Table, 3.—U.S, exports of bismuth 1 CXICO ~~~ a — a »709 274,356 meee Total_______ 325,380 324,780 Gross South America: Peru __ 877,180 1,019,654 Year weight Value Europe: 

(pounds) Germany, West ____ 5 ~+----- —_—_—_ Oo eeeeeeeSeSeeeSeeeSFSsasF Netherlands _______ 4,130 5,048 1956-60 (average)_____ 291,778 $377,621 Portugal eaweeeeee NL 4,409 1961___-_-__._ 317,735 590,898 Yugoslavia ________ 31,377 22,045 1962__---- 350,763 673,905 a 19638___-_-- 36,035 48,379 _  Total_--- 35,692 31,502 1964___--- 61,299 101,789 Asia: Japan _--_------) LLL 2,211 1965___--__ 341,868 939,570 
ea ee Grand total __.._ 1,238,252 1,378,147 1 Includes bismuth, bismuth alloys, and waste ee and scrap. . . . originated in Mexico and 207,300 pounds In addition to the import of refined in Peru. Approximately 170,000 pounds bismuth, approximately 463,400 pounds of this bismuth-lead alloy was used di- of bismuth in bismuth-lead alloys con- rectly in production of end products, and taining not less than 30 percent of lead the remainder was domestically refined to was imported. Of this, 256,100 pounds metallic bismuth. - 

| | WORLD REVIEW 
The increased production of base-metal interest in recovery and marketing of the | ores throughout the world and the favor- bismuth byproduct of various smelting able market for bismuth have widened operations. 

Table 5.—World production of bismuth, by countries*? 
(Pounds) 

eee 
Country 1 1961 1962 1963 1964 1965 P Arcentina (in ore) Argentina (in ore)_.----__..__._ € 8,600 7,100 1,345 9 ~----- Australia (in ore)_.-__._......... 602 97 ~----- ~---- -----. Bolivia_____--- 502,023 669,987 | 560,873 599,365 © 582,000 Canada (metal) 3.__........0.. 478,118 425,102 395,125 399,958 513,213 ‘China (in ore) ¢.....--____._.. 660,000 660,000 660,000 660,000 660,000 France (in ore)_.-_..-__.___.....____. 116,800 138,890 150,000 140,000 © 140,000 Japan (metal)__.-.----. 422,326 572,841 823,314 1,115,611 11,115,611 Korea, South (in ore)_________._..___. 333,000 353,000 349,000 ©1,100,000 * 1,100,000 Mexico 3_____ 643,700 780,000 941,400 1,040,500 & 1,100,000 Mozambique____...--__.--_ 38,800 18,889 24,817 14,462 £14,462 Peru 3___e_ 1,031,795 1,084,227 1,244,367 1,614,779 1,715,000 South-West Africa (in ore)_._________. 485 154 5,115 3,131 e 440 South Africa, Republic of (in ore)____. 168 130 2,619 161 € 285 Spain (metal)_-...----.- 21,427 18,799 25,836 © 25,800 © 25,800 Sweden ¢____-_-- 79,000 155,000 155,000 150,000 150,000 Uganda_______--- 1,438 110 65 ~----- e5 615 Yugoslavia (metal)_.__........... 216,348 199,765 194,657 184,660 © 196,000 Eee 

World total (estimate) 12________ 5,700,000 6,700,000 6,800,000 8,200,000 9,400,000 

e Estimate. P Preliminary. 
. 1 United States figure withheld to avoid disclosing individual company confidential data; included in world total. Bismuth is believed to be produced in Brazil, East Germany, and U.S.S.R. Production figures are not available for these countries, but estimates are included in the world total. Metallic bismuth is produced in West Germany presumably from imported raw material, as follows: 1961, 235,900 kilograms; 1962, 288,800; 1963, 277,300; 1964, 385,800: and 1965, not available. *This table incorporates some revisions. Data do not add exactly to totals shown because of rounding where estimated figures are included in the detail. 

< pagmuth content of refined metal and bullion plus recoverable content of concentrates exported. 1 ata. 
5 Exports. 

Bolivia.—Bismuth output is predomi- centrate was exported for refining and ac- 
nantly from the Tasna copper-bismuth counted for over 90 percent of the Bolivian 
orebody managed by Corporacién Minera output. Expansion of mine and concen- 
de Bolivia. The bismuth flotation con- trator output was planned. Bismuth is
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also recovered in the smelting of certain as a byproduct of tungsten ore beneficia- 
tin ores. | tion by the Korea Tungsten Mining Co. 

Canada.—Four companies recover es- at the Sangdong mine. The bismuth is 
sentially all of the bismuth produced in refined to high purity metal at the mine 
Canada. The Consolidated Mining and plant. | 
Smelting Co. of Canada, Ltd., recovers Mexico.—The Monterrey, N.L., lead re- 
and refines bismuth from lead-zinc ores finery of Metalurgica Mexicana Pefoles, 
at Trail, British Columbia. Molybdenite S.A., produces refined bismuth metal from 
Corporation of Canada, Ltd., recovers bis- lead bullion and residues provided by the 
muth from treatment of molybdenum ore; Torreon, Coah., smelter. The lead smel- 
a bulk flotation concentrate containing ter of Compania Minera Asarco, S.A.,, 
about 8 percent bismuth is leached with also located in Monterrey, produces bis- 
hydrochloric acid, precipitated as bismuth muth-lead bullion and high-bismuth smel- 
oxychloride, and smelted to produce 98 ter drosses which are mainly exported to 

Oo percent bismuth metal. Gaspé Copper the United States for refining and market- 
Mines, Ltd., also recovers an impure bis- _ing.. | 
muth metal from treatment of flue dust Peru.—The La Oroya refinery complex 
obtained in smelting copper ores. The of the Cerro Corp. in Peru is the world’s 
fourth producer, Anglo-American Molyb- largest source of bismuth. The bismuth 
denite Mining Corp., initiated production derived from smelting and refining cop- 
in August at the newly constructed molyb- per and lead concentrates from company 
denite-bismuth plant in Pressiac Town- and purchased Peruvian ores is refined to 
ship, Quebec. Total company reserves metal either of high-purity or of a specifi- 
have been reported at 1.25 million tons of cation multimetal-alloy for direct use. The 
ore averaging 0.53 percent molybdenum capacity of the plant is estimated at 1.7 
and 0.02 percent bismuth. The bismuth million pounds annually. The bismuth 
is separated from the molybdenum-bis- content of exported concentrates also pro- 
muth bulk concentrate by leaching and vides a substantial byproduct production 
precipitation and is refined to 99.9 per- of bismuth at various smelters. processing 
cent bismuth metal. Annual capacity of these concentrates. 
the plant is estimated at 300,000 pounds Sweden.—The Ronnskar lead refinery of 
of bismuth. Boliden Gruvaktiebolag produces a _bis- 

Italy.—Bismuth in lead and zinc ores muth-lead alloy derived from complex sul- 
from mines of Monteponi e Montevecchio phide ores from company mines as well as 
Societi per Azioni, located in Sardinia, is from mines operated for the Government. 
refined at the San Gavino Monreale (Sar- Annual capacity is estimated at 90,000 
dinia) lead refinery with an estimated pounds of bismuth. | 
annual capacity of 50,000 pounds of bis- Yugoslavia.— Production of bismuth at 
muth. Expansion in capacity of the mines the Zevcan Lead Smelter & Refinery of the 
and smelter is presently underway. Trepca base-metal mining and refining 

Japan.—Five companies operate smelters complex increased as expanded mine and 
and refineries recovering bismuth from plant facilities provided an improved ore 
base-metal ores of domestic and foreign supply. 
origin. The estimated combined capacity Other European.—Seven metal refining 
of Mitsubishi Metal Mining Co., Ltd., plants of major capacity, situated in Bel- 
Mitsui Mining and Smelting Co., Ltd., gium, France, West Germany, and the 
Nippon Mining Co., Ltd., Sumitomo Metal United Kingdom, recover bismuth from im- 
Mining Co., Ltd., and Toho Zinc Co., ported base-metal ores. The largest of 
Ltd., is 825,000 pounds annually. The these is the Mining and Chemical Prod- 
Kamioka and Taishu base-metal mines ucts, Ltd., plant with an estimated ca- 
are the main sources of domestic bismuth. pacity of 2 million pounds annually at 

Korea, South.—Bismuth is recovered Alperton, Middlesex, United Kingdom. 

TECHNOLOGY 

Research has been directed recently to- promising use of this material is as a bis- 
ward the recovery and application of ultra- | muth-antimony alloy in the field of mag- 
high-purity single crystal bismuth. A netothermoelectrics where low tempera-
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tures are required in small space. The  ——————— 
° . 2 Slonaker, R. E., M. Smutz, H. Jensen, and r esults of a study on the mechanical prop E. H. Olson. Factors Affecting the Growth and erties of single crystal bismuth were pub- the pteghanical and Physical Properties of Bis- oo : 2 : * mut ingle ystals. . ss-Common Metals 

lished, and the basic thermodynamic data (Amsterdam, Netherlands), v. & Nor By ane | _ on bismuth oxide were reviewed and fur- 1965, pp. 327-338. 
3 e ther analyzed. U.S. patents were issued 2 Levin, Ernest M., and Clyde L. McDaniel, covering a method of manufacture of pure Heats of Transformations in Bismuth Oxide by ° * 1 ; ce ifferentia erma nalysis. - Research o bismuth by variable volatilization and dis the National Bureau of Standards. Section A. tillation,¢ and for an oxidation catalyst Physics and Chemistry, v. 69A, No. 3, May-— composition of bismuth and molybdenum June 1968, pp. 287-243. 

oxides.5 P 4 Champ. Roger q(crsigned, to La Societe, [Les ; ; - roduits Semi-Conducteurs, Paris, France). Man- The Bureau of Mines continued ve. ufacture of Pure Bismuth. U.S. Pat $218 168, cessing research on recovery and refining Nov. 16, 1965. 

of bismuth through laborato ry analysis of 5 Callahan, James L., Joseph J. Szabo, and existing “commercial techniques and ex- Berthold Gertisser (assigned to The Standard Oi! i ; 40., Cleveland, Ohio). Bismuth-Molybdenum Oxi- ploration of a pr ocess for extraction of dation Catalyst Promoted With a Ba-Si Oxide bismuth from lead with fused salts. Mixture. U.S. Pat. 3,186,955, June 1, 1965. __





, | By William C. Miller ! . 

The upward trend in the production rate forms of boron nitride. Research was 
of boron minerals and compounds slowed conducted on boron nitride fibers and fila- - 
somewhat. Nevertheless, expansions of pro- ments for possible engineering and aero- : 
duction facilities for the manufacture of space applications. oe | 

_ new and improved products continued. The first commercial shipment of Turk- | 
a The most significant development in ish colemanite was made to a U.S. glass 

- boron use was the preparation of new ‘manufacturer. | 

| _ Table 1.—Salient boron minerals and compounds statistics in the United States Oo 
a | (Thousand short tons and thousand dollars) oo . ae 

a - | 1956-60 1961 1962 1963 1964 1965 7 ae (average) - 

Sold or used by producers: . _ Quantity: , . | _ Gross weight__..___._2.-__- 575 603 647° = =—s- 700 -776 807 7 | Boron oxide__-___.-_.--.-_- 288 313 - 389 . 369 405 — 425 - Value____-------- 2-2 $40,573 $46,936 $49,336 $54,981 $60,871 $64,180 Imports for consumption: 
' Quantity... 22 2 1]. (7) — (?) - © (?) (1 2) 16 Value___----------------------_ = $198 $52 $51 $58 $21 $279 

1 imports for’ 1956, 1957, 1964, and 1965 include a higher proportion of crude ore to refined products. —— 
: 2Less than 14 unit. 

| | | DOMESTIC PRODUCTION | 

Boron minerals and compounds pro- and Wilmington, Calif., the American Pot- 
duction (as measured by sales) increased 4 ash & Chemical Corp. at Trona, Calif., 

. percent in quantity and 5 percent in value the Stauffer Chemical Co. at Westend and 
compared with that of 1964. Production San Francisco, Calif.,; produced boron com- 
of pentahydrate borax, boric acid, cole- pounds and products containing boron. 
manite and kernite, and kernite increased; U.S. Borax & Chemical Corp. announced : 
decahydrate borax and sodium tetraborate _ that it will spend more than $5 million for 
production decreased. a plant at Boron, Calif., to produce an- | 

All of the production of boron minerals hydrous boric acid. _ the company claimed 
was in California. U.S. Borax & Chemical that the process will substantially reduce 
Corp. mined borax and kernite at the Bo- the manufacturing cost of the product. A 
ron open pit operation, colemanite at the Company official indicated that savings to 
DeBely open pit mine, and ulexite at the the consumer may be realized . because Gerstley underground mine. American ‘transportation costs, based on boric oxide, 
Potash & Chemical Corp. and Stauffer . Would be less for the anhydrous product 
Chemical Co. recovered boron minerals than for boric acid which contains water. 
from the brines at Searles Lake. Kern Stauffer Chemical Co. completed the County Land Co. mined colemanite at €XPansion of facilities initiated in 1964 to 
the Kern Borate underground mine. increase by 50 percent the boron capacity 

Refineries and plants operated by the Of its Westend plant. 
U.S, Borax & Chemical Corp. at Boron 1Commodity specialist, Division of Minerals. 

232-748 O-67—17 
| 249
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| CONSUMPTION AND USES | 

Glass, soap and cleaner, and porcelain sumer uses. : 

enamel manufacturers were the major con- Boron was consumed in the 396,817 

| sumers of boron compounds. About 32 — short tons of alloy steel (other than stain- | 

percent of the consumption was used in jess steel) ingots produced in 1964, com- 
the manufacture of heat-resistant glass, jared with 348,085 tons produced in 1963.2 
glass wool, and fiberglass. Soaps and - 

cleansers for industrial and household use , 1! WO significant new products developed 

- consumed 16 percent of the domestic pro- 1” 1965 were ultrafine boron and boron 

| duction. The addition of borax to deter- Nitride in fiber form. Ultrafine boron was 

gents and the marketing of borax waterless used in ramjet aircraft, incendiary ex- 
hand cleaners contributed to the gain in plosives, materials technology for dispersion 

the volume of borax used in household strengthening, and in powder metallurgy. 

products. The market for sodium perbo- Limited quantities of a pure fiber form of 

rate for the production of detergents was boron nitride were made available for re- 

active. Manufacturers of porcelain enam- ‘Search. The fibers were used as thermal 

els for domestic appliances consumed 13 imsulation or as a chemical filtration ma- _ 

| percent of the boron compounds. Borate terial. Widespread applications as a use- 
products used in agriculture consumed 8 — ful engineering material were predicted for 

: percent of. the boron production.. A new — the fibers because the material has unique — 

application for boron was to help prevent properties—chemical inertness, high-tem- 

internal damage to some agricultural prod- Perture and abrasion resistance, and good 

| ucts. The remaining 31 percent was con- strength-to-density ratio. : 

: sumed in leather tanning, metallurgy, cor- Larger size boron nitride cylinders were 

| rosion control, nuclear shielding, flame- developed to satisfy industrial requirements 

- proofing, manufacture of adhesives and _ for scaled-up high-temperature. plasma arc 

: starches, and in other industrial and con- and magnethohydrodynamic devices. oe 

PRICES | | 

The price of most grades of borax and of boron nitride fiber was $175 per pound 
boric acid remained steady throughout the and $75 for 4 ounces; however, the price 
year. In December, the American Potash is expected to lower as production in- 
& Chemical Corp. announced a reduction creases. The prices quoted for borax and _ 
of $10 per short ton in the price of tech- boric acid in the Oil, Paint and Drug 
nical-grade boric acid. The initial price Reporter were the same as quoted in 1964. 

FOREIGN TRADE 

_ Exports.—Effective January 1, 1965, the These quantities are not comparable with 
exports of all borates and their compounds the summation of the total quantity and 

| except boric acid and refined sodium bo- value of boric acid and sodium borates 
| rates were classified under a blanket cate- shown in table 2. | : 

| gory. In 1964 the total exports of boric 
acid, borates, and compounds amounted to 9 —>——_.__— . 

383,100 tons and valued at $31,289,004. statisteal Report, New Yorke 1964p. 70.
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_ Table 2.—U.S. exports of boric acid and sodium borates in 1965 _ 

eS 

. . Boric acid . Sodium borates . 
a -  (HsBOs3 content) = (refined) 

Destination a a 

- Short tons Value Short tons Value 

North America: i - 
Canada. -..---.--------- 2-2-2 2,362 $334,380 8,319 ~ $781,221 . Costa Rica.........--.------------ eee 4 558 © 109 8,213 Dominican Republic. _..........__.--__.__.__ 15 2,064 a) 1,276 Mexico. -.---...2. 2-2. 1,575 207,079 5,175 - 491,045 Nicaragua... -...--.--..-----.----------_---- . 11 1,752 20 4,062 Co Other. _--- 22-22 ee 22 - 8,744 99 ~~ 8,866 

. Total. ._-.--222 eee 3,989 549,577 13,731 1,294,683 . 

South America: . . . 
Brazil__..-.--222--2 2 843 110,268 1,523 153,756 Colombia... -.-.-2 eee 152 24,107 - 160 14,955 | Peru__-.-------222- 2 ee 163 20,840 - 362 _ 28,488 

_ Uruguay.-.--- 2222 eee eee. 121 12,252 
Venezuela... .-...-2.2- 2 eee 136 24,238 114 10,436 
Other. -----..- 22-22 16 2,029 91 6,188 a 

Total. ..--..----- 2 eee 1,310 181,482 2,371 |. 226,075 . 

Europe: . 
Austria_--..-2222-222 2 28 3,599 15 2,334 
Belgium-Luxembourg__..__.__._______.__.. 125 41,807 960 82,122 
“Denmark-___..2 22-22. 154 45,327 144 10,391 
Finland... 2-22-22 ---- eee eee eee eee. 917 78,962 
France. _..--...-----.-.-------------a--eee 48 12,982 8,701 874,160 

. Germany, West....--.-.-.___2-___-__._.8. 3,158 372,693 4,758 438,232 
Greece___..-------------- 22 -eeeeee 12 1,504 165 16,758 

- Treland....... 22-8. 39 6,370 450 27,350 
Italy... eee 178 ~ 56,902 2,573 259,863 . Netherlands. _....----__--...--.2-----2--.-- 639 87,787 58,921 5,761,292 
Norway...---.---.-------2-2---2----------- 105 27,3857 539 35,327 
Portugal_..........2--- 2-2-2 eee 28 3,337 738 44,596 
Spain... ee ~ 20 4,240 11 1,152 - 
Sweden____. 328 63,129 2,031 136,899 
Switzerland.._..... 2.22. 35 10,361 ' 1,289 95,485 
United Kingdom... __~_-__ eee 356 59,960 7,462 645,066 

. Yugoslavia. ....2-222-- 2 eee eee eee eee eee. 644 61,936 . 

Total... 222 ee 5,253 797,355 90,268 8,571,925 

- Asia: 
Ceylon_...---.-.. 222-2 Lee eee. 2. 292 6 430 
Hong Kong..._..._-_--__--__---. ee. 167 20,188 2,946 250,701 . 
India_....--- 2-2-2 nee 451 66,249 4,154 — 274,909 
Indonesia.......-.....-_---------_---_--_--- 9 1,093 211 12,310 
Tran... 2-2-2 eee eee eee eee eee 242 16,774 
Israel... 2.22. 4 926 394 35,688 

- Japan... 2 ee 6,368 769,139 22,478 1,826,553 
7 Korea, South......__-......__--_--__-__ eee 38 6,864 1,444 87,911 

Malaysia........-.-.-__-.__.-_-- 2 ee . 220 32,020 422 ~ 30,862 
Pakistan........_..-___..--_____._______ 110 15,323 767 52,219 
Philippines___.....--_____2 2 ue 187 35,656 547 56,601 
Taiwan_..._..2.-- eee | 90 10,863 1,720 111,731 
Thailand. __-..------ eee 91 11,328 579 49,944 . 
Viet-Nam__....------ --_-- ee 10 1,581 660 50,779 
Other... eee eee tee 106 8,230 

Total... 2-2 eee 7,747 ~ 971,522 36,676 2,865,642 

Africa: . 
Rhodesia and Malawi____________._.______-__- 12 1,636 124 16,478 
South Africa, Republic of_.___.....__________- 240 34,996 2,051 206,038 
United Arab Republic (Egypt)__.__________.__ 22 4,061 23 2,193 
Other. .._._-- ee 3 544 135 10,974 

Total______- 222. 277 41,237 2,333 235,683 

Oceania: a 
Australia. _....-222 22 1,972 307,965 3,483 261,694 
New Zealand__.-_____________.____..____._ 649 96,754 3,899 511,993 
Other__.___ 22 4 1,207 54 7,553 

Total... ee 2,625 405,926 7,436 781,240 

Grand total__.___..-.--_-._- oe 21,201 2,947,099 152,815 13,975,248 
eee
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| Imports.—Crude calcium borate (cole- pared with 4,845 pounds valued at $19,375 

manite) imports from Turkey totaled 6,283 in 1964. Boric acid imports from France 

| tons valued at $201,600. This was the and the United Kingdom amounted to 

| first significant quantity of borate ore im- 7,068 pounds valued at $1,616. Imports 

| - ported for commercial consumption. Im- of boron metal from West Germany and _— 

ports of boron carbide from West Ger- | the United Kingdom totaled 7/54 pounds 

. many, Canada, Sweden, and France were valued at $27,635. a | | 

13,801 pounds valued at $47,725 com- | : - 

a BO WORLD REVIEW | 

rn Production and exports of Turkish bo- of 275 tons to be ‘consumed locally for the 

rates reached new record highs. Shipments production of high-boron fertilizer.5 

included crushed colemanite sent to new China, mainland.—The discovery of four 

customers in the United States and Japan. new borate minerals in the Salt Lake area 

| India’s first’ borax and boric acid plant of western China was claimed by Chinese 

: | started production; it has sufficient capacity geologists. The minerals were produced 

to supply all of the Indian market. Trial by the evaporation of salt water under ex- 

- production of boric acid as a byproduct tremely dry climatic conditions. Hung- 

of nitrate operations was started by a __ tsaoite, the name given to one of the min- 
| Chilean firm. | erals was in memory of the Chinese geol- 

| Plans for the construction of a boron  ogist, Chang Hung-Tsao. The other min- 
plant in Bulgaria, a sodium perborate plant erals were. named carborite, hydrochlor- 

a in West Germany, and a boric acid plant _borite, and trigonomagneborite.® | 

| in Japan were announced. France.—French exports of sodium per- 
- 7 Argentina.—Borgoquimica Argentina, a borate rose to 8,851 tons, an increase of 40 

subsidiary of Borax (Holdings) Ltd., waS percent over the exports in 1963. Italy 
reported planning a 2-year exploration pro- was a minor market in 1963, but in 1964 

| gram in efforts to locate. borate deposits it took nearly half of the French exports. 
: closer to railway transportation | and ship- The United States was the second main 

ping ports so that its products will be more market with 11,111 tons. Exports to The 
: competitive in countries outside the Latin Netherlands, the principal market in 1963, 

American Free Trade Association. The were reduced to 893 tons compared with 
| company now mines calcium borate; how- 1,645 tons in 1963.7 

- ever deposits of sodium | borate were ex- Germany, West.—Elektrochem ische 

pected to be uncovered. : . 
° . . Werke Muenchen A.-G. started’ construc- 

Bulgaria.—The Bulgarian Texim State . .; : 
. . tion of a plant at Munich to produce 

economic organization concluded a con- di b 

tract with two Polish trading organizations sodium perborate. . oo. 
5 ae . . ? India.— India’s first borax and boric acid 
Polish Foreign Trade Enterprise (CEKOP) 1 : vs | = 

: . . plant, owned by Borax Morarji Ltd., was 
and Polish Industrial Combine (CHEM- | 

) - - opened on February 12, 1965, at Amber- 
AK), to construct a boron plant in Bul- 

. or . ‘nath, near Bombay. It was stated that 
garia. Construction of the plant, with an : . . . 

7 : . . the plant will have sufficient capacity to 
annual productive capacity of 10,100 tons, : 

4 supply all the Indian market and the prod- 
was scheduled for 1966-67. ucts will be sold by ICI (India) Private Chile.—Borax Consolidated Ltd. con- sia y 
tinued to be the only active producer of , | 
borax ore. The company mined 7,306 50 Bureau of Mines. Mineral Trade Notes. V. 

. . . , No. 6, June 1965, p. 15. 
tons of crude ulexite ore which was up 4 European Chemical News (London). Polish 
graded to 3,638 tons of commercial-grade Boraz Plant for Bulgaria. V. 8, No. 202, Nov. 

: 26, 1965, p. 35. 
(33 percent borax oxide) ore. The 1963 > Bureau of Mines. Mineral Trade Notes. V. 
production was 6,573 tons of crude ore and 61, No. 4, October 1965, B. 6. 

+31. ining Journal. Chinese Claim Discovery 
3,285 tons of commercial grade ore. The of New Borate Minerals. V. 265, No. 6786, 
total sales in 1964 of 4,492 tons was used Sept. 3, 1965, p. 167. 
. : . : * Chemical Trade Journal & Chemical Engineer 
in local consumption. Anglo Lautaro Ni (London). More Sodium Perborate Exported. V. 
trate Corp. started tria! production of boric 157. No. 4083, Sept. 9, 1965, p. 26. 

: : : . emical Age (London). Production Starts 
acid as a byproduct of its nitrate opera at India’s First Borax Facility. V. 93, No. 
tions. Plans called for an annual output 2380, Feb. 20, 1965, p. 286. :
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Italy—Boric acid produced in 1964 Two companies, Tiirk Boraks Madencilik. | | 
from steam vents amounted to 352 tons and Etibank, produced about 80 percent of . : 
compared with 567 tons (revised) in 1963. the minerals. : - | 

| éo Sao cintcal ; ndustry in er consumed _ Exports of boron minerals also increased OO 
? tly € om TT. ke ural Sorates imporie to a new high of 179,200 tons valued at 

| — van._A urKey. Asahi Borax $4.5 million compared with 130,550 (re- 
Co. a taint venture batwern Asahi Gl vised) tons valued at $3.3 million in 1964. 
Co. ht dof I: enture a ay cen CH i di ) Part of the increase in exports was at- 
led f th Unite 4 Ki dose ° stab tributed to the strong European demand 
li he qd f h nt i Bor TL ied es ai - for clean, crushed colemanite ores that can 
Ia c "0 i" vet ue of ° a ~" le. be added directly to fiber glass melts and 
2p oad f onstruction r a naan P . 5 300 to shipments to new customers in the Unit- 
one. . bart d at-Ki a Ke. h ° Cit, . ed States and Japan. The first commercial : 

| vorther kK ch I i i A "hi 2 , "Co. shipment of boron minerals was made to | 
noriern Ayushu island. “Asahi Borax Go. 4, American glass manufacturer. | announced that most of the production : 
would be used by Asahi Glass Co. and that United Kingdom.—The activities of the 
the raw material for the production of the _ research laboratories of Borax Consolidated 
boric acid would be imported from Borax at Chessington, Surrey, and of Hardman & 

| ( Holdings) Ltd.® ; Holden Ltd. at Mies Panne, Magcnester, 
urkey.—Production of boron minerals were combined under a United Kingdom 

reached a record high of 154,322 tons com- _ research organization for the Borax group | 
ared with 141,374 (revised) tons in 1963. on January 1, 1965. | —— p ; ) | ry | 

. | - TECHNOLOGY | | 

A Bureau of Mines project was con- electric characteristics for high-temperature - 
ducted to determine the conditions under applications were discussed.12 | 
which the highest purity boron can be A translation of U.S.S.R. research on the : 
produced by electrolysis of a fused mixture _ possible applications of boron organosilicon 
of potassium fluoborate and boric oxide. polymers as components of heat-resistant oo 

The electrical resistivity, the coefficient adhesives was issued in booklet form. Ad- _ | 
of electrical resistivity, the Hall coefficient, hesives based on boron organosilicon poly- | 
and the absolute thermoelectric power were mers produced from phenyltriethoxysilane 
determined in a Bureau of Mines investiga- or mixtures of this compound with methy]l- 
tion for nine compositions of the TiBs- phenyldiethoxysilane and boric acid gave | 
CrB, subsystem.1° | the best results.18 

_ Research conducted at Fansteel Metal- = By treating tetramethylammonium tri- 
lurgical Corp., Richmond, Calif., showed borohydride-8 with polyphosphoric acid a 
that the addition of a small quantity of yew unstable boron hydride, BsEis was 
boron greatly improved the ductility of prepared. The highest hydrogen content 
electron-beam-melted ingots of molybde- of any known octaborane was contained in 

| num. Boron was added to ingots in concen- the new hydride. The discovery of the new 
trations ranging from 10 to 500 parts per boron hydride was significant because the 
million by weight. The ingots were di- knowledge of the structural principlas was 
rectly forged at temperatures of 2,200° to extended. Clarification of the complex 
2,400° F without cracking. This result —  —___ | 
was heretofore unattainable in the forging ' ® Chemical Age, (London). Borie Acid Plant 
of molybdenum castings of commercial 2304, May 24. 1985, . 888 a w ~ ve 

urity. arrior, Gilbert M. Diborides in the Pseudo- 
P reel lications of boron nitride binary System TiB,-CrBe. Electrical Properties. erospace applications | BuMines Rept. of Inv. 6691, 1965, 26 pp. 
were reported. Mechanical properties that 11 Light Metals and Metal Industry (London). 
underline the advantages of the material SOL, OT Ey ade em, Ductility. V. 28, No. 
for high-temperature applications were 2 12 Fredrickson, James, and William H. Redanz. 

° oron Nitride for Aerospace Applications. eta summarized. Changes of flexural strengths Prog., v. 87, No. 2, February 1965, pp. 97-101. 
with temperatures from room temperature 18 Chemical Trade Journal and Chemical En- 

3630° F di d rh l gineer (London) Russian Research on Heat 
up to ¥, were discussed. erma Resistant Adhesives. V. 156, No. 4057, Mar. 11, 
expansion, moisture pickup, spalling, and = 1965, p. 297.
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| ‘mechanism by which diborane (BzHs) is inside the injector dome of the unit and 

| | converted into higher boron hydrides was a flame deflector lip were made of boron 

_ assisted by the experiment. == nitride.22 | ce 

sO Standard metallographic, thermoanalyt- | Comparisons between the specific 

ic, and X-ray diffraction. techniques were strength, specific modulus, stiffness, and 

used to determine the general features of temperature-strength relationship of boron 

| the boron-platinum system.15 and other aeronautical construction mate- 

A research program was conducted for ials were reported. The uses of the su- 

the preparation of 1-isopropenylcarborane. Petl0r physical properties of boron filament : 
The program included chemical process and composites for industrial and civilian 

| and parametric studies, product isolation . applications were presented.?8 | 
investigations, and analytical research and Important process variables in the pro- 

development tests. A process was de- duction of high-purity, fine particle ele- 

veloped for laboratory and pilot plant mental boron were studied. The thermal | 

preparation of the compound. Raw ma- decomposition of diborane in a high-tem- 

terial and product specifications were es- perature nitrogen stream was used in a 

tablished, and the physical properties of laboratory scale unit to prepare elemental 

the compound were determined.16 boron.?¢ - a | 

_ Measurements were made to obtain low- Construction was started on a $600,000 | 
frequency dielectric data of liquid boric  V4Por-deposition pilot plant at Wilming- 
oxide. The behavior of the material was tO, Mass., for the production of boron 

oo found to be essentially like that of a non- filaments by Avco Corp. The plant was 

polar liquid. Dielectric losses appeared to designed to have four production lines and 
be due to impurities and increased with two development lines ; however, the exact 

increasing temperature and decreasing fre- conditions and the equipment design were _ 

quency.17 | | classified. Techniques to improve the over- 

_ The preparation of pure crystalline bo- 14 Chemical & Engineering News. New Boron 

| ron carbide was studied by the application ioe te Srp sined. V- 43, No. 16, Apr. 12, 
of thermal decomposition of the mixture of 15 Wald, F., and A. J. ‘Rosenberg. Constitu- 

) : . tiona nvestigations in the oron-Platinum 
| pure boron trichloride and carbon tetra- gvitem ‘Trans, AIME, v. 233, 1965, pp. 796-799. 

| chloride in an atmosphere of hydrogen. J 16 Fein, Marvin M., and John Ee Paustian. 
: WH: arboranes. rocess Development an cale-Up 

Bor on carbide crystals 3 to 4 millimeters of 1-Isopropenylearborane.. Ind. and _ Eng. 
in length and in the form of needles or Chem, Process Design and Development, v. 4, 

. : 18 o. 12, April 1965, pp. 129-133. 
_ Plates were obtained. _ 17 Stern, Kurt H. Low-Frequency Dielectric 

Physical, optical, and chemical proper- Properties of Liquid Boric Oxide. NBS J. Res., 
ties, X-ray data, and the chemical com- toh op. Ea ose Chem.), No. 8, May-June 
position of a new hydrous magnesium bo- , 18 Mierejewska, S.. and T. Niemyski._ Prepara- 

° 1 ion o rystailine oron arbide by apour 

rate mineral were reported. 9 . Phase Reaction. J. LesseCommon Metals (Am- 
The U.S. Air Force conducted studies sterdam, Netherlands), v. 8, No. 6, June 1965, 

e e pp. — . 

to evaluate the application of boron fibers 19 Schaller, Waldemar T., Angelina C. Vlisidis, 
and borides as reinforcement materials for and, Mary on a Mrose. H Macallisterite, ; 2Mg0- 

. * . »J3@ 2U, ew yarous agnesiIum O- 

use in space aircraft. Research was con rate Mineral from the Death Valley Region, . 
ducted on dielectric materials required Inyo County, California. am Miner... \v. 50, 

- hi : : os. an » May-June 1965, pp. —640. 
for high-temperature applications. Boron 22 Untersee, Phillip A., and Paul Remirez. 
phosphide (in two forms, BP or BisP2) Air Force Zeros in on Space-Age Materials. 

was evaluated for use as a semiconductor.?? chem. Week, v. 97, No. 8, Aug. 8, 1965, pp. 
. To facilitate direct instrument viewing c o Materials ; in Pesign. Engineering. E Lead 

of a nuclear propulsion engine, a lead- omposite Shields Radiation in Nuclear Engine 
“¢ - Program. V. 62, No. 3, September 1965, pp. 

boron carbide composite was used for a _ 150, 152, 154. In D 
: : 22 Materials In Design Engineering. Boron 

collimator. _The boron carbide suppressed Nitride Resists Heat in Turbine Combustion 
the production of hard gamma rays which Chamber. V. 62, No. 3, September 1965, pp. 

7 23, 25. 
resulted from neutron capture In the lead. Mullen, James W. Realizing the Potentials 
Neutron capture in the boron carbide was of Boron Whiskers. Research/Development, v. 

21 16, No. 9, September 1965, pp. 38-41. 

more than 99 percent. 4 Cherenko, J. P. High Purity, Fine Particle 
Boron nitride was used for a heat shield _ Elemental Boron. Technical Rept. AFAPL-TR- 

around the combustion chamber in an air- 65-88, Wright-Patterson Air Force Base De- 
wae . . fense Documentation Center, AD 469442, Sep- 

craft’s auxiliary power unit. An insert fitted tember 1965, 50 pp.
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_all process through the testing of automa- aluminum. A rocket case was fabricated | 
| tion approaches, additives, and other re- from the material as part of a study to 

| search approaches were incorporated inthe determine the aerospace potential of the | 
| development lines. The production units — boron-epoxy blend.3° . a os 

were designed so that a constant effort Certain binary boron-metal systems were | 
can be made to optimize cost and produc- _ investigated by the usual X-ray analysis, oo 
tion consistent with acceptable boron fila- optical metallography, and thermal analy- 
ments.75 . CO sis. The procedure and apparatus used for 
_ Narmco Research and Development Di- reacting liquid boron with molten metals 

_ vision of Whittaker Corp., Los Angeles, were described. _ The results support the | 
Calif., was awarded contracts of over a findings of previous investigations of the 
half million dollars for research with boron formation of borides and the tendency of | | | 
fibers by the U.S. Air Force Materials binary systems to form miscibility gaps in : 
Laboratory of Wright-Patterson Air Force — the liquid state.31 : . Cs 
Base. The contracts covered the advance- A patent was issued for a method. of | | 
ment of material development on boron bonding steel components together using 
fiber prepegs, fiber finishes, and high-mod- borosilicate glasses. A ceramic composi- 
ulus, high-strength composites. tion containing approximately 57 parts of 

A procedure used and apparatus de- BOs was fused to the components. Heat | 
veloped for a laboratory process for making and pressure veth, applied to bond the | | 
boron carbide whiskers was described. thaw wiher reget er to form oh ore | - 
Critical problems encountered in the grow- at withstoo romperature changes 0 
ing of whiskers were noted.26 several hundred degrees. | _ _ A method for i Vv i BY ~ - The use of boron filaments in organic thod for improvement in the manu- — . . . . oe facture of boron nitride was patented. A matrices was investigated in the initial ~ . ws 7 ~ substantially pure crystalline boron nitride component development programs spon- . 33 | 
sored by the U.S. Air Force. The primary “* obtained. | | | : : ue ae mo | A paten i ; purpose of these programs was to: define P t was issued for a method of | : . growing large composite cubic boron ni- the most urgent engineering problems of . . Ls composite materjals.27 , tride crystals. The composite cubic boron , 

P | ee nitride crystal consisted essentially of at | 
A method was described for the syn-  Jeast one after-grown layer of cubic boron 

| thesis of dichloroborane, BHCk, in quan- nitride that was distinguishable from, com- titative yields by the thermal hydrogenation pletely enveloped by, and securely bonded | 
of boron trichloride. Investigations were __ . 
conducted to determine the reaction condi- *5 Judge, John F. Avco Building Boron Fila- | 
tions for hydrogenation of boron trichlo- 30, Nov. 46" 196E pe ang Rockets, v. 17, No. 
ride, the rate of the back reaction, and the _?*6 Chemistry. Boron Carbide Whiskers. V. 38, - :; No. 11, November 1965 p. 26 disproportionate of dichloroborane. Ther- 27 Stone, Irving. Boron Research Focusing 
modynamic data were calculated. A dia- on Components. Aviation Week and Space 

y : ° Technol 28, No. 25, D 2 65 4 gram of the apparatus used in the experi- ‘3S Murib. Jawad HL Berd Boe ets %, a 
ments was shown.28 Charles A. Bonecutter. Hydrogenation of Bo- 

A technique that permits rigid control jo, Tyiehloride to, Dichloroborane. ind. and of the properties of an expanded form of 4, No. 4, December 1965, pp. 273-280. | 
hydrated sodium tetraborate was developed pan cuemical & Pgineering 0 ews etn one 
by the American Potash & Chemical Corp. Has Been Developed. V. 43, No. 50, Dec. 13, 7 
The company claimed that because of the ee Steel * Boron Resin Provide Strong Rocket high-void volume, the product has a high Case. v. 157, No. 25, Dec. 20, 1965, P. 80. 

ae ° : ald, ritz, and Richar . Stormont. absorbance for liquid and solid organics. Investigations on the Constitution of Certain Plans were announced for a pilot plant to Binary Boron-Metal Systems. J. Less-Common supply development quantities of the com- Metals (Amsterdam, Netherlands), v. 9, No. 6, . 
; _ December 1965, pp. 423-433. pound to producers of detergents, laundry * Bayer, Joseph, and William A. Patterson 

rinses, and industrial hand soaps. {paplgmed te, Acroncs Manufacturing Corn, A structural material was developed from Using Borosilicate Glasses. U.S. Pat. 3,175,937, 
a combination of boron filament and epoxy nes Wood. nothony Arthur Robinson, and Eric 
resins. United Aircraft Corp. claims that Campbell’ Shears (assigned to United States 

' : . Borax & Chemical Corp.). Method o anufac- 
the material has twice the stiffness of steel turing Boron Nitride. U.S. Pat. 3,189,412, June 
but is lighter than either glass fiber or 15. 1965.
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to a core of cubic boron nitride crystal.34 for the manufacture of boric acid. An | 

| A patent was granted for a method of aqueous alkali metal borate solution was 

producing a_ rigid, porous, fire-retardant used in the process.38 _ oO - 

- _ fiberboard. An excess of: finely divided § —H~—— . . f 

particles of a composition:of boron oxide _*, Wentrof, Robert Hi, Jr, (assigned to Gere 

| | was added to combustible vegetable fi- Form | of Boron | Nitride Crystals. U.S. Pat. 

| , bers.35 . 
’ ’ , vune > 1 oO! , 

es oe. : 35 Videen, Otis R. (assigned to Wood Con- 

: A herbicidal composition that contained version Co., St. Paul, Minn.). Method of Form- 

a predominate proportion of borate was ing, a Fiberboard Containing a Fire-Retardant 
nt sa: . ydra orate an roduct ereof. 0. 

patented. The composition was nonpack- psi3 902.570, Aug. 24, 1965. | | 

. ing in spreader Sy dustless, and free-flow- 26 Luvisi, George W., and Thomas C. Nohejl. 
ing.36 wo oo (assigned to Nalco Co.) Herbicidal Composi- 

A crystalline structure of boron nitride | os pnd 3 303.780, Aug. 31. 1966 Thereot. 
oO that was substantially equal in hardness to 8? Bundy, Francis P. (assigned to General 

a diamond was developed by a patented  Plectrie fo); Wetnohew Structure, US. Pat. 
_ method. Hexagonal boron nitride was con- —_ 3,912,852, Oct. 19, 1965. ooo ° 

verted, in the absence of a catalyst, to a ( 38 Brown, Michael Feter, and William Jefters | 

ire.3t assigned to Uni tates Borax emica 

new .structure."” a, Corp.). Manufacture of Boric Acid. U.S. Pat. 
| _A patent was issued for a cyclic process 3,216,795, Nov. 9, 1965.



Brom | | bDromime . | 

| By William C. Miller * po 

New plant facilities were put into pro- creased. New record levels in the produc- 
duction to meet the increased demand for tion and sales of bromine and bromine - 

_ bromine and bromine products. The short- compounds were reached in the United — 
age in the supply of bromine in the United States. ee | 7 

_ Kingdom and Continental Europe in- | - | , 

| DOMESTIC PRODUCTION | : | oe a 

Bromine production rose 15 percent as water bittern at Newark, Calif. Plants 
sales of elemental: bromine, potassium. sodi- -of The Dow Chemical Co. at Midland — 

_. um and ammonium bromide, and ethylene and Ludington, Mich., Great Lakes Chem- | : 
dibromide increased. The gain in total ical Corp. at Filer City, Mich., Michigan | 

_ sales of. bromine and. bromine compounds Chemical Corp. at St. Louis and Manistee, | 
_ was attributed chiefly to new uses of bro- Mich., and Morton International, Inc., at | | 

mine in fire retardant compounds for tex- | Manistee, Mich., recovered bromine from 
tiles and plastics and to the increased use natural well: brines. Arkansas Chemicals, 

of ethylene dibromide. | : Inc., Michigan Chemical Corp., and Great : 
| . | . Lakes Chemical Corp. extracted bromine 

Table 1.—Sales of bromine and bromine from oil well brines near El Dorado, Ark. | compounds by primary producers in the oo ] United States In June, the new plant near El Dorado, | 
(Thousand pounds and thousand dollars) Ark., of the Great Lakes Chemical Corp. | 

$< started production of bromine and bromine 
___ Quantity compounds. The facilities at the plant a 

Year Gross Bromine Value included units for the production of ethyl- | 
; weight content ene dibromide and methyl bromide. . 

| BEEA everare)- UTES WBiTe HEGEL The exclusive license to the US. pat 
1968 -on-aa Ww BHR'RS B0R'I93 AEE One acute heuhe Olin Meo eomnite | qrrttcne nc nnn- , , _ 48, was acqui y in Mathieso - 
1965.22-ww77>«Ba8'1S Brakes © S983 ical Corp. from the Sté. d'Etudes Chimi- 
+ Revised. ss ques: pour T’Industrie et Agriculture. | 

| Production and sales by the Ethyl-Dow 
Bromine was extracted from sea water, Chemical Co. of ethylene dibromide 

sea-water bittern, natural brines, and oil- reached record levels. Equipment changes 
field brines. The Ethyl-Dow Chemical Co. and modifications completed in 1965 im- 
recovered bromine from sea water at Free- proved process operations and economics 
port, Tex., and the FMC Corp. from sea- at its Freeport, Tex., plant. 

CONSUMPTION AND USES 

The manufacture of ethylene dibromide Elemental bromine was second in the 
consumed the largest portion of the bro- consumption of bromine. It was used for 
mine production. A component of gaso- _ sanitizers, bleaching and _ disinfecting 
line antiknock fluids and fumigates for agents, laboratory reagents, and organic 
grain and soils were the principle outlets 

for this compound. 1 Commodity specialist, Division of Minerals. 
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Table 2.—Bromine and bromine compounds sold by primary producers in the | 
United States , 

. (Thousand pounds and thousand dollars) 
| | 

Quantity 

. Product See EEE aan RE 
Gross Bromine 
weight content Value 

1964: Oo ” 

Elemental bromine" —.---_------------------------ 30,435 ~ 30,435 $5,096 

Ethyl bromide ____.---~------------~------+---.---- 955 823 383 

Methyl bromide ~____.---------~---+-----_-----~~---- 14,381 12,553 6,524 

Other, including ethylene dibromide, sodium bro- 
- mide, ammonium bromide, and potassium bromide_ 237,759 194,208 T §4,061 

Total "...----_-----_------------+----------+-----+- 283,530 238,019 66,064 

1965: , : | CO 
— Elemental bromine ~..--------~--.------+----------- 35,118 35,118 . ATT 

' Ethyl bromide ~_---_~_---------------------------- 7194 681 (322 

Methyl bromide ___.___.--~---------~-------------- 10,992: 9577 4,931 

, Other, including ethylene dibromide, sodium bro- a _ 

mide, ammonium bromide, and potassium bromide__ 281,211 229,193 | 64,529 

- Potal___----------n eee eee 828,115 274,569 77,259 
eee ee eee eee eee 

_ ¥ Revised. ol ce | 

and inorganic compounds. Applications tory reagents. _ a oo " 
for high-purity bromine continued to in- Production ‘of sodium bromate was in- 

crease. eT creased to satisfy the demand for the use 

| Methyl bromide the néxt largest con- -of the compound in cosmetics, bleaching 

- sumer of bromine was used primarily for flour, and steam boiler compounds. — 

| 7 soil and grain fumigates,’ pesticides and An inorganic textile desizing compounds, _ 

os flame-proofing compounds. New fumigate sodium bromite, was placed on the U.S. | 

products were added to the. markets. - market. Other new products include fire 

| - The alkali bromides, sodium, potassium, control compounds and vinyl bromide for 

_ and ammonium bromide, showed increases use as an oven cleaner. Although the 

| in the consumption of bromine. They were number of new products placed on the 

used in the preparation of pharmaceutical market were not as numerous as in past 

| sedatives and photographic plates, films, years, new applications for products being 

and emulsions, and as process and labora- produced were increased. - 

| | PRICES | 

| Prices for bromine and bromine com- : ae Cents : 
pounds remained steady and were virtually | per pound 
the same as in 1964. The following prices Bromochloromethane: 

were quoted by the Oil, Paint and Drug Drums, « carlots, freight equal- | 
Reporter: ized __-_.._.._.._____.____ 48 

| | Cents d Tanks, same basis____._______. 47 
. | per poun ae . 
Ck , per p Ethylene dibromide: 

Bromine, purified: 7 . o . Drums, carlots, freight equal- 
Cases, carlots, ton lots, delivered ved 30.5 

east of Rocky Mountains____ 33 foe de cn nltead OQ 
~~ Tanks, freight equalized______ 28.5 

Drums, carlots, ton lots, deliv- 2 g q 2 
| ered east of Rocky Mountains 29 Potassium bromate, 200-pound 

Tanks, carlots, same basis_____ 21.5 drums, carlots, freight allowed_ 49 

Ammonium bromide, National Potassium bromide, U.S.P., granu- 
Formulary (N.F.) granular, lar, barrels, keys___________-. 40 

drums, carlots, ton lots, freight Sodium bromide, U.S.P., granular, 
equalized _-._____--_-----__ 44 barrels, drums, works_____.____ 40
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a FOREIGN TRADE | | 

The only transactions involving bromine ethylene dibromide. All other classes of | 
and bromine compounds reported under bromine compounds are part of a blanket 
the existing tariff schedules (TSUS) were category and are no longer classified sepa- : 
the importation of 2,200 pounds of potas- rately. - | | oe 
sium bromide valued at $618 from Israel | 
and of 25,397 pounds of sodium bromide Effective January 1, 1965, exports of | 
valued at $5,462 from France. No trans- bromine, bromides, and bromates were no 7 
actions were reported for bromine and longer separately classified. a 

| | WORLD REVIEW | | 

The short supply of elemental bromine tive demand by the sole producer of bro- 
“in the United Kingdom and in Continental mine in the United Kingdom for the pro- 
Europe became more acute. at the begin- duction of ethylene dibromide reduced the > 
ning of 1965. The increase in the pro- quantity of elemental bromine the com- a 
duction of ethylene dibromide for use asa pany sold on the open market. A sec- 
gasoline additive was the major reason for ondary reason for the shortage of bromine _ 
the shortage of elemental bromine. was a reduction of imports from France. 

: . a : a No. import duty was levied on bromine as 
oo EUROPE — : it was classified as a vital raw material > 

France.—Société Octel-Kuhlmann an- [yn May, an increase of $14 raised the price - 
nounced that new facilities would be con- of bromine to $700 a ton. | 
structed to double the present capacity of | | 

- about 6,600 tons a year for the production | : ASIA - | 
- of ethylene dibromide. Most of the pro- Israel.—Because of the current heavy | 

duction from the company’s plant. at Port- demand by United Kingdom customers for 
de-Bouc, close to Levéra in southern bromine and bromine compounds, Dead 
France, was used captively. The company ‘Sea Bromine Ltd. announced that the pro- | 
hoped that an increase in the consump- duction capacity of its bromine plant at 
tion of ethylene dibromide at its own ‘Sedom would be increased from 9,900 to 
plants and a substantial rise in export 14,300 tons a year. The company con- : 

~ sales would result from the completion of templated that upon completion of these , 
the new facilities in late 1965 or early facilities, its ethylene dibromide unit would | 
1966.2 - - | : work at full capacity of 6,600 tons. The 

Germany, Federal Republic of.—The | research department of the company was | 
: . | particularly active in the development and 

short supply of bromine became more acute . . 
: . production of new bromine compounds. 

after mid-1965. Production of elemental I . wyeae 
er : nvestigations of facilities for the bulk 

bromine in 1964 was 2,465 tons valued at hi f liquid bromi nued 
$1.2 million. | Ss ipment or liquid bromine were continue : 

‘ - Bromine Compounds Ltd., an affiliated 
Rumania.—Geologic work was under- company of Dead Sea Bromine Ltd. that 

taken to identify oil field brines that may produces organic and inorganic bromides, 
contain sufficient bromine for commercial put into operation a plant that has a ca- 

extraction. pacity of 265 tons a year for the produc- 
United Kingdom.—The increased cap- tion of sodium bromate. 

TECHNOLOGY 

The Institute for Fibers and Forest A process for absorbing bromine from 
Products Research of the Israel Ministry an aqueous acidic chlorine brine was pat- 
of Commerce and Industry, Jerusalem, Is- ented. The process was an improvement 
rael, developed and patented a new process 

for . making wood highly fire resistant. * European Chemical News (London). Octel- 
Claims were made that the process reduced Kuhlmann Doubles Dibromide Capacity. V. 7, 
the cost of fireproofing by $10 to $15 per No- 170, Apr. 16, 1965, p. 24. 
ton of wood and produced better results Fire ben Chemical News Gondor): ae | 
than existing methods.? Jan. 1, 1965, p. 29.
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over other processes because the adsorption cedures and results of the investigation 
| was effected in the presence of excess were reported.!! | 

chlorine.* | | . A process was patented that improved 
The procedure used in and the results the production of an aqueous bromine _ 

of laboratory studies of the solvent effects solution from aqueous bromide-bromate | 
of certain bromine compounds were re- salts and mineral acid. The five-step proc- 
ported. Solvent effects of previous studies ess produced a substantial yield.12 | 
were reported and compared.5 — A lead lined bulk storage unit for bro- 

A satisfactory reagent for the reduction mine, the first in the United Kingdom, 
of perfluoroaryl bromides was found to be was installed at the Kirkby, Liverpool, 
zinc powder and acetate acid. High yields plant of Pure Chemicals Ltd. The storage 
were achieved for the reduction of some tanks enabled the delivery of bromine to 

| compounds, and the reagent proved useful the plant from road tankers instead of in 
for the preparation of other compounds.6 small bottles.18 CO 

_ A patent was issued for a process to re- 4 Hein, Rowland Frank (assigned to E. I. du 
cover bromine by the catalytic oxidation Pont de Nemours & Co., Inc., Wilmington, Del.). 

: : : : . rption of Bromine on Anion Exchange Resins 
of bromide ton in an acid medium. Free in the Presence of Excess Chlorine. U.S: Pat. 

| _ bromine formed by the oxidation of the 3,174,828, Mar. 23, 1965. } oo 
bromide ion was separated from the reac- 5 Fuller, G., and D. A. Warwick. Solvent 
tion media.? po” - Effects Tetrahydrofuran in’ the Reaction of 

. . Pentafluorophenylmagnesium Bromide With Eth- 
| An extraction process using three steps ylene Oxide. Chem. and Ind. (London), No. 15, 

was patented for the recovery of elemental tee ee Ps F. Use of Zine Powd 
© . ° ° lney-bassett, ° - use 0 inc owder 

bromine from an aqueous brine solution. and Acetic Acid for Reduction of Perfluoroaryl 
The first step was the preparation of an Bromides. | Chem. and and. -(London), No. 16, 
effluent consisting essentially of chlorine, pr. 17, 1965, pp. 693-694, | 

. ?Harding, William A.,- and Saul: Gerald 

inert g . he mix- emicals, Inc., Philadelphia, Pa., and one-ha 
inert gases The second step was the . to - Northern. Natural Gas Company, Omaha, 
ing -of the efluent with the brine solution Nebr-)- Recovery of Bromine PY the ‘Nitrite 

. libera lem 1 bromine. thi atalytic Oxidation of Bromide Ion in an Aci 
| ne b “he st ental bro Sand The. thire Medium. U.S. Pat. 3,179,498, Apr. 20, 1965. 

step was © stripping out and recovery 0 8 Davis, Wayne T. (assigned to Ethyl Corp., 
elemental -bromine.8 | - New York). Process : for Recovery of Elemental 

' * ‘Bromine from an queous Bromine Solution. The. development section of a brochure U.S. Pat. 3,181,934, May 4, 1965. aa 
describing research and development prod- ® Chemical Age (London). Fine Chemicals — 
ucts included a discussion of bromine with from Reval. V. 93, No. 2392, May 15, 1965, — 

_-__ terpens.9 | : _ "19 Di Gioacchino, D., M. Giorgi, and A. Romeo. 
‘Bromination reactions on enol deriva- Je Bromination of Enol Derivatives of 3-keto 

: —_ . Steroids by means of N-Bromosuccinimide. Chem. 
, tives of 3-oxo-5q-steroids of the androstane and Ind. (London), No. 38, Sept. 18, 1965, | 

1 i ; p. 1633. and cholestane series were investigated. ¥-,! Lockwood, K. L. Stoichiome try of the 
When enol ethers or enol esters were used Reaction of Bromine with Phenols. J. Chem. 
h i i 10 ducation, v. 42, No. 9, September 1965, p. 482. 

the results of the reactions differed. 12 Belohlav, Leo Rudolf, and James Robert 
An investigation was conducted to es- Underhill (assigned 0 Great Lakes Corp., West 

tablish the ichi i afayette, Ind.). romination Process. 0». 
¢ bromi stoichiometry for the reaction at 99,276, Dec. 7, 1968. 

of bromine with phenols and to demon- 18 Chemical Trade Journal and Chemical Engi- 
strate the rapid and itati neer (London) Bulk Storage an andling o 

AP quantitative nature of = Porinide. v. 157, Nos. 4098 and 4099, Dee. 28, 
the reaction of bromine and enols. Pro- 1965, p. 749.



~ Cadmi 

| | By Harold J. Schroeder ! | | 

_ The domestic cadmium industry in 1965 was in excess of consumption, and indus- | 
experienced lower production, a large in- trial stocks increased by 60 percent to | : crease in imports, and an increase in ap- . | 7 a | parent consumption. Total new supply _ the highest yearend level since 1959. | | 

| LEGISLATION AND GOVERNMENT PROGRAMS | 

No sales of cadmium were made against stockpile have been the principal reasons 
the 5 million pounds of Government stock- for the lack of sales of Government stock- 

_ piled cadmium authorized for disposal by piled cadmium. | | 
legislation enacted in 1964, and all but Government stockpiles remained un- | 

| the 23,400 pounds disposed of in 1964 changed at 15.1 million pounds, of which 
: remained available for sale. Increasing 7.7 million was in the strategic stockpile 

_ availability of cadmium through commer- and _ 7.4 million in the supplemental stock- 
cial channels since passage of the legisla- pile. The stockpile objective was 5.1 mil- : 
tion and undesirability of shapes in the lion pounds. - | | 

oo Table 1.—Salient cadmium statistics , | 
(Thousand pounds) ; / 

a a a annem * 

. 1956-60 mo - 
(average) 1961 1962 1963 1964 1965 

United States: 
Production?! ____-_______-.___-._. =—10,005 | 10,466 11,137 9,990 10,458 9,671 . 
Shipments by producers 2 ____.____ 10,350 10,222 12,057 10,124 9,689 8,128 —_ 

~ Value ___.__-__.-thousands_. $13,595 $14,218 $18,481 $21,880 $27,412 $19,153 
Imports for consumption, metal___ 1,657 1,079 1,117 991 1,104 2,121 
Exports -_----_-.-.---___..-.--_. —-:1,181 702 717 1,313 1,489 73 
Consumption —__.__.__-_____ 9,738 10,184 12,146 11,482 ° 9,364 10,431 
Price: Average? ______per pound__ $1.56 $1.68 $1.72 $2.26 $3.00 $2.58 

_ World: Production _--..-.._._...-____ 21,900 25,700 26,300 26,800 28,900 27,800 

T Revised. 
1 Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge 

used directly in production of compounds. " 
2 Includes metal consumed at producer plants. . 
* Average quoted price for cadmium sticks and bars in lots of 1 to 5 tons. 

~ DOMESTIC PRODUCTION 

Production of cadmium metal from to be the largest item. The main sources 
primary and secondary sources was the of imported zinc concentrates were Mexi- 
smallest quantity since 1959. co, Canada, and Peru. Secondary cad- , 

About 14 percent of the metal output ™ium was recovered mainly from scrap 
was derived from imported cadmium flue 2!oys. . ; 
dust. Except for a relatively small quan- Pp roduction of cadmium sulfide, cad- 
tity recovered from scrap, the balance was um lithopone, and cadmium sulfosele- 
obtained from processing domestic and de totaled 1.6 million pounds of con- 
imported zinc and other base metal con- ‘aimed cadmium, a record quantity. Two 
centrates, with the foreign source estimated 1 Commodity specialist, Division of Minerals. 
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Figure 1.—Trends in production, consumption, yearend stocks, imports, exports, and 
: average price of cadmium metal in the United States. | |
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_ firms continued production of cadmium metal, published in the Cadmium chapter | 
_ oxide. Cadmium compounds are prepared of the 1964 Minerals Yearbook, was un- 
_ from the metal or from intermediate com- changed except for the Sherwin-Williams | | 

pounds. oo ae Co. plant which did not operate during a 
The list of plants producing cadmium 1965. oe , | 

| Table 2.—Cadmium oxide and cadmium sulfide produced in the United States _ | 
. - (Thousand pounds) _ | 

. . SO Oxide . Sulfide 1 

Year | Gross Cadmium _ Gross Cadmium 
| . weight content weight content 

1956-60 (average)___-_.---- Ww WwW 8,841 1,122 
(1961__-2 ~~. i229 1,075 3,355 1,115 | 1962_ 22 94 1,481 4,250 | 1,329 ne 
1963___----- Ww W. 4,560 . 1,542 
1964____-___- Ww WwW 4,514 1,531 
1965_---- Ww OW. 4,666 1,575 

W Withheld to avoid disclosing individual company confidential data. oo 
1Includes cadmium lithopone and cadmium sulfoselenide. . a 

| | CONSUMPTION AND USES oe | | 

Plating continued to be the largest use nuts, bolts, and screws. 7 : 
for cadmium, and was estimated to have | Other principal uses of cadmium were 

_ consumed 55 to 60 percent of the total. as the sulfide, sulfoselenide, and lithopones oo 
Applications for cadmium plating include for industrial color pigments, the stearate | 
parts for automobiles, household appli- for vinyl plastics, the nitrate for nickel- 
ances, aircraft, industrial machines, radio cadmium batteries, phosphors for television | 
and television sets, electrical and electronic tubes, and the metal for solders, low-— | 
equipment, hardware fittings, instruments, melting point fusible alloys, and other 
and numerous fastening items such as alloys. 

a | STOCKS | | | 
Stocks of cadmium metal at producers, increased to the highest yearend level | | 

compound manufacturers, and distributors since 1959. | - | 

| ‘Table 3.—Industry stocks, December 31 | 
. (Thousand pounds) . eee 

1964 1965 

Cadmium ‘Cadmium Cadmium Cadmium , 
metal incom- — metal in com- 

| pounds pounds 

Metal producers_______.__._-_.__ 1,523 Ww 3,066 - WwW 
Compound manufacturers______.______ 311 r 609 . 177 598 
Distributors______-...-_--_---_--_ T 327 81 206 37 

Total______---_-_-----_--___ r 2,161 T 690 3,449 635 Eee 
T Revised. . 
W Withheld to avoid disclosing individual eompany confidential data; included with ‘Compound 

manufacturers.”’ - 

PRICES | 

Cadmium on the London market was it declined in increments to 3,400 lire 
quoted at the beginning of the year at ($2.47) by yearend. 
22s. per pound ($3.07). Price quotations 
changed on March 5 to 18s. ($2.52) and The French quotation for metal was 28 
on July 23 to 16s. ($2.24). francs ($2.59) at the start of the year; it 

In Italy the quoted price was 3,800 declined to 27 francs ($2.50) in April and 
lire ($2.76) at the beginning of the year; to 23.50 francs ($2.17) in October.
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_ Table 4.—Prices quoted for cadmium in the United States in 1965 © | 
| | (Per pound) oo So oe J 

| | oa - Producer to consumer __ _ . ee ee oo - —— Distributor 
- Date a ae Lessthan . . to consumer 

a - | _ : 1-ton lots _— l-ton lots | a 

‘January 1_____---------------2--e--e------ $8.00 $3.05 $2.90-$3.15 | 
March 2_____-_------------------------------ 2.65-3.00 | 2.70-3.05 2.65— 3.00 

_ March 8_____-------------------------+------- 2.65 2.70 2.65~ 2.75 
June 17________-------- eee 2.40—2.65 2.45-2.70 (2.40— 2.75 
June 23... Le. 2.40 | 2.45 2.40— 2.50 

August 2 to Dee. 31_--------_---------------. 2.40 2.45 2.40— 2.45 

| | | FOREIGN TRADE | oe, - 

. Imports.—General imports of cadmium a ‘record high. Imports of cadmium in 
metal nearly doubled to 2.1 million pounds, flue dust, all from Mexico, increased to the | 

| Table 5.—U.S. imports of cadmium metal and cadmium in flue dust, by countries. 
_ | (Thousand pounds and thousand dollars) | 

. | General imports 1 Imports for consumption 2 

| Country | 1964 1965 1964 1965 

| an Quantity Value Quantity Value Quantity Value Quantity Value | 

| | - CADMIUM METAL Oo a 

North America: . | - 
Canada____2- +428 $1,084 615 $1,129 428 $1,084 615 $1,129 

. Mexico. 96 293 - 12 37 94 = 286 12 #37 

7 Total_......----.-----.--. 524 1,877 G27_—s«i1,166 522. 1,870 627 1,166 
South America: _ — - | oO, 

Argentina_...__.....-_.__--- 2 6 ~-- ---- 3 - 8 3 6 
Peru____-_-.----.----_- 152 342 337 865 152 342 337 865 . 

Total__._____.-._---____-. 154 348 337 865 155 350 340. 871 

Europe: ot 
Or 

Belgium-Luxembourg-______-. 18 204 60 153° 18 204 60 153 
France___.._.--_--.----.---- ---- ---- 9 18 ---- ---- 9 18 
Germany, West____..___.--. a ---- | 46 114 an oe 46 114 
Italy____-___-____ Mone ee 22 5200 Le 22 52 
Netherlands.._._......-.... 4 11 56 138 4 11 56 138 . 
Poland-Danzig_...__.._.-_. ---- a q 29 ---- ---- q 29 . 
United Kingdom___.-._.__ ---- a 79 150 ---- ---- 79 151 
U.S.S.R._-----------------+.  ---- ---- 53 103 wane eee 53 103 

, | Total________--__-------.  g2 «218 382 757 82 215 332 58 
Africa: _ - 

Angola (Portuguese) -_~. ~~. wn-- 0) wee 35 ssi ---- ---- 35 15 
Congo (Leopoldville)_.__._ 223 591 287 681 218 575 287 681 
Mozambique___.__._....---- ---- ---- 8 17 ~--- ---~ 8 17 

Total__________.-.-__._-.. 223 591 330 173 218 575 330 178 
Asia: Japan... -__e. 102 288 264 540 86 247 288 609 
Oceania: Australia__.._._______ 44 122 204 492 41 113 204 492 

Total cadmium metal___-. 1,129 2,941 2,094 4,593 1,104 2,870 2,121 4,669 

FLUE DUST (CADMIUM CONTENT) 

North America: Mexico_______- 1,272 $1,543 1,531 $1,521 1,272 $1,543 1,531 $1,521 
Europe: Belgium-Luxembourg-__. (*) 2 ---- ---- (3) 2 ---- ---- 

Total flue dust_________-. 1,272 1,545 1,531 1,521 1,272 1,545 1,531 1,521 

Grand total___.._._______ 2,401 4,486 3,625 6,114 2,376 4,415 3,652 6,190 

h 1 Comprises cadmium imported for immediate consumption plus material entering bonded ware- 
ouses. 

2 Comprises cadmium imported for immediate consumption plus material withdrawn from bonded 
warehouses. 

3 Less than 14 unit.
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Table 6.—U.S. exports of cadmium metal largest quantity since 1961. 
: ium in alloys, dross, flue dust, — . . | and cadmium — ys ° mae Exports.—Exports of cadmium as metal, residues, and scrap | : d | 

(Thousand pounds and thousand dollars) . © dross, flue. dust, residues, and scrap de- . oo clined to a record low of 73,000 pounds. - 
oo Year. Quantity Value Tar; Th os d d . . 

a ariff.—The import duty on cadmium --- > 1,560 oy Te, . ior average) _ 1 103 > 983 metal remained at 3.75 cents per pound in 
1962__-_____._ 717 1,139 1965-—the rate effective. January 1, 1948, | 1963... 2-2 1,313 8,070 ° a 1964... 1,439 4.033 as established at the Geneva Trade Con- 
1965? ~_____________ 8 195 ference in 1947. Cadmium contained in 

1 Not strictly comparable to preceding years. flue dust remained duty free. Lo 7 . 

oe _ oo WORLD REVIEW | | a _ 7 : 

World production of cadmium metal de- United © Kingdom.—‘“The World Non- — 
_ creased 4 percent to 27.8 million tons. Ferrous Metal Statistics” published by the 

Five countries—United States, U.S.S.R., British Bureau of Non-Ferrous Metal Sta- 7 
Canada, Japan, and the Congo (Léopold- tistics reports production of 485,000 
ville)—accounted for about 74 percent of | pounds and imports of 3.2 million pounds 
total production. Oe _ of cadmium for the United Kingdom dur- 

| | Oo ing 1965. Cadmium consumption was 
Mexico.—A zinc reduction plant at Sal- 2.8 million pounds and was used for the 

: tillo, Coahuila, built for Zincamex, S.A., following purposes (in thousand pounds) : 
- a company formed by the Mexican Gov- Plating anodes, 851; plating salts, 253; a | ernment, began operating in late 1964. cadmium-copper alloys, 114; other alloys, 

_ Facilities included a cadmium recovery unit 101 ; batteries, 262; solder, 185; colors, operated in conjunction with the refinery. 914; and miscellaneous, 165. _ 

| Table 7.—World production of cadmium metal by countries ** | | 
| . .. (Thousand pounds) . 7 | oO 

Country 1961 1962. 1963 1964 1965 P 

North America: . | : . . 
Canada (all forms)__.............. 72,299 2,605 2,475 — P2773 3,009 Honduras____-_--_______-__-_ 10 r31 192 ° 231 194 Mexico (exports)_..___.___________ 104 63 326 r 260 3260 — '. United States_._.........________. 10,466 11,137 9,990 - 10,458 9,671 - South America: Peru (refined metal) _. 232 235 382 ? 435 © 475 Europe: . ee Austria___--. 2-2-2 4 49 41 T 43 343 | Belgium (exports) ~_-.--.-_____-_.. 1,988 1,854 1,943 r 1,858 © 830 France_____-_-- ~~ 560 567 T 655 . r 849 882 Germany : oe co ote . | Bast ~~ ----- qT 11 22 3 22 | 952 560 492 705 723 Italy-_-_---- 767 T 536 r 622 r 697 3 597 Netherlands ¢_____.________-__ 88 88 -88 88 88 Norway__--_.---2--- 231 254 243 T 254 © 187 Poland ¢___-_-_- 880 880 930 930 930 Spain__-_------ 76 133 119 re119 © 119 . U.S.S.R. @_-- 3,300 3,500 3,700 3,900 4,200 United Kingdom____._____________ 217 237 Tr 247 T A385 485 Yugoslavia ¢_____-. . 88 88 88 90 90 Africa : 
Congo (Léopoldville)_.....________ 1,173 677 871 r 1,088 31,038 Zambia___-_-_----. 42 37 33 r $2 © 44 Asia: Japan__..____....... 1,596 1,948 2,231 Tr 2,678 3 2,678 Oceania: Australia___...-.-._ 697 791 1,089 ¥ 1,107 © 1,197 me 

World total___-.----_-- 25,700 26,300 26,800 28,900 27,800 
e Estimate. P Preliminary. Tr Revised. 
1 Data derived in part from bulletins of the World Non-Ferrous Metal Statistics (London) and annual issues of Metal Statistics (Metallgesellschaft). 
*Data do not add exactly to totals shown because of rounding where estimated figures are in- cluded in the detail. No estimate included for Bulgaria, but it is reported to be producing cadmium. 
31964 data. 

232-748 O-67—18
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a , «TECHNOLOGY. Se, | 
. A patent -was granted on a method of nickel-cadmium battery system in the pres- : 

co imparting a black surface on’ cadmium by ence of foreign ions has been investigated.* | 

- means of immersion in a bath containing Several papers were published regard- 

| chromium and silver ions and phosphate ing research on the photoconductivity 

and sulfate radicals.? . | SO properties of cadmium-containing com- | 
SC Patents were granted on a cadmium  pounds.8 Patents were granted on. the a 
_°. sulfide pigment incorporating zinc and use of cadmium in semiconductor devices.® 

selenium in the crystal lattice? and on a — Reports on research related to atomic | 

~ complex * basic cadmium compound.* energy described the plutonium-cadmium | 

_. Other patents provide for growth of cad- phase equilibria system.1® Basic research 
-mium oxide single crystals by sublima- was reported on strain patterns surround- 

| tion 5 and use of cadmium sulfate in mak- _ ing cadmium-gold phase precipitates in 
, _ ing a heat-sensitive reproduction material.6 cadmium sulfide crystals11 Heat of for- | 

.  .The behavior of individual positive and mation of the anhydrous sulfate of cad- 
a negative electrodes of the sintered-plate mium was determined.12 _ . 

4 2 Bellinger, Kenneth P., and Eugene G.. Chap- Photo-Hall Studies:of Oxygen Adsorption Effects 
delaine (assigned to Conversion Chemical Corp., on Photoconductivity in Sintered Layers. J. 

_ Rockville, Conn.).. Composition and Method for Electrochem. Soc., v. 112, No. 10, October 1965, 
Blackening the Surfaces of Cadmium and Zine. pp. 1002-1005. — 

. U:S.. Pat. 3,219,489, Nov. 23, 1965. _ . Shear, Herbert,.Edgar A. Hilton, and Richard 
8 Flasch, Helmut (assigned to Farbenfabriken H. Bube. Oxygen Chemisorption effects on 

Bayer Aktiengesellschaft, Leverkusen, West Ger-. Photoccnductivity in Sintered Layers. J. Electro- 
many). Light- and Weather-Resistant Yellow chem. Soc., v. 112, No. 10, October 1965, pp. 
Cadmium Pigment. U.S. Pat. 3,220,868, Nov. 997-1002. | Co , . 
830, 1965. . - © Hull, Edward M., and Vincent J. Lyons (as- 

4 Hendricks, John G., and Leonard M. Kebirch signed to International Business Machines Corp., | 
. (assigned to National Lead Co., New York). New York). Vapor Growth With Smooth Sur- 

Method of Producing Basic Cadmium Salts. of faces by Introducing Cadmium. Into the Semi- 
= Aliphatic Carboxylic Acids. U.S. Pat. 3,225,075, conductor Material. U.S. Pat. 3,179,541, Apr. 

Dec. 21, 1965. a | 20, 1965. _ | BE 
5 MacAvoy, Thomas C., and James A. Marley, _—Schnable, George L. (assigned to Phileo Corp., | : 

Jr. (assigned to Corning Glass Works, Corning, Philadelphia, Pa.). Semiconductor Devices Util- | 
N.Y.). Growth of Cadmium Oxide Single Crys- izing Cadmium Alloy Regions. U.S. Pat. 3,186,- . 
tals. U.S. Pat. 3,199,961, Aug. 10, 1965. = —«- 879, June 1, 1965. | 

6 Klimkowski, Robert J., Luigi Amariti, and 10 Etter, D. E., D. B. Martin, D. L. Roesch, 
Allan D. Janda (assigned to Eugene Dietzgen.‘ C. R. Hudgens, and P. A. Tucker. The Plu- | 
Co., Chicago, Ill.). Thermographie Diazotype tonium-Cadmium Binary System. Trans. AIME, 
Reproduction Material, Method of Making and v. 233 (Met. Soc.), No. 11, November 1965, pp. 
Method of Using. U.S. Pat. 3,224,878, Dec, 21, 2011-2013. ; 
1965. . Johnson, Irving, Martin G. Chasanov, and 

7 Casey, E. J., A. R. Dubois, P. E. Lake, and Robert M. Yoneo. Pu-Cd System Thermody- 
W. J. Moroz. Effects of Foreign Ions on Nickel namics and Partial Phase Diagram. Trans. 
Hydroxide and Cadmium Electrodes. J. Elec- AIME, v. 233 (Met. Soc), No. 7, July 1965, pp. 
trochem. Soc., v. 112, No. 4, April 1965, pp. 1408-1414. 
371-383. 11 Dreeben, Arthur. Microstructures in CdS: 

8 Aten, A. C., J. H. Haanstra, and H. de Vries. Au Singie Crystals. J. Electrochem. Soce., v. 
Fluorescence and Photoconduction in Tellurium- 112, No. 5, May 1965, pp. 493—496. 
Doped Cadmium Sulphide. Philips Research Re- 12 Adami, L. H., and E. G. King. Heats of . 
ports (Eindhoven, Netherlands), v. 20, No. 4, Formation of Anhydrous Sulfates of Cadmium, . 
August 1965, pp. 395-403. Cobalt, Copper, Nickel, and Zine. BuMines Inf. 
Robinson, Arthur L., and Richard H. Bube. Cire. 6617, 1965, 10 pp.



Calci it cum and Calctum Compounds 

By Ronald C. Briggs ! a 

: Calcium metal was produced in two Continuing the trend of recent years, do- 
plants in North America—one in Canaan, mestic production of all forms of. calcium 
Conn., and one in Haley, Ontario, Canada. chloride reached a record high. The great- : 
Various forms of calcium chloride and cal- est use of calcium chloride continued to be 
cium-magnesium chloride were produced for deicing highways. 
by 11 companies in the United States. | 7 | - | | 

7 | - - DOMESTIC PRODUCTION . _— 

| Nelco Metals, Inc., a division of Chas. provided the raw materials for producers 
Pfizer & Co., Inc., continued as the only in Michigan and West Virginia. The 
domestic producer of calcium metal in sole West Virginia producer was Inorganic 
1965. Calcium was produced by the alu- Chemical Division of FMC Corp. Michi- 
mino-thermal reduction of calcium oxide in gan producers included The Dow Chemi- 
vacuum retorts at its Canaan, Conn., plant. cal Co. with two plants, Michigan Chemi- 
The quantity of calcium produced in 1965 cal Corp., Morton Chemical Co., and Wil- 

: was reported to be about the same as in kinson Chemical Corp. | | 
1964. . Total domestic production in 1965 was 

Calcium chloride and calcium-magne- 790,000 short tons of both natural and > | 
| sium chloride were important calcium com- synthetic solid and solid flake forms, cal- | 

pounds in both quantity and value for culated as 75-percent chloride equivalent. 
1965. The demand for these compounds Production of calcium chloride and cal- 
continued to increase, chiefly because of cium-magnesium chloride. brines (about 40 
the quantity required for construction and percent chloride), excluding those used to 
maintenance of the expanding network of produce granular forms, totaled 325,000 

highways. Production reached a record tons. Most of the reported granular and _ 
high, continuing the trend. of recent years. brine production was natural calcium chlo- 

In 1965, 11 companies reported produc- Tide and calcium-magnesium _ chloride. 

tion of some form of calcium chloride or Michigan continued as the leading produc- 
calcium-magnesium chloride. The com- ‘8 State.. 
panies producing synthetic calcium chlo- _, Production of all forms of natural cal- 
ride, recovered as a byproduct of the ‘ium and calcium-magnesium chlorides, 

ammonia-soda process, were Solvay Process C@lculated as /5-percent chloride equival- 
| Division of Allied Chemical Corp., Syra- ¢Dt, averaged 494,000 tons annually for 

cuse, N.Y.; Pittsburgh Plate Glass Co., the years 1961-65. The annual average 
Barberton, Ohio; and Wyandotte Chemi- Value was $9.8 million ($19.84 per ton) 
cals Corp., Wyandotte, Mich. Natural cal-  for_the same 5-year period. 
cium chloride, including natural calcium- Shipments of natural and synthetic solid _ 
‘magnesium chloride, was produced in nine 24d flake calcium chloride (73 to 80 per- 
plants operated by the remaining eight Cent CaCl) in 1964 were 700,000 tons, 

companies. Hill Bros. Chemical Co., Les- Valued at $21 million ($30 per ton) f.o.b. 
lie Salt Co., and National Chloride Co. of Plant. Brine (40 to 45 percent CaCl,) 

| America, were the only California pro- Shipments for the same year were 278,000 | 

ducers, and obtained their material from ©”S, valued at $3 million ($11 per ton). 
Bristol Dry Lake near Amboy. Natural Corresponding 1964 production totals were 

brines from under-ground saline formations —~ 1Gommodity specialist, Division of Minerals. 

267
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722,000 tons and 296,000 tons, respec- Convict Lake, Calif. The quantity pro- : 
tively.2 | a 7 duced was greater than that reported in 

U.S. Calcite Co. reported production of 1964, but the value was substantially S 
: optical-grade calcite from a deposit near lower. . | 

| CONSUMPTION AND USES | | a 

Metallic calcium was used as a deoxidi- nance. Construction of facilities for stor- 
zer, a sulfide former, and a scavenger to ing calcium chloride continued to be im-. 
clean melts. Various other applications portant. Although practical production 

| for this highly reactive metal ranged from. capacity for both natural and_ synthetic 
| refractory metals reductant to alloying material exceeds demand, the salt is usu- | 

agent and gas absorbent in chemical proc- ally in short supply during periods of 
essing. It was also used in the production heavy snowfall or of cold weather. 

: of calcium pantothenate and numerous The use of calcium chloride solution for 

organo-metallic compounds. tire weighting continued to grow steadily. 
. ; te . : -,.' Farmers and heavy equipment manufac- 

. Highway deicing | continued as the prin- turers and operators have long known that 
cipal use of calcium chloride. Other major liquid ballast in tires gives more maneuver- 

=. | uses included dust control, concrete treat- ability, greater pulling power, and better 
ment, tre weighting, brine refrigeration, treadwear. The use of liquid ballast dates = 
and a variety of industrial uses. back to about 1930 when pneumatic tires. 7 

| One of the new developments in the were first used on farm tractors. Calcium 
calcium chloride industry was shipment chloride is a suitable tire-weighting ma- 

| and application of the material in bulk. terial. It is about 30 percent heavier than 
Bulk calcium chloride was either applied plain water, is freezeproof to minus 59° F, 
directly to roads or stored for ready appli- is relatively inexpensive, easily available, _ 
cation for dustlaying or winter mainte- and not harmful to tires or valve: stems.3 

| oo PRICES AND SPECIFICATIONS - Se | 

: Reportedly, prices and specifications for chloride liquor or brine, about 40 percent 
calcium metal have remained the same as CaCl,, a supersaturated solution shipped in 
those quoted in the 1963 and 1964 Min- heated tank cars (tank cars, freight equal- 
erals Yearbooks. | : ized), was $14 per ton. Concentrated 

_ Most calcium chloride prices did not flake or pellet chloride, 94 to 97 percent | 
change in 1965. Powdered calcium chlo- CaCl, (paper bags, carlots, at works, — 

: ride, 77 percent minimum CaCl, (paper freight equalized), was $41.70 to $43 per 
bags, carlots, at works, freight equalized), ton. Regular flake calcium chloride, 77 to 
was $40 per ton. Solid calcium chloride, 80 percent CaCl, (paper bags, carlots, at 
73 to 75 percent CaCl, (carlots, freight works, freight equalized), was $34 to $35 
equalized), was $32.50 per ton. Calcium per ton.4 | 

FOREIGN TRADE | | 

All imports of calcium metal were from Canada (99.8 percent), and the Canal 
Canada. Countries supplying calcium Zone (0.2 percent); and 35.8 million 

_ chloride imports for consumption were pounds of calcium cyanide from Canada. 
Canada, 48 percent; Belgium-Luxembourg, = —__ | 
37 percent; West Germany, 11 percent; Cones: Department of Commerce, Bureau of the . . ensus, Industry Division. Inorganic Chemicals and United Kingdom, 4 percent. and Gases, 1964, Current Ind. Rept. Ser. M28A 

_ Other calcium compounds imported dure (SG lium “Chloride Tnatitute News. Report on ing 1965 included 12.6 million pounds of Liquid Tire-Weighting. V. 15, No. 1. First Quar- 
crude calcium borate from Turkey ; 20.9 e Oi Point and Drug Reporter. V. 187, Nos. million pounds of calcium carbide from 1-96; y. 188, Nos. 1-26: Jan. 4-Dec. 27, 1965.
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Table 1.—U.S. imports for consumption of calcium, and calcium chloride 
| | and exports of calcium chloride a 

| —_ | Imports Exports oe 
Year Calcium Calcium chloride | Calcium chloride | 

| | Pounds Value Short tons Value Short tons Value 

1956-60 (average)... 13,666 $19,277 «1,681. ~«Sss—(‘<«‘éS BDA 36,968 «$1,290,945 - : 
1961______-_-.___.... 17,266 © 22,892 3,022 — - 102,680 22,047 _ 1,090,583 
1962_______.________.. 43,962 51,669 1,896 59,753. 43,830 1,686,819 
1968______-.-__-_-___._ | 26,343 31,648. 2,234 67,225. 36,984 1,527,243 
1964_.___--___________ 42,439 . 42,238 . 2,718 © 91,933 —  —- $9,893 1,618,479 
1965_______-----_-_-__- 28,219 27,616 ' 8,658 - - 99,751 D (4) | (4) . ° 

1 Beginning Jan. 1, 1965 no longer separately classified. Oe | 

| So WORLD REVIEW : | 

Canada.— Production of calcium in 1965 these exports were the United States, 64 
was estimated at 123,487 pounds, valued percent; Belgium-Luxembourg, West Ger- 
at Can$123,391. Compared with 1964 many, and India, 7 percent each; Nether- 
figures, quantity and value were 11 percent lands, 6 percent; Great Britain, 5 percent; . 
and 19 percent less, respectively. Domin- Japan, 3 percent; and other countries, less 
ion Magnesium Ltd. in Ontario was the than 1 percent.é 
only Canadian producer of calcium.® : . 

Commercial shipments of calcium metal — India.—Travancore Electro-Chemical In- 
in 1964 were consigned mainly to export dustries applied to the Indian Government | 
markets; as Canadian demand continued for permission to double its present cal- 
to be low. World demand was also low, cium carbide capacity to 24,000 tons per | 
but an increase in consumption is likely as year. The company is currently producing 
more diversified uses are developed and at well below its capacity at about 7,000 
widely adopted. Canadian calcium ex- tons per year; because of an inadequate 
ports in 1964 totaled 210,800 pounds, val- power supply. It hopes that this fault will 

| ued at Can$137,681.. Countries receiving be corrected soon.7 : 

| oe ae TECHNOLOGY | Se 
A process for producing calcium by the’ calcium oxide in a molar ratio of about | 

thermal dissociation of commercial calcium 3:1 in a closed kettle at about 300° C. 
carbide was described in a newly issued ‘The reaction products are a solid and gas- | 
patent. The process comprises heating a eous ammonia. Crushing the solid and | 
charge consisting of a lower bed of calcium __ reheating in a kiln to about 700° C results 

_ carbide, which contains calcium oxide and in the formation of calcium cyanamide and 
an upper layer of carbon particles having carbon dioxide.® 
a large surface area. A temperature range Recent developments involving improve- 
of 1,500° to 1,800° C is maintained. Ini- ments in the operations and techniques for 
tially the pressure is held above the equi- the use of continuous self-baking electrodes | 
librium pressure of the calcium carbide dis- in a 20,000-kva electric furnace for making 
sociation reaction, but below the equilib- Gala : 

. : : : anadian Mining Journal. The Canadian 
rium pressure for . the reaction of calcium Mineral Industry in 1965 and Its Position in 
carbide with calcium oxide. After a suf- Provincial Economies, 1950-1964. V. 87, No. 2, 

: : : : . ebruary 1966, pp. 82-83. 
ficient time period with the charge tem 6 Jackson, W. H. Calcium 1964. Canada Dept. 
perature held within the required range, Mines and Tech. Surveys, Min. Res. Div., Ottawa, 

: . * arch 1965, 5 pp. 
the Pr essure 1s reduced allowing the dis * European Chemical News (London). V. 8, 
sociation of calcium carbide. Calcium No. 197, Oct. 22, 1965, p. 24. 

; . 8 Kaess, Franz, and O. A. Heinrich Rock (as- 
metal 1S recovered from the ee by con signed to Suddeutsche Kalkstickstoff-Werke Ak- 
densing that which evaporates. tiengesellschaft, Trostberg, West Germany). Pro- 

Another patent granted was for a method geet 88 see Metal. U.S. Pat. 3,208,845, 
of making graphite free calcium cyanamide. to picarn. Jean ey and Marcel Blais {pssigned 

. . . e wd. my). yntinesis oO aicium - 
This process involves reacting urea and  gnamide. U.S. Pat. 3,173,755, Mar. 16, 1965.
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calcium carbide were reported. Following is made by a recently patented -process for 
current trends, these developments have producing calcium cyclamate tablets with- 

| been fostered by the need for a better self- out the use of liquids or heat. Separate | 
baking electrode at a lower cost. Many mixtures of sodium bicarbonate and cal- - 

| _ other technological changes in furnace cium cyclamate and tartaric acid, insoluble — | 
| practice have taken place at this plant saccharin, and polyethylene glycol are pre- 

| since it was built in 1954.10— | _ pared under controlled conditions then 
| Noteworthy analytical procedures de- combined, granulated, and pressed into 7 
_ veloped included methods for determining tablets. These tablets are said to effervesce 

_ the calcium content of sea water and for rapidly and completely, even in iced drinks | 
_ determining water content of-solid mate- . or beverages, without leaving any residue.13 7 

- rials by reaction with calcium carbide. Another new product was described in a 
The concentration of dissolved calcium in newly granted patent. The subject of the 

| sea water is of particular interest since it patent was a feed additive containing 
is the prime participant in calcium car- rennet and_ calcium chloride in the ratio of 
bonate formation by shell-forming marine 1:5. This growth accelerating additive is | 
organisms and by inorganic precipitation. combined with animal feed, principally 

| Calcium concentration bears directly on the composed of. proteins and carbohydrates, 
question of the solubility of calcium car- in the amount of 0.05 to 0.2 percent by 
bonate in sea water, and on the factors weight.14 | | oo 

| that control precipitation and_ solution. ‘An English firm developed a new process 
The analysis of a solution containing mag- for the production of calcium silicate-type 
nesium, calcium, and strontium, however, insulation. Calcium silicate thermal insula- 

_ has traditionally posed a problem, par- tion is a material of increasing importance 
ticularly where a.high degree of accuracy for service in the medium-to-high tempera- 
and precision is required. The new ex- ture range. The manufacturing process | 

oo periment described employs radiotracer, ion does not involve steam induration in auto- __ 
| exchange, complexometric titration, and claves which represents a considerable sav- 

spectrophotometric techniques for the de- ing in the capital cost of the plant re- | 
| termination of calcium in sea water.11 quired. The process is basically a reaction 

| : Reliable estimates of water content are in boiling -water between selected siliceous 
important to users of a large group of material and lime in the presence of alu- , 
organic materials such as leather, paper, minum jlons. This process can employ as 

- and grains whose properties are greatly raw materials synthetic silicas or silicates, 
influenced by water content. Usually the as well as selected siliceous materials of: 

: moisture content’is arbitrarily defined as natural origin available in many parts of 
the weight loss on drying under specified the world.15 | 
conditions. To establish the drying con-  —-————— | 

| ditions, moisture determinations by inde- Developments ix Soderberg Blenirale pracion nt 
pendent methods are needed. The specific- Carbide Operation. J. Metals, v. 17, No. 2, . . : February 1965, pp. 193—196. 
ity and speed of the reaction of calcium 11 Corless, James T. Determination of Calcium 
carbide with water to give acetylene make in Sea Water, | Apolvtical Experiment Using the 
it an ideal basis for an analytical method. 2° "8, August 1965, pp. 491.493. 
An improved calcium carbide method is  _ * Dahl, Sverre. Determining Moisture in Solid 

| examined as a way around some of the  Matewals by, Reaction, with, Calcium Carbide difficulties in eliminating variability of 1965, Pp. 446-458. Engineering N Forest 
previous methods.'? Expands Cyclamate Tablet Sweetener Line. V. 

New products developed during 19 65 8 Schomr. Stef, (ontionea on Action gesell- added to the growing list of calcium schaft Fuu, Schaan, Liechtenstein, a corporation 

compounds and alloys available. A New ot qeientatcin, Munich, Mest Germany). deed York based company expanded its line of ride. U.S. Pat. 3,222,179, Dec. 7, 1965. 
| synthetic sweetners for sale through super- Silicate Laem nen. ee 9 nN) wee 

market and drug chains. The new product ja93. :



. , By Paul L. Allsman’ 

For the third consecutive year, record percent in 1964 and 73.4 percent in 1963. 
production and shipments of cement were The declining price trend of recent years 
reported in 1965. As a result of the growth was continued with average 1965 mill val-— 
of the national economy and new construc- _ues reported at $3.18 per barrel, compared : 
tion, domestic production of cement was 2 with $3.22 in 1964. Continued intense | 

- percent greater than in 1964. | competition among- building products and 
| | oe i, | ‘materials has largely precluded general 

Portland cement plant capacity at year- rice increases. The greater efficiency in - - end was reported to be 482.4 million 376- Price 3 1 : 1 Bt d autor y 7 
| _ pound barrels, compared with 479.6 mil- herent in larger p ants anc automation as 

lion barrels at the end of 1964. Despite the plants are modernized and enlarged has 
| increased capacity’ operating levels in- enabled producers to meet price competi- 

| creased to 76.8 percent, compared with 76.5 tion from other building products. | 

1 Commodity specialist, Division of Minerals. 

: | Table 1.—Salient cement statistics | 

1956-60 1961 1962 1963 1964 1965 
(average) 

United States: . 
- Production ! 

thousand 376-pound barrels_ 327,622 332 , 558 345 , 567 361,235 377,475 381 ,578 
Capacity used at portland ce- 

ment mills !____._percent__ 19.7 73.1 71.5 73.4 76.5 76.8 
Shipments from mills 1 
thousand 376-pound barrels_ 321,234 329 , 443 340 , 770 358,024 375,340 384 ,402 

Value! ?_________thousands-_$1,044,682 $1,105,537 $1,129,387 $1,156,890 $1,209,470 $1,221,454 
Average value !___per barrel__ $3.25 $3 .36 $3.31 $3 .23 $3.22 $3.18 
Stocks Dec. 31: At mills ! 

. thousand 376-pound barrels. 29 , 784 36,415 39 ,003 39,496 39,761 35,248 
Exports_._..-_--_--.-do__.- 883 286 380 460 713 748 
Imports for consumption 

do_._- 4,329 3,621 5,633 4,030 3,633 5,505 
Consumption, apparent ? 

do_.-. 324,680 332,778 346 , 023 361,594 378 ,260 389 , 159 
World: Production. -_....---.--- 1,593,340 1,956,384 2,102,236 2,216,180 2,434,019 2,544,723 

e Estimate. * Revised. 
1 Excludes Puerto Rico. 

. 2 Value received f.o.b. mill, excluding cost of containers. 
3 Quantity shipped plus imports minus exports. 
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Legislation and Government Programs.— by the FTC that its acquisition of Certified 
The Federal Trade Commission (FTC) Industries, Inc., Hicksville, Long Island, 

| _. continued to investigate acquisitions by N.Y., violates the Federal antimerger law. 
producers of cement, ready-mixed concrete, The FTC ruled that the acquisition of 

and concrete products companies. The Bessemer Limestone & Cement Co. by Dia- 
| FTC will also probe the causes underlying mond Alkali Co. was illegal. _ 

‘such acquisitions and the probable effects 7 a | 

of such Oe nea on i induct condi- _ Two clauses in the recent Appalachian 
tions of the markets and industries M- Regional Development Act were opposed | 
volved. a by trade groups. The law encourages the 

Lone Star Cement Corp. agreed to divest USC of portland cement in place of asphalt, 
"itself of 25 of the 31 concrete plants ob- and the use of coal tar as a binder instead 

- tained through acquisition of Pioneer Sand of p etroleum ASP halt, to stimulate nse of 
_ & Gravel Co. of Seattle and Southern Mate- ‘terials ind igenous to the Ap pa lachian | 

rials Co. of Norfolk. The FTC told Missis-  T°8!00. A bill to tighten U.S. ‘antidumping 
nee River Fuel Cor “to divest itself of. laws for the relief of the steel and cement 

, ee P © rea dy-mixe d co P crete firms acquir ed industries was introduced into Congress. -_ 

ae recently, Kaiser Cement & Gypsum Corp. Aceon C. “love det Sed enone 1886. held 
. agree to dispose of Olympic Portland Cee = ~~ “0107400 UP m  ubnee : 

| - ment Co., and two ready-mixed concrete the change in Boulder County zoning regu- 
| operations ‘Pacific Building Materials Co, /@tions to permit construction of a cement 
o and Read Mix Concrete Co. : plant near Lyons, for Rocky Mountain Ce- | 

| x | a . | ment Co., a division of Martin Marietta 

| United States Steel Corp. denied charges Corp. ; a |
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| _ PORTLAND CEMENT | | 

| PRODUCTION AND SHIPMENTS | Pa.; Kaiser Cement & Gypsum Corp., Mon- | 

Three new plants announced the begin- tana City, Mont.; Alpha chien Cement — . 
ning of commercial production. These Co., Orange, Tex.; Puerto Rican Cement were the River Cement Co. at Selma, Mo Co., Inc., Ponce, Puerto Rico; National 

G. & W. H. Corson Inc. at Plymouth Meet. Gypsum Co., (Huron Portland Cement 
ing, Pa., and Capitol Cement Division of vo , eae ona, oes. Mat eng . oent 
Capitol Aggregates Inc. at San ‘Antonio, Tex. si i Valley Postlan a Come nt ° Co Red. 

Plants under construction included a $20 ar Mise. Northwestern States Portland | 
million plant at Lyons, Colo., Martin Mar- Cement Co. Mason City, Iowa; Southwes- : 

Co) 2 han (oe Gn ooment tern Portland Cement Co., Victorville, 
ys a. a SKILL, Nts Dy Mar- Calif; Riverside Cement Co., Riverside, 

oO an jlion plane at ‘Chatevone. men Reedy coment wanuractuning on | 

*s ’ osendale, N.Y.; Capitol Cement Co. (Di- 

edule by Medina Posgamd Cement Oo» vision of Martin Marietta Corp), Martins PEs _ burg, W.Va. , 
ment Corp. was building a new $20 million . : 
plant at Greencastle, Ind. Dundee Cement Lehigh Portland Cement Co. announced 

| Co. planned completion of a $55 million, the closure of its Bunnell, Fla., plant. Pro- 
7-million-barrel plant at Clarksville, Mo., {uction will be concentrated in the firm’s — 
in 1967. Gifford-Hill Portland Cement Co. | C yamaha Pn ie it Re 
was to start building a 1-million-barrel ~OrP- 2nnounced shutdown of its Bulialo, | plant at Midlothian, Tex. | N.Y., plant. Production will be concentrat- . 

Plans were announ d for 10 n _ ed in their Howes Cave, N.Y., plant. Alpha | 

duction plants Louisville Cement ‘Co rae. a rtland coment Co. closed mer Pyant at | . ee oe 7 OE artins Creek, Pa., and Peninsular Port- 
cided on a $20 million, 2.5-million-barrel  janq Cement Division of. General Portland 
ee eed its Iasgeat neal ene Cement Co. discontinued production at 

o 1S piant, a O-mulion- their Cement City, Mich., plant. Both | 
cane jf mation. Plant c Redwood ity, plants were converted to use as terminals. | 

if. e Star Cement Corp. decided to . oo. . 
replace existing plants at Concrete and © Research is becoming an important p art Seattle, Wash. with a 4-million-bartel of the cement industry, as indicated by the 
plant at Anacortes Wash. Ideal Cement fact that three companies announced plans 
Co. planned a $20 million ‘9 ®-million-bar- for new research centers. The $1.5 million 
rel plant on Duwamish Waterway Seattle, Site of American Cement Corp., next to the 

- Wash. Pacific Western Industries Inc an. Crestmore plant of its Riverside Division 

nounced a $21 million, 3-million-barrel east of Los Angeles, will be comp leted in 

plant in Lebec, Calif., for completion in 1966. oe 

1966. Martin Marietta Corp. announced a Medusa Portland Cement Co. began de- ~ 
new $30 million plant, to employ 125 velopment of a unique underground tech- 

workers, at Milan, Mich. Santee Portland ical research center at Wampum, Pa. 
Cement Co. announced a 2-million-barrel, Completion of the $250,000 center was ex- 
$10 million plant at Holly Hill, S.C., to be pected by early 1966. Alpha Portland Ce- 
completed in 1966. Better Roads, Inc., an- ment Co. completed research and _ testing 
nounced. a I-million-barrel plant at Arte- facilities at an 8,000-square-foot complex at 
sia, Miss. Rochester Portland Cement Corp. Martins Creek, Pa., for its eight cement 

decided to locate its new $11 million plant _ Plants. | : 
on the Lake Ontario side of Stoney Point, The trend continued toward larger 
N.Y. Kaiser Cement & Gypsum Corp. pro- plants and increased automation to achieve 
posed a new plant on Duwamish Waterway, greater production efficiencies and reduced | 
Seattle, Wash. | costs. A new mill installed in the Foreman, 

Thirteen major plant expansions or mo- Ark., plant of Arkansas Cement Corp. is 13 
dernizations were either underway or due by 46 feet. The Dundee Cement Co. at 
to begin shortly in 1965: Arkansas Cement Clarksville, Mo., has ordered the world’s 
Co., Foreman, Ark.; Bessemer Cement Co., largest cement kiln and grinding mills. 
Division of Diamond Alkali Co., Bessemer, The kiln is 760 feet long, and one 15- by
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Table 2.—Finished portland cement produced, shipped, and in stock in the United States,’ by districts | + 

en 

—— : Stocks at mills , ; 
Production ‘Shipments from mills Dec. 31 

Active plants (thousand 376—_—§ ——————_——— ———__ thousand 376- 
pound barrels) .. 1964 |. . 1965 pound barrels) 

ee 
A 

District Value Value. - 
Thousand —————-——_-_ Thousand. —____--_-—_____——_ . 

1964 1965 1964 1965 376—pound Average 376-pound Average 1964 2 1965 

. . barrels Total per ' barrels Total per . 
(thousands) __ barrel (thousands) barrel 

New York, Maine__._.._....----------- 13 18 27,869 29,622 28,155 $86 ,607 $3.08 30,410 - $82,219 $2.70 3 , 785 2,939 

Eastern Pennsylvania__....---.---..--- 16 16 29,014 29,262 28,861 84,526 2.93 29 , 765 83 ,890 2.82 3,815. 3,156 

Western Pennsylvania___.....-----..--- 5 5 8,949 10,078 . 8,802 28 , 883: 3.28 10,3888 33 ,035 3.18 1,921 1,454 . 

Maryland, West Virginia__.....-------- 4 4 10,686 10,401 10 ,384 32,198 3.10 10,561 82,776 3.10 1,105 945 re 

Ohio___..-.-...-.-------.-.-------.---- 10 9 15,606 14,599 15,553 50,647 3.26 14,786 || 47,499 3.21 1,787 1,600 = 

Michigan_____....-..--.-.------------ 9 8 26,802 27,018 26,745 84,316" 3.15 27,565 86,996 © 3.16 2,737 2,190 Z 

Indiana, Kentucky, Wisconsin._._.-..--- 8 8 20,704 20,374 19,696 _ 64,114 3.26 20 ,088 65 ,445 3.26 2,474 1,890 Ss 

Illinois. .._..--.-.-----...---_~------- 4 4 9,978 9,235 9,790 © 32,191 3.29 9 ,358 830,622 3.27 1,470 1,238 S 

Tennessee__.__...-.-.-.---.----------- 6 6 8,471 8,829 - 8,848 26,791 3.21 8,724 27,535 3.16 137 832 —) 

Virginia, North Carolina, South Carolina _ _ 5 5 10,672 11,876 10 ,666 32,428. 3.04 11,944 35,980 3.01 1,060 992 mn 

Georgia, Florida_...........-.--------- 7 7° 12,028 11,497 12,090 -. 39,165 3.24 12 ,044 39 , 550. 3.28 1,074 526 rg 

Alabama__....-..--------...---------- 8 8 18,059 14,089 | 12,870 — 40,108 3.12 18 , 765 42 ,604 3.10 1,025 910. 

Louisiana, Mississippi__.....-.-.-.-.--- 6 6 9,049 9 ,022 9,025 - 28,3865 3.14 9,258 29 ,695 3.21 - 982 746 m 
Minnesota, South Dakota, Nebraska_.--- 4 4 7,730 6,951 7,649 26,516 3.47 7,021 23 ,922 — 3.41 1,278 1,208 bd 
Towa__.__..---.------..--------------- 5 5 18,651 18,575 © 18,607 46 ,398 3.41 13 , 643. 46 ,273 3.39 1,409 - 1,340 oO 
Missouri.__..--_-_---------- eee 5 6 12,399 138,975 12 ,378 42,618 3.44 13 ,334 46 ,034 3.45 1,374 2,015 © 

Kansas__.__....-.---..-----.--------- 6 6 8,335 8,877. 8,483 - 25,959 3.06 8,801 26 ,972 | 3.06 1,350 1,427 aw 

Oklahoma, Arkansas___.......--------- 6 5 11,408 12,098 11,765 84,641 2.94 12,397 . 35,319 2.85 1,110 778 — 

Texas. _......-------.---------------- 17 18 29,792 30,771 80,080 | $94,492 3.15 30 , 820 97 ,598 | 8.17 2,816 2,747 wo 

Wyoming, Montana, Idaho_____..------ 4 4 3,659 3,601 3,601. 12,568 3.49 3,476 12,088 3.46 562 Ss R 
Colorado, Arizona, Utah, New Mexico_-.- q 7 12,8388 £11,822 - 12,745 43 ,242 3.39 — 11,809 39 , 824 3.37 1,016 1,029 . 

Washington °__.______..--------------- 9 --- 6 © LLL 6,080 peel -- .-. «© 6,258 22,351 3.57 --- 758 
Oregon, Washington____...._.---------- 9 _-- 8,244 _-- 8,219 29 525 3.59 --- --- --- 1,147 wee 
Oregon, Nevada 3_____------.---------- 0 eee 4 J... 8,745 © _— _— a 3,671 © 13 ,122 3.57 ---. 285 
Northern California_......-_..-..------ 6 6 18,999 19,402 18,418 69,834 . 3.25 19,619 63,804 | 3.25 1,727 1,511 
Southern California__..._.------------- 7 7 28,982 25,770 28,786 90 ,099 3.18 25,733 81,048 3.15 1,707 1,744 
Hawali._-...--.---------------------- 2 2 1,798 1,584 1,717 = = 8,877 5.17 1,564 8,297 5.30 217 237 

Puerto Rico___......-.---------------- 2 2 7,911 7,269 7,926 23 , 879 3.01. 7,284 23 ,415 3.21 . 164 149 

Total....---._-----------.-------. 181 181 868,688 871,422 43866,304 1,168,987 3.19 4874,086 - 1,177,863 3.15 89,849 35,321 

1Includes Puerto Rico. . : 
2Incorporates some revisions. ° . 
* Newly created districts: Oregon combined with Washington, 1964; Oregon combined with Nevada, 1965. . 
‘Does not include finished cement used in manufacturing prepared masonry cement as follows: 1964, 2,621,000 barrels; 1965, 1,864,000.
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Table 3.—Portland cement produced and shipped in the United States, by types | 

. Shipments — . 
Production —————____——_________—_————_ 

Active (thousand . Value 
Type and year plants 376-pound Thousand ——————————————— 

barrels) 376-pound | Total Average - 
Ss oo barrels (thousands) _ per barrel 

General use and moderate heat (types I 
and IT): 

1956-60 (average) __._..__________ 167 294 ,827 289 , 205 $920 ,388 $3.18 
1961_____- 22 174 2 302,107 298 ,616 980 ,371 3.28 
1962____-._--2- 177 2318 ,888 309,784 1,004,793 3.24 
1968_.._- ee 180 2 329 ,929 326,918 1,082,809 3.15 
1964____ 2-2 181 2 347 ,954 346,052 1,090,712 3.15 
1965.___---2 Le 181 2 348 ,665 352,481 1,095,639 - $.i1 

High-early-strength (type III): — 
1956-60 (average)________________ 119 13,111 12,817 47 ,248 3.69 
1961____.-- 22 185 $13,530 14,305 53 ,000 3.71 
1962____- ee 141 814,958 _ 14,597 53 ,576 3.67 
19638__.-.-2-. eee 145 * 14,592 14,559 51,167 3.51 
1964____-- ee 144 . 12,878 12 ,580 44,124 3.52 
1966.22 153 813,388 12,757 44,621 3.50 

Low-heat (type IV): | 
1956-60 (average)_.______________ — 2 12 7 28 3.94 
1961.2. 2-2 2 18 14 60 4.23 
1962__._--2 2 _-- 9 37 4.45 

we eee 1 4). 4) (4 _-- 1966 2222222222222 272277 } (4) _ ( _ ) --° 

Sulfate-resisting (type V): , . 
1956-60 (average)______._________ 10 282 220 840 3.80 
1961__.-22- ee 13 : 931 416 1,608 3.87 
1962____-..- eee ‘11 236 244 1,048 4.29 
1963__...--2-- eee 18 349 324 1,267 3.91 
1964__.-_. eee 16 446 . 398 1,443 3.68 
1965____-..- 2-2 | 19 512 425 1,648 ~. 3.88 

Oil-well: . . 
1956-60 (average)__...._._-____-- 15 1,298 1,297 4,475 3.45 
1961_________.2 ee 14 1,015 1,235 4,181 8.39 
1962___...-- 2-2 13 1,281 1,215 4,140 8.41 
1968___._-----------.----------- . 15 . 1,239 - 1,158 ‘3,878 3.35 
1964_____2 ee 12 1,347 1,306 4,329 ' $3.81 
1965__.... 2 13 1 -645 1,618 5,571 3.45 

White: 
1956-60 (average)_..__..._______- 4 1,333 1,259 8,143 6.46 
1961____. ee 5 51,647 1,532 10 ,387 6.78 
1962... 2. Le 5 81,726 1,668 © £11,690 7.01 
1963____.-_-- ee 5 $2,050 1,935 13 ,547 7.00 
1964____ 2 ele 5 52,139 2,111 14,821 7.02 
1965____-- eee 5 52,241 2,128 14,517 6.82 

Portland-slag and portland pozzolan: 
1956-60 (average)__._________--- 10 4,707 4,672 15 ,348 3.28 
1961... -- ~~ ee 8 6 3,586 8,316 11,179 8.37 
1962__._..--- 2-2 ee 7 62,848 2,868 9 ,524 3.32 
1963_..-.2.--- ee 8 62,470 2,620 8,681 3.31 
1964_._- 2 ee 10 61,047 1,057 © 3,656 8.46 
1965__.-2 ee 6 6 967 913 2,878 3.15 . 

Miscellaneous: 7 
1956-60 (average)__..._..._.....- 23 1,367 1,160 4,364 3.76 
1961_______-_ 2 le 19 51,280 1,317 4,992 8.79 
1962______..-- 2 Lilt ' 19 51,551 1,438 5,581 3.88 
19638___.__2_-.- 2 LLL 23 £%§&1,914 1,739 6,625 3.81 
1964___.. 2 ee 22 5 2,827 2,850. 9 ,902 3.47 
1965__.-2. 34 54,004 ' 3,819 12,989 3.40 

Grand total: 
1956-60 (average)__--..-.-.-----_ 168 316 , 887 310,638 1,000,834 3.22 
1961______-- ele $175 $24,114 320,751 1,065,778 3.32 
1962___.._.-.-- -- ee $178 $36 , 488 331,823 1,090,389 3.29 
1968_____--. 2 eee $181 352 ,543 349,258 1,117,974 3.20 
1964__._- $181 368 ,633 366,304 1,168,987 3.19 
1965_..._---- eee $181 371 , 422 374,086 1,177,863 3.15 

1Includes Puerto Rico. 
2Includes air-entrained portland cement as follows (in thousand $76-pound barrels): 1961, 

36,3738; 1962, 38,096; 1963, 40,649; 1964, 43,950; 1965, 46,118. 
%Includes air-entrained portland cement as follows (in thousand 376-pound barrels): 1961, 

4,140; 1962, 5,078; 1968, 4,879; 1964, 2,754; 1965, 2,677. 
# Less than 14 unit. 
5 Includes a small amount of air-entrained portland cement. 
* Includes air-entrained portland cement as follows (in thousand 376-pound barrels): 1961, 1,996: 

1962, 1,617; 1968, 1,869; 1964, 343; 1965, none. 
T Includes hydroplastic, plastic, and waterproofed cements. 
8 Includes number of plants making air-entrained portland cement as follows: 1961, 120: 1962, 

121; 1968, 121; 1964, 180; 1965, 132.
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54-foot slurry mill and two 15- by 49-foot — cuse, N.Y.; Universal Atlas Cement Co. in 
| cement mills are being manufactured.2 Bettendorf, Iowa; and Calaveras Cement 
| Descriptions were published of equip- Co. at Sparks, Nev. - | 
a ment and operations at a number of mod- Fou; Dund | | 

i 3 . 2Pit and Quarry. undee’s New Missouri | ern plants.8 The number of portland ce- piant to Have 760-ft. Long Kiln. V. 57, No. 9, 
ment plants in the United States March 1965, p. 25. Columbia C 

. ° ° : *_ Bergstrom, J. H. Columbia Cement Completes 
(including Puerto Rico) in 1965, by size Zanesville Modernization. Rock Products, v. 68, 
group was— No. 8, August 1965, pp. 50-58. / 

Bergstrom, J. H. Labor Requirements Hit 
percent of Bottom at River Cement. Rock Products, v. 68, 

Estimated annual capacity Number of total No. 10, October 1965, pp, 50-57. . , 
Dec. 31, million barrels _ plants capacity Diehl, K. B. The West’s Newest Cement Plant 

. (Nevada Cement Co.). Miner. Processing, v. 6, | 
Less than 1 _.. 8 13 | No. 2, May 1965, pp. 57-59. 
1 to 2 57 17.4 Herod, B. C. Marquette’s Rebuilt Pittsburgh 
Se ° Plant. Pit and Quarry, v. 58, No. 1, July 1965, | 

2to 3 _Ht 28.0 pp. 167-183. : os 7 
3 to 4 3624.5 Levine, Sidney. Lehigh Designs to Reduce 

ooo . Fines (Lehigh Portland Cement Co., Woodsboro, 
4to5 _. eid Md). Rock Froduets, v. 68, No. 10, October, 

5 and over _________. Il 17.5 bl Levine, Gudney: pre-Flanned Expansion Dou- 
es Kiln Capacity from Dewey Portland Cement. 

Total _____..ttt. 181 100.0 Rock Products, v. 68, No. 7, July 1965, pp. 90-92. 
a oa aes Processing. Ideal-Knoxville: 1928- 

. . 6, No. 2, February 1965, pp. 37-39. 
- TRANSPORTATION c Minerals | Processing. M. P. Reports from 

New cement distribution and service July 1965, en 5 30. and Cement, “ 6, No. 7; 
centers were completed by Dundee Cement , Nemmeré,, R J. Ash Grove Lime and Port- 

Co, at Youngstown, Ohio, and Rock Island, 1965, DD. 148. TOCESSINE Ve Oe NOW fy CU 

Ill; Ideal Cement Co. at Port of Palm ; Trauifer, Ww. E. Louisiana Cement’s New Or 

| _ Beach, Fla., and Lyons, Colo; Marquette 1965, pp. nt. Fit and Quarry, v- 51, No. 9, March — 
| Cement Manufacturing Co., at Blooming- Utley, H F. Riverside’s expansion ey Crest- 

. . . . more merican Cement Co. it an uarry, 
ton, Minn.; Atlantic Cement Co. in Syra- v. 58, No. 1, July 1965, pp. —130~-138, 143. 

| Table 4.—Portland-cement—manufacturing capacity of the | 
United States,’ by districts 

: Capacity Dec. 31 . 
(thousand 376— Percent utilized 

District pound barrels) 

1964 1965 1964 1965 

New York, Maine__________-___-.-----------_---- 39 , 776 39,776 | 70.1 14.5 
Eastern Pennsylvania____._...-.-...-.---.-.------- 40 ,186 38 , 736 12.2 75.5 
Western Pennsylvania____.-._._.-.-.------------- 12 ,208 12,208 13.3 82.6 
Maryland, West Virginia_-._._.._._-_-.-------------- 11,880 11,880 89.9 87.6 
Ohio___-. 22 e eee 22 ,400 19 ,700 69.7 74.1 
Michigan_________-________----- ee eee ee 82 ,654 34,500 82.1 78.3 
Indiana, Kentucky, Wisconsin____...--.-....---.-- 25 ,327 26 ,300 81.7 77.5 
Tilinois______-_-_--___-_-- eee eee ee 11.950 11,400 83.5 81.0 
Tennessee________-____._----_-- eee 10,194 10,559 83.1 83.6 
Virginia, North Carolina, South Carolina__._....-.--- 14,110 14,910 75.6 19.7 

' Georgia, Florida___..._....-...---------------_---- 20 ,427 — 20,493 58.9 56.1 
Alabama___..-- 22 eee 16 ,140 15,993 80.9 88.1 
Louisiana, Mississippi__..._.._...-...-.---...---_-- 11 ,275 11,600 80.3 17.8 
Minnesota, South Dakota, Nebraska____......-.-.-- 9,117 9,100 84.8 76.4 
Iowa__---__---_--------_-------------- eee 15 ,630 15,100 87.3 89.9 
Missouri____-._.__-__--___-_- eee 16 ,043 18 ,803 77.3 74.3 
Kansas______-_-_--.__------__--_- eee eee 13 ,106 12 ,822 63.6 69.2. 
Oklahoma, Arkansas_____________-------------_-e 15,184 14,359 75.1 84.3 
Texas__.__-____-_-_ eee eee 43 ,160 43 ,574 69.0 70.6 
Wyoming, Montana, Idaho__________--.-_-_..-___- 5,100 5,100 71.7 70.6 
Colorado, Arizona, Utah, New Mexico___-_____.-___- 15 , 750 15,800 81.5 74.8 
Washington 2?____________- eee --- 6,975 --- 87.2 
Oregon, Washington__..._._-.----.--_------------ 10,750 — 16.7 --- 
Oregon, Nevada 2___.___.___._._.----------------- oe 4,900 _-- 76.4 
Northern California___....__-..._._--.----.-------- 21,150 21,150 89..8 91.7 
Southern California__._.....-..--_-.- ----___----_-e 35 ,400 36,000 81.9 71.6 
Hawaii__.....----_-__._-.-_---------_-------_--- 2,700 2,700 66.6 58.7 
Puerto Rico_____-_-_______-_-___-- eee eee 8,001 8,001 98.9 90.9 

Total__.------.--_- eee 479 ,618 482 ,439 76.9 77.0 

1 Includes Puerto Rico. 
2 Newly created districts: Oregon combined with Washington, 1964; Oregon combined with 

Nevada, 1965.



— | CEMENT | , | 277 

: Table 5.—Capacity of portland cement plants in the United States,’ by processes 

| Capacity, Dec. 31 | 
Percent of Percent of total 

Thousand 376—pound capacity utilized finished cement 
Process ' barrels Percent of total | produced 

| , 1963 1964 1965 1968 1964 1965 1963 1964 1965 1963 1964 1965 

Wet___.-_._ 284,601 294,767 291,276 59.6 61.5 60.4 74.0 75.7 77.0 59.8 60.5 60.4 
Dry__------ 192,984 184,851 191,163 40.4 38.5 39.6 73.5 78.7 77.0 40.2 39.5 39.6 

Total _ ATT , 585. 479 ,618 482,489 100.0 100.0 100.0 73.8 16.9 7.0 100.0 100.0 100.0 

1Includes Puerto Rico. . a . 

| Table 6.—Portland cement clinker produced and in stock at mills in the a 
oe United States,’ by process . 

Thousand 376—pound barrels | 
_ Number of —_—————__——_ mo 

Clinker . plants Production Stocks on Dec. 31— 

| 1964 1965 +1964 1965 1964 1965 

Wet____------___-_-_-___.__- eee 110 112 218,141 223,198 r9,151 8,171 
Dry____------.- 2-2 -- eee 71 69 154,029 152,004 r 9,458 10,345 

Total_____-.---2-------Leee--- —ti(ié«zWL 181 372,170 += 375,202 18,609 18 ,516 

r Revised. | | . | 

1 Includes Puerto Rico. | 

Table 7.—Production and percentage of total output of portland cement in the | 
_ oe United States,’ by raw materials used , | 

(Quantities in thousand 876—pound barrels) a, 

. . Cement rock and Limestone and clay | Blast-furnace slag . 
; y pure limestone _ or shale 2 8 and limestone . 

‘ear ne 
— . Quantity Percent Quantity Percent Quantity _ Percent 

1956-60 (average)________ ~ 75,000 28.7 - 222,829 70.3 19 ,058 6.0 
1961__._._-.___--.-.-_ --- 70 , 824 21.9 230 ,376 71.1 22 ,914 7.0 
1962_____..__-.-_---.--~ 75 ,042 22.3 238 ,160 10.7 23 ,286 7.0 
1968...-..--.--..-_----- 85,741 24.3 251 ,068 - 41.2 15,734 4.5 
1964__.-.. ee 85 , 884 23.3 260 ,376 70.6 22,373 6.1 
1965__...........-.---.. . 84,360 22.7 266,148 71.7 20,914 5.6 | 

1Includes Puerto Rico. | | 
2 Includes output of 4 plants using marl and clay in 1956-60 (average); 3 plants in 1961; 1 plant 

in 1963; 1 plant using marl only in 1963; 2 plants in 1962 and 1964; and 2 plants in 1965. 
3 Includes output of 9 plants using oystershells and clay in 1956-60 (average); 9 plants in 1961; 

10 plants in 1962; 11 plants in 1968; 12 plants in 1964; and 11 plants in 1965. 

- Table 8.—Raw materials used in producing portland cement in the United States' 
(Thousand short tons) oo 

Raw materials 1963 1964 ; 1965 

Cement rock__._..---------------------------- eee 17,354 18,858 19 ,879 
Limestone (including oystershell)__._........------------- 77,663 80 , 759 81,943 
Marl______-_.----.--------------.---------------------- 452 391 611 
Clay and shale 2_________________------_-__---_--------- 10 , 650 | 11,593 11 ,397 
Blast-furnace slag________.._...-.--___._..------------- 1,040 950 935 
Gypsum____ 2-22 eee 2,929 3,299 3,274 
Sand and sandstone (including silica and quartz). -.-------- 1,811 1,376 1,834 
Tron materials *____________---_____--____-------------- 572 617 755 
Miscellaneous 4____.______-__-.-----.__.---------------- 200 ; 84 125 

Total_____.-------------------------------- eee 112,671 117,922 120 , 753 

1Includes Puerto Rico. 
2 Includes fuller’s earth, diaspore, and kaolin. . 
3 Includes iron ore, pyrite cinders and ore, and mill scale. _. 
4Includes flourspar, pumicite, calcium chloride, soda ash, borax, staurolite, air-entraining com- 

pounds, and grinding aids. .
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Table. 9.—Finished portland cement produced and fuel consumed by the 
_ portland—cement industry in the United States,’ by processes | oo 

; Finished cement produced .. Fuel consumed 

Oil (thou- Natural 
Year and process . Thousand Percent Coal sand 42- gas (thou- -, 

i Plants | 376—pound of total (thousand gallon sand cubic . 
. . barrels _ short tons) barrels) feet) 

1964: 7 
Wet____-------- Le 115 223 ,077 60.5. 4,644 3,484 137,099,330 
Dry____--.--2---__ 66 145 , 556 39.5 4,180 818 64,573,144. 

Total_____ 2 Le 181 368 , 633 100.0 28,824 4,302 3 201,672,474 

1965: | | Oo 
- Wet. e 113 224,321 60.4 5,143 3,648 133,520,997 

Dry____.---.---__- 68. 147,101 39.6 3,993 815 64,985,952 - 

Total____.---.--- 181 371,422 100.0 49,136 - 4,463 198,506,949 
ee a naa NS 

1Includes Puerto Rico. . 
. 2 Comprises 152,595 tons of anthracite and 8,671,122 tons of bituminous coal. . 

3 Includes 263,707 thousand cubic feet of coke-oven gas. | 
* Comprises 268,759 tons of anthracite and 8,867,701 tons of bituminous coal. 

Table 10.—Portland cement produced in the United States,’ by kinds of fuel 
———--_———_—"—:_.-._——----_ _— 

_ Finished cement produced — Fuel consumed 
ane DE a 

| ~ Oil 
Year and fuel . Thousand Percent Coal (thousand Natural gas 

oe Plants 376—pound of total (thousand 42-gallon (thousand 
. . barrels short tons) barrels) cubic feet) 

NN 
eee 

1964: 
Coal___._-.2-----__ ~ 59 2 123,203 ~ 33.4 5,981. ee a 

- | Oil. ee - 8 216,273. 4.4 a 2,870. . — 
“Natural gas_________ 44 273,431. 19.9 —_— .--. 88,937,219 
Coal and oil________ 18 38 ,998 10.6. 1,661 761 OS --- 
Coal and natural gas_ 27 - 50,954 13.8 1,085 _-- *%389,172,1387 
Oiland natural gas_. 18 52,819 14.4 --- 651 58 , 853 , 368 

. Coal, oil, and natural 3 co 
gas__..._-_  .- 7. 12 ,955 3.5 | 97 20. 14,709,750 

- - ‘Total______.____- 181 368,633. ‘100.0 48,824 4,302 201,672,474 

1965: . 
Coal_ 22-2 61 2 128,936 34.7 © 6 ,262 _-- _-- 
Oil____-2 2 ee 8 214,760 4.0 _-- | 2,891 --- 
Natural gas___._____ 38 266,544 17.9 _-- _-- - 81,165,498 
Coal and oil________ 16 © 37,940 10.2 1,590 717 —_— 
Coal and natural gas_ 25 43 ,811 11.8 1,016 — 33 ,845, 231 
Oil and natural gas__ . . 24 60, 767 16.4 _-- 705 65,945,018 
Coal, oil and natural 

gas______ ie 9 18 ,664 5.0 268 150 17 , 551,202 ee Ee 
Total____..-____- 181 371 ,422 100.0 59,136 4,468 198,506,949 . we eee es cee 

1 Includes Puerto Rico. 
2 Average consumption of fuel per barrel of cement produced as follows: 1964—coal, 97.1 pounds: 

oil, 0.1764 barrel; natural gas, 1,211 cubic feet; 1965—coal, 97.2 pounds; oil, 0.1956 barrel; natural 
gas 1,220 cubic feet. © 

3 Includes 263,707 thousand cubic feet of coke-oven gas. 
* Comprises 152,595 tons of anthracite and 8,671,122 tons of bituminous coal. 
* Comprises 268,759 tons of anthracite and 8,867,701 tons of bituminous coal. 

Huron Portland Cement Co. christened Portland Cement Co.4 Oceangoing barges 
its seventh cement carrier, the largest bulk and dock facilities used by Oregon Port- 
cement freighter on the Great Lakes, in Jand Cement Co. at Lake Oswego, Oreg., 
Cleveland. The Steamer JA.W. Iglehart is = were described.5 
501 feet long. Universal Atlas Cement Co. 
put the “Tom Sawyer,” a 245-foot, self-un-  aBrong. She 1G. Rubber D . 

: : : . rong, erwoo - Rubber Dunnage Bags 
loading cement barge, into service at Han Save Cement Shipments at National Portland. nibal, Mo. Rock Products, v. 68, No. 6, June 1965, pp. 

Inflatable rubber dunnage bags used to 66-67. 
rotect bagged mortar cement durin * Mining and Minerals Engineering (London). 

‘cht h eS d ‘bed by Nati . Material Handling at Oregon Portland Cement. 
eight haulage were described by National v.41, No. 9, May 1965, pp. 351-352.
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| Table 11.—Electric energy used at portland cement plants in the United States, , 
| . by processes . 7 

. Average 
Electric energy used electric 

- 1 Binished energy 
7 cement used per 

Generated at port- Purchased Total. produced. barrel 
Year and process land cement plants (thousand of cement 

—_—-——— 376-pound produced 
. Million Million Million barrels) (kilo- 

Active kilowatt- Active kilowatt- kilowatt- Percent watt- — 
plants hours. plants hours hours hours) 
ma 
1964: | | | 

Wet________- 22 466 111 4,635 5,101 58.0 223 ,077 22.9 
. Dry____----- 20 1,074 69 2,620 3,694 42.0 145 , 556 25.4 , nO nn Tee eee | 

Total______ 42 1,540 180 7,255 8,795 100.0 368,633 23.8 
Percent of - 

_ total elec- _ 
mo tric en- - 

° ergy used_ --- “17.5 --- 82.5 100.0 --- --- --- 

1965: . me 
Wet________. 18 . 889 . 109° 4,691 5,080 57.3 224 ,321 22.6 8 Dry ll rl 18 994 69 2,794 8,788 42.7 147,101 == 25.8 - 

| Total... 36 1,388 118 7,485 8,868 100.0 371 ,422 23.9 
Percent of - 

total elec- 
oe tric en- 

ergy used_ --- 15.6 © LLL 84.4 100.0 --- wee ee , 

1Includes Puerto Rico. DO 

Table 12.—Shipments of portland cement from mills in the United States,? . | 
mo | - in bulk and in containers by types of carriers a 

| . In bulk | In paper bags 2 | Total shipments 

Year and type of carrier Thousand Thousand ‘Thousand . - 
376-pound Percent 376-pound Percent 376-pound Percent _ 

; barrels | barrels barrels 

1964: | . | 
Truck.....2-2--2--- ee 206 ,714 64.4 34,754 76.5 241 ,468 65.9 
Railroad_____._-...-__-__- 106 , 425 33.2 10,316 22.7 116,741 31.9 
Boat__.__-..----.-..--__-- 7,349 2.3 302 0 7,651 - 2.1 
Used at the plant___-_______ 386 1 58 1 444 1 

Total_____..-_.-- 2 Le 320 , 874 100.0 45,430 - 100.0 366 ,304 100.0 
Percent of total__._-..__- 87.6 --- 12.4 --- 100.0 _-- 

1965: | 
Truck__....---.----- ~~ - 224,105 67.6 32 ,693 76.7 256 , 798 68.6 
Railroad____-......-.-__-. 100,379 30.3 9,579 22.5 109 ,958 29.4 
Boat___..._--- 22-2 2-2 ee 6,616 2.0 361 8 6 , 977. 1.9 
Used at the plant_____.____- 350 1 3 --- 353 1 

. Total____....--..-_---_ 2 331 , 450 100.0 42 ,636 100.0 374,086 - 100.0 © 
Percent of total____.____-- 88.6 _. 11.4 Loe 100.0 _-- | 

1Inecludes Puerto Rico. 

? Cloth bags and other containers included with paper bags to avoid disclosing individual company 
confidential data. . 

CONSUMPTION Concrete Association in London announced 

The Department of Commerce estimated the use of reinforced concrete in .* f was 
the value of new construction put in place UP 70 ae from the figure of 5 years 
at about 3 percent greater than for 1964, as Previously. | : 
of midyear. Private construction was 6 per- Spalling and expansion in major con- 
cent above the 1964 level; new private non- crete structures continued to cause serious 
farm residential buildings were up 3 per- damage. A 710-foot-long highway bridge in 
cent; and new public construction put in Massillon, Ohio, was closed to traffic in De- 
place was down 3 percent. The Reinforced cember 1964, and was on the verge of col-
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Table 13.—Destination of shipments of all types of finished portland and 
. high-early-strength cement from mills in the United States, by States . 

(Thousand 876—pound barrels) | . 

. . Finished portland High-early-strength 
Destination ——— 

So 1964 1965 1964 1965 : 

Alabama_-_.__..-----------------+--------------- 6,216 6,057 56 56 
Alaska 1______-----.----------------------------- WwW WwW WwW . WwW 
Arizona___._._..-------------_------------------ 4,313 3,333 WwW WwW 

. Arkansas___..-..---------------------------"---- 3,807 4,519 40 30 
Northern California__.._........-_.---.----------- 17,141 18 ,394 - 42 — AB 
Southern California___...-.------------------------ 26 , 874 - 23,800 184 199 
Colorado_--------------------------------------- 4,355 5,033. 19 23 
Connecticut 1___._-____-------------------------- 4,695 _ 4,942 286 271 
Delaware !_____-------.---.---------------------- 881 1,342 . 86 . 34 
District of Columbia !____.-.---.------------------ 1,647 1,482 82 59 
Florida_._....._---------.---_-------------------- 213,085 212,367 687° 724 
Georgia__.-.-.----------------------+----------- 8,660  - 8,980. 141 - 147 
Hawaii_._....-..--.----------------------------- 1,296 ....1,518 a ene 
Idaho__.._--.------------------------------------ 1,141 - 1,447 29 48 : 

oo _ Jlinois_...-..----------------------------------- 18,528 . 17,683 621 626 
Indiana__.___...--------..---------------------- 10,033 9,934 4380. 845. 

> Jowa_.2..--------------------------------------- 7,629. 8,090 181 144 

L Kansas_...__.___-------------------------------- 6,132 — 5,041 BB 86 
Kentucky __.----------------------------------+-- 4,234 4,97 156 148 
Louisiana___.___....-_--------------------------- - 10,405 “11,294 104 82° 

oo , Maine_____-.-----------------------------------. 926 1,064 82 41 — 
Maryland__..------------------------------------ 7,284 7,207 220 412 

o - Massachusetts 1__..-.._---_----------+--------=-- 6,126 5,961 370 503 
Michigan__-...---------------------------------- 15,569 - 16,943 971 © 1,000 Oe 

. _..  Minnesota__.--.--------------------------------- 6,894 7,286 417  * 245 © 
| . Mississippi. ___--.-.----=------------------------ 4,108 .-| 4,212 15 0 12 
So, Missouri__.__.___--_-_---------------------------. © 10,266 10,414 - 284 371 

Montanz.___.--------------+---------------+----- 1,618 © 1,493 , 13 8 
° Nebraska____..-2----------------.+-------------- 4,460 4,318 | 194 172 

Nevada !_.__..---------------------------------- | 1,807 1,699 17 30 

. New Hampshire !____.__..-._----.-_-------------- 733 911 | 97 49 

-New Jersey !____..._-_--------------------------- 9 ,507 10,625: 546 581 

New Mexico_..-__.------------------------------ 2,759 2,825 260 157 
New York.__________-__- eee eee 18 ,137 17,714 990 1,033 
North Carolina !____.___-_-..--.----------------- 6,175 6,969 194 261 
North Dakota ?___--.-.------ e+ 1,895 1,209 38 32 

_ Ohio__....---..----------_---------------------- 18 , 456 18 ,505 593 521 
' Oklahoma___._-___.._-_--_-----_-_-_-----_----------- 6,163 6 , 884 28 44 

Oregon___.._--.--------------------------------- | 8,055 4,275 95 82 
'  Bastern Pennsylvania__.__.-.-.------------------- 9,869 10,219 501 - 508 

‘Western Pennsylvania_____-----.--.-------------- 5,979 6,607 268 Do 260 
Rhode Island 1___._____.__------_---------------- 885 1,009 73 88 
South. Carolina______.__...___.------_-.---------- 2,998 8,450 a 39 54 

South Dakota__...__._.__.---------_-------------- 1,578 1,461 © 48 AT 
Tennessee_____________-_---_-------------------- 6,727 6,717 157 180 
Texas..._________---___------------ eee 26,156 26,371 1,493 1,503 
Utah__...-_____-_---_-_-_----- e+ - 2,529 2,610 65 54 
Vermont !_______.---__-_____-------- +--+ 464 484 23 37 
Virginia. ___...-..-_------_----.-----------------" 8,418 8,728 419 480 
Washington_____..____-_-_----------------------- 5,368 5,909 435 536 

West Virginia__.....-_____-_-------_-------------- 2,160 2,509 40 37 

Wisconsin_.__.__-__-----_--- ee 8,402 8,405 313 . 282 

Wyoming____.-_--_--.--------------------------- 1,273 1,062 2 4 

Total United States__________-_---_-------- 358,761 366 ,287 12 , 452 12,691 
Other countries_____._-.--.-----.---------------- 37,543 37,799 477 466 

Total shipped from cement plants_____.------ 366 ,304 374,086 12 ,529 12,757 

W Withheld to avoid disclosing individual company confidential data; included with ‘Other 

countries.”’ 
1 Noncement producer. 
2 Includes shipments from Puerto Rican mills. 

3 Direct shipments by producers to foreign countries, the State of Alaska, and to Puerto Rico, 
including distribution from Puerto Rican mills. 

4 Direct shipments by producers to other countries and the States of Alaska and Arizona. 

lapse. The damage resulted from excessive 
expansion of the concrete deck owing toa = —___ 
reaction between the cement and aggre- Bongineering News-Record. Growth Destroys 

e Til ° . e ’ , 
gates in the deck concrete.6 DD. 163, 165. 174, No. 24, June 17
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Figure 1—Apparent consumption of finished portland cement in the United States. 
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Table 14.—Cement shipments by types of customers in 1965 | nN 

(Quantities in thousand 876—pound barrels) 

I 
Federal, State 

Building Concrete Ready-mixed Highway Other and other Miscellaneous 
Number material product concrete .—— contractors contractors Government including 

District of plants dealers manufacturers agencies: "own use Total 

in distriet¢ ———_—_—_________—_——_————————————— _ _——r— OT 

Per- Quan- Per- Quan-_ Per- Quan- Per- Quan- Per- Quan- Per- Quan- Per- Quan- . 
cent tity cent tity cent tity cent tity cent tity. cent tity cent tity 

a ne 

New York, Maine.__..------- 13 8.6 2,614 12.1 8,685 66.3 20,152 7.8 2,224 2.8 857 wl 27 2.8 851 3 
Eastern Pennsylvania ------- 16 11.9 8,553 22.6 6,727 57.4 17,051 6.6 1,952 6 189 a 14 9 279 39’ 768 
Western Pennsylvania_---._-- 5 867.2 745 18.8 1,486 61.6 6,896 12.9 1,848 8.4 355 1__ 2 1.1 111 10/388 
Maryland, West Virginia - - - - - 4 5.4 572 21.4 2,264 465.6 6,924 6.8 718 4 45 1 q 3 31 10,561 
Ohio____.._.._----_---e ee eee 9 5.8 859 16.2 2,892 64.7 9,568 9.8 1,443 9 137 ~-- 2 2.6 385 14.786 
Michigan__..-.---..-------- 8 8.1 2,286 15.5 4,277 58.7 16,184 11.6 38,201 4.6 1,266 8 -_- 2 1.5 399 27.565 2 
Indiana, Kentucky, Wisconsin. 8 6.1 1,228 12.8 2,568 65.5 18,166 12.8 2,569 1.3 266 ae 3 1.5 298 20,088 i 
Illinois.____.....--_-_------ 4 5.1 480 24.8 2,818 65.8 5,216 12.3 1,154 --- 3 --- --- 2.0 187 9,358 Z 
Tennessee____..._----------- 6 5.9 }4.§15 19.0 1,659 60.4 5,267 7.9 691 4.3 375 1.7 146 8 QW 8,724 Si 

Virginia, North Carolina, South S 

arolina.._......--------- 5 5.9 . 699 17.0 2,028 64.8 7,748 6.8 8124.5 542 6 74 A 46 11,944 mn 
Georgia, Florida_......--..-- | 7 12.0 1,444 20.8 2,446 47.9 5,770 7.7 928 7.5 899 3.0 859 =: 11.6 198 12,044. | 
Alabama__......------------ 8 5.8 794 14.7 2,026 657.1 7,860 17.56 2,411 1.9 260 1.2 167 1.8 247 18,765 nd 
Louisiana, Mississippi.__..-.- 6 5.8 489 11.7 1,082 61.9 4,805 15.7 1,454 4.8. 448 38 27 10.8 953 9,258 
Minnesota, South Dakota, Ne- — of 

braska_.....-------------- 4 12.8 897 8.5 596 48.5 8,404 24.6 1,724 4.6 328 4 81 6 46 7,021 
low8 __.. eee e eee 5 6.8 925 17.0 2,822 659.2 8,070 14.4 1,967 1.8 251 3 85 5 73 18,648 O 
Missouri_.....-.---..------- 6 7.4 998 384.8 4,571 988.5 5,180 14.8 1,966 1.8 176 8 42 8.4 456 18,884 © 
Kansas____....._..._-.----- 6 8.7 167 6.3 557 =—«67.8 5,919 18.7 1,208 1.1 99 2 15 2.7 286 ~=>—s- 8,801 AR 
Oklahoma, Arkansas___....-- 5 9.2 1,185 5.8 726 49.8 6,171 24.6 8,055 9.6 1,174 1 q 1.0 180 12,897 nt 
TexaS____..--------ue-n une 18 7.7 2,874 7.0 2,161 62.7 16,288 14.8 4,578 8.2 985 1.5 455 18.1 4,084 80,820 © 
Wyoming, Montana, Idaho. - -- 4 7.2 250 11.2 888 61.7 1,797 8.1 281 20.0 £694 1 5 1.7 61 8,476 Sr 
Colorado, Arizona, Utah, New | . 

Mexico__.._...----------- 7 9.4 1,114 10.8 1,272 60.5. 7,144 12.2 1,440 4.0 480 2 20 2.9 889 11,809 
Washington__.....-.-------- 6 5.1 $22. 11.8 788 67.2 8,577 11.0. 687 14.2 889 6 86 1 9 6,258 
Oregon, Nevada__..--.------ 4 5.6 207 10.4 #$£=.‘882 66.1 £2,425 1.0 36 16.8 600 2 6 4 15 8,671 
Northern California. ___.--_.-- 6 7.2 1,404 7.8 1,526 65.2 12,791 6.2 1,228 12.5 2,454 2 36 9 185 19,619 
Southern California___.....-- 7 12.8 8,807 10.7 2,766 65.8 16,948 4.1 1,054 4.9 1,250 .6 142 1.1 271 = 25,7388 
Hawaii___.._..._-.---------- 2 12.5 195 11.6 182 @69.9 1,094 1 2 3.6 56 2.2 34 1 1 1,564 
Puerto Rico_.......--------- 2 mee) mee --. . «--. 657.8 4,171 --- --- --- --- --- --- 42.7 8,118 7,284 

Total.....-...-------- 181 8.0 80,118 14.2 58,089 59.1 220,971 10.7 40,121 4.0 15,078 5 1,694 8.5 18,025 874,086 
Oe seSesS eae ee en jr
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| | PREPARED MASONRY CEMENT | 

Table 15.—Shipments of prepared masonry cement from mills in the . | 

United States, by States | 
(Thousand 280~-pound barrels) 

. Destination a 1964 1965 

Alabama. _____-_-_----- eee eee ee 664 705 
Alaska 1______-_-.---------- eee we _-- 
Arizona __....---..----_-- oe eee ee eee Ww WwW 
Arkansas... --- ee ee eee eee eee eee 350 363 
Southern California______.....-_~--._-_2 eee eee i1 _-- 
Colorado__._-----_ =e ee ee ee ee ee ee eee eee ~ 219 . 186 o 
Connecticut !__._. ~~~ eee eee ee - 137. 142 
Delaware !___-_- 2 eee eee eee eee «59 55 
District of Columbia !________.._.. 2. -- eee; 410 491 
Plorida__.....-...- 2-2-3 eee eee ee eee 1,285 1,148 
Georgia__.._---._-_---- eee eee eee eee eee eee 1,265 _ 1,292 
Hawaili__....-2- 2-2 eee ee eee eee eee ee oe " --- “ 
Idaho... eee ee ee een ee eee eee 11 11 
Tilinois__ 2-2. eee eee eee eee eee eee 678 706 . 
Indiana__._...---_-_- eee ee eee eee eee eee 723 849 
Towa_._------- ee ee ee ee eee eee ee eee 201 . 224 
Kansas___._.------------------- eee eee ene 180 | 188 
Kentucky_____--_-_.___.___-__-_--__-_-_- eee ene - 595 640 . 
Louisiana___.-..-_-.-.-.--------------------------- ee 363 420 
Maine_______-_-_- 2 eee eee eee 73 TT 
Maryland____.---.--_----_---- eee eee eee ee 744 ‘91 . 
Massachusetts 1__-__.._--_2---- eee eee ee 288 295 
Michigan_._._-_..-.-.---_. 2 oe eee ee 1,369 1,528 
Minnesota___..-._---.----_-----_--------- +e eee ee eee eee 409 408 
Mississippi___....-_-..-----------------------------1----2 eee 853 377 
Missouri. ____-.-.-.--.----_-_-_--------------- ee eee eee eee 222 233 - 
Montana___-.-_-.-.-_-_----- ee ne ee eee . 24 25 
Nebraska___......-----.-._----.----------------- ee eee eee a 87 87 
Nevada_______--_-_------__-_----------- eee eee ee ee eee Ww . Ww 
New Hampshire !_______.._...-_---!_--------------1------+----------- TQ 72 
New Jersey !____..-_- ~~ eee eee 652, . 684 
New Mexico____._._---_---_-___-_--_-_---- eee ee eee ee 109 120 
New York__._____-_-_---_-- eee eee 1,068 1,012 
North Carolina_.__._....__..-..-_---____-------- eee eee 1,563 1,618 
North Dakota !_______-___-- ~~ - lee eee 56; 47 
Ohio_._...---_.-----_-__--__-_-_- eee eee eee 1,451 1,510 
Oklahoma_-__._.-_---_-----__-_-- eee ee ee eee $21 328 
Oregon_._._..-_-_-----.-.---_---1-----.- +--+ +--+ 1 ot 
Eastern Pennsylvania.___............-.-.----------------------------- 554 541 
Western Pennsylvania_________-._.-_.--.-_-.------------------------- 615 627 7 
Puerto Rieo____.___-_____-_--__ eee eee Ww _oe 
Rhode Island 1____...._.__-_-_.-__-. 1+ --.-- +--+ +--+ 29 30 
South Carolina_______..___.--_--L-- eee eee eee 807 909 
South Dakota___.________.____--_-- eee ee 54 78 
Tennessee_____________--__-..-._---------- ee -- 1,071 1,142 
Texas_____.__._-_-----___- eee ee ee ee ee eee 926 922 
Utah_..__..-.------- 2 eee een ene ene eee eee eee 11 14 : 
Vermont !______-.---_-_-_- ee ee eee eee 40 43 
Virginia. ...__._.-..------------------------------------------------- 1,338 1,337 
Washington_____-.....-_-.-.----------------------------------------- 43 45 
West Virginia_____....-.--------------------------------------------- 234 237 
Wisconsin____._..-.-_-...---_-_---------------- + eee ee 504 541 
Wyoming.._._._---.---.--------------------------------------------- 18 14 

Total United States_........_-_.___..-.------------------------- 22,207 28,113 
Other countries 2. _._______.___--____..-.----------------------------- 190 147 

Total shipped from cement plants___._.---.-------~.-------------- 22 ,397 23 ,260 
ee 

'  W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other 
countries.” 

1 Noncement producer. . 

2Direct shipments by producers to other countries and to Alaska, Arizona, Nevada, and 
Puerto Rico.



Table 16.—Prepared masonry cement produced and shipped in the United States, by districts . 

Production. . 
Active plants (thousand 280- Shipments from mills 

. pound barrels) 7 
er CLL LLL TTT OT A pn . 

District | . 1964 : 1965 | 
. SN peace 

1964 1965 1964 1965 Thousand Average Thousand Ay 
280-pound Value per 280-—pound Value ‘per Be 
barrels (thousands) barrel barrels (thousands) barrel 

New York, Maine_____.------------------------- 11 11... 1,102 1,146 1,154 $2,918 $2.53 1,178 $2 ,998 2.55 S 

Eastern Pennsylvania._..------------------------ 15 11 1,766 1,943 | 1,918 4,868 2.54 2,004 5,192 #2. 58 Zz : 

Western Pennsylvania__..-.--.------------------- 5 5 904 977 900 2,727 3.03 1,002 2,799 2.79 tl 

Maryland, West Virginia__.-----.---------------- 5 5 1,199 1,208 1,207 8,046 2.52 1,204 2,961 2,460 e 

Ohio ___ 8 ee enw ee eee eee ee eee eee eee eee 8 q 1,040 1,047 1,068 8,127. 2.98 1,050 $8,004. © 2.86 i 

Michigan___....-------------------------------- 6 6 1,889 2,170 1,865 4,954 2.66 2,108 5,878 2-55 

Indiana, Kentucky, Wisconsin.__._..-.-.-.----.--- q 6 8,061 8,105 3,068 8,170 2.66 8,258 9,888 3.02 - 
Illinois. .._....----------------- + eae eee eee 4 4 598 648 596 2,088 8.42 615 1,907 3.10 

Tennessee_____...---------------2----- eee eee 5 5 . 1,209 1,241 1,212 - §,228 2.66 1,185 3,140 2.65 : 

: Virginia, North Carolina, South Carolina__---..----- 5 5 1,754 1,915 _ 1,784 5,074 6-22.98 1,988 5,577 -° 2.88 . 
Georgia, Florida_....-..------------------------- 5 5 1,007 1,008 1,042 2,962 2.88 1,002 2,881 2.88 #%O 
Alabama......- ene new ennneeeeeceeeeeeeeeeeeeee 9 9 2,618 2,628 2,674 7,794 8.08 = 2,598 7,858 8.02 Oo 

: Louisiana, Mississippi. _.-.----------------------- 4 4 488 265 886 1,018 2.64 = 485 (1,147 2.64 &# 
Minnesota, South Dakota, Nebraska_.-..--.------- 4 4 284 268 277 874 8.16 268 | 884 - 8.11 _ 
VOWS = ono ee ne ee eee ee eee eee 4 4 605 654 585 1,847 = 8.15 608 _ 1,867 8.07 2 
Missouri_.......-------.------------------------ 5 5 $22 880 8384 — 1,046 3.13 877, ~—s—«d1,, 178 8.11 

Kansas ___.__---.------- ee ene eee eee nee 7 | 877 449 884 1,178 3.05. 404 1,178 2.92 

Oklahoma, Arkansas_-___-.--.--.--.-------------- 5 5 582 576 575 = =——s«i1, 675 2.91 578 1,710 2.96 

Texas. __..------------------- eo een eee ee 12 12 . 897 912 980 2,805 8.02 968 8,011 8.11 

. Wyoming, Montana, Idaho___...----------------- WwW 8 _ W 27 WwW WwW Ww 29 © 96 8.31 

Colorado, Arizona, Utah, New Mexico......-..----. 5 6 507 _ $889 497 1,676 - 8.87 894 1,294 8.28 
Washington !__.........-.----------------------- --- 5 --- 68 --- --- --- 62 201 8.24 7 

Oregon, Washington__-.....-.-------------------- WwW a WwW - nee WwW Ww Ww --- --- ioe 

Undistributed.- 0222221222 7 2 78 77 91 295 8.24 _ or “2 
. ae . 

Total__..__..---.------------+------------ 188 184 22,127 23 ,024 22 ,397 63 ,805 2.83 28 , 260 65,979 2.84 
teehee ane eR 

W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” . 

1 Qregon combined with Washington in 1964. | a : | :
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| NATURAL AND SLAG CEMENTS. oe | 
- Natural cement was produced at two’ ment, they are included in the tabulations : 
plants, and slag cement was produced at of masonry cements prepared at portland _ 
two others. These four plants reported an cement plants (tables 15 and 16). Produc. _ 
annual capacity of approximately 1 million tion figures from 1957 to 1965 are not | 
barrels. : strictly comparable with those of earlier 

Because masonry cements prepared at years because of changes in methods of re- © 
these plants contained some portland ce- porting by some producers. a 

Table 17.—Natural, slag, and hydraulic-lime cements produced, shipped, and in 
| . Stock at mills in the United States | | 

" Production Shipments Stocks 7 
| = —__ ————  —__ Dee. 31 
Year . . Thousand Thousand . (thousand 

Active 376—pound 376—pound Value 376—pound _ 
plants barrels barrels (thousands) barrels) 

1956-60 (average) __._.._...-.---.---- 5 657 643 $2,130 90 
1961___.-....------2---------------- 4 225 269 968 40 - 
1962__-_.--------2------------------ 4 440 402. 1,611 78 
1968____.------------ eee eee 4 357 352 1,407 83 

*  1964___-_--- 2+ 4 , 275 283 - 1,057 76 
. 1965_....--------------------------- 4 279 279. —s-:1, 027 : 76 : 

| | | PRICES tis a a 
The price of cement in 1965 continued of prepared masonry cement in 280-pound 

the moderate decline experienced in recent barrels was $2.81 in the fourth quarter of 
years, Average net value of shipments from 1964, $2.89 in the first quarter of 1965, and 
all cement plants was $3.18 per barrel, $2.84 in the fourth quarter of 1965. The _ : 
compared with $3.22 in 1964. Overcapacity average value of natural, slag; and hydrau- . 
became slightly less a problem, and im-  lic-lime cement shipments was $3.68 in . 
ports increased. At the same time larger 1965, compared with $3.74 per barrel in 
and more efficient plants were able to 1964. a _ | 

produce cement at lower cost. | | Engineering News-Record gives f.o.b. 
Portland cement values at plant changed base prices per barrel for portland cement | 

from $3.16 per barrel in the last quarter of in carload lots in 20 cities across the Na- 

1964 to $3.20 per barrel in the first quarter tion. In bulk, during 1965, cement sold for | 
of 1965 and by the fourth quarter were an average of $3.89 and ranged from a 
down to $3.13. The average value of types high of $4.95 in Pittsburgh to a low of | . 
I and II cement was $3.11 in the fourth $3.17 in New York. In paper bags, during . 
quarter of 1964, $3.15 in the first quarter 1965, the average price quoted was $4.59, 
of 1965, and $3.09 in the fourth quarter of ranging from a high of $5.65 in Pittsburgh 
1965. Type III cement was valued at $3.50 to a low of $3.42 in New York. Mortar 
in the fourth quarter of 1964, $3.53 in the cement sold for an average $4.25 per barrel 

first quarter of 1965, and $3.44 in the and ranged. from a high of $5.68 in Los : 

fourth quarter of 1965. The average price Angeles to a low of $3.04 in Detroit. 

Table 18.—Average mill value in bulk, of cement in the United States’ 
(Per barrel) : 

Natural, 
slag, and Prepared 

Year Portland hydraulic- masonry All classes 
_ cement ? lime cement 3 4 cement § 

cements ? 

— wane eee een ee eee ee .22 381 2.84 3.25 1961 ee nnrcrcs Ba 3:60 3:89 3.38 
1962___..-.----------------------------- 3.29 4.01 2.87 3.31 
1963. _....------------------------------ 3.20 3.99 2.84 3.23 
1964_...._...-.2.--22-222-22-22 sess eae 3.19 3.74 2.88 8.22 
1965__.-.------------------------------- 3.15 3.68 2.84 3.18 

1Includes Puerto Rico. 
2 376-pound barrels. 
2 Includes masonry cements made at portland, natural, and slag cement plants. 
4 280-pound barrels. 
5 Includes masonry cement converted to 376—pound barrels.
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FOREIGN TRADE 

United States exports of cement in- years. The higher import figure was largely 

_ cfeased 5 percent in 1965. Imports were at due to shipments from a new cement plant 
the second highest level on record in 1965, in the Bahama Islands. © 

ending a declining trend of the last 3 | | 

Table 19.—U.S. exports of hydraulic cement, by countries | 

. . Se 1963" . 1964 1965 . 

Destination 376— 376— 376- 
me o pound Value pound Value pound Value 

a . | barrels — . barrels barrels 

Oo North America: | oo, . . . 

_: Bermuda_...--------------------- 1,869 $11,188 27,112 $90,133 346 $6,818 

- Canada___-----------------------. 110,753 607 ,512 132,633 $18,342 281,293 1,915,534 

. Central America: — | Oo ; 

. Costa Rica____...------------ 19,126 37,918 3,894 . 19,593 .. 1,201 11,192 © 
El Salvador____....----------- . _57 , 598 — _-- _ 149 4,355 

- Guatemala____.-.-----------. | 500 = 2,475 182 4,518 556 4,310 

'. Honduras. __-.--------------- 394 4,326 20 496 . 100 1,136 

Nicaragua_..-..--.----------- 5,798 25 ,676 2,748 12,735 6,912 32,679 | 

Panama_._.----------+------- 42 846 2,164 12,133 1,581 20 ,954 

Mexico...___.-------------------- 59,786 238,451 62,268 309,358 94,564 436 ,088 

West Indies: . oS a 

British: Q ee , 

- _Bahamas__..-...--------- 182,904 482,965 170,112 678,446 41,480 200 , 445 
. ' Barbados___.------------- _-- nee 8,040 18 ,850 7,981 21,126 

. a Jamaica___.......-------. 1,360 9,130 1,275 5,157 1,864 9,867 

a : Leeward and Windward . - 

- - ... Jslands__.-..-..°..--.-. 28,748 | 82,374 33,789 85,237 34,986 102 , 757 

Co Trinidad and Tobago_----- 252 1,873 1,527 9,638 515 6 ,935 

. —_ Dominican Republic_-_-..--.---- 186 1,020 9,613 — 24,748 1,398 - 9,481 

_. French West Indies__.--..----- . --- — 9,795 23,3388 75,656 154,890 

Haiti____...-.-__-.---_...--- | 3,602 15,556 1,200 3,360 628 2,680 

. . Netherlands Antilles__...--~--- 885 7,016 66 ~ 1,112 “247 2,414 
Other__.....----------------- --- _-- 573 8,362 29 _ 228 

Total___.__--_.--.._-_------ 366,262 1,528,874 467,611 2,125,556 551,486 2,943 ,889 
. boo . SS anne —=— 

South America: © Co oo . 

Bolivia..._..--------------------- 2,684 25,310 5,250 44 , 742 1,526. 14,794 

Brazil__..__...-_..------------.-- 1,918 18 ,016 --- --- 1,585 14,693 

Chile_____.-.--------.----------- 5,391 36 ,485 1,405 14,929 3,472 57 , 448 

Colombia___--.-.---.-------+----- 275 3,991 1,229 . 12,120 298 3,673 

Peru__..._-----.----------------- 2,080 11,548 3,633 21,255 9 ,286 92 ,928 

Venezuela___..----.--.----------- 292 2,929 #«569 . 3,042 2,082 20 ,464 

Other__......--..---------------- 458 2,133 282 3,347 ~ 695 . 8,120 
er nr 

- otal__.-_---------...-.-------- 18,093 100,412 12,368. 99,485 18,844 212,120 

Europe: oe - / 
Belgium-Luxembourg..------------ ~ 30 744 --- es 1,543 14,009 

France. ___..-.------------------- --- _-- 1,740 . 9 ,084 1,105 8 , 826 

Germany, West__--.-------------- 218 834 509 6,776 1,999 43,669 

Italy__...-...--.-------.--------- 282 2,134 2,530 19 ,615 2,948 26 ,356 

Netherlands..____-.--------------- 488 10 ,787 616 7,819 1,784 21,774 

Norway-_-..---------------------- _-- a 28 ——~—s- 888 2,366 21,574 

Spain_._...-.--------------------. 23 224 _-- _-- 2,397 28 , 773 
Sweden_______---.__..----------- _-- _-- _-- a-- 2,499 23 ,942 

Switzerland____.___._--------.----- 2,263 10 ,676 --- --- 133 1,062 

Other_____-.---_-_--_------------- 1,052 3,750 600 8,919 2,523 31,265 
ae 

Total_____-.--.--.-.----------- 4,656 29,149 6,023 53,101 19,297 221 ,250 
——————eeeeeeeeee———e———— 

oo 

Africa: . 
British West Africa.__....-...-----. 2,363 10,058 120 500 3,973 18 ,522 

. Gabon____.-.-------------------- --- --- 2,018 7,550 2,750 35 ,345 

. Liberia__......--.-.-.------------ 99 860 9,438 35,102 102,804 403 ,253 

Libya_.......-------------------- 2,280 (11,491 --- _-- _-- _-- 

Western Equatorial Africa, n.e.c...-__ 4,085 18 ,203 --- --- --- --- 

South Africa, Republic of....------- 168 736 470 3,450 457 3,652 

Other_____.---------------------- --- --- 2,249 11,729 3,749 33 ,850 
a 

Total__...---.----------------- 8,995 41,348 14,295 58,331 118,733 494 ,622 
———————————————————————————— ee
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- Table 19.—U.S. exports of hydraulic cement, by countries—Continued io 

- 1963 '1964 1965 , 
Destination 376- 376- 376- a pound Value pound Value pound Value barrels barrels barrels 

Asia: - | / India___--- 2222 ee 78 $917 91 $1 , 807 1,023 $8 ,570 Indonesia_._______.____.._._._____ 2,610 23 ,698 75 - 675 2,177 16 ,670 Tran__----22---- eee mee --- --- 5,001 46 ,835 Japan___--_ ee 5,112 47,341 7,996 73,643 11,869 126.,435 Korea, South____......-..-._____- 28 , 347 149,018 148,722 616 ,151 2,871 21,875 Pakistan. _________._..-.._________ 12,613 50,817 31,080 113 , 709 3,602 13 ,917 Philippines__-_-_-__.._..222-_ 7,510 44,647 17,963 86,210 5,435 | 53,721 Saudi Arabia____-______..._______- 109 2,086 249 3,274 1,238 11,964 Taiwan. _______-.-- 563 8,127 158 3,075 1,878 21,978 Thailand__________.___.__________ 5,518 25 ,996 . 84 228 220 1,411 - Turkey___.._-__-2 2 1,969 6,668 154 1,577 | 2,077 - 12,642 - Viet-Nam_____2-222 2 1,147 4,733 - 321 3,620 2,412 13 , 857 8 Other___---__2- 2 ee 1,461 7,633 3,989 40,178 1,655 25,917 
_Total____-_ 2-2.) 67,087 371,681 210,782 944,147 41,458 - 375,792 Oceania _----.--------_2 222i 45 653 1,599 9,480 3,622 40,215 
Grand total___-______.-22-___ 460,088 2,072,117 712,678 38,290,050 748,440 4,287,888 . 

- a Table 20.—U.S. imports for consumption of cement . a | a a (Thousand 376—pound barrels and thousand dollars) - 
Roman, portland, . ° : a - _ and other . Hydraulic cement - White nonstaining Total . Year . hydraulic cement §=—-—_—_sclinker oo portland cement Pt oe 

. Quantity Value - Quantity - Value Quantity Value Quantity Value . ; 
1956+60 (average) 3,889 $10,463 124°. $286 316 . $1,806 4,329 - $12,555 | 1961__ 2-2 2 le 3,359 7,858 eee --- 262 1,367 3,621 9,225 , 1962__/_._.-.... 4,842 10 ,464 472 883 319 1,508 5,633 -.12,855 . - 1968__....--.... 3,668 8,582 52 226 310 1,394 4,030 10,202 1964_-__... LL. 3,208 .: 7,438 - 116° 382 309 1,413 3,633 * 9,228 - 1965.22. 42888 «11807 878 962. 289 1,254 - 5/505 13,523 - | 

| | WORLD REVIEW | : 
. NORTH AMERICA» -euve, Quebec, plant. Ocean Cement Ltd. —— 

AG te will spend $4.6 million on expansion of its’ , | | amas Thee moe ern set Hon: barrel British Columbian facilities. Ciments La- _ . 
P ib d a Th a “le a t | sntak 75 f st : farge Quebec Ltd., was constructing a new 
hile ce di t F an t con ed 1. - i 3.5-million-barrel-per-year plant at St. Con- an | st . P os al y automa aol compu - stant, Quebec. Miron Co. Ltd., will spend 
i ° t ‘eared. b et 7 ELANS are. coral $9 million on an expansion at its Mon- | imestone and bauxite. treal, Quebec plant. 

Canada.—Cement production increased. Canada Cement Co. Ltd., undertook four | 
by 6 percent in 1965, reflecting new: con- major projects during 1965. A $5.5 million | 
struction and a growing economy. Particu- addition to the firm’s Floral, Saskatoon, | larly evident were booming developments saskatchewan plant was announced. The 
along the west coast. New plants totaling subsidiary Maritime Cement Co. Ltd., put | $65 million were either put on stream or its $14 million Brookfield, Nova Scotia, 
announced, while announced expansions plant on stream. A $20 million expansion 
and modernizations of existing plants to- of the firm’s Woodstock, Ontario, plant was taled $64 million. announced. The company announced a $4 

Inland Cement Co. completed its new ce- _ million expansion to double the capacity 
ment plant in Tuxedo, Winnipeg, Manito- of its Subsidiary Maritime Cement Co. 
ba. Lake Ontario Cement Ltd. planned ex- _Ltd., at Havelock, New Brunswick. 
pansion which will double the capacity of ‘Costa Rica.—Camara del Cemento del 
its Picton, Ontario, plant. St. Lawrence Ce- Istmo Centroamericano was formed in 
ment Co. installed a new $7 million kin = ———— | . “aa og $ . rs 7 Rock Products. Bahama Cement. V. 68, No. which will double capacity of its Villen- 5, May 1965, pp. 79-83.



Table 21.—U.S. imports for consumption of hydraulic cement in 1965, by countries and customs districts 92 
(876—pound barrels) — , 

. Customs district @ 23 8 e . 2 | > oo a. 9 . | ee 
: ee es ee ee 5 2 3 § 38 4g 

, a= ea Ss = & . Baw ft hee . o i =| g 60 
® w 3 ® ay e a) aS 3 ss 

gw 33 } o A £ 5 Ss 24 G tid > n= 

Alaska__.....---.------ --- --- 128,655 © --- --- --- oot 448 LL “ene --- --- _— --. 124,098 
Buffalo__.....-..------ --- --- 10,310 | w--- 0 wee --- eee eee --- --- --- wee nee was 10,810 
Connecticut_......----- --- --- --- --- wee eee ee lee) 01,0450 woe won --. 601,045 
Dakota_._-.-.-.------- --- --.- 189,374 ~~ -~- eee wee wee --- we ee --- --- --- 189,374 . 
Florida.....-...-.----- 1,528,799 95,710 = -.. 58,118 w-- woe wee ee ee ee ee a --- --. 1,672,627 z 
Galveston__.......--.-- woe --- eee one --- --- wes bee wee le --- 160 --- ~-- 160 5 | 
Georgia....-....-...--- woe oo : ey 81,189 , awe mo owe , eam wwe : ee www 8,641 — won 89,880. psi . 

Hawali_....-...-...-.- wae --- aoe ---. 410 --- nee 1,658 wee ee, ee wee ee a 2,063 . 
Laredo._............-- aon ° awe == . ooo aee eae awe ~-2 10,179 . — : om oe — = 0 =n 10,179 ‘ 

Los Angeles_.....-...-. woe wee wee eee --- -«- --. 20,768 --- ene eee 5,152 --- wa- 25,915 
Maine and New Hamp- , Oo . . | oo 

shire. ..-.-.-----.--- --- wns 8221 - ..- --- ees --- woe nee ene wee _—- os — 8,221 s 
Massachusetts__.......- ao... woe 247 =e ase one 625 . =«- --- ae omen a-« oon me , 872 
Michigan..........-.-- no 2. 2688510 lt TE LID 1,000 MoD ID OTD OID. OID. oD OID ss o6a,851 a 
Montana and Idaho... -. wee wee 14,720 --- w-- eee aoe --- “oe eee wee wee nee --- 14,720 
New Orleans....-.....- --. 6,948 eee ee wn awe wae ae aoe eon --. 824 838... wee 6,267 8 
New York........-.--. 69,041 1,298 . 284 -ee --- 160 --- ee ~-. 458,260 ... 8,288. 2. ae 527,226 
North Carolina_.......- woo 604 ~~. wee _ — wna wee ee wee wee a-- ene aoe 604 FF 
Ohio. _...-.-.---.-...- woe 251 48,822 — wae wee eee wee ee aes | awe ee ene _— 44,078 - 
Oregon. «= ---2-7--2-- --- —<—- eee eee ~-- --- --- (848 woe uae on) _ —_— ee 348 Be 
Philadelphia..........-.- wee awe -+- ee eee 146 11,987 wee eee 10 184 --- 17,057 29,444 oe 
Puerto Rico... 2222227 --. 85,5686 --- 465,488 15,496 8,495 997 - 31,000 wen, | wns oe --- © 7,040 --. 569,047 
Rhode Island_..........  - wae wae aoe 51,550 a-- wen tae Soe ee wee | wee wee ewe _ 51,550 oo 
Rochester_..........-~- --. --. 1,096,244 wns wwe onl _ ee wee) wee --- --s owe. 1,095,244 : 
St. Lawrence. .-...-.-.- wee --- 59,708 ee wns oe wae --- ae wee nee --- woe ase 69,708 
San Diego__........... --- --. a wee wee wee wee 2,288 --. wane ewe wee) mee 2,288 
San Francisco.....-...- (eee --- --- --- --- w-e 600 264 8... --- --- . 600 --- wee 1,454 
Vermont........-...-.- a --- 6,574 LL --- wes ewe --- wns ee ee 88 nee --- . 6,662 
Virginia__....-.....-.. 288,512 = ___ Foe wee mee ee w--- wee --- wee --- nee --- --- 238,512 
Washington_...._.._._- ee. --- 15,1381 eee nee --- nae 8,220 . --- woe --- 233 wee tee 28,584 
Wisconsin_........-.-.- --- ae 124. - ek --- --- wae --.. --- wee ee --- --- a 124 

Total: . . mo - 
Quantity._.. 1,826,352 139,387 1,780,710 . 651,290 15,906 $8,801 15,159 64,914 10,179 954,805 170 18,570 7,040 17,057 5,504,840 
Value - _.---$4,445,810 $601,330 $4,358,570 $1,846,922 $85,163 $25,722 $180,634 $277,428 $48,565 $1,946,114 $8,589 $132,252 $30,500 $90,879 $18,522,978
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June 1965 to promote greater utilization of — plants, with a planned annual capacity of — 
cement and establish a basis for coopera- 40,000 to 60,000 tons, were in the lanning 
tion among cement manufacturers in Cen- Stages. These are to be at Mossoro ‘and Na- — 
tral American countries. Countries repre- tal, Rio Grande do Norte; Crato, Ceara; 
sented were Costa Rica, El Salvador, and Maceio, Alagoas. 
Guatemal H i . , | Panama a, onduras, Nicaragua, and Cia. de Cemento Portland Itau upped | 

- production by 500 tons per day with the | 
Dominican Republic.—Fabrica Domini- installation of a fourth kiln. Plans were | cana de Semento planned to increase an- underway for construction of five cement 

nual pro uction from 7 million to 13 mil- plants near Rio de Janeiro, A new port- 
lion bags in 1965. A Private company land cement plant with an initial capacity 
planned to construct a plant in the Santia- of 50,000 tons per year in Rio Grande do 7 go area. Norte was announced. Paraiba Cement Co. 

El Salvador.—Cementos de El Salvador announced a $1.15 million expansion to 2.1 - 
has been moved from the depleted lime. ™illion U.S. barrels per year. —— | 
stone area near Acajutla to Metapan, § Cement production was scheduled to | where deposits are expected to last for 160 reach 7 million tons per year in 1965. | ars at the rate of 3.5 milli | No vement tne rate of 3.5 million bags of Colombia.—Cementos del Caribe, S.A., nt per year. ae . . . j — was expanding operations with the addi- | Mexico.—T wenty-three plants operated tion of a semiportable crushing plant at - at ; nies rates of ewer ao ay Pansion Barranquilla. Two new cement plants were 

cre expected to in- in the advanced planning stages, at Tolu-: 
crease annual capacity of the industry to viejo, Department of Bolivar, and at Moni- 
6.2 million tons by late 1965. Establishment quira, Department of Boyaca. Capacities : 
of seven new plants is expected to bring are 1,000 and 600 tons per day, respective- — the country’s total cement capacity to 6.8 ly. , | 
million tons per year by early 1967, and 8 
million tons per year by 1968. weuago nn have (1964) euap an E 

Private industrialists are financing plans 66.000. ant wi The anna he apacity © 
for a $2.8 million cement plant in Ciudad 1: hn Ea ioe, C € two Na <r St aad 
Juarez. Production is targeted at 350 met- P'@nts in Ecuador, Cemento acrona’ an : ric tons daily Chimborazo, had annual capacities of | 

" | 300,000 and 54,000 metric tons. 
Panama.—Cemento Panama planned to | . 

increase production by the installation of dn mane t ot wan of a 200 ton-p o 
new equipment. The Cemento Atlantico, ay vineed Plant near Arequipa, erty wa 
S.A., plant being erected near Colon is ex.  @7™70unced. 
pected to begin operating in early 1966. EUROPE 
This $5 million plant will use coral as the : , 
basic raw material. Belgium.—Ciments d’Obourg installed a 

Puerto Rico.—The Puerto Rican Cement Ne w rurnace li ith lair oie ut ot ~N aan | 
Co. began a 3-year, $12 million expansion ° Furan any, Claimed’ to be the bigges 
program. Production capacity by the end ty RUTOPE. 
of 1967 is expected to reach 12 million bar- Finland.—A new plant was being built at 
rels. A $500,000 computer system was add-  Kalari in northern Finland by the Parais- 
ed to the Ponce plant. ten Kalkkivuari Oy, Annual output of the 

new plant, scheduled to begin operating in 
SOUTH AMERICA mid-1968, will be 200,000 tons. 

Bolivia.—A cement shortage was reported France.—Lafarge Cement Co., France’s 
to be seriously curtailing construction ac- largest cement manufacturer, was de- 
tivities. The price of cement nearly dou- scribed. The plant uses the modern lepol 
bled. The Fabrico Nacional de Cementos iin and the technique of prehomogeniza- 
plant near Sucre was planning to increase tion. 8 
capacity to 170 tons per day. 

Brazil—A 50,000-ton plant at Sobral, 5 te Le, Bel, Francois. Frehomogenization: k Giant 
Ceara, began operating in 1965. Four new duets, v. 68, No. "5, May 1965, pan 94-99.
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Table 22.—World production of hydraulic cement by countries 

: (Thousand barrels) 

. Country _ 1961 1962 1963 1964. 1965 pt 

North America: oo 
Canada (sold or used by pro- . 
ducers)__...---------------- 33,010 36 ,587 37 ,314 42 ,075 44 ,432 

Costa Rica____-.------------- --- --- --- 193 698 
Cuba___-.-.----------------- r 5,107 © t 4,568 r 4,761 e 4,691 e 4,691 
Dominican Republic. ---------- 1,390 11,425 — r 1,343 81,747 © 1,243 
El Salvador.__.--------------- 440 | 381 2 457 , 2528 2475 
Guatemala__....-------------- 733 r 704 921 1,090 e 1,354 

os Haiti_____._..--------------- 258 299 270 a 328 246 
Honduras___...-------------- . 246 322 _ ; 852 428 551 

| Jamaica__._.--------------+-- 1,266 1,173 1,179 1,648 1,835 
Mexico.___...---------------- 17,795 19 ,654 r. 22,058 26,174 24,620 

- Nicaragua___..--------------- 229 270 817 358 387 
Panama_._....------=-------- - - 668 715 833 133 967 
Trinidad. __.-.--------------- ~~ . 967 950 1,032 1,114 

- United States (including Puerto 
_ Rieo)__-------------------- 338 ,628 351 ,932 368 , 406 r $85 ,386 388 , 842 

. Total.__....-.-.--.-------- * 400,345 | + 418,997 tr 439 ,161 r 466,411 471 ,455 

: South America: - . . 
Argentina ___----------------- 17,021 r17,162 ~~ 114,863 ~ © 16,875 18 , 856 

-.  Bolivia....------------------- 264 293 364 375 352 
- Brazil_....--.--.-------------. . 27,622 29 ,739 30 ,395 82 ,623 32,700 
“Chile.__..--------------------. 5,177 5,992 — 6,837 ' 47,429 6,966 
Colombia___.-----------1----- — 9,334 10,237 . 10,759. 11,521 12,213 
Ecuador.__.-------.---------- 1,284 1,255: 1,518 1,689 1,906 

- Paraguay__-.----------------- 94 94 106 135 _— 170 
: > Peru. eee eeeeeeee--e- | 83, 488 4,110 4,421 4,855 5,998 

_ Uruguay___--.--------2------ -- 2,281 2,193 - 1,993 . 2,416 2,527 
_ Venezuela__..---------------- 8,871 9 ,000 9,264 10 ,947 12,160 

 Total__--.----------------- 75,431 tr 80,075 . F 80,515 r 88 ,865 93 , 848 

. Europe: a uo 

Albania__---..-..------------ 704 698 t 762 tr 745. . 879 . 
Austria_....-..--------------- 18 ,082 17 ,924 19 ,419 r22,093 | 28,685 
Belgium. __-_...-------------- 27,874 28 ,073 27,610 34,277 34 ,623 
Bulgaria.__...-.-.-.------------- 10 ,255 11,099 12 ,929 15,162. 15,720 

Czechoslovakia___._.....---.-- 31,328 33 ,479 30 ,360 32 ,207 40 ,005 
Denmark___....-.------------ | 9 ,287 9 ,569 8,918 r 11,129 11,433 
Finland__.---..-.------------ 7,910 | 7 956 r 8,378 19,217 10,290 

- France.......-..-------.----- 90,183 98 ,984 r 106,325 tr 126,278 132 ,417 
Germany: 

Fast. .......------------- r 30,929 r 31,849 132,002  #£=+33,814 35 ,672 
West___--.--------------- 159 ,153 167 ,649 171,308 r 197,195 200,126 

| Greece. _.-------------------- 10,771 11,275 13 ,450 15 , 667 18 ,833 
Hungary -_.---.-------------- 9,387 10,161 10 ,542 13 ,233 ~ 14,002 
Ieeland___....---------------- 440 569 5I5 633 668 
Ireland___..----_------------- r 3,500 4,456 _ 4,697 5,705 6,168 
Italy_...-.------------------- 105,721 118 ,274 129 , 509 "133 ,918 118 ,638 
Luxembourg. -.__-...--------- 1,354 1,349 | 1,190 r1,196 1,302 
Netherlands. __.....-.-------- 11,158 11,815 12 ,202 16 ,845 17 ,432 
Norway._..----.------------- 7,470 8,279 18,431 r 9,085 9 ,053 
Poland____.----.---------.--- 43 ,177 44 ,233 r 44,995 51,368 56 ,129 
Portugal____.._-_-__.-------- 7,294 8,214 8,402 9,510 9 ,258 
Rumania......___------------ 19 ,396 20 ,457 25,617 27 , 862 31,697 

Spain (includes Canary Islands) - 38 , 862 42 , 167  +45,429 t 49 ,838 57 ,695 
Sweden_______-_.___----.---- r 17,848 r 18,024 r 19,343 20,914 21 ,806 
Switzerland_______...--------- 21,114 21,847 20,996 25,341 23 ,682 
U.S.S.R.____.---------------- 298 ,231 336 ,131 357 , 767 r 378 , 142 424,479 
United Kingdom. __.__.------- 84 ,291 83 , 587 r 82,438 99 , 488 - 99 ,488 
Yugoslavia___....._.-_.-.---- 13 ,697 14,764 r 16,693 17 ,819 18,188 

5 i eT 

Total__________._...---.--. 1,079,416 «1,163,482 +1,220,282 11,358,631 1,433,318 

Africa: 
Algeria_.__..-_.-__-.---------- 6,285 r 5,113 5,183 4,280 e 4,345 
Angola__..._..-__------------ 921 991 1,137 1,255 1,437 
Cape Verde Islands____._------ 41 Al r 64 r 70 e 70 
Congo, Republic of the (Leo- 

poldville)___._-.__.---------- 821 1,155 1,442 r1,319 1,454 
Ethiopia_____--.------------- 176 r 258 r 188 258 563 
Kenya. _____.---------------- 1,935 2,029 r2,011 12,474 2,961 

Malawi_____----------------- 217 193 147 1g2 ~ 182 

. Morocceo____----------------- 3,694 4,093 4,450 5,435 4,362 

Mozembique_._.-------------- 1,243 1,050 979 1,067 1,290 

Nigeria____....-..------------ 2,134 r 2,838 r 3,084 13,887 5, 764 

Rhodesia, Southern. _...------- 1,636 e 1,466 e 1,466 e 1,466 e 1,466 

Senegal____.----------------- 1,067 1,073 1,114 1,202 1,061
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- Table 22.—World production of hydraulic cement by countries—Continued 
- (Thousand barrels) - . , . . 

_ Country. 1961 1962 1963 1964 1965 Pp! 
OO 

Africa—Continued 
South Africa, Republic of____-__ 15 , 233 15,591 . 16,910 r 20,410 22 , 755 Sudan___--- 22 487 498 T 680 * 534. 469 Tunisia___~---.. 2.222 ee 1,929 2,128 2,117 2,668 2,662 . Uganda___-..-- 2222-222 369 328 322 r 428 768 | United Arab Republic (Egypt)__ 12,073 +18,087 r14,711 114,781 13 ,603 Zambia _-___.----2 22k 715 . F698 r 680 - ¥ 985 985 Te OS | 
Total _---------.2------ 2-8 50,976 * 52,630 T 56,685. r 62,701 66 , 467 . SSS SSS ne 

Asia: . | | ) | Afghanistan ?___._22 = 240 352 604 733 997 Burma... _-----2-2222 222 Le 235 311 127 768 e 704 _ Ceylon. .-..------ 222222 eee 481 498 440 440 504 China. ..-------_.-2 22222 ee 46 ,906 46 ,906 58 ,633 °61,565 64 , 496 Cyprus__.--.---- 22-8 557 r 569 563 tr 410 563 Hong Kong_-_---_. 222 2222 1,079 1,243 1,272 -1,261- 1,413 India. __.--------- 2222 lle. 48,343 r 50,342 54,851 56,815 62 ,198 _ -Indonesia____-.--- 2222 . 2,609 ™2,961 1,935 ¥2,574 e2,140 Tran 3___2 22 4,368 ~ e 4,368 0 4,868 — e 4,368 e 4,368 Traq._--------- eee 5 ,494 5,400 5,283 6 ,303 7,534 . . Israel... ~~~ . 4,960 5,594 5,992 * 6,438 - 7,376 Japan__.--------- 2-2 le 144,448 168 , 787 175 ,594 7193,377 191,665 — oo. Jordan_...----2- 2-22 1,308 1,378 1,671 © 1,805 1,788. Korea: ; 
North... _.-- 2-2 13,268 - 18,9381 14 ,834 15,303 14,072 _ . South_----2- 22 3 ,067 4,632 4,562 7,282 9,463 -  Lebanon____--_- 5,125 . 5,048 5,254 | 5,259 5,805 Malaysia_-.---___....----2_-- 1,941 1,911 2,123 12,782 4,333 Pakistan __-------_-._--_ 2 _- 7,288 8,179 8 , 783 9,065: 10,009 Philippines___...---2_-___2___- 5,975 . 5,635 5,576 r 7,042 e 8,895 — - Saudi Arabia___.._-- 222222 - 618 | 891 1,091 1,407 1,548 - Singapore____--__...-_._2-__. --- 715 1,137 er 1,173. 1,190 . . Syrian Arab Republic___.__.____ ~ 3,166 3,559 4,016... =—s- * 3, 723 4,896 Taiwan_.__----------.--...-- 8,848 10,970 13 ,169 13 ,808 14,330 Thailand. ___--.__.------..-_.2 r 4,749 5,646 5,840 6,215 7,323 . Turkey. _._.---- 22-22-2222 el. 11,891 13 ,620 15,819 —s_ 17,288 19,021 . Viet-Nam:. So . : se 

. North....2--- 2 2,685 2,709 12,879 3,805 _ 4,397 ee South. eee meee 440 1,148 | 
. Total: _.2---2 2 — * 829,642 r 366,155 r 397,016 r 431,349 452,171 | 

Oceania: as Australia____2 22-2 16,757 17,197 18 ,288 21,260 22 , 292 _. Fiji Islands.___-____._________ ee Pe oo 182 235 
New Zealand__...----.------- 3,817 8,700 4,233 4,620 © 4,937 

Total___----------- 2 ee 20,574 20,897 22 ,521 26,062 $27,464 

‘World total (estimate)_____._ * 1,956,384 2,102,286 +*2,216,180 2,434,019 2,544,723 | 

_ © Estimate. P Preliminary. '° Revised. , 
1 Compiled mostly from data available August 1966. 
2 Sales, including imported clinker. 

Oe * Year ended March 20 of year following that stated. 

Greece.—The Greek Ministry of Industry Netherlands.—The two cement manufac- 
approved establishment of a $5.8 million turing companies, N.V. Eerste Neder- 
cement plant on the island of Crete. landsche Cement Industrie at Maasstricht 
American Cement Corp. negotiated a $13 and N.V. Cementfabriek Ijmuiden at a 
million joint venture to construct a new Ymuiden, were described. Total capacity of 
cement plant in Greece. General Cement the Dutch cement industry will in a few 
Co., S.A., obtained a loan of $2.5 million years be 3 million tons per year. A new 
from the Export-Import Bank of Washing- operation at Roxenburg near Rotterdam 
ton to expand annual capacity from 7 to will manufacture refractory cement at a 
10.5 million barrels per year. Titan Ce- rate of 330,000 tons per year. 
ment Co. announced a $7.5 million expan- Norway.—A/S Dalen Portland Cementfa- 

. sion and modernization program. brik ordered a 23-foot-diameter Aerofall 
| Italy.—Cementir Co. opened its new ce- mill for its cement plant in Brevick. The 

ment plant near Taranto. The $19.2 mil- mill was to be shipped from Great Britain. 
lion plant was planned to be expandable — 
to a capacity of 11.7 million barrels per *Corper, M. Dutch Cement Production and pac'y Pe Use. Cement, Lime and Gravel (London), v. 40, 
year. No. 2, February 1965, pp. 63-64.
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| Poland.—It was expected that the Polish -Tanzania.—A cement plant being con- 

- cement industry would be turning out 11.5 — structed near Dar es Salaam was scheduled 

million tons of cement annually by 1970. A| to begin operating in early 1966 with an 

big. cement plant to be built near Barcia initial output of 150,000 long tons, expand- 

will have an annual capacity of 1.2 million able to 300,000 tons. | a : 

| tons. -_ Zambia.—Chilanga Cement Ltd., © an- 

| United Kingdom—The Cement Division nounced plans to erect a cement plant at 

of Vickers Ltd. ordered equipment needed Ndola, in addition to its existing facilities — 

- for doubling the capacity at Whitehaven, near Lusaka. The new plant will represent 

bringing the capacity to 400,000 tons per an investment of $5.6 to $8.4 million even- 

year each of sulfuric acid and cement _ tually. | | 

| clinker. The first asbestos cement factory | : | 7 

| in Northern Ireland was announced by ASIA. SO 

Turners Asbestos Cement Co. Ltd. = China.—China’s ‘cement production was 

-USS.R.—A huge cement works was com- estimated at 10 to 11.25 million. tons in 

os _ missioned in Kemerovo. It will produce 2.4 1965, a 25-percent increase over that of. 

: million tons of high-grade cement a year. - 1964. About 80 small plants and 10 large 

| _ Yugoslavia——Production was expected to . and medium-sized plants, have been set up 

| | -be maintained at the 3-million-ton level in in various localities. 7 

: 1965, with imports rising to 550,000 tons. A India.—The Indian cement industry cur- 

new cement works was to be erected at ently consists of 37 plants (34 privately 

Usje, near Skopje. The. plant will have a owned and 3 in the public sector) with a 

7 capacity of 1,000 tons per day and is ex- combined installed capacity of 10.5 million 

pected to cost 10,000 million dinars. ‘tons and an annual production of about 

a = | a AFRICA a 9.5 million tons. ee | oo 

| | a . — Iraq.—A cement plant, to be established 
° _ Dahomey.—Dahomean Government sources ag a joint Iraqi-Kuwaiti venture, was being 

7 indicated possible establishment of a planned for erection at Safwan near the 
| _ 200,000-metric-ton cement plant at Yamaigo = Tyaq-Kuwait border. oy CO 

Onigbolo, near Pobe in southeastern Daho- —s_ yay rhe )«=Nesher Works of Israel | 

_mey, to supply cement requirements of portland Cement Ltd. at Ramle was de- 
| Dahomey and Togo. . scribed. A fourth kiln was added to the 

_ Ethiopia—A new 70,000-ton cement plant company’s Haifa plant. Combined output 
near Massawa was completed in 1965. The of the Haifa and Ramle plants was expect- 
new 70,000-ton plant at Addis Ababa was ed to reach 1.5 million metric tons in early 

: in operation during 1965. 1966.11 , a | 

Ghana.—Tema Cement Works began Japan.—A_ new plant was. being built by 
| operating in 1965. When completed, this Chichibu Cement Co. Ltd. at Kumagaya, 

$980,000 plant will be capable of producing near Tokyo. The $27.8 million plant was — 

200,000 long tons of cement per year.19 = scheduled to have a production capacity of 
Mali.—A protocol agreement was signed 150,000 tons per month. The modern Fuji- 

for construction of a Soviet-financed ce- wara plant of the Onoda Cement Co. Ltd. 

ment works. The plant will have an an- was described. The capacity of this plant 

nual capacity of 270,000 barrels and cost in 1965 was 35,180 barrels per day.1? 

about $6 million. Korea, South—The Korean cement in- 

South Africa, Republic of—An expansion dustry requested permission from the Gov- 

| : program costing $840,000 was underway by ernment.in early 1965 to increase the local 

White’s South Africa Portland Cement Co. price of cement from $.65 to $.85 per bag. 

- Ltd., to increase productive capacity from ———— 

800,000 to 1.1 million tons per year. East- 10 Mining and Minerals Engineering (London). 

ern Province Cement Co. announced a $2.8 ene eb BT. at Tema. V. 1, No. 16, 

million expansion at the Port Elizabeth 11 Crombie, Philip. “Israel’s Nesher Works. 

plant. With the completion of these Miner. Processing, v. 6, No. 5, May 1965, pp. 

projects, annual capacity of the South Afri- 2 Asano, Todashi. Onoda Cement Company’s 
can cement industry will be nearly 5 mil- Lime Calcination Process In Cement Manufac- 
lion tons ; ture. Pit and Quarry, v. 58, No. 1, July 1965, 

. pp. 184-192.
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Three of Korea’s five cement plants had Corp., and Marinduque Mining & Indus- 
temporarily suspended operations. Korean trial Corp. - 
cement manufacturers protested a  ship- Taiwan.—The Taiwan cement industry - 

- ment of 88,000 tons of American cement set a production target of 2.5 million tons | 
for Eighth Army use, part of a 500,000-ton for 1965, of which at least 880,000 tons was 
contract with Kaiser Cement & Gypsum to be exported. , 
Corp. _ ; | 7 Turkey.—The Nigde cement plant was in | 
Malaysia.—Pan-Malaysia Cement Works operation, increasing the number of ‘pro- ne 

Ltd., began full production at an annual ducing units in Turkey to 19, and the an- 7 
estimated capacity of 400,000 long tons. yal capacity of the industry to 3.1 million : Tosek Cement Ltd., at Ipoh, planned a metric tons. | 

$5.5 million vtoutent or 0. to more than Yemen.—The U.S.S.R. was contemplating 
dev Other M i ufput ole ong Mab Per the construction of an 80,000-metric-ton- | 

ay. Mither Malaysian plants are Malayan per-year cement plant near Bodjil on the Cement Ltd., 240,000 tons; Malaya Indus- Hodeida-Sanaa road. : . trial & Mining Corp. Ltd., 60,000 tons; and | | 
Singapore Cement Ltd., 200,000 tons.13 OCEANIA. | | 

Pakistan.—International Finance Corp. | . : 
announced that it would help finance a — Australia—Cement manufacture in 
$4.8 million expansion program planned Queensland had increased to 620,000. tons - 

by Ismail Cement Industries Ltd., in West in 1964 and was expected to reach 1 mil- 
Pakistan. Pan-Malaysia Cement Works lion tons per year by 1969. Queensland Ce- | | 
Ltd., was planning a 300,000-ton grinding ment & Lime Co. Ltd. announced a $4 mil- . 
plant at Chittagong. lion expansion program aimed at bringing | | 

Philippines.—Eight new cement plants Capacity up to 750,000 tons per year by 
will be operating in the Philippines within 1969. | 
2 years, an increase in annual capacity of Goliath Portland Cement Co. Ltd. , 
over 62 million bags. The new plants are planned a new 300,000-tons-per-year ce- 
Mindanao Portland Cement Corp., Pacific ment plant at the Railton Works, Tasman- 
Cement Corp., Diamond Cement Corp., Is- ia. An Australian contract for £2. million 
land Cement Corp., BCI Davano Cement was awarded to Humphreys & Glasgow 
Corp., Hi Cement Corp., Luzon Cement  Ltd., Sydney. — 

| _ TECHNOLOGY | a | | 
CEMENT MANUFACTURE AND PLANTS Mason City, Iowa.17 Cement automation a oo 

Automati nd comput trol of system fundamentals were described. These 
m at iante ¢ vtin ed P 0 he comro t at functions are (1) kiln feed mix composi- 
feat P - s co tech 1 A ‘tai on. tion, (2) kiln and cooler control, (3) | 
canure (oF cement technology. A static con- — sjarms and production logs, (4) quarry trol system used for cement transfer equip- . . | . rock mix blending, and (5) control of ment was described at the Lone Star Ce- rinding mill load.18 | 

“ment Corp. plant at Nazareth, Pa.14 6 6 - | 
Digital control systems for Prop ortoning % Tao, H. S. A New Portland Cement Plant raw mill feeds were compared with analog in Malaysia. Pit and Quarry, v. 68, No. 5, 

instrumentation. Both systems are consid- | November 1965, pp. 82-90. : 7 . 4 Hoy, R. B. Operating Experience with a . ered reliable.15 A digital computer installa- Statie Control System for Cement Transfer. 
tion for controlling raw materials, feeds, Miner. Processing, v. 6, No. 1, January 1965, . . . on pp. 15-19. and calculating kiln settings was described 45 McEnvoy, Leo D. Digital vs. Analog Pro- 
at the Penn-Dixie Cement Co. plant at Pe- portional Feed Control. Miner. Processing, v. 6, k Mich.16 No. 4, April 1965, pp. 19-22. toskey, Mich. | - | % Peirce, J. W. The Computer and _ the 

A complete digital computer control Rement  Flant. Fit and Quarry, v. 57, No. 10, 
method for operating a rotary cement kiln “Sr Johnson’ 'R. L. and’ R. J. Lyle. Installation 
was described. Programs were developed of a Computer for Kiln Control (A Method). 
from experience with an International Bus; pp" 44-39 °° (8 No. 8 August 1965, 
iness Machines Corp. IBM 1720 system at Mi, Rich, E. A. E, Cement Automation 1965. 
Northwestern States Portland Cement Co, 5771654 7S V: & No. 12, December 1965,
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: ‘The gamma-ray density gage and optical neering, Budapest, Hungary, described the 
— and two-color Pyrometer have been applied structure of hardened portland cement, 

to cement kiln control, ‘measuring the and material transport and homogenization 
| | specific gravity and free lime content. Kiln in the cement industry.29 | | 

exit gas and shell radiation temperatures | A maj h . t ee h 

| | are also measured.19 Maintenance of a com- rer OOF comet t P ct hx t 1 meas 
| | puter control room was described at South- hh . b me ducte q the Unik cur me 

ern Cement Co. in Atlanta, Ga.20 has een, con ucted at the University o 

: A complete survey of cement kiln refrac- Y ane - oo a 
_ _ tories was published. Subjects covered in- Methods of evaluating the tensile 

| ‘cluded high temperature calcination, early strength of concrete were compared in an- 

kilns, early refractory linings, sintering and other investigation.31 7 oe 
solid state reactions, requirements of ce- 1 ds. udvine the pr 

| ment kiln refractories, slag action, and re-_,; New compounds for studying the proper: : - gractory engineerin  roblems.21 oo ties of portland cement constituents were 
The. performance Pe modern vertical prepared. These ‘compounds control the 

kiln was described. Its advantages are low setting rate of cement.%? An X-ray spectro: 
capital investment, economic fuel con graph has been successfully applied to de- 5 oe nO eeparate Cooler. un srallcled sump- termining the cement content of hardened 

ion, parate cooler, unparalleled versa- concrete. Cement content formulas were 
tility, and uniform clinker quality.22 — developed.33 : . 

New developments: in fine grinding pee oo 
equipment enable grinding ide x sae aa 
q Pt 1 Di .. € er n ding a wide range of 19 Gieskieng, D. H. Literweight and Kiln Con- 

materials, Disintegration is achieved by im- trol. Miner. Processing, v. 6, No. 12, December 
pact pulverization.23 Chemical additives are '9$,,PR* 26 30. ML Maint Aspects of 

. ._ . en, ° aintenance spec o 

being used by Soviet chemists to change Solid State Controllers and Related Instrumen- 
the surface of cement clinkers. This im-  {a%on- Miner. P rocessing, v. 6, No. 10, October 
proves the strength and setting qualities 1 Gilbert, “W. Cement Kiln Refractories. 

and accelerates the grinding rate.24 Cement, Time and Gravel (Tondon), v- 40, No. 
° . . _ ’ ay » pp. — ._ . 

The electrical design features of a ce- _* Gottlieb, S. How Good is the Modern Ver- 
ment plant were described, including tic#! oe Products, v. 68, No. 5, May 

| power distribution, plant control, process 23 'Towne, F, T. Fine Grinding by Impaction. 
| control instrumentation, and _ control Penna 1968 vp ee preprint No. 65 H 53, 

room.25 A seven-story-high dust collector Ra Shaw, K. ‘Use of Surface-Active Agents for 
has shown man erati *.  Rapi ine rinding of Cement  Clinkers. 
d y opera ting and economic - Cement, Lime and Gravel (London), v. 40, No. 

advantages. Glass-bag dust collector systems 10, October 1965, pp. 358-359. 
. have been perfected.26 % Herz, J. H., R. D. Miller, and D. B. Carson. 

. } . Electrical Design Considerations for thé Colton 
A roundtable discussion on cement plant Cement Plant. Miner. Processing, v. 6, No. 5, 

design was held at the cement industry May Rock’ Peaucts.. Giant Portland Cuts Costs, 
technical conference in Allentown, Pa. Ups Efficiency, With Glass-bag Dust Collector. 

. Consensus was that computer usage will — Vin Rodk Producto What. Rhead’ for Cement 
continue to grow in importance. A practi- Plant Design? ‘V. 68, No. 11, November 1965, 

se * ° pp. » . : 

7 cal limit to kiln size may be reached by 2% Mielenz, R. C. Diagnosing Concrete Fail-— 
transportation problems. Vertical kilns are ures, Parts I and II. Cement, Lime and Gravel 
preferred in some foreign countries; how- {2,0ndon), v.40, Nos. 4-6, April-May 1965, pp. 
ever, the greater capacity of a rotary kiln is 7? Hungarian Scientific Society of the Silicate 

suall ded i P y +4 GG. ry * Industry. Cement, Lime, and Gravel (London) 
usually nee ed in the United States.27 Internat. Conf. on the Silicate Industry, v. 40, 

No. an October 1965, pp. ao oo f 
n Investigation into the Measurement o CEMENT CHEMISTRY AND RESEARCH Concrete Strength, Cement, Lime, and Gravel 

. ndon), v. 40, No. 11, November 1965, p. 391. 
| The Stanton Walker lecture described 31 Pincus, G., and Hans Gesund, Evaluating 

the use of microscopical. methods for diag- the Tensile Strength of Concrete. Materials Re- 

nosing concrete failures and for examining ea ease ee v. 6 No. 9, September 
air void and cement content in hardened _“Lorant, M. Development of the First Cal- 
concrete. Petrographic examination is most 3, “juminate Sulphates Free of Carbon pr 
helpful in determining the proportions of Cement, Lime, and Gravel (London), v. 40, 
cement and water used in batching con- 33 Mander. J. 965, Ps ot : : ander, J. E., and D. Y. MaclIver. Determi- 
crete28 The Eighth Conference on the Sili- nation ot Cement Content pn Hardened Concrete 

. y X-Ray Spectrograph. Pit- and Quarry, v. 58, cate Industry, held at the House of Engi- No.4 October 1965, pp. 127-133.
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Advances in cement and concrete tech- design criteria for reinforced concrete cor- | nology were summarized. Many new im- __ bels, Complete specifications are given.46 | provements, due to Tesearch and better Prestressing to control shrinkage cracks in knowledge of cement chemistry, have be- drying concrete became an important tech- oe come possible.34 | nical development. Careful engineering, _ Portland cement chemistry was analyzed good design of concrete mixes, and precast- using X-ray diffraction. Soda contents were _ ing or prestressing are effective.47 | determined using a flame photometer.35 The British standard code of practice for . Studies of hydration of cement constituents the structural precast concrete industry was : were conducted on calcium aluminoferrites. described. Sections include materials, stand- | X-ray diffraction was used.3¢ | ard mixes, design, and curing.48 Progress : Samples of calcium aluminate monosul- in prestressed concrete includes new design fate were prepared and analyzed. This aid- criteria for reinforcing and large panel — | _ ed in studying the compounds present in construction. Work is continued by the In- | | d and hydrated ortland cement37 ternational Federation of Prestressed Con- a oo ane ay P me ou - | Differential thermal analysis was applied to crete, meeting in Naples and London.9 : | . qualitative studies of the hydration rea- Ss , oe oo ; i i 4 Rockwood, N. C. Half Century of Cement . tions mm cement p astes. Materials analyzed and Concrete Research. Rock Products, v. 68, . included gypsum, ettringite, monosulfate, : No. do. October 1965, Bp. 24, 110. , ‘1% : i 38 onwicke, J. E., an - &. Day. Crystalline. _ _ and different types of cement pastes. Solubility of Soda’ in Tricalcium’ Aluminate. A hitherto unreported cement compound J. Am. Ceram. Soc., v. 47, No. 12, December ine. in’ 7 1964, pp. 654—655. was detected, occurring. in hydrothermally _ 8 Lorant, M. The Chemistry of Hydration of , | treated cements or blast furnace slags. Cement Constituents. Cement, Lime, and Gravel SO alvsi wed i eni - (London), v. 40 No. 1, January 1965, pp. 27-28. an eS showe d it to ne a gehlenite hy- 37 Berman, H. A. Preparation. of Carbonate- . rate.39 An apparatus for measuring the free Complex Calcium Aluminate. NBS J. Res. a density of concretes by gamma-ray trans- V. 69A (Phys. and Chem.), No. 1, January- oe . d ‘bed.40 . February 1965, pp. 45-51. . . mission was described.4¢ . 8 Kalousek, 'G. L. Analyzing SOs-Bearing - A new book describing recent research Phases in Hydrating Cements. Mat. Res. and d the phvsi h ical d hani Standards, v. 5, No. 6, June 1965, pp. 292-304. . on and the physico-chemical an mechani- * National Bureau. of Standards. Cement cal properties of cement and concrete ma- Study Reveals New Compound. Tech. News Bull. ‘al blished,41. V. 49 No. 7, July 1965, p. 116. . . terials was published.‘ __ Preiss, K. Measuring Concrete Density by o 
Gamma Ray Transmission. Mat. Res. and 

. Standards, v. 5, No. 6, June 1965, pp. 285-291. a CEMENT PRODUCTS. a 41 Neville, A. M.. Properties of Concrete. John | . 
Wiley & Sons, Inc., New York, 164. 534 pp. ~ | , Oo Sout frican. Mining an ngineering . - . A hydrop hobic cement was develop ed by Journal (Johannesburg). Hydrophobie Cements. - adding surface-active synthetic fatty acids V576> No. $788, Aus. s, 1966, ei 1807. | ' : cn * oan ; rant, . ew Linseed-Oil Preparations oo _ to. cement clinkers. These chemi cals im _ to Treat and Cure Concrete. Cement, Lime and prove the plasticity and workability of ce- Gravel (London), v. 40, No. 11, November 1965, Y91 ; ; p. 392. ; , oo ments, Talse its | strength and reduce ils “ Pilpel, N. Powder Science in the Cement : | shrinkage, and increase frost resistance? Industry.’ Patt 1. Comaminnue., Cement, Lime, Scientists of the Department of Agriculture and. Gravel, (London), v. 40, No. 2, February . | have formulated linseed oil. compositions 45 Pilpel, N- “Powder Science in the Cement | : : idi i . Industry. art IT: ortlan ement Powder. 

which emulsify and aid in curing concrete Cement, Lime, and Gravel, (Londen), pag. 
Strength is improved.43 No. ate November 1985, PP nots 884. : i i ion appli riz, L. B., an . H. ths, Connections The science of commuinutio as pplied in Precast Concrete Structures—Strength of to the cement industry was explained. An Corbels. Portland Cement Association (Skokie, equation for the efficiency of cement grind- _Ill.), Bull. D85, February 1965, 61 pp. . . 4 : 47 Engineering News-Record. Prestressing ing was evolved.#4 Techniques for the meas. imits Slab Cracks—Californin’ Attede tenes | urement of physical properties of portland Shrinkage. V. 174, No. 25, June 24, 1965, pp. 
cement powder, particle size and shape, #® Kolek, J. The Structural Use of Precast surface area, density, dustability, and flow Concrete. Cement, igime and garavel (London), | and shear strength are quantified.45 Va Cement,” Lime, 2 Gravel - (London). The Portland Cement Association de- Recommendations for Design and Construction scribed a project on the development of 11, Nomcased 1908 rete, Structures. Vv. 40, ~ |
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a Chromium - hromium 

: 7 | By John L. Morning * a - 

The year was marked by relatively stable of higher chromite prices for 1966. 
_ prices both for chromite and for chromium Domestic consumption of chromite was — 

alloys. High-quality U.S.S.R.. chromite the highest since 1957 -with most being a, 
__ set the level of world prices. After a price consumed in chromium ferroalloys. | 

adjustment at the beginning of the year, Imports for consumption of low-carbon : 
_chromium ferroalloy prices were stable ferrochromium increased sharply and ‘were 
except for minor changes. When unilat- the highest on record. In contrast, re- a 

| eral independence was declared in South- _ duced imports of. high-carbon’ ferrochro- | 
| ern Rhodesia at yearend, the uncertainty mium continued the downward trend that | 

of the political situation brought indications started in 1960. | | — 

| | a + Table 1.—Salient chromite statistics oe . 
oe —..... (Thousand short tons) . So a, 

: | = | 1956-60 1961 1962 1968 1964 - 1965 ° | 
. - (average) | - . | . - | 

eee a 
| United States: , ve a _ oe 

_ | Exports...._---222222- 2-2 4. . .68. _ 3 10 | 6 7 
-. Imports for consumption._............-. 1,782 1,829 1,446 1,391 1,428 + °#&1,518 

Consumption........--.-.-------2-:--. 1,477 1,200 1,131 1,187 1,451 © 1 ,582 
-. Stocks Dec. 31: Consumer__.___..-._..... . 1,578 1 ,633 1,700 1,583 1,287... 1,094 — 

World: Production._-.......-.-------------. 4,622 4,630 4,790 4,330 4,680 . 5,370 — co 

Legislation and Government Programs. and were rejected by GSA. The material 7 
_ —Barter contracts for high- and low-car- was to be reoffered at a later date. 
bon ferrochromium were signed by the De- A joint resolution passed by Congress | 

_ partment of Agriculture early in January; | October 9 (Public Law 89-252) author- 
_ negotiations involving three countries were ized GSA to sell 33,552 pounds of low- 

initiated in fiscal year 1964. The contracts grade exothermic chromium metal declared 
call for delivery of ferrochromium pro- excess to stockpile needs. In response to 
duced from Turkish chromite with pay- its November 5 offering, GSA announced 
ment in surplus wheat exported to Israel. that no acceptable bids were received. The | 
The contracts valued at $1,703,000 were material was to be readvertised for sale in - 
to’ be concluded by October 1966. — —:1966. re oe 

The. General Services Administration The Department of the Treasury deter- | ~ (GSA) secured congressional approval Oc- ™ined that ferrochromium containing less 7 
tober 9 (Public Law 89-247) for a long- than 3 percent carbon, imported from 
range program to dispose of 659,100 tons Norway, was not being sold at less than 
of chemical-grade chromite. Under pro- air value within the meaning of the Anti- 
visions of the program, 20,000 tons were dumping Act, 1921. This was in reply 
offered for sale on competitive bid Novem. © 2 claim filed June 29, 1964. | 
ver 5. All bids were below market price 1 Commodity specialist, Division of Minerals. 

232-748 O-67—20 997
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| | | Table 2.—U.S. defense materials inventories and objectives  —__ 

- (Thousand short tons). a, 

‘ a 
: . 

oe . " Oo . _ | Inventory by program, Dec. 31, 1965 | 

| ‘Type of material Objective CCC and Oo 
oO . National .. DPA supple- Total 

- _ stockpile mental 
- ce Ron, - stockpile 

Chromite, chemical: Stockpile grade - - - - 591 559 _.--.------- 684 1,243 

Chromite, refractory: — . oe oe a 

| - ‘Stockpile grade__...-------------- | ©: 1,425 1,047 __.-------+- 180 1 ,227 

Nonstockpile grade _..----------------------+ Q) (| Leila ---------- +--+ --- ++ -- - ---e- 

a Chromite, metallurgical: . a . 

oo Stockpile grade____.--------------  . 2,509 . 2,299 (4) 373 2,672 © 

. -Nonstockpile grade_-------------------------- -. * 780 986 __._-.------ 1,766 

_ Ferrochromium, high-carbon: a 

~ Stockpile grade_.....------------- 65 = :125 ------------ 264. 2° ——s« 83839 

a _.. Nonstoekpile grade___------=----------------- @ nee ne nee ne ee enn nn ne Sener ee ees. 

Ferrochromium, low-carbon: _— . ae a 

~. Stockpile grade_.-.---------------..,. © 80°... 107 _..---------...... 189 . .296 

- Nonstockpile grade....-------------=------:-- © ss 1s = -----=--------------g5- - 21. 

Ferrochromium silicon: Stockpile grade... : 58 OB Lee eee BBC BD 

- Chromium, metal electrolytic: Stockpile. a So 

ne - ° grade__.....-------1------2---4--- BoD Lee eee (20.5 3 

: . Chromium metal, aluminothermic: er, _ - . . a a 

_ _ Stockpile grade-.--.-------------- 5 4 4 . 

| 1 Less than ¥% unit. os - BS SO , . ee _ 

oe —— : ee -DOMESTIC PRODUCTION | a ne - 

| ; | The United States continued’ to depend — or to produce other chromium chemicals | 

a solely on imported chromite. Ferrochro- such as chromic acid for chromium-plating | 

mium and other chromium alloys were solutions, colored pigments, and chromic _ 

| produced by eight companies, all in the oxide. a | oS 

a eastern half of the United States. Chromi- | . - | 

oe ‘um metal was produced by two companies. A major expansion to increase the pro- 

_ Basic _ refractory bricks or shapes contain- duction capacity of sodium bichromate, 

ing chromite were manufactured by 11 base material for chromium chemicals, was 

we companies. Sodium bichromate was pro-. announced by Allied Chemical Corp. for 

. duced by four firms for direct consumption _its Baltimore, Md. plant. a a 

Be CONSUMPTION AND USES ; | 

| oo . Domestic consumption of chromite was metallurgical-grade ore had a chromium to - 

_ the highest since 1957. The metallurgical iron ratio of 3:1 and above, and 8 percent 

industry consumed 57 percent; the refrac- had a ratio between 2:1 and 3:1, and 4 

tory industry consumed 29 percent; and percent had ratio of less than 2:1. | 

the chemical industry consumed 14 percent. Producers of chromite-bearing refrac- 

The. metallurgical industry consumed tories consumed 452,000 tons of ore con- | 

891,000 tons of chromite containing 304,- taining 109,000 tons of chromium. An 

000 tons of chromium ferroalloys and chro- . additional 5,000 tons of ore containing 

mium metal. An additional 17,000 tons 1,000 tons of chromium was used directly 
of. chromite was added directly to steel. in furnace repairs. 

Of the 891,000 tons consumed in making The chemical industry consumed 217,000 | 

chromium ferroalloys. and metal, 824,000 tons of chromite containing 67,000 tons 

tons (averaging 50.1 percent Cr2Oz) was of chromium in producing 143,000 tons 

classified by consumers as metzilurgical- of chemical (sodium-bichromate equiva- 

grade ore; 52,000 tons (averaging 48.3 lent). 

percent CrO3) was classified as chemical- The principal chromium ferroalloys were 

grade ore; and 19,000 tons (averaging 39.5 primarily used in_ stainless steel pro- 

percent Cr2Os) was classified as refractory- duction. High-carbon ferrochromium was 

grade ore. Eighty-eight percent of the used in engineering steels with medium
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to-high-carbon and low-chromium contents the chromium content of the slag after the 
and in stainless steel. Low-carbon ferro- oxygen blowing of the steel bath had re- 
chromium was used in heat and corrosion- duced the carbon content. | | 
resistant stainless steels, especially those Gulf & Western Industries, Inc., and 
with low-carbon specifications. In stain- | Amerace Corp. announced construction of 
less steel production, ferrochromium silicon _ plants for chromium plating of plastic 
was used as a slag treating agent to reduce parts. . 

_ Table 3.—Consumption of chromite and grade of ore used by primary consumer groups : 
— in the United States | - | 

(Thousand short tons) - 

Metallurgicalindustry Refractory industry Chemical industry Total . 

Year - 
Gross Average Gross Average Gross — Average Gross . Average 
weight Cr2Q3 © weight CreO3 weight Cr.03; . weight CrQz3 . (percent) (percent) (percent) (percent) 

1956-60 (average) _ 926 — 46.8 398 34.8 153 45.3 1 ,477 43.4 1961__-___-____ _ 662 46.5 375 34.6 163 45.2 .1,200 42.6 1962_____.- 2 _: 590 °46.6 365 35.0 176 45.3 1,131 42.7 1963___________- 632 48.7 — 368 34.6 187 45.1 1,187 43.8 1964__-_________ 832 49.0 430 33.8 F189 45.1 1,451 44.0 1965_-_.---__-_- 907 49.8 457 35.2 218 45.0 1 ,582 44.9 
ON 

: 

F Revised. oo, 

Table 4.—Production, shipments, and stocks of chromium ferroalloys and | 
chromium metal in 1965 , 

(Short tons) 

. . Production 
: 

Producer 
Alloy” — Shipments stocks 

Gross Chromium . Dec. 31 
| | weight content 

Low-carbon ferrochromium.__._____________.______. 134 ,378 96,245 125,714 12,929 High-carbon ferrochromium______.._______..._.___. 170 ,514 115,061 165,170 © 20 ,436 Ferrochromium silicon. ._.--.-----.--2 22-2 eee 77 ,640 31,186 75 ,792 8 ,246 — Othert eT 63698 4,748 7,409 943 
Total. _.-..2------2 2 eee ee. = 389,225 247,240 374,085 42 ,554 

1 Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous 
chromium alloys.
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| Table 5.—Consumption of chromium ferroalloys and chromium metal in the 
United States, in 1965 by major end uses 

(Short tons) | Co 

| Low- High- Ferro-' _Exother- 
carbon carbon chromium mic ferro- Chromium Other ! Total 

Use ferro- ferro- silicon chromium _ briquets 
. chromium chromium silicon . 

Stainless steels__........... 131,779 76,583 65,632 _____-_--- 487 1,661 276,092 
. High-speed steels... ------- 769 996 | 72 __..---------------- 18 1,855 

Other tool steels._.--------- 1,257 1,748 83 ___.-.--.--.-------- 19 3,107 
Other alloy steels 7__.....-. 19,810 47,534 8 ,307 5,957 . 603 9,683 91,894 
Gray and malleable iron_-_--- 650 4,876 © 115 8 491 711 6,851 
High-temperature alloys. --- - 7,262 802 289 __.._.---. 10 2,109 10 ,472 © 
Nickel-base alloys. .._------ 470 117 __....---.-.----.------------- 87 674 
Other nonferrous alloys’_... = - 719 1,708 ao 2-2-2 +--+ e+e 4 1,152 °#£3,583 — 

Total. _....:-.------. 162,716 134,314 74,498 5,965 1,595 15,440 394 ,528 
Chromium content... 112 , 586 87 ,719 30 ,496 2,541 872 8,912 243,126 - 

1 Includes exothermic high- and low-carbon ferrochromium, chromium metal, and other chromium alloys. 
2 Includes quantities that were believed used in producing high-speed and other tool steels and stainless 

| steels because some firms failed to specify individual uses.- - 
3 Includes cutting and wear resistant alloys, hard-facing alloys welding rods, electrical-resistance alloys, 

and other nonferrous alloys. | . 

| STOCKS 
Consumers reduced stocks of chromite sumption for chemical use. | 

ore thus continuing the trend that started Producer stocks of ferrochromium prod- : 
in 1963; however, stocks remained sub- ucts increased 56 percent over those of 
stantial at yearend. Based on 1965 con- 1964 while stocks in consumers inventories 

_ sumption, the industrial inventory of chro- _ increased slightly. | 
mite represented 6 months consumption Stocks of chromium chemicals at pro- | 
for metallurgical use, 13 months consump- ducers’ plants totaled 6,168 tons (sodium- 
tion for refractory use, and 8 months con-__bichromate equivalent) at yearend. 

Table 6.—Consumers’ stock of chromite, Dec. 31 | 
. . (Thousand short tons) | 

| Industry 1961 1962 1963 1964 1965 

Metallurgical______._...._......-----.-------------------- 773 771 686 509 443 
Refractory__.......----.----.---------------------------- 728 764 723 600 509 
Chemical_.__._-_._.------------------------------------- 132 165 174 178 142 

Total......_.._--.-------------------------------- 1,633 1,700 1,583 1,287 1,094 

Table 7—Consumers’ stocks of chromium ferroalloys and chromium metal, Dec. 31 

| 1961 1962 1963 1964 1965 

Low-carbon ferrochromium_._._.__..___._..._------------- 10,006 5,531 7,293 12,219 13,630 
High-carbon ferrochromium.__________...____.-------------- 10,086 5,684 6,049 13,862 14,707 
Ferrochromium silicon.__.._...-._..---.--.-----------.---. 5,022 2,119 2,558 6,455 4 ,673 
Exothermic ferrochromium silicon___........__...-.-------- 822 729 610 775 987 
Chromium briquets____-____...-..-----.-_---------------- 513 409 276 328 378 
Other (including chromium metal, exothermic high- and low- 

carbon ferrochromium, and other chromium alloys)_........ 1,754 1,380 1,477 1,675 1,779 

Total___.___.__.__.__._____.---_-...--.-------.---- 28,203 15,802 18,263 35,314 36,154
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PRICES | : a : 

. High-grade ore from U.S.S.R. set the bon) 25.5 cents; low-carbon ferrochro- 
| pace for most world chromite prices. Pub- mium (0.05 percent carbon) 24.5 cents; 

_ lished chromite prices remained relatively charge chromium (63 to 71 percent chro- 
stable during the year with only minor ad- mium, 4.5 to 6 percent carbon, 3 percent 

| justments for some grades. E&MJ Metal maximum silicon) 15.5 cents; blocking 
and Mineral Markets nominal quotations chromium (10 to 14 percent silicon) 17.5 
for chromite ores in January and Decem-_ cents; and refined chromium (61 to 68 — 
ber are shown in table 8. Turkish chro- percent, chromium, 4.25 percent carbon), 

| mite was reportedly virtually sold out for 22 cents. The same prices were quoted at 
1965 delivery by early March. The price yearend. Electrolytic chromium metal 

| of the remainder fluctuated during the year, (98.5 percent chromium) and alumino- : 
but very little was available for sale. The thermic chromium metal (98.5 chromium, . 
price increase for Transvaal ore was said 0.5 percent carbon) were quoted at $1.15 
to be due to higher inland and ocean to $1.19 per pound delivered, throughout 
freight rates. The unsettled political sit- | the year. | : — 
uation in Southern Rhodesia during the In August, several ferroalloy producers 
last quarter of the year tended to increase announced simplified pricing schedules for 

| contract prices for 1966 delivery. chromium alloys which consolidated vari- 
Most chromium ferroalloy prices were ous size ranges into groups that sold at the © 

increased, effective January 1. Base prices same price, thereby, reducing the number 
for lump material in carload tots, f.o.b. of individual prices for a particular alloy. 

_ shipping point, per pound of contained The price of sodium bichromate, base 
chromium were: High-carbon ferrochro- material of the chromium chemical indus- 
mium (67 to 71 percent chromium, all try, remained unchanged throughout the 
grades carbon) 19 cents nominal; low- year at 13 cents per pound for carload 
carbon ferrochromium (0.025 percent car- _ lots. | ae | - | 

Table 8.—Price quotations for various grades of foreign chromite in 1965 | . 

CroOs Cr/Fe Price perlong Price per long 
7 Source (percent) ratio ton! Jan.1 ton ! Dec. 31 

. Southern Rhodesia._..-__.....-......-_ 2 ----- 48 3:1 $32.00-$35.00 $31.00—$35.00 
South Africa, Republic of (Transvaal) _._..__-..-.-- 44 ___....... 18.00— 19.00 20.00— 21.50 

. Turkey -_-..--.--.-.------.--.----------------- 48 3:1 30.00-— 32.00 29 .50— 31.50 
. USS.R2..-.2--22.-2-- eee 55 4:1 30.50— 33.00 30.50— 33.00 

1 Quotations are on a dry basis, subject to penalties if guarantees are not met, f.o.b. Atlantic ports. . 
_ 2 First quoted, July 19. 

Source: E&MJ Metal and Mineral Markets. 

FOREIGN TRADE 

Exports.—Exports of chromite ore and tries and totaled 221 tons valued at $151.,- 
concentrate amounted to 7,047 tons valued 042. West Germany received 77 percent 
at $284,766 while reexports of chromite of the total. Exports of sodium chromate 
ores and concentrates totaled 94,963 tons and bichromate totaled 4,016 tons, valued 
valued at $3,719,364. Canada, Mexico, at $862,285. Canada (71 percent), Mex- 
and Venezuela were the main recipients of _ ico (9 percent), Colombia (6 percent) and 
these shipments. Chromium and chromi- Chile (6 percent) received 92 percent of 
um alloys, wrought or unwrought, and the total. | 
waste and scrap were exported to 17 coun-
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_ Table 9.—U.S. exports of chromite ore and concentrate 

| i Exports Reexports | OO 
Year , nn 

; . oo Short tons Value Short tons Value a 

1956-60 (average)_..--.-------------------------- 3,909 $210,294 23,337 $927,727. 
1961______._-------------------------------- ++ 5,201 344 ,907 35,890 1,373,083 
1962______-_...-.-.------------------------------ 2 ,686 108 ,112 51 ,254 2 ,032 ,941 
1963___....__._.-------------------------------- 9,726 352 ,181 63 ,764 2 ,505 ,000 
1964_____....-.--------------------+--------- +--+ 6,366 | § $240,512 32 ,116 1 ,256 ,282 
1965__.._.-------------------------------------- 7,047 284,766 © 94 ,963 3,719 ,364 | 

_ Imports.—Chromite ore and concentrate from Japan, 198 tons from France, and 27 
imported into the United States increased tons from West Germany. Imports of sodi- 

-_ 6 percent over that of 1964. Metallurgical- um chromate and bichromate, totaled 18,- 
grade ore (over 46 percent CrzOs) com- 000 tons valued at $3,204,860. Italy (4,- 
prised 45 percent of the total imports, re- 960 tons), Japan (4,922 tons), West Ger- 
fractory-grade ore (under 40 percent many (3,927), Republic of South Africa 
Cr2O3) comprised 20 percent, and chemi- (1,996 tons), and U.S.S.R. (1,643 tons) 
cal-grade ore (40 to 46 percent Cr2Os) accounted for 93 percent of the total. Im- 
comprised 35 percent. The Republic of ports of pigments containing chromium | 
South Africa (32 percent), Southern Rho- were chromium oxide green, 134 tons val- 
desia (22 percent), Philippines (18 per- ued at $91,478; chrome yellow, 873 tons 

| cent), and the U.S.S.R. (16 percent) sup- valued at $414,895; chromium zinc yellow, | 
plied 88 percent of total imports. Imports 408 tons valued at $162,143; and chrome. 
for consumption of chromium, unwrought, green, 52 tons valued at $32,024. Chro- 

--and waste and scrap not alloyed, totaled |mium carbide imports were 43 tons valued 
| 1,010 tons valued at $1,522,023; 449 tons at $72,944. — 7 | a | 

| came from the United Kingdom, 337 tons | |



| Table 10.—U.S. imports for consumption of chromite, by grades and countries, in 1965 | | 

| | Not more More than 40 percent but 46 percent | 
than 40 percent less than 46 percent or more chromic Total 

chromic oxide (Cr2Os) chromic oxide (Cr2Os) oxide (Cr203) 

Country a 
Short tons Short tons Short tons 7 Short tons 

Value | Value ~ ~~ Value OO ~~ ‘Value | 
Gross Cr2O3 Gross Cr2Os Gross CroO3 Gross CreO3 

, weight weight weight weight 

Burope: U.8.8.R_-.--- 22-22 - nee ee eee elon seeese--- 241,533 133,617 $4,781,876 241,533 133,617 $4,781,876 

Africa: ° 
South Africa, Republic of...... 27,610 9,299 $245,606 338,654 148,491 $3,396,732 114,789 55,258 1,886,877 481 ,053 213,048 5,529,215 S 
Sudan__...-- 222 ee nn eee eee eee eee 10,0638 = 5,182 197 ,670 10 ,063 5,132 197 ,670 ca 
Zambia, Southern Rhodesia, . 7 2 

and Malawi_._..._......-...--------------------------- 84,690 37,605 1,664,188 244,106 124,313 4,473,172 328,796 161,918 6,137,310 

Total__..-__.._-.._.__._.. 27,610 9 ,299 245 606 423,344 186,096 5,060,870 368,958 184,703 6,557,719 819,912 380,098 11,864,195 

Asia: ‘ 7 _ 
India... nn ee nn en ee eee ee eee ene ee 14,792 8 ,323 386 ,304 14,792 8 ,323 386 ,304 
Philippines. ....._._._.._..-. 269,585 85,732 4,978,414 _.._-__..._----_._..--..-..-.. 8,960 5,197 168 ,000 278,545 90,929 5,146,414 
Turkey.........-.....-...-.. 6,720 2,509 96,350 114,575 49,736 1,945,278 42,261 20,285 1,018,919 163,556 72,5380 3,060,547 

Total._._.......-..._----. 276,305 88,241 5,074,764 114,575 49,7386 1,945,278 66,013 33,805 1,573,223 456,893 171,782 8,593 265 

Grand total._......-------- 303,915 97,540 5,320,370 537,919 235,832 7,006,148 676,504 352,125 12,912,818 1,518,338 685,497 25 ,289 ,336 

© , 
| | | OO
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Table 11.—U.S. imports for consumption of ferrochromium, by countries | 

mt | Low-carbon ferrochromium __- High-carbon ferrochromium . 
. . | (less than 3 percent carbon) — (3 percent or more carbon) 

_ . | | - Year and country | . Short tons. | Short tons 

. oe Value Value 
Gross  Chro- Gross  Chro- 
weight mium . weight mium 

8 '  eontent . content . 

1964: : oe 
7 Europe: a 

' France... 2--.-.-- 2-2-1 l eee 260 202 $72 311 .--- eee ee 
Germany, West______.-..-.------ 432 314 131,102 .._--.----.------- ee eee 

’ Norway... ---2---..-------..--.-- 10,453 7,384 2,534,659 219 155 $41 ,580 
—  §Sweden_...---2-..-..--.-----.-. 4,965 3,587 1,228,013 __-___.. 2 2-2 ee lee 

Switzerland_-..-.-...------------.. 28 21 8,093 ___.. eee 
a United Kingdom____------------- @Q) GQ) 260 __--- eee | 

- 0 Potal...----2----------------- 16,188 11,458 3,974,438 - 219 155 41 ,580 | 

a Africa: mS . oo 
South Africa, Republic of.__.._.__- 517. 288 93,102 6,867 4,141 1,157,035 
Zambia, Southern Rhodesia and - 

Malawi_-.__-....----_------ 547 436 128 ,622 ___..----._----------------- 

: | ~ ‘Total.....-.2.----.1---------- 1,064 724 221,724 6,867 4,141 1,157,085 
Asia: Japan__------------------------ 1 ,450 959 329 ,835 384 259 58 ,485 

7 _ Grand total__.......--.--.--.-- 18,652 13,141 4,525,997 7,470 4,555 1,257,100 | 
| 1965: oe a Tn 

North America: Canada._._..-.__..-__..------ eee 79 50, . 8,155 

Europe: oO oO a | 
France__.._..--.--._.------.---- 155 113 41 ,985 55 38 10 ,694 
Germany, West._.___..-.-.---.-. 1,372 1,000 392 ,663 585 408 114 ,200 
Italy...-._-.-.----_---- ee ee 661 , 434 173 ,954 1,653 1,086 276 ,901 

; Norway.__.--.-.-.------:-.-..-. 4,781 | 3,281 1,189 ,300 255 186 49,269 
Sweden.._.-....--.------------. 4,229 3,110 1,199,895 ___._________--_-_________-- 

. Yugoslavia__.....-_-.----_---_-- 329 240 86 ,460 __.--.--_ ee 

Total.._.....----------------- 11,477 8,178 3,084,257 2,548 += 1,718 451,064 

Africa: 
Mozambique....__._._._._-_...._-... 1,199 673 248 ,588 __.----.-2 eee 
South Africa, Republic of__..._..-. 26,052 17,201 6,218,966 733 416 87 ,773 

| Total... -..------------------- 27,251 17,874 6,467,554 733-416 87 ,773 

Asia: 
Japan_____---_-----.-----.-...-. 9,093 6,040 2,319,382 1,990 1,337 307 , 804 
Turkey__._.-...---.--.-------_-. 1,951 1 ,348 610,115 ___- 2 eee 

Total.__..-----------_-------- 11,044 7,388 2,829,497 1,990 1,337 307 ,804 

Grand total._._.-._--.._.------ 49,772 33,440 12,381,308 5,350 3,521 854,796 

1 Less than % unit. 

: WORLD REVIEW 

All major producing countries increased EUROPE 

their output of chromite in 1965, raising Finland.—The Government-owned Outo- 
the world estimated production to the high- _kumpu Oy completed geological and metal- 

est on record. The Philippines, Republic —_Jurgical research on the utilization of its 
of South Africa, Southern Rhodesia, Tur-  Jarge low-grade chromite deposit at Kemi. 
key and U.S.S.R. accounted for 83 percent Metallurgical tests indicated that recovered 
of the world production. concentrate was about one-third of the ore 

| mined. According to company plans, be- 
NORTH AMERICA tween 100,000 and 150,000 tons per year 

Greenland.—Extensive deposits of chro- of chromite will be produced, beginning 
mite south of Godthaab were reported to early in 1967. Plans also call for building 
be under investigation by Danish interests. a ferroalloy plant at Tornio, scheduled to
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: : SS Table 12.—World production of chromite by countries! : 
(Short tons) 

. Country 1961 _ 1962 -1963 1964 1965 P2 

North America: , oo Cuba °_-_ 2 ee 28 ,000 39 ,000 56 ,000 56 ,000 56 ,000 . Guatemala_.___._.______..______ 110 22 _- + eee United States_.____...____. $82,000 _-.---- 2 eet. - South America: 
0 ' Brazil__-_...--2 2222-2 17 ,037 - 27 ,380 48 ,546 -* 28,430 — 426,411 _ Colombia..__......--.-_ 22 _ 204 154 121 441 287 Europe: : | 3 . 

Ibania...._--_--------2 le .-. 256,241 277 ,007 ¥ 323 ,657 © 342 ,000 © 347 ,000 Greece (marketable) ____.__.______ 34 ,324 26 ,633 18 ,347 © 18 ,000 ©18,000. U.S.S.Ro 5... ~=1,015,000 1,270,000 1,355,000 1,435,000 1,565,000 | Afrin one M8- -- ----------------+-- 119 ,188 - 106,974 103 ,364 97 ,398 _. 88 ,021 
rica: : - yo - Malagasy Republie.___.._.___2___ 11 ,600 20 ,342 — 12,346 12 ,974 _. 2,628 2 . Rhodesia, Southern____.__________.- 590 ,888 507 ,685 412 ,392 493 ,368 | © 624,500 . . Sierra Leone_....:.-_---_2_2 2. 12 ,621 — 3,067 __-_..-_--- _ South Africa, Republic of_...._..... 989,725 1 ,006 ,173 873 ,212 936 ,468 1 ,038 ,498 . Sudan.__._-.-- 22. ee ' §8,800 © 18,700 18,700 © 33 ,000 . Asi United Arab Republic (Egypt) _____ 1,582 --.--__22 oe eee eee . sia: / | Oo | } 

Cyprus. ---------------2--------- F 19 822 F 7,207 ®5,411 © 3,341 6,501 - India__-..-. 2222. ? 53,732 73,467 71,419- 36,844 - 65 ,777 oo Tran 6___ 2 81,268 §*®99,000 £110,000 * 132,000. £165,000 : Japan._-2- 22 11,373 64 ,024 48 ,205 T 48 ,452 ~ © 48,000 , Pakistan.__..-22 22-2 28,116 23,671 ._ 16,023 . 714,884 - 15,743 _. Philippines_._.__22 2-22 705 ,811 585 ,643 ~ 606,094 515,969 611 ,288 / * “Turkey_....-2-- 20-2 443,932  580:964 312 ,817 454 ,907 | . 625 ,078 | _ Viet-Nam, North®.._...__.__.__- 32,000 - 36/000 33,000 33,000 —- 33,000 Oceania: - so os ” 
Australia. .-__.. 22. 413. ~  * 180  #F 80 Lolli ; | - New Caledonia_-___......-...-____ 40,413 17,0386 ..--- 2 

World total ®__....-2 222 22s * 4,630,000 * 4,790,000 ¥ 4,330,000 * 4,680,000 5,370,000, . 

. © Estimate. » Preliminary. * Revised. : _ 
1In addition to countries listed, Bulgaria and Rumania, produce chromite, but data on output are not a available; estimates by author of chapter included in total. 
2 Compiled mostly from data available June 1966. - on . C 3 Produced in 1961 for Federal Government only; excludes quantity consumed by American Chrome ompany. - . . _ . 4 Bahia only. . a _ . | § Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. oS 6 Year ended March 20 of year following that stated. oe : - | a | 

:  be‘in production by late 1967. The ore con from Selukwe ores and will be enlarged | 
reserve of the Kemi deposit has been esti- to triple its capacity to:make other chro- 7 
mated at 37. million tons. | mium alloys. SO 

| i . | . . _. Rhodesian Alloys (Pvt) Ltd. announced 
| AFRICA | | plans to triple production of low-carbon | 

Rhodesia, Southern.— The unilateral ferrochromium from 17,000 tons per year | 
declaration of independence of November to 5 0,000. Three additional 15,000 kilo- 
11 brought economic and financial sanc- ~ volt-ampere furnaces will be installed at = | 
tion by the United Kingdom and other the plant at Gwelo. | | 
countries. As a result of these actions Development continued on two ore bod- 
no mineral statistics were released after the ies at the mine of the Inyala Chrome Com- — 

| first 9 months. Based on a 9-month output pany (Pvt) Ltd., an Associated Ore & 
of 468,328 tons, production was at the rate Metal Corporation Ltd. subsidiary in the os 
of 624,500 tons per year. Rhodesia Chrome Belingwe district, southwest of Fort Vic- 
Mines Ltd., subsidiary of Union Carbide _ toria. Mining was started on the No. 1 
Corp. was reported to have increased its ore body, producing hard, lumpy, high- . 
production from under 300,000 tons in grade ore. Fines will be accumulated for 
1964 to about 375,000 tons in 1965, with processing when the concentrator is com- 
exports of 345,000 tons. pleted in 1966. 

Winsor Ferroalloys (Pvt) Ltd. at Que South Africa, Republic of.—Production — 
Que was acquired by a newly formed com- __ of chromite reached 1,038,498 tons, setting | 
pany, Union Carbide Rhomet (Pvt.) Ltd. a record high. This was the second time 
The facilities produced ferrochromium sili- _ that production exceeded 1 million tons,
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the other year being 1962. Exports to- ferrochromium. | “ : 

| taled 772,960 tons and the United States Philippines.—Of the total production of 

o received 62 percent of this total. _ chromite in the Philippines during 1965 

| R.M.B. Alloys (Pty) Ltd. subsidiary of | about 83 percent was refractory . grade. 

- Rand Mines Ltd., increased production The main recipients of refractory-grade ex- 

after an operating loss early in the year. ports were the United States, 67 percent; 

| _ Shipments were made against a record Europe, 21 percent; Japan, 8 percent; — 

3.700 ton order of ferrochromium for con- and Canada, 3 percent. Japan received _ 

signment to various European countries, all the metallurgical-grade chromite ex-— 

the United States, and Canada. ports. Increased world demand for refrac- 

os | Do, tory-grade fines (concentrate) resulted in 

Oo ASIA . Consolidated Mines, Inc.. expanding its 

- _Jran.—Iran plans to increase chromite concentrator to 16,300 tons per day. Ore 

- exports from 100,000 to 400,000 tons by reserve of run-of-mine ore was increased 

| 1967: By this time a new deep water port to 3.9 million tons. a 

| - with modern materials-handling equipment Turkey.—Chromite exports in the fourth | 

will. be completed at Bandar Abbas on quarter fell below the rate of the previous — 

: the Persian Gulf. The port is close tothe 9 months to bring the year’s total to 467,- 

ee major producing areas around Kerman, 678 tons. This represents a 21-percent in- | 

Baft, .Esfandagegh, and Faryeb. Deposits crease over the exports of 1964, but below. 

ae are estimated at 10 million tons with a the goal of 500,000 tons. Average value | 

| proven reserve of 1.2 million tons. — of 1965 exports, f.o.b. Turkey, was $18.37 

. Japan.—The Government’s Fair Trade per ton as compared with $17.83 for 1964 - 

Commission gave permission to a group of exports. Yearend stocks at Turkish ports — 

91 ferroalloy producers to form an antide- were reported to be 90,586 tons. The 

_’ pression cartel to regulate ferroalloy pro-— three largest producers, Etibank, Turk 

- . duction. The association produces 100 ~ Maden A.S., and Kocman Ce., probably ac- 

7 percent of the countries high-carbon ferro- _ counted for 75 percent of the Turkish pro- 

chromium and 94 percent of its low-carbon duction. = po 

| - 4 TECHNOLOGY Bo 

a _ The Organization for Economic Co- pressed to high density. Properties of high _ 

a operation and Development, Paris, France, strength at elevated temperature, good 

published papers presented at aseminaron  strength.at low temperature, resistance to 

| “Modern Scientific Methods of Chromite slag attack, and high resistance to thermal _ 

| Prospecting.” The reports pointed out shock are reported. - | 

, that geological conditions under which . A comprehensive review of super 12- 

chromite occurs are complex and uncertain. percent chromium steels listing properties, 

Furthermore, the physical and chemical processing, and fabrication data, was pub- 

properties of chromite are such that in- lished. Some of the properties offered © 

direct prospecting methods are difficult to by the super 12-percent chromium steels 

| utilize. Lack of thorough knowledge of are as follows: Ability to be heattreated in 

| ultrabasic rocks has hampered geologists large sections to over 200,000 pounds per 

in prospecting for chromite. | square inch tensile strength; outstanding 

Chromite replaced zircon for sand molds _ thermal stability, including high hot duc- 

and cores to eliminate metal penetration tility and resistance to embrittlement under 

on large, heavy section steel castings.2 Re- __ stress; exceptional resistance to thermal 

sults of laboratory and foundry tests indi- shock and thermal fatigue; better resistance 

cate that chromite has good dimensional to stress-corrosion cracking than austenitic 

stability with no chromium pickup in cast- steels or regular 12-percent chromium 

ings. Chromite also produced a greater _ steel; and better resistance to oxidation 

chill depth in castings than zircon sand. and scaling than lower chromium steels. 

A new type of basic refractory made =§=— 

from fused magnesia-chrome grain was de- Con here tte 5 ace oromite Sand Movds 798, 

veloped by the Harbison-Walker Refrac- No. 6, June 1965, pp. 52, 55. 

fries Co. The new refractory, produced PT J and Ts Peer The Sip 
from high-purity magnesia-chrome grain, 18 York, 1965, 220 pp.
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_ American Society for Testing and Ma- ing the wire through a serrated carbide - 
| terials compiled and published all of the die. The process is completed by heating 

| standards pertaining to alloys of iron-chro- the wire to 425° F before water quenching 
mium, iron-chromium-nickel, and related to room temperature. 
alloys, including corrosion- and erosion-re- Decomposition of chromium iodide by 
sisting and high-temperature-service types. _ Advanced Material Division of Materials 

: _ Cladding of steel products for abrasion Research Corp. produced ultra-high-purity 
or Corrosion protection was the subject of | chromium with no single metallic or gas- 

f several processes. Steel plate was cladded eous impurity greater than 10 parts per : 
with 40-percent chromium carbide, form- million. : | 
ing an abrasion-resistant surface.4 Clad- Studies 7 of the brittle fracture of high- — | 
ding was applied with an electric arc under _ purity chromium metal were continued. 

| a molten welding flux blanket. Chromium- Chromium can now be plated in a var- 
| carbide content of the surface layer was  iety of colors. In a newly developed proc- | . 

- controlled to produce random cracking of — ess ® three variables, amperage, bath tem- 
the cladding. This resulted in low stresses perature, and catalyst, were controlled to 
at the root of the crack, allowing the prod- produce black, blue, gray, or gold colors. | 
uct to be processed through normal fabrica- | Each color requires a different catalyst 

| _ tion procedures for mild or low-alloy steels. | with some changes required in operating : 
| Wear surfaces, such as ore chutes and conditions. Other colors are being de- 

parts of earthmoving equipment, are major veloped. The process operates at about 
applications. room temperature in contrast to 125° F 

Weld-overlay stainless steel cladding5 for conventional chrome plating. | 
for corrosion resistance has been demon- Continued interest was shown in a cop- 
strated on processing equipment for resin _per-chromite catalyst for reduction of nitric 
manufacture, naval stores processing, and oxide in automobile exhaust gases.9 

| _ petroleum refining. Control of dilution of U.S. Department of Agriculture scientists 
the welding alloy with the base metal in continued development of copper-chromi- — 
the molten pool of metal produced by the um catalysts for stabilizing flavor of soy- _ 
welding arc has been a major problem. bean oil. The catalysts are made by re- 
Dilution can now be controlled by increas- ducing metal-salt mixtures of copper and 
ing the alloying content of the welding chromium with sodium borohydride. 

rod ; making multiple Passes w ith ele c - 4Tron Age. Hard Cladding Goes on Steel. V. trodes of intermediate compositions; using 49g No. 7. Aug. 12, 1965, p. 142. | 
tubular welding rods filled with metal © 5Chemical Week. Cladding With Welds. V. 

. . . 97, No. 8, Aug. 21, 1965, pp. 31-32. 
powders; or welding a strip of alloy metal ® Steel. Continuous Wire Coating Boosts Out- 
to the base metal. put Threefold. V. 157, No. 22, Nov. 29, 1965, 

A corrosion-resistant-chromate-type coat- P arrod, R. I., and H. L. Wain. Dislocation 
ing for zinc castings subjected to tempera- Arrangements and Brittleness in Chromium. 
tures up to 360° F, was chosen over 40 ands ee ee ok nae roam,  Nether- 
different types of finishes tested. Limb, H. R., and J. F. McNeil. Cleavage 

. . Fracture in Wrought High-Purity Chromium: 
A process to coat wire at high speeds A Description of the Fracture-Surface Charac- 

with chromate was announced.® The con- faristics. 5, J. Inst, Metals (London), v. 98, pt. 9, 

tinuous process produces a chromate-sur- 8 Merriam, J. C. Chrome Plate Deposits in 
| face finish with color and corrosion resist- Colors. earom Age, v. 196, No. 22, Nov. 25, 1965, 

ance in a single treatment. Wire is passed PF; Baker, Robert A., and Robert C. Doerr. Cata- 
through a hot alkaline electrolytic bath, lyzed Nitric Oxide Redrtion With parton Mon: 
water rinsed, and chromate coated by pass-_ —_y, 4, ‘No. 2, April 1965, pp. 188-191. :
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| Fuller’s earth _._______________ 316 Technology —~----------_--_. 325 

The quantity of clays produced in 1965 tons over the 1964 output. The unit values 

increased 4 percent, and the value was 6 for all types of clay except ball clay de- 
percent greater than that reported in 1964. clined slightly. : 
The individual types of clay all showed — . gt 

os . . Construction of new clay production 
gains in both quantity and value, and with 1 dd d 1 il | 
the exception of fire clay, reached record plants and clay Pro ucts piants as wen as 
highs. Fuller’s earth output showed the ¢*Pansion of existing facilities _continued | 

greatest percentage increase of 22 percent, during 1965, and tentative plans for con- | 
- mainly because of exceptional demand for struction of the first commercial-scale alu- 

absorbent clays for use as floor sweeping mina-from-clay plant were announced. The | 

compounds and animal litter. Bentonite initial facility, to be located in Georgia, | 
production increased 9 percent, with gains wil] use about 1 million tons of clay per __ | 
in all of the major use categories. As usual, year 

: the largest quantity increase was for mis- 
cellaneous clay, which increased 1 million 1 Commodity specialist, Division of Minerals. 

REVIEW OF DOMESTIC PRODUCTION, PRICES, AND FOREIGN | 

| TRADE BY TYPE OF CLAY | 

KAOLIN | in both quantity and value in 1965. Paper 

_ Kaolin production, which has grown manufacturers purchased 51 percent of the | 

each year since 1957, continued to increase total output for coating and filling uses. 7 

Table 1.—Salient clay and clay products statistics in the United States 
(Thousand short tons and thousand dollars) 

1956-60 
(average) 1961 1962 1963 1964 1965 

Domestic clays sold or used by pro- 
ducers ~-.------~------~---------- 47,720 47,389 47,797 50,135 52,947 55,089 

Value -..----------------------. $156,882 $156,829 $163,012 $180,810 $192,631 $203,772 
Exports ~--------------.--------~---- 493 559 617 739 848 —— 850 

Value ~--~-.--.-------~--------- $18,091 $14,285 $16,855 $21,374 $24,973 $25,595 
Imports for consumption —..._.----~- 167 156 132 126 137 110 

Value —-..--.~-..-..~---------- $3,040 $3,055 $2,540 $2,413 $2,638 $2,137 
Clay refractories, shipments (value). $187,321 $166,628 $166,095 $179,512 $205,267 $228,876 
Clay construction products, ship- 
-ments (value) ~-..-.......--..--. $482,260 $481,200 $512,900 $538,600 $569,200 $578,190 

| 309
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Table 2.—Value of clays produced in the United States, by States 
(Thousand dollars) 

ee Ey 

State - 1964 1965 Kinds of clay produced in 1965 
NN 

Alabama —..-----~------ 1,2 $4,060 1,2 $4,888 Kaolin, fire clay, bentonite, miscellaneous clay. 

Arizona -..---~--------- 2,3 213 2164 Fire clay, bentonite, miscellaneous clay. 

Arkansas -------------- 2,152 1,890 Kaolin, fire clay, miscellaneous clay. 

California ~------------- T 8,433 7,226 Kaolin, ball clay, fire clay, bentonite, fuller’s 
earth, miscellaneous clay. 

Colorado ~------------~-- 1,275 1,446 Fire clay, bentonite, miscellaneous clay. 

Connecticut -----~------ 262 322 Miscellaneous clay. 

Delaware ~------~------ 11 ~ ii Do. 
District of Columbia —_-- 82 — 
Florida -..------------- 8,405 9,752 Kaolin, fuller’s earth, miscellaneous clay. 

Georgia ---------------- | 58,899 63,158 Do. . . - 

Idaho __---------~------ 1,2,3 25 1,2,3 33 Kaolin, fire clay, bentonite, miscellaneous clay. 

IHinois ----------------- 4 4,358 44,601 Fire clay, fuller’s earth, miscellaneous clay. 

Indiana -..-----------+- 2,264 2,160 Fire clay, miscellaneous clay. 

Iowa --.--~------------ 1,254 1,347 Do. 
Kansas -~-.--------.--- 935 953 Do. 

Kentucky ~------------- | 51,801 — 52,580 Ball clay, fire clay, miscellaneous clay. 

Louisiana ~------------- 797 936 Miscellaneous clay. : 

Maine _.------~-~------ 58 63 Fire clay, miscellaneous clay. 

a Maryland —~-.-----~----- 5 798 51,088 Ball clay, fire clay, miscellaneous clay. 

Massachusetts ~--~-----~-- 174 238 Miscellaneous clay. 

Michigan —~--..-------- 2,592 ' 2,580 Do. — 

Minnesota ~-.----------- 3319 3311 Fire clay, miscellaneous clay. 

Mississippi ~:----------- 6,130 5,925 Ball clay, fire clay, bentonite, fuller’s earth, 

, miscellaneous clay. 

Missouri ~-.-..-----.--- 4,874 5,489 Fire clay, miscellaneous clay. 

. Montana ___---.----..-- 2,3 59 . 298 Bentonite, miscellaneous clay. 

Nebraska ~--.--.------- 143 106 Miscellaneous clay. 

New Hampshire --.----- 40 AT Do. 

New Jersey ~_---------- 1,441 1,388 Fire clay, miscellaneous clay. 

New Mexico —----..-.-- 3167 101 Do. . 

~ - New York —-~------~---- 1,993 1,717 Miscellaneous clay. oe 

North Carolina ~----.-~- 12,064 12,162 Kaolin, miscellaneous clay. 

North Dakota ~-.------- 119 114 Fire clay, bentonite, miscellaneous clay. 

Ohio —_u---.--------.--- (14,426 14,816 Fire clay, miscellaneous clay. 

Oklahoma ~_--~----~----- * 854 2 806 Fire clay, bentonite, miscellaneous clay. 

Oregon .~~..----~------ r 356 359 Bentonite, miscellaneous clay. , 

Pennsylvania —-.------- 145,814 117,697 Kaolin, fire clay, miscellaneous clay. 

South Carolina ~-------- 8,309 8,539 Kaolin, miscellaneous clay. 

South Dakota ~_...----- 1,076 1,220 Bentonite, miscellaneous clay. | a 

Tennessee ___.---._.---- 45,576 6,103 Ball clay, fuller’s earth, miscellaneous clay. 

Texas —----_._---___-.- 1,4 6,695 6,865 Kaolin, ball clay, fire clay, bentonite, fuller’s 
earth, miscellaneous clay. 

Utah — ---.------.----- 1,3 330 1,3 332 Kaolin, fire clay, bentonite, fuller’s earth, 
miscellaneous clay. 

Virginia ~__.----------- 1,614 1,657 Miscellaneous clay. 

Washington _____-_-.-.- 3119 2,3 211 Fire clay, bentonite, miscellaneous clay. 

West Virginia ~..--_.--- 3 309 3 328 Fire clay, miscellaneous clay. 

Wisconsin ~----_.-.---_- 147 147 Miscellaneous clay. 

Wyoming ~_-_--.-.----- 12,816 13,633 Fire clay, bentonite, miscellaneous clay. 

Other ® _____--__--_ r 7,993 8,215 

Total ~--.._----_- r 192,631 203,772 —- 

Puerto Rico ~..---...--. 271 288 Miscellaneous clay. 
ence 

T Revised. 

1 Value of kaolin included with “Other” to avoid disclosing individual company confidential data. 

2 Value of bentonite included with “Other” to avoid disclosing individual company confidential data. 

2 Value of fire clay included with “Other” to avoid disclosing individual company confidential data. 

4 Value of fuller’s earth included with “Other” to avoid disclosing individual company confidential 

data. 

a 5 Value of ball clay included with ‘Other’ to avoid disclosing individual company confidential 

ata. 

6 Includes Hawaii, Nevada, and Vermont, and value indicated by footnotes 1 through 5. 

Fillers for rubber, plastics, and other prod- with 1964 figures. The United Kingdom 

ucts accounted for 19 percent; refractories was the principal supplier, with the other 

12 percent; and various other uses 18 per- countries, Mexico, Canada, and West Ger- 

cent. many accounting for 4 percent of the 

Imports totaled 91,756 tons, valued at quantity and 6 percent of the value. 
$1,786,000, a decrease of 22 percent in Exports were 192,875 tons worth $6.2 

quantity and 21 percent in value compared million, an increase of 27 percent in quan-
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| tity and 34 percent in value compared with bags, carlots, ex-dock sold for $55 to $100 

1964 figures. Canada; Mexico, and Japan, per ton. : | | 

the three largest buyers, received 71 per- United Clay Mines Corp., Trenton, N.J., 

: cent of the exports compared with 84 per- which in 1964 purchased the Georgia Coat- | 

| cent in 1964. 7 ing Clay Co., was in turn acquired in 1965 

rices for kaolin, from Oil, Paint and b Mi Corp. | f i 

Drug Reporter on ‘December 97 , 1965, were diveretfeation into the aonmetallie miner. 

as follows: Domestic, dry-ground, calcined, als industries. The Anaconda Company _ 

air-floated, bags, carlots, works, $45 to $68 completed pilot plant research on produc- | 
per ton; dry ground, uncalcined, air-float- tion of alumina from clay and announced | 

ed, 99 percent through 325 mesh, Georgia, tentative plans for a production facility in 

bags, carlots, works, $17.50 per ton; water- Georgia. If the facility is built the firm’s — 

ground, washed, bags, carlots, works, $22.50 Columbia Falls, Mont., plant will convert : 

| to $51 per ton. Imported white lump kao- the alumina to aluminum metal. Kaolin 

lin, bulk, carlots, ex-dock Philadelphia or deposits covering about 500 acres along the 

Portland, Maine, was $23 to $45 per ton, Continental Divide in Sierra County, N. 

and imported white kaolin, powdered, Mex., were staked by Western Nuclear Inc. | 

——— ag00 —— , — 7 

| 3,500 eo uses | | : Z 
’ B34 Refractories : | | oe 

Yyy Pottery, stoneware, tile | «fees oe 

3000 | ZAPaper filling and coating | agit ogee 
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Figure 1.—Kaolin sold or used by domestic producers for specified uses.
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Table 3.—Kaolin sold or used by producers in the United States, by States a 
. . , , - 

- . Sold by producers Used by producers Total © . 

| | Year and State Short Short Short | 
. tons Value tons Value tons Value | 

re 
ee 

1956-60 (average) ------------ 2,187,293 $86,815,753 247,050 $2,460,596 2,384,348 $88,776,349 
7 1961 _.------------------------ 2,471,518 44,877,971 268,298 2,054,899 2,739,816 46,932,870 

1962 _-_.-----.-------=-------. 2,702,920 51,046,599 295,237 2,448,188 2,998,157 53,494,787 

1963 .---------------~--------- 2,911,926 57,239,980 251,647 2,530,294 3,163,573 59,770,274 

1964: | | 
| California ---------------. 28,812 289,683 — — 28,312 289,688 

Florida and North Carolina. 35,785 679,808 —- —_ 35,785 679,808 
Georgia ..-----..---------- 2,488,447. 538,945,807 95,708 574,072 2,584,155 54,519,879 

‘South Carolina ~-------~--- Ww Ww WwW W 521,101 ~—-_ 7,166,929 
Other States! ------------. 572,378 7,706,242 115,712 1,411,380 166,989 1,950,693 

: ° . . a - 

- Total _.....-----.------- 3,119,922 62,621,540 211,420 1,985,452 3,331,842 64,606,992 
oe EEE ee 

| 1965: CS a , - 

Florida and North Carolina_ 40,400 916,360 — —_ 40,400 916,360 — 

Georgia _._-----..-------.. 2,576,095 56,709,816 145,147 700,994 2,721,242 57,410,810 

South Carolina ~----------- WwW WwW WwW W 518,893 7,317,568 

Other States 1 --------.-.. 597,978 8,482,008 244,333 2,702,270 323,418 3,816,705 
se wn IT - 

| Total _.....------------- 3,214,473 66,058,179 389,480 3,403,264 3,603,953 69,461,443 

W Withheld to avoid disclosing individual company confidential data; included with ‘“‘Other States.” . 

1 Includes Alabama, Arkansas (1965), California (1965), Idaho, Pennsylvania, Texas, Utah, and 
Vermont, and States indicated by symbol W. . 

. Table 4.—Georgia kaolin sold or used by producers, by uses | 
ee (Thousand short tons and thousand dollars) — 

. China clay, Refractory . 
paper clay, uses 

etc. Total kaolin . 

Year Quantity Quantity Quantity Value . 

Average 
Total per ton 

a SORT 

1956-60 (average) ~-_--------— 1,598 218 1,816 $31,190 $17.18 
1961 ~---.---~--.--..-..--.---- 1,925 222 2,147 39,557 18.42 
1962 ~-_--~-+1--.---.-~--~---- 2,094 184 2,278 44,655 19.60 
1968 ~------L-----~---------~-- 2,276 214 2,490 50,294 20.20 
1964 ~~ -------.---~~.-------~- 2,389 195 2,584 54,520 21.10 
1965 ~--~---.---.---.--------~- 2,478 243 2,721 57,411 21.10 

LR 

a BALL CLAY on December 27, 1965: Domestic, air-float- 

| ol ed, bags, carlots, Tennessee, $18 to $22 per 
Ball clay production increased 4 percent . 6 . $ $ “ P 

‘n quantity and 5 percent in value over ton; crushed, moisture repellent, bulk, car- 

quantity pe © lots, Tennessee, $8 to $11.25 per ton; im- 
1964 figures, and as usual, Tennessee was . . 

. . ported, air-floated, bags, carlots, Atlantic 
| the leading producing State, with 66 per- } 

ports, $46.50 to $48.25 per ton; lump, bulk, 
cent of the volume and 63 percent of the . 

woe ee tes Atlantic ports, $31.50 to $37.50 per ton. 
value. Kentucky, Mississippi, California, . . 

. Ball clay imports totaled 14,898 tons in 
Maryland, and Texas, in that order, were . 

. 1965, of which 10,800 tons was 
the other States reporting ball clay output. beneficiated material valued at $110,813 

The use pattern remained essentially un- mn 4 4.098 t cea ae Aciat, . oy 
changed, with whiteware, floor and wall and 4,098 tons was beneficiated clay valued 
tile, and refractories taking more than 85 2! $104,398. Comparable figures for 1964 
percent of the total. Enamels, fillers, and were 13,036 tons of unbeneficiated clay 

building brick accounted for most of the Valued at $132,291, and 3,016 tons of 
balance. beneficiated clay worth $79,292. This is a 

The following prices were quoted for decline of 7 percent in tonnage but an in- 

ball clay in Oil, Paint and Drug Reporter crease of 2 percent in value in 1965.
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Table 5.—Ball clay sold or used by producers Only 2 years previous, 50 percent of the - 
in the United States == fire clay went into this use category. About 

Year Short tons Value 5 percent of the fire clay production went 
OT into such products as chemicals, cement, 

1956-60 (average)... 486,729 $5,908,673 
1961 ~~~ -- 444,593 . 6,090,091 pottery, and stoneware. 

1962 .--.----_--_-..-.. 486,936 6,810,441 i | 1963 owen 7868 T54l a1 Fire clay exports totaled 182,446 tons 
1964 ____-_-_____._____ 567,815 7,829,841 | compared with 246,796 tons in 1964—a de- | 
1965 -----.------------ 590,417 8,197,474 cline of 26 percent. The value decreased 

8B percent, from $5,596,000 in .1964 to 
: | FIRE CLAY - . $3,667,000 in 1965. Canada, Mexico, and 

oe . - , . n, i k cent of the fire Fire clay output increased 6 percent in J apa wh ch took 80 percent of the fi . . . clay exports in 1964, accounted for 88 per- _ quantity and 5 percent in value in 1965, . a ) . ~. . cent in 1965. | | the third annual increase following several 

years of declining production. Refractories H. K. Porter Co., Inc. acquired a site | 
uses required 10 percent more fire clay near Fulton, Mo., for construction of anew. 

than in 1964, and accounted for 51 percent plant for production of fire clay and high 
of the total 1965 production compared alumina refractories. The firm’s Laclede 

with 49 percent in 1964. About 59 percent Works in St. Louis will be retired when’ 
of the fire clay output came from the three the new plant is in full production. Har- 

leading States—Ohio, Pennsylvania, and bison-Walker Refractories Co. spent $10 
_ Missouri—compared with 57 percent in million on plant improvements and expan- 

1964 and 55 percent in 1963. sion of several facilities, including an addi- 
Use of fire clay in nonrefractory applica- tion to the research center at West Miffin, 

tions has declined compared with refrac- Pa. Kaiser Refractories Division of Kaiser | 
tories use in recent years, and this trend Aluminum & Chemical Corp. was building 
continued in 1965 when 44 percent of the a-new shuttle kiln to increase production 
output was used for heavy clay products. at the Mexico, Mo., plant. - 

| Table 6.—Fire clay, including stoneware clay, sold or used by producers in the. 
: United States, by States . 

. , Sold by producers’; Used by producers Total . 
° Year and State EERE 

Short tons Value Short tons. Value .Shorttons'. Value - 

1956-60 (average) -. 2,705,896 $8,733,453 7,532,789 $38,447,064 10,288,685 $47,180,517 | 
1961 ~---------..-... 2,067,833 7,084,999 6,621,884 31,716,800. 8,689,717 38,801,799 
1962 --..----.--.... 2,034,332 6,873,689 6,030,716 28,934,226 8,065,048 35,807,915 
1963 -----.--._-..... 2,454,714 9,392,863 5,935,460 30,165,007 8,390,174 39,557,870 

1964: | 7 
Alabama -__--__. WwW WwW W WwW 387,207 2,580,924 
Arkansas _._.-_- — — 242,360 1,515,893 242,360 1,515,893 
California ~____- 73,156 257,289 472,880 1,776,396. 546,036 2,033,685 
Colorado ~...---- 85,062 295,390 92,107 393,562 177,169 688,952 ee 
Illinois ~-.-..___ 147,552 1,343,216 148,224 550,316 290,776 1,893,532 - wee 
Indiana _~.-___- WwW WwW WwW W 376,361 - 644,182 
Iowa ~--~------_ 17,146 19,280 — —— 17,146. 19,280 ° 
Kansas _.--____. = — 98,748 240,341 | 98,748 240,341 oo 
Kentucky __-_-__ 25,590 142,286 78,746 569,510 104,336 711,796 OO a 
Maine -___----_- — — 27 79 27 79 : 

- Maryland —______ W WwW W WwW 29,204 . 102,667 2 
_ Mississippi --._- 300 1,500 . 207,335 428,835 207,635 430,335 

Missouri —~_.-__-- Ww WwW Ww WwW 1,002,068 3,905,166 
New Jersey ____- WwW Ww. Ww WwW 120,518 958,030 
Ohio -~~.-.___1_ 912,617 2,449,473 1,383,571 8,479,262 2,296,188 10,928,735 
Oklahoma - ____ —— —_— 380 3,800 380 3,800 
Pennsylvania — _ 554,082 1,561,328 1,030,031 8,581,686 1,584,113 10,143,014 
South Carolina __ — ~- 1,024 9,000 1,024 9,000 
Texas ~-_--_____ W W WwW W 666,061 1,814,526 
Other States? ___ ‘799,597 3,636,082 2,183,155 8,738,282 401,333 2,368,869 

Total __-...... 2,615,102 9,705,844 5,933,588 31,286,962 8,548,690 40,992,806 7 EB REE I (0084 __i9990,0808 31,280,962 8,548,690 40,992,806 

. 232-748 O-67—21
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Table 6.—Fire clay, including stoneware clay,’ sold or used by. producers in the | 

_-..- United States, by States—Continued : 

a Sold by producers Used by producers Total 

Year and State ———— 
na oe 

Short tons Value Short tons Value Short tons Value 

1965: : | | — 7 
Alabama ------- — WwW WwW WwW _ WwW 460,450 $3,219,601 

' Arizona -------- 20 $45 — 380 | $68 50 113 

California ------ wi. WwW WwW WwW - 485,118 1,665,456 

Colorado —------- 111,130 366,404 106,317 470,999 217,447 837,403 

Illinois ~-------- 184,379 =: 1,265,069 — 160,267 568,422 © ~ 294,646 1,833,491 

Indiana -------- © Ww wi. w - WwW _ $29,348 526,413 

Iowa -2-------- 5,728 6,295 — . —_ 5,723 6,295 

- Kansas ~-------- — — 99,414 247,770. 99,414 . 247,770 

_ Kentucky ------- © W wo Ww Ww — 220,864 1,447,305 

| Maine __~------- —— oo 380 87 . 80 87 

_. Maryland ~------ WwW WwW Ww Ww . 25,126 113,943 

Oe Mississippi ----- 110 —«#50 204,853 436,061 — — 204,963 436,611 . 

Missouri ~------- Ww WwW Ww W.. -. 1,128,095 4,312,482 

New Jersey ----- WwW - W Ww. WwW 110,707 884,039 

+. New. Mexico ---- . 212 «1,590 2,287 10,863 2,499 12,453 

_ Qhio ~---------- 990,122 2,663,799 1,488,101 8,747,363 ' 2,478,223 11,411,162 

~ Oklahoma ------ — — 410 4,100 “410 4,100 

- Pennsylvania --- 561,648 — 1,341,172 1,145,571. 10,295,167 1,707,219 11,636,339 

Texas .---2----- =. W. WwW WwW W 734,834 1,999,231 . 

Other States? --. 1,020,493 = 4,986,523 2,984,582 11,751,488 510,483 2,519,541 

Se Total ___-_ 2,828,887 10,581,447 6,191,812 32,532,388 9,015,649 48,113,835 — 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States.” 

l—Includes stoneware clay as follows, in short tons: 1956-60 (average), 87,110; 1961, 24,554; 

1962, 57,820; 1963, 44,798;. 1964, 45,679; 1965, 49,517. ea . 

. 2Includes Arizona (1964), Arkansas (1965), Idaho, Minnesota, Montana (1964), Nevada ( 1965), 

/ New Mexico, North Dakota, Utah, Washington, West Virginia, and Wyoming, and States indicated 

by symbol W. | “ 

| : BENTONITE 7 valued at $17,892 compared with 179 tons | 

| Output of bentonite, spurred by in- vane $5 903 s ee and Mexico 

| creased demand in all major use categories, — ere the principa® suppiers. 

| "was 9 percent above that in 1964. The use At the end of 1965 bentonite prices pub- 

a of Wyoming bentonite in iron ore pelletiz- lished in Oil, Paint and Drug Reporter 

ing, which has increased rapidly in the were as follows: 200 mesh, bags, carlots, 

United States and Canada during the past f.o.b. mines Wyoming, $14 per ton; import- 

| 5 years, appeared to be levelling off. This. ed, Italian, white, high-gel, bags, 5-ton lots, 

use accounted for 406,022 tons in 1965 ¢x-warehouse, $91 per ton. The value of 

‘compared with 378,274 tons in 1964 and ~ domestic bentonite sold or used by pro- 

required 22 percent of the output for each ducers averaged $10.81 per ton, a decrease 

year. There was a relative increase in ben- of 41 cents per ton from the 1964 figure. 

tonite used in foundries and_ steelworks, The new 600-tons-per-day plant of The 

which remained the largest use category Black Hills Bentonite Co. near Casper, | 

with 34 percent of the total compared with Wyo., was completed and in full operation 

31 percent in 1964. Drilling mud accounted at the end of January 1965. A new process- 

for 24 percent of the output in 1965 com- ing plant was under construction near Lo- 

pared with 25 percent in the previous year. vell, Wyo., by American Colloid Co. during 

Bentonite exports were reported sepa- the year, and a new firm was formed to 

rately by the Bureau of the Census for the process Montana bentonite at Duluth, 

first time in 1965. A total of 227,536 tons, Minn., for use by iron ore pelletizers in 

valued at $6,241,640, went to 60 countries. the Great Lakes Region. In the South, 

The three largest recipient countries ac- Magnet Cove Barium Corp. Ltd. completed 

counted for 80 percent of the exports— a new 50,000-tons-per-year plant at Vaiden, 

Canada received 143,000 tons, United King- Miss. Crude ore for the plant was pro- 

dom 23,000 tons, and Australia 15,000 tons. duced from an open pit near West and 

Bentonite imports in 1965 were 389 tons trucked to the Vaiden plant.
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Figure 2.—Bentonite sold or used by domestic producers for specified uses. 

Table 7.—Bentonite sold or used by producers in the United States, by States 

Year and State Short tons Value Year and State Short tons Value | 

1956-60 (average) ---. 1,390,795 $16,476,963 1965: 
1961 ~-_--_-----.-.---. 1,307,191 15,224,347 California .~..___._. 27,560 ‘W 
ieee ~-------~.~--.-.-.-. 1,444,185 16,254,215 Colorado -_~~-----_ 1,196 $10,817 

~---~------.-----. 1,584,516 18,536,229 Mississippi ----- ~~ 279,535 3,476,558 

1964: =a Oregon ----n------ 4, TB, 9,096 | 964: S$. ------~-- ATT 829,105 

California ________- 20,817 366,120 Utah -~--~-.-_--_- 2,889 40,220 
Colorado ~-------+- 1,270 12,956 Wyoming --_--..-_ 1,290,961 18,495,935 

Mississippi _ 269,783 3,852,472 Other States! _____ 170,571 2,545,237 

eee ee eee > 

Texas oe 111,016 1,294,316 Total _-----. 1,887,947 20,406,968 
wwe nee 81,867 

Wyoming —__-----_ 1,172,103 12,648,835 
Other States 1 147,737 1,648,017 — oe oe ? ’ > 

Total .--.-.. 1,729,503 19,413,396 
meee 

Ya Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States.” 

abama, Arizona, Idaho, Montana, Nevada, North Dakota Washington’ (1965). ’ ’ ’ ’ » Oklahoma, South Dakota, and 

\
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| FULLER’S EARTH for many years. The average value of the 
a: material sold or used in 1965 was $21.83 

Absorbent uses, which increases *. iP per ton compared with $23.09 in 1964. 
| cent in 1965, continued to pace the fu oe Only 27 tons of fuller’s earth valued at ‘earth industry, and demand for fuller’s y | 

ci ge ae de-fungicide carriers also 1°03 was imported in 1965, all from the 
earth for MSeCHICls _ mere 19 t. All United Kingdom. Exports totaled 18,575 continued strong, increasing 19 percent. tons worth $905,623, or $48.75 per ton. Ex- | : other important uses increased except for ports of fuller’s earth were reported for the 
drilling mud which declined slightly. The first time as a separate category in 1965. 

total quaniity sold or used by producers _ A new attapulgite mining and processing 
for all uses was 22 percent above the 1964 plant was completed in Marion County, | 

figure. | | _ Fla., by the Mid-Florida Mining Co., and 
Price quotations for fuller’s earth have commercial shipments were scheduled for 

| not been published in the trade journals early in 1966. — : 

. 700 : | 

: | | Insecticides and fungicides - : 
| MN Vegetable oils and Gnimal fats. - ay iss Rotary-drilling mud - Bo Za Nbsorbent uses ve 

Cc . co Se SOOT " ee a Be eS 
° | toe ==” Ra bg oe Se Fe BS BS RS Be Le Y 

. E Yy; SiS GY coy 6 pci) Bey Bis: mised Fisted ERSH pps Gy yy tj <t Y yj ZY UY Bei Gd Basel Fray Becy Bes] flesy Beas YY Yj ty ty 

feo 
ui BAGGOGOGAGCG ACACKAAa 
> egagangnZZgagaZedgv7Zed 

aa fel Eel ke Ly ZY ZY ZY tj ZB Yj Yy ZY Z tH | mo Ges Eel Ee Z ZY 7 Z Z Z Zy ZY Z. ZY ZZ 100 -fsy Ee] Ba Bea ZH Z Z Z ZW WAAAY YAY mand Eeeed Feed Bs) ZZ YAGA AACA AAA ier | AL DU DU Av 
pe] Red ey ed ee : ZAG ZG JZ ZOAZAEa JUD o lame Eek) ced Eos oe , 

1950 1952 1954 1956 1958 1960 IS962 1I964 

Figure 3.—Fuller’s earth sold or used by producers for specified uses.
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Table 8.—Fuller’s earth sold or used by producers in the United States, by States _ 
wa 

Year and State Short tons Value Year and State Short tons Value 
a 
1956-60 (average) ~~ --. ere $8,546,786 1965: 
1961 —------~------------- 422, 2518, Florida and Georgia. 554,685 $18,618,806 | 
1962 --__-___-.--_------- 409,989 —_ 9,377,355 Tennessee ......___ 26,676 389,520 
1963 -------------------. 481,817 11,210,618 Utah _._...__...___ 3,584. 52.382 
1964: — —————E EE Other States? _...-__ 89,527 662,394 | 

Florida and Georgia. 455,701 11,111,072 Total __---.-_--___ 674,422 14,728,102 
Utah --------u---- 8,172 44,919 | } } | : 
Other States? _-____._ 98,013 1,586,906 | : 

--  YPotal -.--.----..-. 551,886 12,742,897 we 
1 Includes California, Illinois, Mississippi, Nevada, Tennessee (1964), and Texas. 

, MISCELLANEOUS CLAY AND SHALE — the clay products plant typically adjacent 
| : , ~ to or very near the mine pit. In 1965 OO 

og Clays and shales of many types are used about 97 percent of the production came 
in production of clay construction products f . vy _ 

. . . rom captive mines as opposed to 96 percent . 
such as brick and tile as well as in cement in 1964 | | | 

and lightweight aggregates. These materi- Exports of clays not classified by individ- 
als, often consisting of mixtures of several og . . . 

. } . . - ual types are included in this section, but | 
_ types of clay minerals, are included in the : ; 

a ae » these clays are for the most part of much - 
category “Miscellaneous Clay and Shale. . Lae re s } | . : higher quality than the common clays used 
Products such as pottery, refractories and . . | | 
fillers also may contain miscellaneous clay for brick, cement, and similar products. o may 7 Y The 1965 data for the clays “Not Individ- 
and shale. | nays } . 

| | ; ually Classified” are not comparable with 
_ The 1965 output of miscellaneous clay those for prior years, as bentonite and 
and shale increased 3 percent in quantity  fyjier’s earth have now been broken out 

_ and 2 percent in value compared with 1964 for individual reporting. Exports of clays 
_ figures. The unit value dropped about 1 not individually classified in 1965 totaled a 

_ cent per ton, to $1.22. The largest in- 298,105 tons valued at $8,536,954, or $28.66 a 
creases, by uses, were for clay construction per ton. The principal recipient countries : 
products, which increased 3 percent, and were Canada, with 25 percent; Mexico, 9 

| for lightweight aggregates, which increased percent; West Germany and Japan, each 7 
- 10 percent. 7 ss percent; and Australia, 6 percent. The bal- | 

- Most of the miscellaneous clay and shale ance went to about 70 countries in quanti- 
| output was used by the producers, with — ties ranging from 1 to 11,000 tons. . 

Table 9.—Miscellaneous clay, including shale and slip clay sold or used by producers in the | | 
_ United States, by States 

. Sold by producers | _ Used by producers Total 
Year and State CO 

_. Shorttons Value ._ Short tons Value Short tons Value © 

1956-60 (average) -. 1,174,560 $1,796,926 31,702,794 $38,196,733 32,877,354 $39,993,659 
1961 ~~. --~-------_ 916,772 1,035,824 32,871,157 39,227,174 33,787,929 40,262,998 - 
1962 ~...----..---~-- 957,201 1,003,061 33,434,860 40,262,516 34,392,061 41,265,577 
1963 -----.-----.--.. 1,041,823 1,190,068 34,926,431 43,004,301 35,968,254 44,194,364 

1964: . 

Alabama -_..-.-. WwW W ws. WwW 1,603,854 1,478,862 
Arizona -.-----~- — — 167,365 212,708 167,365 212,708 

_ Arkansas ~--~--- _- — 649,266 636,241 649,266 636,241 
California ---~-- 105,061 199,828 2,955,736 5,306,534 3,060,797 5,506,362 | Colorado ~.....-_ W WwW WwW WwW 379,470 573,108 
Connecticut ~.-~- WwW WwW Ww. wt. 211,621 262,400 
Delaware ~....-. — - — 11,300 11,300 11,300 11,300 
District of 

. Columbia ----- _— -— 82,150 82,150 82,150 82,150 
Georgia ~~---~--~ —- _- 1,621,263 973,821 1,621,263 973,821 

| Idaho _-.------- Ww Ww WwW Ww 29,077 24,784 
Illinois ~-.------ 209,449 217,449 1,506,600 2,247,238 1,716,049 2,464,687 
Indiana ~..---~- 178,699 190,245 990,266 1,429,841 1,168,965 1,620,086 
Iowa --~-..--~-- WwW Ww W WwW 990,863 1,234,888 
Kansas ~-----~-. — — 685,900 694,768 685,900 694,768 
Kentucky ~----_. — — 815,846 1,089,557 815,846 1,089,557 
Louisiana ~_~-.__ WwW WwW W WwW 779,679 796,832 — 

. Maine ~__------- —— — 44,620 57,740 44,620 57,740 

‘
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Table 9.—Miscellaneous clay, including shale and slip clay sold or used by producers in the 
United States, by States—Continued a 

a A . 

Sold by producers Used by producers - Total 

Year and State ee 
_ Shorttons Value Short tons Value Short tons _ Value 

. Maryland —------ Ww - . W We Ww 605,375 $694,933 

- Massachusetts --~ — — 138,214 $174,214 ° 188,214 174,214 ~ 

Michigan ~------ | —_—- — 2,385,365 2,592,279 2,385,365 2,592,279 . 

Minnesota ------ — — — ' 212,616 | 818,962 212,616 818,962 

, Mississippi ----- 7,000 $7,009 - 767,796 - 467,796 174,796 — 774,796 

Missouri ~-.----- Ww . WwW Ww. Ww 963,842 969,281 

Montana --.---- — — 48,962 58,588 48,962 58,588 

Nebraska —------. — —_— 142,891 142,891 142,891 142,891 

New Hampshire -— — — 45,620 39,820 45,620 39,820 

‘New Jersey ----- — — 378,997 482,709 878,997 482,709 

New Mexico —--- WwW ‘W . WwW  W 104,145 | 167,128 

New York ------ WwW W W WwW 1,499,268 1,993,463 

North Carolina_- — oo 3,199,177 2,064,087 8,199,177 ° 2,064,087 

. -Qhio __..----~--. 216,526 - 214,340 2,492,185 3,282,529 2,708,711 . 3,496,869 

Oklahoma ----~- Ww Ww . WwW WwW 834,807 850,307 

“Oregon -_------- - |W W . WwW _ WwW - Tr 288,803 TF 347,610 

/ . . Pennsylvania —--. 105,895 78,428 1,497,092 5,592,501 1,602,987 5,670,929 © . 
South Carolina __ ae — 1,220,678 1,133,401 1,220,678 1,133,401. 

Tennessee —..--- — — 939,468 648,241 939,468 643,241 

© Texas -..--.---- . WwW W W WwW 3,378,918 3,585,917 

- . Utah __--------- 4,436 - 6,676 — 113,512 196,542 117,948 208,218 

Virginia -------- — — 1,440,385 1,613,523. 1,440,385 1,613,523 

Washington -~-- 990 | 495 126,892 118,911 127,882 119,406 

West Virginia -- —_ —, 261,498 308,522 261,498 — 308,522 

Wisconsin —~----- ae Se 119,156 146,670 119,156 146,670 

_Undistributed? —_ 537,814 696,129 ¥F 11,791,959 * 18,016,787 660,051 733,403 

Total ___-__---. 1,865,870 1,610,590 T 36,852,775 . ¥ 45,435,871 688,218,645 * 47,046,461 

1965: , oS . 
Alabama. .._---- 60,000 55,000. 1,699,176 — 1,612,775 1,759,176 1,667,775 . 

. Arizona ~~~. .--- — — 129,209 163,584 | 129,209 163,584 
- Arkansas —------ — —  —° © 662,761 661,825 662,761 661,825 

California —----- 82,829 . 137,485 2,549,739 4,355,777 2,682,568 4,493,212 © . 

: Colorado. ~-.---- | OW WwW WwW “OW .411,939 ' 698,168 
oe ‘Connecticut —~.__- WwW . Ww W WwW 237,251 822,455 

4 Delaware ~.----- — 11,400 . 11,400 11,400 11,400 

Florida .._._-..-. | W WwW - WwW . W 278,363 270,700 

: ‘Georgia --_---- a — 1,679,318 1,043,957 1,679,318 1,043,957 

- [Idaho wu ~~. W WwW W OW 46,766 32,690. 
.  THinois ~~ ~~~ W Ww. J UW - WwW 1,874,399 2,767,785 

.. Indiana’ ----.--. 148,641 157,642 - 980,998 1,476,229 1,129,639 1,633,871 
Iowa .---~~----- 54. 81 _ 1,078,847 1,340,254 1,078,901 1,340,335 

. Kansas ~.------- — — 689,904 | 705,325 689,904 705,325 . . 
Kentucky ~---_-- _ — oe 837,670 -—«-: 1,182,160 837,670 1,132,160 
Louisiana — ~~. W Ww. WwW - WwW - 908,702 . 935,696 

- Maine —~_--..---- — — 48,793 62,805 48,798  — 62,805 
Maryland __.---- W W ‘W WwW 888,920 973,993 

_ Massachusetts ~_- —. os - 181,100... = 237,700 181,100 : 237,700 
Michigan _____- — — 2,401,922 2,580,034 2,401,922 2,580,084 

: Minnesota ~~ ___- — — 207,495 311,243 207,495 811,243 
Mississippi ~~ -_ — . — 922,972 949,526 922,972 949,526 
‘Missouri ~-..__-- WwW — WwW WwW WwW 1,098,820 1,126,267 

, Montana  __--_-~ W W WwW W 76,310 98,457 
Nebraska ~_--.-- — — 106,319 106,319 ~ 106,319 106,319 
New Hampshire_ — eee 53,200 46,900 53,200 46,900 
New Jersey -—.. — a 395,153 504,151 895,158 © 504,151 
New Mexico ___- 1,985 18,494 55,536 69,869 57,521 88,363 
New York ___--- WwW WwW WwW W 1,353,800 1,717,142 
North Carolina — — — 3,383,226 2,161,882 3,383,226 2,161,882 

Ohio  ~-__-_--_ 214,496 218,908 2,377,118 3,191,321 2,591,614 3,405,229 
Oklahoma —__--- WwW WwW W WwW 793,120 802,171 
Oregon ___-__--. 5,250 44,100 285,480 305,698 290,730 349,798 
Pennsylvania ~~~ 138,080 75,136 1,548,923 5,985,418 1,687,003 6,060,554 
South Carolina ~~ — — 1,318,343 1,221,480 1,318,343 1,221,480 
Tennessee ____ _ WwW W WwW WwW 1,079,952 521,042 
Texas -_--__- __ WwW WwW WwW W 8,604,738 3,832,420 
Utah ~___-_--___ - 5,980 14,940 136,492 224,250 142,472 239,190 
Virginia _-__-____ —_- — 1,415,397 1,657,229 1,415,397 1,657,229 
Washington —___ WwW WwW W W 162,311 210,682 
West Virginia —-_ — — 289,395 327,576 289,395 327,576 
Wisconsin ~~. -_- — —_ 118,624 146,607 118,624 146,607 

Undistributed ! __ 653,045 745,967 12,444,004 18,816,578 282,158 352,877 

Total _._._._____ 1,310,860 1,462,703 38,008,514 46,409,872 39,818,874 47,872,575 

r Revised. W withheld to avoid disclosing individual company confidential data; included with 
““Undistributed.”’ 

1Includes States indicated by symbol W and Florida (1964), Hawaii, Nevada (1965), North 
Dakota, South Dakota, Vermont, West Virginia (1964), and Wyoming.
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| Table 10.—Clays sold or used by producers in the United States in 1965, by kinds 
. (Short tons) © : DO , : 

- : all and : Fuller’s . . Uses. Kaolin ‘clay. stoneware Bentonite earth . clay _. Total - 
‘ clay _ including oe | 

a oo | a | slip clay , 

Pottery and stoneware: : a , : , 
-. Whiteware, ete. _____--. 1185,579 1299671 © — a — — 1 485,250 

Stoneware, art pottery, . 
flower pots, and glaze . . ” 

- slip --- eee (7). (1). 49,517 — —_ 78,360 1127,877. | 
- 7 Total -..--..--__---.. 185,579 299,671. 49,517 : 78,360 613,127 . "Floor and wall tile ----_____ (7) 128,226 239,933 —. —_ 187,780  3505,889_ 

Refractories: . a Z . a _ — | 
_Firebrick-and block --.. 372,057 (4) ~~ 8,880,151 — — (4) 3,786,068 , _. Bauxite, high-alumina oe - oa oe . 7 

. brick ~------.-__-____ (4) 2: = . 94,577 | — — (A). 118,931. . Fire-clay mortar ---.-.. = (4) sO (4):sC. 108,313 OO) (4) «125,882 Clay crucibles ..._.-___ — (4) — — (4) Glass refractories ~.____ (*) (4) — — —  — Zine retorts and con- _. WE oe, ae _ - 
densers ---.--------e (4) — * — : a GY 

7 . Foundries and steelworks (*) - —. (4) - 682,952 5 648,721. —. (4) — 1,354,335 
_  Sagegers, pins, stilts, . Oo . - . and wads ~.-.----_-_. - 10,955 (*) (4), ie 52,097 

Other refractories __.___ 47,522 92,120 314,647 (5) —  - 29,566 344,318 a 

| Total ~-.--_..._-..___ . 430,534 92,120 4,580,640 648,721  — 29,566 5,781,581 
. Heavy clay products: Build- Sn . . 

ing. brick, paving brick, - mo - drain tile, sewer pipe, os . . 
and kindred products —-__ — (7) 8,949,397 | _ — | 20,417,567 * 24,366,964 

Architectural terra cotta —__ (7) — (?). —. —_ . ~ 18,957 . 
Lightweight aggregates ---2- = — © — ~~ — — 7,429,545 = 7,429,545 . 

.. Filler: - Bn _ | ae oo | 
Paper filling -----.-__.. 651,427 — — (7): —_— — — + 6 651,427 
Paper coating ~..._____ 1,185,526 _— — — . (7) : oo 61,185,526 | 
Rubber ~----.----...... 348,443 — — ee ee 348,443 

Paint ~~~... u_._ 83,418 — o_o —_— | — — 83,418 
Fertilizers ~.-- 0 ---- 51,294 —~ 7. (4) — oo 6,542 - 6 57,836 

. _- Insecticides and fungi- . oe 
'@ides 2a 13,014 —_— 6,565 6,490 138,435 (7). 6 164,504 
Other fillers -.-__-_.._._. 195,489 (7) 10,607 — (7) (7%) 228,052 - . 

: Total _---_._----_-___ 2,528,611 (?) 17,172 6,490 188,435 «6,542 2,714,206 
Portland and other hydrau- ae . a . | — 

. ‘lie cements -..--.......-_ 97,178 — 50,546 (?). _- 11,063,201 3 11,210,925 So 

_ Miscellaneous: . | : 
Filtering, decolorizing, . a 
-.and clarifying ~~ -- —- — — 163,460 42,802 — 206,262 

- Rotary-drilling mud —__- — — 6,169 453,343 60,159 5,292 524,963 
, Chemicals ~..--.._____-_ (?) — (*) (*) - (7) — 97,846 

Animal feed ~...-_-_-__ — — — 21,091 -~ — 21,091 
Absorbent uses —-.._.-_ — — (7) (7?) 384,785 (7) * 384,785 Co 
Enameling ~~ .----.___ (7) (?) — (?) — — / (” 
Catalysts (oil refining) — (*) — — — — _— | (*) 

elletizing: 
Iron ore ~-.-_---.-- —_— — — 406,022 — — 406,022 
Other ------------- 20 — — — 13,126 (2) — 3 18,126 

Reservoir, pond and 
ditch lining. ~._._.____ — — — 18,169 — — 18,169 

Other uses ---..._-__--. 362,051 70,700 122,275 157,525 48,241 151,071 783,104 | 

: Total -.--..._._______ 362,051 70,700 128,444 1,232,736 535,987 156,363 2,455,368 . 

* Grand total: 
- | 1965 ~-.._____--_~ 3,603,953 590,717 9,015,649 1,887,947 674,422 39,318,874 55,091,562 

1964 ____________. 3,331,342 567,315 8,548,690 1,729,503 551,886 38,218,645 ° 52,947,381 

T Revised. . . 
> Some stoneware, art pottery, etc., included with whiteware. 
* Included with miscellaneous “Other Uses.” , 
3 Incomplete figure; remainder included with miscellaneous ‘‘Other uses.’’ 
* Included with ‘Other.” . . . 

_ 5 Some “Fire clay mortar” and “Other refractories” included with foundries. 
. * Incomplete figure; remainder included with ‘‘Other.”’ 

\ , .
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—  QNSUMPTION AND USES sits 

The predominant use for clays in 1965 and shapes increased about 19 percent but —s_— 
DS was in heavy clay construction products, the lower heat-duty products increased on- 

| _ which accounted for 44 percent of the total ly 6 percent. Value of all clay refractories 
a clay output. Cement production claimed 20 including plastics, mortars and castables, | 

| percent, lightweight aggregates 13 percent, increased 12 percent. Ss - 

_ and refractories 1] percent. The quantities In total quantity, shipments of nonclay 

consumed for all major uses increased. refractories in 1965. were about equal to | 
oe Refractories.—Clay refractories appeared the 1964 figure, while the value increased 5 | 

_ to be more than holding their own in 1965 percent. Silica refractories shipmients de- . 

_ with respect to nonclay refractory materials. clined 10 percent in value while shipments  =— 
| _ following a number of years of actual or . of mullite brick and some basic refractory _ 

_ relative declines. Shipments of superduty products increased sufficiently to-result'in a. 
_ and high-alumina fire clay refractory brick net increase forthe year. ee 

>. fable 11.—Shipments of refractories in the United States, by kinds a 

; | Co eo | - Shipments — a Oe 

| ye SO Unit of - 1964 | - 1965 | 
co - . Product quantity ane 

mo a “aa.  ° Walue Anant? ~ Value 
7 Quantity (thousands) @¥@ntity (thousands) | 

Clay refractories: | | oe os - i . 
- _ Fire-clay - (including semisilica) 1,000 9-inch 289,955 $45,863 307,502 $49,301 

_ brick and shapes, except super- equivalent i a 
duty. . , . SO | 

_ Superduty fire-clay brick and shapes. -—~-~..-do_____ 72,307 21,160 85,888 25,936 an 
High-alumina brick and shapes  --~--do_~__- 38,443. 19,150 45,955 23,894 oe 

_- . -(§0 percent AleO3 and over) : a 
- . made substantially of . calcined 

. diaspore or bauxite.t - . 
0 Insulating firebrick and shapes... --~..do__--. 58,722 - = 18,448 62,203 16,249 

Ladle brick ~-----~--2----------.  -----do=__ 224,085 25,827 220,285 26,509 
Sleeves, nozzles, runner brick and a a ae So 

. tuyeres. : -----do_.__._.. 48,800 ~——«:111,590 49,768 ° 12,490 . 
Glasshouse pots, tank blocks, feed- Short‘ton-_. ~~ 12,667 4,291 : 15,518 5,273 

er parts and upper structure a . 
‘shapes used only for glass tanks.! " _ a 
Hot-top refractories ~-_.---_-----. -----do---.. 78,845 5,219 68,695 » 5,035 

- _ Clay-kiln furniture, radiant-heater  -~--------.-_ NA 8,544 NA 8,240 - 
. elements, potters’ supplies, and 

other miscellaneous shaped re- . oe oO a 
fractory items. wo, 

Refractory bonding mortars, air- Short ton... 59,485 7,051 ° 62,950 - 17,589 
7 setting (wet and dry--types) .” . ms 

Refractory bonding mortars, ex- © -----do_--_. 11,948 1,189 12,949. | 1,303 
cept air-setting types.? - 

Ground crude fire clay, high-alu- -----do__--_ 351,050 3,458 453,950 4,617 
mina clay and silica fire clay. . ee 

Plastic refractories and ramming ~----do_.__- 180,659 15,718 192,199 17,422 
mixes.} . . . 

Castable refractories (hydraulic- ---..do- ~~~ 137,846 14,067 154,226 15,760 
setting). 

Insulating castable refractories -—-----do_----- 26,394 3,370 30,142 3,986 
(hydraulic-setting) . 

Other clay refractory materials -—~---do_-~-- 206,608 5,327 195,763 5,322 
sold in lump or ground form.?:4 

| Total clay refractories _._...._. ------------ XX 205,267 XX 228,876
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Table 11.—Shipments of refractories in the United States, by kinds—Continued 

: Shipments a 

. . oo Unit of 1964. ~ 1965 | . 
Product ; ; quantity Walgett Walue 

- : alue : alue 
- Quantity (thousands) Quantity (thousands) 

Nonclay refractories: 

‘Silica brick and shapes -.....----_ 1,000 9-inch —:127,781 $23,981 109,586 $21,109 
. equivalent 

, Magnesite and magnesite-chrome —____.do_____ 104,504 94,085 107,145 98,259 . 
_ °. brick and shapes (magnesite . a 

predominating) (excluding mol- 
. ___ten cast and fused magnesia). | . . 

Chrome and_ chrome-magnesite ____.do_____ _ 89,490 30,550 32,491 _ 26,009 
. brick and shapes (chrome pre- . : . 

dominating) (excluding molten “ . ; 
cast). oo _ . 

- Graphite crucibles, retorts, stopper Short ton___ 15,073 11,572 | 17,728 14,474 . 
heads, and other shaped refrac- Ss 
tories, containing natural graph- : . ! 
ite. , 

Mullite brick and shapes made 1,000 9-inch 5,589 7,148 6,429 8,414 
- predominantly of kyanite, silli- equivalent 

manite, and alusite or. synthetic 
mullite (excluding molten-cast) . 

Extra-high alumina brick and  —-__--do_____ 3,881 — 7,779 3,551 8,481 
shapes made predominantly of . 
fused bauxite, fused or dense- . a OO . 
sintered alumina (excluding mol- _ CO —_ 
ten-cast). . 

Silicon carbide brick and shapes  — -_-~-do_____ .  §,298 11,178 3,517 11,630 
made predominantly of silicon 
carbide. ; . 

_ . - Zircon and zirconia brick and ~~~ -do---__ 947 3,814 1,239 4,654 
_ shapes made predominantly of oo, 

either of these materials. . 
Forsterite, pyrophyllite, molten- —- --.-.__ _ NA 30,394 NA 37,615 

~~ east, dolomite, dolomite-magne- . . - 
oY site, and other nonclay brick . 

and shapes... .. - 
_.. Mortars: - | _ vo . 
Co Basie bonding mortars (mag- Short ton__ Yr 219,576 r 19,210 231,384 19,978 
So, nesite or chrome ore: pre- . 

' dominating). . ar . 
- Other nonelay refractory mor- a : 

tars ~~ ee L- doe r 27,296 r 3,558 42,977 5,516 
Nonclay refractory castables (hy- -—----do__- . 20,825 ' 3,194 24,690 © 4,329 . . 

draulic-setting) . se , . . Plastie refractories and ramming 
mixes ( wet and dry types): 

Basic (magnesite, dolomite, or ---.-do---.— 153,172 16,292 156,144 17,328 
chrome ore predominating) . 

Other nonclay plastic refrac- -—..-.do -_~_ 82,514 7,651 37,907 9,212 
tories and ramming mixes. ce 

Dead-burned. magnesia oor  -----do---- 250,049 15,175 195,456 12,828 
magnesite. . . 

Carbon’ refarctories; brick, —~-_--do__-~~_ - 
blocks and shapes, exelud- 
ing those containing natura 
graphite. 8 . — 277,125 24,090 255,148 25,014 

Nonclay gunning mixes -_.__. —___.do___-_- 
Other nonclay refractory —....do_---- 

materials sold in lump or 
ground form.? 

Total nonclay refractories_._.$ ~-......---- XX 7° 309,671 xX 324,850 

Grand total refractories _... — ..-_._____ XX +7 514,938 xx 553,726 

Tr Revised. . 

NA Not available, XX Not applicable. 

' Excludes data for mullite and extra-high alumina refractories. These ‘products are included 
with mullite and extra-high alumina brick and shapes in the nonclay refractories section. 

*Includes data for bonding mortars which contain up to 60 percent AlzOs, dry basis. Bonding 
mortars which contain more than 60 percent AlsO3 dry basis are included in the nonclay refrac- 
tories section. 

3 Represents only shipments by establishments classified in “manufacturing” industries, and ex- 
cludes shipments to refractory producers for the manufacture of brick and other refractories. 

‘Includes data for calcined clay, ground brick, and siliceous and other gunning mixes. 

\
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Kaiser Refractories Division was expand- purchased the J. D. Murchison Brick Mill | 

ing the Moss Landing, Calif., plant to in- in Marion County, S.C., and .announced 

crease production of high-strength basic plans for modernizing and eventual dou- 
brick and was building a new tar bonded bling of production capacity. - 

| refractories plant at Columbus, Ohio. A- winlikin Brick Co., Pittsburgh, Pa., an- 
second high temperature kiln was included | : ; 
. 7 - . . nounced plans for a new plant with an; 
in A. P. Green Refractories Co. expansion - : vay . | 
of the Tarentum, Pa., basic refractories nual capacity of 25 million brick. The | 

| plant. General Refractories Co. announced — Waccamaw Clay Products Co. obtained a 

plans for construction of a new plant at joan from Economic Development Ad- — 

Warren, Ohio, to produce a complete line = ™nistration for a plant at Myrtle Beach, 

| of refractories to serve basic oxygen steel  S.C., to produce decorative face brick. Mo- . 

| producers. Facilities of The Babcock and saic Tile Co. planned to build two new 

. Wilcox Co. Augusta, Ga., works were being plants, one in the South to produce quarry 

| expanded for production of ceramic fibers. tile and one in the West to make floor and 
. . wall tile. a 

a | san brat ape aranneh it Production capacity of the Washington 
bui > Tick an ana tile 1965 whil _ Brick Division, Thomas Somerville Co. at 

| and 9 percent, respectively, in while \fuirkirk, Md., was doubled by addition of _ 
all other heavy clay construction products . : - 

, . a | mew kilns, dryers, and other equipment 
_ registered declines ranging from 4 to 15 _~ 7 | “74: 

: - va ae. . . . and 100,000 square feet of new buildings. 
percent. Building brick production requires 7 

Port Costa Clay Products Co., Port Costa, 
far more clay than all of the other clay . . | . | . ae : Calif., continued expansion of the clay 
construction products combined, and the | . 4. 

a . ae . products and lightweight aggregates pro- 
_ quantity of clay used for this category in- es epee: ye hes 

| — duction facilities. A  25-million-brick-per- . 
creased by more than 2 percent in 1965. wes | | 

: oo year addition was made to the Denton, 

—_ The Structural Clay Products Institute -Tex., plant-of Acme Brick Co. In York, _ 

(SCPI) opened a new field office in St. pa, the capacity of Glen-Gery Brick Co. 

| Louis, Mo., to provide improved service tO was increased by installation of a new tun-. 

clay building products manufacturers and nel kiln and three new dryers. Edgar Brick . 
builders in the St. Louis area. Brickmakers Co., Edgar, Fla., was expanding production 

throughout the United States continued to capacity from 4 million to 10 million brick _ 
advance the cause of load-bearing brick | annually. | | - 

walls through the program developed by : a y 
- §CPI, OO Lightweight Clay and Shale Aggregates.— 

| A number of clay products plants roduction. of lightweight aggregates - in 
changed hands in 1965. U.S. Concrete Pipe 1965 required 7,430,000 tons of clay and 
Co. increased its diversification into clay ‘Shale, an increase of 10 percent over the | 
products by purchasing the Robinson Clay 6,753,000 tons: used for this purpose in 

—_ Products Co. plant at Mogadore, Ohio. 1964. Output in 1965 came from 54 firms. 
The 15-million-brick-per-year plant of Car- With 67 plants in 34 States. Data on ex- 
penter Brick Co. at South Windsor, Conn., panded slate aggregates are not included 

was bought by a Canadian firm—Diamond with those for clay and shale although the 

Clay Products Ltd. Also in Connecticut, final products are in many ways similar. 
the Kelsey-Ferguson Brick Co. at East Expanded slate aggregate production in 
Windsor Hill was acquired by American 1965 was 679,000 tons, a decrease of about 

Gypsum Co. for stock worth about $2.2 3 percent from the 1964 production of 
million. Boren Clay Products Co. acquired 703,000 tons. There were five producers. 
Sampson Brick Co. at Roseboro, N.C., and The new automated expanded shale 
announced plans for a new tunnel kiln aggregate plant of Lehigh Portland Ce- 
plant to produce 30 million brick per year. ment Company at Woodsboro, Maryland, 

A 10-year modernization program was an- started commercial production early in 
nounced for the Ross Clay Products Co. 1965. Capacity of the rotary kiln plant is 
which was acquired by Clay City Pipe Co., 1,000 tons per day. Birmingham Slag Divi- — 
Urichsville, Ohio. Pee Dee Ceramics, Inc., sion, Vulcan Materials Co. completed
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a new lightweight shale aggregate plant at designed to more closely represent all of its 
Bessemer, Alabama with annual production members and potential members, including 

_ capacity of 400,000 tons. firms producing lightweight aggregates | 
‘The Expanded Clay and Shale Associa- from fly ash and other materials. The new - 

tion (ESCA), with headquarters at Allen- name of the organization is Lightweight | 
town, Pa., adopted a new name in 1965 Aggregate Producers Association (LAPA). Oe 

| Table 12.—Shipments of principal structural clay products in the United States | 

" . oo . . 

Product o 1956-60 1961 1962 1963 1964 1965 
| (average) 

ee 

Unglazed brick (building) | | | | 
1,000 standard brick---_ 6,740,540 6,427,600 6,913,100 7,405,000 7,743,800 8,089,131 

_ Value --...------thousands__._ $223,280 $225,300 $246,500 $267,100 $284,600 _ $301,038 

Unglazed structural tile | - 
short tons____ 589,800 476,000 422,900 342,800 311,400 313,260 

Value ~--.-.._-_thousands___-_ $8,660 $7,400 $6,600 $5,600 $5,400 $5,128 

_ Vitrified clay sewer pipe and fittings . 

short tons---- 1,843,720 1,763,800 1,748,600 1,771,900 1,837,200 1,782,159 
| Value ~---.-...._thousands._.. $89,520 $90,500 $91,000 $97,700 $104,000 103,420 

Facing tile, ceramic glazed, includ- 
ing glazed brick | 

1,000-brick equivalent__.._.' 391,620 388,000 370,300 352,900 332,700 307,944 
Value ~--..--..-.thousands._.. $30,740 $31,600 $31,100 $28,600 $27,500 25,430 an 

Facing tile, unglazed and salt glazed 
1,000-tile, 8- by 5- by 12-inch, a 

equivalent____ 18,920 11,200 10,800 - 8,500 6,900 6,327 

Value ~---._...__thousands____ $3,120 $2,100 $2,200 $1,700 $1,500 $1,435 

Clay floor and wall tile and acces- 
sories, including quarry tile | 

1,000 square feet__._. 228,100 228,400 253,100 267,100 288,800 283,385 

Value ~-----..---thousands____ $126,940 $124,800 $185,500 $137,900 $146,200 $141,739 

Total value___thousands___._ $482,260 $481,200 $512,900 $538,600 $569,200 $578,190 oO 

. Source: Bureau of the Census. 

WORLD REVIEW 

Australia.—Great interest was shown in India.—Fire clay output increased 18 per- 

Australian bentonite occurrences, probably cent, to 468,000 tons, compared with 

due in large part to the rapidly expanding 397,000 tons in 1964. Other clay production | 

iron ore pelletizing industry which present- reported in addition to kaolin consisted of 

ly uses Wyoming bentonite as binder. Sev- 8,947 tons of ball clay. A deposit contain- 
eral firms moved into the Springsure, ing perhaps 100 million tons of ceramic 

Queensland area, following a bentonite dis- clay was explored in the Birbhum district 
covery by the Bureau of Mineral Re- of West Bengal. 

SOUrCES. Israel—The fire clay industry in the 
Austria.—Bentonite production was 4,450 Maktesh Ramon in Israel increased rapid- 

tons, an increase of 29 percent from the ly, and production was expected to more 
: 3,440 tons reported in 1964. than double in 1965, to about 80,000 tons. 

Ceylon.—A Government-sponsored survey A processing plant was under construction 

resulted in discovery of a large kaolin de- for upgrading and calcining the products, 
posit near Colombo. most of which will be exported.
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Table 13.—World production of china clay by countries* 
i . . - ..(Short tons) — 

i st 

~ Country?.. - ' 1961 1962 1963 1964 1965 P.? 

North America: =. | | oO — a | Oo . 

Mexico ~--~.-----+.~----+----.-~. 66,910 NA 51,325 70,796 | 89,436 
United States -----------.--...= 2,739,816 2,998,157 $3,163,573 3,331,342 3,603,953. 

. South America: 
Argentina ~----+---------------- 40,141 ¥ 42,667 r 39,572 T 46,715 NA 
Chile -.----------.-------.-----. 15,599 33,581 40,674 r 50,665 33,180 
Colombia ~---.------_----------. * 55,000 r77,000 . * 83,006. * 89,000 91,000 
Ecuador ~-.-------~-----~-------- 601 416 388 228 NA 
Peru ---------------=--------~---+ 514 386 324 364 430 

Europe: a a 
. Austria ~----------------------- | 379,076 370,809 385,088 405,781 361,203 

Belgium —~.---~---.----~---~~--- NA 56,994 — 55,910 NA NA 
Bulgaria ---.------------.------ 7 60,000 F 67,000 Tr 85,000 r 91,000 .. © 99,000 

_ Czechoslovakia -.-------------.- 1 330,000. = * 350,000 F 350,000 T 345,000 365,000 

Denmark: 
Crude ~-----------~--------- 8,567 e 8,800 e 8,300 8,818 12,125 
Washed and pressed ~--~---- 4,669 3,644 NA NA 2,756 

_ France? ~_--------------------. 283,322 264,619 - 299,599 316,887 NA 
Germany, West (marketable) —~-. 411,689 422,262 F 499,030 503,692 466,102 
Greece ~----.-----------.----.-- 27,778 38,535 e 38,500 © 33,000 e 60,600 
Hungary -------------------~---- 46,697 44,994 48,760 T 55,488 | e 60,600 

Italy: 
| 

Crude ---------------------. * 96,329 T 96,652 F 109,000 70,273 - 80,997 
Kaolinie earth -----------.-._ * 857187 F 133,597 111,978 104,374 NA 

Por Grud 21,951 14,082 } | 18,472:) : rude ---------------------- , 082}. (18,472: 
‘Washed -----.-------------- 32,810 14,082 } 41,871 {apare} 42,839 

Spain (crude) —-.-----2--------. . 139,875 184,960 228,849 155,345 — NA 
Sweden ~-----~-~---~-~-.------- 29,873 28,911 ¥ 34,969 | 48,502. NA © 

: U.S.S.R.¢ --------------.--.---. 1,400,000 1,500,000 1,650,000 1,650,000 1,650,000 
United Kingdom ~-.------------_ 1,924,633 | * 1,900,000 2,130,000 2,280,000 ¢ 2,470,000 
Yugoslavia ---.------..-.------+- e 7,800 5,000 4,500 5,000 5,500 

Africa: . | . 
Eritrea __--.-__---.-----.----_- 3,858 661 NA NA © 230 
Kenya ---~.-.--~-~-.---------~-- 817 1,294 7,345 “FT 1,420 1,889 
Morocco ~~~---~--.---.~~.~------ — as — me 1,084 

- Mozambique ~----~~-------.----. 132 198 6 11 165 
Nigeria ~--------------~--~-~._- — 6 17 a) 29 
Rhodesia, Southern —~.-----..--~- 20,386 — 12,240 21,000 NA 

. - South Africa, Republic of ~~~ .-- 26,474 31,366 37,413 43,495 45,629 
oo Swaziland ~---.-.-.--..--------- 58 2,743 r 2,211 344 830 

Tanzania ~--.---------...-.-~--- r173 175 201 122 — 
United Arab Republic (Egypt) -- 29,961 16,095 26,503 69,221 52,663 

Asia: 
Hong Kong ~_~-~-~---------~----+-- 9,441 7,139 5,621 - 5,648 5,277 
India ~------------------------. 409,280 T 429,586 r 550,000 r 570,000 647,313 
Iran * ~~ ----------------------- 3,307 NA NA 7,683 NA 
Japan -.~--------~--~-.-------- 29,695 79,212 109,381 r 118,333 102,916 
Korea, South ~------------------ _ * 56,413 42,101 57,609 66,729 79,635 
Malaya -~--------------------~. 1,759 3,875 1,317 1,591 © 1,749 
Pakistan ~---------------------. | 790 — —_ 1,084 1,421 
Viet-Nam, South ~---.----------- NA 4,365 4,928 2,283 NA 

Oceania: Australia ® ~--------~----- 57,219 40,399 r 49,889 50,532 NA 

e Estimate. P Preliminary. * Revised. NA Not available. 

1 China clay is also produced in Brazil, China, East Germany, Israel, Taiwan and Thailand, but 
data on production are not available; a negligible quantity is produced in Malagasy, and Paraguay. 

2 Compiled mostly from data available August 1966. 
* Includes kaolinic clay. 
4 Year ended March 20 of year following that stated. 
> Includes ball clay. 

Italy—Bentonite output was 173,888 Morocco.—Output of montmorillonitic 
tons, an increase of 12 percent from 1964 clay classified as smectite was 41,450 tons. in 
figures when 155,672 tons was reported. 1965, an increase of 16 percent over that 

Mexico.—18,700 tons of bentonite was nfb, rtee ote 1964. a tO ee tons 

| produced in 1965. None was reported in of Denronare was procuced m , 
1964. Kaolin production increased 26 per- Pakistan.—Fuller’s earth production in- 

cent. . creased 70 percent, from 7,600 tons in 1964
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to 13,000 tons in 1965. Fire clay production from 10,267 tons in 1964 to 12,077 tons in | 
dropped from 18,800 tons in 1964 to 15,000 1965. 

tons in 1965. Swaziland.—Several high-grade kaolin de- 
Peru.—Production of bentonite was 5,534 posits were discovered about 60 miles from 

tons in 1965 compared with 665 tons in the capital, Mbabane, and a processing | 
1964. Fire clay output decreased from 9,700 plant was planned. The Japanese have in- 
tons in 1964 to 7,960 tons in 1965. Miscella- dicated interest in the high-quality prod- 
neous clay production was 509,000 tons, a ucts including paper coating clay that may 

decrease of 13 percent. _ | be produced. — | | 

_ Rumania.—Kaolin production has repor- _—“‘Taiwan.—A_ bentonite deposit estimated 
tedly grown from 2,000 to 35,000 tons and 0 contain about 2 million tons was discov- | 
bentonite output from 3,000 to 90,000 tons cred in the county of Ping Tung in south- | 
since 1950. Plans call for more than dou- €!n ‘Taiwan. | S | | 

_ bling kaolin output and greatly increasing . Tunisia —New plants were planned or 

bentonite output by 1970 as well as for were under construction for the manufac- | 
improving the quality of the products. A ture of structural clay products and china- 
major effort was under way in 1965 to in- ware to increase production for local use 
crease reserves of the two types of clay. and provide a surplus for export. 

South Africa, Republic of.—Production of Yugoslavia.—Fire clay production was 
fire clay was 288,000 tons in 1965, a slight 290,000 tons, a 12-percent increase com- 

_ decrease from the 294,000 tons reported in pared with 1964 output. Bentonite output Lo 
1964. Bentonite output rose 18 percent, remained at the 1964 level of 22,000 tons. 

: , , TECHNOLOGY | | 

The results of a symposium on the dicated that the hard type may have been | 
theory, equipment, and techniques, most deposited in saline waters, and the soft 
applicable to clay mineral analysis were _ type in fresh water.5 | . 
published. Principal analytical methods The results of research recently complet-— | 

_ discussed were X-ray diffraction, electron ed with the Bureau of. Mines 10-inch attri- 
microscopy, infrared, differential thermal, tion grinder demonstrated that filler-grade 

| and chemical analysis.2 - kaolin could be reduced to minus 2-micron 
The danger of obtaining erroneous re- material to meet paper coating require- 

_ sults in clay mineral analysis by X-ray ments more economically by closed circuit 
_ diffraction if segregation of clay minerals grinding than by -open-circuit continuous | 

occurs during the mounting of specimens grinding or batch grinding. Best results : 
| was discussed. Mounting of samples by set- were obtained grinding 20 pounds per . 

tling in aqueous solutions was found to be hour at 45 percent solids and with 100 per- | 
. especially prone to error. Three acceptable cent circulating load. The resulting kaolin 

and four unacceptable mounting tech- product was 82.7 percent minus 2-micron’ 
niques were listed.3 material, and the power consumption was 
X-Ray analysis was suggested as a possi- 341 kilowatt-hours per ton of clay feed and 

ble method of determining clay partide 487 kilowatt-hours per ton of minus 2-mi- 
sizes by interpretation of small-angle scat- cron material.6 : 
tering. Evidence obtained from study of 19 "2 Rich, G. 1, and G. W. Kunze (eds.). Soil 

clay samples was presented.‘ Clay Minerology—_A Symposium. The University 
Statistical methods were used to study et th Carolina Press, Chapel Hill, N.C, _ 

the kaolins of the coastal plain of Georgia 3 Gibbs, Ronald J. Error Due to Segregation in 
and South Carolina. Analysis of variance puantitative Clay Mineral wirey Diffraction 
was used successfully to distinguish be- 5 and 6 May-June i965, pp. 741-751. 0° 

: tween the hard and soft kaolins on the * Arnott, Ronald J. Particle Sizes of Clay 
basis of Alps and FeOs present as well as Minerals of" Small-Angle | X-Ray | Scattering. 
on the degree of crystallinity. Other varia- 1568-1575. David N. Mineralogical and Chemi 
bles were strongly characteristic of the clay qj 1nekley, David N. Mineralogical and Chemi- 
types but were not shown to be statistically Coastal. Plain of - Georgia and South Carolina. 

different. Evidence was presented which in- December 1965, pp. "1365-1883, ee SDE
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‘The latest methods of in-plant handling duction of iron ore pellets. Successful re- 

and bulk transportation of high quality sults were obtained in three of the four 

| kaolin and other clays were described.7 _ concentrates tested.16 : 7 

: Two ammonium alum processes were Results of waterproofing below ground 

| evaluated by the Bureau of Mines as possi- line with bentonite filled panels were re- 

: ble methods of producing alumina from ported. The bentonite panels were applied 

: clay. Detailed data on the processes were to outside walls by staples, tape, or other 

presented, including estimated costs for means, and the area carefully backfilled to 

: plants capable of producing 1,000 tons of —HH+ - , 

| ; i - 6 Stanezyk, Martin H., and I. L. Feld. Con- | . e , re . 
alumina per day Neither Process was d tinuous Attrition Grinding of Coarse Kaolin (In 

termined to be competitive with the Bayer Two Parts) 2. Closed-Circuit Tests. BuMines 

process of production from bauxite.8 Rent. of Inv. ON 3 PP. ik Handli 
. . . ; rowning, Khalp *9 r.. 20 andiing. 

| Specially prepared kaolin was used as a Ceramic Age, v. 81, No. 10, October 1965, pp. 
color-reactable coating pigment in a pat- 22-24. so oa - 

- «9 . ee °C ic Industry. Bell Clays Transported 
ented process for making sensitized sheet With Wharton Dry Bulk “Trailers. V. 84, No. S | 

material.9 January i965. pp. A750, | ali Kaol v. 6 
| ' Minerals Processing. Handlin aolin. V. 6, 

Several processes for production of syn- No, 4, April 1965, pp. 32-33. ig 

thetic zeolites from kaolin were described. * Peters, Frank, A.» , Paul ps Johnson, and 

Although relatively impure, the clay based Fryar Glay. An Evaluation of Two Ammonium 
zeolites. should be relatively inexpensive, Alum Processes. BuMines Rept. of Inv. 6573, 

| and suitable for petroleum cracking10 A *", Hemstock, Glen A. (assigned to Minerals & 
number of new patents for production of Chemicals: Philipp _Corp., Menlo peark, N.J.). 

i ‘ olor-Reactable Inorganic sorbent Pigment 
zeolites and cracking catalysts from clays and Sensitized Sheet Material Coated Therewith. 

| were issued in 1965.11 . U.S. Pat. 8,226,252, Dec. 28, 1965. 

| Experimental evidence was presented to,” Chemical Week. Clay Comes on Strong. Vv. 

demonstrate the effect of humidity on the 11 Chomitz, N. (assigned to. American Cyana- 

| lattice dimensions of K-saturated expand- mid Co., Stanford, Conn.). Hydrocarbon Crack- 

ing clay minerals. X-ray diffraction meas- ana Catalyst weeiained by. gcd Treating, aclin 
. ° : and ing agnesla. wn. at. o, ’ ’ ct. 

urements obtained on 19 samples of ben- 19, 1965. | 
- tonitic material and one sample of ¢ Mane ee D. paslenetion on “crvstainee | 

vermiculite from various locations showed Zeolites of Uniform and Controlled Particle Size. 
. : S. Pat. 3,185,544, May 25, 1965. - 

a consistently larger basal spacing at 55 Maher, Philip K., and Eugene J. Nealon 
percent relative humidity than at 1 per- (assigned to W. R. Grace & Co., Clarksville, 
cent.12 a Md.); Frocess - for the Preparation of a Crystal- 

v | ine Zeolite. .S. Pat. 3,205,037, Sept. 7, 1965. 

- Bentonite modified by cation exchange Malden, W. Michael, and Robert M. DeBaum | 

with hydrochloride octadecylamine or by _ {4ssigned to, Ametiea vena eating 
. effect of dimethyldichlorosilane increased Catalyst and, Catalyst prepared Thereby. U.S. 

at. 3,210,266, Oct. 5, . 
the strength of polycaprolactam fiber by 10 Mason, R. B. (assigned to Esso Research and 
to 12 ‘percent when added in small Engineering Co.). British Pat. 979,274, Jan. 1, 

: amounts. Maximum strength was achieved 1 p amptow, F. A. (assigned to Union Carbide 

when about 1 percent bentonite was add-  Corp.). British Pat. 1,007,853, Oct. 22, 1965. 
ed.13 Eli Sayegh, Antione, H.,, Moyle E. Harward, and 

. . OS is . Knox. umidity an emperature 
Potential uses for material from Mary- Interaction With Respect to K-Saturated Ex- 

land-Virginia diatomite-clay deposits were panding Clay pinerals lis 65 S05 

studied, with emphasis on possible use of R 13 Osukov, I. O., V. P. Solomko, and others. 
the unseparated diatomite-montmorillonitic einforcing Capron Fibre With the Aid o 

. Modified Bentonite Akad. Nauk. Ukr.S.S.R. 
material as absorbents and adsorbents. The Dopovidi (Ukrainian), No. 6, 1968, pp. 798-801, 
eology and mineralogy of the deposits 4 Pp- Foreign Technol. Div., Air Force Systems 
ee ooscsibed 1 BY oO P Command, transl. FTD-TT-64-1184, Apr. 20, 

. 1965. , 

Comparative data recently obtained 4 Knechtel, Maxwell M., and John, W. Hoster- 
. man. Utloo or esumption o latoml 

demonstrated the differences between sever- Mining in Southern Maryland and Eastern Vir- 

al western bentonites and resulted in im-  ginia. U.S. Geol. Survey Res. 1965, Prof. Paper 
proved methods of testing of the clays and eee Y oon YB Gm d J. D, Hedberg. Differ- 
for determining optimum conditions for ences in Western Bentonite Affect Sand Mix 
formulation of foundry sands.15 ee Foundry v. 93, No. 6, June 1965, 

Lignite was evaluated by the Bureau of Pall Fine, M. M., and C. W. Wahl. Tron Ore 
: . : : ellet Binders From Lignite Deposits. BuMines Mines as a binder material for use in pro- Rent, of Inv. 6564, 1964, 18 pp. :



| CLAYS | 327 

_ prevent tearing or dislodging the panels. and X-ray studies were conducted by the 
Water seepage which could not be con- Pennsylvania Bureau of Topographic and 
trolled by other methods was stopped by Geologic Survey, and the testing and evalu- | 
the bentonite panels.17 _ ation of clay samples for potential uses 

‘Patents were obtained on rejuvenating were done by the Federal Bureau of Mines. 
_ and maintaining activity of montmorillon- A total of 151 samples from 41 counties . 

ite catalysts 18-and for use of bentonite in were tested for about 20 possible uses. Ad-. : 
improved drilling muds,19. greases 20 and ditional large samples were taken where 
coatings for magnetic sheet material.21 warranted and tested by rotary kiln or sin- 7 

Patents were issued on the preparation tering hearth for lightweight aggregate po- | 
. of extremely fine-grained, lightweight atta- tential.30 7 | oo 
- pulgite for use as sorbents and. filter. aids,22 A ‘similar report was released on sam- | — 

: for producing organic-modified bentonite pling and testing of clays and shales in = 
which reacts with dye-forming ‘components cooperation with the Virginia Division. of - _ 
to produce colored clay,23 and for produc- Mineral Resources. in 13.southwestern Vir-— : 

-, ing inorganic color-reactable absorbent pig- _ ginia counties. The principal potential uses “ 
ment for use in tran rinting wi — oo ne | oe a sfer printing with ben 7 Lazarr, Thaddeus R. Waterproofing Below 
zoyl Jeuco methylene blue and violet the Ground Line. Civil Engineering-ASCE, ae 
lactone.24 | Ss -  v. 85, No. 6, June 1965, p. 73. © . 

’ . . . 18 Kaplin, Harry, John A. Hodgkiss, and Titus - | A new, highly automated coal-burning Z. Trzaskowski (assigned to General Aniline & a 
rv ki | ‘te. ilm Corp., New York). Process of Maintain- — A rotary kiln exp anded shale ager egate P lant ing the Activity and of Regenerating the Activ- oo with 1,000 tons per day capacity was de- ity of Used or Spent Acid Activated Montmoril- - 

__ scribed. A single control can put the entire lonite Catalyst. U. S. Pat. 3,211,670, Oct. 2, | 
. _ plant into, operation, with each section of 19Turner, Finis. (assigned to Magnet Cove . 
- D arti ‘ seq - Barium Corp., Houston, Tex.). Beneficiated T . > ’ _ the plant sta ting mm p roper sequence. Au Clay Composition for Use in Drilling Fluids. — i | ‘tomatic devices also shut down the plant US. Pat. 3,220,946, Nov. 30, 1965. | 7 

: er seq co : : *? Loeffer, Donald E. (assigned to Shell Oil 
oe m prop cr sequence on command or mM «ase Co.; New York). Lubricant Compositions. U.S. & of electric or equipment failure. Separate Pat. 3,222,279, Dec. 7, 1965; U.S. Pat. 

: | ai | , .  8,228,628-9, Dec. 14, 1965. | — - controls are available for the Various sec- °c trigg, Warren’ M, and Byron V. McBride 
| tions of the plant for operating individ- (assigned to, Westinghouse Electric Corp., Hast : ll f 25 7 ' Pittsburgh, Pa.). Coatings for Magnetic eet __-ually or out of normal sequence.2 Material. U.S. Pat. 3,189,488, June 15, 1965. Lo | _ Two other rotary kiln .expanded shale 2 Allegrini, A. P., and TA Cecil (assigned OO , 

4 : ‘todd to Minerals & Chemicals Philipp Corp., Menlo 7 aggregate plants in the United States were Park, N.J.), Method of Treating Attapulgite 
described. Data on mining methods and Clay to. Produce a Low Bulk Density Product. 

. 4) ; 26 U.S. Pat. 3,174,826, Mar, 23, 1965. . 
. shale reserves were included. . oo 23 Elkins, I. D. (assigned to Kerr-McGee Oil a : A fully automatic lightweight aggregate Industries, Inc., Oklahoma City, Okla.). Method a 

_ plant in the Republic of South Africa uti- of neeTine Lglored Modified Clay. U.S. Pat. a 
lizing the travelling grate sintering furnace fs Hemstock, Glen A. (assigned to Minerals & oo 

oy : Near , : Chemicals Philipp Corp., Menlo Park, N.J.). 9 | 
was described. Two emp loyees are re Color-Reactable Inorganic Absorbent Pigment 

i ‘quired, one to operate a front-end loader and Coating Composition Containing Same. U.S. - OO 
. oy Pat. 3,228,546, Dec. 14, 1965. . a 

feeding Taw material to the Pp lant hop pers . % Levine, Sidney. Lehigh Designs to Reduce _ 
and the other to attend the control con- Fines. Rock Products, v. 68, No. 10, October | sole.27 : 1965, pp. 58-68. | | . L 

* : . a . Levine, Sidney. . Non-Profit Foundation . . . 
Oil shale residue from high temperature —_ Produces Lightweight Aggregates. Rock Brod oe 

on ° ucts,. v. 68, No. 2, February 5, pp. 2 
retorting (2,500° F) was tested and found Taeler, David H. Custom Built Plant. Minerals. | 
to be suitable for use as lightweight aggre- _ Processing, v. 6, No. 1, J anuary 1965, pp. 12714. - 

: : tem. “7 Holz, Peter. Unique Lightweight Aggregate 
gate in concrete. Residue from lower tem Plant for South Africa. Minerals Processing, 

_ perature retorting was not suitable for con- __v. 6, No. 12, December 1965; pp. 32-33. Coneret 
*8 Pray, Ralph. Oil Shale Waste as a Concrete 28 , 

crete aggregate. oo Aggregate. Mines Mag., v. 55, No. 8, August 
Reports were published by the Bureau 1965. pp. 25-26. w. and H a. Hamli 

* ° ° weeney, John + an owar . amlin. , 
of Mines on the testing and evaluation of Lightweight Aggregates. Expansion Properties 

| selected samples of clays and shales in Il- of Selected Indiana Shales. BuMines Rept. of 
ant . * : Inv. 6574, 1965, 28 pp. linois and Indiana for potential use in pro- ____.” Lightweight Aggregates. Expansion 
duction of lightweight aggregates.29 Properties of Selected Illinois Shales and Clays. 

. . : BuMines Rept. of Inv. 6614, 1965, pp. 
The results of sampling and evaluating * O’Neill, Bernard J., Jr., and others. Proper- 

clays in Pennsylvania for various uses were ties and Uses of Pennsylvania phales Mend Clays. 
published. Field work, chemical analyses, jg WS3'vania Geol. Survey Bull. M51, 1965,
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found for clays in the area were light- side and outside shape of the ceramic ob- 

weight aggregate, brick, tile, and pottery. —jects.38 | a 

OF a total of 120 samples tested, nearly 100 A U.S. patent was issued on a machine . 

| were suitable for use in clay products.31 and method for treating new brick to | , 

_ Gassing and viscosity changes in porce- produce simulated used brick. The auto- _ 

lain enamel slips due to microbial action matic device dips the brick in asphaltic 

were studied and 10. effective microbial material, applies mortar, and tumbles. the | 

growth inhibitors were found in a total of _ brick to.give them a used appearance.34,. 

33 tested in the laboratory. Two of these =————_-—— — er ee 

; inhibitors, form h and a nitroparaffin _ 31 Johnson, Stanley S., Marion V.: Denny, and 

Co inhib tors alde yde . P th D. C. Le Van. Analyses of Clay, Shale and . 

a were used for in-plant testing, and.the Related Materials Southwestern Counties. Com: | 

i raffin, tris. (hydrox methyl). nitro- monwealth. o a., Dept. of Conservation an 

: nitrop ara s ( y Oxy Y ) = ‘Econ. Dev., Div. of Miner. Res., Min. Res. Rept. oe 

methane was determined to be the most — 6, 1965, 210 pp. as one 

|  promising.32 os ce 3% Kemp, .Homer T., Jr., Thomas L. Stalter,. 

. : d . f d - f -. and Edward E. Mueller. Improve Slip’ Properties | 

. _ A patented: device for production of cups annie, Microbial Growth. Ceramic Age, v. 81, 

Ra and other thin-walled ceramic ware utilizes o. 3, March 1965, pp. 42-47. Oo an 
ae hes 33 Staffordshire Potteries (Holding) Ltd. Brit- ~- 

_ pressure and low frequency vibration tO ish Pat. 983,184, Feb. 10,:1965. as 
- force a small mass of clay slip between 34 Harrison, Lee, and William R. O'Leary, Jr. 

: oe : £ - which defi the i - Method of and Machine for Making Used Bricks, . 

_nonrotating formers which deline the mm U.S. Pat. 3,168,418, Feb. 2, 1965. -



| | By Harold-W. Lynde, Jr. | | 

| Domestic consumption of cobalt reached no sales of cobalt from government stock- —S_—- 
a record high of 13.6 million pounds, 28. piles during the year. ‘At yearend the na-_ 7 

| percent more than in 1964. The large in- . tional stockpile contained 70,707,896 pounds : crease was attributed to continuing €co- oof specification-grade. cobalt, the supple- | 
van growth, military requirements, and mental stockpile, 1,065,398 pounds, and the 

: fateeet i on research and technology hen Defense Production Act (DPA) inventory, 
anges’ Ancrement in usage was in high- 1 95% 916 pounds, for a total of 90,629,210 a temperature, high-strength alloys, used in — nds. The’ stockpile. “remained at. 

_ severe environments including turbine or POURCS: *ne stockpile quota remained at | | jet engines. ce _ 42,000,000 pounds. An additional 11,570,378 
Cobalt production increased in each of _ Pounds of cobalt not meeting specifications a 

the four major free world producing coun- ‘Was in the national and DPA stockpiles. | a 
tries—Congo (Léopoldville) , Morocco, Can- No cobalt exploration ‘projects were active 
ada, and Zambia. - : | under the program administered by -the | 

| ‘Legislation and Government Programs.— Office of Minerals Exploration, Geological - © 
| General Services Administration reported . Survey. | _— ee oe 

a DOMESTIC PRODUCTION 
| _ Bethlehem Cornwall Corp. increased pro- Pyrites Co., Inc., Wilmington, Del., for re-_ oe 

_ duction 12 percent. A cobaltous pyrite con- covery of cobalt. ee | 
 centrate recovered from magnetite ores at The Bunker Hill Co. recovered 147 tons 7 C il and M Pa. was cal- of residue containing 6,703 pounds of cobalt 

— onpwall ang Morgantown, ba. was Cal- at its Kellogg, Idaho, zinc plant; shipments a 
“ _ cined and leached at Sparrows Point, Md., were 33 ‘tons containing 1,881 pounds of — a 

and the leach solution was shipped to The cobalt. | ae oe | 

Pe _.. CONSUMPTION AND USES © ee 
| ‘Domestic cobalt consumption was at an X-ray tubes and other electronic devices) , 7 

_ alltime high, 13.6 million pounds, 28 per- and salts and driers. Other large-use cate- 
_ cent higher than in 1964, Particularly large | gories included alloy hard-facitig rods and | 

increases were reported for use in perma- Materials, alloy steels other than high-speed | 
Ment magnet alloys, high-temperature, high-. 4d tool steels, and other’ nonmetallics , 
strength alloys, other metallics (principally (Principally catalysts) . en | 
metal-to-glass seal materials for radio and 1 Commodity specialist, Division of Minerals. 

| 4 Table 1.—Salient cobalt statistics Ss | 
| , (Thousand pounds of contained cobalt) ae 

— g-60ss—sOSSSSS 
(average) 1961 1962 1968 1964 1965 

| United States: } a | : 
Consumption ---.--__---.-_-- 9,018 9,596 11,268 ‘10,529 10,650: 18,595 | . 
Imports for consumption _--__. 16,304 —§ 10,495 12,433 10,522 12,443 - . 16,408 
Stocks Dec. 31: Consumer ____ 1,271 ‘1,807 = 1,479 1,099 1,420 1,590 
Price: Metal __-_per pound_-_-. $2.60-—$1.50 $1.50 - $1.50 $1.50 $1.50 . $1.50—-$1.65 

World: Production -_-__-__-.-_.....- 31,000 31,800 34,200 28,400 31,000 34,200 $$$ eee 

232-748 O-67—22 399
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‘Table 2.—Cobalt materials consumed by refiners or processors in the | | 

oo oe United States | 

. (Thousand pounds of contained cobalt) . 

| , ' 1956-60 
Form ! (average) 1961 1962 1963 1964 1965 

_ Alloy and concentrate-_-.--------- _- 4,448 | 1,121 721 1,075 1,174 | 1,188 

Metal__._..--------------------- * 964 1,101 1,255 1,339 1,892 1,669 

OO, Hydrate__....------------------- —~«64 16 17 15 21 32 

oo Other... eeeeeeeeeeeeeee—(C(id48 BBR 6 9 3 - 

a Total consumption is not shown because some metal, hydrate, and carbonate originated from alloy and 

_ concentrate. . | | | a 

a Table 3—Cobalt products! produced and shipped by refiners and processors in the | 

: : Be United States Oe Be 

| nn SO _ "(Thousand pounds). | 

a ee 1964. : 4965 

Ce Production - . Shipments Production Shipments . 

> °° Gross Cobalt. Gross © Cobalt Gross Cobalt = Gross Cobalt 

7 - weight content .. weight content weight content  _— weight content’ 

oo Oxide..--..-.--- 430 #302 .. 434 — _ 805 458 ~, 820 438 306 

| | Hydrate....----- 705. = «271 ~°~—Ss(«6 BA 256  ####785 341 £811. 34. 

Loo . Acetate... --- 410 97 370 88 407 - 99 421 102 

 Carbonate_--_ 523 231 458 201 ~ §70 ‘250 537 235 

.Sulfate__.--- 548 -120 . 464 102 697 131 . 842 162 — 

Other._...-. 257 58 211 48 372 85 370 83 

*. “Driers.....-..--- 10,193 650 . 9,529 ' §94 11,842 | 746 11,792 TAT 

a -Potal..--. 18,066 «11,729 ~—:12,120 1,594. 15,181 1,972.° 15,211 | 1,976 , 
: nnn re nnn ee . 

Co | 1 Figure on metal withheld to avoid disclosing individual company confidential data. | an 

Table 4.—Cobalt consumed in the United States, by uses | | | 

: (Thousand pounds of contained cobalt) oe 

| a | 1956-60 oe - | 7 ; co 
"Use (average) 1961 1962 1963 1964 1965 os 

| Metallic: | _ - , , oo | 

High-speed steel_...---------- 191 ' 220 343° 404 . 305 - 304 2 

Other tool steel _---.---------\ -—  f 44 > 64 1388 154 °° #118 oo 
Hs Other alloy steel._...-.------/ 325 \ . 540. 546 697. 563 807 

. Permanent magnet alloys...._-- 2,684 _ 2,457 2,867 . (2,852 2,210. 2,736 

._° Cutting and wear-resisting — . aa 

_.. materials......------------ 219 .257 |. 316 275 337 414... 

High-temperature high- . . a 

_ + gtrength alloys--.----------- 2,483 — 2,354 3,015 — 2,453 2,461 3,261 , 

.. Alloy hard-facing rods and : i , | 

_ materials._...------------- 468 550. 650 = 607 801 1,055 : 

- Cemented carbides_.._.------ 262. — 298 610 409 431 530 

7 Nonferrous alloys._..--------- \ 422 J 145 128 158 326 330 

Other. __..-.---------------- \ 659 > 582 426 427 892 

Total.._.___.._---_--.-----. 7,044 7,524 9,121 — 7,919 8,015 10,442 

| Nonmetallic (exclusive of salts and oO a | a 

Ground-coat frit._..-..------- 493 526 533 580 599 535 

Pigments. ~~ ~-------------777 216 192 168 222 209 | 259 

Other._--..----------------- 199 314 474 606 548 684 

Total__.._.--.------------ 908 1,032 1,175 1,408 1,356 1,478 

Salts and driers: Lacquers, varnishes, a, 
paints, inks, pigments, enamels, 

_ glazes, feed, electroplating, etc. 
(estimate) _---- ---------------- 1,067 1,040 972 - 1,202 1,279 1,675 

eee 

Grand total_.__..----------- 9,018 9,596 11,268 10,529 10,650 13,595 
sand total------7---rrrot
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| Table 5.—Cobalt consumed in the United States, by forms | | 
(Thousand pounds of contained cobalt) EE ee 

. 1956-60 
. Form oO (average) 1961 — 1962 1963 1964 1965 

Metal____----_..---.-- 2-2 --- 2. - 6,829 7478 . 9,091 8,146 8,265 10,872 Oxide__.__--2---- eee 800 900 . 998 935 958 961 | Purchased scrap___-..---.----.--_ . 323 178 207 246 —-—--«:148 87 
Salts and driers______-_._.__-.._- 1,067 - 1,040 972 1,202 1,279 1,675 a ee 

~Total__..-----.--.-------. 19,018 9,596 11,268 10,529 10,650 13,595 . 

1 Includes a small quantity of ore and alloy. 

a PRICES | | | | 
: Prices, which had remained stable at Black cobalt oxide in 250- pound kegs 

_ $1.50 per pound for metal since March 1, was $1.28 per pound for the 70- to 71- | 
1960, were raised by Union Miniére du percent grade and $1.32 per pound for the 
Haut Katanga effective March 1, 1965. _ 72.5- to 73.5-percent grade, f.o.b. shipping | 

After that date, metal granules (99 per- point, with freight allowed and prepaid 
cent cobalt) in 500-pound kegs were $1.65 to destination. West of the Mississippi, 
per pound, f.o.b. carrier, New York or _ black oxide prices were 3 cents per pound 
Chicago. Regular metal fines (95 to 96 per- higher. | 
cent cobalt) in 500-pound kegs were $1.65 S-grade cobalt metal powder and briquets | 
per pound contained cobalt, f.o.b. carrier, (99.9 percent cobalt plus nickel) were $1.68 
New York. Metallurgical grade cobalt oxide and $1.83 per pound, respectively, in min- | 

_ (75 to 76 percent cobalt) in 250-pound imum 20,000-pound lots, f.0.b. Fort Saskat- 
kegs, was $1.85 per pound of contained chewan, Alberta, or Niagara Falls, Ontario, : 

| cobalt, f.o.b. carrier, New York. | Canada. - - 

OS FOREIGN TRADE oe : 
Exports of unwrought cobalt and cobalt gories are not -stric tly comparable with 

alloys and of waste and scrap totaled those of previous years. Oo . | 
1,242,146 pounds, gross weight, of which 21 Imports for consumption increased 24 | . 
percent went to Japan, 19 percent to Can- percent, with largest increases in the im- . 
ada, and 17 percent to United Kingdom. portation of cobalt metal of Congo (Léo- 

Exports of wrought cobalt and cobalt poldville) origin, both directly and by. way 
alloys were 199,041 pounds, gross weight, of | of Belgium. In addition to metal and oxide 
which 46 percent went to Australia, 13 per- imports, cobalt sulfate came | from _ the 

_ cent to Canada, and 11 percent to United United Kingdom and West Germany, cobalt 
| Kingdom. | OU - compounds (not specified) from West Ger- . 
_ Because of changes in export classifica- many, United Kingdom, and Canada, and 

tions effective January 1, these export cate- cobalt salts from Canada. | 

Table 6.—U.S. imports for consumption of cobalt metal and oxide, by countries 
(Thousand pounds) . . ‘ _____ _—__ __ ee 

Oxide 
Metal (gross weight) 

Country eee 
1964 1965 1964 1965 | . 

Belgium-Luxembourg--_-___._...--------.--------------_--__ 1,744 4,099 1,449 897 Canada_-_-_._..-__---_-_2- eee 660 558 54 50 
Congo (Léopoldville)___._.._..__.-_______...____...______ 5,246 5,770 ---- ---- France__-._.-----.------------__---- eee 971 1,129 ---- ---- 
Germany, West_________.__._____________....._..._...__. 1,401 1,051 -oee a 
Treland___-._----.-.-- 2-22 eee! ---- (4) a---- ~--- 
Japan..--.--------- 2-2 36 36 a ---- Netherlands-_-___-.-_-..------.------ 1-222 2---_-----___- 28 117 ---- ---- 
Norway--_------_----_--.-2_-_-_- 1,222 1,939 a ----+ United Kingdom_-__-___.____.__.- 2222222. 25 147 11 -~--- 

Total_.-...--- 2-2-2 eee -e--2-- 11,333 ' 14,846 1,514 947 es eee ee ee ee 
' Less than 4 unit.
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| | Table 7.—U.S. imports for consumption of cobalt, by classes 
(Thousand pounds and thousand dollars) 

Salts and 
Metal Oxide compounds Total 1 

Year ee nnnijijijggg gg aa 
Cobalt 

. Gross Value Gross Value - Gross Value Gross content 

weight weight weight. weight (estimated) 

a 

1956-60 (average) 214,915. %$29,405 1,066 $1,351 301 $162 19,089 16,304 

1961__....------ 10,036 14,867 681 663 159 59 10,876 10,495 

1962__._..-..-.- 11,809 — 17,119 978 943 120 — 47 | 12,907 | 12,433 

1968___....----- 10,822 14,677 468 451 94 45 10,913 10,522 

1964__.._...---- 11,333 16,526 1,514 1,422 94 43 12,941 12,443 

. 1965_._.....----- 14,846 23,132 947 1,011 108 149 15,901 15,408 

1 Includes imports of white alloy (1956-60) and ores and concentrates (1956-60, 1962 and 1963). 

_ 2 Ineludes scrap. . . Oo 

| _ | WORLD REVIEW ; a 

Free world cobalt production increased the company’s Lynn Lake, Manitoba, | 

| 11 percent to about. 15,700 tons. Each of nickel-copper ore concentrates. Production 

the four major producers—Congo (Léo- was 530,137 pounds, down 11 percent from 

poldville) , Morocco, Canada, and Zambia— _ 1964, and sales were 487,440 pounds, down 

increased output during the year. 22 percent. An interval of several months 

. Canada.—Cobalt was recovered in Canada elapsed between the conclusion of metal 

principally as a byproduct of nickel-copper production from a supply of cobalt-bearing 

production, but also from silver-cobalt ores calcines and the beginning of production 

of the Cobalt-Gowganda area, and from from a new supply of high-temperature | 

_ scrap. Production increased 19 percent to alloy grindings. | | 

1,899 tons. | ‘Violamac .Mines Ltd. operated its sub- 

The International Nickel Co. of Canada _ sidiary, Cobalt Refinery Ltd., at Cobalt, : 

- Ltd., produced electrolytic cobalt and co- Ontario, recovering 156,998 pounds of co- 

balt oxide at its Port Colborne, Ontario, balt as cobalt and nickel oxide. This was _ | 

| refinery, and cobalt oxide at its Thompson, a 15-percent increase over the 1964 total of 

7 _ Manitoba, refinery. Company deliveries of 136,342 pounds. | | 

| cobalt were 1,010 tons. Eldorado Mining & Refining Ltd., which 

Sherritt Gordon Mines Ltd. produced co- had developed a process to recover ‘cobalt 

balt metal’ powder, briquets, and strip at from speiss produced by Cobalt Refinery, 

7 its Fort Saskatchewan, Alberta, refinery dropped plans to begin commercial pro- 

from calcines, alloy grindings scrap, and duction. This left Cobalt Refinery with 

| Table 8.—World production of cobalt by countries! 
. (Short tons of contained cobalt) oo , . 
RS 

Country 1961 - 1962 1963 1964 §~—-:1965 P? 

Australia (cobalt in cobalt oxide)__-.------------- r19 r17- 19 19° 20 

Canada 3______-___-----------_----------------- 1,591 1,741 1,512 r 1,592 1,899 

Congo, Republic of the (Léopoldville) - 

(recoverable cobalt) __.__-----.--------------- 9,178 10,674 8,131 t 8,461 9,204 

Cuba (recoverable cobalt from sulfide) e-_-_------- ---- 181 192 (4) (4) 

Morocco (content of concentrate)_.--_------------ 1,422 1,583 1,511 1,850 2,019 

U.S.S.R. (meta))e_.._.-----__------------------- 1,100 1,200 1,300 1,300 1,400 

Zambia (formerly Northern Rhodesia) 
(content of white alloy, cathode metal and . 

other products) - --_-------------------------- 1,701 951 718 1,552 1,702 

World total e_......__.--_---_------------ 715,900 117,100 +*14,200 r15,500 17,100 
III Bees sneer 

e Estimate. p Preliminary. * Revised. 
1 Cobalt is also recovered, principally in West Germany, from pyrites produced in Finland, and estimates 

are included in the world total. Production data for Bulgaria, East Germany, and Poland are not available, 

and no estimates for these countries are included in the world total. Cobalt concentrates are being stockpiled 

in Uganda, but exact figures are not available. U.S. figure withheld to avoid disclosing individual company 

confidential data included in the world total. 
2 Compiled mostly from data available June 1966. 
3 Cobalt in all forms. Excludes the cobalt content of nickel-oxide sinter shipped to the United Kingdom by 

International Nickel, but includes the cobalt content of Falconbridge shipments of nickel-copper matte to 

Norway. 
4 Data not available, no estimate included in total. |
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excess speiss. During 1965 the company produce copper-cobalt oxide, dolomitic 
sold speiss in Europe, as well as to El- | oxide, and sulfide concentrates. - 
dorado... : | ‘Extraction was accomplished at the | 

_ Falconbridge Nickel Mines Ltd. recovered Shituru plant at Jadotville and the Luilu 
electrolytic cobalt at Kristiansand S., Nor- Plant at Kolwezi. The Shituru plant. pro- 
way, from nickel-copper matte produced duced electrolytic cobalt, about 95-percent 
at Falconbridge, Ontario. | : _ pure, part of which was exported and part 

. . . . further refined to about 99.6-percent cobalt 
Congo, _Republic of the (Léopoldville).— in an electric furnace, granulated, and  —_{. 

Union Miniere du Haut-Katanga increased . shipped to the Luilu ‘plant, Kolwezi, for 
output 9 percent. , | degassing. The Luilu plant, in addition to 

_ Production of copper-cobalt ores con- producing electrolytic cobalt for refining at 
| tinued from the Kambove, Sesa, Kakanda, Shituru, also produced increasing amounts 

Kamoto, and Musonoi open-pit mines and of commercial-grade cobalt cathodes, 99.9- 
the Kambove and Kamoto underground percent pure, for degassing and export.2 
mines. Ores were treated at the Kolwezi, Cobalt production in recent years has 
Kakanda, and Kambove concentrators to been as follows: : 

Product ; . | 1963 1964 1965 

. Electrolytic cobalt cathodes. ____.._._.------------------------------ 2,200 2,289 1,450 
Electrolytic cobalt granules__...._._.._____----__---_-_.._.--_--__-__-_. 5,821 5,664 : 3,829 
Electrolytic cobalt commercial-grade cathodes._________-_______._____- ---- 558 3,940 . 

. Cobalt in cobalt-copper alloy. ___.._______..____________ = _______ 610 ---- ---- 
Cobalt in various products. ._.__....__-.---.---------2-------------- eee woee 27 

Total ____--.-------122----------- 2-222 -o eee ----------+--- 8,181 8,461 9,246 

_Finland.—Outokumpu Oy, the: State- 1965. About 19.4 percent of the cobalt was ~ 
owned nonferrous metals producer, negoti- recovered in 36,915 tons of cobalt concen- 

ated an agreement with Sherritt Gordon trate averaging 3.98 percent cobalt and 9.25 
Mines Ltd., to use that company’s process percent copper... Electrolytic cobalt produc- 

| in a new cobalt recovery plant at Kokkola. tion was 1,106 tons, and sales were 1,711 
The plant will have annual capacity of _ tons.3 | 
about 1,300 tons of cobalt per year, and During May the company placed in com- 
will utilize cobaltous pyrite sinter presently | mission a cyanide regrind circuit which en- 
shipped to West Germany for recovery of abled the recovery of considerably larger 

cobalt. tonnages of cobalt. concentrate; recovery of 
a : | cobalt was estimated to have improved 

Zambia.—Rhokana Corp. Ltd., produced from 16 to 34 percent. 7 
_ 5.45. million tons of ore containing 2.29 Chibuluma Mines Ltd. produced 15,989 

percent copper and 0.14 percent cobalt tons of cobalt-copper concentrate in the 
from the Nkana North, Nkana South, and year ending June 30, 1965. Sales were about 
Mindola mines in the year ending June 30, 2,000 tons, and the rest was stockpiled. 

. TECHNOLOGY | 
Geologic publications described cobalt tine;7 moorhouseite, essentially (Co, Ni, 

occurrences in Maryland,s Nevada,5 and Mn) SO4-6H20O; apolwite, essentially (Co, 
Flin Flon, Saskatchewan, Canada.é Mn, Ni) SO4-4H20O, efflorescences on sul- 
Four new cobalt minerals were reported: fides, Nova Scotia, Canada;8 and a very 

Wairauite, CoFe, in New Zealand serpen- fine-grained unnamed cobalt analog of 

*Union Miniere du Haut-Katanga. Annual  o¢ Cobalt and Nickel in Some Sulphide Deposits _ 
Report. Brussels, Belgium, 1965, 40 pp. of the Flin Flon Area, Saskatchewan. Canadian 

3 Rhokana Corp. Ltd. Annual Report. Lusaka, Min. J. (Quebec), v. 86, No. 3, March 1965, 

| eae Alien V. and Nancy G. Pearre p. 79. 
Copper, . Zine, Lead, Iron, Cobait, and Barite " Challis, G. A., and J. V. P. Long. Wairauite 

Deposits in the Piedmont Upland of Maryland. —A_New Cobalt-Iron Mineral. Miner. Mag and 
Maryland Geol. Survey, Bull. 28, 1965, 72 pp. J. Miner. Soc. (London), v. 33, September 1964, 

5 Beal, Laurence H. Geology and Mineral De- PP. 942-948. 
posits of the Bunkerville Mining District, Clark 8 Jambor, J. L., and R. W. Boyle. Moor- 
County, Nevada. Nevada Bureau of Mines,  houseite and’ Aplowite, New Cobalt Minerals 
Bull. 63, 1965, 96 pp. From Walton, Nova Scotia. Canadian Miner, 

® Falkner, Edward Leslie. The Distribution v. 8, pt. 2, 1965, pp. 166-171.
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pentlandite, CogSg, from near Noranda, A large number of articles were pub- 

Quebec, Canada.2 Some problems of the lished on various cobalt alloy systems. ‘These : 
crystal structure of cobaltite were re- and other technical reports dealing with 

| ~  solved.10 | . cobalt, its alloys, and metallic and non- 
, Union Miniére du Haut Katanga pub- metallic applications, were abstracted in a 

| lished. a finely illustrated monograph de- section of the quarterly journal Cobalt.22 
7 scribing its development and current oper-— Research on the superalloys: and heat- 

| ations. Included were brief summaries of resisting alloys was concerned with the 
. the mining and concentration of ores and improvement of strength and of creep and 

production of cobalt . granules and cath- corrosion resistance. Summaries of develop- __ 
odes.11 . ments and trends in these materials,23 and 

| Sherritt Gordon Mines Ltd. recovered also on materials for gas turbine engines 
| cobalt, nickel, and copper from an Oxi- were published.24 Coatings also were being 

dized cobalt-nickel-iron sulfide concen- developed to protect alloys from various 
«ate? forms of corrosion. | 

| A versatile chemical process for recovery | Properties of several cobalt b llovs 
of nickel and cobalt from _ nickeliferous er pe orte d: Cobalt i te ase oa 

| laterites was described,13 and the economics were rep - “tungsten sup 
discussed.14 The end product, nickel and = —-WW——— . 

sh; lo. ®Stumpfl, E. F., and A. M. Clark. A Natural 
cobalt sulfide, would be further Pp rocessed Occurrence of CosSs, Identified by X-Ray 
in existing nickel refineries. The process Microanalysis. Neues Jahrb. Mineral. Monatsh, | 
; ' ‘ : v. 8, 1964, pp. 240-245. © . 
involves pugging the ore with sulfuric ‘i Gioco RF. Jr, and P. F. Kerr, The 
acid, drying, roasting, leaching, and pre- Crystal Structures of Ordered and Disordered 
cipitation - Cobaltite. Am. Mineral., v. 50, No. 7-8, July- 

- . . . . August 1965, pp. 1002-1014. 
. A Bureau of Mines publication described 11Union Miniére du Haut Katanga. Mono- 

a os . “tec 116] graph. 1964, 83 pp. - . 
a sulfatizing process fo r_ laterites using a 1% Maschmeyer, D., and B. Benson. Hydro- 

oe sulfur dioxide-air reaction gas;15 a recovery _ metallurgical Treatment of Oxidized Nickel- 

: process for cobalt in an aqueous solution of © Cobalt Concentrate. Canadian Min. one mies 
copper, zinc, and cobalt sulfate salts was 1965, pp. 931-938. =» _—_ " , 
patented.16 13 Zubryckyj, N., D. J. I. Evans, and V. N. 

_ Mackiw. Preferential Sulfation of Nickel and 
- An announcement was made of commer- Cobalt in Lateritic Ores. J. Metals, v. 17, No. 

: “At -hioh- . . 5, May 1965, pp. 478-486. cial production of an ultra-high-purity elec 4 Young, KA. N. Zubryckyi, D. J. I. Evans, 

tron beam float-zone refined cobalt rod with and V. N. Mackiw. A Sulphation Leach Process 
: : 1 ; For Recovering Nickel and Cobalt From Laterite 

nominal imp urity analysis of 100 parts per Ores. Sherritt Gordon Mines Ltd., Res. and 
million interstitial content (O2, Ne, He, C) Devel. Div., Fort Saskatchewan, Alberta, Canada, 

Wiant : . March 1965, 27 pp. and 25 parts per million substitutional 3 Joyce, F. E.. Jr. Sulfatization of Nickel- 

content.17 iferous Laterites. BuMines Rept. of Inv. 6644, 
ae : _ 1965, 16 pp. | Areas of activity in fundamental and ap 1° Barat, Cihat M., and Raymond O. Lehr 

plied research were indicated by papers ( assigned to Dorr-Oliver Inc., Stamford, Lonn.) 
° , rocess or e reatment o n queous 

presented in the volume, Journeées Inter- Solution Containing Various Metal Sulphate 
nationales des Applications du Cobalt;18 Salts For The Recovery of Metal Values, Par- 

. PP ticularly of Cobalt, Therefrom. U.S. Pat. 
six papers reported on fundamental re- 3,168,375, Feb. 2, 1965. . 

. : ° 17 Materials Research Corp. Advanced Materials 
search, four on magnetic materials, eight on Division, Ultra-High Purity Cobalt. Orangeburg, 
heat-resisting alloys, five on high-strength NA February 1965, 1 p. les des Applicat 

ournées Internationales des pplications 

steels and alloys, and two on wrought du Cobalt. Centre d’Information du Cobalt, 
cobalt. Brussels. Belgium, 1965, 407 pp. 

. . 49 Winterhager, H., and J. Kriger. Pure 
Substantial progress made in document- Cobalt and Its Properties. Cobalt, No. 29, 

in the roperti f obal in ] ; December 1965, pp. 185-195. 
8 P P ties o & . alt since . 958 20 Pauthenet, R. Magnetic Properties of Co- 

when a previous description was written, alt and of Some Cobalt Alloys and Ionic 
was . summarize b ublication f best Compounds. Cobalt, No. 26, March 1965, pp. 

. d . yY P ° 3-9; No. 27, June 1965, pp. 76-84. 
available data on its crystal structure, allo- 21 Habraken, L., and D. Coutsouradis. Tenta- 
tropic r nsformation, thermal thermo- tive Synthesis on the Role of Cobalt in High- 

P . tra . , Strength Alloys. Cobalt, No. 26, March 1965, 
dynamic, electrical, and magnetic proper- pp, 10-24. 
ties.19 netic properties of cobalt and 2 Cobalt. Cobalt Information Center, Battelle | 

s Mag © Prop . Memorial Institute, Columbus, Ohio, Nos. 26-29, 
some of its alloys and ionic compounds2° = j9¢5, 

and the role of cobalt in high-strength 33 Decker, R. F., and R. R. DeWitt. Trends in 
ll 21 . d High-Temperature Alloys. J. Metals, v. 17, No. 

alloys“* were reviewed. 2, February 1965, pp. 139-145.
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loys;25 high-temperature alloy MAR-M ———. Materials For Large Power Turbines. 
| 509;26 and embrittlement of L-605.27 Vapor ue Pree Nhe cn en ee pp. 91-96. | woe reche, John C., Richard L. Ashbrook, and deposition of cobalt-tungsten alloys was ac- Gary D. Sandrock. The Potential For Cobalt- 

complished by hydrogen reduction of an- anesten Superalloys. Metal Prog., v. 87, No. 5, 
hydrous mixed vapors of cobaltous chlori oy PP a d tunoste, b P hloride 28 de * Wheaton, H. L, MAR-M 509, A New Cast : gs en exachioride. Cobalt-Base Alloy For High-Temperature Service. 

. Cobalt-bearing magnets continued to re- Cobalt, No. 29, December 1965, pp. 168-170. 
. : . *7 Sandrock, Gary D., Richard L. Ashbrook iv , . ok, ce “t Substantial attention. | Among those and John C. Freche. Effect of Silicon and 

studied were the Alnico magnets, including Iron Content on Embrittlement of a  Cobalt- 
| Alnico 829 and also cobalt-platinum mag- B25? ap dee Cobalt, No, 28, September | 

netic alloys.30 The cobalt-platinum alloys 8 Donaldson, J. G. Vapor Deposition of Cobalt- 
are malleable and ductile. A process for fvungsten Alloys. BuMines Rept. of Inv. 6713, 

2 ° . ° > pp. a , producing ductile cobalt-iron-vanadium 29 Tali , ; Julien, C. A., and F. G. Jones. The Magnetic magnetic alloy was patented.31 IBM pro- Property Effects of ay Phase in Alnico 8 Alloys. 
duced a ferromagnetic amorphous gold- Cobalt, No. 27, June 1965, pp. 73-75. cobalt al +. os : 30'Walmer, Marlin S. (assigned to Hamilton _ alloy by vapor deposition.32 Watch Co., Lancaster, Pa.). Cobalt-Platinum . 

e cobalt-bearing maraging steels were | Alloy and Magnets Made Therefrom. U.S. Pat. 
, increasingly utilized because of their great ore ng les'W. " 7 “7: . en, arles W. (assigned to Westinghouse strength, good machineability, and simple Electric Corp., East Pittsburgh, Pa.). Processes | heat treatment. Among extensive publica- For Producing Ductile Cobalt-Iron-Vanadium oe 

. tions were ones on properties33 and utiliza- logenetic Alloys. U.S. Pat. 8,189,498, June 15, 
| aan eM | c © Mader, S., and A. S. Nowick. Metastable 

| ureau of Mines publication reported. “0-AU Alloys: Example of an Amorphous Fer- 
| that substitution of cobalt in types 302 and eae 1965 pO. ste hetters, v. 7 No. 3, 

7 309 stainless steel had an irregular effect %8 Legendre, P. Some Properties of Maraging- 
on corrosion resistance; at some levels of type Steels. Cobalt, No. 29, December 1965, pp. oo 
cobalt content, corrosion resistance was im- 4 Elghozi, Claude. Recent Developments in the 

| proved by the presence of cobalt.35 «(Use of Maraging Steels in the jp eronautical | ve os ; . an pace industries. Cobalt, No. 29, December Coating by ‘metalizing, flame spraying, 1965, pp. 181-184. Inco Nickel Topics. V. 18, No. 
and plasma flame spraying continued to 6. 1965, pp. 1, 6-9. a 

| receive close study, with attention to mate- * Tilman, M. M. Effects of Substituting Cobalt | 
‘al df . 4 For Nickel on the Corrosion Resistance of Two . _Yials and fabrication of new parts, as well Types of Stainless Steel, BuMines Rept. of Inv. 

_ as hardfacing of worn parts.36 6591, 1965, 17 pp. aa | 
me Conditions of deposition and properties » Hall, Frank E. Flame-Sprayed Coatings. | a 18 > prop Prod. Eng., v. 86, No. 25, Dec. 6, 1965, pp. 

of electrolytic-deposited and electroless co- 59-64. | | 
| balt and cobalt-bearing alloys were inten- .. ™ Morral, F. R Bibliography on Cobalt Coat- . : ae . ings. oba nformation enter, attelle a sively studied, particularly for use in com- = Memorial Inst., January 1965, 15 pp. | 

puter applications. A bibliography on cobalt ———. Survey of Recent Developments In 
coatings and a survey and bibliography of glectroplating - Cobalt, _ Alloys. Plating, v. 52, 

e.e er . — ° 

electrodep osition of cobalt alloys were pub- Cobalt Information Center, Battelle Memorial 
lished.37 Institute. Bibliography of Cobalt Alloy Coatings. 

| _ The production of cobalt and cobalt al- January 1965, 34 pp. 
loys b owder metallur was sum- 8 Morral, F. R. Cobalt and Cobalt Alloys By 
me . ass P BY jum Powder Metallurgy. Progress in Powder Metal- 

arized. lurgy, v. 20, Connecticut Printers Inc., Hart- 
Heat of formation, low-temperature heat ford, Conn., 1964, pp. 82-98. | 

Capacity, and entropy at 298.15° K were ¥ engem, u Fes and * G eine: cicats of : . . . ormation o nhydrous Sulfates o admium, 
determined for CoSO4.39 Oxidation of iron- Cobalt, Copper, Nickel, and Zinc. BuMines 
cobalt-nickel glass sealing alloy was Rept. of Inv. 6617, 1965, 10 pp. 
studied .40 Weller, Ww. me, Low-Temperature Heat Ca- 

A repo . . pacities an ntropies at 298.15° K of Anhy- ave rt _Ciscussed the possible use of  drous Sulfates of Cobalt, Copper, Nickel, and arge quantities o _Yadioactive cobalt with Zinc. BuMines Rept. of Inv. 6669, 1965, 6 pp. 
| high specific activity (curies of cobalt-60 *© Abendroth, R. P. Oxide Formation and 

per gram of product) as a heat source for _ Adherence Rn An Iron-Cobalt-Nickel Glass Seal- 

generation of electricity, useful heat, or September 1968, nes. and Sta ndards, v. 5, No. 9 
propulsion force.41 41 Joseph, J. Walter, Jr., Harvey F. Allen, 

ee Carl L. Angerman, and Arthur H. Dexter. 
*4 Cross, Howard C. Materials For Gas Turbine Radioactive Cobalt for Heat Sources. E, I. du 

Engines. Metal Prog., v. 87, No. 3, March 1965, Pont de Nemours & Co., Inc., Savannah River 
pp. 67-74. : Lab., Aiken, S.C., DP-1012, October 1965, 36 pp.





— Columbium and Tantalum 
| : By Richard F. Stevens, Jr. * Bn 

Although interest in the high-tempera- tantalum metal which was approved. for / 
ture uses of columbium and tantalum in disposal from the national (strategic) stock- | 
nuclear and aerospace: applications con- pile by the Congress in December 1964, 

| tinued during 1965, these, like most other GSA ‘offered and sold 20,300 pounds in 
| refractory metals, became in such short mid 1965 at an average price of $9.39 per . 

_supply that releases from Government pound, and 5,364 pounds in the form of — , 
stockpiles were required early in 1966. tantalum stick filaments were transferred | 
The primary use of columbium, in the form to the Atomic Energy Commission ( AEC) — . 
of ferrocolumbium, increased almost 50 for governmental use at the Oak Ridge oe 

_ percent as steel production reached a new National Laboratory, Oak Ridge, Tenn. | oe 
high. The use of tantalum, primarily in - Although no: columbium disposals were an , capacitors and other electronic applications, made in 1965, GSA announeed plans early | | 

_ increased significantly in response to the in 1966, for a long-term columbium dis- 7 
military needs developed by the Viet-Nam —_ posal program covering the orderly disposal =: OT iclation and Governm ent Programs of 5 manor pounds of surpius | colurnbium oo 

| SATO © | | | FTO * from the D inventory. Under ‘this pro- a 
—During the year. the General Services gram GSA announced their intention to re- _ a 
Administration ( ost) awa’ ne ond lease 1- million pounds of columbium in | a 

_ tracts tor the upgrading of columbium and concentrates in the first half. of 1966 to 
_ tantalum materials from the national (stra- " help relieve the demand for this material 

tegic) stockpile. On June 14, Molybde- which became in short supply during 1965. 
‘num Corporation of America was awarde d _. Throughout 1965 columbium and tanta- a contract for the conversion of columbite ,°- 00%. 4) Vth, a o 

- concentrates to 360,000 pounds, columbium tum continued to be eligible for govern- - 
content, of ferrocolumbium. The fee for . mental finantial assistance under the regu- - | this u via dine will be reinb rsed by oa -.lations of the Office of: Minerals Explora- oo 

| is Upgrading wil be reimbursed by pay- tion, Geological Survey, which permits gov- | _ment-in-kind of tungsten concentrates from | my 8 | . ernment loans of not more than 50 percent . 
the Defense Production Act (DPA) inven- 1... | . | | of the total allowable costs of specified ex- | tory. On December 15, Fansteel Metal- loration a : 
lurgical Corp. was awarded a contract for P ‘ i | : 
the conversion of tantalum and columbium As a result of successful research con- bearing tin slags to 84,500 pounds of tan- ducted on the high-temperature properties | 
talum metal powder of four different Of Hf-Ta alloys (see Technology section), 
grades, 15,500 pounds of tantalum metal the National Aeronautics and Space Ad- 7 

: slabs, 15,000 pounds of columbium metal ™nistration (NASA) awarded a 1 year, . 
powder, and 90,000 pounds of colum- $125,000 contract to Fansteel Metallurgical 

_ bium oxide powder (approximately 63,000 Corp. for the development of industrial 
pounds Cb content). Payment for this up- Processing technology and manufacturing grading will be made in pig tin from the capability for the commercial production 
DPA inventory. ~ of the Hf-20Ta alloy. 

Of the approximately 25,740 pounds of 1 Commodity specialist, Division of Minerals. _ 

| | . 337 |
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a Table 1.—Salient columbium-tantalum statistics . | 
(Pounds) 

1956-60 oo - 
i” — . (average) 1961 . 1962 - 1963 1964 1965 . 

United States: . _ a - po 
Production:+ —_ Loe ee, , oe 

Columbium metal (Cb content) - -- “W 252,000 +=: 128,000. + 104,000°  * 94,609 Ww 
Tantalum metal (Ta content)_.... 2?248,000 484,000 514,000 418,000 * 448,302 712,137 

oo. | . Ferrocolumbium and ferrotantalum- a 
columbium (Cb+Ta content)... %668,992 1,156,051 1,573,915 1,575,943 820,000 1,960,920. 

Consumption: — oa Be Oe . 

: - Columbium metal contained in. all. eh gE oe 
_— raw materials consumed (Cb con- a _ 

| . tent) 45_._._ 2. 2 2... $1,184,000 1,738,000 2,844,000 2,054,000 2,758,000 2,749,152 
Tantalum metal contained in all. . : . 
-raw materials consumed (Ta a : : a . oe . 

. - content) 6._...............---. *%517,000. 828,000. 946,000 502,000 ~- 510,000 774,785 
Ferrocolumbium and ferrotantalum- 7 Cite ae ; ‘ me 

A eolumbium (Cb-Ta content).... 533,375 1,052,181 1,397,638 1,345,789 1,478,770 2,198,744 . — 
. Imports for consumption: - . me a - Me oo 

Columbium mineral concentrate _ ee i ~ 
(gross weight)._...--.--.------ 4,010,363 2,777,700 -5,050,888 5,909,512 4,600,800 4,891,786 

Tantalum mineral concentrate — ae . . . 
bo (gross weight)....-..-.--.----- _/ 907,899 1,004,151 1,211,757 944,459 980,702. 1,196,487 | 

. ’- Columbium metal and columbium- |. a oO 

bearing alloys (Cb content) --.-- . 2,139 2,875 1,414 ° 3,792 9,749 
"Tantalum metal and tantalum- —s_ (7. ‘5,786 | oo Dk Oo 

oo bearing alloys (Ta content)...-. } ( w-s-----  --------, =. 2,025~-s 8, 491. 7,122 
. Exports: - a - Oe . OO a . 
. - Columbium ore and concentrate re m 

. (gross weight)......-.-.------- 58,961 56,487. 21,330 46,887 343,433 NA® . 
a, a. Tantalum ore and concentrate = ae SO SO - 

, .. (gross -weight).-....--.---:----.. 10,254 -._.---- | 36,822... 56,010 199,793 283,629 
o -Colurcbium metal, compounds, and — os ae ce co 

. alloys .gross weight). -...._.=..- 79,629 . 13,376 ~ 16,827 14,276 4,674 . 4,217 
a Tantalum metal, compounds, and / - 3 at ae : ee 

oe - alloys (gross weight). .........- } } 15,554 17,9384 . 44,390 32,489 = 20,780 
oo _- Tantalum and tantalum alloy no ot 7 mo. oo - 

. powder (Ta content)-_....----. 4,202. _—'—*+5,585 7,445 14,146 (82,217 24,662. 
. - World: Production of columbium- . So . . a 

tantalum concentrates (gross weight). 6,744,000 10,975,000 9,665,000 9,530,000 11,745,000 14,880,000 

. W Withheld to avoid disclosing individual company confidential data. |. 7 
oo --1 Domestic mine production of cclumbite-tantalite concentrate plus columbium-tantalum content of 
a euxenite concentrate averaged 301,175 pounds per year during 1956-59 ; no domestic mine production | 

since 1959. — mes = co | 
| . 2 Average of 1958-60 only. . : BC - - 

.8 Average of 1957-60 only. «| 7 oo . oe oo 
ce 4Inclides columbium consumed in the-production of ferrocolumbium. ne a 

5 Includes some Cb.in Ta ores which was not recovered. . =. 
- 6 Includes some Ta in Cb ores which was not recovered. — . a 

. 7™Coluambium and-tantalum metals and alloys; separate statistics not available. - a 
- 8 NA Not available; effective Jan. 1, 1965, columbite exports were placed in a basket category and — 

are no longer separately classified. se a .



: COLUMBIUM AND TANTALUM 7 339, 

Table 2.—Columbium materials in Government inventories as of December 31, 1965 
a (Thousand pounds, columbium content) oe . : 

. Defense . | | 
. National Production Supple- _ 

‘Material . Objective (Strategic) Act (DPA) mental Total 
7 . stockpile inventory stockpile 7 

Columbium concentrate: | 7 
Stockpile grade____....-..------ 20 ~~~ 2 uLLe 5,313 7,956 340 13,608 
Nonstockpile grade._.-......--... —--__....- 1,364 ~~ = - . 80 36 ' 1,480 

Columbium carbide powder: | oo . - 
Stockpile grade__............_.-- 20 oe) | 21 

Ferrocolumbium: oe . 
Stockpile grade_.___......-.. 2.2. 930 296 __-.------ 9 ---------- -— 296 — 

On order-upgrading !.-....... —-._..._-_ 360 2. ule eee Lee eine 360 
Nonstockpile grade.____...--.--2  ---2-.---- 1520 _---.-.--- + --------- 152 

Ferrotantalum-columbium: 2 : iy | 
Stockpile grade_._......-.------. ~~ Lue 104 Lo. nie. L +--+ -- 104 . 

Columbium metal: 
Stockpile grade_._._.____________ . 45 30 _- Leelee nae eee _ 30 

On order-upgrading !..._.--.-. 222-2 ee 16 Llu tee 15 
Columbium oxide powder: 

Stockpile grade..______......-... W..----..-- 230 Woe eee eee 23 
oO On order-upgrading !__-....-.  -...------ 63 _.--------  ---------- 63 : 

- 1 Material on order to be acquired through upgrading contracts. . . mS : 
| 2 Credited to ferrocolumbium objective. . 

Table 3.—Tantalum materials in Government inventories as of December 31, 1965 _ 
. (Thousand pounds, tantalum content) 

. . ~ _ Defense - a 
National Production Supple- ; 

Material Objective (Strategic) “Act (DPA) mental ' Total. , 
oo oO - stockpile inventory stockpile - 

Tantalum minerals: - : 7 oo | " 
Stockpile grade_........-.------. 2,947 1,562 1,439 LLL lle — 3,001 
Nonstockpile grade...-.-..-..--.  ---------. 1,459 65 2 (1,526 . 

Tantalum carbide powder: | . * . - 
Stockpile grade._......-...---1-_. | 27 | 29 woe eee Lee 29 7 

Tantalum metal: sO 
. Stockpile grade...-...---.--.2--- | 360 101 wel eee ee eon e ee . 101 | 

_, On order-upgrading !..-..222..0 -2222-.-_- © 100) Lee eeeeeee +o ee --e- | 1100 

- 1 Material on order to be acquired through upgrading contracts. | 7 — | . , . 

— : DOMESTIC PRODUCTION | oe 

As has been the situation since 1960, (including capacitor: grade powder) in- 
| there was no domestic mine production creased in 1965 and totaled 356 tons while - 

during 1965. mo | | production of tantalum metal ingots de- | 
During the.year production of columbi- creased to 139 tons. Fansteel Metallurgi- 

um metal powder, withheld to avoid dis- cal Corp.; Kawecki Chemical Co.; Kenna- 
closing individual company confidential metal, Inc.; Linde Division of Union Car- 
data, dropped significantly while produc- bide Corp., Indianapolis, Ind.; National | 
tion of columbium metal ingots increased Research Corp., Newton, Mass.; Stellite 
slightly to 48 tons. The following com- Division of Union Carbide Corp.; and Wah 
panies produced columbium in 1965: E.I. Chang Corp. were the principal tantalum 
du Pont de Nemours & Co., Inc., Balti- metal producers in 1965. . 
more, Md.; Fansteel Metallurgical Corp., During the year tantalum carbide was . 
Muskogee, Okla.; Kawecki Chemical Co., produced by Kawecki Chemical Co.; Ken- 
Boyertown, Pa.; Kennametal, Inc., Latrobe, nametal, Inc.; Stellite Division of Union 
Pa.; Stellite Division of Union Carbide Carbide Corp.; and Wah Chang Corp. In 
Corp. (UCC), Kokomo, Ind.; and Wah addition, columbium carbide was produced 
Chang Corp., Albany, Oreg. | by Kennametal and Wah Chang. 

Production of tantalum metal powder Producers of ferrocolumbium, ferrotan-
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talum-columbium, and  columbium-base Reading Alloys, and Shieldalloy produced | 

master alloys during 1965 were: Kawecki these ferroalloys by the thermite process. | 

Chemical Co.; Molybdenum Corporation Union Carbide produced high-purity ferro- 

of America, Washington, Pa.; Reading Al- columbium and nickel-columbium at Niag- | 

| loys Co., Inc., Robesonia, Pa.; Shieldalloy ara Falls, N.Y. from the Cb2Os recovered 
| Corp., Newfield, N.J.; Mining and Metals by a solvent-extraction process at its plant | 

Division of Union Carbide Corp., Niagara in Marietta, Ohio. _ | 
. ~ Falls, N.Y.; and Vanadium Corporation of | a | 

- America at its plants in Cambridge, and The Kemet Department of the Linde 

: Vancoram, Ohio, and Graham, West Va. Division of Union Carbide Corp. an- 

These ferroalloys were produced in electric nounced plans to double the production of . 

| furnaces by Molybdenum Corporation of  solid-tantalum capacitors and to expand 

| America, Union Carbide Corp., and Vana- storage facilities at its plant in Green- 

| dium Coporation of America. Kawecki, ville, S.C. : 

oe a -~. CONSUMPTION AND USES ee . 

a Consumption of .columbium metal in the “Ferroalloy” chapter of this Yearbook. 

1965 continued to be primarily in ferro- Union Carbide Corp. announced de- 

alloys for addition to steels to control grain velopment of a commercial process for 

| size and was believed to account for ap- electrocladding and electroforming tanta- 
proximately 85 percent of the metal con- lum and columbium metals from a molten | 

. ‘sumed. Consumption of tantalum metal  alkali-metal fluoride bath. The process is 
was mainly in the form of powder and in- . being marketed through the Stellite Di- 
gots for use in the manufacture of capaci- vision. - 

. tors, other electronic equipment, and cor- Ductile arc-cast tantalum wire became 

| rosion-resistant chemical equipment. commercially available in diameters rang- | 

i ~ Total consumption of columbium plus ing from 4 to 0.002 inch from the Gen- | 
a tantalum in ferroalloys increased: almost eral Electric Co., Cleveland, Ohio. 

50 percent to the highest level on record Kawecki Chemical Co. was licensed by - 
as steel production continued to increase. Imperial Metal Industries Ltd., a subsidi- 

+ ‘The consumption: of ferrocolumbium (Fe- ary of Imperial Chemical Industries Ltd., 
: _ Cb) and ferrotantalum-columbium (FeTa- England, as the exclusive United States 

| Cb) in high-temperature alloys, welding agent for the domestic manufacture and : 
| rods, and malleable iron castings, which marketing of a new columbium-base alloy 

decreased in 1964, increased in 1965. The designated SU 16. This alloy, with a 
Oo greatest single volume increase in the usage nominal composition Cb—11W-3Mo-—2Hf— 

of these ferroalloys was reported as other 0.08 C, retains most of its strength at ele- . 
alloy steels. Domestic consumption of fer- vated temperatures and is expected to find 
rocolumbium during 1965, by major use wide application in the aerospace industry. 
categories, was: Other alloys steels (45 per- The alloy can be readily fabricated to thin 

, ~ cent), stainless steels (27 percent), high- sheet and wire and recrystallized after cold | 
temperature alloys (14 percent), carbon working without loss of ductility. 
steels (12 percent), and nickel-base alloys, Fansteel Metallurgical Corp., added 
welding rods, and permanent magnet al-  acid-proof tantalum chemical equipment 
loys (1 percent). The consumption of fer- produced at its Muskogee, Okla., plant 
rotantalum-columbium continued to de- and ‘aerospace fabrications formed at its 
crease during the year and amounted to California plant to its line of refractory 
less than 2 percent of the total reported metals marketed through Joseph T. Ryer- 
FeCb plus FeTa—Cb consumption (table son & Son, Inc. 
4). The major uses of ferrotantalum-co- Fansteel announced that an expansion 

| lumbium were in the production of stain- of capacity had been completed during the 
less steels (43 percent), capacitors (33 per- year in the VR/Wesson Division and that 
cent), high-temperature alloys (10 per- plans were underway for expanding pro- 
cent), nickel-base alloys (9 percent), and duction capacity of the electro-metals 
cemented carbides (4 percent). group. 

Additional data on ferrocolumbium and The Arnold Engineering Co., Marengo, 
ferrotantalum-columbium are contained in  IIl., a subsidiary of the Allegheny Ludlum
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Steel Corp., announced that it will expand _ refractory metals (W,Mo,Cb and Ta) in . 

its rolling mill production of ultra-thin the temperature range between 1,800° and 

columbium, tantalum, titanium, zirconium, 3,450° F. | . 

and hafnium foil and strip in gauge sizes The National Research Corp. developed 

| ranging from 1 mil (0.001 inch) to 0.00067 a high-temperature tantalum alloy by the | 

inch and under. addition of minor amounts of yttrium 

High strength rings of Haynes alloys which inhibits grain growth at elevated 

Cb-752 (Cb-10W-2.5 Zr) which have a temperatures resulting in longer life and 

yield stress in excess of 18,000 pounds per better high-temperature performance. 

square inch (psi) at 2,400° F were pro- Sprague Electric Co., North Adams, 

duced commercially by the Stellite Division | Mass., announced that it had licensed the 

' of Union Carbide Corp. _ General Electric Co. (GE) to produce 

| Ciba Corp., Summit, N.J., established a _solid-electrolyte tantalum capacitors. Un- 

rare-metals department to market the high- der the agreement,-GE paid Sprague for 

purity columbium and tantalum powders, its past production of this type of capacitor 

nitrides, and carbides produced by its and received a nonexclusive license “with : 

Swiss parent company, Ciba Ltd. - royalties” for the future production of tan- | 

- High-purity (99.9 + percent) tantalum talum capacitors covered by Sprague pat- 

sheets having uniform grain size were pro- ents. This action was similar to the ar- | 

duced commercially in standard thicknesses rangements Sprague previously made with _ | 

from 0.005 to 0.1875 inch and widths Union Carbide Corp. and Cornell-Dubilier 

from 4 to 24 inches by the General Elec- Electric Co., as reported in the 1964 Year- | | 

tric Co. This tantalum sheet, designated book. © me 
- GE-43, is available in lengths from 5 to 25 Though interest in columbium super- 

feet depending upon thickness and metal conducting alloys continued during the year 
condition (cold-worked or recrystallized). and these alloys continued to be offered 

: The major refractory metals facilities of | commercially, the amount of columbium 
the Fansteel Metallurgical Corp., including consumed in this application was small. 
the electron-beam and arc-melting equip- United Metallurgical Corp., Berkeley, 
ment, have been moved from the Rich- Calif., founded in 1963 as a jointly owned 

mond, Calif., and North Chicago, Ill.,lo- refractory metal production - facility by 

| cations to the Muskogee, Okla., plant Temescal Metallurgical Corp. and Phelps 
where most metal production operations Dodge Corp. operated intermittently dur-— 
are now centralized. The fabrication equip- ing the latter part of 1964 and 1965. The 
ment of the Airtek Division of Fansteel _ company was disbanded early in 1966 fol- | 

| Astro Nuclear Group, Compton, Calif., ac- lowing an out-of-court settlement between 
quired in 1964, allows Fansteel to process the two forming companies which had filed 
material from raw ore at Muskogee to law suits to determine control of the joint 
finished product at Compton. company. | | 

The Refractomet Division of Universal- Table 4.—Consumption by end uses of 
Cyclops’ Steel Corp. announced that it ferrocolumbium and ferrotantalum- 
would produce tantalum mill and fabri- columbium in the United States 

cated products from electron-beam- and (Pounds of contained columbium plus tantalum) 

arc-melted ingots. To supply the larger 9£———————___—___—_—_—_- 

size sheets and massive shapes required by Product 1964 1965 
| industry, Cyclops can arc-cast 10-inch ©=—————_______——- 

diameter tantalum ingots weighing 1,000 Stainless steels.........----. 526,265 601,247 
pounds. Other alloy steels........--. 563,591 974,999 

. . arbon steels....-...-.----- | 178,370 265,545 
Sylvania Electric Products, Inc., Sylcor Tool steels }.........-..---- 1,136 1,268 

Division, Hicksville, N.Y., commercially de- Geding feds ble castings. 10,8470 148 
veloped a modified silicide base slurry coat- High-temperature alloys..... 180,464 313,043 

ing containing silver for the protection of  AemanmAsnet alloys---- Be 11468 
columbium metal, a hafnium-tantalum base _— Miscellaneous *_ _----------- 6,620 14,302 

slurry coating, designated Coating R515, Total......_......... 1,478,770 2,198,744 

for the protection of columbium and tan- 
talum substrates in the temperature range 1 es hi | 
from 3,000° to 4,000° F, and a tin-alumi- _—=# Includes hard facing alloys. 
num base coating to protect all four major owes des electrical resistance alloys, premixed
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| oe STOCKS | , | 

With the exception of stocks of tin slags pounds; potassium tantalum fluoride, 69,- | 

| which increased almost 15 percent, con- 002 pounds; and other tantalum com- 

a sumer and dealer stocks were drawn down pounds, 21,506 pounds. 

substantially at yearend and were (in short Consumer inventories of ferrocolumbium 

| tons): Columbite, 550; tantalite, 868; and and ferrotantalum-columbium as of De- . 

pyrochlore, 210. , cember 31, 1965, were: Ferrocolumbium, 

In addition there were the following 525,042 pounds (contained columbium plus 

columbium inventories at yearend: Primary tantalum); and ferrotantalum-columbium, 

metal, 48,627 pounds; ingot, 31,703 10,667 pounds (contained columbium plus | 

pounds; scrap, 54,537 pounds; oxide, 229,- tantalum).. Producer stocks of ferrocolum- — 

420 pounds; and other columbium com- bium at yearend were 548,000 pounds _ 

-- pounds, 17,938 pounds. Tantalum inven- (contained columbium plus tantalum) ; 

tories included: Primary metal, 76,672 producer stocks of ferrotantalum-colum- 

pounds; capacitor grade tantalum powder, bium, withheld to avoid disclosing indi- 

. 97,733 pounds; ingot, 20,561 pounds; vidual company confidential data, contin- 

scrap, 93,379 pounds; oxide, 57,941 ued to decrease. Oe 

a oo PRICES : 

Long term prices for columbite ore, c.if., percent columbium, 0.40 percent carbon 

| U.S. ports were quoted by E&MJ through- (maximum), and 8 percent silicon (maxi- 

out the year at $0.80 to $0.90 per pound mum) was quoted by E&MJ Metal and | 

| of contained pentoxides for material having Minerals Market through February 8 at $3 
a Cb.0s to TasOs ratio of 10:1 and at per pound of. contained columbium, ton 

| $0.75 to $0.80 per pound for material hav- lots, 2-inch lump, packed and delivered. 
ing a ratio of 8.5:1. In March and From mid: February through March the 

throughout the remainder of the year spot quoted price was $2.85, and from April 
prices for both grades were quoted at $1.10 through June the quoted price ranged from 
to $1.15 and $1.00 to $1.05 per pound of $2.80 to $3 per pound of Cb. In July the 
contained pentoxides. During the last half price increased to $3.17 and for the. last | 
of the year, spot prices for Canadian py- quarter of the year the price ranged from 
rochlore were quoted at $1.15 to $1.18 per $3.02 to $3.17 per pound. Although sev- 

| pound of Cb.Os, f.0.b. mine or mill, while eral metal producers announced that they 

| discounts were allowed for long-term con- planned to increase their prices for colum- | 
tracts. Brazilian pyrochlore reportedly sold bium and tantalum metal, the 1965 quota- 
for approximately $0.93 to $0.95 per pound tions by E&MJ for these materials re- 
of Cb.Os. During 1965 the price for tan- mained unchanged from 1964. Colum- 
talite ores, 60 percent basis, cif. U.S. bium metal, 99.5 percent purity, continued 
ports, more than doubled to approximately to be quoted at $36 per pound for roundels 

$7.50 to $8 per pound of contained pent- and at $50 per pound for rough ingots. 

: oxides having a Ta2Os to Cb.Os ratio Tantalum metal continued to be quoted 
of 3:1. at $30 to $49 per pound for powder, $47 

to $60 per pound for sheet, and $52 to $65 
Ferrocolumbium containing 50 to 60 per pound for rod. ,
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Table 5.—Average grade of concentrate received by U.S. consumers and dealers in 1965, 
by country of origin 

(Percent of contained pentoxides) 

: Columbite Tantalite 
| Country SF . 

" Cb20s Ta20s Ratio Ta20s Cb20s | 

“Australia. -_ 22 ween eee Leelee 47 26 Brazil? 22. ee! «BS 0.29 __.L i Le 45 13 Canada ?_________. st” 52.4 820 eee eee Congo (Leopoldville)....._..._...__.._... __....._. wane eee nee eee 38 4 . French Guiana_.._._.....___._.._._.____. a 44 87 - . Malaysia__-..-..._.__.___._.____..-.....- 44 15 .. 2.9: 1 - 41 7 > 26 ° '  Mozambique..._..__....__..___._-... 46 19 2.4: 1 56 . 1 Nigeria. ..-.-......-..-_____.._..___.._. 67 7 -9.6: 1 — 42 - 5 -Portugal._5..22..2200--. ut” 37 ; 27 - 1.4:1 a 37 9 . South Africa, Republic of........._______. wan ene nee fee Lee 56 18 Uganda. .-_---- 22222 ' 33 10 3.3:10 --feeeee LLL x : . 
ma 

— : , . 1 Material reported from Brazil as columbite actually represents pyrochlore. . | ? Pyrochlore concentrate. | 

| FOREIGN TRADE | | 
a Exports.—During the year 1,244 pounds columbium came from West Germany. In | of unwrought columbium and columbium 1965 imports for consumption of un- alloys were exported primarily to the Unit- wrought tantalum metal increased to 7,122 ed Kingdom and West Germany. A total pounds valued at $63,457 from. 3,491 of 2,973 pounds of wrought columbium pounds valued at $52,283 in 1964. In and columbium alloys were exported pri- 1965 these imports came from the United | marily to the United Kingdom, F rance,the Kingdom (34 percent), J apan (19 per- . Netherlands, and Japan. Reexports of tan- cent), France (18 percent), Switzerland | talum ore were shipped to West Germany, (13 percent) , Canada (11 percent), and 
Japan, Austria, the United Kingdom, Can- West Germany (5 percent). During the ada, and France. Tantalum metal was - year 19,040 pounds of tantalum waste and | exported to Japan, the Netherlands, F rance, scrap were also reported imported. from West Germany, Switzerland, and the Unit- Canada. In addition, 56. pounds of | ed Kingdom. oe wrought tantalum alloys and 63 pounds of | | | 7 | _ wrought columbium alloys were imported Imports.—Imports for consumption of from West Germany during 1965. _ " unwrought .columbium metal increased — Receipts of microlite and tin slags re- from 3,792 pounds valued at $1 5,954 in ported in table 7, originated from Mozam- 1964 to 9,749 pounds valued at $82,042. bique and from the Congo (Léopoldville), in 1965. All of these 1965 imports of Malaysia, Nigeria, and Spain. 

Table 6.—U.S. exports of columbium and tantalum, by classes 

oo 1964 1965 
Class a 

\ Pounds | Value Pounds Value 
eee 

Columbium ores and concentrates.._______ wen neeee 343,433 $188,563 (?) () Columbium and columbium alloys unwrought and 
waste and scrap______._.....-...___._.._._.__- 603 4,669 1,244 $20,087 Columbium and columbium alloys, wrought... __..__ 4,071 417,091 2,973 156,892 Tantalum ores and concentrates.............._.... 199,793 401,695 283,629 698,194 Tantalum and tantalum alloys, wrought..__.___... 12,027 582,961 9,621 | 843,027 Tantalum metals and alloys in crude form and scrap. 20,462 226,420 11,159 114,583 Tantalum and tantalum alloy powder._..__._...._. 32,217 573,733 24,662 756,857 

eee 
* No longer separately classified, beginning Jan. 1, 1965.
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Table 7.—Receipts of microlite and tin-slags reported by consumers and dealers 1 

. ' (Pounds) . 

ne 
Se - — 

ae 

| | : 1963 1964 2 1965 | 

- Material - $$. 
OOO ee 

| | Gross Ch205 Ta205 Gross Cb:0s Ta:0s Gross Ch20s Taz0s 

; weight content content weight content content weight content content 
. : . am ee A 

Microlite_-..-----. 80,695 3,478 54,207 182,591 3,186 128,182 131,056 2,533 91,350 

Tin slags.....---- 30,968,743 1,627,641 1,410,778 2,516,153 280,459 154,538 8,822,136 563,886 428,911 

_ .1 May incorporate some duplication. . : i LC 

. 2Data known to be incomplete. _ 

| Table 8.—U.S. imports for consumption of columbium-mineral concentrates by countries | 

(Pounds) . =. 

, 1956-60 oe | a 
Country (average) 1961 1962 ‘1963 1964 —~ 1965 

_ 

North America: . 
Canada...-_.------------ 2,800. 35,575 1,509,928 1,881,704 1,940,133 1,860,631 

Mexico... -----n--e nee eee eee ene neem en cee eee n cece reer eo ccc er eree 25,288 

Total. .....------------ 2,800 35,575 1,509,928 1,881,704 1,940,133 1,885,919 

| South America: | oo : | 
Argentina....------------ 1 oe 

' Bolivia.....-.------------ 758 ___ nee eee ew eee nee eee ee eee none 

- ‘Brazil......-------------- ~ 116,195 73,363 95,767 ~~. :1,784,558 35,478 675,168 

- Total. ..._.------------ 118,124 73,363 | 95,767 1,784,558 35,478 675,168 
nse ene 

Europe: 
7 

. - Belgium—Luxembourg !_..-- ---.-----  --------- . 32,549 33,732 5,922 _....----.- 

Denmark !__._.._.-------- 0 ------- ee ene ne ene eee nnn ee eens 56,217. _...-.---- 

‘Finland. .__-------------- 0 -----2--- 0 --------- weer cree. 2,207 3,807 ...------- 

Germany, West--.-..------ 13,228 _.--.-.-.- 2,204 2,205 ..-----. ----1----- 

Netherlands__._-.-------- | 9,711 --.------ . 28,926 20,4382 .---.---- © 7,545 

Norway...--------------- 337,406 __..-.-.. 662,498 346,688 _.._-.--. ---------- 

Portugal. ...------------- 48,581 22,457 42,565 4,465 21,527 _-.------- 

Spain. _....-..------------ 195 ____...- eels +--+ --- 14,610 _.-.------ 

United Kingdom-.--...-.--- 12,644 -_._-..-- 56,002 _.----..-- 33,600 _....----- 
_ 

Total......---.-------- 421,765 22,457 824,744 409,729 135,183 7,545 

Africa: h East Af —— . 

ritish East Africa... ---.-- nee ee eee peewee eene 
Usnndere neces | 7,685 «29,971 --------- 22,488 | 5739 18.189 
ongo (Léopoldville)....-- fs wanneenee , 

Burundi and Rwanda. ----- 584,014 113,085 55,846 163,437 7,716 34,412 

Malagasy Republic. ---_---- 10,594 6,524 7,586 _..-.--- 21,885 ..--...--- 

Mozambique.......------- 91,362 60,613 25,453 73,498 13,228 32,187 

Nigeria_.___._......-------- 2,389,816 2,181,318 2,388,377 1,301,314 2,311,783 2,111,711 

Rhodesia and Malawi-_----- 1,727 20,700 7,137 853 _.------- ---------- 

South Africa, Republic of_-- 26,953 2,240 4,974 10,142 56,000 _--------- 

Western Equatorial Africa-.. --..-----  --------- 11,244 _..---..- --------- ) ---------- 
Corr EE eee eee 

Total.__..-_.__.---------- 3,112,151 2,414,451 2,500,567 1,571,732 2,419,329 2,240,634 

Asia: 
Aden. ._.--.------------- 270) eae e een ene enn eee e ee were ene woe sree 

Malaysia_-....----------- 352,034 228,459 119,882 261,789 70,677 82,520 

Thailand. ______...------- 2,709 ___------ --n enn n ne ene nnn ene nee nen enone eee 
ae 

Total. —_ waa ----------- 355,013 228,459 119,882 - 261,789 70,677 82,520 

Oceania: Australia__.._.....--- 510 3,395 .-------- --------- ---------) ---------- 
ee eeoo————————————————————————————— 

Grand total: 
Pounds..........--- 4,010,363 2,777,700 5,050,888 5,909,512 4,600,800 4,891,786 

Value__..._..__._--- $4,021,717 $2,305,941 $3,419,361 $3,143,789 $2,276,536 $2,711,677 

a 

1 Presumably country of transshipment rather than original source.
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| Table 9.—U.S. imports for consumption of tantalum-mineral concentrates by countries | - 
. (Pounds) | : oo 

1956-60 . . . 
Country ——- (average) 1961 1962 1963 1964 1965 ~ . 

South America: G | | 
Argentina_.._...---..-..- 3,531 4,444 3,637 4,519 __.ooeeeee Ll 

/ Brazil..._-..-.-.- 2-2-2 177,255 159,925 194,955 241,148 142,047 281,308 
British Guiana__..-.-.----0 -----e ee eee eee Lene tee ee 1,103) _222 LLL , 
French Guiana. __~...._-_- 3,521 .2oeeeee Lee. 5,031 4,240 896 . 

. Surinam. .....----------- 0 ee eee eee ween e ene ee neenee pn een eee 15,300 

Total... 22.22 184,307 164,369 198,592 250.698 147,390 297,504 

Europe: 
Belgium—Luxembourg !_.._ — 8,274 . 47,993 '. 31,896 2,187 ....-___- 55,266 
France____.-------------- 0 eee ee eee eee eee eee eee eee ee 12,287 
Germany, West___.._.__.- 27,086 ._._..._- 11,276 _-u---- ee Lee eee Lee 
Netherlands. .._....-._--- ' 1,602 26,495 _._ LL. 4,779 119,715 81,932 
Portugal. ...._._...2-_._- 21,365 29,793 95,692 72,711 32,281 — 47,772 | 
Spain. ____-_.- 632 11,148 2,645  _-.- 2 ee. LLL Lie 13,484 . 
Sweden..._____.________- . 198 --Lee eee eee eee eee eee eee . 

Total. 2.222 59,157 115,429 141,509 . 19,627 151,996 210,741 . 

Africa: oo . | . 
British East Africa: _.____- | wee ee eens | Leek 

- Kenya... 22-2 945 36,182 9,911 — 8,287 (§,3862 2... Lo. 
Uganda. -__._-_--- 2 _- Se wanneeeee 4,505 oo 
Congo (Léopoldville)_______ 462,615 164,277 228,185 147,257 101,160 159,627 : 
Burundi and Rwanda______ ! o . 2,208 15,432 
Malagasy Republic_______- 14,966 11,953 12,126 52,246 16,101 8,157 
‘Mozambique_____________- 66,875 219,847 351,087 156,528. 277,144 276,391 

: Nigeria..._.....____-_--___ 28,225 121,110 | 48,551 64,831 83,710 35,980 
. Rhodesia and Malawi-_-_-_-__- 36,706 53,098. 98,716 93,990 16,149 7,908 

' South Africa, Republic of___ 13,567 31,677 8,733 31,597 - 4,059 12,192 
Western Equatorial Africa... | . ean eeeeee) Bee ee 

— ‘Central African Republic... j.....-.-.-  .----.--- 26,455 ___---._.. 472 eee 
Western Portuguese Africa_ - 0 aen------  --------- 3,490 6,746 © 110,494 . 6615 | 

| Total... .------------.-- _- 623,899 638,144 787,254 «561,482 «616,859 == 526,807 | 
Asia: oo 

Indonesia_-.------------- 0 ------eee eee eee eee eee eee 20,000 
Japan....---- 22-8 . 4,401 _ Ll .e 1,311 5,999 
Malaysia___....._----___- 4,143 82,807 | 57,437 11,118 2 -- LL. 96,666 

. Thailand. __..._-_.-._____- 903 ._._-___- 5,941 13,795 46,343 26,777 

Total. 2 ee 5,046 82,807 | 67,779 24,908 47,654 149,442 
Oceania: Australia._._........... 35,490 3,402 16,623 27,744 16,803 11,993 

. Grand total: . | . oo, Pounds_.....-.-____- 907,899 1,004,151 1,211,757 944,459 980,702 1,196,487 
Value. 2------------ $1,253,900 $2,001,944 $3,526,948 $2,410,814 $1,606,095 $2,149,727 . 

| . 

. 1 Presumably country of transshipment rather than original source. 

‘WORLD REVIEW | 

NORTH AMERICA during 1965 and represented approximately 
Canada.—Open pit production of pyro- half of the company’s. total deliveries, the 

chlore concentrate by St. Lawrence Colum- Te™ainder going pr marily to European bium Metals Corp., Oka, Quebec, the sole Comsumers. Another indication of the tight 
°3 3 3 . ° ° . 

Canadian producer, continued to increase ©°lumbium situation was the fact that most during 1965 as the company further ex- of the company’s output was committed 
panded its mill capacity from 1,000 to through mid 1966. During the year, St. 1,300 tons of ore per day2 To meet the Lawrence initiated a $2 million under- 
high demand for columbium, St. Lawrence 8round mining program to produce 4,000 
lanned to further expand the mill ca- 9 ———-— | 

P . 1.500 P . 2 Carbonneau, C., and J. C. Caron. . The Pro- 
Pho, to . tons per day in 1966. duction, of Pyrochlore Concentrates at st. Law- 
Shipments o rochlore concentrate to rence Columbium and Metals Corp. Canadian P . n. Y United & q Min. and Met. Bull. (London), v. 58, No. 636, consumers in the nite tates increase March 1965, pp. 281-289. 

—--:232-748 O-67—23



. , | , | o Table 10.—Free world production of columbium and tantalum concentrates (gross weight)! by countries , 
(Pounds) 

A 

. 1961 1962 1963 1964 1965 p 2 : . 

. Country - OO orhowvOO 

Columbium Tantalum Columbium Tantalum Columbium Tantalum Columbium Tantalum Columbium Tantalum 

i 
ee £ 

North America: Canada (shipments)... .---- 119,261 __.-----. 1,909,483 _..._..--. 2,692,935  -_------- 4,222,424 ....--.-- 4,510,182 -..------- 

South America: . . : . . 
Argentina (U. 8. imports)... 22-22-2220 --------- 4,444 ____ LL. 3,637 _....---- 4,519 poe eens mene en ene 

razil: | ; 
Columbium-tantalum_.......----- 838,477 °%264,519 | 338,164 *322,804 342,767  %231,000 $24,643 3180,777 4675,168 4 281,308 . 

Pyrochlore concentrates_.._..-.---- 3,368,629 -_-..-.-- | 224,869 --------. --+------__--------- 712,086 ___....-. 2,686,702 —_-------- iv 

French Guiana_____.._...-___---.---- ween eee 7 pene ee eee -  §,031 r 2,205 oo. 1,874 = 

Europe: : . a 

Norway.._-.----------------------=- 708,118 ..-------  *'769,405 —-_-_.---- 782,633 __...---- 410,056 _...-.--.- 187,391 _....----- 5 

Portugal (U. S. imports).....--------- 22,457 29,793 42,565 95,692 4,465 72,711 - 21,527 $2,281 _._------ 47,772 5 

Afri (U. S. imports). _.-..----------. --------- 11,148 _._.-.--- 2,645 ween eee. 14,610 _._.---.. --------- 13,484 m 

rica: 
. Burundi-Rwanda (U. S. imports)------- (5) . (5) me (5) 7,716 2,208 34,412 . 15,482 

Congo, Republic of the (Léopoldville) a OS td . 

(U.S. imports) 5 6___..------------- 113,085 164,277 55,846 228,185 163,437 . 147,257 . . (7) 101,160 45,125 159,627 - 

Malagasy Republic. ...-...-...----.-- 46,750 20,720 _- . 37,920 7,940 8,820 bd 

- Mozambique §___._...---.---.------- t 371,946 t 346,517 337,927 r 416,670 432,187 4 276,391 O° 

— Nigeria... ....-_......-.------------ 5,257,280 26,230 5,066,880 38,013 4,506,880 - 33,600 — 5,239,360 +22,400 5,707,520 29,030 Oo 

| | Rhodesia, Southern..._.....---------- --------- 138,380 _.._----- 159,820 ._...---- 151,000 _......-- 141,320 _.._-.--- ©62,960 
South Africa, Republic of.....--..-... --------- 20;000 __._----- 8,000 __.--.-- 64,000 _-_-..--- 14,000 ..------. . 6,000 
South-West Africa........-.---------- 670 5,790 1,116 10,444 418 | 4,143 ¥ 447 t 1,027 1,080 1,135 ‘o 

_ Uganda....--.---------------------- 16,240 28,851 19,841 12,858 (17,920 o 

Asia: Malaysia.......-.-....----------+--- 212,800 _....---- 246,400 _..--.--- 197,120 .__------ 125,440 --..-.--.- 103,040  __-..----- wo 
Oceania: Australia___.....__......-------- 31,808 43,097 — r 30,089 — 32,636 21,660 . 

Free world totale....__--.-_------- | * 10,975,000 t 9,665,000 ¥ 9,530,000 r 11,745,000 14,880,000 

¢ Estimate. P Preliminary. T Revised. | 8 
1 Frequently the composition (Cb,0,-Ta.O,) of this concentrate lies in an intermediate position, neither Cb,0, nor Ta2O, being strongly predominant. In _ 

such cases the production figure has been centered. . 
2 Compiled mostly from data available June 1966. . 4 
3 Exports. : 7 
4U.S. imports. . 
5 Burundi-Rwanda included in Republic of the Congo through 1963. - 
6In addition, tin-columbium-tantalum concentrate was produced as follows: 1961, ° 1,400,000 pounds; 1962-65 not available ; columbium-tantalum content 

averaging about 10 percent. = ; 

7 Revised to none. os | 
8 Includes microlite as follows: 1961, 68,780 pounds; 1962, 115,080; 1968, 160,060; 1964, 131,050; 1965, not available. co
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tons per day from a depth of 2,000 feet. 11,000 pounds exported in 1964. 
Development will be completed late in DEMA plans to significantly increase | 
1966 and mining was scheduled to begin the production capacity of its mill to about 
in early 1967. — 992,000 pounds of pyrochlore concentrate 
_ Ferrocolumbium was produced in Can- per month early in 1966. The increasing 

| ada by the Metals and Carbon Division, | of mining operations to match the mill ex- 
Union Carbide Canada Ltd.; Masterloy pansion will present no problems since 
Products Ltd.; and Metallurg (Canada) mining is conducted by simple surface 
Ltd. The major Canadian ferrocolumbi- stripping and subsequent open pit tech- 
um consumers were Atlas Steels Division niques applied to the extremely rich (4+ 
of Rio Algom Mines Ltd., Welland; the percent CbzOs) ore. Although the Comis- 
Algoma Steel Corp. Ltd., Sault Ste. Marie; so Nacional de Energia Nuclear (CNEN) 
Black Clawson-Kennedy Ltd., Owen has only granted permits to export approx- 

| Sound; Dominion Foundries & Steel Ltd., imately 5 million pounds of concentrate, 
Hamilton; Canadian Westinghouse Co. DEMA has expressed hope that their pro- : 

: Ltd., Hamilton, all in Ontario; and Cru- duction in 1966 will exceed 11 million —— 
cible Steel of Canada Ltd., Sorel, Quebec. pounds to allow the filling of sales orders : 

| __ The Macro Division of Kennametal, already contracted. This large demand 
, Inc., Port Coquitlam, British Columbia, for columbium is a further indication of the 7 

manufactured high-purity tantalum car- tight supply situation which developed in 
bide, tantalum-columbium carbide, tanta- 1965. - 
lum-columbium-titanium carbide, and tan- Although the DEMA pyrochlore con- 
talum-columbium-tungsten carbide. Mas- centrate contained a higher Cb.O; content 

_ terloy Products Ltd. Ottawa, continued to than those from Canada, the DEMA ma- : 
_ produce a self-reducing columbium addi- _ terial, which was reportedly slightly inferior , 

tive, which was a mixture of pyrochlore because of its fine mesh size and radio- 
: and an aluminum or ferrosilicon reductant, active content, was sold at a lower price 

for use in steelmaking. than the Canadian concentrate. 
Oe The ownership of DEMA changed dur- 

| SOUTH AMERICA ing 1965 when Molybdenum Corporation . 
Brazil.—The pyrochlore operations of | of America (Molycorp), which had owned 

Distribuidora e Exportadora de minerios e 25 percent of the company, and Pato Con- 
Adubos, S.A. (DEMA), at Araxa, Minas  solidated Gold Dredging Ltd., of British 
Gerais, progressed smoothly during the year Columbia, Canada, purchased the 25 per- 
and the company reportedly planned to cent interest held by Wah. Chang Corp. 
expand operations in 1966.3 During 1965 DEMA is currently owned by Brazilian in- | 
a modification in the flotation technique terests (50 percent), Molybdenum Corp. 
resulted in the production of a higher (331/3 percent), and Pato (16 2/3 per- 
grade concentrate containing 57 to 58 per- cent). However, since Pato is a subsidiary 
cent Cb:Os. Prior to this change, which of the International Mining Corp., the 
lowered the silica (SiO2) content, the company which recently purchased Kenne- 
Cb:Os content had been about 54 percent. cott Copper Corp. interest in Molybdenum 
Production of pyrochlore concentrate dur- Corp., Molybdenum Corp. effectively has a 
ing the year exceeded the estimates report- 50 percent interest in DEMA.4 Manage- 
ed in the 1964 chapter and increased from ment of the joint venture between Pato | 
approximately 712,000 pounds in 1964 to and Molycorp. will be through the newly 
2.6 million pounds in 1965. The 1965ex- formed Niobium Corp., a New York hold- 
ports of pyrochlore concentrate to Japan, ing company owned by Molycorp. (66 2/3 7 
the Netherlands, the United Kingdom, and __ percent) and Pato (33 1/3 percent) and 
the United States increased substantially represented by D. M. Kentro, general man- 
to over 2.9 million pounds from some 150,- ager for rare earth and columbium min- 
000 pounds in 1964. Production of ferro- _ing operations of Molycorp. 
columbium by the thermite batch process British Guiana.—A columbite and tan- 
increased from almost 40,000 pounds in  talite mining operation employing about 
1964 to over 600,000 pounds in 1965. 
During 1965 465,000 pounds of FeCb were 3 Bureau of Mines. Mineral Trade Notes. V. 
exported and 22,000 pounds were sold 62, No. 6, June 1966, pp. 11-12. . : 
domestically, compared with the total of chlove Interest NG nee A pee 27. 18s. po Ba.
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100 miners was reported at Oranapai, Sweden.—Swedish production of ferro- 
Mazaruni. Because of the area’s remote columbium in 1965 was estimated at 400,- 
location, ore transportation is the mine’s 000 pounds, columbium content, all. of 
major problem. which was believed consumed by the do- 

ce 7 Oo , mestic steel industry. | 
| oe | EUROPE | Switzerland.— The new refractory metals | 

Belgium.—At its factory at Hoboken, a _ refining plant recently constructed by Ciba 
new rolling mill was installed by Fansteel- Ltd. near Basle became operational in 1965 
Hoboken, S.A..to fabricate tantalum sheet and has a capacity of 100 tons per year. 
for corrosion-resistant use in the chemical The plant reportedly uses a special chlori- 
and oil industries. This growing demand nation type process to extract high-purity 
for tantalum sheet prompted Fansteel-Ho- columbium and tantalum metals. 
boken to acquire a major shareholding in- United Kingdom.—Ferrocolumbium pro- 

| terest in Toleries Gantoises, Drongen, a duction in the United Kingdom during the | 
‘producer of specialized equipment for the year has been estimated at 1.5 million 

chemical industry.5 . , pounds, columbium content, of which ap- | 
| France.—Estimated production of ferro- proximately one-third was exported to West- 

columbium during the year was approxi- ern Europe, Republic of South Africa, Ja- 
| mately 600,000 pounds, columbium con-. pan, and the United States, while the re- | 

| tent, of which one-third to one-half was maining 1 million pounds was consumed do- 
exported to West Germany. - mestically by such companies as Murex 

Germany, Federal Republic of.—Pro-  Ltd., Rainham (Essex). Murex installed 
| duction of ferrocolumbium during the year two up-to-date induction furnaces designed 

was estimated to be 600,000 pounds, co-. for the production of a wide variety of 
| -lumbium content. Since approximately metals and alloys to meet the increasing 

340,000 pounds were imported from France demand for Murex “master” alloys. More 
and Austria, apparent consumption and than 200 different metals and alloys are : 
shipments of ferrocolumbium were esti- produced by Murex annually by thermit. 
mated to be 940,000 pounds. , reduction and by-electric and high vacuum 
Norway.—The Norwegian pyrochlore furnace techniques.? 

producer, Norske Bergverk. A/S, a gov- | 
ernment-owned corporation, suspended AFRICA | 
mining operations of the low-grade pyro- . Congo (Léopoldville).—To obtain a re- 

chlore deposits at Sove, near Ulefoss in the liable source of supply of columbium, Un- 
Telemark district, on September 1. Al- ion Carbide Corp. continued to develop an 
though the concentrate was quite rich, open pit pyrochlore mine near Beni, North 
with 55 to 60 percent CbeOs and low tin Kivu. It is anticipated that a pilot plant 
and tantalum contents, the operation be- with a capacity of 40 tons of ore per day 

7 came increasingly uneconomical as lower — will be constructed and operated as a joint 
grade ores were worked.6 This pyrochlore venture between United Carbide and Bel- 
was converted to ferrocolumbium by fer- gium interests. : 
roalloy producers in the United Kingdom, Mozambique.—The principal columbite- 
West Germany and Sweden. tantalite producers in Mozambique, Socie- 
Portugal.—Metallium Corp. continued dade Mineria de Morropino and Empresa 

to be the major Portuguese tantalum pro- Mineria do Alto Logonha, which both re- | 
ducer, recovering tantalite as a coproduct covered. columbite-tantalite ores from the 
of tin mining operations. While most tan- pegmatite deposits southwest of Nampula, 
talite producers in 1965 recovered only the were troubled by technical, transportation, — 
higher grade concentrates containing 60 and management difficulties which resulted 
percent TasOs and up, Metallium con- in significantly decreased production. | 
tinued to produce some medium grade con- Nigeria.—The production of columbium, 

, centrates containing 35 to 40 percent which was recovered as a coproduct of tin 

TazOs for regular customers who required 5 Chemical Trade Journal and Chemical Engi- 
the lower grade. The tantalum produc- neer (London). Tantalum Sheet Plant. V. 156, 

tion of Portugal was stimulated by a boom- Np i Mtr 2 TMs oe 
ing tin market and by the addition of No. 5020, Aug. 6, 1965, p. 25. 

ae . . > 5 
Metallium s two new tantalite processing Prodvction af "Mate ANON Y. Stens we? 

units in the Lima Valley. 5077, Nov. 5, 1965, p. 586.
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mining operations, increased 9 percent to with low-price imports.8 ‘Production of 
3.7 million pounds during the year as a tantalum metal during 1965 totaled 20,700 : 
result of the increased demand and almost pounds. : 
all of the future columbite production was Malaysia.—Preliminary reports indicated 
committed under forward long-term d tin that production of columbite-tantalite con- | tracts. | Juntar Tene Ge. es i | centrate which was recovered as a byprod- 
Oh co ‘he um of ti s : u ‘ol is epost uct of tin mining operations continued to | w ere a a ratio Ot oe oh Amale vmmated decrease steadily and fell approximately 18 

) ; , eM j * percent during the year.. uring 1964 Tin Mines of Nigeria Ltd., increased co- Malavsia i | : ANN ; ysia imported almost 27,000 pounds 
nbrum production substantially. neat or of tantalum concentrate, also recovered 
€ ancrease came irom the treatment Of from tin slags, from Thailand and reex- the company’s columbium-rich tin slag ported 13,000 pounds to the United States. | stocks. The Bisichi Tin Co. (Nigeria) Ltd. Thailand.—Union Carbide C. (UCC) 

will use hydraulic mining techniques to non Uarbide Uorp. 
recover additional tin and columbium from 22nounced that the new tin smelter con- 
its Bukuru mine in Northern Nigeria. structed by Thai roo e 4 pefining Co., 

Rhodesia, Southern.—The Benson mine 2 Jot venture o and Eastern Min- 
north of Mtoko continued to be the coun- 18 Development Co. Ltd. (Thailand), 
try’s chief independent tantalum producer which began operation during the year 
during the year, obtaining tantalum con- wm Produce high-grade tantalum bearing 
centrates from microlite ore. Other co- in Stag Dyproduct which will be used to lumbium and tantalum production was ob- help alleviate the short supply of this metal. 
tained as a byproduct of tin mining at This slag reportedly will contain an in- 
Kamativi. , ; sufficient quantity of columbium to— justify | 

_. South-West Africa.—Much of the 14 18 recovery. - 
percent increase in production of tantalite- OCEANIA | | 

_ columbite concentrates during the year was . . 
obtained as a byproduct of beryl mining Australia.—Greenbushes Tin N. L. began 
operations by S.W.A. Lithium Mines (Pty.) "ecovering tin and tantalum by dredging 
Ltd. Other companies producing tantalite 224 open pit methods at Greenbushes, 
from the country’s extensive tantalum-rich | Western Australia, during the year? Al- pegmatite deposits included Atlantic Ex- though initial production was expected to | | 
plorations Co. (Pty.) Ltd., and Tantalite be between 50,000 and 100,000 pounds of Valley Minerals (Pty.) Ltd. ae She, annually averaging | 
‘Uganda.—Tororo Industrial Chemicals ?PPYOximately 39 percent la2Os ani to | & Fertilizers Ltd., recovered and exported 20, percent CbsOs, Greenbushes produced | 

almost 26,000 pounds of Cb:Os in pyro- OMY Sughtly more than 3,000 pounds o | 
chlore concentrate from apatite tailings... tantalite during 1965 owing to a break- - | | down of the dredging system. The com- 

: ASIA pany announced plans to expand produc- | 
Japan.—The position of producers of tion to about 000. Pounds of tantalite 

_ high-grade tantalum, who have been un- Concentrate annually in 
able to meet the demand in capacitors and Additional 1965 tantalite production was 
chemical equipment, has been aggravated reported from the Pilbara District (about 

| by the freezing of imports of tantalum foil 900 pounds) and _ the Yalgoo District 
and tube to such an extent that production (about 7,661 pounds) of Western Aus- 
of the metal is uneconomic in competition __ tralia. 

‘TECHNOLOGY | 
Extractive and physical metallurgical in- _rination of high-grade minerals in the pres- 

vestigations of columbium and tantalum ence of carbon at temperatures between 
were continued during 1965 by the Bureau 500° and 800° C.1° Using this extraction 

f Mi O ss d by B . of Mines. ne report was issued by Bue = —~~———— _ 
reau metallurgists which studied the ex- tom Ween Soren 15, 1966, *D. Tanta 
traction of columbium and tantalum from ® Metal Bulletin (London). Tantalite Dearer. 
their ores and concentrates by direct chlo- 9; 5045» Nov. 5, 1965. i y direct chio 10 May, S. L., and G. T. Engel. Extraction of
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technique, recoveries of 99 percent ‘of the ing potassium when exposed for 3,000 
7 -columbium and tantalum were obtained. hours at 1,095° C.. — | - 

Metallurgical beneficiation of low-grade Tantalum and columbium metals and 
| ‘source. materials by carbothermic reduction alloys were evaluated as structural mate- 

produced a ferroalloy amenable to chlo- rials for use in space-power liquid -metals 
rination at a temperature of 500° GC and — | oe : 

subsequent columbium and tantalum re-. Tantalum and Columbium From ¢ Ores and Con. 
: centrates by Chlorination. ines: Rept. o: coveries of 90 percent. | | Faw. 6685, 8 pp. , 

A second report issued by Bureau sci- P 1 Landsherg, Arne, and Frank B. Block. A 
‘tc di ¢ ; i tudy of the orination Kinetics of Germani- 

entists discussed a study of the chlorination um, Silicon, Iron, Tungsten, Molybdenum, Co- 
kinetics of tantalum and columbium made —_jumbium, and Tantalum. BuMines Rept. of Inv. 
to determine the effects of. temperature, ate ati ° Pp. h Council, € at 

. : ational Researc ouncil. Coated Refrac- 
chlorine concentration, geometric surface tory Metal Technology—1965. Materials Advisory 

| area, and gamma irradiation.!1 Because _ Board, National Academy of Sciences, Rept. 
the reaction products were volatile at the tee November 1985, 128 PP lect _ 

u : : eii0rs, ° es an ° enderor. ectro- 

temperature used, the reaction rate was . deposition of Coherent Deposits of Refractory . 
followed by measuring the weight loss of Metals. J. Electrochem. Soc., v. 112, No. 3, 
th lid. March 1965, pp. 266-272. 

€ soud. : ea philip. Refractory Metals Can be Plat- 
: : ne . an ectroformed. at. in Design Eng., v. A detailed review “ coatings ror retrac 62, No. 1, July 1965, pp. 98-94. ! 

_ tory metals subjected to extremely hig 14U.S. Atomic Energy Commission. Reactor 
temperatures indicated that although satis- Materials. V. 8, Nos. 1-4, (published quarterly), 

P : 1965, 249 factory coatings have been developed to IS Ai Penn. Systems C aR h and 
° ir rorce s ommand, esearcn an 

_ protect columbium and molybdenum, coat- Technology Division. Air Force Materials Sym- 
ings for tantalum are still in an early stage posium. Wright Patterson Air Force Base, Ohio, 
if devel t.12 | Tech. Rept. AFML-TR-65-29. June 9-11, 1965, 

| or development. _ 895 pp., Defense Documentation Center, 463572. 

A method was developed for the electro- ki Aves, Ira, Ww. Li and G. Ww. Bourlend. qinves 
: “sh ° igation an evelopment oO ecnaniques 10 = 

deposition of thick, coherent, and dense tend the Utility of Pack Process and Composi- | 
deposits of columbium and tantalum by tions for Coating Molybdenum and iColumbiam 

° . oOys. erospace orp., ailas, exas. 

electrolysis of molten refractory metal fluo- Apt, TR-65-272 (U.S. Air Force Contract No. 
ride in mixtures of alkali metal fluorides.1% AF 83 (615)-1678), August 1965, 170 pp. Coat. 

. : zadd, J. D. vancemient o rotective Coa 
Using this Process, Cb and Ta..could be ing Systems for Columbium and Tantalum Al- 
electroformed into parts which required no loys. cuhompson {Ramo ae glaridge Inc. Cleve- 

hint ve 1 farm; and, io, R-65— .S. Air Force machining or neon See | eh Contract No. 39 (615)=1525),, Apri 1965, 191 PP. 

| The influence of up to 50 percent molyb- —___ Hill, V. L., and J. J. Rausch. Protective Coa 
os | ar ings for Tantalum-Base Alloys. IIT Research 

denum on the oxidation of Cb-Mo alloys Institute, Chicago, Ill. AFML-~TR-64-354, pt. 
| was determined in air: at 1,000° to 1,200° II (U.S. Air Force Contract No. 33 (657)-11258), 

, January 1966, 117 pp 3 we -y 6, . 
C.14 At 1,000°. C minimum oxidation was Priceman, S., and L. Sama. Development of 

oo observed in the Cb-10Mo alloy. — Slurry Coatings for Tantalum, Columbium, and. 
° . “48 o1ybdenum Ooys. yicor Vivision oO yivanla 

Emphasis was continued on additional Riectrie Products Inc., Hicksville, N.Y. AFML- 
research to develop coatings and alloying (aby il) (US. Air ¥ orce Gontract No. 33 

wae . . - , September , pp. 
additions which would protect columbium Rausch, J. J. Protective Coatings for Tanta- 
and tantalum and increase their high-tem- lum-Base Alloys. pty gieseareh Institute, Chi- 

: : ° cago, °9 —o4— ww. ir orce 

perature oxidation resistance.1° Contract 33(657)-11258), November 1964, 49 pp. 
Using a glass lubricant, ‘““H” shaped C Stetson, | A. B- Development of Protective 

° oatings for Tantalum-Base oys. olar Di- "Sha Hao Besar, ae aeieaage ered 2 oe ee a— an. a— —/. alloys a alif., —65—205, Pt. 5. Air Force 
. ° ° Contract No. 33(657)-11259), June 1965, 160 pp. 

temperatures ranging from 300° to 3,250 Wimber, R. T. Development of Protective 
F.16 Ta—10W sections were successfully Coatings for Tantalum-Base Alloys. Solar Di- 

. . vision of International Harvester Co., San Diego, extruded when clad with a seamless molyb Calif, ML_TDR-64-294 (U.S. Air Force Con. 

denum sleeve which served as the lubricant. _ tract No. 33(657)-11259), November 1965, 91 pp. 
The Cb-1Zr alloy showed negligible State ae F. Co and F. W. Boulger. ayhira 

: ° ° us eport o e We overnmen e = weight changes and no noticeable deposits working Processes. and. Equipment Program. 
during two 3,000 hour natural convection Battelle Memorial Inst., Columbus, Ohio, DMIC 
loop tests in potassium at 1.070° C.17 The Rept 218, June 18, 1965, 66 pp. 

. h of the PWC_533 al 7 Rice, William L. R. Nuclear Fuels and 
mechanical strength o 1 — i - Materials Development. vs. Dept. of Com: 
lo b— —3Zr—3Ti—0.1C) and a mod- merce, Clearinghouse for eral Scientific an 
. fe ee Mo,-3Z ff ) rn boil Technical Information, TID-11295, 4th ed., June 
ifie Zr alloy was not affected by boil- —_1965, 145 pp.



| | _- GOLUMBIUM AND TANTALUM _ 351 

service.18 ‘Because of its corrosion resist- tion basis (see Legislation and Govern- | 
ance to the molten metals mercury, sodium, ment Programs). | | en | 

| sodium potassium (NaK), and lithium, and Other studies conducted on the cor- | 
to cesium vapor, columbium—1zirconium rosion behavior of Hf-Ta alloys indicated oo 

| (Cb-1Zr) was proposed for use in the that these alloys were suitable for service 
| SNAP-50/SPUR power conversion system. as construction materials for use in the Ad- | 

Columbium cladding of. sintered urani- vanced Test Reactor (ATR) at. Arco, oe 
um-plutonium carbide (UC-PuC) fuel ele Idaho?6@0 . 
ments remained intact following irradiation A report issued on the role of Cb and - 
while stainless steel cladding failed under Ta tubing in energy conversion and pro- _ 
similar conditions.29 = _. pulsive devices indicated that the largest | 

| Tantalum and some of its alloys which _ potential for use of this tubing was in space _ — 
_ are insoluble in plutonium were evaluated POW®T systems.?7 ne | 

as cladding materials in fast reactors.2° Tantalum and tungsten evaluated with | 
Two tantalum-base alloys, Ta-0.1W and Uranium oxide (UO) fuel material were | | 

Ta—0.75W-0.2Y, and pure tantalum pro- found to be compatible up to 2,/60° GC, 
7 duced by electron-beam melting and_ by the melting point of UO.?8 | a 

double arc-melting were successfully used —_ The C-129Y alloy (Cb-10W-10Hf- , 

_ to contain a Pu-10Fe nuclear fuel in the O.1Y)-- has good strength at temperatures - 
- Los Alamos Molten Plutonium Fast Breed- to 3,500 F, | excellent formability and Oe 
‘er Reactor Program. a welda bility; a subzero  ductile-to-brittle . 

| : ‘ oe transformation temperature, and was not Ss Because of their useful application as | ) mae 
has. on Se adversel t - -silicide- ida- - 

Cladding materials for plutonium-bearing mabe e aff ected by silicide-b ase oxida pS ea. , a tion-protective coatings.29 | : : 
. alloy fuels, alloys of columbium, vanadium, © An evaluation of the compatibility of : 

and molybdenum. were developed which . ep ee Pasuny . © ind” y” - | ‘, Materials with various rocket propellants . 
had superior. creep strength at elevated | eas ys 7 a , temperatures.21 ° a ' . and oxidizers indicated that ‘tantalum was 7 

: " ee > at least partially compatible with a large co 
_ At the National Reactor Testing Station —-—~——___ > pe CO 8 : 

in Idaho, the Fast Spectrum Refractory | Mas Stang, wt M. Simmons, and J. A. De- By 

| Metals Reactor is used to evaluate the — Service. Battelle Memorial Inst., DMIC Memo. 7 
- high-temperature, high-strength properties. 224 ee nT pp. : Page. VII.2 of work 

of tantalum and tungsten under actual op- “x. pages XXIL3 and XXIL4 of work cited in So 
«erating conditions.?2 | Oo footnote 17, oe ee 

Ta, Ta-10W, Cb, and Cb-1Zr were | Rice William 1. R. Summaries of Fuels — 
evaluated for use at high temperatures in Research Under Reactor. Progeams. US. "De- 

-  graphite-moderated thermal reactors.2° partment of Commerce, Clearinghouse. for jHed- 

‘When heated for 120 hours at 1,316° C, 0h, Selentifig and Tectinieal Information, TID 
; Ta rapidly disintegrated from carburization, 21 Miner, William N. ‘Plutonium. Div. Tech. 

while Ta-10W, Cb, and Cb-1Zr remained Info, U.S. Atomic Energy | Commission, Oak — : intact. | - III.8 and III.4 of work cited in footnote 17. | 
Hafnium-tantalum (Hf-Ta) alloys were rays Atomic Energy Commission. Nuclear Se 

. : : eactor Testing Station. Brochure published by 
o f ound to have outstanding potential as the Idaho Operations Office, Atomic Energy Com- 
high-temperature oxidation-resistant mate- mission, Idaho Falls, Idaho, December 1965, 
rials at temperatures in: excess of 4,000° oe Atomte Es Commissi ru | 

os owe mic nergy ommission. . ndaa- ; 

F.24 The Hf-27Ta composition demon- mental Nuclear Energy Research—1965.. De- 
strated the best overall oxidation resist- | cember 1965, 338 pp. | | 

ance in the binary Hf-Ta system. Resistant Hatniam-Tantalum Alloys, J Metals, 
| Simultaneous but independent studies jy. 17, No. 11, November 1965, pp. 1225-1231. 

were also conducted on the Hf—Ta system °5 Chemical & Engineering News. A Hafnium- 

by the IIT Research Institute and led to Tantalum a loy Ga renle of Withstanding Tem- 
the development of a Hf—20Ta alloy which 1965, p. 37. nes 
forms a tenacious, thermal-, shock-, and 23 Page 207 of work cited in footnote 14. 

| heat-resistant scale which retards further ' 27 National Research Couneil. Status ict Re- 
oye - - gs 5 ractor oO ing— . - 

oxidation and limits contamination.?5 . visory "Board, National Academy of Science, | 
Because of its high-temperature potential, Rept. MAB 208-M, Aug. 16, 1965, oT RP. foot- 

NASA issued a contract for the pilot de- ote ae°* 188 8” on WOE 
velopment of this clad alloy on a produc- — 2» page 216 of work cited in footnote 14.
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: number of the propellants while columbium — was prepared on insulating. substrates by _ | 

was compatible with only a few.39_ simultaneous hydrogen reduction of colum- : 

. Production methods of consolidating and _bium and tin halides.3* | oe oO 

producing sheet of D-43, Cb-752, and Ta— Using .a chemical. extraction process, 

, . 10Cb-7.5V alloys were evaluated and high-purity columbium oxide was produced , 

a pilot sheet-rolling studies on. B-66 (Cb— from a pyrochlore-perovskite flotation con- Ss. 

Se 5Mo-5V-1Zr) FS-85. (Cb-27Ta-10W- __centrate with recoveries of 96 percent.35 

a 1Zr), GE-473 (Ta-7W-3Re), and. T-—222 Solid electrolyte capacitors were . pre- 

- (Ta-9.6W-2.4Hf-0.01C) alloys were com- pared using anodes of porous tantalum de- , 

' pleted.3!} / rived from tantalum-titanium alloys by the _ 
Pp ‘ " ° 7 : . e e e ° . e e ¥ Y "* 

| . Pure tantalum metal was produced with process of titanium volatilization in vacuum 

. recoveries of 60 to 70 percent by..a batch at high temperatures.36 ee 

— process in which carbochlorination of the ‘During the year a comprehensive book =—_—> 

| ore converted the metal oxides and/or was published which consolidated the more 

silicates to. their respective. chlorides for pertinent data on the seven refractory 

subsequent separation.®?. .. — .. metals Cb, Ta, W, Mo, Re, Cr, and V.37 

| The superconducting properties of the A bibliography ‘of refractory metal re- | 

oo intermetallic compound Cb:Sn and the ports and patents was issued which indi- : 
: - Cb-Zr alloy system produce high. magnetic cated the extensive work which has been 

_ fields which once ,required megawatts of conducted to develop the high-temperature, 
| power,. thousands of gallons of cooling high-strength properties of Cb and Ta. | 

a water, and tons of iron and copper.33 —_—_alloys.38 ce a | | 

These superconducting magnets contain | The continuing ‘interest in methods of 
only a few pounds of columbium and. tin alloying, and coating columbium and tan- 
and are operated below —410° F. —; _ talum was reflected by some of the patents " 

_. The CbsSn superconducting compound issued during the year.39 =~ a 

- 80 Boyd, W. K., W: E. Berry, and E. L. White. . Coating for Columbium. U.S. Pat. 3,216,851, | 
oe Compatibility of Materials With procket Propel- Nov. 9, 1965. . ° 
a _ Jdants an xidizers. Battelle Memorial Inst., Begley, Ri aT. aviT WwW. Bi . 

A,B yuith, D. J. Department of Defense Te- inehouse Electric Corp... Fitsburgh, Pa). Nic 
fractory Metals Sheet Rolling Program, Status - Bradley. Elihu F d John J. R h- 

, Report -No. 3. Battelle Memorial Inst., Colum- |, Pradiey, Bahu &., and “oan ol. svause: (as- . 
‘bus, Ohio, DMIC Rept. 212, Jan. 26, 1965, 35 pp. signed to United Aircraft Corp., East Hartford, 

L “82'Parker, Sidney G., and Oran ‘W. Wilson. Conn.).' Coated Columbium Alloy Articles. U.S. 

-' . . Separation of Metal Chlorides by Distillation. Pat. 3,206,289, Sept. 14, 1965. ee ee 7 

-- Process Design & Development: Ind. and Eng. . Duffek, Jr., Edward F. (assigned to California . 
Chem. (Quarterly), v.. 4, No. 4, October: 1965, | Research Corp., San Francisco, Calif.). Colum-. 
pp. 365-368. ; Le bium-Tantalum’ Base Alloy, U.S. Pat. 3,186,837, 
- %Kuniler, J. E. High-Field ‘Superconductiv- June 1, 1965... . . - So 

| ity. Mat. Res. and Standards, v. 6, No. 4, France, Leonard L., Lee S. Richardson, and 
April 1965, pp. 161-171. . . . Duane H. Feisel (assigned to Westinghouse 

Cullen, G. W. Preparation. and Properties Blectric Corp., East Pittsburgh, Pa.). Tantalum | 
of Niobium (Columbium): Stannide on Insulat- Base Alloys. U.S. Pat. 3,166,414, Jan. 19, 1965. 
ing -Substrates. Trans. AIME, v. 230 (Met. F; es, 

| Soc.), No. 7, December 1964, pp. 1494-1499. - rance, Leonard L., Allen I. Lewis, and Lee 
35 Kelly, F. J., and W. A. Gow. The Produc- Ss. Richardson (assigned to Westinghouse Elec- 

tion of High-Purity Niobium Oxide from Pyro- ‘ie Corp, East Pittsburgh, Pa.). Tantalum 

chlore-Perovskite Concentrate. Canadian Min. Base Alloys. U.S. Pat. 3,183,085, May 11, 1965. 
and Met. Bull., (Montreal, Quebec, Canada), v. Grubessich, Joseph, and Lawrence Sama (as- . 
58, No. 640, August 1965, pp. 843-848. _ signed to the U.S. Atomic Energy Commission). 

. % Kolski, Thaddeus L., and Harry W. Ling. Oxidation Resistant Coatings for Columbium 
Solid Electrolyte Capacitors Using Anodes De- and Columbium Alloys. .U.S. Pat. 3,219,477, 
rived from Tantalum-Titanium Alloys.. Electro- Nov. 23, 1965. 
chem. Technol., v. 3, No. 3-4, March-April Jaffee, Robert I., Dean N. Williams, Edwin 
1965, pp. 67—70. a S. Bartlett, and Elihu F. Bradley (assigned to 

Ling, Harry W., and Thaddeus L. Kolski. United Aircraft Corp., East Hartford, Conn.). 
Electrolytic Capacitors Utilizing Anodes Derived High Temperature Columbium Base Alloys. U.S. 
from Tantalum-Titanium Alloy. Electrochem. Pat. 3,193,385, July 6, 1965. . 
Technol., v. 3, No. 8-4, March—April 1965, pp. Javorsky, Charles A., John S. Howe, and Clo 
71-74. E. Armantrout (assigned to U.S. Atomic Energy 

37 Tietz, T. E., and J. W. Wilson. Behavior Commission). Tantalum Brazing Alloy. Belgian 
and Properties of Refractory Metals. Stanford Pat. 657,171, Dec. 16, 1964. 
University Press, Stanford, Calif., 1965, 410 pp. Kling, H. P., L. Sama, S. Priceman, B. Brod- 

3 U.S. Department of Commerce. Molybdenum win, and A. L. Eiss (assigned to U.S. Atomic 
and Tungsten, Selected Bibliography of Govern- Energy Commission). High Temperature Nio- 
ment Research Reports, and Translations. U.S. bium-UO. Nuclear Fuel Sheet. U.S. Pat. 3,202,- 
Dept. of Commerce Clearinghouse for Federal 585, Mar. 24, 1965. 
Scientific and Technical Information, SB-415, Layne, Gilbert S., and James O. Huml (as- 
Suppl. 1, 1965, 48 pp. “ signed to The Dow Chemical Co., Midland, 
_® Baranow, Sanford, and Ray C. Lever (as- Mich.). Uranium-Tantalum-Aluminum Alloy. 

signed to the U.S. Atomic Energy Commission). U.S. Pat. 3,198,628, Aug. 3, 1965.
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Copper continued in tight supply June, after which they turned up moder- 

throughout the year despite an increase of ately. Inventories at yearend were the low- 
4 percent in free world mine production. — est since the close of 1959. | 

: The record production was attained in Exports of refined copper, the chief class, 
spite of strikes in Chile and elsewhere that increased 3 percent over those -of 1964, 

resulted in the loss of an estimated 100,000 whereas general imports of major classes of | 
tons. Substantial quantities of copper re- unmanufactured dropped more than 10 
leased from the Government stockpile percent a 

supplemented increased production in the The Bureau of Mines published a , 
United States. Supply, however, was inade- comprehensive report that described the 
quate to-meet a record demand for the copper industry from historical, © tech- 

| metal caused by unprecedented prosperity nological, structural, and __ statistical 
in the free world and by military action in standpoints.2, The report also discussed 
Viet-Nam. Unabated demand exerted up- domestic and international sources of sup- 
ward pressures on prices which were also ply, world reserves of primary copper, and 
influenced to a major extent by pressures the position of secondary copper in the in- 
from the Governments of Chile and Zam- dustry. Data and statistics as production, 
bia. Prices on the London Metal Exchange consumption, imports, exports, and em- 
and those charged by dealers in the United ployment were included. 
States fluctuated widely, reflecting. the mar- Legislation and Government Programs— 

ginal sup ply situation and political and la- January, Business and Defense Services 
bor uncertainties. At yearend they were administration (BDSA) allocated 20,000 
near record levels. t f leased f£ 

Consumption of refined copper as report- Ss on Upper rercase@ trom the Defense P ; PP po Production Act inventory to 113 users of 
ed by consumers in the:United States in- . . . as copper. The firms, if their applications 
creased 10 percent over that of 1964 and . . . were approved, would purchase copper 
reached a new alltime high. Consumption ¢ the G k 
abroad, however, declined slightly from the rom the wovernment at current market revious ear as It Ps y ., prices, including the usual differential ap- 
m suppl vat rey ead ai de. he United plicable to different forms and shapes. A 
Statee Ply ccurred’ outside the Unite bill signed by President Johnson on April 

Stocks of refined copper at primary pro- , Commodity specialist, Division of Minerals. 
i , . Dz. : teri 

ducers dropped sharply until the end of  guryey. BuMines Inf. Cire. 8225, 1965, 340 pp. 
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2 authorized the release of 100,000 tons after September 30 and provided for a new 
| of copper from the national stockpile for base period (calendar year 1964) for the 

| _ the purpose of relieving domestic shortages, determination of average shipments against 
- with allocation based on demonstrated need which set-aside percentages would be ap- 

| and for domestic use only. On November plied. Some percentages were trimmed back 
17 the Government announced a four-point to compensate for the large increase in | 
program to reduce inflationary pressures on production in 1964 over the previous base 
the price of copper that might impair year, 1960. 
the defense effort im Viet-Nam. The pro- Production of three-layered quarters be- 
gram called for release of 200,000 tons of gan at the Philadelphia Mint late in Au- 
copper from the national stockpile; con- gust and the new quarters went into circu- 

| trol of exports of copper and copper scrap lation on November 1. Late in the year, 
for an indefinite period to conserve do- minting three-layered dimes began, and on 

mestic supply; legislation to suspend the December 30 production of the new half 
1.7-cent-per-pound import duty on copper dollar began at the Denver Mint. The new 
to encourage a greater inflow of metal; dimes and half dollars will be in circula- 

and imposition of higher margin require- tion early in 1966. The new quarters and 

ments on copper trading by directors of dimes have faces of cupro-nickel (75 per- | 

, the Commodity Exchange Inc., New York, cent copper and 25 percent nickel) bonded 

to lessen speculation in the metal. The to a core of pure copper. The outer faces 

| 900,000-ton release was made up of 114,000 of the new half dollars are an alloy of 80 
tons of fire-refined copper, 6,000 tons of percent silver and 20 percent copper. The 
lake ingot, and 80,000 tons of electrolytic inner core is 21 percent silver and 79 per- 

cathode. It was not allocated as of cent copper. | Se 

December 31. Copper scrap export limits The Supreme Court upheld the 1964 rul- 

a were put at 30,000 tons in 1966 to all ing of the US. District Court for the _ 

- countries except Canada. The scrap limit Southern District of New York that the ac- 

applied to the copper content of scrap con- quisition of the Okonite Co. in 1958 by 

taining more than 40 percent copper and Kennecott Copper Corp. was in violation _ 

was based on a company’s recent trade vol- of section 7 of the Clayton Antitrust Act. 
ume. Copper scrap export control regula- Divesture proceedings were begun. : 

| tions were that one-half of any quantity of A settlement by agreement of the Gov- 
| the scrap licensed for export that was not ernment’s civil antitrust suit of 1962 

moved as of December 1 would not be al- against Newmont Mining Corp. was pend- 
lowed to leave the country. That was to ing at the end of 1965. The suit challenged 
hold through February 28, 1966. Scrap that Newmont’s stockholdings in Magma Cop- 
was not loaded on an exporting carrier by per Co. and Phelps Dodge Corp. and var- | 
February 28 would be automatically can- . ious common directorships with these com- 

celed. Copper -exports other than scrap panies. Newmont plans to divest itself of 
were not limited. | a its Phelps Dodge holdings within 3 years 

BDSA in July amended schedule A to and. shall not acquire any Phelps Dodge 
order M-11A covering set-aside percent- stock within 10 years nor have any director 
ages, with August 16 as effective date. The or officer in common with that company. 

: amendment applied to authorized con- Newmont’s interest in Magma remains un- 
trolled material orders calling for delivery changed. | 

| DOMESTIC PRODUCTION 

PRIMARY COPPER about 600 feet of waste mateiial from a 

Mine Production—The copper mining low-grade copper deposit in the Twin 
| industry in the United States was es- Buttes area, Ariz, Expansion of the capaci- 

sentially free from interruptions. This, to-  *Y of several mines and concentrators was 
gether with expansion of producing completed or in progress during the year. 

facilities, led to an alltime record output. he search for new deposits of copper was 
The Mineral Park mine of Duval Corp. intense, and exploration activities were 

experienced its first year of full produc- conducted in all major producing areas as 
tion. Late in the year The Eagle-Picher Co. well as in others not noted for production. 

began opencast mining of a thin bed of Arizona supplied 52 percent (55 percent 

shale occurring in the Permian Red Beds in 1964) of the total U.S. output and con- | 
in southwestern Oklahoma. In September, tinued to lead all States by a large margin. - 
The Anaconda Company began stripping Utah ranked second among the major cop-
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- Table 1.—Salient copper statistics | | 

. = 1956-60 1961 1962 1963 1964 1965 
(average) a 

United States: | 
Ore produced_thousand short tons... 123,005 142,722 150,217 146,450 155,200 173,286 

Average yield of copper . 
percent __ 0.76 0.75 0.75 0.74 0.73 0.70 

Primary (new) copper produced— | 
From domestic ores, as reported oe | | . 

yy 

‘Mines____-_------short tons... 1,015,072 1,165,155 1,228,421 1,213,166 1,246,780 1,351,734 
Value______--thousands._ $661,574 $699,093 $756,707 $747,310 $812,901 $957,028 

Smelters___...----short tons__ 1,026,746 1,162,480 1,282,126 1,258,126 1,301,115 1,402,806 
Percent of world total___-- 24 23 24 23 23 23 

Refineries____..---short tons-_ 1,010,017 1,181,015 1,214,146 1,219,342 1,259,852 1,335,660 
From foreign ores, matte, etc., 

refinery reports__short tons._ 363,284 369,124 397,584 377,009 396,543 376,133 

Total new refined, domestic | 
and foreign__-_short tons._ 1,373,301 1,550,139 1,611,730 1,596,351 1,656,395 1,711,793 

Secondary copper recovered from 
old scrap only___...-short tons. _ 444,944 411,110 415,674 421,848 473,521 513 , 4386 

Imports, general: . 
Unmanufactured __short tons__ 556,263 457,669 478,851 539,896 586,064 522,230 

E Refined___------------do__-. | 167,857 66, 855 98,820 119,219 139,974 187,443 
xports: 

Metallic copper.___..---do__.__ 368,703 482,824 366,585 344,960 381,482 379,498 
Refined_____.---------do-_-- 309,339 428,718 336,525 311,479 316,230 324,965 

Stocks Dec. 31: Producers: _ | ) 7 . 
. Refined___-._._.--.short tons... 70,000 49 ,000 71,000 ~ 52,000 37,000 35,000 oe 

Blister and materials in solution ” . 
short tons._ 261,000 236,000 246,000 252,000 246,000 246,000 

-Total___.._...._.---do._._ 381,000 285,000 317,000 304,000 283,000 281,000 
Withdrawals (apparent) from total 

- gupply on domestic account: 
Primary copper___-short tons__ 1,219,000 1,237,000 1,352,000 1,423,000 1,495,000 1,526,000 
Primary and old copper (old 

scrap only)...-._short tons._ 1,663,000 1,648,000 1,768,000 1,845,000 1,969,000 2,039,000 
Price: Weighted average 

cents per pound. _ 32.3 30.0 30.8 . 30.8 32.6 35 .4 
World: . . 

Production: oO . - . 
Mine___..._.._-_-short tons._ 4,030,000 4,850,000 5,090,000 5,200,000 5,340,000 5,600,000 oe 
Smelter___.._------.--do____ 4,256,000 5,120,000 5,340,000 5,480,000 5,730,000 6,020,000 

Price: London, average cents per . 
pound____..----.-------------- 30.76 28 .73 29 .33 29.25 43 .88 58 .52 

per-producing States; output increased 30 in copper output from the Yerington pit of | 
percent over that of 1964 as a result of The Anaconda Company also contributed 

| uninterrupted and expanded production by to the 7 percent increase in mine produc- | | 
Utah Copper Division, Kennecott Copper tion from Nevada. Output from ‘Tennessee, 
Corp. The State’s share of the total output Idaho, and Pennsylvania—seventh, eighth, 
was 19 percent (16 percent in 1964). and ninth-ranking States—increased 7 per- 

Output from Montana, which was in cent, 10 percent, and 20 percent, respective- | 

third place, increased 11 percent as a result ly. 
of a continuing expansion program by The Classification of production by methods 
Anaconda Company. Production in New showed that approximately 73 percent of 
Mexico rose 15 percent, principally as a the recoverable copper and 78 percent of 

result of uninterrupted operations of the the copper ore came from open pits. Cop- 
Chino Mines Division, Kennecott Copper per produced by precipitation from mine 
Corp. The State was in fourth place and water and leach solutions was 10 percent of 
produced 7 percent of the Nation’s total. the mine production in 1965. 

Producuon from ith rankee coer Smelter Production.—Total output of 
Pine. C Peco. n an alli ; copper produced from materials at pri- 
me d P per +0. poure al 1 tont mary smelters in the United States con- 

Per he copper, approximately years tinued a rising trend that began in 1964 
atter t fe company was formed. Although = and was 7 percent more than production 
production from the Liberty pit of Nevada in 1964. A record output of 1.4 million 
Mines Division, Kennecott Copper Corp., tons from domestic ores registered an 8- 
continued to be adversely affected by slides percent gain that was partially offset by a 

that occurred early in 1964, output from  16-percent decrease in production from for- 
the mine increased somewhat. An increase eign material. Recovery of copper from



Table 2.—Salient copper statistics | 

(All figures in short tons, except price and tenor of ore) . , 
A ——  — —ee_e_e_— _ EO ee EL CS ETI TLS 

United States . - &. 
en an 

Average — Quoted _ nD 
yield of Refinery production from— Apparent price at Production from scrap as metal World pro- 

Year Mine pro- copper Imports Exports consump- _ New and in alloys duction 
duction ores. —————______—____————— (refined) ! (refined)! tionofnew York? —————_——-_—_—__________—__ (smelter) i 

(per- Domestic Foreign Total o copper? (cents per Old New Total — . 
cent) ores ores : | | pound) scrap © scrap oo 

1924_______ 803 ,083 1.59 837,107 292,981 1,180,088 72,955 604,812 677 , 3871 13.16 266,200 122,100 388,300 1,498,600 
1925______- 839 , 059 1.54 841,448 260,839 1,102,287 49,887 484,033 700 , 506 14.16 291,010 129,200 420,210 1,546,500 
1926_______ 862 ,638 1.46 865,649 295,594 1,161,243 85,283 . 428,062 785,068 13.938 337,300 142,500 479,800 1,608,300 
1927_______ 824,980 1.41 859,476 308,406 1,162,882 51,640 461,233 711,480 13.05 339,400 150,800 490,200 1,673,300 
1928______- 904 ,898 1.41 895,899 347,905 1,243,804 42,365 474,787 804 ,269 14.68 365,500 170,900 586,400 1,880,500 
1929______. 997 , 555 1.41 991,366 378,690 1,370,056 67,007 411,227 889 ,293 18.28 404,350 222,200 626,550 2,098,800 ; 
1980____.-- 705 ,074 1.43 695,612 882,918 1,078,530 © 48,105 297,057  . 682,509 18.11 842,200 125,000 467,200 1,760,000 
1931____--. 528 ,875 1.50 537,303 213,418 750,721 87,225 202,698 451,032 8.24 261,300 85,700 847,000 1,536,000 
19382____.-- 238,111 1.83 222,539 117,895 340 , 434 83,897 110,977 259 , 602 5.67 — 180,980 67 ,200 248,180 1,027,000 
1938____.-_ 190 ,643 2.11 240,669 130,120 370,789 5.482 124,582 339 ,350 | 7.15 260,300 77,800 338,100 1,143,000 = 
1934_____._ 237 , 401 1.92 233,029 212,331 445 ,360 27,417 262,366. 322 ,638 8.53 310,900 66 , 500 377,400. 1,448,000 2 
19385____--. 880 , 491 1.89 388,321 250,484 588 , 805 18,071 . 260,785 441 ,371 8.76 361,700 87 ,200 448,900 1,681,000 tel 
1986_____-- 614,516 1.54 645,462 177,027 822,489 4,782 220,890 656,179: 9.58 382,700 101,900 484,600 1,895,000 ¢ 
1987____.-_ 841,998 1.29 . 822,258 244,561 1,066,814 7,487 295,064 694,906 18.27 408,900 128,200 582,100 2,585,000 Be 
1988____.-_ 557 , 768 1.34 552,574 289,842 792 ,416 1,802 870,545 406,994 - 10.10 267,800 92,500. 859,800 2,254,000 
1989______- 728 ,820 1.25 704,873 304,642 1,009,515 16,264 872,777 714,873 11.07 286,900 212,800 499,700 2,896,000 nd 
1940____..- 878 ,086 1.20 927,289 886,817 1,818,556 68,8387 356,481 1,008,785 11.40 883,890 198,156 582,046 2,784,000 | 
1941_______ 958 ,149 1.15 975,408 419,901 1,895,809 § 846,994 108,602 1,641,550 11.87 412,699 818,697 726,896 2,905,000 
1942____... 1,080,061 1.09 1,064,792 849,769 1,414,561 401,486 181,406 1,608,000 11.87 427,122 600,688 927,755 $8,076,000 
1948_.__.... 1,090,818 1.04 1,082,079 297,184 1,879,268 402,762 175,859 1,502,000 11.87 427,621 658,526 1,086,047 38,088,000 
1944______. 972,549 .99 978,852 247,885 1,221,187 492,895 . 68,878 1,504,000 $$$ 11.87 456,710 494,282 950,942 2,850,000 am 
1945____... | 772,894 .98 775,788 882,861 1,108,599 581,867 48,568 1,415,000 11.87 497,095 609,421 1,006,516 2,486,000 ~~ 
1946______- 608 , 737 91 578,429 300,288 878,662 154,871 652,629 1,891,000 18.92 406,458 897,098 808,546 2,067,000 
1947_______ 847 , 568 .90 909,218 250,757 1,169,970 149,478 147,642 1,286,000 21.15 508,876 458,865 961,741 2,490,000 & 
1948_______ 834 , 8138 .92 860,022 247,424 1,107,446 249,124 142,598 1,214,000 . 22.20 505,464 467,324 972,788 2,580,000 a 
1949_______ 752 ,750 91 695,015 282,912 927,927 275,811 137,827 1,072,000 19.86 388,548 $29,595 718,143 2,600,000 
1950_____.- 909 ,343 .89 920,748 319,086 1,289,884 317,863 144,561 1,447,000 21.46 485,211 492,028 977,289 2,915,000 
1951______- 928 ,330 .90 951,559 255,429 1,206,988 238,972 188,305 1,304,000 24.37 458,124 474,158 932,282 3,085,000. 
1952______- 925,359 .85 923,192 254,504 1,177,696 346,960 174,185 1,360,000 24.37 414,685 488,562 903,197 3,105,000 
1958____-_- 926 ,448 85 932,282 360,885 1,298,117 274,111 109,580 1,435,000 28.92 429,888 529,076 958,464 3,275,000 
1954_______ 835,472 .83 841,717 370,202 1,211,919 215,086 215,951 1,235,000 29.82 407,066 482,841 839 ,907 3,275,000 
1955_______ 998 ,570 .83 997,499 344,960 1,342,459 202,312 199,819 . 1,386,000 37.39 514,585 474,419 989,004 3,630,000 
1956_____.__ 1,104,156 .78 1,080,207 862,426 1,442,638 191,745 223,108 1,367,000 41.88 468,489 462,175 980,664 3,990,000 
1957____... 1,086,859 .77 1,050,496 408,680 1,454,176 162,809 346,025 1,239,000 29.99 444,492 397,395 841,887 4,040,000 
1958_______ 979 ,329 .79 1,001,645 350,875 1,852,520 128,464 384,868 1,157,000 26.138 411,867 386,021 797,388 3,950,000 
1959_______ 824 , 846 74 796,452 301,795 1,098,247 214,058 158,938 1,183,000 30.82 471,007 459,563 930,570 4,190,000 
1960____._. 1,080,169 .78 1,121,286 397,641 1,518,927 142,709 488,762 1,148,000 32.16 429,865 442,023 871,388 5,040,000 
1961____... 1,165,155 .75 1,181,015 369,124 1,550,139 66,855 428,718 1,237,000 30.14 411,110 487,829 848,939 *5,120,000 
1962____... 1,228,421 .75 1,214,146 397,584 1,611,730 98,820 886,525 1,352,000 80.82 415,674 506,154 921,828 * 5,840,000 
19638____._._. 1,218,166 .74 1,219,842 377,009 1,596,351 119,219 311,479 1,423,000 30.82 421,848 552,583 974,426 *5,480,000 
1964_____._ 1,246,780 .738 1,259,852 396,543 1,656,395 +189,974 $316,230 *1,495,000 32.17 478,521 619,500. 1,093,021 *5,730,000 
1965_____.. 1,351,734 .70 1,335,660 876,188 1,711,798 187,448 324,965 1,526,000 35.19 518,486. 789,814 1,258,250 6,020,000 

r Revised. : so 
1 Imports and exports may include some refined copper produced from scrap. Categories.not wholly comparable from year to year. 
2 Adjusted for changes in stocks. . . . 
3 American Metal Market price for electrolytic copper in New York; f. o. b. refinery through August 1927, New York refinery equivalent thereafter. .
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| scrap increased 6 percent over 1964 but Refinery Production.—Production of - re- 
was 4 percent less than output in 1963. fined copper from all materials _proc- 

Smelter production data are based on re- essed at primary refineries continued to 
ports from domestic primary smelters han- rise and totaled 2.1 million tons, an in- 
dling copper-bearing materials. Blister cop- crease of 7 percent over that of 1964. Out- 
per is accounted for in terms of copper put from domestic primary material in- 
content. Production of furnace-refined cop- creased 6 percent, but the gain was offset | 

| per in Michigan is included in smelter and | somewhat by a decrease of 5 percent in 
| refinery output. | | - output from foreign sources. Production of , 
a It was reported that renovation of the ‘refined copper from secondary materials by 

Kennecott Copper Corp.. smelter at primary producers rose to 388,000. tons, re- | 
Garfield, Utah, was on schedule. When sulting in an increase of 29 percent over 

| completed by 1967, the smelter will have the previous record established in 1964. a 
three new direct-charge reverberatory fur- | Wire bars continued to account for 63 . 
naces and nine converters with automatic percent of the forms cast at primary 
finishers and improved flux handling refineries. Outputs of other forms were— | 
equipment. | : billets 11 percent (11 percent in 1964), | 

| : | | cakes 10 percent (8 percent), ingot and 
Table 3.—Copper produced from ingot bars 9 percent (9 percent) , and cath- 

domestic ores, by sources odes 6 percent (8 percent) . 
: (Short tons) . Of the 16 plants termed primary 

- , Year == Mine. —=«Smelter”~—~=C«éRefinery refineries, 8 used the electrolytic-refining | 
lo6]) DRE RR a Ue aa = method exclusively. Three plants used © Bevo: LASSABE 144801181015 Gre-refining methods (Lake copper 1963____.. 1,218,166 = 1,258,126 1,219,342 refineries) and four used both electrolytic toes. PRRPTD  YGDDUIE —-E25085 and fire-refining techniques. A smelter in = New Mexico fire-refined part of its blister 

| Table 4.—Copper ore and recoverable copper and ship ped the remainder to an copper produced, by mining methods electrolytic plant for refining. Inspiration oO : : (Percent) | Consolidated Copper Co. at Inspiration, 
7 _—_——_—_____________—_ Ariz., produced electrolytic copper from 

| | _ Open pit Underground _— leaching solutions; a substantial part of | | 
Year ‘Ore Copper Ore Copper this copper was shipped as cathodes to 

1948_.._.......... 76 68 24 Ba other refineries for melting and casting in- 
4949... ag 70. 22 30 to commercial shapes. : : 
goer 8k 21838 Copper. Sulfate—Production and ship. 4 | (1952. + ---------- 85 a 15 oe ments of copper sulfate increased 13 per- 
1954... -~”:~*~<‘«éaSY 19 17 21. cent and 4 percent, respectively. Producers 

© HBBBLIIIITITITI «18 $k BF FOF divided. total shipments of 45,600 | 1957_........ OT 72 238 2g tons into agricultural uses, 23,600 tons: 
| 1980222772227 ae aa zo industrial uses, 20,200 tons; and other uses, 
1960__________.... 80 1 20 25 chiefly exports, 1,800 tons. Stocks of the 

- 1962277 80 um «20 “6 compound at yearend were 48 percent 
1968____________.__ 81 74 #19 26 above those at the end of 1964. _ 
1965-20077. 1G 38 Byproduct Sulfuric Acid-—Sulfuric acid 
=~ produced at copper, lead, and zinc smelters 

Table 5.—Mine production of from domestic and foreign ores totaled 1.3 
recoverable copper in the million tons, an increase in output of 6 
United States, by months percent over that of 1964. Copper and 

(Sort tons) lead smelters together produced 369,300 
- Month ~~ -4964.——«WWgsS~C~C*«é«wOS. OE byproduct acid, an increase of 11 
—WH—_—_-—_—__—_______———_ percent above their 1964 output. 
January. ______________ 107,167 115,496 
February __-__------__- 107,294 106,826 SECONDARY COPPER AND BRASS 
Aprile 22 TTTI22 Terms «= fie'g20-——AS a2 result of a strong demand for cop- May------------_-_.-- 115,267 118,882 per in all forms and despite a wide dispar- June___---_-__-.-____- 113,639 116,621 . .” July... 22277 73.°754 105,625 ity between prices of scrap and _ refined 
August _____---__.-_-_- 77,502 109,170 copper, all segments of the domestic sec- 
Septemb OP 222s onreaae 11a’s8t 114626 ondary industry established new highs. Re- 
November - ___________- 110,047 110,101 = covery of copper in the United States, in December ____________- 111,772 107,831 

———_—___________"—_._ alloyed and unalloyed form, from all 
Total_._...---.. 1,246,780 1,351,734 classes of purchased copper-base scrap ex-



Table 6.—Mine production of recoverable copper in the United States, with production of maximum year, and cumulative oo | production from earliest record to end of 1965, by States | oe 6 
. (Short tons) = - . . 

Maximum | Production by years . Total . production ! ee production | gg from State oo . _ : - earliest - 1956-60 | a . record . Year Quantity (average) . 1961 1962 1963 1964 1965 oo through 
.  , 1965 

Alabama._._-----.--.-.-.-.---.- 1907 42 8 nn nn eee 64 . Alaska._..._...-.-.-.-..._-._..-. 1916 59 ,927 16 92 2 eee ele . 11 - «3g : 686 ,127 | Arizona___._.-._.--..-.......... 1965 703 ,377 495 ,301 ~ §87,053 644 ,242 660,977 - 690,988 908 , 377 20,482,028 California....................._. 1909 28 ,644 - 861 . 1,382 ~ 1,162 7 916 1,035 1,165 648,048 . Colorado___....-.-....-..-.-.--- 19388 14,171 8,945 4,141 4,534 4,169 4,653 _ 8,828 320 ,356 es Georgia.._.....-.-.-...-.-.-.-.- 1917 465 won nen en nnn een ee ee en eee 1,117 Idaho______.--_._-..--.-...--:.. 1958 9,846. 7,467 4,328 68,8617 4,172 4.,666 ~* §,140 . 193 ,058 Maine____-_....---..---.-..--._ 1918 883°. ee eee ee ee NA . - Maryland_....----.------------- 1917 “146 allele alata aati nn NA 2. Massachusetts__..........-.-.--. 1906 6 oe nen ee ee eee eee NA 5 Michigan_....._........._...... 1916 136,846 57,923 70,245 . 74,099 75 , 262 _ 69,040 - 41,749. 5,711,010 Missouri_._..................... 1949 3,670 1,415 1,479 2,752 1,816 2,059 2,381 268,991 | z 7 Montana_____-...-....-.-.--... 1916 176,464 -  =—s 87,801 104 ,000 94,021 79 , 762 108 , 806 115 , 489. 8,077 ,038 : Nevada......--------2.--..2-22. 1942 88,668 71,914 78,022 82602 81,788 67,272 71,882 31038'680 & New Hampshire-__...---.---.--.- 1908 a NA i New Mexico____-_..--.-_._..-.. 1965 98 ,658 60 , 867 79 ,606 82 ,688 . 88,087 - 86,104 98 ,658 2,690 ,322 fe North Carolina_..._.............. 1930 6,695. (4) 4  - (4) (8) wee eee ee eee eee . WwW bg Oklahoma___......._..--.-.-.-_. 1965 OW LL eee — 6282 WwW ow Oregon__...._._--------------_-. 1916 ~ 41,791 9 (4) (4) : (5) 1B (6) Ww 8 Pennsylvania 7______.___._...___ 1942 6,410 6,840 | 8,984 - 6,108 4,434 «8,614 . 4,854 - NA Ms South Carolina__.-........--.--- 1988 A oni nn nn ee 10S South Dakota___._______.._..___ 1918 32 (8) zee eee a 108 it Tennessee__..-_.._..__.....__-_.. 1965 14,828 10,712 12,272 - 14,298 _ 18,717 ~ .18,889 14,823 575 , 807 & Texas____..-_.___--__-_-_-..____ 1928 224 nani ten een ee en ne eee ee eee 1,884 oO Utah____-.2 2-2. (1948 323,989 208 ,082 213 ,534 218,018 — 208 ,095 ~ 199,588 259 , 188 9,271,898 : Vermont.__..__.-...----....._._ 1954 4,352 1,457 won bone nnn een nnn ee ene ee eee eee NA 7 Virginia____-_---_..-...._..._._ 1944 291 ate nnn np een enn nnn en ne ee eee eee | NA | Washington_._._...____.____.___ 1940 9,612 961 66 41 970 a 35 80 121,957 Wisconsin.__.__._....._._____.__. 1914 Den en eee eee (2) . Wyoming. _____.______._._-_.___. 1900 2,102 1 1 iii eee \ 5 6 16 ,347 . 

Total....--.-_.___________ 1965 1,351, 784 1,015 , 072. 1,165,155 1,228,421 . 1,218,166 1,246,780 1,851,734 10 152,216,526 

NA _ Not available. W Withheld to avoid disclosing individual company confidential data. . SO . 1 For Missouri and States east of the Mississippi River, maximum since 1905. os a 2 Small quantity for Wisconsin included with Missouri. Ds oe 3 The 1908 volume of Mineral Resources credits this figure to Massachusetts and New Hampshire; the 1909 volume credits it to New Hampshire alone. | 4 Included with Pennsylvania to avoid disclosing individual company confidential data. 7 : Lo me 5 Included with Washington to avoid disclosing individual company confidential data. - . ® Oklahoma and Oregon combined to avoid disclosing individual company confidential data. . ss 7 Includes North Carolina for 1956-62 and Oregon for 1961-62 to avoid disclosing individual company confidential data. ne § Less than 1% unit. So ? . ® Includes North Carolina and Oregon to avoid disclosing individual company confidential data. 
10 For States east of the Mississippi River, except Michigan, largely smelter production instead of mine production. 1 Includes 332,181 tons for States indicated by NA and W. . . .



Table 7.—Twenty-five leading copper-producing mines in the United States in 1965 in order of output = 

Rank Mine mS State — . - County oe Operator ~ Source of copper... - 

1 Utah Copper......-..-.--..---. Utah__.....___._... Salt Lake___..._._..___..._.-.. Kennecott Copper Corp_......_.:..---. Copper, gold ores. “ 
2 Morenci__------.-------------- Arizona__..--.----- Greenlee___-.-...--.-.--.---- Phelps Dodge Corp_--_..._-.__..-..---- Copper, gold-silver ores. 
3 Butte Mines (includes Berkeley)-. Montana_._..-----_ Silver Bow____..--.---.-.---- The Anaconda Company_-._..........-. Copper, zine ores. -— 
4 Chino. __-...........---.-----.- New Mexico...-.--- Grant._.....-.---.-------.--- Kennecott Copper Corp._-........_.... Copper ore. 
5 San Manuel___...._...-.-..---- Arizona__.......-.. Pinal__.__.....--.2--.-.-..-. Magma Copper Co_.__...--.-.---..-.. |. Do. . 
6 Ray Pit.___...-.._.-..---.---.--...do__-2.---_--2---...d0...2..-..---.-...----.- Kennecott Copper Corp___..--_-.-.---. . Do. 
7 New Cornelia____._...-.----.----.-.do____..._..--. Pima____....._....--.......- Phelps Dodge Corp.___..__..._..._.-.. Copper, gold-silver ores. 
8 Copper Queen-Lavender Pit.......-...do_.._.....--... Cochise. :_..-_.---_-------.-+----------------do__.--.---.----------- Copper, silver ores. . 
9 White Pine......-...._...._..... Michigan__...___..-. Ontonagon_____-_......-..... White Pine Copper Co_____._..._...._.. Copper ore. o 

10 Mission....--....-------------- Arizona. _-.......-- Pima____.--.-.---.---.------ American Smelting and Refining Co. __-. Do. a } 
11 Inspiration_.__...._-..--------------do_-.---------- Gila. __-..-----------.-~.-.-- Inspiration Consolidated Copper Co. ---- Do. CY ry . 
12 Yerington........._..-..-----.-. Nevada_._.....--.. Lyon____._--...-.-------..-- The Anaconda Company.-_..__-_...---- Do. s 
18 Liberty Pit......-.......-_----.-...-.do__._.._...... White Pine_-___......-.-...--. Kennecott Copper Corp____.-._.------_ Do. | 7 
14. Esperanza__.__-...-..----.---- Arizona__.......-.. Pima_____..-..--.--.-.....-- Duval Corp.___--_---.2--_---.2------. = Do. . 
15 Silver Bell____.---------------------do_-------.-----.---d0__--_--.-.-----------.-- American Smelting and Refining Co_- -_- Do. . 
16 Bagdad____-...---------------------do_--_-_--.----.- Yavapai__.....----_-----.-..- Bagdad Copper Corp___-_-.--_-------- Do. 
17 Copper Cities____......-.-----.-....do___...-..__.. Gila_. 2.2... ..-..2.-..-.... Miami Copper Co____....22- 2 -2-- eee Do. 
18 Magma...__....-...-..------.----.-do__........... Pimal___....22...----_.-..... Magma Copper Co___.____-_._....._-_.. Copper, gold-silver ores. . 
19 Mineral Park.......-...-..-..._...._do_..._-._..-.. Mohave._...___-.._..-..--.-. Duval Corp_._-.-.:....__.__.......... Copper ore. | | 
20 Pima__-__---_----.---..----.----.---do_-_._--__---. Pima__._---L-_-_--_-------_.--. Pima Mining Co___._.2 222 ee Do. . . 

. 21 Copperhill_--.-...---..---.---- Tennessee_.-_....-- Polk--_.------..-._---.--...-: Tennessee Copper Co__.-..._..--..-.-- Copper-zine ore. . 
22 Miami__-_._--..--..--..-----.-- Arizona___...._.--. Gila. = _2--_--.----_---------- Miami Copper Co_.__.._..___..,-...-- Copper precipitates. .. — 
23 Christmas___.-_..-.---.---------2---d0_.--.._-----------+-d0--__--__--__------...- Inspiration Consolidated Copper Co_._.. Copper ore. 
24 Ahmeek Group_............---. Michigan_:......... Houghton and Hancock.._._... Calumet & Hecela, Inec.___.2-.._--_--.-. .. Do. 
25 Cornwall___-_..........----..-. Pennsylvania.._....._ Lebanon__._--_-_-.-...--...-' Bethlehem Mines Corp__.._........-.-. Magnetite pyrite ore.
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Table 8.—Copper ore sold or treated in the United States in 1965, with 
_ | copper, gold, and silver content in terms of recoverable metals 1 

oe OS . Recoverable metal content . 
oo . . Ore sold_——_§ A Valu of 

. State - or treated | Copper Gold __—_—sOCSSilver' .~—_ gold and _—» 
(short tons) ——_____—_______——__ (troy | (troy silver per 

oe _ Pounds Percent — ounces) ounces) — ton of ore 

‘Alaska_...-.________ «58 64,100 ° 55.26 .-- Lee 1,102 © $24.57 
cc . Arizona_...._...__.. 92,859,535 1,308,809,700 .70 133,830 . 5,352,850 12 , 
a California___--_-___- — 50. 5,900 5.90 3 80 4.16 
ce Colorado_.....______.. - 17,255 1,292,500 ~~ 3.75 2,296 299,078 27 .07 

; Idaho___.-_.__..-_... 84,718 3,141,000 1.85 1,600 9,986 81 
- Michigan ?_____..._._._ 8,978,949 143 , 498 ,000 80 .- Lee 457,851 .07 

Montana_________.__ 14,460,366 .213 ,604,000 14 15,985 3,318,664 34 
Nevada__________... ‘14,698,606 136,897,500 AT - 34,220 130,104 .09 
New Mexico_.._._..._ 8,470,639 135,161,000 .80 6,365 — 92,602 04 
Oklahoma -_-______--_- - 326,893 3561,000 - 31.04 38 $34,524 3 .08 
Oregon__..-____-___- (2). (3) BO | (3) (3) (8) 
Tennessee 4_____._.._ . 1,520,755 29 ,646 ,000 .97 -- 122 . 94,142 .08 
Utah___--.-.....__.. 82,168,351 458,194,000 - 71 373,101 3,043,630 .53 
Wyoming___________- .*, 28 4,300 7.68 | 1. 25 2.39 

Total. _..._.-. 173,286,198 2,430,879,000 — 70° © 567,531 12,801,638 ~~ .21 . 

1 Excludes copper recovered from precipitates as-follows: Arizona, 89,282,500 pounds; Idaho, 8,700 pounds: 
Montana, 15,675,500 pounds; New Mexico, 59,764,000. pounds. Also excludes some copper recovered from 
precipitates in California, Nevada, and Utah; figures withheld to avoid disclosing individual company confi- 

. ential data. os . oe : oo a: ee 
7 2: Tneludes. tailings. Co ne ores oo 
" - # Production of Oklahoma and Oregon combined to avoid disclosing individual company confidential data. 

~ _ 4 Copper-zinc ore. oo 7 So . oo a . no 

Table 9.—Copper ore concentrated in —- Table 10.—Copper ore shipped to . 
a the United States in 1965, with content § _ smelters in the United States in’ | 

: - In terms of recoverable copper! 1965, with content in terms of : 
TTT : ~~ recoverable : | . oO . *  Recoverable _ ____. recoverable copper _ 

7 ° re copper content . chi 
State . concentrated ————__________- __.__Ore shipped to smelters oe 

. (short tons) = Pounds ~——_ Percent oo Se co Recoverable | 

Arizona... 92,398,448 1,281,863,000 0.69 State == =F __gopper content 
Olorado.:.. ; : ,300 .06 oo @ 3. Pp —_ Q 

ichigan ___ 978, 143,498,000° _ 80 AY CF 
a, _.Montana___ 14,460,309 218,598,300. .74.- Alaska. ------ 2. A466 obs 27 4s6'700 Poe : Nevada... _ 14,609,873 = 185,652,200. | 460°. California: _.__” Lo , 50. . 5900 5.90 

New Mexico —_ 8,414,838 185,024,700 =» 80. Colorado... ~—«-11,568 ~—'1,059'200 4,58 Oklahoma . - an escoe,  SIdaho-- 22-22 478. 98'700 1048 . ‘Tennessee 3_ 1,520,755 § 29,646,000 97 Montana______ +57. 5,700 5.00 
Utah___.___ 32,166,600 457,952,900 a 71 Nevada______.. ' 88,7338 . 1,245,300-- "710 co 

. ‘Total... 172,684,689 2,400,010,700 10 Omron ence - => 55.806 186,800 ye 
: a ae 3a. gtae _ Utah__.__.- 2 1,751 241,100 6.88 | W Withheld to avoid disclosing individual company 7 , . , . confidential data; not included in total. D : Wyoming. - -- - ~ _ 28 4,300 7,68 

ncludes all methods of“ concentration: ‘Dual Be 
Process pyr aching followed by flotation concentra- _ Total.----. 624,616 30,307,300 : 2.43 ion); | (leach-precipitation-flotation); tank ‘or i id disclosing indivi ~ | at enehings heap leaching; and froth Rotation. qqlithheld to avold disclosing ipdividual company 

. Includes tailings. 1 Primarily smelter fluxing material. . 3 Copper-zinc ore. - 

Table 11.—Copper ores produced in the United States, and average yield in : 
| copper, gold, and silver 

Smelting ores Concentrating ores Total 

Yield Yield Yield Yield Yield Value 
in in . in | per per per 

Year Short cop- Short cop- Short cop- ton ton tonin 
tons per, tons per, _ tons!:2 sper, in in gold 

per- - per- . per-__ gold, silver, and 
cent cent cent ounce ounce silver eee n,n nn eee 

1956-60 (average). 700,472 4.10 120,693,101 0.75 128,005,188 0.76 0.0041 0.078 $0.21 
, 1961____.______.__ 784,112 3.389 141,975,386 -T4 142,721,798 215 .0037 .073 .20 

1962___......____ 598,519 3.25 145 , 580,048 12 150,216, 710 .75 .0032 073 19 
1968___.._.._....._ 615,570 3.32 141,284,319 .72 146,449,540 .74  .0030 .070 .19 
1964___.______.__ 553,493 3.20 149,834,616 .71 155,200,464 .73 .0028 074 .19 
1965_____..______ 3624,616 2.43 4.5172,634,689 .70 173,286,198 .70 .0033 .074 wal 

1 Includes some ore classed as copper-zinc ore. 
2 Includes copper ore leached. 
3 Oregon withheld to avoid disclosing individual company confidential data; not included in total. 
4 Oklahoma withheld to avoid disclosing individual company confidential data; not included in total. 
5 Includes all methods of concentration: ‘‘Dual process” (leaching followed by flotation concentration), 
LPF (leach-precipitation-flotation), tank or vat leaching, heap leaching, and froth flotation. 
6 Includes Oklahoma and Oregon.
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- Table 12.—Copper produced by primary smelters in the United States ss 
(Short tons) oo | | 

| ' Domestic - Foreign | Secondary Total | 

1956-60 (average)______-_----/---------2 1,026,746 84,049 ~. :69,704 1,180,499 
(1961___-1 eee e---.- = 1,162,480 44,874 - 13,377 1,285,731 _ 
1962___.-..-------------------+--------- 1,282,126 40,488 -86,9038 © 1,409,517 

* 1963_...--._--.--_---_------------------ 1,258,126 38 ,574 97 ,986. 1,394,686 
1964___._.._-___------------------------ 1,301,115 37,318 88 , 365. 1,426,798 . 

/ 1965______.----_------------------------ 1, 402,806. _ $81,244 93 ,895 1,527 ,945 

Table 13.—Copper produced (smelter output from domestic ores) in the United 
| a | _ States | | 

. Short Value Short Value. Short Value - 
Year tons (thou- - Year tons (thou- Year ‘tons | (thou- 

| , sands) oe sands) sands) | 

1845______-- 112 $45 1886______. 78,881 $17,512 1927_______ 842,020 $220 , 609 
—1846___----- 169 -67 1887____-~_- 90,7389 25,044 1928_._..__ 912,950 262,930 
1847___---_- 336 124 1888____._. 118,181 38,029 1929___..__ 1,001,432 352,504 

- 1848___-.-..  - . 560 218. 1889___-___-. | 118,888 30,615 1930__..._._ 697.195 (181,271 
1849_____-.- 784. $49 1890__.._-.. 129,882 40,523 1931____... 521,356 94,887 
1850___----- 728 - 820 1891_._..-. 142,061 36,368 1932_.___._ 272,005 34,273 
1851___.--_- 1,008: . 884 1892___.__. 172,499 40,020 1933___.._.. 225,000 28,800 | 
1852____.__- 1,232 _ 542 1898___._..._. 164,677 35,570 1934___..__ . 244,227 39 ,076 
1853_..----- 2,240 - 985. 1894._____._ 177,094 38,648 1935_._..._._ 381,294 63 ,295 oe 

~ -1854____.__- 2,520 1,108 1895_....__. 190,307 40,726 1986___._.._ 611,410 112,499 
1855___-_--- . 3,360 1,814 1896____..__ 280,031 49,687 1937__-_--_ 834,661 201,988 - 
1856___----- . 4,480.. 2,419 1897____.__. 247,089 59,289 1938____.-. 562,328 110,216 
1857.__..... °  :5,376 2,688 1898____._. 268,256 65,288 1939__.__._. 712,675 148,236 
1858_._..... . 6,160 2,883 1899_____.. 284,333 97,242 1940_.__..._ 909,084 205,453 
1859____.__- 7,056 3,104 1900.2... 303,059 100,615 1941_._...__ 966,072 227,993 
1860___._...  . 8,064 3,709. 1901_.._.._. 801,036 100,546 1942_______. 1,087,991 1256,766 
1861___.____ - . 8,400. . 3,696 1902._._... 329,754 80,460 1948____.._ 1,092,939 1257,934 
1862________ 10,580: 4,655 1908____... 349,022 95,682 1944_._..__ 1,003,379 !236,797 

> 1868-2 -- 2 9,520 6,473 1904______.. 406,269 104,005 1945__..... 782,726 1184,723° 
~ 1864____-__- 8 960 8,422 1905_.__... 444,392 188,650 1946__.._._ 599,656 1172,701 |. 
1865_...-._..  .9,520 7,478. 1906.._..._ . 458,908...177,136. 1947__.___. . 862,872 1360,680 — 
1866____._.- 9,968 6,828 1907___.___ 484,498 178,799 1948_.___..__ 842,477 365,635 
1867_______- 11,200 5,682 1908_.___._._ 471,285 124,419 1949__.____ 757,931 298,625 oS 

 1868_______- .12,992 5,976 1909______. 546,476 142,084 1950_-__.-._ 911,352 379,122. 
1869__..._... 14,000 6,790 .1910__.____. 540,080 187,180 1951_.._..-._ 930,774 450,495 -: 

- 41870_._..._.. . 14,112 5,977 1911_._..._. 548,616 187,154 1952_.__._. 927,365 448,845 | 
- 4871-...-_.. . 14,560 7,023 1912.___._. 621,634 205,189 1953___.... 943,391 541,506 me : 

1872_____-._ 14,000 9,956 14918..__._. 612,242 189,795 1954__...._. 834,381 492,285 
. 1878_.____.... - 17,360 © 9,721.1914.___:°_ 575,069 152,968 1955_-_.._._ 1,007,311 751,454 

1874________ .19,600 8,624 1915___:.+. --694,005:, 242,902 1956..__._._ 1,117,580 949,943 — oe . 
1875__ 2 2- 20,160 9,152. 1916_____.. 963,925 474,288 1957______. 1,081,055 650,795 . 
 1876__.____- 21,280 8,937 1917____.__ 943,060 514,911 1958__-_.-. 992,918 522,275 

“ 4877__---.--. 23,520 8,937 1918_._____. 954,267 471,408 1959_._..-_ 799,329. . 490,788 | OO 
-4878__._____ 24,080 . 7,994 1919.___..__ 648,210 289,274 1960_____-_.1,142,848 733,708 _ 

- (4879. Ss «5, 760 «C9 582 :1920__.:___ 604,581 222,467 1961.._._-_. 1,162,480 697,488 — 
1880___2___- 30,240 12,943 .1921_______. 252,798 65,221 1962____.._ 1,282,126 789,790. _ 
1881____.___  ~ 85,840. 18,046 1922_._____ 475,148 .128,289.. 1968_._____ 1,258,126 775,006 
1882____.___ 45,828 17,318 1923__..___ . 717,500. 210,945 1964___._... 1,301,115 . 848,327. 
18838_.__.___. 57,768 . 19,062 1924._____- -.817,125 214,087 1965___..-. 1,402,806 993,187 oo 
1884_______- 72,473 18,848 1925__.:... 887,435 237,832 : 
1885.__....- . 82,988 17,915. 1926__-_--. 869,811 243 , 547 

1 Exclusive of bonus payments of the Office of Metals Reserve under Premium Price Plan, which covered — 
the period. February 1, 1942, to June 30, 1947, indusive.. _ ae a : 

Table 14.—Primary and secondary copper produced by primary refineries in the 
United States ae | —— 

(Short tons) 

1956-60 1961 1962 1963 1964 1965 
. (average) | . 

‘Primary: | | Oo oo oo 
From domestic ores, etc.:! _ . 

Flectrolytic.......----------- 899,851 1,087,489 1,098,032 1,095,377 1,139,494 1,200,532 

- Lake... 2. ~~ ----------- 57,151 70,061 67 ,072 64,146 62,598 - 71,241 

Casting.__..-.-------------- 53,515 73,465 49,042 -— 59,819 57,760 63 , 887 

| Total__..._.._._._-------_ 1,010,017 1,181,015 1,214,146 1,219,342 1,259,852 1,335,660 | 
From foreign ores, etc.:! - 

. Electrolytic.......----------- | 342,042 355,009 379,236 857,015 371,003. 332,593 

Casting and best select_-_------ 21 ,242 14,115 18,3848 19,994 25,540 43,540 
em en 

Total refinery production 
of primary copper___----- 1,373,301 1,550,139 1,611,730 1,596,351 1,656,395 1,711,793 

Secondary: 
Electrolytic 2___-....------------- 212,855 281,886 287,472 240,620 276,954 368 , 232 

Casting. __..._-...-------------- 10 , 363 11,294 12,214 17 ,993 23,172 19 ,879 
a EE  ———S., HWM oR ER <I 

Total secondary.__._----------- 228,218 248,180 249,686 258,618 300,126 388,111 i 

Grand total._.____......_.----- 1,596,519 1,793,269 1,861,416 1,854,964 1,956,521 2,099,904 
rang Mabe 

1 The 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. 
2 Includes copper reported from foreign scrap. | 

- 232-748 O-67—24
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Table 15.—Copper cast in forms at primary refineries in the United States 

oe oo OO 4964 1965 | 

Lb - Form) | Thousand Percent Thousand _ Percent. 
a pe, os * . “short tons . short tons - _ - 

. Billets..__.__-----_------------ eee 222 dd 209° Ud. . 
- Gakes._.----------- ene eee 165 8 208 = =~—s«d20 

| Cathodes_..____---_------------2o--e eee eee 151 8 119 6 
E ' Ingots and ingot bars_----.--...------------------ 168. 9 201 . 9 

- : Wirebars______---------------1------------------ 1,234 - - 63 1,330 — . 63 
. _ Other forms_-_-------.----------------------£---. 17 1 16 lL 

| Total. __----------- eee eee eee 1,957 100 2,100 1000 

a a Table 16.—Production, shipments, and stocks of copper sulfate . 
oO ; - , (Short tons) . oo te ; 

a - o on, a oe - ' <Production 5 | ” 
o Siac en EE RREReEEEeR Stocks 

| . Year — -- Quantity .-Copper Shipments Dec. 31! 
7 content : | 

: | 1956-60 (average)___-_..--------------- ne 56,875. 14,219 © 56,048  — 4,209 a 
eo — 4961 eee ee eee 48 ,584 . 12,146 = 46,544 6,740 | 
2 4962 DIDI T IIIT IIe 89,984 9,996. 40,882 5,572 

_ 1963__.----_-.--- eee, 41,686 - 10,409. = 41,188 5, 480 
we 1964__.-.-__ eee eee 41,908 10,477 . 48,684 .. 3,416 

— 1965__-0 2222 LLL iil. 47,840 «11,885 = 45,6405, 048 

— ~ 1 Some small quantities are ‘purchased and used by producing companies, so that the figures given do not 
ws _ balance exactly. - oe ae Bos . . -! 

Oe : ae Table 17.—Byproduct sulfuric acid 1 (100-percent basis) produced 7 oe 
inthe United States a . 

ee me Di - oo... (Short tons), a 

a . - . Copper Zine= Copper Zine = oo _ 
m _ Year plants ? plants? Total . Year... plants 2 plants? Total - . 

“1956-60 (average) 411,544 795,184 1,206,678  1968___.._..-__. , 358,508 861,763 1,220,266 
-1961_____i__.__.. 362,630 776,109 1,188,739 1964____.__.__._ 330,273 924,100. 1,254,373 
1962__._.____.... 403,683 815,322 1,219,005 1965____---_---- 869,321 961,591 1,330,912 

1 Includes acid from foreign materials. Doe. - 

2 Includes acid produced ata lead smelter. Excludes acid made from pyrites concentrates in Arizona, Mon- | 
tana, Tennessee, and Utah. . - . 

3 Excludes acid made from native sulfur. — | a | pe 

oo Table 18.—Secondary copper produced in the United States | 
(Short tons) 

| | 1956-60 1961 1962 1963 1964 1965 
(average) | 

Copper recovered as unalloyed copper__-_-_ 267,608 290,805 301,374 314,643 866,197 462,811 
Copper recovered in alloys !___._---------. 606,771 558,134 620,454 659,783 726,824 | 790,439 

Total secondary copper____-.------ 874,379 848,939 921,828 974,426 1,093,021 1,253,250 

Source: 
New scrap______-__--_------------_-. 429,435 487,829 506,154 552,583 619 , 500 739 ,814 
Old scrap______.___----------------. 444,944 411,110 415,674 421,843 473,521 513 , 436 

Percentage equivalent of domestic mine 
output._______._-__.-.--------------- 87 73 75 80 88 93 

1 Includes copper in chemicals, as follows: 1956-60 (average), 12,249; 1961, 10,708; 1962, 9,986; 1963, 
10,191; 1964, 7,755; and 1965, 6,129.
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Table 19.—Copper recovered from scrap processed in the United States, by kinds 
of scrap and form of recovery | 

: * (Short tons) . . 

_ Kind of scrap 1964 1965 Form of recovery 1964 1965 . 

New scrap: on - As unalloyed copper: , | 
Copper-base__-..-..--. 610,332 730,024 Atprimary plants__..._._ 300,126 388 ,111 
Aluminum-base_-__--.~_ 8,951 © 9,573 At other plants_______-- 66,071 74,700 

a Nickel-base__..._-----__- 202 202 . cS . 
Zine-base___.__.__-__.- 15 15 ~Total____......_.... 366,197 462,811 

Total___.......__..._ | 619,500 739,814 In brass and bronze_____...._ 691,202 750 ,624 
= ———S SS === In alloy iron and steel_______ 2,416 2,945 — 

Old scrap: | In aluminum alloys_._....-. 25,282 30 ,552 
Copper-base__....._.._. 468,386 | 507,046 In other alloys_______.____- 169 189 
 Aluminum-base___..-.-.-. 4,494: | 5,657 In chemical compounds_____ | 7,755 - 6,129 
Nickel-base___.____-__- 654 678 ———— 

. Tin-base________.__-.- 22 20 Total__._____-....._ 726,824 790 ,439 
Zine-base______________ 15 35 - ————————— 

—-- Grand total___...__.. 1,093,021 1,253,250 
Total____...-_..---._ 478,521 513,436 

Grand total_____...-. 1,093,021 1,253,250 | 

| Table 20.—Copper recovered as refined copper, in alloys and in other forms 
from copper-base scrap processed in the United States 

(Short tons) . . 

. . From new scrap From old scrap Total 

So oN 7 1964 1965 | 1964 1965 (1964 1965 

Recovered by— a 
Secondary smelters___--------------- 52,717 58,995 242,258 254,974 294 ,975 313 ,969 
Primary copper producers. .--..-_---- 165,222 230,638 134,904 157,473 300 ,126 388 ,111 
Brass mills_______-__-_---._..--_.-_ 372,999 419,184 16,870 21,648 389,869 440,832 — 
Foundries and manufacturers__._..... 17,998 19,654 68,053 68,413 86 ,051 88 , 067 

| Chemical plants_..-.-.-------------. 1,896 1,553 6,251 4,538 7,647 ' 6,091 

7 Total__..._._--_-_--------------- 610,382 730,024 468,336 507 , 046 1,078,668 1,237,070 

| Table 21.—Production of secondary copper and copper-alloy products in the | : 
oe | | United States — | | 

a oy "(Short tons) oO . | 

L Item produced from scrap : | 1964 1965 

Unalloyed copper products: | 
Refined copper by primary producers----.---------------------------------- 300,126 388,111 — 
Refined copper by secondary smelters-_--_-_----------_------------------+---- 50 ,924 56,941 
Copper powder___._...--------------------------+-----------------------. © 18,636 15,484 . 
Copper castings. ........--.--------------------------------------------- 1,511 2,275 

Total___...---------------------------------------------------------- 366,197 462,811 

Alloyed copper products: _ 
Brass and bronze ingots: — 

Tin bronze__________.---------------------------------------------- 18,753 16 ,928 
Leaded tin bronze_______.-_----------------------------------------- 18,051 18 ,528 
Leaded red brass_..___-------_-------------------------------------- 92 ,407 101 ,380 
Leaded semired brass__.____....------------------------------------- 81,582 84,944 
High-leaded tin bronze___.__.._.------------------------------------- 88 , 506 41,997 
Leaded yellow brass___.--..----------------------------------------- 12 ,427 12 ,525 
Nickel silver____....___.__.-_.-------------------------------------- 3,877 4,362 
Low brass___.-_-----_------------------------------------ +--+ 2,564 2,825 
Conductor bronze_____._______.------------------------------------- 775 800 
Manganese bronze.______-_-_-_---------------------------------------- 13 ,636 14,152 
Aluminum bronze__________..--------------------------------------- 9,259 9,810 
Silicon bronze_____...__...--..-------.------------------------------ 4,616 5,736 
Copper-base hardeners and special alloys. _........--------------------- 15,658 19 ,509 

Total. _____________-------- nee eeeeeeeee------ 812,111 888,496 
Brass-mill products__.._._...-.-.-.--------_----.--__-------------------- 497,584 576 ,284 
Brass and bronze castings_______.-_.----.----------_--------------------- 72,772 68 ,618 
Brass powder. _____.--..--..-_------------------------------------------ 1,472 1,456 
Copper in chemical products. -__....---.---------------------------------- 7,755 6,129 

Grand total___________----- === eee nee eee eeeee--- 1,257,891 1,448,794
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| Table 22.Composition of secondary copper-alloy production — : 

. : _ (Short tons) | | 

| . SS . Alumi- 
Year Copper Tin Lead Zine Nickel num _ Total 

Brass and bronze production: ! a . 

1964______________u.__-.----. 244,126 15,261 20,685 31,321 639 7 312,111 

1965____---------------------- 262,749 15,661. 21,317 33,034 659 716 $333,496 

. Secondary metal content of brass- oo Oo 
mill products: 

_ 1964.____________--_-_-__-_._. 389,928 335 4,581 100,306 2,400 84 497,584 

. 1965_.__.__-_---..------._.-.- 441,142 301 5,174. 126,356 3,282 29 576,284 

Secondary metal content of brass and . 

bronze castings: — . - | 

= . 1964.____.___----------------- | 56,745 2,877 - 8,506 4,599 36 9 72,772 

1965_.______-.--2 Le ie eee --- «= 58, 718 2,665 “7 , 860 4,280 44 51 68,618 

1 About 95 percent from scrap and 5 percent from other than scrap. 7 

| Table 23.—Stocks and consumption of purchased copper scrap in the 

| 7 United States in 1965 7 | 
(Short. tons) . oo 

| | | -. Consumption 

. Stocks _ ————__ Stocks 

Class of consumer and type of scrap Jan.1 Receipts New Old Dec. 31 . 
scrap -serap Total 

Secondary smelters: oe - 

No. 1 wire and heavy copper_.-------- 2,244 37,914 4,182 33,533 87,715 2,448 

No. 2 wire, mixed heavy andlight copper 2,475 74,501 7,633 66,852 74,485 2,491 

_. Composition or red brass.------------ 4,642 104,753 31,767 73,304 105 ,071 4,324 

. Railroad-car boxes___-.--------+----- 79. 1,204 _______.- 963 963 - 320 

_. Yellow brass._---.------------------ 6,465 64,759 9,244 55,594 64 , 838 6,386 

Cartridge cases and brass.------------ 68 942 _______.- 914 914 96 

Auto radiators (unsweated) _-.-------- 5,073 58,460 __._----- 55,119 55,119 3,414 

Bronze.._____---------------------- 1,776 34,878 6,530 28,536 35,066 1,588 

Nickel silver._...__-_-.------------- 838 4,758 * 500 4,342 4,842 154 

Low brass_.___--------------------- $814. . 3,229 1,955 1,287 3,242 301 

Aluminum bronze___---------------- 179 536 367 176 543 172 

Low-grade scrap and residues_-------- 5,554 44,059 32,011 10,995 438,006 6 , 607 

~~ Total_______---_---_---_---------- 29,707 424,993 94,189 331,615 425,804 28,896 

Primary producers: Co . , Se a os 

. . No. 1 wire and heavy copper..--------. 2,359 112,212 67,1638 44,182 111 ,345 3,226 

No.2 wire, mixed heavy and lightcopper 9,528 209,104. 144,026 68,746 212 , 772 5,860 

Refinery brass. -_------------------- 534 . 4,555 4,963 2,178 7,141 — 948 

Low-grade scrap and residues___-.---. 36, 725 267,607 (92,099 177,736 269,835 34,497 

Total..__._.__-___----------.------ 49,146 596,478 308,251 292,842 601,093 44,315 

Brass mills:!. — oe 

No. 1 wire and heavy copper_..------- 4,460 118,056 107,640 10,416 118 ,056 8,676 

_ No.2 wire, mixed heavy andlight copper 2, 575 © 40,825 40,757 68 40 ,825 3,657 

. * Yellow brass_.____------------------ 10,928 259,373 259,373 —-__----_ 259,373 14,645 

Cartridge cases and brass.--.--------- 2,659 88,239 71,977 16,262 88 ,239 4,126 

Bronze______---.------_------------ 834 3,082 3,082 _____-- 3,082 698 

Nickel silver._..___----------------- 4,176 13,391 18,391 ___-_--- 13 ,391 4,026 

Low brass______-_--_--------------- 2,905 40,496 40,496 ___---- 40 ,496 2,778 

Aluminum bronze. -_____------------- 326 294 294 __ Loe 294 264 

Mixed alloy scrap___.--------------- 10,746 21,786 21,786 ____--- 21,786 12,312 
a 

Total !1___________._-__-_--------- 39,609 585,542 558,796 26,746 585,542 51,182 

. Foundries, chemical plants, and other man- 
ufacturers: 

No. 1 wire and heavy copper__-__----. 2,878 24,404 10,655 13,655 24,310 2,972 

No.2 wire, mixed heavy andlight copper 1,687 23 ,473 4,948 18,300 23 ,248 1,912 

Composition or red brass------------- 782 4,466 1,750 2,855 4,605 643 

- Railroad-car boxes___.._------------- 1,999 38,635 _._..._ 39,503 89 ,503 1,131 

Yellow brass____.------------------- 1,177 8,362 3,939 4,612 8,551 988 

Auto radiators (unsweated)__--------- 2,752 6,995 ___-_-- 8,387 8,387 1,360 

Bronze______.---------------------- 836 1,814 962 1,297 2,259 391 

Nickel silver____.------------------- 3 117) ___ ee 117 117 3 

Low brass____-_-------------------- 187 895 334 531 865 217 

Aluminum bronze__-_---------------- 332 645 383 421 804 173 

Low-grade scrap and residues- ---- ---- 1,486 12,403 2,744 7,299 10 ,043 3,846 
ee 

Total________.___-_-_-_-_---------- 14,119 122,209 225,715 296,977 2122,692 18,636 
—— ee ee



. | COPPER. | . 365 | 

Table 23.—Stocks and consumption of purchased copper scrap in the United States , 
| | _ in 1965—Continued a : 

oe (Short tons) © 

Oo . Consumption . 
Stocks ——___________—__——— Stocks 

Class of consumer and type of scrap Jan. 1 Receipts New Old Dee. 31 , 
_ serap scrap Total 

Grand total: | 
No. 1 wire and heavy copper-_-------- 11,941 292,586 189,640 101,786 291,426 17,317 
No. 2 wire, mixed heavy andlight copper 16,265 347,903 197,364 153,966 351,330 13,920 
Composition or red brass.._-_---------- 5,424 109,219 33,517 76,159 109 , 676 4,967 

‘ Railroad-ear boxes_______.--.-------. 2,078 | 39,889 __.-_-. 40,466 40,466 1,451 
Yellow brass_____...-.-------------- 18,570 832,494 272,556 60,206 332,762 22,019 — 
Cartridge cases and brass____._.------ 2,727 89,181 71,977 17,176 89,153 A ,222 
Auto radiators (unsweated).._._...----- 17,825 60,455 __._.-.. 63,506 63 , 506 4,774 
Bronze.....2--..-..---------------- 3,446 89,774 10,574 29,833 40,407 2,677 
Nickel silver___._._.._..-.---.-------- 5,017 18,266 13,891 4,459 18,350 4,783 
Low brass__._..__...-.------------. 3,406 44,620 42,785 1,818 44,603 3,296 
Aluminum bronze___._____.--------- 837 (1,475 1,044 597 1,641 609 
Low-grade scrap and residues?____._... 44,299 831,624 181,817 198,208 330,025 45,898 

. Mixed alloy serap___---_.----------- 10,746 21,786 21,786 _____-. 21,786 12,312 

Total. _..........---------------. 182,581 1,729,222 986,951 748,180 1,735,131 138,245 

1 Brass-mill stocks include home scrap; purchased scrap consumption assumed equal to receipts, so lines in 
brass-mill and grand total sections do not balance. | Ds . 

2 Of the totals shown, chemical plants reported the following: Unalloyed copper scrap, 969 tons of new and 
3,457 old; copper-base alloy scrap 2,528 tons of new and 4,944 old. : 

3 Includes refinery brass. | 

Table 24.—Consumption of copper and brass materials in the United States, by 7 
principal consuming groups , . 

_ (Short tons) 

| . | Foundries, 
. Primary Brass Wire chemical Secondary 

Year and item producers mills — mills plants, and smelters Total 
an -miscellane- . . 

ous users oo, 

1964: | 
_ Copper serap____.--------- 484,481 505,784 ___.___-- 122 ,533 899,802 1,512,600 

Refined copper !__._._._..--. --------- 690,406 1,097,518 . 32,636 4,721 1,825,281 © 
Brass ingot__.___...----... --------- 6,557 __-.--.-. 2801,987 -____---- 308 ,544 
Slab zine__-.-_-----------. --------- 122,798 __..-_.-- 3,812 8,490. 135 ,095 
Miscellaneous____.__._-----. --------.  --------. --------- 100 9,103 9 ,203 

1965: . | . . 
Copper scrap___.---------- 601,093 585,542 ___.__.-- 122 ,692 425,804 1,735,131 
Refined copper !___.-----... .-------- 739,906 1,223,432 34,828 6,457 2,004,623 
Brass ingot___.__--.------. --------- ' 6,488 _.__..._ 2%824,707 —__-_.---- 331,190 
Slab zine__-.--.-.--.-----_ --------- 115,280 _______-- 3,968 7,600 126 ,848 
Miscellaneous______._....-. --------. ---------  --------- 100 8,386 8,486 

' Detailed information on consumption of refined copper will be found in table 29. 

2 Shipments to foundries by smelters minus increase in stocks at foundries. 

Table 25._-Foundry consumption of brass ingot, by types, in the United States 
(Short tons) m 

Type of ingot 1956-60 1961 1962 1963 1964 1965 
(average) 

Tin bronze____..--------.----- 12,327 11,152 9,677 8,295 9 ,334 9,999 
Leaded tin bronze___._--------- 24,533 22 ,876 27,034 25,655 27,683 31,331 
Leaded red brass.._...---..---. 146,524 149 , 405 158 ,047 163 ,153 176 , 423 181,773 
High-leaded tin bronze_.--------- 21,617 16,739 17,916 18,850 21,014 22 ,930 
Leaded yellow brass__.-_--.---- 16 , 563 12 ,672 10 , 632 11,815 12 ,938 19 , 767 
Manganese bronze_-_---.--------- 10 ,298 8,429 8 , 564 8,497 9 ,264 9,816 
Hardeners_-__..-.-------------- 2,192 2,439 2,711 3,889 4,071 4,349 
Nickel silver___...------------- 3,076 2,792 3,303 2,789 3,084 3,398 
Aluminum bronze____-----.---- (4) (4) 7,688 8,053 7,820 8,122 
Low brass ?____..-..----------- 7,665 7,505 928 1,316 1,929 2,503 

Total___.._....--.-.-... 244,795 234 ,009 246 ,500 252 ,312 273 ,560 293 ,988 

1 Included with low brass. 

2 Includes aluminum bronze for 1956-61.



Table 26.—Foundry consumption of brass ingot by types, refined copper, and copper scrap, ih the United States in 1965, by | 
, geographic divisions and States - 2 

ce _ (Short. tons) : | . 

_ High- — me Refined Copper. 
Tin Leaded Leaded leaded Leaded Man- Hard- Nickel Alumi- Low Total copper scrap. 

Geographic division and State bronze tin red tin’ yellow  ganese eners silver num brass brass. con- -con- 
bronze brass _— bronze brass bronze . bronze ingot sumed .sumed — 

New England: , . 
co Connecticut__....-.----.s------ 197 639 5,198 244 1,962 130 16 20 116 59 8,581 . 445 1,368 

Massachusetts____......__------ 756 2,282 8,636 450 113 - “421 39 329 67 363 18,456 678 1,167 
Maine, New Hampshire, Rhode . . 

Island, and Vermont____.-.._- 83 280 2,425 128 231 ' 140 4 . 296 | 22 — 23 3,632 148 10 

Middle Atlantic: oS ~ 
New Jersey_._.---------_------ 567 482 3, 736 202 ~2——s« 880 221 15 61 100  1T7T 6,141 1,412 5, 743 
New York. ___._.-------_------ 752 2,268 16,512 935 558° - 1,000 #84 204 1,244 © 202 28,759 848 7,552 
Pennsylvania_.___.-.-...-----... 1,804 6,223 20,471 3,623 © 1,510 1,467 1,748 417 402 128 37,298 6,924 13,481 ; 

Total____. 2 ee 2,623 8,973 40,719 . 4,760 . 2,648: 2,688 1,847 682 1,746 507 67,193 9,184 26 , 726 Z 
a —————E————eEe——————————————EE———E——>S———————EEE bo 

East North Central: , Zz 
Illinois____....---------------- 483 2,579 . 16,666 742 ‘108 555 “AT4 195 992 374 23,168 2,239 5,741 5 
Indiana...__._-._-..-.----.---- 85 598 17,427 780 956 252 . 840 301 57 168 21,464 1,389 5,374 > 
Michigan______-._-_.---------- 178 465 11,430 All 6,063 1,787 © 78 28 412. 50 §=6©20,902 4,016 1,584 

. Ohio__._.._.-----_-------.---. 1,592 10,369 23,163 8,475 | 1,385 { 1,579 267 99 974 \ 523 { 46 ,956 4,394 8,831 ” 
Wisconsin__.._...-....------_-- 813 939 8,699 3,215 | \ 239 401 979 974 17,729 5,597 TTT < 

Total._............-..-...-.. 3,151 14,950 77,385 18,628 8,512 4,412 2,060 1,602 3,409 1,115 180,219 17,635. 22,307 By 

West North Central: ° 
Iowa, Kansas, and Minnesota - _ _- 615 233° 5,478 95 34 287 151 164 , 7,255 388 2,657 S) 

_ Missouri, Nebraska, and South Se 78 176 , ‘ 
Dakota___....-...----_--.--- 57 174 1,270 752 500 108 13 602 8 532 674 19,528 ~—— jee 

Total__2._-..-..------------_- 672 - 407 6,748 847 534 395 - 164 78 766 176 = 10, 787 1,062 22,185 & 

South Atlantic: ee CO 
Delaware, District of Columbia, nen * 

Florida, Georgia, and Maryland_ 716 884 554 56 . 194 160 | © 48 | 182 2,760 356 204 
North Carolina, South Carolina, , 14 . . 5 

Virginia, and West Virginia _ __ 310 206 7,094 288 1,017 178 -- 343 9,489 780 9 ,628 

Total___.-__-._...-_.__-_.-----. 1,026 1,090 7,648 344 1,211 338 . 14 48 475 5 12,199 1,186 9,832 
East South Central: Alabama, Ken- mo , : 

tucky, Mississippi, and Tennessee. __ 395 . 830 18,708 1,045 3,501  § 3816 47 75 303 87 20,802 449 - §,544 
West South Central: Arkansas, Louisi- 

ana, Oklahoma, and Texas. -______-_ 205 1,216 8,446 552 725 423 - 96 144 935 8 12,745 A421 4,540 - 
, Mountain: Arizona, Colorado, Idaho, - , 

Montana, Nevada, New Mexico, . 
and Utah__..._--.____---.----__. 111 37 469 11 40 85 5 8 20 99 885 172 534 

Pacific: a , 
California___..-.......-...-.-..- 658 603 10,019 651 161 412 57 116 250 42. 12,969 824 12,386 
Oregon and Washington_________ 122. 24 377 275 129 56. oe a 18 24 1,020 750 4,195 

Total.....-...----_---------- 780 627 10,896 926 290 468 — 57 116 263 66 18,989 1,074 16,581 

Grand total_....-._---------- 9,999 31,331 181,773 22,980 19,767 9,816 4,349 3,398 8,122 2,508 298,988 32,404 110,794
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Table 27.—-Dealers’ monthly average buying price for copper scrap and 
consumers’ alloy-ingot prices at New York in 1965 | 

(Cents per pound) _ oo . 

Grade Jan. Feb. Mar. ~———s Apr. - May June 

No. 2 copper scrap___.-.-------- 26.20. 27.78 30.72 34.08 132.15 135.09 
No. 1 composition serap._.-.---. 25.25 25 .33 26 .06 27.78 129.10 128 .66 
No. 1 composition ingot_.___-_-_- 38 .35 38 .25 38 .25 40 .20 41.25 41 .25 

a July Aug. Sept. Oct. Nov. Dee. Average 

No. 2 copper scrap____.-...---. 33.50 35 .85 38 .36 40 .54 41 .53 38 .07 34 .49 , 
No. composition scrap____---.-. 27.39 27 .52 28 .42 29 .37 29.71 29 .79 27 .87 . 
No. 1 composition ingot_........ 41.25 41.25 41 .25 41 .42 41 .42 41 .42 41 .02 

1 Nominal. . 

Source: Metal Statistics, 1966. a - . 

Table 28.—Primary refined copper supply and withdrawals on domestic account 
. (Short tons) : . 

ae , 1956-60 | , | 
Supply and withdrawals (average) 1961 | 1962 1963 1964 1965 

Production from domestic . . . 
_and foreign ores, ete____ 1,373,801 1,550,189 1,611,730 1,596,351. 1,656,395 1,711,793 
Imports }-.__ 2-2 167 ,857 66, 855 98,820 119 ,219 r 139,974 137 , 443 
Stock Jan. 1}_____.___.._. | 58,000 98,000 49 ,000 - 74,000 52,000 87,000 

Total available sup- 
| ply___.._--_---- 1,599,158 1,714,994 1,759,550 1,786,570 + 1,848,369 1,886 ,236 

Copper exports!____.--.. 309,389 428,718 336 , 525 311,479. 316,230 324,965 
Stock Dec. 31 !____---_--- 70,000 49,000 - 71,000 52,000 37,000 85,000 | 

- Total____________- 379 ,339 477,718 407,525 | 363,479 353 ,230 . 859,965 
Apparent withdrawals on — 

_ domestic account ?___-_. 1,220,000 1,237,000 1,352,000 1,423,000 *1,495,000 1,526,000 | 

r Revised. - / Oo a 
1 May include some copper refined from scrap. 

2 Includes copper delivered by industry to the Government stockpiles. 

Table 29.—Refined copper consumed, by classes of consumers 
. (Short tons) | 

Ingots : 
and Cakes 

Year and class of consumer Cathodes Wire bars ingot and. Billets Other Total 
bars slabs 

1964: | | 
Wire mills____._...--------. ------. 1,086,215 10,424 -____.._  __._... - 879 1,097,518 
Brass mills___.......-.:-.. 129,944 44,756 111,506 184,484 219,651. 115 690 , 406 
Chemical plants__._......-. ------.  --------- 1,621 __.._-. -__.... 550 2,171 
Secondary smelters.__.-.--- 2,291 _.______e 2,308 9 ____LLL 113 4,721 
Foundries___..-.---------- 3,792 61 9,654 __.____ 310 1,122 14,939 
Miscellaneous !__.___--.---- 1,023 38 7,565 (2) 700 36,200 15 ,526 

Total_._....._....__.._. 187,050 1,181,070 148,078 184,448 220,661 8,979 1,825,281 

1965: 
as 

Wire mills. ___._._____--_-- 100 1,212,284 10,286 _____._ ______- 812 1,223,432 
Brass mills____..---------- 121,815 35,312 156,107 195,742 230,816 114 739 ,906 . 
Chemical plants._.___._..--..  ------. --------- 1,701 _____-. -__---- 123 2,424 
Secondary smelters__-__---- $8,506 ________- 2,670 2 _L_iiee 279 6,457 . 
Foundries_____--__-------- 2,918 70 11,806 _______ 448 1,266 16,508 
Miscellaneous !__.___....-.- 1,126 26 §7,047 -. (2) 719 36,978 15,896 

Total____...._-..__--__. 129,465 1,247,642 189,617 195,744 231,983 10,172 2,004,623 

1 Includes iron and gteel plants, primary smelters producing alloys other than copper, consumers of copper 
powder and copper shot, and miscellaneous manufacturers. 

? Included with “Other” to avoid disclosing individual company confidential data. . 

3 Includes ‘‘Cakes and slabs’ to avoid disclosing individual company confidential data.
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ceeded 1.25 million tons in 1965 and was cent) was old scrap. Of the 585,500 tons 
15 percent more than in 1964. Copper-re- used at brass: mills, 95 percent (96 per- 

7 covered in all forms from copper-base scrap cent) was new scrap. Foundries and other. 

| | rose 6 percent at secondary smelters, 29 plants consumed 97,000 tons (99,400 tons) 
percent at primary producers, 13 percent at of old scrap and 25,700 tons (23,200 tons) 
brass mills, and 2 percent at foundries, but of new scrap. a | , | 
decreased 20 percent at chemical plants. Primary producers recovered 388,100 tons 

Copper recovered from new scrap was 59 of refined copper from secondary materials, | 
percent of the total (57 percent in 1964) . 29 percent more than in 1964. Secondary 

- Consumption of purchased copper-base smelters recovered 56,900 tons of refined 
| scrap totaled 1,735,000 tons and increased copper (50,900 tons in 1964) anda total of | 

15 percent over that of 1964. Use at sec- 17,800 tons (15,100 tons) of copper powder a 
_ ondary smelters increased to 425,800 tons, and copper castings was produced. Produc- 

of which 78 percent (79 percent in 1964) tion of brass-mill products and output of 
was old scrap. Primary producers used brass and bronze ingots rose 16 percent | 
601,100 tons, of which 49 percent (52 per- and 7 percent, respectively. | 

| CONSUMPTION ) 

Demand for copper continued strong per, but includes all copper in refined 
throughout 1965 and was without a sharp form. , | a : | 
seasonal drop in July, August, and Sep- Distribution of actual consumption by | 

tember. Apparent withdrawals of primary | use-groups followed the usual pattern, with 

| copper rose 2 percent, and consumption of Wire mills consuming 61 percent (60 per- | 
| new copper was the largest since 1942. cent in 1964) and brass mills 37 percent 

Actual consumption of refined copper (38 percent) of the t otal. Consumption ex: 
ump | . PP ceeded 160,400 tons in January and rose to 

exceeded 2 million tons and increased 10 179,400 tons in June. Use dropped to 
percent over that of 1964. These data are 122,100 tons in July, but rose to 173,700 

| based on consumers’ reports of quantities tons in August and averaged 172,000 tons 

entering processing, with no adjustments of for the last 5 months of the year. Produc- 
stock changes of material in process. Un- tion of silverless, three-layered dimes and 

| like table 28, in which only new copper is quarters and reduction of the silver con- 
| included as far as possible, table 29 does tent of half dollars, increased the consump- 

| not distinguish between old and new cop- tion of copper in coins in 1965. 

| STOCKS | . 

A high rate of consumption and a tight , | 
supply situation caused stocks of refined 

| copper at primary producers in the United Table 30.—Stocks of copper at primary | 
tates to drop from 57,700 tons at the end smelting and refining plants in the 

of. January to 29,100 tons on June 30. After United States, Dec. 31 
a buildup to 37,000 tons in July, inven- (Short tons) 
tories again decreased and totaled 35,000 
tons at yearend. Stocks of unrefined materi- Blister and 

al decreased from 246,000 to 228,000 tons y Refined materials in 

in January and rose to 251,000 tons in . car copper vefining 2 

April. They then decreased to 214,000 toms © © —@_—22 2 
by August 31 and rose to 261,000 tons, the 1956-60 (average)-__----- 70,000 261,000 

year’s high, in November. Inventories were  196277727727222777227721_ 71000 -—246"000 
246,000 tons at yearend. 1968_________________... | 52,000 252,000 

. . . 1964____________-------- 37,000 246,000 
Fabricators’ stocks of refined copper, in- 1965__________-_-------- 35,000 246,000 | 

cluding in-process metal and primary fab- TV Mav indlude some couwer refined from scrap 
ricated shapes, were 462,500 tons at year- oT h include some copper relned trom scrap. 

ae ncludes copper in transit from smelters in the 
end, 8 percent more than at the beginning _ United States to refineries therein. 

of the year. Working stock inventories in- 
creased 13,700 tons during the year.
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| - Table 31.—Stocks of copper in fabricators’ hands Dec. 31 me / 
Co, (Short.tons)- ee 

a Unfilled. SO 
--. §tocks of purchases _ Unfilled Excess 

refined ofrefined ~ Working sales to stocks over 
Year copper ! ' copper stocks customers ponders , 

rom pro- o oO 
. ducers — — 

| | | ado »- B@.. (4) ©) 
1961__-- 2222-2 eeeee----- 461,252 89,745 - 361,286 144,344 45,367 
1962__________------------ 465 ,592. ~~ 81,297 385 ,239 138,089 -. 23 , 561 
1963___..-----.----------- 474,875 - 100,357 | 382 ,.692 163 , 558 . 28,982. 
1964____. 2-222 2s ee ‘429 ,989 107,244 9 381,677 © 225 , 366 . —69;810- 
1965___-.----=-+---------- 462 ,519 . 129,349 .. . - 395,396 — 288,681 = 92,209 - | 

hk ; Includes in-process metal and primary fabricated shapes..Also includes small quantities of refined copper 
held at refineries for fabricators’ account. . a : 

- 2Columns (1) plus (2) minus (3) and minus (4) equal column (5)... Be . 
Source: United States Copper Association. a oF . 

: Po PRICES 
Reports from copper-selling agencies in- - Table 32.—Average weighted prices of 

dicated that 1,211,003 tons of domestic. pri- -copper deliveries, 1 consumer plants : : pr : —_ 
| mary refined copper was delivered to pur- (Cents per pound) | a 

chasers at an average price of 35.4 cents =" Domestic Foreign 
per pound. Total sales of domestic refined Year copper —s. copper 

.copper from primary and secondary mate- jgg, 30.0 30.4 | 
Yials were reported as 1,394,524 tons at an 1962______.2----------:--. 80.8 30.6 

average price of 36.7 cents per pound. The jggq-77077277727777ZT01. ee 
average price of foreign copper delivered) +1965-__----.-------------- » 3540, 8650 

_ in the United States ‘Was. 36.5 cents per. 1 Covers copper produced in the United States and oe 
_ pound. | - delivered Pere. and, abroad 12nd copper | produced ee 

eo ° . abroad an elivered in e Unl ; excludes 4 

7 The price of electrolytic copper quoted copper both produced and delivered abroad, whether — 
_ by US. primary producers was 34 cents-per. or not handled by USS. selling agencies. — oo 

-. pound, delivered,:at the beginning of the . | ae oo | | 

year. From’ May 4 to May 6, producers in ‘© the: next. The spot ‘price for wie’ bar = | 
the United States increased the price of opened the year at the equivalent of 50 

_ ‘yefined copper to 36 cents per pound, fol- cents per pound and thereafter trended os 

lowing a similar increase in prices abroad. .UPWard to 651% cents per pound by May — | 
_- Effective November 1, Copper’ Range, Co. 18- The price declined to 4934 cents by a 
increased its price of copper 2 cents per mid-July but began to rise thereafter. As . oe 

- pound to correspond with the foreign price 1965 drew to a close, prices for wire bar OC 
o£ 88 cents; By November 10, other domes- increased rapidly and the spot: price closed” om 
tic producers, except Kennecott Copper ‘the year at the equivalent of. 7034 cents: | 
Corp., had followed this action. Two large Per pound. | | 
producers, however, rescinded the last price According to the American Metal var : | 
rise on November 22. Copper Range Co. ‘et, prices paid on January 2 for No. | 

_. withdrew its price increase November 29 SCtaPp were 30.25 to 31.00 cents per pound 
and thereby the domestic price for all’ U.S. :2Nd4 for no. 2 scrap were 27.00 to 27.50 
producers was reestablished’ at 36 cents per Cents per pound. Prices for scrap dropped 
pound. a . | in January but began to rise early in Feb- a 
“The price :of copper on commodity ex- TUary and continued to increase until April 

changes in the United States and abroad 2!» when the price of No. I scrap was 38.00 - 
fluctuated widely. Dealers’ price in the © 38.50 and No. 2 scrap was 36.00 to 36.50 | 
United States declined from a high of 65 cents per pound. Prices fluctuated until the | L 
cents per pound in early December 1964 to end. of July, after which they began to in- 
4514 cents on February 5, 1965. Thereafter, CTease steadily, and by November 12, prices 

it began to rise and reached 62 cents in of No. 1 scrap and No. 2 scrap were 46.00 
May. After dropping to 56 cents in late © 47.00 and 42.00 to 43.00 cents per 
June, dealers’ price rose to 6714 cents by Pound, respectively. Trading in scrap was 
November 8, but soon thereafter began to nominal after the announcement of the | 
drop as a result of the release of copper stockpile release of copper. When quotes 

from Government stockpiles. Dealers’ price Were tesumed on November 29, prices of 
at yearend was 50 cents per pound. No. 1 and No. 2 scrap were 39.50 to 42.00 

: and 36.00 to 38.00 cents. Early in De- 
London Price.—Prices on the London  cember, prices for scrap began to move up- | » pr p Deg P 

Metal Exchange were characterized b ward again and closed the year at 43.00 to 8 yo 8 y 
wide fluctuations with differences of as 44.50 cents for No. 1 and 39.00 to 40.00 for . 

much as 8 cents per pound from one day No. 2. . .
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. | Table 33.—Average monthly quoted prices of electrolytic copper for domestic and 
export shipments, f.o.b. refineries, in the United States and for 

De, - a _ spot copper at London — Be a 

. BO _» (Cents per pound) - . 

1964 Pe , | 1965 : 

Month — Domestic; Domestic, Export, London Domestic, Domestic, Export, London, . 
a _ f.o.b. re- f.o.b. re- f.o.b. re- spot *4 f.o.b. re- f.o.b. re-  f.o.b. re-. -spot 34 

. finery 1 finery? finery? ~© | finery! - finery ? finery 2 : 

January..---.--- .30.82 30 .600 28.566 29.69 33.82 33.600 33.3876 45.15. 

February-------- 30 .82 30 .600 28.629 (31.40 33.82 33.600 32.994. 53 .15 

; March. _-------- 31.35 31.116 29 .127 33 .74° 33 .82 33.600 33.191 _ 55 .80 | 

ae . April_..--------- 31.82 31.600 29.6386 .§ 839.01 - 383.82 . 33.600 - 33.223 60.94 - 

a May..---_------ 31.82 - 31.600 29.670 - 37.49 35.68 35 .454 35.921 © 62.28 — | 

June______-_--.- 31 .82 31 .600 29 .830 36 .53. 35.82 35.600 36.107 - 59 .04 © 

. . July ...-2------- 31.82 = 31.600 29.960. 38.58 - 35.82 35.600 36.052 51.15 

Ue, - August.....--... | 31.82. 31.600 = 30.977 45.01 35.82 35.600 . 35.688 54.63 

_ September------- 32 .44 32 .230 82 .694 52.19 35.82 35 .600 35 .605 60 .02 

- October______--- 33 .82 33 .607 34.141 | 61.05 . 35 .82 35 .678 38 .083 63.58 

ae November_-..--- 33.82 33 .664 34 .192 62.99 - 36.35 36.414 § 38.460 66 .62 

“~*~ December —~ ----~ 33.82 33.701 34.392 . 57.16 .. 35.82 35.861 38.549  —s- 68.81 

: Average... - 82.17 81.960 30.985. 43.88 35.19 35.017 35.604 ~~ 58.52 

eo 1 American Metal Market. —- a SO a 

_ 2 K&MJ Metal and Mineral Markets. - | a - : Se 
. . 3 Metal Bulletin (London). Sn re Cg De co 

oO 4 Based on average monthly rates of exchange by Federal Reserve Board. | - 

ae ‘fable 34.—U.S. exports of copper by classes and countries 

ee ge hort tons) | 

| Da -. , :eoncen- . oe ‘Wire |. a 
. Dy - trates, = -.' Pipes. Plates Wire and = Other. 

- . Year and country matte Refined Scrap and . and and cable, copper” . 
a / oO OS _ (copper a . tubing sheets cable, insu- manu- “ 

re - ~  eon- * . bare lated. factures 
: mo So _. tent) _ " - 

1956-60 (average)_.._.-.-------. 10,988 309,389 33,222. 1,207 816 6,782 17,836 2,857: 

1961_.___..--.-_-___----------- 4,478 428,718 35,257 949 355 1,995 15,550 7,362 
“ ) 1962__ 2 eee ee-e---- «61,916 336,525 12,608 - 864 349 2,875 18,364 6,768 

ae 1963___.__..__.=.____i-._.---. 1,210 311,479 18,690. 1,158 338 3,150 15,145 .5,811-. 

7 . 1964____.__.--.--------------- 5,395 316,230 43,749 ~ 1,433 398 5,186 14, 436— 4,470 

| - 1965: oe : Co _ . OO 
ae .. North America: ma ae = 

, Canada___.---.------- 50 . 6,160 480 - 220 326 508 «4,888. 1,135 

: me Mexico__..---.-------- 1 - 409 ae 19 98 _ Al 527 35 

. Other. __.-_..--------- ~ 1 81 es 104 “15... 214: 1,556 923 . 

Total _-----~--------- 52 6,650 480 343 os 439 758 6,971 2,093 

South America: | 7 . os . - mo, 
_Argentina____..------- a 6,794 - 54 QQ) | a 4.. 51 —_— ; 

Brazil_..-_-....-------- ae 6,039 a ~ 2). ee 67 | 13 - 145 

Colombia__..--._------ 50 32. 10. 26 1 110 267 1,021 

Peru____.-...-.------- 1,149 . 91 _. 18 . 4 40 373 7 

Other_____-_:--_-----. «© ---  ..79 a 45 73 122 998 1,373 

Total__.....-------- 1,199 | 18,035 64 91 78 348 1,702 2,546 
nn 

Europe: . 

Belgium-Luxembourg... 2,642 1,241 2,768 2 1 15 41 49 

France____.----------- --- 38 , 597 2 () 2. 11 = =—-- 201 9 

oo _ Germany, West__.----- 1,820 34,281 4,386 5 1 4 483 37 

' Jtaly__._.--.-.-------- 4 51,734 1,201 11 7 1 70 7 

Netherlands.._-------- | --- 9 , 833 149 7 65 8 121 2 

Spain__._..----------- 593. «8,769 = 9,710 8 1 12 104 — 

Sweden____.---.------ 388 4,919 120: 1 — 24 84 --- 

Switzerland.____-_------ 1 4,184 --- 9 a 17 103 63 

United Kingdom____-_.. 1,044 68 ,953 118 35 16 6 111 80 

Other___...----.------ --- 7,568 7,650 31 () 45 647 266 
we 

Total_______...----. 6,492 225,079 26,104 109 93 148 1,965 518 
Afriea__....----_---+------ _-- 586 =: 11,123 96 2 493 995 113 

Asia: oO OO 
India______.-_..------ _-- 51,047 575 36 116 1,350 803 364 

Japan____._.__.--.-.--- 7,767 22,052 3,249 4 125 68 172 149 

Other_____._____------ _-- 112 55 207 5 1,388 3,588 25 

Total____._..._--.... 7,767 73,211 3,879 247 246 2,806 4,563 538 

Oceania__________--------- _— 6,404 110 9 72 17 192 2 

Grand total___.._..--.... 15,510 324,965 31,760 895 _ 930 4,560 16,388 5,805 

1 Less than 14 unit.
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7 | FOREIGN TRADE | es 
Exports.—Refined copper, again the Mexico, 2 percent; Bolivia and others, less 

‘principal class of exports, increased 3 per- than 1 percent. The Philippines supplied = 
cent over 1964. India, Italy, and the United 34 percent of the imports of copper in ore 

_ Kingdom were the major recipients; and concentrate, the total of which de- 
France, West Germany, and Japan also re- creased 29 percent. Imports of blister cop- 
ceived substantial quantities;, and some per were down 15 percent compared with 
other countries received less than 10,000 1964 totals; strikes reduced the quantity 

| tons apiece. . obtained from Chile by 25 percent. Im- 
Exports of ore, concentrate, and matte ports of refined copper declined 2 percent. 

increased 187 percent over those of 1964 The quantity of copper in scrap received 
and were the highest since 1957. was 242 percent over that of 1964 and was 

Imports.—Total entries of crude and the highest since 1950, when 38,800 tons 

refined copper into the United States de- were imported. 
clined 11 percent compared with 1964 Tariff.—The price of copper was above 
figures. Imports from nations of the West- 24 cents per pound throughout 1965 and 
ern Hemisphere constituted 84 percent of the 1.7-cent-per-pound excise tax, effective 
the total supply as follows: Chile, 41 per- July 1, 1958, was applicable to imported 
cent; Peru, 25 percent; Canada, 16 percent; copper. . 

- Table 35.—U.S. exports of copper by classes 

~ Ore, concentrates, Refined copper EE 

and matte (copper and semi- Other copper Total 
Yy content) manufactures manufactures 

7 ear . REED 

| Short Value —s-— Short Value Short Value Short Value . 
tons tons tons tons 

1956-60 (average)_.. 10,988 $7,223,372 368,703 $245,414,844 2,857 $2,197,928 382,548 $254,836 ,139 
1961__.__....._.... 4,478 2,474,679 482,824 295,397,080 7,362 5,260,315 494,664 303,132,074 
1962_____._._....__. 1,916 1,045,181 366,585 234,604,915 6,768 5,106,603 375,269 240,756,699 
1963__.._...-.._-.. 1,210 | ‘638,177 344,960 225,648,628 .5,811 4,273,403 351,981 230,560,208 

_ 1964_______..__..__ - 5,395 2,970,822 381,432 262,741,291 4,470 3,667,512 391,297 269,379,625 
1965___.___.__.._.-. 15,510 8,368,699 379,498 317,387,627 5,805 5,435,911 400,813 331,142,237 

Table 36.—U.S. exports of copper-base alloy (including brass and bronze), : 
| | by classes | | | 

| 964 OO™~<“s~*~‘s*~*~*~*~*~«*SSSC‘C(C®SCSC*# 

Class Short Value . Short Value 
: tons tons 

Ingots_____._.--_-------------.--------2------_- 1,987 $2,040,846 - 1,519 $1,392,397 
Scrap and other forms_____..._________-_--------- 68,670 33,580,386 65,325 35,998,600 
Bars, rods, and shapes____________.----_---__----_- 1,041 1,504,485 2,073 3,596 ,398 
Plates, sheets, and strips._____.___________--___-__- 1,114 2,510,768 3,435 6,353 ,195 
Pipes and tubing-------------1-----------------.- 1,866 2,154,755 1,879 3,065 ,415 
Pipe fittings. ___--._-------------------.--------- 1,529 3,477,341 2,840 7,611,758 
Plumbers’ brass goods. _--___---._-.------------.-- 2,729. 7,054,779 555 7,088,030 — 
Weiding rods and wire_____-._._--.--.------------ 941 2,255,560 - 816 1,961 ,944 
Castings and forgings. .__.__._.._._-_-___-_______- 668. 1,312,192 422 960,240 — 
Powder ________--_-----------.------------------ 475 632 ,267 969 1,374,348 
Semifabricated forms, not elsewhere classified ________ 93 181 , 503 216 ‘718 ,541 

Total__._--.-_--------------------- eee 80,613 56,704,782 80,049 70,115,866 

Table 37.—U.S. exports of unfabricated | : 
copper-base alloys | ingots, bars, rods, Table 38.—U.S. exports of copper 

shapes, plates, sheets, and strips __ sulfate (blue vitriol) 

Short SS” Short 
Year tons Value Year tons Value 

19: 1956-60 (average).___.----. 117,716 $8,959,477 
1961 et Tinos Ss'e5Reg 1961 TBS 1b azza2 
1962-22-22 2-222LLLLILt. 2891 4'207/640 © 1962-----.---------------- 916 458.665 
1963________-----22------- 2,046» 3,491,256 «=—- 1968. - -------------------- "477 
1964-22-22 22222222222 4142 6,056,049 1864------.--------------- 087 275,477 
1965. - 222222222 22lLlllll. 7027 «11841990 =—«-1965__--.-----------------___ 2,185 1,287,8 

2 Includes brass and bronze. coe
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| Table 39.—U.S. imports and exports of brass and copper scrap) * 
7 (Short tons) 

| 1956-60 1961 1962 1968 1964 1965 
oe (average) 

- Exports: . ; | 
Copper-base alloy scrap (new and 

old)__.---------------_-------- 60,1138 116,654 36,209 . 34,717 68 ,670 65 ,325 
‘Copper scrap.___--.------------- 38,222 35,257 12 ,608 13 ,690 43 , 749 31,760 

Imports for consumption: : - 
Brass scrap (gross weight)..._._..... 4,763 -- 608 2,141 1,516 989. 2,274 

. Copper scrap (copper content) _ - --- 4,384 1,643 3,846 2,130 r 2,055 16,756 

| t Revised. , - Oo | oe 

Table 40.—U.S. imports for consumption and exports of copper scrap by countries — 
SO | . . (Short tons) . 

a _. Imports . Exports 

Unalloyed Copper alloy ‘Unalloyed Copper alloy 
Country copper scrap - scrap (gross copper scrap scrap 

. (copper content) weight) 

a 1964. 1965. 1964 1965 1964 1965 1964. 1965 

North America: - . oo | 
Canada_____-_-_.-_---.. 71,125 . 3,280 . 768 1,729 1,567 480 448 981 7 
Mexico___.__--_-.----- 549 1,945 21 60 8 a 37 59 

i Other_____.__---_------ 271 396-199 362 11 --- 34 _— 

. Total__..___.------. 1,945 5,621 988 2,151 1,586 480 519 1,040 
. South America...---------- . ‘1 10,531 _-- 11 113 64 14. 67 . 

Europe: So — | 

Belgium-Luxembourg - - - --- 41 --- --- 4,495 2,768 724 3,937 
France. ____.---------- 45 --- --- --- 3 . 2 550 509 
Germany, West. ___---- 5 13 a 15 5,741 4,386 8,290 8,840 

a Italy______------_---- --- 1 wae --- 636 1,201 793 8,131 . 
Netherlands____------- 4 1 --- aan 524 . 149 406 1,192 
Spain_.........------- --- 44. Le --- 6,904 . 9,710 321 = 1,695 
Sweden_______--.----- a 1 --L ~-- 212 120 2,934 3,891 
United Kingdom —-_--.--_-_ 4 54 ne 10 132. 118 594 1,234 

-- Yugoslavia___-.-..-.-- --- ae --- --- 2,119 7,451 —_— 1,595 
' Other.._..---.._------ 8 qT 1 --- 98 199 35 462 

Total___.----_------ 66 . 162 1 25 - 20,864 26,104 14,647 31,486 . 
Africa......-------.------- --- 84 --2 6 758 1,123 1 _- 

Asia: . : . . . 
. India_.__._----------. © --- _oe _-- — 1,137 575 139 75 

Japan_____.____.-----_ 43 335 _— _.. 19,138 8,249 53,150 32 ,513 
Other... .__.- 2-2 --- ee 7 oe _— --. 158 55 114 113 

Total___________-___ 43 335 oe 20,428 3,879 . 53,403 32,701 
Oceania_....------------- eee 23 Loe 8 a 110 76 31 

. Grand total___..-_... 12,055 16,756 989 2,274 43,749 31,760 68,670 65 ,325 

t Revised. 

Table 41.—U.S. imports 1 of copper (unmanufactured) by classes and countries 
. (Short tons, copper content) 

Ore and 
Year and country concen- Matte Blister Refined Scrap Total 

trates 

1956-60 (average)_._.____--.--------- 93 , 806 6,537 282,565 167 , 857 5,498 556 , 263 
1961___.______-_-_____--------------- 45,788 1,606 339,189 66 , 855 4,231 457 ,669 
1962__.______.-_--- ee 42,917 635 331,686 98 , 820 4,793 478 ,851 
1968__.._.._______.._-----_-_-------- 47,501 907 368,900 119 ,219 2,869 539 , 396 

1964: 
North America: 

Canada______---_---_------- 25,005 35 | 2 + 84,480 1,104 +1110,626 
Mexico__.__----------------- 1,026 — 12 ,386 112 549 14,073 
Other___...-__--------------- a 2. ae (?) 277 279 

Total_________--_--------- 26,031 37 12,388 +* 84,592 1,930 +1124,978 

South America: 
Chile_____.____._-__-------- 1,767 311 251,092 r 3,345 2,428 *258,943 
Peru_____.___-___------------ 8,041 203 15,664 28 , 502 ee 112 ,410 
Other_____._.____.--_-_------ 1,492 36 956 _-- 52 2,536 

Total._._______________--- 11,300 550 327,712 +**31,847 2,480 *373,889
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Table 41.—U.S. imports! of copper (unmanufactured) by classes and | 
-countries—Continued , | 
(Short tons, copper content) 

meee 

Ore and 
Year and country concen- Matte Blister Refined Scrap Total 

ra . eee 

1964—-Continued . 
‘Europe: . 

. Belgium-Luxembourg _________ a --_. 1,087 r 958 --- r2,045 
Norway____-------------2--- Ls ae 61 773 --- 834 
United Kingdom_____________ _— — — 2,516 4 2,520 
Other-_-__-.-------_-------- a _oe --- 1,135 16 1,151 

. - e—_—— 

Total__.__________________ a _- 1,148 r5,382 . 20 r 6,550 

Africa: 
_ Rhodesia and Malawi_________ a _-. 7,393 *12,704 --.  *20,097 

South Africa, Republic of_____- 3,607 ri 39,162 1,105 _— r 43,875 
Other. -______-- 22 eee 11 a 667 r4,014 —— r4,692 

en a 
Total___________-_.______. 3,618 rj 47 ,222 17,823 --. 68,664 

Asia: 
India_________._____ --- a _-- 330 a 330 
Philippines_____._.._-_____.- 9,472 15 a a ae 9 , 487 
Other_._.----__ ee a — 1,109 aoe 43 1,152 

SSeS 
Total__.__________________ 9,472 15 1,109 330 43 10,969 

Oceania: Australia________________ 1,014 _-e — -- ee 1,014 

_ Grand total....._.2-..---..... 51,485 603. 389,579 1189,974 4,473 586,064 
- 1965: . . 

- North America: 
Canada_________.___.._..-.. 6,887 21 oe 72,588 4,982 83 ,973 

—_ Mexico__..._-._______._______ 104 wee ‘6,733 215 2,069 9,121 
Other_________-__________ Le 10 1 --- oe 446 457 

Total____.2 22 ee 6, 501 22 6,733 72,798 7,497 93 ,551 
eee —q&&&£—£{K};—E—_=_=&=__E OS 

South America: 7 
Bolivia....-_-...-__..-_._______ 1,991 oe — _-- _-- — 1,991 

. Chile_______________-_______e 2 , 933 223 187,841 15,623 6,100 212,720 . 
Peru_.__-.._--.----__---.--. 10,117 247 82,421 35,623 909 129 ,317 

| Other__-_---2-2--2- eee 8 Le oo 84 92 | 
. Total______-_~_____ LLL 15,041 478 270 ,262 51,246 7,098 344,120 

Europe: 
Germany, West______________ --- a 1,107 2 1 1,110 
Netherlands________-____.___ _-- oe en 530 _-- 530 . 
Norway_____..---_--_-______- _-- --- a 1,346 _-- 1,346 
United Kingdom_____________ a —_— oe 342 54 396 

~ Other____- 22 _-- _-- oe 9211 49 960 

Total. _____.__-____ ee ie. _-- oe 1,107 3,131 104 4,342 

Africa: 
South Africa, Republic of_-___-- 1,660 a 44,332 560 — 46 , 552 
Zambia, Southern Rhodesia, 

and Malawi_______________-_ _-- _-- a 3,189 --- 3,189 
Other______________._______e _-. _-- 1,222 653 — 1,875 

Total__...--- 2 Le. «1, 660 —_— 45,554 4,402 --- 51,616 

Asia: 
Japan__...--. ee _-- a 667 1,530 577 2,774 
Philippines. =_________.______ 12 ,378 8 --- a _-- 12 ,386 
Turkey__________-____________ _-. _-. 8,287 __. oe 8,237 

Total._._.________._____.. 12,878 8 8,904 1,530 577 23 ,397 | 
Oceania: Australia___________- 845 __- oe 4,336 23- = 5,204 

Grand total_______..___..___... 36,425 508 332,560 187,443 15,294 522 ,230 

tT Revised. 
1 Data are “general” imports, that is, they include copper imported for immediate consumption plus ma- 

terial entering the country under bond. 
2 Less than 1 unit. 

Table 42.—U.S. imports! of copper (unmanufactured) by countries 
(Short tons, copper content) 

eee see ee 

Country 1956-60 1961 1962 1963 1964 1965 
(average) 

eee 

North America: 
Canada____.____.____.-_.___-_.. 109,097 78 ,354 98 , 753 90,670 +*110,626 83 ,973 
Mexico__._-.---_-.2-----.----.-. 40,551 20 ,963 23,779 22 ,344 14,073 9,121 
Other______..--_-----------__---. = 18,577 808 368 197 279 457 

Total__._..............------. 168,225 99,625 122,900 118,211 124,978 93.551 
See footnotes at end of table. .
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Table 42.—U.S. imports! of copper (unmanufactured) by countries—(Cont.) | 

7 oe (Short tons, copper content) oo 

Country 1956-60 1961 1962 1968 1964 1965 
(average) 
a 

South America: : 
Bolivia__-------------------«---- 3,099 905 1,580 1,520 71,492 1,991 

eS Chile... __.._.._.--..---_---__-. 224,469 226,971 225,394 227,001 *258,9438 212,720 
Peru____-_---------------------- 47,050 90 , 485 72,133 99,578 *112,410 129 ,317 

Other___.----------------------- 639 ~=— (2) 28 80 1,044 92 

Total____..___-_-------------- 275,257 318,311 299,135 328,179 *373,889 844,120 

Europe: | : 
Belgium-Luxembourg - - -- --------- 2,496 --- —— 12,657 r2,045 40 

Germany, West__-.--------------. 8,510 14 --- 2 268 1,110 

Netherlands_ __-_---------------- 332 --- 23 334 502 530 

Norway_.----------------------- 1,257 --- --- ane . 8384 1,346 

United Kingdom. _.__.----------- 5,435 1,316 846 1,064 2,520 396 

Other__.___._--_---------------- 9,264 11 725 | 128 381 920 

Total__._.---_---------------- 27,294 1,341 1,594 14,185  *6,550 4,342 - 

Africa: _ | | 

“South Africa, Republic of-...----.- 25,923 23 ,474 24,460 36 ,368 43 ,875 46 ,552 

Zambia, Southern Rhodesia, and 
Malawi_____--_---._----------- 29,315 10 18,997 26,581 *20,097. 3,189 

Other_______-__----------------- 8,958 21 784 4,698 *4,692 1,875 

, Total __----------------------- 64,196 23,505 44,241 67,647 *68,664 51,616 . 

Asia: a oo 

Philippines____..---_------------ 18,977 13 ,898 10,126 14,907 9 ,487 12 ,386 

Turkey__.___-.------------------- 2,363 _-- a —_ 1,109. 8 , 237 

Other_______.------------------- 183 —_— 35 90 373 2,774 

| Total__________-_-_--_----.----- 16 ,523 13 , 898 10,161 14,997 10,969 — 23,397 

oo Oceania: | | 
Australia________-_-.------------ 9, 767 826 _  %51 1,149 1,014 5,204 

Other_________-_---------------- 1 163 69 28 — wee 

Total______.-_.---.----------- 9,768 989 820 1,177 1,014 5,204 

Grand total..__.__.___..__.-..-. 556,263 457,669 478,851 589,396 586,064 522 ,230 
____ Grand total.------------------- Deets eS Eee eee ee 

| r Revised. . 

1 Data are “general’’ imports, that is, they include copper imported for immediate consumption plus ma- 
terial entering the country under bond. . 

2 Less than 14 unit. . 

Table 43.—U.S. imports for consumption of old brass and clippings from 
brass or Dutch metal 1 

ee 

Short tons Short tons 
—____—_—__—_—_—— Value —_—____—__—_———_ Value 

Year Gross Copper (thou- Year Gross Copper (thou- 

. weight content sands) weight content sands) 

eC 

1956-60 (average)._____ 4,763 2,944 $1,626 1968_______--.-------- 1,516 945 $ 558 
1961_____--_-_-_------ 608 390 173 1964__________-_------ 989 641 415 

1962____________-_-... 2,141 1,289 738 1965__________._------ 2,275 1,490 1,151 

i 

1 For remanufacture. . |
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Table 44.—U.S. imports for consumption of copper (copper content), by classes! 

Ore and Matte Blister | concentrates 

Year Short Value Short Value Short Value . tons (thou- tons (thou-- tons (thou- 
.  gands) a sands) sands) TORRE) (avracncny 

1956-60 (average)__..._.._------..-.. 57,729 $88,059 - 4,556 $2,824 143,309 $94,426 1961____- eee 24,501 14,042 95 57 ~——iB 929 3,508 . 1962___--_- eee 2 ,3822 1,414 22 12 1,119 669 1963... ee 6 ,490 3,714 2,756 1,647 21,831 13,109 1964___-______. eee 583,088 = 17,235 7 88 T47 = 121,365 73 ,300 1965_____-__- lee 1,441 777 83 72 75,122 45 , 262 | ee 
| Refined ~ Serap . 
Oe Total value 

Short Value Short Value . (thousands) . 
tons (thou- tons (thou- an . . sands) . sands) we 

1956-60 (average) ____-.-_.___........ 177,415 $114,415 4,384 $2,386 $247,110 -1961____ 2. = 87,206 51,852 1,643 870 | 70 ,329 1962______ 2-180, 197 76,995 3, 846 2,242 81 , 332 1963__... 22-122, 147 70 ,818 2,130 1,219 90,507 | 1964______--- ee. ™118,018 "67,468 r2,011 71,372 ' 7 159,422 1965_-_----------- eee 103,269 70,937 7,646 6,410 123 , 458 | 

_ -¥ Revised. . 
_1 Excludes imports for manufacture in bond and export, classified as “imports for consumption” by the Bureau of the Census. 7 . : , . 

| | | WORLD REVIEW . 
Growing economies in the free world in 1964. New records of production were 

‘continued to create a strong demand for set in Canada, Zambia, and the United 
Copper. However, the growth rate of esti- States. Although output from the Congo 
mated consumption of refined copper in (Léopoldville) increased, it did not reach 
1965 was 2 percent, compared with 11 per- a previously attained high. A maultiple- 

_ cent in 1964. Despite strikes in Chile and price structure developed as a result of 
work stoppages and other production strong demand in the free world and inter- 
difficulties in Africa, mine production in- ruption of production and transportation 
creased 4 percent over the high established in some major producing countries. 

- NORTH AMERICA _ , 

_ Canada.—Mine production of copper of Texas Gulf Sulphur Co. Bulk metallur- | 
in Canada reached a new high of 517,200 _ gical testing of the ore was begun at the 
‘tons, with gains registered in all copper- nearby Kam-Kotia mill, Construction of a 
producing Provinces except Saskatchewan concentrator and _ related facilities pro- 
and British Columbia. Output from the _ gressed rapidly. 
latter Province was adversely affected by a Mines of The International Nickel Com- 
prolonged strike at the plant of its largest pany of Canada, Ltd. (Inco), Canada’s 
producer. Controls were imposed in Cana- leading producer, produced at record level 
da on copper exports as a precautionary of 19.8 million tons of ore. Deliveries of 
measure in case of emergency and to pre- copper totaled 138,000 tons, compared with 
vent ace of epee of Vnited States 143900 tons in 1964. Sinking a new shaft 
wore ol ot othe Gorts of we from was begun at the Creighton mine in On- 7 

ore piace’ On the exports of copper from tario. When completed, the shaft will be Canada to the United States. An apparent oo . | | . 7,150 feet deep, the deepest mine shaft con- shortage of copper developed in the last f th f in the W 
quarter despite diversion of primary cop- tinuous Tom fie surface in the Western 
per from export markets to local fabrica- Hemisphere. By the end of 1965 under- tors. ground development workings in operating 

Copper-producing mines in Ontario, the ™ines totaled about 590 miles. 
leading copper-producing Province in — 
Canada, operated at near capacity; output * A substantial part of the information in this from the Province increased 11 percent. Section was taken from the following publica; 

. “a4° 10n : lllan, . . e anadian ine Approximately 4.5 million tons of overbur- Industry in 1965, Preliminary. Department of den, composed of muskeg and clay, was re- Mines and Technical Surveys, Miner. Res. Div. 
_ moved from the Kidd Creek open pit mine ‘oo ne og ada), Miner. Inf. ,
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Table 45.—World mine production of copper (content of ore) recoverable where 

oo a indicated, by countries! 7 

(Short tons) . , 

. . Country. 1961 1962 . 1963 1964 . 1965 p?2 

, North America: 
Canada ?________---------------- 489 ,088 457 ,385 452 ,558 r486,900 517,247 

- Cubae______--_-_---------------- . ° 5,500 6,000 6,600 6,600 6,600 

| Baiti_ __ ___.-_--_---------------- r3,154 4,718 16,486 —=5i&5, 544 4,365 — 

oe Mexico__------------------------ —§4,359 51,945 61,576 57,878 76,237 

Nicaragua___.------------------- 6,919. 8,016 8,028 10,185 11,228 

United States 3____._.-.---------- 1,165,155 1,228,421 1,218,166 1,246,780 1,351,734 

Total. _.._-____---------------- ™1,674,175 r1,756,485 1,748,414 +*1,813,887 1,967 ,411 

: _ South America: | 
Argentina____------------------- 607 —  ~446 tr 431 r 380 e 390 

Bolivia (exports) __--------------- 2,294 2,646 3,300 5,160 5,215 © 

Brazil e.__.-_..__---------------- r2,315 ‘72,200 © 12,800. r3,100 3,100 

- Chile.._________--.------------- 607 , 233 653 ,613 665 ,951 r 685,265 642 ,179 . 

Ecuador____--------------------- 111 1194 r314 203 e 200 

. Peru.__.____..___-----------------  32218,315 3183 ,854 3195,609 °*194,497 195,513 

Total___._..-_---------------- 7 880,875 r 842 ,953 r 868,405 r 888 ,605 846,597 
teh onan 

. Europe: — : 
| 

Albania ¢_______----------------- 2,600 2,800 2,800 — 2,800 . 2,800 

Austria__._...------------------- 2,105 2,190 2,078 1,725 1,678 

Bulgaria e___._------------------ 19 ,600 © 21,500 r 23,400 r 22,500 © 22 ,800 

Finland____..__.---------------- 37,500 38 , 700 37,400 - $5,600 32 ,800 

France 4_____.___---------------- — 402 248 302 6294 462 

Germany: 
, 

. Fast ¢._________-------.----- » 28,000 29,000 . 26,000 r 25,000 31,000 

. West________---_---=--------- © 2,393 2,202. 12,515 1,726 1,064 

Ireland_.____--_-_---------------- 6,534 (2,682 __._------) -----2---- 0 ----=---- 

Italy 6. _-_--------------------- 2,658 2,974 e¢2,700 e 2,500 e 2,000 | 

Norway ..----------------------- 15,379 17,124 15,724  +116,439 16,526 

Poland ¢___...---_---------------- 13 ,000 15,100 — 14,600 r16,000 . 16 ,600 

Portugal___.----------++-------- 13,3851 3,742 t 3,627 r4,812 4,799 

Spain 6_.___.-_-----=----+-------- r 10,566 r 8,702 t 7,534 r9,159 . 8,261 

Sweden__-____---_-------------- 20,047 © 21,044 r 19,029 r 22,046 22 ,046 

USS.R.e78..____-_-------------- 610,000 720,000 770,000 770,000 830 ,000 

Yugoslavia__.------------------- 41,787 57 ,008 68 , 447. r 69 ,648 68 ,949 

- Totale 7_.__------------------- r 816,000 r 945,000 r996,000 *1,000,000 1,062 ,000 

_ Africa: 
Algeria..__.--------------------- 732 859 | ' 1,142 1,204 © 1,130 

Angola__..-.-------------------- 1,022 1,965 rJJTo ______ eee _aee eee 

Congo, Republic of (Brazzaville) - -- 176 926 820 ______---- _o-u----- 

Congo, Republic of the (Leopold- 
ville) 8._.__.------------------ 325,448 | 327,371 299,097  *304,880 318,124 

Morocco. ___-------------------- 1,915 2,752 1,991 _ ¥F1,927 2,076 

Rhodesia, Southern. .-_.----------- 15,243 15,146 18,489 18,341 - 19 ,800 

South Africa, Republic of---------- 57 ,952 51,115 60,792 65,579 66 ,640 

South-West Africa_.._-.---------- 27,778 24,971 35,774 r 38,698 43 ,456 

Tanzania 9____._--.------------- 11 _________. --u-------) ----+------ _u------- 

Uganda 8___...------------------ 14,742 17,173. 17,875 r 20,128 18,895 

Zambia____.._------------------ 683,536 619 , 856 648 ,239 r 697 ,047 766,924 
a 

Total. _...._..----_----------- 71,078,650 1,062,134 71,083,790 1,147,804 1,237 ,045 

N
E
 

Asia: 
: 

Burma °¢_________---------------- | 125 165 190 140 150 

China, mainland e__—------------- 88 ,000 99 ,000 99 ,000 99 ,000 99 ,000 

Cyprus (exports) _--._------------ 31,586 27,734 29,001 118,513 . 21,515 

India______.___-_-__------------ 9,700 10,913 11,034 11 ,553 11,153 

Israel. ____.--_______------------ 6 ,893 6,514 8,510 e 8,800 e 8,900 

Japan_—------ 2222-022 -ono no 106 ,273 114,221 118,186 t 117,037 117 ,512 

orea: 
North e_______.__------------ ' 7,000 9,000 9 ,000 11,000 13 ,000 

South__________-_----------- 351 A474 678 717 e 1,500 

Philippines___------.------------ 57 ,182 ' 60,327 r 70,202 t 66,643 69 , 807 

Taiwan_______-_-__--------------- 2,460 2,323 1,785 1,916 1,855 

Turkey___..--------------------- 31 , 793 r 34,700 r 32,200 r 38,030 35,950 
a 

Totale 7_______._--------------- 341 ,000 r 365 ,000 r 380,000 tr 373 ,000 380 , 000 

Oceania: Australia__._..-.------------ 107 ,102 119 , 809 r 126,523 r 117,200 102 ,268 
e
e
 

World total e....__------------- '4,850,000 15,090,000 r5 200,000 *5,340,000 5,600, 000 

ORIG UDAIS, ee 

e Estimate. Pp Preliminary. T Revised. 

1 Czechoslovakia, Iran, and Hungary also produce copper, but production data are not available. Kenya 

and Malaya also produce a small amount of copper. No estimates for these countries are included in the total. 

2 Compiled mostly from data available July 1966. 

3 Recoverable. 
4 Includes copper content of auriferous ores. 
5 Includes copper content of cupriferous pyrites. 

_ § Revised according to the Spanish annual report entitled “Estadistica Minera y Metalurgica.”’ 

7 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 

8 Smelter production. 

9 Copper content of exports and local sales.
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Table 46.—World smelter production of copper, by countries - 
| a (Short tons) 

. 

Country 1961 1962 1963 1964 1965 Pl | . 

_ North America: 
Canada_____________-__._-_=______ 406,359 382,868 378 ,911 t 407 ,942 433 ,553 Mexico__._____.____-_-_- ee 52 ,498 50,177 60,005 56 ,234 74,604. United States 2___-....___......-.. 1,207,354 1,822,614 1,296,700 1,838,433. 1,434,050° 

a Total__.-__.-.---------------- 1,666,211 1,755,659 1,735,616 *1,802,609 1,942,207 © . 

South America: 
Brazil ¢__-____- 22 1,829 2,200 2,200 r 3,300 e 3,300 Chile______.____ eee 578 ,068 614,235 r 614,388 r 647,005 611,222 © Peru_____--__-- 22 ee 200,699 | § 164,920 ¥ 173,606 167 ,624 172 ,034 

A 

Total_-_-.---_---------------- 780 ,596 781,355 r 790,194 r 817,929 786 , 556 
nn 

Europe: 
Albania__._._-- 2-2 1,421 2,050 r 2,249 e 2,200 e 2,200 
Austria 3._ 2-2 13 ,044 14,186 14,385 16,140 17,950 
Bulgaria_-_____-____-___-_ ee 20 ,834 21,385 22 ,622 23 ,259 e 25,000 
Finland_____.__-__--- 22-2 ee 37,800 37 , 400 41,664 $36,571 33 ,645 
Germany: 

. Bast ¢_____ ee 35 ,000 r 22,000 t 22,000 r 23,000 e 21,000 
West? 335 , 488 339 , 778 333 , 799 370,728 393 ,946 

Norway--.-.______--____-__-____ 24,218 21,113 r 20,059 r16,314 19 ,290 
Poland__._-__-_-_---2-_--22 eee. 21,164 r21,561 r 26,588 r 26,191 29,630 - .  . Spain (blister) 4_._--____-_____ r 20,737 r. 22,318 25,919 +*28,595 33,141 
Sweden_________________________ 22 ,816 25,100 r 29,698 r 31,636 34,271 
U.S.S.R.¢ 622. = 610,000 720,000 770,000 770,000 830 , 000 . Yugoslavia_.___-__-__--_-.__-.__. 84,027. 50,421 54,048 57,255 62 ,120 

— .- Potabe 56 2 t___-_ *1,177,000 *1,297,000 1,363,000 r1,397,000 1,502 ,000 

Africa: . 
Angola._.___._-____--____._______. 937 . 877 ©1120 LLL ee eee etek 
Congo, Republic of the (Leopold- 
ville)____---._--_ eee 325 , 443 327 , 371 299 ,097 304,880 $318,124 | 

Rhodesia, Southern_______________ 12,915 - 18,599 16,187 16,798 | e 18,900 
South Africa, Republic of__________ 57 , 562 50,905 60 ,085 60,090 | 60 ,022 
South-West Africa_...._____-___.__ ____.____. 1,338 22 ,904 31,428 32,745 
Uganda_________--___________ 14,742 —° 17,178 17,875 r 20,128 18,895 
Zambia__.__-._-_________-_______- ¥ 627 , 133 r 602 ,302 r 635,871 r 709 ,214 - 755,197 

Total. --_.---_---------------- ™1,088,782 1,018,565 *1,052,181 1,142,588 1,203,883 
Asia: . | EE 

China, mainlande________________ 110,000 110 ,000 110 ,000 110,000 110,000 
India____...__-_--__-_-_ 8 9,189 10,781 r10,574 10,422 10,318 
Japan_----------------~--------- 232,659 . 233,828 274,515 311,056 338 ,312 

orea: , 
North (electrolytic) ¢_.._______ 9,000 11,000 11,000 11,000 13 ,000 
South___... 22-2 1, 456 2,486 2,622 3,097 2,973 . 

Taiwan_____.___.__-____.______. 72,481 2,745 1,633 1,769 2,078 
Turkey__....--.--------- 2 _- 22 ,040 28,412 27 ,326 28 ,639 28 ,991 

Total ¢ 5____-. ee 387 , 000 399 ,000 438 ,000 476 ,000 506 , 000 
Oceania: Australia__...._____________. 69 ,997 97,818 99,111 90,562 83 ,054 

World a r 5,120,000 *5,340,000 «5,480,000 r 5,730,000 6 ,020 ,000 

e Estimate. P Preliminary. t Revised. | | 
1 Compiled mostly from data available J uly 1966. a 
? Smelter output from domestic and foreign ores, exclusive of scrap. Production from domestie ores only, 

exclusive of scrap, was as follows: 1961, 1,162,480; 1962, 1,282,126; 1963, 1,258,126; 1964, 1,301,115; and 
1965, 1,402,806. 

3 Includes secondary copper. 
4 Revised according to the Spanish annual report entitled ‘“Estadistica Minera y Metalurgica.”’ 
5 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 
6 Belgium reports a large output of refined copper which is believed to be produced principally from crude 

copper from Congo, Republic of the (Kinshasa, formerly Leopoldville); it is not shown here, as that would 
duplicate output reported under latter country. 

232-748 O-67—25
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Table 47.—Canada: Copper production mine and expansion of the concentrator to 

(mine output), by Provinces a rated daily capacity of 11,000 tons was 

, (Short tons) i: - reported on schedule. 

| _ Province 1964 1965 P Noranda Mines Ltd., produced 1.15 mil- 

British Columbia....-.------- 57,561 44,069 _— lion tons of ore averaging 2.08 percent cop- 

| Manitoba__--.-------------7- 28 aes a per from the Horne mine. Of the total, 

New Brunewick-------------- 84638 47'848 771,000 tons was milled and 169,400 tons of 
Northwest Territories_-------- | -5-. 425 concentrate was produced. The remainder | 
‘Nova Scotia__-_-.----------- 204 205 : 

| Ontario.--.------2---------- 197,917 219,188 or phe ore was Smeitet directly. A tota ot 
Quebec__-.------------------ 158,088 72 million tons of ore, concentrate, flux, 

Saskatchewan_--------------- 20,442 19,286 and scrap, including 723,000 tons of custom ~ 

____ Total_-.-------.------_ 486,900 517,247 material, was smelted. Anodes produced 

| 2 Preliminary. on Bureau of Statistics, Depart- contained 183,400 tons of copper. Output 

| ment of Trade. and Commerce, Government of Can- of copper by Canadian Copper Refiners _ 

. ada. Preliminary Report on Mineral Production, 1965. Ltd., a subsidiary of Noranda, increased to 7 

| . | 273,000 tons, reflecting higher receipts from 

Falconbridge Nickel Mines Ltd., treated the Noranda smelter. However, these re- 

2 34 million tons of ore in 1965, compared ceipts were partly offset by a lower 

with 1.96 million tons in 1964. The delivery throughput of copper scrap. | 

of 16,900 tons of copper (12,500 tons in Campbell Chibougamau Mines Ltd, _ 

1964) was limited to refinery production, milled 937,000 tons of ore, averaging 1.84 | 

because the company had no excess inven- percent copper in the fiscal year that end- | 

tory at the beginning of the year. _ : ed June 30, 1965. The Henderson Division 

| -Geco Mines Ltd., produced 1.33 million supplied 355,000 tons, or 37 percent of the . 

tons of ore from a copper-zinc ore body in total ore produced. The Main Mine Divi- 

| Manitouwadge District, Ontario. The con- sion produced 322,000 tons compared with 

centrate’ produced contained 24,700 tons of 362,100 tons in 1963-64. Ore production 

copper and was shipped to the Noranda _ from’ Cedar Bay Division was 216,000 tons | 

smelter. McIntyre Porcupine Mines Ltd., compared with 154,000 tons in the previous 

milled 549,000 tons of ore (383,000 tons in year. Output of copper increased despite 

1964) from which 4,570 tons of copper the decrease in grade resulting from min- 

(3,200 tons) were recovered. ing ~several blocks of lower-grade ore by 

North Cold Stream Mines Ltd., milled open stope methods. Surface pillars blasted 

365,000 tons of ore and the concentrate at Kokko Creek were placed on a salvage | 

| produced contained 6,500 tons of copper. basis. The mine produced 43,300 tons of — 

Willroy Mines Ltd., milled 577,000 tons of | ore compared with 27,800 tons in 1963-64. 

ore, averaging 0.79 percent copper, com- Concentrate shipments totaled 71,200 tons 

pared with 530,000 tons, averaging 1.13 and contained 16,300 tons of copper. | 

percent copper, in 1964. As a result of The concentrator of Quemont Mining ~ 

mining lower-grade ore, copper contained Corp. Ltd., treated 650,000 tons of ore 

in the concentrate decreased to 1,900 tons. (753,000 tons in 1964) and the concentrate 

The 1l-percent increase in production produced contained 6,400 tons of copper. 

from Quebec was attributed chiefly to the Normetal Mining Corp. Ltd., milled 

rise in production by Lake Dufault Mines 350,100 tons of ore averaging 1.58 percent 

Ltd., and at the Horne mine of Noranda_ copper and containing zinc and _ small 

Mines Ltd. Lake Dufault Mines Ltd., in quantities of gold. The 22,000 tons of cop- 

the Noranda area, experienced its first full per concentrate produced was shipped to 

year of production. The mill treated the Noranda smelter and 5,100 tons of cop- 

475,000 tons of ore, from which 26,600 tons per was recovered therefrom. 

of copper was recovered. In the year ended August 31, 1965, Sulli- 

Gaspé Copper Mines Ltd., Canada’s sec- co Mines Ltd., a subsidiary of East Sullivan 

ond-ranking copper producer, mined 2.66 Mines Ltd., mined 993,000 tons of ore aver- 

million tons of ore averaging 1.17 percent aging 0.54 percent copper. Copper produc- 

copper from mines in Quebec. Of the total, tion was 4,700 tons. Solbec Copper Mines 

43 percent came from the Needle Moun-  Lid., a subsidiary of Hastings Mining and 

tain open pit mine. The smelter treated Development Co. Ltd., treated 497,000 tons 

948,000 tons of copper concentrate and of ore averaging 1.71 percent copper. Con- 

fluxing ore, including 60,400 tons of cus- centrate produced contained 6,900 tons of 

tom concentrate. Anodes produced con- copper. Cupra Mines Ltd., began treating 

tained 43,300 tons of copper. Some 2.0 mil- ore in September 1965 at nearby facilities 

lion tons of waste rock were removed from of Solbec Copper Mines Ltd. 

the ore body of the Copper Mountain Opemiska Copper Mines (Quebec) Ltd.,
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milled 746,000 tons of ore in 1965, com- strike at the Merritt mine of Craigmont 
pared with 749,000 tons in 1964. The aver. Mines Ltd. The strike began in October 
age grade of ore treated was lower, and and continued to the end of the year, re- 
copper in concentrates was 20,200 tons sulting in an estimated monthly loss of 

- (20,400 tons in 1964). Copper production — 1,500 tons of copper. , | 
by Copper Rand Mines Division, The Pa- During the fiscal year that ended Oc- oo, 
tino Mining Corp., decreased from 15,200 tober 31, 1965, Craigmont Mines Ltd., the 
tons in 1964 to 13,900 tons, as a result of a largest producer of copper in British Co- 
decline in ore grade and labor scarcity. jumbia, milled 1.6 million tons of ore aver- 
Copper Rand mine produced 353,000 tons aging 1.16 percent copper. Concentrate pro- 
of ore; Bouzan mine, 36,000 tons; Jaculet duced contained 1,700 tons of copper. The | 
mine, 77,000 tons; Portage mine, 151,000 Phoenix Copper Division of the Granby 
tons; and Quebec Chibougamau Goldfields Mining Co. Ltd., treated 703,000 tons of 
mine, which was operated on a long-term ore averaging 0.80 percent copper. Salable 
lease, 46,000 tons. copper produced totaled 4,300 tons com- 

The. concentrator of Mattagami Lake pared with 3,800 tons in 1964. 
Mines Ltd., milled 1.4 million tons of ore | Bethlehem Copper Corp. Ltd., milled 2.0 _ 
averaging 0.69 percent copper and 11.7 per- snitlion tons of ore (1.4 million tons in 
cent zinc. Copper concentrate, totaling 1964) averaging 0.69 percent copper during 38,300 tons with a grade of 19.61 percent ine ‘fiscal year that ended February 28, 

copper, was shipped to the smelter of Nor- 1966, Concentrate containing 11,500 tons of 
anda Mines Ltd. Orchan Mines Ltd., copper was shipped to Japan. Coast Cop- _ : 
milled 368,900 tons of zinc-copper ore from per Co. Ltd.; a subsidiary of Consolidated which 4,000 tons of copper in concentrate Mining & Smelting Co. of Canada Ltd., | 
was recovered. During the year ending Au- produced 292,000 tons of copper ore aver- 
gust 31, 1965, New Hosco Mines Ltd., aging 1.67. percent copper that was treated mined 326;000 tons of ore with an average = at the mill of the latter company. Copper 
grade of 2.45 percent copper that was — production was 14,900 tons, compared with | milled at the concentrator of Orchan 19,300 tons in 1964. - 
Mines Ltd. Mixed concentrate shipments to | a ; - } . The Sunro mine workings of Cowichan the smelter at Noranda contained 6,100 wy: i 

. = Copper Co. Ltd., were rehabilitated late in tons of copper compared with the output | . | . | 1965 after being idle for about 2 years as a of 4,800 tons of metal in fiscal 1964. . . . ; . . result of flooding by the Jordan River. An increase in production from Manito- ; | | eo Operations were resumed by The Anacon- ba offset a decrease in output from Sas- . . ] . | . da Company (Canada) Ltd., at Britannia katchewan, and the combined production Beach aft " th strike. C ro- 
from the two Provinces remained un- cach atter a HONEY SETIKE. SOpper Pro changed. . duction was 1,600 tons. 

Hudson Bay Mining and Smelting Co. In New Brunswick, copper production | 
Ltd., milled 1.64 million tons of ore, 55,000 increased slightly and was derived from 
tons more than in 1964, from mines in ores of three mines. Heath Steele Mines 
Manitoba and Saskatchewan. The grade of Ltd., milled approximately 750 tons per 
the ore treated, however, decreased from day from B and D ore bodies and treated 
an average of 2.83 percent copper in 1964 ore from the Wedge mine of the Consoli- 
to 2.64 percent in 1965. Of the ore treated, dated Mining & Smelting Co. of Canada 
the Flin Flon mine supplied 53 percent, Ltd. (Cominco) . The latter mine produced 
Chisel Lake 18 percent, Stall Lake 17 per- 272,000 tons of ore from which 39,000 tons 
cent, Coronation 5 percent, and Schist Lake Of Concentrate was produced and shipped Pp . . . 
7 percent. The smelter treated 362,400 [to Japan. Brunswick Mining & Smelting 
tons of Hudson Bay concentrate and resi: Corp. Ltd., produced complex zinc-lead- 
due (396,300 tons in 1964); also 14,100 Copper ore at the rate of 4,500 tons a day. 
tons (15,500) of custom materials were Newfoundland, with five mines that pro- 
treated. Blister copper output totaled duced ore containing copper, registered a 
40,400 tons, and 39,900 tons of refined cop- 30-percent increase in output. Consolidated 
per was produced. Rambler Mines Ltd., was expanding the 

Sherritt Gordon Mines Ltd., milled 14 capacity of its concentrator from 500 to 
million tons of nickel-copper ore at the 1,500 tons per day. The Whalesback Pond 
concentrator at Lynn Lake. Concentrate mine of British Newfoundland Corp. Ltd., 
produced contained 6,200 tons of copper began production in July. Concentrate 
(6,500 tons in 1964) . from the 2,000-ton-per-day mill was shipped | 
Decrease in production from British Co- to ‘the Murdockville smelter of Gaspé 

lumbia was attributed to a prolonged Copper Mines Ltd.
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- Atlantic Coast Copper Corp. Ltd., milled received 3,000 tons, Denmark 2,900 tons, 

292,000 tons compared with 318,000 tons in New Zealand 2,500 tons, Spain 1,900 tons, 

1964. Copper output, however, rose from and Venezuela 1,300 tons. | . 

2,700 tons to 3,100 tons as a result of min- __ . | 

ing better-grade ore and improved metal Mexico.—Output of blister copper by 
recovery at the mill. First Maritime Mining Compania Minera de Cananea S.A. de CG...» 

: Corp. Ltd., continued to produce. low-grade was 30,100 tons, 6 percent less than in 

ore from the Tilt Cove mine. The com- 1964. All mining operations were at the 

pany was developing the Gull Pond mine Sonora Hill and La Cananea open pits 

of Gullbridge Mines Ltd., and was build- after June when underground mining — 
ing a 1,500-ton-per-day concentrator’ that stopped. Blister copper produced at Cananea 

was scheduled to begin production in 1966. “4S shipped to Cobre de Mexico S.A., 
American Smelting and Refining Company Mexico City, DF, for refining. An under- 

continued to operate its Buchans mine in ground crusher and conveying system were 
central Newfoundland. _ | under construction and were scheduled for 

Production of refined copper in Canada completion in the second quarter of 1966. 
reached a new high of 430,000 tons, in- The modified and expanded concentrator 

creasing 5 percent over that of 1964. Con- 4S planned to be in operation in 1966. 
| sumption of refined copper rose for the | 

fifth consecutive year and reached 214,000 SOUTH AMERICA 
tons, 6 percent more than the previous _ Chile-—Major strikes of 37 days’ dura- 

high set in 1964. | | tion and other labor difficulties at mines : 
Exports of copper in ore, concentrate, and other establishments of the two large _ 

and matte dropped to 87,000 tons, as a re- American-controlled companies were the - 
sult of increased domestic consumption. Of principal reasons for a 6-percent decrease 

the total, 52,600 tons (65,200 tons in 1964) in production of copper. = 

went to Japan, 15,500 tons (12,400) to Output of copper by Chile Exploration 
Norway, and 7,200 tons (13,200) to the (po, a subsidiary of The Anaconda Com- 
United States. Sweden received 4,600 tons pany, was 278,600 tons, compared. with 

(7,200) , Belgium-Luxembourg 2,600 tons 317,500 tons in 1964. A daily average of 
(2,000) , West Germany 1,900 tons (2,500), — 195.000 tons of ore and waste was removed 

_ and the United Kingdom 1,700 tons — from the mine. A project which was under- 
(1,600) . Exports of ingots, bars, and billets taken to test the feasibility of reprocessing 
were as follows: _ : leach-ore residue included construction of — 

7 | an impermeable pad on which the residue 
| will be treated. In addition, cementation 

OS : launders were being built for the recovery 
| Short tons of copper from the leach solutions. Andes _ 

Destination 1964 1965 Copper Mining Co., another Anaconda 

ead Ki _ subsidiary, produced 81,700 tons of copper 
laine cam __ 95.008 07 (84,300 tons in 1964) from its mine at El _ 
France ____ - 15,666 11,525 Salvador. A new anode furnace, utilizing a 

| Gemany, West ___ 2.907 3,680 diesel-steam poling process was placed in 
Sweden - ~ 2 303 9491 operation at the smelter at Potrerillos early 
B elgium-Luxembourg 1,835 1,316 in 1965. The new electrolytic refinery was 
Italy ____ 1,735 968 being enlarged to an eventual capacity of 
Switzerland 1,373 1,439 12 million pounds per month. La Africana 
Portugal _ a . 799 mine of Santiago Mining Co., another Ana- . 
Other countries 2,765 597 conda subsidiary, produced 30,700 tons of 

a concentrate with a copper content of 26.97 
percent in 1965. 

Total ___--_ 224,273 199,830 Despite a 5-week strike, Braden Copper 

Co., a subsidiary of Kennecott Copper 
| Corp., mined and milled 12 million tons of 

ore compared with 11.5 million tons in the 
In addition, 43,600 tons (43,900 tons in previous year. Lower-grade ore mined (1.80 

1964) of rods, strips, sheet, tubing, and percent in 1965, compared with 1.88 per- 
other shapes was exported, of which 11,800 cent in 1964) resulted in lower-grade con- 
tons went to the United States, 9,300 tons centrate treated at the smelter. Copper | 

to Norway, and 3,200 tons each to Switzer- output was 168,200 tons, 9 percent less 
land and the United Kingdom. Pakistan than in 1964.
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| Peru.—Operations of the Cerro de Pasco offset by the ending of shipments of direct | | Corp. (Cerro-Peru) continued to be unin-  smel ting ore from the Yauricocha mine. | terrupted by work stoppages and copper Southern Peru Copper Corp. produced oe production increased 7 percent over the 11.2 million tons of ore averaging 1.29 per-. 
previous record established in 1964. Pur- cent copper from the Toquepala mine, 
chased ore was the source of 37 percent of compared with production in 1964 of 11.1 | the 44,500 ‘tons of copper produced. Con- million tons of ore containing 1.34 percent , . struction of a precipitating plant to in- copper. Output of blister copper increased . _ crease output of cement copper at the Cer- from 127,500 tons to 131,300 tons.. The 
ro de ‘Pasco. mine was expected to be completion of an addition to the concen- — 

completed by mid-1966. Increased produc- trator increased its capacity to 40,000 tons 
tion of 5,000 tons of cement copper at this per day. The increased capacity will offset, | plant will be supplemented for a few years for the present, the lower grade of ore / 
by further shipments of direct smelting available so that copper production can be 
ore, but these increases will be partially maintained at the present level. : 

, | | Table 48.—Chile: Exports of copper, by principal types © | 
. | _ (hort tons) | : . . | , | SscnnnnEEEn EERE 

| . 1964° 1965 
- . a : Destination Refined _ Refined . . —__——————— Blister Total ———_______——_ Blister Total o Electro- Fire Electro- _—‘ Fire . 

lytic refined lytic refined . 

Argentina________.-----. 6,418  _-.__.  _.e___ 6,413 3,624 ___.-. _______ 3,624 Belgium._______.__.._____ ______. 280 6,628 6,908 386 ___... ______. 336 . Brazil___._....._.-....... 17,162 1,482 _.___._ 18,644 6,293 412 _______ 6,705 Finland__-____-.-.-----. 1,926 ___... _.1 1” 1,926 1,646 ___... _______ 1,646 France______--___--..... 12,501 7,073 _.._.-. 19,574 14,512 4,924 _______ 19 ,436 Germany, West__.___.._._._ 13,920 6,166 11,751 31,8387 17,349 8,825 9,017 35,191 Italy___-._....-......... 14,160 9,742 _.._... 28,902 15,442 11,088 _______ 26 ,475 Netherlands___-_._.._.._. 32,739 916 _.__.__ 83,655 54,481 1,908 _____ 56 ,384 Sweden_______._..___.._ 21,646 1,041 - 2,827 25,514 18,742 604 2,384 21,730 United Kingdom____._.___ 24,106 29,348 43,442 96 ,896 18,739 24,147 40,228 83,114 United States___..-__.... 11,246 ______ 234,400 245,646 13,573 ____.. 187,599 201,172 

Total___-...._.-.. 155,819 56,048 . 299,048 510,915 164,737 51,848 239,228 455,813 | 

* Revised. . a 

| | Table 49.—-Peru: Copper production | , . 
| | (Short tons) | | | 

Year Blister Refined Other _ Total 
1961_____-- eee ~ 161,722 37 ,256 19 ,337 218,315 1962______- lee 125,017 37,940 20,897 183 ,854 1963___.-.---- ee 130 ,398 40,689 24,522 195,609 . 1964_____-_-- ee 125 ,935 41,679 26 , 883 — 194,497 1965_____--- ee 131 , 285 44,598 23 , 482 199 ,365 

Source: Bureau of Mines. Mineral Trade Notes. V. 63, No. 2, August 1966. 

EUROPE by decreases in use in other countries and 
Increases of consumption of refined cop- total consumption in West Europe _re- 

per in Belgium, Spain, Sweden, Switzer- mained virtually unchanged. Consumption | 
land, and the United Kingdom were offset __ was as follows: 

ner 

Thousand short tons 
Country oo 

1961 1962 1963 1964 1965 OED Belgium___-__.-_---__.--- 2-2 82.1 72 .0 65.7 99 .9 116.8 France. ___----------- 2 268.6 268 .7 276 .0 321.4 313.7 Germany, West___.____.____________. 619.4 551 .8 544 .0 631 .3 617 .9 Italy_.___.----- eee 222.7 . 235 .9 251.3 222 .7 209 .0 Spain_-----_-.---- 2 ee. 60.1 55.1 60 .6 66 .5 70.1 Sweden. _____.---2-- 222. 103.0 100.4 105 .8 106 .5 115.4 Switzerland_________.___.2--_-__ 58.2 44.5 41.8 41 .7 45.5 United Kingdom. __._.____.__________ 583.0 579 .9 615.1 697 .6 711.4 Other____-------2- 22 177.0 - 184.1 184.4 200 .5 193 .2 ee ® 
Total____-_-_-- 222 2,174.1 2,092.4 2,144.7 2,388 .1 2,393 .0 

Source: British Bureau of Nonferrous Metal Statistics.
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: | Finland.—Ore produced from mines of United Kingdom.—The free world’s sec- 

Outokumpu Oy. remained essentially un- ond-largest copper-consuming country, the 

| changed at 2.7 million tons. Decreased cop- United Kingdom, consumed a total of | 

per output reported from Outokumpu, Vi- 711,400 tons of primary and secondary cop- 

hanti, and Kotalahti more than offset a per compared with 697,600 tons in 1964.4 

small increase from Pyhdsalmi. Copper In addition, 173,400 tons (171,700 tons in 

| production was as follows: 1964) of copper in scrap was used. Output 

BS | | oe of semimanufactured products consumed _ 

| | oe 7 691,100 tons of refined copper and 108,100 

| - Oo tons of scrap; whereas castings, | manufac- 

| - ture of copper sulfate, and miscellaneous 

a a ae Copper products used 20,300. tons of refined copper 

— i - Ore econcen- Copper and 65,400 tons of scrap. Production of 

: _ Mine eat Chose | shor copper sulfate was 26,900 tons (29,100 tons 

| | _ tons) | in 1964) . . a 7 

_ Outokumpu_...--. 609,400 96,900 22,100 Exports and reexports of refined copper . 

| Wies-----7772 BB 7%900 81200 3!400 —-iMereased to 48,000 tons and 3,700 tons, re- 
| Kotalahti_......-. 519,600 3,400 1,000 spectively. Total exports and _ reexports 

Pyhasalmi_._._._.--. 716,000 23,600 5,300 . 
wr were 21 percent larger than in 1964. Im- | 

Total_.--.-- 2,705,300 142,500 32,800 ports of unwrought copper totaled 647,000 

| “The Pori refinery produced 33,600 tons tons, 11 percent more than in 1964. — 

of cathodes. — , . | = : 

Table 50.—United Kingdom: Imports of copper, by countries 
(Short tons) 

LL 

SF 19646 . | 1965 a 

- Country Electro-_ Fire Electro- __—‘ Fire - 
. Blister — lytic refined Blister lytic: refined - 

Zambia______._--_--_--=------------- 156,588 209,755 ___.-.-- 151,316 234,246 ae 

Canada_________-----------_-------- ) ------- © 109,865 9 ___-_-- -----He 111,331 Ween eee 

. Chile. ______.--------_------------- 46,311 26 , 867 35,060 40 ,378 18,504 35,151 

United States._._.._.----------------  ------- 49,358 1,809 "224 57,3386 3,356 

Netherlands. __-.---.---------------- ------- 1,784 140) ___-_-. 16,125 699 

Peru__.____------------------------- 8,797 . 562 ____--. =: 118, 330. 2,297 penne 

Germany, West___-.-----------------  ------- 8,096 590 - ____--_ 14,112 1,128 

Belgium____...-_-------------------- 61 5,992 _____-- ~o---ee 10,075 ~e----e 

Sweden____.____-_-----_---_----------  ------- 28 ___---. ~ou--ee 9,958 ~e---ee 

. U.S.S.R._____---_--_------------------  ------- . 706 3 ____--- oueeeee 9,896 ~unaeee 

South Africa, Republic of___...-------- 336. . 84. 8,639 _____-_ 986 5,590 

Congo (Léopoldville)___._.-._-----------  ------- 3,416 _____.- ~------ 3,479 _------ 

- Australia... -____-------------------  ------- 5,895 ____--- _------ 2,820 pone nee 

Rhodesia, Southern_.___..__---------- ------- ween eee ~oueeee . 529 _------ 1,460 

Norway___-------------------------- ------- 610 eee e eee woe e eee 879 ~euuuee 

Other countries___________-_.-------- ©------- 1,922 28 112 1,577 82 
| 

Total. ______..____-----------_-' 112,088 424,940 46,266 105,889 493,621 47 , 466 

t Revised. 7 
1 Includes fire refinable anodes. 

Source: British Bureau of Nonferrous Metal Statistics. 

| Table 51.—United Kingdom: Exports and reexports, by countries 
(Short tons) a EE” np.  [ULEMsF,F§FEFErB rE C'C.' rrr; EEE EG: lll ll ll 

Destination 1964+ 1965 Destination 1964 1965 
NN ee —_—OOIOO ee 

Germany, West_____-_---------- 8,029 9,356 Portugal_________-----_-------- 175 237 

Netherlands._______._____-_-_--- 10,203 9,283 Brazil_____...__-_-------------- 15 221 

China__..______----__---------- 2,690 6,158 Pakistan_._____._-------------- 279 207 

Czechoslovakia__.___.._-------- 560 4,919 United States_________.__.__.--_ 2,017 130 

Argentina___.______------------ 3,840 4,361 Hungary______---_------------ 9 ---- 112 

Belgium__..__-.--------------- 50 3,467 Poland_____--_---------------- 56 112 

India___.____-.-__-_--------_-- 521 2,472 Spain_______-------------_---- 427 10 

Sweden__________---_---------- 2,658 2,452 Other countries____.______._-..- 1,193 1,206 

Australia____.__--------------- 741 2,206 Sa 

France____.___------__-------- 4,097 1,689 '  otal__...-..-___.__-.---- 42,657 51,737 

Italy.._....------------------- 594 1,064 SS 
Norway __ _-.------------------ 561 1,045 t Revised. 

Bae Arb Repl asi8) “MAM soure:Brtoh Bureau of Nonferro Metal 
Yugoslavia______._.------------ 1,697 28g Statistics. 

4British Bureau of Nonferrous Metal Statis- 
tics. World Non-Ferrous Metal Statistics. V. 19, 
No. 2, February 1966, pp. 9-10, 13.
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Yugoslavia.—Mine production in 1965 and 204,100 tons of 58.37-percent-zinc con- 
_ totaled 6.9 million tons of ore, much of  centrate. Capacity of. the Kambove concen- | 

which was mined at Majdanpek. Grade of trator was increased to 85,000 tons per | 
ore mined at Majdanpek ranged from 0.5 month and _ the. plant processed 883,000 
percent to 0.9 percent, whereas ore mined tons of mixed and sulfide ore from the | _at Bor graded from 1.6 percent to 3.6 per- © Kambove open pit and underground ~ 

_ cent. Output of electrolytic copper was mines, and produced 50,400 tons of sulfide | 
62,100 tons. Expansion of annual output to concentrate averaging 51.17 percent copper 
about 100,000 tons by 1970 was planned. and 84,600 tons of dolomitic oxide concen- , 

- | | a trate averaging 18.65 percent copper and a 
. | AFRICA | _ 1.24 percent cobalt. The washing plant 

Congo (Léopoldville), Republic of the— ‘Teated 184,100 tons of ore taken from 
Satisfactory conditions were maintained in stockpiles and Tee overed 114,800 tons of - | the Katanga region and copper production ™4¢€Yial averaging 6.24 percent copper that by Union Minitre du Haut-Katanga in- WS fed to the Kambove concentrator. Out-. 
creased 4 percent. Ore extraction from the OO the Kakanda concentrator was | 
Western and Central Groups was increased , tons of 23.23 percent copper concen: OS 
as the result of the arrival. of new equip- trate derived from 640,000 tons of siliceous 
ment and the addition to the workshop oxide ore. The feed of t he Ruwe washery staff that was gradually brought up to was composed of 1.41 million tons of brec- 
strength. | | cia. Production was 83,600 tons of gravelly 

_ Ore production increased to 8.7 million 204 fine concentrates containing 24.88 per- 
tons and nearly 22.6 million cubic yards of cent cop Per and $1,800 tons of washed : 
waste was removed. The Western Group P procbesion tang 337 ee ota copper for 
roduced 5.5 million tons of ore, Musonoi . : . | - million, Kamoto open pit mine 1.5 The Lubumbashi plants (Elisabethville) 

million, and Ruwe 1.5 million. Develop- produced blister copper for 9/2 months | | 
ment. work at the Kamoto underground and the remaining time made crude copp cr 

-mine was hampered by influx of water and for soluble anode . at Shituru. Sulfide con: 
the mine produced only. 6,600 tons of ore. centrate from Kipushi was the major part | 

Production from the Kipushi mine in the of the feed. Outp ur of the Shituru (Jadot- 
Southern Group increased slightly and _to- ville) | plants contin ued on a reduced basis | 
taled 1.15 million tons. Ore was transport- 4° @ result of repairing the transformer sta- 
ed by conveyors which lead to an increase "0": Output at the Luilu p lants (Kolwezi) 
in production despite a considerable de- increased. Total output of copper for the | . financial year was— crease in the number of workers employed. Short tons 
In the Central Group, the Kambove-West | _ . 
open pit production was increased to com- Electrolytic copper ingot _____ 169,696 

| plete mining operations before the rainy Cathodes ----------------- 80,020 
_ season set in. The mine produced 925,000 Crude copper (blister and 

tons. Kambove-West underground mine other types _____________ 72,352 
produced 178,000 tons by top slicing, and Copper in various products __ 8. 
the Kakanda mine yielded 663,000 tons of Total _. sé 076 
ore. Removal of overburden from the Sesa : . 
mine began after a river was diverted from Rhodesia, Southern.—Southern Rhodesia 
the mine area by a tunnel. unilaterally declared independence on No- 

The Kolwezi concentrator treated 4.14. vember 11, 1965. Statistics were not availa- 
million tons of ore, of which 3.22 million ble for production after this action. Practi- 
tons was siliceous oxide ore, together with cally all the production came from three 
920,000 tons of mixed oxide and sulfide ore mines of Messina (Transvaal) Development 
supplied chicfly by Musonoi and Kamoto.  Co., Ltd., and its subsidiary M.T.D. (Man- 
Concentrate production was 618,400 tons gula) Ltd. In the fiscal year that ended 
averaging 25.51 percent copper from oxide September 30, 1965, 88,000 tons of ore and 
ore; 54,100 tons of sulfide concentrate aver- tailing averaging 2.17 pereent copper was : 
aging 43.33 percent copper; and 54,100 tons _ processed in the concentrator at Umkondo. 
of dolomitic oxide concentrate containing Concentrate produced contained 1,800 tons 
18.9 percent copper. During the year the of copper. At Alaska, concentrate produced 
Kipushi concentrator treated 1.14 million from milling 272,000 tons of ore containcd 
tons of ore from the Kipushi mine by 5,100 tons of copper. The ore averaging 
differential flotation and produced 187,800 2.10 percent copper was derived from open 
tons of 25.97-percent-copper concentrate, pit mining and development work per-
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formed to change from open pit to under- rate. The method of mining was changed _ 

ground mining. At Mangula 1.07 million from open stope mining to cut and fill 

tons of ore averaging 1.18 percent copper stoping. About 1.03 million tons of ore 

7 yielded 13,100 tons of copper in concen- were milled and 18,900 tons of blister cop- | 

trate. Output of the Alaska smelter of Mes- | per were produced, 6 percent less than in . 

_ sina Rhodesia Smelting and Refining Co. 1964. In 1965, ore reserves were 6,466,000 

-Ltd., was 16,300 tons, an increase of 3 per- tons grading 2 percent copper and 

_ cent over that of fiscal 1964. - 2,700,000 tons grading 1.89 percent. 

a South Africa, Republic of.—Smelter pro- a | - 

duction of copper by O’okiep Copper Co. Zambia.—Operations = at_— mines and 

Ltd., reached a new record of 46,100 tons plants in Zambia were not seriously affect- 

7 compared with 46,000 tons produced in the ed by work stoppages, and record outputs — 

fiscal’ year that ended June 30, 1964..A to- Were achieved. Mine production increased 

tal of 2.8 million tons of ore averaging 1.79 10 percent, smelter output 14 percent, and 

percent copper was mined and milled dur- refinery output 15 percent. : SG 

| ing the fiscal year that’ ended June 30, In the fiscal year that ended June: 30, 

1965. Nabobeep Kloof mine was expected 1965, Luanshya Division of Roan Selection 

to be in production towards the end of Trust Ltd. (RST Group), produced 6.79- 

1965; 3,300 tons of ore was mined as a illion tons of ore averaging 1.75 percent 

: result of stope preparation. Heap-leaching m | : ging 1.f9 Pere’ | 

at Carolusberg produced 900 tons of cop- total copper and 0.11 percent oxide copper. : 

per, and 100 tons was produced at Spekta-" Production of ore from Roan Extension 

kel. The mine at Jan Coctzee was expected WS 78 percent of the total, compared with 

to be in operation in 1966. O’okiep sulfide 70 percent in fiscal 1964. As in previous 

ore reserves totaled 27.7 million tons and years, Roan Basin supplied the remainder 

oxide ore reserves totaled 456,000 tons. of the ore. Smelter output totaled 107,300 — 

In Northern Transvaal, Messina (Trans- tons, 3 percent more than in fiscal 1964... 

-vaal) Development Co. Ltd., milled 914,000 During the same period, Chibuluma | 

tons of ore averaging 1.32 percent copper Mines Ltd., mined 698,400 tons of ore with | 

| in the fiscal year that ended September 30, an average total copper content, of 4.01 

1965. Concentrates smelted totaled 35,600 percent. Production of “copper concentrate 

tons compared with 37,200 tons in 1964. led 82,200 tons, of which 81,600 tons | 

: Refined copper output was 12,200 tons. fotalec * are batt , 

| Construction of production facilities and was smelted at the Mufulira smelter. Out 

preparation of the mine of Palabora Min. Put from the concentrate was 22,600 tons 

| ing Co. Ltd., in North Eastern Transvaal | of fire refinable copper, compared with 

were ahead of schedule and operations 26,400 tons in fiscal 1964. 

were expected to begin early in 1966. In the fiscal year that ended June. 30, 

South-West Africa—In the fiscal year pe Mutulira Copper Mines Ltd., pre: 
‘that: ended June 30, 1965, the Tsumeb uced 7.98 million tons of ore averaging 

mine and miil of Tsumeb Corp. Ltd., pro- 2.53 percent total copper and 0.04 percent 

duced and treated a total of 812,100 tons oxide copper. All stoping was above the 

of complex sulfide and oxide ore averaging 1900 level. Block caving methods produced 

3.98 percent copper. The Kombat opera- 54.2 percent of the ore; cascade and open 

7 tion mined and milled 243,400 tons of ore stoping, 36.2 percent; and development, 9.6 

averaging 4.31 percent copper. Blister cop- percent. Changes in mining methods in- 

per output totaled 32,400 tons, 20 percent volving increased mechanization of drilling, 

more than in 1964. Ore at the Tsu- loading, and _ transportation continued 

meb mine totaled 9 million tons containing throughout the year. Increased tonnage 

4.91 percent copper; at the Kombat mine, was derived from the sublevel caving meth- 

positive reserves totaled 1.1 million tons od and production has commenced in the 

containing 2.64 percent copper and proba- initial cascade section. The average daily 

ble ore totaling 2.6 million tons with 2.29 — pumping rate was nearly 18 million gal- 

‘percent copper. lons. Output of finished copper was 179,200 

Uganda.—Kilembe Mines Ltd., mined tons compared with 175,900 tons in fiscal 

about 1.04 million tons of ore grading 1.96 1964. In addition to production from Mu- 

percent copper. Severe drought conditions fulira materials, 2,538 tons of copper were 

caused a water shortage that did not per- cast on a toll basis for other mines of the 

mit realization of the planned production Group.
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During the fiscal year, 4.14 million cubic March 31, 1965. Production of refined cop- : 
yards of overburden, 1.12 million cubic per during the same 9-month period was. 

_ yards of oxide ore, and 5,000 cubic yards of 26,600 tons. Bancroft milled Nchanga ore 
sulfide ore were excavated at the Chambi- at more than 100,000 tons per month. The 
shi mine. The primary and secondary estimated ore reserves for Nchanga on 
plants and the vat leaching section of the . March 31, 1965, were 240 million tons con- 
metallurgial plant were commissioned in taining 4.28 percent copper; Bancroft re- oo 
March. The electrowinning plant was run serves were .estimated to total 94 million 
on a reduced load from April and three tons with an average grade of 3.56 percent 
batches of 8,000 high-quality cathodes each copper. Treatment at the leach plant of 
were produced by the end of the year. high-grade oxide concentrate produced at 
Output of finished copper totaled about Bancroft from Nchanga ore began in No- 
900 tons. | vember. The roaster at the leach plant be- 

Ore reserves of the Roan Selection Trust gan operating in June 1964 and treated 
Ltd., as of June 30, 1965, were as follows: 84,600 tons of low-grade sulfide concen- © 

_ trates during the remainder of the finan- 
| | cial year. | 

: Rhokana Corporation Ltd., mined and | 
| | milled 5.5 million tons of copper ore in 

a Percent the fiscal year that ended June 30, 1965. 
Mine  Shorttons! Total Oxide _CONcentrate production was 335,300 tons 

| copper? copper containing 34.14 percent copper and 1.16 
Mufulira__.._._.... 176,776,000. 3.34 Trace Percent cobalt. Ore reserves totaled 119.4 
Luanshya Division | - million tons averaging 2.95 percent copper. 

(Roan Basin, | Stripping of overburden at the Mindola _ | 
: and Muliashi oe ai, Open pit mine was completed. Ore from 

pega cren- 94904000 28701 he pit will be the principal source of ore 
Chambishi--------- 35,000,000 3.87 +~=Trace to be used in the TORCO plant (treat- 
"1 Gross tons subject to mining losses.  ++~=—-S» ent of refractory copper ores) that has _ | 

| * Grades subject to dilution in mining. been built. Evaluation of the new plant 

| | was in progress. Smelter output totaled _ | 
ae | | 297,500 tons of anode and blister copper. 

| - Of the total, 30,200 tons of blister and 
Ndola Copper Refineries Ltd., produced 84,100 tons of anodes were recovered for 

131,600 tons of copper, in all forms, of Rhokana; 62,500 tons of blister and 90,700 | 

which 99.6 percent was for associated com- ‘0S of anodes for Nchanga; and 4,400 tons 
panies of the RST Group. Output in 1964 of blister and 25,600 tons of anodes for | 7 

was 117,800 tons, of which 97.8 percent was Bancroft. 
for the associated companies. ASIA 

Nchanga Consolidated Copper Mines 
Ltd., mined 5.7 million short tons of ore Cyprus.—The political situation in Cy- | 
averaging 5.38 percent copper during the | Prus was comparatively stable, and tonnage 
year that ended March 31, 1965. The lower milled and treated by Cyprus Mines Corp. | 
and upper ore bodies of Nchanga mined ‘Yeached an alltime high. The average 

together supplied 3.2 million tons, Nchan- 8tade of ore was 1.91 percent, compared 
ga open pit 1.6 million tons, and Chingola With 2.33 percent in 1964. Shipments in 
open pit 0.8 million tons. Output of 1965 consisted of 46,900 tons of copper con- 

finished copper established a record of  entrate, 119,500 tons of cupreous pyrite, 
260,200 tons—65,000 tons of blister and nd 6,900 tons of copper precipitate. In ad- 
195,200 tons of electrolytic copper. In the dition, 460,500 tons of pyrite concentrate 
9-month period ending March 31, 1965, Was produced by flotation. 
Bancroft milled 989,400 tons of its own India.—Production of copper ore was 

copper ore and 324,200 tons of Nchanga 515,000 tons averaging 2.16 percent copper. 
ore. Bancroft became a part of Nchanga in The entire output of copper of about 
1965 and the fiscal year ending in June was 11,000 tons was produced by the Indian 
changed to conform with Nchanga’s, which Co C 

pper Corp. 
ends on March 31. Output of 24,013 tons | 
of primary copper for Bancroft Mines Ltd., Israel.—Timna Copper Mines, Ltd., pro- 
was reported on a 9-month basis ending duced 17,600 tons of cement copper averag-
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| _ ing 78 percent copper from leaching — Production of ore and precipitate in 

| 716,500 tons of ore. The ore mined aver- 1965 was as follows: 

aged about 1.7 percent copper. oe 

Japan.—Mine production of copper in- | 
creased slightly and was 117,500 tons. ~ = = = = = Average ‘Tons of | 
Smelter production increased 9 percent and _ Mine Tons of percent plister 

totaled 338,300 tons. eo 

| Late in June, the first copper concentrate Ergani: smelting. 250,000 7.32 20,400 

was fed to the new reverberatory furnace Cromer: copper. 105,000 ee ---- 
- of Onahama Seiren, Ltd., of Japan. The  Murgul__.-.-.-_-- 546,000 1.98 8,600 

furnace, one of the largest in the world, Kirre_------------ 146'000 190 1 3,500 
. measured 32 by 110 feet. It had a designed {Estimated copper contnt—=C—=“~*=“‘“s*sCsCsCSt 

capacity of 60,000 tons annually. es 

Philippines—Output of copper in ore 

. and concentrate totaled 69,800 tons com- . | 

pared with 66,700 tons in 1964, Atlas Con- . OCEANIA 
solidated Mining & Development Corp. - ; | 
ceased operating the Lutopan open pit fol- Australia.—Mount Isa Mines Ltd., Queens- 
lowing difficulty with ,the hanging wall. land, a subsidiary of American Smelting 

| Most of the production came from the ane en “on eae Ve mon sons 

lower grade Biga Road pit. Copper content in the year that ‘ended June 30 1968. Tn 
in concentrate produced totaled 29,000 tons saaiign ¢ ” million tons of ore from the 

- compared with 27,700 tons in 1964. Marin- * at kpiled for fut 
duque Mining & Industrial Corp. produced pene cee Bis as stockpree dnc 
4,400 tons and 11,600 tons of copper from Sey 40, oo oP Gad enn , nas a was 39,400 tons. Output of refined copper | 

_ the Baqacay and Sipalay projects, respec- by Copper Refineries Pty. Ltd., was severe- 
tively. - ly curtailed by the reduction of blister re- 

Lepanto Consolidated Mining Co., milled ceived from Mount Isa and totaled 44,500 

488,500 tons of ore with an average grade tons of refined copper, of which 17,300 tons 

| of 2.80 percent copper compared with Was wire bars; 3,200 tons, cathode; 10,000 
477,500 tons of ore with an average copper tons, cakes and billets; and 14,000 tons, rod 

| content of 2.91 percent. As a result, copper and wire. Reduced production of cakes and 
| _ production decreased to 12,900 tons. A mill billets was due mainly to the cessation of 

| expansion program was completed by the opens of map es after ay 1964 

end of 1965 and capacity was increased wnen export oF copper was Prod tte " 
from 1,300 to 2,000 tons per day. Philex 1 06s ne fiscal year that need June he 
Mining Corp. produced 7,500 tons of cop- 1.49 > monn morgan » again mee 
per. . millions | tons of ore averaging: 0.64 

| pet . percent copper and removed 3.34 million 
5 oma outputs of copper php shinee tons of overburden. Blister copper pro- 

y Samar Mining Co., Inc., 2; tons; duced was 7,300 tons compared with 9,000 

Surigao Consolidated Mining Co., Inc., 300 tons in the preceding year. 

tons; Copper Belt Mining Co., 400 tons; The Mount Lyell Mining and Railway © 
and Acoje Mining Co., Inc., which began (Co. Ltd., Tasmania, mined 2.2 million tons 

| production during 1965, 1,600 tons. of ore averaging 0.72 percent copper from 

Tues Outpt of liner copper fom Geet PM and uudevound mine 
| 20400 and 8600 tons, respectively. Grade from L4.806/tons to 11000 tone. Blister cop 

of ore mined at Ergani decreased somewhat per production was 15,300 tons (16,900 

as the flotation mill was expanded to treat tons in 1964) and output of electrolytic 

lower grade ores. copper was 13,600 tons (13,200) .
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| | TECHNOLOGY | oe 

_ A report published by the Bureau of The growth of the copper-mining in- 
Mines described the technology of copper dustry in the Soviet Union in the past 40 
mining, recovery, and fabrication.5 Another years was reported.12_ The report contained | 
publication described development of min- ‘several tables on production from various 
ing methods that resulted in a caving mines, smelting Capacity in the U\S.S.R., , 
method with improved efficiency in mining and results of beneficiation and reduction 

: operations over a long productive period.6 plants. Although technological level re- : 
The report outlined early prospecting and mained below that of the United States, a . 

_ exploration of the deposit, methods of well organized group of scientists was de- 
sampling and estimating ore reserves, and veloped since the early 1930's. | | 

__ €arly mining methods, especially those that The Geological Survey of Canada investi- 
influenced developments in a Caving meth- gated the geology, geophysics, and origin of 
od. Relationships between drilling cost and the ore body of the Coronation mine, Sas- 
desired precision of the estimate of grade katchawan. The mine is about 14 miles 
of ore were used to determine economic — southwest of Flin Flon, Manitoba.13 Numer- 
drill-hole spacing.? Assay data from ap- gus specimens of cores from diamond drill 
proximately 50 copper deposits were stud- holes were examined microscopically. Min- 
ied, and drilling requirements for various eralogical cross sections of ore bodies were 
precisions of estimates of grade were com- prepared from the analysis for a study of 
puted for some of the deposits. Results ob- oye deposition. : : | 

| rained by a rue of fe frome wp Pr clad- Metallurgical processes to obtain maxi- : 
7 nt hed 8 Testing s — a te 1 were mum copper from ore produced from the 

pudisned.© *esung copper-clad steel in a Chambishi mine were described as_ the muffle furnace in an airstream at high tem- , 
peratures indicated the possibility of re- 5 Wock cited k cited in footnote 2 

: os * * Work cited in footnote 2. ; moving light-gage copper coatings and ° Hardwick, W. R. Block-Caving Copper Min- components from copper scrap by oxida- ing Methods and Costs at the Miami Mine, 
i ‘ inci ‘ Miami Copper Company, Gila County, Ariz. ‘on in an incineration Process. BuMines Inf. Cire. 8271, 1965, 96 pp. 
The Geological Survey publications de- ie mele, Richard F. Design of Drill-Hole 

: : tai Grid_Spacings for Evaluating Low-Grade Cop- 
scribed the geology of the Battle Mountain per Deposits. BuMines Rept. of Inv. 6634, 1965, District in Humboldt and Lander Coun- | 46 pp. _ 
ties, Nev.2 Mining activity was revived re- * Leary, P. J; Removing Copper from Cop- | tl in the di 8 h y devel f per-Clad Steel by Oxidation. BuMines Rept. of cently in the district when development o Inv. 6647, 1965, 12 pp. : 
open pit Copper-mining operations began. ® Roberts, Ralph J. Stratigraphy and Struc- 

. oo. oy we ture of the Antler Peak Quadrangle, Humboldt Two publications described deposition of and Lander Counties, Nev. Geol. Survey Prof. 
massive sulfide deposits in Canada1o The | Paper oe. te ge PP. D. GC. Amold. 0; 

. ; oe oberts, aip + an . . rnold. re 
first paper discussed masses of pyritic cop- Deposits of the Antler Peak Quadrangle, Hum- 
per and zinc ores entrapped along contact boldt and Lander Counties, Nev. Geol. Survey : 

. . rof. Paper 459-B, » 94 pp. | zones between two volcanic groups in the 1 Sharpe, John I. Field Relations of Matagami Matagami area. The sulfides were de-  Sulphides Masses and Their Deposition in Time 
i i - and Space. Canadian Min. and Met. Bull. formed and intruded by folded dikes. Ac (Montreal), v. 58, No. 641, September 1965. 

cording to the second paper, the cupreous pp. 951-963. 

deposits in Cyprus have many similarities Miutehinson, _R. RY. Genesis | of Canadian 
: : . * ; assive ulphides econsidere y omparison 

to massive copper-zinc deposits in Canada. with Cyprus Deposits. Canadian Min. and Met. 
Mixing and placing concrete for use in Bull. no Te ane. v. 58, No. 641, September 

ground support at San Manuel has devel- 11 Seaney, H. W., and R. L. Tobie. Concret- 
oped from a small operation using a 1/- ing at the San Manuel Mine. Min. Eng., v. 17, 
Yi d . . ep hich cnent Ad No. 11, November 1965, pp. 70-73. 

cubic-yard mixer into whicn C . 12 Sutulov, Alexander. Why Russia’s Copper 
dumped from sacks opened by hand into Industry Has Top Priority for Major Expan- 
an automated mixing plant and under- sone GO World, v. 19, No. 10, September 1965, 

ground remixing station.11 The automated 13 Gilliland, J. A. A Proposed Ore Control 
ixing plant was operated by one man lo- at the Coronation Mine, Saskatchewan. Cana- 

mux 8 P P wae y dian Min. and Met. Bull. (Montreal), v. 58, No. 
cated in a central position. 637, May 1965, pp 522-529.
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most complex of any on the Copperbelt.14 The environmental and nutritional char-  _ 
| Research and pilot plant testing proved acteristics necessary for maximum copper 

' that two leaching processes and two flota- extraction from low-grade ore by a strain 
tion processes were necessary for optimum of microorganisms was explored, as have 
copper recovery. Fine oxide ore, minus 100. many of the limiting parameters.18 Percola- 
mesh, was given an agitation leach and the — tor tests conducted under optimum condi- 

, coarse oxide fraction, minus 3% inch plus tions resulted in a significant increase in | 
100 mesh, was treated by batch percolation. the quantity of copper microbially extract- 
Maximum recovery of sulfide minerals ed over that extracted under conditions 
could be achieved by producing two con- considered to be standard. | 

| centrates. | Results of studies of production of mag- 
| A. process was developed to leach copper _netite (Fes3Q4) in copper smelting were dis- — 

ore with cyanide and recovering copper cussed.19 An inductance bridge magnetite 

from cyanide solutions.15 Previous methods —- meter was developed to overcome the unre- 
| of leaching copper in low-grade ore and _ liability of conventional wet chemical mag- | 

tailing by cyanide were unsuccessful be- netite analysis. It was concluded that the 
cause leaching time was high and reagent solubility of ferrosoferric (Fe,O,) in copper 
consumption was too expensive. In the smelting slag is nil at 700°C and below; 
tests, leaching time was reduced from 48 the meter method of magnetite analysis 

: hours to 4 hours or less, inorganic and or- _ provides a satisfactory means of determin- 

| ganic cyanide were used as extractants, and ing the amount of magnetite in the slag; 
soluble sulfides were used as precipitants. magnetite is not the only magnetic com- 

| Research was conducted on the recovery pound present in copper smelter matte, re- 
, of copper from dilute solutions with. liquid verberatory walls, and hearth accretions; . 

ion exchange reagents.16 The process con- the accretions on walls and bottoms of re- 

sisted of two stages—extraction and strip- verberatory furnaces consist of a mixture . 

- ping. Organic solutions containing the of magnetic ompounds of which magnetite 
| chemical extractant and copper-bearing 18 4 minor constituent. a / 

_leach solutions were mixed and agitated vi- © | 

gorously in tanks. The copper content of 4 Mining and Minerals Engineering (London). 
| the organic solution increased as it moved First. Copper From Chambishi. V. 1, No. 10, 

h h the tank d‘aque raffinate— June 1965, pp. 370-375. 
throug ur € tanks and aqueous a Skillings’ Mining Review. R.S.T.’s _ New 

_ liquor without copper—was withdrawn Chambishi Open Pit Mine, Zambia. V. 54, No. 
from the tanks and either recirculated 44, Oct. 30,1965, p. 6. . 

. 15 Lower, George W. (assigned to American 
through leach piles or treated for waste Cyanamide Co., Stamford, Conn.). Leaching of 

disposal. Copper from Ores with Cyanide and Recovery 
i. . of Copper from Cyanide Solutions. U.S. Pat. 3,- 

| Flotation characteristics of oxide copper 189,435, Dec. 1, 1964. 
: . . : Lower, George W., and Robert B. Booth. Re-. 

minerals, malachite, azurite, and cuprite cover of Copper by Cyanidation. Min. Eng., v. 
| have not presented the difficulty for con- 17, No. 11, November 1965, pp. 56-60. 

-- 16 Chemical & Engineering News. New Ion 
centration as have those of chrysocolla, the Exchange Resin for Solvent Extraction Increases 
copper silicate.17 Pure chrysocolla was float- Copper Recovery. V. 48, No. 42, Oct. 18, 1965, 

‘ ; ° . pp. 40 ‘ . 
_ ed with chelating agents that form insolu- 1” Peterson, H. D., M. C. Fuerstenaw, R. S. 
ble complexes with copper at ambient tem- Pickard, and J. D. Miller, Chrysocolla Flotation 

fl : btained by the Formation of Insoluble Surface Chelates. 
peratures. Complete flotation was obtaine Trans. AIME, v. 232, 1965. 
with potassium octyl hydroxamate as col- 18 Corrick, John D., and J. A. Sutton. Copper 

: Extraction From a Low-Grade Ore by Fer- 
lector at pH6. Flotation of a natural ore robacillus Ferrooxidans: Effect of Environmental 
using 0.4 pound of the same material per and Nutritional Factors. BuMines Rept. of Inv. 

6714, 1965, 21 pp. 
ton of ore recovered 76 percent of the cop- 19 Legasacchi, Attelio. A Study of Magnetite 

. per in a concentrate containing 31.6 per- and Magnetic Compounds in Copper Reverbera- 
tory Smelting. Trans. AIME, v. 233, No. 10, 

cent copper. 1965, pp. 1848-1856.



| | _ By Benjamin Petkof ! 

| The United States continued to dominate value. Based on the 3-year production to- __ 
world diatomite production. Domestic pro- tal, an average of 580,000 tons of material 
duction and valuation rose almost 11 per- was produced in 1965. oo 

cent in quantity and about 9 percent in : | 

DOMESTIC PRODUCTION | | 7 

California was the largest domestic diat- Company diatomite assets in Nevada con- | 
omite producer. Nevada followed by Wash- sisting of two diatomaceous earth deposits | 

. ington, Arizona, and Oregon supplied containing a proven reserve of 2.5 million 
smaller quantities. | tons, and a processing plant near Reno, 

_ Cyprus Mine Corp. acquired the Aquafil Nev. 

Table 1.—Diatomite sold or used by producers in the United States, 3-year totals ! 

| / | 1948-50 1951-53. «1954-56 = 1957-59 «1960-62 -s:1963-65 

Domestic production (sales) . . 
short tons... 722,670 908,448 1,105,279 1,349,340 1,446,625 1,740,833 

Average value per ton_--_...-.-. $25.55 | $29 .97 $39.21 $45.73 $50.08 $50.40 

1 Annual figures are company confidential. . 

| CONSUMPTION AND USES 

Diatomite’s primary use continued to be by 33 percent, revealing a growing use 
filtration; the quantity used for this pur- pattern. Miscellaneous uses included ap- oo 
pose increased 4 percent over that of 1964. plications such as abrasives, absorbents, in- . 
Filler grade consumption decreased 7 per- __ secticides, lightweight aggregates, paints, , 
cent from that of 1964, while the quantity pozzolans, and soil conditioners. 
used for insulation increased 50 percent. | 
Diatomite for miscellaneous uses increased 1 Commodity specialist, Division of Minerals. | 

. Table 2.—Domestic consumption of diatomite, by principal use, in percent of 
| . total consumption 

eee 

Use 1961 1962 1963 1964 1965 

Filtration. ........-.---------- eee 48 48 47 47 44 
Fillers. ..-.--------------2--- ee 24 23 23 r 24 20 
Insulation --_.-.-..--.--.-.- 2-22 5 5 «SS r4 6 

Miscellaneous--_-.---.-.-...---------.---------- 23 24 25 25 30 

¥ Revised. 

| 389 |
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| | PRICES oo | 

Diatomite prices varied from those of decreasing for insulation, abrasives, and 

the previous year, increasing slightly for miscellaneous uses. | | | 

material used for filtration and fillers, and __ | , 

| Table 3.—Average annual value per ton Table 4.—U.S. exports of diatomite 

| of diatomite, by uses | ore. kk — eee 
Year Short tons Value . 

(thousand) (thousand) / 
a , Use 1964 1965 ee | | 

Ti 19582 eee - eee 60 $4,234 
Filtration......-...-------. $61.92 $62 .97 1959. .-.-.-.-----.---- 71 5,051 
Insulation... -.---.-------- 51.66 41.54 1960_.-..------------- 92 - 6,479 
Abrasives.....--.---------- 187.00 — 1385.00 1961___.---------+----- 95 6 ,807 
Fillers.......-------------- 47 .37 55.89 . 1962_____.------------ 109 7,960 

- Miscellaneous - - ---.-------- 32.39 28.72. 1963__..-------------- . . 412 8 ,446 
. - —— 1964__..-..-.--.------ 128 | 9,659 

Weighted average_.....- 50.62 49.94 1965_--.-------------- 114 9,752 

| FOREIGN TRADE / | - 

| Diatomite was exported from the United Most of the 176 short tons of diato- | 
| States throughout the world. This mate- mite imported was from Canada. The 

rial is probably used mainly for filtration. average value was $52.35 per ton. 

| | ae WORLD REVIEW ae 
= The United States led world production. diatomite deposits at Lake Myvatn. Dis- - 

| | Other principal free world producers were cussions have taken place with Johns-Man- 
. France, West Germany, Italy, and Den- ville Corp. of New York, and a joint ven- 

mark. ture is indicated.” | 

. Iceland.— The Government has . con- 2 Bureau of Mines. Mineral Trade Notes. V. 
tinued its plans to develop the high-grade 61, No. 6, December 1965, p. 14.
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Table 5.—World production of diatomite, by countries 1 
. (Short tons) 

a Country 1961 = = 1962 1963 1964 1965 P 2 - 

_ North America: . oa, 
_ Canada... 2-2-2 eee 214 211 798 r1,143 1,200 

Costa Rica_.__...-_--_-_---_--.------ "717 827 e€2,000 ¢r4,000 . e 4,000 
_Nicaragua_......-----------2--------- 2,976 1,414 e1,760 ___._----------.--+--- 
United States. .__.._.__.._.-__._._-__- * 5482,208 *%482,208 *4580,278 *4580,278 ‘580,278 . © 

South America: . — 
Argentina. _.__-....--.--.--------- t 3,833 3,741 6,256 $=* 8,567 58,567 | 
Colombia..._...--_-.2--.--.2---- + -- 330 165 2 425 t 255 5 255 
~Peru_...--.----------.--.------------ 2,048 1 ,624 t 2,733 2,756 52,756 

Europe: . . : 
_ Austria...--.22-2--.------------------ =, 5, 998 4.613. 4,339 14,224. e 4,590 

Denmark: . . . 
Diatomite e_____..-.-_..-.---.---- 21,500 22 ,000 22 ,000 ¥ 20 ,393 5 20 ,393 

~ Molere 6__..-..---_-_--.--_-..--- © 212,900 230,800 212,000 210,762 e 125,000 
Finland_._____-_-_------ 2-22 ieee 805 | 1,320 2,535 r 2,392 5 2,392 
France 7_.____....-.--.----------.---- 118,429 ‘140,093 «146,304 ¢©*146,600 © 146,600 
Germany, West (marketable) 7_...._.-..... 72,200 - 67,800 t 47,289 * 109,356 e 55,120 
Italy_.....____-_---- lei le .-----.---. . 68,050 © 62,379 65,509 e* 66,140 © 66,140 
Portugal 7_________..1---_-----.----.. 9 ---—« SA7 1,598 - 2,067 t 2,207 5 2,207 

~ Spain 722222 ------ © 19,346 13,352 -11,229 e 11,000 e 11,000 
Sweden (marketable) §__....-..-------- 732 252 r400 © * 220 5 220 
U.S.S.R. eee -_------ 330,000 330 ,000 340 ,000 340,000 350 ,000 
United Kingdom_.___.__-__------------ | 24,920 122,412 . *15,946 e+ 16,540 © 16,540 | 

At _ Yugoslavia. ..-..------2-2------------ | * 5,000 5,000 ¢11,600 ¢ 11,600 e 11,600 : 
rica: . 

Algeria..._......--.-..-----.--------- | 85,218 30 ,565 19,401 * 22,489 5 22 ,489 
Kenya. __.__-.-.--.----__-._-.------- 3,537 3 ,207 3,677 r 3,368  § 3,368 : 
Mozambique._._.....-..-_-__.-.-.---- 397 $85 __.-_L-_-.2---.---- +--+ +e -- . 

- .Rhodesia, Southern 7...-._......-.----- 409 . 423 301 347 e §30 7 
South Africa, Republic of._--.......-.-- 137 647 220 F546 e 1,090 
United Arab Republic (Egypt) _.._._._-. 332 55 r 916 t 44,080 80 ,375 

Asia: Korea, South___.....-_.--...--.---- 1,989 758 r 1,916 r 41,031 e 490 
Oceania: 

Australia__...-2- 22-22 2 --e eee 6 ,067 8,189 6,533 19,780 e 2,760 
New Zealand_.___._.--.-_------------ 3,961 2,099 - 1,796 Fr 1,881 51,881 

World total....._._._._.--:.-...---- 1,645,000 1,665,000 1,740,000 1,890,000 1,750 ,000 

e Estimate. P Preliminary. r Revised. . . 7 
1 Diatomaceous earth is produced in Brazil, Bulgaria, and Japan, but data on output are not available, 

estimates are included in total: Hungary and Rumania may produce diatomaceous earth but data are not 
available and no estimates are included in total. - i 

2 Compiled mostly from data available April 1966. . 
8’ Average annual production 1960-62. 
4 Average annual production 1963-65. ~ 

| 5 1964 data. | a a 
6 Data represents estimates of moler earth used as a raw material in making refractory bricks plus moler 

earth exported in bulk form. 
T Includes tripoli. = 
8 Includes calcined. - |
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oe | » TECHNOLOGY | . : 

Oe -Diatomite deposits of Maryland and Vir- _ aids, filter, and filter components, and de- 
| ginia were described and discussed in two sign procedure recommendations were 

| | papers’ The mining history of the de- made.5 | | 
posits was reviewed. Limited additional The city of Lompoc, Calif., has made 

___ testing ~was described, and | recommenda- | improvements to its municipal water supply tion was made for possible use. One paper system and has incorporated diatomite fil- 
recognized that these deposits are inferior — tars in its system.6 an 
to western deposits, but indicated that . _ - oo 
might substitute for materials such as ful- 3 Knechtel, Maxwell és and. John W. Hoster- 

, Tw - ° Sen - Man. UtTLOOK iIor sumption o latomlr ‘ 
. ler’s ear th and activated bentonite. Mining in Southern Maryland and Eastern Vir- . 

| Experimental work was conducted to ginia. U.S. Geol. Survey Prof. Paper 525D, . 
| determine the toxicity of diatomite in > an ae ie Oe tomaceous Sediments in 

e / . qo, aa , “BWe e 1a 1 . | white rats. .The rats were fed a diet con- . Virginia. Virginia Minerals, v. 11,No. 3, 
| taining 5 percent diatomite for 90 days. August 1965, pp. 25-31. : _ 

No effect was observed on the animals, and * Bertke, Eldridge M. (Arizona State Univ., | eq eae : ve o Tempe). The Effect of Ingestion of Diatomaceous 
residual silica did not increase inthe body . Earth in White Rats, a Subacute Toxicity Test. 

2 ¥ Toxicol. Appl. Pharmacol. 6 (3) 284-91, 1964; organs. The growth rate of the test rats  {pxicol. Appl. Pharmacol. 6. (8) 18, 1965, col. was greater than the control group. Addi- sigsr. ’ | 
tional tests using ‘smaller quantities of diat- Me Journal . American Water Works Association. __ 

. ; a4 unicipal Use of Diatomite Filters. Task Group 
omite were made. . 7. ° Report. V. 57, No. 2, February 1965, pp. 157— 

A report was published reviewing mu- 130. oT 
Ci i i ; - ® Lawrance, Charles H. Quality Imrrovement . | 

oo nicipal use of diatomite filters. _Specifica for Lompoc, Calif., J. Am. Water Works Assoc., tions were presented on diatomite filter ¥. 57, No. 8, May 1965, pp. 607-624. _ |



, - . | | e e | _ Feldspar, Nepheline Syenite, - 
| nd Aplit 

| | _ By J. Robert Wells: — | | | 

a . | FELDSPAR Oo | a 
Production of feldspar in the United DOMESTIC PRODUCTION oo 

States, under the impulse of three substan- Crude Feldspar.—North Carolina, the 
tial annual increases in succession, reached primary producing State for more than two 
a level in 1965 that was well beyond that decades, and California, in second place 

_ of 1964 and the highest yet recorded. The for many years, provided almost two thirds a 
glass industry, largely because of sustained of the total domestic supply of crude feld- 
growth in automobile production but also _ spar. Connecticut and Georgia, likewise 
to satisfy the continuing high demand for continuing the production pattern of re- : 

| all types of glass products, consumed 5 cent years, ranked third and fourth, re- 
percent more feldspar than in 1964. The spectively, in feldspar output. As in 1963 transition to no deposit, no return bottles and 1964, more than 90 percent of the | 
for soft drinks was an expansive influence North Carolina feldspar was produced as _ just beginning to be felt. About 8 percent fotation concentrate. : 
less feldspar was used for pottery: manu- So | | 
facture than in 1964. . 1 Commodity specialist, Division of Minerals. 

| | , Table 1.—Salient feldspar statistics | 

1956-60 1961 1962 1963 1964 1965 _ (average) 

United States: 
Crude: 

Sold or used by pro- 
ducers_.._long tons... 515,728 496 ,808 492 ,476 548 ,954 587 ,194 624 ,598 Value. .thousands__ $5 ,039 $5 ,120 $5 ,076 $5 , 524 $5 ,389 $6 ,263 

Average value 
per long ton._ $9.77 $10.31 $10.31 $10.06 $9.18 $10.03 

Imports for consump- 
tion__...._long tons__ 98 24 33 68 10 16 Value. _ thousands. - $6 $2 $1 $2 $1 $2 

Average value 
per long ton__ $60.87 $84 .38 $39.55 $23 .29 $84 .00 $95.00 

Consumption, apparent ! 
G : ’ long tons._ 515,826 496 ,832 492 ,509 549 ,022 587 ,204 624 ,614 
round: 

Sold by merchant mills 
short tons.. 533,977 541 ,626 527 ,347 598 , 706 646 ,974 664 ,138 . Value _ _thousands_- $7 ,459 $6 ,694 $6 ,703 $7 ,353 $7 ,644 $7 ,757 

Average value 
per short ton__ $13 .97 $12.36 $12.71 $12.28 $11.82 $11.68 , Imports for consump- 
tion long tons__ 4,813 2,529 3,297 3,006 3,170 3,439 Value -_ -thousands- $78 $63 $87 $81 $85 $92 
Average value 
per long ton_- $16.29 $24.86 $26.45 $26.88 $26 .95 $26.87 World: Production. long tons._ 1,286,000 1,600,000 1,600,000 1,710,000 1,815,000 1 ,900 ,000 

eee 
' Measured by quantity sold or used by producers plus imports. 

232-748 O-67—26 393
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-. ‘Table 2.—Crude feldspar sold or used by producers in the United States | 

Derivation of feldspar ! 

. Hand-cobbed | Flotation Feldspar-silica | Total 

Year . . concentrate ‘mixtures ? 

a . _ ~ Long ‘Value , Long Value Long Value ‘Long Value 

tons (thou- tons  (thou- tons (thou- tons (thou- 

. sands) - - gands) sands) sands) | 

| 1956-60 (average)..-.------ 195,733 $1,533 249,866 $2,867 70,129 $639 515,728 $5,039 . 
1961_.__.___-_----------- 116,503 788. 307,468 3,580 72,837 752 496,808 5,120 

1962.___.-.__----.-------- 113,168 783 324,462 3,806 54,846 487 492,476 5,076 — 

a 1963____._..--_----------- 93,488 643 364,676 3,885 90,790 996 548,954 5,524 

1964____._...------------- 88,046 804 * 380.787. * 3,367 118,361 1,218 * 587,194 * 5,389 

1965.___.__._._._-_-....-- 126,811 1,072 369,585 3,974 128,202 1,217 624,598 6 , 263 

. | ® Revised. 1 Partly estimated. 2 Feldspar content. cS 

| - ‘Table 3.—Ground feldspar sold by —~° Minerals & Chemicals Philipp Corp. an- 

merchant mills‘ in the United States nounced tentative. plans for the purchase | 

rane of Georgia Marble Co., whose Consolidated 
: mo : Domestic feldspar Quarries Division produces silica-feldspar 

Veer Mills 7777S ~SCSs«C Concentrate in Georgia for glass manutfac- 

_ a | _ Short tons Value ture. Federal Geological Survey engineers, | 

oo OS conse) _ . investigating California zeolites, discovered © | 

| sa potentially valuable source of high-grade 

1956-60 (average)...... 24 2533,977 2 $7,459 potash feldspar in the Mojave Desert near 

- 1961____...-._-------- 21 541.626 6,694 Bar i B ino | ; 
1961 ------------------ 5) B57 "B47 = g'703.-D aTStOw In San ernardino County - 

| 1963___._-...----.---- 22 598,706 7,353 Ground Feldspar.——In 1965, 20 mills 
: . : rt r ° . 

1964------------------ 5" Gea’138 7757 Produced ground feldspar in 11 States. 
7 ) Sales of ground material by merchant mills 

r Revised. were higher, 3 percent in volume and 2 

1 Excludes potters and. others who grind for con- percent in value, than in 1964. North 

so Pabades Condon Poldepar, 1958-60. Carolina, California, Connecticut, and 

| | _ Georgia were also foremost in production | 
: | a _ of ground feldspar with a combined output 

: of 81 percent of the total. |



Table 4.—Ground feldspar sold by merchant mills in the United States, by derivation 1 and uses | | | 
- (Short tons) : . a. 

Yy Glass Pottery Enamel Other - Total ' Glass Pottery Enamel Other Total c 
ear . . 

a Hand-cobbed © . Flotation concentrate | > 

1956-60 (average) __-_..----_---- 47 ,910 97 ,528 26,173 22,109 193 ,720 189,425 66,683 2 263 13 539 269 ,910 4 
1961__-..----------------.----. | 28,248 56,875 | 17,160 26 ,083 123 ,366 232 ,3865 88,170 4,012 12 ,135 336 ,682 a 
1962. __---------------.-~------ 26 ,323 © 45 ,612 WwW 45,650 117 ,585 215,941 96 ,828 WwW 35,605 » 348 ,374 tr 
1963_.__----------------------- 6 ,863 58 ,497 ‘WwW 39 ,128 104 ,488 . 240,783 ‘WwW Ww «181,777 392 ,560 tA 
1964__.__-----_.--.---------- eee WwW 51,703 W 45,952 — 97 ,655 255 ,907 Ww W * 163,548 . t 419 ,455 ss 
1965. ---------------.---------- WwW. 32,5385 Ww: 75 ,055 107 ,590 256 ,000 WwW WwW 162 ,014 418,014 Z 

. Feldspar-silica mixtures ° | Grand total 4 - < 

1956-60 (average) .--..-..--..--- 59 ,017 3,192 2 483 © 7,655 70 ,347 296 ,352 167 403, 26,919 43 ,303 533 ,977 di 
1961_.__..-.-----_---~----------- 65 ,950 6,983 __-...---..- 8 ,645 81,578 321,563 . 152,028 21,172 46 ,863 541,626 & 
1962__-------------.--.-.------ 50 ,993. 4,726 _._..----.-. 5,669 61 ,388 293,257 -~ 147,166 27 ,391 59 ,533 527 ,347 - 

| _ 1963.-.--.------ eee 65 ,541 - OW Lie - 36,117 101 ,658 313 ,187 195 ,510 24 ,068 65 ,941 598 , 706 e 
1964._.-.------------ ~~~ ---- W W _.---------- 129 ,864 129 ,864 349 ,715 r 189 ,853 21,925 85 ,481 r 646 ,974 6S 
1965. _.-----.----.--------.---- WwW W _.._-------- 138 ,534 138 ,534 368,120 174,537 42 ,268 79 ,213 664 ,138 > 

t Revised. . : . | 4 
W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other.” : . ce ts 
1 Partly estimated. . 
2 Average for 1960 only. , | 
’ Feldspar content. _ i 
‘“‘Other’’ includes soaps, abrasives, and other ceramic and miscellaneous uses. oo . 

. . wo
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CONSUMPTION AND USES | the proportion was 54 percent. Of all the 

Crude Feldspar—Almost all crude feld- round feldspar sold in 1965, pottery mak- 
: spar is subjected to some processing before 8 consumed 26 percent and enamel man- | 

being sold or used in industry, although ufacture 6 percent, 15,000 tons less and _ 

some manufacturers continued their es- 29;000 tons more, respectively, than in 
| tablished custom of buying minor amounts 1964. . ae , : 

in the as-mined condition for supervised California, Ohio, Illinois, New Jersey, 
treatment in their own grinding mills. = and Tennessee, in that order, were the 

| States that led in ground feldspar consump- 
Ground Feldspar.—The glass, pottery, tion in 1965, accounting collectively for 54 

: and enamel industries, taken together, con- percent of the total quantity sold. : | 
sumed 88 percent of the ground feldspar Consumption of feldspar and nepheline 
produced in the United States in 1965.  syenite as fillers in foam latex products, a 

| _ -Glass manufacture absorbed 55 percent of | substantial new application established in 
: the total quantity of ground feldspar sold, the last 5 years, was at a rate of approxi- | 

_ an increase of 18,000 tons from 1964 when mately 30,000 tons per year. | | 

: Table 5.—Ground feldspar shipped from merchant mills in the United States | 

oo (Short tons) — oe . 

. a Destination 1961 1962 1963 1964 1965 

— Galifornia........2---------------------------- 99,149 79,075 «78,164 120,804 «111,174 
Illinois. _......-----.----.--------.------------ 55,815 46 ,283 49 ,822 73 ,9867 66 ,160 
Indiana_._..-..-.--.-...------..-.---------.-. | 39,700 19,139 20 ,688 20 ,998:- WwW 
Maryland._..-.-----.-..-.--..-.-------------- 14,092 11,748 11 ,636 WwW WwW 
Massachusetts. ..---...-.---.-.--- 2-2-1 ile 6,235 4,603 4,231 . 4,407 4,787 . 
New Jersey._.-.-.----.-.-----------.---------- 38,245 53 ,640 62,336 58 ,089 57 ,096 
New York___....--.--.-----------.-----------.. 16,850 21 ,696 23,631 225117 26 ,037 
Ohio_.__....---.----1-------- eee... 67,304 76,287 122,242 80,119 87 ,873 
Pennsylvania._.-..--..-...-----.-.-------.-.-- 55,947 34 ,843 40 ,567 37 ,805 30 ,281 
Texas___..__..---.----.-.------------------... 22,994 22,502 WwW WwW WwW 
West Virginia_.....-..-...-.-....--__-....--..-. 27,384 Ww 18 ,714 26 ,638 WwW 
Wisconsin. _-._...---_..-...--.--.-..----.--.--- 8,727 Ww w .. W WwW 

_ Other destinations Bonen eee 22 - ++ 89,184 157,531 166,675 * 202,030 280 ,730 | 

Total... .--2-------------------. 541,626 527,347. 598,706 *646,974 664,138 

t Revised. 
W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other destinations.” — . 
1 Includes Alabama (1961-62); Arkansas; Colorado; Connecticut; Florida (1961); Georgia (1963-65); Hawaii 

(1961); Idaho (1965); Kentucky; Louisiana; Michigan; Minnesota; Mississippi; Missouri; Oklahoma; Rhode 
Island; Tennessee; South Carolina (1962-65); Vermont (1962-65); Washington (1961-62 and 1964); shipments 

. that cannot be separated by States; and shipments indicated by symbol W. Also includes exports to Africa 
(1965); Canada; Colombia (1961); England (1962); Mexico; Panama; Philippines (1963-64); Venezuela (1961-— 
63); and small quantities to other countries. . 

PRICES | | Ground feldspar prices quoted in E&MJ 
Average prices reported to the Bureau of Metal and Mineral Markets for November 

Mines for crude and ground feldspar in 15, 1 965, all somewhat higher than the cor- | 

1965 are shown in table 1. The value per responding 1964 quotations, were as fol- 
ton of feldspar in feldspar-silica mixtures  10WS: North Carolina, bulk, 20 mesh granu- 7 

and that of the hand-cobbed material both ar $10 to $12.50 per ton; 40 mesh glass 
declined in 1965, but there was a notable rade $13.50 to $15 per ton; 200 mesh 
increase in the average unit value of flota- $17.50 to $21 per ton; and 325 mesh 

_ tion concentrate feldspar. _ $18.50 to $23 per ton. 
Illinois reported the highest average 

. : STOCKS 
price for ground feldspar in 1965, $26.09 F or . 

| . eldspar producers maintained working 
per short ton. New Hampshire followed stocks onl 
with $21.36, and Virginia was third with ¥ 
$20.36. The grade of ground feldspare FOREIGN TRADE 
commanding the highest average price, According to information supplied to the 
$20.37 per ton, was that used for enamel Bureau of Mines by feldspar grinders, 1965 
manufacture. exports of feldspar exceeded those of 1964
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Table 6.—U.S. imports for consumption WORLD‘ REVIEW 

of feldspar * | World-wide production of feldspar in 
«1965, almost 5 percent more than in 1964, 

| Crude Ground marked a new alltime high. The U‘S. | 
Year L Val Lone Val - share of world feldspar output in 1965 was 

tons ane tone te about 33 percent, compared with 32 per- | 
——— S—SCT cent in 1964. In Finland, Lohjan Kalk- 

: 1956-60 | | kitehdas Oy started construction of a new 
1 on eraee) - == 38 + one 5509 a Boe concentrator designed to yield 50,000 -tons 
1962_._._._._.... 33 1,305 3,297 87.205 of feldspar annually. Materiales Monter- 

1 saan 68 1.384 170 Sion rey, S.A., proposed to spend $1.6 million 
1965__________ 16 1,513 3,439 92,399 for a new plant in the Mexican State of 

i Guanajuato for processing several nonme- : 
1 All from Canada, except 39 long tons ($1,724) _ tallic minerals, including feldspar. In the 

of ground fldaper jrom Norway in 1868 end $0008 Somali Republic, feldspar was listed among 
Republic of South Africa in 1965. the minerals existing there but not yet be- 

Oo - img exploited. 
~ - by 13 percent. This material was shipped The Rhodesian Department of Mines 

| to destinations in Canada and Mexico. and Lands reported plans for a custom 
.No crude or ground Cornwall stone was mill to grind feldspar and other ceramic | 

| imported in 1965. a raw materials for local industrial use.



oo 398 - MINERALS YEARBOOK, 1965 | : | 

oe | Table 7.—World production of feldspar by countries! | | 
| . (Long tons) 

, | Country 1961 1962 1963 ——«:1964 1965 P 2 

North America: | | _ . | ' . 
- Canada (shipments) ._.......--.-- 9 ,381 8 ,923 7,686 r 8,169 9,670 
United States. (sold or used) -_____-- 496 ,808 492 ,476 548 ,954 ® §87 ,194 624 ,598 

South America: . 
- Argentina....------------------- “11,474 t 7,245 r12,599. 6,390 ©7,000 

Brazil e__-..----.---.--- ae 39 ,000 39 ,000 39 ,000 39 ,000 39 ,000 
Chile... ------.--..--..-.-.----- 2,280 1,138 417 r 814 408 
Colombia.....----.-------.-.---- 14,800 15,250 12,300 11,426 14,600 

' Peru... eee eee eee. 992 287 r 217 837 926 
Uruguay .--------.---_--.------- 877 - 692 282 . F 883 1 ,227 

Europe: . 
Austria... ----....--------.---- 3,907 4,976 2,077 1,603 1,397 

a Finland ._.------.--------_------ 13 ,303 14,921 12,618 10,561 11,685 
France_.--.-------.-.-----------. 170,470 170 ,194 170 ,764 t 193 ,260 e 190 ,000 
Germany, West......-.---_-.---- 265 ,450 269 ,770 r 273 ,610 278 ,355 - 329,968 
Italy.....------.------------.--- ¥ 93 ,228 © 98 ,367 r 100,487 r 106 ,905 _ 90,803 
Norway-.-.-----_--------------- 68 ,895 54,100 65 ,000 65,300 67 ,900 . 
Poland. _---....------.-.-.------ NA | NA 26 ,300 e 26 ,300 e 26 ,300 . 

. Portugal. ...--.--------..------- 2 ,892 3,674 396 r 10,994 e 5,000 
’ . Spain... -------2---. eee 8,194 — 10,728 12 ,401 r 16,466 e 15,000 

Sweden.._...------.-.-----_-.-. | 55,868 53 ,348 44 ,920. r 50,785 e 50,000 
U.S.S.R. ¢..-.------------------ 195,000 - 195 ,000 195,000 - 195,000 195 ,000 
Yugoslavia.......-.----.---_---- 20 ,215 31,578 29 ,413 t 33 ,260. e34,400. 

Africa: | . 
Angola. ---~--------2------7-7~- "37953 “=~ 955 706 493 e 500 

ritrea__.......--.--1--.-.-.---- , 5 e aan aane 
Ethiopia...._...---.-...-------- ----- waannee aann--- \ * 9,800 { a------ 

7 Malagasy Republic.-......_...-.- 13 anne nee (3). rj — (3) | 
Rhodesia, Southern._-_.-_._..__._- ~aseuee nennnee onan nne ~ouee ee e 167 
South Africa, Republic of.._._____- 23 ,290 28,209 .. 41,372 35 ,525 41 ,636 
South-West Africa.._.____.._._._.- 89 465 2,197 1,893 2,281 

Asi United Arab Republic (Egypt) ----- wanes ee won enee wenenee 4,653 e 5,000. 
18: ; 

Ceylon__..---.------------------ ~ 106 56 109 4. - 605 
SO Hong Kong-_-____-----.--.--.--.- 1,206 937 1,680 1,556 1,119 

India. ....-.---------------1---- 9,706 18,918 r 20,901 19,781 23,829 — 
Japan 4___ 2 ee - 50 ,986 46 ,991 53 ,339 61,445 e 61 ,000 
Korea, Republic of........_._---- 7,520 . 4,651 11 ,392 t 13,468 e 15,000 
Pakistan, West....-_.-.-.._-_-_-- NA 55 1,520 48 e 1,000 
Philippines. _-_._.._..-..-.-_._._-- 14,526 15,325 6 , 564 7,924 12 ,095 

Oceania: Australia_....-......_-_-_-- 8 ,209 8,513 8 ,842 r 9,012 e 8,400 

. World total e«__.-...._....-..... * 1,600,000 © 1,600 ,000 ? 1,710,000 «1,815,000 1,900 ,000 

; © Estimate. P Preliminary. t Revised. NA Not available. . 
1 Feldspar is produced in China, Czechoslovakia, and Rumania, but data are not available; no estimates 

included in total except for Czechoslovakia, . 
' 2Compiled mostly from data available June 1966. 

. .  $Qess than 4 unit. 
4 In addition, the following quantities of aplite and other feldspathic rock were produced: 1961, 132,041 tons; 

1962, 168,543 tons; 1963, 211,814 tons; 1964, 258,510 tons; 1965, not available. 

TECHNOLOGY : a product acceptably low in iron content.® 

In North Carolina, the State Minerals Feldspar, amounting to more than 60 
Research Laboratory completed 3 years of | tons per day, usually makes up one-third 
research in quest of processes for recover- or more of the weight of batches of ceramic 
ing as salable products all the minerals— materials used by The Ohio Brass Co. in 
feldspar, mica, quartz, and clay—contained its Barberton, Ohio, plant for the produc- 
in waste materials, the slime and sand tail- _tion of porcelain insulators. A detailed ac- 
ings from the Kings Mountain mill of count of this highly mechanized process was 
Kings Mountain Silica, Inc., an affiliate of | published, together with information about 

Kings Mountain Mica Co.? the methods by which it is controlled.4 . 

A study of 21 samples of feldspar-bear- 

ing Illmois sands reported the varieties ? North Carolina State Minerals Research Lab- 
and amounts of feldspar present and the pra tory: 1 Quart. Bull. V. 6, No. 8, Aug. 1, 1964 
nature and amount of the accompanying 3 Hunter, Ralph E. Feldspar in Illinois Sands: 
iron impurity. Various processes were dis- A Further Study. Illinois State Geol. Survey 
cussed as possibly applicable for separating Cire. 301, 1968, 19 PP eclain Insul Prod 

° ° amic ° - 
feldspar from these sands and for yielding tion. vy. 81, No. q, July 1965, vp. a4 39, moaue
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A machine developed in England sepa- _It was concluded that certain fluorine com- 
rates pea- to walnut-size lumps of mixed pounds can produce this effect by removing 
minerals. For example. it removes waste silicic acid from the mineral particle sur- : 
rock from feldspar by photoelectric moni- faces thus exposing active aluminum sites 
toring of a falling stream of the material. to the influence of the collecting agent.8 
Whenever it detects a fragment that devi- Refractories with a cellular structure are 
ates too widely from a preset color stand- formed by a patented process in which a 

| ard, the device actuates a momentary air mixture of feldspar with silicon carbide and | 
blast to deflect it from the main stream a flux is fired on a noncellular refractory 
into a discard channel. One operator can base to develop the desired texture.9 | 
‘look after several units, each of which can A patent was issued for the composition 
treat about 50 tons of ore a day.5 of an enamel consisting of iron furnace _ 

—_ The Porcelain Enamel Institute, Inc., S!ag and borax mixed with up to 45 per- | 
and the National Bureau of Standards, in Cent of an aluminosilicate material such 
a continuing colloboration, have devised 28 feldspar. The same patent covers a 
and appraised a number of quick tests for ™ethod by which this enamel can be ap- 
estimating the weather resistance of porce- Plied directly to cast iron pipe without — 
lain enamels, in the formation of which Need for preliminary wont to remove 
feldspar is commonly an important com- the surface oxidation.’ | 
ponent. For enameled metal panels results P atents were also issued for a flotation : 
are obtained in minutes or hours that cor- reagent mixture *? and for a flotation proc- | 
relate well with those from actual weather-  ©8S,*~ both applicable for the beneficiation | 
ing tests that lasted many years. Acupric Of cer tain feldspar ores. 
sulfate procedure provides a good measure A fluid energy system was patented for | 

: of the color fastness of pigmented panels, 8tinding feldspar or other minerals with 
while an even quicker citric acid spot test ™imum generation of static electricity.18 
rates the gloss retaining characteristics of 4 Ceramic glaze, consisting mainly of feld- 
white enamels. Tests involving prolonged ‘Par and ferric oxide and rendered semi- 
real exposure showed that weather resist- COnductive to a predetermined extent by | ance of enamels is related to their acid 2ddition of silver, was the subject of a Brit- . | . : ; 4 | : resistance, and most acid-resistant glossy 8h patent.t | 
enamels retained better than 90 percent © Mining Journal (London). New Electronic 
of their original gloss after 15 years.6 ' Machine for Separating Mineral Particles. V. 

; - 265, No. 6790, Oct. 8, 1965, p. 254. 
A process for coating metal surfaces with - E 8 Kirby, c. K. P Weathering of ae gelain 

extremely fine ceramic powders, in which Fe. 1. 1965, pp 81-86. uct Eng., v. 36, No. 3, | 
feldspar is a usual ingredient, was de- wate pBulletin (rondon) apo oramic-Coated ° . ° etalis. Oo. ? une i, ’ e * scribed. In this method, an adaptation of § Smith, R. W. Activation of Bery! and Feld- 
one developed for coating paper, the spars by Fluorides in Cationic Collector Systems. 
powders are applied dry and adhere to lenge Eng., v. 232, No. 2, June 1965; pp. 

metals—stainless or ordinary steel, copper, ° Connelly, J. Hand E: y. Harrington ge 
° ° sign oO orning ass orks, orning, oXe)e brass, or aluminum—by electrostatic or Foamed Cellular Body and Method of Produc- molecular forces until fired. The process tion. | Us. Pat. 3,174,870, Mar. 28, 1065. ( ° . ° ° > . » . . S- ; is advantageous for forming extraordinarily .ioned to Pacific States Cast’ Iron Pipe Co., 

thin ceramic coatings that are highly flex- Provo, Utah). Enameling Composition and § gnily eo ible and can withstand bending through Method of Application. U.S. Pat. 3,178,323, Apr. 

90 degrees or more without cracking. The r i Bunge F. H., R. BE: Baargon. and, iH. B. : es reweek (assigned to Armour O., icago, process also makes possible composite coat- Il). Separating Finely-Divided Minerals. U-S. ings consisting of a series of thin layers of Pat. 332179,250, Apr. 20, 1965, Feldsoar C | 
: ° +4 q 2 Neal, J. P. (assigned to The Feldspar Corp., 

differing compositions. Spruce rine, N-C.). Froth Flotation of Micaceous 
; ; iT- inerals. ». Pat. 3,214,018, Oct. > . . Results were p ublished of a study inquir 8 Mandle, R. M., and T. O. Tongue (assigned ng into the mechanism of the activation to w. R. Grace & Co., New | York). ' Fluid 

y fluorides of such silicates as feldspar and Energy Mill. U.S. Pat. 3,186,648, June 1, . : . oe Mrackova-Metlicka, A. British Pat. 988,296, beryl for flotation with a cationic collector. Apr. 14, 1965. 

| NEPHELINE SYENITE 

In 1965 domestic production of nephe- a deposit in Pulaski County, Ark., and 
line syenite was confined to exploitation of | yielded material too high in iron for ce-
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ramic purposes but suitable for use as road- Table 8.—U.S. imports for consumption 

stone, ballast, roofing gradules, and the like. _ of nepheline syenite | 

| Data pertaining to this material are in-<_—§_©§__—@—-—-———- 

cluded in the Stone chapter of Vol. I and a Crude _ Ground 

in the Arkansas chapter of Vol. III of the = year ~~ | 

: Minerals Yearbook. A record quantity of _ Short Value Short Value 
. . a : os tons — tons 

high-grade nepheline syenite was imported , 

from Canada in 1965 for industrial use, . _ | 
. aes : 1956-60 | | | 

especially for glass making in the north- (average). 374 $7,987 170,348 $2,333,504 

eastern United States. - 19622, ee OPA T8833. 2084766 
Canadian output of this mineral in 1964, {9g47777227 27? #79" 305 '605 218207065 

the last year for which firm data are avail- 1965___---- 111 1,537 216,860 2,442,397 

able, was about 290,000 tons, valued at | ©£<-———-————__—_ | 
about $3.0 million. Exports, preponderant-  ¢ 9 5, plant, Ontario, was quoted for sale | 
ly to the United States, accounted for 79 at $10.50 per short ton, an increase of 

percent of the tonnage and 87 percent of $0.50 since 1964. Canadian Chemical 

the value of the 1964 production. Prelim- Processing for October 1964 cited a price 

mary information pointed to a 1965 pro- og $28.50 per ton for the finest ground, 

| duction of about 330,000 tons. | high-quality nepheline syenite, bagged and 

_ In 1965, glass-grade nepheline syenite, in carlots. | - : - 

| _ APLITE | 
The 1965 output of ground aplite, chiefly Two companies, both operating in Vir- 

employed in the manufacture of amber ginia, were the only domestic producers of 
glass, was 2 percent greater in quantity aplite in 1965. M&T Chemicals, Inc., 
and 3 percent higher in total value than used an electrostatic process in Hanover | 

: that of 1964. Actual quantitative pro- County, and International Minerals & 
duction and sales data for aplite are con- Chemical Corp., Consolidated Feldspar De- 
fidential and not available for publica- partment, treated Nelson County aplite ore | 
tion. by an electromagnetic method. |



| . By John W. Thatcher 1 | 

oe The domestic ferroalloy industry im- 14 percent and shipments increased 4 per- 
| proved again in 1965 as a result of con- cent over those of 1964. Value of shipments 

: tinued increase in steel production and an increased 12 percent. oo 
increased demand for ferroalloys in iron — i, . . a | foundry ‘products, stainless and specialty _ More detailed information concerning the 

| steels, aluminum products, and superalloys. ™ore important ferroalloys covered in this | 
Total domestic production of ferroalloys,as_ chapter may be found in the commodity 
reported to the Bureau of. Mines, increased chapters for individual alloying ‘elements. 

Table 1.—Government inventory of ferroalloys (stockpile grade), December 31, 1965 — | 

| a . (Short tons) - ol = 

a | oe | - National CCC and | 
Alloy (strategic) . supplemental ~ Total oe stockpile stockpile ae 

Ferrochromium: 7 | i oe . Oo Oo - ' High-carbon . ~~~. -125,477 ~~ — 264,449 389,926 
. _ Low-earbon ~.~-~ ~~~ 2 106,909 188,647 295.556 

Ferrochromium-silicon ~-.......-.--.._____________ 25,082 30,528 55,610 
Ferrocolumbium (contained columbium) _~____--____ 148 -----. 148 

. Ferrotantalum-columbium (contained columbium . | - and tantalum) ~~. .2-_-_-1 2 §2.-002~— 52 
Ferromanganese, high-carbon —~._.-________________ 142,739. 919,558 1,062,297 
Ferromolybdenum (contained molybdenum) -..---.. 2,013 ~ as 2,013 Ferrotungsten - ~--------o.2 2 676 wan--- - 676. Ferrovanadium --~-~-.--_-----_-___--------.------_ — 1,001 Do meeeee - 1,001 | . 

_ 
. 

— SEEEEEEEEERUEneemremeenereneeneecmermnese seen torneo} 

a DOMESTIC PRODUCTION | | | 

In 1965, 31 producers in 17 States made. sium-ferrosilicon alloy for use in making 
2.8 million tons of ferroalloys in 51 plants; ductile iron. The new alloy contains 5 per- 
8 of the plants were blast furnace; 39 were cent magnesium, 47 percent silicon, and 0.5 ; | 
clectric furnace (2 of these made some ferro- percent cerium. Claims were made of 30- 
alloys by a thermic process); and 4 plants percent higher magnesium recoveries than 
used only a thermic process. Ohio led pro- when using the regular 9-percent magne- 
duction with 788,637 short tons, followed sium grade. Also made available was a new 
by Pennsylvania with 696,558 tons. Produc- _boron-bearing 50-percent ferrosilicon con- 
tion was also reported from Alabama, taining from 0.04 to 0.10 percent boron. 
Florida, Idaho, Iowa, Kentucky, Montana, Marketing of this alloy was influenced by 
New Jersey, New York, Oregon, South the need for higher boron levels by a sub- 
Carolina, Tennessee, Texas, Virginia, Wash- stantial portion of the malleable iron in- 
ington, and West Virginia. dustry. 

Union Carbide Corp. announced the pro- 

duction of a new cerium-bearing magne- 1 Commodity specialist, Division of Minerals. 

| 401
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| Table 2.—Ferroalloys produced and shipped from furnaces in the United States 

| 1964 1965 

Neen eee ee en attE anan
assae

 cca 

Production Shipments Production Shipments 

Alloy Gross _jAlloy | Gross | Gross enn Gross value | 

weight “ement weight Value weight ent weight 
contained contained (thou- 

(short (average (short (thousands) (short (average (short. sands) 

| . tons) percent) tons) tons) percent) tons) . , 

. 
: : - 

-Ferromanganese + oo 

Blast furnace —--.--~-~-. 617,023 77.6 601,943 .$82,845 810.811 77.6 831,889 $118,717 

. Electric furnace? ~-_~_-. 312,463 78.1 340,342 52,259 337,200 78.3 308,878 48,311 

Total ..---------~----929,486 77.8 942,285 135,1041,148,011 77.8 1,140,767 167,028 

Silicomanganese  —.------~--.202,857 65.9 . 218,566 29,970 240,667 66.0 215,411 31,985 

Ferrosilicon _._-------------554,642 52.5 576,287 $86,151 595,129 53.0 588,122 97,079 o 

oS Silvery iron: . _ 

Blast furnace ~_--~----. 70.832 10.2 73,674 4,808 50,897 10.0 53,617 4,015 

Electric furnace --.-.-.151,749 16.0 148,880 11,946 165,909 16.0 170,634 13,662 

oo Total ~-....--.---~----222,581 14.2. 222,554 (16,754 216,806 14.6 224,251 17,677 

. Chromium alloys: | = - a 

Ferrochromium? __._.~.276,404 66.9 308,421 79,217 301,511. 67.9 283,736 80,461 

Other chromium alloys‘ 72,694 39.6 83,819- 20,094 82,966 40.8 - 81,217 18,098 

Total ---....---..~--349,098 61.2 392,240 99,311 384,477 62.1 364,953 98,559 

Ferrotitanium -_--.--------. 4,231 27.2 4,157. 3,480 4,324 27.3 4,066 2,641 

. Ferrophosphorus ----.-----.115,657 23.9 211,727 © -§,840 127,779 . 24.3 139,608 5,437 

Ferrocolumbium and ferro- : so eS ” 

tantulum columbium ----. 708 657.9 862 3,210 1,676 68.5 1,613 5,903 

Ferronickel .---_.------.. 23,187 48.5 23,441 ; 56.330 26,246 48.3 26,277 \ 60 984 

— Other 5 ~----.-------------- 61,579 29.2 67,0388 §. 7” 64,309 29.6 57,484 ” 

Grand total ~.-----~--.2,464,026 58.9 2,654,157. 436,1502,809,424 60.6 2,762,552 486,593 
: . . . J : . : : . ne 

— 1 Includes briquets. . . 

2 Includes fused-salt electrolytic - . 

3 Includes low- and high-carbon. ferrochromium and chromium briquets. 

4Includes ferrochrome-silicon, exothermic chromium additives, and other chromium alloys. 

. 5Incudes Alsifer, ferroboron, ferromolybdenum, ferrotungsten, ferrovanadium, simanal, spiegel- 

eisen, zirconium-ferrosilicon, ferrosilicon-zirconium, and other miscellaneous ferroalloys. . . 

Calumet Hecla, Inc., announced that the on raw material perparation. Elemental 

Alabama Metalurgical Corp. was dissloved, phosphorus and ferrophosphorus are re- 

and the plant would be operated as the covered from phosphate rock in this plant. 

, | Al ivisi he ¢ . Al n- 4. . . . 

Alamet Division of the company Also an Vanadium Corporation of America 
nounced, was the installation of a ferrosili- vane oe 

wae . . launched a $5 million modernization and - 
con facility scheduled to be in production . a. 

. cxpansion program which included con- 
by yearend. Alamet produces magnesium by . . 

the reduction of dolomite with ferrosilicon struction of an electric ferroalloy furnace 
| n © * with a rated capacity of over 54,700 kilovolt- 

Major plant improvements effected at the “lion | aps pemty: Saco sey for de. 

Riddle, Oreg., nickel smelter of the The P. a mn ea f OF he y odu was ne 

Hanna Mining Co. included installation of hen Move ard or ' f pr re ° 

two new transformers to increase the power st icon a oys a m eta ite See ailicone 

supplied to the electric smelting furnaces. aeechacte in aluminum a ., ane silicone 
This plant produces ferronickel by the re- products. Important parts of the expansion 

duction of ore with ferrosilicon. program were either operative or substan- 

tially complete by yearend. A second furnace 

The Stauffer Chemical Co. launched a was added in the J—2 unit of the company's 

multi-million-dollar plant improvement Vancoram, Ohio, plant for the production of 

and modernization program at its Mt. silicon and chromium alloys as well as sili- 

Pleasant, Tenn. plant with special emphasis con metal. New furnace and material-
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handling facilities installed at the Graham, alloys at 11 electric furnace installations in | 
W. Va., plant tripled the company’s capacity 6 States. Production increased 10 percent; 
for the production of alloys used in making shipments decreased 5 percent. The average 

ductile iron. New facilities installed at the unit value of the contained chromium was 
_ Keokuk, Iowa, plant of the Keokuk Electro- 21.7 cents per pound compared with 20.8 | 
_ Metals Co. (Kemco)_ division tripled cents in 1964. | | 

Kemco’s capacity for producing special Molybdenum Alloys.—Four companies 

grades of pulverized alloys used in_ the produced ferromolybdenum at four plants , 
_ heavy-media process for the beneficiation jin two States. Molybdenum Corporation of 

of ores ranging from iron to gold. The pro- America used both the electric furnace 
gram also included installation of furnaces process.and the aluminothermic method; 

| and related equipment at the Cambridge, the three remaining companies used the 
Ohio, plant for making new vanadium thermic. method. exclusively. ca 

. alloys. | a | Titanium Alloys.—As in 1964, four com- 
Manganese Alloys.—Eleven companies panies produced ferrotitanium at four 

produced ferromanganese in 19 plants in 10 plants in three States. One plant used the 

_ States. Six plants were blast furnace and  aluminothermic process and the remaining | 
13 were electric furnace. Production and plants used electric furnaces. | 
shipments of the blast furnace product in- Ferrophosoh Seven companies made 

| creased 31 and 38 percent, respectively. | f oohe. hey Sat 0 ia, . Fe States. A 
Production of the electric-furnace product =~" OPHOSphHorus at 1 Plants in 9 ota «bp 5 
increased 8 percent whereas shipments de- in previous years, the ferroalloy was a by- 

creased 9 percent. The average unit value product of elemental phosphorus from 
_ of the ferromanganese shipped from electric phosphate rock, Production increased 10 | 

furnaces was 10.0 cents per pound of con- percent; shipments | decreased 34 percent 
tained manganese, compared with 9.8 cents rom those in 1964 but were still larger 
in 1964. | | : than 1965 production. . 

Silicomanganesc was made in 7 States by 7 Ferrocolumbium and_ Ferrotantalum- | 

companies in 12 electric furnace plants. Colombium.—Five companies reported pro- | 
_ Production in 1965 increased 19 percent and duction of ferrocolumbium at facilities 

shipments increased 9 percent. The average located in four States. Three plants used — 
value of shipments increased to 11.3 cents the clectric furnace and three used the 
from 10.6 cents per pound. of. contained aluminothermic process. Two companies re- 
manganese. ported production of ferrotantalum-colum- 

Production of spiegeleisen was reported bium in 1965. Combined shipments of the 
for only one co aF 5 The New. ‘Terse two alloys doubled in 1965 while combined | 
Zinc C o of Palmetton. Pa Y production more than doubled. Average 

oe unit value of $3.13 per pound of contained 
Ferrosilicon.—Nine companies produced columbium was 2 percent lower from that 

ferrosilicon in 20 plants in 1965. Produc- of 1964. . 

vont wespectiv ely. increased 7 and 2 per- Ferronickel.—Hanna Nickel Smelting Co., 
. " | Riddle, Oreg., continued to be the only 

Silvery Iron.—Five companies .manu- __ ferronickel producer. | | 
factured silvery iron in five electric-furnace | Vanadium Alloys.—Four nies made 
plants and two blast furnace plants in five f anagem AD Oys: uy compa 
States. Production decreased 3 percent while crrovanagium at two electric furnace 

. . P } : lants and three aluminothermic plants in 
shipments remained at about the 1964 level. r Stat P 
The unit value of the blast furnace product ve Stanes. 
increased from 32 cents to 37 cents per Zirconium Alloys.—Two companies re- : 
pound of contained silicon. The unit value ported production of zirconium. alloys in 
of the electric furnace product remained un- _1965. : 

changed at 25 cents. Ferroboron.—Four companies produced 
Chromium Alloys.—Six companies pro-  ferroboron in three electric furnace plants 

duced ferrochromium and other chromium and one aluminothermic facility.
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| Table 3.—Producers of ferroalloys in the United States in 1965. 

a 

| Producer | Plant location Product 4 _- Type of furnace 

The American Agricultural . OF 
Chemical Co —..-..---.-.. Pierce, Fla ~.--..----.. FeP ------------------. Electric Ca 

The Anaconda Company --. Anaconda, Mont —..-.-... FeMn ~-=--.----.--~---. ' Do . 
Bethlehem Steel Co -..----. Johnstown, Pa __.._._... FeMn —------------~--.--. Blast 
Chromium Mining and ae oo oO, 

Smelting Corp -...-_...-. Woodstock, Tenn —..---. FeMn, SiMn, FeSi, FeCr. Electric a 
Climax Molybdenum Co -... Langeloth, Pa ----_.... FeMo —-----.--.-----.-. Aluminothermic a 
FMC Corp., Mineral 7 — ee ae 

Products Division _---_.-_.. Pocatello, Idaho -------. FeP ~~ --..------------. Electric 
The Hanna Furnace Corp --. Buffalo, NY ~.---------- Silvery iron -----------. Blast — . 
Hanna Nickel Smelting Co . Riddle, Oreg ~--.....-_-: FeSi, FeNi -~---..---.... Electric . . 

oo Hooker Chemical Corp ~---. Columbia, Tenn ~-.----. FeP -~------------------ Do 
Interlake Steel Corp? --.... Beverly, Ohio  .-....... SiMn, FeSi,; FeCr, silvery 

iron, Si ~-----------~- Do a 
Jackson Iron & Steel Co --- Jackson, Ohio ~.._-_-__. Silvery iron ~..--------- Blast . 

- Kawecki Chemical Co....--. Boyertown, Pa —~.-.----. FeCb ~-----~~-----------. Aluminothermic 
Keokuk Electro-Metals Co., 

- Division of Vanadium - oe 
a, Corporation of America -. Keokuk, Iowa —__---.._.. FeSi, silvery iron -----. -Electric Co 

Do ~-----~--_--..-..... Wenatchee, Wash —-.... FeSi, Si -----------.--. Do 
E. J. Lavino & Co __..-.... Sheridan, Pa; Reusens, , 

- - Va uuu. «= FeMn —-------.--------. Blast 
_ Manganese Chemicals Corp . Kingwood, W Va —-.-... FeMn -----------.------ Electric 

Mobil Chemical Co., Indus Nichols, Fla; Charleston, 
__ trial Chemicals Division 3. SC; Mt. Pleasant, FeP  _-..---------------. Do 
_e enn ~~~. ~~~ ----- 
Molybdenum Corporation of . 4 (FeMo ~--.-------------. Electric and 

. _ America ------------_---.. Washington, Pa ~_---~_. 4 ae aluminothermic — 
|FeW, FeB, FeCb--_.-... Electric 

Monsanto Co —.-----------. Soda Springs, Idaho; 
Columbia, Tenn __.... FeP —------~~----~~---- Do 

. The New Jersey Zinc Co... Palmerton, Pa -..--.... Spln — ~---.----------~--- ‘Do 
Ohio Ferro-Alloys Corp ---. Brilliant, Ohio ~-------. FeSi, FeCr ~--.--------.- Do | 

— Do cue... Philo, Ohio ~.-..----_.. FeMn, SiMn, FeSi, other 4 Do — 
Do ~----..-.---.-...... Powhatan Point, Ohio ~. FeSi, Si ~------------.- Do 
Do .1...--.--........._. Tacoma, Wash —-..-..-. FeSi, Si --1------.--.... . Do . 

Pittsburgh Metallurgical Co. Niagara Falls, NY_----.. SiMn, FeSi, FeCr, silvery D 
iron ~----.-----~-_..- Oo 

Do ~--..--.---.-----... Calvert City, Ky -.--._.. FeMn, SiMn, FeSi, FeCr, 

| oo silvery iron —~-----.~_~ ' Do. 
Do -.-----------------. Charleston, SC --------.- FeSi, FeCr, silvery iron Do 

Reading Chemicals ......-.. Robesonia, Pa -..------. FeV, FeW, FeCb, NiCb, _ 
FeMo _____._________. Aluminothermic 

Shieldalloy Corp -.--...-... Newfield, NJ -...---.--. FeV, FeTi, FeB, FeMo, 
: FeCb, FeCbTa, other +4. Do 

Stauffer Chemical Co5 -.... Mt. Pleasant, Tenn -... FeP  ~_-_...-............ Electric 
Tennessee Valley Authority . Muscle Shoals, Ala -.-°. FeP ~~ ~2- ~~ ~-.-__-__- Do 
Tenn-Tex Alloy & Chemical , 

Corp. ~----.---....-._.._.. Houston, Tex -------... FeMn, SiMn ~~-~~------ Do 
Titanium Alloy Manufactur- 

ing, Division National Niagara Falls, NY —--. FeTi, other ~----------- Do 
Lead Co ~__---.__-____.-. FeCr, FeTi, FeW, FeV; 

. Union Carbide Corp., Min- a ' FeB, FeCb, FeCbTa, 
ing & Metals Division &___ Do ~_--------+---~--- other ~_-___-.--_.___.- Do 

FeMn, SiMn, FeSi, FeCr, 
Do ~------__-_________. Alloy, W. Va. —--------- Si, other _______._.... | Do 
Do ~~~ ee. FeV ______._-....-..--.. Aluminothermic 
Do ~-----.-___---_-_____. Marietta, Ohio .-._..-__.. FeMn, SiMn, FeSi, FeCr Electric — 
Do ~.------_--__-___-__._. Ashtabula, Ohio ~....._-_-_ FeMn, SiMn, FeSi_----- Do 
Do ~u------_______._... Sheffield, Ala ~_---_._... FeMn, FeSi ~-_..-.-.--- Do | 
Do _---------_______._. Portland, Oreg ~-..--.-. FeMn, SiMn, FeSi-_--- Do 
Do ~-----_2.-_______... Rockwood, Tenn -_..... FeMn, SiMn, FeSi-_-.--- Do 

United States Steel Corp __. Birmingham, Ala, Clair- 
to, Pa; Duquesne, Pa. FeMn —----------------. Blast 

Vanadium Corporation of 
America .._-....._.____.. Cambridge, Ohio —~~~--. Fell, FeV, FeB, FeCb, Electric 

other ~~~ ~-------- 
Do ~--------___-___-_.. Vancoram, Ohio --.-.-.. FeSi, FeCr —~---.----~-_ Do 
Do u--------___--__.--_. Graham, W Va --....-.. FeMn, FeSi, FeCr, other Do 

Woodward Iron Co -._...... Woodward, Ala --.-.--. FeSi ~----------------- Do 

1FeMn, ferromanganese; Spln, spiegeleisen; SiMn, silicomanganese; FeSi, ferrosilicon; FeP, ferro- 
phosphorus; FeCr, ferrochromium; FeMo, ferromolybdenum; FeNi, ferronickel; FeTi, ferrotitanium; 
FewW, ferrotungsten; FeV, ferrovanadium; FeB, ferroboron; FeCbTa, ferrocolumbium-tantalum; 
FeCb, ferrocolumbium; NiCb, nickel columbium; Si, silicon metal. 

2 Formerly Interlake Iron Corp. 
3 Formerly Virginia-Carolina Chemical Corp. 
4Includes Alsifer, simanal, zirconium alloys, ferrosilicon boron, aluminum silicon alloys, and 

miscellaneous ferroallovs. 
5 Formerly Victor Chemical Division, Stauffer Chemical Co. 
6 Formerly Union Carbide Metals Co.



Table 4.—Consumption by major end uses, and stocks, of silicon and alloys in the United States in 1965 : 

. . (Short tons) 
i 

Alloy . . | | Gray | High Other | 
Stain- Other ‘ Steel and Alumi- temper- non- Miscel- — Total Stocks 
sd alloy Carbon Tool mill malleable num base ature ferrous  laneous con- Dec. 31, 

Silicon steels steels 1 steels steels rolls castings alloys alloys alloys sumption 1965 
Type content | | : | 

(percent) . . 

Silvery pig iron .----~.. 5-18 = oe 214 484 wn. 710 - 96,819 ------ ---2-- 1 2,028 100,256 6,484 : 
Do .-.---...------- 14-20 ~----- 8,684 22,976 ..---. 250 97,242 W-.... --.--- 118 24,001 138,266 12,845 

Ferrosilicon ~....-----~- 321-55 8,602 © 78,509 96,747 1,095 1,403 109,276 58 282 8,158 ‘421,876 820,501 25,577 
Do --.--~--..--~--- 56-70 197 6,319 20,168 cu -- ------ 2,148 ween meee | eee 4 4,586. 84,008 1,974 
Do... 2 71-80 11,579 16,803 6,794 . 832 194 ' 12,807 ------ 9 35 15,142 63,195 5,785 
Do -W-------------- 81-89 224 653 2,298 J... 164 6,657 w----. -.---- 31 29 10,056 — 1,505 
Do ----~-.-~-~----- 90-95 20 1,058 231 --.-- 69 381 3,287 —-~-.- 56 ------ 5,097 551 

Silicon meta] --.---~~-- 96---99 61 2,686 78. 20 ---..~ 70 55,176 830. 861 510,824 70,601 4,494 
Ferrosilicon briquets --~- 40-50 _----- 126 576 ee 8. 48,490 ween eee eee eee 44,200 4,417 
Miscellaneous silicon | . 

alloys® ~~ ~~ ------ 347 8,734 5,337 58 137 24,014 119 68 52 4,847 88,2138 3,144 

Total —..---.-.-.- ~----- 21,630 118,781 155,674 1,505 2,935 892,404 58,640 1,189 4,302 62,388 819,398 66,676 
i 

1 Includes quantities of carbon steels because some firms failed to specify individual uses. mj 
2 Used mainly in high-silicon iron, and to beneficiate ores. a 
3 Mainly from 40 to 55 percent silicon. ” ne 
4 Used mainly in producing ferronickel. . i) 
5 Used mainly in producing silicones and other chemical compounds. sae = 
i Includes calcium-silicon, caleium-manganese-silicon, silicon-manganese-zirconium, Ferrocarbo (including briquets), Alsifer, and other miscellaneous silicon 5 

ailoys. , : : / /
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_ CONSUMPTION AND USES 

| As reported to the Bureau of Mines, and _ increased 737 tons, or 33 percent, the largest 
shown in tables 5 and 6, a total of 2,411,000 increase occurring in use with carbon steels. 
tons of ferroalloys was consumed in the . f | 

| United States as ferroalloys and contained Ferrophosphorus.—Consumption of ferro- 
alloying elements, an increase of 7 percent Phosphorus in the other uses category | over that used in 1964. doubled in 1965 giving a total consumption 
Manganese.—Consumption of manganese increase of 35 percent over that of 1964. 

| | alloys (including both silicomanganese and Boron.—Consumption of ferroboron re- 
B37 cercon metal) increased 46,670 tons, or ained at about the 1964 level; however, ; percent, corresponding to an increase “the distribution of use shifted to some ex- 
of 3.5. ee in steel production. Con- tent. For example, use in stainless and 
fone, tion of silicomanganese relative to carbon steels decreased whereas use in other 

_ Kerromanganese continued to grow. In 1964 alloy steels and gray and malleable castings _ the ratio was 0.162:1 and in 1965 the ratio increased . 
was 0.173:1. vo | | | 

Silicon Alloys.—Consumption of silicon Chromium.—Consumption of chromium 
_ alloys (including both silvery pig iron and contained in alloys and metals increased 

silicon metal) increased 86,000 tons, or 12 14,000 tons, or 6 percent, over that of 1964. 
| percent. Consumption of silvery pig iron The use of ferrochromium for high-tem- 

increased 17,000 tons, or 8 percent. perature alloys showed the sharpest increase 
_ Titanium.—Ferrotitanium consumption —39 percent over that for 1964. 

: Table 5.—Consumption by end uses of ferroalloys as additives in the 
| | | a United States in 1965 an | : 

(Short tons) . . 

7 | | | Other Gray and 
Alloy Stainless — alloy - Carbon Tool malleable Other 

Steels steels 1 steels steels iron uses Total 
castings 

Ferromanganese ? ae 13,634 249,350 795,661 4,442 32,909 16,286 1,112,282 
Silicomanganese -___.__ 8,359 63,334 115,941 1,020 2,188 1,494 192,281 
Silicon alloys 3? _________ 21,630 121,716 155,674 1,505 392,404 126,464. 819,393 
Ferrotitanium —._______ 639 883 _ 1,193 17 see 218 2,950 
Ferrophosphorus ___=___ 19 4,275 8,886 ~--+ 840 15,033 29,053 
Ferroboron -----------. _ 3 78 172 2 26 - 18 294 

Total ~----------- 44,284 489,636 1,077,527 6,986 428,312 159,508 2,156,253 ER Re EB OEE 900 488, 3te 109,008 4,106,200 
1 Includes steel mill rolls. 
2 Includes spiegeleisen, manganese metal, and briquets. 
3 Includes silicon metal and silvery iron. See table 4 for more detail. 

| Table 6.—Consumption by end uses of ferroalloys as alloying elements 
in the United States in 1965 _ | | 

. (Short tons of contained element) 

ay es 
Other High Other and mal- High 

Alloy Stainless alloy Carbon speed tool leable temperature Other Total 
steels steels! steels steels steels! iron alloys uses 

a castings _ 
Ferrochromium ? _________ 169,196? 55,828 ______ 1,226 2,041 4,081 7,690 3,064 243,126 
Ferromolybdenum ‘4 ______ 1.253 31,253 ---_-_ 377 240 1,446 185 530 5,284 
Ferrotungsten _..._______ (3) 6 383 ______ 324 112) Le 23 11 853 

' Ferrovanadium7 _________ 31 82,787 656 265 193 35 20 55 = 4,042 
Ferrocolumbium ¥ ________ 293 487 133 Pee 154 13 ~— 11,081 
Ferrotantalum-columbium 8 ------ ----e- ene eee LL 2 8 18 

Total ~.-_.___--_.___. 170,781 60,738 789 2,193 2,586 5,562 8,074 3,681 254,404 
1 Includes hot-work and die steels. . 

. ? Includes other chromium ferroalloys and chromium metal. 
Includes quantities believed used in producing high-speed and other tool steels and stainless 

steels because some firms failed to specify individual uses. 
* Includes calcium molybdate and molybdenum silicide. 
5 Included with ‘‘Other alloy steels.” 
$ Includes stainless steels, steel mill rolls, and other alloy steels. 
‘Includes other vanadium-carbon-iron-ferroalloys. 
8 Includes steel mill rolls. 
° See columbium and tantalum chapter for more detail on end uses.
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: | STOCKS 

During 1965 total producer stocks in- cent owing principally to a substantial in- 
creased 13 percent; increases in stocks of crease in stocks of manganese ferroalloys. 
manganese ferroalloys and ferrochromium —_ In addition to the stocks reported in table 
outweighed the drop in stocks of ferro- 7, the quantities of ferroalloys stored in the 
phosphorus. | various U. S. Government stockpiles are | 

Total consumer stocks increased 11 per- shown in table 1. | 

Table 7.—Stocks of ferroalloys held by producers and consumers in the United States, 
ae | December 31 

| 7 (Short tons) | 

. .. « Producer Consumer 

: 7 Alloy 1964, gross 1965, gross 1964, gross — 1965, gross 
. _ weight - weight weight weight 

Manganese ferroalloys 1 __-_ r 133,784 170,885 133,069 170,657 
Silicon alloys?) ~.--____.___ r 94,450 '  . 95,602 376,235 3 66,676 
Ferrochromium 4 Let T 26,184 42,554 35,314 36,154 

| Ferrotitanium -----.-.--... 896 886 666 1,402 
Ferrophosphorus ~_~.___--_- . Tr 62,021 - 50,192 28,916 29,051 
Ferroboron ~~~. ~~~ -._____ 174 ~ 90 69 65 

Total -------------__ r 317,509 860,209 274,269 304,005 

| - 1964, contained 1965, contained 1964, contained 1965, contained 
element element element — element 

-Ferromolybdenum 5 ________ TW Ww r 787 . 795 
Ferrotungsten ..---...---.. rw WwW r183. . 158 
Ferrovanadium —_____._..__ rw. WwW 603 . 608 
Ferrocolumbium —_._~._____ r 140 156 193 263 
-Ferrotantalum-columbium —_ WwW Ww 7 5 

Total ~--.---------_- | r 689 | 438 1,778 1,824 

rT Revised. W Withheld to avoid disclosing individual company confidential data. + 
? Includes ferromanganese, silicomanganese, spiegeleisen, manganese metal and briquets. 
* Includes ferrosilicon, silvery iron, and miscellaneous silicon alloys. Consumers stocks also in- 

clude silicon metal. . 
3 For more detail see table 4. 

_ ‘Includes other chromium ferroalloys and chromium metal. 
5 Includes calcium molybdate and molybdenum silicide.
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| a PRICES | 7 

On January 1, the price of domestically- _ price, the number of prices for each product 

produced standard high-carbon ferroman- was reduced from an average of eight prices 

| ganese increased to $180.00 per long ton, to two or three prices. This move is re- 

f.0.b. furnaces, for lump bulk material in ported to be just the first in a series aimed 

carload lots. During the year the price de- at consolidating and. simplifying the sizes | 

creased in four steps and finished the year at and _ prices offered on all ferroalloys. 

$167.50 per long ton. Prices for low- and On June 1, the price of all three grades 

| medium-carbon ferromanganese decreased of ferrovanadium containing 50 to 55 per- 

| | a fraction of a cent per pound of contained cent vanadium rose from $2.50 per pound 

manganese effective on February 1. Prices of contained vanadium, delivered, to $2.62, 

were adjusted downward again on. June | f.o.b., producing plant. -Prices increased 

91. Prices for all grades of spiegeleisen in- again in October and held till yearend. The 

| creased $2.00 per long ton, f.0.b. Palmerton, price of carvan, the vanadium-carbon-iron | 

Pa., on February 1 and remained at that alloy, was changed on June 1 from $2.17 

level to yearend. - per pound of contained vanadium, de- 

Most of the major producers announced _livered, to $2.15 f.0.b. producing plant. . 

: price increases at the beginning of the year The increases in cost of ores and labor 

on charge chromium, blocking chromium, rates were blamed for the July increase in © 

low-carbon ferrochromium, and ferrochro- prices of columbium alloys. On July 6, 

mium-silicon. Increases averaged. 14 cent Union Carbide Corp. raised the price of 15 _ 
per pound of contained chromium, f.o.b. to 1 grade ferrocolumbium from $3.00 to 

| producing point, for lump bulk in carload $3.24 per pound of columbium, f.o.b. 
lots, and remained in effect throughout the Niagara Falls, N. Y., for 500-pound drum 

year. | : shipments. The price of 30 to 1 grade ferro- 
Ferrosilicon, 50-percent grade, was re- columbium was raised from $2.92 to $3.02, — 

duced in price on February 1 and held | base unchanged. Prices for different sizes 

steady throughout 1965 at 12.7 cents per were standardized and. packaging extras 
pound of contained silicon, bulk, carload, were changed. On July 28, Vanadium _ 

_ producer’s plant. A_ revised, simplified Corporation of America raised the prices of | 

schedule of prices for all silicon products 15 to 1 and 30 to 1 grades of columbium to 
was announced by the industry in June. $3.17 and $3.02, respectively, per pound of 
By grouping together closely related sizes contained columbium, f.o.b. Cambridge, 

. of each silicon product to sell at the same Ohio. 

FOREIGN TRADE 

Foreign trade in ferroalloys in 1965 con- substantial increases over that of 1964. Im- 
tinued the upward trend shown in 1963 ports for consumption of ferrochromium 

: and 1964 after the sharp drop in trade in doubled in 1965, imports of ferrosilico- 
1962. Total tonnage of ferroalloy exports manganese increased 61 percent ,and ferro- 

dropped 41 percent from the record high of silicon imports for consumption showed a 
1964, but value increased 23 percent. Ex- 50 percent increase. Principal suppliers for 
ports of ferrophosphorus in 1965 were one- imported ferromanganese were France, 

half as large as in 1964, which was the India, Republic of South Africa, West Ger- 
principal cause of the large drop in total many, and Belgium-Luxembourg, in order 
tonnage this year. of decreasing tonnage. The principal 

Ferromanganese made up the bulk of supplier of imported ferrosilicon was 

ferroalloy imports for consumption; low, Canada followed by France, Norway, and 

medium, and high-carbon grade showed Japan.



. | FERROALLOYS 409 

Table 8.—U.S. exports of ferroalloys | | 

1962 1963 1964 ——-: 1965 

Alloy Short Short . Short Short 
tons Value tons Value .._ tons Value tons’ Value 

Ferrocerium and alloys - 19 $172,518 20 $182,348 19 $139,279 27 $220,715 
Ferrochromium —---..... 3,075 1,182,382 2,854 772,987 10,032 2,504,405 12,002 3,021,372 
Ferromanganese -...... 4,114 629,401 678 154,973 3,903 670,073 3,273 727,407 . 
Ferromolybdenum _____. 95 305,126 120 379,173 873 3,328,494 1,121 4,576,800 

_Ferrophosphorus -_-._. 14,130 594,666 41,361 1,302,337 163,166 4,938,385 79,910 2,914,388 
Ferrosilicon ~.-......._.. 4,101 1,348,661 3,130 947,773 5,785 1,232,450 4,585 1,755,292 
Ferrotitanium and ferro- 

carbon-titanium ______ 130 95,265 211 182,828 541 391,771 (@) (4) 
Ferrotungsten ___.______ 6 26,136 1 2,927 (*) 2,068 (@) () 
Ferrovanadium -_-_.__.. 201 745,912 183 587,690 103 308,880 220. 747,899 
Spiegeleisen -----______ 348 238,591 430 262,985. . 636. 392,133 8,444 3,172,827, 
Ferroalloys not elsewhere . _ a 

classified ~-...._______ 715° 59,275 1,176 89,766 785 59,446 (1) (*) 

_ Total ~----------. 26,934 5,392,933 49,664 4,865,787 185,843 13,967,384 109,582 17,136,200 

1No longer separately classified, included with ferroalloys not elsewhere classified. 
2 Less than 14 unit. - . . . 

| Table 9.—U.S. imports for consumption of ferroalloys and ferroalloy metals  —s_. - 

1964 . 1965 

Alloy LS 

. Gross . _... Gross . 
weight Content ‘Value weight Content Value. 
(short (short (short — (short 

oS tons) tons) tons) tons) : | 

Chromium metal -—~---~-------------. 738 ~ (4) $1,108,941. 1,010  (*) = $1,522,028 
Ferrocerium and other cerium alloys 5 (@) 47,895 4 (4) 36,027 
Ferrochrome and ferrochromium— oo 

Containing 3 percent or more 
carbon —~-~--~------------_--_- 7,470 4,555 1,257,100 5,350 3,521 854,796 

Containing less than 3 percent 
carbon ~-_~---------.-.----... 18,652 13,141 4,525,997 49,772 33,440 12,381,308 

Ferromanganese— OF 
Containing not over 1 percent 

earbon ~~ ~-~-~---_----- 593 534 217,873 989 884 373,386 
Containing over 1 and less than 

: 4 percent carbon_........--... 22,892 17,832 3,905,799 33,883 26,799 6,219,992 
Containg not less than 4 percent 
carbon ~----~------__--_-----~ 189,14] - 148,708 21,687,448 222,467 170,435 24,892,724 

Ferromolybdenum, molybdenum metal, 
compounds, alloys, and scrap 
(molybdenum content) -._.------.._ * 138 8. ° 186,754 318 167 947,639 

Ferronickel -~.--------------------. (°) (*) 964 32 @) 20,697 
Ferrophosphorus ~_~-~-......----.--. 80 (*) - 6,990 61 () 5,476 
Ferrosilicon  ------..---_---.------.. 18,161 3,044 908,387 16,498 4,558 1,606,327 

. Ferrosilicon chromium ~_~~ ~_..----.. _=____ eee 2,366 () 362,690 
Ferrosilicomanganese (manganese 

content) ~~ .--..-_.----____.___._. 10,841 6,869 1,126,763 17,491 11,601 1,913,289 
Ferrotitanium —__~-~---~-.-__..____. 28 (4) 19,481 17 (*) 11,500 
Ferrotungsten —......-~.._.--______. 121 98 136,006 242 193 403,963 
Ferrovanadium __ ~~~... ._.-_______. 395 (4) 840,651 26 () 73,183 
Ferrozirconium  __.-.-.---..------._. 28 (1) 10,713 55 () 23,675 
Manganese metal __~~-.----.._____- 878 (@) 328,424 1,384 (*) 559,011 
Tungsten alloys (unwrought) and 

scrap (tungsten content). .______ T 62 17. = 25,948 3 1 1,934 
Tungsten metal (lump, grains, or 
powder) and tungsten carbide 
(tungsten content) -......_._..._._ (1) 30 126,075 (t) 22 115,048 

Tungstie acid and other alloys of 
tungsten not specifically provided 
for (tungsten content)____________ 20 14 44,888 - 319 187 331,580 

Ferroalloys, not elsewhere classified 115 (4) 290,328 404 (4) 979,199 

Fr Revised. 
1 Not recorded. 
2 Less than ¥ unit. 

232-748 O-67—27
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Table 10.—U:S. imports for consumption of ferromanganese 

and ferrosilicon, by countries 

Ferromanganese (manganese content) Ferrosilicon 

7 excluding silicomanganese (silicon content) 

. Country . 1964 1965 1964 1965 

Nc 

Short Short Short Short 
tons - Value tons Value __—ittons Value tons Value 

North. America: Canada 2,503 $377,911 5,640 $1,044,684 2,014 $654,003 2,021 $743,636 

South America: 
a Brazil --.-------... ------ ------— 480 60,786 -----~ ------ ------ 9 ------ 

Chile -------------. 4,875 782,300 557 88,085 ------ ------ ------  ------ 

Peru ~.----------... -~---- ------ 20 2,946 w----- ------  s----- 2 +--+=- 

Europe: . a, 
Belgium-Luxembourg 25,066 3,189,198 12,751 1,839,503 ------ ------ ---e2= 0 ~ eee 

France  .-~--------- 30.reh 4,143,601 52,847 7,500,866 31 5,629 1,060 223,603 

Germany, West ---- 16,528 2,328,689 25,707 $3,530,216 54 69,714 79 86,873 

Italy -------.-----. 1,284 299,728 1,115 279,724 42 11,823 58 15,542 

Netherlands _--.--.-_ 467 59,843 680. 92,181 ------ L----- ------ ------ 

Norway -..--------. ------ ------ 176 21,210 857 145,898 696 124,514 

Spain ~----------... 7,385 841,615 5,068 928,387 -.---- ------  ------ 9 ------ 

United Kingdom -.. ------ ------ 8,468 1,165,594 ------ ------ ------ 9 ------ 

Yugoslavia --------. ------ ------ 7105 95,689 -----~ -w----. ------ 8 --~--~-- 

Africa: . , - 

South Africa, 
° oe 

Republic of _.---. 14,145 1,847,480 26,667 3,688,949 -----._ ------ 87 = 15,210 
Zambia, Southern . ~ a 

Rhodesia, and . 

| Malawi .-..-----. ------ ------ 46 5,868 -----. ------  “------ se e==- 
Asia: . oe 

India ..----...--.-. 56,001 10,941,727 48,990 8,931,752 4d 284 9 ------  ------ 

_ Japan .-.-----.-.-- 4,160 999,033 8,252 2,209,912 45 30.498 | 557 396,949 

Outer Mongolia ----_ ------. ween eee eee 1 8©©§88 wee pes rr 

Total ---.-....--. 162,075 25,811,120 198,118 31,486,102 3,045 908,387 -4,558 1,606,327.



: _— a - | FERROALLOYS All - 

oo | WORLD REVIEW a a | 

| Belgium.—S.A. d’ Applications de Chimie ‘manganese, 100 percent of high-carbon 
_ Industrielle (SADACTI) produced ferro- ferrochromium, and 94 percent of low- car- 

| molybdenum at its Langerbrugge plant bon ferrochromium. a 

under an agreement with Continental Ore Norway.—The production of ferrosili- | 
Corp. by converting molybdenite concen- con was 255,000 tons in 1965, a 19-percent | 
trate UPR by a VorP th French increase over that of 1964, while the pro- 

, ' France.—! oestry ae 0 ved ne duction of other ferroalloys increased 24 | 
erroalloy industry was carried a_ step ercent to 290,000 tons. 
further with absorption of Ste’ des Ferro- P _ - . . 

_ Alliages de l’Ardoise by Société d’ Ellectro. _ Rhodesia, Southern.—Union Carbide 7 
| Chimie d’ Electro-Metallurgie et des Acieries corp . bought th i ferrochromim smener at | 

Electriques d’Ugine. The merger gave Ugine Que gue “Put Led ") Rho desian “Com. | 
an effective capacity of 75,000 tons of chro- an oe ons de Rhomet (Pvt) Ltd., 
mium alloys a year, allowed the company to pany: i ) . vue di t , 
dominate the French production of low- 2 wholly owned Rhodesian subsidiary o 
carbon ferrochromium and _ refined low- Union Carbide, took over operation of the | 
carbon ferromanganese, and gave Ugine a smelter on May I. Plans call for tripling | 

- controlling interest in Establishments sob bao one ae Ve ee 
Charles Bertolus, a significant producer of fore the end of 1 O66 The existing 7.500-_ 
ferrochromium with a plant at Bellegaard, . ‘ ae 
‘Ain. | kilovolt-ampere furnace, although originally 

Japan.—At the beginning of the year the intended for the production of high carbon _ 

Japanese ferroalloy industry proposed curbs errochromium, nas peen producing mico- 
on the production of ferrochromium pre- babl ro duce ferrochromium. Ution 
dicated on reduced sales to the special steel Garhi de Poor ” owns and mines. the best , 
sector, where economic pressures forced chromite deposi ts in Rhodesia, probably 
cap. fo intensify their use of returned the richest in the world. Higher profits are 

| By the end of the year the formation of a nee “cted by exporting the ferroalloy instead oe 
ferroalloy producers antidepression. cartel of the chromite ore. . : , 

was approved by the Government’s Fair Tasmania.—Construction of a _ second 
Trade Commission. The 21 members of the ferromanganese plant at Bell Bay was well : 

association included all the large ferroalloy underway in 1965. The smelter should have _ 
| producers. Their share of domestic produc- an. output of 70,000 tons per year of ferro- 

tion is put as high as 88 percent in the case manganese by the end of 1966. The plant . 
of high, low, and medium-carbon ferro- takes all of Groote Eylandt output. 

| TECHNOLOGY TV | : 

Electric furnaces used in the production one well-known metallurgist predicts that 
of ferroalloys have increased tenfold in a furnace of 50,000-kilovolt-ampere trans- 
size in the last 25 years—from approximately former rating will be constructed in the | 
2,500-kilovolt-ampere transformer rating to not-too-distant future. The new and larger 
over 25,000-kilovolt-ampere rating. Al- furnaces will be more versatile than exist- 
though the prime motive has been to ing models because of new design features 
achieve greater power efficiency, additional such as computerized controls, automated 
benefits such as increased flexibility of materials handling, and advanced types of __ 
furnace operation have appeared. As a_ replaceable hearths. 2 
result of higher efficiency, production costs The Pittsburgh Metallurgical Co. com- 
have been lowered, and the alloy producers pared design and metallurgical data for four | 
have been able to remain competitive in —__ 
the world market. The trend toward in- . hni ; 
creased furnace size is expected to continue; nace ee ve 1 So. ee une eeeney Pur:



412 7 MINERALS YEARBOOK, 1965 a | 

electric furnaces ranging in shell size from percent higher magnesium recovery than | 
, 22 feet to 31 feet and in load from 8,500 did the 9-percent magnesium ferroalloy 

_ kilovolt-amperes to 17,000 kilovolt-amperes. used previously. As an additional: benefit, 

. Maintaining similar operating character- the 5-percent alloy boosted silicon pickup 
istics for all four furnaces, they found that and gave a less violent reaction when added 
in the production of ferrosilicon improve- to the iron than occurred with the addi- . 
ments in electrical efficiency, reduced tion of the 9-percent alloy.¢ — 

: furnace room remelts, and ladle skullage The use of ferrosilicon as a reductant to 
were attained with increased furnace size.3 produce magnesium, a process developed 

The Albany Metallurgy. Research Center, during World War II, was evaluated by the 
Bureau of Mines, has collected and evalu- Bureau of Mines in the light of mineral 

| ated some of the scattered information processing improvements effected during _ 
relevant to an understanding of high-cur- the last two decades. With modern equip- 
rent metallic arcs, which are used in the ment and practices, and making its own 

| production of ferroalloys. Experimental re- ferrosilicon, a hypothetical plant costing 
sults obtained from specially designed arc- $21- million could annually. produce more 
melting furnaces operated at the Albany than 15,000 tons of magnesium at a cost 
Center were compared to results obtained of less than 33 cents per pound. Further 
from a comprehensive review of the litera- research might result in even greater 
ture. The findings from both sources were _ efficiencies and lower costs. 7 

_ discussed in terms of physical theory, and _A process involving the addition of solid 
the conclusion. were applied to problems ferrosilicon to molten magnesium to form 
encountered in the arc-melting of metals.4 an  iron-magnesium-silicon prealloy was 

| The increased use of vacuum degassing patented. | Oo 
in steelmaking could cause a decrease in A.patent was granted for an iron-mag- 
ferroalloy consumption or, at least, a change nesium-silicon addition alloy containing a 

| in ferroalloy composition, since vacuum de- _ fine suspension of calcium cyanamide. 9 _ | 
gassing cuts the amount of alloying and  — An. arc-welding electrode with a coating 
deoxidizing metals needed to produce many containing from 5 to 65 parts by weight of 
kinds of steel. The degassing process re- ferrosilicon was patented. 10 
moves unwanted gases and metals, minimizes | 
inclusions, and improves composition con- ~~ ——C—*7. | : 
trol of the finished product. When first 3 Dann, T. E., and W. H. Wise. Comparative 

introduced to the steel industry, vacuum de- Qverating (Characteristics of, Lares, Vs. omy 
gassing was used mostly to purify specialty 1965. pp. 303-305. . 
steels and to remove crack-causing hydrogen of oda We and R.A. Beall. eouudies 

_ from steel being cast for large forgings. 625, 1965, 84 pp. ; oa. De 
The trend now is toward a wider use of , on eT iSteel Quay Aid: 2 Ne 138, 
vacuum degassing in all kinds of steelmak- July 21, 1965, p. 1. | a | 

ing. The proponents of this process go 30 gqst*tl,, Reducing, Masnesiom, Content In Ag 
far as to predict that eventually the bulk of 156, No. 23, June 7, 1965, pp. 118-120. 

all steel will be degassed, including much of — ysasccy" An Eeonomie and Technical valuation 
the steel for making rebar and structural of Magnesium Production Methods (In Three 
shapes. 5 Parts) 1. Metallothermics. BuMines Rept. of 

nv. 6656, 1965, 76 pp. 
The Mining and Metals Division of 8 Ebert, Hans, and K. Frank. Process for 

Union Carbide Corp. introduced a new the Manufagure. See cOn ea igs Pre- 
ferrosilicon master alloy containing 5 per- ®Kaess, Franz, E. Pfuger, and L. Strass- 

cent magnesium that is reported to lower berger, ,Alloy, Containing Magnesium, Silicon 
the cost of making ductile iron. In ex- 10 Koibuchi, M., and T. Kataoka. Coated Arc 
tensive field tests the new alloy gave a 30 jy tone Electrode. U. S. Pat. 3,167,450, Jan.



Fluor. d Cryolit 

By Ronald C. Briggs ! | 

: | | FLUORSPAR | 
For fluorspar 1965 was a record-setting tives remained unchanged during 1965, 

_ year. Record highs were established for transfer of material changed the invento- 
tons of domestic crude ore milled or ries, accountable under the several stock- 

_ washed, for tons of fluorspar (all grades) _ pile programs. A bookkeeping transaction 
consumed, and for tons of fluorspar im- removed 350,000 short tons of acid-grade 
ported. Demand for fluorspar continued fluorspar from Commodity Credit Corpora- | 

_to increase with the aluminum, chemical, tion (CCC) and supplemental stocks and — | 
and steel industries providing the impetus. added it to the national (strategic) stock- © 

_. Shipments from domestic mines, however, pile as 438,000 tons of metallurgical-grade 
did not account for a larger percentage of fluorspar. This reduced the excess quan- 
the total consumption. Foreign fluorspar, tity of acid-grade fluorspar and brought © 
chiefly from Mexico, continued to dominate the metallurgical grade stocks up to the : 
the market. Prices for both domestic and objective. | 

| foreign fluorspar remained steady through- Some of the excess acid-grade fluorspar —— 
out the year. - had become contaminated in storage and | 

Legislation and Government Programs, | | 

—Although Government stockpile objec- | 1 Commodity specialist, Division of Minerals. 

— _ Table 1.—Salient fluorspar statistics | . | 

. 1956-60 1961 ' 1962 1963 1964 1965 
(average) a 

United States: . 
Production: . 

Crude: 
Mine production 

short:tons_. 716,460 615 ,075 623,750 586,158 620,474 772 ,765 
Material milled or 

washed 
short tons... 676,340 524 ,400 586 ,700 586 ,400 624 ,745 825 ,867 

Beneficiated mate- 
rial recovered 

.. Short tons.. 272,140 185,200 192 ,000 188 ,200 202 ,300 236 ,800 
Finished (shipments) , 

short tons.. 278,595 197 ,354 206 ,026 199 ,948 217,137 240,932 
Value__thousands.. $12,835 $8 ,940 $9,166 — $9,001 $9 ,723 $10 ,889 

Exports... ..___short tons_- 1,185 338 1,308 1,202 3,702 9 ,385 
Value___-__-fhousands_-_ . $82 $30 $119 $157 $158 $315 

Imports for consumption 
short tons.. 519,771 505 ,759 595 ,695 559 ,653 687 ,933 816 ,546 

Value__-..-thousands_. $12,959 $13 ,644 $15 ,596 $14 ,192 $16 ,882 $19 ,958 
Consumption._.-short tons.. 598,801 687 ,940 652 ,888 736,350 = * 831,561 930 ,127 
Stocks Dec. 31: 

Domestic mines: 
Crude__-....do_... 180,884 221 ,961 277 ,876 299 ,197 299 ,109 274 ,011 

a Finished ____do-_-_- 18,517 21,001 14,549 14 ,954 10,174 19 ,664 
. Consumer plants_do_... 199,812 188 ,413 186 ,772 181 ,934 203 ,014 235 ,657 

Importers___.__.do___- 50 ,469 75,811 75,3803 68 ,038 65,116 25 ,838 
World: Production..._...do_.-. 2,010,000 2,275,000 2,370,000 2,350,000 2,730,000 3,170,000 
ee CE A eA tee srs ier PC 

® Revised. 

413
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Table 2.—U.S. defense materials inventories and objectives 

. (Short tons) 

Oc | 
. - » . Inventory by program, Dec. 31, 1965 | 

Fluorspar Objective , 
National DPA CCC and 

. vo, . stockpile inventory supplemental 
a oo te Te stockpile 

Acid grade___-__------------------------- 540 ,000 ! 463 ,049 219,700 3 323 ,232 

Metallurgical grade_---------------------- 850 ,000 4369 443 _._.-._------- 42 ,800 

, 1 Includes 10,193 tons of nonstockpile grade. 

2 Includes 2,383 tons of nonstockpile grade. | 

3 Includes 4,548 tons of nonstockpile grade. . . 

4 Does not include 350,000 tons acid-grade fluorspar credited to metallurgical-grade fluorspar as 438,000 

: tons. po 

no longer met stockpile specifications. The fluorspar mills and washing plants were in 

General Services Administration (GSA) operation. About 86 percent of the total 

offered for sale on a sealed-bid basis a beneficiated material recovered by these 

total of about 6,848 tons of contaminated plants was flotation concentrates and the 

| acid-grade fluorspar during the. year. remainder was gravel and lump-sized fluor- 

About 2,300 tons:were offered for a bid spar. Fo, | 

opening on May 7, but no acceptable bids The Aluminum Company of America, a 

| were received. This material plus an addi- leading producer of. acid-grade. fluorspar, 

tional quantity of about 4,548 tons was re- terminated mining operations at its mine 

offered under a bid invitation opened near Rosiclare, Ill, on August 1, 1965; 

- December 17. . No acceptable bids were re- however, it will’ continue to operate the 

ceived at the second offering. es mill for several years, processing stockpiled 
: - crude ore. 7 , - 

| _ DOMESTIC PRODUCTION a Ozark-Mahoning Mining Co. started 

. Mine production of fluorspar in 1965 sinking a new production shaft on a prop- 

increased more than 24 percent over that erty in Pope County, Ill.; it also completed 

of 1964 and rose to the highest level since | development of another property in Hardin 

1958. There were 17 active mining op- County, Ill. The Minerva Co. installed 
erations (including production from stock- -new and. larger underground loading and 
piles) reporting, with over 95 percent of hauling equipment at its No. 1 mine near 
the production coming from the operations Cave-In-Rock, Ill. The company also be- 

| of 6 companies. The large quantity of gan operating a heavy-media preconcen- 

ore produced by a few companies reflected __ trator in its mill at the same location. Op- 
the competitive nature of the industry. erating under contract to the Minerva Co., 
Producers working small, high-cost deposits | Conn-Joiner Contractors produced a small 
found it increasingly difficult to compete, quantity of ore by “robbing” pillars at the 
and the trend continued toward mining Old Victory Mine in Hardin County. 
those deposits that could be worked by Kentucky Fluorspar Co. was the major 
large-volume, low-cost mining methods. purchaser of crude fluorspar from the small 
Fluorspar was mined in Colorado, Illinois, producers in the Illinois-Kentucky district 
Kentucky, Montana, Nevada, and Utah in in 1965. The purchased ore was benefi- 
1965. The IIlinois-Kentucky district con- ciated in its plant near Marion, Ky. This 
tinued to dominate the domestic picture same company continued to rehabilitate | 
supplying nearly 90 percent of the total and produce from the Old Nancy Hanks 
production. Illinois alone produced near- mine near Salem, Ky. Also in Kentucky, 
ly 69 percent of the total. the Mafluor Corp., ceased operations early 

The tonnage of ore milled or washed in 1965. 
reached a record high, but the quantity The Chemical Division of Kaiser Alu- 
of concentrates recovered did not increase minum & Chemical Corp. completed ex- 
proportionally. This higher concentration pansion of its Gramercy, La., plant. This 
ratio resulted from processing lower-grade expansion included increasing the produc- 
and more complex ores. During 1965, 13 tion capacity for aluminum fluoride by 50
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| | Table 3.—Shipments of finished fluorspar, by States | 

1964 | 1965 — 

State Value Value 

Short tons Ce Short tons 

Total Average Total Average 
per ton per ton 

i 

Illinois._----_---.-.----- 127,454 $6,451,755 $50.62 159,140 $7,861,165 $49.40 Kentucky___.____.._.--- 38,214 1,692,997 44 .30 31,992 1,484,772 46.41 
New Mexico.__._-._____- 137 3,014 - 22.00 _._-..-___.----------- 2 eee 
Other States !___________- 51,332 1,575,635 30.69 49,800 1,543,015 30.98 

Total............. 217,187 9,723,000 44.78 240,932 10,889,000 45.20 
| ee 

1 Includes Colorado, Montana, Nevada, and Utah to avoid disclosing individual company confidential data. 

_ percent. and installing a new hydrogen more than 2 million new users each year. 
fluoride generator.2 Municipal water systems have now become 

- major markets for suppliers of sodium 
CONSUMPTION AND USES — fluoride and fluosilicic acid. Although 

Domestic industries consumed a record some cities were - still continuing the 
tonnage of fluorspar in 1965. The ever- battle against fluoridation of their drink- 

| increasing demands of the aluminum, ing water, some of the principal cities have 
_ chemical, and steel industries provided the consented to fluoridation. For example, 

| driving force which pushed the total con- New York City ended a 20-month delay . 
: sumption of all grades more than 11 per- and prepared to pour more than 2,400 

cent above that for 1964. This gain in tons per year of fluosilicic acid into its 
| consumption was proportionally distribut- water supply. . This action added about 

ed between acid and metallurgical grades 8 million more people to the 50 million 
with each grade also recording an increase Americans already drinking fluoridated 
of about 11 percent. 3 water.2 Connecticut became the first State 

Nearly 53 percent of the total quantity in the United States to require water 
of fluorspar consumed was used to manu-_ fluoridation. The fluoridation bill passed 
facture hydrofluoric acid. Hydrofluoric affected 31 communities in the State.4 
acid was the major source of fluorine for Plastics derived from fluorspar continued 
the chemical industry and a raw material to receive considerable attention. Rapid 

| in the production of synthetic cryolite and expansion of the tetrafluoroethylene (TFE) 
aluminum fluoride for the aluminum in- market for chemical applications, house- 
dustry. hold appliances, hydraulic and pneumatic 

Fluorspar consumption by the steel in- equipment, and automotive uses was point- 
dustry accounted for about 38 percent of ed out at a gathering of fluorocarbon pro- 
the total. It was used chiefly as a flux in ducers. Market surveys indicated aero- 
the various steelmaking processes. Al- space and military applications constitute 
though the greatest percentage gain was 15 percent of the TFE market, while elec- 
registered in the fluorspar consumed for trical and electronic applications make up 
basic-oxygen steel, the quantity consumed an additional 35 percent; mechanical goods 
per ton of steel produced by this process 15 percent; and chemical processing equip- 
remained the same. It was difficult to ment 35 percent.5 | 
assess the future of fluorspar consumption 
in basic-oxygen furnaces. Some companies ___* Chemical Engineering. CPI News Briefs. V. 
claimed the quantity consumed per ton of 5 Chemieet Ww. 2 ee ae on: eek. Fluoridation: A Hard 
steel produced should be more than the Fight. V. 97, No. 6, Aug. 7, 1965, pp. 17-18. 
1965 industry-wide average while others 23, Tae gt & Bneince ring News. V- 48, No. 
predicted a lowering of this ratio. ° Oil, Paint and Drug Reporter. TFE’s Recent 

Fluoridated water is being extended to gains 14 “ieee ee pp enlight. V. 187, No. 24,



; poh 

Table 4.—Fluorspar shipped from mines in the United States, by grades and industries | 

| 1988 | | 1965 . | | 

Grade and industry . Quantity | Value | Quantity Value 

. Short tons § Percent Total Average Short tons Percent Total Average 0 
of total — per ton of total per ton 5 

Ground and flotation concentrates: | - . a . 

Hydrofluorie acid__.__.._..-----------.-------------- 110,236 . 64.8 $5,841,564 $52.99 103 ,495 49.3 $5,601,696 $54.13 w 

Glass_.....---- 2 ---- eee ee ee eee ee 25,471 15.0 1,080,274 42.41 30,990 14.8 1,329,331 42.90 ts 

Ceramic nd enamel___._.__.-___--.---.-----.------- 4,569 2.7 191,615 41.94 18,095 8.6 631 , 639: 84.91 > 
Nonferrous_______---------------------------------+- 2,129 1.2 92 ,453 43.43 3,584 1.7 156 ,644 43.71 a 
Ferrous___.....----------------------- ee eee ee eee 22,268 © 13.1 947 ,855 42.57 33,163 15.8 1,436,860 - 43,33 O 
Miscellaneous !___._.._.....----.-------------------- 5,461 3.2 230, 723 42.25 _ 20,568 9.8 913 ,943 44.44 2 

Total__.....-------- 2 eee ee 170,134 © 100.0. 8,384,000 49.28 209,895 — 100.0 10,070,000  ~47,.98 7 . 

Fluxing gravel and foundry lumps: oo | : Co . a ° 
Nonferrous.._.___--------------_-------- ee eee eee eee 12 2 Leu l eee 492 41.00 17. -.- 2 eee 697 41.00 w 
Ferrous___...-._--------------- eee eee 38,160 81.2 = 1,189,386 31.17 20 ,662 66.6 655 ,955 31.75 
Miscellaneous__.......--..--------------------------- 8,831 18.8 149 ,039 16.88 10,358 © 33.4 162,187 15.66 

| Total__....--.._------------- eee ene eee eee-e-- = 47,008 100.0 1,339,000 28.49 31,037 100.0 819,000 26.38 

1 Includes exports. | , . -
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__ -Table 5.—Fluorspar (domestic and foreign) consumed and in stock in the United States, 
| - by grades and industries : 

(Short tons) | — 
EE 

1964 1965 | 

Grade and industry Stocks at Stocks at 
Con- | consumer — Con- consumer 

. sumption plants sumption plants 
. Dec. 31 Dee. 31 - 

SSS 

Acid grade: ; 
Hydrofluoric acid__.__.--._------.-------.....  '447,719 © 35,127 490 345. 40 ,763 
Glass. _.----.---.-- 2 eee 6,614 751 6 ,053 549 
Enamel____._--2 2 eee 325 51 226 70 
Welding rod coatings______._____.__..___.___. 1,298 . 107 © 2 ,946 239 
Special Oe | - 
Ferroalloys.-..-....---.--_-_--2 eee eee ee ‘2,253 .1,091 2,719 ~ 1,201 
Primary aluminum -_~-.--.-------------------] . 

Total. 2-22-22 e eee eee eee eee nee * 458,209 37,127 502,289 42 ,802 | 
Ceramic grade: . . . ee 3 

Glass. ..----_.22- 2-2 eee eee 23 ,462 2,702 23 ,230 2,721 oo 
Enamel__________-- ee ee 4,746 674 4,749 603. 
Welding rod coatings !___________.__--___.__.- 3,003 183 - 3,481 V7 
Nonferrous. -_._..._..-.-..-.----.-----.-----) 297 46 299 44 

. ‘Special Oye oliriciiitrirtertrsscceeaf 6,034 976 6,540 1,439 
Ferroalloys.__..__._._..-_-_____-_._____.__.- : 

Total. _-.--------------2------2--2-------- 87,542 4,581 38,299 4,884 | 

Metallurgical grade: . - . 
Glass. ....--..--- eee 439 21 608 25 
Enamel._.._....---.----------------- +--+ eee 
Nonferrous ?______-.--.---------.--------.--- 10,952 1,751 11 ,684 1,539 

. Special flux____.....-.-------------..---.----) ‘ 
Primary snugnedam 22222222 1,469 1 ,457 1 ,687 2 ,528 
Primary magnesium --_.........-...----.--.--- oo 

. Tron foundry_...........--.-- 2-2 eee 18 ,066 4 ,232 20 ,664 4,173 
Open-hearth steel_-..--.--_--------.-.--.---.. . 160,770 ) { 162,200 . 
Basic oxygen furnace steel.__-_____.____.2--- 95,720 i 153 , 845. 139 ,240 . 179 , 706 

_ Electric-furnace steel_.............-----.----_- 48 ,394 | 53 ,456 ) 

Total. --.--.------------------------------ 335,810 161,306 389,539. =s«187,971 
All grades: 

_ Hydrofluorie acid_--_--.--.----.---------2-.-. ° 447,719 | 35 ,127 490 ,345 40 ,763 
’ Glass. 2.22 2-2-2 30,515 3,474 29 ,891 3,295. 

. Enamel..._-.-.-.---------2-- 2-2 eee 5,071 725 4,975 653 
. Welding rod coatings.-..........-.----2------ 4,301 290 6 ,427 316 

Nonferrous. ._____.._..---------- eee 11,249 1,797 11 ,983 1,583 
Special flux_...._22- 2 eee 4,680 889 4,949 1,274 
Ferroalloys.-_.....___..-.------- 22 --- eee 2,041 276 2 ,202 470 
Primary aluminum._._._..-__.-_---_---.----- 3,035 2,359 3,795 3,424 
Primary magnesium. __.__.__----.---------.-- 
Iron foundry_._-....__.._..-----------..------ 18 ,066 4 ,232 20 ,664 4,173 
Open-hearth steel_...._________.-.-_______.__. 160,770 ) 162 ,200 
Basic oxygen furnace steel_______....._-.__.._- 95,720 i 153 ,845 139 ,240 179 ,706 
Electric-furnace steel___.__..._......_..._-___-. 48 ,394 53 ,456 

Total_.....---...----2-2----------------- )—-* 831,561 203 ,014 930,127 235 ,657 

Revised. _. 
-1 Includes metallurgical grade to avoid disclosing individual company confidential data. 

? {Includes a small amount of acid grade to avoid disclosing individual company operations. | 

Table 6.—Fluorspar consumption for different steelmaking processes 

Process and consumption 1956-60 1961 1962 1963 1964 1965 
(average) 

Basic and acid open-hearth: 
Total_.___._..........._...__._ thousand short tons__ 183 156 134 1386 161 162 

Per short ton of steel made________._....pounds-_. 4.2 3.8 3.2 3.3 3.3 3.4 
Basic oxygen: 

Total____......_....__....._____thousand short tons... NA NA 46 65 96 139 
Per short ton of steel made.____.____..__pounds-- NA NA 16.8 17.6 12.6 12.6 

Electric-furnace: 
Total____.._.........___.....__thousand short tons... 34 49 35 45 48 53 

. Per short ton of steel made.___._.___.... pounds. - 8.6 11.9 8.2 8.4 8.2 8.3 

NA Not available.
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a PRICES -« .. Table 7.—Fluorspar (domestic and foreign) 
a . my in t ite Stat 

Prices or price ranges reported in the consumed in ene nated’ States, by es 
: E&MJ Metal and Mineral Markets for all | 

grades of domestic and European fluorspar State 1964 «1965 
| remained unchanged throughout 1965. : 

The prices quoted were the same as those : 
. . Alabama, Georgia, and North 

: reported in Volume I of the 1964 Minerals Carolina____.-.------------ ™11,605 10,336 : 
: : : Arkansas, Kansas, Louisiana, Yearbook. Mexican prices were the same Missixippi, and Oklahoma... * 111,983 132,674 

as the 1964 yearend quotations until De- California and Hawaii!_...._.. 32,618 39,844 
cember when all reported prices were in- Colorado and Utah.---------- 23,606 26,888 
creased by 40 cents per ton. Delaware and New Jersey__... * 102,134 77,047 » 

. . | Florida, _ Rhode Island, and 1.371 1.331 
irginia__.....------------ , , 

— FOREIGN TRADE | Ilinois..-..-...2.2.2s2-222.. 84,972 86,697 
Total fluorspar imports for consumption diana. - ---------.-_---_---_ 26,720 28,859 

: Iowa, Minnesota, Nebraska, _ 
: | were the highest on record, about 19 per- and Wisconsin-.-.---------- 5,041 4,576 

cent above the previous high total of 1964. Marlant272772727277207.“og0s “S742 
| Mexico continued as the leading supplier Massachusetts.....-.-.------- 242 254 

| providing 68 percent of the acid grade and = Mylar 7277077727777 “3000 °3'590 
- 92 percent of the metallurgical grade im- New York_-.._..------------ 16,623 19,041 

orts - Ohio______-.-_---._-.-...--. 76,911 83,960 
p . oo Oregon and Washington. ------ 1,616 1,859 

, Fluorspar containing more than 97 per- Fennsylvania.---------------- 83,195 108 ee 

cent CaF: was subject to a duty of $1.875 Texas. .-....-2-22.-2.-e2.. (144488 179489 
per short ton ($2.10 per long ton)and West Virginia_-....-----.---- 729,582 41,642 | 

, | that containing not more than 97 percent Total................-- * 831,561 930,127 | 
_ CaF. was dutiable at $7.50 per short ton SESS 

($8.40 per long ton). : Revised. 1 1964 only. 

Table 8.—Stocks of fluorspar at mines or shipping points in the United States, | 
by States, Dec. 31 a 

| : (Short tons) 

OO . 1964 1965 
State $$ 

. , a Crude ____ Finished Crude Finished 

Ilinois...........------------------------------- 281,490 6,276 250 ,412 15,474 
Kentucky._....-.....-.-----_..----------------- 558 .....------- W _.---------- 
Other States !_... 2-2. 17 ,061 3,898 23 ,599 4,190 

Total_.....-.-..-.---.-------------------- 299 ,109 10,174 274,011 - 19 ,664 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States.” 
1 Includes Colorado, Montana, Nevada, and Utah to avoid disclosing individual company confidential data. 

About 9,400 tons of fluorspar valued at WORLD REVIEW 
315,000 was exported in 1965. hi . wos . 

$315, ported in 1965. Of this Canada.—F luorspar deposits in the Burin 
total 9,241 tons went to Canada and the : 

2 . Peninsula of Newfoundland were the only 
remaining tonnage was shipped to 4 other . . 

. significant source of supply. Production 
countries. . ° 

during 1964 increased about 13 percent 
Table 9.—U.S. exports of fluorspar in quantity and 16 percent in value to 

eee eee more than $2.29 million. The Director 
Year Short tons Value mine of Newfoundland Fluorspar Ltd. at 

oo t—=“‘éS tt. «Lawrence, Newfoundland, produced 
1956-60 (average) _____- 1,185 $82,164 96,000 tons of fluorspar concentrates. 
1961___.._.._._--___-- 338 30 ,419 ical- 1962222722022 1.308 \is'749 Some metallurgical-grade fiuorspar was 
1963___............. 1'202 156,898 produced by Pacific Silica Ltd. as a by- 
1964_...._.__.__-_____- 3,702 158,099 tee ot]t : . ogee 1968222700077 9 '385 315303 product of its silica operations in Britic 

Columbia.



Table 10.—U.S. imports for consumption of fluorspar, by countries and customs districts - 

. 1964 | 1965 - 

Country and customs district Containing more than Containing not morethan Containing morethan Containing not more than 
97 percent calcium fluoride 97 percent calcium fluoride 97 percent calcium fluoride 97 percent calcium fluoride 

: | Short tons _—- Value Short tons Value Short tons Value Short tons §_- Value” 

Canada: . 7 
Buffalo_.....-.2.-- 2 eee ee eee eee eee eee ee ee eee eee 9,895 $214,228 ___-__ eee eee eee 
El Paso. ____-- ~~ nn ee en ene 7 $165 ___.-___--_.--.-___----. 
Laredo____.--.--------_--_-- ee ee eee ee ee ne ee eee eee ee eee 1,064 | 21,464 ___-. eee eee eee : 
Michigan_._._._--_---.----------------- ee ne ene 9,156 $199 , 865 

Total._._-_-.- 22 - eee eee 10,959 235 ,692 7 165 9,156 (199,865 an 
Greenland: Laredo______-_.____--_------- eee eee ee eee ee ee eee eee 1,195 24,108 ____.- 2 eee ss 
Guatemala: El Paso._..___..._-_-___-.-_-.-----_-------- 42 $1,062 __.______...- 2-1 ee ee en nn eee eee S . 

Mexico: OT — | _ 
Arizona. ee ee ee ee ee ee eee ee ee ee eee ee eee 45 901 ___ Lee -e ~ 
Buffalo... ee ee ee en ee ee ee nn ne ee ene 2,746 63,720 ____.._---_------------- 7,043 158,111 bd 
Dakota____-_-__- ee ee ee ee ee ee ee ee eee eee eee eee eee 21 433 254 6,348 __-.. eee HS 
FE] Paso_._.._..------ eee eee eee 58,955 1,426,842 59,530 1,191,042 » 61,610 1,539,311 87,929 1,756 , 753 > 
Galveston__.__.--__--_----_-_---- eee eee eee eee 831 26,621 ____.----- ~~ eee 804 25 , 845 5,226 — 87 ,370 6 
Kentucky. _.._.---.---_----.-_-_------- eee eee 310 7,762 _._ 2-2 - eee ne en eee eee 
Laredo_..__..._---.------- en eee 162,556 4,506,767 116,769 2,288,305 213,769 5,757,133 63 , 702 1,129,245 QO 
Maryland... _._.---------------- =~ 22 een nnn 4,604 85,753 .._-..------------------ 7,389 136,122 
Michigan.__._._........---.--.--------------------- 7,634 260 ,178 36,021 831,267 _..-- ee 14,199 320,881 o 
Mobile_..__._--- ee ee en ee 5,756 - 95,075 me 
New Orleans____._._.-...------------------------ ee 28,678 1,032,234 41,533 873 ,613 43,651 1,230,329 67,157 1,319,596 yj 
Ohio__._. 22-2 ne eee eee nee 4,684 103,079 __.-_-__--- 2 ee eee 20,479 415,792 Bm 
Philadelphia__..........---_-----------.--.--------- 12,430 364,109 13 ,977 297 ,990 14,223 350,413 17,936 © 385,091 
St. Louis-_.....---.-.--.---------- eee 833 18,828 _.----_.-.__---------.-- 545 12,375 _..---___-- eee eee 
San Diego__.___-. ee ee eee 134 3,634 ___-.__-___-_---___-___. 
San Francisco-_-----.-.---------------------------- 2-2-2 2 oe en nn en nnn ne nnn ene eee eee 561 18,237 _...-------------------- 

Total__.....-2- 2 ee eee eee ee 272,227 7,643,341 279,930 5,736,103 335,551 8,943,625 296 ,816 5,804,036 | 
Colombia: Galveston.__.....-.------------------------- 306 9,863 ...---.---- ~~ ee nn een ee eee oe 

France: 7 OO 7 7 | —_ _—_ 
Michigan...._.._-_.---.-- ee nn ne ee ee 3,599 91,419 _..- eee 
Philadelphia__......-....--.----- 2-2 eee 22 1,049 ...---_--------------------- oo nnn nee nee ee 

Total__.._...----.------------------------ eee eee 22 1,049 _..-..----------------- 3,599 91,419 2-0 
Germany, West: Puerto Rico_.__.._._--.-_.- 2-2 eee 299 20,505 __._------- 2+ eee eee eee 

: as 
. foamed 

. ©



Table 10.—U.S. imports for consumption of fluorspar, by countries and customs districts—Continued - 
wee © 

1964 1965 , 

Country and customs district Containing more than | Containing not more than Containing more than Containing not more than 
97 percent calcium fluoride 97 percent calcium fluoride 97 percent calcium fluoride 97 percent calcium fluoride 

Short tons Value Short tons Value Short tons Value —‘ Short tons Value . 

Italy: | a oo | 
Galveston__._.---2 2-2 ee eee eee eee eee eeeeeee = >——i«<7« 060s ZO, 491 __. eee 
New Orleans_______..._---__-.----_----------_------ 12., 164 $364,248 __--_. eee 8,946 211,493 _._-. 2-2 eee 
Philadelphia. -__.--------- 2-22-22 eee eet 26,808 695,988 LLL) 16,369 482,141 2222 TTIITTIIITIIIT 
Total._...- 22 eee ee 38,467 1,060,236 ___-_-.-_-------.------- 32,375 874,125 __._.--.------- eee 2 

Spain: Fe 3 
Michigan....___.._.2 2 ee ee ee ne ee ee ee ee ee eee ee 11,227 377,620 __...---.--- eee eee mi 
New Orleans__._.._.._..--_-__---------------------- 5,962 161,738 ~~ ~~ ee 17,806 448,521 _... eee 
Ohio____.- 2 eee eee 22 ,472 §61,974 ..-.- eee eee 22,272 672,533 __2 eee 5 
Philadelphia__..-...-...-2_--- 2 eee eee 56,052 1,426,789 _--._-_--__- lee 58,585 1,807,887 _----------------------- w 

Total___._-- 2-2 eee 84,486 2,150,501 ___-__.-- 22-2 Leelee 109,840 3,306,561 _.-.-------------------- 

United Kingdom: oo a oo oO i | rs 
New York.......---- 2 ee ee ee ee ne ee ee eee ee ee 22 1,658 ___. eee 5 
Ohio. _. 2-222 nn eee cee e eee eeneeeee 4,761 142,842 (21 LLLLLLLLLILILITTIIlD 8 
Puerto Rico_.._._..2- 22 eee 251 10,253 __..------ 2+ eee Py 

Total... 5,034 164,753 _...---.----.----------, - 
South Africa: Republic of: os . © 

Maryland__._...--------- =n ee ee be eee 6 , 263 $86,003 & 

Japan: a _ _ 7 7 | . —_ 
Michigan_..___-___---------- ee ee ee ee ec eee eee eee 8,833 206 , 955 
Philadelphia......2-.2.-- 2-2-2 ee ee ee ee ee ee ee eee 9,072 290 648 ...--- ee 

Total... ee ee eee 9,072 290,648 8,833 206,955 

Grand CL) 395,849 10,886,557 292,084 5,995 ,903 495,478 13,661,296 ~ 321,068 6,296,859
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Table 11.—Imported fluorspar delivered to consumers in the United States, by uses 

Oo | 1964 1965 

Selling prices at tide- Selling prices at tide- | 
water, border, or f.o.b. water, border, or f.o.b. 

Use mill in the United mil! in the United 
States including duty States including duty 

| Short tons Total Average Short tons Total _ Average 
per ton per ton 

| Hydrofluoric acid_...._._.-....--.. 203,152 $7,075,102 $34.83 270,001 $8,778,694 $32.51 | 
. Glass, ceramic and enamel_._______ 7,219 355 ,221 49.21 9 ,016 480 ,043 53.24 

Ferrous- --.--------------------- 104,373 2,519,001 24.13 129,193 3,449,924 26.70 
Nonferrous--_-....__.2--.------- 2,447 61,082 24.96 999 34,061 _ 34.10 
Other__._-------..-------.-----. 56,669 1,872,751 — 33.05 55,268 1,867,362 33.79 

Total_.__-.___-........-... 373,860 11,883,157 31.79 464,477 14,610,084 31.45 

: The Nichols Chemical Co. Ltd., a sub- Trieu, Société Francaise Immodiliére et 
sidiary of Allied Chemical Canada Ltd., Miniére. This mine, La Charbonniére, in | 
operated a merchant hydrofluoric acid Haute Vienne, is expected to produce up | 
plant at Valleyfield, Quebec, using import- to 12,000 tons of lump metallurgical-grade | 

; ed acid-grade fluorspar. Using Newfound- fluorspar per year. a a a 
land fluorspar, the Aluminum Company > Germany, West.—Domestic ducti ) L ’ : production 
of Canada, Ltd., _produced hydrofluoric of fluorspar continued to decrease in 1965 
acid at Arvida for its own requirements in because of the lack of rich and competi- | 
the manufacture of aluminum. Hunting- tive deposits in the country. The low- 
ton Fluorspar Mines Ltd. operated a plant quality ore mined had a high quartz con- | 
at Nor thbrook, Ontario, producing a S- tent and was increasingly more expensive _ | 
pound fluorspar briquet from imported to mine and beneficiate. Imports increased . 
metallurgical-grade fluorspar . The bri- ‘greatly to fill consumption needs, and : 
quettes are marketed exclusively by Foseco jumped to 144,400 short tons, an increase 
Canada Ltd., Guelph, Ontario, for foun- of 62 percent over 1964 fluorspar imports. 

| dry use.6 : _ Principal supplying countries were France, 
| Canada’s first fluosilicic acid plant was Spain, and mainland China. - 

ping . unt at ERGO) Beguction oo ‘ ‘ The local price for marketable fluorspar ° | 
Onte a A d he t for t 95 O00. averaged $26.31 per metric ton during the | 
' ntario. Tea * market tor . 4 first three quarters of 1964 compared with | 

| val. Conadinn ae hort «ha © ° eed $27.58 in 1963. Lower prices in the face : 
svat Auoridat au hem . a os havin of rising demand were attributed chiefly to 

the er eid f. a the. Unit a St bes The the fact that all fluorspar mines in West 
ie e , “al rom Ql - vcon tai . © offlue t Germany, except two, are owned by chem- 

, r n ERC On teoroees hos tic acid ical companies. In its dual role of largest 
and sa : hos shat P slant P P producer and consumer, the chemical in- 

perpaospaate plant. ; dustry, according to the Minister of Eco- France.— Following the merger of Denain . s . nomics, can exert a decisive pressure on Anzin and Forges Nord-Est, a new com- keeping prices down.10 
pany, Denain Anzin Minéraux S.A., was a : mS 
formed to take over the large fluorspar ° Bartley, C. M. Fluorspar. Dept. of Mines . 
operation at Escaro in the énées. This and Tech. Surveys, Mineral Processing Div., 
was formerly Denain Angie “Di tion des wT european Cherie! Nene ones 8 ERCO ean emica ews naon ). 
Pyrénées”’. Production from this opera- to Expend in Canada. V. 7, No. 158, Jan. 22, 

tion in 1964 was 96,000 tons of both acid- “"s tyetal ‘Bulletin (London). No. 5087, Cet. 8, grade and metallurgical-grade fluorspar.8 _ eae Journal (London). Fl in : 
The Cie. Miniére et Métallurgique de — gtron nd 85. No 2 Oat. | = Demand. V. 265, No. 6792, Oct. 22, 

PIndochine, owners of the newest fluorspar 1966. D. 294. Mi Mineral Trade Notes, V 
mine in France, were absorbed by Dong- 61, No. 4. Oct. 1965, pp. 18-19.
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Table 12.—World production of fluorspar by countries } , 

: . (Short tons) 
. - 

Country } 1961 1962 1963 - 1964 1965 P 2 

i 

North America: ee 
Canada e¢__---------------------- 80,000 75,000 85 ,000 F 96 ,000 107 ,000 

Mexico._-----.------------------ 440,286 553 ,642 530 ,893 r 708 ,644 801 ,066 

United States (shipments) - - ------- 197 ,354 206 ,026 199,948 217 ,137 240 ,932 

South America: Argentina.._..-..---- F 11,325 ®F 13,799 ® 10,761 r 10,994 e 11,000 

rope: 
. ... France. _.----------------------- 214 ,936 3 154 ,064 3 160,307 *3215,119 275 ,578 

Germany: - 

Rast ¢..-.--:---------------- so,000 §_ 80,000. = §==80,000 80 ,000 90 ,000 

OC West (marketable) -_--.------- 133,515 - 116,592 95,843 86 ,098 85 ,528 

Italy___-.--.-------------------- 172,582  * 176,709 t 148 ,407 ® 136,724 162 ,990 

-. Spain (marketable) -_-.-.--------- 161,954 ° 165,356 169,094 ¥* 164,995 244 ,795 

Sewden (sales) -.....------------- 3,542 ® 3,855 3,253 e 3,300 e 3,300 

- At - United Kingdom - - --------------- 99 ,868 79,525 84,878 F131,175  e¢4190,000 

rica: 
... Morocco. ..--.------------------ 869. 546 7,000 7,242 3,307 | 

Rhodesia, Southern......---------------+------ 20 343 97 e165 

- South Africa, Republic of-_--------  _ 95,862 111,683. 57,761 . - 66,431 72 ,517 

South-West Africa-_.....-----------------+---- 240 ~—s«i«‘i‘wa80 L----------- = ----+----- 

Tunisia... -.------------------ en nnn nn nnn rn enn nn nner ee 5,500 

Asia: pe | nar . ” 

- China, mainland e_...------------ 220 ,000 220 ,000 220,000  .220,000 _ 240,000 

Japan ---------2--0--0en enna none 16 ,326 _ 17,120 23 ,037 F 21,078 e 22 ,000 . 

orea: 
North ¢___-..-_.-------------+--| 33,000 33,000 « 33,000 - $33,000 © 33,000 

South__.....---------------- t 31,790 36 ,343 43,855 62,167. 43 ,174 

'  Mongolia..--..------------------ - 42,000 41,800 ~® 54,000 e 62,800 | e $3 ,000 

_ Thailand.....--.---------------- 5,241 11,806 32,221 70 ,039 57 ,132 

Turkey_..._.--.----------------- 42 640 | 719 1,436 1,187 

U.SS.R.e §__- e+ -- 230 ,000 265,000 ~~ 300,000 330 ,000 385 ,000 

Oceania:.. Australia..._._.____..-.--.-------------------------- 17 ___--_-___-----.-------- 
OF 

World total ¢_......__._-------- 2,275,000 *2,370,000 *2,350,000 * 2,730,000 3,170 ,000 

a 
a 

eKstimate. P Preliminary. t Revised. . 
1 Fluorspar is also produced in Bulgaria, data not available; estimate included in total. _ a 
2 Compiled mostly from data available July 1966. 
3 Marketable. . oe , Co . 

4Includes fluorspar recovered from old lead and zinc mine dumps. 

5 U.S.8.R. in Europe included with U.S.S.R. in Asia, as the deposits are predominantly in Asiatic U.S.S.R. | 

Table 13.—International fluorspar trade in 1964 | 

. a (Short tons) — 
, 

Producing country — Exports — Principal destination . 

Argentina. ___..------------- 747 All to South America. 

Bulgaria__........_.---..---- 11,081 All to West Europe. 

China, mainland_.__..-.-.... 130,255 Japan 76,112, East Europe 50,596, West Europe 3,547. 

France..._..__...........--. 64,623 West Europe 62,424, East Europe 2,194. 

Germany: . 
EFast........_......--...-. 17,365 East Europe 12,787, West Europe 4,578. 

West.................... 13,604 West Europe 12,683, East Europe 621, United States 300. 

Italy_....__...-----.-------- 51,432. United States 37,976, Japan 5,512, West Europe 3,147. 

Japan._._._.---------------- 42 All to Asia. 

Korea: 
North_____.__.---------- 6,281 All to Japan. 
South....._.____--------- 35,572 All to Asia. 

Mexico...................... 693,011 United States 550,407, Canada 140,717, Asia 573. 

Mongolia___....------------- 73,304 All to East Europe. 
Morocco___-__-_-------------- 9,974 West Europe 9,725, Africa 249. 

South Africa, Republic of...... 56,564 Japan 30,865, West Europe 11,282, United States 6,326, Australia 
2,943, South America 1,194, Africa 764. 

Spain__.___..._.....--------. 151,366 United States 95,654, West Europe 27,873, Japan 27,839. 

Sweden._______-__-_---------- 65 All to West Europe. 
Thailand _._..__...-.------- 42,622 All to Asia. 

United States..__.__.-------- 3,702 Canada 3,574, South America 80, Africa 10. _ 

EI 

1 Incomplete data.



| a FLUORSPAR AND CRYOLITE 423 

India.—The Gujarat Mineral Develop- million pounds of -Freons. It is Japan’s 7 
ment Corp. (GMDC) began building In- second PTFE facility.16 | 

: dia’s first fluorspar beneficiation mill and A Japanese trading company, Kamisho | 
| _ hoped to have it in operation in 1967. Co., concluded a contract with the China 

~ The Geological Survey of India completed National Metals and Minerals Import and | 
| a special program to map and evaluate Export Corporation for an undisclosed ton- . 

_ fluorspar deposits of the Gujarat district nage of metallurgical-grade fluorspar. 
and reported ore reserves totaled 11.6 mil- China has supplied fluorspar to Japan. for 

_ lion tons. Engineers for the GMDC (a _ a number of years, but this is the first time 
State-sponsored company) completed an a private company has been able to con- | 
investigation of a mill site, water and clude a contract. Kamisho Co. specializes 
power supplies, etc. The National Metal- in supplying the Japanese steel industry.17 - 
lurgical Laboratory began. pilot-plant flota- Netherlands.—Du Pont de Nemours : 

' . tion tests on samples of ores in the area.!1 (Nederland) NV announced that it would 
_. A new pilot plant to produce sodium begin production of fluorinated hydrocar- 
fluoride, recovered from the fluorine-con- bons in Europe at its Dordrecht site. 
taining effluent in the wet phosphoric acid- Plants are to be built for the production | 

| making process, was opened at Eloor by of PTFE—fluorocarbon resins and ‘some 
| Fertilizers & Chemicals Travancore Ltd. special types of Freon fluorocarbon prod- . 

The company developed a process by which ucts. Construction, under the supervision | 
_ fluorine is recovered and treated in the of the Du Pont engineering department, 

pilot plant to produce sodium fluoride. was scheduled to start as soon as the nec- - 
. The pilot plant, said to be the first of its essary building permits were granted by the 

_ kind, will soon be developed into a large Netherland authorities. The plants are : 
plant with a capacity of about 15 tons of | due on stream in 1967.18 : 

- sodium fluoride per day.12 | _ Work began on Zinc-Organon CV’s 
By the second quarter of 1966 the In- plant at Budel for the production of fluoro- 

dian company, Mafatlal Fine Spinning and carbons and other fluorine-based chemicals 
Manufacturing Co. Ltd., hopes to have manufactured from fluorspar.19 oo 
a fluorocarbon plant in trial operation. Norway.—Kaiser Chemicals, a division == 
A letter of intent was granted by the In- of Kaiser Aluminum & Chemical Corp., 

7 dian Goverment to the company to build formed a partnership with Norsk Spraeng- 
a plant with a capacity of 1,200 tons per stofindustri, Norwegian producers of ex- 
year of these versatile products.18 plosives, plastics, and sulfuric acid, to con- 

| Italy.—Sarramin-Sarrabus, $.M.p.A.,was Struct and operate an aluminum fluoride © _ 
loaned $400,000 to develop large deposits Plant at Eugene. The plant will have an | 

: of fluorspar near Fluminimaggiore in south- 22nual capacity in excess of 10,000 tons ern Sardinia. The company, part of the and will require an investment of about $2 
Edison group, planned to produce between Mullion. The Norwegian company will - 40,000 and 60,000 tons of fluorspar and have a 60-percent interest and Kaiser a 
barite concentrate annually.14 40-percent interest in the venture. Under 

Montecatini, Soc. Generale per I’Indus- the partnership arrangement, Kaiser Chem- . . . . se qa icals will provide technical assistance and tria Mineraria e Chimica was milling about | 
360 tons of fluorite-base metal ore per day yavorla Mining. V. 18, No. 11, October 1965, 

e - Pp. ° 
and recovering 200 tons per day of fluor- 12 Chemical Trade Journal & Chemical Engi- 

_ spar (95.7 percent CaFz) at its Prestavel neer (London), | Plant to Produce Sodium Fiuo- 
: : ride. ° » No. » Aug. 5, 1965, p. 150. 

mine near Tr ento. Ore was mined by 18 European Chemical News (London). Indian overhandstoping from a steeply dipping Fluorocarbon Plant Gets Go-Ahead. V. 7. No. . . . ° , Apr. 9, 1965, p. 20. VF eedimon®, quartz porphyries and a series igugMetal, Bulletin (London). No. 5041, Oct. 22, 
se nts. , Dp. 27. 

15 ini Japan.—A new fluorochemicals plant >. gy orld Mining. V. 18, No. 3, March 1965, 

oO imi i 16 Chemical & Engineering News. Shinto Rite south pened T Saimin about 80 miles (ions Plant WV de Ne OS Mee SL, lone pie 
Sout west of . a yo. wned equally by iojgMetal Bulletin (London). No. 5037, Oct. 8, 

. 1, du Pont de Nemours & Co., Inc. an 2D. 22. 
° . 18 Chemical Age (London). Du Pont Fluoro- 

Japan's Nitto Chemical gusty. the Pant carbons for Europe. V. 94, No. 2401, July 17, 
as an annual capacity of 2 million pounds 65, p. 81. . 

of polytetrafluorcethylene (PTFE) and 29 9g, sagt#! Bulletin (London). No. 5051, Nov.
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supply alumina trihydrate and fluorspar, lead as byproducts. This new plant’ will 
| and Norsk Spraengstofindustri, merchant supply Laporte Acids Ltd., of Rotherham, 

| sulfuric acid producers, will manage the a large-scale producer of fluorine. com- — ~ 
operation and. supply the acid.2° 7 pounds. Exports will account for more ~ | 

- Spain—S.A. Azamon, a subsidiary of than a quarter of the sales from Glebe.24 — 
Imperial. Chemical Industries Ltd., joined 7 | oo. | 
with Industrial Comas Ing. to manufacture TECHNOLOGY — Se 
chlorofluorohydrocarbons in Spain. A new Few changes in technology were reported _ 
company, ICI-Comas S.A., was formed to regarding the mining and processing phases ts 

| manufacture these chemicals. Industrial of the  fluorspar industry. _ Significant . 
Comas Ing. had been the major producer equipment modifications were limited to | 
in Spain. Production of the chemicals, those changes made to suit individual pro- 
which are to be sold by ICI in worldwide ducer’s desires or needs.. In-an effort to 7 

| markets, was expanded at the existing fac- lower mining costs the trend toward greater = 
tory in Barcelona as'a preliminary to the mechanization of mines continued. : 
construction of a new plant with a capac- Metallurgical processes for beneficiating 
ity of 5,000 tons per year. The chloro- crude fluorspar also remained essentially 
fluorohydrocarbons are used as refrigerants, unchanged. A new patent was issued re- | 
aerosol propellents, and in plastic foams.21 garding the use of tannic acid in a process _ | 

_ South Africa, Republic of.—An expan- for the froth flotation beneficiation of flu- 
| sion program was underway by General orspar ore. As described in this patent, 

Mining & Finance Corp. Ltd. through its the ore is pulped and reconditioned with 
subsidiary Transvaal Mining & Finance at tannic acid-containing quebracho or an- 
the Buffalo fluorspar mine which it ac- other acidulating depressant. The tem- — 
quired in 1963. The company estimated perature is maintained above 70° F, and | 
the fluorspar reserve of the Buffalo mine the treated pulp is conditioned with the | 

| to- be 4.8 million tons. This expansion usual soda ash and oleic acid before being 
project was designed to triple mine output subjected to froth flotation. Use of the 
to 1,800 tons per month and was sched- tannic acid lowers the pulp alkalinity re- 

- uled for completion by October 1965. quired in the subsequent flotation opera- — 
Most of the additional production will be _ tion.?5 ee 
acid grade for export to Japan.22 _ The greatest technological advances af- . : 

Tunisia.—The Hamman Zriba fluorspar fecting the fluorspar industry occurred in 
mine, which has been closed for over 10 the field of fluorine chemistry. Fluorspar 
-years, was reopened. Output is expected serves as a source of fluorine atoms and is 

| to reach 25,000 tons of acid-grade fluor- the starting material for the synthesis. of 
spar and 35,000 tons of barite a year.23 many fluorine chemicals. One such flu- | 

United Kingdom.—Glebe Mines Ltd., a orine chemical adds water, oil, and stain 
member of the Laporte Industries Ltd., resistance to fabrics treated with it. The 
officially opened a new fluorspar processing  fluorine-based finish and permanent press : 
plant at Eyam, Derbyshire, in September. processes have been coapplied by licensed 
Crude fluorspar feed for the mill was ob- mills to synthetic-blend fabrics. 

: tained from the mineral deposits of the Based on their research work, one com- _ 
Southern Pennine orefield in north Derby- § — . 
shire. The deposits consist essentially of pate nomial age (London). puaiser bd ake - 
fissure veins and bedded replacement flats. 2387, Feb. 6, 1965, p. 218. | 
The plant, known as the Cavendish mill, neer (hea : rade Journal and Chemical Engi- 
is probably the largest and most advanced of Chlorofluorohydrocarbons. V. 156, No. 4052, 

fluorspar_ mill a Europe, if not m . the eee Bureau oF’ Mines. Mineral Trade Notes. 
world. The mill flowsheet may be divided _ v. 62, No. 1, Jan. 1966, pp. 12-14. 

into five sections as follows: Crushing, , “ental Bulletin (London). No. 5046, Nov. 
washing, and sizing; dense media section; —’2Mining & Minerals Engineering (London). 
grinding and classification; flotation and The Cavendish Mill. V. 1, No. 15, November 

filtration; and drying and storage. An- Mining Journal (London). New Plant in 
nual capacity is 100,000 tons of fluorspar Derbyshire. V. 265, No. 6787, Sept. 17, 1965, 

concentrate (70,000 tons of acid grade). Pes Thom, C. (assigned to The Dow Chemical 
It can also produce up to 18,000 tons per Vo.) free or dre Froth saotation ot Dee. 
year of barite and 3,900 tons per year of i965.
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pany concluded that fluorine may be close filters; biological and pharmaceutical fil- 
to the ideal propellant additive to boost ters; and nonchaffing liners for cloths and __ 

| payload capability and cost efficiency of orthopedic devices.28 Co , 
existing, fully developed rocket systems. Liquid fluorocarbons are now invading _ | 
The study considered various means of the long-life enamel market. As a result 
uprating the systems. It looked at im- of joint development between producers | 

: portant characteristics of propellants—spe- and users, a number of formulators are 
_ cific impulse, propellant density, compati- offering factory-applied external finishes 

bility, and safety. The report also pointed containing polyvinylidene fluoride. Formu- — 
out that the additive should mix with the ators are predicting 30-year maintenance- 
solvent propellant, should not separate on free life for these finishes. ‘The properties : 
standing, and should pose no special clean- that polyvinylidene fluoride brings to the | 
ing problems. It was concluded that paint industry are broad chemical resist- 

| fluorine as an additive compares favorably ance, high mechanical strength, good abra- 
with other uprating systems in terms of sion resistance, and excellent resistance to | 
costs, schedules, and performance.26 ~ degradation by ultraviolet light. The mar- 

A high-energy, high-density monopropel- ket for long-life coated metal includes in- | 
lant containing liquid fluorocarbons was dustrial plants and warehouses, mobile 
described in a recent patent. It consists homes, hospitals, apartment houses, and 
essentially of from 20 to 40 percent by residential homes. Areas under develop- 
weight of magnesium, aluminum or boron ment include highway signs, railroad cars, 
metal powder, having a particle size range ships, and agricultural and industrial 
from about 1 micron to about 300 microns, | equipment.29 } . 
with the remainder a liquid fluorocar- | Tubes made of PTFE made possible the 

— bon2t | development of heat-exchange equipment 
A new fabricating technique has made that requires little space and is free from 

available new fluorocarbon (PTFE) prod- fouling and corrosion problems. The de- . 
ucts in fibrous, porous forms. Gossamer- veloping company stated that these heat 
like tissue, gauze, multilayer felt, filter exchangers have the capacity of a conven- — 

_ paper, crepe, membranes, mattes, and many tional metal-tube type that is five times | 
different simulated textile configurations as large. Resistance of the fluorocarbon 

can now be produced from this heat- and to chemical attack permits its use with , 
chemical-resistant material.’ Other advan- corrosive liquids and gases.29 a 
tages of fluorocarbons in these many forms Now being offered for sale are single 7 
include low moisture absorption, resistance crystals of optical-quality magnesium flu- - 
to. fungus, excellent dimensional stability, oride for use in polarizing prisms, lenses, | 

long flex life, high wet-strength, and a very and windows. The crystals are said to be 
_ low coefficient of friction. good polarizers especially in the ultraviolet 

This new versatility of available forms, and infrared regions of the spectrum.1 
combined with the outstanding properties “ss Ghemical Week. V. 97, No. 22, Nov. 27, 
of fluorocarbon plastics, are being evaluated 1965, p. 58. 
. . Soe oes . 
in a wide range of applications. Some of (asin rhite, WDD: New and os ronellonts 
these applications include absolute filter Containing Liquid Fluorocarbons. U.S. Pat. 

paper, heart-lung machine membranes, be Materials ‘i Design Engineering. Fluoro- 
nonstick bandages, dielectric and insulat- carbons Available in New Fibrous, Porous Con- 

ing tapes, dry-lubricating packing, and  €2Ghomical ingineeving. Piauit’ Phuocoear- 
rypeeme insulation. en) potenti’ uses bons Invade Long-Life Enamel Market. V. 72, 
include demisting pads for distillation, ex- o. o, Apr. 12, » dD, 110, 
praction and absorption. columns ; ne sur- Makes Strides i Heat Exchangers. V. 43, efon 
ace-area column packing; molded porous , May 31, » Pp. . 
shapes for internal-combustion-engine air 1965, 107, Week. V- 96, No. 21, May 22,
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| : co - - CRYOLITE Lo | co | 

Natural cryolite from Greenland was im- Drug Reporter quoted the following prices 
oO ‘ported into the United States in crude for cryolite in 1965: Cryolite, natural, in- 
_ form and processed by the only importer, dustrial, in bags, carlots, at works, 100 

| | the Pennsalt Chemicals Corp., at its Na- pounds, $13; and in bags, less than carlots, | 
trona, Pa., flotation mill. This was the at works, 100 pounds, $14.25. | | - 
100th anniversary of the importation of = | ; : 

| | cryolite ore from Greenland by Pennsalt FOREIGN TRADE 
Chemicals Corp. Cryolite importation was Exports of synthetic cryolite were not 

_ begun by Pennsalt under a contract nego- separately classified for statistical compila-_ 
tiated in 1865 with the Danish Govern- tions in 1965. The import statistics shown 
ment, owners of the world’s largest cryolite in table 14 do not distinguish between 
deposit. | | -_ natural and synthetic cryolite, but it is be- 

7 | Synthetic. cryolite was produced by lieved that virtually all of the shipments 
Kaiser Aluminum. & Chemical Corp. at from countries other than Greenland were 

_ Chalmette, La., and by Reynolds Metals synthetic cryolite. | , 
Co. at Bauxite, Ark. Cryolite was re- - | oo 

| claimed from scrapped pot linings by Alu- Table 14.—U.S. imports for consumption 
minum Company of America at Point — | _ of cryolite | 
Comfort, Tex.; by Kaiser Aluminum & 7 _s——™ 

| Chemical Corp. at Chalmette, La., and Year and country : Short Value : 
| Spokane, Wash.; and by Reynolds Metals | 7 

_  .Co.-at Listerhill, Ala., Longview, Wash., 1962.___.._.__..-._-.----... 12,472 $933,011 
Corpus Christi, Tex., Troutsdale, Oreg., 1963___---.-.---.-.--------. 26,915 1,807,729 
Massena, N.Y., and Gum Spring, Ark. | 1964: , OO 

| _ Kaiser Aluminum & Chemical Corp. an- North America: Green- oo | 
-nounced plans to increase synthetic cryolite Buses 18,531 | 727,675 
production capacity by 50 percent at its Germany, West----.-. _. 66 21,284 

Chalmette, La., plant. The capacity will = Nethedlands 222277. 77°33 7*°"4' 982 
, be raised from 20,000 to 30,000 short tons © ooo 

| ' per year with the additional tonnage be- 1965: Total..---------.-- 24,264 1,764,951 

coming available during the last half. of North America: Green- | 
| | 1966. Cryolite is the igneous bath material Bute 18,026 798,147 

in which alumina is dissolved through the France. ———--------- 200 34,898 

electrolytic reduction process. = Italy... 2. 5,882 1,0677716 
Spain_..._-.__-.--... © 303. 61 ,600 

PRICES a an 
oo | Total__...__.._.._. 24,011. 2,008 551 

Prices of cryolite remained unchanged SSS 
from previous years. The Oil, Paint and 1 Crude natural eryolite.



| | | By Benjamin Petkof* | SO 

- Gem stone production during 1965 was continued to be the. principal collectors of _ : 
estimated at $2.2 million, an increase of 50 domestic gem material. 

percent over last year. Amateur collectors | | | 

oo DOMESTIC PRODUCTION ~~ | 

Production estimates show that 38 States and gem materials. : 7 
produced gem material during the year. Very well-formed augite crystals were = | 
Oregon, California, Texas, Idaho, Arizona, found on the west rim of the Haleakala | 
Wyoming, and Nevada were the leading Crater, Island of Maui, Hawaii. Most of —_ 
producing States. The estimated value of the crystals were single but contact and 

_ production was 50 percent more than in penetration twins were also found. The 
1964. | largest one found was eleven-sixteenth of 

During the year the excise tax on gem an inch long. Wavellite was identified 
materials was removed. This appeared in the King turquoise mine in the San Luis 7 
likely to promote increased sales of gems Valley, Colo.8 | 

| CONSUMPTION | | | 
Gem diamond consumption reached $307 $22.2 million, an increase of 13 percent | 

| million, an increase of almost 19 percent over that of 1964. 
over that of 1964. Value of imported syn- Apparent consumption (domestic pro- 
thetic and imitation gem stones including duction plus imports minus exports) was 
imitation pearl was $7.1 million, an in- $248 million, an increase of 31 percent . 
crease of 16 percent over that of 1964 and _ over that of 1964. | | 
value of natural and cultured pearls was | 

PRICES 

At midyear, prices for cut and polished, carat $400 to $1,900; and 2 carats $1,250 . 
unmounted gem diamond were 0.25 carat to $5,500. | 

| $75 to $275; 0.50 carat $200 to $725; 1 

| FOREIGN TRADE 

Precious and semiprecious gem stone ex- made up the major portion of total re- 
ports were valued at $47.1 million, com- exports. 
pared with $46.8 million in 1964. Dia- -India provided 73 percent of the emer- 
mond, both rough and uncut, accounted ald (cut but unset) imported during the 

for the bulk of the exports. 1 Commodity specialist, Division of Minerals. 
os 2 Pemberton, Earl H. Augite Crystals at 

Reexports of 6 08 wil of gem stone Haleakala Crater, Hawaii, Gems and Minerals, 
were valued at $60.5 million, compared o. 331, Apri > p, 42, . . 
with $64.3 million in 1964. Diamond Kine kine, roe, Nove Mat 1S65 eee. 

427



428 | | MINERALS YEARBOOK, 1965 a 

Table 1.—U.S. imports for consumption of precious and semiprecious stones, 
exclusive of industrial diamond | 

| . -:1964 1965 

Stones . Q Val Quant Val 
uantity alue antity ralue . 

(thousands) (thousands) 

Diamond: | | . | 
Rough or uncut, suitable for cutting into gem stones, —__. 7 

duty-free___.._-_.-.__....-..-..---...--carats.. 1,547,955 $149,729 1,900,936 $175 ,457 
Cut but unset, suitable for jewelry, dutiable__.do_.___ 1,096,795 108,805 1,258,745 . 131 ,828 

Emerald: Cut but not set, dutiable..._.........do_._.. | 180,069 3,218 189 ,828 5 ,397 
' Pearls and parts, not strung or set, dutiable: 

Natural.___.---. 2. eee NA 474 NA. §92 
_ Cultured or cultivated..._..._......-...-----.---- NA 19 ,204 NA 21 ,674 

Other precious and semiprecious stones: 
Rough or uncut, duty-free____...._.____-_.----._--- - NA 2,514 NA 2,728 
Cut but not set, dutiable..__...___-__.-___-_._____- NA t7,441 NA 8,901 

. Imitation, except opaque, dutiable: oe - 
Cut or faceted: : 

Synthetic__-..........._.......-number._ 1,218,326 623 2,526,418 1 ,007 
. Other__ ee NA 5 ,825 NA 5 ,429 

Imitation, opaque, including imitation pearls, dutiable_ NA 337 NA | 415 
. Marcasites: Real and imitation, dutiable._...._._-- NA FQ NA. 3 

a Total. _.--.-..-.-..-.-------------------- NA +? 298,172 NA 353,431 

. * Revised. NA Not available. — | | . . 

year. The remainder was supplied by 25 of the total value of almost $4.8 million. 
_ other countries. Indian emerald imports Japan supplied 97 percent of the cul- 

had an average value of $16.20 per carat. tured-pearl imports by value but only 8 | 
Ruby and sapphire (cut but unset) were percent of the natural pearl imports. In- 

imported from 20 countries, with India dia supplied 66 percent by value of the — 
7 and Thailand supplying over 50 percent natural pearl imports. :
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Table 2.—U.S. imports for consumption of diamond (exclusive of industrial diamond), 
| by countries | 

: 1964 1965 | 

oo Rough or uncut Cut but unset Rough or uncut. Cut but unset 
Country 

Value Value Value Value. 
a Carats (thou- Carats (thou- Carats (thou- Carats (thou- 

sands) sands) -  gands) . sands) . 

Argentina_.__.---.-----. ..--------------------------------- +--+ +--+ = == 15 $18 
Australia_.....-.-..----- 24 $10_..___-_----------------- +--+ +--+ ee 
Austria__...-----------. 0 ---------------- 584 $35_.......---------- (255 40 
Barbados__.....--.-.-..- ---------------- 81 11 925  $14......-.......--.-- . 
Belgium-Luxembourg. -..- 77,728 9,264 583,207 60,155 74,979 7,597 679,614 73,923 
Brazil____...------------ 1 ,3829 196 5 3 4,185 293 1,014 +97 
British Guiana_-_--..._.-- 10,156 383 _......----------- 19 ,295 742 40 5 
Canada_-_.-------------- -7,753 1,200 227 28 7,139 1,138 349 44 
Central African Republic-- 102,919 5,451.....------------- 144,209 8,365__-_...--.-------- 
Ceylon..-.-------------- -------------------------- 20 - --- e eennee-- ee- 177 20 
Congo (Léopoldville) _..._- 236 71_.-.-------------- 928 63_..------------..-- 
Denmark _..._-_.-._..--. 9 -.-------.-------.---------- ee -e - + ee 2 (4 
France..__.------------- 6 ,066 435 15,781 1,678 1,642 70 15,675 1,665 
Germany, West__-....... ---------------- 18,040 1,885_...-.--__-.------ 18,507 1,370 
Ghana___.---------.---- 858 | §8...--.------------ | 2 ,883 146 183 16 
Guinea..___------------- 2,774 418_.__..---...------ 2,065 $205._.-.----.-.------ 
Hong Kong.-....-------. ---------------- 329 41 15 3 4 1 
India____...-.-.-------.  ---------+-------- 535 ll1___.- ee 2,469 342 
Tran. ._..-..-----------.  ---------------- + ee ee ne ee eee 23 55 
Treland_....--.-----.---- - 3,616 464_...-.....--.----- 4,114 71 47 3 
‘Israel_..---------------- 49,011 3,800 426,052 36,800 56,681 3,310 472,602 42,134 
Italy_.-.-..---------.----  ---------------- 84 17___-_------------- 13 9 
Ivory Coast....--.-.---. -------+-------------- ++ -- +e 188 29___.---.---------- . 

. Jamaica.......--..-..--- 18 §_. ee eee eee eee 178 13 
Japan_.__..------------- ---------------- 1,541 95 46 8 1,276 142 
Korea, South._...--.---.  ---------------- 61 3_.-_----------------------- 2 -------e 
Lebanon._______-------. ------------------------------ 22 eo ee eee ee 28  — § 
Liberia_._.....---------- 8 ,417 806_...._...--..-----. - 6,598 674_...---------1---- 
Malaysia__._______------ ----2------e eee eee nee 67 4______-- oon 
Malta and Gozo__...--.-. ---------------- 205 16_._.__-.-.-----.-------------------- 
Netherlands. ____..------ 39,265 4,179 14,358 1,896 33,524 4,094 20,772 2,835 . 

_’ Netherlands Antilles_..... ---------------- 22 18_._--------------- (UT 4 
New Guinea_____...----. ---------------------------------- 349 38___...------------ 
New Zealand_.___.-----.  -.----------+--- 74 7_.-------------------------- +--+ 
Nigeria__..._-----.------  -----------+~---------------------- |. 961 108__....------------ 

Panama____.__._----_--. ---- + ene ee en en ee en en ene eee. 2 1 
Peru_._.._._-----------.) ---- 2 ee eee ee ee en en ee ene eee 55 — 6 
Poland._.__._----------. 9 --------------------- an enn en ee en eee eee ee 158 11 
Portugal___...------.-..  ---------------- 33 4. ..-.------ ee eee 
Senegal. ___....----..---- 128 17_._____ ee ee ee ee ee eee 
Sierra Leone__...__.----- 72,153 2,867......----.------- 44,161 2,818_.._-._.-..-..-.--.- 

South Africa, Republic of-. 138,015 12,162 23,721 4,918 158,539 15,330 27,223 6,166 

Switzerland.._._.....---- 33,748 2,192 783 364 104,044 9,879 1,142 633 
Trinidad and Tobago_._..._ ---------------- 95 13__-- ~~ ee eee 
U.S.S.R._. 2 eee e+ - +--+ + ---- 5,590 503_..-..-.-.-------- 11,289 1,410 

United Kingdom___....-. 894,260 100,928 5,387 754 1,141,833 113,481 5 ,626 857 

Venezuela. ____..-------- 78,486 2,960_......-_--------- 54,448 1,950__......--.------- 

Western Africa, n.e.c.?_ . -- 20,995 1,868_..--.------------ 34,973 4,903__.-_.__.-.------- 

Western Portuguese , 
Africa, n.e.c.?_____..--.------------------------------------ © 2,145 124___.-. 1+ ---- 

Total..._.....----- 1,547,955 149,729 1,096,795 108,805 1,900,936 175,457 1,258,745 131,828 
ce 

1 Less than 14 unit. , 

2 Not elsewhere classified. . 

WORLD REVIEW 

Angola.—The Angolan Diamond Com- prospecting teams to mark and map claims 
pany produced diamond in excess of 1 for exploitation when its present contract 
million carats during the year. During terminates in 1971. 
1964 the company produced almost 1.15 Basutoland.—_Two large diamonds, 
million carats. Rubble processed in 1964 weighing 103 and 527 carats were found 
yielded 0.37 carat per cubic meter. The at the Letseng-la-Terae native diamond 
company intends to contract for additional diggings in northeast Basutoland. They
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: Table 3.—World production. of diamond, by countries | | . 
: | | (Thousand carats) - a 

7 a —_ 1964 | 1965 
Country . — ee 

| | oO Gem Industrial Gem Industrial 

Africa: | | | 
Angola_....--...-.-...-----_-- ~~~ eee 804 345 878 . 297 
Central African Republiec_:_.-_-.-_-2._-_-_2 ee 221 221 268 268 © 
Congo (Brazzaville) }2e_- 00 eee. 316 4,949 318 4,982 
Congo (Léopoldville)_............ 22-22 ee 295 14 ,457 14 12,490 — 
Ghana______------.----- 2 eee 267 2 ,402 225 2,023 
Guinea }____-_22 22-2 FQ) r51 0s QT e51 
Ivory Coast._-.---------.--.--------- eee 120 .- 80 116 77 

_ Libéria }__ 2 eee eee 298 272 277 263 
Sierra Leone_--.._..-------.---------------.--------.  *585 =  * 878 © 658 e 804 
Republic of South Africa: oo 

Pipe mines: - 
Premier_........-.:.--.--------------------- 556 1,668 | e 654 e 1,963 

_ De Beers group $________...-.--..----_--___-- 928 759 e1,119 | e 916 
Others___...___-..----------eeeeeeeeeee 18 Al e 18 © 42 

Alluvial. _.---.2-.---- 22 eee 288 192 e188 e 126 
South-West Africa__........._----- eee ee_--_-_ =: 1,387 154 1,432 158 

. | Tanzania.___..- 22 ee ee eee * 338 326 e414 e 414 

Total Africa. ___.-.....--.2----- 222 eee eee -. |) =6' 6,442 = 26,795 6,600 24 ,854 
Other countries: . 

Brazil ¢_...----...--.--- 2 eee eee 175 175 175 - 175 
British Guiana.._._-...-.-22 2222 eee ee 60 49 45 68 
India... eee 2 1 4— 1 
U.S.S.R. eo eee 240 2,760 300 3,200 
Venezuela__.._.-.----------------------- +e eee 58 . 68 46 . . 46 

| World total 4... _---.----------22------------------ 76,977 29,888 7,170 28,348 

| __e Estimated. r Revised. | a 
7 1 Exports. Oo 

_ 2 Probable origin, Republic of the Congo. 
3 Includes some alluvial from De Beers Properties. . . - 

. * Does not include minor world production.. 

were found by native Africans, using hand of lapis lazuli during 1964. The company 
methods. =. has arranged to sell about 22,000 pounds 
Bechuanaland.— Kimberlite Searches of material to a New York importing firm. 

Ltd., a De Beers Consolidated Mines Ltd. Deliveries are expected to extend into 
| subsidiary has found indications of dia- 1966. About 12,000 pounds of lapis lazuli, 

| mond in northern Bamangwato Tribal Ter- valued at $15,492, was exported to West 
ritory, west of Francestown.5 Germany, Hong Kong, Italy, and the Unit- 

| Belgium.—About 4.93 million carats of | ed States.7 | 
rough cuttable diamond was imported dur- Dahomey.—The Government issued the 
ing 1964, an increase of about 11 percent first license for diamond pospecting to De 
over 1963 imports. Polished diamond im- Beers Consolidated Mines Ltd., London. 
ports reached 304,000 carats, an increase Plans include prospecting in the Dassa- 
of 2 percent over 1963 imports. During Zoumé foothills and the area to the north.8 
the first 9 month of 1965 about 3.72 mil- Indonesia.—A Netherland firm will as- 
lion carats of cuttable and 241,000 carats sist the Indonesian Government in develop- 
of polished diamond had been imported. ing the Kalimantan diamond fields. Re- 

Exports of cuttable and polished dia- ports indicated that these deposits contain 
mond reached 1.02 million and 1.33 mil- primarily gem quality diamond? 

| lion carats, respectively, in 1964. During =——~-——— 
4 Bureau of Mines. Mineral Trade Notes. V. the first 9 months of 1 965, 762,000 carats 62, No. 1. January 1966, oo. 89 

of cuttable and 1.04 million carats of pol- 5 Mining Journal (London). V. 264, No. 6763, 
; Apr. 2, 1965, p. 251. 

ished diamond were exported The major ‘ Bureau of Mines. Mineral Trade Notes. V. portion of polished diamond went to the 62, No. 3, March 1966, pp. 8-9. 
ni 1 Kingdom * Bureau of Mines. Mineral Trade Notes. V. H tec tates, the United ed om, and 61, No 4. Octebee 196 a 

‘Cu ong. 4 C 6. Bureau of Mines. Mineral Trade Notes. V. 
ile—The only producer, Compaiia , No. 2, February 1966, p. 9. 

Mi Cc & only d ob 3 6 400 P d ® Bureau of Mines. Mineral Trade Notes. V. 
inera Caren, mined about 96, pounds 61, No. 3, September 1965, p. 24.
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Israel—Imports of raw diamond mate-. mond Mines of South-West Africa Ltd. 
rial reached about $96.7 million in 1965. (CDM), that a 29-percent interest in the 
Exports of polished diamond were valued Marine Diamond Corp. Ltd. (MDC), had 
at $131.76 million.1° been acquired. MDC recovered diamond | 

| Sierra Leone.—The Parliament approved from shallow water concessions of the 

the agreement between the Sierra Leone South-West African coast. In addition, 
Government and the New York firm of CDM transferred its coastal strip conces- : | 
Leon Tempelsman & Son to establish a Sion between high and low water mark to | 
diamond cutting and polishing industry. MDC." , . 
The firm will have a 10-year monopoly of In October, Orama Holding Ltd. was 
diamond cutting and polishing in the coun- formed by CDM and other MDC stock- 
try. Complete details of this agreement holders. Ownership of 58 per cent of 
have been published.14 Oo op s stock gave Orama controlling in- — | 

: oe . og. . erest. | . , 
South Africa, Republic of.—Late in The exploration vessel “Rockeater” was 

1964, the Commissioner of Patents award- purchased by De Beers to continue evalua- 
ed four patents to the General Electric Co. tion of offshore mineral concessions. This 
relating to the manufacture of synthetic jesse] was previously used to evaluate MDC . 
diamond. The Transvaal and Orange Free offshore concessions for De Beers. - 
State Chamber of Mines has requested per- = During 1964, MDC recovered 286,651 
mission to appeal the patent award.‘ = carats of diamond. During 1965 pro- 
South-West Africa—In May 1965, De duction of almost 219,000 carats of dia- 

Beers Consolidated Mines Ltd. announced mond was lower because of bad weather | 
. through its subsidiary, Consolidated Dia- and accidents.14 eT , 

_ a TECHNOLOGY | | 
A method was developed to grow single The data were reported as the constants 

| alumina crystals by vapor-deposition. For of an empirical equation.17 
constant gas compositions and flow rates, © Methods were developed to produce 
the growth rate varied directly with tem- gem-quality synthetic emerald. Material 
perature. Crystal growth rate varied up was grown by hydrothermal techniques in 

. to 90 milligram per square centimeter per a high-pressure bomb on seed plates cut | 
hour. Analysis showed impurities to be parallel to a pyramid face. The techniques 
less than 30 parts per million. Substrate used were similar to those used for quartz 
temperature, total pressure, and reactant crystal synthesis.18 Gem material was 
gas partial pressures controlled crystal crystallized in 2 minutes from beryl powder 
structure.15 | at pressures in excess of 10,000 atmos- 

A new theory has been published about pheres. Color was controlled by the quan- 

_ the origin of the diamonds found in the 10 Mining Journal (London). V. 266, No. 6805, 
glacial drift in Ohio, Indiana, Michigan, Jan. 21, 1966, p. 51. ; 

and Wisconsin. The theory proposes that 11 Bureau of Mines. Mineral Trade Notes. V. 

the diamonds had been carried south from °1,,No. 1, July 1965, p. 18. . . . Bureau of Mines. Mineral Trade Notes. V. an ancient meteorite crater located in an 61, No. 6, December 1965, p. 12. 
area in southeastern Hudson Bay. When 18 Bureau of Mines. Mineral Trade Notes. V. 

the meteorite impacted, the deep mantle  °;, Povceu of Mines, Morel Trude Notes. V. 
rock breccia, containing diamonds, was _ 62, No. 2, February 1966, pp. 9-12. 
brought to the surface in a central uplift 6 Schaffer, Philip S. Vapor-Phase Growth of 

as found in lunar craters. After the crater soene Alumina SO ote nee aks, J. Am. Ceram. 
formed, it was filled with sediments which 16 ‘Schwarez,, H, P. The Origin of | Diamonds 
lithified. It is conjecture at these rocks in Drift of the North Central Uni tates— 
slid by gravity from the crater center as Toop cal Notes. J. of Geol., v. 78, No. 4, July 
it was uplifted, r eexposing the diamond- 17 Weir, C. E. Compressibility of Eleven In- 

bearing rocks. (Phys. and Grem.), No. i, January-February 
Volume compression measurements were _ 1965, pp. 29-31. 

made on sapphire, rutile, and spinel to a, \Pough, Frederik H._ The New Linde, Sym 
maximum pressure of 10,000 atmospheres. 135, No. 12, August 1965, pp. 126-142. |
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tity of metallic oxides in the beryl powder.19 _ A device has been designed to finish and 

| Ruby crystals have been grown experi- to polish semiprecious gem stones quickly 
| mentally from solution in molten lead by applying a high-frequency vibration to 

fluoride. The solvent was chosen from a_ a plastic-lined container, mixing and tum- - 
roup having preferred properties. Crys- bling the charge of gem stone and abrasive | group gp P ge of gen 

tals were grown under three sets of experi- | completely.?? | 
mental conditions in a sealed platinum A method to synthesize diamond par- | 

| crucible that was in a high-temperature ticles by using an electric discharge across 
furnace. The results of the experiments a spark gap has been developed. One or 

-_-were discussed.29 a : both of the electrodes contain elemental 
Structure was determined by studying carbon and are immersed in a dielectric 

| etch patterns on polished diamond surfaces. liquid. Repeated discharges provide an 
- - The surfaces were etched at an elevated elevated pressure and temperature that con- | 

temperature with potassium nitrate. Sev- verts particles of carbon to diamond.?8 . 
7 eral etch patterns were obtained. Rectilin- An apparatus has been built to inspect a 

° ear structures corresponded to a layered mounted or unmounted gem stone. A 
| growth. Curved lines indicated growth magnified image is projected which makes 

: interference. Additional conclusion con- any flaw easily visible29 = 
- cerning growth were derived based on ob- A method was developed to join two 

served patterns.71 7 | .  hprilliant-cut natural diamonds to form a 
Pp . : . e : e , 

Various microstructure patterns have large composite doublet stone in a mar- 

. been observed concurrently on the surfaces quise form.3° . | 
‘of diamonds obtained from the P anna 19 Hickman, Bill. Synthetic Emerald Process 

: mines in India. Observations indicate May Aid Laser, Maser, R&D, Electronic News, 
, . . v. 10, No. » Apr. 12, 1 » p. 44, - 

that these diamonds may have been sub 20 White, E. A. D., and J. W. Brightwell. The . 
jected to solution in nature. os Growth of Ruby Crystals From Solution in 

, . hod t ak irdl Molten Lead Fluoride. | (Paper pres. at the 
A more efficient method to make girdles Symp. on Inorganic Single Crystals in London, 

on precious and semiprecious gem stones Ree og Beat 19) 6b oe and ind. (London), — 
| _ has been described. Two rough stones are 21 Seal, Michael. Structur ein Diamon ds_as 

arranged to work the edges of each other’s Revealed by Etching. Am. Mineralog., v. 50, | 
. : ia . , e ° ’ a ’ « 

table while their axes of rotation are at N& 4,2nd No 2 January ebruary 1965, pp 
1 les. ile working against each 22 Patel, A. R., and M. K. Agarwal. Micro- 

right angies d wn © fos si both structures on Panna Diamond Surfaces. Am. 
other, round gir rr oa ormed on bot Mineralog.; v. 50, No. 1, and No. 2, January-— 
tones simultaneously. a February 1965, pp. 124-131. CO s sl ult y : *3 Roos, S. (assigned to Nederlandse Organis- | 

A method was reported to convert a used atie voor Toegepast-Natuurwetenschappelijk on 
: ts : . derzoek ten behoewe van Nijerhei andel en 

garbage disposal unit in an efficient lap Verkeer, The Hague, Netherlands). Method for 
ping and grinding unit.?4. | Making Girdles. U.S. Pat. 3,202,147, Aug. 24, 

. . 1965. 
- Waste has been reduced in cutting caba- “2 Redmond, Gordon. At Your Disposal. Gems 

chons from semiprecious material. A slab and Minerals, September 1965, pp. 1678. US 

of material is faced with gem-detining Pat. 8,211,141, Get, 12, 1965, , in M 
. Ww with rinkman, J. A., C. J. Meecham, and H. M. 

patches These patches are sawed 0 d Dieckamp (assigned to North American Aviation, 
straight line cuts. The edges are roune Inc.). U.S. Pat, 3,175,885, Mar. 30, 1965. 

. The patch is remove 27 Smith, E. E. Apparatus for Agitating an 
off to the patch : P } d.25 ? Polishing Materials. U.S. Pat. 3,197,922, Aug. 
and the cabachon is completed. 3, 1965. hi Method of Synth : 

Inoue, Kiyoshi. ethod of Synthesizing Dia- 
A method . was developed to produce mond Particles by Utilizing Electric Discharge. 

large synthetic diamond crystals from a US. Pat. 8,207,582, Sept. 21, 1965. a 
; Robinson, D. A., L. - Robinson, an . 

diamond seed. Th e method can be used Dods. Apparatus for Viewing Gems and Similar 
to grow diamond in a batch or a continu- Objects. U.S. Pat. | 8,225,647, 3 2 1965. 

| . Australian Pat. 249,602, Feb. 13, . 
ous process at comparatively low tempera 30 Sirakian, C., and Fils. British Pat. 1,005,- 
ture and pressure.76 060, Sept. 22, 1965.



| | By J. Patrick Ryan ? | | | 

_ The inauguration of the Carlin mine and industries again increased reaching 
and a rise in gold production to the high- an alltime record, more than three times | 
est level since 1960 were salient features domestic mine production. So 

of the domestic gold-mining industry in A sharp rise in the outflow of gold re- 
1965. The production gain was the second dyced the US. gold stock to $13,806 mil- 
Wed a increase in goin fo the lion at yearend, the lowest level since 1938. 

orid gold production increased for the The estimated free world official gold re- | 
ate consecutive year, again establishing — serve was about $43,310 million at yearend, | 
an alltime record. — . | a gain of $250 million for the year. | 

The gain in U.S. gold production came Levislatio d Gove t Pr 
_ chiefly from new production at the Carlin T gisiation ae bill to aid t denestic. | 

gold mine in Nevada and from increased col dmi groups 4 lls to aid the. domestic = 
output of gold-bearing copper ore at the teh vent of _industry through ine. stab: 
Utah Copper mine in Utah which more ‘38 Tent of premium trod or din 1  B9th 7 
than offset production losses in most other Ca eee were intro Th ‘i: the 89th 
gold-producing States. As in several ‘ Cledes 72 Rn. Geo rR 79 9 WR AeSt. 
preceding years, the gain in world output HR. 5979. “ad S. 1377 whi na Me D008 
of gold was attributed almost entirely: to i wwe i R 075 6 . qs "2195 were duced 
increased production from South African ‘4° the oth C and 8. = h' Bae uce 
gold mines which contributed 64 percent 1 the 88th ‘t enfa on ble 1¢ ee. e 

_ of the estimated world gold production. agencies issued’ untavorable reports. Es- — 
Consumption of gold in domestic arts 1 Commodity specialist, Division of Minerals. 

| Table 1.—Salient gold statistics _ | 
an SO 4s5e-6o 1961 19621968 1964-1965 

average . 

United States: | mo . | 

ae ein. randy ee hE el HS woh KSS eciMSh eh HH ol iu@. et ek ousan -- ’ ’ , ? , 9 

Ore (dry and siliceous) produced: . . 
Gold ore__... thousand short tons- - 2,316 2,060 2,159 2,459 2,631 3,113 

ver Or€. 2... GOL. 

Percentage derived from: 
Dry and siliceous ores_...........-. 46. 48 47 51 54 54 . 

Bigeetoe UR acers....-.-....----- 2 ee eee ne , 

Refinery production . 
, thousand troy ounces.- - 1,748 1,567 1,556 1,469 1,469 1,675 

Hepa pagan So PRO PLR RD ERR 0g mports: general !_._........... do... ’ ’ ’ ’ ’ , 
Stocks Dec. 31: Monetary iF millions. - $20,540 $16,947 $16,057 $15,596 $15,471 $13,806 

onsumption in industry and the arts 
P thousand troy ounces. - 2,041 2,775 3,576 2,920 4,801 5,276 

Price: Average per troy ounce *______-.. $35.00 $35.00 $385.00 $35.00 $35.00 $35.00 
World: Production... thousand troy ounces.. 39,860 39,650 42,300 44,250 46,100 47,700 

Official reserves 4_________millions_-. $39,446 $41,140 $41,470 $42,310 $43,060 $43,300 

1 Excludes coinage. 
2 Includes gold in Exchange Stabilization Fund. 
$ Price under authority of Gold Reserve Act of Jan. 31, 1934. 
‘ Held by free world central banks and governments. 
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sentially, these bills would direct the Secre- fined “customary” use of gold to prohibit 
tary of the Interior to compensate eligible the plating of any coins, the manufacture 

- gold producers for the difference between of gold medals except special award med- 
production costs in the fourth quarter of als, and the acquisition, holding, transpor- 
1939 and costs in the fourth quarter of tation, importation, or exportation of gold- 

| 1963. plated coins or medals, except special 
The second group of proposed bills awards. A supplementary amendment per- 

which includes S. 2562, H.R. 10924, H.R. mitted trading in gold bars having recog- 
CO 10925, H.R. 11667, and H.R. 11081 would nized numismatic value. , 

provide financial assistance to eligible gold The Legal and Monetary Affairs Sub- 
producers at an annual rate of 5 to 6 per- committee of the Committee on Govern- 
cent per year of the value of gold produced ment Operations, House of Representatives, 

| with provision for annual increases tied to surveyed the gold situation and published __ 
| the Consumer Price Index. .. = a report thereon in July. Data relating 

, _A bill (H.R. 6542) was introduced to to the Nation’s gold stock, price, and pro- 
establish a gold procurement and sales posed plans for monetary reform were re- © 

- agency in the Department of the Interior viewed, but no specific recommendations 
which would buy gold from domestic pro- were made. . | 
ducers and sell it for nonmonetary use at | With reference to the dollar-gold rela- 

7 a price determined by the Secretary of the tionship, President Johnson stated in his 
| | Interior but not to exceed $105 per ounce. . Economic Report to the Congress in Janu- 

| This bill was referred to the Committee ary 1965: | | , 
on Interior and Insular Affairs. Another .. Lhe stability of the American dol- 
bill (H.R. 6504) to permit free marketing - lar is central not only to progress at | 

a | of gold and pay a subsidy of $35 per fine home but to all our objectives abroad. 
7 ounce for all domestically mined gold There can be no question of our ca-- | 

a was introduced and referred to the Com- pacity. and determination to maintain 
mittee on Banking and Currency. A reso- the gold value of the dollar at $35 
lution (S. Res. 83) introduced and re- . an ounce. The full resources. of this 

| _ ferred to the Committee on Interior and _Nation are pledged to that end... . 
Insular Affairs would establish a Senate '.. . Clearly, we should place beyond 
Committee to study the gold-mining situa- = any doubt our ability to use our gold 
tion and recommend appropriate legisla- to make good our pledge to maintain 
tion the gold value of the dollar at $35 an 

_ A bill (H.R. 3818) to eliminate the re- ounce with every resource at our com- 
quirement that Federal Reserve banks -§ and. I am requesting the Congress, 
maintain reserves of gold against deposit _—s therefore, to eliminate the require- 
liabilities became Public Law 89-3. An-— ment that the Federal Reserve banks | 

- other bill (S. 2596), to increase the per- maintain a gold certificate reserve 
centage depletion allowance for gold and against their deposit liabilities. | 
silver from 15 to 23 percent with an Four contracts aggregating $246,890 
increase in net income limitations from were executed during the year for gold ex- — 
50 to 75 percent, was introduced and re- ploration under the Government program 
ferred to the Committee on Finance. of financial assistance, administered by the 

The Treasury Department amended part Office of Minerals Exploration, U.S. Geo- 
54 of the Gold Regulations by placing logical Survey. The Government share 
additional restrictions on the use of gold of the exploration cost was 50 percent or 
in the arts and industry and redefining $123,445. The following exploration proj- 
certain illegal uses. Paragraph 14 rede- ects were active or in force in 1965: 

Operator Location Total cost 

American Mining Co ___---------_---.. Granite County, Mont___-._. $61,880 
High Sierra Mining Co___--_---_-_-_-___ Sierra County, Calif._._..____- 25,390 
Homestead Gold Exploration Corp______ Plumas County, Calif.___.__ 26,400 
L-D Mines__-------_------.--.-_-_-_--. Chelan County, Wash___-__._ 133,260 
Ivers Mining Co., Inc_________________ Esmeralda County, Nev_-_._.._. 46,773 
Austin H. Merrill____--_--_-_-_-___-_-_-_-__ Shasta County, Calif._._._____ 41,860 
Pyramid Mines, Inc______-__-_-_--_-__-__-_-_ Mariposa County, Calif.._..°¢° 42,200 

yo ‘ 1 P,
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Operator | = | Location ~ | Total cost 

Mugwump Mining Co___-_______---__. Sierra County, Calif_____ttr $70,440 
W. S. Moore Co__--_-____---_-_-----— Rio Grande County, Colo___- 81,680 
Ruby Silver Mines, Inc_.__._________---. Jefferson County, Mont__._-. 132,800 
Original Sixteen to One Mine, Inc__---~ Sierra County, aT tego 
Clyde D. Painter_________________---- Idaho County, Idaho___--~- ; 7 
Vitro Minerals Corp_____-__-____------- Fergus County, Mont_._---. | 93,740 
Keystone Mines, Inc_______.____..---_ Fairbanks Dist., Alaska_____.. 79,900 — | 
Dickey Exploration Co_________.___--- Sierra County, Calif_______- 50,320 | 
Best Mines, Inc____-____---_-_--_-_----— ~---do -~---------_-__---- 80,090 
Frank O. Richardson__________._-_----_ San Juan County, Colo_-___-__ 57,300 

| Total_._-___-_-- 1,109,123 

| - DOMESTIC PRODUCTION | | | 

A 17-percent gain in U.S. gold produc- attributed principally to commencement of 
tion resulted chiefly from sharp increases productive operations by Carlin Gold Min- 
in gold output in Utah and Nevada. These ing Co., a subsidiary of Newmont Mining 
gains, combined with small increases in Corp at “ new woe mine, . th : 
South Dakota and New Mexico, more uring 9 months of operation at the 

| than offset production losses in other gold- Carlin mine, 128,500 ounces of gold was | a 
producing States. Notwithstanding the produced from 497,000 tons of ore. Aver- 
overall gain in domestic gold output, in- age grade of ore milled was 0.28 ounce of | 

_ creasing production costs in relation to the gold per ton.$ The estimated ore reserve 
fixed price of gold continued to have an was -11 million tons averaging 0.32 ounce 
unfavorable effect on goli-muning opera- per ton. ane presently Proven sonia ore 
tions. e rise in labor and supply costs — body is about 7, ‘eet long, dips abou 
was offset to some extent by improved 35 degrees and varies in thickness from | operating techniques and by reaning ee 25 to 150 feet. ae Over urden stripping 
er grade ore, but depletion of minable ratio was about 3:1. Che Carlin mine, 
reserves forced some mines to close. | when Operating at capacity, will rank sec- 

* 8 ond to Hiomestake in gold output. 

a ihe nee estake waaay ve. gold om The Montana output of gold, mostly a 

duced at its Lead, S. Dak., operations, but byproduct of base- metal operations, dropp ed 
a decline in profits from gold mining. “2 aaron qranils Significant inéreases mn | 
Value of recovered bullion increased $400,- ra d outour in Alaska continued to de- | 

seehee $22. anon Ore mee dropped cline, and in 1965 it was down more than slightly to 2.03 million tons but average © > 3 

recovered grade wat Up alighly to $1088 | Parent othe lowest Jove sce 1804 per ton. Metallurgical recovery was 95.7 Alaska Gold Dredging Corp. at Nyac shut 

percent compared with 96.24 percent d down. United States Smelting Refining 

ounces ($11 01) of gold per ton, com erated dredges at Hogatza and at Chicken 
pared with 16.8 million tons of the same Creek. During part of 1964, the company grade at the end of 1964. Nearly 1,900 also operated a dredge at Fairbanks. 

persons were employed at the mine.2 Approximately 3 »900 persons were em- 
. , ployed in the gold-mining industry. 

The 48-percent gain in Utah’s gold South Dakota and Utah furnished 62 
production was largely due to a sharp rise percent of the total domestic gold produc- 
in output and increased yield per ton of tion, Including Nevada, the three States 

pee rates of Ken necott ‘Gopper Gov contributed more than three-fourths of the 

Production at that mine was below normal pi Homestake Mining Co. 88th Annual Report. 

in 1964 because of a 2-month shutdown Newmont” Mining Corp. Annual Report. 
due to a labor strike. An increase of more 1965, De States Smelting. Refini ad Mini 
than 150 percent in Nevada’s output was co. Annual Report. 1966, p 120 ee ning
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total output. The Homestake mine, the Table 2.—Mine production of recoverable 
| Nation’s leading gold producer, accounted gold in the United States, by months 

for 37 percent of the total. 7 (Troy ounces) | 
| The 25 leading U.S. gold producers con-_ §—§ ————--7-Y SST 

- tributing 97 percent of the total domestic Month 1964 1965 
output included 7 lode mines, 3 placer © 1—-OOOOOOOOOOOOOOOOO 

. 1 1 ._ . January_._..------------ 116,385 117,970 
munes, . 10 copper Mines, 2 copper lead February_._..----------- 116,097 115,827 

-. gine mines and 3 lead-zinc mines. March.____._-_---------- | 121,328 130,564 - 
a April. .._....------------ 121,050 140,212 

mo - May....---------------- 133.,831 135,095 | 
. , June__._.__._---.------- 134,680 | 141,061 

July_...--.-.------------ 100,178 148,121 
August_.....------------- 107 ,921 151,626 

- September. .-_----------- 118,914 162,102 
October__....--.-------- 140 , 709 155 , 553 

: - November----.---------- 123 , 294 152,604 
December_._.-_.-.-.-.--- 121,921 154,455 

Oc | | | Total_...--.-.----- 1,456,308 1,705,190 

o . — 

° 
= : . 

| - . | | 

= \ . @Total production — | 

| e \ . | | 

oO | | 

© \ . 

| \\ | oN Precious metal ore : | 

4\ 4 *\_Base metal ore 
\ (sg ee 

ee Sf | Placer ~~ ~~, 

0 , 
1940 1I945 i950 i955 1960 i965. 

Figure 1.—Gold production in the United States. 
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Table 3.—Twenty-five leading gold-producing mines in the United States in 1965 in order of output 
EEE . 

Rank Mine State County Operator Oe Source of gold 

1 Homestake__-.-.-...-....-. South Dakota___..._.... Lawrence_..-._..__.... Homestake Mining Co___-_--_......_....... Gold ore. 
2 Utah Copper...........-.... Utah_..--_.-__..._..._ Salt Lake..........._.... Kennecott Copper Corp____.._---_---...-..-._. Co per gold ores.  —s_—; 3 Carlin_.-.--...-.--_--...... Nevada__._.._._......_ Eureka_.___._._...._._.. Carlin Gold Mining Co._..-----2- Gok ore. a 4 Knob Hill and Gold Dollar__. Washington_........... Terry..............-... Knob Hill Mines. Inc__...____.._........... Do  ——i. - 
& Getchell_....-....2.-.--.... Nevada_.__........... Humboldt_____.._._.._ The Goldfield Corp. wads To _ Do. 
6 Yuba Unit...._.-........... California._...._.._... Yuba ___.___._..._... Yuba Consolidated Gold Fields..__.......... Placer. 
7 Copper Queen-Lavender Pit. Arizona__............. Cochise._............. Phelps Dodge Corp_.----------------------- Copper. silver ores. 
8 Mayflower.........--.--..-. Utah__-.---..---..-.. Wasatch._._.:......... Hecla Mining Co_.._...._-...-_............ Lea ~zinc ore. . 
9 New Cornelia._............. Arizona__............. Pima_____...._.._.__. Phelps Dodge Corp.......-...--..-.......... Copper, gold-silver ores. 

10 Liberty Pit......._._.._...... Nevada___.__.-_._.... White Pine...-_.---.-- Kennecott Copper Corp.____.-..---.._....... Copper ore. . -11 Idarado. 2222222227777 Colorado...-.....-..-. Ouray and San Miguel.. Idarado Mining Co__.__._...._.___________- Copper-lead-zine ore. a 12 San Manuel_..-....-.-.---. Arizona_.............. Pinal__.._._..-......-.. Magma Copper Co....__------- ee Gopper ore. 4 13. Gold King...--..-..........  Washington_........... Wenatchee River_..._.. L-D Mines___-.----.-...-...---....-..----.- .Goldore. oy 
14 Hogatza River.............. Alaska_............... Yukon River. Region___. United States Smelting, Refining and Mining Placer. . | 
15 Iron King.._.---....-...... Arizona._..__...._.... Yavapai_.............. Shattuck Denn Mining Corp_................ Lead-zine ore. 
16 Berkeley Pit..-...-----..... Montana_....._....... Summit Valley......... The Anaconda Company-.-..-......---...... Copper ore. 
17 Magma._-........--------. Arizona__..-._......-. Pinal...2-..._--...... Magma Copper Co___.-.------.-...-.....-. Copper, gold-silver ores. ° 18 Morenci...--.--------------  -.--do__...-.-......-- Greenlee___.._......... Phelps Dodge Corp.--__-------.......... Do. . 
19 Chicken Creek_............. Alaska___......._..... Yukon River Region___- United States Smelting, Refining and Mining Placer. 

oO. . 
20 United States and Lark._-... Utah__................ Salt Lake.._._..-_..-_.. __..do__.___..___..__..-__.--- Lead-zinc, lead ores, 
21 Chino..-..-......--........ New Mexico..__..._.... Grant__....._._.____.. Kennecott Copper Corp....-_.-.....--...... Copper ore. 
22 Eagle___-....---.......-... Colorado......._...._. Eagle......._._......__. The New Jersey Zinc Co____...--..--------- Copper, zine ores. 23 Kawalita Claim_............ Alaska........_..._..... Yukon River Region.___ Keystone Mines, Inc.._.._......._...._...... Gold ore. 
24 85....----.-----------..... New Mexico........... Hidalgo__._...._._.._. Diversified Mines, Inc_..............-...._. Gold-silver ore. . 
25 Christmas_.....-..-....--.. Arizona__..........-.. Gila.-_............... Inspiration Consolidated Copper Co..-....... Copper ore. 
TTT 

; | 09 
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Table 4.—Production of gold in 1963-65 in the United States, and by sources 1965 7 
(Troy ounces) . 
a 

1965 by type of production. 

State 1963 1964 . . . Refinery | 
Lead and Complex Other —. production ? 

Placers Dry ore Copper ore zinc ores base metal sources! . Total . 
; - ores 

Alaska__..-_....-.----._-----------.----- 99 ,573 58,416 38 ,686 3,548  __.-_---- 16 .Ltleeee Aue eee 42,249 ~ 42,720 2 
Arizona.___.__--.----.----.-.------------- 140,030 153 ,676 3143 491 133 , 830 © 30 15,489 583 150, 566 . 154,000 ht 
California_____..._...-.----------------- 86 , 867 471,028 58,571 3,946 3 103 65 30 462,885 61,400 2 
Colorado_.._..----.-.---.--------------- 33 ,605 42,122 1,184 199 . 2,296 861 32 ,616 72 _ 37,228 38,500 = 
Idaho_......-.-----------------------+--- 5,477 5 ,677 31 1,413 1,600 1,456 539 39 5,078 4,500 > 
Montana_...__.--_----------------------- 18,520 5 29,115 171 2,607 15,985 3,009 92 908 22,772 25,720 O 
Nevada_____--.------------------------- 98,879 90 , 469 417 193 ,990 34 , 220 _. 26 188 . 209 229 ,050 205 , 200 
New Mexico_____.-___------------------- 7,805 6,110 2) 2,557 6,365 444 137 3 9,506 ~ 9,640 a 
North Carolina___..-....----------------- . 5 S 
Oregon__._..._-.-.-------------------- ee 1,809 661 234 257 8 Lene eee eee eee eee eee eee 499 320 tg 
Pennsylvania__....-..--.----.----------- (6) (5) (8) (8) - eee eee eee cee eee eee CB) 30 bd 
South Dakota___.......-.-.-------------- 576,726 616,913 _...--.-- | 628,259 ___.- 2. wee eeeee eee eee eee eee 628,259 . 656,500 Q 
Tennessee__.._-_------------------------- 137 1383 oo ee eee eee eee eee nee 122 Llu 122. 160 8 
Utah____-____--__-- Lee 285 ,907 287,674 __..----- -1,613 373,101 377 = ~—- 1,191 17 426,299 - 388,800 <<". 
Washington__._.__....-.-----.-.--------- 698,638 6794,308 62 689,044 _..--.- 22 Lueeeeeee eee eee eee --- «8 190,674 88 ,000 _ . 
Wyoming__.._-.-.----------------------- 4 6 . 2 ...--.--- Lo ween ee ene eee 3 ~ 10 © 

tn oO 

Total___.______-_-.-._------------ 1,454,010 1,456,308 99,441 . 927,924 567 , 409 . 6,321 100,439 1,861 1,705,190 1,675,500 o 
Percent §______._.-_-.-------------- 0 ween eee ee ene e- 6 54 33 (*) 6 (9) — 100 Leelee 

1 Gold recovered from mill and smelter cleanup, tailings, and slags. . : on 
2 U.S. Bureau of the Mint. . . 
8 Production of Arizona and New Mexico combined to avoid disclosing individual company confidential data. . 

| 4 Includes gold recovered from tungsten ore. . : 
5 Includes gold recovered from manganese ore. 
6 Production of Pennsylvania and Washington combined to avoid disclosing individual company confidential data. 
7 Includes gold recovered from magnetite pyrite ore. 
8 Percentage based on total, excluding 1,795 ounces obtained from other ores. . 
9 Less than 14 unit. . .



Table 5.—Mine production of recoverable gold in the United States, 1956-65, with production of maximum year, and 
cumulative production from earliest record to end of 1965, by States, in troy ounces 

Maximum ‘Production by years Total 
production ! . — a production 

State from earliest 
. record to 

Year Quantity 1956 1957 1958 1959. 1960 1961 1962 1963 1964 1965 end of 1965 

Western States: " a . 
Alaska_.-...------ 1906 1,066,030 209,296 215,467 186,485 178,918 168,197 114,216 165,259 99 ,573 58,416 42,249 29,800,307 
Arizona....--.--.- 1937 332,694 146,110 152,449 142,979 124,627. 143,064 145,959 137,207 140,030 153,676 150,431 13 321,041 
California......... 1852 3,932,631 193,816 170,885 185,385 145,270 123,713 97,644 106,272 86 ,867 71,028 62,885 106,129,343 
Colorado_._...-.-. 1900 1,391,364 97,668 87 ,928 79,539 61,097 61,269 67,515 48 ,882 33 ,605 42,122 37,228 40,775,923 
Idaho__._..._..._._.._ 1871 212,850 9,210 12,301 15,896 . 10,479 6,135 5,718 5 , 845 5,477 5,677 5,078 8 ,322 ,990 
-Montana__........ 1865 870,750 38,121 32,766 26 ,003 28,551 45 ,922 35 ,377 24 ,387 18,520 29,115 22,772 17,752,572 
Nevada._.._.-.--. 1910 913,265 68 ,040 76,752 105,087 113,443. 58,187 54,165 62 , 863 98,879 90,469 229,050 27,475,395 
New Mexico....... 1915 70,681 3,275 3,212 3,378 3,155 5,423 6,201 7,529 7,805 6,110 9,641 2,266,765 
Oregon__........-. 1940 113,402 2,738 3,381 1,423 686 835 1,054 822 #1,809 661 499 5,796 ,486 
South Dakota.__-.- 1966 628 oe 568,523 568,130 570,880 577,730 554,771 557,855 577,232 576,726 616,913 628,259 31,207,892 
@Xa8_..22.-0-. 26. , ween nn eee ee eee eee eee ee eee eee eee : 

Utah....-...-.---- 1953 483,430 416,031 378,438 307,824 239,517 368,255. 342,988 311,924 285,907 287,674 426,299 17,765,288 
Washington_._.._.... 1960 129,012 70,669 89,708 113,353 118,394 129,012 117,331 93 ,671 98 ,638 94 ,308 90 ,674 3,789,420 
Wyoming__..._.--. 1869 7,498 762 573 7 eee 40 1 woeeeeee 4 6 3 82,007 Q 

SEES O . 

Total_.-.-.-..-.  --L.  .---.--. 1,824,259 1,791,990 1,738,249 1,601,867 1,664,823 1,546,024 1,541,893 1,453,840 1,456,175 1,705,068 304,493,981 5 
West Central States: oe . 

Missouri._._......-. 1900 33 Lee eee eee eee ee eee eee ee ee eee eee eee eee eee 33 

States east of the , . 
Mississippi: . 
Alabama.....----- 1986 | 4,726 -..-----) ween eee nee eee ee eee ee eee cee ee eee eee eee 49 ,495 
Georgia___........ 1882 12,094 _-.- ee fee eee eee eee eee ee eee eee eee eee ee eee 870 ,663 
Indiana__-.----- eee ene ee ee eee eee eee eee ce ee bee eee eee NA 
Maryland___.-.... 1937 1,040 _.---eee Lee eee eee eee eee eee eee ee ee ee ee ee eee eee 6,123 
Michigan__.__..... 1890 4,354 oe lee eee eee ene ee ee eee ee eee ee eee cee 33 ,297 
North Carolina_._._.. 1887 10 , 884 . 882 1,373 876 965 1,826 2,094. 460 Se 1,173,514 
Pennsylvania_..... 1942 2,499 (?) (?) (?) (?) (*) (?) (?) (?) (?) (?) 8 40,149 
South Carolina___.. 1941 15,508 ---.--- Lele eee eee eee eee ee eee eee eee eee eee ee eee ee eee 318,801 
Tennessee___...... 1930 696 189 172 124 99 123 152 158 137 133 122 24 ,245 

. Vermont___..__... 1954 185 1,829 43,635 
Virginia........... 1938 I 167 ,558 

Total... eee Le eee 2,900 1,607 1,000 1,064 - 1,949 2,246 618 170 133 122. 2,687 ,480 

Grand total__.--. ---.  -------- 1,827,159 1,793,597 1,739,249 1,602,931 1,666,772 1,548,270 1,542,511 1,454,010 1,456,308 1,705,190 307,181,494 

oe 

NA Not available. BC 
1 Except for Pennsylvania and Vermont, figures are peaks since 1880 for Central and Eastern States, and Alaska, Nevada, and:Oregon. 
2 Included with Vermont 1956; with Washington 1957-65. . | nN 
§ 1908-55 only. 09 
4 1905-55 only. so oo . iO
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Table 6.—Ore, old tailings, etc., yielding gold produced in the United States, and average 
_ recoverable content, in troy ounces of gold per ton in 1965 | 

Gold Gold-silver Silver oe Copper 7 

State Average Average Average Average 
Short ounces Short ounces Short ounces Short ~ ounces 
tons of gold tons of gold tons of gold tons of gold . 

per ton per ton per ton per ton 

| Alaska__.__---------- 3,194 1.111 _-----2 eee eee eee eee eee ee nee eee 
Arizona____.-._--...-- 115 .409 142,648 0.007 4,116 0.009 83,709,159 0.002 
California_____..----- 7,160 .461 Q) (1) 12,931 1! 231 41 .073 
-Colorado_._.--..----- 3,682 .039 223 .148 4,253 012. 17,269 .133 
Idaho._____-.-------- 869 354 (*) _..-.-. 471,640 .002 84,699 019 
Montana___.--------- 2,087 .649 15,080 .104 36,445 .016 14,460,309 -001 
Nevada__.....----.-. 892,766 .217 _.--...  -..-..- 53,854 -004 10,355,163 .003 
New Mexico...-..__-.. --------. -----. 381,709 .079 288 = «.177 8,129,622 - .001 

_ South Dakota.....---- 2,031,500 © .309 _-_---. ------ ------- ------  -----------  -----+- 
Tennessee_.._-.------- ----- eee eee eee eee en ene eee ee eee ene ee ee eee 
Utah_____.---------- 1,279 .018 15,231 .005 178,583 .008 32,167,851 .012 
Wyoming____-------- --------. 0 =e eee eee ene ea eee - eee ---- ++ -t-- 28 .036 

—— Other States 4___.._.-.. 170,178 . .523 1,146 . 164 41 415 13 .615 , 

. Total... -.-.- 8. 3,112,830 .296 206,037 -029 752,151 | 005 148,924,154 .004 — 

So | Lead-zine, copper- 7 
Lead . Zine zinc, and copper- Total material 

. oO . lead-zine a | . a 

| | - Average Average Average | Average 
. Short ounces Short ounces —- Short ounces Short ounces 

. - tons of gold tons of gold tons of gold tons _ of gold 
per ton per ton per ton per ton 

on Alaska__...-------2-- 39 0.385 _----.---  wnne- eeeee eens enone 3,233 «1.102 
Arizona_..._._.--.----. 11,293  .003 35 0.029 419,566 0.037 84 , 286 , 932 .002 

- . California___.....---- 8,770 .012 ___---... --.-- §23 = -.124 19,425 2,222 
Colorado___...--..---- 4,932 .021 © 260,860  .003 726,032, .045 = 1,017,251 .035 
Idaho._.........-.--- 188,694  .008 96,075 __--- 737,454  .001 1,579,431 .003 . 
Montana____.-__--._... 19,670 .029 1,006,660 .002 839 =. 111 15,541,090 .001 
Nevada...----------- 893 .029 ____-_...  ----- 166,721 .001 11,469 ,397 .020 

, New Mexico___.--_--- 1,158 .009 402,641 +. «.001 57,375 .002 8,622,793 .001 
South Dakota___.-..--- -------  -----  ---------0 fe--- ee ne e---- =H 2,031,500 .309 
Tennessee_____.__.-.--  ------- -----) ---------) «60-----) «1,520,755 -.--- (1,520,755 _-.-.-- 
Utah.____.----------. 11,266  .033 23,555 ..--- 463,994 .110 32,861,759 .013 

. Wyoming___.--.------ 0 ------- wee wee eee eee ene eee eee 28 .036 
Other States 4.-__.__-.  ------- 0 ----- eee ee eee nee ee nee eee 5 808 ,094 .113 

Total__...._._..__ 246,715  .011 1,789,826 .002 4,098,259 .025 5 159,761,688 .010 

a 1 Gold-silver material combined with silver material to avoid disclosing individual company confidential 
ata. 

- 2 Includes byproduct gold from tungsten ore. , ; 
3 Less than }% unit. 

. 4 Includes Oregon, Pennsylvania, and Washington. 
5 Includes magnetite-pyrite ore from Pennsylvania.
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- Table 7.—Gold produced in the United States from ore and old tailings, etc. in 1965, 
_ by States and methods of recovery, in terms of recoverable metal . 

CS | ee | a Ore and old tailings to mills . : | 
. . Total oO s« rrr re, old 

- ore, old - tailings, ete. 
tailings, Recoverable in Concentrates smelted to smelters 

etc., bullion and recoverable metal 
State: treated a 

(thousand Thou-. 
short sand Amalga- Cyani- Concen- Thou- 

- tons)! — short mation dation trates Troy sand Troy 
oo tons ! _ (troy (troy (short -_— ounces short ounces 

. _ ounces) ounces) tons) tons. 

Alaska_...----------- 3 3 3,473 ______- 25 52 (2) 38 
Arizona__....--..--... 92,366 91,731 28 __..... 2,750,506 135,681 635 14,714 

_. California. ._.....2._- 20 13 2,296 _____:- 4,880 1,729 7 289 
Colorado_._.._..-.-.-. | 1,021 1,006 9,720 _______ 156,303 23,997 15 2,327 
Idaho_.___-..------.-. | 1,783 ° 1,732 ~ 256 2 oee 216,543 4,340 51 451 . 
Montana_.-...--.-_-- 15,634 15,487. 23 __u eee 440,187 18,687 ©— 147 3,891 
Nevada__....-.-----. 13,392 $13,295 420 193,251 319,834 33,792 97 1,170 

. New Mexico..._-..__- 8,625 8,586 ....--. ~L--uL- 374,441 6,935 — 89 2,571 
Oregon___.....-.._ -- 1 dt 27 _------ 48 188 (2) 50 
Pennsylvania_..---._- (3) (3) (3) -~------ (3) (3) (8) (3) 
South Dakota___..___- 2,032 ©2,032 429,339. 198,920 -__-.--.- -----e. Leelee LLL eee 
Tennessee_..____.___- 5,528 §,528 coe. Lene 304,888 . 122) _Le eel Le 
Utah....---------.... 32,887 32,653 ___....  -....- 914,727 424,223 234 2,076 

_  Washington_......-.... 21,831 31,828 314,689 ______- 368,551 % 75,728 33 3 255 
_ » Wyoming.--.-.--..--- (?) ween nn nnn en ee ween eee e eee ween ee (?) 1 

Total_.._....-. 175,123 173,845: 460,271 392,171 5,550,933 725,474 | 1,278 27 , 833. a 

4 Includes some non-gold-bearing ores not separable. a | | 
‘2 Less than 14 unit. | . 

. $ Pennsylvania and Washington combined to avoid disclosing individual company confidential data. 

Table 8.—Gold produced at amalgamation and cyanidation mills in the United States 
| and percentage of gold recoverable from all sources | 

Bullion and precipitates Gold from all sources (percent) . 
. recoverable (troy ounces) 

Year a 

| . ~ Amalga- Cyani- Amalga- Cyani- Smelting ! Placers 
. mation dation mation . dation 

1956-60 (average) _...____ 443 ,903 7 243 ,918 25.7 14.1 40.7 19.5 
1961__._..---..---- 2 Le 434 ,134 186 , 086 - 28.0 12.0 46.9 13.1 
1962___._..-...--------- 455,412 173 , 386 29.5 11.2 42.1 17.2 
1963___-.---.---.---2 28 e 437 , 264 218,212 30.1 15.0 42.2 12.7 
1964___._...--- 2 ieee 453 ,736 254,771 31.2 17.5 42.7 8.6 
1965__..--.-.-.--...---- 460,271 392,171 27.0 23.0 44.2 5.8 

1 Crude ores and concentrates. | 

232-748 O-67—29
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- Table 9.—Gold production at placer mines in the United States, by methods of recovery 

ne 

* | Gold recoverable | 
Material ao 

Mines Washing treated ae = 
Method and year producing plants’ (thousand Thousand Value Average 

, cubic ‘troy (thou- value per 
. yards) ounces sands) cubic 

. . , . yard 

a 

Bucketline dredging: : . | 
1956-60 (average)....-.---------- 17 30 41,720 272 $9 ,501 $0.228 
1961__...--.-------------------- 19 24 33 , 806 177 6,192 .183 
1962......-..------------------- 20 ~ 22° 25,590 242 8 ,456 .330 | 
1963__.....---.------.----------- 17 22 18,431 161 5,651 | .307 
1964_._....-..---..--------------- 13 13 14,382 103 3,604 251 
1965.....-----.----------------- 9 11 =: 18, ,685 83 2,889 211 

Dragline dredging: ; 
1956-60 (average) -_...-..--------- 14 13 317 2 61 .191. 
1961_..-------------.----------- 16 16 1 608 21 43 ‘071 

: | 1962___-----2-------------aeneee 13 13. 532 1 47 .088 
1963_...-..--------------------- 11 11 -266 2 —  . FO 265 
1964___._....--------2------- eee 19 13 Ct 195 2 68 .350 
1965__........------.---.------- 10 ~~ dU 1 632 22 57 .090 

. Hydraulicking: . 
1956-60 (average)_.-.-..---------- 37 14 176 2- 84 476 
1961_..--...----.----------~----- 19 19 104 3 107 ~—s«21..029 

«1962 +--+ -- 21 21 124 2 . 88 ~ 669 
. 1963_.....------.--------------- 12 . 12 43 1 45 1.056 

1964___..-.-.-----u------eeeteee- (id 11 30 . (8) 10 ~ 320 
(1965_____-____------------------ 6 6 4 (3) 3 —-.750 

Nonfloating washing plants: . . 
: 1956-60 (average) .....----------- 96 101 1,930 59 2,062. ~—s- 1.068 

1961_____.--.--------------22--- 81 $81 957 19 668 .698 
1962__._...-----.-.-------------- 45 45 839 16 551 657 
19638__....--.---...------------- 50 67 1 638 214 = 499 5782 
1964_._._...---..--.-------------.. _ 66. 49. 1 §85 _. 214 489 . 836 

- - 1965_..--.--------- 2 eee 48 . 64 1501 211 391 779 
Underground placer, small-scale hand | : 

methods. and suction dredge: a 
1956-60 (average)_._--__-------.. | 86 — 20 ' 76 2 83 1.087 
1961__.._...---.----.-2--------- 103. 103 141 — 2 73 618 
1962_._..-_.----.---------------- 74 74 314 4 128 -408 
1968_..-------.------------------ 133 82 139 6 194 1.403 

. 1964_._.._.....---.------------- 87 56 49 6. 212 4,292 
1965___-..--..-.-.--------------- 70 _ 48 68 4 140 2.059 

oS Total vlacers: ; 
1956-60 (average) _.-.------------ 250 178 44,219 337 ‘11,791 . 267 
1961_..-..--_---..-------------- 238 243 35 ,616 202 7,083 .199 
1962_....----------------------- 173 175 27 ,399 265 9,265 .338 
19638__.__._.---.----.----------- 223 194 19,517 184 6 ,459 dol 
1964_____._...-----..---.------- 185 142 15,241 125 4,383 . 287 

. 1965___._.--.-..-.-------------- 143 140 14,890 100 3,480 234 

1 Excludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. | 
2 Includes gold recovered at commercial sand and gravel operations recovering byproduct gold... 
3 Less than 14 unit. | 

| CONSUMPTION AND USES : 7 

- Industry and Arts. Net consumption of covered with pure gold was used in the 
gold by domestic manufacturers increased Gemini space vehicle as a protective cover 

7 10 percent to 5.3 million ounces, a new’ for the propulsion, radio, and guidance 
record high for the second successive year. systems. The helmet masks and the um- 

According to data compiled by the Office __bilical tether used by the Gemini IV as- 
of Gold and Silver Operations, U.S. Treas- tronauts were gold plated. Electroplated 
ury Department, about three-fourths of the gold coatings were applied to the external 
total gold sold or transferred was for jewel- parts of vernier rocket engines in the 
ry, artistic, and dental uses; the remainder Apollo program to provide thermal con- 
was used chiefly for electrical and elec- trol and maintain the engines within safe 
tronic components in defense and aero- operating temperatures while the space- 
space equipment and for other industrial craft is coasting on its long trip to the 
products. lunar surface. 

Because of its superior reflectivity and A gold alloy, 72Au—14Cu—4Hg—9Pt—1Zn, 
adaptability to temperature changes, nylon was developed for use as springs in elec-
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trical contacts. When cold worked and being used to an increasing extent in elec- 
age hardened, this alloy retains good cor- tronic accounting and other business ma- 
rosion resistance, is nonmagnetic, and can chines. | 

_ be easily soldered or welded. Maximum ~ oo : 
strength, up to 175,000 pounds per square Table 10.—Gold consumption in industry : 

_ inch, is attained by cold working to about and the arts, in the United States : 
° . (Thousand troy ounces) 

37 percent reduction in area before age | 
hardening at 725° to 740° F for 5 minutes.  esued Reet . : ssued Re- Net in- 

Gold anodized aluminum sheet adapt- for . turned dustrial | 
able for many decorative home uses was | Year dustrial from in sump- | . 
made available in perforated patterns by | use use tion 
Reynolds Metals Co. | oo 

_,Gold-lated contact fingers were used }250-00 (versed... 3,781 7493.08 in the new solid-state desk-top electronic j9g27°7--77777777777 4’ 486 910 3/576 

calculators. Gold provides continuous low-  1983--------------- $282 14383-2920 
contact resistance during the solid-state 1965..--7--7277777" 6551 1,275 5/276 
plug-in circuit board’s service life of 10 to 9 94———___»"_ sss 
15 years. This type of goldplating was Source: U.S. Bureau of the Mint. | 

MONETARY STOCKS | | 

The total U.S. gold stock dropped $1,- during the year because most of the $1.7 
~ 665 million in 1965 and stood at $13,806 billion of newly mined gold apparently 

million at yearend, the lowest level since went into private stocks and industrial use. 
September 1938. The 1965 gold outflow, © Strong private demand in late 1964 and 
the largest since 1960, was closely allied to early 1965 reflected the effect of the ster- 
the continued balance-of-payments deficit ling crisis, President de Gaulle’s call for a 
and reflected a stepped-up rate of con- return to the gold standard, and the French | 
version of dollars to gold by West Euro- decision to convert accumulated dollar 
pean countries, particularly France, which credits into gold. Concern about the fu- 
received more than half of the total out- ture of the international monetary system 
flow; $259 million represented a payment and international liquidity also were. fac- 
of 25 percent of the U.S. quota increase tors contributing to the strong private de- 
to the International Monetary Fund. mand for gold. 

| Congressional approval of the President’s The U.S. reserve of $13,806 million 
proposal to exclude Federal Reserve de- constituted about 32 percent of the total | 
posit liabilities from the 25-percent gold official free world gold reserves. Gold re- 
reserve requirement freed nearly $5 bil- serves of other principal free world coun- 

_ lion in gold to accommodate money and _ tries, in million dollars, were as follows: 
credit needs of the expanding economy. France, 4,706; West Germany, 4,410; | 

_ This action also provided reassurance to Switzerland, 3,042; Italy, (2,404; Nether- 
foreign governments that the United States lands, 1,756; Belgium, 1,558; and Canada, | 
would continue to supply gold to them at 1,151. The International Monetary Fund 
the established price of $35 per ounce. reported gold reserves of $1,869 million. 

The ratio of gold reserves to Federal U.S. short-term liabilities to foreign in- 
Reserve note liability was 35.4 percent at _terests, payable in dollars, increased $38 
yearend against 25 percent required to be million to $25,444 million at yearend. 
held as backing for the dollar. These liabilities constitute a potential claim 

Gold reserves of free world central banks on the U.S. gold reserve. Nearly one-half 
and governments and international bank- of the total short-term liabiljties was pay- 
ing institutions at yearend were estimated able to West European countries and 
at $43,300 million, compared with $43,060 Canada. 
million at the end of 1964.5 Free world ——-—-—-— . . 
central bank reserves showed little gain 1966, ooerat conve Bulletin. V. 52, No. 4, April 

i



| 444 MINERALS YEARBOOK, 1965 | | 

45 ———_— , — —— : —— 
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| | Figure 2.—Gold reserves of free world central banks and Governments. 

| 7 PRICES | | 

Under authority of the Gold Reserve markets outside of London were moderate- 

Act of 1934, the Treasury Department, ly higher than in the London market, ex- 

through the Bureau of the Mint and cept in the Bombay market where trading 

licensed refiners and dealers, continued to was in currencies, not readily convertible, 
buy virtually all newly mined gold from which reflected local political conditions 
domestic mines and gold offered by foreign and monetary habits. Average prices per 

banks and agencies at the official price of ounce in U.S. dollars were as follows: | 

$35 per fine troy ounce less charges for Market Price 

handling, melting, and refining. Similarly, Manila ___________________ $35.59 

gold was sold by the Treasury and licensed Hong Kong __-___--------_ 39.35 

dealers for industrial and artistic use at a Bombay __-----_--------. 58.58 

base price of $35 per ounce. Beirut __.............- 35.29 

Following the pattern of recent years, Paris ~___-_______.---.--. 35.38 

average price quotations on gold bars in Buenos Aires ________------ 37.59 | 

\
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With regard to the official price of gold, $35 per ounce, to meet the legitimate 
Secretary Dillon, in an address to the demands of foreign monetary authori- 
House Committee on Banking and Cur- _ties—a policy that is the basic foun- 
rency on February 1, stated: dation of the international monetary 

. . . Gold will continue to be made system... 
freely available, at the fixed price of 

| | - FOREIGN TRADE | 7 

Continuing the pattern of the preceding A_ substantial quantity of gold was im-| - 
4 years, exports of gold continued to ex- ported from Uruguay, the first such inflow 
ceed imports by a wide margin, the ex- since 1958. As in the 2 preceding -years, 

_ ° cess reaching an alltime record in 1965. most of the gold exported went to France. 

_ 4,000 : a : | 

Excess imports | to . | 
3,000 | | 

2 2,000 - | | 
o ORE - | , 

oe oe sa : | 
c ae ee a | © co a RR | , | 

ae a | | | , 
cs fas a \ | a | J eee EE ar . . 
© SOAR eee ee we 
© eee . Rcccccntccncntiieceecees pceceen 

0 Mcesvvoucecoursesett . , eee ee eeessessseeesecseces] : evecceet = oes anes eeeeeeeresseessseeeeerserssser , 7 © Fu 
YY 

1,000 Excess exports ¢ 

2,000 | , 
"1940 1945 1950 1955 I960 1965 : 

Figure 3.—Net exports or imports of gold.
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- Table 11.—U.S. exports of gold in 1965, by countries 
_ 

: oo. Ore and base bullion Refined bullion 
. Destination _ 

Troy ounces — Value “Troy ounces Value 

North America: Canada__......----------- . 218 $7,672 ...---------  ------------- 
South America: 

a Argentina.-.------------------------ 9 --<-------- 0 ------------ 54  ~=6©$1,885 

Bolivia....-------------------------- ----------- 0 ------------ 1,784 62,454 — 

Europe: . 
Austria. ...----.----- eee tee ee ene +e ee +--+ --- 4A 138 

Belgium-Luxembourg---..--.--------- 12,062 422,170 1,166 - 40,810 
France___._..----------------------- ee nnn ee neee eee e+e -- 36,065,069 1,262,277,395 . 

. Germany, West---.--.---.----------- 424 — 14,799 _----eee eee we --- ee 
Italy__.__...--2------------------ eee ne eee 0-22 --------- 1,055 36,925 
United Kingdom_-___...--..---------- 30,479 1,066,771  --_--------. -.-.--------- 

Asia: —— 
Burma.._..------------------------- eee ene n enn - ee 598,061 20 ,932 ,146 
Ceylon__.....----------------------- 0 een eenee +22 -------- 14 - 490 

. > Japan......-----------------+-------- 6,653 232,855 ...--.------ ------------- 

Total___._.-....--...---.--------- 49 ,836 - 1,744,267 36,667,207 1,283,352,243 

A 

: | Table 12.—U.S. imports of gold in 1965, by countries . 
a IIEIIOET TS OnE Naan 

Ore and base bullion Refined bullion 
Doe Country a 

Troy ounces Value §—s Troy ounces Value 

a 

North America: _ 
Canada____..-----.----------------- 51,958 $1,815,831  _.-...-.--.  ------------- 
Canal Zone_..-.---.----------------- 42 1,470 _....------- 9) -.----------- 
Costa Riea__.....-..-------+-.------ 27 ~—6©9450 CL eee Lee 

- Cuba__.__ eee eee eee eee eee eee ---- +--+ +--+ 9. $315 
El Salvador._...-..---.-------------- 290 10,153 __.----.----) 7+ -e------- 

. Honduras__.-._-.--.--.------------- . 3,546 —=4124,127 Lue eeee eee wea ------ 
Mexico_____...__.-----.------------- 5,169 180,304 ___.--.-2--. ) ------------- 
Nicaragua_..-_-..--.-.--------------- 68 ,579 2,386,074 -.---------- ---------«~--- 

| Panama_....-..-----.--------------- 9 315 __--.--..--. ------------- . 
South America: 

Bolivia_..._._...-------------------- 105 3,675 56 ,906 ~- 1,996,835 
_ Brazil......-......------------------- 16 7 §63 0 Lele Lee ee 
Chile. _____.-_.----____------------- 19,131 670,004 __----.-.---. ------------- 9. 
Colombia._._.._........--------.---- 609 21,315 444,372 - 15,553 ,012 
Eeuador_..__.....-----.-------------- 11,511 399,095 ..---....--. -----.-.----- 
Peru___.....------------------------ 18,639 652,282 ___......--. ~----.----.-- 
Uruguay____.-.----.--.------------- 0 ----------- 0 ------------ 1,714,697 60,014,369 

Europe: oe 
Austria_....-_..--------_--------..--- 199 6,977 _-.------.--  ------------- 
Belgium-Luxembourg_._..-.----------.. . 19,643. 687,953 _...-----.--  ---..-------- 
Germany, West___...._-.----------_- ----------- 0 -+----+------ 1,825 63,711 
Norway_._-_--...-------+----------- 99 $3,465 _...-.--.--- ------------- 
United Kingdom___...._...---------- 6,216 218,192 34,539 1,212,131 

Africa: . 
Kenya___..-....--------~------------ 114 4,020 _..-...-----  ------------- 
South Africa, Republic of....._.------- 894 31,290 _._-...----. ------------- 
Uganda._____._...-.-.-----.--------- 3 105 ___---------.) 0 ------------- 

Asia: 
Japan_..__._...-.-----.------------- 36 1,260 39 , 230 1,372,638 
Philippines__._......------.---------- 62,184 2,169,507 321 ,583 11,256,411 
Turkey___.-.._.-.------------------- 2,991 104,599 __.-.---..-.. -----.------- 

Oceania: Australia__.........------------- 20,157 705,563 -_---2-..-..  ----------.--- 

Total___._.__--___----.----------- 292,167 10,199 ,084 2,613,161 91,469 ,422 

Table 13.—Value of gold imported into and exported from the United States 
(Thousands) 

wT 

Year Imports Exports Year Imports Exports 
a 

- 1956-60 (average)__.------ $266,895 $45,899 1963_....-.-__.----------. $44,414 $203,784 
1961_.._.__-____--.------ 56,211 775,001 1964___-....-.--.--.-- 2 40,888 422 ,744 
1962__._-__.__.._--_---..-.. 150,932 380 , 962 1965_...._._.-...-.----.--.- 101,669 1,285,097 

a 

4
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a | WORLD REVIEW , | : 

World gold output rose 1.6 million _ nificant increases were also noted in the 
_ ounces to 47.7 million ounces valued at gold output of the United States and the 

$1,670 million. The 1965 production gain U.S.S.R., but output continued to decline 
_ was the 12th consecutive annual increase in Canada and Australia and was appre- 

again due largely to continued expansion  ciably lower in Ghana, Southern Rhodesia, 
_ of output from South African mines. Sig- and Colombia. | | 
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Figure 4.—World production of gold. |
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Table 14.—World production of gold by countries } 
(Troy ounces) a 

Country ! 1961 ~ 1962 1963 1964 1965°?2 — 
nen ee ce SA LS SOS se SSSR . 

North America: . : , . 
. Canada___.-....2----- ..- 4,473,699 4,178,396 3,972,047 *3,799,278 3,587,168 

Central America and West a . Do, . 
Indies: 
Costa Rica ¢...-- 2-2 8 3,000 ~ $3,000 3,000 3,000 670 
Cuba 3.2 eee ele Lee eee 61 22. 9 
El Salvador oo. Lee r 692 *230 2 r 390 290 
Haiti_.- 2.2.22 22 ee 4,341 7,149 6,778 - t 8,090 e 8,000 oo 
Honduras 3__._-___ 12. 1,685 2,132 2,474 . 3,319 - 3,546 . 
Nicaragua.........___- 226 , 250 221,984 204,769 .* 225,581 - 198,152 

Mernico...-._----.--------- 268 , 684 236 , 758 237 , 948 209 , 976 215,796 
United States 4...._...____- 1,548,270 1,542,511 1,454,010 1,456,308 1,705,190 © 

- Total......---------.--- 6,526,000 *6,193,000 «5,881,000 —* 5,706,000 5,719,000 

South America: . — . 
Argentina....--2---e eel 2,251 827 | F313 303 - + © 300 
Bolivia (exports) -........-- 80,184 35 ,052 ~ 153,033 — 50 ,043 84,927 
Braril §_2 2. 118 ,636 ¥ 127,156 131,979 — * 142,492 161,044 

. British Guiana._........_ 2° 1,702 | 1,903 2,847 2,111 - 2,077 
‘Chile. __--. 2-2-2 eee ee 56 ,489 65 ,009 77,290 == * 64,993 © - 57,068 
Colombia__.....-.......--- 401,060 396,827 | 324,514 364,991 | 319 ,362 
Ecuador__......---..---.-- 15,210 20,591 21,041 17,681 11,458 
French Guiana____...-.._-- 7,941 5,273 6,993 14,823 _.._. 12-2. 

~ Peru... 137,418 122,985 101 ,019 t 92,503 96,863 
Surinam_......2.22-.-..--- ® 4,019 2,604 — ? 3,548 t §,258 6,269 

: . Venezuela__...-.------__-.. 30,071 28 , 774 26 ,947 33 , 536 _ 23,663 

Total e__._ 2-22-22 n ee 855 ,000 807 ,000 850,000 * 782,000 763 ,000 

Europe: Lo a 
Finland. ...._.---2-2---__- 20 ,609 15,239 20 ,416 22,055 18 ,037 . 

_ France.____-2- 2 le 48,676 . 51,088 53 ,627 t 54,303 _ §1,441 
Germany, West._._...-___- - 2,186 1,704 e 2,000 e2,000 = ¢2,000 

. Italy__._----2 2: 720 eee eee eee eee eee ee eee ee 
Portugal__......------___- 22,377 21,927 21,895 r 21,316 20,500 
Spain_..---222 222 ~ $8,231 6 , 687 15,625 r 23,534 8,809 . 
Sweden_______._-_--_---___- © 86,871 ® 128,635 r 121,691 r 117,500 e 118,000 
U.SS.R.¢ 6 20 4,400,000 4,800 ,000 5,100,000 5,600 ,000 6,100,000 
Yugoslavia__._.....-.-...- 67,195 70 , 507 83 ,656 ¥ 106,773 e 112,500 

. Totale tlie le 5,000 ,000 5,500,000. 5,800,000 6,400,000 6,900,000 

Africa: 
Angola.__.-_-------------- 48 77 37 7 2 
Bechuanaland_._._._.______ | 261 288 142 | 
Cameroon-.__......-___._- _ 837 ® 579 r 1,865 t 739 1,454 
Central African, Republic- _- 80. 100 96 75 32 
Congo, Republic of (Brazza- 
ville)...-.-- 2-2-2 3,376 * 3,729 2,958 3,567 > . 3,718 

Congo, Republic of the ~ 
(Léopoldville)........-.-_- 233 ,672 203 , 707 214,574. r 188,693 66,327 

. Eritrea._...2-2---2--- eee 5,529 2,315 e 2,300 e 2,300 } 24.236 
Ethiopia_..2.....2--.--__- e 41,500 25,700 e 25,000 e 25 ,000 ’ 
Gabon, Republie of.._..___- 15 ,304 16,300 35,719 42,760 37,134 
Ghana._.--.2-2 ee 852,619 888,038 921 ,255 864 ,917 755,191 
Kenya...--...---- ee 12,299 . 9,327 10,193 r 12,480 11,420 
Liberia 7-22-22 2,088 2,184 . 1,960 1,824 1,701 
Malagasy Republic_.._..___ 347 325 900 440 598 
Morocco. .._..----- ee | 
Mozambique__.__-_.___..-_- 105 91 tr 29 40 _ © 40 
Nigeria......_-__----__-_ 2. 676 » 384 316 244 80 
Rhodesia, Southern... ._____- 570,095 554,647 566 , 277 575 ,386 e 544,100 
Rwanda_____...--...-.---- 900 r 29 (8) _ (8) (8) 
South Africa, Republic of.... 22,941,561 25,491,993 * 27,431,956 «29,111,524 30 , 553 , 874 
South-West Africa_._..-.... ---.-----__- 183 . .8 _ 82 14 
Sudan.__..-- 22-2 1,266 t 932 t 868 877 300 
Swaziland__._...-_--_---._- 1,325 2,214 2,092 2,078 1,619 
Tanzania 9_.0 ee * 101,502 101,972 102,917 93 ,040 90,819 
Uganda._______---_.__-___- r 419 r 291 r 48 r 24 36 

. United Arab Republic 
(Egypt).-...---------_-e Fs 5 

Upper Volta__...-.-- 2 ___ 15,497 39,770 44,786 t 32,665 34,468 
Zambia_._._.-.-------__-- 4,192 t 5,326 4,960 5,033 5,196 

Total. ....-------------- 24,810,000 27,350,000 * 29,370,000 t 30,960,000 32,130,000 
— 

nn 

See footnotes at end of table. 

i



, | Table 14.—World production of gold by countries Continued | 
| ee _ (Troy ounces) oe - , 7 _ . : 

ee - - — - - vy . 

Country! — 1961 = 1962 ~- 1963 1964 1965? 2 0 

Asia: - ae : — 
Burma......22--.---------e . 194 _ © 200° e 200 e¢ 200 ~ e 200 
Cambodia.....-...--.----- 4,180 ‘965 6,687 e 6,000 e 4,500 China, Mainland e_________- 60,000 60,000: 60,000 . 60 ,000 60,000 — |. India_ ieee 156,510 163 ,326 - 138,280 . § 148,504 130 ,628 
Indonesia__....-.-.--------  _§,337 4,469 4,437 © e'5,300 6,752 
Japan ee 294 , 534 286 , 593 262,142 t 253,300 264,408 

orea: 7 . : 
North Moo le 160,000 160,000. 160,000  — 160,000 160,000 
South. ....22222-2 22 - 84,105 106 , 548 90,095 — 75,779 62 , 823 . _ Malaya... 2. 12 ,486 6,923 9,116 7,295 3,982° a Philippines__-.....-_._..__ 423 ,983 423 ,394 376,006 425,770 . 435 ,545 Sarawak___._.---.- 2 4,132 2,885 2,773 3,115 2,602. . . Taiwan. __..----..-...-.-- 17,619 24,026: 31,710 17,660 32,148 

Totake?6___.-......... 1,225,000 1,240,000 1,140,000 + 1,165,000 1,165,000 | 
Oceania: - . - . . Co a 

Australia. ......2.22.2.222- 1,076,292. 1,068,837 * 1,023,970 -§ 965,113 877,139 . Fiji_...--2.2--- 2-2-2 ee 83,417 - 87,354 — 107 , 262 -100,493 109,095 New Guinea___.-.2222222 2 41,789 39 ,007 43 ,552 -- 38,934... 32,439 _ New Zealand_________..___ 28 , 294. 21,742 14,206 _. 8,948 12,136 . Papua_.. 2-22 eee 31 oo. GR ‘47 © 43 55 a 

Total... 1,229,823 1,216,985 *1,189;037 | (1,113,531 — 1,030 , 864 

: World totale_......--.-.. Ff 39,650,000 42,300,000. 44,250,000 46, 100,000 47,700,000 . 

e Estimate. P Preliminary. ° Revised. . SS oO . 1 Gold is also produced in Bulgaria, Czechoslovakia, and Rumania but production data are not available; 
estimates for these countries are included in the total. East Germany, Hungary, and Thailand probably . produce a negligible amount of gold. For some countries accurate figures are not possible to obtain owing to . clandestine trade in gold (as, for example, in former French West Africa). oe oe 2 Compiled mostly from data available July 1966. Co me a 3 Imports into the United States. a 

4 Revised to indicate mine production. oo - 
5 Mined gold only; production of alluvial gold unknown. 
6 Output from U.S.S.R. in Asia included with U.8.S.R. in Europe. 
7 Year ending August 31 of year stated. — co, : . § Recorded production: no estimate is included forillicit production smuggled out of Rwanda; this is believed 

to be confined to a few hundred ounces at the most. . ue : : 
* Including gold in lead concentrates exnorted amounting to 521 ounces in 1961 and none since, . 

10 Refinery production for Japan is as follows: 1961, 378,922 ounces; 1962, 420,956 ounces; 1963, 432,572 
ounces; 1964, 460,171 ounces; and 1965, 519,170 ounces. oo oS 

_ 2) Estimates according to Minerais et Metaux (France), except 1965. . : 

Australia.—Mine production of gold dropped 6 percent to 3.4 million tons : 
valued at $30.7 million declined 9 percent averaging 0.24 ounce per ton. Costs per 
and was the smallest output in 15 years. ton of ore milled increased $0.11 to $5.87. 
Western Australia produced three-fourths Gold Mines of Kalgoorlie Ltd. reported | 
of the total. | a significant increase in tons milled and | 

The Gold-Mining Industry Assistance gold recovered for the year ending March 
Act was amended in June. After July 1, 31. Ore treated was 741,160 tons and | 
large producers were paid at the rate of yield was 152,487 ounces. Ore reserves | 
three-quarters of the excess of the average dropped to 4.4 million tons averaging 0.19 

_ production cost over $27 per ounce with a ounce per ton. Operating costs declined 
maximum: subsidy of $8 per ounce. The $6.70 per ton. 
subsidy payable to small producers whose Central Norseman Gold Corp. reported _ output does not exceed 500 ounces was $6 4 small gain in gold output to 102,644 

| per ounce. Net subsidy payments to gold ounces from 181,784 tons treated, an aver- 
_ pr oducers was $4.1 million. . age of 0.56 ounce per ton. Operating costs — 

Gold production in the Kalgoorlie dis» were down slightly to $10.33 per ton. Ore 
trict was about the same as in 1964. Lake reserves rose to 675,000 tons averaging 
View and Star, the largest mine, treated 0.52 ounce per ton. 
741,300 tons of ore yielding 160,150 ounces | Great Boulder Gold Mines Ltd., treated 
of gold. Metallurgical recovery was down 444,000 tons of ore and recovered 99,077 
slightly to 92.8 percent, but ore reserves ounces of gold. Operating costs were up
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$0.85 to $7.54 per ton. Ore reserves de- and ore grade also dropped slightly. Op- 

clined slightly to 1.9 million averaging erating costs increased 93 cents per ton 

| 0.26 ounce per ton. a , to $12.88. Developed ore reserves at year- 

| North Kalgurli Ltd. treated 370,824 tons end were estimated at 2.37 million tons 

of ore and recovered 75,393 ounces of gold. _ averaging 0.70 ounce per ton compared _ 

Average metallurgical recovery was 91.2 with 2.31 million tons averaging 0.73 ounce 

percent. Operating cost remained stable per ton on the corresponding date in 1964. 

at $6.61 per ton treated. Ore reserves Kerr-Addison Mines Ltd. reported a 

| were down slightly to 2.1 million ounces drop of 16 percent in tons milled and gold 

averaging 0.25 ounce per ton. -- .° produced, the fifth successive annual fall- 

Mount Morgan Ltd., the largest gold off in production. Output for the year was 

| producer in Queensland, continued to ex- 223,250 ounces valued at $8.4 million but 
pand its output and reported a recovery recovered value of bullion per ton remained 

of 80,030 ounces in the year ending June Virtually unchanged at $12.92. Total op- 
30, 1965. | _ erating cost per ton was $9.29 compared 

| Canada.—Gold output dropped about 5 with $9.13 in 1964; thus the net operat- 

-_ | percent to 3.6 million ounces valued at ms profit was $3.63 per ton. The proven 

- Can$136.9 million, the fifth consecutive OC S°StIV® at yearend was 4.8 million 
a annual decline. Canada maintained its tons averaging” 0.43 ounce per. ton com- 

rank as the second largest gold-producing pared with 5.4 million tons averaging 0.43 

country in the free world. The average . ounce per ton n 1964. | 
price per ounce paid by the mint was Can _ Hollinger Consolidated Gold Mines Ltd. . 

, $37:73, slightly less than in 1964. = reported: production ‘of gold at its 56-year- . 

| About 83 percent of the total gold out- old Hollinger mine and its Ross mine was . 

put came from lode gold and placer mines; sane ai $10.5 million compared “with 
the remainder was recovered as a byprod- | . mr ton in 1964. _Operat ing costs 

(ue GF beet ore Lode gold mines opal from $105, milion, $86, mi 
employed an average of about 13,400 per- der the Emergency Gold Mines Assistance 

Cost aid payments were made to 44 of © Act was approximately $1.4 million com- 

| _ Canada’s 54 lode gold mines under the Pared with $1.6 million in 1964.6 . About — 

| Emergency Gold Mining Assistance Act. - canny wine at yea at the. two 

Eight lode gold mines closed during 1965 The Yukon C lid 
owing principally to depletion of ore re- Ltd e Yukon’ Consolidated Gold Corp. 
serves. Three mines began production. te. ope rated five dredges and ‘combined 
La Forma mine, the first lode gold mine hydraulic and mechanical operations 1n the 
in the Yukon Territory, began production Dawson area handling ad million cubic 
at its 125-ton-per-day-plant; Wasmec mines | yares of . gravel yielding gold valued at 
in Quebec began operation of its 1,500- $1.2 million, compared with about 4 mil- | 
ton-per-day plant; and Camflo Mattagami lion cubic yards yielding $1.4 million in 

began regular production at the rate of gol in 1964. The sharp falloff in pro- 
| 600 tons of ore per day from its gold mine uction was attributed largely to the shut- — 

| in the Malartic area of Quebec. Lake down of equip ment caused by extremely 
Shore, once the largest gold mine in Can- cold weather. Average recovery per cubic 

ada, closed down after producing $271 yard was 39.9 cents at a cost of 42.6 cents, 
million in gold. _Other mines that closed compared with recovery of 34.3 cents at 

during the year included Leitch, Canadian a cost of 32.3 cents in 1964. The proved : 
Malartic, Malartic Goldfields, and Bevcon. gravel reserve at yearend was 4.9 million 

Of the total gold output, Ontario, the lead- ue ic yards averaging 42.3 cents per yard. 
ing gold-producing Province, contributed © company planned to shut down all op- 

54 percent; Quebec, 25 percent; Northwest ‘fations at the end of 1966.7 | 
Territories, 12 percent; and British Colum- _, C!ombia.—Gold production, about two- 
bia, about 3 percent. thirds of which was from placers, dropped 

Giant Yellowknife Mines Ltd., Canada’s ¢4tly 13 percent. International Mining 

leading gold producer, recovered 255,000 = Hollinger Consolidated Gold Mines Ltd. An- 
ounces of gold valued at $9.6 million, nual Report 1965, p. 4, 
slightly less than in 1964. Tons milled president's Stateronn tases Gold Corp. Ltd.
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Table 15.—Canada: Geographical distri- handicapped some of the mines and was a Oo 
_ bution of gold production significant factor contributing to the lower 

ao (Troy ounces) | output in 1965. Ashanti Goldfields Corp. 
oO Ltd. reported a small drop in gold produce 

| __ Province or Territory 1964 1965 tion from the record high of 1964 to about 
. | 467,000 ounces. Tons milled increased 5 

British Columbis clll22)«aBBiBes —-118%g4g Percent to 515,600, but average grade of . 
Northwest Territories. _-- 397,628 436,907 ore dropped slightly to 1.04 ounces per 

Prairie Provinees.-.---.. "106,175 "110,494 09. Recovery was 89 percent. The Cor- : 
Quebec._..__----..----- "924,272 923,432 poration accounted for about 62 percent of. _ 

| Yukon Territory--------- 56,710 44,054 the country’s total gold output. . Ashanti’s | 
| Total__......----. *3,799,278 3,587,168 ore reserve decreased slightly to 3.29 mil- 

___§_—__—__—_——_—\— lion tons averaging about 1.0 ounce per | 
_ © Revised. ton. About 4,700 persons were employed. 

Source: Dominion Bureau of Statistics. | Philippines.—Mine output of gold in- 
| . | | | _ creased 2 percent. Benguet Consolidated, | 
Corp. produced nearly 109,700 ounces of Inc., reported that it treated 1.275 million | - 

ine, 10 percent ethan in foe nef, or Vine 244,900 ounces come > ent tess Man in . pared wi .273. million tons yielding | lot in production vas suututd to he 236,700 ounces in 968, Overall geld re | ly iarge amoutt of ine latin moving SoBe" "S07 rent agains 901 
| dredges to new locations, and a 6-week 911 million tons valued at $19.6 million, _ | 

shutdown of one unit pending settlement about 15 percent less than last year, = 

°t Four dick Sure operated in the Choco gs The Government subsidy on gold produc: | 
district and “one in Narifio Dredging re- fon continued through the year, resulting | . 
serves at yearend were estimated at 113 $48.50 per troy rice of Recon anes . 

million cubic yards averaging 16.1 cents and inactive mines was encouraged by an 

per yard compared with 108 lon yatls amendment to the Mining Act exempting 
7 of 1964. Underground reserves increased these Gene from all faxes except income | 

to 185,000 tons averaging 0.79 ounce per faxes. Several gold propernes an Mindinao | 
ton from 177,000 tons averaging 0.81 were being explored by Benguet Cons ohi- . : 
ounce per ton ‘at the and of 1964. The ated and ee .° Gold Mining Co. mn 

_ central bank continued buying gold at. ° nN 
_. $35.60 an ounce, of which 25 percent was _ Rie nodesiay Southern. Output of gold in | 

paid in dollars and 75 percent in pesos at W id W FOPPeC percent from the post- — 
_ the average free market rate, but the pay- A ar IT high in 1964. - : 
ment of a 15-peso bonus was canceled. At the Dalney mine, Falcon Mines, Ltd., | 
As a result of losing the bonus, gold sales. treated 258,600 tons of ore in the year 
averaged $35.83 an ounce compared with ending September 30 and produced 72,905, $36.28 in 1964.8 ounces of gold, a moderate decline in ton- | 

Pato Consolidated Gold Dredging Ltd., nage but an increase in total yield. The 

controlled by International Mining Corp., bat se Te grade was down ‘moderately, 
operated seven dredges in the Nechi River ut meta urgical Tecovery increased as a 
in Antioquia and treated 30.5 million cubic T@Sult of the installation of additional mill- 
yards of gravel averaging 14.6 cents per ing equipment. A further increase 1n gold 
cubic yard, a substantial increase in both [°°°V°TY 38 © xpected following an increase 
quantity and grade compared with 1964 m the milling ‘Tate and the adoption of 
totals. Value of gold production was $4.45 cyanidation of flotation tailings. Ore re- 
million compared with $3.69 million in °°™V°S declined slightly to 809,600 tons 

1964. The total estimated minable ree *”°7@8!28 0.34 ounce per ton over 77 
serve at yearend was 337.5 million cubic inches. . 
yards averaging 16.1 cents per yard.9 South Africa, Republic of.—South Afri- 
Ghana.—Gold production in Ghana 8 International Mining Corp. Annual Report. | dropped 5 percent to the lowest level since 1985, PP. ok dated Gold Dredging Ltd. 32nd 

1956. A shortage of certain mine supplies Annual Report 1966, redging Ltd. 32n
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can gold production established a record ton in 1964. The ore reserve was 4.6 mil- 

for the 14th successive year. Output rose lion tons; average grade was 59 inch- 
5 percent to 30.5 million ounces valued at ounces gold. Comparative data for 1964 _ 
$1,069 million. South Africa contributed were 4.3 million tons and 59 inch-ounces.10 

about 73 percent of the total free world = Consolidated Gold Fields of South Af-: 
gold production. : a -. rica Ltd. reported that its group of mines 

| Of the 53 operating mines that were in the Republic of South Africa produced 
"ss members of the Transvaal and Orange over.5 million ounces of gold for the first | 

: Free State Chamber of Mines, 50 were time in 1965. Most of the company’s out- 
primary gold producers and 3 were pri- put came from four mines on the West 

. mary uranium producers. Two mines, Wits line—West Driefontein, Doornfontein, 

| East Champ d’Or and Rose Deep, ceased Libanon, and Venterpost. West Driefon- 

mining operations during the year. Op- _ tein, the leading gold-producing mine, pro- 
erating costs of the industry continued to duced 2.8 million ounces, a new world 
rise due largely to increased wages and record.1? - oO 

| higher prices of supplies and services. To- | Union Corp. Ltd. reported a small drop 
a tal ore reserves declined 4.4 million tons in the quantity of ore milled and gold pro- 

. to 176.0 million, but average grade in- duced in 1965 from its group of mines,a __ 
| creased slightly to 0.44 ounce per ton. reversal of the pattern established in re- : 

oe The nonwhite Iabor supply was adequate cent years. The. production decline. was 
| but the shortage of white artisans contin- attributed to the reduced scale of opera- | 

ued to be acute. The average number of tions at most of the older group mines on 
- employees in the gold-mining industry was _ the East Rand which was not fully offset by 

7 44,100 whites and 375,330 nonwhites, a increased output at the newer mines in the ~ 
| decline of 1,680 and 5,620, respectively. — Evander area.. The Union Corp. group 

: _ Anglo-American Corporation of South milled 12.98 million tons of ore yielding 
| Africa Ltd. reported that production from 3.98 million ounces. The ore reserve at 

| the 14 mines of its group increased 8 per- yearend was 36.7 million tons averages 
: | cent to 11.5 million ounces, nearly 38, per- 0.35 ounce per ton, a decline of 2.8 million: 

cent of the South African gold production tons. Braken mines milled 1.1 million 
and 27 percent of the total free world gold ‘©? yielding $16.25 per ton at a working 
output. Western Deep Levels Ltd. con-_ cost of $7.53 per ton.. The ore reserve at 

- tinued to expand production and milled yearend was 3.0 million tons averaging 0.51 
2.7 million tons of ore and recovered 1.2 OURCe Per. ton over a 38-inch stoping 

, _million ounces of gold compared with 2.4 width. ‘Leslie. mines treated 1.8 million 
| million tons and 800,000 ounces in 1964. ns yielding $11.93 per ton at a working 

The yield per ton increased to 8.51 penny- cost of $5.95 per ton. The ore reserve at 
weight (0.42 ounce) from 7.06 penny- yearend was 4.2 million tons averaging 

weight (0.35 ounce). The longwall sys- 0.36 ounce per ton across “4 inches. At 
_ tem was used in mining the Carbon Leader Winkelhaak mines, tons milled increased 
Reef and wherever possible this system 100,000 tons to 1.6 million tons but aver- 
was also used on the Ventersdorp Contact 78° yield dropped $0.39 to $11.38 per ton 
Reef. Operating costs increased $0.58 per at a working cost of $7 45 per ton. Ore 
ton to $7.84 per ton. reserves were 5.0 million tons averaging 

, 0.33 ounce per ton over a 55-inch width. 
_ Total payable ore reserves at yearend At St. Helena mines, tons milled dropped 
were nearly 5.0 million tons with an aver- slightly to 2.4 million tons but average 

age value of 613 inch-pennyweight, equiv- yield was up slightly to $15.92. Working | 
alent to about 0.73 ounce per ton across costs were up $0.28 to $5.94 per ton; ore 

42 inches, a significant increase in both reserves totaled 9.1 million tons averaging 
quantity and grade compared with the 0.51 ounce per ton across a 59-inch stoping 
same date in 1964. : width. At the East Geduld mine, tons 

Free State Geduld Mines Ltd. increased Milled (1.3 million) and average yield 
ore production and profits substantially. ($8.01) continued to decline and working 

About 1.8 million tons averaging 1.05 10 Anglo-American Corporation of South Africa 
ounces per ton were milled compared with Ltd. C oth Annual Report. | 1965, RD. 4, ve 61. 

1.7 million tons yielding 1.04 ounces per Ltd. 78th Annual Report’ 1965, pp. 20, 22,
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Table 16.—Republic of South Africa: Salient statistics of the gold-mining industry | 

| | | - 1963 1964 — 1965 } | 
a 

: Ore milled.___..._.....------.-----------.-----thousand tons_- 73,649 79,569 | 80,027 
Gold recovered ?_._.......-.-......---.--thousand troy ounces_-_ 27 ,432 29,137 30,102 

. Gold recovered_-_-.-_-------------------------ounces per ton_. .358 359. 3876 
Working revenue (gold)?_2._...-....-----------.----thousands.._ $928,192 $1,022,719 $1,073,158 
Working revenue per ton milled.___._.__----..-.....---------_- $12.10 $12.26 $13.71 . 
Working cost__..----------------------------------thousands.._ $550,166 $575 ,870 $610 , 464 
Working cost per ton___....--_-..--.--.---.---- ~~ eee $7 .47 $7 .69 $8.04 
Working cost per ounce of gold__.........--.-.-.-_-_-.--_----.- $20.87 $20.57 $20.69 
Total working profit from gold____...--..-.-.--..-.-thousands.. $378,026 $413 , 241 $431,556 
Estimated working profit per ton from gold__.___...__...-___--.- $5.15 $5.52 $5.97 
Dividends paid__-_-.-.-.....-.--.-...-.-----.....-thousands.. $161 , 800 $173 , 547 $175 , 805 

1 Excludes primary uranium producers. _ . = 
2 Includes non-Chamber of Mines’ properties. . 

- Source: The Mining Journal (London). © . | 7 _ . 

| costs ($5.84) continued to rise. The ore increase. significantly. Based on the new : 
reserve in the Main and Kimberley Reefs 5-year plan published in April 1966, the — 
was 1.3 million tons averaging 0.26 ounce _ outlook was for further expansion of Soviet 
across 62 inches, and 800,000 tons averag- gold output. A major new goldfield was 7 

| ing 0:20 ounce per ton across 47 inches, reported to have been discovered at Mu- 
_respectively.12 . | runtau in the Republic of Uzbekistan. 
_U.S.S.R.— Although quantitative data Soviet gold sales in world markets were _ 
are not published available information in- estimated at $310 million, a sharp drop _ 

_.dicates that gold production continued to from sales in 1964. | a 

| TECHNOLOGY 

Scientists of International Business Ma- sequent reduction of the oxide by hydro- 
chines Corp. have created magnetic gold- gen at about 1,650° F causes a mechanical - 
cobalt alloys with compositions ranging interlocking of the molybdenum-gold in- 
from 25 to 60 percent gold by a new vapor __ terface; additional gold can then be plated | 
deposition technique. In the deposition onto the surface.14 | | | 
technique, the metals are heated to their | A new instrument for the detection and 
vaporization temperatures in separate cru- measurement of gold was developed under | 
cibles and the vapor deposited onto a sub- an Atomic Energy Commission contract by | 

strate which is maintained at liquid nitro- Tracerlab, a division of Laboratory for 
gen temperature. The cold substrate keeps Electronics, Inc., for use by the U.S. Cus- 
the atoms from rearranging into a crys- toms Service for determining the gold con- _— 
talline structure. Magnetic films produced tent of objects coming into the United 7 
by the process can exist either in an amor-__ States. | a 
phous or metastable crystalline state.13 The instrument is transistorized, battery- , 

A method of electroplating gold directly powered, and completely portable. When 
onto molybdenum without the usual need gold is present in the sample being tested, 
for preplating with other metals was de- a high-pitched birdlike whistle is produced, 
veloped by Bell Telephone Laboratories. the intensity of which increases in propor- 
The new technique offers advantages in tion to the amount of gold present. In 
the manufacture of semiconductor devices _ the instrument, the radioisotope, xenon 133 
by yielding an adherent corrosion-resistant emits low-energy gamma radiation which 
gold layer which will alloy readily with causes the gold to give off X-rays. Filters | 
semiconductors and is suitable for thermo- permit only the X-rays peculiar to gold 

compression bonding. The new technique ~<2ijsion Corporation, Ltd, Report and Ace 
is ase on a Wedenn of hyerogen peroxide counts 5 for the Year Ended 31st December 1965. 
wit e molybdenum surface forming a P. > 40. } _ 
thin porous oxide. During the goldplating, v.17 Ne. 10, October 1968, p10. 

e noble metal penetrates the pores and ‘Chemical Engineering. Gold Can Now Be 
then deposits onto the molybdenum. Sub- Oct tL, 0b pe die V. 12, No. 21,
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to reach the radiation counter in the 0.01 to 10 percent each of silicon and 7 
upper part of the instrument. Impulses antimony to be rolled as thin as 0.001 

| from the counter produce the sound. inch for semiconductor devices. The tech- 
— _ As Xe133 has a half-life of only 5 days, nique includes melting under inert atmos- 

| efforts are being made to design a radio- phere, rapid quenching, and annealing- | 
| active source having a much longer half- __ rolling. | 

life. : ' The Committee also reported a method } 
_ A new solution analyzer that can pro- of producing boron-containing gold foil / 
vide automatic control of cyanide addition for use in P-type semiconductor devices. 
in gold plants was tested by Canada’s De- The technique involves. mixing gold and 
partment of Mines and Technical Sur- boron powders, compacting and tempering | 

_ veys. The new instrument measures free in a. protective atmosphere, followed by 
cyanide concentration by continuous po- melting and rolling into foil, = 
tentiometric titration and can be assembled The practice in Canadian refineries for 

oe from relatively inexpensive, commercially recovering gold and other precious metals 
available components.15 _. from anode slimes of electrolytic. refining _ 

A simplified sensitive spectrographic of copper was described.17 
method for determining trace amounts of Heat treatment of an equiatomic gold- 

oo gold in geologic materials was developed nickel alloy can produce a precipitation- 
by scientists of the Geological Survey. The hardened alloy with a yield strength of ap- 

oe new technique, which is rapid and par- proximately 150,000 pounds per square 
ticularly useful in geochemical exploration inch. The alloy is solution treated at 900° 

| for ore deposits, permits determining gold. C for 1 hour, quenched in water, and aged _ 
: content in the range of 0.03 to 3 parts per at 450° C to yield a roughly spherical pre- 

_ million, thus bridging the gap between fire cipitate. The alloy has potential use as a 
assay and neutron activation procedures. prosthetic material in dentistry and surgery. ) 

| The new gold analysis method uses com- = <A new gravimetric method of assaying 
mon laboratory chemicals to separate gold © gold-plating baths was developed that gives 

| and a colorimetric reagent known as TMK =a more accurate determination of gold than 
to determine the amount of gold present by wet chemical methods. In the new method 

| | visual color comparison.16 = hypophosphorus acid is the reducing agent ~ 

_ A group of new brazing alloys for join- and mercuric chloride the catalyst and © 
_ ing semiconductor devices to metallic sub- collector for gold. | 

strates was developed. The new alloys ‘Recent research has shown that electron 
contain from 5 to 86 percent gold and bombardment and thermal etching prior 
have melting points of 375° to 630° C. to goldplating can markedly improve. the 

| The alloys can also be used to braze in- bearing life of gold film under ultrahigh 
sulating materials such as glass, Pyroceram, vacuum. The experiments included the 

| or alumina to semiconductor materials, vapor deposition of gold onto substrates of 
| _ metals, or each other by metalizing one nickel, nickel-10 percent chromium, and 

surface of the insulating material. nickel-5 percent rhenium. | 
The Committee for Research on the Research investigations have demonstrat- 

- _ Properties and Uses of Gold, Inc., re- ed that gold can be dissolved by an aerobic 
ported the following: Gold-germanium al-. bacteria of the genus Clostridium, thus 
loys formed by extremely rapid cooling indicating the possibility of gold dissolu- 
from molten temperatures, having 27.5 to tion by decomposing vegetable matter.18 

| 60 atomic percent germanium, show super- ~—j,>_.-..— . 
conductivity at temperatures ranging from Anak ering and Come. ores, ne e. 

1.63" to 0.99° K; a new spray-plating ote Lakin, H Ww. ‘and H. M. Nakagawa. A 
old a for applying " cokat films or ed e Spectrophotometric Method for ithe Determina- 
gold uses two aqueous solutions, which do tion of Traces of Gold in ogic Materials. 
not decompose or react to form explosive Gis, Geol Survey Prof. Paper 525-C, 1965, pp. 

substances, to provide good adhesion at T mv Habashi, path. Recent Methods for the 
deposition rates up to 0.3 micron per trolysis. Metallurgic (Manchester, England), v. 
minute; and a process was developed which 72, No. 434, December 1965, pp. 257-263. 
permits gold alloy foil containing from May 50 ieee op 50s old Succumbs to Bacteria.



~ Graphit 

| - | By Donald E. Eilertsen * | | 

| Domestic output of natural graphite in- _ ported. - | | : 
creased substantially in 1965 compared to There was no change in the Govern- 
that of 1964. Imports for consumption ment stockpile of graphite during 1965 | 
of natural graphite and exports of natural but plans. to dispose of surplus material 
graphite in 1965 were the largest ever re- were being made. . : 

| - Table 1.—Salient graphite statistics - | i 

| | Gennes) 1961 1962 1963 1964 1965 
i et EN 

United States: - | : . 

| Consumption...... short tons- ~~. 37,600 35,700 44,400 47,000 54,000 47,100 
Value_........thousands. --_- $5,126 $4,651 $5,648 $6,111 $7,026 $6,390 

Imports for con- 
-  gumption.......-short tons-_--- 40,400 29,700 39,500 52,200 47,200 58,100 

Value_.....-.-thousands.... $1,837 $1,332 $1,783 $2,000 $1,944 $2,387 
_ Exports_....-....-short tons_--- . 1,400 1,600 1,200 900 2,000 3,200 

Value-_-.....--.-thousands- --~ $218 $257 $223 - $190 $333 $419 
World: Production_....short tons-_-.- 388,000 455,000 590,000. « 785,000 * 700,000 675,000 . 

 ® Revised. ' . - 

Table 2.—Government yearend stocks and surplus of natural graphite 
(Short tons) 

rere ST 

Strategic Supplemental Total | | 
Type of graphite . stockpile stockpile surplus 

LS 

Malagasy crystalline flake. .....---..------------------- 26,665 naae. 15,865 

Malagasy crystalline fines.......-----.------------------ 6,013 1,908. 721 

Ceylon amorphous lump..-.-.-------------------------- 4,455 1,428 383 

Other than Ceylon and Malagasy, crystalline_--.-..----.-- 4,809 aaa-- 2,009 

Nonstockpile-grade, crystalline..-.....------.----------- 672 a 672 . 

Total___....----------------------------------- 42,614 3,336 19,650 
a 

| DOMESTIC PRODUCTION 

The Southwestern Graphite Co., Burnet, duce its newly developed graphite filament. 
Tex., continued to be the only producer The new material was reported to be the 

of natural graphite. Its output of natural strongest and stiffest material, by weight, 

graphite was substantially larger in 1965 ever produced and to have many potential 

than in 1964. | . uses as reinforcing material for resin-and 

A number of plants produced artificial metal-matrix. composites. 
graphite and the output of this material Speer Carbon Co., a division of Air 

was considerable. | Reduction Co., New York, and producer 

Union Carbide Corp. planned to con- 

struét a plant at Greenvelle, S.C., to pro- 1 Commodity specialist, Division of Minerals. 

_ : 455
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ee of carbon and graphite products, report- graphite and carbon electrodes at Niagara 
edly planned to spend $17 million on plant Falls, N.Y. | a | 
expansions at St. Marys, Pa., and Niagara oe : | 
Falls, N.Y. | Basic Carbon Corp., a new subsidiary 

Graphite Products Division, Great Lakes of The Carborundum Co., Cleveland, Ohio, 
_ Carbon Corp., was reported to have started announced plans to build an approximately 

a multimillion dollar expansion and mod- $8 million plant to manufacture graphite 
ernization program for increased output of products at Hickman, Ky. | | 

. CONSUMPTION AND USES | 

| Natural graphite consumption was small- Table 3.—Consumption of natural graphite 
er in 1965 than in 1964.. _ in the United States 

. The demand for artificial graphite con-<_—§£=——————____________- 
tinued at a very high rate. Artificial graph- Value 
. oa. ; - $hort (thou- ite was used in electrodes for electro- Year | tons sands) 

oe smelting, anodes for the electrochemical  — ~~~ SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS 

industries, nuclear energy, aerospace, and _ 3956-60 (average)_.......------. 37,556 $5,126 
i i i imi > whi 1961__...--..-...----...-.---. 35,652 4,651 in many applications similar to those’which ee rrr ees 
use natural graphite. | 1963_..-..................2e.. ©647,006 6,111 

Te 1964. .2.....-:-...---.....-.--. 54,043 7,026 
| | 7 a 1965...----------------------- 47,078 6,390 

Table 4.—Consumption of natural graphite in the United States in 1965, by uses 

Crystalline ~~—- Ceylon _ Other - | 
. flake amorphous amorphous ! Total 

ot Use CO 

a. Short Short Short Short 
. tons Value tons Value — tons. ~ =~ Value tons Value 

Batteries. .........-- WwW WwW ~---- ----- 966 $167,100 966 $167,100 
: Bearings_.........--- WwW WwW WwW W 256 110,500 256 110,500 

Brake linings_--~----- 454 $123,400 326 $87,700 981 149,500 1,761 . 360,600 
Carbon brushes-.--.- . - 145 74,100 #364 199,900 255 44,800 764 318,800 

. Crucibles, retorts, oe 
. stoppers, sleeves, . 

and nozzles____.--- 24,901 801,000 a one Ww WwW 4,901 801,000 
Foundry facings: - ~~. -- 1,175 212,500 - 190 48,500 11,000 1,016,200 12,365 1,277,200 
Lubricants.__.....-.- 923 245,700 140 46,400 2,674 283,800 3,737 575,900 

. Packings...........- 229 114,100 W W 481 70,500 710 184,600 
Paints and Polishes. -- WwW WwW WwW WwW 512 45,300 512 45,300 
Pencils__.........--- 1,008 320,100 - | 434 147,600 492 62,000 1,934 529,700 
Refractories._._....-- W . W ----- a~---- 7,606 756,000 7,606 756,000 

' Rubber......_.-..--- 34 16,200 130 23,700 © 45 15,700 209 55,600 
Steelmaking. __._...-- 727 117,200 274 18,400 8,316 728,000 9,317 863,600 
Other $_._.__..._---- 430 143,500 20 10,600 1,590 189,700 2,040 343,800 

Total.__._.__- 10,026 2,167,800 1,878 582,800 35,174 3,639,100 47,078 6,389,700 

W Withheld to avoid disclosing individual company confidential data, included in total. 
I Includes graphite indicated by symbol W, unspecified graphites, and mixtures of natural and manufactured 

graphites. 
2 Includes some amorphous. 
$ Includes adhesives, chemical equipment and processes, electronic products, powdered-metal parts, small 

. packages, specialties, and other uses not specified. | 

PRICES 7 

Actual prices for natural graphite are Nos. 1 and 2 flake graphite containing 90 
negotiated between buyer and seller and to 95 percent carbon at 29 to 32 cents; 
cover a wide range of specifications. powdered crystalline graphite—containing 

. Oil, Paint and Drug Reporter quoted 88 to 90 percent carbon at 20 to 23.5 
the following prices for graphite, per cents, 90 to 92 percent carbon at 22.5 to 
pound, in bags, fiber drums, ex warehouse: 25.5 cents, and 95 to 96 percent carbon
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: at 29 to 32 cents; powdered amorphous as follows: Malagasy Republic, $82 to | 
- _ erystaline graphite containing a minimum $181; Norway $85 to $145; West Ger- 

of 97 percent carbon at 30.5 to 33 cents; . many, $113 to $610; and Ceylon $85 to 
and powdered amorphous graphite at. 6.5 $223. Amorphous, nonflake, cryptocrys- | 
to 12 cents. 7 talline, graphite per short ton, f.o.b. source 

| _ (80 to 85 percent carbon) was quoted as 
Prices quoted by EXMJ Metal and Min- follows: Mexico (bulk) $17 to $20; South 

eral Markets for flake and crystalline graph- Korea (bulk), $13; and Hong Kong | 
| ite, f.0.b. source, bags, per short ton, were (bags), $21. | oe 

| FOREIGN TRADE | | - 
Export of natural graphite in 1965 was ites from Mexico, West Germany, and 

the largest ever reported. | | Norway. | 
New high records of imports were es- A total of 84.3 percent of the imported 

tablished in 1965 for consumption of nat- crystalline flake graphite in 1965 was val- 
ural graphite, for natural amorphous ued up to $110 per ton (5.5 cents per 
graphite, and for natural amorphous graph- pound) at foreign ports. 

Table 5.—U.S. exports of natural graphite, by countries | 

- a | Amorphous, crystalline flake, 
lump, or chip and natural n.e.c. 1 _ sO _ 

| Destination | 1964 . 1965 

Short Short — : 
. tons Value tons Value : 

Argentina__......----------2----e-2-e-eeeeeeene- 13 $4,512 40 $5,132 | 
Australia. ........--------- eee 81 14,377 32 3,489 
Brazil.....-.--.-.-..--------------- eee 276 53,218 — 7 928 
Canada...._....__-.--.-------------_----------- 966 136,144. 1,438 183,141 
Colombia... .....--1.-...--.222...------ eee 12 3,688 39 §,525 
France. .._..--.-.--------- 12 126 19,936 155 19,015 
Italy....-------2 eee 2 516 51 6,261 
Mexico...........--------------- ~~~ eee 37 17,327 228 28,432 
Philippines. ____.-.-.-.---.--------- eee 40 -11,264—C 44 5,634 
United Kingdom--_......-.-- 22-2 ee 151 21,767 . 828 115,618 
Venezuela.___._..-..-.----- eee 113 22,468 75 . 12,222 . 
Other countries ?__.............--.------..-..--- 147 28,260 259 33,591 _ 

| Total. _...------------- eee eee 1,964 333,477 3,196 418,988 

1 Not elsewhere classified. . 
2 Includes Austria (1965), Bahamas (1965), Bolivia (1964), Chile, Costa Rica (1965), Czechoslovakia (1964), 

Denmark, Dominican Republic (1965), Ecuador, El Salvador (1964), West Germany, Guatemala (1965), 
Honduras (1964), India, Iran (1964), Israel (1965), Japan (1965), Netherlands, Netherlands Antilles (1965), 
Norway (1965), Pakistan, Peru, Republic of South Africa, Saudia Arabia, Spain (1965), Sweden, Switzerland 
(1965), Taiwan (1965), and Turkey (1965). _ 

| WORLD REVIEW 

| Czechoslovakia.—A plant to produce — puram localities in the Eastern Ghats area, 
chemically refined high-purity graphite South India, were described.2 
from graphite obtained from the Kolodeje Italy —A new firm, Elettrografite Meri- 
na Luznici mine was reportedly put into dionale SpA, jointly owned by Union 
operation at Tyn nad Vlitavou. The prod- Carbide Corp.’s Italian subsidiary, Elet- 
uct is used in electrical engineering, nu- trografite di Forno Allione SpA and the 
clear energy, and telecommunications. 

India.—The occurrence and origin of 0 2 Krishna Rao, é S.R., and V. Malleswara Rao. 
1 i ecurrence and Origin of Graphite in Parts o 

graphite in the Andra (Kondamusu ru), Eastern Ghats, South India. Econ. Geol. v. 60, 
otivada, Kuppametta, and Rambhadra- No. 5, August 1965, pp. 1046-1051. 

232-748 O-67—30



Table 6.—U.S. imports for consumption of natural and artificial graphite, by countries | . ~ 

Amorph | | | Crystalline morphous Total 

Year and country . Lump, chip, | . _. . . 

| Flake or dust Natural Artificial | oo 

Short Short Short Short — , Short oe 
| tons Value tons Value tons Value tons Value tons Value | | 

ur 

I 
- . 

: 

1956-60 (average)_....---.---------------- eee eee 4,917 $558,275 107 $26,413 35,286 $1,238,641 61. $13,864 40,371 $1,837,193 © | 
1961__._-.----- ee eee 4,377 428,793 55 17,138 25,246 863,457 70 22,787 29,748 1,332,175 

1962_____.__- eee 5,458 532,270 181 55,769 29,250 1,100,072 4,639 95,274 39,528 1,783,385 | 
1963.___-_----------------- eee eee eee eee 5,489 542,374 198 61,740 46,128 1,383,440 369 12,526 ‘52,184 2,000,080 | 

. ns 

1964: oe | 3 
Ceylon.______- eee eee ----- ceeee ----- wees 3,215 364,275 wanee weene 3,215 364,275 b 7 

Germany, West........--.-------.----.-------- 215 40,364. 66 20,580 1,585 179,443 4 697 1,870 . 241,084 e 

_ Japan.___...----------------- +--+ eee 243 22,634 ----- waene’ w---- _---- wane ----- 243 22,684 & | 
Korea, South. ._..._.-.---.----------------- eee _eeee _eeee weeee wee ee 617 12,525 a a 617 12,525 wn 
Malagasy-----------------------------+---+------ r4,268 408,144 ween wae ee 84 7,755 meee e eee ¥ 4,352 415,899 4 
Mexico...__._._-------_--_------ eee eee meaee meee) eee wenn, 33,709 653,515 ----- .---- 988,709. 653,515 bd 
Norway _-_-.----------------------- eee ene eee 13 1,402 _oane oeee 2,543 203,948 noene _---- 2,556 205,350 > 
Other countries !__........-------.------------- 13 4,939 wane w---- 573 —«- 19,890 «52 3,694 638. 28,523 

8 

Total._....----..---------- ~~ eee 4,752 477,483 66 © 20,580 42,326 1,441,351 56 4,391 147,200 1,943,805 a : 
- Le 

. . 

7 1965: - _— } — 
.Ceylon______-...------------------------------ 28 2,625 11 1,185 2,666 275,217 | ----- a 2,705 279,027) a , 
France______....------------- ene ee eee ee eee ee 29 11,645 _aae- nue ee. woes ---- waene woene 29. 11,645 
Germany, West._._.-.-.----------------------- 509 88,498 55 17,150 1,904 233,382 5 2,641 2,473 341,671 . 

Korea, South. _..------------------------------ 12 1,800 naan _ae-- 1,428 38,553 wane waee- 1,440 40,353 | 
Malagasy__._..-._---..------------------------ 5,611 588,756 © _.--- a 5 414 wana ----- 5,616 539,170 
Malaysia..__....--.---_----------------------- 59 11,276 _---- woeee a none waoee ee ee, 59 11,276 
Mexico_....__._-..___- ee eee ee eee eee eee eee Meee nee waoee _ao-- 41,481 816,083 wanee a 41,481 816,083 

Norway -_--.---------------------------------- 55 6,008 a anna 3,793 314,996 woo-e eons 3,848 321,004 
Other countries 3.___._..._._...._....---------- 91 8,085 21 900 256 9,566 — 37 7,866 405 26,417 

Total. _.._...------------------------------- 6,394 668,693 — 87 ~—s:19,235 451,533 . 1,688,211 42 10,507 58,056 2,386,646 

r Revised. - . . | 

1 Crystalline flake includes Canada and France; amorphous natural includes Austria, Canada, East Germany, Hong Kong, Netherlands, United Kingdom, Cameroon, and 

Thailand; and artificial includes Canada and Switzerland. _ 
2 Crystalline flake includes Canada, Japan, and Turkey; crystalline lump, chip, and dust includes. Canada; amorphous natural includes Canada, Hong Kong, and United 

Kingdom; and artificial includes Canada, Netherlands, Switzerland, and United Kingdom. : |
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Italian firm of Insud-Nuove Iniziative per ucts annually for the steel, electrochemical, oo 
il Sud SpA, was formed to produce graph- and nuclear power industries.3 
ite products at Caserta, near Naples. The a : | 
new plant, scheduled for completion late Southern Rhodesia.—Plans were made ~~. 

_ In 1967, is expected to have an ‘initial to establish the graphite industry in South- © 
capacity of 11,000 tons of graphite prod- ern Rhodesia early in 1966. Rho-German 

Table 7.—World production of natural graphite by countries!  §=— 
: (Short tons) oe 

| Country ! 1961 1962 1963 1964 1965p? | 

North America: ! Mexico........-.-.-.--------- 19,846 ‘31,992 33,065 ir 33,441 © 34,000 a 
South America: | 

Argentina__._. 22.22 ee - F869 r 522 r 306 r171 e 180 
Brazil__-.-.22 eee r 1,593 1,775 ¥ 6,640 | 5,150 _ © §,200 

Europe !: . a a: 
Austria... eee 89,255 98,416 109,778 112,697 - 94,529 

a Germany, West. ........---.--.--_-------- 13,349 13,134 r14,110 614,793 e 15,000 
; Italy... 22 ee 74,485 73,027 F 2,053 1,443 1,353 

Norway -.....-.-----------------2-22----- 6,300 7,222  — 8,400 © 8,350 ~ 8,500 
Spain... ---- ee eee , 303 ween ~a--- we wee anos 

Afci U.S.S.R. e¢... eee eee 55,000 60,000 — 60,000 60,000 — 60,000 _—=i«. . 
T1¢ca °: : . 

Malagasy Republic...........-..-.-..-.--- 16,473 | 19,274 21,214 + 14,521 18,756 
. South Africa, Republic of..........---..-.--  - 963 © 1,308 671 1,042 447 

| Aci South-West Africa_.......----2----2 2-28 eee a---- aao-- ne 275 | 396 
sia: oo . 

Ceylon (exports)........-..-.--0..--.------ r 10,015 9,665 9,280 ¢*11,957° 9,789 
. China ¢_. 2 ee ene 45,000 45,000 45,000 45,000 45,000 

' Hong Kong... ee 1,865 902 891 795 - a eee 
India__.......--.------------------------- 1,830 (3) (3) - @) (3) | 

Japan.....-.-----.---------------------- 3,836 3,812 3,305 2,700 e 2,800 . 
Korea: . 

_ North ce... 72,000 72,000 77,000 77,000 77,000 
South.......------------------------- 98,892 204,032 374,428 +1*291,515 e 285,000 

World total (estimate) !_........-.-----.- 455,000 590,000 «785,000 *700,000 675,000. - 

—e Estimate. » Preliminary. t Revised. | . | - 
1 Graphite has been produced in Czechoslovakis, but production data are not available; estimates by author 

of chapter included in total: U.S. figure withheld to avoid disclosing individual company confidential data, 
included in world total. . | 

2 Compiled from data available June 1966. . 
* Estimate by author of chapter included in total. : | 

_ Table 8.—Ceylon: Exports of graphite by Graphite (Pvt.), Ltd., planned to mine 
| countries flake graphite ore containing 30 to 40 per- 

OO (Short tons) : cent carbon in the Karoi area, to upgrade 
sss ~SCs*«“‘at&R «ee tod CONCeenttrate containing 85 to 90 

Destination 1964 1965 percent carbon, and to export about 500 
: TTT = tons Of flake graphite per month.4 

North America: 29 ° 
anada_._.__...----------- _---- ° : 

United States 2222222777777 3,430 2.290 South Africa, Republic of.—The estab- 
Europe: i 1 Beieium.._.--.----- eee 54 34 lishment of a firm to produce graphite 

Czechoslavakia_-.-.-------- 3 105 electrodes was announced. The firm will 
France_________-_..------- 543 174 di : Germany, West 2222277777 75 83: be a subsidiary of African Metals Corp., 
Netherlands._..------------_ ----- 67 Ltd. (AMCOR), and will have ties with 
Poland.__..........-----.- 186 . 78 : . United Kingdom. 2277777777 -2,702-2.853 Farbwerke Hoechst A.G., and Siemens 

Asia: Planiawerke A.G. of West Germany. The 
Indis.- - caiteieteeteteeieeieenate L283 1088 new plant will be built adjacent to AM- 

Pakistan. —- w_scnecese------ + 289~2SS—s« 211 ~3S COR’s Kookfontein Works in Vereeniging 
ilippines.___..._._._._.-- 29 _oeee . , ° ° e 

Thaikend 2272772727777 7 id and is scheduled to go into operation in 
Oceania: Australia_......_.._-. 688 537 —_—___—_—. 
Other countries.........-....--- 20 65 3 Oil, Paint and Drug Reporter. Graphite: A 

Venture for Carbide in Italy. V. 188, No. 14, 
Oct. 4, 1965, pp. 4, 33. 

Total_......-.-----.-.... 11,957 9,789 # Bureau of Mines. Mineral Trade Notes. V. 
a —t—“‘éCL:S, Nt. 5, NNWermblerr' 1965, pp. 15.
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a Table 9.—Malagasy Republic: Exports ‘of the middle of 1966 with a capacity of - 
7 graphite by countries | 5,400 tons of electrodes annually.5 _ 

| _Ghort tons) _ South-West Africa.—Graphite produc- 
ss ——s—*~=é‘éitin «owas resumed in’ 1964 after lapsing 

Destination 1963 1964 = since 1955. A total of 275 tons of graph- 
rs ——— ite was mined from a deposit near Aukam 

| North America: United States... 5,306 = 4,960 tin mine, 25 miles south of Kuibis Station 
Belgium-Luxembourg.--.---- 95 62. on the Liideritz-Keetmanshoop railway line. 

Co Denmark. ---~------------- 3.800 3579 Production of graphite increased in 1965. 
| | Germany, West_...--------- 2,362. 1,825 - } 

; Italy...........-.--------- 1,246 645 > . 
Netherlands. ........-.--.-- 85 61 
Poland.....--------------- 22. ..--- ee . 
Spain....._-..-....-------- 282 209 
United Kingdom......----.- | 3,729 3,623 

 India....---.-------------- . 47 | 108 | ae 
. Japan...--.--.------------ §388 = =61,0138 | a . 

oe Oceania: Australia.........-..- 344 . 100 . . - : 

Other countries. .......--------- 18 220 tee . . ; 
de 5 South African Mining & Engineering Journal, 

. oO - ' AMCOR to Pioneer Making of Graphite Elec. 

- Total......-.-...-------- 17,418 15,493 trodes Baie * Bom. Project... V- 76, Pt. 1, No. — 

- 
Or . ? e — ’ 9 pp. > e . 

So oe TECHNOLOGY Oo a 

| Some of the numerous difficulties in pro- featuring high-purity uniform-grain struc- = 
. ° ° . e Pp § p * 8 . 

ducing uniform-grade graphite from pe- ture, small pore size, and many other at- | g phit ! po : y oth 
troleum coke ® and from other source ma- _ tractions became available commercially.12 — | 

- terials’ were discussed in U.S. Air Force A material consisting of layers of carbon 
sponsored research. Studies made on num- and graphite bonded together became avail- — 

- erous coatings for graphite to protect it able for high-temperature applications.3 _ 7 
from oxidation at high temperatures were = —— ———— , oe 18 Vari us hi y* 6 Stout, C. F., M. Jones, and J. A. Biehl. 
reported.© | Various graphite compositS Research and Development on Advanced Graphite 
were also investigated.9 Materials. . Wright-Patterson Air Force Base, 

a ; - Ohio, WADD TR 61-72, v. 36, August 1964, 
The Atomic Energy Commission (AEC) 109 pp.; Office of Tech. Services, U.S. Dept. of 

in conjunction with the National Aero- Commerce, Ooetnan Ge 1 ved Graphit 
. . : nion Carbide Corp. mprove raphite 

nautics and Space Administration made Materials for High-Temperature Aerospace Use. 
studies on the mechanical properties of V olume é Research and Development for Im- 

. ° prove Trapalite aterials. rignt-ratterson 

several reactor-grade graphites and meth- Air Force Base, Ohio, ML-TDR-64-125, Septem- 
ods to predict the behavior of components _ ber 1964, 144 pp.; Office of Tech. Services, U.S. 
made from these graphites. AEC. also pert ee nea a M . E P 
studied the irradiation effects on graphite Schram, A.W. "Smith, and H. F Volk. High 
that caused it to expand below about 300° Temperature Protective Coatings for, Graphite. 

. ae . rignht-ratterson ir orce ase, 10, 

C, and to shrink at higher temperatures; TDR-G4-173, pt. 2, October 1964, 143 pp.; Office 
the corrosion of graphite by a stream of of cch. Services, U.S. Dept. of Commerce, AD. 
high-temperature helium contaminated ® Union Carbide Corp. Improved Graphite 

with carbon Gloxice, carbon monoxide, Materials for High-Temperature Aerospace Use. 
water. an h rogen: an the usa o1ume . evelopment o rap ite—Re ractory 

t te hni YOPOSED 5 he th Sl. dj é Composits. Wright-Patterson Air Force Base, 
new technique to measure the thermal du- Ohio, ML-TDR-64-125, October 1964, 128 pp.; 
fusion rate of boron atoms in single crys- Office of Tech. | Services, U.S. Dept. of Com- 

tals of graphite for motion parallel and eee " ws 
a. 10 10 Atomic Energy Commission. Fundamental 

perpendicular to the layer planes. Nuclear Energy Research 1965. A Supplemental 
A new group of high-strength graphite- Report 1960 388 eo Report to Congress. De- 

base refractory compositions Containing ad- 11 Materials in Design Engineering. Graphite 
ditives such as zirconium diboride, boron, Refractory Resists 3,400 F. V. 61, No. 2, 
and silicone for use in high-temperature oe ne ee een wm a craphit 

° ° * ° ateriais in esign ngineering. rapnite 

applications were described briefly. The Has Uniform Grain Structure. v~ 61, No. 4, 
additives form an oxide glaze thus pre- April 1965, p. 17. 
venti i i hite.21 13 Ceramic Industry. The Graphite That With- 
enting air from attacking grap .. stands 5,700°F. V. 84, No. 4, April 1965, pp. 
A new type of manufactured graphite 52, 144.
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A new fibrous form of graphite was re- for both resin and metal-matrix compos- an 
ported to be the strongest and stiffest ma- _ites.14 | 

. terial for its weight ever produced. The A number of patents on graphite were | 
| filament can be used as a reinforcing agent _issued.15 — . | 

14Tron Age. Graphite “In’’ as.a Reinforce- Producing Pure Single Crystals of Graphite. 
ment. V. 196, No. 22, Nov. 25, 1965, p. 70. U8 rat 316728985 Jan. 26, ‘kB MeGh a a 

15 Re . : ° ign he xibson, Davi -- Kenne - McGhee, an 
. Us eWay earion oor @ “Gree nite Robert C. Stroup (assigned to Union Carbide =. 

Dispersion. U.S. Pat. 3,173,973, Mar. 16, 1965. Corp., New York). Graphite Cloth Laminates. | 
. : . , . U.S. Pat. 3,174,895, Mar. 23, 1965. 

- Criss, Filmore F. (assigned to the U.S. Atomic Jones, James Byron, and William B. Tarpley, 

Energy Commission). Carbide Coatings for jy. (assigned to Aeroprojects Incorporated, West | 
Graphite. U.S. Pat. 3,208,870, Sept. 28, 1965. Chester, Pa.). Method of Vibratorily Extruding — 

Criss, Filmore F., and Cornel Wohlberg Graphite. U.S. Pat. 3,194,855, July 13, 1965. 
(assigned to the U.S. Atomic Energy Commis- ' Juel, Leslie H. (assigned to Great Lakes 
sion). Carbide Coatings on Graphite. U.S. Carbon Corp., New York). Method of Controlling 
Pat. 3,208,872, Sept. 28, 1965. Orientation of Extruded Graphite Crystallites. 

Diefendorf, Russel J. (assigned to General U.S. Pat. 3,168,509, Feb. 2, 1965. 7 
Electric Co., New York). Method of Forming Turner, Richard F., and Ernest O. Winkler 
Composite Graphite Coated Article. U.S. Pat. (assigned to the U.S. Atomic Energy Commis- 
3,172,744, Mar. 9, 1965. © sion). Ceramic-Matrix-Type Fuel Element With 
——__-_-+___—. (assigned to General Elec- Graphite Fabric Affixed to Exterior Surface. 
tric Co.,. New York). Method for Coating U.S. Pat. 3,224,944, Dec. 21, 1965. 

- Articles With Pyrolitic Graphite. U.S. Pat. Vinal, Albert F. (assigned to Union Carbide 
3,206,331, Sept. 14, 1965. Corp., New York). Dry Cell Electrodes Con- . 

Giardini, Armando A., and John E. Tydings taining Fibrous Graphite and Process of Making 
_ (assigned to the U.S. Army). Method of Same. U.S. Pat. 3,192,071, June 29, 1965.





| _ By Paul L. Allsman + | | — 

- Despite a decline in 1965 production, 1964, and the quantity of imported crude_ 
producers were optimistic about the im- gypsum also decreased 6 percent. Use of 

mediate outlook for gypsum and gypsum both calcined and uncalcined gypsum prod- 

‘products. Domestic production of crude ucts increased. : | 
gypsum decreased 6 percent from that of a | 

oo | Table 1.—Salient gypsum statistics a 
" (Thousand short tons and thousand dollars) . 

| | 1956-60 | - 
(average) 1961 * 1962 1963 1964 - 1965 © 

_ United States: _ oe a . 
Active mines and plants !____._._-- * 89 | 98 . 102 — 103 106 114 

~ . Crude: 2__....------------- 
Mined____.--..--_------ 9,967 9,500 9,969 10,388 10 ,684 10 ,035 
Value___-_-------_------ $34,277 $34,996 $86,343 $38,188 $38,874 $37,423 
Imports for : oe | 

consumption. -_.---- 4,832 4,967 6,421 5,490 . 6,258 - 6,911 
Calcined: 

. Produced__.....--------° 8.478 8,246 8,819 9,181 9 ,440 9,320 | 
Value_....-.-.-.---. $99,783 $118,145 $127,486 $131,668 $135,877 $133,028 | 

- Products sold (value)___._._-- $340,268 $358,811 $392,300 $414,090 $431,717 $419,668 . 
Gypsum and gypsum 

products: - a . 
Exports (value).-.-.--.-- _ $1,523 $1,299 $1,302 $1,431 $1 ,808 $2 ,032 + 
Imports for consumption , - : a 

(value)....---...------ $9,709 $10,306 $11,912 $12,357 $14,687 $13,328 | . 
World production__------------------ 41,572 45,310 48,740 49,900 51,530 51,610 

1 Each mine, calcining plant, or combination mine and plant is counted as:1 establishment. - : . 
2 Excludes byproduct gypsum. _ . 

| DOMESTIC PRODUCTION ) 

Crude.—Of the 75 mines operated, 57 feet of board products was reported in 
- were open pit and 18 were underground. 1965 with a value of $353.2 million, as com- 

Eighty percent of the total output came pared with 9.3 billion square feet of board 
from 39 mines operated by companies hav- products with a value of $363.9 million in 
ing calcining equipment. By state, the 1964. Natural gas, oil, and coal were used 
leading crude gypsum producers were: Cali- _as fuel at various plants. 
fornia, 16 percent; Michigan, 13 percent; . . : | 
Iowa, 12 percent; and Texas,. 10 percent. Mine and Products—Plant Development.— 
More than 49 percent of the California out- Production began at the new gypsum prod- 

put was sold uncalcined for agricultural ucts plant of The Flintkote Co. at Savan- . 

purposes. nah, Ga. The plant utilizes 130,000 tons mo , 

. . . d ‘eves per year of crude gypsum for gypsum board 

ener ee i imp at nap P 397 and other gypsum products. Gypsum Prod- 

veedl ca sd 1 h P ants t i “I . 22 ucts of America Corp., was building a $3.1 

_ ket es an A of - Poy pili cataning million plant at Himes, Wyo., 75 miles east 

equipment. fotal of 9.4 pion square of Yellowstone National Park. A $2.05 mil- 

1 Commodity specialist, Division of Minerals. lion loan was obtained from the Small Busi- 

463 |
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| | Table 2.—Crude gypsum mined in the United States, by States : 
oO 7 _ (Thousand short tons and thousand dollars) | 

— | | | 1964 __ | 1965 

State - - Active Active 7 
a | oe _ mines Quantity Value mines Quantity Value 

Arizona._.-------------_------ 2 eee 6 147 $770 5 103 $540 | | California.___..-.-.-----__--_-_-----._ 9 1,898 4,589 10 1,611 - 8,881 
Colorado_-__.--------------------_--_- 4 100 398 6 102 “A27T . 
Towa___-----------------------.----- 5°. 1,287 © 5,821 5 1,254 «5,554 - . 

| _ Michigan_-_____._.-_--------_______- 5 1,421 5,263 5 1,338 5,027 
Nevada-__.-------------.--.--------- 3 799 © 2,894 4 710 2,518 
New York_._----.----_.------------_- 5 _ 653 3,321 5 662 3,511 
Oklahoma__.__.-_-_---_.._--_-_____.- 8 - 694 1,899 8 761. 2,343 
South Dakota______-__.----2 22 eee 1 19 46 1 7 27 

: Texas__----------------.._---------.._ 7 1,131 4,049 6 1,045 | 8,794 | 
_ Other States 1__----- 2-2 ee 19 2,540 9,844 - 20 2,442 . 9,801 

| 0c a 10,684 88,874 75 10,085 37,423 | 
1 Includes the following States to avoid disclosing individual company confidential data: Louisiana, 1 mine; 
“Arkansas, Indiana, Kansas, Montana, Ohio, Utah, Virginia, and Wyoming, 2 mines each; and New Mexico 
3 mines. - . — 

Table 3.—Calcined gypsum produced in the United States, by States oo 
a oO oo _ (Thousand short tons and thousand dollars) . : 

| | | 1964 Oo 1965 | oe | 

Be , . Oy - Calcining a Calcining - 
oe Active |. _ equipment - Active equipment 

oS ‘State plants Quantity Value ————_——————— plants Quantity Value ———————— > 
: SC ~ . Kettles Other! | 7 Kettles . Other ! 

 »  California__--. .7- . 1,019 . $9,662 .19 . 14 9 820 $9,184 21 15 
Georgia__.-... W WwW WwW W W 3 (431 | 9,250 15 ol 
Iowa___--.-.-- 5 883 13,467 23. A 5 845 12,668 22 4 

, Louisiana__-_-. 3 218 3,897 6 1. WwW WwW WwW WwW WwW 
Michigan... ___. 4 403 —- 6,300 11 1 4 408 6,315 10 1 
New York.---_ —s- 7 1,100 16,669 24 = B %  ~. 1,041 15,359 23 5 

. Texas_.______- 7 913 12,886 29 - 3 T 837 10,743. 27 a: . 
Other States?. 39 = 4,904 72,996 120 44: 43 4,938 69,509 109 43 

. Total... 72 9,440 135,877 232 72 18 9,320 183,028 227 71 
CN 

W Withheld to avoid disclosing individual company confidential data; included with ‘Other States’. 
_' Includes rotary and beehive kilns, grinding-calcining units, Holo-Flites, and Hydrocal cylinders. - 

| ? Comprises States and number of plants as follows: Arizona, 1; Arkansas, 1; Colorado, 2; Connecticut, 1; 
. . Delaware, 1; Florida, 3; Georgia, (1964), 2; Illinois, 1; Indiana, 3; Kansas, 2 ; Louisiana, 3; Maryland, 2; 

Massachusetts, 1; Montana, 1; Nevada, 3; New Hampshire, 1; New Jersey, 3; New Mexico, 2; Ohio, 3; 
Oklahoma, 2; Pennsylvania, 1; Utah, 2; Virginia, 2; Washington, 1; Wyoming, 1. 

hess Administration. The new plant will National Gypsum Co. unveiled its new $1 
turn out wallboard up to 54 inches wide, million. testing facilities and research cen- 
and pulverized gypsum for agricultural use. ter at Tonawanda, N.Y. — . 

Kaiser Gypsum Co. was adding a multi- Ideal Cement Co. closed its gypsum mine __ 
‘million-dollar gypsum products plant at at Hanover, Mont. because of unsafe con- 
Delanco, N.J. to its string of plants. Sun- ditions. Blue Diamond Co., a division of 
shine Mining Co. was readying. a large The Flintkote Co., completed manufactur- 
open-pit gypsum mining operation at ing and warehousing facilities at a new 
Raynesford, Mont. The deposit, discovered plant in Fremont, Calif. Crude gypsum is 
in August 1965, is estimated to contain 3 shipped from the Blue Diamond, Nev. 
million tons of 98-percent-pure gypsum. mines. | 

CONSUMPTION AND USES 

Production from the rapidly expanding industry showed an eagerness to add capa- 
gypsum companies equaled and sometimes city, and the general feeling was that build- 
exceeded the demand of its housing market, ing would boom again in the coming year. 
and as a result, earnings declined. Still the | The number of private non-farm housing
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_ Starts: was 1.46 million units in 1965, a area of fire protection and sound control, | 
decline of 4 percent from the 1964 figure. and consequently the greater use of multi- 
Waliboard consumption increased 7 percent ple gypsum wallboard assemblies, the gyp- | 
over that of 1964. _ | / _ Sum industry is confident and optimistic  —§ . 

Because the average home continues to about its long-range potential. Growth in | | 
grow in size, because of increasing demands output of gypsum products is expected to . 
for gypsum walls and ceilings, because of continue at the present rate if the high | 

: the strengthening of building codes in the level of construction activity continues. 

Table 4.—Gypsum products (made from domestic, imported and byproduct gypsum) | 
| - sold or used in the United States, by uses : 

: (Thousand short tons and thousand dollars) | 
- . . , 

- — pe 
: 

1964 - 1965 

- . | Use Quantity Value Quantity Value _ 
er Uncalcined: | 

. Portland-cement retarder__.....-2-.---._--.-------._-- 3,034 $12,997 3,152 $14,765 Agricultural gypsum____..__-._.._...-.---.----------. 1,475 ' 5,518 —«-:1, 862 4,820 : 
_ Other uses !_._ 2 eee 53 623 66 776 

. Total__--.-------.------2----2-----2-------------- 4,562 «19,188 4,580 20.361 © 
.  Caleined: | | . . 

Industrial: a . . 
Plate-glass and terra-cotta plasters_____...__.___-__ 50 ~ 788 56 861 
Pottery plasters__--_...------.-.------.---- 2 ieee 53 1,218 54 1,236 
Dental and orthopedic plasters___..____..____2__:_. 14 541 - 18 698 
Industrial molding, art, and casting plasters______+__* 99 2,165 ° °&#&i1ii 2,370 
Other industrial uses 2___._-_--.------2--.-2 2-2 ee 76 2,796 80 3,116 

Total. .-----.-.------------------------------ 292-7508 319 8,281 
- Building: | | . 8 | 

Plasters: _ : 
Base-coat___.-..--.-------------.----- 22 -e 972 . °18,667 828 . 15,930 S 
Sanded and premixed perlite__-__....---.--...-. . 455 | 11,515 436 10,981 
To mixing plants______-..-.-..--------2---- | 8) 8 # #W WwW 

. Gaging and molding_-_.-_.------._.------..--. 121 2,703 113 . . 2,552 
Prepared finishes_..........__-.-_2.-----2 ___- 9 817 10 815 

- Roof deck_____--------- 2-2 ---- eee eee 352 5,438 363 5,708 
Other 4_____..--------2 2 eee eee 22 1,108 28 1,037 . 
Keene’s cement ______.__----------.---------. 84 936 27 761 

Total___._.-.__--------------------------- 1,965 41,187 1,805 37,784 
Prefabricated products §__......2--.-__:----------- 68,642 . 363,884  6§,998 353,242 ” 

| Total__..._---._--------- ------ eee —_ 405,071 | —_ 391,026. 

7 Grand total, value___.....2..--.-----------1---. — ~—~48i2,717 — “419,668 

W_ Withheld to avoid disclosing individual company confidential data; included with “Other”. - — 
' Includes uncalcined gypsum for use as filler and rock dust,.in brewer’s fixe, in color manufacture, and for 
unspecified uses. _- a 

2 Includes dead-burned filler, granite polishing, and miscellaneous uses. . 
3 Less than % unit: | . . | 

_ 4 Includes joint filler, patching, painter’s, insulating, and unclassified building plasters. 
5 Excludes tile. 
6 Includes weight of paper, metal, or other materials. | | 

New products and product research im- to laminate gypsum wallboard.2 - : 
proved the outlook for uses of gypsum in A new waterproofed gypsum wallboard, 
1965. Screw fasteners especially designed heavily impregnated with special water- 
for use in gypsum wallboard construction proofing compounds and tested under ex- | 
have now been developed by almost all treme moisture conditions, was made avail- 
major screw manufacturers. A new fire- able in either regular gypsum core or Type 
rated gypsum wallboard in 54-inch widths X gypsum core.3 | 
has been announced by several manufac- ?Gypsum Drywall Industry Newsmagazine. 
t Taping, Inc. V. 8, No. 1, February-March 1965, urers. | opp. 24-25. 

A new sprayable drywall contact adhesive N 8 Gypsum Drywall. Industry Newsmagazine. 
has greatly reduced costs and time required  Avevet-Seotembur 3965, 321.
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| Table 5.—Prefabricated products sold or used in the United States, by products — 

/ 1964. 1965 : 

. . Thousand Thousand Value Thousand Thousand Value 
. Product ‘square feet short tons! (thousands) square feet short tons! (thousands) 

. Lath: oe — | 

3% inch.__----------- 1,393,022 1,038 $88,744 1,237,983 - 916 $31,985 

Wginech_..--_-------- 95,581 96 3,513 123,578 121 4,485 

Other 2___.---------- 6,008 8 306 6,234 . 8 285 
EE 

. Total__.--.------- 1,494,611 1,142 42,563 1,367,795 1,045 36,755 

Wallboard: = ae | 
VY ineh___--_-------- 133,077 76 4,073 144,158 82 3,540 

3% inech_.____-------- 1,767,135 1,341 63,811 . 1,781,836 1,339. (59,825 © 

Winch__..-_--------. 4,988,816 — 4,983 206,783 5,444,859 5,352 206,100 

5ginch.._--_-------- 639,618 806 36,454 693,356 873 - 36,522 

1 inch 3______----_.-- 13,564 29 _ 1,086 18,864 32. 1,284 

- Total__..----_----. 1,542,210 7,235 312,207 8,083,073 7,678 307,271 

Sheathing -__.-_--------- 197,453 208 _ 6,790 213,402 _ 216 — 6,834 

Laminated board_.- ------- 46,691 6 323, 47,126 4 317 

-  Formboard - ------------- 48,462 , 51 2,001 50,056 52 2,065 | 

/ Grand total §___._.. 9,289,427 8,642 © 363,884 9,721,452 8,998 353,242 

| Includes weight of paper, metal, or other materials. _ . 

2 Includes a small amount of 14-inch, %-inch, and 1-inch lath. . 
3 Includes a small amount of 54-inch, 34-inch, 15-inch, and 334-inch wallboard. 

_ 4 Area of component board and not of finished products. 

5 Excludes tile, for which figures are withheld to avoid disclosing individual company confidential data. 

| ‘Improved specifications -for gypsum plas- A Bureau of Mines publication describ- 

. tering were approved by the American ing the organization, technology, and out- 

| Standards Association. Work was sponsored look for the gypsum industry was released 

by the American Institute of Architects and in 1965.5 | 7 
| the American Society for Testing Materials.4 . 

PRICES | 

. Prices (base rates) for truckload lots of Seattle. Three-eighths-inch gypsum lath 

gypsum products in 20 US. cities are pub- averaged $41.28 and ranged from $27.25 in 

lished monthly in Engineering News- the Detroit market to $56.75 at Seattle. 

Record. Neat plaster averaged $31 32 per Tongue and groove sheathing averaged © 
ton and ranged from $24 in Baltimore to $55.79 and ranged from $38.40 in the 

| a $46.50 in Seat oo ee Plaster sole ror Detroit area to $74 at St. Louis. | 

| an average of $ 71.09 per ton and range Gypsum wallboard and cement producers 
from $25.65 at Cincinnati to $49 at Seattle. dj h-and-tumbl . 
One-half inch gypsum board averaged $60.51 were engagec in Tough-an¢c-runlc price 

per thousand square feet and ranged from Competition for their products am 1965. 
$43 at Detroit to $75.50 at Seattle. Quota- Producers were hopeful of stabilizing prices 

tions for 34-inch board averaged $51.18 and and possibly obtaining higher prices in 

ranged from $35.75 at Detroit to $64.50 at 1966. 

FOREIGN TRADE 

Imports of crude gypsum decreased 6 per- _ provided 15 percent; and Jamaica provided 

cent compared with those of 1964. Im- 3 percent. 
ported gypsum was 37 percent of the total 4 Plastering Industries. Plastering Specs Now 

. Approved. V. 55, No. 2, March 1965, p. 29. 
crude gypsum supply. Canada provided 81 5 Barton, Wm. R. Gypsum. Ch. in Mineral 

percent of the total crude imports; Mexico Facts and Problems. BuMines Bull. 630, 1966, |
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| re WORLD REVIEW ss : 

- oO NORTH AMERICA . Two hundred thousand dollars will be 

. spent on an open pit. . 
-Canada.—Gypsum production decreased 1 P pen P | 

percent in 1965 because of a slackening de- SOUTH AMERICA 
mand from the United States. Western | i | : 
Gypsum Products Ltd. opened a new mine Argentina.—Large quantities of gypsum | 
at Silver Plains, Manitoba. The $500,000 are available to supply local requirements 
operation replaces the firm’s Amaranth and also to provide an exportable surplus. 

' mine in Northern Manitoba. The firm also Exports have multiplied in the last few 

added 10,000 square feet to its plant at years. | 

: Clarkson, Ontario. United Gypsum Corp. _— Chile. —Cia. Industrial “El Volcan” is the 
Ltd., a subsidiary of Alscope Consolidated leading ‘producer of gypsum in Chile, re- 

Ltd., planned to open its new gypsum mine _ porting about 70 percent of crude gypsum 
at Canal Flats, British Columbia, in. 1966. production. — . : | 

: . Table 6.—US. exports of gypsum and gypsum products —_ 

ee Crude, crushed, or . Other . 
. calcined manufactures 

Year a — NleWe., Total value 
Short tons —s- Value ' “value. -—- (thousands) . 

| (thousands) _ (thousands) (thousands) 7 

1956-60 | (average)....-.------2-.-------------- QL $745 $778 «ss—s:s«S$:,, 2 | 
1961____-_-_.--_--- 2 eee eee 20 731 . 568 — 1,299 
1962____..-.-.-- ee eee 20 736 566 1,302 
1968__________________------------------------ «Tit 669 © 762 - 1/481 
1964... .--- ~~ eee ee 21 829 979 -1,808 
1965-.._.-----.----+--------------------------> 28 _ 1,112 - 920 2,032 

| Effective Jan. 1 , 1958, plasterboard, wallboard, and tile not separately. classified included with ‘‘other . 
manufactures, n.e.c.” 1955: 8,686,854 square feet, $412,397; 1956: 7,026,932 square feet, $363,648; 1957: 
8,866,572 square feet, $519,668. 

| Table 7.—U.S. imports. for consumption of gypsum and gypsum products 1 | 

/ Crude (including Ground or . 
. anhydrite) calcined Alabaster _ Other 

Year ee _ manufactures, 2? manufactures Total 
Short . Value Short Value value n.e.s., value value 

' tons (thousands) tons (thousands) _ (thousands) (thousands) (thousands) 

1956-60 (average) 4,832,090 $8,620 997 $40 $703 $346 $9,709 
1961___.__.______ 4,967,061 9,043 1,127 ~=3=— 81 836 | 376 '10,306 
1962____._.._.-.. 5,420,876 10,490 1,780 55 1,025 342 11,912 
1968____....__.. 5,490,298 10,887 226. 62 1,031 377 12,357 
1964___...._.... 6,257,702 13,305 1,364 53 945 384 14,687 
1965____..._.__. 5,911,258 11,848 1,366 65 1,055 360 13,328 

1In addition, Keene’s cement was imported as follows; 1956-60 (average) none; 1961, none; 1962, 2,760 
short tons ($2,073); 1963-65 none. 

? Includes imports of Jet manufactures, which are believed to be negligible. 

Table 8.—U.S. imports for consumption of crude gypsum (including anhydrite), 
. by countries , 

. (Thousand short tons and thousand dollars) 

: 1964 1965 
Country nn 

Quantity Value Quantity Value 

North America: 
- Canada___.------------- eee.) 4,891 $10,187 4,779 $9,501 

Dominican Republic. ____...2-- eee 111 360 69 221 
Jamaica___.-------2 ee eee ee 156 584 186 619 
Mexico_.__._.-.--------.-2------- eee eee ~=—- 1,074 2,125 - 877 1,506 

Total. _....-..------------------------.----------- 6,282 18,256 5,911 11,847 | 
South America: Colombia_______..----____-- 1 -----_---e 18 28 oe _a-- 
Burope._.--------------------------_---------- eee (') (‘) () 1 
Oceania: Australia_..._._.__2- 2 eee ee 8 21 ae ---- 

Grand total__._...- 2222 eee eee. =: 6,258 13,305 5,911 11,848 

1 Less than '% unit.



| 468 | | MINERALS YEARBOOK, 1965 _ a 

a EUROPE | lion tons of gypsum reserves in India. More 

= . ar __ than 98 percent of the reserves are located 
- Sweden.—Anhydrite is to be the charge- pers . os 

Ann ¢ .- in four districts of Rajasthan. The princi- 
| _ stock for a new 175,000-ton-per-year sulfuric 1 ‘s the G nt df 

acid plant to be built by a subsidiary of P® nants "5 the’ Sher “owned fer- 
Bolidens Gruvaktiebolag at Halsingborg.  ‘iizer plant at Sindri, Bihar. | 

| Total capacity of sulfuric acid by pon Japan.—Nearly all of the gypsum pro- | 

| Gruv will be 700,000 tons per year by 1967. quced goes to cement plants, About 10 per- 
- United Kingdom.—Marchon Products Ltd. cent of the gypsum consumed is imported, 

_ has developed a new continuous SOg sul- and a small quantity of uncalcined gypsum 
fonation process for their new plant at is exported to Singapore. A gypsum board 

| | Whitehaven. The plant produces high- plant utilizing byproduct gypsum was_ 
| grade alkyl sulfonates and sulfonates for planned by Toyo Gas Chemical Industry : 

oe detergents. Imperial Chemical Industries | Ltd - o: | | 
_.Ltd. announced a 3 million pound expan- : | oe | 

sion of its plaster and plasterboard plants Pakistan.—Greater exploitation of West 

at Severnside and at Billingham. _ Pakistan’s large gypsum deposits in the | 
: | a | os : Daudkhel area is expected, and a gypsum 

| AFRICA a _ board plant has been set up at Lahore. | 
Zambia.—A gypsum mine went into pro- . a 

duction at Lochinvar, 120 miles southwest  THailand.—Renewed activity in Thailand 
_ of Lusaka. Production is expected to be 8Ypsum was noted. A deposit, 300 kilom- | 
_ about 10,000 tons per year, and a processing eters north of Bangkok, contains 10 million 

plant is nearly completed. The develop- tons of high-grade gypsum and currently 
ment is by the Anglo-American group. | produces about 40,000 tons per year for. 

a 7 use in two local cement plants. Another | 

| - , | ASIA | deposit, 700 kilometers south of Bangkok, . 
India.—There are an estimated 966 mil- is being drilled and sampled. a 

_ Table 9.—World production of gypsum by countries 1 - 
: (Thousand short tons) - : 

| | Country ! - 1961 1962 1968 1964 1965 Pp? 

North America: . | . 
-  » Canada3_____--2- 2 e+ ---- 5,060 r5,3898 . 6,082 6,361 - 6,211 

Cuba ¢_-.____----_--_------------------ 21 21 24 (Ct; NA NA 
Dominican Republic. __.-------------_------ 9 451 484 39 - r121 99 
Guatemala-____..----------------__-------- 13 ell 16 e17 e17 
Jamaica__-__--.------_-------------------- 250 252 256 r215 215 

'  Mexico___._------------_----------------- 857 876 1,210 r 1,284 1,192 
-  Nicaragua___-.__--.--.-_------- 2 eee a 4 2 6 6 

Trinidad____--..-----------_-------___2--- r3 4 r3 r3 2 
United States__..--_.--------------__------ 9,500 9,969 10,388 10,684 10,035 

Total ¢_____------.--------..------_.---. ™16,155 17,019 18,021 18,691 17,777 . 

| South America: oe | 7 7 
Argentina_____--_-.---.-----------------.-  *212 237 r 216 r 166 e 220 
Brazil___...--------.---------------------- 172 119 132 793 e165 
Chile____---__-_---._--_-------------_--_-- 88 e127 116 r131 118 
Colombia___.-.-----.-_--------------_-_--- 83 91 112 r118 123 
Paraguay...-.-_._..__!_.---_--_---_-_____- a eee ook 1 2 
Peru______-_--__--- -- 2 eee 70 67 58 72 102 
Venezuela____....--------.---------------- © 66 e 69 71 e 72 e 83 

Total ¢.___...----------------2----2---- 691 710 t 705 t 653 813 

Europe: 
Austria *___..- eee 750 754 644 626 681 
Bulgaria_________--___ ee 149 129 110 e121 121 
Czechoslovakia ...--_.__----------__--____- 390 All 333 387 410 
France 3____ 2-2 eee 4,227 4,406 4,639 5,415 e 5,401 
Germany: 

East 4_____-_-_-_--_----_--_---- --- ee 284 302 284 r 295 298 
West (Marketable). _._....__._________- 1,315 1,227 1,168 r 1,329 1,362 

Greece____-___----------2-- 2 eee 99 104 e105 er 88 e110 
Treland._____----.--.._-.----- 22 eee 184 194 r 225 251 ¢ 241
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Table 9.—World Production of gypsum by countries 1—Cont. 
. (Thousand short tons) . 

| Country! | 1961 1962 1968 1964 1965 » 2 
Europe: Cont. oe - | 

Italy__..--------------.-------------------- 2,293 12.877 *°2,633 er 2,646. 2,646 
Luxembourg._...-_._..---_---------------- 8 9 7 t8 ' 6 
Poland______...----_----- ~~ eee 516 605 645 er 645. e 661 

_Portugal__-_------------------------------ 79 80 66 772 e 72 
Spain______..------------------------ +--+ 2,822 3,287 4,258 t 3,147 e 3,147 
Switzerland e_____--___.-..-_-._.=---------- 110 110 - 110 110 110 
U.S.S.R.____--- eee 4,912 4,824 4,673 t 4,633 e 4,740. . 
United Kingdom 3_____.____...__.__--.----- 4,179 4,479 4,567 r 5,056 ° 4,911 . 
Yugoslavia.____-..---------_-------------- 107 e110 156 170 -154 

— Total e._.______.______-__-__-_-_--------- 22,510 r 23,520 t 24,730 r 25,110 oe 25,180 

Africa: a _ a a | 
Algeria ¢______..--...-- ~~ --- +--+ 195 ~ 195 195 195 195 
Angola__.....----------------------------- r13 18 - 16 er15 e15 
Ethiopia___---.-----.--------------------- _oue _oee _one ee 4 . e8 
Kenya.___.-----..---------.-_------------ 22 30 - 23 31 37 
Libya_.-.__----.------.-_------------+---- _ ee oe —— 5 2 
Morocco ¢___---.-.-------.---------------- 28 28 ' 33 33 33 . 
Niger_.-.-.-.-.-.------------------------- woe _oe- wool -oee 2 
South Africa, Republic of.___._.------------ 191 212 207 - ' 265 335 
Sudan___. eee eee - 6 8  & 5 5 . 
Tanzania___________-_._______2--_--------- 1 -. 2 2° 83 5 . 
Tunisia______.._._.--..__--_-_---------+-- 18 18 20 e 20 e 20 | 
United Arab Republic (Egypt)_.__-.--------- 510 - §15. r 500 372 513 . 

| Total ¢___.___-.-2- eee eee eeee---- 984 1,026 1,001 r 943 1,165 

Asia: | | a 
. Burma..____..___....----.---------------- 1 2 1 er] el 

China, mainland e____._...._.-___.--------- 450 450 550 650 - 650 
Cyprus... ..-------------_---------------- 115 115 110 - r 50 e 67 
India__..-.-..--- 2 953 1,239 r1,313 970 1,265 
Tran &__ _ eee r 440 1,100 1,100 1,300 1,700 
Traq ¢._-.------------.-------------------- 550 ~  §50 550 550 550 
Israel ¢?_______.-_-_-_------------ eee - 88 r 82 115 121  ~——«1221 
Japan_._____-----------_------------------ ‘799 882 863 r 828 e 827 
Jordan_._________._-_---_----.------------ 8 10 e 10 ---- ---- 
Mongolia e____________---.-_-------------- 11 rii _ (7 22 22 
Pakistan________.-__---___.--------.------- r113 201 218 215 162 
Philippines. _._....-----.-.---------------- a) 16 34 r45 30 
Saudi Arabia_____-__-------_-------------- —- ---- e12 e40 . er 33 25 
Taiwan____....-----------------+---------- 14 18 29 19 31 

. Syrian Arab Republic___.._.---------------- 9 |. WV lt 122 el7 

Thailand______..-...-_-------------------- | 13 23 26 46 ‘12 . 
Turkey_____-.------.--------------------- 66 . 154 198 e 220 e 243 

Total e__________.____-_--._------__----. 13,639 r 4,882 r 5,191 r 5,092 5,723 
Oceania: Australia___._.._._.-.-.--.------------ 683 107 770 r 881 e 948 

World total ¢___.__--..------------------ 744,660 "47,870 50,420 + 51,370 51,610 

__- e Estimate. P Preliminary. " Revised. NA Not available. 
1 Gypsum is also produced in Rumania, but production data are not available; an estimate is included in the 

total. Production in Ecuador and Korea is negligible. 
2 Compiled mostly from data available June 1966. 
3 Includes anhydrite. 
4 Crude production estimates based on calcined figures. 
5 Less than !4 unit. 
6 Year ended March 20 of year following that stated. 
7 Year ended March 31 of year following that stated. 

| | TECHNOLOGY 
Much research effort was devoted to the raised output to 21 long tons per shift for 

mechanization of and development of more underground production men.6 

efficient mining methods in gypsum and Increased operating efficiencies were ob- 

| anhydrite mines. A program of mechaniza- tained by the employment of various types 
tion, standardization, centralization, and of loading equipment and the development 

engineering control was applied to the larg- of improved face-loading techniques and 

undergroun ncoal mine i nglan 
est ade 8 d noncoal mine in England, 6 Chadwick, B. T. How Standardization Cuts 
at Billingham-on-Tees, County Durham. Mining Costs at English Anhydrite Mines. 

Mechanization to off-track mining has  y0rld Min. V. 18, No. 12, November 1965, pp-
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- efficiencies, to keep. pace with advances rate at which the paste loses its water.10 Sys- 
made in face drilling and blasting. Euclid tematic studies of one type of mechanical | 
L-20 loaders loading into Shawnee-Poole plastering were reported. This entails 

_ trailers, which deliver ore to an under- transport of undercoat mixes by pumping = | 
ground crusher, achieved outputs of 1,100. and application by spraying. Studies in- 

_ tons per shift from one loader and three cluded comparisons of quality of sprayed 
_ - trailers at the Sandwith mine in England.7 _ plaster, examination of the machines and | 

| A new gypsum deposit discovered in 1964  ¢quipment used for mechancial plastering, = 
, by the Indiana Geological Survey in La Properties of materials and mixes, and pro- 

Porte County was extensively sampled and ductivity.11 a — 
described. The. deposits are from 350 to | A method of making color designs in 

7 500 feet deep, are close to water transporta- 8Ypsum sheets was patented.12.. 0 | — 
- tion and the Chicago market, and are of A method of using byproduct Sypsum, = 

: - commercial thickness.8 The producing gyp- which results from phosphoric acid manu- 
a sum deposits near Shoals, Ind., were further facturing, for making paper-lined sypsum_ 

| explored and the known extent of the de- | Products was patented.18 Another process, 
| posits expanded. Precipitation of the evap: | Which enables making the removal of phos- 
a orites and the carbonate replacement were Phoric acid from gypsum byproducts waste | 

studied. Commercial-grade gypsum exists ore easier, has been patented by a chem- 
at depths of 350 to 500 feet and averages ical company.14 _ | 

1 to 95 percent sypsum.° . - Dargie, K. G. Controlling the Water Loss 

Studies were reported on the setting Rete jof, Plastering, Pastes. | Chem. and Ind. 
characteristics of gypsum plasters, on the 11 Ryder, J. F., and E. Kempster. Mechanical 

addition of water and other additives to ioe Ghem, and Ind. (London), No #3, Oct 16, 
| plaster powders, and on controlling the 965 pp. 1748-1751. 
, —_____—. - ®% Murray, A. E. Method of Making Color oo 

7 Mining and Minerals Engineering (London). Designs in Gypsum Sheets. U.S. Pat. 3,206,527, 

Loading Underground at Sandwith. V. 1, No. 5, Sept. 14, 1965. . . 
January 1965, pp. 170-174. Gates, W. E., Whippany, and R. L. Harris. 

8 Rooney, L. F. Gypsum Deposits in Northern (assigned to Allied Chemical Corp., New York). 

Indiana. "Prans. Soc. of Min. Eng. v. 232, No. Frocess for aeconing Faper-lined Byproduct | 3, September 1965, pp. 268-273. , , . ypsum roducts. U.S. Pat. 3,181,985, May 4, 

®* French, R. R. Geology of Gypsum and An- 14 Assigned to Dorr-Oliver Inc., Stamford, 
hydrite in Southwestern Indiana. Soe. of Min. Conn. Surfactant Improves Phosphoric Yields. 
Eng., preprint No. 65H, February 1965, 14 pp. U.S. Pat. 3,192,014, Aug. 28, 1965. .



—  Jodaine 

_ By William C. Miller * a 

Crude iodine consumption in the United to increase the machinability and uses of 
States established a new record high. Re- space-age materials. : 
covery of iodine from natural brines in a - a a 

. Michigan increased, whereas the recovery Legislation and Government Programs. 
_ from oil-well brines in California decreased. The Commodity Credit Corporation, in _ , 

Resublimed iodine and organic compounds exchange for agricultural commodities, 
accounted for 50 percent of the crude io- completed contracts in December for the 
dine consumed. _ | - . delivery within the next 2 years of 1,694,- 

, - Chemical and petroleum companies ex- 000 pounds of Japanese crude iodine -and 
| -pressed considerable interest in develop- | 2,002,000 pounds of Chilean crude iodine : 

| ing oilfield brines as potential sources of. to fulfill the current stockpile objective for 
iodine. Bureau of Mines data showed iodine. © 
several locations where iodine in oilfield |= The Government strategic stockpile con- | 
brines fall within the range of economic tained 2,956,713 pounds of iodine and the . 
recovery. : supplemental stockpile 1,333,512 for a total 

| An important development in the use of 4,290,225 pounds at the end of 1965. 
of iodine was a new series of lubricants Total Government stocks were 3,709,775 : 

| having iodine complexes as their key in- pounds below the miximum stockpile of 8 : 
gredient. These lubricants were developed million pounds. a 

| — DOMESTIC PRODUCTION . a , 

Production of crude iodine increased 18 iodide, calcium iodate, hydriodic acid, and 
percent in quantity and in value compared _ tincture of iodine were produced by Inter- 
with that of 1964. The quantity of iodine _ state. a | | 
recovered from natural brines in Michigan . Chemical and petroleum companies start- 
increased 36 percent and from oil well ed investigations to determine whether 
brines in California decreased 16 percent. additional domestic sources of iodine are 
The Dow Chemical Co. plants at Seal available from certain oilfield brines. The . 
Beach, Calif., and Midland, Mich. pro- large volume of laboratory data obtained 
duced the entire domestic production of | by the Bureau of Mines on the concentra- 
crude iodine. — tion and distribution of iodine in oilfield 

West Chemical Products Inc., Long Is- _brines was one of the major sources of in- 
_ land City, N.Y., increased its investment formation. These data showed several lo- 

in the iodine industry by acquiring the In- cations where the iodine concentrations 

terstate Chemical Co. of Kansas City, Mo. appear to be sufficiently concentrated to 
Ethylene diamine dihydriodide, U.S.P. and permit economic recovery at present market 
feed grades of potassium iodide, sodium prices. 

CONSUMPTION AND USES 

The consumption of crude iodine in- crease in the consumption of crude iodine 
creased 12 percent over the 1964 consump-__ for sanitizers, disinfectants, and intermedi- 
tion, thus establishing a new record high 

for the third consecutive year. A large in- 1 Commodity specialist, Division of Minerals. 

471
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7 ates resulted in a 26-percent increase in the ered product that released iodine entirely 
. consumption of iodine organic compounds as colorless hypoiodous acid (HIO) was 

compared with that of 1964. The substitu- marketed for disinfecting swimming pools. 
tion of resublimed iodine for.crude iodine Cyaims were made that a new jodicide 

| in. the Preparation of several compou nds cleaning compound had more sustained 
and the augmentation of pharmaceuticals, cays - . 7 . | 

. -_ | we a: noe . _ killing action against disease-producing 
catalysts in intermediate manufacture, and > b . improved 1 of d 

- analytical reagents accounted for the 24-  °f8anisms by an improved contro! of spee 
| _. percent increase over the 1964 consump- 4@t which the natural iodine base of the 

tion of. resublimed iodine. iodine was released. A compound was in- 

| Most of the new products placed on the _ troduced that could be used as a bacteri- 
| market were disinfecting agents. A powd- _ cide or as a disinfectant. | 

, _ Table 1.—Crude iodine consumed in the United States | 

- | 4964 | 1965 —_ 

| | me | Crudeiodine | . Crude iodine ) 
. : Ce + . Number consumed . Number - gonsumed 

. - Product of 2 of | e__—_—_—_ 

oo plants Thousand Percent plants | Thousand Percent . 
- . . - pounds of — . -pounds of 

- - total | + total 

| Resublimed iodine.....--------.. 8 ~= | 160. 5. 8 198 6 
Potassium iodide.__.....______- 12 1,285 | 41 - 10 =~. 1,300 37 . 

. . Sodium iodide___._..-.--_-----. 4 we Ww 4 Ww Ww - 
Other inorganic compounds-_-—--.. 18.0 946... 30 20 1,083. 31 

- Organie compounds_.._.-_..-~- 25 7387 24 ©. — 25 925 . 26 

| “Total-__-----------------. 148 3,128 100 144 3,506 1000 

| - W Withheld to avoid disclosing individual company confidential data; included with “Other organic 
_ compounds.”’ OS mS . 

. - .1 Nonadditive total because some plants produce more than 1 product. _ | 

; Iodine oil additives, in the form of or- process that used an iodine vaporizer. Io- | 
ganic complexes, were used in metal-work- dine vapors injected below the water sur- 
ing lubricants. The lubricants allowed face of the coolant pits eliminated the use 
tough space-age alloys to be machined and __ of additives that were difficult to filter out 

-.- permitted titanium and stainless steel to be before coolant dumping. The process per- | 
used for bearings. a | mitted repeated usage of less costly coolants 

i Stream pollution from machine-tool cool- and improved their performance, safety, 
ants was reduced by a coolant control and cleanliness on the production line. 

a | | STOCKS | 

Stocks held by firms that convert crude trend that began in 1964. Yearend stocks 
iodine into resublimed iodine and iodine were 765,957 compared with 1,112,517 on 
compounds declined in 1965, continuing a December 31, 1964. | 

a PRICES | 

An increase, effective February 1, in the iodine and iodine compounds were not af- 
price of crude iodine from $1.18 to $1.27 fected by the increase on crude iodine and 
per pound was announced by The Dow _ remained firm. The prices for iodine and 
Chemical Co. The increase applied to all iodine compounds reported in the Oil, 
shipments. In May, the price was reduced Paint and Drug Reporter remained the 
to its previous value. Prices for resublimed same as those in 1964. : 

FOREIGN TRADE | 
Exports of iodine, iodide, and iodates in at $343,000. Reexports of these items 

1964 amounted to 147,000 pounds valued amounted to 8,000 pounds valued at
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$9,000. Beginning January 1, 1965, the with that of 1964.” Resublimed imports 
exports and reexports of these items were from Japan totaled 2,000 pounds valued at ~ | 
no longer separately classified. $2,783, a decrease of 33 percent in quan- : 

Imports of crude iodine for consumption _ tity and 35 percent in value compared with | 
increased in quantity and value compared that of 1964. . 

Table 2.—-U.S. imports for consumption of crude iodine, by countries 
(Thousand pounds and thousand dollars) . . we 

1956-60 1961 ' 1962 1963 1964 1965 
(average) 

Country i 
Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity tity : 

CL A 
ger corer, . 

Canada____. ~~~ wwe woe ---- 0 wee w--- 0 wee ---. 29 $81 _ LL _--- . 
Chile___.__._ 1,443 $1,272 1,964 $1,822 2,229 $2,054 2,462 $2,093 1,759 1,492 2,111 $1,689 . 
Japan_...... 419 485 1,053 1,080 797 187 874 865 804 846 736 187 ee 

Total. 1,862 1,757 3,017 2,852 38,026 2,841 3,386 2,958 2,592 2,369 2,847 2,476 

- WORLD REVIEW | oe | | a 

Chile.—Crude iodine production of 4,- estimated to have cost the company about 7 - : 
764,000 pounds in 1964 increased slightly 42,000 pounds of crude iodine production. _ 
above the 1963 level of 4,753,000 pounds. Exports rose 6 percent to 4,211,000 Ho 
Of the total output, Anglo-Lautaro Nitrate pounds compared with 3,990,000 pounds : 
Corp. produced 4,350,000 pounds or 91 in 1963. The United States was the lead- oe 
percent; Empresa Salitrera Victoria, 337,- ing importer with 1,836,000 pounds or 44 
000 pounds or 7 percent; Cia Salitrera percent. Exports to the United Kingdom, 
Iquique: Oficina Alemania 46,000 pounds France, West Germany, and Netherlands _ 
or 1 percent; and Cia Salitrera P. Per- amounted to significant quantities. The 
fetti: Oficina Flor de Chile, 31,000 pounds U.-S.S.R., Czechoslovakia, and mainland. | 
or 1 percent. The industry operated be- China imported 341,713 pounds or 8 per- 
low capacity because of competition from cent of the Chilean exports. — a | 
Japanese exports into a limited market.2 Indonesia.—Production of crude iodine 
A 45-day strike at the Victoria mines was in 1964 amounted to about 8,900 pounds. 

TECHNOLOGY | 

Substitutes were found for silver iodide reported. Investigations were conducted 
used in seeding clouds for weather con-_ of relative rates of addition of the reagent | 
trol. New seeding agents of magnesia and to various unsaturated compounds. A com- 
alumina were less costly than silver iodide? parison of these rates with those of two . 

A process was patented for the produc- other electrophiles were made. Results 
tion of free iodine from lithium iodide. showed that the relative activity of this 
Elemental oxygen and steam were reacted electrophilic reagent was similar to other 
with lithium iodide in a molten state. electrophiles.? 

Iodine was removed as a polyhalide an- —————S—_—| 
: : : 2 Bureau of Mines. Mineral Trade Notes. V. ton from an aqueous soutien by an anion 61, No. 4, October 1965, pp 22, 26. 
exchange resin in a patente . process tor 3 Mining Journal (London). Seeding Agents. the recovery of elemental iodine.5 V. 264, No. 6756, Feb. 12, 1965, p. 118. 

Radioactive iodine (1125) was used by one Bois, Jennings B.._ Jr. (assigned to shell 
: il Co., New York). Production of Iodine From Goodyear Tire and Rubber Co. to reduce Molten’Lithium Todide. US Pat. 3,169 850, Bon 

the time and expense of tire testing. Fin- 16, 1965. 
ished tire treads absorbed adioactive > Houy, James J. (assigned to The Dow Chemi- 
} di f . s b ine rad actt cal Co., Midland, Mich.). Recovery of Elemental lodine irom isotopes enbedded in tire  Jodine With a Fluidized Ion Exchange Bed. U.S. 
treads. The tests which were reduced Pat. 8,177,050, Apr. 6, 1965. . Shorten Tire 

. ° . rte from thousands of miles duration to 50 Road Tests V. 196 No 5, dale 22, 1966, . 31. 
miles gave the same tread-wear data.6 Ek Gebelein, C. G.. and D. Swern. piclative 

. : ° ae ectrophilicity o odine Isocyanate, Dibromo- 
. The first relative rate studies of iodine carbene, and Bromine. Chem. and Ind. (London), 
isocyanate, an electrophilic reagent, were No. 33, Aug. 14, 1965, pp. 1462-1463. 

232-748 O-67—31
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| “Studies were conducted to determine which contained a lamellar di-iodide with 

| new X-ray diffraction and optical data on a crystal structure similar to that of gra- | y @ Pp y g 

: silver iodide. Crystal ‘structures and sta- phite. Investigations showed that the new 

bility fields of six polymorphs of silver iodine complexes were readily soluble in 

iodide were investigated. Techniques and other lubricants and that they protected 

instrumentation used in the studies were the di-iodide film from decomposition by 

| described. Stability fields of some silver water in the atmosphere... The new lubri- 

, iodide polymorphs as a function of pressure cants were applied to the rubbing surfaces P P t P . pp i 
and temperature were described. Changes in pure form or added to conventional 

were described in the atomic arrangements lubricants and metal-working lubricants. — 
| ? g 

and the nature of bonding.® A method was patented for the removal 

| Iodine was the key ingredient in a new of elemental iodine from an aqueous solu- 

series of lubricants discovered by scientists bonds _Tetrahydronapthalene-swoen from 

| at the General Electric Research & De- the solution, 10 | 

| velopment Center, Schenectady, N.Y. 
| These lubricants were designed for hard- 5 . Bassett, | William A., and Taro Takahachf. 

. 7 : * wri: . ilver Iodide Polymorphs. Amer. Min., v. > 

7 to-lubricate metals. The iodine in the  No'"t0, October 1965, pp. 1676-1594. 
lubricant reacted instantaneously with the ® Steel. Iodine Lubricant: First Aid for Exotic 

| fresh surfaces of the metals as soon as the Meta Miseries. V. 157, No. 21, Nov. 22, 1965, 

| _ protective oxide films were removed by on Asher, | Delman R. (assigned te The Dow 

abrasion duri lidi . thi emica o., Midland, ich.). ecovery 0 

film: 1 "fen as dng pe Cess fe thn Iodine From Aqueous Solutions. . U.S. Pat. 
| m, only a tew atoms t Ick, was lorme 3,219,409, Nov. 28, 1965.



| oe _ By F. E. Brantley ? 

Developments involving the iron ore de- more than $500 million to taconite proj- 
posits of Western Australia, the continued ects during the year, in addition to prior 
resurgence of taconite on the Mesabi range, investments, insured the continuance of 7 
and construction of pelletizing facilities this area as the Nation’s major iron ore 7 
dominated the iron ore news. source. , 

t Marge . . "he sree I eee qnovee Competition between exporting nations , 
| WwW “tee 0} A . la L net ore 00 te t showed signs of increasing rapidly in the 

| h estern t al 1 * 70n8- of $2 billic S near future, with lower unit prices in some _ 
ve cbt nO \ t nen rose int t u sd areas of the world resulting. Many of the were oO aine rom Japanese in erests, an producers in older mining regions were 7 
te et ton hi h gun. he d 1 silnoade either closing mines or turning to modern- 

ms a lente w dt included Fal'roacs, ized methods in efforts to remain com- | 
: eT. P “he Ss, ‘ owe. ti | d start petitive. Exploration for new iron ore de- : 

| f acont 1 plant Sacilities het “a .’ the _ posits continued throughout the world, and 7 
or new pelletizing tacuities relped False the several discoveries were announced. 
economy of the Lake Superior iron-mining : | | 

district to a high level. Commitment of 1 Commodity specialist, Division of Minerals. | | | 

Table 1.—Salient iron ore statistics 
(Thousand long tons and thousand dollars) 

| 1956-60 1961 1962 1963 1964 1965 
—— (average) | | | a | 

United States: : 
Iron ore (usable;! less than 5 per- : 

cent Mn): 
Production ?__._._.___...____- 84,159 71,329 71,829 73,599 84,836 87 , 842 . 
Shipments 3____-..._..________ 81 ,903 72,379 69 , 969 73 , 564 84,300 84,474 

Value 8___.____...___.-.. $684,682 $650,500 $618,242 $678,181 $802,331 $804,490 
Average value at mines 

per ton__.____-----._-- $8.36 $8.99 $8 . 84 $9.22 $9.52 $9 .52 
Exports.___....-. 2.2. ___- 4,465 4,958 5,898 6,812 6,963 7,085 

Value....--------------- $44,595 $54,230 $62,847 $76,340 $79,670 $80,418 
Imports for consumption_ -_--__- 32 ,360 25,805 33 ,409 33 , 263 42,408 45,103 

Value___....-.-.-------- $280,305 $250,226 $324,573 $323,158 $421,288 $443,788 
Consumption.....___...-.--. 109,632 99 , 254 99,562 112,535 132,328 131,888 
Stocks Dec. 31: 

At mines_____.-.- 2-12. 7,194 10,335 11,614 11,099 £10,241 $12,667 
At consuming plants___-__ 53 ,735 58 , 869 59 , 553 54,971 54,189 53,799 
At U.S. docks___________- 5,942 6,100 6,429 5,347 3,741 2,494 

Manganiferous iron ore (5 to 35 per- 
cent Mn): 

Shipments___._..____.._____- 571 201 302 485 213 333 
World: Production...........--.---- 431,961 494,604 499,645 514,086 569,336 606,359 

1 Direct shipping ore, washed ore, concentrates, agglomerates, and byproduct pyrites cinder and agglomerate. 
2 Includes byproduct ore. 
3 Excludes byproduct ore. 
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_ Figure 1.—United States iron ore production and imports for consumption. |



_ Table 2.—Employment at iron ore mines and beneficiating plants, quantity and tenor of ore produced and average output per man in 1964, 
by districts and States a 

Employment 7 . | Production! | 

- . Usable ore: | Average per man-shift Average ce 
' District and State number Average ~ Total Hours Crude ore 

of men number man-shifts (thousands) (thousands | Iron contained 2 Long tons employed of days — (thousands) . long tons). Thousand _ a 
oe long tons . 

- Thousand Percent Crude ore Usable ore 
. long tons (natural) 

Lake Superior: . 
Michigan._....-.-.._______- 3,742 274 1,024 8,173 22 ,653 13 ,677 - 7,923 | 58 22 13 Minnesota.......-..-----.-. 9,624 270 2,594 20,692 110,472 49 , 227 27,708 56 | 43 19 Wisconsin. ..__-.-------_-_- 160 249 40 319 $376 - ~~ ‘376 "210 56 | 9 9 ESS SB 

Total. ...2-2----- 2 ee 13,526 270 3,658 29,184 133,501 - 63,280 35,841 © 56 36 17 

Southeastern States: Le ge gage ge 3 abama._..-..-..-----.._- 5, . . . . Georgia 2 222222222722222727} 913 240 219 1,884 1,393 354 «168 i6 | 32 2 3 
| Total_._._-...-.22-2-_ 913 240 219 1,884 6,901 2,546 930 37 32 12 Q 

Northeastern States: oo 
New Jersey___.____._______. 325 215 70 (557 : New York._..__--___-_____. 1,148 271 311 2,492 12,678 . §,214 . 3,337 64 16 7 Pennsylvania__..---...----- 1,374 287 394 3,244 ~ 

Total. ._.._.------2-2---. 2,847 272 775 6,293 12,678. 5,214 "3,337 64 16 7 | 
Western States: — 7 — _—_ oO Arizona_.._-. 2-2-8 12 83 1 11 WwW WwW WwW WwW WwW WwW Arkansas__....--..--.-_-___- 18 222 4 29 WwW Ww | WwW W WwW W California________.________. 849 246 209 1,673 WwW WwW WwW WwW W , WwW Missouri_.__.-____________. 993 282 280 2,249 1,797 1,110 710 64 6 4 : Nevada_______._._________. 143 294 42 350 1,121 911 556 61 27 22 a New Mexico_______.________ 11. 182 2 18 WwW WwW WwW WwW WwW WwW Texas________-_____.______. 246 252 62 499 WwW , W WwW WwW WwW WwW Utah... 2222. 401 224 90 . 723 2,237 2,052 1,088 53 25 23 Wyoming____________._____ 702 248 174 1,389 4,191 2,061 1,030 50 24 12 Undistributed.......2222-2- Leelee eee lee eee eee 11,581 6,798 3,740 | 55 42 24 

Total_._--.---- ee 3,375 256 864 6,941 20 ,927 12 ;932 | 7,124 55 24 15 

Grand total.......-....--. 20,661 267 5,516 44,302 174,007 83,972 47,232 56 £32 "15 - —__ | | | 

W_ Withheld to avoid disclosing individual company confidential data; included with ‘‘Undistributed.”’ a | 1 Includes manganese bearing ore in the Lake Superior district. 2 Average iron content of all types of ore shipped. ~J
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| ~ EMPLOYMENT | 

The expansion of mining and beneficia- Noticeable increases in average amount 
tion activities in Minnesota and Michigan of crude ore and contained iron per ton | 
resulted in a noticeable upturn in employ- produced per man-hour occurred in the 
ment. The average number of men em- Western States, due to the large-scale de- 

| ployed in the Lake Superior district in velopments brought into full production. . | 
1964 increased 10 percent over that of The practice of mining companies main- 
1963 to 13,526. . . taining a stable labor force by keeping 

| | | men employed all year, even if not produc- 
The Western States, led by Missouri, ing iron ore, prevents a true measure of | 

. California, and Wyoming, showed an in- productivity. The increased year-round — 
crease of more than 40 percent, although production from the large-scale low-grade 

7 total employment in this area was less than iron ore operations has helped, however, 
one-third that of Minnesota. | to bring the figures more into line. 

| DOMESTIC. PRODUCTION =: Ss 

| Production of crude ore from domestic with a total planned capacity of 49.5 mil- | 
iron mines increased in 1965 by 2:5 per- lion for the United States. | a 

cent over that of 1964. Magnetite and In Michigan the Cleveland-Cliffs Iron 
brown ore showed almost equal gains, while (Co. began construction to increase the | 
hematite decreased by 2.5 million tons. pellet capacity at its Empire mine near 

There was an increase of 22 operating Palmer by 1.8 million tons per year. The 
_ mines in the Lake Superior district and-8 | company’s Pioneer plant at Eagle Mills 

in the Southeastern States, while those in- began operation in June, with a capacity 

the Northeastern and Western States de- of 1,2 million tons of pellets per year. This 
creased by 1 and 4 respectively. was the first pelletizing plant in the United 

Usable iron ore production increased States to produce pellets from ore mined | 
over 1964 output by 3 million tons, with underground. 

| the average iron content rising 1 percent The Kaiser Steel Corp. placed its Eagle | 
to a 5/ percent average. we Mountain pellet plant in operation dur- 
The surge of activity by the taconite in- ing September, with a production capacity 

dustry in Minnesota, following passage of of 2 million tons per vear 
the Taconite Amendment in November 7 per year. . _ 

1964, continued throughout 1965. Con- United States Steel Corp. Atlantic City 
struction started during the year on the ‘aconite pellet plant in Wyoming com- 
National Steel Pellet Co. plant near Kee- pleted its second full year of production. 

watin, the Butler Pellet Co. project near Construction started on the Pilot Knob 

Nashwauk, and the United States Steel] Pellet Co. underground mine and _ pellet- 

Corp. Minntac plant near Mountain Iron. zing plant at Pilot Knob, Mo. Planned 
Plant expansions were announced by Erie capacity was 750,000 tons of pellets an- 

Mining Co. near Hoyt Lakes and Reserve nually. 
Mining Co. near Silver Bay. Jones & Total U.S. operating pellet plant ca- 
Laughlin Steel Corp. started engineering pacity at yearend was given as 33.5 mil- 
work on a new taconite project near Bi- lion tons per year by the American Iron 

| wabik. The Eveleth Taconite Co. shipped Ore Association. An additional 16 mil- 
the first pellets from its new plant in De- lion tons annual capacity was given as 
cember. . under construction and 3.8 million tons 

The total capacity for pellet production considered for construction. 
from plants in Minnesota on completion of The last active iron ore mine in New 
announced plans was estimated to be at Jersey, the Scrub Oaks, owned by Alan 
least 31 million tons per year, compared Wood Steel Co., closed during the year.



Table 3.—Crude iron ore mined in the United States, by districts, States, and varieties | | 
(Thousand long tons and exclusive of ore containing 5 percent or more manganese) . 

7 1964 | 1965 an 
District and State a a - De OO - . 

Number Hematite Brown Magnetite Total! Number Hematite Brown Magnetite Total ! 
of mines ore of mines. ore. 

Lake Superior: 
Michigan..__.._..--.-.-..-2----- 2 - -e eee 16 22,653 ._.._-_- W 22,653 21 W ieee WwW 23,904 . 
Minnesota.-......---------------------- eee 57 54,085 779 55,216 110,080. 74 55,710 3,024 55,193 113 ,927 Wisconsin. ._..-..-.....---------_--_-- eee ee 1 376) _--eeee eee 376 1 56 22 ee 56 

Total.......---- 22-22 74 (77,114. 779 55,216 133,109 96 W 3,024 W [37,887 
Southeastern States: 7 . _ 7 -_ | a 

Alabama......_._.-2- 22 eee eee 22 1,403 4,105 _..__-_- 5,508 24 759 3,344 __.. 2. 4,103 Georgia. -.-.---.-------- eee ee MW Leelee 1,398 .--._ 2. 1,393 1 1,697 __-.---- ' 1,697 _ 

Total. ___--.--_-._--.----- eee -e eee 33 1,403 5,498 __.._-_- 6,901 41 759 5,041 __-...... 5,800 & Northeastern States: New Jersey, New York, Penn- . a | a) sylvania......-----.-------- 2 eee 8 ..neee ee eee ue 12,678 12,678 7 weet eee Lee eee 12,206 12,206 6 

Western States: , i 7 . rs a Arizona. .-.--.------------------ eee eee ee 3 W ....---- W "W 3 W Leelee WwW WwW Arkansas...--...------------------e eee eee eee | ee W ieee a | : California. ....-..-..--.--.--------------- eee 4 W Leese WwW WwW 4 W eee WwW WwW Colorado........---.------------- +e eee 5 .----- 35 WwW 35 3 _- 1... WwW WwW WwW Idaho....-.--------------------- eee ee 1 er 3 3 W ....---- WwW WwW Mississippi_..---.------------- eee eee eee eee eee eee ee weeeeee-) -------e | re | WwW Missourl....-..-------------------- eee eee ee 5 _--..--- W 1,797 1,797 5 92 2,739 2,831 Montana.._..--..--..------------------ eee ee Loo ele eee ee eee ee 15 - - 15 Lo eee ee Clee 9 9 
Nevada....-.-------.------- eee eee eee 6 W eee 1,121 1,121 5. W Leelee WwW 1,301 . . New Mexico.._-_._-_-..-.-..-----_------------- 2 --------  -------- WwW Ww. Lowe eee ee 17 17 Texas...-.--------- 2-1 eee eee 4 Lee Wee WwW 5 .u------ W i. --- _W 
Utah....-.2.2 2-2 eee eee 7 2,237 __-...-- WwW 2, 237 6 ee W 2,303 Wyoming.-_...-....------------- eee 4 WwW LLeeeee- 4,191 4,191 . 4 Wes ee WwW 4,535 Undistributed_........---------------- eee ee eee eee 11,528 11,528  .__.L__- WwW 1,792 WwW 11,052 

Total__..--2. 22-2 eee 43 2,240 35 18,652 20,927 39 WwW 1,884 W 22,048 

Grand total....._...---------------ee eee eee 158 80,757 6,312 86,546 173,615 183 78,242 9,949 89,750 177,941 _ 
. . 

1In some instances data do not add to totals due to rounding. . 
W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” . : a 

/ > 
“J | 

| — ©
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. Table 4.—Crude iron ore mined in the United States, by districts, States, and 
- Oo oo mining methods 

_ (Thousand long tons and exclusive of ore containing 5 percent or more manganese) 

| 1964 | — 1965 

District and State — - . SO 
Open pit Under- Total! Open pit Under- Total ! 

| ground _ ground 

Lake Superior: | . 
Michigan-_-___._.____.___L_._-__-----. 16,534 6,119 22,653 17,342 6,562 23 ,904 . 

'  ‘Minnesota__.__-....--__-__.-_---.---. 108,663 1,417 110,080 112,664 1,263 113,927 
Wisconsin. .__.__..-_--_--- eee eee 376 . 376 _._.--- 56 — «56 

Total......_.._-_.___-------------- 125,197 - 7,912 133,109 130,006 7,881 137,887 

Southeastern States: 
Alabama. ..-_.-.-.---___- 2-2 -- 4,237 1,271 5,508 3,444 659 4,103 
Georgia..---_.-_.-__--_.-----_------- 1,393 -_----- 1,393 1,697 __.__-- 1,697 

Total___--..- 2 eee 5,630 1,271 ~~ 6,901 5,141 659 5,800 | 
Northeastern States: New Jersey, New York, : . 

Pennsylvania.._-..-_------------------- 12,678 _ Ws 12,678 W WwW 12,206 

Western States: . ee - 
Arizona. .-.--....-------------------- |) WwW W ee. Ww 
Arkansas...-_----------------------+--_ ; W .------ a 
California. _...----_.--..----.-----.-- ws. WwW W W Lelie. W 
Colorado. ___..-...-.----------------- 35 __-ueee 35 115. _-._- - 115 

: Idaho___..._-_-.-_--..----2------------ 3 __----- 3 W Lille _ WwW 
Mississippi. ......--------------------  ------- 0 ------- +--+ --- ne WwW 
Missouri. .--------------------------- | Ww 1,797 1,797 299. 2,532 2,831 
Montana_..-_.-_--.1---~-+--2-------- | Es 15 : Q _-----. : 9. 
Nevada_...--.-..-------------------- 1,121 WwW 1,121. - WwW WwW. 1,301 

: New Mexico...--._.-----=------------ W Lees WwW 17) ____--- _ 17 
Texas_.....-.--.----------------1---- W -_...-.- WwW W Lee WwW 
Utah.___.-.-__--.--=2------_---------- 2,237 ______- 2,237 2,303 __..-.- 2,303 
Wyoming._...------------------.---- 4,191 WwW 4,191 3,720 815 4,535 

Undistributed_._....---------------------- 1,528 -/----- 11,528 W WwW 10,937 

Total____._.______--__----_---_---. 19,130 1,797. 20,927 © W WwW 22,048 

Grand total.------------------------ 162,635 10,980 173,615 160,355 17,586 177,941 

: W Withheld to avoid disclosing individual company confidential data ; included with “Undistributed.” 
1In some instances data do not add to totals due to rounding.
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‘Table 5.—Crude iron ore shipped from mines in the. United States, by districts, States, | 
and disposition oe : 

(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 

1964 1965 

District and State . 
Direct to To bene- Total! Directto To bene- Total ! 
consumers ficiation con- ficiation 

plants sumers plants . 

Lake Superior: oO 
Michigan.._-__-______--_-_ 2 ee 5,753 17,982 23,735 4,969 19,311 24,280 
Minnesota_._.....-------------------.- 10,441 99,582 110,023 11,579 102,054 113,633 
Wisconsin. _____2- 22 §24 1 Le 524 141 ___LLe 141 

Total___..-_----------2-----------. 16,718 117,564 134,282 16,689 121;365 “188,054 

Southeastern States: . , _ 
Alabama_.__-_-_____-._-_ 2 eee . 275 5,166 5,441 - 122 . 3,937 4,059 
Georgia. ____._______- 2 eee Le 1,393 1,393 -__--_-_ 1,697 1,697 | 

Total_____-_1_-_ 2-8 275 6,559 ~—s«6 , 834. 122 5,634 ~° 5,756 | | 
Northeastern States: New Jersey, New York, 

Pennsylvania. -~.---.-------------------- ------- 12,549 12,549 _._.... 12,282 12,282 

Western States: oo a, 
Arizona_—.-___._--_ Ww WwW WwW W. _ Leek. WwW 

_ Arkansas... 222.222 eee Le - WwW Wo Lee ee nee eee 
_. California. -..-.-.----_---------------- Ww Ww W WwW Ww WwW 
_ Colorado. -._----.----2---- 2-8 35 _....-- 35 114 __._-_- 114 ° 
Idaho__._----------- eee eee eee 4 un. 4. 9 _L_... 9 . 
Mississippi.._.._...._-__--_--------- alee Leelee eee eee eee W W 
Missouri..-_-.----------.-----------. ------- 1,920 1,920 _______ 2, 843 2,843 
Montana__-.__.-_-_-2 2 eee “15 LLL lee 15 9 ____L_L “oS @g 
Nevada. -_:------_- 2-2 ee WwW 1,121 1,121 WwW W 1,301 

~’ New Mexico_________________ ee WwW WwW W ieee 18 18 
Texas... eee Lee Ww W ieee WwW WwW , 
Utah. eee 2,406 W 2,406 1,612 727 | 2,339 
Wyoming___._- ee WwW 4,185 4,185 51 4,425 4,476 

Tndistributed___.._....-._.--_-_-_- ee eee W 11,423 11,423 796 11,422 10,917 

Total_---_------------------------- 2,459 7,227 9,686 «© 2,591 19,435 22,026 | 

Grand re 19,452 155,322 174,774 19,402 158,716 178,118 

W Withheld to avoid disclosing individual company confidential data ; included with “‘Undistributed.”’ 
1In some instances data do not add to totals due to rounding. -
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7 Table 6.—Usable iron ore produced in the United States, by districts, States,. . 
: and varieties 

(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 

7 1964 1965 

_ District and State a ) . 
Hema- Brown Mag- Total! Hema- Brown Mag-_ Total! 

. tite ore _netite tite ore netite 

. Lake Superior: Oo 
Michigan_..__._._._.--------- 13,677 —_---- W 13,677 W _----- W 14,322 
Minnesota__.....-.-.-_----- 30,330 425 18,299 49,054 32,527 629 18,989 52,054 
Wisconsin_....-...-.------- 376 _.---. ------ 376 . 66 Lilie. Laue 56 

Total._.__-_-.-.---.----. 44,383 425 18,299 63,107 WwW 629 W 66,432 

- Southeastern States: 
Alabama.._..-.-.-..-------- 1,165 1,027 --_--. 2,192 634 906 ___.-. 1,540 

. Georgia. ..-2-_.----..-----.  ------ 354 ___.-. 354 __..-. 424 -_---- 424 

| a Total.._-_._...-.--.----. 1,165 1,381 _ooeee 2,546 634 1,330 _._.-- 1,964 
Northeastern States: New Jersey, ot 

New York, Pennsylvania.--_--. ------ ------ 5,214 5,214 -..... -.---. 5,178 5,173 

Western States: oo - 
~Rrizona...---.------------- W -_--- WwW WwW W _---.- -.---- WwW 

° Arkansas._._.......--_----- ------ | Se W eee ween Lee eee -- 
| “California. _.__-_...-------- W ___..- w iw W _.---- WwW WwW 

““Colorado_.____----_--------- ------ WwW 35 $5 _____. WwW WwW 115 
| ww ZIdaho.....-.----.---------- an 3 W e..--- WwW WwW 

“Mississippi. .._-.-----------  ------ ------ ------ ------ ------ W ---.-- WwW 
——~“Missouri____-------.------- Ww W 1,110 1,110 _-___- WwW WwW 1,869 
——Montana__....-------------  ------) ------ 15 15 __..-. . .----- 9 9 
——Nevada__......------------- W ieee 911 911 W ie. | WwW 

. ——NNew Mexico_..-...-----.--- ---s-- ------ WwW W _.---- .----- 10 10 
™Texas_......----22-------- ee --- W ___--- W ie. W eee WwW 
Wtah__.2.----------------- 2,052 --.--- W 2,052 ____..  -._-.. 2,147 2,147 

, —“~Wyoming..__..------_----- W __.-.. 2,061 2,061 W _.---- WwW 2,147 
Undistributed_-.-_.-------------- WwW ~ W 6,750 6,750 WwW 705 WwW 7,171 

| ‘Total. .------------------ Ww W 10,882 12,937 WwW 705 W = 13,468 
. Total all States.__.____-_- 47,603 1,806 34,395 83,804 47,043 2,664 37,330 87,037 
Byproduct ore 2._-_-------------  ------ ------ ------ 1,032 ------ ------ ------ 805 | 

. Grand total..-_-.--------- 47,603 1,806 34,395 84,836 47,043 2,664 37,330 87,842 

W Withheld to avoid disclosing individual company confidential data ; included with “Undistributed.” 
1In some instances data do not add to totals due to rounding. 
2 Cinder and sinter obtained from treating pyrites. Ore treated in Arizona, Colorado, Delaware, 

Pennsylvania, Tennessee, Texas (1964), and Virginia.
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Table 7.—Usable iron ore produced in the United States, by districts, States, and Oo 
| — types of products . . oe 

. (Thousand long tons and exclusive of ore containing 5 percent or more manganese) ; oe 

1964 . 1965 | . 

| District and State Direct — Ag- Iron Direct Ag- Iron 
'.  ghipping- glom- Concen- content  ship- glom- Concen- content 

; . ore erates trates (natural ping ore erates trates (natural . 
percent) — percent) . 

- Lake Superior: . . — 
Michigan_...___..._..-._.-.. 5,489 6,683 1,505 58 5,181 7,684 1,457 58 
Minnesota._.__...-.-------- 10,442 18,481 20,131 | 56 11,631 19,053 21,370 57 

| Wisconsin _._..-...--------- 376 _----- ------ 56 - 66 Lie---) ------ 55 

| Total_____._....._.__---. 16,307 25,164 21,636 56 16,868 26,737 22,827 57 

. Southeastern States: - 
 Alabama__.___.--.--------- 3841 _..... 1,851 35 166 _.-.-. 1,374 41 
Georgia. --..._..----------_) ------ o----ee 354 46 ..-- . wu---- 424 45. 

Total._._______---_------ 341 ____-_ 2,205 37 166 __---. 1,798 42 | 
Northeastern States: New Jersey, - 
New York, Pennsylvania_...... -.---. 4,408 806 64 ._..... 4,308 865 64 

| Western States: . . 
Arizona. .....____-_-------- W -_.---- W W a W 

_ . Arkansas... )---------ee Leena eee eee Ww a 
California... _......__-.----- W ieee WwW WwW WwW WwW WwW WwW 
Colorado_.._..------------- 35 .-----  ------ ~ 60 115 ..---- ) ------ 64 
Idaho____..__.--.-.-------- 5 33 W eee uuaeee WwW 
Mississippi.........--------  -----.  ------ 0 -aeeee Hee eee ree W W 
Missouri_..._-------------- ------ 811 299 64 __..-. 1,575 294 66 
Montana_-_..-------------- 15 -2----  ------ 45 9 LLi--e) -H--H-- 44 
Nevada.._-_____-.--.------- 911 ____.. W 61 W ___--.- W WwW 
New Mexico.___.----------- W .----- WwW W _----. ------ 10 60 - 
Texas_.__...___----.------. ------ WwW W W Lee. W WwW ‘W 
Utah. i eee eee) = 2,052 ___-- — Ww 53 1,597 ____-- 550 53 

. Wyoming -_......-.------- 2,061 W _iuee-e 50 111 =1,443 593 54 
| Undistributed____.-...--.------- W 3381 «6,419 - 56 815 | 552-455, 804 55 

7 Total......-.--.-----.--- 5,077. 1,142 6,718 55 2,647 3,570 7,251 57 
7 Total all States__________- .21,725 30,714 31,365 - 56 19,681 34,615 32,741 57 

Byproduct ore !_____-__---------  ------ 1,082 ------ | 69 __--.- 805 _.---. 67 

- Grand total_.__.______.____ 21,725 31,746 31,365 57 19,681 35,420 32,741 57 

: . W Withheld to avoid disclosing individual company confidential data; included with ‘‘Undistributed.”’ 
| 1 Cinder and sinter obtained from treating pyrites. 

| 
s |
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: Table 8.—Shipments of usable iron ore from mines in the United States in 1965 
| (Thousand long tons and thousand dollars; exclusive of ore containing 5 percent or more manganese) 

a Gross weight of ore shipped Iron content of ore shipped 

° District and State 
Direct Ag- Concen- Total -Direct Ag- Concen- Total Total 

. . shipping glom- trates quan- shipping glom- trates. quan- value! 
. _ ore . erates tity! . ore erates tity ! . 

Lake Superior: . : 
Michigan..____..-.-. 4,969 7,554 1,004 13,527 2,602 4,721 546 7,869 $145,482 . 

mo Minnesota_......--- 11,579 19,039 20,255 50,873 5,989 11,665 11,112 28,766 459,290 
Wisconsin. _______-- 1440 _L-e ee Lee 141 — T Live eee 79 WwW 

Total________.__- 16,689 26,593 21,259 64,541 8,670 16,386 11,658 36,714 WwW 

Southeastern States: . | 
Alabama. __.____-_- 122 . _____. 1,373 1,495 - 41 _ ue 571 612 8,241 
Georgia____...------  ------ = ----- - 424 424 __.... ~----- 187 187 2,170. 

. Total___________- 122 __-.-. 1,797 1,919 41 __ LLL 758 799 §©10,411 
Northeastern States: . 
New Jersey, New oo 
York, Pennsylvania._... -.-.-. 4,311 447 4,758 ___:_. 2,760 275 3,035 68,338 

So Western States: . 
Arizona... ------. | 8 2.) Lele 8 § w2ee-l 2 eee 5 51 
Arkansas.__-..-..-.0 222-22) Leek WwW re W WwW WwW 

. California... __...._- WwW W WwW WwW WwW WwW WwW WwW WwW 
- Colorado... ..- ---- 1144) _Lee ee Le 114 83 ___-..  _----- 83 - 787 

Idaho____________-- 9 nee LLL ee 9 4 ii... Lue 4 84 
Mississippi-._..-..-.. -----.  -~--- - WwW W ieee Lee WwW WwW WwW 
Missouri.....--.-.. --.... 1,507 277 «361,784 __----. 1,025 148 1,173 24,607 
Montana__________- Q LL-eee LLL lle 9 4 71 
Nevada... --____- W -.---- Wi 1,141 W ie. WwW 703 . 5,330 
New Mexico_.-.-.-. --_--.  __-__. WwW W eee Lee W W WwW. 
Oregon.___-__.._.-- W ieee Lee WwW W ------ ------ Ww. W 

. Texas..--.---..-2-2.0 ~- Lee W W WwW ieee W w ww . WwW 
Utah.....-.--.---. 1,613 —-..... © 526 2,139 835 _____- 306 1,141 14,229 — 
Wyoming_______.._ | 51 1,443 593 2,087 30 857 300 1,187 25,198 

Undistributed___________ 787 531 5,786 §=5,965 471 311 3,399 3,478 , W 

oe Total_...-....--. 2,591 3,481 7,182 13,256 1,432 2,193 4,153 7,778 Ww 

Total all States__. 19,402 34,385 30,685 84,474 10,143 21,339 16,844 48,326 804,490 
Byproduct ore ?__.__..-.  __.._- 857 ______ 857 __...- §82 .. ___- 582 10,524 

Grand total_...___ 19,402 35,242 30,685 85,331 10,143 21,921 16,844 48,908 815,014 
eee 

W Withheld to avoid disclosing individual company confidential data ; included with “Undistributed.” 
1 In some instances data do not add to totals due to rounding. 
? Cinder and sinter obtained from treating pyrites. Ore treated in Arizona, Colorado, Delaware, 

Pennsylvania, Tennessee, and Virginia. 

Table 9.—Iron ore produced in the Lake Superior district, by ranges 
(Thousand long tons and exclusive after 1905 of ore containing 5 percent or more manganese) 

. * > 

Year Marquette Menominee Gogebic Vermillion Mesabi Cuyuna Total 
a eee 

1854-1960._._..._.... 309,436 267, 747 311,938 195,400 2,291,242 265,089 3,340,852 
1961________-_ ___e 3,205 4,097 2,190 31,421 41,199 — 1,095 53 , 207 
1962________ 2 ee 4,563 3,460 2,318 31,521 43 ,039 655 55,556 
1963__...-.---- 2 5,706 3,729 1,314 31,298 43,570 515 56,132 
1964__....-..-__ Le 7,898 4,551 1,603 31,285 47 ,256 513 63 , 106 
1965___..- ee 8,973 4,595 810 31,407 50,280 367 66 , 432 

Total_._...... 339,781 288,179 320,173 102,332 2,516,586 68,234 3,635,285 
eee 

! Production for 1957 and 1959 included with Mesabi range. 
? Includes production from Spring Valley district in 1959. 
5 Includes production from Spring Valley district not in the true Lake Superior district.



IRON ORE : 485 

Table 10.—Average analyses of total tonnages (bill-of-lading weights) of 
all grades of iron ore from all ranges of Lake Superior District 

| ~ Content, percent ! 
Year Thousand I 

long tons 
Tron Phosphorus __ Silica Manganese Alumina Moisture 

' 1956-60 (average) - - - 64,752 52.98 0.087 9.15 0.62 (?) 9.05 
1961 F_________--__-- 55,403 55.28 .079 8.62 .56 1.21 7.12 
1962 F________------ 55,010 55.69 .076 8.46 51 1,21 6.96 
1963 *._-__.-------- 57,591 56.45 .073 8.22 .52 1.07 6.20 
1964 ¥_______------- 64 , 222 56.81 .072 8.12 .45 1.05 - 6.06 
1965___.----------- 64,689 56.93 .067 8.14 47 0.97 6.05 

-® Revised. | | - | oe 
1 Tron on natural basis; phosphorus, silica, manganese, and alumina on dried basis. 
2 Alumina analyses not available prior to 1961. 

Source: American Iron Ore Association.. . 

| - Table 11.—Beneficiated iron ore shipped from mines in the United States 1 
(Thousand long tons and exclusive of ore containing 5 percent or more manganese) . 

—_ | Proportion of | 
Year Beneficiated Total beneficiated to 

| total (percent) 

1956-60 (average)__..._.......------------------ 37,726 ~ 81,903 46.9 
1961_______------------------------------------------- 46,125 72,379 63.7 
1962. -_____--.-_------------------------------------- 46,942 69 , 969 67.1 
1963_....------------------------------------.-------- 57,277 73,564 - 77.7 
1964__.._..--_---------------------------------------- 64,329 84,300 76.3 
1965__..__-------------- eee 65,070 84,474 977.0 

| 1 Excludes byproduct ore. 

oo | CONSUMPTION AND USES | | 

The change adopted in 1963 for report- in shipping, and foreign and domestic iron | 
, ing iron ore consumption has been con- ore concentrate. Other materials such as | 

tinued. Concentrate used for agglomerate limestone, flue dust, mill scale, and coke 
- production at mine sites is not reported as breeze used in making agglomerates are 

| iron ore consumption. Its consumption is excluded from iron ore consumption. 
reported when the agglomerate produced . 
. . . The use of nodules in blast furnaces and | 
is shipped to the furnace site and con- . 

} steel furnaces has decreased to a point 
- sumed. Concentrate and fines used for . . 

: . . . where it comprised less than one half of 
agglomerate production (mainly sinter) at 

. 1 percent of the total agglomerates used 
blast furnaces and steel mills are reported in 1965 
as iron ore consumed. This method of re- " 
porting gives a valid balance between con- Miscellaneous use data shown in table 
sumption and iron ore production plus im- 12 included iron ore used in the manu- 

- ports less exports, considering losses and facture of paint and coatings, cement, and 
ore lost in transit. ferrites; in high-density concrete as aggre- 

Iron ore consumed in making agglomer- gate; in ferroalloy furnaces; and magne- 
ate at steel mills included foreign and do- tite used in heavy-media coal and ore 
mestic direct-shipping ores, fines generated processing plants.
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Table 12.—Consumption of iron ore and agglomerates in the United States in 1965 
(Long tons and exclusive of ore containing 5 percent or more manganese) 

. Iron ore ! Agglomerates ? . 
OO Miscel- 

State laneous 3 Total 
Blast Steel - Blast Steel . 

. furnaces furnaces furnaces furnaces . 

Alabama, Kentucky, Texas____.__ 7,778,057 342,563 3,864,198 Ww 116,733 12,101,551 
- California, Colorado, Utah_.._..__._ 3,321,282 518,135 4,196,141 W 79,413 8,114,971 

Maryland and West Virginia_.__. 3,376,914 647,494. 7,382,355 _.____- (4) 11 , 406,763 
Illinois and Indiana_.________.__ 14,683,842 1,668,416 11,085,631 | W 102,413 27,540,302 
‘Michigan and Minnesota__.__.._ 5,803,040 138,208 4,772,880 WwW (4) 10,714,128 
New York, Ohio, Pennsylvania__. 34,534,480 2,670,378 23,756,963 W 55,912 ~=61,017,733 
Other States___---_------------ 0 ---------- === eee) ---------- 887,443 105,517 992,960 | 

Total.__...______--.-__- 69,497,615 5,985,194 55,058,168. 887,443 459,988 131,888,408 . 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.’ 
1 Includes 25 million tons of pellets and nodules produced at mines. . 
2 Does not include agglomerate produced at mine site. 
3 Includes iron ore used in making paint and cement, also ore consumed in ferroalloy furnaces. -~  - 

. * Included with Illinois and Indiana | a 

: Table 13.—Iron ore consumed in agglomerating plants and agglomerate produced 
in 1965, by States | | | 

(Long tons) | . 

| State Iron ore ! Agglomerate 
| coe: consumed produced 

Alabama, Kentucky, Texas._.........--.------------------------------ 3,042,313 3,984,507 
California, Colorado, Utah_.________.._-.._-_-__ 22 eee 2 , 523 , 563 2,894,851 
Maryland and West Virginia_______..._._________L___-____ eee eee 5, 838,874 6,045, 839 
Illinois and Indiana_.______.___.--___.__-_-__-- eee 9,728,947 11,051,747 - 
Michigan and Minnesota_____________._-___-___---__-____________________ 2,157,081 2,848,880 

. New York, Ohio, Pennsylvania_.__._-__.-__---------...-----_---------. 16,626,776 18,156,616 

Total__...----.------------- 2-2 2222 eeee---------- 39,917,554 44,982,440 
a SSeSSeSSSSSSSSSSSSSSSSSSSeEEEee 

. - 1 Does not include material used in agglomerate produced at mine site. . Co 

Table 14.—Production of agglomerates 1 in the United States in 1965, by types 
. | (Long tons) . So 

Oo Type Agglomerate 
| . produced 

Sinter ?______-_-_- 2-2 eeeeee 47,774,991 
Pellets_._._------------------- + ee -eeeeeeeeee 31,642,455 
Nodules.___._.__.....-_-------- 2 eee eee 

Total____-.-__------- 22 ee 79,417,446 

1 Production at mines and consuming plants. 
2 Includes 16,652,000 tons of self-fluxing sinter.
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| - | STOCKS | | | 

Tron ore stocks at mines, U.S. docks, and Table 15.—Stocks of usable iron ore at 
consuming plants, including byproduct ore, mines 1 December 31, by districts | 

totaled 69.2 million tons on December 31, (Thousand long tons) 

1965; 54 million tons was at consuming) 9 7 

plants. According to the American Iron District . 1964 1965 

Ore Association 2.5 million tons was at © ——OOO OD 

| ji /de- Lake Superior_.------------ 6,829 $,718 
U. S. docks. The docks incentory had de Southeastern States......._- 179 225 
clined each year from a high of 6.4 million Northeastern States.-.------ 2,475 2,889 ; 

tons in 1962. Mine stocks were above Western States------------- 158 835 
average. | | Total._...---------- 10,241 12,667 

. | | ‘ Excluding byproduct ore. 

| | - PRICES | 

Base prices for Lake Superior 51.5 per- ping point, Itabira hematite, lump (68.5 

| cent iron ores remained unchanged dur- percent iron), $10.40 per long ton, fines 

ing 1965. The quoted prices at rail of (64 percent iron), $6.10; Sweden, f.o.b. 

vessel, lower lake ports, per long ton, were shipping point, Kiruna D (59 percent 

as follows: Mesabi nonBessemer, $10.55; iron), 43.5 kronor ($8.43) per metric ton, . 

_ Mesabi Bessemer, $10.70; Old Range non- Kiruna B (67 percent iron), 47.0 kronor | 

Bessemer, $10.80; and Old Range Besse- ($9.11), per metric ton, pellets (68 percent 

mer, $10.95. Corresponding base long ton iron), $0.2059 per metric ton unit; Goa, 

unit values were $0.20485, $0.20777, f.0.b. shipping point, lump (62 percent 

—- $0.20971, and $0.21262, respectively. Lake iron), $8.49 per metric ton, lump, 56 

| Superior pellets were quoted at $0.252 per percent iron), $5.05 per metric ton. 

long ton unit; open-hearth lump, Mar- The average value of domestic usable 

quette, at $12.60 per long ton; and open- ore per long ton f.o.b. mines, excluding 

hearth lump, Vermillion, at $13.15 per byproduct ore, remained the same as for 

long ton. — - 1964, $9.52, compared with $9.22 in 1963. 

Published prices of selected foreign ores These values were compiled from pro- 
were as follows: Venezuela, Cerro Boli- ducers’ statements and approximate the 

var, f.o.b. Puerto Ordaz (58 percent iron), commercial selling price less the cost of 

$7.84 per metric ton; Brazil, f.o.b. ship- | mine-to-market transportation.’ , 

Table 16.—Average value per long ton of iron ore shipped from mines in the 

7 | United States in 1965 
i 

| Direct-shipping ore Concentrates 

District A ggiorn- 
erates 

Hematite Brownore Magnetite Hematite Browncre Magnetite 

Lake Superior..----- $7.13 W __.------ $7 .83 W __------- $12.08 
Southeastern-------~- W .--------  --------- WwW $5.34 _..-.... ---------- 

Northeastern__..-.. ---.-----  --------- --------- 0 --------- 00 --------- $14.02 14.40 

Western__-..-.----- 5.53 $5.77 $6.63 6.89 11.29 7.68 14.04 
ee 

Total. .------ 6.98 5.29 6.63 7.75 6.77 8.14 12.57 

et 

W Withheld to avoid disclosing individual company confidential data. 

TRANSPORTATION 

Higher capacity ore carriers, with ports up the necessity of moving iron ore from 

to accommodate them, unit trains, and source to user at minimum unit Cost as a 

accelerated ore-handling facilities at trans- more pronounced international buyers’ 

fer points were some of the transportation market began to take shape. 

highlights for 1965. These helped point The third of three king-size carriers de-



488 . MINERALS YEARBOOK, 1965 

: signed for shipping ore to Japan, the 80,000- ~in 1964. The first carrier shipment of 
| ton Marshall Clark was launched. The ore from a Lake Superior district port - 

other two, the Inayama and the Shigeo was cleared April 7 and the final shipment 
Nagano moved record loads of Swaziland for the 1965 transportation sedson was 
iron ore from Lourenco’ Marques by top December 14.. The St. Marys River chan- 

: loading at sea to give maximum ore car-__ nel at the Soo Locks was dredged to 28 
goes of from 77,000 to 78,000 tons. The feet at low water. This allowed a record 
Sigtina, completed in 1965, unloaded 62,150 clearance through ‘the Soo by the ore 
tons of iron ore from Labrador.at. the carrier William A. Reiss with 26.5 feet 

: Newport News, Va., docks: A record _ registered draft. . : 
shipment of 55,756 tons of Venezuelan ore [ron ore moved on the St. Lawrence 
was moved by the Ore Transport to Mor- Seaway including the Welland Canal dur- 
risville, Pa., for United States Steel’s Fair- ing the 1965 season amounted to 17.2 
less plant. 7 million tons, or 28.6 percent of the total 

The Fritz Thyssen, largest freighter Seaway traffic. The Welland Canal Sec- 
built in West Germany since World War II, _ tion recorded upbound ore as 12.2 mil- 
was launched at Hamburg. The 55,000- lion tons and downbound ore 3.9 million , 
ton: vessel was designed to transport iron tons. Shipment of 300,000 tons of iron 
ore from Sweden, South America, and _ ore pellets during January from Quebec 
Africa. A carrier of 91,000 deadweight- through the Port of Sept-Iles principally 

| ton capacity was under construction in to Bethlehem Steel Co. Sparrows Point 
: _ Japan for San Juan Carriers, an affiliate plant in Maryland indicated the possibility 

. of Cyprus Mines Corp. | | | of future all year shipping of this com- _ 
_ New or improved port facilities were | ™odity. © 
planned in several countries. Construc- A favorable feasibility report on a pro- 

| tion was started on. a 2.25-million-ton- posal to link Lake Erie with the Ohio 
capacity handling and storage facility at River by constructing a 120-mile canal 

7 Great Northern’s Allovez ore docks in Su- was given by a survey team of the U.S. 
: perior, Wis. When it is completed, unit Army Corps of Engineers. Cost was esti- 

trains of pellets will be received for stor- mated at $1.025 billion. 
age or for direct lake vessel transfer. Fa- | Unit iron ore trains of 100 to 110 cars 
cilities for handling and loading pellets operated throughout the year, even under 

| were under construction at the ports of | adverse weather conditions. Experimental 
Los Angeles and Long Beach. New ore-  all-rail unit trains of pelletized ore from 
loading facilities were installed at the Michigan to Pennsylvania were tried. The 
Wabush Mines Dock at Pointe-Noire, On- Chicago and North Western Railway Co., 

, tario. Included were two conveyor load- added 24-inch steel plates around the tops 
ers having a loading rate of 8,000 tons per of 600 ore cars to increase capacity for 
hour. pellet transportation. Other innovations in 

Australian Government and mining com- the operation of unit trains were discussed 
| pany officials talked of shipping ore to in an article by the Director of Research 

Great Britain, West Germany, and north-. for the Pennsylvania Railroad.3 
ern Italy as subsidiary markets when Jap- The pipeline as a method of transport- 
anese trade was establishd. Surveys of ing iron ore received considerable atten- 
several port sites in Great Britain were tion. A paper describing pilot. plant in- 
made by the National Ports Council to vestigations in this field was presented in 
evaluate possible schemes to accommodate Canada.4 
ore Carriers up to 100,000 tons capacity. Anaconda Iron Ore Ltd. successfully 

Patterns of world iron ore trade and _ tested a method of pumping iron concen- 
developments affecting seaborne ore traffic 2 Mills, RO. Shipping of Iron Ore. Metal 
were discussed in a special iron ore pub- Buli. (London). Iron Ore Special Issue, March lication.2 1965, pp. 11-36. 

. . 3Chitz, J. J. Unit Trains for the Future. Shipments of iron ore from U.S. Upper killings’ Min. Rev. v. 54, No. 25, June 19, 
Great Lakes ports totaled 62,564,516 long tT oetai gp ee eRe. Hoisting and the tons according to the American Iron Ore pilot Plant Investigation of the Pipeline ‘Trans- 
Association. <A total of 145 ore carriers port Bulle (Monette 9 Ninn Min. and 
operated on the lakes compared with 141 1966, pp. 25-38. |
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__ trate and planned construction of a pipe- Estimated cost in pumping 4 million tons 

line from Nakina, Ontario, to Nama Bay, of material per year through a 240 mile | 
site of a planned pellet plant. _ line was given as about $2 per ton. | 

| ‘The Tasmanian development plans of | ca . . 
Pickands Mather & Co. and Japanese in- Published a ane rae agent rates on 
terests in the Savage River area provided | a hort tem low our ee t SHAS Me year. 
for a 65-mile pipeline to transport concen- | or hi ate b oa vail ole on 

. trate to a pelletizing plant. Pilot studies “™ “train s € lake : Hs one Farroad’ prior a 
of the pipeline were made at Hibbing, to openings On fame trance. 
Minn. | Tariff definitions as applied to heat- : 

Rotterdam interests investigated the use _ treated ores were changed near the end of 

of a pipeline to move ore from deposits at the year to allow without question entry 
Minas Gerais, Brazil, to Rio de Janeiro. of such treated iron ores duty-free. | 

| | FOREIGN TRADE | oo 

| U.S. exports were approximately the cent over 1964 imports. The increase was 
same as for 1964, with essentially all iron due primarily to shipments from Venezuela 

| ore consigned either to Canada or to and Brazil. Canadian imports failed to 
Japan. Imported iron ore was valued at gain over previous years for the first time 
$444 million, an increase of about 6 per- since 1961. 

| | Table 17.—U.S. exports of iron ore, by countries | 
(Thousand long tons and thousand dollars) 

Quantity Value Quantity Value Quantity Value 

Destination | 
_ 1956-60 1961 1962 - 

| (average) ; 

a 3,689 $36,604 3,889 $42,269 | 4,781 $51,377 
Germany, West..-.----------------- (4) ] - 172 1,993 64 340 
Japan_______...-------------------- 771 7,752 . 883 9,655 981 10,213 
South Africa, Republic of..______._--- - 8 142 4 179 5 164 
United Kingdom__..__-_._-----------  --L----- 0 ~------- 6 70 64 714 
Other countries_____.._.--.--------- 2 96 4 64 3 — 39 

Total_..._..-.---.------.---- 4,465 | 44,595 4,958 54,230 5,898 _ 62,847 | 

a oe 1963 1964 1965 | 

. Canada.__-_-_-_-------------------- 4,987 58 ,054 4,834 58 , 586 4,560 54,399 
Germany, West. ____.---.----------- 72 423 73 432 92 §53 
Japan.___..___.---------+---------- 1 , 682 17 ,087 2,021 20 , 247 2,431 25 ,425 

. South Africa, Republic of_.__.__..____- 3 155 1 44 ____-l--Le Leelee 
. United Kingdom__..__---.--.------- 65 605 18 260 ___.---. -----.-- 

Other countries_-_.----------------- 3 16 16 101 2 41 

Total. ____.-.---------1------ 6,812 76,340 6,963 79,670 7,085 80,418 

1 Less than }4 unit. | 

232-748 O-67—32



Table 18.—U.S. imports for consumption of iron ore,! by countries - 3 

(Thousand long tons and thousand dollars) - © | 

1956-60 1961 1962 1963 1964 1965. 
(average) ee 

Country tt 

Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value | . 

North America: . an a | 
Canada___.____---__------ 11,720 $108,084 9,683 $99,164 16,825 $169,765 18,891 $199,416 24,854 $274,548 -23,756 $264,360 
Mexico__.._..------------- 169 560 123 421 145 ~~ 646 1 — § 22 129 10. 43 
Other_-- 2222222222222 222. 107. 1,282 2-2 ene ee eee eee eee wee eee OQ ceeeeeee eee ee eee 

, Total______._.----____-- 11,996 109,926 9,806 . 99 , 585 16,970 170,311. 18,892 199,421 24 , 876 274,677 23 , 766 264, 403 

! South America: 7 —_ a 7 —_ CB ee 2 
Brazil_.....-_-.------ --_e- 1,229 15,365 889 9,613 1,299 14,080 781 7,73l 1,055 11,660 2,279 23 , 380 | 
Chile... 222-22 -eeee 3,019 23,166 2,604 21,913 ~ 3,400 28 , 907 2,679 25,332 2,712. . 24,220 2,660 23,253 . 4 
Peru______--_--------- ieee 2,176 -20 ,447 1,209 11,752 573 - 6,196 - 290 2,406 580 ~=6,646 957 10,350 i 
Venezuela____.--.._-__-___-- 12,365 95 ,025 10,478 99,118 10,328 96,981 9,231 76,937 © 9,954 79 , 207 12,273 97 ,925 > 
Other___.._.-.------ eee (?) A nen enn ee enn nee nee eee ne eee ee eee eee 8 - 79: 84 774 O 

, Total.._...- 2-22 eee 18,789 154,007 | 15,180 142,396 15,600 146,164 12,981 112,406 14,309 121,812 = 18,253 155 , 682 < 

Europe: . a a . ~ TO — Se OO g 
Sweden______-_- 2 eee 404 5,282 78 .1,156 32 566 37 742 93 1,109 ~ 57 1,108 ts 
Other... 2222-2 7 112 83 157 1 24 (2) 13 10 AT7 11 - §18 8 . 

Total........----------- 411 5,394 81 1,313 33 590 37 755 103 1,586 68 1,626 & 

Africa: eee EE EE 
Algeria_......-.----------- 2 | 20 235. ~——‘(<‘é=CS‘CULé 356 o 
Liberia_.....---.------.--- 1,016 9,401 715 6,728 757° 6,478 1,310 9,944 2,873 20 , 297 2,813 19,978 oT 
Mauritania___---.--------- 0 eee eee ene ee eee eee eee eee ne eee eee eee eee ee eee 133 1,618 94 - 1,128 
Nigeria_-..------- ee eee eee eee eee eee ee eee eee eee 72 | 666 12 171 . 

; Other__.._..---.-__-____-- 103 «731 23 2038) Lue ee ee Lee 21 264 19 222 | — 45 . 439 | 

Total... - 22-2 ee 1,121 10,149 738 6,931 _ 757 6,478 1,331 10,208 3,117 23 ,038 3,015 _ 22,072 | 

Asia: eee 
Philippines. _.________-.-__- 30 605 __--- eee LLL eee 49 1,018 22 oS 6 A rrr 
Other_.__..---_._------_-- 13 224 (?) 1 (?) 12 (2). 1 2 ~ 166 1 3 

Total... 2-2 43 829 — (?) 1 49 1,030 22 368 2 166 1 . 3 
Oceania: Australia... ------- 0 -----n ee ene eee ee ee ee ee eee 1. 9 ~~?) | 2 

Grand total..........---. 32,360 280,305 25,805 250,226 33,409 324,573 33,263 323,158 42,408 421,288 45,103 443,788 | 

| 1In addition pyrites cinder (byproduct iron ore) was imported as follows: 1956-60 (average) Canada 3,469 long tons ($12,015), Italy 683 tons ($4,962); 1961—3,504 
tons ($17,822); 1962—4,248 tons ($26,345) all from Canada; 1963—Canada 3,489 tons ($46,057) West Germany, 22 tons ($2,294); 1964, 8,635: tons ($49,266); 1965, 
1,563 tons ($18,580) all from Canada. 2 Less than 14 unit. : ae



IRON ORE | 491 

Table 19.—U:S. imports for consumption of iron ore, by customs districts = 

| 1964 1965 | 
Customs district a 

. Long tons Value Long tons Value 

Buffalo....__.--_------------------------ 2,578, 887 $29,218, 104 2,381,735 $30 , 063 , 584 
Chicago___.__.-_------------------------ | 4,659,345 | 47,793,095 4,863,194 51,749 , 297 
Duluth and Superior._...-.---...--------- 228 1,351 5,911 . 13 ,024 
Florida__...--------------_-------------- 0 ----------- 00 ----+-------- - 43,925 320,214 
Galveston._----------------------------- 689 ,301 $8,923 ,344 792,979 10,010,079 
Indiana__..._-------------------------+--- 0 ----------- +--+ e+e 7,438 106 , 289 
Laredo__....---------------------------- 21,604 128,823 10,072 42,597 
Los Angeles.____-.--_.----+-------------) ----------- 0 =----------- - 102 1,866 
Maryland. _._.-_------------------------ 8,991,885 81,124,132 10,281 ,834 91,826,604 
Michigan_____---_------------------------ 2,763 , 367 37,329 ,044 2,804,679 36 , 753 ,029 
Mobile__._..---------------------------- 3,010,260 24, 506, 883 3 , 867,983 32,101,266 
New Orleans__.-_.--_-------_------------ 607 ,121 5,470,234 532,018 5,126,391 

| New York____--_- ~~ eee Nee () @) . - 191 3,7¢71 
QOhio_.__--_----L---------.-------------- 5,947,880 64,015,475 5,590, 587 59,755 ,321 

- Philadelphia___-....-_-.--222 ------------. ° 12,583,076 * 117,325,727 13 ,453 ,500 121 ,648, 235 
St. Lawrence._-._.-._.---.---_.---------- -. 26,471 426 ,547 3,713 _ 61,550 
South Carolina___.....--.2.-.-_.--------- 15 1,603 __.__._--.-- -.----------- 
Vermont..___..-_.--.__--..----_--------- 411 38,8138 __L -Ll eee Lee ee 

'Virginia_._._.-2----i--------.---+------- 528,001 4,982,008 463 ,333 4,201,495 
Washington_..-._____.._._.--__.-.------- 236 2,463 ___-.------- ----------.=-- 
Wisconsin-_----------------------------- 4 300 224 3,359 . 

- Total..-..--------2--------------- 42,408,092 421,287,946 45,103,418 443,787,971 

r Revised. | | 
_ } Revised to none, included in Philadelphia. | 

oo | WORLD REVIEW | | | 

A high level of activity continued in most Ltd., had under development. an iron 
of the world’s iron ore areas, and resulting ore mine on Moresby Island, Queen Char- 
overall increase in production capacity in- lotte Islands. A 10,000-ton-per-day con- 
dicated a growth rate higher than the de- _centrator, harbor facilities, and a town 
mands of the iron and steel industry. Avail- | were included in the development plans. 
ability of high-grade natural ores increased. Bulk ore carriers of 50,000 tons were to 
The price structure of lower grades of ores be provided for on completion of harbor . 
weakened, while, the market increased for improvements. A contract to supply Mit- 

_ pelletized ore of maximum iron content  subishi Shoji Kaisha Ltd. of Japan with 
-and steps were taken to satisfy future pellet | 900,000 tons of pellet and sinter feed per . 
-requirements. Ocean transportation costs. year beginning in late 1966 was obtained. 
were being reduced through introduction Jedway Iron Ore Ltd., also operating on 
of high-tonnage carriers and rapid ore- adjoining property at the southern end of 
transfer systems. This, combined with the Queen Charlotte Islands, was shipping 
the increasing capacity of pellet plants, ore to Japan from the port of Harriet 

' continued to force the phasing out of | Harbor at a rate of about 350,000 tons 
many small marginal low-grade iron mines. __ per year. 

NORTH AMERICA Orecan Mines Ltd. began operations 
| at its Kelsey Bay property on Vancouver 
Canada.—Alberta—The Alberta Re-  Jsland. Daily production of about 500 

search Council had a $1.5 million research tons of 62 percent iron concentrate was 
_ facility underway near Edmonton in which scheduled. A contract was obtained for _ 

the Peace River Mining & Smelting Ltd. sale of 1 million tons of the concentrate 
expected to lease space for research studies. 6 be shipped to Japan at a minimum 

The company planned to develop an acid- rate of 150,000 tons annually. The Van- 
leach process to produce high-purity iron — couver Island magnetite deposits were the 
powder. Peace River has TESETVES - of ap- subject of a paper based on field studies.5 
proximately 250 million tons of odlitic ore 

averaging about 33 percent iron. 5 Eastwood, G. E. P._ Replacement Magnetite 
British Columbia.—Westfrob Mines Ltd., on Vancouver | Island, British Columbia. _ Eeon. 

a subsidiary of Falconbridge Nickel Mines 494-138. 60, No. 1, January—Bebruary > PP.
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| Table 20.—World production of iron ore, iron ore concentrates, and iron ore 
agglomerates by countries a 

. . - . (Thousand long tons) 

- Country | - 1961 . 1962 1963 1964 1965 Pp} 
eee . 

North America: 
Canada.__...-..--2..------.--- . ~—«:18,178 24,428 26,914 r 34,219 35,527 

 Cubae__i ee 2 1 1 1 1 
Guatemala e________.-- 5 5 6 7 8 

- Mexico (60 percent Fe equivalent) - - 1,127 1,790 2,291 2,284 2,503 
United States ?__.........-...--. 71,329 71,829 73,599 84,836 87,842 

Total... 22-2 ' 90,641 98 ,053 102,811 ? 121,347 - 125,881 

- South America: . - | : Te . 
- Argentina.........-..-22- 1 Lee 137 121 r9g8 94 111 

Brazil.-...-222 2 eee 10,059 10, 567 11,042 ® 16,694 . ¥ 17,220 
Chile.__._--.- 22 eee 6,879 7,964 8,373 9,697 - 411,229: 

~ Colombia__-_._._-----------_--- 665 669 684 -699 . 695 
. . Peru_.--.--.------------------- | 8,559 5,855 6,470 6,501 e 7,200 

Uruguay._-.-.--.------2--n eee eee tLe 1 , 2 Ls e2 
. Venezuela.__...-_-____-_____-.-- 14,335 13,057 |. 11,562 15,403 © 17,125 

. * Total... .--- ee 40,674. r 38,233 | * 38,230 t 49,089 63,582 

Europe: Se 
. Albania..--.--.-.-- 2-2 eee . 352 418 . ¥ 255 e 345 e 365 

_- Austria-.------.- 222-22 eee 3,635 3,692 .. 3,675 3 , 507 3,480 
Belgium_.--.....-..----2--.---- 113 80 94 60 ' 90 

- Bulgaria__....22-.222.--2 2 eee 411 625 645 705 e 2,500 - 
Czechoslovakia___..........._--- 3,242 3,422 3,357 2,801 2,969 

. Finland 3__...22-- 2 ee 276 299 360 = t 466 - 669 
France.....-....---.----.-.---- 65,554 - 65,254 | ' 56,978 t 59,976 58,585 
Germany: sO 

_ Bast..-..------.----------- 1,617 1,616 1,635 r 1,608 1,624 
Oe West_..-..--------.---.--- 118,568 16,380 12,694 11,340 10,676 

Greece.___---..---2 2 eee 287 209 35 59 295 
oe Hungary..---._--..----_-:-.-_- 595 671 721 7630. 750 

. Italy... eee eee eee eee 1,216 ~ 1,133 — 1,008 900 | 773 
Luxembourg____..__-------.---. 7,340 6,404 6,880 6,575 6,215 

. ’ Norway.._--------..-.--_-.---- 1,647 1,919 1,935 2,019 . . 2,385 
: Poland... _._-_.--.. 1. 22--_---- 2,348 2,398 2,568 | 2,638 2,816 | 
Portugal... -2 2-2 F245 F258 ¥ 259 © 212 - 181 

— Rumania__.-_--- eee. 1,710 ~ 1,711 2,250 -F1,901 2,440 
. | Spain... 2 ee 5,967 5,670 §,111 ® 5,026 5,597 

Sweden____-_- 2-2 23 , 220 r 22,170 r 23 , 264 r 26,239 29,019 
Switzerland______.....__________ | e 85 e 102 94 — oo | 89> 2-1 

. U.8.S.R.4 3.02 eee. «i115, 776 © 126,088 F 135,331 143,553 150 , 584 . 
United Kingdom.____._____-----.: 16,518 15,277 14,912 16,326 15,414 
Yugoslavia_._..2__._.-._---__.- 2,150 2,155 2,261 2,271 2,464 

Total 4... ee t 272,872 t 277,951 ¥ 276,322 r 289 ,469 300 ,002 

Africa: 
Algeria___._..._---.---- ------_- 2,822 2,209 1,945 2,696 3,083 
Angola___ 2 ee 799 . ‘740 628 F 885 802 
Guinea, Republic of. _._._______- 533 689 652 755 591 
Liberia.._._--.-----2 ee 3,200 3,550 6 §,453 10,291 15,707 
Mauritania........-.._.-__-__-__- 295 984 r 1,652 * 5,000 5,905 
Moroceo___-_---------------eeee 1,439 1,131 1,019 874 936 
Rhodesia, Southern_____._.___.__ 382 609 645 811 e 1,340 

_ Sierra Leone____--___.-.-_-__--- 1,668 1,843 _ 1,882 1,962 2,110 
South Africa, Republic of__.______ 3,898 4,263 4,390 4,754 5,724 
South-West Africa._.._.-..-.- 2-20 ~-- ee eee LLL eee 15 9 32 
Sudan____...______.___________. 5 20) ____---.-- (7) 34 
Swaziland. __-_-_.-.22 2 eee eee Leelee Lee 59 1,004 
Tunisia. 2-2-2 2 836 749 851 924 1,099 
United Arab Republic (Egypt) _--_- 415 — 454 r 481 440 429 

Total______-. 22 ee 16,292 17,061 r 20,613 r 29,460 38,796 

Asia: 
Burma____-____-2- ee e16 - g a: 5 
China, mainland ¢ 8§______________ 34,400 29,500 34,400 36 , 400 38, 400 
Hong Kong-_______._.____-------- 117 111 112 . 114 132 
India. ____ eee 12,076 13,151 rT 14,758 r 15,069 16,634 
Goa_____. eee 6,381 5,354 4,921 5,571 6,388 
Tran 9___ 2 eee 4] 10 r21 LLL ee 59 
Japan 20 ee 2,826 2,546 2,387 © *2,517 2,467 

See footnotes at end of table.
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Table 20.—World production of iron ore, iron ore concentrates, and iron ore. . 

agglomerates by countries—Continued — | 

| (Thousand long tons) | . 

Country 1961 1962 1963 1964 1965 P} | 

Asia—Continued 
| 

Korea: , 
North__...----------------- 3,494 3,287 3,799 . 4,724 e 5,800 

South._..-------------+----- r 481 464 493 674 723 : 

Malaysia_--_-------------------- 6,734 6,508 7, 264 6,465 6,873 

Pakistan 44_______.------------- 4 ___-u----- (4) 5 23 

Philippines. -------------------- 1,153 1,365 | 1,363 1,345 1,415 - 

Taiwan !2_____._.-------------- 13 6 5 7 14 

Thailand__.____---------------- 55 44 16 r 188 738 

Turkey ______-.---------------- 746 800 735 961 1,506 
a 

. 

Totale 4__._..---------------- F 68,500 63 , 200 F 70,300 r 74,000 81,177 a 

a
 

eee . 

Oceania: 
Australia___.___..-------------- 5 ,342 4,843 5,515 - r 5,669 6,643 

. Fiji-.-------------------------- 10 6 “Loo Llu ee--- 3 

New Caledonia._..------------- 273 298 294 302 275 

enn 

Total________.--------------- 5 ,625 5,147 5,810 r 5,971 6,921 

nS
 

World totale_..__------------ r 494 604 r 499,645 r 514,086 r 569,336 606 ,359 

I 

e Estimate. P Preliminary. r Revised. 
1 Compiled mostly from data available J uly 1966. 

2 Includes byproduct ore. 
$ Iron concentrates and pellets. . 
4U.S.S.R. in Asia included with U.S.S.R. in Europe. 
5 Data represents iron concentrates of approximately 60 percent iron. 

6 Exports. . 
. T Less than 4% unit. 

8 Roughly equivalent of 50 percent iron. 

9 Year ending March 20 of year following that stated. 

10 Includes iron sand production as follows: 1961, 1,685,137; 1962, 1,419,744; 1963, 1,274,748; 1964, 1,402,814; 

. and 1965, 1,353,099. 
11 Obtained principally during exploration activities. 

. 12 Principally magnetite sands with limonite.



Table 21.—World trade of iron ore, iron-ore concentrates, and iron-ore agglomerates in 1964 | / e 

(Thousand long tons) + 

Exports by countries of destination 

North -. South ~ Europe Asia . 
America America , . 

Exports by gq 
countries of origin a 2 R 3 3 

@ n ray ae o ® S @ m 

3 fs 2 5 «6S i B  @  & a Ss 
a 2 . « : o— by 

g og 8 & LE Og PB Pp a g & B 68 5 3 $ 3 3. s g 88 2 9 § & & 5 ot og | e 
& 2 g 2 € 8 $ 33 @ 2 € £ # 2» 8 8 € S$ E ¢& 8 

b 3 S bet 2 oO N “@ @ 2 @ @ oO = a ~~ oc) 
ea a ca oO Dp < 4 9 O fF 8 OD 7 = A wf =) 6 Ss 6 : | 

SEEEEESEEEEEEEEEEEEEEEEe cc cc ca a 

North America: . > 
Canada_._.... 55 34,219 30,474  __.. 24,793  -.....  LLLe 273 Lee 25 .... ©¢506 —__-- 31 uw... ---- ---. 8,162 -.... 1,677 7. O 
Dominican 

Republic.--- -- ------- 6 ---- pene wee eee eee ee eee eee eee ee eee eee nee eee ee eee eee 6 _. rd 
Mexico_..._.-- 60 2 , 284 a 210 ee nae eee nee ne nee eee ee eee eee eee eee ee e 
United States._. 57 184,836 6,963 4,834 ._... ___--. Lene Lente Lee Lee Leek 73 Woe ue ee 15 .-1.) LAK. 18 ..--. 2,021 2 ty 

South America: pS by 
Brazil_.._..... 68 16,694 9,576 373 1,034 611 252 489 354 372 _... 3,440 -... 1,028 260 177 94 523 77 492 __ ° 
Chile.-..----. 64 9,697 8,969 -... 2,706 263 ---- ----- ---  ---- ---- 628 22 4B ewes eee ---- 5,807 8 
Colombia_..... 45 699 NA .oee cone eee eee ne ee ee ee ee eee CU 
Peru......-.-.. 63 6,501 5,123  ___-. 474 162 __L. 1138 ... 237 ....¢1,265 —___ 90 .... ..-- ---- 52 .... 2,730 _- _ 
Venezuela__... 62 15,403 14,658 .... 9,959  -._-_-. LL. 32 -.. ..-- --.- 2,088 _... 823 83... ---- 1,678 -.-. ---.. -. © 

Europe: a 
Austria.._..... 32 5 Ss 0) A) rc (> wee eee ee ee eee ne o 
Belgium- . 

Luxembourg. 30 6 ,635 2220 eee eee ee eee eee eee 204 Le 318 Lee ee eee eee eee eee (4) 
Bulgaria_...... 62 705 Woe ee ee ee eee eee ee eee eee nee 5 
Finland.._.._. 65 466 SS 29 20 _.--. LLL Il Lee eee Lee 108 ..-- uu. 4 ue kk 
France._.--.-. 30 59,976 21,742 ._.. -_-.. -----. ~~ 15,204 2 _LL-e LLL. 6,309) _Lee Lele Lee Lee Lee 227 ~... -.-.. 2 
Germany, . 

West_..._... 27 11,4380 285 -.-.  ._.-. -----. 266 2 --.. WW Lee welts eee (8) 4 1... -.--. (%) 2 ee Le 
Greece._._...-. 50 59 eee eee ee eee eee ee ee eee eee eee eee een eee -- 
Italy_.-.._...._. 51 900 S36 Loe Lee ee eee eee eee ee 
Norway____.-. 64 2,019 1,528 -_-.  -_--~ LiLeee LLL Leek 2 _... ...- $809 -_-.. Lee -eee) 611) Lee) 686060 Lhe Ll Le 
Poland____.... 34 2 ,638 WD Loe eee eee ee eee eee ee 18 wu... ..--- 1 
Portugal_...-__ 50 212 EY 
Spain.__..._.._ 50 5,026 2,414 2.2. -Le-e Leelee Lele 52 _.. 145 1 976 __.. 45 559 _... ---.. 567 66 -.-.. 3 
Sweden_._.... 61 26,239 23,959 —_-_- 5 Y 56 5,529 188 482 28 9,596 .11 279 687 655 -_... 5,806 653 -.... 2 
Switzerland_.__. 40 89 rr 62 _.-. Lee Looe, eee eee eee eee ee 
USSR. ~~ --- 60 4143,5538 22,248 __.. __.-.  -..--. 3426 -....7,517 -__. 2,524 %461 2,302 ____  _...37,182 1,641 -__... -___ -___. 240 
nite 
Kingdom__._._ 28 16,326 NA Loe Lene ne eee nee ee ee ee ee eee te 

Yugoslavia... 43 2,271 198) Lee Lee ee lee ee eee ee eee ee eee eee ee eee 9B ee ee eee eee ee



Other East - . 
Europe....-.  -- 7,418 NA ---- cee e ee eee ee eee ee ee ee eee See ee ee ee eee ee 

Africa: 
Algeria........ 54 2,696 2,784 -.. 20 ...--. ---- 6 96 62 ..-. 283 -... 840 15 19 -... 1,064 379 -..-- LL 
Angola.._..... 65 885 1,110 ---. ----. ------ ---- ----- 14 23. __-- 946° __.. 230 «25 © eee eee nee 79 LL. 
Guinea, 

| 

Republic of-. 50 755 690 _... ----- ------ *°%56 ----e wee Lee nee eeeee weee wee eee «8 8900 Lee =F 150 LeeLee 94 
Liberia...._..-. 65 10,291 12,069 -._-. 3,044 -_-.-. -—---- 763 -.. 852 ....%4,227 _... 658 ¢825 _... ---. 1,657 43 .....- LL 
Mauritania_... 65 5,000 4,888 -... #188 -.-.-. ---. ----- --- $981 ---. 1,222 --.- 733 2168 %14 -.-. 1,869 —--- 8 52 216 
Morocco_....-- 58 874 978 .-. ----- «~----- -:-- 23 105 4129 --_-- 418 .--. ---- ---- ---- --e- 205 98 _-.-. —- 
Rhodesia, . 

Southern.... 58 811 282 _--- one eee ee ee ee ee ee eee eee eee 282 _. 
Sierra Leone... 64 1,962 1,980 -... ----- --eeee wee eee eee 16 20 667 _... ---- 662 -.-. ---- 615 ---- -2--2 LL 
South Africa, re | 

Republic of. 62 4,754 1,068 ... -.--- ------ ---e neous wee eee eee 3 Lee 1 8 _... -..- --... ..-- 1,052 4 
Tunisia_....... 54 924 rr 10 __L. 37 .... 223  _--- 48 _... 300 158 .... 42 
United Arab . 

Republic - 
(Egypt).-.-. 50 © 440 _---e eee eee eee ee ee eee eee ee | 

Asia: - . 
China, 

mainland._.. 50 ¢36,400 8520 88 ee eee ee eee ee ee eee eee eee) 8 GH FI 
Hong Kong_..- 56 e114 180 _--- Lee Cee ee ee ee ee eee eee eee eee 180 _- . 
India, including . 
Goa......-. 60 20,640 10,316 --.. ----. ------ ---- 77 ~=«771 40 41 3935 12 335 38 249 492 (?) 433 6,893  —- 

Japan.....-.-- 56 2,517 2-2-2 pee wane een ee nee eee ee ee ere ne re ee ee ee eee eee eee ee B 
Korea: . oO 

North._... 37 4,724 8346 __.. ---- penne nee ee ee eee eee eee) 8 B46 ke 42 
South..... 50 674 A7Q 88 ee ee ne ee eee eee eee 479 __ ° 

Malaysia...... 56 6,465 6,817 .--. ----. ------ ---- none nee nee eee eee ee eee eee nee eee ee =e -- «(6,264 58 9 
Philippines.... 58 1,345 1,491 ---. 2-2 -eeeee pone eee ee ee eee nee eee eee eee eee eee eee eee eee «6:2: 49] LUO 
Turkey...-.... 56 961 __----- Leek fee eee ee ee eee eee ee eee ee 
Other Asia..... -- 200 NA 22. eee Cee eee eo eee eee ee ee ee ee ee eee eee ee 

Oceania: . a 
. Australia_..... 65 5,669 __---2 2p eee eee ee ee ee ee ee eee ee eee eee eee ee 

New Caledonia. 55 302 288 2-2 wpe ee eee eee eee ee eee ee ee ee eee eee eee 288 
Other countries__..  -- 171 = (8) meee eee eee ee ee ee ee eee ee 

Total_...... -- $569,336 194,914 5,207 42,200 1,036 1,056 22,6139,017 3,595 2,614 35,115 2,523 5,131 3,393 8,903 2,238 18,017 1,913 29,352 991 

e Estimate. NA Not available. . 4U.8.8.R. in Asia included with U.8.8.R. in Europe. 
1 Includes byproduct ore. 5 Incomplete data. | 
2 Less than YF unit. . 6 Data do not add to totals shown because of rounding where estimated figures 
3 From import detail of customs returns of the respective country. are included in the detail. - 

. - pf 

| | ns)
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: Newfoundland — Quebec. —- Wabush northwestern Ontario on property leased 
a Mines, an internationally owned mining from Iron Bay Mines Ltd. Annual output 

| and concentrating venture 200 miles north of 1.5 million tons of pellets was expected 
of the Gulf of St. Lawrence, was formally on completion in 1968. - | : 

| , dedicated on J une 22. The operation was The Jones & Laughlin Steel. Corp. com- | 
rated at 5.3 million tons of concentrate pleted the first full year of iron ore pro- 

| per ete most of which 1 Pp sed Py hie duction at its Adams mine, Kirkland Lake. — 
| associate Company, ‘Arnaud Fellets. 18 Official opening was March 10. Pellets 7 company, a 4.9-million-ton-per-year pellet produced from magnetic taconite were be- 

| plant at P ointe-Noire, Quebec, was of- ing shipped at a rate of 1 million tons per 
ficially dedicated on July 10. Concentrate year. Descriptions of the project were 

| production went to the 10 iron and steel presented giving details of operations.7 
companies Owning the oY muon he, Algoma Steel Corp. Ltd. signed an op- 

| _ velopment, managed by ickan 9 r “t tion agreement with Can-Fer Mines Ltd. __ 
& Co., and pellet production to 8 of the for iron ore properties near Nakina in 

| companies. | , , d _ northern Ontario. A cash payment by 
The Iron Ore Company of Canada Algoma plus annual royalties were in- : planned expansion of its treatment facili- volved, | | 

7 ties at Carol Lake, and recorded the first Dominion Foundries & Steel Ltd. (DO- 
production from its Carol East mine, which . . 4 . : _ FASCO) and Cliffs of Canada Ltd. a supplied 735,000 tons of ore during the lanned to open an ; re DI ' d 

oe year. The company conducted pilot plant ? Pen an iron ore property an . a _ construct a 1-million-ton-per-year pellet _ tests at its Knob Lake research laboratory lant in the Temagami area north of North 
oe incorporating flotation which indicated the Bay © gam area north of North 

north end ore to be suitable for produc- . | oo 
: tion of pellets grading 64.5 to 65 percent Saskatchewan.—Choiceland Tron Mines iron. The Bechtel Corp. was awarded a vidi negotiated for tenders to sink a shaft : 

a contract for preliminary estimates on a 0n its orebody 52 miles east of P rince 
plant, possibly to be located at Schefferville Albert. A pilot hole was completed in | or Sept-Iles.® August to the ore zone which is at a depth 

| Mt. Wright Iron Mines Co. Ltd., Of 2,000 to 3,000 feet. The Saskatchewan 
planned to develop its Quebec properties Government previously offered financial 
and produce iron ore pellets at a 4 million ae idan on the project under specified : 
ton-per-year rate by 1969. Development Conditions. | 
costs were estimated at about $80 million. Mexico.—Four Mexican steel companies 

Northwest Territories. — Hudson Bay were reported to have been granted a con- 
Mining and Smelting Co. Ltd. entered a oe the iron ore deposits of 
into an agreement with Baffinland Iron the ena Colorado region in Colima. The 
Mines Ltd. to participate in an investiga- deposits have been estimated to contain 
tion of the possibilities of developing the 300 million tons of good grade ore. The 
latter’s high-grade iron deposits on Baffin Proposed extraction rate was given as 
Island. There were four major deposits 600,000 tons yearly. | 
involved. Drilling indicated the presence Studies conducted by the Banco Na- 

| of over 100 million tons of ore in one of | cional de Comercio Exterior showed proved 
these averaging 68 percent iron and less reserves of iron ore in Mexico to be 570 
than 1 percent silica, and an additional million tons averaging 57 percent iron. 
20 million tons of ore grading 64 percent. Surveys for iron ore were continued by 
About one-third of the reserves are magne- _ the Government in several areas. Part of 
tite and the rest hematite. the cost was to be contributed by the Unit- 

Ontario——A new iron ore discovery in €4 Nations Special Fund. 
| the Nipissing district, 35 miles northeast of ® Skillings, David N., Jr. Iron Ore Co. of 

North Bay was noted. Iron City Mines Canada operations in the Quebec-Labrador Re- 
had a drilling program underway on the 3, 1965, pp. 1, 5. 28. v. 54, No, 27, July 
property. . uimond, Roger. The Adams Mine. Mining 

| The Steel Company of Canada Ltd. in Canada (Winnipeg), v. 38, No. 4, April 1965, 
(Stelco) planned to develop iron ore Agenmens _C. From Taconite to Pellets at the 
claims and build a pelletizing plant in 36. No. 5, May 1968 eo ee J. (Quebec), v.
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_ SOUTH AMERICA | depth of 53 feet. 
Bolivia.—The new liberal mining code Cia. _Sidertrgica Belgo-Mineira_ S.A. 

reduced to three the number of State re- and its subsidiary S.A. Mineragao da Trini- 

serves; one included the iron ore ‘deposits dade (SAMITRI) planned production in- 

near Mutin. Under an agreement made CTCases of 1 million tons per year, to reach 

by the United Nations Special Fund to 8 million tons in 1969. The Alegria and 
survey the deposits and examine possibili- Piracicaha complexes were to be prospected — 

ties. of exporting the ore by way of the intensely. - | . . 

Paraguay River, a feasibility study was | CVRD and CAEMI, and MBR were 
completed.’ A minimum investment of reported to be prepared to construct pel- 

$136 million was reported as necessary to let plants. Nine of Japan’s major steel 
mine: and market the ore.. The deposits firms had contracts for Brazilian iron ore, | 

have been variously estimated at from With I million tons scheduled to be shipped 
3,000 to 40,000 millions tons, with average 1 1966. oo , an 
iron content between 53 to 58 percent. _The nature and origin of the iron ores 
The Bolivian Ministry of Mines consid- of Minas Gerais were described by a mem- 
ered the total tonnage of ore may exceed ber of the Federal Geological Survey.® 
40,000 million tons. Chile.—-A change in rail rates for iron 

At yearend the Government was seek- OF€ transported more than 50 kilometers 

ing tenders on a long term worldwide WS made in a move by the Government 

basis to develop and exploit the deposits, t© bring into production additional mines 
which are close to the border of Brazil im the Atacama and Coquimbo Provinces. 
in the Department of Santa Cruz. This _Bethlehem-Chile Iron’ Mines Co. (a— 
area has been considered largely inac- subsidiary of Bethlehem Steel Corp.) be- 

— cessiblee its Oe | gan operation of a 300-ton-per-hour mag- | 

| Brazil._The Brazilian mining code was netic separation plant at its El Tofo mine ; 

modified to allow more active participation 1 Coquimbo P rovince. Feed from waste 

by foreign capital in mining ventures. A dumps containing about 30 percent iron | 
new mining company, Mineracdes Brasilee WS upgraded in the plant to a final 65. 
iras Reunidas S.A. (MBR) was formed by percent concentrate for export. The last 

a merger of Cia. Auxiliarde Emprésas de phase of a $8.75 million program to in- 
Mineracio (CAEMI) ‘and the St. John Crease efficiency of both the El Romeral 
del Rey Mining Co. The. new company and El Tofo operations neared completion. 

was to be controlled by the Antunes group Cia. Minera Santa Fe had a fifth iron 
(CAEMI) with 51 percent of the stock; ore beneficiation plant under construction 

49 percent. was to be held by St. John at Desvio Norte using either dump or 
(Hanna). MBR planned a substantial crude ore as feed. Geological work on the 

expansion to raise production and to con- company’s El Laco deposit was reported , 
struct a pellet plant. A new ocean-loading _ to have blocked out over 300 millions tons — 

terminal constructed by CAEMI in Septiba of iron ore with 64 to 69 percent iron 
Bay was planned with facilities for han- Content. . . 

, dling 100,000-ton ships. In Minas Gerais, Exploration for iron’ ore occurred in 

a State-controlled company, Metais Minas several. areas. Work completed on the 
Gerais S.A. (Metamig), was given control Chafiar-Boqueron deposit north of Vallenar 
of the Ferrobelan Iron Ore Co., owned showed an estimated 70 million tons of 

by the city of Belo Horizonte. Reserves high-grade ore. An iron ore body previ- 
of the latter company were to be exploited. ously discovered by aerial surveys in the 

Cia. Vale do Rio Doce (CVRD) had Atacama desert about 420 miles north of 

under construction a new port, Tuberio Santiago was undergoing exploratory drill- 
in Espirito State. A new loader and a ‘8: Aerial magnetometer surveys were 
stacker, both rated at 6,000 tons per hour completed in Chile under the United Na- 
were being installed. The company’s ca- ‘l0ns Special Fund. _. 
pacity of 10 million tons per year was ex- Peru.—The Marcona Mining Co. ex- 
pected to double on completion of the fa- ported about 1 million tons more iron 
cilities. _MBR was to collaborate with — *Dorr, John Van N. Il, Nature and Origin 
CVRD in shipping iron ore through the of the pigh-Grade Hematite ors. of Minas 
port, which was planned for a dockside ary February 1966, 46 pp. “nec
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ore in 1965 than in 1964, reaching 6.7 Fifteen ECSC companies considered es- 
million long tons. An expansion program  tablishing facilities at Rotterdam for the 

| was underway to raise capacity of the pel- unloading, storage and treatment of im- 
- let plant at San Nicolas Bay to 1.25 mil- ported iron ore. Imports of ore to the 

lion tons annually, and add a new 2- Community amounted to 47.7 million tons 
| million-ton-per-year facility. This com- in 1964. oe, re | 

pany received the 1965 annual award of Germany, West.—Output of iron ore in 
| . the Institute of International Education for West Germany. dropped steadily the past | 

, distinguished service in international edu- few years. .Decrease was- attributed to 
cation. os high production costs, low-grade local ore, 
‘Northern Peru Mining Co. (a subsid- and imported cheaper and higher grade 

iary of American Smelting and Refining _ ore. Underground iron ore miners re- 
- Company) signed an option to purchase quested - Federal Government aid in the 

the Berenguela mine containing mangani- face of closing mines, output of which de- 
| _ ferous iron near Santa Lucia. a | clined from 18.6 million tons in 1960 to | 

Venezuela.—Production of iron ore ex- 19.7 million tons 1965. Since 1960 
ceeded that for 1964 by 11 percent. Ex- West German companies have closed. about 
ports were mainly to the United States 30 mines. West German imports of iron : 
with West Germany and the United King- ore for 1964 were over 35 million tons. 
dom taking about 10 percent each. | / Norway.—A new iron ore pellet-harden- 

Proposals for development of the Gov- ing plant was opened south of the Arctic 
ernment-owned San Isidro iron ore de- Circle at Mo-I-Rana (A/S Rana Gruber) 
posits were requested of companies in sev- On the west coast. BO — 

| eral countries for study by the Minister of Norway’s largest mining company, State- : 
| : Mines and Hydrocarbons. The Govern- owned A/S Sydvaranger, announced plans | 

ment inspected direct-reduction process ex- to increase ‘capacity of its separation plant | 
perimental plants in the U.S.A. and Can- at Kirkenes to 2.4 million tons per year 
ada, and the Minister announced that pipe. _ within 2 years. New drilling, loading, and 
line construction was planned to move transportation equipment was being in- 

| natural gas from the eastern fields to the stalled. The iron ore port at Narvik was 
Guayana area to supply the iron ore and __ being improved to handle ore carriers of 
other industries. _ 65,000 tons. | | : 

The El Pao iron deposit was described Sweden.—The State-owned Luossavaara- 
and a derivation hypothesis of the ore tirunavaara Aktiebolag (LKAB) placed |  presented.? In operation at Kiruna the largest iron 

| — ore pellet plant in Europe. The designed 
. EUROPE Capacity rate, in excess of 1.5 million an- 

European Coal and Steel Community, "Ul tons of pellets, was reached near the 
A report by the High Authority of ECSC end of 1965. Raw materials for the plant 
indicated investments for 1964 in the iron W€re iron ore concentrates produced by 
mines were less than one-half the average several mills. ‘These were mixed and balled | amounts spent in the years 1956 to 1962. with ferrous sulfate as a binder. Provision 
This was not considered sufficient to make WS made at the plant to add fi uxes if up for the capacity closed because of im- esired.11_ This plant was officially in- 
ported ore competition. Some expansion augurated along with a sorting and avon was expected in the Lorraine region, with Centrating plant by the Swedish Prime 
the others to continue to reduce capacity, Minister in September. The three plants 
Mine closures lowered potential produc- {rm the processing unit called SAK- _ tion from 97.9 million tons in 1963 to Verken (SAK Works) short for sorting, 92.3 millions tons in 1964. concentrating and pelletizing in Swedish. 

The Lorraine region was expected to ° Kalliokosko, J. The Metamorphosed Iron Ore 
account for 73 percent of ECSC capacity of Fanaa Pome es geome Geol., v.60, No. 
by 1968. Reserves of iron ore in the © Leandri, Joseph. Iron Mining in Eastern 
Lorraine region of France were estimated France. Min. Cong. J., v. 51, No. 7, July 1965, 
at 6 billion tons with iron content more 21 Johnson, Bryan. Kiruna’s New Iron Ore 
than 28 percent.10 November 1966; pp. 32-37, aoe” Te No 22,
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The Grangesberg Co., Sweden’s second Concentrates produced had an average 

largest iron ore producer, announced that iron content of 58.3 percent, and com- 

construction of their second pelletizing modity ore 56.3 percent. The production 

plant at the Strassa mines was on schedule. of agglomerates reached 113 million tons 

Capacity will be 220,000 tons per year. in 1965. By 1970 iron content of com- 

Grangesberg’s shipowning division added modity ore was planned at 58 to 59 per- 

a 66,100-ton ore and oil carrier to its fleet. cent, and concentrate 64 to 65 percent. | 

Two new carriers of 71,500 tons each Agglomerates and pellets were expected to 

were under construction. Harbor facilities comprise 95 percent of the blast-furnace 

at Oxelésund were improved to handle  charges.13. : a : 

60,000-ton ships, and automatic ore load- The need of the Comecon, counterpart 
ing at 4,000 tons an hour was provided for. of OEEC, for Western iron ore was said 

The iron ore harbor at Luled on the Gulf — to be at least 5.4 million tons in 1965.14 
of Bothnia was officially opened. Facilities | The U.S.S.R. was expected to be able ‘to 

include two. main loaders rated at 4,000 supply Comecon demands if the new Five- 
tons per hour. | a a : Year-Plan (1966-70) is carried out. This | 

’ A Dored iron ore reduction plant was plan called for approximately as much | 

opened in Borlange to complete a $17 new productive ore capacity as was added — 

million steel project.of Domnarfvets Jern- during the Seven Year Plan. = | 

verk Co. | a - Fe an oo AFRICA ae | 

A large deposit of low-grade iron ore | - . Se 

at Kaunisvaara near the Finnish border Algeria.—Shipments of iron ore were 

was explored by LKAB: | made by the ee State aia Sealy : 

U.S.S.R.—Scheduled production of iron ganization ( ) to sara, say, 
Pearl s Great Britain, and U.S.S.R. (resold to 

ore during the Seven Year Plan (1959-65) : | } | 
} | oo on Poland). Stewarts and Lloyds Ltd., Great 

was reported to have been exceeded by Britain. j ? 
. | ritain, in a contract agreement for 200,000 

1.3 percent. Volume in 1965 amounted : . : 
sae pe . tons of iron ore provided one-fourth of 

to 152.8 million tons compared with 88.8 the purchase price in mining equipment 

million in 1958. In 1965, 73 percent of Ayn i ereaed tot ee 
~ ; : . geria increased total production of iron 

the total production of the iron ore mines . eae 
was by oven-pit methods. 53.9 percent in ore in 1965 to 3.1 million tons, 14 percent 
1958 y open-p » Jo P —- over that of 1964. This resulted from in- 

aor cog te an | creased demands in Europe. Italy was _ 

United Kingdom.— The United Steel jargely responsible, supplanting Great . 

_ Companies Ltd. started a 4-year de- Britain as the leading purchaser, followed 

velopment project at its Becketmet and by Bulgaria, West Germany, and Belgium. 
Haile Moor underground mines. Increased The Ouenza/Boukhadra complex in east- 
mechanization was expected to raise output ern Algeria accounted for about 80. per- 

from 2,300 to 4,000 tons per week. Over cent of the total iron production. This 
the 4-year development period employment ... mined by the Société de ’Ouenza, a 

was to be reduced by 70 men from 360. partly Government-owned organization. 

7 Purchases of iron ore COT eSR. ay Angola.—The production of iron ore at 
British steel interests from U.S.S.R. for the Cassinga mines of Companhia Mineira 
1966 were estimated to be increased to qo Lobito (CML) was expected to increase 
about 1.2 million tons. to 4.5 million tons per year on completion | 

Open-pit mining methods in. England of improvement contracts. Port facilities 
and restoration of the land as required 4 Saco (Mocamedes) were eventually to 

under English law were described.!2 provide storage for 1.5 million tons of 
The 1964 average monthly output of ore and load vessels of up to 100,000 tons 

crude ore per worker was 241 tons for ——[\7ooa Mining. United Open Pit Mining at 
open-pit mining and 121 tons for under- Steel's ironstone  Colsterworth. V. 18, No. 3, . 

| izati arc » PP. . | 
ground mining . Moderniz ation was in 18 Sledzyuk, P. Ye. (Some Results of the 
evidence at the iron ore mines. Several work of the Iron Ore Mining Industry During 

the Seven-Year-Plan). Gornyi Zhurnal, No. 1, 
were reported to have complete ly changed January 1966, pp. 3-18. (English transl.) Min. 
from steam to electric locomotives. Auto- J. No. 1 (Moscow), Apr. 18, 1966, pp. 3-18. 

iOI , i i 14 Baer, F. H. Iron-Hungry Comecon Seeks mation of processing equipment was noted West Ore. Eng. ond Min’ J. ome, = Noo 4. 

also. April 1965, pp. 100-102.
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| at a rate of 6,000 tons per hour. | ore. The company announced the addi- | A rate of production of 500,000 tons tion of a $51.5 million iron ore washing 
per year was expected by the end of 1966, and pelletizing plant to be constructed at 
and full capacity in 1967. Exports were the port of Buchanan. Production capac- 
scheduled for West Germany, Japan, and ity was to be increased to 10 million tons 
the United States. New iron ore deposits and supply 2 million tons of pellets for | of unannounced size were located in the sale. The Export-Import Bank provided | Caroca area, Southern Angola, near the $23.1 million and Bethlehem Steel flnanced | border of Southwest Africa, | | 25 percent of the cost. This was to be the Gabon.—A contract was awarded for first iron ore pelletizing plant installed in 

| preliminary work on a rail line from the Africa. ee 7 
Mekambo iron district to a proposed deep- ; Some of the operations of LAMCO 
water port on the Atlantic. Ten million . since ; its startup were described by the : 
tons of iron ore were expected to be trans- | technical manager in an article.15 _ a 
ported annually. The first ore shipments — Mauritania.—The Societé des Mines de | from this country by SOMIFER were Fer de Mauritanie (MIFERMA): produced 

oo planned for 1974-75. oe 6.0. million metric tons. of iron ore in 1965, | _._ Large economically exploitable iron ore most of which was exported through Port- 
. deposits near Minkebe were verified’ by Etienne. Average value. of the ore was os _ Surveys of the Bureau de Recherche Géol- $8.50 f.o.b.; average grade 64.5 percent. oo ogiques et Miniéres (BRGM), and the The production by MIFERMA, carried -_ Syndicat Nord-Gabon (formed by the Eu- out at the Tazadit open-pit mine near Fort | _. . ropean Coal and Steel Community). _ Gourand, was being ‘increased in stages to 

, . Kenya.—Iron ore deposits were discov- 2 proposed 6 million tons annually by | ered on the lower slopes of Mount Kenya. 1969. This has been raised to a goal of _ The deposits, investigated by the Kenya 7.5 million tons, which includes exploita- 
Mines Department, were said to contain tion of the F "Derik deposits, = 
5 percent titanium. German mining and South Africa, Republic of.—The Pala- 
steel companies were reported to have bora Mining Co., Ltd. in Northwestern shown an interest in the finds. Indications Transvaal. contracted to ship 8.8 million | were that the deposits although high in Short tons of magnetite concentrate, pro- grade would be of limited quantity. . duced as a byproduct of its copper mining — Liberia.—President Tubman-announced Operations, to the Kawasaki Steel Corp. 

- in December that a deposit containing 1 and Kobe Steel Works Ltd. companies in 
billion tons of high-grade ore had been Japan over a 10-year period. Construc- found in the Gbee mountain range of the tion of a concentration plant was started | Lofa_ County. he —_ to upgrade the material.16 A new iron Exports of iron ore increased from 12.2 Ore mine owned by Ironstone Minerals Pty., 
million tons in 1964 to 15.7 million tons a subsidiary of Highveld Steel and Vana- in 1965. The Bong Mining Co. exported dium Corp. Ltd., was being opened at 1.6 million tons of ore in 1965, its first Roossenekal, in the Transvaal. Full pro- 
year of production. This project will have duction rate of 1 million tons per year a capacity of 3 million tons of concentrate Was scheduled for late 1967. Construction per year when full-scale production is Work included a spur rail line and a dam. reached. Bong Mining is owned by a South African iron ores were discussed group of German steelworks and the by a member of the Government Metal- 
Liberian Government and controlled by urgical Laboratory in Johannesburg .17 the German Liberian Mining Co. (DELI. _ Swaziland—The Bomvu Ridge open-pit MCO). Kaiser engineers began test pel- ron ore mine of Swaziland Iron Ore De- 
letizing work on the Bong Range ore un- Velopment Co. Ltd. (SIODC) was op- 
der contract with DELIMCO’s managing _ 15 Pousette, L, and A. Swartling. Operational firm, Gerwerkschaft Exploration. Experience on the Lamco Project. Min. and Liberia Mining Co. exported 2.2 million Pry ung., (London), v- 1, No. 11, July 1965, tons of iron ore in 1965, and the National 7° Bureau of Mines. Mineral Trade Notes. V. 

. Liberian American-Swedish Minerals Co. OF Nein eee mber 1965, Pa2l. is of the Iron (LAMCO) exported 8.3 millions tons of Ores of the Pretoria Series, South Africa. Iron Ore Co., 3.6 million tons. Boon. eos v- 60, No. 2, March-April 1965,



/ IRON ORE | 501 | 

erating to supply the planned shipments ing plant in Goa. Designed capacity was 
through Lourenco Marques for Japan. 500,000 tons of pellets per year with iron 

_. Shipments were scheduled at a rate of 1.2 content of 66 percent. Iron ore exports 

million tons per year for 9 years. The for 1965 including exports from Goa were 

world’s largest iron ore cargoes in 1965 11.1 million tons, 13 percent above 1964. - 

were of Swaziland. iron ore. The ore was The Government-owned Minerals and Met- 
loaded on the carriers Inayama and Shigeo als Trading Corp. was the sole exporter 
Nagano to the capacity allowed by the from India, while exports from Goa were 
port, then moved to sea; there top loading largely through private firms. Export tar- 

was accomplished by a special ore carrier gets were 16.2 million tons by 1967 and | 
for the maximum loads of about 78,000 24.6 million tons by 1970. | 

tons. —_ re | Japan.—Long term contracts signed by 
United Arab Republic (Egypt).—Produc- Japanese steelmakers during 1965 with the | 

tion of iron ore from the Bahariya Oasis Australian iron ore consortiums made clear 
mines was expected to start in 2 or 3 that Japan would expect a large portion 

_ years, depending on progress made in con- of her imported ore to be supplied from 
structing a spur rail line to connect the Australia. The rapid increase in imports 
deposits with an existing rail line. Plans by Japan continued, 31.2 million tons be- 
called for 4 million tons per year output ing imported in 1964, compared with 26.3 | 

- of high-grade iron ore from these mines by million in 1963. India, Malaysia, Chile, 
1972. oe and Peru supplied over two-thirds of the 

_ Additional exploration for new iron ore imported ore.20 Imports of 50 million 
deposits in the country was announced by _ tons were expected to be received by 1975, 
the Egyptian Mining Organization. | with possibly half to be supplied by Aus- 

The origin and properties of the Aswan _ tralia. | | 
| and El-Bahariya ores were discussed.18 Philippines.—The pelletizing plant of 

Zambia.—A high-grade iron ore deposit Philippine Iron Mines, Inc., was installed 
was reported to have been found by geol- and readied for testing. This plant, de- 
ogists of the Anglo-American Corporation signed and constructed by Kawasaki Steel 
of South Africa Ltd. Size of the deposit, Corp. of Japan, was the last phase of an 

in the Mporokoso region, Luapula Prov- ore complex designed to produce 750,000 
ince, was not stated.19 | _. tons of high-grade pellets annually. The 

| ; other operations, including magnetic sepa- 
| ASIA | ration of underground and surface ore _ 

Afghanistan.—Iron ore deposits at Haji- were reviewed.?1 . 
| kak were estimated by the Ministry of Black Mountain Inc., continued studies 

Mines at 2 billion tons of hematite con- on methods for smelting ores from its 
taining 63 percent iron. Possibilities were Mindanao claims. Philex Mining Corp. had 

being investigated for development, includ- _14S magnetite concentrator near the pro- 

ing use of natural gas to produce an iron duction stage. | a 
product for export. — Viet-Nam, South.—Economic ministry 
India.—The first fully automated ore- sources in Saigon reported an iron ore dis- 

handling facilities in India were commis- COVEery estimated at 40 million tons in 

sioned at Visakhapatnam in October. The Quang Ngai P rovince about 325 miles 

port has been equipped to handle two northeast of Saigon. | 

50,000-ton iron ore Carriers at the same | OCEANIA 

time. Improvements of the Kiriburu and . oa ; 

Bailadila mines were continued in efforts Australia.— Activity in the iron ore areas 
to increase production. of Australia, mostly in the west, involved 

. The Nation al Minerals and Metals Trad- __ 8 El-Hinnawi, Essam E. Contributions to the 
ing Corp. signed a 3-year contract with Study of Egyptian (UAR) Iron Ores. Econ. 

Japan for 8.5 million tons of ore. In ad- Geol., v. 60, No. 7, November 1965, pp. 1497— 

dition a long-term contract was pending 1® Bureau of Mines. Mineral Trade Notes. V. 

to supply 2 million tons per year beginning ©, To. au ‘of Mines, Mineral ‘Trade Notes. V. 
in 1966. 62, No. 1, January 1966, pp. 16-17. 

Lurgi of Germany received a contract ax Engineering ond, BMP out pebirch 
to set up an ore beneficiation and pelletiz- V. 166, No. 10, October 1965, pp. 104-107.
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oo major construction projects by several large 65.5 million tons to begin in 1966, at | 
| companies, all with long-term Japanese about $0.155 per long ton unit. 7 7 

| contracts’. under negotiation or signed. The company also entered into an agree- . 

oe Value of the contracts amounted to over ment with the Government of - Western. 
a $2 billion. With reserves estimated at is Australia to establish an iron and steel | 

billion tons to draw from, the. possibilities industry in the State within 25 years. — 

of supplying other sectors of the world iron Mt. Newman Iron Ore Co, Ltd. planned 
ore market also were being considered. for construction of a 260-mile railway to 

| | _ A special Commonwealth Government ink the Mt. Whaleback deposits with a 
-committee was established to review terms proposed deep-water port at Cooke Point 

of export of minerals including iron ore near Port Hedland. Aerial surveys for the 
7 before issuing new contracts. The Aus-— railway feasibility study were completed 

: tralian Foreign Trade Ministry stated that and an initial contract awarded involving 
it felt iron ore prices contracted by West- engineering work on the various projects. 

| ern Australian producers were as much as Negotiations were underway with Japan | 
15 percent below world price levels. for sale of about 100 million tons of ore 

Northern Territory——The Frances Creek Over a 22-year period. ne 
Tron Mining Corp. Pty. Ltd. of the North- Cliffs Western Australian Mining Pty. 

a ern Territory received a contract to sup- Ltd. (Cleveland Cliffs- Mitsui) contracted ply 3 million tons of iron ore to Sumitomo _t0 supply 71.4 million tons of pellets over 
_ Shoji Kaisha Ltd. of Japan with shipments 2 21-year period to Japanese steel mills 

over an 8-year period beginning in 1967. With delivery starting in 1968. Planned 
Base grade of the ore to be shipped was Construction included two new towns, a 
to be 62 percent iron, at about $0.144 a 60-mile railway between a mine site in 

| long ton unit fob. Darwin. A 9-mile the Robe River district and a deep-water | 
railroad spur was planned, and new load- Port. at Cape Preston, and a. pelletizing. 
ing installations at the Darwin port. _ Plant. Np: og 

South Australia—The Broken Hill Pty. _ Mt. Goldsworthy Mining Associates had 
Co. Ltd. (BHP) “awar ded a contract for a contract to deliver 16.5. million tons of 

construction | of a 1.5-million-ton-per-year | en °. J 06 on re period pesin: 
7 pelletizing plant at Whyalla, South Aus- | s 5 ompany P 

tralia. .Production was scheduled to begin to construct 70 miles of railro ad between 
_ in 1967 using material from the Iron Prince the Mt. Goldsworthy mine site and Port 7 “mine. The company formed anew sub- Hedland, where port facilities were to be 

sidiary, Dampier Mining Co., to take over renin on ey G nucane island. ned 
all iron ore mining operations of BHP in cstern Mining Worp. itd. con mule : 

_ Western Australia. Included were the ac. COS*uction work at the Koolanooka Hills | 
tivities of Australian Iron and Steel Pty, 9 7 UU° and planned fo. build 11 miles of Ltd. at Cockatoo and Koolan Islands in railroad to connect with the State’s line 
Yampi Sound _ to a port at Geraldton. The Government 

P , ; | oe called for bids to improve port facilities. 
p Western Australia. — Hammersley von _ Contracts with Japan were for delivery of 
we ne on ore ort at King Ba y P lane 51 million tons of ore starting in 1966. 

: ron ores of the Opthalmia Region, called for over 170 miles of standard-gage Western Australia were described 22° 
rail line to the open-pit mining operation at T : Work d he § 
Mt. Tom Price, with towns to be built R; i ork started on t P hone 
both at the port and the mines. iver ines joint venture o ickands An initial tract luded with Mather-Mitsubishi to construct a pelletiz- 
Japanese steclrnakere to deliver 15 7 wr ing plant and dock facilities at Brickmak- 

Vv a. miul- 3 . ° : . ers’ Bay, on the north coast of Tasmania, 
Hon tons jot pellets over ‘pene of 16 and a pipeline to transport concentrate _ 
during he fret 9 years was $ 01 85. per from a concentrating plant in northwest 

. e ° ele 

long ton unit f.o.b. for pellets of 63 percent 5 smania. initial output called for over 
iron content. A previous long-term con- mulion tons of high-grade pellets per 
tract was completed with the Japanese for Rep ecilson: J. M. | Iron Ores of the Qpthalmia , . . . egion, estern Au : . . . extended deliveries of lump ore totaling Eng., v. 232, No. 4, December 1965, op. “397-338.
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| year to be shipped to Japan. Sales con- pellets over a 21-year period beginning in 
tracts were received for 45 million tons of 1968. | | 

oe ) - TECHNOLOGY | 

Advances continued to be made in iron announced a new raw materials and chem- 
ore technology. Exploration for iron ore ical engineering building at their research | 
and drilling programs were actively pur- laboratories in Bethlehem, Pa. ‘The Re- 
sued in a number of States. Improvements serve Mining Co. was building a multi- 
were noted in mining methods and equip- million dollar research and development 
ment, beneficiation of low-grade ores, pel- center at Siver Bay, Minn. The Hanna 

| letizing procedures, and conversion of ore Mining Co. enlarged its research facilities 
into metalized furnace feed. Acceptance at Nashwauk, Minn. A pilot plant using 
of the prereduced pellet for furnace use the Surface Combustion Co.’s process of 
was indicated. _ producing pellets having up to 90 percent : 

Bills were introduced in the Minnesota ron was started up and operated jointly 7 
State Legislature to provide funds for drill- with the National Steel Corp., and the 
ing and study of the taconite formations Midland-Ross Corp. __ 

. at depths below 1,000 feet. This was pro- A Federal Bureau of Mines facility was 
. posed as a part of long-range research pro- planned near Hibbing, Minn., for pilot 
gramming. . plant studies. ~ oO 

_ A report issued by the Louisiana State The Broken Hill Proprietary Co. Ltd. 
Geological Survey estimated brown iron announced a new research laboratory to 
ore deposits in that State at 800 million be built at Shortland, Australia, for study- 
tons.28 The phosphorus content of the mg iron ore agglomeration problems. 

deposits was expected to present a prob- Plans were being made for iron ore 
lem in exploiting the deposits. transfer facilities and a pelletizing plant 

The General Assembly of Georgia al- at a North Sea port location. The venture 

located $188,500 for mineral exploration, Was to be built by a number of European 
including iron ore, of the State’s Coastal  steelmakers as a cooperative undertaking.*6 
Plain. Use of large ore carriers and possible di- 

A report. prepared for the Northwestern rect reduction were mentioned. | 
Wisconsin Planning Commission by the _ A number of iron mining operations re- 
Wisconsin Department of Resource De- Placed their low-capacity iron ore trucks — 
velopment called for further research into With improved 65- to 110-ton haulage units. 
the technology of iron ore in northen A. remote-control loader for underground 
Wisconsin. Efforts were being made to ™ning operations was introduced, allow- 
reactivate the iron mining industry which 9g the operator to work at distances up | 
had been reduced to one operating iron to 60 feet from the equipment. Use of 
mine.24 | . rigid foam in iron mines was described and 

| The Federal Geological Survey an- Cost savings over conventional sealing sys- 

nounced the discovery of low-grade iron tems noted. Canadian methods used to 
deposits in Alaska, approximately 200 miles dewater open-pit iron mines were de- 
southwest of Anchorage. Limited analyses scribed.?7 ; 
showed about 20 percent iron and 1 per- Drilling and blasting methods introduced 
cent titanium. An outcrop of magnetite from Canada and used in mining itabirite 

containing 35 to 55 percent iron and only =~ 2s Chemical Engineering. V. 72, No. 15, July 
a trace of titanium was reported by the 19, | 1965, p. 78. 4 Mining Journal. V. 166 
Alaska Division of Mines and Minerals to wo, 9, September 1965, . 202. co 
have been found off the shores of Icy R nays: M. Allan at ercetaphic and Modal 
Straits. A petrographic study of the San- _ peposit. Keon. Geol., v. 60, ‘No. 6, September- 
ford Hull titaniferous magnetite deposit October 1965, PD. 1261-1297. tive Transfer Point 

in New York was published, together with ana Pellet Plant Project Planned by European 
a formation hypothesis.25 Iron Smelters. Steel and Iron (German), v. 

eyes 85, No. 22, Nov. 4, 1965, pp. 1361~1371. 
Several new research facilities were an Ma Stubbins, J. Be and P. Minro. ander mt 

nounced for studies concerned with iron ine Dewatering—Knob Lake. Can . . 
ore beneficiation. Bethlehem Steel Co. aust 196e. a. giMontreal), v. 58, No. 648,
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on the Bong Range in Liberia were dis- The reduction of iron ores by means of | 
cussed.28 | a plasma torch method was reported ina | 

A comparison of jet and rotary-drill - Patent from East Germany.* : 
methods was made on field results in Can- In France progress in beneficiating some 
ada over a period of time.29 The develop- of the Lorraine ores was discussed in an 
ment of blasting procedures was discussed article.41_ Two new installations were pro- 
also. Cratering by different explosive-rock posed for treating both siliceous and cal- 

- combinations in open-pit iron ore mining careous ores. Dry grinding methods were 
was discussed by the same author.3° incorporated in the circuits for economy. 

- Details of the mining and beneficiation A Japanese method for magnetic sepa- 
facilities of United States Steel’s Atlantic ration of iron sand was reported. The 
City operations 31 and the Sunrise bene- method involved a traveling rubber belt. 

| ficiation plant of The Colorado Fuel and containing magnetized ferrite to collect 
: Iron Corp.32 were published. __ _. the magnetic material, use of water spray 
: The use of a mobile concentrator in re- tO remove extraneous material, and final 

: covering a magnetite concentrate from low- demagnetization of the ferrite to recover 
grade alluvial iron deposits in Utah was the concentrated product. a 

| described.33 The deposits averaged about | Pellets produced in a pilot plant and a 
| 10 percent iron, commercial plant were evaluated in blast | 

| | Research on methods of beneficiating furnace tests by the Yawata Iron and Steel 

| the oxidized semitaconites continued in this Co. Ltd. Tokyo, Japan. Satisfactory re- — 
| country. Test results of the pilot plant sults were obtained under some conditions | 

| operations at Duluth, Minn., conducted using as high as 80 percent pellet ratios 
by. Cleveland-Cliffs and using the natural- §——————— 

: gas reduction process of Northern Natural R on Leng, ie cS Mining Itabirite on fae Bong 
Gas Co. and W. S. Moore Company, were y, 36, No. 11, November 1965, pp, 76-80 . * 

reporte to e exceeding expectations. pauer, fi., IN. Ht. Uarr, IF. Ualder, an oR. 

Some of the beneficiation studies on the Mine, Trans. Soe. ‘Min. Eng w 235 Ne 
semitaconites at the University of Minne- arch 1965, pp. 39-4 . . , 

sota were reviewed. in an article by the  prezioso, and D. J. Selleck How IOC Puts 
_- director of the Mines Experiment Station.34 Crater Research, to Work. ne. and Min. J., 

| Research on upgrading the low-grade “‘sitngineéring and Mining’ Journal, U.S. 
_ Mesabi range ores was in progress all year Steel's jjtlantic City Ore Mine First gr aconite | 

at the Mines Experiment Station of the 1965, pp. 73-91. O° oo 
University of Minnesota. A paper by one Pla ee Wee ing ati’ Conor ys Beneficiation 
staff member discussed an investigation in- 3, March 1965, pp. 26-29. nana 

volving soap flotation of activated silica from ron ane Congress P journal. 5c oncentrating 
: iron ores.35 Another staff member pre- tober 1965, pp. 28-33. See? 

sented a resume of iron ore flotation meth- New sree a BB. Be Peehe, ang RM. Hays. 
ods and future possibilities in this field of Min. Cong. J., v. 51, No. 4, April 1965, pp. 
beneficiation.36 Processing taconite via = . . 
routes involving 22 variations of the con- Starch Prniuets on Depressants in’ See Plotae | 

: ventional flow scheme was discussed in an tion Sein pated Silica From Tron Ores. | Trans. 
article by the supervisor of ore research pp. 364-371, °° , 

for Jones & Laughlin Steel Corp.®? Proc: yyaySehe Bi Bs, New, Dirgetions ip, Iron Ore 
ess modifications for changes in ore, or for June, 6, 1965, Front Cover, pp. 6-7, 15. _ 

economic reasons, were covered. 22 Variations. "Eng, and Min Jo v. 166, No 6 
The use of lignite as a fuel and re- une 6, 1965, pp. 166-172. i, 

ductant for the reduction roasting of ta- Gasification for Roduetion Roasting wt Taconites, 
conites was described as successful in a J. fietal, AG 17, No. i April 1965; pp. 338-389. 

study made at the University of North tion of Nonferrous Metals From Lateritic Iron 

Dako Otis Pe ote aaae Me, BEE on 
A patent was issued for a method of in the Liquid State With a Plasma Torch. East 

treating laterites containing metal impuri- “1 Bullet, Alain.” Progress Being Made in 
ties by a double roast-leach process to ob- __Beneficiating Very Refractory Iron Ores of 

. : . . France’s Lorraine Basin. World Min., v. 18, tain a high-iron residue.®9 No. 6, June 1965, pp. 27-29.
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in the burden.42 The tests included stud- mercial operations are gaining a foothold oe 
ies on swelling of pellets in blast furnace in other countries where more favorable | 
applications. A sintering process to give economic factors are encountered. | 
an arsenic-free fluxed iron ore sinter was The Glidden Co. planned to build a | 

patented.43 oe | . commercial H-iron powder plant at Ham- | 
The fluid-bed reduction process for iron mond, Ind. The process, under license 

' pyrites in operation at the plant of Monte- from Hydrocarbon Research, Inc., was 
catini Soc. Generale per Industria Min- scheduled for operation in 1966. 

eraria e Chimica Folloncia, Italy, was de- Esso Research and Engineering Co. re- - 
scribed.#4 The plant produced pellets con- ported moving a step nearer large-scale 
taining 66 to 67 percent iron ata rate of commercial operations with their fluidized | | 
1,100 metric tons per day. hydrocarbons process. An experimental - 

_ Staff members of the Institut de Recher- 300-ton-per-day plant was operated in 
ches de la Sidérurgie (IRSID), Maiziéres- Canada during the year by the Imperial 7 
les-Metz, France, operated a 3-stage fluid- Oil Enterprises of Canada, an affiliate of 

-. bed magnetic roasting pilot plant using Standard Oil Co. of New Jersey. The | 
_ Lorraine ore. _Announcement was made Venezuela Minister of Mines and Hydro- 

of a 10-ton-per-hour semicommercial unit carbons announced that a plant involving © | 
| using the IRSID process at the Bazailles this type of process is under consideration | 

mine in Lorrainé€ district. This plant was for Venezuela.5! Natural gas from the 
_ sponsored by the French Mining Associa- eastern oilfields would be piped to the 

‘tion, the French Government, and La Guayana area to supply the reductant for , 
Haute Autorité de la Communauté Euro- the operation. OO 

peenne du Charbon et de l’Acier.*° | Armco Steel Corp. had under develop- 
' A research project using hot-briquetted ment at its Kansas City plant. a method | 

iron ore as part of blast furnace charges for prereducing iron ore pellets. Natural | 
continued at the Margam plant of the Steel gas was used in a direct-reduction process 

| Company of Wales Ltd. Test results were to give furnace feed containing in excess 
| reported to indicate better bed porosity Kodama kt : 

. 2Kodama, Koretaka. On Swelling of Mar- 
than for compar able use of pellets: and cona Pellets During Chemical Reaction. Yawata 
also higher furnace capacity due to higher | Tech. Rept. 251 (Japan), June 1965, pp. 157- 

. | 1 . . 
density of the briquet bed. — a0 Schwarz, Arthur M. Sinterin e Proc ess (as- 

: ' signed to Inland Steel Co., icago, Ill., a cor- 
A large number of papers were published poration of Delaware). U.S. Pat. 3,166,403, 

on pellet preparation and use, reflecting — Jan. 19, 1965. - 
: at : : ; - _ 44 Guccione, Eugene. Fluidization Turns Py- 

the increasing interest in this type of fur rites into High-Grade Iron Ore. Chem. Eng., 
nace feed. Theoretical considerations in y. 72, No. 10, May 10, 1965, pp. 142-144. 

_ pelletizing operations were discussed in * Boucraut, M. M., and Imre Toth. IRSID 
r oO FP ana . Process of Fluid-Bed Magnetic Roasting. Pre- 
one article.46 Another reviewed the for- print 29c, 56th National Meeting, San Fran- 

. : _. cisco, Calif., May 16-19, 1965, A.I.Ch.E. 
_ mation of pellets, and variables encount 46 Ruusi, John H. - A Review of Theoretical 

ered that affect operations.4* Some re- Considerations That Influence Balling Tron Ore 
: oncentrates. Skillings’ Min. Rev., v. 54, No. sults of tests using pellets and other types 15, Apr. 10, 1965, Front Cover, pp. 6, 19. . 

: of ore in blast furnace burdens demon- 47 Lyons, John S. How To Pelletize. Rock | 
ate 48 Products, v. 68, October 1965, pp. 92-94. 

strated the advantages of pellets. 48 Haley, Kenneth R. Pellets Preferred. Blast 
An instrument for fast determination of aoe oe Steel Plant, v. 53, No. 5, May 1965, . 

percentage of magnetic iron present in Smedstam, J. A. Crellsts for the Blast Fur- . 
: : rati +7) nace. teel Times ondon), v. 191, No. 5078, Processing operations such as pelletizing Oct 8, 1965, pe 468-467. : 

was described. The principal of satura- Mining World. SATMAGAN: And Analy- 
tion magnetization was used, and samples oF on oe en ae Materials. V. 18, No. 11, Oc- 
were reported to require only 1 minute for 50 English, Alan, and M. J. Greaves. Auto- 

| is. T mation of a Modern Straight-Grate Pelletizing 
analysis. he use of a utomated controls Plant. Min. Eng., v. 17, No.7, July 1965, pp. 
in pellet production facilities was described 157-161. 
i i 50 Geist, E. W., and John R.-Riede. Automatic 
in three articles. . . Control Systems. Mines Mag., v. 55, No. 2, 

Direct reduction of iron ore continued February 1965, pp. 8-12. _ 
k Installati . hi Mining and Minerals Engineering (London). 

to th “tar he, ee a . 10ns t al coun- Pelletising Plant Control. V. 1, No. 8, April 
t us far have been relatively small units. 1965, pp. 303-305. , 
He . . , f 51JTron and Steel Engineering. V. 42, No. 12, 

owever, an increasing number of com- December 1965, pp. 243-244. 

232-748 O-67—33 .
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. of 90 percent iron. Houston was tenta- the process of preparation. The studies 

tively selected for plant-scale steelmaking have indicated the existence of large low- — 
oe operation using the process if tests con- grade iron ore resources with potential de-— 

tinued to prove successful. velopment possibilities. 

| Stora Kopparbergs Bergslags A.B. an- Cooperative work completed to evaluate 
nounced a new commercial direct-reduc- brown iron ore resources in selective areas 
tion plant in operation at its Domnarvet of Alabama and Georgia were published 
works in Sweden. Capacity was expected in two reports.5? Inferred crude ore in 

| to be 50,000 tons per year of molten iron. four Alabama counties was calculated at 
Of significant interest is the claim that the 827.7 million tons, with reserves of 12.7 
method produces hot metal of 0.02 percent _million tons indicated by drilling. . 

_ phosphorus content from ore containing ~ The Minneapolis Metallurgy Research 
7 1.0 percent phosphorus.°2 . , _. Center continued studies involving - flota-— 

Head Wrightson & Co. Ltd. was licensed _ tion, grinding and magnetic reduction, and 
: to sell and manufacture the Stora-Dored _prereduced pellets. Basic research appli- 

direct-reduction plants for iron ore.53 The _ cable to the processing of iron ore also was . 
 -—R-N process and the SL process, controlled — under study. Metallurgists at the station - 

_ by the R-N Corp., and The Steel Co. of | described a method developed in anionic 
: Canada Ltd., respectively, were combined _ flotation studies of: nonmagnetic taconite, _ 

by agreement. Lurgi of Frankfurt (Main), to establish a response index by calcium 
West Germany, was licensed to market the ion measurement.58 | 

- joint reduction process to be known as the Iron ore beneficiation research at ‘the 
| SL/RN process. The Purofer process. of Tuscaloosa Metallurgy Research Center 

direct-reduction of iron ore as developed was limited mainly to studies of phosphorus 
| by test work at the German plant of Hiit- removal from brown ores, and gaseous re- tenwerk Oberhausen A.G. was described by duction of low-grade iron ores by fluid-bed 
7 _ a member of the firm. A 25-ton-per-day and entrained-solids methods. | 

pilot plant was operated using reformed Petrographic. studies of samples from , natural gas.°4 The Echeverria iron-ore ip, Cuyana iron formation in Minnesota 
reduction process operating to produce completed. under the Bureau of Mines . sponge iron in Spain was reviewed and Fellowship program were published.59 A 
costs. presented for large installations.°° _ report was published on evaluation of ore 

Installation was underway in Vera Cruz, composites from the central Mesabi range. 
Mexico, of a third HyL direct-reduction Satisfactory concentrates were produced by , plant. The 500-ton-per-day unit was to _ wo : 
be operated by Tubos de Acero de Mexico, Metal Bulletin (London). No. 5060, Dee. : S.A. (TAMSA). The other: two units  *1, 1965, pp. 17-18. - . . ining Journal (London). Iron Ore Reduc- operated by Fierro Esponja S.A., an af- tion. Vv. 265, No. 6783, Aug. 20, 1965, p. 135. 
filiate of Hojalata y Lamina S.A., in — %Pantke, Heinz-Dieter. Iron Ore Reduction 
Monterrey, Mexico, have been using re- py the F MOCE poe 404d. J. Metal, v. 17, No. 1, 
formed natural gas for reduction. Fierro 5 Mining and Materials Engineering (London). Esponja S.A. was reported to have an ex-  V. 1, No. 15, November 1965, p. 569. . pansion of its sponge iron production fa- Maver, Francis Xavier, and Wan, Mayer 
cilities underway’ that would bring the’ GCo., a corporation of Delaware). Process for . daily capacity to about 1,200 tons, Septemler acy, Ovides: US. Pat. 8,205,066, 

The Michigan Technical Institute of *7 O'Neill, James F. Brown Iron Ore Re- Mineral Research was studying a direct-re- gouress? Harbour, Butler, ‘Crenshaw, and Pike duction process for upgrading some of the 59 pp. | 
Upper Michigan ores. ———- Brown Iron Ore Resources: Quitman 

. . . County, Ga. BuMines Inf. Circ. 8264, 1965, A patent for reducing iron oxides was 29 pp. 
granted using hydrocarbon injection in a ** Colombo, A. F., R. T. Sorenson, and D. W. fluid bed.36 Frommer. Calcium Ion Measurements Provide 

| nsights to Anionic Flotation of Silica. Trans. 
Bureau of Mines Research. — Field Soe. Min. Eng., v. 232, No. 2, June 1965, pp. 

examinations of western iron ore deposits ® Blake, R. L. Iron Phyllosilicates of the 
were completed by Bureau engineers, and uyana District in, Minnesota. y Felner, 
reports for several Western States were in pp. 148-169.
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reductive roasting and magnetic separation prereduced burdens resulted in both coke — | 

in most instances.60 | : savings and increased production. | | 

| Thermal decomposition data were ob- Tests in the blast furnace using fluxed 
tained for siderite using several methods and unfluxed pellets were described.64 : 
of analysis, and rate data reported.61 Re- | 7 

: . : : 60 Heising, L. F., and D. W. Frommer. Lake 
duction studies of magnetite and wustite Superior Iron Resources: Preliminary Sampling . 
were made and equilibrium constants de- and Metallurgical Evaluation of Central Mesabi 
termined.62 Nonmagnetic Taconites. BuMines Rept. of Inv. 

., . f + 6650, 1965, 28 pp. 

Magnetic roasting of nonmagnetic iron 6&1 Powell, H. E. Termal Decompositions of 
ore using scrap iron to effect reduction Siderite and Consequential Reactions. BuMines 

hnically feasible: ept. of Inv. , ? PP- : was shown to be technically e. The "e Khalafalla, S. E., C. W. Schultz, and T. N. 
process was described as a substantial mar- Rushton. Adsorption Phenomena and the Re- 
k iron if accepted com - duction of Iron Oxides. BuMines Rept. of Inv. et tor scrap iron 1 p mer 6699. 1965, 18 pp. 

clally. ; . 63 Melcher, N. B. Reduction Roasting of Iron 
. The Bureau’s experimental blast furnace Ore—A New Potential Scrap Market. Sec- 

at Bruceton, Pa., continued to operate, and ondary Raw Materials, v. 8, No. 4, April 1965, 
entered its fourth test year as a coopera- 6 Woolf, P. L., F. J. Pearce, W. M. Mahan, 
tive research project with an association and J. A. Basso Blast Furnace Operations with 

. . . Very Low Slag Rates. BuMines Rept. of. Inv. 
of steel producers. Smelting tests with  §678, 1965, 14 pp.
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: Records in shipments of steel mill prod- maces constituted about 54 percent of the : 
ducts, in steel ingot production, and in total metallics charged to steel furnaces. 
output and shipments of pig iron were es- The threat of a strike kept the steel in- | 
tablished in 1965. More than 92 million dustry producing at near capacity for the , : 

. tons of steel mill products was shipped by first 8 months of 1965. Excess inventory 
_ the steel industry, or 70 percent of the © accumulated in anticipation of a strike, had | 

131 million tons of steel ingots produced. been sufficiently reduced by December so 

Steel production in basic oxygen con- that production was increasing. The an- 
verters increased 48 percent, and shipments nual production and shipment totals reflect | 
of merchant pig iron gained 6 percent over 2 real increase in demand over that. of 

_ those of 1964. Consumption of over 81 mil- 1964, | | ; 

_ lion tons of pig iron in steelmaking fur- 1 Commodity specialist, Division of Minerals. : 

Table 1.—Salient iron and steel statistics : a 
(Thousand short tons) 

| 1956-60 | 
(average) 1961 1962 1963 1964 1965 

United States: | 
Pig iron: 

. 

Production____--------------------- 67,460 64,853 65,638 71,840 85,458 88,207 
Shipments___.__-.------------------ 67,155 65,807 65,727 72,211 85,693 88,391 

. Imports for consumption__..__------- 359 377 500 645 736 880 
Exports__.------------------------- 275 416 154 70 176 28 

Steel: ! 
Production of ingots and castings (all 

Carbon.._._-------------------- 92,537 89,338 89,160 98,714 114,442 116,651 
Stainless____.--.----.---------. 1,067 1,187 1,085 1,204 1,443 1,493 
All other alloy. __--.------------ 7,579 7,539 8,083 9,343 11,191 13,318 

Total__-___.---.----------- 101,183 98,014 98,328 109,261 127,076 131,462 
Index (1956-60) = 100____.---------- 100.0 96.9 97.2 108.0 125.6 130.0 
Total shipments of steel mill products._ 72,717 66,126 70,552 75,555 84,945 92,666 
Exports of major iron and steel prod- 

ucts. ___------------------------. 3,822 2,221 2,266 2,670 *4,065 2,888 
Imports of major iron and steel prod- 

| Uetg2i eee 2, 556 3,308 4,297 5,637 «6,630 10,691 
World production: 

Pig iron 3____.._._._...----.------------ 240,907 282,596 292,525 310,363 351,034 370,065 
Steel ingots and castings______.._..-____-_ 380,310 387,560 397,000 426,570 482,570 507,540 

r Revised. a 
1 American Iron and Steel Institute. 
2 Data not comparable for all years. 
3 Includes ferroalloys. 

509
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| The steel industry paid over $5.5 billion back in production. Reactivated equipment 
in wages and salaries in 1965. The net was the first to be eliminated, then non- 

| billing value of products shipped was over profitable marginal équipment was the next 
$17.7 billion compared with the $16.2 mil- to be closed. | : 

| lion in 1964. . The steel industry spent over $1.8 bil- | 
Trends and Developments.—Steel compa- lion, both for modernization such as new 

. nies reactivated obsolete equipment in basic oxygen converters, continuous casting, 

: order to keep up with the demand. This) vacuum degassing, and related control | 
equipment. was inefficient and costly to equipment and for new plants. The indus- | 
operate, with low productivity. After the try announced plans for new plants in the 
successful labor negotiations the rapid de- .. Midwest and dedicated one at Burns Har- | 
cline in orders led to a corresponding cut- bor, Ind. . 

| _ Table 2.—Pig iron produced and shipped in the United States, by States 
: (Thousand short tons and thousand dollars) 

| . a Produced Shipped from furnaces _ co 

| ‘State wo 1964 1965 | 1964. (1965 | 
a an —_ Quantity oO ‘Quantity Value - Quantity Value a 

Alabama_____-.._---------------------- 4,821 4,296 4,853 $284,346 4,346 $284,944 
Illinois_._.._.-------------------------- 5,671 6,293 5,579 322 ,098. 6 ,407 361,819 

| Indiana_____.__------------------------ 11,511 11,081 11,483 658,162 11,071 621 , 604 
Ohio_._.-222-_-- 2-2 e--e--- «615,168 = 15,298 15,355 925,078 15,251 905 , 459 
Pennsylvania. _.._._.-_---------------.- 20,986 21,847 21,005 1,207,869 21,898 1,235,522 

. California, Colorado, Utah_____--.-----.. 4,726 4,886 4,739 276,743 °° 4,886 285,115 
Kentucky, Maryland, Texas, West Virginia. 10,582 10,899 10,641 .686,785 10,930. 629,268. 
Michigan and Minnesota____-_----------- 7,387 7,537 7,405 409,657 7,511 416 ,248 
New York._.--------------------------- 5,111 6,070 5,133 . 320,568 6,091 349 , 031 

Total. ---------------------- 85,458 88,207 85,698 4,991,306- 88,391 5,089,010 | 

-- +s PRODUCTION AND SHIPMENTS OF PIG IRON oe 

| | There were 85 blast furnaces out of pro- . tons of nodules used in blast. furnaces. . | 

Oo duction at the end of 1965, reflecting the | Blast furnace consumption of oxygen in- _ 
lack of orders during the fall months after creased 0.6 billion cubic feet to a total of © 

, the labor agreement. There were three fewer 9.5 billion cubic feet. This was from a 
blast furnaces on January 1, 1966, and the revised 1964 consumption figure of 8.9 bil- 

| average production per blast furnace day lion cubic feet, according to AISI. 
was 1,434 tons, according to the American According to data collected by the Bu- . 
Iron and Steel Institute (AISI). Production reau of Mines, blast furnaces consumed 44.8 
of pig iron was up 3 percent for a new _ billion cubic feet of natural gas, an increase 
record. Pennsylvania, Ohio, and Indiana of 10 percent over that of 1964. ‘There were 
produced 55 percent of the pig iron. 3.1 billion cubic feet of coke-oven gas used 

Metalliferous Materials Consumed in Blast and 55.6 million gallons of oil, a 19-percent 
Furnaces.—Nearly 1 million tons less do- increase. In addition there were 20,369 tons 
mestic ore, 1.6 million tons more foreign of coal used in blast furnaces in 1965. 

ore, and over 3.6 million tons more agglom- os . 
. 58 Table 3.—Foreign iron ore and manganif- : 

erates were used in 1965 to produce 2.75 ‘ ° . 
ays . . erous iron ore consumed in manufacturing 

million tons more pig iron than in 1964. ig iron in the United States, by source 

The total of metalliferous materials de- P » DY 
. of ore 

creased 22 pounds per ton of pig iron pro- (Short tons) 
duced. The amount of fluxes used per ton © ——-———————_ SSS 
of pig iron produced again increased, this Source 1964 1965 ! 
year by 16 pounds. Brazil. -.--------------- 188,745 450 ,487 

: . . : anada_______.___.._.__._. 4,658,880 5,821,137 
. The quantity of sinter and self fluxing Chile... _ ee 1,169 ,654 1,474,125 

sinter declined to 40 million tons and Peru____----.--.------. | 354,826 648 ,896 
WI" . ag Venezuela___________.___. 5,779,581 5,382,452 13.4 million tons respectively. There Were Other countries__..-..-.. 11487522 1,107,989 

28.1 million tons of pellets, 1.8 million tons Total____________._ 13,299,658 14,885,086 

of unclassified agglomerates, 6.4 million —T Excludes 25271802 tons used in making aw. 

tons of foreign agglomerates, and 38,000 piomeates used in making ag-
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Table 4.—Pig iron shipped from blast furnaces in the United States, by grades! _ | 

(Thousand short tons and thousand dollars) | 

- 1964 . . 1965. 
en 

; - Value Value 
Grade Quantity —————___—— Quantity —_____—___—_—_ 

Total Average Total Average 

. per ton . per ton 

Foundry.._..------------------ . _1,761 _ $95,984 $54.51 1,664 91,106 $54.75 
Basic. __.-__------------------ 78,003 4,546,819 58.29 79,979 4,554,584 56.95 . 

Bessemer___.-_-.-------------- 2,789 165 ,308 59.27 2,703 153 , 798 56.90 

Low-phosphorus---------------- 325 19 ,436 59.80 . 749 45,595 60.87 

Malleable__.___-.-------------- 2,523 146,810 58.19 - 2,940 178 ,425 58.99 

- All other (not ferroalloys) —- ----- 292 16,949 58.04 356 20 , 502 57.59 
TEU 

 Total___---------------- 85,693 4,991,306 58.25 88,391 5,039,010 57.01 
a 

1 Includes 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 States | | 
. - A : = —— 

January 1, 1965 January 1, 1966 

State cv mn O00000—0— 

In blast Out of Total In blast Out of Total 

. blast . blast 

‘Alabama_____._____--.--------- 16 3 19 9 10 19 

California. _____--..----------- 4 --- 4 4 --- 4 

Colorado____-__--------------- 3 1 4 4 _.- 4 

Illinois. _-..._._-_.------.------- 16 6 22 12 10 22 

Indiana_______-_--__---------- 21 2 23 21 2 23 

Kentucky___...--------------- 2 1 3 2 1 3 

Maryland. .__----------------- 10 ae 10 7 3 10 

Michigan. .._...--------------- 9 a-- 9 9 --- 9 

Minnesota_..._..-.------------ 2 --- 2 1 1 2 

New York.____--.------------- 12 3 15 11 4 15 

Ohio______..--------~---------- 36 13. Ct; 49 26 23 49 

Pennsylvania... .-------------- 50 13 63 37 23 ~ 60 

Tennessee___.-_.---.---------- _— 3 3 _-- 3 3 

Texas_._..__.-_--------------- 2 --- . 2 2 --- 2 

Utah__._.___----.--------------- 3 2 5 2 3 .5 

._ Virginia. ...----.-.------------ 1 1 2 1 1 2 

West Virginia. -_.-.------------- 4 =. 4 3 1 4 . 

a 

Total___.--_------------- 191 48 239 151 85 236 
I 

Source: American Iron and Steel Institute. 

PRODUCTION AND SHIPMENTS OF STEEL | 

The high rate of increase in oxygen steel- lion tons. These figures include 67,000 

making continued in 1965. Over 17 percent tons of alloy steel and 1,500 tons of stain-— 

of a record 131.5 million-ton steel output —>__ . 

de i h O h P h 2'The Bureau of Mines uses the American Iron 

was made in the converters. Open heart and Steel Institute specifications for alloy steels, 

production decreased to 72 percent | and which include stainless and any other steel con- 

: . . taining one or more of the following elements 
electric furnaces accounted for just over jn the designated percentages: Manganese in 

10 percent. The Great Lakes steelmaking excess of 1 65 percent, silicon in. excess of 0.60 

° : . . percent, and copper in excess 0 .60 percent. 

belt of Pennsylvania with 24 percent; Ohio, The specifications also include steel containing 

17 percent; Indiana, 13 percent; Illinois, the following elements in, pny guantity specified 

. eas ‘ or known ave been adde obtain a desire 

9 percent; and Michigan, 7 percent again alloying effect: Aluminum, boron, chromium, 

accounted for 70 percent of crude ingot cobalt, columbium, molybdenum, nickel, titanium, 
: tungsten, vanadium, zirconium, and other alloy- 

produc tion ° ing elements. 
Steel shipments were over 92 million tons Stainless steel includes all grades of steel that 

: *; ° -contain percent or more of chromium with or 

in 1965. There was very little change in without other alloys or a minium combined con- 

market percentages. tent of 18 percent of chromium with other al- 
loys. Valve or bearing steels, high-temperature 

Alloy Steel.2—There was a 19-percent in- alloys, er electrical grades with analyses meeting 
° : : the definition for stainless steels are included. 

crease in alloy steel production in 1965 to All tool-steel_ grades are excluded. 

13.3 million tons. Stainless steel production. Heat resisting steel includes all steel contain. 

. . . ing 4 percent or more but less than percen 
increased a little over 3 percent to 1.5 mil-  o¢ chromium (excluding tool-steel grades).
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Table 6.—Iron ore and other metallic materials, coke and fluxes consumed and pig iron produced in the United States, by States 
(Short tons) _ _ 

Metalliferous materials con- Coke and 
Metalliferous materials consumed _ | sumed per ton of pig iron made fluxes con- 

, _— sumed per ton 
7 of pig iron | 

Year and State Net coke Fluxes Pig iron 2 
Iron and manga- produced | Net oe Ss 

niferous ores Net ores ; - | ores —| Mis- 2 
Agglom- and Net Miscel- | Net total and Net: cel- | Total | Net | Fluxes bs 
erates agglom- scrap? | laneous 3 ag- | scrap2| lane- coke . >. 

Domestic | Foreign . erates! . ~ | glom- ous’ | — al 
Jo | | ~  jerates 1 | : o 

1964: | | | | | | Bs 
Alabama..._....--| 2,484,443) 1,548,083] 3,594,910} 7,422,462! 111,397; 55,286; 7,589,145} 3,649,460) 1,079,896) 4,320,973] 1.718} 0.026) 0.013] 1.756] 0.845! 0.250 to 
Illinois. .....___._-.| 4,236, 471 (4) 5,220,224) 9,022,912) 345,039) 514,480; 9,882,431) 3,983,486] 1,258,201) 5,671,009} 1.591} .061 091; 1.743 .702;) = .222—-——Ci« 
Indiana-_._-.------| 6,555,950) 1, 156, 253/11, 528, 887| 18,205,533! -207,269/1,488, 275] 19,901,077] 7,339,461] 1,638, 002}11,511,028 1.582 .018 .129} 1.729 .638 . 142 © 
Ohio. _-___.._.-.--| 6,159,946! 1, 753, 649/14, 673, 231] 21,713, 499]1, 320, 517/1, 704, 666| 24,738,682) 9,977,842] 3,654, 148/15,163,176| 1.432 .087 .112} 1.6382 .658| 241 aw 
Fennsylvania._- -.--| 7,857,245] 4,048, 268/19, 781, 888) 30, 825, 959/1, 059, 531/2, 423,251) 34, 308, 741/13, 455,012] 3,585, 231/20, 986,345} 1.469 -050 .115} 1.635) =.641 171 eet 
alifornia, Colo- . 7 CO © 
rado, Utah___-_--- WwW W| 4,636,842} 8,009,805) 991,490} 149,258] 9,150,553] 2,755,970 811,013] 4,726,261) 1.695 .210; .032) 1.936) .583 172 R . 

Kentucky, Mary- . 
land, Tennessee, . 
Texas, West , . . 
uatginla. 5 ------ 1,962,501) 3,897, 716)11, 184, 176] 16,413,990} 278, 158/1,019,137| 17,711,285) 6,796,548] 1,511, 766)10,581,928! 1.551 .026 .096| 1.674 .642 143 
ichigan an . 
Minnesota_ --__-- Ww W| 9,653,049) 11,576,902; 183,691) 348,503} 12,109,096] 4,573,939} 1,479,034) 7,386,353} 1.567 .025 .047| 1.639 -619 -200 

New York._____-_-| 1,464, 287 645, 529] 5,897,949) . 7,767,468] 133,326] 464,018) 8,364,812) 3,250,092) 1,334,387) 5,111,326) 1.520 .026 .091| 1.636 .636 .261 

Total. __._-._.._]36, 218, 021|13, 299, 658]86, 166, 156] 130, 958, 530|4, 630, 4188, 166, 874] 143, 755, 822/55, 781, 720) 416, 351, 678/85, 458, 399] 1.532 .054 096] 1.682 .653 .191



1965: 
Alabama_._-_...---| 2,115,483} 1,791,493! 3,461,985) 7,153,044] 137,954| 46,346) 7,337,344! 3,664,482] 1,122,968) 4,296,226) 1.665) 0.032} 0.011) 1.708) 0.853) 0.261 
Illinois...........-.| 4,497, 663 W| 5,875,992} 9,967,880] 459,250; 693,497) 11,120,627] 4,463,283) 1,381,357] 6,292,875) 1.584 .073 .110] 1.767 709 .220 
Indiana_._.....-..-| 5,711,801] 1,666, 213/11, 199,282} 17,860,400] 150, 206/1, 089, 546}. 19, 100, 152] 6,763,985) 1,500,324/11,081,335) 1.612) . .014 .098} 1.724 .610 135 | 
Ohio. .-.-.-----.--| 5,817,988] 1,652, 661/15, 154,025) 21, 726, 721/1,390,.696/1, 733, 758] 24,851,175) 9,688,599) 3,890, 954/15,298,402| 1.420) .091 113] 1.624 633 254 
Fennsylyania... - --- 7,765, 836) 5,015, 439/20, 484, 822) 32,276, 885/1, 034, 579|2, 087,893) 35,399, 357)14,869,045) 3,923, 875/21, 846,537) 1.477 .047 .096) ..1.620 681 180 os 

alifornia, Colo- | ; 
rado, Utah-_...--- W| _.---. | 4,843,540) 8,353,969] 928,568) 179,383} 9,461,920) 2,925, 131 896,812! 4,885,494 1.710) .190) .037| 1.937 .599 183 g 

Maryland, West 
Virginia, Ken- - : > 

Mine Texas__..- W} 3,644, 590)12, 106,987) 17;261,548) 204,524) 962,189) 18,428,261) 6,919,127; 1,643,082)10, 898,750; 1.584] .019] .088] 1.691 .635 2151 4 
ichigan, . | 
Minnesota. ..---- Ww . W/10, 341, 189] 11,482,138} 174,351] 178,815) 11,835,304} 4,523,336) 1,520,731| 7,536,531| 1.523] .023 .024); 1.570 .600) = .202 n 

New York.__.--.--| 2,325,208] 937,629] 6,343,750] 9,246,939) 218,126} 363,764) 9,828,829] 3,937,979, 1,641,613] 6,070,404] 1.528 .036 .060} 1.619 .649| - .270 rd 
S$ ee—e—e=—— = l _—_— ee a rns renee a aT | a | Re to . 

Total. .__..._..-|35, 273, 682] 14, 885, 086/89, 811, 572/135, 329, 524/4, 698, 25417, 335, 191] 147, 362, 969/57, 754, 967/517, 520, 716/88, 206,554| 1.534 .054| . .083} 1.671). .655 199 a 

W Withheld to avoid disclosing individual company confidential data; included with “Total”. - | 
1 Net ores and agglomerates equal ores pJus agglomerates plus flue dust used minus flue dust recovered. _ 
2 Excludes home scrap produced at blast furnaces. a . . 
3 Does not include recycled material. . a — - - 
4 Fluxes consisted of 10,743,800 tons of limestone and 5,607,878 tons of dolomite, excluding 4,876,636 tons of limestone and 1,820,229 tons of dolomite used in agglomerate production at or near steel 

plants and an unknown quantity used in making agglomerates at mines. - oo . 
5 Fluxes consisted of 11,130,961 tons of limestone, 5,748,892 tons of dolomite, and 640,863 tons of other fluxes, excluding 4,593,166 tons of limestone, 2,189,606 tons of dolomite, and 261,689 tons of 

other fluxes used in agglomerate production at or near steel plants and an unknown quantity used in making agglomerates at mines. . . oO 

. . ‘ 
. . . ; 
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— Figure 1—Trends in production of pig iron and. steel ingots in the United States. | 

| less steel for castings. Alloy and stainless furnaces: produced 56.2 percent and electric 
together comprise 11 percent of the total furnaces 36.4 percent. : 

: ingot production. | 7 : _. Materials Used in Steelmaking.—Pig iron 

Series 400 stainless production increased . «tlio: nee ot <r on percent ° the ee 
9 percent to 335,000 tons.and topped the "2 10R fons OF Mmetabiies Charged into stece 

- | . -¢..:,. making furnaces in 1965. According to 
. production of 1961. Production of Series | . 

. . AISI, steelmaking furnaces consumed 345,- 
_ . 500 and all other high-chromium heat- _ . 

ee . 304 tons of fluorspar, 5,181,467 tons of lime- 
resisting steels increased nearly 50 percent, tone, 2.912.633 t f li d 619.698 

but austenitic stainless (Series 200 and 300) STONCs A280 ons oF Ame, an , 
. steel production dropped -slightl tons of other fluxes. Oxygen converters 

eel PFO oppee -sheney: used 41 percent of the 104.4 billion cubic 
Basic oxygen converter steelmaking dou- feet of oxygen used in steelmaking furnaces. 

bled its share of alloy and stainless steel _ Open hearth furnaces used 56 percent and 
production to 7.4 percent. Open hearth — electric furnaces used nearly 3 percent. 

Table 7.—Steel production in the United States, by type of furnace ! 
(Thousand short tons) 

Open hearth Basic 
Year —_____——_———_ Bessemer oxygen Electric Total 

Basic Acid process 

1956-60 (average)____----------. 89,177 506 1,934 1,530 8,036 101,183 
1961__._-.--_-----------------. 84,108 394 881 3,967 8,664 98,014 
1962___.__.___-------------_---- 82,578 379 805 5, 553 9,013 98 ,328 
1963__...._-------------------- 88,487 397 963 8,544 10,920 109 ,261 
1964________------------------. 97,655 443 858 15,442 12 ,678 127 ,076 
1965__.__-_------------------- 93,866 327 586 22,879 13 ,804 131 , 462 

! Includes only that steel for castings produced in foundries operated by companies manufacturing steel 
| ingots. Omits about 2 percent of total steel production. 

Source: American Iron and Steel Institute.
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ne | CONSUMPTION OF PIG IRON | : — 

| Consumption of pig iron increased only sumption of pig iron decreased. Plants in | | 
3 percent while domestic steel production the Middle Atlantic and East North Cen- 

_ increased nearly 3.5 percent. The South tral districts consumed nearly 77 percent 
Atlantic was the only district in which con- of the total production. | 

Table 8.—Metalliferous materials consumed in steel furnaces in the United States | 
. (Thousand short tons) _ a 

. Iron ore . 
Year ———____—_____——__ Agglom- Pig iron Ferro- Iron and 

Domestic Foreign erates ! alloys ? steel scrap . 

1956-60 (average)__.__....-.--.. 2,817. 5,313 1,321 60,259 1,410 52,600 | 
1961___-.-------_-------------. 1,918 5,277 855 59 ,418 1,367 49 ,455 
1962____..------_------------- =: 11, 875 4,768 644 60,561 1,408 49 ,606 
1963__.-...-.---.------------- 1,783 3,995 885 66,188 1,557 56 , 506 
1964____.-------------------- 2,114 4,816 1,379 78,925 1,819 64,348 
1965___...-------------------- 1,818 4,400 31,061 81,040 1,898 68 ,272 

1 Includes consumption of pig iron and scrap by ingot producers and iron and steel foundries. 
2 Includes ferromanganese, spiegeleisen, silicomanganese, manganese briquets, manganese metal, ferrosilicon, 

ferrochromium alloys, and ferromolybdenum. 
3 Includes 567,285 tons of sinter, 385,759 tons of pellets, 99,506 tons of nodules, and 8,199 tons of other ag- 

. glomerates. (418,452 tons of foreign origin.) mo 

| Table 9.—Consumption of pig iron in the United States, by type of furnace 

So 1964 , 1965 . 
Type of furnace or equipment ———_ ————ahaknhnamaaaaeaaaee_ 

. Thousand. . Percent Thousand — Percent _ 
short tons of total short tons of total 

‘Open hearth__........------------------- 65,206 © 75.5 61,488. 69.1 
Bessemer. ----------------------------+--- 949 1.1 - 652 — 7 
Oxygen converter__..-.------------------- 12,446 14.4 18,518 20.8 
Electric }__.-.--.---.----------------+---- 825 4 387 5 
Cupola__.-_--.--.----------------------- 3,704 , 4.3 3,757 4.2 
Air___------------------- +--+ 170 2 173 .2 
Direct castings. ....--.-_--.-------------- 3 , 582 4.1 3,975 4.5 

Total___-_-_------------------------ 86,382 = 100.0 88 ,945 100.0 

1 Includes a small quantity of pig iron consumed in crucible furnaces. 

| PRICES 

In 1965, the weekly wholesale price index and September. In October it rose to 103.7 
for finished steel products stayed at 102.9 and in November to 104 remaining there 
for the first quarter. It was 103, through through December. The base of 100 is the 

April, rising to 103.2 through May and 1957-59 average price.3 The average value 
remaining through June. In July it rose of pig iron is recorded in table 11. | 
to 103.5 where it remained through August 

FOREIGN TRADE 

The total value of major iron and steel in the European Coal and Steel Commu- 
products imported into the United States nity, the United Kingdom, and Japan were 
exceeded the value of those exported by the principal factors in this major change 
40 percent. The buildup of excess inven- in the foreign trade situation from 1964. 
tory as a hedge against a steel strike com- —W—~——— 
ny . Be 38 . . stuce 0 3 U.S. Department of Labor, Bureau of Labor 

bined with a domestic business slowdown  gjatistics.
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| Table 10.—Consumption of pig iron in the United States, by districts and States __ 
(Short tons) . 

| District and State = ts 1964 a 1965 

New England: | . - So 
Connecticut______---.-..---------=------------------- 32 ,833 32,631 
Maine and New Hampshire-_-_---.----.----------------- 1,999 2,550 . 
Massachusetts___--.-.------------------------------- 57 ,586 58,191 
Rhode Island__--------_----------------------------- 42,408 41,084 
Vermont__..-.-------------------------------4--+--- 6,178 6,607 - 

| ON ee 5 141,018 

_ Middle Atlantic: | | . | 
New Jersey_.------------------------+--------------- | 112,089 © - 62,603 
New York._.--------------------+-----------+---------- _ 4,606,010 ' §,453,068 . 
Pennsylvania_--------------------------------------- 21 ,373 ,302 22,074,877 

| | Total__....--------------------------------------- 26,091,401 27,590 ,548 

East North Central: 
Ilinois_._-...--------------------------------------- 5 , 858 , 222 6,598,061 | 
Indiana__-.---_------------------------------------- 11,367,746 10,994,983 
Michigan.___-----------------------------------=---- 7,462,185 7,822,953 
Ohio__.___-_---------------------------------------+- 15,092 ,990 14,936,271 | 
Wisconsin ___---------------------------+---22------- 192,249 199 , 680 | 

| | Total. ___----------------------------------------- 89,978,892 40 , 551,948 
West North Central: oO | TN 

Towa___.__---.--_-----+-.------------------+-------- 88 ,128 ; 77,016 
Kansas and Nebraska... -....--..---------------------- 5,854 5,728 
Minnegota.__-_---.----------------+--------------~----- 524,912 558 ,905 
Missouri___..----------.------------------------- +--+ 39 , 687 J 41 ,823 

— Total____.---------------------------+------------ 658,581. 688 , 472 
South Atlantic: _ oo ee 

: Delaware and Maryland_....._-_-.--------------=------ 5,691,698 5,428,115 
Florida and Georgia_._..----_-----------------------= 13 ,535 14,739 
North Carolina___..---------------------+------------- .. $3,246 35 ,427 

. South Carolina__._...__-.--.--.---------------------- 16,683 16,567 
Virginia and West Virginia_ ~~ ------------------------- 2,375,911 2,354,691 

Total. _...--_1------------------------------------ 8,181, 078 7,849,539 

East South Central: 
Alabama____._..__.__..----------------------------- 3,737,824 3,773,738 
Kentucky, Mississippi, Tennessee.__._-_--...--.--------- 1,495,872 1,904,895 

- ‘Total_____------.--- eee eee eee 5,238,696 5,678,683 

West South Central: | 
Arkansas, Louisiana, Oklahoma___..-..--_------.-.----- 12,144 12 ,487 
Texas_._.....-.-_-------- eee 1,332,816 1,386,743 

' Total. _-.--- eee eee 1,344,960 1,399 ,230 

Rocky Mountain: 
Arizona and Nevada____.___..-.-_-------------------- woe nueee eoa------ 
Colorado, Idaho, Montana, Utah___.__-2-----_----- ee 2,510,068 2,657,102 

Total. _.._..__-.-_-._------------- eee 2,510,068. 2,657,102 

Pacific Coast: os 
California and Hawaii___._..___._._.---_--------------- 2,250,640 2,318 , 820 
Oregon and Washington______._____._..--------------- 46 ,884 74,427 

Total__._..___---_--------------------------------- 2,297,524 2,393,247 © 

Grand total_.._.__.___-_-__.---_--___--------------- 86 ,381 ,699 88 ,944, 732 

WORLD REVIEW 

The United States increased production country to produce 100 million tons of in- 
of pig iron by 3 million tons to lead the got steel. The United States led in 
world. The U.S.S.R. with a 7-percent in- crude steel production with 131.5 million 
crease in production became the second tons in 1965.
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Table 11.—Average value. of pig iron at blast furnaces in the United States, by States 
(Per short ton) 

State 1956-60 1961 1962 1963 1964 1965 
(average) . 

Alabama___......------------. $54.33 $56.62 $57.46 $55.66 $53.83 $54.06 
California, Colorado, Utah_____. 57.01 50.50 51.59 50.31 58.40 58.35 
Tilinois. _...--.-.-.-.-_--_------ 58.54 60.42 59.10 57.52 — 5T.74 — 66.48 
Indiana_____-----.----..._.--. 57.49 58 .96 57.34 56.15 57.32 56.15 
New York____-..--.----------. 60.86 — 60.05  =—_- 59.138 67.40 62.45 57.30 
Ohio__-_._..-------_---------- 56.72 60.78 59.89 57.78 - 60.24 59.37 
Pennsylvania__.....------.---- 58.78 59 . 48 58.93 | 59.34 57.50 56.42 
Other States !____...__-..-----. . 58.52 57.44 57.66 60.26 57.99 56.70 

Average_.........-.--.-. 57.98 58.51 58.15 58.47 58.25 57.01 

1 Comprises Kentucky, Maryland, Michigan, Minnesota, Tennessee, Texas, West Virginia, and Massa- 
chusetts (1956-60). 

Table 12.—Free-on-board value of steel mill products in the United States, in 1964 1 7 
- (Cents per pound) a . 

Product Carbon Alloy Stainless _ Average . 

Ingots________.---.------------2---------------- 8.281 12.222 24.584 —-45.178 | 
. Semifinished shapes and forms-_-_------------------- 5.512 10.511 39.407 6.387 

Plates_........--_._...--2---- eee 6.727 9.789 51.756 7.527 
Sheets and strips__...--.-------------------------- 7.084 14.932 43.897 7.887 
Tin mill products___...._...._--.-------..-------- 9.136 ----2- -oanee 9.136 
Structural shapes and piling. _-_.-.--._.----.---=----- 6.507 (?) ------ . 6.507 a 
Bars....-.--.----------------------+------------ 7.357 13.198 62.378 8.869 
Rails and railway-track material__.._....-.---_-.-- 8.288 ------ nee eee 8.288 
Pipes and tubes__...._...-.-.--------..------.--- 10.188 15.857 123.245 11.411 . 
Wire and wire products___.----------------------- 12.822 41.596 86.663 14.061 
Other rolled and drawn products._-.---------------_ _@ _——_——— 22.869 557.818 = 26.316 

_ Average total steel_._._-..-.---------------- 7.654 13 .234 . 52.826 8.506 

1 This table represents the weighted average value based on the quantity of each type of steel shipped; 
therefore, it reflects shifts in the distribution of the 3 classes of steel. . 

. 2 Included with “plates.” . . 
3 Included with rails and railway-track material. | 

Table 13.—U.S. exports of major iron and steel products 

1964 1965 
Products —— 

Short tons Value Short tons Value 

Semimanufactures: | . 
Steel ingots, blooms, billets, slabs, and sheet 

bars___--.---.-----_--------..-------. 17 856,454 r $65,460 , 537 682,134 $52,505,152 
Tron and steel bars and rods: 

Carbon-steel bars, hot-rolled, and iron 
bars__.-.----.---.------------.--- 71,119 12,114,341 77,312 14,191,593 

Concrete reinforcement bars__.-.------ - 60,580 7,828,539 34,555 4,351,744 
Other steel bars__....-.-.--._----.--- 42,831 17 ,221 ,341 58,247 22,476,144 
Wire rods_____..-.--.__------------- 33 ,939 5,717,371 19,191 3,144,749 

Iron and steel plates, sheets, skelp, and strips: 
Piates, including boilerplate, not fabri- 
eated____._-_.__.-_.----_-.------- 176,613 35,199 ,150 161,653 38,342,997 

Skelp iron and steel___...__-.---.-.--- 29 ,574 3,283 , 888 44,134 8,024,865 
Iron and steel sheets, galvanized _ _ _ -- -- 169 ,006 34,361,158 156,745 32,388,260 
Steel sheets, black, ungalvanized____... r 858,728 r 164,864,558 335,184 81,056,774 
Strip, hoop. band, and scroll iron and. 

steel: 
Cold-rolled___.-.---_------------ r 54,857 r 25,643,611 49,443 23,520,014 
Hot-rolled_..._....._.----------- - 68,050 12,944,542 40,693 $32,391,910 

Tinplate and terneplate____.........._---- 351 , 642 52,709 ,046 262,485 37,391,073 
Tinplate circles, cobbles, strip, and scroll 

shear butts. __..__.-..---..---------.-- 27 , 542 3,136,681 18,845 1,426 ,542 

Total___..__._..._--.-_..-----_-.. *™ 2,800,935 tr 440,484,768 1,985,571 351,211,817 

See footnotes at end of table.
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. Table 13.—U.S. exports of major iron and steel products—Continued 

, : 1964 1965 — 
| Products - — 
— oO : Short tons Value . Short tons Value 

Manufactures-steel mill-products: | 
Structural iron and steel: . - Loo 

oo. Water, gas, and other storage tanks (un- — 
lined), complete and knockdown . 
material__...--..-.---------------- 15,023 |j§$$_ $7,527,697 12,986 $8,901,887 

Structural shapes: 
Not fabricated_.......----------- 236,115 36 ,840 ,374 228,714 34,260,958 
Fabricated_____....-.--.-------- 89 ,914 32,551,537 91,022 37,553,638 

Plates and sheets, fabricated, punched, ; , . 
/ or shaped__..._----.--.-1---------- © 11,815 3,727,697: . 18,653 5,825,901 

Metal lath_-_-.___...-..---_---------- 1,016 - 407 ,126 oe _-- 
Frames, sashes, and sheet piling_--_-_-- 14,387 2,730,908 7,857 3,468 ,345 

Railway-track material: ~ : 
Rails for railways____.-..------------ - 45,536 5, 859 , 758 36 ,950 5,448 , 793 
Rail joints, splice bars, fishplates, and | . 
. tieplates.....--.------------------- 10,079 2,639 ,019 32,060 7,837,212 
Switches, frogs, and crossings- --------- 1,578 1,057 ,159. 9,884 14,729,821 
Railroad spikes...._...----1---------- 756 - 491,720 ~~ 896 221,158 
Railroad bolts, nuts, washers, and nut - oO 
locks__._...------_-----.-.---------- T2T7 401,671 16,978 18,028,367 

Tubular products: oo 
- . Boiler tubes____----------.--------.- 13,865 = 8,792,275 8,962 6,290,047 

Casing and line pipe___.-------.----_. . 125,486 34,766 ,192 121,183 41,412,462 
Seamless black and galvanized pipe and oo oe : os 

tubes, except casing, line and boiler, — = ‘ 
and other pipes and tubes___..-----. 358, 708 129 ,353 , 673 | 39,876 11,080,572 

, Welded black pipe_._.-..------------- 13 ,800 3,745,308 12,190 3,906,913 
Welded galvanized pipe__...---------~- 15,029 3,450,149 3 ; 890 1,085,128 

. Malleable-iron screwed pipe fittings._.-_ 1,471 1,384,949 1,245 1,166,989 
Cast-iron pressure pipe and fittings_____ | 32,153 . 5,764,250 40 ,808 8,025,759 
Cast-iron soil pipe and fittings_.__-..--- 6,623 ' 1,607,468 15,329 9,230 ,023 
Iron and steel pipe, fittings, and tubing, 

N.@.@.____-_-------------------- + - 67 ,333 — 49,962,115 95,209 178,712,044 
Wire and manufactures: a So 

Barbed wire___.._..----------------- 592 144 ,400 1,332 342,716 
Galvanized wire..__..-.-.-..--------- . 20,290 8,364,891 14,660 6,130,830 
Iron and steel wire, uncoated____------ 24,573 | 10,095 ,935 16,623 7,938 ,481 
Spring wire_._..__--.---------------- 1,760 1,000 ,337 ~ 9,249 4,472,799 
‘Wire rope and strand____..-_--------- 10,549 6,306 ,286 12,796 9 ,432 ,300 
Woven-wire screen cloth._____._----.-- 1,701  i$=($‘'2,629,557 2,746 14,460,781 
All other______-__L------.----------- 18,455 12,150,240 18,148 15,990,736 

Nails and bolts, iron and steel, n.e.c.: 
Wire nails, tacks, staples, and spikes___- r5,218 r 5,001 ,342 7,179 5,697 ,373 
Bolts, screws, nuts, rivets, and washers, 
N.@.¢.__ ee 21,636 26 , 589 ,950 13,121 12,238,826 

Castings, and forgings: Iron and steel in- . 
cluding car wheels, tires, and axles.__---_-- 98 ,239 35,504,895 67,123 38,487,721 

Total_____-_-__.____-_-__.----------- 1,264,427 440 , 548 , 878. 952,664 397,378,530 

Advanced manufactures: 
Building (prefabricated and knockdown) - - _- _-- 7,668,546 — ae 6 ,658 ,982 
Chains and parts_..-_-------_------------ © 13 , 732 13 ,454 ,945 11,721 15,483,929 
Construction material.____.___.--.-_------ 12,461 7,288,026 10,970 4,207 ,307 
Hardware and parts____._-_--.----------- —_— 27 , 354,061 _.. 21,849,037 
House-heating boilers and radiators__._--_-___ _-- 7,259 , 766 _-. 18,311,665 
Oil burners and parts_____...------------- _-- 10 ,296 ,030 _-- 18,930,278 
Plumbing fixtures and fittings._._.._.....----- a 6,076,797 _-- 5,484,653 
Tools__.....-.-_.-..-------------------- — 66 , 788 ,075 _-. 58,953,745 
Utensils and parts (cooking, kitchen, and 

hospital)_____--.---------------------- —_— 2,989 ,943 — 7,413,708 
Other. ____.__.-_------------------------ --- 57,202 ,018 a 49 ,566 ,929 

Total____----------------------------- --- 206 ,378 , 207 _._ 201,810,233 

Grand total__..._-..--.---------------- --. *1,087,411,848 _.. 950,400,580 

T Revised. 
1 Includes wire cloth as follows: 1964, $2,035,676 (8,707,046 square feet); 1965, $3,558,661 (14,353,618 

square feet).
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: Table 14.—U.S. imports for consumption of pig iron, by countries 
| | (Short tons). oo oe 

Country © 1956-60 1961 © § 1962 1963 1964 1965 
. ~ (average) | . 

North America: Canada- -_ 285,021 . 349,403 $386,296 387,449 395 , 202 485 ,089 
South America: Brazil _ ___ 3,924 --- ee . --- 67,895 73,537 

Europe: Oo oo . 6, 
Belgium-Luxembourg - 882 --- --- --- --- 221 
Finland__--..------- 2,051 --- 681 12,123 73 ,004 66 , 422 
Germany: 

Bast__.._.------ --- | --- --- --- 57,182 82 ,289 
_ _ West___._..----- 17,232 | 719 56,341 87,435 51,412. 64,220 “ 
Italy___._.....------- --- --- —— --- --- 68 
Netherlands__-__._--_ 1,448 --- --- ae wee --- : 
Norway------------- 168 — 3,584 3,319 101 666 
Portugal. ___..------ _ 879 --- --- a-- 1,051 --- 
Spain__------------- 21,583 19,113 42,416 45,161 | 11,683 42 ,085 
Sweden... _.--------- 1,824 1,201 1,416 10,146 9,969 11,203 
U.S.S.R.__-.-------- 569 396 --- --- --- 34,188 

_--: United Kingdom_---- 10 _-- “94 8 aa 6,595 
Total. __---------- 46,646 - 21,429 104,582 158,192 204,402 807,957 

Africa: oo | | . . 
Zambia, Southern . 

Rhodesia and . 
Malawi-___...--.-.- ~ 1,051 _-- Lee --- ee —— 

South Africa, Repub- _ ' ; 
lie of._------------ 15,638 4,096 5,030 — 76 ,696- 68 ,620 12 , 867 

. Total__----------- 16 ,689 4,096 5,030 76 ,696 68,620 12,867 

. Asia: . . 
India___.--...--.--- 1,427 _-- _-- _-- _-- _-- -O 
Japan._.._.---._---- 2,135 _-- --- wo- wee Cee 

Total___---------- 3,562 —_ __- —-- see ee 
Oceania: Australia__------- 2,612 2,252 4,216 22 ,997 352 — 801 

Grand total: . | 
. Short tons------- 358 ,454 © 377,180 500 ,074 645 ,334 736 ,471 880,251 

Value__.-------_ $19,448,155 $20,511,391 $24,684,220 $28,936,920 $31,591,381 $38,022,760 . 
| | 

NORTH AMERICA Manitoba Rolling Mills, a division of . 
| . oo Dominion Bridge Co. Ltd., ordered two | 

Canada.—Dominion Foundries and Steel twin-strand, curved mold, continuous cast- 
Ltd. (DOFASCO), who started the first «3. ay nite will take steel fram : basi teelmaking in North America ing units. Inese units wul take stee1 trom 

\ o 1954. con i. 1 it 5 ‘lonth i) we 14-foot-diameter electric furnaces. 
in Ja, completed its 10 millionth ton Atlas Steels Co. Ltd. installed a continu- 
years ater. ous casting machine at its Tracy, Quebec, 

Algoma Steel Corp. Ltd., ordered two plant capable of casting approximately 60 

continuous casting machines. One machine — tons of steel in 40 minutes. The machine 

is a 4-strand unit producing blooms rang- was being used for stainless steel. | 

ing from 9 to 15 inches wide by 1014 inches The integrated steel complex to be built 
thick. The second machine is a 2-strand at Becancour, Quebec, will be engineered 
unit capable of casting beam blanks, as and constructed by two firms of Montreal 

well as slabs up to 6 by 30 inches. consulting engineers, together with two 
other engineeri , 

The Steel Co. of Canada Ltd. (Stelco) , the gineering firms, one from France 
. . and one from Canada. The steel firm 

started up a new 148-inch plate mill. Also, . . . , 
. . . will be known as Siderurgien d’Quebec 

during 1965 Stelco put into operation its 
. wy . . (SIDBEC) . 

new hydrochloric acid pickle line, which Mexi . . . 
. : . exico.—Out of 360 industries which 
is 700 feet long and 74 inches wide. ae were deemed necessary for Mexico’s devel- 
DOSCO Steel Ltd., a subsidiary of Do- opment, open for private or foreign capital 

minion Steel and Coal Corp. Ltd., planned investment and eligible for tax exemptions 
to construct two steel rolling mills at Con- or reductions, there were 18 in the iron 
trecoeur, Quebec. and steel sector.
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: Table 15.—U.S. imports for consumption of major iron and steel products 

| : | - | 1964 1965 | | 

| : Products _ Short Short 
tons Value. tons Value 

' Iron products: _ | - 
Bar iron, iron slabs, bloom, or other forms___ 248 -- $71,221 262 $81 ,202 
Pipes and fittings: oo 

‘Cast-iron pipe and fittings. _....-..-- - 34,655 3,859 ,069 28,749 — 3,079 ,210 
Malleable cast-iron pipe fittings ......_ 2,884 1,124 ,632 83,846 1,539 ,515 

Castings and forgings--...--.-------.----- 8,268 6,187,207 12,181 10,312,652 

Total__....--------------------------- 46,055 = 11,242,129 45,088 += :15, 012,579. 

| Steel products: : oe oe - | 
7 ; Steel bars: . 

Concrete reinforcement bars___.._...--_ 411 ,997 32 ,132 ,687 567,545 | 43 ,985,640 
, Solid and hollow, n.e.s...._..--.------- 367 , 869 40 ,485,012 554,859 61 ,933 , 143 

Hollow and hollow drill steel_--.----.--- 4,757 1,988 , 406 5,803 '. 2,298,514 
| Wire rods, nail rods, and flat rods up to 6 - . . 

inches in width_...._.......------------ 952 , 767 88,455,563 1,283,636 123 , 525, 772 
Steel ingots, blooms, and slabs; billets, solid 

-and hollow____.-.-------------=------- 344,760 36 ,526 , 720 282,621 35,267,115 
. Cireular saw plates. _-..------------------ () 819,951 (1) —«s876, 704 

Sheets and plates and steel, n.s.p.f._.------._ 1,596,187 *181,620,109 | 4,257,282 450 ,989 , 793 
Tinplate, terneplate, and taggers’ tin__.----- 80,6938 13,754,201 121 ,941 20 , 807 ,444 

- Structural iron and steel__..._.......-----. 1,062,864 101,000,875 1,484,537 144,850,891 
Rails for railways...........-------------- 10,843 1,044 ,333 19,851 ©1,888,706 . 

4 Rail braces, bars, fishplates, or splice bars Co 
and tieplates__...........-.------------ 828 85,717 967. 119 ,812 

Steel pipes and tubes. .._.__..-...------- 787,111 114,464,632 950,891 139,371,184 
ire: , LS 

'  - Barbed. ee ee ee 72,433 9,191 ,390 74,855 10,119,393 . 
~. Round wire, n.e.gs.___.--_--_-__-.-----. 1'379,997 165,981,165 488 , 485 87,951,341 

- Telegraph, telephone, etc., except cop- 
per, covered with cotton jute, etc___-- F937 r 618,700 603 301,761 

Flat wire and iron and steel strips-_-_--_- 14,238 5 ,962 , 758 15,910 7,169,117 
Rope and strand__-__.--__----------- r61,557 +*14,870,822 64 ,607 18,059 , 576 
Galvanized fencing wire and wire fencing _. 42,790 6 ,003 ,340 41,129 6,114,766 

. Iron and steel used in card clothing----_ (?) 160,559 (?) 171,019 
Hoop and band iron and steel, for baling - --- 30 ,479 4,019 ,129 32 ,906 4,408 ,620 
Hoop, band and strips, or scroll iron or steel, : 

 mg.p.f....----------------------------- 44,119 16 ,257 ,407 52,707 18,182 ,351 
' Nails_.__...---------.------------------- 310,437 44 ,643 , 750 329 ,174 51,176,620 , 

- Steel castings and forgings.......-.-------- 16 ,038 4,075,042 15,568 3,383,102 

Total. __.--...-.-_-------1-------- 16,583,651 *784,166,268 10,645,877 1,232,902,384 

Advanced manufactures: 
4 Bolts, nuts, and rivets.___._--_-.---i----- 74,624 22 , 744,338 106,106 34,451,073 

Chains and parts__.._.-._.--------------- 12 ,408 8,179 , 704 16,101 10 ,099 , 806 
Hinges and hinge blanks____.___.-.-.-.--- nee 2,353,359 --- 2,836 ,009 
Screws (wholly or chiefly of iron or steel)__-_ --- 9,306,665 — --- 13 ,310 ,953 

- Tools. _--_-__- eee --. ¥§28,714,759 --- 20,425,112 
Other___-. 2-2 eee eee --- F1,150,150 | -_-- 1,478 ,374 

‘Total. _._..----------------------- _-. 72,448,975 __- 82,601,327 

Grand total__...------------------- __. -* 867,857 ,372 --. 1,330,516,290 

t Revised. 
1 Saws, reported in number; 1964, 190,840; 1965, 162,869. 
2 Weight not recorded. 

Fabricacion de Maquinas-SA (FAMA) tons a year. Output of seamless steel tubes 
switched from a cupola melting system to was expected to increase to 190,000 tons 
two induction electric furnaces, one a 7-ton a _ year. | 

for two 500-pound furnaces. Tubos de steel producer, was formally opened in the 
Acero de Mexico ceaMSA) obtained au-- Federal capital in April. | 

ron alae ae von a 500-ton sponge The Argentine Government formally ap- 

Pp ° proved by Executive Decree 1106 on Febru- 
‘| th aettiinn . 

SOUTH AMERICA ary 965, 1e 1.5-million-ton integrated 

steel mill project of Propulsora Siderurgica. 
Argentina.—Dalmine Siderca was author- The plant is to be erected in Ensenada, 

ized to increase the production capacity near Buenos Aires. Financing for the proj- 
of its plant for special steels to 300,000 ect has not yet been obtained.
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Table 16.—World production of pig iron (including ferroalloys) by countries! 
- (Thousand short tons) 

Country ! | | 1961 1962 1963 1964 1965 p2 

North America: . . ) 
Canada___.-_.-_-------------------------- 5,064. *5,415 6,059 6,707 7,246 | 
Mexico (sponge iron)_---_-.-.--------------- 864 912 947 1,068 1,090 
United States__...------------------------- 66,717 67 ,636 73 ,853 87 ,922 91,016 

Total__...._---.------------------------ 72,645 "78,963 = 80,859 95,697 =: 99, 352 | 

South America: . | 
Argentina_____.....-.--------------------- 437 438 467 r 634 730 
Brazil__.....---_-------------------------- 2,050 2,337 12,772 r2,988 2,756 
Chile. ___--....-..-----------.------------ 314. 3 440 3480 482 340 
Colombia__.__-...--_--------.-...--------- 208 164 224 243 254 
Peru____.---._---------.------------------ 56 43 36 30 33 

| '  Wenezuela__-----.------.------------------ 6 136 333 — 857 352 

Total__._.._-_------------------- ele ee 3,071 3,558  '4,812 '4,684 4,465 

Europe: 
Austria___.___..------.------.------------ 2,500 2,339 2,326 2,434 2,429 
Belgium_._.....-._------------------------ 7,104 7,439 7,622 9 ,327 9 ,307 

. Bulgaria_.._.___..-.------------------------ 227 246 292 1,026 762 
Czechoslovakia____.._-...--.---------------- 5,529 5, 767 5 , 847 6 ,361 | 6,743 
Denmark. .-__-.--------------+-----+------- 73. 76 — 16 17 — 49 

_ Finland__--------------------------------- 168 rT 365 413 r 704 1,085 
France.___......-------------------------- 16,372 15,716 $16,010 +17,699 17,653 . 
Germany: — So 

Fast_._...-_-.-.-.-.------------------ 2,239 2,287 2,370 2,491 2,557 
West__.....-----..--------------------- 28,083 26,7382 25,253 29,963 29,751 — 

_ Hungary___----.-------------------------- 1,455 1,543 1,544 r1,653 — 1,746 . 
Italy_.....-.-.---_------------------------ | 3,528 4,054 4,264 3,996 6,304 

_ Luxembourg. __-_--_.-..-------.-.~--------- 4,226 3,965 3,954 . 4,620 4,569 . 
_ Netherlands_-_.-.-.---_--.---------------- 1,606 1,732 - 1,884 2,147 2,606 

Norway _ .--------------------------------+ 834 798 ® 826 ' 976 1,190 
Poland__._..-.-_-------------------------- 5,258 — &, 854 5,947 6 ,220 6,349 
Portugal____.__._------------«------------ 184 +243 © 265 . F295 803 
Rumania_________-.-.----.---------------- 1,211 1,666 — 1,881. 2,121 2,226 
Spain_._____.-_--.--.--------------------- 2,340 2,374 _ 2,187 r2,172 2,678 
Sweden_____..____----------------------+- 2,094 2,164 12,232 - +2,563 2,713 

' Switzerland__._._.......-------------------- e 60 e 60 - 49 35 ~=——«< BSD. 
U\S.S.R. 4_ eee ---------------- 56,100 60 ,919 64,697 *68,759 73,017. | 
United Kingdom___._/._.---__--.-----------) 16,517 15 ,335 16 ,342. 19 ,347 19 ,555 
Yugoslavia___._.....-.-_------------------ 1,161. 1,216 1,168 ™1,184 1,295 

Total 4._..__.__-____-------------------- 158,769 162,890 *167,449 ©186,170 194,947 © 

Africa: | | a. , 
Rhodesia, Southern______...-..------------- 243 ' 266 r 260 r351 - 276 
South Africa, Republic of__....__.----------- 2,566 2,663 t 2,676 3,182 3,972 
United Arab Republic (Egypt)_-_--.--------- 192 tr 194 t 226 t 212 2190. 

- Total_...--_-_------------e------------- 3,001 8,128) 8,162 * 8, 745 4,438 : 

Asia: | 
China, mainlande______._.__-_------------- 16,500 16 ,500 18 , 700 19 ,800 20 ,900 
India______._--------.-------------------- 5,621 6,522 7,431 7,432 7,868 
Japan_____--_----------------------------- 18,059 20 ,325 22,525 +°26,951 31,041 

Korea: 
North____._____----------------------- 1,047 1,365 1,305 1,510 e 1,800 
South___....-.-.__-__----_---------.-- ' 10 2 6 r7 20 

Taiwan_____-_-_____.--------------------- 58 69 60 68 19 
Thailand__.._____..____-.---------.------- 6 6 7 6 6 
Turkey 5___._..----_---------------------- 260 323 434 e 440 419 

Total 4___.__.__--__-- 2 ee ee ------ = 41, 561 45,112 50,468 *°*56,214 62 ,133 
Oceania: Australia__._______...._---.----------- 3,549 3,879 4,113 14,524 4,730 

World total e__.________________-__-_----- * 282,596 292,525 *310,363 *351,034 370,065 
ee o_—_|—],?.V OOOO 

e Estimate. » Preliminary. * Revised. 

1 Pig iron is also produced in Republic of the Congo, but quantity produced is believed insufficient to affect 
estimate of world total. 

2 Compiled mostly from data available July 1966. 
3 Including ferroalloys. 

4U.S.S.R. in Asia included with U.S.S.R. in Europe. . 

5 Includes foundry iron. 

232-748 O-67—34
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Table 17.—World production of steel ingots and castings by countries _ 
| - (Thousand short tons) 

Country — 1961 1962 1963 1964 1965 P 1 

North America: 
Canada___..-.-------.------------ ee 6 , 488 7,173 8,190 9,131 10,029 
Mexico. ..--..-------- ~~ eee 1,882 1,896 12,247 t 2,593 2,748 
United States 27._._.__._-..------..-.---.-.. 98,014 98,328 109,261. 127,076 131,462 

Total. .....-..-__.--__--.-2-_--____---.. 106,384 107,397 +*119,698 1138,800 144,234 — 

South America: . ~ | 

Argentina. _...---------------------------- 486 725 1,006 1,394 1,486 
- Bragzil....-..--2.----- 2 eee eee 2,756 2,875 138,145 r3,392° e 3,340 

Chile. .__.-.-... 2-2 Lee r 431. t 582 1574 t 644 515 
. Colombia-....--...-.....------- 2 --eeee 212 1738 245° t 254 266 

Peru___.--.2.. 22 eee 83 r 78 t 84 r90 103 
Uruguay-.-.-.-.--------------------------- 10 10 8 .. 15 14 
Venezuela__......__..-----.--------------- 83 248 401 485 1,196 

Total________--_-____ eee eel ee = 4, 061 r4,691 t 5,463 t6,274 6,920 : 

Europe: . | . a . 

Austria. ______--_-_-_.--.-.--------------- 3,418 3,274 3,249 3,521 °3,5538 
Belgium ___....--.----.-.------------------ 7,728 © 8,115 8,298 9 ,624 10,106 

- Bulgaria__._..--.---.-.-------------------- 375 466 508 522 648 
Czechoslovakia... _....-------------------- 7,764 8,421 8,375 9,234 9,789 
Denmark. __.......------------------------ 356 405 396 | +487 ' 402 
Finland.._...-....--...-----.------------- 305 335 r 340 391 871 

7 France____.2..--.------------------------- 19,211 18,857 19,214 +*21,501 21,610 
Germany: : 

- East__.....-.--------_---------------- 74,308 t 4,508 r4,511 r 4,841 4,883 
a West _-._. _.-.------------------------- =: 86, , 881 35,895 34,830 41,159 40,588 

Greece____.--..-- ue ee e 150 e170 230 r231 231 
Hungary__.-...--------------------------- 2,263 2,572 2,617 2,606 2,778 
Treland_...........-_---------------------- 31 21 22 22 | 22 
Italy_._...-.-----_------.----------------- 10,283 | 10,755 11,196 10,795 13,978 
Luxembourg. _..-.----.-------+--.-------..- | 4,584 4,420. 4,445 5,025 5,054 
Netherlands. ___.___-_--_--1---------.---.. . 2,178 2,301 2,582 (2,924 3,468 
Norway.-_-..------------------------------ 550 © 538 599 678 756 
Poland_.__..-.-.-_----------------.------- 7,974 - 8,470 8,823 9 ,449 10,018 

. Portugal. ____._..------------1------------ 101 184 235 265 292 
Rumania______...____._---------_-_------- 2,344 2,702 2,981 3,350 8,775 

- Spain_....__.-.-..------------------------- 2,579 2,547 2,747 3,472 4,134 
Sweden_______.____-2_.-------------------- 3,926 r 3,980 r4,300 r 4,899 5,208 

. Switzerland____..._.-_..--_---_-.----------- 327 351 t 355 380 380 
U.SS.R. 3____-_--- eee --i------ = 77, 994 84,113 88,403 +1*98,738 100,310 
United Kingdom_______.__.---.----------.-. 24,787 22 ,950 25 , 222 28,918 30,246 
Yugoslavia___.__-.-------_----.--.-------- 1,689 1,758 1,750 1,849 1,950 

Total ?_____________._-_- Leet. 221,996 **228,108 236,228 259,831 274,550 

Africa: 
Rhodesia, Southern__.__-_...._.----_-----L-- 101 97 r93 r14i e120 
‘South Africa, Republie of.______-.-.___-_.--- 2,738 . 2,903 3,124 3,414 3,743 
United Arab Republic (Egypt).__._-._------- - 174 209 217 © r 202 e180 

Total_________-______. 2 eee 3,013 r3,209 3,434 r3,757 4,043 

Asia: 
Burma e¢__.___-- eee 12 14 17 17 17 
China, mainland_____-._-__---._---_-...---. 10,500 11,000 138,200 ¢15,400 ¢16,500 
India__________--~_-_- eee eee 4,502 15,611 r6,581 6,649 6,962 
Israel___-__-_-_--- 2 eee 68 88 r91 er90 e 95 
Japan______..._-_-_-_-_------.--.--_------. 31,160 30 ,364 34,724 43 ,871 45 ,372 
Korea: 

North__..._-------- eee 855 1,157 1,127 r1,248 e 1,355 
South_____._-- 2 eee 13 163 176 1142. 171 

Taiwan________-_________-__--_---_-- eee 218 201 303 331 485 
Thailand_____.-_--_-___-____-- eee ee 9 8 r3 r4 8 
Turkey. ________-______________- ee eee 356 323 400 t 536 734 

Total ?______________________________._-__ "47,753  °*48,929 +°56,622 *68,288 71,699 
Oceania: Australia__.____....-_ 2-2 4,351 4,667 r§,124 r 5,620 6,092 

World total e_____......___-______________ *387,560 °*397,000 426,570 * 482,570 507 , 540 

e Estimate. p Preliminary. * Revised. 
1 Compiled mostly from data available July 1966. 
2 Data from American Iron and Steel Institute. Excludes production of castings by companies that do not 

produce steel ingots. , 
2 U.S.S.R. in Asia included with U.S.S.R. in Europe.
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Brazil. The Inter-American Development Czechoslovakia.—Czechoslovakia, which 

Bank has granted Brazil a $200,000 loan produced 9.75 million tons of steel in 1965, 

for the partial financing of a survey toward was rolling some of that steel from con- 

the possible establishment of a steel mill tinuous casting machines. The first ma- 

at the Bay of Aaratii, in northeastern Bra- chine of 120,000-ton-annual-capacity was 

zil, by Usina Sidertrgica da Bahia, S.A. built about 5 years ago. Another one has 

| (USIBA) would set up a blast furnace to been ordered by the United Steel Works in 

process iron ore, using natural gas as a Kladno from Motala Verkstad in Sweden. 

fuel, and manufacture tinplate as well as It will probably be an Olsson low curved- 

hot- and cold-rolled thin steel plate. Total mold continuous casting machine. 

construction costs are - budgeted at $52 ‘Czechoslovakia intended to control the 

million. . . entire production of its largest steel works, 

, Acos Villares, S.A., a specialty steel pro- at Ostrava-Kuncice, by two English .Elec- 

ducer, obtained assistance from the Inter- tric computers, a LEO 360 and a KDF 7. | 

: national Finance Corporation to finance an A foundry company near Opava ordered 

expansion program on its plant near S40 4 complete Hallsworth automatic foundry | 
Paulo which will increase its ingot steel plant. The heart of the system is a four- | 

capacity 16 percent. The company’s largest station rotary mold-making machine upon | 
customer is the Brazilian automobile in- which the high productivity rate depends. 

dustry. | oe _ With only one operator this machine can 
The Intendente Camara Steel plant with produce up ‘to 240 complete mold boxes, | 

an initial output of 500,000 tons of steel yeady for pouring, per hour. oo 

was being built at Ipatinga in the State of rE Coal and Ste el Community . 

Minas Gerais, Brazil. | uropean (oat . mm 
. , . (ECSC).—A merger of great significance to 

Colombia.—Acerias Paz del Rio, the Gov- the world steel industry was that of the 
ernment-owned steel mill, supplied 80 per- ECSC High Authority, the EEC, and Eura- 

cent of domestic steel consumption in 1964. tom. Thus control of the Conimunity 

| Colombia produced about 400,000 tons of Steel industry passes to a European com- 

steel in 1965. | , mission with broad authority, responsibil- 
| Ecuador.—A plant for rolling steel bars ity, and outlook. — | 

will be financed by $400,000 allocated by Steel production in the common. market 

| the Atlantic. Community Development totaled about 95 million ingot tons, or an | 

Group for Latin America (Adela) . increase over the 1964 output of about 4 

~ Venezuela.—Siderurgica del Orinoco ac- percent. Output in Italy rose nearly 30 

counted for about 49 percent of the 1.2 percent, while production in both France , 
million tons of steel produced in the coun- and ‘West Germany. declined about 1 per- 

try in 1965. The company had reached a cent each. Because of overproduction in 

record production of 55,000 tons in January. the Common Market, new investment prob- 

| : | _ ably declined about $200 million for 1965. 

| : - EUROPE | Two steel companies merged . when : 

| Bochumer Verein fiir Gussstahlfabrikation 

Austria.—Austria, the cradle of the LD  A.G. was absorbed by Fried. Krupp Huet- 

basic oxygen furnace, used this method to _ tenwerke. The largest steel manufacturer 

produce about 60 percent of the 3.5 million in Luxembourg, Aciéries Réunies_ de 

tons of crude steel produced in 1965. Burbach-Eich-Dudelange (ARBED) took 

Three Austrian steel producing com- steps to absorb the smaller Luxembourg 

panies sold an $11 million order of finished concern, Hadir. | 

steel to Stahl und Metall Handelsgesell- French and German. interests plan to 

schaft of East Germany. - construct a 1-million-ton-per-year oxygen 

VOEST Steel: Manufacturing Company steel plant at Dilling in the Saar. ECSC 

signed an agreement with Communist loaned the French company Société Bren- 

China to deliver a 700,000-ton.Linz-Dona- tonne de Fonderies et de Mécanique $3.5 

witz oxygen steel plant to China. million to help set up a big iron and 

Bulgaria.— Bulgaria added a 100-ton elec- steel plant at Lorient-Hennebont, France. 

tric arc furnace to the facilities of the ECSC had $41 million to be loaned to steel 

Kremikovtsi Iron and Steel Works near and coal firms in Germany, Belgium, and 

Sofia. | Italy. |
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The High Authority decided late in the Bessemer steelmaking was losing out in 
; year to extend the application of the spe- West Germany as well as in the United 

cific duty on foundry pig of $7 per ton and States. A basic Bessemer plant at the 
| also the application: of a 9 percent “ad Hérde Works was closed down by Dort- 

| valorem” custom duty on imports of steel mund-Ho6rder-Hiittenunion, AG. The Bes- 
products into the Community from non-  semer plant produced over 30 million tons 

oe member countries through 1966. _ in its 85 years of operation. Several West 
| Delivery of 100 tons of. hot metal over German firms cut back operations toward 

a distance of 190 miles to the Chertal the end of the year. : 

plant of S.A. Métallurgique d’Espérance- = The newest steelmaking plant in the | Longdoz was so ee Ge a hous ECSC was the all-new oxygen plant dedi- 
ture drop of only . over a i4-nour cated in the spring of 1965 at Taranto. 
period. This follows the successful trans- Designed for a eventual output of 7 mil- — 

| | porting net metal to ue Chertal plant ion tons of ingots. per year it had two 
om a blast furnace only 14 miles away. 330-ton. oxygen converters in 1965. A new 

| The year was one of uncertainties for the electric face melt shop near Milan, 

steel industry in Belgium as in all of the Italy, was. designed around two 30 Mva 
Common Market countries. While some 140-ton arc furnaces. This plant was run 

| Belgium steel companies cut the price of entirely on scrap. There was a new steel 
_ rolled steel strip by up to 6 percent at tube production plant at Brescia, Italy. 

the end 7 the wed a wares producer an: Its two vertical 1,600-ton extrusion presses 
nounced that the decline in steel selling were furnished by a German firm at Diissel- 

| prices appeared to have been een dorf. Italsider established new LD steel 
sperance-Longdoz announced a cutback 1n ~~ works in Bagnoli, a suburb of Naples. The 

production while another large steel pro- three LD converters had an annual capacity 
cueer was increasing a o0e8 Overall of 2 million tons of crude steel ingots, 

€ stee’ production for i%09 was only A new plant at Follonica was designed | 
about 400,000 tons above that of 1964. to burn 700,000 tons of pyrites for sulfur 

French steel production was essentially seq in the contact process of manufactur- | 

the same in 1965 as in 19 64. To stimulate ing sulfuric acid. The pyrites cinders are | 
| growth the fifth economic plan for France then reduced to an iron. oxide of high 

| announced a program of modernization purity by means of heavy naphtha on a | 
| and rationalization of the steel industry, —fyidized bed. followed by magnetic separa- 

which would need a substantial capital tion From 2,200 tons of ‘pyrites per day 
: investment. The Societe des Acieries de in. plant produces 2,200 tons of sulfuric | 

Lorraine (SACILOR) was guaranteed State acid, and 1,000 tons of iron oxide pellets. 
loans of about $53 million for the estab- (66 percent Fe). 

| lishment of an oxygen steel plant and roll- . 
ing mill at Gandrange, Moselle, in eastern The Netherlands increased steel produc- 

| France. Société des Aciéries de Pompey tion about 500,000 tons un 1965, and 
received nearly $7,300,000 in State-guar- Koninklijke Nederlandsche Hoogovens en 

anteed loans for improvements and exten- Staalfabrieken N.V., the principal producer, 
sions to its plant. was embarking on a $280 million expan- 

Four West German firms were allowed million: taspervyear oxygen steel vl . a 2.5- 

by the ECSC High Authority to rationalize nent oat ae 
their output of merchant bars and sections N.V. Nederlandsche Kabelfabrieken at 
through joint steel rolling programs. All Delft put in an electric furnace to consid- 
orders will be booked together and the erably increase its steel capacity. it was 

production runs will be distributed amongst planned to Talse the company’s finished 
the four firms allowing longer runs of any products capacity to 500,000 tons a year. 
certain type for each company. Finland.—A 200-ton-per-day oxygen plant. 
Two 60-ton Kaldo furnaces were being was ordered from Air Products Ltd., in 

built in Essen, Germany, for the new steel England, by Rautaruukki Oy, at Raahe. 

works under construction by Sanyo Special The plant will furnish oxygen for two 50- 
Steel Co. Ltd., of Japan. During refining ton LD converters to be installed. The 
the vessels are to be rotated at rates up hot metal comes from a blast furnace com- 
to 40 rpm. Their combined annual capac- missioned in October 1964 which produces 

. ity is 330,000 tons. about 550,000 tons of pig iron per year.
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_ Greece.—Several agreements for export per-year seamless tube-making mill. It will 
| of pig iron have been signed. A total of be the largest tube-mill in England with a 

| about $4 million worth of pig iron will complete range of tubes between 1 and 5 - 
be’ exported from the blast furnace at inches in diameter up to 300 feet long. 

Eleusis. This will materially increase It will have the first multi-stand 3-roll 
Greece’s foreign exchange earnings. - stretch reducing facility in England. 

Contracts were let for the establishment Air pollution became a more serious 
of a steel rolling mill at Thessalonika. Also problem. Steel, Peech & Tozer spent over 
plans were announced to establish a cold- $2 million on electrostatic precipitators for 
rolling plant at Salonica. the Spear project and The Steel Company | 

. ‘Hungary.—A cold-rolling ‘mill was com- of Wales Ltd., was installing several more 

missioned in July for the Danube Steel Of the gas cleaners at its Abbey works. 
Works at Danatijvaros. This was the major British Railways was using unit. trains : 
investment so far in the integrated steel to. deliver steel directly from the various 

plant and was designed to eventually roll producing areas to consumers in Birming- — 

256,000 tons a year. ham and the West Midlands. | | 

- Poland.—Poland announced plans to re- A combustible mixture of gasoline, diesel 

construct its steel industry and to triple oil, and air was the power source for a | 
production by 1980. Its industry then was high-energy-rate-forming process developed : 

expected to produce 46 percent of output by the Department of Mechanical Engi- | 
by open hearth, 41 percent by oxygen neering, University of Birmingham. . | 

blown converters, and 13 percent in electric — The first Ruhrstahl Heraeus steel de- | 
furnaces. This is similar to the production gassing plant in England was installed at 

pattern envisioned for 1980 in the United the Bilston Works of Stewarts and Lloyds — 
_ States steel industry. a Ltd.. The $560,000 plant will treat 100 to 

Sweden.—The Stora Kopparbergs Bergs- 120 tons of both carbon and _low-alloy 
lags, AB installed two new 90-ton Kaldo’ steels per batch, = | . 

"oxygen converters to refine the output from U.S.S.R.—As a result of the Seven-Year 
a new Dored rotating ore-reduction system. pjan ending in 1965, 18 new blast furnaces , 
Nyby Bruks Aktiebolag invested $3 million have been installed in the U.S.S.R., with | 
with Amsted Industries in pressure pour- 4 capacity of over 20 million tons of pig 

ing equipment for stainless steel. The iron or hot metal. Nearly 80 percent of 
Oxelésund plant of Grangesberg Co. in- the 72 million tons of iron produced was 
stalled a new Martin furnace. | smelted with natural gas although only 

SKF Hellefors’ Jernverk steelworks has 67 percent of the blast furnaces use natural 

installed vacuum degassing with induction gas. Forty-three percent of the blast fur- 

stirring of steel in the ladle. Sandvikens maces use oxygen. During the Seven-Year 

Jernverks AB has developed a stainless Plan 51 new open-hearth furnaces with 

steel thread of .007 mm. diameter for the capacity of over 21 million tons were built. 

manufacture of fabrics. | Some open-hearths were reported in the 

Switzerland.—Concast AG. announced sign- 500- to 600-ton capacity, and six were of 

ing of contracts to deliver a four-strand  900-ton capacity. | 
continuous casting machine to the BHP During this period six basic oxygen con- 
Newcastle: works and another four-strand verters, rated at 100 tons per heat, were 

machine to Vereeniging, Republic of South blown in. These could account for all the 
Africa. Both machines will cast about 4.8 million tons of oxygen-produced steel 

300,000 tons of steel annually. reported in 1965. The U.S.S.R. produced 
- United Kingdom.—The Wolsingham Steel much less steel by the oxygen converter 

Company Ltd., commissioned a new 25-ton process than did Japan or the United 

7,500 Kva electric arc furnace. The Stocks- States. 
bridge works of Samuel Fox & Co. Steel plants in the U.S.S.R. reported 1.32 | 

Ltd., awarded $7.7 million in contracts ‘as million. tons of “workblanks” from con- 

a start in a modernization project which tinuous casting machines. Most of these 

will replace 5 open-hearth furnaces with were vertical machines. This is more than 

two 135-ton electric arc furnaces. Tube the reported capacity of commercial in-— 

Investments, Ltd., announced a 100,000-ton- _stallations in the United States.
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a _ AFRICA Oo temper mill, was put into. operation after | 
| a - | | Co | Vi kan K.K. The South Africa, Republic of.—South African {StS Tuns by Nippon Kokan Be oe 

| | Iron & Steel Industrial Corp. Ltd. (ISCOR Fukuyama Iron works is built entirely on | 
‘ron & oteeh *ncusiria’ “orp.  ( > a land fill, giving it an integral deep water 
put on stream a 120-ton-per-hour tandem port 7 | | Oo 

hoon fur  b, it the Vanderb iy park works. Fuji Iron & Steel Co. Ltd., blew in two 
h aso ba OB ; nt diamet hen L 60-ton LD converters at the Kamaishi 

nace ‘here wi Poor-ayameter-nearth. Works, giving it crude steel capacity in LD - 
| | | furnaces four times that in open-hearth. 

| | __ ASIA A 600,000-ton billet mill was the first 
_ Japan.—Yawata Iron and Steel Co., Ltd. Production unit at the Mizushima Works 

(Yawata) planned to use a computer to Of the Kawasaki Steel Corp. This was the © 
simulate steel processing and capital equip- company’s second integrated works and 
ment planning. Yawata has produced 100 had a planned annual capacity of 13 mil- 
million metric tons of steel ingots since ion tons. | | | 
1901. Yawata with 28 percent of total steel | | 
output over the 64-year period, was Japan’s OCEANIA © 
largest producer. Yawata kindled a blast _Australia—The Broken Hill Pty. Co. 

a furnace at the Sakai works capable of pro- Ltd. (BHP), commissioned a 500,000-ton 
ducing 3,800 tons of pig iron daily. Fur- steel mill using two 100-ton oxygen con- 
nace diameter is 32 feet and the height  yerters. BHP also blew in a new blast 

: nearly 100 feet. Two 185-ton oxygen con- furnace at Whyalla. The 26-foot-hearth | 
verters were blown in to complete the in- furnace was rated to produce 1,700 tons of 

_ tegration of the Sakai works. | - iron per day. a | 

The Kobe Steel Works Ltd., and the Australia was reported to have a per 
Amagasaki Iron and Steel Manufacturing capita consumption of 830 pounds of steel, 
Co. Lid., merged under the Kobe name third highest in the world. Some Parlia- 

__ to become the fourth largest steel company ment members advocated establishment of 
in Japan, | a State-owned company to compete with 

. The first unit of a new fully integrated BHP, which pours most of the steel in 
steel mill on the Inland Sea, an 80-inch Australia. | 

| TECHNOLOGY | | 

The steel industry operated very nearly Over $1,800 million was spent on capital 
at capacity during the first half of 1965. improvements in 1965 by the steel industry. 
It might have been. possible to turn out Half of the papers at a 1965 sectional 
150 to 170 million tons of ingot steel by meeting of the National Open Hearth and 
utilizing all equipment available, ancient Basic Oxygen Steel Committee dealt with 

and inefficient as well as modern and effi- new technology while the rest treated prob- 
cient. However, in terms of usable steel for lems of the open hearth such as that of : 
today’s market, there was not enough reducing costs or increasing productivity. 
processing equipment for that tonnage. Steel producers in areas with large natural 

Table 18.—Comparison of operating data prior to and after using 
end-burner oxygen enrichment in open-hearth furnace 

| Without oxygen With oxygen 
enrichment enrichment Improvement 
(1957-58) (1963-64) 

Ingot steel, short tons per heat____-_--------- 229 .60 225.10 ------ 
Ingot steel, short tons per hour_______________ 21.90 28.50 6.60 
Average time, tap to hot metal______________- Ahr. 3 min. 2 hr. 59 min. lhr. 4 min. 
Average time, hot metal to tap__.___._______- 6 hr. 15 min. 4 hr. 54 min. 1 hr. 21 min. 
Average time, tap to tap___.....--_-_._-.._.._. 10 hr. 18 min. 7 hr. 53 min. 2 hr. 25 min. 
Hot metal, percent!_._-_...-...---- ~~~ ee 62.00 56.80 ------ 
Million Btu per ingot ton_.___---.-...---__- 2.78 2.73 0.05 
Cubic feet of oxygen per ton____------------- ------ 675.60 w----- 

1 Averages based on AISI reports of all metallics.
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a Table 19.—Physical characteristics.of an incremental degassing unit! | 

| Vessel dimensions: . . 
- Inside diameter: .9 feet, 3 inches. 

Inside height: 12 feet. 
Inside nozzle diameter: 2 feet, 6 inches. - . 

Inside nozzle height: 6 feet. : 

- Vacuum system: . 

. 4-stage steam ejector. . 
Lowest possible-pressure: 75 micron. . . 

. Capacity: 1,000 pounds of air per hour at 1 millimeter mercury. 

Vessel movement speeds: . | 
Full speed: 34 feet per minute. — . 

. % speed: 22 feet per minute. . . . 

1m speed: 11 feet per minute. . . : 

Alloying system: —— . 
Three main bins of 105-cubic-foot capacity with 25-cubic-foot trimming bins equipped 

. with vibratory feeders. . . 7 
, _ Two main bins of 40-cubic-foot capacity with 10-cubic-foot trimming bins equipped with 

. vibratory feeders. se 
Oo One 40-cubic-foot.carbon bin equipped with a paddle-wheel feeder. 

1 Dortmund Hérder unit, Pittsburgh Works, Jones & Laughlin Steel Corp. | : 

gas reserves were converting their open- little over 32 feet high. All gas emission | 

hearths to use more natural gas. Others from the furnace will pass through electro- 

_ were using oxygen, either by roof-lancing, static precipitators. A digital computer 

or in end-burners. Improvement gained calculates weight of charge materials before 

| by using oxygen in end-burners is found the heat and also calculates during the 

in table 18.4 | | a heat the amount of additives needed as 

~The Steel Co. of Canada Ltd. . (Stelco) , — determined. by chemical analyses. Republic 

| has experimented with using oxygen both also has installed two 150-ton basic oxygen 

in a single hearth furnace and with a converters at Gadsden, Ala., which are 

dual hearth arrangement. Jones & Laugh- monitored by a computer. 

lin Steel Corp. installed a Dortmund The Colorado Fuel.and Iron Corp. has 

Hérder (DH) incremental . degassing unit completed the replacement of one of its” | 

in their No. 4 open-hearth shop. The unit original converters with a 100-ton-per-heat — 

was designed to treat a 400-ton heat in vessel. These new converters have separate . 

25 minutes. (see table 19.) In this in- trunnion rings instead of integral trunnion — 

stallation the vacuum chamber is raised rings which the original furnaces had. © 

and lowered over the ladle by its own = The amount of steel made throughout — 

mobile gantry. The company has made sig- the world now by the oxygen process, hav-. ee 

_ nificant improvements in the quality of ing increased from nothing in a little over a 

both fine-grained and semikilled steels with 19 years, makes it clear that this method 

this process.5 " | | | will dominate steelmaking within a few 

Basic Oxygen Converters.—The steel in- years. In the United States most of the 

dustry produced 22.9 million tons of ingot installations were of the LD type, a non- 

steel in basic oxygen converters. This was — rotating vessel fed oxygen through a water- 

nearly 90 percent of a capacity which was cooled lance. One company, Sharon Steel 

_ rated at only 25.9 million tons at the end Corp., uses a Kaldo or rotating oxygen- 

of 1965. The United States and Japan lanced vessel. In Western Europe, however, 

together produced about 50 percent of the there were five methods in use, LD, LD-AC, 

steel made by the basic oxygen process. Kaldo, Rotor, and the Ajax process. For | 

The two 150-ton converters of the Pitts- 3 company with plenty of low-phosphorous 

burgh Steel Co. have made as much as hot metal, such as most of U.S. companies 

132,000 tons of steel in a month, The have, the LD type process would seem to 

company obtained an average of 195 tons be adequate; however, a need to use a 

of steel from each vessel per heat. ‘ Thompson, M. A. Results of Oxygen En- | 

Republic Steel Corp. began o i riched Firing in Open Hearths. J. Metals., v- 

P C P beg peration of 17, No. 6, June 1965, pp. 649-651. . 

the first of 3 new basic oxygen furnaces 5 Parke, A. J., R. F. Kowal, and F. O. Alti- 

BOF) at Warren, Ohio. These 150-ton more. DH Unit Operations in a Basic Open 

(BOF) . , : © 50 to Hearth Shop. J. Metals, v. 17, No. 8, August 
furnaces are 22 feet in diameter and a 1965, pp. 897-901.
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| larger proportion of scrap would indicate Consett Iron Co. Ltd., England’s most 
Oo the Ajax process or Kaldo converters. northerly integrated steelworks, solved 

| These two furnaces have longer charge to the problem of which equipment to install 
tap periods and need less automation for for oxygen steelmaking by installing two 
good control. However, the Kaldo, because 120-ton Kaldos and two 120-ton LD vessels 
of its rotation and contained heat, uses along with two 1,000-ton mixers. This 

| more refractories. If use can be found for dual system also required two different 
waste heat the LD is the better converter. approaches to waste heat recovery. Waste _ 
To make the best use of. the refining heat boilers are. provided for the BOF 

- _ speed of the LD converter, however, some units and cooling hoods with no provision _- 
system of dynamic control is needed with for waste heat recovery are used on the | 
a computer which uses feed-back informa- two Kaldo units. ne | | 
tion throughout the heat. | / Both the Ukrainian Institute of Metals 

- | The Bureau of Mines studied the use 2nd the Moscow Institute of Steel and | 
| of an oxygen converter rotating on its aoys rep ort linine exathermic rerroalioy 

_ _ vertical axis. Six or more oxygen jets, riquets to eliminate the heat losses oc- 
m aimed at an angle wide of the vertical, may SU7™"8 when solid. ferroalloys are used. 7 be used, a - There need no longer be a furnace for os 

| | melting ferroalloys in the converter shop, 
: | The principal problems connected with and the ferromanganese consumption on - 

basic oxygen steelmaking fall into two the average was 17 percent lower than with 
| categories, how to cope with the extreme liquid ferromanganese. = Se. 
: , _ heat generated by the oxygen and how to During the Annual ‘Meeting of the | 
—_ _ take advantage of the increased production American Society for Testing and Materials | 

that the speed of the steelmaking cycle (ASTM) in June 1965, revisions to nine 
| makes possible. The higher heat. of this © specifications were approved to allow the 

_ new method has already required a differ- use of basic oxygen steel in boiler and | - | ent type of refractory lining brick to with- pressure vessel plates8 
Stand the increased heat of the basic oxy- So De | 
gen converter. The extremely high heat A self-propelled car for carrying a ladle 

_ affects not only the basic oxygen vessel full of molten iron to oxygen furnaces and 
itself but also the trunnion ring by which for pouring the iron into such furnaces 
the -vessel is tilted for charging and. for Was designed and built by the Pennsylvania 

casting. A research program in which tem- Engineering Corp., New Castle, Pa. Do- 
Oo peratures were continuously recorded. in Minion Foundries and Steel Ltd., of Hamil- _ 

order to set up a typical thermal pattern ton, Ontario, has ordered a unit as a major 
of a furnace shell showed that the highest step toward complete. automation of their 
continuous temperatures occurred at the steelmaking furnaces. | 

top, due to the proximity to hot gases and Rapidity of operation is foremost in all the reflected heat from the hood, and of basic oxygen steelmaking. Not only do 
at the middle where the trunnion ring the original methods of charging scrap and 
prevented the radiation of heat directly jot metal have to be speeded up but, with . 
to the atmosphere. These are the areas refining time measured in minutes, correc- 
most subject to distortion and to refractory tions to the heat in the form of additions wear. Ordinarily, temperatures at the bot- of lime, fluorspar, or scrap must be made 
tom of the vessel are from 200° to 300° C rapidly. One flux-charging system under 
below these other points and refractory 9 —— . . . : | 
wear 1s COrresp on dingly less.6 Thermal Considerations a Gasie Oyen meen 

‘The effects of lime properties in Tune Ob op an and Steel Eng., v. 42, No. 6, 
basic oxygen steelmaking were studied at Monal of Metals. Shell Replacement and/or 
August Thyssen-Hiitte A.G. where it was Panel Discussion. Vv. 17, No. 8. August 1965, 
determined that a soft burned lime was PP, 202-909. KFIE t d T. Koot 
much superior to a hard lime and in fact The Effects of Lime Properties on Basic ‘Oxygen lessened the consumption of fluorspar, Steelmaking. J. Metals, v. 17, No. 7, July 1965, 
caused much less frequent slopping, and PPS A nerican Society for Testing and Materials. generally had a good effect on the metal- Comparison of the Properties of Basic Oxygen 
lurgy of the heat.7 a geen Hearth Steels. ASTM Data Series, 

(formerly STP 364), August 1965.
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analog and digital computer control can operation the computer actually programs 

calculate, prepare, and add a corrective the. operations for both: phases of refining. 

flux charge in approximately 3 minutes? When the operator has determined that 

The Bureau of Mines was investigating the converter is ready for the first refining 

the mechanics of fuming in oxygen steel- phase, he signals the computer to start. 

making and the feasibility of preheating The calculations and decisions made by 

| the oxygen to suppress fuming. the computer are as follows: (1) initial | 

The high fuming rate of basic. oxygen positioning of the lance, @) opening of the | 

steelmaking necessitates use of air pollution oxygen valve, (3) continuous calculation — 

control systems. The two most widely used (of ‘the carbon oon on ‘ the bath, - @ 

in the United States. are electrostatic pre- continuous calculation O° the rate 0 | 

_ cipitators and wet scrubber systems. How- decarburization, (5) regulation of the | 

ever, a much less expensive cloth filter gas height of the lance above the bath as a 

cleaning system has been developed in. function of the rate of decarburization, 

France. The key to this system is a method (6) charging of additives calculated on the 

to cool the gases to allow treatment in basis of data from the preceding charge, 

a fabric filter. Some of the advantages (7) cessation of blowing (lifting of the 

claimed for this system are low cost of lance and cooing of the oxygen valve) _ 

utilities, low and predictable maintenance when the calcu ated carbon content has 

costs, “clear stack operation” irrespective reached a predetermined level. a 

; of weather conditions, and dry dust col- There are several points of control on 

lection, which it is claimed, is more easy the various oxygen furnaces. Temperature 

to handle than dust from spray-cooled sys- @nd/or radiation intensity of the LD flame 

tems.10 | may be monitored by pyrometers. The 

A fume hood system cooled with high- ratio of oxygen, carbon dioxide, and carbon | 

pressure water or steam functions as a monoxide me the waste gas may. be con- 

heat recovery system and can save annually tinually monitored. The formation of a | 

millions. of dollars in the new oxygen steel- foaming slag in the converter vessel may be 

making plants. United States Steel Corp. detected by acoustical measurements. Ther- 

has installed such a hood at its Duquesne mocouples have been manufactured in the 

works.11 United States for almost instantaneous de- 

. | termination of the bath temperature. All 

Automation—Computers were slowly be- of these measurements and their effect on | 

ing adapted to iron and steelmaking. ‘There the rate of refining must be put into the 

were computer-controlled blast furnaces in computer program so that proper control 

the U.S.S.R., France, Japan, and the Neth- can result. 

erlands. Engineers at Hoogovens in the Control is further complicated by two 

Netherlands estimated that instrumentation inherent problems; variations in the rate 

fst wear’ of operation eevee te ne and direction of the reactions of the vessel 

| 7 , during the heat and from one heat tc 

number £50 pereent ne Gesired oy another, and the relative inaccessibility of 

the blast furnace. In the United States re interior a the « oer tne sefining the 
. . , e oxygen blow. Duri 

powever ae meatese and echeguins were first clement to oxidize usually is silicon 

e areas of greatest technologic progress. followed by manganese, then carbon. Afte1 

There was more automation in oxygen the carbon removal any further oxygen 

steelmaking in Western Europe than in yeacts with the iron, reducing the yield 

the United States. The Austrian steel in- and giving a high-iron slag. , These reac: 

dustry developed the LD converter and 

Great Britain and the Common Market ® Weiss, gan J.» and Henry L. | Te Selle. Fl 

countries rapidly adopted oxygen steel- Addition Control in bxygen making. sro 

making. Work has been done iS automa- and Steel Eng., v. 42, No. 6, May 196), m 
° 10 Bj ° 

tion on both LD furmaces and LD-AC fur Gf BRGY: oi Ges Cicaaine System for Oxseer 
naces. Probably the most advanced control Gonverters. Iron and Steel Eng., v. 42, No. 3 

was that of an oxygen-lime process (OLP) March 1965, PP j*0"5 Lyons, and W. O 

basic oxygen furnace operated on an ex- Williams. ’ Development, Design, and Operatior 

perimental basis by IRSID at the Denain of a Controlled-Cireulation Fume Hore for Base 

plant of USINOR. Through closed circuit No.7, July 1965, pp. 87-93. ~
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tions are affected by oxygen pressure, lance _ unrestricted spray. This metal collects and 
position, jet area, bath level, and various flows across a slanted floor. When enough 

| other factors. To prepare to take a sample metal has collected to preserve a vacuum 
: from or check the temperature of an open- on the outlet side, that tundish is lowered _ 

hearth is a matter of opening the door. and about 1 ton of steel per minute flows 
In contrast, for the BOF, first the oxygen through the degassing chamber in a con- 

- must be stopped, the dust collecting hood tinuous stream.12 | | - : 
: | raised, and the vessel titled to the charging Continuous Casting—The aver age heat 

platform. All of which takes valuable time size of 8 continuous casting machines listed 
when refining time is measured in minutes as working in 1965 was 30 tons, while the 

_Tather than hours. | - average heat size of 10 machines listed as 
Vacuum Degassing.—Vacuum degassing under construction at the end of 1965 was 

units have been modified and many differ. 180 tons. The machines were listed as 
| ent systems developed. Although the three casting from one to eight strands with di- | 

principal types are still ladle, stream, and mensions from 2 to 6 inches by 2 to 50 
incremental, the various components have inches, and are either vertical, vertical 

_ been so modified and intermixed, each with with bender, or curved mold installations. 
its alphabetical designation, that it is al- The curved mold. keeps the total height 
most impossible to keep up with the new lower and should save on capital con- 
developments. In incremental degassing struction cost in building. - 
such as the D-H or R-H systems small Continuous casting machines now in- : 
amounts of molten steel are forced into stalled have a total operating capacity of 
the vacuum chamber to be degassed and’ over 1 million tons. Four other plants 
then returned to the ladle. Ladle degassing were using development units for casting 

is distinguished from this in that the entire slabs. Installation of 12 more machines 
ladle. is enclosed within the vacuum system averaging 180 tons per heat, or six times 
_and the contained molten metal is stirred the size of those now operating, will greatly 

: by electrical induction currents. This in- increase the continuous casting capacity of 
duction stirring keeps renewing or chang- this country in the next 2 years. Com- — 
ing the surface exposed to the vacuum to panies were beginning to increase the size 
promote degassing. of castings and to build molds to turn 

Sweden’s SKF Hellefors Jernverk uses Out oblong and round shapes. A British 
induction-stirred ladle degassing. At Re- firm was rolling H-beams from “dog-bone” 
public Steel Corp. it is called “Induction shaped blanks cast in Canada. Tube blanks 
Stirred Ladle Vacuum Degassed” or ISLVD. Were being continuously cast without an 
The advantages claimed for this system internal mandrel. 
are that it reduces total gas content to Another system of continuous casting 
about one-half that of regular double-slag which was introduced consisted of a revolv- 
electric furnace steels. It produces signifi ing drum which, by turning through a 
cant improvements in micro-cleanliness as bath of molten steel covered with a bath © 
measured by oxide inclusion counts and it of molten fused salt, would first pick up 
provides steels of improved mechanical a layer of fused salt then a layer of molten 
properties, fatigue characteristics, and serv- steel which would gradually solidify. Then 
ice life. Republic has deoxidized over as the layers emerged from the ladle the 
500,000 tons using the ISLVD system. drum picks up another layer of fused salt. 

British Iron and Steel Research Associa- This method would scem to be more feasi- 
tion (BISRA) has a continuous vacuum ble for strip and slab steel. . . 
degassing system of industrial size. The Nearly half of the continuous casting 
degassing vessel, 6 feet high and 6 feet in machines operating at the end of 1965 were 
diameter, has an inlet and outlet pipe, both _‘[isted_as developmental and they were 
with tundishes raised and lowered by hy- about evenly divided between vertical and 

draulic rams. After the degassing vessel is CUtvVed mold machines. _ 
evacuated to a pressure usually from 1.5 to, Im addition to the oscillating mold cast- 
8 torr, and the intake tundish is filled, %™8 machines, the Hazelett Belt Casting 

the seal is broken on the inlet pipe x Steel Times (London). BISRA’s Continuous 
through which the molten steel is moved Vacuum Degassing Process for Steel Now Oper- 
into the chamber, which it enters in an i96ee ose. V. 190, No. 5055, June 4,
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machine was being evaluated for the con- equipped with induction stirring and a 
tinuous casting of steel. This machine fume collector. 

uses endless parallel metal belts moving = Continental Steel Corp. announced plans . 
under tension and cooled by a high-velocity for two 140-ton electric furnaces. 

Stream of water. o BLH Standard Steel, a division of Bald- 
Pressure pouring, which was originated win-Lima-Hamilton Corp., fired a 45-ton 

to cast steel wheels for railroad cars, was electric furnace. | 

slowly finding wider use as companies be- The sixth electric arc furnace in the | 

cme ar heaving Sovnes Toll world target electric are melting shop was commissioned by Steel, Peech an ozer, 
from molten metal, lower grinding losses in eee . . . . 

surface dressing, and the elimination of pr sine their steelmaking capacity to 1.35 : ie 7 oy . million ingot tons per year. 
heating and blooming operations. Com-— | 6 per y . oS 
panies could make up to 5,000 castings in A tapered shell and an internally water- 
graphite molds made with new, improved cooled roof are innovations being tried 
techniques. Larger molds were being con- on electric furnaces. Solid state components : 

structed. One graphite block made to mold Were used for electrode control. A replace- 
one side of a slab measured 2 by 6 by 26 able shoe-type holder which reduced repair 

feet. Individual castings of over 15,000 COSt as well as Peduae and electrode con- 
pounds became possible. Many different SU™@Ptton was introduced. a 
types of steel have been cast, and research _Ultrahigh power, in the 80-Mva range, : 
increased the possibilities. Some companies Was tried by Northwestern Steel & Wire Co. 7 
planned to combine vacuum degassing and to increase production from its 150-ton elec- 

: vacuum deoxidation with pressure casting. tric furnace to 2,000 tons per day.13 - 

National Steel Corp. purchased two The Bureau of Mines published the re- 

controlled-circulation boilers which will be sults of two investigations on the use of 
installed on their basic oxygen converters substituted metals in stainless steel. Re- 
at the Weirton Steel Division. These search on. the effects of adding gadolinium 

boilers not only burn the waste combus- Was carried out in cooperation with the 
tible gases coming from the reaction in the Atomic Energy Commission.14 Another pa-. 
converter but also use the contained heat per describes the corrosion rates deter- _ 
of the gas by cooling it from about 1,300° F mined when substituting cobalt for nickel | 

to around 900° F at which temperature it in Stainless steel15 : - 
can be handled by gas-cleaning equipment. =——¥-—+¥————— 

. . 13 Robinson, C. G., and W. E. Schwabe. Ultra- . 
Electric Furnaces.—Lukens Steel Co., in- high Power Electric Steel Furnace Operation. 

stalled a 150-ton electric furnace to supple- J a ena 17, No. 1, January 1965, pp. 715780. 
ment two 100-ton furnaces already in op- and H. Kato. Stainless Steel-Gadolinium Alloys. | 
eration. BuMines Rept. of Inv. 6636, 1965, 29 pp. 

. 15 Tilman, M. M. Effects of Substituting Cobalt 
The Timken Roller Bearing Co. installed for Nickel on the Corrosion Resistance of Two , 

a top-charge 110-ton electric furnace 691, 1965, 17 pp. Steel. BuMines Rept. of Inv.
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| The accumulation of junk cars, which | Legislation and Government Programs. 
comprise most of the metal in No. 2 bun- —The U.S. Maritime Commission sold 125 
dles, was highlighted as a national problem ships for scrap during 1965. 

and became ae . 1965. of all levels of Public Law 89-61 extended, for 2 years 
government during 1965. The total con- from July 1, 1965, the suspension of duties 
sumption of iron and steel scrap increased oy the imports of scrap metal. 

about 7 per oe he ous fee consump- The Bureau of Mines began a nation- | 
tion was he "the f tons i 4 consec- wide resource study to determine how fast | 

utive roles ns he t rf rst’ hal of 1965; j unk cars accumulate, how long they are : 
nevertheless, the available supply of scrap held, how they are finally disposed of, and 
remained adequate throughout the year. _— how the situation could be improved. | 

| Exports of iron and steel scrap were be- | 
low those of 1964, but the ratio of export 7 | 

to import was a little higher. _ : 1 Commodity specialist, Division of Minerals. | 

_. Table 1.—Salient iron and steel ‘scrap, and pig iron statistics in the United States 
- (Short tons) 

| . . 1964 : 1965 | 

Stocks Dec. 31: | | 
Scrap at consumer plants....._.........-....-.-----.---..----.---. 7,427,407. - 7,637 ,656 
Pig iron at consumer and supplier plants__..--._._-._._...-.-..-.--..... '™2,463,943 | 2 ,328 ,961 

Total. .-__-----------1---------------------- eee ---e-------- = 9, 891,350 9,966 ,617 

Consumption: 
Scrap. _-....-..-----.----------------- ee --- = 84,625,664 90 ,359 ,335 
Pig iron_.......---...--_- 2-2 eee ---- «= 86, 38.1 , 699 88 ,944 ,732 

Inports for consumption, scrap (including tinplate scrap)_..........--.---- F 281 ,790 212 ,470 
Exports, iron and steel scrap__._..._.._.-.--1---------.--------.-------- 17,898,473 6 ,248 ,728 
Price: Scrap No. 1 heavy-melting, Pittsburgh, average—per long ton !______ $34.18 $34.81 
Value: Scrap, all grades, for export ?_.......---...---------------------- T $34.50 $35.80 

T Revised. 
1 Tron Age. 
? As computed from export data obtained from the Bureau of the Census. 

- AVAILABLE SUPPLY | 

The new supply of iron and steel scrap dealers increased more than home pro- 
available for consumption increased with duced scrap. 
the record steel production. Receipts from 
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| Table 2.—Iron and steel scrap supply ! available for consumption in 1965, 
oe | by districts and States | 

a . (Short tons) > So 

-.  - Receipts ; New supply 
‘ District and State Home from dealers Total new Shipments? available for 

production and all supply consumption . 
others . 

New England: — 
Connecticut____._..-----..------ 93 ,067 107,549 200,616 6,491 194,125 
Maine and New Hampshire.--_-_-_--_- 5 ,256 9 ,134 14,390 89 14,301 

_ Massachusetts_____..--.--------- | 91,182 121 ,570 212 ,752 7,432 205 ,320 
Rhode Island__...__..___--_-_---- : §7 ,860 64,890 © 122 ,750 2,586 120 , 164 
Vermont___________-__-__-_---.-- 9 ,337 15,734 25 ,071 26 25,045 

| Total: . | 
1965___ 2-2-2 eee 256,702 © 318,877 —= 575,579 16 ,624 558 ,955 

. . 1964_...._-..---.--------. 227,877 304 ,007 531,884  — 14,296 517,588. 

Middle Atlantic: oo . a 
New Jersey.....___---------.---- 230 ,307 §24 ,121 754 ,428 ~ 13,192 741 ,236. 
New York.___._.__-:-------..--. 2,799,469 1,564,141 . 4,363,610 203 ,061 4,160 ,549 
Pennsylvania--~.-.--------------- 12,495,896 7,075,335 19,571,231 1,558,927 18,012,304 

| Total: _ 
1965___-------..---------- 15,525,672 9,163,597 24,689,269 1,775,180 22,914,089 

. 1964____-------..--------. 14,118,919 8,074,615 22,193,534 1,611,882 20,581,652 

East North Central: — | : a 
: - Itinois-__-----------------------. 4,969,234 4,459,080 9,428,314 294,189 9,134,125 

Indiana_____-----------.---._--. 6,756,406 3,433,719 10,190,125 746 ,140 9 ,443 ,985 
Michigan_._.__...-.--....-.--.-. 4,703,329 4,392,876 9,096,205 111 ,594 8 ,984 ,611 
Ohio._._.1-.-------------------. 9,650,384 6,896,969 16,547,353 1,143,569 15,403,784 
Wisconsin __.-------------------- 648,593 579,528 | 1,228,121 126 ,498 1,101 ,623 | 

Total: - 0 ae . 
1965__.....-.-------.-_-__ 26,727,946 19,762,172 46,490,118 2,421,990 44,068,128 

| 1964___..__.-------_.---.--- 25,980,131 18,385,301 44,365,482 2,165,294 42,200 ,138 

. West North Central: = 7 — 
Iowa__________-___-_-_- 1-2 eee 243 ,585 459 ,773 703 ,358 23 ,602 679 , 756 
Kansas and Nebraska__._..-....... °: 54,791 100 ,308 155 ,099 1,846. 153 ,253 
Minnesota_.________-.-.__-__.-_-- 267 ,136 © 237,072 504 ,208 7,184 497 ,024 | 
Missouri______.__-----_---- ee 265 ,256 939,491 1,204,747 6 ,388 1,198,359 

. Total: | oo 
1965______...-__.__._____-- 830,768 1,736,644 2,567,412. 39 ,020 2 ,528 ,392 

. ' 1964_________..._.__-_ 2 Le 777,523 =—-1,393,886 2,170,909 27 ,303 2,143 ,606 

South Atlantic: CO — Ce 
Delaware and Maryland___-_.__.__. 3,273,759 561,285. 3,835,044 334,168 3,500 ,876 
Florida and Georgia_____...____-_- 129 ,994 440 ,664 570 ,658 1 ,248 569 ,410 

; North Carolina...._______....___- 33 ,617 150,135 183 ,752 170 183 , 582 
South Carolina_.______.____._____- 22 ,134 49 ,279 71,413 __.._--__ e 71,413 
Virginia and West Virginia___-_-___- 962,958 1,233,424 2,196,382 14,671 2,181,711 

Total: 
1965______...._------.---. 4,422,462 2,434,787 6,857,249 35) ,257 6 ,506 ,992 
1964._____________._____._._ 4,234,972 2,064,706 6,349,678 279,718 6 ,069 ,960 

East South Central: 
Alabama_____...______..__..._.. 1,882,370 1,639,585 3,521,955 203 ,248 3,318,707 
Kentucky, Mississippi, Tenness22_._._ 1,022,218 1,364,721 2,386,939 117 ,074 2,269 ,865 

Total: . 
1965______-........_.____.. 2,904,588 3,004,306 5,908,894 32) ,322 5,588 , 572 
1964_______.......__-___... 2,656,605 2,654,796 45,311,491 228 ,829 5,082 ,572 

West South Central: _ 
Arkansas, Louisiana, Oklahoma____ 78 ,698 264 ,069 342 ,758 7,348 335 ,410 
Texas_...____.-__.-____---___.-_.. 1,210,608 1,601,345 2,811,953 92 ,996 2,718 ,957 

Total: 
1965__-_...----.___--------- 1,289,306 1,865,405 3,154,711 100 ,344 3,054 ,367 
1964___..__--....___----... 1,166,437 1,144,072 2,310,509 85,151 2 ,225 ,358 

See footnotes at end of table.
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Table 2.—Iron and steep scrap supply 1 available for consumption in 1965, | by districts and States—Continued | | | 
(Short tons) 

| 

Receipts New supply District and State Home from déalers Total new Shipments? available for 
production and all supply consumption 

others 

Rocky Mountain: 
. Arizona, Colorado, Idaho, Montana, 

Nevada, Utah__--___......... 1,449,674 732,888 2,182,562 — 38 ,708 2,143 ,854 

Total: . ; 
1965...-_- 2-2-2... = 1,449,674 732 ,888 2,182,562 38 ,708 2 , 143 ,854 1964... 2-2-1, 384,824 610,168 1,994,992 33 ,894 1,961 ,098 

Pacific Coast: . | | 
California and Hawaii..__.___..._ 1,619 230 §=©1,616,293 3,235,523. 361 ,870 2 ,873 ,653 - Oregon and Washington___________ 186 ,488 604 ,256 790 , 744. 10,728 780,016 

. Total: 
1965_____-..-------------. 1,805,718 2,220,549 4,026,267 372,598 3,653,669 | :1964__------ 22-2 1,665,088 2,033,216 3 ,698 ,254 386,835° 3,311,419 | 

. USS. total: ; a 
1965_--..------- 2.2. 55,212 836 41,239,225 96,452,061 5,435,043 91 ,017 ,018 n 1964___._. 2 52,262 326 36,664,267 88,926,593 4,833,202 84 ,093 ,391 

1 New supply available for consumption is a net figure computed by adding home production to receipts - from dealers and all others and deducting consumers scrap shipped, transferred, or otherwise disposed of during the year. The plus or minus difference in stock levels at the beginning and end of the year are not - taken into consideration. . 
2 Includes scrap shipped, transferred, or otherwise disposed of during the year. o
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| Table 3.—Consumption of iron and steel scrap and pig iron in the United States in 1965, 
7 by type of consumer and type of furnace or equipment ae | 

. _ (Short tons) OO 

| a . | Type of consumer . 
Type of furnace or equipment . - - _ 

. | Scrap Pig iron! Total 

Manufacturers of steel ingots and castings: 2 - 
Open-hearth._____._-_.--.------------------------- 42,975,739 61,391 ,805 104 ,3867 ,544 
Basic oxygen converter 3____-_---------------------- 7,773,611 18 ,518 ,520: 26 ,292 ,131 
Bessemer-__-.-------------i--------------+--------- | 35,776 645 ,393 681 ,169 
Electric 4_..._.------------------------------------ 18,959,918 312,494. — 14 ,272 ,412 

| | Total steelmaking furnaces.._...--.--------------- 64,745,044 80,868,212 145,613,256 
Cupola___-.__.---------------------+--------------- 1 ,507 ,536 288 ,569 1,796,105 
Air___.2_-__------ 2 - +--+ ---- 46,730 | - 15,086 - 61,766 
Blast 5.____-___----_-_---_----__------------------- 5,054,491 -_--.---.-..-- 5 ,054 ,491 

ooo . Direct castings_.__..-.------------------------------------------- 3 ,167 ,O01 3,167,001 
Miscellaneous... ----------------------------------- . 64,691 meen nee een nee 64 ,691 

- Total: | | oo | a 
' 1965_.___-___-_____-__L_----L---------------. 71,418,492 84,338,818 . 155,757,310 
1964____-------_----------+----------------- 67,271,284 82,028,321 149 ,299 ,605 | 

- Manufacturers of steel castings: 6 - . — 
Open-hearth_.___....-.---------+-------+--+-------- | 749,208 91,014 840 ,217 
Bessemer____.._._._-------------------------+----- 5,083 .--..-_--..-_- .§ ,083 

| Electric. .--------:-------------------------------- 2,478 ,378 89,031 2,517 ,409 

_— Potal steelmaking furnaces___..-_-_------2.-----2= 3,232,664. 130 ,045 3,362,709 
a Cupola_.......----.-------------------------------... 341,897 | 15,618: 357 515 

. Air__..2---------- +--+ -+-- +--+ + -- 221,948. 42 ,588 264,536 

Total: . | oe _ 
1965___....--------------------------------- 3,796 ,509 188 ,251 3 ,984 ,760 
1964____-__------------------------------+-- 3,527,050_—is- 192 ,022 3,719 ,072 

Iron foundries and miscellaneous users: 
. ~ Bessemer_.......-.----..-------------------------- 38 ,897 6 ,955 45 ,852: ~ 

Electric 4... ee ee ee _ 255,401 35,120 290,521 

- Total steelmaking furnaces_.__._....-----..------- 294 ,298 42 ,075 336 ,373 
’ Cupola_._..___..---------------------------------- 12,931,678 3 ,452 ,704 16 ,384 ,382 

. Air... -- eee ------- 1, 279,828 115 ,348 1 ,394 ,671 
Direct castings....__._._.-_--...---.------------------------------ 807 ,536 807 ,536 
Ferroalloy_......-------..----------+-------------- 512,141 _... 2... 512,141 
Miscellaneous___..._____.-.-.----.------- eee. 126 ,894 ___..______.-. 126 ,894 | 

; Total: 
1965_____...----.------.-------------------- 15,144,334  . 4,417,663 19 ,561 ,997 
1964. ______...___----._-------------.------- 18,827,330 4,161 ,356 17 ,988 ,686 

Total: - . : 
Open-hearth_...__._.------------------------------ 48,724,942 61 ,482 ,819 105,207,761. 
Basic oxygen converter °__.....--.----.------------- 7,773 ,611 18 ,518 ,520 26 ,292 ,131 
Bessemer_......-----...--------------------------- 79 ,756 652 ,348 732 ,104 | 
Electric 4_......_--_-___..------------.------------ 16,693,697 386 ,645 17 ,080 ,342 

| Total steelmaking furnaces......------------------ 68,272,006 81,040,332 149,312,338 
Cupola_._..._-..-._-_----.------------------------ 14,781,111 3,756 ,891 18 ,538 ,002 
Air. 22 eee eee 1,548,001 172,972 — 1,720,973 
Blast 5... ee ee eee 5,054,491 __-__.-.-----. 5 ,054 ,491 
Direct castings______._.____--_--- lee eee 3,974 ,537 3 ,974 ,537 
Ferroalloy_.........-.---.---.-----.--------------- 512,141 __---_-.-___- _-- 512,141 
Miscellaneous_____.______-_-_--_-----.---------------- 191,585 .-. 2. LLL 191 ,585 

Total: 
1965_____--_-_--_ eee eee e-e------- 90, 359,335 88 ,944 ,732 179 ,304 ,067 
1964_____.___-.-_--.---.-.___.-------------. 84,625,664 86 ,381 ,699 171 ,007 ,363 

1 Includes molten metal. 
2 Includes only those castings made by companies producing steel ingots. 
3 Includes scrap and pig iron processed in metallurgical blast cupola and used in oxygen converters. 
4 Includes small quantities of scrap and pig iron consumed in crucible furnaces and vacuum melting. 
5 Includes consumption in all blast furnaces producing pig iron. 
6 Excludes companies that produce both steel ingots and steel castings.
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CONSUMPTION BY DISTRICTS AND STATES ssi‘ 7 
The East North Central District con- Table 4.—Proportion of iron and_ steel | 

_ sumed half of all the scrap used in 1965. scrap and pig iron used in furnaces in the 
_ Pennsylvania, which consumed 20 percent, - : _. United States | 

led all States. Ohio was second with 17-0 | : (Percent) | | | | 
percent. The overall increase in scrap©© 70 

_ consumption was twice that for steel pro- «1964 1965 HO 
. . - Type of furnace 

| duction and the increase was more evenly _ | 
distributed throughout all districts. The Scrap P ig Scrap Pig | 

. West South Central District and the Pa- | | : _ 
| cific Coast District had gains of 14 and 12 Open-hearth....... 40.2 59.8 41.6 58.4 

percent; respectively. Pennsylvania, Ohio, Basic-oxygen con- | 
1 Noe ar *ohii * verter____.__.... 30.6 69.4 29.6 70.4 Indiana, Illinois, and Michigan, which pro- ‘Bessemer... T8829—«2109 3911 | 

duced 70 percent of the steel, consumed - Blectric 1 ie 97.9 2.1 97.7 2,8 
. ~~ upola__.________- 8.4 21.6 9.7 20.3 68 percent of all scrap and 70 percent of | Min 727777777. 89°5 -10.5 89.9 10.1 

all pig iron. , 

| | : . 1 Includes crucible furnaces and vacuum melting. 

. Table 5.—Consumption of iron and steel scrap and pig iron in the United States | 
| , in 1965, by districts and States | 

. : (Short tons) | 

District and State | | Scrap Pig iron Total | OO 

| New England: | . | 
Connecticut____.-.-------------.----------------+- 186 ,389 32 ,631 219 ,020 
Maine and New Hampshire-_.._-._____--_---.-------- | 13,099 2,550 15 ,649 

. - Massachusetts_.........-_------_---_.-------__-------- - 205,265 58,191 © 263 ,456 
- Rhode Island_.-.__-_2 22 eee eee 117 ,897 41 ,034 158 ,931 

| Vermont. -.--------------------------------------- 25 ,072 6,607 31,679 

~ Total: - . | . | 
. 1965__--- ~~~ eee eee . §47 , 722 141 ,013 688 ,735 

1964_____.__ 2-2 ee eee | 516 ,879 141 ,004 657 ,883 

Middle Atlantic: | _ , 
New Jersey_.._.-.-____--_--------------- - eee 738 ,896 62 ,603 801 ,499 
New York___..____--.--------------1--1------------ 4,210,896 5 ,453 ,068 9 ,663 ,964 
Pennsylvania._______..-_-._-_-_-_----__-----.----. 17,733,858 22 ,074 ,877 39 ,808 ,735 | 

Total: . 
1965______---- eee ------ «=. 22, 683,650 27 ,590 , 548 50 ,274 ,198 
1964__...----------------------------------- 20 ,778 ,616 26 ,091 ,401 46 ,870 ,017 

East Nerth Central: 
Illinois.____-_______------ eee Le ee eee 9 ,234 ,278 6 ,598 ,061 15 ,832 ,339. 
Indiana_______-_-_--- ~~~ eee eee 9 ,630 ,729 10 ,994 ,983 20 ,625 ,712 
Michigan__.___..-------..---.--------------------- 8,973 ,915 7,822 ,953 16 ,796 ,868 
Ohio___.___---_--- ee eee eee 15 ,520 , 266 14,936 ,271 30 ,456 ,537 
Wisconsin ________--__----------- eee 1,102 ,069 199 ,680 1,301,749 | 

Total: . 
1965__________-____--___--__-___e eee eee ee. «= 44, 461 , 257 40 ,551 ,948 85 ,013 ,205 
1964___..- eee ee 42 ,321 ,496 39 ,973 ,392 82 ,294 ,888 

West North Central: . . 
Towa__._.__----------------_-------- +e eee eee 659 ,910 77 ,016 736 ,926 
Kansas and Nebraska___________._.--_-------------- 154 ,474 5,728 160 ,202 
Minnesota_.___.__..--...--------_--.-------~------ 487 ,894 558 ,905 1 ,046 ,799 
Missouri__.._-_-_-_--_-_--_-__ eee ee 1 ,095 ,940 41 ,823 1,137 ,763 

. Total: 
1965__ 22-2 eee eee 2 ,398 ,218 683 ,472 3,081 ,690 
1964_..--_ ~~ ee eee 2 ,232 ,972 658 ,581 2 891 ,553 

South Atlantic: 
Delaware and Maryland___..._._..__...--...-.-.---- 3,496 ,306 5,428,115 8 ,924 ,421 
Florida and Georgia__._-_..--___.-----.------------- 547 ,461 14,739 562 ,200 
North Carolina__..___.___._.___--.--_-------------- 188 ,272 35 ,427 223 ,699 
South Carolina___.____________--_..------=---------- 69 ,649 16 ,567 86 ,216 
Virginia and West Virginia. ._...._......--.---.----- 2 ,239 ,995 2 354 ,691 4,594 ,686 

Total: 
1965__._.-____-_--_-------- eee 6 ,541 ,683 7,849 ,539 14 ,391 ,222 
1964______-__ eee eee 6 ,147 ,647 8,131 ,073 14,278,720 | 

232-748 O-67—35
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: Table 5.—Consumption of iron and steel scrap and pig iron in the United States 
| | in 1965, by districts and States—Continued | 

. : (Short tons) © . . 

| District and State : Scrap | Pig iron Total 

East South Central: — . : . 
“. Alabama_________-____----_--------------------.-. | 3,237,761 3,773 ,738 7,011 ,499 

Kentucky, Mississippi, Tennessee._.-....-._---------- 2,192,159 1,904 ,895 4,097,054 

; Total: | 
1965_____..-.-_---------.------------------- 5 ,429 ,920 5 ,678 ,633 11,108 ,553 
1964___...--------_------------------------- 5,119,879 . 5,233,696 10,353 ,575 

West South Central: - ~~ ee 

Arkansas, Louisiana, Oklahoma. _.._._-_-.----------- 294 ,596 12 ,487 307 ,083 
Texas_____-____--_-.--------_----- +--+ 2,313,551 1,386 ,743 3,700 ,294 

Total: . ; mo 
1965_..-_-_-__ ee eee 2 ,608 , 147 1 ,399 , 230. 4,007 ,377 
1964________. Lee -- 2 ,292 ,093 - 1,344 ,960 - 3,637,053 

Rocky Mountain: | 
Arizona, Colorado, Idaho, Montana, Nevada, Utah-_---- 2 ,056 ,414 2 ,657 ,102 4,713 ,516 

Total: oO i - Oo 

1965__.____...---------.------+------------- 2 ,056 ,414 2 ,657 , 102 4,713 ,516 
1964. ____.--..------------------------------ 1,969 ,124 2,510 ,068 4,479 ,192 | 

. Pacific Coast: 
. California and Hawaii-.-.._------------------------- 2 ,862 ,943 2,318 ,820 5,181 ,763 

Oregon and Washington_-_-.------------------------ 769 ,381 74 427 843 ,808 

. Total: / 
1965___-__-_---__-______------_-_-------------- 3,632,324 2,393,247 6 ,025 ,571 

, 1964-22222 2 TLL LLL aLlll lll. 8,246,958 «2,297,524 5,544,482 
U.S. total: | oo oe oe : 

-1965___-- 2 eee ee. = 90, 859 335 88 ,944 ,732. 179 ,304 ,067 
~  1964__-_- 2 eee. «= 84, 625, 664 86 ,381 ,699 171 ,007 ,363
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Table 6.—Consumption of iron and steel scrap and pig iron by districts and States, 
| _. by type of manufacturers in 1965 : 

- (Short tons) . 

. Steel ingots and | Steel castings 2 Tron foundries and 
- castings ! miscellaneous users 

District and State _ 

Scrap Pig iron Scrap __— Pig iron Scrap Pig iron | 

New England: 
Connecticut. _._-.--------- 61,688 _..-.-.-_-- 7,116 ~ 288 117 ,585 32 ,343 
Maine and New Hampshire_________-_-------..---- 2,707 . 62 10 ,392 2 ,488 
Massachusetts. -.-.------------------------------ 7,787 1,208 197 ,478 56 ,983 
Rhode Island__.----------- . 56,528 27,079 _____.__._._----------- 61 ,369 13 ,955 

| Vermont__.-.-.---------------.-+------------ +--+ eee eee 25 ,072 6 ,607 

Total: . | 
1965_._--._-----_--- 118,216 © 27,079 17 ,610 1,558 411 ,896 112 ,376 

— 1964___..._-_..----- 119,301 28 ,607 ' 15,621 682 . 381 ,957 111,715 

Middle Atlantic: | a OO | 
| New Jersey_...___._-------- 265,375 7,362 71,501 2,445 402 ,020 52,796 

oo New York__._....__.------ 3,254,906 5,241,846 | 181,099 - 13 ,952 774 ,891 197 ,270 
Pennsylvania___......-----16,363,113 21,849 ,289 506,420 41,437 864,325 184,151 

. | Total: . . , 
1965______.__.__-__.19,883 ,394 27,098 ,497 759 ,020 57 ,834 2,041,236 434 ,217 
1964_-_____._____.._18,121 ,074 25,581 ,829 733 ,656 54,894 1,923,886 454 ,678 : 

East North Central: . - | Oe 
Lo Illinois_.......-----.--..--. 7,315,129 6,113,275 536 ,456 27,644 1,382,693 457,142 

Indiana_......_.--._-.---- 8,613,231 10,752 ,087 216 ,043 4,991 801 ,455 237 ,905 
Michigan__.....__._.------ 5,826,632 6,991,541 159 ,596 1,385 3,487 ,687 830 ,027 
Ohio____.-....-...._--.---13 ,087 ,969 14,181,726 497 ,484 64.137 1,934,813 -. 690,408 
Wisconsin..._.._.._.-.-----------.-------------=-- 365,050 5,668 737 ,019 194 ,012 oo 

Total: 
1965._..__-._..____-.34,342 ,961 38,038,629 1,774,629 103,825 8,343,667 2,409,494 
1964__..__..--_.----33, 182 ,928 37,787,043 1,702,650 111,670 7,485,918 2,074,679 

West North Central: | 
Iowa____-_.._.-----.------------~----------------- 52 ,874 479 607 ,036 76 ,537 
Kansas and Nebraska__.__....-..--..---..-.-----. 109,458 527 45 ,016 §,201 
Minnesota__......--------- (3). . (3) 51 ,469 237 141 ,221 48 ,836° 
Missouri___..._..--------. 1,185,284 511,678 127 ,642 8,928 128,218 31,049 

‘Total: . | | 
1965____.._...-._--. 1,185,284 511 ,678 341,443 10,171 921 ,491 161 ,623 

. 1964___._...._.___... 1,092,629 484 ,114 319 ,634 8 ,697 820 ,709 165 ,770 

South Atlantic: . | | . : 
Delaware and Maryland____. 3,352,924 5,418,529 38 ,460 661 104 ,922 8,925 

. Florida and Georgia___---.. 572,524 _-.__-.---. | 17,205. 111 45 ,097 14 ,628 
North Carolina__..______--- (4) woe nee eee eee ee eee ee------------ =—100, 907 35 ,427 
South Carolina_._...._...-.-.__------.--._--.-----.-------------------- 69 ,649 © 16 ,567 
Virginia and West Virginia__ 1,665,501 2,221,870 186 ,985 4,133 387 ,509 128 ,688 

Total: 
1965_._...._....--_- 5,590,949 7,640,399 242 ,650 4,905 708 ,084 204 ,235 
1964_____.._._.__..__ 5.398,889 7,931,841 129 ,778 6 ,382 618 ,980 192 ,850 

East South Central: 
Alabama. ....._._____-.... 2,145,812 3,038,244 117 ,787 154 974 ,162 735 ,340 
Kentucky, Mississippi, Ten- 

nessee.__.-_--_-------- 1,560,972 1,695,237 28 ,607 2,379 602 ,580 207 ,279 

Total: | 
1965_._.........---. 3,706,784 4.733 ,481 146 ,394 2,533 1,576,742 942 ,619 
1964___.__._....___. 3,427,341 4,233 ,537 125,649 2,091 1,566,889 998 ,068 

West South Central: 
Arkansas, Louisiana, Okla- 

homa____.--_--_-.------ (5) weep ee nee ee 69 ,316 910 56 ,231 11,577 
Texas.___._....._...-..--. 1,886,690 1,331,144 119 ,533 860 476 ,377 54,739 

Total: 
1965__...._.._---.-- 1,886,690 1,331,144 188 ,849 1,770 532 ,608 66 ,316 
1964____._..._....-. 1,635,196 1,268,739 173 ,512 2,139 483 ,385 74 ,082 

| See footnotes at end of table.
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Table 6.—Consumption of iron and steel scrap and pig iron by districts and States, 
| by type of manufacturers in 1965—Continued 

(Short tons) . 

, Steel ingots and Steel castings 2 Iron foundries and 
. . castings ! . miscellaneous users 

District and State ees Eee eS. SFSFsSSSE¢F€Ztf EEE SS _ M»=Wd$FéueD,SsS=sMN)#M=#eeN™WvV€W EE,» RE Bee 

. Scrap Pig iron Scrap Pigiron Scrap Pig iron . 

Rocky Mountain: i | 
- Arizona, Colorado, Idaho, a 

Montana, Nevada, Utah. 1,766,829 2,650,460 96 ,886 1.479 192 ,699 5,163 

Total: 
1965___..._.._..--_. 1,766,829 2,650,460 96 ,886 1,479 192 ,699 5,163 . 
1964___._______..___ 1,673,966 2,503 ,897 98 ,246 1,307 196 ,912 4,864 — 

Pacific Coast: ~ 
California and Hawaii_-.._._ 2,350,910 2,236,237 135 ,019 2,625 377 ,014 79 ,958 
Oregon and Washington_.... 636,475 71,214 94 ,009 1,551 38 ,897 1 ,662 

Total: oe . — - 
1965____._-..__...__._ 2,987,385 2,307,451 229 ,028 ~ 4,176 415,911 81 ,620 
1964______..__._____ 2,619,960 2,208,714 228 ,304 - 4,160 398 ,694 84 ,650 

U.S. total: . 
1965. _.:..........-.71,418,492 84,338,818 3,796,509 188 ,251 15,144,334 4,417,663 
1964.22.22. 2-67 ,271,284 82,028,321 3,527,050 192 ,022 13,827,330 4,161,356 

- 1 Includes only those castings made by companies producing steel ingots. . | | . 
-2 Excludes companies that, produce both steel ingots and steel castings. . 
5. Minnesota included with Missouri in Type 1. a 
4 North Carolina included with Florida and Georgia in Type 1. 

. 5 Oklahoma included with Texas in Type 1- | . .
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Table 7.—Consumption of iron and steel scrap and pig iron in open-hearth furnaces in 
the United States in 1965, by districts and States 7 | 

(Short tons) a a . 

. District and State . Scrap Pigiron |. Total 

-. New England and Middle Atlantic: a . oO - . 

New York and Rhode Island___-.....---------------- | 1,986,249 2 ,848 ,009 4 ,834 ,258 

Pennsylvania... .-------------------------------+--- 10,716 ,540 16 ,198 ,662 26 ,915 ,202 

Total: — I 
1965_____.________--o eee ----ee---- ©: 12,702,789 19 ,046 ,671 31,749 ,460 

. 1964. ___._----------------------------------, 12 533 ,253 20 ,443 ,885 32 ,977 ,138 

East North Central: . . 

. Wllinois.._...--..---------------------------------- 3 ,940 ,072 4,593,707 - 8,533,779 

Indiana_...._____-------------------------------+-- 8 ,415 ,782 10,474,464 . 18,890,246 

Michigan and Wisconsin ....-----=----------------- 1 ,344 ,218 1,045,119 2 ,389 ,337 

Ohio___....--.------------------------------------ 7 429 ,534 11,269,531 18,699,065 | 

Total: . - | oo a - . 

1965_._..._.___------------------------------ =. 21, 129,606 27 ,382 ,821 48 ,512 ,427 

1964__-_-.---------------------------------- 21 ,737 ,113 29 ,338 ,817 51 ,075 ,930 

West North Central: " 

‘Minnesota and Missouri__..._.---------------------- 331 ,939 - 497 ,276 829 ,215 

~ Total: | | . ae 

1965_..___._.-_-_--__------------------+------ 331 ,939 . 497 ,276 829 ,215 7 

| 1964____.________---.-.---------------------- 346 ,338 478 ,286 824 ,624° 

South Atlantic: | | | . | 
Delaware, Maryland, West Virginia.-...-------------- 4,519 ,267 7 ,637 ,984 12 ,157 ,251 

* Total: . 

. 1965_.__..-___-__._----.--1----------------- 4,519,267 7,637,984 12 ,157 ,251 

1964_______...---_..------------------------ 4,481,465 — 7,930,031 12 ,411 ,496 

East and West South Central: | . SO 

Alabama, Kentucky, Texas. -_-.--.-------------------- 2,774,776 4 ,280 ,413 7,055 ,189 

Total: 
1965____.____.__---.----.-------------------- 2,774,776  °4,280,413 © 7,055,189 

1964__._______._-_----.-_---------------+------- 2 , 764 ,624 4,403 ,005 7,167 ,629 

Rocky Mountain and Pacific Coast: | 
California, Colorado, Utah...._..-------------------- 2 ,266 ,565 2 ,637 ,654 4,904 ,219 

Total: . 

. 1965_______------_-----------1-------------- 2 ,266 ,565 2 ,637 ,654 4,904 ,219 

1964______.--.------------------------------ 2 ,018 ,588 2,612 ,227 + 4,630,815 

USS. total: 
1965___..__.___-__------ eee en eee eee --------- «= 48, 724, 942 61 ,482 ,819 105 ,207 ,761 

1964___._._._______-.------------------------ 438,881,381 65 ,206 ,251 109 ,087 ,632 

nn
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. _ Table 8.—Consumption of iron and steel scrap and pig iron in electric steel furnaces 
| Ce in the United States in 1965, by districts and States a 

| . ~* (Short tons) 

District and State ‘Scrap Pigiron Total 

New England: — : . - 
Connecticut and New Hampshire___..__...----------- 84 ,839 3,699 88 ,538 

| _.  Massachusetts___....--------..-------------------- 7,787 1,208 8,995 

| Total: = | | 
. 1965._.....-.-----.--2 ee +--+ ---- . 92,626 4 ,907 97 ,533 

+ :1964___._.---------------------------------- 81 ,672 2 ,333 84,005 

| Middle Atlantic: 9 i | | | | 
New Jersey_.......-----------_-_------------------ 227 ,810 1,978 229 ,788 
New York_____-_.-_-2- eee 310,776 6,367 317 ,143 
Pennsylvania -_..-.------------------------------- 3,308 ,210 72,729 3,380 ,939 

_ ‘Total: oe . oS 
1965_.__-.-.-..--._-.----- e+ +--+ ee. 3 ,846 ,796 81 ,074 3,927 ,870 
1964... 2-2 eee _-----------. . 3,288,030 56,715 3,344,745 

| East North Central: : a ] 
. MMlinois.....--- 2-2 eee eee -----------. 2,458,596 35 ,419 2,494,015 
Indiana_____...- 2-2 eee 170,801 4,946 175 ,747 
Michigan_._____.__-__._----__ eee eee 620 ,094 30,147 650 , 241 

. QOhio______--.----.-----_ 2 ieee 2,973,718 40 ,979 3,014 ,697 
Wisconsin. _-_....--.----.-- 22 --- eee ee 264 ,645 4,664 — 269,309 

- Total: | 
1965___....-.--...-- 22-2 6 ,487 854. 116,155 6 ,604 ,009 
1964__..-- 2 ee eee 5,925 ,070 107 ,442 6 ,032 ,512 ; 

West North Central: | | Do 
Towa, Kansas, Nebraska....___.__-_____-------------- 165,619 1,035 166 ,654 

. - Minnesota and Missouri--..----~-------------------- 976 ,485 2,463 — 978 ,948 

: Total: | | : Se 7 | 
; 1965...---------------------------- He ---- 1,142,104 3,498 1,145,602 

1964__...-.-.---.------------ + ----------- 1 ,063 ,451 7,142 ~~ 1,070,593 

South Atlantic: EEE 
Delaware and Maryland__.-___.-----_--------------- 123 ,398 1,742 125,140 

. Florida, Georgia, North Carolina_.-___._.._______---- - §86,042 219 586 ,261 
Virginia and West Virginia____2________-____---_---- 335 ,413 300 — 335,713 . 

Total: | 
1965.__.--.. 2-2-2 eee 1 ,044 ,853 2,261 1 ,047 ,114 
1964___._.- ee 786 ,887 2,741 789 ,628 

East South Central: - _ 7 
Alabama_____._.-.--_---_----- eee 661,926 | 48 ,557 710,483 
Kentucky, Mississippi, Tennessee___._____.____._____. 574 ,757 502 _ 875,259 

. Total: | 
1965._._..-_-.---- 2-2 eee 1 ,236 ,683 49 ,059 — 1 ,285 ,742 
1964_..22 2-22 eee 1,179 ,940 51,163 1,231,103 

West South Central: 
Arkansas, Louisiana, Oklahoma_______________.-___-- 236 , 582 3,058 239 ,640 
Texas......-.------ eee ee 738 ,017 15 ,943 753 ,960 

Total: 
1965_____---------- eee 974 ,599 19,001 993 ,600 
1964_____.-. 2 eee 792 178 - 32,473 | 824 ,651 

Rocky Mountain: 
Arizona, Colorado, Nevada, Utah__.________-__-_---- 194 ,962 869 195 ,831 

Total: | 
1965__-....----- eee ee 194 ,962 869 195 ,831 
1964. _- 2 eee 187 ,766 717 188 ,483 

Pacific Coast: 
California and Hawaii__.._______.._..______.--__-.-- 945 ,289 37 ,322 982 ,611 
Oregon and Washington_._________________________-- 727 ,931 72 ,499 800 ,430 

Total: 
1965_._.-_.----- 2 eee 1 ,673 ,220 109 ,821 1,783 ,041 
1964_____. 22-2 1,556 ,958 64 ,394 1 ,621 ,352 

US. total: 
1965____.- eee 16 ,693 ,697 386 ,645 17 ,080 ,342 
1964__ 22 eee ----- =. 14,861,952 325,120 15,187 ,O72 

1 Includes small quantities of scrap and pig iron consumed in crucible furnaces and vacuum melting.
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Table 9.—Consumption of iron and steel scrap and pig iron in cupola furnaces in the 
United States in 1965, by districts and States a 

(Short tons) . 

—_————— ~ ~ —— 7 . 

District and State Scrap Pig iron Total | 

a 

New England: . — 

Connecticut... ...---------------------------------- — 68,655 — 21,993 90 ,648 
Maine and New Hampshire_.__---..----------------- 6 ,532 430 6 ,962 
Massachusetts. .._..-___--------------------------- 193 ,811 55,038 248 ,849 

Rhode Island_.___-_-_----------------------------- 52 ,223 12 ,822 65 ,045 
Vermont____.__----------------~------------------- 25 ,072 6 ,607 31,679 

Total: Se - 

1965___------------------------------------- | 346,293 96 ,890 443 ,183 
| . 1964___.-_.--------------------------------- 322 ,603 98 ,996 421 ,599 

Middle Atlantic: . ee 
New Jersey._...__-..---------------------+--------- 417 ,766 52,541 470 ,307 

~ New York.______---------------------------------- 676 ,848 . 188,289. 865 ,137 

Pennsylvania_.___....----------------------------- 650 ,939 194 ,966 , 845 ,905 

- Total: 7 : | ; ] 
a 1965___.._-_ 1. ---ee---- + e 1,745 ,553 435 ,796 2,181 ,349 

1964_________________ ue e+ 1 ,654 ,241 448 ,365 2,102 ,606 

| East North Central: i 
Illinois. _._._..-...------------------.-------------- 1,203 ,230 195 ,763 1 ,398 ,993 

Indiana_______--------------------------+=-------- 728,951 231,157 960 ,108 | 
Michigan --.-_------------------------------------- 4,142 ,476 761 ,956 4,904 ,432 

Ohio. _...----------------------------------------- 2 ,044 ,371 353 ,513 2 ,397 ,884 

Wisconsin. ._._._.____-_-_.-------------------------- 651 ,920 162 ,179 814 ,099 

Total: 
1965___.____-__.-_-__------------------------ 8,770 ,948 1,704,568 10 ,475 ,516 

a 1964___________.___------------------------- 7,691,884 1,556 ,602 9 ,248 ,486 

West North Central: -_ 

lowa__---_--------------------------------+------- 424 ,928 74,492 499 ,420 

Kansas and Nebraska_____..------------------------ 44 ,992 5,201 50,193 

Minnesota_.__._.---------------------------------- 146 ,540 48 ,538 195 ,078 

Missouri--.~_------------------------------------- 98 ,472 29 ,229 127 ,701 

Total: . 
1965____...---.-------------------~--------- 714 ,932 157 ,460 872 ,392 SO, 

1964_____-_.__-._.---1---~ +--+ -- 652 ,552 158 ,772 811 ,324 

South Atlantic: | 
~Maryland_._-------------------------------------- 126 ,504 10 ,296 136 ,800 . 

Florida____.-.--------------------------------+------ 12,264 —. 4,056 16 ,320 

Georgia... -.--------------------------------------- 31 ,406 10 ,572 41 ,978 

North Carolina_-_-...-.---------------------------- 100 ,700 35,319 136 ,019 

South Carolina__.____--..-------------------------- 52 ,952 16 ,567 69 ,519 

Virginia .__.-.------.------------------------------ 342,715 112 ,698 ' 455,413 

West Virginia__..__..._.---------------------------- 8 ,699 13,116 21,809 

Total: 
1965______.....----------------------------- 675 ,240 202 ,618 877 ,858 

1964___.-.---------------------------------- 595,395 191 ,456 786 ,851 

East South Central: 
Alabama_._._.-_----------------------------------- 887 ,944 741 ,072 1 ,629 ,016 

Kentucky_._--..---------------------------------- 201 ,187 50,401 . 251 , 588 

Tennessee_._.------------------------------------- 343 ,028 158,755 501 ,783 

Total: 
1965_______.----------..--------------------- 1 ,432 ,159 - 950,228 2 ,382 ,387 

1964___.-_--------------- ------------------ 1,430,668 1,004 ,833 2 ,435 ,501 

West South Central: | 
Louisiana and Oklahoma_.----..--------------------- 52,931 9 ,429 62 ,360 

Texas...___--_------------------------ + eee 453 ,578 79 .676 533 ,254 

Total: 
1965___._.____-------------------------------- 506 ,509 89,105 595 ,614 

1964___.__..__.--_.-------------------------- 481 ,556 127 ,092 608 ,648 

Rocky Mountain: 
Colorado, Montana, Utah._...-.-------------------- 167 ,607 39 ,560 207 , 167 

Total: . 

1965___.-..--------------------------------- 167 ,607 39 ,560 207 ,167 

1964___._..._._..--.------------------------ 175 ,444 35 ,069 210,513 
oEooEoNOoEOEOEoeETEoEoemTEeeoe———e——Eeeeeeeee
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Table 9.—Consumption of iron and steel scrap and pig iron in cupola furnaces in the © 
United States in 1965, by districts and States—Continued | 

. (Short tons) | . 

District and State Scrap Pig iron ~ Total | . 

Pacific Coast: 
- California. _.._----.-----_.------_------------------ 391,135 78,738 = 469,873 

. Oregon and Washington________..__-_--__---------_-- 30,735 _ 1,928 . 32 ,663 

‘Total: | | . 
1965____ eee eee 421 ,870 80,666 | 502 ,536 © 

| 1964__-__._.-.-__._----__----- +e -- 403,100 83,298 — 486 ,398 

US. total: . “4, oe 
1965__._--- 2.22 =): 14,781,111 3,756,891 18 ,538 ,002 

_  1964__.----- eee 13 ,407 ,443° 3,704 ,483 17 ,111 ,926 

‘Table 10.—Consumption of iron and steel scrap and pig iron in air furnaces in the 
a United States in 1965, by districts and States | 

- — (Short tons) _ . eS , 

| District and State Scrap | Pig iron Total i 

| New England: | . — 
Connecticut__-.....-._--.---- - ee ee 35 ,602 7,001 42 ,603 

- Massachusetts, New Hampshire, Rhode Island_--_-_-_-_-_-_- 16,673 5,136 21,809 

Total: | . 
1965__._..--.-.-- eee 52 ,275 12,137 64,412 

. 1964_.._.-- eee 50,391 10,936 61 ,327 

Middle Atlantic: . 
New Jersey and New York_____.______-_______-_____ 31,196 11 ,053 42 ,249- 
Pennsylvania._.._.._..____-----_-_----- ee 215 ,843 40 ,421 256 , 264 

Total: | . Se 
1965__-- 2 eee 247 ,039 51,474 298 ,513 

, 1964___..---- 2-2 eee 215,193 49 ,638 264,831 

East North Central: 
Illinois... eee 281 ,259 . 12,368 293 ,627 

; _ Indiana_______ 2 - 2 eee eee 78 ,743 10,825 89 ,568 
Michigan. _____....__-_-___- eee 236 ,616 1 ,674 238 ,290 

~, Ohio... ee eee 414 ,642 43 ,200° - 457 ,842 
| Wisconsin -__._...---.----------------------------- 130 ,366 - 29 ,405 _ 159,771 

| Total: : ee 
1965____-.-.---- ~~ eee 1,141 ,626 97 ,472 1 ,239 ,098 
1964_______. 2 eee 1,085 ,289 94 ,836 1,180,125 

West North Central: , i | 
Towa, Minnesota, Missouri_______.._.-.._--_________ 14,756 4,230 . 18 ,986 

Total: 
1965.._.._._---_-_------_- eee 14,756 4,230 18 ,986 
1964_..___-_ ee eee 10 ,053 6 ,652 16,705 

South Atlantic: _— 
West Virginia_._____._._- 2-2 eee 17 ,131 6 ,676 23 ,807 

Total: 
1965__..._--__---- eee 17 ,131 6,676 23 ,807 
1964___--__ eee 15 ,024 6,845 21,869 

East and West South Central: 
Alabama and Texas_________._-_-___-___--_____ ee 75,174 983 76,157 

Total: 
1965... eee eee 75,174 983 76,157 
1964... eee 62 ,779 919 63 ,698 

Pacific Coast: 
Total: 
 1965_.-. 2-22-22 eee ee eee e 

1964___--.-.-- eee 2 ,323 131 2 ,454 

U.S. total: 
1965__.-...-..------------ ~~ eee 1,548 ,001 172,972 1,720 ,973 
1964__.--- 2 eee 1 ,441 ,052 169 ,957 1,611,009
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_ Table 11.—Consumption of iron and steel Table 12.—Consumption of iron and steel — . 
_ scrap in blast furnaces in the United States scrap for miscellaneous uses in the United - 

in 1965, by districts and States | States in 1965, by districts and States | 
(Thousand short tons) . (Short tons) a a 

| ' District and State | Scrap District and State — | Scrap 

- Middle Atlantic: — | New England and Middle Atlantic: | 
New York_.-_--.-.---------------- 347 ~ New York__- 2-22 eee ee. |) «16,761 a 
‘Pennsylvania_---...-------.2------- 1,234 New Jersey_.----------------=----- 26,0238 . 

/ . _ Pennsylvania... .-.22----- + ee 1,601 7 
Total: : . , , ; , —_—— . 

1965_..--------------------- 1,581 Total: . 
1964....-._...-...--.------- 1,505 ~1965_.._--..------..--------- 44,385 : 

—= 1964___..-..--2-- Le -.-. 60,835 : 
East and West North Central: : == 

Mllinois. 2-22-22 eee ee 645 East North Central: . 
Indiana____-_ 22. eee 191 Illinois, Indiana, Michigan.._......_. 50,552 
Michigan and Minnesota___.___-..--: 310 — Ohio___-_._-2- + eee eee. = 8, 278 

. ~  - Ohio. _-.- ee eee.) 578 —_—_—_—— 
- Total: | —__——_ Total: . 

1965__.-._-.- 2-2 ee eee. = 2,719 1965___..--..---..---.-...-. 53,825 
1964_____.-.---------------- 2 , 559 1964_____._..--..-..-....... 38,634 

South Atlantic, East and West South . West North Central: | | 
- Central: oO . Minnesota and Missouri._......-.... 10,731 

Alabama... 2-2 ee 192 ———__—_—_ a 
Kentucky, Maryland, Texas, West - Total: 
Virginia. __. ~~~ eee 376 1965__._..-.----.--.-.-.-.-. 10,731 

. —_——_——- 1964___....----_.--.-.--..-.-. 13,055 
Total: oe =——_—_——-S—t— 

. 1965__..----------.---------- 568 South Atlantic: . - 
1964___.-._-...--.---------- 535 Florida, Georgia, Virginia...-.------- 7,045 

Rocky Mountain: . | _ Total: - a oo 
Colorado and Utah.___...__-__--_-- . 186 1965___..------------------- 7,045 

: -_-— ~~ 1964__________.-_-_-.--__--.. 5,552 | 
Total: . a —_—_ 

1965... ------- 186 East and West South Central: . 
1964____.___---_------_----- 217 | _ Alabama and Texas-_------~.-------- 1,893 . a 

| U.S. total: ~ Total: ood | 
: 1965__...-..----..--..---.-. 5,054 — 1965. .-----L eee ~ «1,893 

- 1964____.__..-----.----.-.-. 4,816 | 1964_________._-_-..-.-.-... 24,803 

~ Rocky Mountain: - 
a . : Arizona, Idaho, Montana, Utah...-.. 43,996 

| OS , Total: | . 
| | -"1965____._.-_--------------- 48,996 

1964_____._.____..._._._.._.. 37,368 

Pacific Coast: . 
California and Washington-_-_-_------ 29,710 

Total: | 
1965... .----- eee «629,710 
1964___._..-._._.._-__.._-... 21,587 

U.S. total 
1965____--_-.-----.-..--.---. 191,585 
1964______.___.__.-_._..-_-- 201,834 

Table 13.—Consumption of iron and steel scrap by type of manufacturers 
by grades, in 1965 
(Thousand short tons) 

| Steel ingots Iron foundries 
Grades of scrap and castings Steel castings and miscel- 

laneous users 

Steel scrap, excludes rerolling rails: 
Carbon_-__._..-__------~-_- eee 61 ,417 3,211 5,147 . 
Alloy, excludes stainless__._._____._._._.__-.-- 3,036 165 153 
Stainless___.._..-..-...--.-.---------.-.---- 785 32 23 

Cast iron, includes borings. _.._............__-_---- 6,180 389 9,821 

Total: . 
1965__.___.._--_. eee 71,418 3,797 15,144 
1964__.._._.-__. 2 eee ® 67 ,271 3,527 13 ,827 

® Revised.
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Table 14.—Consumption of iron and steel scrap, by grades, by districts and States, | 
, | i : in 1965 | 

. (Short tons) . 

- Carbon steel Alloysteel Cast iron 
District and State (excludes re- (excludes Stainless steel (includes 

| rolling rails) stainless) - borings) 

New England: . - ne 
. Connecticut___...-----.--.--.---+--=-- 90 ,015 7 ,883 28,900 61,058 
Maine and New Hampshire-..--------- 3,844 __._-_.-.---------1---------- 9 ,255 
Massachusetts.....--.-..------------ 41,358 __.__-.------.-- (1) 162 ,440 
Rhode Island___-..-..---------------- 56 ,407 4,054 _..------_---. 57 ,436 | 

- Vermont._...--.-..----------------- 4,419 ___._-_-- e+ --- 20 ,653 

Total: | , 
1965___-_-___------------------- 196 ,043 11 ,937 28 ,900 310,842 
1964____._...----------------- 190 ,505 11,897 28,720 285 ,757 

Middle Atlantic: - 
New Jersey___-.--------------------- 365,911 11,390 3,630 357 ,965 
New York____._--.------------------ 3,311,507 101,301 . 79 ,457 718 ,631 
Pennsylvania-_..-.-..--.------------- 13 ,371 ,156 1,613,190 404 ,983 2 344 ,529 © 

Total: 7 
1965_._.-.__...-.-.-_---_---.-.. 17,048,574 1,725 ,881 488 ,070 3,421,125 

. 1964_._._....-_---.----------- 15 ,764 ,337 1,502 ,160 441 ,619 3,070 ,500 

East North Central: . | 
Illinois__.......--.--------------<--- 7,220,114 213 ,305 40,594 1,760,265 
Indiana__.._-..-.-.-.-.------------- 8 ,455 ,423 119 ,244 19 ,953 1,036 ,109 
Michigan._._..-----.-.-------------. | 5,778,291 33 ,783 89 ,165 8 ,072 ,676 
Ohio____-.---__.----_-----__..--..-. 12,025,042 910,109 91,096 2,494 ,019 
Wisconsin__.___._---.-----_--.------ 581 ,524 5,084 3,735 511 ,726 

. Total: _ : 
—. 1965_.-_---------------------- 34,060,394 1,281 ,525 244 ,543 8,874,795 

oo 1964__-__--------------------- 32,952,700 1,193,558 290 ,921 7 884 ,317 

| West North Central: a 
Towa_______-_._---.-----.----------- 434 ,674 _.__.-.-..-.-- 225 ,073 
Kansas and Nebraska_______.._-_.--=-- 110,929 _______--_-_.- 1.897 43 ,521 
Minnesota._____._---.--------------- 335 ,500 } 10.508 ’ 148 ,495 
Missouri______.__._-_.-------------- 910 ,646 on 176 ,975 

Total: . 
; , 1965___.._..----------.-------- 1,791 ,749 10,508 1,897 594 ,064 

1964__.__... ------------------- 1 ,636 ,358 . 12,807 2 ,395 -§81 ,412 

South Atlantic: 
Delaware and Maryland._.----.----.-- 3,167,206 25 ,486 63 ,338 240 ,395 

. Florida and Georgia___.-..-...------- 509 ,325 _____________.-.-_---------- 38 ,136 
North Carclina__.....-__-.----------- 94,379 ___.______-_______---------- 93 ,893 
South Carolina..............--.------ 7 ,667 13 ,303 (?) 48 ,560 
Virginia and West Virginia_._..-.----- 1 ,994 ,286 8,951 __-.---------- 236 ,758 

Total: 
1965_---._-_._--_-.--..------- 5,772 ,863 _ 47,740 63 ,338 657 ,742 
1964________...__-_.----------- 5 ,466 ,669 41 ,860 65 ,271 573 ,847 

East South Central: 
Alabama__________--___------.------- 2 ,466 ,354 50 ,476 WwW 720 ,828 
Kentucky, Mississippi, Tennessee..-_.. -- 1 ,659 ,421 80 ,831 WwW 447 ,435 

. Total: 
1965____._-..._-- ----- ee 4,125,775 131 ,307 Ww 1,168 ,263 
1964_____.-_.------_-.-------- 3,735,313 _ 180,794 WwW 1 ,248 ,754 

West South Central: 
Arkansas, Louisiana, Oklahoma__._-_--- 256 ,491 216 __________.-_-- 37 ,889 
Texas... lL. 2-2 eee 1,707 ,032 53 ,268 WwW 551 ,921 

Total: 
1965_______-.--- eee 1,963 ,523 53 ,484 . WwW 589 ,810 
1964________-______--._--._.-.. | ™1,708,047 r 43 ,683 WwW r 544 ,470 

Rocky Mountain: 
Arizona, Colorado, Idaho, Montana, 

Nevada, Utah___.__-___-__-.-_---- 1,792 ,988 45,685 ___-.____._-.-- 217 ,741 

Total: 
1965___..._.-_._-------------- 1,792 ,988 45,685 __._-___..---- 217 ,741 
1964____..___..--.------------ 1 ,658 ,212 48,146 ___________--. 262 ,766 

See footnotes at end of table.
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Table 14.—Consumption of iron and steel scrap, by grades, by districts and States, : | 
| . in 1965—Continued | a | 

. . (Short tons) 

. Carbon steel _—_ Alloy steel Cast iron 
District and State (excludes re- . (excludes Stainless steel (includes. 

. -. rolling rails) stainless) borings) 

: Pacific Coast: . - | | | . | 
: California and Hawaii_.___.--_.-._---- 2,313 , 707 25 ,698 | 2,031 - 521 ,407 

Oregon and Washington-.-._...------- | 709 ,355 19 ,644 5,850 © 34 ,532 . 

Total: } | . 
1965._.--....._.._-.---.__._-- 3,023 , 162 45 ,342 7,881 . 555 ,939 
1964___..--------------------- 2,756 ,068 — 42,776 3 ,863 444 ,251 

U.S. total: 
1965__._-.-_.-_-----_-..-._---. 69,775,071 3 ,353 ,409 — 840,534 - 16 ,390 ,321 

; 1964__..-.- ._---________.__._ 1 65,863,209 r 3,027 ,681 838,700 * 14,896,074 so 

| ‘W Withheld to avoid disclosing individual company confidential data; included in U.S. total. 
1 Data for Massachusetts included in Connecticut. . 
2 Data for South Carolina included in total for Delaware and Maryland. 

| Table 15.—Home scrap produced by source, by type of manufacturers in 1965 - 

. | | . (Thousand short tons) | ; 

. Source of scrap 

. Recircu- Other, Total - 
lating ! Obsolete ? including 

, . | slag 

Manufacturers of steel ingots and castings______-_____ 40 ,802 3,742 2,434 - 46,978 
Manufacturers of steel castings._.___.....------.--- 1,577 7 | 1,585 
Tron foundries and miscellaneous users__...___.----- 6,551 91 8 6,650 

Total: | 
. 1965___....----.._-_---------.-.-----. | 48,930 3 ,840 2 ,443 55,213 

1964________- eee 47 ,058 3 ,346 1,858 52 ,262 

1 Includes home, plant, or recycled iron and steel scrap. , . | 
2 Includes molds, stools, machinery, buildings; excludes rerolling rails. 

Table 16.—Consumers receipts and total consumption of iron and steel scrap, | 
by grades, in 1965 

(Thousand short tons) 

Receipts 
Grades of scrap _t—“‘ié«T COO 

(excludes rerolling rails) . . consump- 
From From Total tion 
dealers others 

Carbon steel: 
Low-phosphorus plate and punchings_._..._-.--..-.---- 2 ,929 696 3 ,625 4,560 
Cut structural and plate____.____...-__------ ~~ eee 1,048 80 1,128 1,268 
Steel car wheels.____._____-_---- ee eee 170 4 174 174 
No. 1 heavy melting__.-._..--___--- ~~ eee 5 ,655 2,108 7,763 30 ,355 
No. 1 and electric furnace bundles____.____-._.-__------ 5,015 1,852 6 ,867 7,131 
No. 2 and all other bundles_______________-_-__---__--- 4,581 547 5,128 5,735 
Turnings and borings_____._._____.._-.---------------- 2,539 162 2,701 2,950 
Slag scrap (Fe content) __.________-_---_-_--------_- eee 367 584 951 3,106 
All other carbon steel______________-______---___-_--_----- 4,177 927 5,104 14,496 

Alloy steel, excludes stainless_________________.._..-_--.---- 436 212 648 3,354 
Stainless steel__.___._._____--___----______-_- eee eee 304 55 359 840 
Cast iron: Borings__.._.___._____---__________._-._.-.---- 780 379 1,159 1,402 

All other cast iron scrap_________-__------------------- 4,396 1 ,236 5 ,632 14,988 

Total: 
1965__... 2 eee 32 ,397 8,842 41 ,239 90 ,359 
1964__________ eee.) 28,521 8,143 36,664 84 ,626
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Table 17.—Iron and steel scrap production, receipts, consumption, consumer stocks, 
: imports and exports | | 

(Thousand short tons) 

Purchased | - 
Year Home scrap scrap received Consumption Stocks - Imports Exports ! 

. produced from dealers Dec. 31 
: and all others 

| 1961__._-.-------- 38,475 27,553 «64,327 8,824 268 9,714 
1962. _..---.------. 40 ,645 27 ,499 * 66,160 8,471 210 5,112 
1963__._._--42---- - 44,655 32,248 74 ,621 - - 7,945 217 - 6,864 . 
1964__.___-.------ 52 ,262 36 ,664 84 ,626 ¥ 7,427 282 ° 7,898 

. 1965_.------------. 55,213 41 ,239 90 ,359 8 ,085 212 6 ,249 

® Revised. | 
| 1 Includes tinplate scrap. . 

| STOCKS : | 
| Consumers’ stocks of all grades of scrap, end of April and highest at the end of 

7 except cast iron, were higher than in 1964. June. The average daily consumption rate 
Scrap stocks were lowest at the end of for scrap was 248,000 tons per day, 7 per- 
March and highest at the end of Decem- cent more than in 1964. - | 

| ber. Pig iron stocks were lowest at the : |
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Figure 1.—Metallics consumed—Total iron and steel scrap plus pig iron; Steelmaking 
metallics—Total iron and steel scrap plus pig iron consumed in steelmaking furnaces; 
Steel production—Steel ingot production (AISI) ; Receipts—Receipts of purchased scrap 
by consumers.
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| | Table 18.—Consumer stocks of iron and steel scrap and pig iron Dec. 31, in the — 
| : United States, by districts and States | 7 | : 

. 7 (Short tons) 

| | | 1964 1965 | 
. District and State ne 

Scrap Pig iron Scrap Pig iron 

New England: 
Connecticut. ..__._-_-..---___. 2 __ Le 15,020 4 ,066 19 ,134 4,134 
Maine and New Hampshire____________ 773 204 1 ,844 - 387 
Massachusetts. __.___..______._______ 13 ,633 6,784 - 16,230 8,149 

' Rhode Island___..-.-.---____._______ 13 ,251 4,870 14,355 6,955 
Vermont._.._..--.-----_--_--__ ee 1,630 416 1,575 566 

| 0 Total... 2222222222222 2-2-2 44,307 16,340 53 ,138 20,191 
Middle Atlantic: | 

New Jersey__.-......-----..--------. 78 ,038 21,843 85 ,265 12 ,766 
New York._______-___-_.____-_.____-_ 683 ,801 334 ,793 - 629 ,812 321 ,346 

: Pennsylvania. ._-..-.---------------.  * 1,451,044 F 490 ,099 1 ,689 ,993 445 ,088 

Total_...._.--_----------------.-. * 2,212,883 ™ $46,735 2,405,070 779 ,200 

East North Central: . . 
Illinois.-..-- 2 eee 866 ,288 289 , 568 803 ,183 180 ,368 
Indiana_.__-___.-.-- ~~~ 886 ,358 .99 ,380 711,865 106 ,275 
Michigan.._._._.._-_______________. 388 ,334 172 ,145 386 ,845 219,281 
Ohio____._---.-- 2 ee 962 ,397 388 , 984 850 ,489 424 ,679 
Wisconsin_...-.._._.-____..-____-___ 56,939 . 27 ,261 56,202 . 29 ,335 

Total. ..-..---- 2 ee 3,160,316 977 ,338 2,808 ,584 959 ,938 

West North Central: . 
Towa..-..---.2- 2-2 47 ,944 5,185 66 ,411 7,972 

_ Kansas and Nebraska______._.___.____ 8,776 826 9 ,660 1,114 
. Minnesota_.__--._ 22-2 55 ,989 28 ,525 72 ,450 45 ,058 

Missouri____-.-....--__-._._--______ 131,517 11,081 166 ,272 3 ,967 

Total... -- 2-222 eee 244 ,226 45,617 314,793 58,111 

. South Atlantic: . 
Delaware and Maryland_.___-._.._____ 224 ,738 45,573 232 ,994 40 ,440 
Florida and Georgia. .__...._.-___..__ 51 ,804 2 ,056 73 ,218 2 ,637 
North Carolina___.--....-.--.-.-.---.—-«:118 084 1,851 8,273 797 | 
South Carolina_________-___.___ Le. 2,922 2 ,696 § ,629 2,601 

- Virginia and West Virginia_____..____: 158,360 43 ,904 111,277 27,273 

Total. ..--_----------- 2 eee 450 ,858 96 ,080 431 ,391 73 , 748 

East South Central: | 
Alabama. ____.-----_ ee 259 ,466 291 ,330 343 , 767 254 ,385 
Kentucky, Mississippi, Tennessee__-_____ 185 ,674 18,491 265 , 543 22 ,429 

. Total. ..-2- 22 ee 445,140 309,821 . 609 ,310 276 ,814 

West South Central: . 
Arkansas, Louisiana, Oklahoma.._______ 16,859 1,405 52 ,064 1,779 
Texas.._-.-.-.---.------------------ 139 ,909 37 ,875 185 ,283 37 ,545 

— Total... eee 156 ,768 . 39,280 237 ,347 39 ,324 

Rocky Mountain: 
Arizona, Colorado, Idaho, Montana, 

Nevada, Utah_________._.________ _ 220,505 82 ,322 304 ,051 84 ,758 

Total__---.---_------------ 2 eee 220 ,505 82 ,322 304,051 _ 84,758 

Pacific Coast: 
California and Hawaii_..-___._._______ 360,138 45,868 327 ,918 25 ,491 
Oregon and Washington-_.____._._____- 132 ,266 4,542 146 ,054 11 ,386 

Total__._____._-___-.-_-_-___-_-_-- 492 404 50,410 473 ,972 36 877 

U.S. total. _.-2-------------------. "7,427,407  * 2,463,943 7 ,637 ,656 2 ,328 ,961 
eee 

T Revised.
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Table 19.—Consumer stocks of iron and steel scrap, by grades, by districts and States, 
| Dec. 31, 1965 

(Short tons) 
es 

. ‘Carbon steel Alloy steel Stainless Cast iron 
District and State (excludes (excludes steel (includes 

| rerolling rails) stainless) borings) 
a 

New England: . 
Connecticut___._--.--------.-------- 6,424 - 11,282 23,059 8,616 

Maine and New Hampshire--..-..------ 291 ____-_---.-------- +e 1,553 
Massachusetts..._...---------------- §,947 __...-----.---- (?) 10,211 . 
Rhode Island______....-------------- 10,703 (4) wane ne ee een ne 3,477 
Vermont- -.---------=--------------- | §42 ___-..-.--------------------- 1,033 

Total: 
1965__._._-__._-.----.--------. | 23,907 . 1 ,282 © 3,059 24,890 
1964._____..------------------ 21,130 834 1,897 20 ,446 

' Middle Atlantic: 
New Jersey_....___..---------------- | 45 ,835 3,870 303 35 ,257 

New York____...--..-----.---------- 421,119 -11,705 34 ,286 162 ,702 . 

Pennsylvania__...------.------------ 1,195,140 (176 ,055 _ ° 41,125 277 ,673 

. Total: | oO . a . 

1965______.___...------------- 1 ,662 ,094 191 ,630 75,714 475 ,632 
1964__________-_--_____-..---. 71,503,572 - 184,239 64 ,057 461,015 | 

East North Central: . . 
Illinois_____._____--...-.-.-_.------- 589,729 27 ,808 7,051 178 ,595 
Indiana__-....---.------------------ 538 ,251 12 ,795 3,214 157 ,605 
Michigan__.__...__.._.-.--._-------- 277 , 284 3,942 10,601 95 ,018 
Ohio._-_____----__-----_------------ 636 ,065 67 ,511 16 ,477 130 ,436 
Wisconsin. _..._..------------------- | 36 ,462 54 155 19 ,531 

Total: . 

1965___......----.-------.---- 2,077 ,791 112,110 37 ,498 581,185 
1964_____.--_.-...-.---------- 2,217 ,234 95 ,520 25 ,879 821 ,683 | 

West North Central: 
Tlowa__.___.------------------------- 57 3826 _.---.-------- 8 ,885 

Kansas and Nebraska. ._...----------- 7,191 ..-.-.-.-.---- 262 2 ,469 

Minnesota_...-.--------------------- 56 ,671 } 1.441 7 15 ,047 

. Missouri. ...-....-..---------------- 129 ,320 ’ 36,181 
ES 

Total: . 
1965_____._...-.------.-...--- 250 ,508 1,441 262 62 ,582 
1964________._...----------.-.- 175,009 1,789 284 67 ,144 

rr ———————— 

South Atlantic: | 

Delaware and Maryland.-_.-._.-------- 150 ,184 4,120 $10,850 68 ,031 

Florida and Georgia___....-.--------- 70,253 _....--------.-------------- 2,965 

North Carolina._........--.---------- 6,271 ___.._..-------------------- 2,002 

South Carolina_..._....-..----------- 1,265 2,498 (3) 1,675 

Virginia and West Virginia. ._.-------- 100 ,164 820 ______._---.-- 10 ,293 
er PP EP A SLC 

Total: 
1965_____--_-___..------------ 328 ,137 7,438 10,850 84 ,966 

1964_____.____-_____..-------.- 399 ,906 5 ,284 8,171 37 ,497 
eee 

East South Central: 
Alabama. .____-_._-_--_--..---------- 289 ,128 } 58.169 WwW 54 ,429 

Kentucky, Mississippi, Tennessee ----- - - 181 ,180 ’ WwW 23 ,494 
a a 

Total: 
1965___.__.-_--.-------------- 470 ,308 58,169 2,910 77 ,923 
1964______..____._..---------- 338 ,837 24 ,920 Ww 79 ,208 

———————eeeeeeeeEoeoEoe—ooEoo——eee————e———eeeeeeee 

West South Central: 
Arkansas, Louisiana, Oklahoma. - ----.-- 49 ,743 __..-.-----.---------------- 2 ,321 

Texas________---__------------------ 146 ,536 6 ,649 Ww 31 ,929 

Total: 
1965_.__-_..------------------ 196 ,279 6,649 WwW 34 ,250 

1964___...._.----.------------ 122 ,755 9 ,243 “W 24 ,662 
ON 

Rocky Mountain: 
Arizona, Colorado, Idaho, Montana, 

Nevada, Utah.....--_.-.------_-- 178,114 9,080 _.....---.--.- 116 ,907 
Sc 

Total: 
1965_..-------..-.---.-------- 178 ,114 9,030 __.._---.----- 116 ,907 
1964__..-..-------.-------- ee; 172 ,254 4,666 ..-...-.--.--- 43 ,585 

—————eeeEooeeeee—ee———eeee 

See footnotes at end of table
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| Table 19.—Consumer stocks of iron and steel scrap, by grades, by districts and States, 
Dec. 31, 1965—Continued — , | , 

(Short tons) 

. . Carbon steel Alloy steel Stainless Cast iron 
District and State (excludes (excludes _ steel (includes 

rerolling rails) stainless) borings) 
meee 

Pacific Coast: . 
California and Hawaii..._._.__________ 231,710 1,460 446 94 ,302 
Oregon and Washington_______________ 140 ,530 719 740 4,065 

Total: | } a | 
1965____-. 22 372 ,240 ' 2,179 1,186 98 ,367 
1964____.-- 2-22 370 ,885 2,871 657 117 ,991 

U.S. total: : oe 1965. .-.---.-------------_-_-- 5,559 ,378 389 ,928 131 ,648 1,556 , 702 
. 1964___-.--- 22 - eee __-_-_. )=6. 5,321, 582 329 ,366 103 ,228 1,673 ,231 

. 
meena 

ae ” 
. . . . 

- T Revised. — . 
W Withheld to avoid disclosing individual company confidential data. 

. ~ 1 Data for Connecticut includes Rhode Island. . — 
/ 2 Data for Connecticut includes Massachusetts. . 

eo * Data for Delaware and Maryland includes South Carolina. 

. Table 20.—Consumers stocks, production, receipts, consumption, and shipments of 
7 | iron and steel scrap, by grades, in 1965 , | 

. (Thousand short tons) | 
eee 

. Receipts . 
Stocks Home from Total Stocks ! 
Jan. 1° scrap dealers consump- Shipments Dec. 31 

produced and all tion 
— others 

eee 

Steel scrap, excludes rerolling rails: . 
Carbon._______-.-__--_-__ 5 ,322 40 ,848 33 ,441 69 ,775 3,786 — 6,050 
Alloy, excludes stainless._._.__.____ 330 2 ,871 648 3,354 117 378 

_ Stainless... 103 549 359 840 39 132 
Cast iron, includes borings____._______. 1,672 10 ,945 6,791 16 ,390 1,493 1,525 

Total_-....----------------.-. 7,427 55,218 = 41,239 =: 90.359 5,435 8,085 . 

T Revised. 
_ 2 Will not agree with tables 19 and 21 because of last minute corrections from industry of reported 
receipts and consumption figures. — 

Table 21.—Stocks of tron and steel scrap and pig iron at major consuming industries 
| plants, Dec. 31 

, (Thousand short tons) 
eee 

Manufacturers Manufacturers Iron foundries 
Year of steel ingots of steel and miscella- Total 

and castings casting neous users - 
See 

Scrap stocks: 
— 1968__---. 2 6,703 349 893 7,945 1964 F__o- eee . 6,168 365 894 7,427 _ ,1965.--.------- 2-2 ele 6 ,244 373 1,021 7,638 Pig iron stocks: 

1968.__.._.--.- 2-22 lee 2 , 368 31 407 2,806 1964 F__2 ie 2 ,029 27 408 2 ,464 1965__-__------ eee 1 ,859 27 443 2,329 meee 

t Revised.
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| | | PRICES OO 
Price of iron and steel scrap was steady generally made a slight recovery in Decem- os 

through the first half of the year; however, ber. The average price for No. 1 heavy 

: once the steel strike was settled, the excess melting scrap did not fluctuate more than 

hot metal production from reactivated blast $10 throughout the year. The price per 

furnaces, combined with a definite drop ton of export scrap averaged 3 percent 

in steel production, caused scrap prices to above the price per ton in 1964. | 

drop as much as $5 to $10 per ton. Prices | 

Table 22.—Average monthly price and composite price for No. 1 heavy melting scrap | 

| in 1965 — 
. (Per long ton) . 
0 

| Month Chicago Pittsburgh Philadelphia © Composite : 
price 

January_..----------------------------- $39.50 $39.50 $35.50 $38.17 
February __-.--------------+------------- - 37.50 37.75 35.50 36.92 : 

March.____.._--_.-----------.------------ 38.30 36.50 . 36.80 . 37.20 

April__.....----------------------------- 38.75 37.25 ~ 36.63 37.54 . 

May.-_---------------------------------- 37.10 36.70 . 36.20 36.67 

June____--_..-.----.---------------+----- 34.50 ' 34.50 34.50 34.50 

July___..-.----------------------------- 34.50 34.50 _ 384.50 34.50 

August_....----------------------------- 33.10 34.10 33.10 —s« 33.43 

September. -.-.----.----------------------- 31.25 31.25 29.50 30.67 

October___..---------------------------- 29.75 31.50 27 .50 29.58 

_ November--..-----------------=---------- 32.10 31.70 29.10 30.97 

December_-_...---.-.--------------------- 34.25 32.50 29.50 ~ 32.08 

Average: 
| 

. 1965____-._...-.-------------- 35.05 34.81 . 33.19 34.35 

1964__....---...-------------- 35.95 34.18 30.89 33.67 
| | 

1 Composite price, Chicago, Pittsburgh, Philadelphia. _ 

| Table 23.—Stocks, production, receipts, consumption and shipments of pig iron 

(Thousand short tons) 
| 

Year Stocks ' Production Receipts Consumption Shipments Stocks 

Jan. 1, 1965 Dec. 31, 1965 - 

a 

1964.........----- 2,806 85 ,693 7,584 86 ,382 7,237 © 2,464 
1965__.__..-_----- 2,464 88 295 8 ,099 . 88 ,945 7,584 2,329 — — 

-® Revised. a : 

FOREIGN TRADE 

Canada furnished 97 percent and France pcrts to Canada and Mexico were up 14 

and West Germany together supplied 2.5 percent, but all other major consumers 

percent of all scrap imported in 1965. imported much less scrap in 1965 than in 

Imports of scrap decreased 25 percent. 1964. The most favorable future export 
market will probably be those countries 

The United States exported five times attempting to start the manufacture of 

more scrap to Canada than was imported their own steel products in nonintegrated 

from that country. Four countries took plants. International trade in iron and 

| 80 percent of our scrap exports, but all are steel scrap contributed over $192 million 

expected to import less in the future. Ex- to reduce the USS. trade deficit. 

232-748 O-67—36
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Table 24.—U.S. exports of iron and steel scrap, by countries 
(Short tons) 

Iron and steel scrap including | Rerolling 
tinplate and terneplate scrap material 

Destination 

an - 19641968 1964! | 

North America: 7 2 | 
Canada_..._..--.----.-----------~----------- 844 ,033 1,011 ,227 960 . 
Dominican Republic._....--..--.-.------.-.+----------------- ~1,297 ~~... Lee. 
Guatemala____..-..-..--.--.--------+------+- 24 3,010 _...---..-..--.- 
Mexico____--.------------~------------------ — 794,790 857 ,032 - .6,708 
Nicaragua..._..-.---------------------------- 832 § ..---------.---- 
Other____...-------------------------------- 176 48 __...-..-------- 

Total__._...._-_--._---------------------- 1,639 ,855 1,872,619 . 7,668 

South America: 
Argentina___.-_-..-..------------------------ 176 ,096 115,184 __...-._..--.-..- 
Brazil___._..-_..._------.--------.---------+- ; 252 376 16 
Colombia. __--..-.--------------------------- 10 ,693 6,438 __-...--.---.--. 
Perm____--..--.--.-------.------------------ 23 ,340. . 34,770 _.-----.-------- 
Venezuela___._.__.____.-_-_.----.----------- 164 2,241 ..----....-.--.. 
Other___---------------------------------------------------- 69 ~_-------------- 

Total._._.-__....-__---.-------+---------- 210,545 © 159 ,068 16 

_ Europe: 
Finland__.2.--.-..-----~------------------------------------ 9,473 _----.-..------- 
France._....---------------.---------------- 110 ,527 3,675 .--------------- 
Germany, West..__--_--_-------------------- 494 ,104 34,645 ...-_._._-_--.-- 
Italy__..-..------.-------------------------- 662 ,019 776,514 _.--.-._.-.----- 
Netherlands__.........-_--.----------------- 26 ,590 18,123 ___...__.--.---- 
Spain_._.._.---.---------------------------- r 202 ,354 148 ,662 ___._._..--_---- 
Sweden_..__--_.__----.---._----------+.----- 184 ,478 56 ,236 ____._.-..-.--.- 
United Kingdom____....-_-.---.-.----------- 903 66 ,785 1,435 
Yugoslavia___-.-..-..----------------------- 53 ,923 | 101 ,642 ___.___.-.-_---- 
Other_____________-------.------_---- ee eee 356 _-._.----...---- 

Total_._...._.._.--_---_------------------ ¥ 1,734,898 1,216,011 1,435 

Africa: . “ . . 
_ South Africa, Republic of_.__.._-___----.---..- 21,520 . 88,183 --- Le ee 

United Arab Republic (Egypt)---...--.---.---- 41 ,486 66 ,363 ___....._------. 
Other. .___..-------------------------------- 6 259 _..------------- 

Total__..._.-.-..-.__---.-_-------------_-- 63 ,012 99,755 __..__._-..----- 

Asia: 
Hong Kong__-..----------------------------- 19 10 ,624 181 
India___.....-..-.-------------~--~----- +--+ 696 a 
Japan____.__--. ee eee 3 ,889 ,005 2 ,389 ,751 24 ,552 
Korea, South______.--.--..------------------ 41 ,456 95,264 _________...---- 
Nansei and Nanpo Islands..-.....-.._-.-.----- 3 ,908 11,774 2,672 

-  Pakistan..........--._-----.----.---_----_-- 872 432 __.... ----_ --- 
Philippines. __._.._-..----------.----.------- 10 ,852 10,542 __--- eee 
Taiwan___...-_...__-_----------------------- 144 ,252 335 ,706 95 ,690 
Turkey____-._--_-_.----_-_----.------------- 26 ,495 41,411 __--_ Lee le 
Viet-Nam____....___-___-_-_.------.---_----------------------- 644 ___-._.-_-__-.-.- 
Other_______.______-__--__-_----_---_------- 278 181 _.- 2-2 ieee 

Total__._-_____..--__-- eee 4,117 ,833 2 ,896 ,363 123 ,095 

, ~ Oceania: 
Australia.......-..---.---.--.-.--.--_..------ 116 7 ..-------------- 
French Pacific Islands__._-..-_...___._.______------------------ 4,905 __.---------.-.- 

Total__...-...---------------------------- 116 4,912 _______-__- eee 

Grand total: 
Short tons___..._--.- 22-2222 e- t 7,766,259 6 ,248 ,728 132 ,214 

| Value_____...---- 22-2. * $236,685 ,150 $199 ,744 ,289 $6 ,647 ,497 

t Revised. 
1 Beginning Jan. 1, 1965 no longer separately classified, included with iron and steel scrap.
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Table 25.—U.S. imports for consumption — WORLD REVIEW 
_ of iron and steel scrap, by countries | | | 

_ . ‘(Short tons) | Moderation in steel demand definitely 
————————__ retarded the ferrous scrap market in most 

Country 1964 1965 _ industrial countries outside North America. 
_—__—_—-——— Since Western European countries and 
North America: Japan have many oxygen converters, a | 

Bahamas... --_--- 29 4 1] : : 
Barbados........ 258 _.____........ slowdown in steel production would ac- 
Canada_--..-..-. | * 269,203 206,359 count for the loss of one-half million tons 
Dominican 
” Republic......._ 511 _............. Of our scrap exports to the Common Mar- 

_  Mexico__-------- 301 39 ket and a 1.5-million-ton loss in our Jap- 
Total_......... "270,302 206,402  anese export trade. With the exception 

, ——————SSSSSSSS=.~=ECO0 Italy and Spain, the countries of West- 
South America: . 

Brazil_......-_-- 1 ....-........ erm Europe are net exporters of scrap. 
Chile_----.------ 1 -.----------- Spain is the only European country ex- 
‘Total_.....____ 2 .._.......... pected to expand its imports of scrap in | 

 Burope: . —————— the near future. Japan for several years 
France____..--__ GQ) 1,179 has been assiduously lining up long term 

. Germany, West. - * 6,175 4,157 contracts to buy iron ore in order to re- 
Italy__.-..-----. 807. ~=4 ~ duce dependence of the steel mills on scrap, 
Seaerlands.--- = 3 B55 6° most of which must be imported. Japan, 

| Sweden_.--------------------- | 44 whose 1965 scrap imports were nearly 2.4 
_ _United Kingdom -_ 347 ___22 million tons, has experimented with bulk 

- otal_...-.---. 711,321 5,567 ~carriers for scrap and early in the year 
Africa: South Africa, | imported a record shipload of 32,000 tons 
Agrepublie of__._.----.-------+--- 66 from New Jersey. | oe 

$12: . : 
. 

India--.--------- ; 29 67 
STrael....---------.-+---.---- 

Japan_.-..------ 64 304 TECHNOLOGY - 

Total_..------. 93 379 ° : : Oceania: Australia... 79 56 The junk automobile dominated the 
Grandtetal: technology of the iron and steel scrap in- 
reNShort tons. _* 281,790 212,470 | dustry during 1965. Although scrap proc- 

/  -Value___-. 7 $8,266,653 $7,450,367 essors are not directly responsible for the 
Wo scrap Car storage areas which dot and may 

_ 1 Revised. | o none. _ deface the countryside, they took the lead 

Table 26.—U.S. imports for consumption and exports of iron and steel scrap by classes 

| | , 1964 1965 : 
Class ee 

. - Short tons Value Short tons Value 

Imports: . ; 
. Tron and steel scrap____-.....-__-.---- r 259 ,229 $7 ,794 ,739 193 ,482 $6 ,999 ,397 

Tinplate scrap_._..-.....---------.-- 22 ,561 471,914 © 18 ,988 450 ,970 

Total___.._.-.-.-_-_-_---_----- ee r 281 ,790 F 8,266 ,653 212 ,470 7,450 ,367 

Exports: 
Nos. 1 and 2 heavy melting steel scrap-__ 4,386,323 145,950,027 3 ,090 ,645 102 ,785 ,618 
Nos. 1 and 2 baled steel scrap__._.__..... - 2,161,445 55 ,351 ,612 1,797 ,063 45 ,268 ,073. 
Borings, shovelings, and turnings-_---_--- 261 ,984 5 ,547 ,079 216 ,004 5,071 ,576 
Tron scrap....-..--..--.--..-----_--- 388 ,104 11 ,360 ,377 394 ,131 12,516,470 
Rerolling material !___...__._________- 132,214 | 6,647,497 
Other steel scrap (terneplate and tin- 750 ,885 34,102 ,552 

plated).......--...-- ~~ ieee r 568,403 * 18,476,055 

Total___..-.- 22.2222 -_-__--_-_--. 7,898,473 * 243,332 ,647 6 ,248 ,728 199 ,744 289 

t Revised. 
1 Not separately classified in 1965, included with other steel scrap.
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in searching for solutions to the problem. grade nonmagnetic taconite that is abun- 
Elimination or removal of auto wrecking dant in the United States. -By carefully 
or scrap processing yards is not a solution controlled roasting of the scrap and taco- == 

‘since these facilities are necessary to han- nite ina rotating kiln, both the iron in the. 
_ dle and dispose of obsolete material. Fur-. taconite, and the iron and steel in the | 

thermore, this obsolete scrap is a valuable scrap, are converted to high-grade mag-  __ 
°° secondary raw material. The emphasis netic iron oxide. The product is then | 

7 should be on conservation by modifying concentrated by magnetic separation dur- 
the scrap to make it acceptable to iron ing which all nonferrous materials in the _ 
and steel making processes or by modify- scrap, as well as the gangue in the taco- 

ing these processes so that they are able nite, are rejected. In another process being 
to use this ferrous scrap, thus conserving developed by the Bureau, cylindrical bales | 
iron ore and other resources... _- made from automobiles, less engines and 

| - The extent to which junk cars domi- transmissions, will be run through a rotary 
nated the industry is illustrated by the kiln at.a temperature high enough to burn 

| descriptions of new machinery. Shredders the combustible materials and melt the _ 
of all sizes are rated by their capacity in nonferrous metal parts. The resulting ~ 

“car bodies per day.” Construction plans clean iron scrap will be compacted to any 
were announced for smaller shredding desired density for steelmaking charges. 
units in Dallas, Philadelphia, Tampa, and Further testing with an electric steelmak- 
in the State of Connecticut. Balers that ing furnace will be made to show the many 
can handle a certain number of car bodies types of steel that can be produced using 

or that are large enough to handle a com-__ only thermally treated automotive scrap. 
plete car body were announced. New Countries other than the United States 

| guillotine shears are large enough to han- are beginning to have problems with un- 
| dle compressed car bodies, and alligator sightly and uneconomic accumulations of | 

shears have been redesigned for the same junk cars and other ferrous scrap. The 
purpose. There was continued expansion English Steel Corporation announced a 
in the installation of guillotine shears with process for making a high-quality steel _ 
particular emphasis on ancillary equipment from scrap using a plasma-flame instead 
such as vibrating conveyors for the elim- of an electric arc both for melting and 
inating of waste and nonmetallics. There refining. The plasma shields the melt from 
was more emphasis on preparation of scrap gaseous contamination, the gas-metal re- 
for the foundry industry. action eliminates the conventional slag, | 

Cupola furnaces have been suggested there is no electrode consumption, heat 
for melting scrap so that a definite analy- transfer is more efficient, and melting is 
sis could be furnished to a buyer with the faster than in arc melting. The resulting 
resulting pig metal or hot metal. steel is said to be suitable for toolsteel and 

aircraft.2 . | 
Bureau of Mines.—Bureau metallurgical In Japan, the ‘“Carbecue” rotates scrap 

research on the scrap auto problem was car hulks at 2 revolutions per minute 
directed toward overcoming presently while the heat is increased rapidly to 
known economical and technological bar-  1,000° C. Nonferrous metals are supposed 
riers, such as changes in steelmaking and to melt and be eliminated by centrifugal 
automobile manufacturing practices that action. The resultant clean metal is then 
have caused once sizable market for these baled and melted in steel furnaces. Japan 
discarded cars to shrink. Bureau research probably retired 300,000 cars to scrap in 
contributed two promising metallurgical 1965, and this scrap, if usable, could re- 
processes that will be tested in large scale duce their scrap import 10 percent. 
demonstration plants. One of these proc- 2 Steel Times (Lon don). V. 190, No. 5039, 
esses uses the scrap as a reductant for low- Feb. 12, 1965, p. 229.
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an By F. E. Brantley * | 

Interest in iron oxide pigments was high _increasing use of iron oxides for ferrite and | 
throughout 1965. Several companies new high-purity iron powder production was 

| to the industry conducted surveys with a largely responsible for the increased ac- 

- view of entering the market. The'rapidly _ tivity. | : | 

a _ Table. 1.—Salient iron oxide pigments statistics in the United States a | 
° — re ee " - 

- | 1956-60 1961 1962 1963. 1964 1965 
. (average) 

Mine production._.-..-..-----short tons..... 56,400 46,000 57,500 56,700 759,300 57,000 | 
Crude pigments sold or used__-..-..-.do.---- 55,500 45,900 60,100 55,900 F 59,700 56 ,200 

Value___._...._.-.--...-thousands_ _-_- $496 $453 $500 $500 T $446 "$419 

Finished pigments sold___...--short tons..... 108,200 106,500 113,000 118,800 119,500 127,500 . 

Value__.____.__..----.--thousands__.__ $17,263 $18,345 $19,798 $21,135 $22,991 $23 ,549 

Exports......-..------------short tons._._.. 4,200 3,200 3,800 4,200 5,100 4,700 

Value_._______._......--thousands._-_. $1,083 $855 $1,076 $1,306 $1,817 $1 ,380 

. Imports for consumption___.--short tons... 13,400 10,500 13,100. 13,700 16,300 17 ,800 . 

Value_.._..-.-----------thousands...-. $1 ,319 $1,059 $1,295 $1,469 $1,817 $2 ,165 

¥ Revised. | | 

| DOMESTIC PRODUCTION |. a 

Finished iron oxide pigments were sold expansion of iron oxide production facili-— 

| by 13 companies with 17 plants in 8 States. ties for plants in California and Illinois. | 

Eight companies in five States mined, and — Startup of a new plant in Missouri to 

sold or used crude iron oxide pigments. ‘manufacture synthetic iron oxides was an- 

Chas. Pfizer & Co., Inc., announced nounced by Columbian Carbon Co. | ; y | 

| CONSUMPTION AND USES 

: Sales of finished iron oxide pigments in weight-percent of the final product. Pure 

the United States during 1965 reached a_ iron oxides of the type manufactured for 

new high of 127,500 tons. use as paint pigments are ideal as a start- 

No data are collected by the Bureau of ‘8 material in ferrite production. ; ; 
Mines on uses of iron. oxide pigments. Ferrite applications include use in radio 

However, it was apparent that increasing antennas, electric motors, magnetic switches, 

amounts of the material were being usedin ™™Ory devices, computers, recor ders, mi- 

the manufacture of ferrites. Iron oxide is CTOWaVe equipment, and certain types of 
the basic constituent for the praparation of transformers. 

_ most ferrites and may comprise a high 1 Commodity specialist, Division of Minerals. 
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| Table 2.—Finished iron oxide pigments sold by processors in the United States, by kinds 

- - . 1964 1965 
: Pigment , On 

7 oo, | Short tons Value Short tons _ Value 

Natural: - : . . 
a Brown: . - : 

. Iron oxide (metallic)!_.......-.---..-.-.-- 14,164 $2,431,300 21,795 $2,844,200 
Umbers: 

Burnt_._....2._----.---------------- 2 ,922 582 ,900 2 ,907 586,500. 
Red Raw-...---------------------------- 737 143 ,900 571 116,600 

Tron oxide_____._.----------------------- 27,351 1,338,000 29,101 1,504 ,200 
Sienna, burnt___._.._...--..-..---------- 1,140 337 ,000 1 ,069 331 ,000 
Pyrite cinder_.......--.--.--------------- 3,104 179 ,200 2 ,440 154 ,000 

Yellow: 
a Ocher 2______..-._--..----.---.---------- 3,156 177 ,800 3 ,887 211,600 

. Sienna, raw_._....------..--------------- 622 — 152 ,200 © 760 191,800 

. Total natural_....__.__--__.-...----.-- | 53,196 5,342,300 = 62,530 5,939 ,900 

- Manufactured: - . an 7 . 7 a | 
- Black: Magnetic._...._..-.-..-.------------ 2,718 © 820,400 . £2,742 857 ,300 

Brown: Tron oxide_.....__._.-.--------------- 3,165 1,487,000 — 3,984 1,883 ,000 
. ed: ; : 
7 Pure red iron oxides: oe - oo, _ 

Calcined copperas.._.-------.------+-- 18,866 5,240,300 .20 ,056 5,601 ,700 
oo Other chemical processes_..-..-...---- 8,988 © 2,553,200 7,039 2,088,300 

Other manufactured red iron oxides__-...-.- 3,346 . 769 ,300 2 ,256 393 ,400 
Venetian red.___.___._____._..----------- 1,313 196,700. 814 128 ,300 

Yellow: Iron oxide__._...___.___-__--.------- 19,360 5,101,800 20 ,377 5,533 ,000 

| Total manufactured_...._...--------------- 57,751 16,168,700 57,268 16,485,000 
Unspecified including mixtures of natural and manu- . 

factured red iron oxides_____...__-_----1---.---- 8,592 ° 1,480,000. 7,742 1,124,100 

| Grand total. __.....------------------------ (119,539 22,991,000 127 ,540 23 ,549 ,000 

. 4 Includes some black magnetite and vandyke brown. | | . . 
__ 2 Includes some yellow iron oxide. . 

| PRICES | | 
No significant changes were noted dur- quantity, quality, locality, or individual 

| ing the year in quoted prices for the vari-’ suppliers’ views may be cause for variations. 
| ous iron oxide pigments. Differences in | | 

| Table 3.—Prices quoted on finished iron oxide pigments, per pound, in bags, unless 
otherwise noted, as of Dec. 27, 1965 : 

Pigment Low High Pigment Low High 

Black: Red: | 
Pure.__.....--_------.----$0.1475 $0.1625 Domestic primers________.-.$0.0575. $0.0575 
Synthetic._.__-__----.-...-.  .1275 .1300 Persian Gulf___..__.____.._ } .0925 .1000 

Brown: Pure, synthetic_....._.._._. .1425 . 1450 
Pure, synthetic..........-..  .1550 . 1650 Spanish, docks,.New York... ! .0550 0625 
Metallic_.._._.......______ .0625 .0725 Sienna, burnt_____-.-..----. .1100 .2200 
Umber, American, burnt_..__ ! .0775 .1150 Yellow: 
Umber, American, raw____._ ! .0900 .1100 Ocher, domestic_._._..._..... .0300 .0425 
Vandyke: Ocher, French type___-..... .0675 .0725 

American.____..._..._. ! .1075 .1100 Pure, light lemon______.-_._ .1825 . 1350 
_ Pure, domestic.___.-... .4525 .4525 Other shades__._-_--------- .1250 1275 

Sienna, American: Sienna, raw____.__.-_.--_---. .1100 .2200 
Burnt_____..__..-__.-. ! .1600 .2150 

1 Barrels. . 

Source: Oil, Paint and Drug Reporter and American Paint Journal.
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| : FOREIGN TRADE : | 
_ The value of exported iron oxide pig- of processed material were received from 
ments declined from an average of 17.8 the United Kingdom and West Germany. 
cents per pound in 1964 to 14.8 cents in | 

per Pp All crude and most of the processed : 
1965. wo. . umber came from Cyprus. The United 

Imports of synthetic iron oxide pigments _ . . rn 
, } Kingdom supplied approximately 23 per- 
increased by 14 percent over the compa- 

| cent of the total processed umber. West 
rable figure for 1964. Average value per Germany. lied all jmported dvk 
pound was 8.7 cents, compared with 8.1 brown y supp umporte vaney e 
cents in 1964. wn. | 

All imported ochers were from the Re- Synthetic iron oxide imports were dis- 
public of South Africa, except for 13 tons tributed as follows: West Germany 63 
from Sweden and 5 tons from the United percent, Canada 21 percent, United King- 
Kingdom. . dom 8 percent, Japan 6 percent, with the 

| Italy and Cyprus suplied most of the remaining 2 percent from France, Nether- | 
crude and processed siennas; small amounts lands and Gaza Strip. 

Table 4.—U.S. exports of iron oxide pigments, by countries 

: 1964 1965. 
Destination | a 

: , | Short tons Value Short tons Value 

North America: . | . 
Canada_._.....-..----------------+-----+--- 1,957 $453 ,055 2 ,258 $410 ,634 
El Salvador____-.-..-.------- eee eee 17 5 ,292 . 16 4,849 
Guatemala__.......--L--------- eee 26 7,238 24 7,930 
Mexico_._..---. 2 eee ee 50 26 ,257 19 13,199 

- Panama... _-.____---- +--+. ~10° 4,907 13 3,816 
Other.____..--------------- +e ' 67 = 22,485 27 10,162 

South America: Oo ae 
Argentina___...._-..-_-.-.-----.------------ 67. 30,415 - 58 25 ,050 

| Brazil. ee 15 8 ,487 21 11,057 
Chile__.........--.---.-.------------------- 19 7,579 46 15,754 
Colombia___.-..52.---------- eee eee eee; 128 — 56 ,462 59 + 17,882 
Peru_._...--.--------------.-.-------------- 33 7,015 8 2 ,604 
Venezuela.__..-....---..-.-.---------------- 178 53,761 118 26 ,313 
Other_____.-.----.----~.----.- +--+ --- 13 6,315 4 2,014 

Europe: 
Belgium-Luxembourg.-_.........-.------------ 36 11 ,486 23 11,601 
France...........--i-----.------------------ 143 49 ,419 136 ' 49,274 
Germany, West_._..._........-.------.------ 266 141 ,457 153 52 ,3852 
Italy... ....--- ee ee 77 77,671 . 107 64 ,763 
Netherlands_._.........----------- eee 68 7,552 35 11 ,371 
Sweden_____....---..-.------.------------+- 30 14,098 30 13 ,486 
Switzerland____-..-.---- 2 ee 34 15,618 24 8 ,677 
United Kingdom...........-.--..-----...--.- 680 350 ,057 415 228 ,668 
Other__...-.----...-.-------------.-2-------- 7 2,614 28 9,640 

Africa: 
South Africa, Republic of..........2...-------- 77 16,381 | 33 5,489 
Other__....-...--------.---------.---------- 4 1,602 | 6 1,130 

Asia: : 
Hong Kong.-...._-.--..-------...-.---------- 5 2 ,486 5 2 ,353 
Japan. __....-....---..---------- e+e ee 501 140,268 © 301 92 ,971 
Lebanon_-____-._--2--- ee eee 12 17 ,907 10 4,438 
Philippines___....._.....-...-------.-------- 130 43 ,304 183 50 ,863 
Viet-Nam.____.-..------..--.-------..------- 3 1,095 99 30 ,476 
Other____....-------.-------.-.----.-------- 25 10,124 6 5,316 

Oceania.._..-.------------.------.-----.---.---- 419 224 ,195 391 185 ,712 

Total___.._-.----------------------------- 5,097 1,816,502 4,656 1,379,844
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| Table 5.—U.S. imports for consumption of selected iron oxide pigments 

re Ce 1964 22 sil ( 
: ae Pigments. ne : 

Ss | oo. | | - Short tons § Value Short tons “Value =. a 

. ~ Natural: an | oe ce Se oe - 
~  Ocher, crude and refined__________-..-..------ 191 $17 ,614 186 —-« $13,514 

. Siennas, crude and refined___________--+------- 726 97 ,478 1,025 105 ,132 
_ Umber, crude and refined________._____-_-----_- 3,412 °117,9384 3,195 118,149 

. -Vandyke brown.._---.._.-.-____.------------ 259 21,133 296 24,922 — 
. Other }__________---1---------.-------------- 2,902 136 ,159 2,978 155,375 

-- Total____------.-------------------------- 7,490 390 ,318 7,680 417 ,092 
Manufactured (synthetic) __-.--.------------------ 8,829 1,426,211 10,071 1,747 ,631 

| Grand total._------------------------------ 16,819 1,816,529 17,751 2,164,723 

1 Classified by the Bureau of the Census as “Natural iron-oxide and iron-hydroxide pigments, n.s.p.f.” 

Table 6.—U.S. imports for consumption of iron-oxide and iron-hydroxide pigments, 
| | n.s.p.f.,1: by countries 

a Natural Synthetic : 

: Country 1964 1965 1964 | 1965 

/ Short Value Short Value Short Value Short . Value OT 
. tons tons tons | tons . 

-—— North America: Canada... 30 $2,813 1 $495 1,784 $364,957 2,116 $419,714 | 
_°.’ Europe: = ae oe 

- Belgium-Luxembourg._._._._._--....--.---- 5 1,375 41 6,475 ~...- eee. 
France___......------------------------. 33 3,114 196 26 ,068 139 17,482 

- Germany, West._-------- 35 6,125 5 3,322 5,507 832,267 6,324 977 ,334 
_ Netherlands_._...--..-.2....---.-~..-.------------+----- 57 ~=——« 8 , 553 8 . §,622 

Spain..__......---.---.. 2,758 115,575 2,828 131,155 ..___..._-.--___--2.- 2 eee 
a EE 1,861 _..___-....-_____- 

. Switzerland.._....-_.-...--....------------- (2) 739 _...-.--------.---------------------- 
Asi United Kingdom. .___..-- 79 11,646 106 15,175 1,242 186 ,030 821 126 ,468 . 

‘ 81a: , 
. Gaza Strip__...........--..-..----.--.------------- eee eee 18 2,378 

Japan..-..---_.----------------------- se ee ee ee eee eee 645 198 ,633 

. Total_.._._....--..... 2,902 186,159 2,978 155,375 8,829 1,426,211 10,071 1,747,631 

1 Not specifically provided for. . 
2 Less than 1% unit. oo 

| WORLD REVIEW 

Canada.—Ferrox Iron Ltd., a subsidiary iron oxide was mined in Quebec. 
of Quebec Smelting & Refining Ltd., start- South Africa, Republic of.—The Repub- 
ed construction of a plant to produce fer- _lic of South Africa produced 3,399 tons of | 
rites in connection with its iron oxide  ocher in 1965. Exported ocher amounted 
plant. The iron oxide plant capacity was to 2,627 tons with a value of approximate- 
expanded to 50 tons per day. ly $75,800. 

Production of natural iron oxide pig- United Kingdom.—Pfizer Ltd., of Sand- | 
ments in Canada dropped to 235 tons, wich, Kent, affiliate of Chas. Pfizer & Co., 
valued at Can$22,325 in 1965, compared  Inc., acquired the firms of Bridge Colour 
with 1,033 tons (revised) valued at Can- Co., and Hull and Liverpool Red Oxide 

| $79,250 (revised) in 1964. All natural Co. ,
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TECHNOLOGY | 
Inorganic pigments in general, including = varnish-type base.1! 

recent developments and predictions of A second German patent was issued to . 
future developments in the field, were de- make heat-resistant nonferromagnetic pig- 

| scribed.” | ments having iron to manganese ratios in 
The properties of micaceous iron oxide definite ranges to produce desired browns © 

(flaky specular hematite) were described, and blacks of controlled depth and color.12 
and its advantages as a pigment in protec- A coral pink iron-ceramic. pigment con- 
tive paints discussed. : sisting essentially of the oxides of zirconi- | 

A study of the critical pigment volume, __um, silicon, and iron was patented. About 
- concentration, and particle size relation- 40 weight-percent of the oxides were stated 

ship of red iron oxide primers was re- to be in the form of an iron-containing 

ported.4 a | zircon-crystal lattice.1% 
A British patent was granted for a col- | A number of patents were issued on 

loidal, hydrous iron oxide pigment dis- methods of manufacturing ferrites. One 
persed in a water-immiscible liquid, given patent describes a method of forming a 
a molecular coating, and dried to produce _ ceramic ferrite containing 37 to 60 percent 
a pigment with a transparent, two-tone iron oxide as FesQ,.,14 another gives a - 

—— effect.5 method of making a sintered ferrite core,!> 
A Canadian patent described the use of and a third covered the composition of 

concentrated natural specular hematite as rare-earth ferrites having a garnet crystal | : 
a starter material in producing pigment structure and containing at least 10 atoms 
extenders or as the sole pigment for dark of rare-earth metals to 50 atoms of iron.16 
colors. The hematite was treated to pro- — 2 

‘d fnal 99.75 re te, . 2 Huckle, W. G. Inorganic Pigments—Present . 
vide a fina ./Q-percent crystalline ferric and Future. Color Eng., v. 3, No. 4, July— 
oxide pigment. August 1965, pp. 23-27, 38. 

A d d ll . 3Faucutt, F. Micaceous Iron Oxide. Paint 
. _4 second patent to produce a yellow iron = Manufacture, v. 35, No. 12, December 1965, pp. 

oxide pigment from magnetite, hematite, 48h. 47. Pet The CPVC of Oxia 
_ os . resse, eter. e of Red xide 

or pyrites by chemical treatment was re- primers. Paint Manufacture, v. 35, No. 12, De- 
ported. The pigment was claimed to be cember 1965, Dp. 39-42, 56. c Iron-Oxia 

° : ° ° enera. nline an lm orp. on-Uxiae 

useful in producing coloring pigments, pol- pigment. British Pat. 916,829, 1965. | 
ishing material, and in manufacturing fer- ( * Canterman, Paul A, F. and GA: inarem 

* ° assign fe] ortnern igmen O. . oj}e 1g- 

_ ‘ite electronic components.’ ment Base Materials Comprising Crystalline Fer- 
Another Canadian patent was issued to ric Oxide. Canadian Pat. 698,711, November 

- produce colored nacreous flake pigments 19 Ganterman, Paul A. F., and G. A. Ingram 

such as a golden metallized-effect pigment (assigned to Northern Pigment Co. Ltd.). Iron ~ | 

containing 18.1 weight percent Fe2Os. All Dxide Figment. Canadian Pat. 698,712, Novem- 
particles are below 0.1 micron in size, and Ne Linton, H. (assigned, to E. I. du Pont t ge 

. emours Q., inc.). o10r acreous e the metal layer constitutes 10 to40 percent figments. Canadian Pat. 715,689, 1965. 
of the pigment.§ ( 9 MacCallum, Robert. B., and Forrest R. Horley 

. : : : assigned to W. R. Grace o., New York). 

A me thod of producing a ferr 1¢ oxide Method for Producing Ferric Oxide Particles. 
sol having discrete ferric oxide particles of US. Fat. 3,198,743, Aug. 3, 1965 Ind. 

. . : 1 en, A. C. Ferrites ’65. am. » Ve uniform size was patented. The particles 85, No. 1. July 1965, pp. 34-85, 72, 74. 
were produced from an aqueous salt solu. . Shoemaker, C.. and R. Hoffmann (assigned 

: 112 ' to A. B. Dic 0.). agnetic In or Lithog- tion and averaged about 25 millimicrons raphy. German Pat. 1,189,564, 1965. 
in size.9 12 Hund, Franz, and others. Manganiferous 

_ Mill scale (essentially iron oxides) was fron Oxide Pigments. German Pat.. 1,191,063, 

found suitable as a raw material in making 18 Seabright, Clarence A. (assigned to The Har- 
-. 3 : . shaw Chemical Co., Cleveland, Ohio). Iron 

a metall ic ink for use as a magnetic mem Ceramic Pigment. U.S. Pat. 3,166,430, Jan. 19, . 
ory indicator on bank record cards. 1965. 

i i i 14 Smith, William E. (assigned to Owens-Llli- Technology of ferrites including recent | i."Giasy Co., Ohio), Magnetic C ce Fer- 
developments in the processing and use of rites and Method for Making Same. U.S. Pat. 

,198,503, July 6, 1965. these materials was reviewed. Four types 8 Simpkiss, John O., Jr. (assigned to Radio 
were listed, and characteristics peculiar Corporation of America, Delaware). Method for 
to each discussed.19 Freparing | Ferrite Core. U.S. Pat. 3,178,369, 

. il 13, ; 
A German patent was issued for a mag- Me Schieber, Michael (assigned to The, Wei 

netic ink ini ight-per- mann Institute of Science, Rehovo rael). 
etic in containing 20 to 1S weight per Rare Earth Ferrites. U.S. Pat. 3,193,502, July 

cent magnetizable iron oxide in a suitable 6, 1965. |





Kyanite and Related Minerals — 

; | By James D. Cooper’ 

Production of kyanite and synthetic mul- _increased by 11 percent over that of 1964. 
lite increased substantially in 1965 .and Kyanite, sillimanite, andalusite, dumor- 
established new highs. Estimated consump- _ tierite, topaz, and synthetic mullite are in- 
tion of kyanite group minerals and syn- cluded in this chapter because all are alu- 
thetic mullite was in excess of 100,000 tons. minum silicates, have similar properties, 
Output of kyanite concentrate increased by and can be used to produce mullite refrac- 
14 percent, and synthetic mullite production tories. | ' oO, 7 

| _. DOMESTIC PRODUCTION | 

Output of domestic kyanite concentrate higher than that in 1964. Raw materials . 
_ increased by 14-percent in 1965, establish- used in production of. synthetic mullite in- 

ing a record high for the fifth consecutive clude bauxite, alumina, clays, and silica 
. year. Production of crude ore was 25. sand. Fused mullite was produced in 

percent above that of 1964, indicating a electric furnaces, and sintered mullite was 

decline in the concentrate to ore ratio. made in rotary and periodic kilns. There | 
Quantitive production figures are withheld were nine producing firms: 
to prevent disclosing individual company © . 
confidential data. There were three pro- — The Babcock & Wilcox Co., Refrac- 
ducers in 1965: Aluminum Silicates, Inc, tories Division, New York, N.Y. (plant : 
with a mine near Lincolnton, Ga.; Con- at Augusta, Ga.). | : : 
mercialores, Inc., with mines near Clover, ‘The Carborundum Co., Niagara 

| S.C.; and Kyanite Mining Corp., with Falls, N.Y. (plant at Niagara Falls, 
mines near Farmville and Dillwyn, Va. N.Y.). 
During the year Aluminum Silicates, Inc., “ 
and Commercialores, Inc., were acquired General Abrasive Co., Inc., Niagara 

. by Combustion Engineering, Inc. Kyanite Falls, N.Y. (plant at Niagara Falls, : 
Mining Corp. completed a new and mod- N.Y.). 
ern processing plant near Dillwyn, making . . 
a total of four plants operated by the firm. _Harbison-Walker Refractories Co., 

. . J . Pittsburgh, Pa. (plant at Eufaula, 
Western Industrial Minerals, of Winter- Ala.). 

haven, Calif., leased the kyanite deposit at | | | 
Ogilby, formerly operated by Vitrefrax Co., Norton Co., Worcester, Mass. (plant : 
and were studying plans for addition of at Huntsville, Ala.). | 
kyanite processing facilities to their Mica ‘ - 
Schist mill. Sunshine Mining Co. obtained Ditnine Porter Co. ine? Refractories 
a lease on 1,760 acres of State owned land Shelton” C ittsburgh, Pa. (plant at 
in the Woodrat Mountain area near Ka- elton, Conn.). 

miah, Idaho, and announced plans for pro- Remmey Division of A, P. Green | 
duction beginning in 1966. 

Synthetic mullite output was 11 percent 1 Commodity specialist, Division of Minerals. 
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| Fire Brick (Co., Philadelphia, Pa. Table 1.—Synthetic mullite production in 
| (plant at same address). | the United States | 

The Chas. Taylor Sons Co., -sub-- : _ Year = Shorttons ss“ Value : 
sidiary of National Lead Co., Gincin- 9 ________________ (thousands) 
nati, Ohio (plant at South Shore, 1956-60 (average) °-—- oe | $2,074 | 

Ky.). : 1962__.-______--.---- 19,021 2:090 

Tennessee Electro Minerals Co., 196422222772zz7777 eh oa 
Greeneville, Tenn. (plant at Greene- 1965 ~---------------- 40,049 4,866 | 

ville, Tenn.) . : e Estimate. 

. ~ - CONSUMPTION AND USES | | : 

Kyanite and synthetic mullite were used supports, door linings, electrode openings, 
principally in production of mullite refrac-. and other critical furnace areas were made 
tories for the metallurgical and glass indus- of the highest purity mullite products 
tries. Smaller quantities were used in available. 

a boiler and other refractories, kiln furniture, | 
ceramic and glass mixes, In ceramic products kyanite was benefi- 

_ Maullite refractories are resistant to spall- cial in a number of ways. Workability : 
: ing, slagging, and chemical reactions and was often improved, and this in turn in- 

have low thermal expansion and reheat creased production rates and _ reduced 
| shrinkage. ‘They were used extensively to losses due to processing defects; the growth 

line furnaces for melting high-copper of interlocking mullite crystals in the prod- | 
. brasses and bronzes, copper-nickel alloys, ucts during the firing process increased 

and certain steels. In glass furnaces mul- their strength; and expansion of the kya- 
7 lite refractories were used in critical areas nite on conversion to mullite was used to 

a _ such as the port arches, crowns, and pour- compensate for firing shrinkage of other 
ing spouts. In many cases arch hearth materials in the ceramic mixes. : 

PRICES | So 
Quoted prices for domestic kyanite con- Kyanite, short ton, | 

centrates remained unchanged throughout f.o.b. Virginia and South Carolina: 
: 1965, while the price of imported kyanite 35 mesh, carload lots, bulk__$47 | 

| increased slightly. E&MJ Metal and Min- 35 mesh, carload lots, bags__ 50 
eral Markets for December 13, 1965, gave 200 mesh, carload lots, bags. 58 
kyanite prices as follows:. Imported kyanite, 60 per-cent grade, 

| | | c.f. Atlantic ports________$79-84 

FOREIGN TRADE 

Exports were nearly 70 percent greater and mullite produced in the United States. 
than in 1964, with the largest increases Imports of kyanite increased sharply 

_ going to Australia and Japan. Canada re- in 1965 after 4 years of declines. Indian 
| mained the largest recipient country, tak- kyanite accounted for 94 percent of the 

ing 21 percent of the total. In all, refrac- volume and 95 percent of the value. The 
tories manufacturers in 23 countries balance was supplied by the Republic of 
throughout the world purchased kyanite South Africa.
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Table 2.—U.S. exports and imports for consumption of kyanite and. related minerals 

| Co 1956-60 _ oe : 
. SO (average) 1961 1962 

_ Country | ee eee Se 
Short Value — Short Value Short Value 

, tons . tons tons 

Exports :- | | . | a 
- Argentina_______-.-.-_----------_. | 6 $396 76 $4,314 53 $3,028 
Australia___._.------------- ee. +e ---- 20 1,040 39 -. 8,787 
Belgium-Luxembourg____.-...._.-- (7) 106 a W--- 30 . 1,877 

- Canada.___-.--- 2-2 ele. = 1,319 72,730 647 | 100,237 611 100,480 
Finland_ o-oo tk ---- ----— ---- 30 1,746. 
France... 56 3,809 45 2,821 99 7,012 7 
Germany, West__---.----__..---_-- 144 8,318 395 30,252 719 45,464 
Indonesia___._-.--..-.-..-.-_-_-. 18 ~=——«1,333 89 5,200 57 3,248 
Italy____-__----.--------...-___-- 104 6,143 135 9,379 424 28,426 
Japan______- -16 6,204 880 64,668 | 242 15,792 . 
Mexico.____.---- le 662 32,005 677 33,748 587 33,073 
Netherlands___.----..-....-_______ 26 1,420 46. 4,362 ---- -—-- 
United Kingdom___.--_-_-_--- 45 4,771 878 50,536 530 (80,754 
Venezuela____--- 13 952 37 4,642 81 3,782 
Other countries____-_------------... . 11 1,293 75 6,434 66 8,821 

Total__.________..________--_-__. 2,480 189,480. 4,000  —« 317,688 += 3,568 + ——«»-286, 740. 

Imports : ° oo . _ 
India__.___-_-_--.--_.---..._-____. 3,259 $161,796 3,809. $173,307 3,845 $174,948 

- South Africa, Republie of..._.._.. 2,005 | 68,743 1,851 51,739 1,328 49,483 
| Other countries____._.___....._._-. 56 6,870 255 19,143 | 108 9,980 

— Total_-------------1_----_-----.. 5,820 286,409 5,415 244,189 «5,281: 284, 411 i 

| - - 1963 _ 1964 : 1965 
Short Value Short Value Short | Value 
tons tons : tons. 

Exports: : | 
Argentina____.____-....---.-_-_-. 44 $2,500 84 $4,790 ’ 115 $7,842 
Australia___..-22--- 103 6,673 226 21,507 1,558 111,777 
Belgium-Luxembourg____..-.--....  ---- a 45 2,470 144 8,537 
Canada__-__.---- le. 765 133,360 1,680 109,548 2,117 127,968 
Finland____~--- ~~ 40 2,304 ---- ~--- —680 1,817 
France..___-_-..2- ee 204 38,669. 98 7,398 168 15,754 , 
Germany, West__..-...--...----_... 939 _. 68,524 953 54,453 1,349 78,185 
Indonesia.___...--- 2 eee ---- ---- ---~ ~--— 
Italy_.--_----__---- ee 459 42,535 — 370 32,079 - 4381 26,824 

. Japan_______________-___._-_-----. 862 68,203 558 . 38,829 1,127 184,184 7 
Mexico____.-.----~---- ~~~. 698 42,952 704 36,435 1,070 70,616 
Netherlands________-_-___._._______ 18 1,007 a wane 122 7,364 
United Kingdom_-_________________ 625 40,782 788 | 47,183 1,150 85,802 
Venezuela_______-- 228 16,409 323 17,396 594 32,893 . 
Other countries._.._______.___.__.. 65 8,152 256 21,069 2628 22,244 

. Total__-.------_-.----._---..__.. 5,050 442,070 6,080 393,157 10,238 731,847 

Imports: - 
India___--_---__-.-.---...--._..._. 2,500 $110,532 2,329 $101,307 3,815 $158,051 
South Africa, Republic of__...___- 65 3,299 57 2,300 232 8,877 
Other countries____-__-_.__-_-._--. 59 5,287 ---- --+- ~+-- ---- 

Total___.-.-.--- tt. 2,624 119,118 2,386 103,607 4,047 166,928 

1 Less than 14 unit. . 

| WORLD REVIEW . 
Australia.—Production of sillimanite in British Guiana.—A 50,000 tons per year 

1964 was 2,950 tons, about 60 percent of rotary kiln plant for production of sintered 
which came from South Australia and 40 synthetic mullite was completed and pro- 
percent from New South Wales. An addi- duction was initiated. . 
tional 4,200 tons of kaolinized sillimanite Korea, South.—Output of kyanite group 
was produced but not included with the minerals in 1964 consisted of 123 tons of 
sillimanite output. A total of 2,172 tons §£——— 
of sillimanite and kyanite was imported, Geo Australia goureau of Mineral Resources, 

° ogy an pnrAysics. ne ustrailan ineral 

mostly from India.? industry, 1°64 Review, 1965, pp. 244, 245,
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andalusite. A total of 2,208 tons of kya- © manite. Exports of the two minerals dur- 
nite and andalusite was produced in 1963. ing the period totaled 41,853 tons, and 

Oo Rhodesia, Southern.—Output of kyanite 6,720 tons was sold to South African firms.3 
group minerals in the first 9 months of Output of andalusite by. the major pro- 
1965 consisted of 456 tons of kyanite and ducer, Zeerust Andalusite (Pty.), Ltd., was _ 
72 tons of. topaz. | De increased from 500 tons per month to 

South Africa, Republic of.—Production 1,000 tons per month beginning in Febru- 
. of kyanite group minerals in the first 9 ary, 1965. A new heavy-media separation 

months of 1965 was comprised of 17,278 plant was installed about 12 miles from the 
a tons of andalusite and 34,615 tons of silli- open cast workings in western Transvaal. 

| | TECHNOLOGY | , . 

| : A comprehensive report on the kyanite of formation of andalusite, kyanite, and 
| group minerals and synthetic mullite was  sillimanite were considerably in error.® 

published. The report contains descrip- Patents were issued on use of kyanite in 
tions of the minerals, refractory quality railroad brake shoes,7 and in improved 

- and specifications, information on deposits high temperature lightweight refractories 
throughout the world including reserves having discrete, uniform cells.8 

where available, mining and Processing. 8 Republic of South Africa Department of 
. methods, world trade, prices, and uses. Syn- Mines. Quarterly Inf. Cir. Minerals, July to 

thetic mullite production is also covered. September 1765, pp. Be 41. ite. Overseas Geol 
The bibliography is extensive and is broken Surveys, Miner. Res. Div., H. M. Sta. Off., 

i | i i 4 1965, 165 pp. 
. down into major subject headings. 5 Madhaven, T. R., V. M. Karve, and J. Y. — The results of recent laboratory research Somnay. Selective Flotation of Beach Sand 

, . ° ys llmManite, ircon an utile, In. ag. 
at the Atomic Energy Establishment, Trom- (London), v. 118, No. 8, September 1965, pp. - / bay, Bombay, India, indicated that silli- 202-208, 208, 207. dR. Thermod ‘e P 

: : tr ° * Waldbaum, David R. ermodynamic Proper- manite and other industrial minerals could ties of Mullite, Andalusite, Kyanite and Sillic 
be recovered by selective flotation from manite. Am. Mineralogist, Me 50, Nos. 1 and 2, | 

a * he : anuary-February > pp. —195. Manavalakurichi beach sands in Madras 7 Spokes, R. E., and EC. Keller (assigned to 
State which are resently rocessed for American Brake Shoe Co., New York). Friction 

. : : P P : Composition of a Rubber, Cashew Nut Shell recovery of ilmenite and monazite. Other Ro eer org “gun ne. 3,168,487, valuable minerals are rutile and zircon.5 Feb. 2, 1965. L ; a a. oe 8 Dreyling, L. J.. and A. P. Dreyling (assigned : New data were published to support re- to Quigley Pes Inc., New York). Method for cent research reports which indi roducing Lightweight High Temperature Re- . en rep indicated that  Froducing, Ligntweight Higt 3,213,166, Oct. 19, previously accepted values for free energy 195. a :
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Industrial requirements for lead in 1965 Legislation and Government Programs.— 
established a domestic record and, despite The report of the Tariff Commission on its 

| the marketing of Government stockpile investigation of import quotas, pursuant to — 
lead, increased secondary production, and the provisions of the Trade Expansion Act 
increased metal imports, the stock of of 1962, was submitted to President John- | 
refined soft lead at producers and con- son in June. After consideration of the 
‘sumers declined during the year. Mine pro- _ findings of the Tariff Commission, import 
duction of recoverable lead increased pri- quotas on lead ores and metal, established 
marily as a result of expanded Missouri October 1, 1958, were terminated by Presi- 

facilities, but output at primary refineries dential proclamation effective October 22. 
declined as imports of bullion decreased for ores and November 21 for metal. Lead 
and ore imports remained essentially the materials previously entered as general im- 
same, even though ore import quotas were _ ports and held in bond awaiting individual 
terminated in October. The world produc- country quota entry for consumption were 
tion of primary metal, excluding the East cleared after quota termination and result- | 
European and Far Eastern Communist ed in a significantly larger entry for con- 
areas, increased about 7 percent in mine sumption in comparison to general imports 
production and over 3 percent in refined in 1965. | 
metal production. The increase in con- The small mines stabilization pr a, 

sumption was indicated to be about 15 enacted in October 1961 under Public Law 
percent, and producer ston increased dur- — 94_344 and amended in July 1963 by Pub- | 

ing the year by some 153,000 tons. The ic Law 88-75, was again amended on Oc- 
price of lead in the domestic market was tober 5, 1965, by Public Law 89-238. Pub- 

stable during the year at 16 cents per ic Law 89-238, effective January 1, 1966, 
pound while the London Metal Exchange extends the program of payments to 

price (U.S. equivalent) ranged from a  Gyalified producers of lead and zinc, when 
high of 19.9 cents per pound to a low of 

11.9 cents and closed the year at 13.9 cents. 1 Commodity specialist, Division of Minerals. 
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market price of these metals is less than — for direct Government use and 150,000 tons — 
| 14.5 cents per pound, to January 1, 1970. ‘for domestic industry use. The first offer-  — 

| The qualifications of a “small domestic ing of 60,000 tons under this authorization © 
producer” were redefined to expand cover-. was made by General Services Administra- 4 - 

| age and new maximum limitations were es- tion in April, and disposal of 19,565 tons 
- tablished on amount of payments and was made to domestic producers of pri-— 

| quantities of lead and zinc which are al- mary and secondary. lead, importers of 

| - lowable for any one producer in a calendar lead, and domestic consumers. In October 
| year. Revised regulations were being pre- General Services Administration announced. _- 

| _ pared by General Services Administration, the remaining 40,000 tons would be offered | 
| the authorized government agent. oo for sale on an on-the-shelf basis with offers. - 

7 a During the year 1965, the quoted price to purchase accepted during the third week 

of lead and zinc remained at levels exceed- Of each calendar month. Sales during the 
ing the 14.5 cents per pound under which fourth quarter on this basis amounted to. 
payments are authorized and no payments 16,904 tons, essentially all to domestic pri- , 

were made on 1965 production, Under the ™ary producers of lead. Of the 50,000 tons 
| amendments of Public Law 87-374, effec- available for direct government use, 1,184 

tive through 1965, a total of 76 applica- tons was used by government agencies. 
tions had been received of which 59 were Government holdings of lead in the var- 

. certified as eligible. The cumulative stabili- ious stockpiles at the end of the year 
, gation payments made on lead and zinc amounted to 1,284,636 tons, of which 100 — 

| production for the period 1962-65 were tons was nonstockpile grade. Average ac- 

$2,135,100. : | quisition cost of the lead remaining in the 

| The disposal of 200,000 tons of lead in stockpile was 14.4 cents ‘per pound. 7 
| _. the Government stockpile was authorized The International Lead and Zinc Study | 

= under Public Law 89-9, enacted in March Group held its ninth session in Tokyo, Ja- 

1965, of which 50,000 tons was designated pan, from November 1 through November 

a | _ Table 1.—Salient lead statistics — - 

a a - 1956-60 . oo : 
| 7 7” | / (average) «1961. 1962 1968 19641965 

| 

- United States: _ 
Production: . . 

Domestic ores, recoverable . 
lead content..-short tons.. 292,135 261,921 236,956 258,369 286,010 301,147 

Value _._._-_thousands.. $77,318 $53,956 $43,602 $54,727 $74,936 $93,959 
. Primary lead (refined) : 

. From domestic ores and 
base bullion . 

short tons... 284,023 288,078 245,645 239,660 294,254 305,007 
From foreign ores and 

base bullion =~ . 
short tons.__ 169,850 161,487 130,418 155,072 155,175 113,242 

Antimonial lead (primary , 
lead content) ~-short tons_- 12,952 24,966 27,383 9,256 8,607 6,612 

. Secondary lead (lead con- 
tent) --....---short tons.. 463,812 452,792 444,202 493,471 541,582 575,819 

Exports of lead materials, ex- 
cluding scrap ~_.--short tons_- 3,909 6,570 5,006 1,092 10,194 7,811 

Imports, general: 
Lead in ores and matte__do__ 176,211 147,186 138,631 147,742 123,257 122,661 

; Lead in base bullion__-do-_--_ 189 422 4,599 5,437 4,838 566 

_ Lead in pigs, bars, and old 
v short tons__ 295,455 261,794 259,522 2399902 212,898 224,942 

Stocks December 31 (lead con- 
tent) : 

At primary smelters and re- 
fineries _....._short tons_- 179,294 262,102 196,661 120,836 84,398 83,443 

At consumer plants_-.do--___ 119,994 99,140 93,496 119,930 113,444 109,195 

Consumption of metal, primary 
and secondary___-_short tons__ 1,089,308 1,027,216 1,109,635 1,163,358 1,202,138 1,241,482 

Price: New York, common lead, 
average, cents per pound__-__- 13.39 10.87 9.63 11.14 13.62 16.00 

World: 
Production: } 

Mine .-..-_-----short tons__ 2,582,000 2,640,000 2,765,000 2,820,000 2,835,000 2,975,000 
Smelter __--___-------do____ 2,474,000 2,645,000 2,630,000 2,715,000 2,825,000 2,905,000 

Price: London, common _lead, 
average, cents per pound __- 10.72 8.03 7.06 7.93 12.59 14.37 

__VERABE, CENUS DEY POUNG— mmm
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5, and delegates representing each of the methods of short-range projection of the 
25 member countries were in attendance. world supply-demand relationship. Further . 

_ The session was preceded by meetings of | studies of the various factors influencing 
the various committees designated to re- production, marketing, and. international | 
view statistics and other special projects. ‘trade were recommended for consideration 
The group noted that world production of at the 1966 session. . 

: re and men had sumstic d ae aR ightly Incorporation of the International Lead - 
ond chactt i an d soon ton d en se qj and Zinc Research Organization as an au- 

1965 snortial’; anc sup Py ane’ Shak nce. tonomous worldwide group to promote the 
Furth were _ PP moda tid of one ond economic health of the lead: and zinc in- So et a 1966 In pro ected t ° dequately duStties was announced at the Tokyo meet- - 
mena in were expected to adequately ing. Representatives of 25 companies locat- 7 meet the steadily rising demand and 1966 | d in Australia. Canada. Italy. | 
would show a continuing reasonable sup- © ; u ana, anada, walys Jap an, 
ply-demand balance. Discussions at the Mexico, Peru, South-West Africa, the Unit- - 
meetings centered on improvement of sta- €d Kingdom, and the United States formed — | 

| tistics concerning production, consumption, the sponsoring group of producers and 
and international trade in lead and on consumers. 

| DOMESTIC PRODUCTION oo 7 

_ MINE PRODUCTION : Activity in the new lead belt in south- 
The domestic output of 301,100 tons of | ¢ast Missouri continued to be the most im- | 

recoverable lead was about 15,000 tons portant development in the producing in-  - , 
above the 1964 total. The substantial in- dustry. During the year, the Federal, 7 

_ crease in production of the Missouri mines Indian Creek, and Viburnum Divisions of 
and increases. reported for nine of the gy, Joseph Lead Co. operated continuously 
other lead- producing States more than on a 40-hour-week basis to produce 186,367 offset a major decrease in Idaho and Utah . oe . . | . tons of lead concentrate in comparison to | and small decreases reported in five other - 167.623 in 1964. The No. 29 shaft unit . 
States. Missouri contributed 44 percent of °°” tons m VOR ANE INO: ad S a unt the domestic output; Idaho, 22 percent; -at Viburnum initiated output during the 
Utah, 13 percent; and Colorado, 7 percent. year. The development of the Fletcher 
Output of these four States represented 86 mine and mill facilities proceeded on 
percent of the total domestic output. schedule. toward production late: in 1966 SS 

- Table 2.—Mine production of recoverable lead in the United States, by States . ; _ 
. | (Short tons) | 

1956-60 . : . aj State (average) 1961 1962 1963 1964 1965 

Arizona ~~-~-~~~~----~--- 10,965 5,937 6,966 5,815 6,147 5,913 Arkansas. ~-----------.--22_ 8 nee een eee eee Le : California ~------..-.-.-_____ 2,712 103 455 823 1,546 1,810 Colorado ~_~~~~~-~-_--~~--________ 17,192 17,755 17,411 19,918 20,563 22,495 . Idaho ~~~-~~-~--~-------- 58,973 71,476 84,058 75,759 | 71,312 66,606 INinois ~2-----uee 2,796 3,430 3,610 2,901 2,180 3,005 Kansas ~~~ ~~~. ~~ 2,891 1,449 970 1,027 ~ 1,185 1,644 Kentucky ~~-~-----~----_----__ 424 656 743 831 858 756 Missouri —---~--_---__--_----_- 116,073 98,785 60,982 79,844 120,148 133,521 Montana —~~~_~~-__---~--_- 10,585 2,643 6,121 5,000 4,538 6,981 Nevada _~--~----------------__ 3,771  ——s-1,791 771 1,126 809 2,277 New Mexico ~-~-~_--__~_---_-______ 3,056 2,332 1,134 1,014 1,626 3,387 New York ~~~-~-~~~-- ~~~ ~~~ _ 1,022 879 1,063 1,009 732 601 North Carolina ~~---_----~-----__-_ 89 318 219 62 -------.  -------- 
Oklahoma -_-~~~-~--~_~---------__. 4,952 980 2,710 3,192 2,781 2,813 
Utah ~---~ ~~~ --_----__----- 42,082 40,894 38,199 45,028 40,249 37,700 
Virginia —--~--------------_-__--_. 2,807 3,733 4,059 3,500 3,857 3,651 
Washington —~--~--~--~-_----_______ 10,289 8,053 6,033 5,374 5,781 6,328 
Wisconsin -~-------.----~---------- 1,438 680 1,394 1,116 1,742 1,645 
Other States ~-~---2_------_------- 10 27 58 30 6 14 

Total --~-----~-------------- 292,135 261,921 236,956 253,369 286,010 301,147 

232-748 O-67—37
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Figure 1—Trends in the lead industry in the United States. Consumption includes 
primary refined, antimonial, and secondary lead, and lead pigments made directly from 
ore. Imports, general, are factored to include 95 percent of lead content of ore, mattes, 

and concentrates and 100 percent of pigs, bars, base bullion, and scrap.



Table 3.—Ore, old tailings, etc., yielding lead and zinc in the United States in 1965 a 
(Short tons) . ee 

. .  Copper-lead, copper- a 
Lead ore Zine ore Lead-zine ore zine, and copper- All other sources 1 Total . 

. oo lead-zine ores - I 

Gross :., . Gross : Gross. . Gross 7 : Gross . Gross W State weight Lead Zinc weight Lead Zine weight: Lead Zinc weight Lead . Zine weight Lead Zine Weight Lead Zine | 

Arizona ~..-~.-..~ 1,403 ~ 55 4 2,763 56 498 386,557 5,782 15,438 85,172 11° 4,699 18,990,426 $59 1,128 14,416,821 5,918 21,757 © 
California ~...--- 8,881 1,706 192 ~~. -ueee LLL 523. 101 80 -------~ -22. HH. 2,825 3 - 3 12,229 1,810 225 
Colorado _.-.----. . 5,534 256 46 260,860 38,151 24,682 346,658 10,140 17,022 878,644 8,872 12,044 - 18,505 76 126 1,005,201 22,495 538,870 
Idaho ~.-....-..-. 221,412 21,016 1,686 96,112 978 2,507. 740,111 38,680 49,060 --..--2-. -_-= LLL. 640,129 5,982 4,781 1,697,764 66,606 58,034 
Illinois ~-------- eee Le (7) (7) (?) (*) (7) (7) wun. Hee ----~ = 7681,180 23,005 218,314 681,130 38,005 18,314 
Kansas ~---~----. ~------.~ -----. -... 268,789 1,289 5,869 46,979 855 689 wwe Hee Lee eee nee Hee eee 310,768 1,644 6,508 
Kentucky ~~, Lee LLL 42,000 ----. 4,608 --------- ete Hee Hee eee Lee Le 153,898 756 1,051. © 195,898: 756 5,654 
Missouri ~~.-----~ 5,279,420 188,521 4,812 ~------. -u--- --u- eee ee Le Lee ee Le wanwnnne ~~ ~----= 5,279,420 188,521 . 4,312 
Montana —----.__ 20,465 1,100 290 1,006,871 4,617 25,988 .. 1,128 69 68 ------- eee Le 111,946 1,195 7,495 1,140,405 © 6,981 38,786 
Nevada -...-.- ~~ 1,427 192 25. 1,489 26 395 166,721 1,666 $8,115 ------e. Tee TLL 52,567 393 323 222,204 2,277 3,858 
New Jersey -----. ------.- ------ uu. =6228, 928 _~___. 38,297_-__-__-__  ______ wanna meee eee Mon eee eee enn eee Ee 223,928 --.... 388,297 
New Mexico -.-- 1,210. 346 | 2 402,641 726 29,868 59,486 2,289 6,576 -------. uw. --L-- 732 26. «14 464,019 3,387 86,460 : 
New York ~.----. -------~ -----. ---~ 159,798 --... 15,915 629.168 — 601 58.965 -_-----. -uuw Louw LLnL 788,961 601 69,880 
Oklahoma ~-.----. ~~-----~ -.---. ---. 418,247 1,643 9,988 175,616 1,160 2,748 -------- uu. Wu 1,342. 10 34 595,205 2,818 12,715 
Pennsylvania ---- -------. ------ ---- 549,427 ---.. 27,685 ---------  ------  ------ -----nee ene wee eee eee eee 549,427 -WL_. 277685 OS a 
Tennessee ~----.-. -------. -----. -~--~ 4,007,082 ----~ 111,687--------. -----. -2.--. 1,520,755 ~~ 10,750 ~---_.--. uu: ______ 5,527,887 --.--. 122,887 
Utah __ ~~ Le 11,280 1,619 424 87 2 13. 486,941 35,647 25,907 1,076 170 137 25,679 262 1,266 525,068 37,700 27,747 wb. 
Virginia .--..---. -------- Henne nee wee ee ~~) 666,418 «8,651. 20,491 ----_--- LL cee Henne eee OK 666,418 3,651 20,491 
Washington —~--_-- 1,322 36 3 (3) (8) (3) 31,104,777 36,292 322,227 uuu Lu LLL (3) — (8) Lule. 1,106,099 6,828 22,230 . 
Wisconsin ~------- ~-----~~ -----. ---- 967,083 1,645 26,998-------2. ----e tee Knee Wee Wee Wee tee ee 967,088 1,645 26,993 
Other States _--._ 39 T a--— --nnen-- eee n ee Wenn eee Lee een Been ee Le 3,674 7 W 3,713 14 WwW 

Total ~-~--~ 5,552,393 159,854 6,984 8,402,172 14,183 324,788 4,761,028 106,338 217,271 1,985,647 9,053 27,630 15,677,853 11,774 34,530 86,379,088 301,147 611,153 | se 
W Withheld to avoid disclosing individual company confidential data. — a ; : oo 
+ Lead and zine recovered from other ores (copper, gold, silver, etc.) and from smelter slags, mill tailings, and miscellaneous cleanups. 
2Combined with ‘other sources’ to avoid disclosing individual company confidential: data. — mo , 
Combined with lead-zinc ore to avoid disclosing individual company confidential data. |
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and construction of a new shaft was begun grade of ore. Development of the new 

at the Indian Creek mine. The Herculan- ‘Cross Vein” on the 2,400- and 2,900-foot 

| eum smelter produced 105,799 tons of levels was a factor in increasing ore re- 

oe, refined lead in 1965. Its modernization and serves some 213,000 tons during the year. 

expansion program continued on schedule The New Jersey Zinc Co. maintained a 

for completion during the fourth quarter ‘high output at its Eagle mine near Gil- 
- of 1966 and will raise refining capacity to man. Rico Argentine Mining Co. increased 

over 200,000 tons of lead annually.2 mill production to full capacity during the — 
The Missouri Lead Operating Co. pro- year with a substantial increase in recover- 

ceeded with mine development and with able lead in concentrates and also complet- 
the design and construction of a mine-mill ed an extensive program of mine develop- 
complex to produce 50,000 tons per year of | ment and equipment installation. Federal 
lead and a  100,000-ton-per-year lead - Resources Corp. began limited mining and _ 

: | refinery in the Bixby, Mo., area for milling at the Camp Bird mine and ex-_ 

completion late in 1967, This is a joint pects to be at full operating capacity of 

venture of American Metal Climax, Inc., . 650 tons per day early in 1966. Dewatering _ 
and Homestake Mining Co. Shaft sinking of the Irene shaft in Leadville, a joint ven- 

was in progress at the Magmont mine ture of American Smelting and Refining — 

operated by Cominco American, Inc., and Co. and Resurrection Mining Co., was com- 

jointly owned with Magnet Cove Barium pleted preparatory to development above : 

| Corp. This unit has a planned mine-mill the 1,750-foot level. The Sunnyside mine at 

capacity of 50,000 tons of lead annually, Eureka, operated by Standard Metals 
with completion early in 1968. Ozark Lead Corp., produced 143,000 tons of lead-zinc 
Co., a wholly owned subsidiary of Kenne- — ore in 1965 compared with 136,000 tons in 

cott Copper Corp., started development of 19644 _ Oe | 
a mine-mill complex with a capacity of The Hecla Mining Co. operated the 

| 60,000 tons of lead annually in the new Lucky Friday mine and the Star unit with 
_ lead belt.and expected to have the concen- | . . 

. . we production slightly below the 1964 level. 
| | trates smelted and refined in a new facility Considerable “development was accom- 

oo ro ane be by America " Smenng ane plished with reserves at the Star Unit in- | 

ves Seed inital cal of net creased about 26 percent and the Lucky 

Hi ae was starte vt - July ar me Friday shaft deepened preparatory to de- 

| euecon mine nea’ Fre enetown On @ velopment of the 3,650-foot level.6 The 
| ne. Ranker. “ National Lead Co. and — 17 999-fo0t crosscut from the Bunker Hill 

é Bunker Hull Co. _ mine to the Crescent mine, driven at a 
, depth 400 feet below sea level, was com- — 

_ Table 4.—Mine production of recoverable pleted at midyear and development of the 
lead in the United States, by months area started. An extensive exploration and — 

_________ (Short tons) development program was initiated in the 
Month 1964 1965 —_ Jead-silver belt of the Coeur d’Alene area 

January ----------.------. 24,907 24,058 by several of the operating companies. 

March) 2777777777. 3adb4 361529 «Output of ore at the Bunker Hill mine 
April ~_------------------ 24,054 26,176 declined and reserves of high grade lead- 
May as 51087 ett silver ore declined substantially. The Bun- 
July ~-------- +--+ 23,445 22,692 ker Hill Co. concentrator operated on a 

September LwTTTT77772 «5 B'937 ~~ begeg «= 7-day-week basis treating 627,000 tons of 
October n-2-2---~ 22 ---=-~ 23,775 26,028 ore from company mines, domestic pur- 

December LTT ~s«BB’047~—=«'39'219 «Chased ore, and toll processing of high- 
Total 386010 301147 grade ore from the Pine Point mine in 

EE soeesccrcoces EE So = Canada. Milling of the old Bunker Hill 
The output of lead in Colorado in- mine tailings was continued. The lead 

creased some 1,900 tons in 1965 as several §=—=—————— 
small mines and mills began production. ‘ee Joseph Lead Co. Annual Report. 1965, 

The Idarado Mining Co. milled about ” 3Newmont Mining Corp. Amnnuai Report. 
375,000 tons of ore, a decrease of some 10 1965, p. 7. 

percent, but produced approximately the Co. ete aT orn 1968” Mining and Refining 

same amount of lead due to the higher —s Hecla Mining Co. Annual Report. 1965, p. 7.



Table 5.—Twenty-five leading lead-producing mines in the United States in 1965, in order of output 
eee 

Rank Mine State ‘ County Operator Source of lead eee ss 
1 Viburnum ----.-.-..--..._..... Missouri -----. Crawford, Iron, and Washington__ St. Joseph Lead Co._-.__.._..._..... Lead ore. 
2 Federal ~----------- uuu. = _-do ~__--_---_ St. Francois ___.____._..______.... _.do Hoe ee ee Do. . 
3 Bunker Hill --.-------..-._-.._. Idaho ~.--.-.... Shoshone  ~______.--____...__..._... The Bunker Hill Co..---_---.-----... Lead-zine ore. : 4 United States and Lark........ Utah  -_-____.. Salt Lake ________._...... United States Smelting, Refining and Lead-zinc, lead ore. 

ining Co. 
5 lucky Friday ---------.--.---.. Idaho ~-._-_.... Shoshone ~~-.-----..__..-.-...__. Hecla Mining Co._-_-.-...--_.._--.. Lead ore. 
6 Indian Creek ~-__-......__-_-.. Missouri  -_.... Washington _..___.__...___._._.._ St. Joseph Lead Co..-_--_-._--__-__ Do. 
7 Star-Morning unit ~-.-..--._.._. Idaho __.._..... Shoshone —___.__.__.___._......... Hecla Mining Co..---___.____._.__.. Lead-zine ore. - 8 Idarado ~----.....----_.-.--.-.. Colorado -...... Ouray and San Miguel___.___._... Idarado Mining Co,_-.__.-._.__-._... Copper-lead-zine ore. 
9 Page —-----_--__-_--_..-_-..... Idaho _.-_.._... Shoshone —________._______....... American Smelting and Refining Co. Lead-zinc ore. 

10 Iron King ~-.-_------_u-----. Arizona -..... Yavapai -___...__-______.__.____. Shattuck Denn Mining Corp.__---__~ Do. 
11 United Park City_--.--...--_... Utah -__.__... Summit and Wasatech_________.____. United Park City Mines Co,____-~_ Do. 
12 Mayflower ~--.-----.-----.--.. =.do -_.-__.... Wasatch ~__.___.__..._........... Heela Mining Co._.-_-_________ Do. 
13 Butte Hill Zinc Mines_____..1.e. Montana _.._.._ Silver Bow -___.______.__..._..... The Anaconda Company____---_._. Zine ore. 14 Pend Oreille ~-.--..._____._.__-._. Washington ... Pend Oreille __.__..._._-_._-_____.___. .Pend Oreille Mines and Metals Co... Lead-zinc ore. - 
15 Austinville and Ivanhoe Mines_. Virginia -..... Wythe ~-_.__.__.______._......... The New Jersey Zine Co._-__-_-__ Do. 
16 Sunnyside ~----_-_--.__-.._.... Colorado _-_-._.. San Juan ~-________..__________.. Standard Metals Corp...------_-____ Do.. 
17 Burgin ~-_------_-------_.-_.. Utah -____.._.. Utah  -_ ~u-u-_ uu Kennecott Copper Corp....-__._..____ Lead-zine, lead ore. 
18 Eagle ~~~ ~~~. )~=—C Colorado ._._.. Fagle ___._....... Che New Jersey Zine Co.____._..___ Zine ore. 
19 Keystone ~~ ~---------_------.. ~-do ~.-u-.-... Gunnison ____.-_______________._. MeFarland & Hullinger._........-.. Lead-zine ore. 
20 Silver Star-Queens ---.-...-.._. Idaho ~____.--. Blaine _____.__.____._.._._.______. Federal Resources Corp.--.----._... Silver ore. | oa 
21 Ophir ~-.---.----------..---._. Utah —_____... Tooele ______.______.__..._....... United States Smelting, Refining Lead-zinc ore. tH 

and Mining Co.__-__...-_-______- > 
22 Van Stone ~----.-....-._...-_... Washington _.._ Stevens  ~..___._._.._.__.._...._.. American Smelting and Refining Co. Zinc ore. 8 
23 Emperius ~-.-....-_-_...._.__. Colorado ~_-_.. Mineral __.___..........._.._._ Emperius Mining Co....___._._..._._. Lead-zine ore. 
24 Ground Hog ----__.-...._..-_-__. New Mexico .~_ Grant —_._____.___._...___._._... American Smelting and Refining Co. Do. 
25 Rico Argentine ~....__..._.--._ Colorado ~--... Dolores ~_....._..-__.-_--__-_.__.-. Rico Argentine Mining Co..---..--- Do. 

on 
~] 
Oo
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smelter produced 93,800 tons of lead, in- duction. The ore is concentrated at the 

cluding toll, compared with 86,300 tons in  Caselton mill at a rate of about 27,000 tons 

1964.6 per month. The Groundhog mine of 

In Utah, production at the Mayflower American Smelting and Refining Co. near — 
mine of New Park Mining Co., operated by Bayard was closed by a strike in September 

the Hecla Mining Co., was slightly higher after being reopened for production early 

in 1965 with 113,200 tons of ore mined, in the year. Shattuck Denn Mining Corp. 

averaging 4.3 percent lead. The operating initiated production from the 2,400-foot 
property was expanded by purchase of the level of the Iron King mine at Humboldt, 

Lucy mining claim and lease of other Ariz., and the No. 7 shaft was extended 

claims owned by New Park Mining Co. 200 feet below this level. 
and San Diego Mining Co. Reserves of ore Activity in the Tri-State area continued 
were increased by almost 370,000 tons.?7 strong with a 12-percent increase in lead 
Operation of the U.S. and Lark mine and production. reported for the combined 
Midvale concentrator by United States Kansas-Oklahoma area in 1965. The Cen- 
Smelting, Refining and Mining Co. was in- tral Mill of The Eagle-Picher Co. con- 
terrupted by a strike which began on May tinued to treat the major portion of con- 
4 and terminated July 22. Tonnage of centrates produced. Production of lead as a 
company ore and receipts of custom ore byproduct of the zinc ores of Wisconsin, 
was substantially reduced, although grade New York, and Virginia was lower than in 
of ore was higher than the previous year. 1964. . 
Concentrates were smelted at the Tooele | | 
smelter and the bullion refined at the sub- SMELTER AND REFINERY PRODUCTION 

sidiary lead refinery in East Chicago, Ind.; : . . 

99,100 tons of lead bullion was treated at Production of refined lead at primary 
the refinery in comparison to 35,400 tons refineries declined in 1965 due to a de- 
in 1964.8 United Park City Mines Co. pro- crease In feed materials of foreign origin. 
duced 95,000 tons of ore from company The domestic component of the feed mate- 
and lease operations at the Ontario and tials, both primary and secondary, con 
Keystone mines and produced 5,940 tons of tinued the upward trend exhibited in re- 
lead. The Ontario mine production shaft C* Years and contributed 74 percent of 
was being deepened to the 2,400-foot level the total refined lead compared with 66 

| where improvement of grade and quantity Percent In 1964. The increase in price of 
of ore was indicated.» Kennecott Copper  !¢2d in December 1964 and stability at this 
Corp. continued development on the 1,200- price during the year resulted in an Il- 
foot level of the Burgin No. 2 production P ercent increase in value of the refined — 
shaft in the Tintic area and shipped devel- lead to over $130 million, almost double 
opment ore during the year. the 1962 valuation. The increased produc- 

In the Washineton area, the Pend tion from secondary material also reflected 

| Oreille Mines and “Metals Co maintained the short supply of feed materials which ‘ , reached a low of some 90,000 tons of raw 
output of lead at essentially the same level material and material in process and grad- 

as in 1964. American Zinc, Lead and Smelt- ually improved to about 98,000 tons at 

ng, Co continaed development and con, yearend, The 10 primary plants operated . : by the following companies—American 
with a 1,200-ton-per-day capacity; opera- gmeiting and Refining Co., The Bunker 
tion was scheduled for early 1966. The  yyin) Go., St. Joseph Lead Co., The Eagle- 

Refine Gains of tained the. prodwction picher Co., international Smerns & Rein 
Loe, : ing O., an Unite tates Smelting 

rat aleve in 1064 after amup #9 JW) Lead Refinery, Inc—operatel throughout Lucky Joe Mining Co. lead-zinc property the year except for a short strike at the El 
near Newport and at the Rocky Creek Paso, Tex., smelter of American Smelting 

Silver Mine, Inc., in Pend Oreille County. 6‘The Bunker Hill Co. Annual Report. 1965, 

The Pan American mine, a joint venture P- 8. cla Minine Co. Annual Report, 1965, v. 9 

of Grand Deposit Mining Co. and Com- _s United States Smelting, Refining and Mining 
bined Metals Reduction Co. in New Mexi- Co, Annual, Report. 1065, pp. 6-12. | Re 
co, completed its first year of lead-zinc pro- 9g, 53. 8 Co. Annual Report.
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and Refining Co. Secondary smelters primary plants and almost 98 percent was 
achieved a record-breaking production of derived from scrap. | | 
almost 5 percent above the total output of Raw Material Source.—Domestic ores in | 

metal and alloy in 1964 and a 26-percent 1965 provided the largest tonnage of 
increase in value to about $180 million. smelter feed since 1957 and represented 73 _ 
Secondary lead produced by both primary percent of the primary ores and bullion | | 

_ and secondary plants in 1965 comprised 41 consumed, compared with 65 percent in : 
percent of the domestic supply of refined 1964. The upward trend in smelting of 
and antimonial lead in comparison to 39 scrap at primary smelters, initiated in 1962, 
percent in 1964, including imports of met- was continued with scrap representing 3 

_ al. The 25 major companies producing sec- percent of the total primary plant feed in | 
ondary lead and reporting to the Bureau 1965. Stocks of material at primary plants, , 

- . Of Mines were listed in the Minerals Year- including primary and secondary raw ma- 
book, 1963. a terials and materials in process, fluctuated 

oo . | | in total between the high of 99,000 tons in | Refined Lead, Primary and Secondary.— F crwee e high of 9 : , 
. } ; ebruary and the low of 90,000 tons in | Production of refined (soft) lead in the | Apri 

| ws . | : pril and at yearend amounted .to 98,500. 
United. States from all sources—primary, - . . 

a _ tons. Primary raw materials trended up- 
secondary, and  remelt—amounted to , . ; ward after May to a yearend total of 57,000 | 600,200 tons compared with 598,600 tons in ; oe . 

7 . | . tons while secondary materials declined to 
1964. Primary plants supplied 431,400 tons, a 

. . 1,700 tons and material in process amount- 
of. which 71 percent was from domestic : 

- | ed to 39,800 tons. | | ores and 3 percent from purchased scrap. Cc . . 5 
} | } | onsumption of scrap in 1965 totaled 

Secondary plants produced a record 168,800 = . . 
748,300 tons, gross weight, of which 86 per- 

tons, 20 percent more than in 1964 and . . 
roximately 28 t of the total.  cemt was old scrap, primarily scrapped bat- 

 approumarey a0 percent 0 © 10" teries, and 14 percent was new scrap from 
38,300 tons of this secondary output was d . 

rosses and residues. The response of the 
remelt lead. . _ | scrap metal industry to the improved mar- 

Antimonial Lead, Primary and Secondary. et for lead materials in 1965 was satisfac- 
. tory and despite the upward trend in con- _—The lead content of domestically pro- . 

. . sumption of scrap, stocks at smelters 

duced antimonial lead was 277,300 tons, reflected only a gradual decline from the 

1964. Of the total, 91 percent was produced to 55,000 tons on hand at the end of the 

at secondary plants and the remainder at year. : 

Table 6.—Refined lead produced at primary refineries in the United States, 
by source material 

| . (Short tons) : 

a | 

1956-60 1961 1962 1963 1964. 1965 
(average) 

Ee 
Refined lead: . 

From primary sources: . 
Domestic ores and base bullion___ 284,023 288,078 245,645 239,660 294,254 305,007 

Foreign ores and base bullion____ 169,850 161,487 130,418 155,072 155,175 118,242 

Total --------------_--_--_-~. 453,873 449,565 376,063 394,732 449,429 418,249 

From secondary sources.___-_.--._-- 3,128 1,569 1,842 3,741 8,505 13,140 

Grand total —~------_--_---_______. 457,001 451,134 377,905 398,473 457,984 431,389 

Average sales price per pound____-_____- $0.130 $0.103  $0.098  $0.108 $0.131 $0.156 
Calculated value of primary refined lead 

(thousands)? ~____-_-____-----__--___- $118,007 $92,610 $69,948 $85,262 $117,750 $130,494 

1 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 

. Antimony content Lead content by difference (short tons) 

Produc- — re From From 
Year (thovt Short Percent domestic foreign From . Total 

tons) ‘ore ore . 

1956-60 (average) ~---.-_-_ . 50,515 2,548 5.1 6,586 6,366 35,020 47,972 

1961 ~-------------..--.-. 35,080 1,894 5.4 12,988 . 11,978 8,220 33,186 . 

1962 .-------.--------.-.. 338,325 2,249 6.7 14,838 12,545 3,693 31,076 

1963  ------~-~..--__---_- 18,818 1,890 10.0 4,558 4,703 7,672 16,928 . 

| ' 1964 ~LLuue eee = 24,023 1,995 8.3 4,522 4,085. 13,421 22,028 =| 

1965 —----- ee 27,895 1,984 7.1 2,809 — 3,803 ° 19,299 25,911 | | 

Table 8.—Stocks and consumption of new and old lead scrap in the United States in 1965 
. (Short tons, gross weight) 

Consumption | 

Class of consumers and Stocks . New Old Stocks 
type of scrap Jan. 1° Receipts scrap scrap Total Dec. 31 

_ Smelters and refiners: 7 
Soft lead ~--..-.--------_ 3,782 _ 65,664 — 67,003 67,003 (2,448 

Hard lead ~--.------_-_-_ 11,044 16,844 — 17,000 17,000 888 a 

Cable lead -----------._-_ 1,781 27,484 — 28,427 28,427 838 

Battery-lead plates ~-.---. $8,294 452,660 — 468,481 468,431 22,528 

Mixed common babbitt__-_ 267 8,597 — 3,679 3,679 185 

Solder and tinny lead--_-- 339 13,576 — . 18,722 138,722 193 
Type metals ~._--.--___._ 1,126 36,750 — 35,597 35,597. . 2,279 

Drosses and residues__..... 24,286 102,338 101,694 — 101,694 24,930. 

Total ~---~------------- 70,919 718,913 101,694 633,859 135,558 54,279 . 

Foundries and other 

manufacturers: . “ 

Soft lead  ~----_--._______ 27 389 — 360 360 56 

Hard lead ~-----L----____ 107 — — 64 64 43 

Cable lead ~_-.-_-_______e 12 79 — 88 88 3 

Battery-lead plates ---_-- — — ee — — — 

Mixed common babbitt___ 97 12,315 — 12,265 12,265 147 

Solder and tinny. lead__-__ — — — — — — 

Type metals ~_-_.-_______- — — —_ —_— : — — 

Drosses and Residues.__-_ 202 69 5 — 5 266 

“Total ~------_~----_ ee 445 12,852 5 12,777 12,782 515 

All consumers: , 

Soft lead ~----_.-.-_.-... 3,809 66,053 — 67,363 67,363 _ 2,499 

Hard lead ~-_.--__-____-_- 1,151 16,844 — 17,064 17,064 931 

Cable lead ~ ~--.-..-__---- 1,793 27,5638 — 28,515 28,515 ' SAL 

Battery-lead plates -..._... 38,294 452,660 — 468,431 468,431 22,523 

Mixed common babbitt____ 364 15,912 — 15,944 15,944 332 

Solder and tinny lead_____ 339 13,576 — 18,722 13,722 193 

Type metals ~-_-_--._--.__ 1,126 36,750 — 35,597 35,597 2,279 

Drosses and residues____.. 24,488 102,407 101,699 — 101,699 25,196 

Grand total  -_----.--.. 171,864 731,765 101,699 646,636 748,385 54.794 
ee ase ee Se 

r Revised.
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_ Table 9.—Secondary metal recovered ! from lead and tin scrap in the United States in 1965, | 
: _ by type of products 

; , . ee (Short tons, gross weight) 

. Lead Tin Antimony Other Total . 

Refined pig lead--_--_--..-----.-__.. 148,641 ----- ~aane --- 143,641 - Remelt lead ~~-------------.--_-_ 838,278 ----- ----- ee 38,273 
TO 

, Total --~-----..----~..-----... 181,914 Won ee ~---. --- 181,914 . 

Refined pig tin-------._------------,eee—t—«é8 ABB ae __- 3,433 
Remelt tin ------------2 oe 376 ----- --~ 376 

7 Total ~~~ eee 8,809 anne --- - 3,809 

- .Lead and tin alloys: 
Antimonial lead ~~ 270,653 341 16,574 315 287,883 
Common babbitt .-.-.--___-_____ 17,264 945 1,593 146 19,948 ; 
Genuine babbitt ~..._-___________ 60 234 21 9 324 
Solder W~---~~-- i = 3.4, 728 6,051 549 58 41,381 : 
Type metals  ~-.---______________ 36,882 2,200 5,306 9° 44,397 
Cable lead ~~ --_-_--__ 18,892 1 205 Se 19,098 . 
Miscellaneous alloys ~-....._--___ 1,293 . 584 13 57 2,007 

| Total ~_---.___-______-_____-__ 379,767 10,856 24,321 594 415,038 
Tin content of chemical products___._.066§ —__-__ 1,085 ----- os 1,035 

Grand total ~.-..--.-----_-.--. . 561,681. 15,200 24,321 594 601,796 

1 Most of the figures herein represent actual reported recovery of metal from scrap. . 

Table 10.—Secondary lead recovered in the United States . 
(Short tons) . 

| 1956-60 
(average) 1961 1962 1963 1964 1965 

ees 
As metal: 

At primary plants. ___.____ 3,128 1,569 1,842 3,741 8,505 13,140 
At other plants._._..__.._-__._ 126,796 139,100 116,626 130,788 140,702 168,774 

Total 2------+--+- +--+ 129,924 140,669 118,468 134,529 149,207 181,914 OO 

In antimonial lead: . oe | 
At primary plants_________ 35,020 8,220 3,693 ; 7,672 13,421 19,299 
At other plants__---.----_- ~ 182,084 197,349 225,699 237,125 257,101 | 251,354 

Total .------.---.-.._... 217,104 205,569 229,392 244,797 270,522 270,653 
, In other -alloys_._.__.____--_-_~_- 116,784 106,554 96,342 114,145 121,853 123,252 ; 

Grand total: . | | 
, Quantity .....__-___._ 463,812 452,792 444,202 493,471 541,582 575,819 

, Value (thousands) ~~ $121,367 $93,275 $82,622 $106,590 $141,894 $179,656 . 

Table 11.—Lead recovered from scrap processed in the United States, | 
by kind of scrap and form of recovery — | 

Oe , (Short tons) — 

Kind of scrap 1964 1965 Form of recovery 1964 1965 

New scrap: As soft lead: . 
_ Lead-base ---__----.-.. 64,876 72,234 ‘At primary plants_____ 8,505 13,140 

. Copper-base ~~... 6,490 . 7,323 . At other plants___.._.. 140,702 168,774 
Tin-base ~~ ~~... 555 528 -_ 

> Total ~-_...-_.__.... 149,207 181,914 
Total ~---------._-.. — 71,921 80,085 ——————_—— 

EEE »6©6 In antimonial lead 1_---_--_ 270,522 270,653 
Old scrap: . In other lead alloys-________. 99,168 108,170 

. Battery-lead plates __.. 304,523 313,146 In copper-base alloys...ttctu. 22,618 15,022 
All other lead-base__.__. 144,900 161,963 In tin-base alloys___.__-____ 67 60 
Copper-base —.....-...__ 20,233 20,621 TT! 
Tin-base .-..---.______ 5 4 Total -----.--.--..._ 392,375 393,905 

Total --------------- 469,661 495,734 Grand total _.....-.. 541,582 575,819 

’ Grand total -------.. 541,582 575,819 

? Includes 13,421 tons of lead recovered in antimonial lead from secondary sources at primary 
plants in 1964 and 19,299 tons in 1965.
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| | | CONSUMPTION AND USES a : 

| Industrial requirements for lead in the += Table _12.—Lead consumption in the = 
United States increased for the fourth United States, by products | | 

successive year and, at 1,241,000 tons, ex- | (Short tons) 

ceeded the previous high of 1,238,000 tons | _ Product 1964 1965 

established in 1950. The 1965 gain amount- — etal products: ~ . 

ed to 3.3 percent, identical with the 1964 Ammunition w--------. 56,498 57,322 

gain. Consumption exceeded 100,000 tons Bearing metals -_------ he ett 

in each month, except for the normal sea- Cable covering -------- 56,225 59,645 

sonal decline in July, and amounted to a> Casting metals... pees OF Oss 

daily average requirement of 3,401 tons of Collapsible tubes ---~-- 14,004 10,898 
;. . OWL ’ ’ 

lead. Percentage increase was approximate- Pipes, traps, and bends 20,480 19,837 

ual for soft lead, antimonial lead, and - Sheet lead ---.-------. 29,605. =. 27,569 
ly equa , Solder _.--.---_.------ 71,186 77,819 

- lead in other alloys with soft lead repre- Storage batteries: 

i nt and antimonial lead 27 Battery grids, posts, 
senting 67 percent and antimoni . etc. --.---------. 221,594 285,641 
percent of the total, excluding direct use of Battery oxides ___. 207,754 219,706 

; i ide 2 Terne metal. ~.-..----- 1,609 2,109 scrap and lead in leaded zinc oxide and - Dype metal —vvv~7~—s28'374 937416 
other nonspecified pigments. An increased = a 

requirement was also reported for these di- Total --------------- 835,871 865,691 

rect and unclassified uses and, in fact, the pigments: } 

only decrease was as lead consumed in White lead Fa ae 737302 eal 
; , Red an itnarge.... ’ ’ 

: copper-base scrap products. | Pigment colors _--.---- 11,921 12,558 
. . Other! ~-.--.-..------ 8,111 8,063 

| Total consumption of lead in metal Total t03.686 108.883 
products, after almost identical consump- CE nen ee 

| tion in 1963-64, resumed the upward Chemicals: 
‘ i i Gasoline antiknock trend. The increase in recent years in use weditives, .----- 228,466 225,208 

of lead in ammunition, brass-bronze, foil, Miscellaneous 

| solder, and storage batteries continued in chemicals ----------- 451 846 
: 1965. A significant change was the in- Total --------------_ 228,917 225,549 

creased amount used in cable covering and . | as 
. . Miscellaneous uses: 

type metal which had previously shown a Annealing _..--------- 5,699 5,719 

downward trend. The decline continued in ' Galvanizing --~-------- 1,592 1,775 
. . : Lead plating ~-.------- 179 240 

calking lead and casting metals. Use in Weights and ballast-___. 12,760 . 14,185 
| bearing metals, collapsible tubes, pipes and Total _.............. 20,280 21,869 

bends, and sheet lead decreased in 1965 Other, unclassified uses___-_.. 18,484 19,490 
after a slight recovery in demand in 1964. ooo 

. Grand total? ~~~. 1,202,138 1,241,482 

Pigments required 109,000 tons, an in- ‘_aciudes lead content of leaded zine oxide 
crease of 5, tons, essenti ll in the and _other pigments. 

5,200 Ss. ess tially a 2 Includes lead which went directly from scrap 
form of red lead and litharge and a small to fabricated products. 
gain was reported for gasoline antiknock Table 13.—Lead consumption in the 

compounds. The use of lead in chemicals, . United States, by months 

essentially all for gasoline antiknock com- ________(Short toms) 
. Month 1964 1965 

pounds, was 226,000 tons compared with a a 

- ' - January —-------.-.---.... 107,603 104,881 169,000 ton average for the relatively stable = ,2RUSIY -rr7-TTTTTT 94425 100,024 
period 1957-61. Miscellaneous and un- March ---~---------------- 92,844 104,192 

. . : April ~-------~-------.----- 98,981 100,743 
classified uses of lead increased slightly, May -_________-_----_--_--__ 98,786 100,762 

* . : June —--- -------.-.----.. 102,448 104,363 with weights and ballast accounting for July lov w TC 917488 90/836 

most of the enlarged need. | August ------------------- _ 99,676 101,417 
September ---------------~ 101,765 107,198 

: October —-----~-.---------. 105,571 113,162 
Storage batteries accounted for the larg- November ~-_.------------- 101,985 110,509 

est quantity of lead, 455,300 tons compared December ----------------- 106,616 108,395 

with 429,300 tons in 1964, both in the form Total? ___----------- 1,202,138 1,241,482 

of soft lead and lead oxide. The Associa- 1Includes lead content of leaded zine ; oxide 

tion of Battery Manufacturers, Inc., report- and other pigments and lea¢ qucts, wen ees
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| | Table 14.—Lead consumption in the United States in 1965, by class of products - 
7 - and types of material | 

| | | | (Short tons) a | | . , 

. Leadin  — | 
“Product _ Soft lead. Lead in Lead in copper- Total | 

Bo, . antimonial alloys — base - . OS 
a : oo _ lead _- serap oe . 

_. Metal products -~----.---.----.-----_. 211,013 83,567 51,889 - 17,809 - 363,778 . - Storage batteries ~~ --i-----..-_-___- 227,134 > 228,213 =--.. ----~ 455,347 Pigments ~~-~~-------------_.--------_ 104,944 207 a ee . 105,151 , Chemicals ~------ ee = 225,548 6 —a- ----- |. 225,549 _ Miscellaneous ~-_.-----2-------------_ 11,685 9,548 © 111 a 21,344 Unclassified 9-22-2222 15,869 2,474 - 7038 ~----— 19,046. 

Total _-.--.-_-_i- LLL 796,188 : $824,015. 52,203 - 17,809 11,190,215 . 
* Excludes 47,535 tons of lead which went directly from scrap to fabricated products and 3,732 tons : of lead contained in leaded zinc oxide and other nonspecified pigments. ~__ - . 

oe | Table 15.—Lead consumption in the United States in 1965, by States‘ = 
. : (Short tons) | . oe 

: Lead in Lead in oo State Refined antimonial Lead in copper- Total . 
. soft lead lead alloys base . 

. scrap . 

California ----------++-------- ~~. 80,839 25,4838 6,940 . 1,247 114,509 Colorado --~------~~------ ee 1512 | 2,647 | -171 ~-u-- . 4,330 _ Connecticut —_--__- li 13/988 18,117 89 1,211 27,455 District of Columbia_--.-_-._..-___... 139 1 woe ---.- 140 : / Florida ~---~--------------i eee 4,185 4,474 a --~-- 8,659 Georgia wo +o -- e 832,859 ~~ 10,8138 2,566 11 45,749. : Iinois  ~-----_-~-----~---_--2 i. 79,275 41,070 10,985 2,122 ~ 188,402 
Indiana ~------~---~--- ++ 74,558 _ 44,990 2,084 1,365 — _ 122,997 
Kansas ~-~-~----~------ 8,646 9,308 11 419 ' 18,384 Jone 
Kentucky -~~-~-~-.2---------_- 3,047 4,268 1 ----- .  . 4,316 | 
Maryland --_---~~.-___-_-.--_--_-____ 6,438 15,425 _. 157 --a-- 22,620 
Massachusetts -~-~-------------L--_-- 6,270 | 8,893: 354 207 © 10,724 Michigan -__------------------- Lt. 21248 19,165. 1,910. 620 42,938 

_ Missouri -----------~---------_--_.--. 37,226 6,079 88 1407 — 44,800 | 
Nebraska ~~~~----L------ ~~ 4,795 943. 11 649 6,398 | 

.. New Jersey --.-- ~~~. i_____ =: 183,552 -19,8138 10,953 7152 165,070 
- New York ~--~----~~---.--e--ee-_ 839,867. 3,084 8,030 839 51,820 
- Ohio -----~----- eee «12,899 5,666 — 3,047 | 1,198 22,810 

Pennsylvania’ ~~ ~~~. aL. = 1,549 36,598 867. ~ 2,855 91,869 
Rhode Island —~--.----.-_---_.-.---____ 1,808 506 24 ----- 2,338 
Tennessee ~~ ~~-~------~----~~~~----- 131 8,891 a 64 126 9,212 
Virginia ---.--- eee, 197 1,244  — . 605 981 5,027 
‘Washington =~ _---------_-------~--~_- 6,731 405 291 ----- 7,427 
‘West Virginia —~--~..-- 22 15,786 3,419 ---—- ----- 19,205 
Wisconsin ~~~ ~~-.-~---~--~----_ 1,767 3,343 107 153 5,370 
Alabama and Mississippi--___..__.._____ 682 1,981 ----— 107 3,370 
Arkansas and Oklahoma___-.._-_-.-- 3,896 3,258 36 ----- 7,190 
Hawaii and Oregon_.i--.--.-----..-. | 467 2,708 4 174 3,348 

. Iowa and Minnesota___ ~~ _--._- 4,566 8,176 293 | 147 13,182 
Louisiana and Texas...-..-..-..-__-_. 181,608 15,258 1,940. 385 149,191 
Montana and Idaho ___-._--.-__--__-_- 7,759 ------ -----— ----. 7,759 

- New Hampshire, Maine, Delaware_._.. . 6,071 3,900 25 234 10,230 
North and South Carolina________.___= © 651 4,594 ----- ~---- 5,245 
Utah, Nevada, Arizona.__...--_.-_-- 131 --~--. ----— —. + 131 | 

Total ~~ ~--------.---.-----.-.-. 796,188 324,015 52,203 17,809 1,190,215 

"1 Exeludes 47,535 tons of lead which went directly from scrap to fabricated products and 3,732 tons 
of lead contained in leaded zinc oxide and other nonspecified pigments. 

ed shipments of S.L.I. type batteries inal equipment. About 1 percent was for 
(starting-lighting-ignition) of 41.7 million export. 
units, a record number exceeding the 41.1 While consumption of lead was reported | 
million in 1963 and some 3 million more in 44 States, the industry was concentrated 

than in 1964. Of the batteries shipped, in 14 States consuming 87 percent of the 
about 73 percent were designated as re-_ total; 10 of these States reported an in- 
placement batteries and 26 percent as orig- crease. The increase in consumption in
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Missouri was of interest ‘because of its posi- nuclear area, the need for the radiation 

| tion as the leading producer. oe shielding properties of lead for reactors 

| Most of the increase in lead consumption was also accompanied by a mounting need 

was: related to the sophisticated needs of for lead in nuclear-fuel shipping casks and 
modem society with respect to transport, other special applications requiring space | 

| ‘communications, and nuclear power. Lead- saving and portability, as well as tempo- 

— | acid batteries remained the most compact, rary shielding achieved by use of lead shot 

: “economical source of packaged power for and lead in brick form. The development — 

| automotive starting, lighting, and ignition of dispersion strengthening techniques us- © 

and continued progress was made in the ing lead oxide as the dispersed phase for - 

employment of battery-powered vehicles in rolled or extruded lead products has ena- © 

the industrial and recreational. fields. The bled adoption of new fabrication tech- 

, | greater number of vehicles used in trans- niques and manufacture of thinner, | 

| portation and the increasing mileage per stronger lead sheaths for cables, lighter 

vehicle continued to raise the amount of battery grids, and stronger sheet and tube. . 

lead required for batteries and gasoline ad- © The ability of lead to maintain its compet- 

ditives. Expansion of the use of lead pig- itive position in the transportation, com-  _ 

SO ments for corrosion resistancé’and highway . munication, nuclear, and construction areas 

| traffic marking paints was notable. In the was thus further strengthened in 1965. | 

| | = LEAD PIGMENTS a : 

Production of lead pigments in the Unit- nish which is predominantly reported as 
ed States increased in all categories except ‘ used in paints rather than varnish. To 

| white lead and consumed 321,200 tons of avoid disclosing company confidential data, 
lead, 7 percent more than in 1964 and a large’ percentage of the litharge shipped 

oe the fifth successive annual increase in use is designated “Other.” Production of lead- 

| of lead for pigments. Requirements for ed litharge, known to the trade as “black 
black oxide, a mixture of litharge and. me- oxide” and used by battery manufacturers, 
tallic lead for battery plates, represented increased more than 8 percent and the 
the largest increase in pig lead use, fol- 184,800 tons of lead consumed in produc- 

lowed by litharge and red lead. Use in tion of this item compared with 133,600 — 
white lead and leaded zinc oxide continued _ tons in 1960. | | 7 
to decline. Production of basic lead sulfate  =—— | 
is not published and lead silicate for en- | Prices-—The quoted price of lead pig- 
amels and glazes derived from litharge is ments was unchanged during the year in 
included with litharge. | - line with the stable domestic price of lead 

. : oo metal. The price of white lead in carload. 
White Lead.—The production of white ots, freight allowed, was 20.5 cents per — 

lead, both dry and in oil, totaled 11,500 pound, established on November 2, 1964. 
tons and continued its downward trend ‘The average value per ton of white lead at 
after a slight increase in 1964. The decline the plant was $425 for the dry type and 

was especially reflected in the paint and $646 for the oil mixed in terms of weight 
ceramics industries. Other uses of white of white lead. Red lead was quoted at 
lead in various chemicals, greases, stabi- 19.75 cents per pound, effective December 

lizers, and plasticizers, however, increased 98 1964, and the average value per ton at 

significantly again in 1965. plant was $375. The price of litharge was 
Red Lead.—Requirements increased in 19.25 cents per pound, effective December 

1965 thus continuing the upward trend of 28, 1964, and the average value per fon at 
recent years. Only 46 percent was used in plant was $3 59. The value of the ship- 

paints and the predominant requirement ments of white lead, red lead, and litharge 

was by the oil and rubber industries along in 1965 was $56.3 million, 21 percent more 
with many small industrial applications. than the 1964 value. 

Litharge——Shipments of litharge were 7 Foreign Trade.—The individual export 
percent more than in 1964. An increase Classification of lead arsenate was discon- 

was registered in all categories except var- tinued beginning in calendar year 1965
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Table 16.—Production and shipments of lead pigments ! and oxides in the United States 

| 1964 1965 

. Shipments Shipments 

. Produc- Value 2 Produc- Value? 
Pigment tion —_-_---- tion — 

eo (short Short Aver- (short Short , Aver- 
tons) tons Total age - tons) tons Total age 

per. per 
, ton ton 

White lead: _ | | 
Dry ---~-- 9,298 10,432 $38,997,056 $383 8,787 10,266 $4,358,293 $425 
In oil} 3? _ 3,298 5,014 2,600,233 519 - 2,753 4,407 2,845,789 646 : 

Total -__ 12,596 15,446 6,597,289 427 11,540 14,673 7,204,082 491 
Red lead ~~ 27,812 . 28,090 9,172,654 327 29,815 29,663 11,103,069. $75 

' Litharge -_... 100,230 99,393 30,653,873 308 105,634 105,892 37,968,871 . 359 
Black oxide -.. 178,038 --.-- ~---.-- oe ---- 192,655 --.--- wane. ~.-— 

3 excert for basic lead sulfate, figures withheld to avoid disclosing individual company confidential 
ata. 

2 At plant, exclusive of container. ; 
3 Weight of white lead only, but value of paste. . 

Table 17.—Lead content of lead and zinc pigments ‘ and lead oxides produced 
by domestic manufacturers, by sources 

(Short tons) | . 

1964 i 1965 | 

Lead in pigments Produced Lead in pigments produced | 
Pigment from— from— Total 

———_____—__—__——————— Total —————________—_———__ lead in 
Ore lead in Ore . pig- 

—_——__—_—_——_————- Piglead pigments —--——————————— Piglead ments 
Domestic Foreign . . Domestic Foreign 

White lead _--------.§ ---. _--_- 10,077 10,077 ---- eee 9,232 9,232 | 
‘Red lead -------e eee —---- 25,212 25,212 ---- a 27,027 27,027 
Litharge wee Lk anne 93,214 93,214 a ee 98,240 98,240 
Black oxide -----.... —--- ~---— 170,394 170,394 ~--- ~--—— 184,774 184,774 
Leaded zine oxide... 1,398 593 ---—-- 1,991 1,345 561 a 1,906 

Total ---...... 1,398 593 298,897 300,888 1,345 561 819,273 | 321,179 

1 Excludes lead in basic lead sulfate; figures withheld to avoid disclosing individual company con- 
fidential data. oe . 

Table 18.—Distribution of white lead (dry and in oil) shipments,’ by industries 
| (Short tons) 

1956-60 . Industry (average) 1961 1962 1963 1964 1965 

Paints ~.-----.-_------__ 16,824 12,086 12,054 11,358 10,534 9,185 
Ceramics —-~------~.---- 406 141 137 138 143 133 
Other -.--~..----------- 3,729 3,996 - 4,008 8,906 4,769 _ 5,855 

| Total _..--.------. 20,959 16,223 16,199 15,402 15,446 14,673 | 

1 Excludes basic lead sulfate; figures withheld to avoid disclosing individual company confidential ; 
data. 

Table 19.—Distribution of red lead shipments, by industries 
(Short tons) . 

1956-60 Industry (average) 1961 — 1962 1963 1964 1965 

. Paints -..-_.-..-..-.-... 18,810 12,895 13,716 13,213 14,133 18,725 
Storage batteries ~....-~- WwW Ww W WwW WwW WwW 
Ceramics —_~~--~---~_.-- Ww w 637 Ww WwW WwW 
Other ~----------.-----. 10,490 9,961 11,164 13,032 13,957 15,938 

Total ---.--.-..-.. 24,300. 22,856 25,517 26,245 28,090 29,663 

W Withheld to avoid disclosing individual company confidential data; included with “Other.”
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| Table 20.—Distribution of litharge shipments, by industries . 

(Short tons) ee 

ay 1956-60 | Industry. (average) 1961 1962 1968 1964 1965 
| erage) 

Ceramics --------~------ Ww 14,398 17,752 17,762 20,508 21,013 

Chrome pigments -------~- WwW Ww. Ww 5,763 6.426 Ww 

Floor covering ~-~-~--~~-- WwW WwW WwW WwW WwW WwW . 

Insecticides ------~--~---- WwW WwW WwW Ww Ww L161 

Oil refining ~------------ 2,989 2,147 2,404 1,973 2,142 2,886 

Rubber --~--------------- 1,598 1,243 1,792 1,702 1,978 2,153 

Storage batteries ---_--__. W -- W WwW WwW W WwW 

Varnish —---------------- 3,644 3,394 4,083 4,240 4,004 3,763 

Other —------------------ 98,795 717,773 17,366 72,394 64,335 74,916 

' Total ~------------ 107,026 98,950 _ 103,397 103,834 99,393 105,892 

--“W Withheld to avoid disclosing individual company confidential data; included with “Other.” 

Table 21.—U.S. exports of lead pigments and compounds a 

Kind — 1964 1965 

Short Value Short Value 
tons (thousands). tons (thousands) 

Lead pigments 1}. --.....--.----------- 1,680 $608 2,286 sy. $890 

_ Lead arsenate ~---------------------- 936 278 NA NA 
| EP 

- Total —.--.-------------------- 2,616 886 2,286 890 
ae 

NA Not available. 
1 Includes white lead, red lead, and litharge. 

- Table 22.—U.S. imports for consumption of lead pigments and compounds 

: 1964 1965 | — 
| hc 

Kind Short . Value Short Value 

| tons (thousands) tons | (thousands) 

White lead ~----.----------~-------- 2,674 $748 1,631 $581 

Red lead ~--~-----.------------------- 1,613 $51 524 145 

. Litharge ~------.--.----~------~------ 19,763 4,001 22,208 5,375 

Other lead pigments_.__-~-~.~-.----- 5 13 5 . 15 

Other lead compounds ~..--.--------- 195 61 203 67 
a 

Total ~---..------------------- 24,250 5,174 24,571 6,183 

and this compound was to be included substantial decrease occurred in deliveries 

with pigments and oxides. Total exports of white lead and red lead. The total im- 

thus declined 13 percent in tonnage, al- port tonnage in 1965 was, however, only 

though the value increased slightly. The 320 tons above the 1964 total. Value per 

import of litharge, accounting for 90 per- ton of imports increased for each type of 

cent of the total imports of lead pigments, material and the total valuation of $6.2 

oxides, and compounds, increased 12 per- million was almost 20 percent above the 

cent in comparison to 1964 receipts while a 1964 amount. | | 

STOCKS 

The continuing high level of demand for Stocks of ore and base bullion for smelting 

lead and limitation on imports of foreign and refining, amounting to 46,300 tons at 

concentrates until termination on October the end of 1964, reached a low of 41,000 

92 resulted in a decline in producer stocks tons at the end of May and then gradually 

of refined and antimonial lead from 38,100 increased at yearend to 58,200 tons. 

tons at the end of 1964 to a low of 24,300 Stocks reported by the American Bureau 

tons at the end of September and only a_ of Metal Statistics indicate an additional 

small buildup thereafter to end the year at 18,000 tons of lead in base bullion in proc- 

95,200 tons. In comparison, producer stocks ess at refineries or in transit to refineries 

at the close of 1961 totaled 205,600 tons. and about 30,300 tons of ore and matte in
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process at primary smelters. The total lead, lead alloys, and copper-base scrap—de- 
| stocks of lead in metal, primary and sec- clined from 113,400 tons to 109,200 tons. . 

ondary materials at primary plants was Soft lead stocks dropped to 56 percent of | 
thus 131,700 tons at the end of 1965 com-- the total and antimonial lead increased to : 
pared with 141,900 tons at the close of 33 percent compared with 61 percent and | 
1964. 31 percent, respectively, in 1964. As of De- - 

a Consumer and secondary. smelter stocks cember 31, 1965, government stocks of lead 
of lead in all forms—soft lead, antimonial totaled 1,284,600 tons. | | 

Table 23.—Stocks of lead at primary smelters and refineries in the United States, Dec. 31 | 
| (Short tons) | : , 

~ 1956-60 G Stocks (average) 1961 | 1962 7 1963 1964 1965 oo 
Sunn nner cere 

Refined pig lead___-_-._..____ 107,825 195,200 186,544 48,780 34,100 17,524 
Lead in antimonial lead_.-..._ 11,095 10,354 5,975 7.890 | 4,012 | 7,680 7 

. Lead in base bullion___.__.___._. 13,669 16,978 10,392 14,947 - 18,218 _ 10,735 oo 
Lead in ore and matte--_____._ 47,205 39,570 43,750 49,219 33,068 47,504 

Total -------.-.-------. 179,294 262,102 196,661 120,836 84,398 - 83,443 Oe 

- Table 24.—-Consumer stocks of lead in the United States, Dec. 31, by types of material 
(Short tons, lead content) 

Lead in * Leadin . Refined : : Lead in Year : antimonial copper-base Total . 
soft lead lead alloys scrap | 

1961 ~-~------~--.--.-.-_~_. 55,951 33,633 8,298 1,258 99,140 
1962 ~------~-~---~------__- 51,121 34,389 6,817 1,169 93,496 
19638) ~------~---~----~----__ 71,558 40,606 6,558 1,208 119,930 
1964 ~-------.------~---_-- 69,361 35,163 7,933 987 113,444 
1965 ~---.--~---~----.-~-.-- 61,586 36,190 10,406 | 1,013 109,195 

PRICES | . 

The quoted New York price for common in the fourth quarter were at a price of 
lead remained at 16 cents per pound, effec- 15.5 cents per pound for common, corrod- | 
tive December 11, 1964, throughout the ing, and desilverized lead, 15.6 cents per | 

' year. Government sales of stockpile-surplus pound for chemical grade lead, and 17.9 
lead in April were made at 15.75 cents per cents per pound for antimonial lead. The 
pound for common, corroding, and com- Government price was f.0.b. at the various 
mon desilverized lead and 15.85 cents per stockpile depots. 
pound for chemical grade. Sales conducted 7 

. Table 25.—Average monthly and yearly quoted prices of lead at St. Louis, | 
New York and London’ | 

(Cents per pound) 

1964 1965 | 
Month 

St. Lous New York London? St. Louis New York London 2 

January —.-------.-- 12.80 13.00 9.87 15.80 16.00 - 15.73 _ 

February -—-~-~~-.--..- 12.80 13.00 10.11 15.80 16.00. 17.64 

March -~.~~~.-.-.--- 12.80 13.00 10.14 15.80 16.00 17.88 

April --------.-.---- 12.80 13.00 10.29 15.80 16.00 15.99 © 

May ~~ ~-.~---~-----~ 12.80 13.00 11.05 15.80 16.00 13.72 

June -.-.-.-..-_--_- 12.80 13.00 11.15 15.80 16.00 12.61 

July -----.----- ~~ - 12.80 13.00 12.25 15.80 16.00 12.28 

August ~----+.-----~- 13.04 13.24 13.58 15.80 16.00 12.30 

September ---~-~. ~~ 13.80 14.00 18.87 15.80 16.00 13.11 

October ~-.---.--~--- 14.32 14.52 14.96 15.80 16.00 13.93 
November --~..---_- 14.80 15.00 16.47 15.80 16.00 13.59 
December ---~~-~---- 15.46 15.66 17.34 15.80 16.00 13.66 

Average -~..-- 13.42 13.62 12.59 15.80 16.00 14.37 

1St. Louis: Metal Statistics, 1966. New York: Metal .Statistics. London: E&MJ Metal and 
Mineral Markets. 

* Based on monthly rates of exchange by Federal Reserve Board.
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_ Table 26.—U.S. exports of lead, by countries * . 

_ - . a (Short tons) | . . 

| a . Destination “(Gremarey 1961 1962 1968 1964 1965 | 
Ore, matte, base bullion (lead content) :? . | . . 

North America —~...~~-----~---.~---~--+-+- 621 5 4 cece fo 
a South America ~~~ -------------------- eee eee te WZ ~Lueee 

Europe —--.~-----~-~----..-~--~--~~----- . 6 TT nn ee 
Asia ~..-------------------------------- 272 4,357 2,891 ------ 

oe . Total ore, matte, base bullion._---.~.~~- 899 ~ 4,437 2,898 4 |: 

Pigs,. bars, anodes: . mo oo , 
North America: 

. , Canada —.~---.--.-~-~.---.--.-—--~-- 72 80 39 112 104 213 
. Mexico ~---------~------------------ 22 24 25 23 10 . 128 

_ | Other ~+------------~---=------------ 152 39 66 95 209 426 

7 Total ~---------------------------- 246. 148 130 230 323 167 
South America ~~-~--------------------- |. 141 . 794 - 588 188 105 ~=—-: 11,058 

~ Europe --~------------------~----+-------- 546 3- 28. 153 7,330 4,366 
Africa ~---+----------1-------~-----~----- 2 12° 9 10 83 4200 

Asia: | 
| Japan -~~----~----~---~-------~------_ 697 ------ -----.  ------ 553 585 

_ Philippines ~--------~--------------- - 318 227 81 26 130 129 
Taiwan ~-------------------------- . 849 874 950 ci 575 - 73 
Other ~-.--------------------------- 216 78 321 478 1,115 778 

| Total -_---.----------------------- 2,075 = 1,179 1,852 504 «2,873 ~—«:1,565 
Oceania --------------------------------  @) 2 1 3 11 18 

P Total pigs, bars, anodes._.._._-_.___-_ 3,010 2,133 2,108 1,088 10,175 7,811 
. crap: , eee 

North America —...--.-- ~~~ 249 54 37 14 400 243 
South America ~~~~-..---.--- eee ee 2 15 8 cee THe 

Europe: . 
’. Belgium-Luxembourg: ~---..---.---__ 5 688 828 1,182 1,566 —_.-- 

Germany, West ~~~. ~~~. --____.. 260 253 119 498 632 161 
Italy ~~ ee 40 162 289 _oue 15 2,348 
Netherlands | ---------------.-- 401 251 159 72 296 235 
Spain - Lee ee fe ee 53 12 1120 eee 
United Kingdom ~~. L-- ~~ 485 1,167 786 519 1,293 83 
Yugoslavia .-- eee eee eee eee 2,943 584 
Other ~~ ~~~ oe 46 ~-..- 6B 29 42 126 

Total _...-_.._.-_._-..-_-_-_.-_---_ 1,287 2,521. «1,797 += 2,812 «6,899 ~— 8,587 

. Asia: 
Japan - ~~~ 65 2,579 5938 85 5,847 12 
Other ~--~---- (3) q 19 2 2 1 

Total ~-.--_--- 65 2,586 612 87 5,849 13 
Total scrap ~~ .-..--_--_---- 1,551 5,163 2,461 2,421 13,148 3,793 

Grand total ~~ ~~~ ~~... -------- 5,460 11,733 7,467 3,513 28,342 11,604 

1In addition foreign lead was reexported as follows: Ore, matte, and base bullion, 1956-60 (aver- 
age), 2 tons; 1961-64, none; 1965, class no longer separately classified. Pigs, bars, anodes, 1956-60 
(average), 91 tons; 1961, 294 tons; 1962-63, none; 1964, 4,367 tons; 1965, 659 tons. Scrap, 1956—60 
(average), 2 tons; 1961-64, none; 1965, 99 tons. 

‘2 Effective Jan. 1, 1965, no longer separately classified. 
3 Less than 14 unit. 

_ Table 27.—U.S. imports ' of lead, by countries 
(Short tons) 

1956-60 Country (average) 1961 1962 1963 1964 1965 - 

Ore, flue dust, and matte (lead content) : 
North America: 

Canada ~---~~------------_ +e 27,871 $34,861 27,728 28,684 27,951 438,622 
Guatemala ~~. ~~~ 4,570 9,817 2,135 305 5 18 
Honduras ~-----_-----.____------.-.- 3,610 5,512 4,965 6,809 6,375 8,712 
Mexico ~~~ 2,245 1,166 1,180 1,071 1,069 760 
Other ~~~ ~~ 1427 cn.pe fee tee 

Total ~~ ~~~ 88.923 50,856 36,008 31,819 35,400 58,112 

South America: 
Bolivia -...-----~----.--_---------_- 14,091 11,370 8,242 9,791 6,073 5,096 
Colombia ~~~. -~-------~----.._- 713 722 439 9 LLLLL 677 
Peru ~~ ~~----~~~~--~--- ~~ 50,953 28,970 32,999 43,950 28,243 26,419 
Other ~----.--.--~---------_---.--_- 696 610 ------ 0 ------  ------  ------ 

Total ~..--_--_----_--._----------. 66,453 41,672 41,680 53,750 34,316 32,192 
Europe —~--.--.----_------- ee 195 300 280 wee Thee tee
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Table 27.—U.S. imports! of lead, by countries—Continued _ 

a
 

A  ——  eeeee_—ee_e— 

1956-60 
Country. | (average) 1961 1962 1963 1964 . 1965 

Ore, flue dust, and matte (lead content) —Continued 
- Africa: * 

Moroceo —.-~----~-----~----------~-~-- 1,058 wnp--- eee ee 23 
South Africa, Republic of------------ 40.914 34,089 38,881 34,2738 34,080 10,570 

Total ___--.----------------------- 41,967 34,089 88,881 34,278 84,080 10,598 | 

Asia: . . . 
Philippines ~~.--..------------------ 942 238 57 23 58 106 
Other ____-_~.------------ 808 ------ 181 244 117 0 -e ee 

Total. ___--_----- 1,245 238 238 267 175 106 
_ Oceania: Australia ~~ ~--.---...--.--___- 27,428 20,081 26,544 27,688 19,286 26,658 

Total. ore, flue dust, and matte-._.---.-. 176,211 147,186 138,631 147,742 123,257 122,661 

Base bullion (lead content) : . 
North America ~~ ~--~-~--_-------------. 65 362 5 851 1,449 93 
South America —~_.------.-_--_..-----~--- 124 60 2,080 2,647 603 25 
Europe —..--------------~---------------- 9 ------ (*) ------ 2 ----- (7) . 

ASI@ ~~ ~~~ eee eee (?) om ee eee a ne oe ee ee 

Oceania ~~~ --------- eee eee eee eee 2,514 1,937 2,786 448 

Total base bullion_--_.------------~.~--- 189 422 4,599 5,437 4,838 566 

Pigs and bars (lead content) : 
North America: . 

Canada _.---~----...--.-._--~------- 30,675 54,717 56,807 29,619 30,728 31,697 
Mexico ______-__--_------------------ 91,933 81,3828 65,892 74,466 11,728 13,546 
Other  ~-- ~~ -------_----.~-----+.---- 67 ae 114-1 

Total ..--_.---.-_----_---------... 122,675 186,048 122,699 104,085 102,570 105,243 

South America: 
Peru ~__-- ee ee 33,104 26,195 22,115 23,486. 24,510 26,132 

Other ~---.-------------.--------+--- 849 Liu Tee 86 ~~ 38 

Total _...--_-__--------.__----.--- 33,458 26,195 22,115 28,522 24,510 26,170 

eee: 

Europe: 

Belgium-Luxembourg —--.----------- 2,209 ---..- 2,980 11,285 ------ 197 
Denmark _____..- eee eee eee ee eee T7000 514 

Germany, West —~-.-------.---.~----- 1,656 842 914 277 5,017 1,653 

Spain ~__---_-..--_------_------~---- 7,518 8,529 4,104 7,694 949 243 

United Kingdom —__------_~~~~---~--- 2,522 - ue 835 8,555 562 514 

Yugoslavia -....----..-----------_- 35,742 30,347 31,909 $1,063 30,544 28,640 

Other — --~-------_-----.~----------- 2,629 12 ~~ 834 531 
a 

Total _..--------_...--.--_--.--.-- 52,271 39,718 40,254 58,824 88,606 32,292 

Africa —--------.-----~----------~-----+-- 6,889 -----. -n---- eee +e 1,224 

Asia: Japan —-----..----------- eee eee eee eee eee eee eee eee ree 4,638 

Oceania: Australia ---...---------~-~----- 70.229 54,891 72,183 45,596 42,158 51,105 

eee 

Total pigs and bars--.--.-------.-----. 284,967 256,852 257,201 227,027 207,844 220,672 

Reclaimed scrap, etc. (lead content) : , 

North America: 
Canada __W-~~--_------ 3,335 1,441 1,279 3,243 1,959 2,919 

Mexico ~~~ ~~~. ~~~ 8,314 2,294 688 55 164 315 

Other ~~ ~~ ~~----- 605 45 186 162 46 10 
. a 

Total _-.--.--_.__--__-_----------. 7,254 8,780 2,158 3,460 2,169 3,244 

South America —~---~-~----.------~------ 151 0 eee eee 

Europe ~~~... ++ 420 2 17 18 eee 6 

Asia: Japan  -.......-----------.------ 9 LuLu Q2 wenn fee 42 

Oceania: Australia ~-..-.--..-.----~---- 2,654 1,160 149 5,402 2,885 978 

———eoeeooooooooeeeoeoEoEoEoEoeoeoeoeeeeeoeoooooeoooeoooooeooooooooaoooaoooaoaooaoaooeoeeeeeeeS 

Total reclaimed serap, etc. ..------~-- 10,488 4,942 2,321 8,875 5,054 4,270 

Grand total __..__-___.-.-_.----__-_--. 471,855 409,402 402,752 389,081 340,993 348,169 
Oe er 

1 Data are general imports; that is, they include lead imported for immediate consumption plus 

material entering the country under bond. 
2 Less than % unit. 

232-748 O-67—38
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| _ Table 28.—U.S. Imports for consumption: of lead, by countries 

. (Short tons) 

’ - 1956-60 | Country | (average) 1961 | 1962 . 1963 1964 1965 

Ore, flue dust, and matte (lead content): 
North America: | . | 

Canada —----------.-_-------.---.-___ 29,001 31,489 29,5238 30,937. 27,973 338,687 . 
Guatemala ~ _.--~----_ 4,872 5,527 4,691 387 5 18 
Honduras ~~~ ~~~ ~~~ 4,162 4,803 5,959 8,692 6,489 7,406 

- Mexico ~~-~---- ee 2,834 1,060 1,899 1,850 458 577 
. Other ~~ -~~-~----~-- 1,068) -u---- eee 

| Total ~---------------------------. 41,982 42,829 42,072 41,866 34,925. 41,638 

| South America: 7 ae — 
Bolivia ~~~ ~----L---- 15,710 10,470 7,479 10,055 8,873 3,885 
Colombia ~~ ~2.- ~~~ 740 514 480 a 439 
Peru ~~~ 54,668 32,318 32,327 32,140 382,314 30,732 
Other ~~~. ~~~ 1,279 401 6 Hwee nae eee +H 

Total ~----------_-----.-_----_---. 72,897 48,703 40,292 42,290 40,687 35,056 
Europe ~-~~--~--~-----~--~--~ 30 ~~ 2200 wee 

| Africa: -. 

Morocco ~_~~- + -- 1,048 wi 2 eee 23 
South Africa, Republic of.___________ 39,684 29,736 29,756 29,740 29,760 28,712 
Other ~~ ~~~~----_~----_ = 369 Lou mannn= 0 weneee enn +--+ 

| _ Total ------------~------.-------.. 41,101 29,786 29,758 29,740 29,760 28,735 

Asia: . | 

Philippines ~..------.____-___________ 938 880 111 31 86 96 
Other ~~~ ~~~ 252 woe LL 223 121) _uuL 

Total 2oe-+-------~—---- == 1,190 380 111 254 207 96 

Oceania: . . 

Australia ~------------------..-----. 30,792 20,182 20,627 21,295 22,488 23,408 
Other —~ 22-2 _-_-- 820 eee 

Total ~..---.---------------------. 80,824 20,132 20,627 21,295 22,488 23,408 

Total ore, flue dust, and matte_____ 187,474 186,780 133,080 185,445 128,067 128,933 

Base bullion (lead content) : 
North America ~~ ---__-____ 65 134 5 964 3,094 93 
South America ~~ ~~~ ~~~ ~~ 95 102 2,078 854 603 25 
Europe ~~-~~~~-----2--- (7) wna 3 560 (?) 
Oceania ~~~ ~~~ ee eee 1,937 2,786 - 448 

Total base bullion-_.._._______________ 160 236 2,083 3,758 7,043 566 

Pigs and bars (lead content) : 
North America: 

Canada ~~..--------------.--__-_-... 30,677 54,902 56,807 29,674 30,777 31,697 
‘Mexico ~~ ieee 89,980 71,289 68,147 78,254 72,078 13,386 
Other ~~ ~~ ~~~ 58 6 a ----- 45 69 

| Total ~---------------__---_--._.... 120,715 126,197 124,954 107,928 102,900 105,152 

South America: 

Peru -2--- ee 33,116 26,195 22,1038 22,224 23,114 27,484 
Other ~~~. ~~ 849 LLowee LLL 35 oe 38 

Total ~~ 2 33,465 26,195 22,103 22,259 23,114 27,522 

Europe: 

Belgium-Luxembourg ~____-__._____ 2,193 41 1,685 4,366 4,375 422 
Denmark ~ 2-2 ~~ 2 1,006 cp Lee LL 700 514 
Germany, West ~ .-.__-_________ 1,599 911 614 577 3,692 2,161 
Spain ~~~ _-_ 7,330 8,775 3,958 7,713 847 22 

. United Kingdom —~______________ 2,501 16 wee 1,462 1,697 425 
Yugoslavia ~_--_------_-.------_-_.. 385,697 30,280 32,240 31,068 30,544 28,639 
Other ~~~. ~~ _- 1,862 W- ____ 12) ~Lu_Le 834 531 

Total ~~. ~~ 51,688 39,973 38,509 45,181 42,689 32,714
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. Table 28.—U.S. Imports for consumption‘ of lead, by countries—Continued 

(Short tons) — 

eee ee 

Country (1956782) 1961 «1962-1968: 1964 = 1965 

Pigs and bars (lead content) —Continued 

Africa: 

Morocco _--------------------------- 6,096 A wie panne eee si 

South Africa, Republic of..__--------- 548 118) epee ete 1,060 

» Other _-----------------------------  -nnnne nee cree nee ee 112 
Eee Exe 

Total ..-..------------------------ 6,644 117) ------ eee ------ si, 284 

Asia: Japan ~-_--.---~---------+-------- 9 ----2-0 0 s---2-0 crreee reer ots 4,363 

Oceania: Australia  ..-.---------------- 69,818 54,945 = 72,300 45,080 42,437 50,484 . 

Total pigs and bars-.----------------- 282,330 247,427 257,866 220,898 211,140 221,519 

- Reclaimed scrap, ete. (lead content) : | | 
North America: 

. 

Canada ~-..---------------~--------- 3,335 1,441 1,240 3,218 1,716 3,127 

Mexico ~--.-------.----------------- 3,816 2,291 612 55 164 328 

Other ~--.-------------------------- 648 91 . 58 288 26 55 | | 

. Total ~.._-_----~-~----------------- 7,799 8,828 1,910 3,561 | 1,906 3,510 

South America ~----_------------------- 202, +-----  ------ 903 .--.-. 15 

Europe —--~-~--------------------------- 512 2 17 12 1 22 

Asia: Japan —~-~--.---------~~----+~-------- 9 1 2 tune nee — 42 

Oceania: Australia ~-------------------- 1,509 68 149 =10,929 --.--- 23 

Total reclaimed scrap, ete. ..---------- 10,031 3,894 2,078 15,405 1,907 3,612 
eee 

Sheets, pipe, and shot: 
North America: 

Canada ~_----~~--------------------- 231 114 49 35 78 83 

Mexico ~-----~..-------------------- 2,432 55 eee eee =e 265 

Other ~..---.--~--------~------------ A nee eee eee eee 
OE eee 

| ‘Total _---------------------------- 2,667 169 49 35 78 348 

Europe —-------.----------.--------~----- 1,865 2,639 2,197 2,389 1,445 503 

Asia — --------~.----------------------- (7) > 37 30 5 (7) ------ 

Oceania _.------_------------- een eee eee eee ee 29 
Ne 

Total sheets, pipe, and shot----~------- 4,532 2,845 2,276 2,429 1,523 880 

Grand total  _------------------------ 484,527 391,182 397,383 377,485 349,680 355,510 
____—Grand total ~---------o nro neocon eee eee Oe Oe 

1 Excludes imports for manufacture in bond and export, classified as “imports for consumption” 

by the Bureau of the Census. . . 

2 Less than 4% unit. 

FOREIGN TRADE 

Exports of lead material other than significantly from all foreign suppliers. 

scrap decreased to 7,800 tons. Scrap exports Metal imports from all of the producing 

amounted to only 3,800 tons compared areas listed increased with the exception of 

with 13,100 tons in 1964 and only slightly the European countries and total receipts 

more than the 3,500 tons of scrap imported of metal increased 13,000 tons in compari- 

for consumption in 1965. son with the prior year. 

General imports of lead in all materials Imports for consumption of ores and 

amounted to 348,900 tons in 1965, a gain metal, limited under the import quotas 

of 8,000 tons, although primary materials during the first three quarters of 1965, 

for domestic smelting and refining de- were 5,000 tons above the 1964 total. Ter- 

creased 4,300 tons to 123,800 tons. A sub- mination of quotas in October for ore and 

stantial decline in deliveries from the Re- in November for metal permitted entry for 

public of South Africa due to expanded consumption of metal held in bond await- 

operation of the new Tsumeb smelter and ing entry, especially from “other” countries 

refinery and decreased deliveries of smelt- not specifically alloted a quota. Notable 

ing materials from Bolivia, Mexico, and changes were the decrease in ore from Bo- 

Peru more than offset substantial imports livia, the decrease in bullion from all sup- 

of Canadian ores for toll smelting and in- pliers, and the decrease in metal deliveries 

creased deliveries from Australia and Hon- from the European area. 

duras. Receipts of lead bullion decreased



| wn 

Table 29.—U.S. imports for consumption of lead, by classes ! | 0 

See 
Lead in ore, flue dust : 
or fume, and matte, Lead in base bullion - Pigs and bars Reclaimed scrap ete. Sheets, pipe, and shot 

n.s.p.f. (lead content) (lead content) (lead content) (lead content) . nee ee ees 

. . Not 
other- 
wise Total Year Value Value Value Valuc Value speci- _ value _ 

Short (thou- Short (thou- Short (thou- Short (thou- Short (thou- fied (thou- 
tons sands) tons sands) tons sands) tons sands) tons . sands) nue sands) 

ou- . 
sands) 

Sy sss st“g 
1956-60 

Z (average) ___. 187,474 $48,706 160 $47 282,380 $66,800 10,031 $2,188 4,582 $1,107 $457 $114,255 s 
1961 ~_---_._____ 136,780 24,332 236 51 247,427 45,881 ——- 8,894 592 2,845 , 641 807 . 72,304 > 
1962 ~_---.._.-_. 183,080 - 21,0038 2,083 710 257,866 41,570 2,078 269 2,276 A474 978 65,004 | DS 
1968 ~ui-.---.._. 185,445 21,534 8,758 1,792 220,398 40,126 15,405 2,009 2,429 513 792 66,766 mo 
1964 __.____-_.__ 128,067 21,789 7,043 2,058 211,140 45,790 1,907 350 1,523 369 713 71,069 > 
1965 ~~. ~~~... 128,933 26,923 566 380 221,519 60,391 3,612 7193 880 273 829 89,089 a 
A 

1 Excludes imports for consumption in bond and export, classified as “imports for consumption”? by the Bureau of the Census.- , 8 

A. 

| : | © 
D 
ot
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Table 30.—U.S. imports for consumption of miscellaneous products containing lead 
a 

Babbitt metal, solder, white metal, . 
| and other combinations containing Type metal and antimonial lead 

| - Year Gross. . _ Lead Gross Lead - a 
weight _—- content Value _. weight content Value 

; ” - (short (short . (thousands) (short (short (thousands) 

| tons) . tons) ~ tons) tons) . 

1956-60 (average) ----- 6,593 . 2888 = —s« $8,790 6,032 5,364 - $1,531 . | 
1961 ~.----~-.--------- 7,930 1,409 14,207 6,430 5,765 ~ 1,840 . 
1962 ~---------------.-- 2,438 | 1,030 3,443 8,576 7,512 © . 1,893" 

_  1968° ------ eee 2,535 1,246 3,207 13,747 13,196. ' 1621 
1964 __----------------- _°2,805 1,228. 5,077 NA NA... NA | 

| 1965 _-.---------------- ° 8,299 - 986 8,129 NA NA NA 

r Revised. NA Not available. _ ° | . . - 
1Due to changes in classification, effective Sept. 1, 1963, data no longer separately. classified. 

January-August data tabulated. : . | oo | . 

| . WORLD REVIEW a , a - | 

The upward trend in world mine pro-— } . NORTH AMERICA 
duction in 1965 resulted in a record output | ; oo 
approaching 3 million tons. Free world Canada.—Mine production of. lead in- 

output of about 2.25 million tons was al- creased almost 47 percent to a record level , 

most 8 percent above the 1964 total and  f 303,400 tons, lead content, in 1965; 
__yeflected major increases in Canada, Japan, Tefinery output, all from the Consolidated 

and Zambia, as well-as additional output Mining & Smelting Co. of Canada ‘Ltd. | 
by several countries. Australia and Peru (COMINCO) , plant at Trail, British Co- 

were the major suppliers recording a de- | lumbia, was up 23 percent to 186,000 tons. 

crease in output. Smelter. production also - The increase in production reflected pri- 

increased in the free world with major in- ™arily the initiation of production at the 
creases indicated for the Republic of South Pine. Point mine in Northwest Territories | 
Africa, Canada; and Zambia and additional .. from which regular shipments of ore were 
output recorded in several countries to, made during most of 1965 at a rate of 
more than offset the production declines in 1,000 tons per day. In the first half of 1965, 
Australia, Spain, and a few other countries. about 171,000 tons of ore was shipped aver- : 

| . . . aging 22 percent lead, of which 150,000 
oe _ Lead consumption continued at the high tons was treated in COMINCO plants at 

level of 1964 with increases in Europe and = -Tyai}_ and Kimberley, British Columbia 
North America offsetting an indicated d€- = and 21,000 tons was treated by The Bunker 
cline in Japan and Australia. ‘The strong = iJ] Co. at Kellogg, Idaho. Production of 

demand for metal, plus a production cur- concentrates at the 5,000-ton-per-day con- 
tailment in Australia in the first quarter of — Contrator began at the end of November 

the year, provided an upward pressure on with shipment to the Trail plant for 

London Metal Exchange (LME) cash price smelting and refining. Reserves of ore at 
for lead, which reached a post-Korean war pine Point were estimated at some 17.5 

_ high at the morning session of February 22 million tons averaging about 12 percent | 

when £157 was bid, equivalent to 197% combined lead-zinc. The other major factor 

cents per pound. The monthly average price in the mine production increase was the 

on the LME ranged from £98.7 to £1266, first full year of operation of Brunswick 

and the December average was £109.4 per Mining & Smelting Corp. Ltd., mines and - 

long ton. | concentrator near Bathurst, New Bruns- 

| at . wick. The No. 12 mine and concentrator, 
Producer stocks of lead, as published by. which had reached rated capacity in July 

the International Lead and Zinc Study — 1964, continued normal operations in 1965 

Group, increased during the year from with concentrates shipped to European 

173,000 tons to 187,000 tons. Of this total, smelters. During 1965, development of the 
the European area held 57,000 tons; the No. 6 open pit mine was in progress along 
United States, 34,000 tons; and other coun- with expansion of capacity of the No. 12 
tries, 96,000 tons. mine concentrator and construction of an
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Table 31.—World mine production of lead (content of ore) recoverable where indicated, 
by countries * - a 
(Short tons) 

Country . 1961 | 1962 - 1963. 1964 1965 P 2 

North America: | a, 
Canada  --~-~~~~~~~--~- ~~ 182,557 211,321 198,988 206,359 303,405 
Greenland ~~ -~-~~-----.-~-----.-____ 10,104 a 

. _ Guatemala? ~~ _--_ 2 ie 9,458 1,067 825 T, © 550 e 550 
OO _ Honduras ~~----~-~-----_--------_ 6,762 6,522 ~ T, © 9,100 r 8,250 10,642 += © 

Mexico ~~----.-~-~-~---2-- 2 199,877 218,074 ° 209,425. ¥* 192,710 187,494 
_. . United States 3 ~~~ 2615921 236,956 253,369 - 286,010 = 801,147 

ns Total -------~---------------.---_- 670,679 | 669,831 ° 671,707 .7 693,879 803,238 - 

. South America: - = = 

: ‘Argentina --.-----.-L---_-__------.. 31,306 32,606 © r 29,173 © T 28,576 ~ 33,619 
‘ Bolivia .2------22-2 ee r 20,874 | °20,375 ¥* 20,989 r 18,180 19,219 

- - Brazile ----L- ~~ 15,400 16,800 19,200 Tr 16,200 16,200 
. - Chile 22-2 2,252. - 1,603. ~ . 957 1,230 1,399 - : 

Colombia ~~-.----..-.---.--_----_---- 995 7, © 440 - F331 15384 .= 507 
Eoeuador ~-~----~ ~-----------_--..-- 122 137 = (a sT79—— s‘zT*~dBBOC™CO 180 

. Perw? wii 150,353 141,290 . 162,268 * 166,089 162,150 

. Total ~--------L--------.-.-----... _. 221,302 213,251 + 238,097 230,992 233,274 

Europe: _ - Ct ae ts on 
- Austria 3 222+ tee iG, 051 5,855 5,504 5,727 © ~~ ‘5,553 . 

Bulgaria ~~ ---.-----_~-_-----_.-__-. 88,229 104,058 97,995 100,641 2 110,200 
‘Czechoslovakia @ ~~. ~~~ 7,200 14,900 14,900 14,900 15,400 
Finland ~~2~- ~~~. 3,439 | 3,161 1,262 2,083 6,952 

a » France —-----o222 ee 20,785 15,735 -9,255 Yr 13,437 19,632 

‘Germany: : oo ~ 
~ Baste 2 7,700 r 7,700 r11,000 111,000 . 11,000 

West ~------- ees 254,802 T 54,925. r 58,248 T 53,944 53,434 
Greece ~--~----~- + 12,787 14,110'  ©14,600 15,878 9,315 
Hungary ~-~~~-~-~--1---- — 992 992 1,102 1,323 e 1,300 
Ireland  ---~---~-+--~~- eee 279) eee +--+ 1,300 . 2,853 © 
Italy --------+-------2---ee 52,216 45,463 - 36,266 36,333 39,104 

~ Norway ~~~ ~~~ ----- ek C. 2,524 r 3,153 r 3,297 3,968 . 4,553 
Poland ~-2---------~ te 42,108 41,778 42,659 42,329 51,037 

, Portugal ~~ ~~~ 2B “49 “247 r216 | 101 
~ Rumania’e.#. ooo. «8,000 ' 13,800 - 13,800. - 14,000 - 16,500 

Spain ~~~ 2. sé, 868 78,262 ~ 68,557 7° 64,356 . 62,223 | 
“Sweden 2.---- ~ 70,518 74,721 T 78,665 r 74,406 73,304 

oo. US.S.R.e# ooo 390,000 390,000 390,000. 400,000 410,000 
. United Kingdom. ~~~ .----_2 2 1,656 446 276 — 198 -. 401 . 

Yugoslavia ~------..-------------- 106,572 - 112,480 ° 125,585 ° 124,677 - 117,122 

Total e ~~~ 968,700 ©. 981,500 973,200 980,700 1,009,700 

Africa:: . . : 
- Algeria ~~ ~~ ~~~ ne 10,337 r 9,965 r 9,088 10,525 | 11,514 

Congo, Republic of (Brazzaville) _.___ 1.634 ~ 368 364 r 2,391. e 3,100 
Morocco ~u2 97,299 99,323 81,540. r 78,584 85,000 
Nigeria ~~~ 2-22 q ween e ee ee ee e770 

. South Africa, Republic of___...__.___ 102 6 16) eee «BS 
_ South-West Africa? ~~ Tr 77,683 r 83,081 r 83,220 104,045 96,790 
Tanzania (exports) ----..-__._______ 887) eee eee 
Tunisia ~~ 2 ~~~ 19,123 14,936 15,697 ¥ 13,713 17,514 
United Arab Republic (Egypt)e___-___ 39 595 >) | NA 

-  Zambia# .-2 r'16,956 16,343 21,615 14,508 23,529 

Total ~.~~- ~~~ 228,567 - 224,617 212,040 228,766 238,270 

Asia: . 
Burma —~_~-~-~--~---~-~------_-_----- 18,519 22,377 T 22,064 20,889 e 21,800 
China ® ~-_~-___ 99,000 99,000 110,000 110,000. 110,000 
India ~~~ ee 4,478 5,065 4,758 - 4,966 4,388 
Trane 5 Lo 16,500 11,000 11,000 r 18,500 e 18,700 
Japan 2-22 51,015 58,924 58,110 r 59,604 60,601 
Korea: 

Northe 220 55,000 55,000 55,000 r 60,000 65,000 
south ~ 2-2 1,014 1,558 2,113 r 3,691 4,878 

Philippines wee eee 111 90 78 114 116 
Thailand ~~ ..---____-_-__ 2,437 2,600 2,496 4,030 6,152 
Turkey ~~ ~u____~- 3,538 4,299 2,811 1,792 1,854 

Total @ ~___----------_--_--_--------_ 251,600 259,900 268,400 283,600 293,500 
Oceania: Australia -.-.--.__.____ 302,019 414,524 °459,527 © 421,081 397,788 

World total ¢ _-_-__________________ 72,640,000 2,765,000 * 2,820,000 © 2,835,000 2,975,000 

e Estimate. P Preliminary. * Revised. NA Not available. 
? Data derived in_ part from International Lead and Zine Study Group Monthly Bulletin, United 

Nations Statistical Yearbook, Yearbook of the American Bureau of Metal Statistics, annual issues of 
the Statistical Summary of the Mineral Industry (Overseas Geological Surveys, London), and Metal 
Statistics (Metallgesellschaft) Germany. 

2 Compiled mostly from data available August 1966. 
3 Recoverable. 
“Smelter production. 
5 Year ended March 21 of year following that stated. .
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Table 32.—World smelter production of lead by countries‘ _ 
(Short tons) 

7 Country 1961 1962 1963 1964 — 1965 P 2 

- -North America: _ | . | | | | ‘ 
Canada (refined) ~-.------.----.-.--= °171,883  °152,217 155,001 *.151,372 186,484 

'. Guatemala  -.-----.-------.~--~-------- — 62 69 52 r 83 126 
_ Mexico ~~~. -_~.----~-~--+--.~--------- 194,476 208,447 205,217 188,758 181,117 
United States (refined)?--.--..---..-. 449,486 376,024 394,732 449,429. 418,249 

| otal —----eneneeenenenee-e-------- 7 815,907 * 736,757 755,002 *° 784,642 785,976 — | 

South America: ae 
: Argentina ~.---.-~.----------------- 30,800 27,000 26,500 25,400 85,300 

Bolivia (refined metal and solder) —~-- 4 188 r 280 r 508 1,032 
Brazil . _.----..--_.-----------~.-~---- 13,865 15,090 17,243 F 14,555 e 14,600 
Chile ~~ -~------- ee 529 280 248 cee tee 
Peru ~~ -.--+.--~----------+------+--- 84,253 75,356 r 89,426 ~— 98,904 95,723 

Total ~----_----------~------------ 129,451 117,864 * 188,692 °139,367 146,655 

Europe: . 
Austria 4 2-22. 13,605 13,417 10,783 9,365 ' 8,481 
Belgium’ ~~ 2 -2-2.-----~----------- 110,110 102,681 * 108,504 91,840 122,089 
Bulgaria ~~~... .--.---.---.----- 45,099 48,200 56,584 96,500 & 100,000 
Czechoslovakia @ ~--....--.--.---.---- 10,000 15,400 15,400 15,400 16,000 
France —~-.--_---..----.-.--.------+ 78,052 97,787 r 85,569 ¥ 98,976 108,419 

. Germany: . . 
Bast @ 4 20 27,500 r 27,600 r 27,600 r 27,600 27,600 
West —- eee 188,863 890 140,407 8 7121,515 7 118,502 114,674 

Greece —~-..--.------~--~~---~--~+----+ 3,267 F 4,896 3,900 5,500 e 5,700 
Hungary 2... ----...--.------.---- 1,100 550 440 220 e 220 
Italy ~~ ~~~ “47,411 46,282 46,228 41,787 48,457 
Norway —----~-----.. eee eee eee ene eee eee +--+ 4,400 1,900 
Poland ~~~ ..---.--~--------------- 43,874 44,842 42,895 Fr 45,747 46,116 
Portugal ~~~. -..-.-....-------------- 1,663. 2,227 1,282 Fr 1,506 1,603 
Rumania @ 2... --.-------------- 13,200 18,800 13,800 14,000 17,000 

, Spain —--.-.-.2-.-------~------------ 85,678 79,666 68,436 ¥ 63,927 57,735 

Sweden _ ~~~. ~~. 42,745 42,737 r 44,939 44,800 45,000 

U.S.S.R.e 4 oo 390,000 890,000 $390,000 $400,000 410,000 

United Kingdom —....---.------------ 1,178 614 297 195 99 

Yugoslavia -...-..----------~-------- . 99,650 107,945 114,832 111,427 111,889 

Total® ....-_------- eee eee ee----- 71,152,500 * 1,159,100 * 1,153,000 * 1,191,700 1,238,000 

Africa: | 
Moroceo ~~ ~~--~---- +e 26,993 26,613 20,679 20,766 18,992 

‘South-West Africa —..------ ete t+ 1,997 52,685 72,791 

Tunisia 5 ~~ -----.---- r 20,339 17,447 r 13,898 12,634 15,629 

: ' Yambia ~~... .-2----------.--~-+- r 16,956 16,348 21,615 14,508 . 23,529 
ee A 

Total ~---..-.---------------------  * 64,288 60,403 r 58,189 ¥* 100,593 180,941 - 
——————_NQ&eeeeeeeuuauauauauuuuuum Soa 

. Asia: 
Burma ____--~-_----- ee 17,376 ' 19,164 - 19,553 19,900 19,800 
China, mainland ¢ —~_.---..----------- 95,000 95,000 . 99,000 110,000 110,000 
India ~~ 1-2-2 4,039 8,140 "3,899 - 3,995 3,202 

Tran® __o ow 1,437. 440 e 550 r 413 e 440 

Japan _ ~~~ .-----.--------------- 83,476 96,735 101,575 * 106,962 119,647 

Korea: North ¢ ..-------~--~---~----- 45,000 45,000 45,000 r 50,000 55,000 

Turkey ~~ ---...-.-..----.-.-------- 698. 702. 2,073 r 2,161 990 

Total®  .-.-.--..-.---.------------ 247,000 260,200 271,700  * 293,400 $09,100 
eee 

Oceania: 
Australia: __. 

Refined lead ~..--....------------ 181,736 212,941 251,558 * 227,473 216,504 
Pb content of:lead bullion (for 

export) --.-------------------- 53,861 81,883 90,431 r 87,701 74,936 
he 

Total ___--.-----.--. 235,597 294,824 $41,989 * 315,174 291,440 

World total ¢ _...-.-.-.._..-.._--.. 72,645,000 * 2,630,000 * 2,715,000 * 2,825,000 2,905,000 
On enomES ee 

e Estimate. P Preliminary. * Revised. : oo . 
1 Data derived in part from International Lead and Zine Study Group Monthly Bulletin, United ; 

Nations Statistical Yearbook, Yearbook of the American Bureau of Metal Statistics, annual issues 
of Statistical Summary of the Mineral Industry (Overseas Geological Surveys, London), and Metal 

Statistics (Metallgesellschaft) Germany. . 
2 Compiled mostly from data available August 1966. . 
3 Figures cover lead refined from domestic and foreign ores; refined lead produced from foreign 

base bullion not included. . 
4Includes scrap. 
5 Lead bars only; does not incluae lead contained in antimonial lead or solder. 
6 Year ended March 21 of year following that stated.
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| Imperial Smelting process plant at Belle- projects to increase ore production from — 

| dune Point, about 35 miles from the operating units and expand related milling 
. mines, with a rated capacity of 31,000 tons | capacity about 24 percent were undertaken. 

of lead and 30,000 tons of zinc annually. These include mine and- mill expansion at — 
The expanded ore production facilities and the Santa Barbara, San Martin, and Taxco 
smelting plant are expected to be in full mines and mine development and construc- 

a production in mid-1966. Overall reserves of tion of a 400-ton-per-day mill at the Plo- | 
--- ore at the No. 6 and No. 12 mines were mosas mine.11 The Nuestra Sénora unit lo- 

estimated at well over 50 million tons aver- cated in Cosalad, Sinaloa, was closed down | 

| aging over 10 percent combined lead-zinc. and the 450-ton-per-day plant dismantled.. = 

Operation of the lead-zinc mines and American Metal Climax, Inc. ; (Amax, | 
concentrators which previously contributed Inc.), sold, on July 21, the remaining 49 — 
to the Canadian lead output again contrib- percent interest in Metalurgica Mexicana 

| uted a substantial tonnage of lead. The Penoles, SA. (METMEX), to Mexican in- 
Sullivan, H.B., and Bluebell of COMINCO, — terests who had previously acquired the 
Canadian Exploration Ltd., Reeves Mac- initial 51 percent ownership in 1961. 
Donald Mines Ltd.; and Aetna Investment Amax, Inc. will continue to provide techni- 

Corp, Ltd. (formerly Sheep Creek Mines, cal assistance. Operation of mines and 

Ltd.) , provided the output of British Co- smelter controlled by METMEX were at 
lumbia. United Keno Hill Mines Ltd., was the normal level during the year. 

the only Yukon producer. Hudson Bay Compania _ Fresnillo, S.A., 49 percent 

| Mining and Smelting Co. Ltd. produced © owned by the Fresnillo Co. and 51 percent 

lead at the Flin Flon-Snow Lake district by METMEX, the operating company for 

mines of Manitoba-Saskatchewan. The zinc the Fresnillo and Naica mines, acquired 

- mines located in Ontario and Quebec pro- ownership of the mineral resources of these 
duced a small tonnage of lead and the mines in order to fulfill requirements of | 
Heath Steele Mines Ltd., in New Bruns- the Mining Law of 1961. The Fresnillo 

- wick and the Magnet Cove Barium Corp. unit, Naica unit, and Zimapan unit were | 
Ltd., operations in Nova Scotia contributed operated at a slightly lower level of lead 

| a significant tonnage of lead in concen- production. The Zimapan subsidiary ac- 
trates. Extensive exploration and develop- quired the Amaltea mine in Jalisco and 
ment activity was carried on throughout Cia. Minera Sabinas, S.A., in Zacatecas, and 

Canada during the year. will develop and expand these lead-zinc - 
| , . ; _._ properties.12 - 

| _  _Henduras.—The El Mochito mine of the : | : 
_ New York and Honduras Rosario Mining | SOUTH AMERICA 

Co. reported a production increase for the ; . ; 
11th consecutive year; output was 26 per- Argentina.—Cia. Minera Aguilar, S.A., a 
cent above that of 1964. A major expansion | subsidiary of St. Joseph Lead Co., pro- 
program initiated in 1964 was completed duced 27 percent more lead in concentrates 

in mid-1965 increasing daily tonnage treat- than in 1964. The concentrates were ex- 
ed to 500 tons. In 1965 a total of 174,300 ported for smelting, refining, and return to 
tons of ore containing 6.1 percent lead was Avgentina as metal for consumption. With 
treated to produce over 9,000 tons of lead the growing demand for metal within Ar- 
in concentrates.10 Compafiia Minera “Los 8entina, an expansion program was under- 
Angeles”, S.A., produced some 1,300 tons of  W4Y which will increase productive capaci- 
lead in concentrates. ty by at least 50 percent commencing in 

1968.13 
Mexico.—The Mexicanization of the 

mines and plants of Compafiia Minera Bolivia.—Production of lead in 1965 was 
Asarco, $.A., under the Mining Law of  2¢ about the same level as 1964 when 
1961, was completed in July with the for- 19,500 tons was exported. The nationalized 

mation of Asarco Mexicana, S.A., 51 per- | Ww new York i Hond a 

cent owned by Mexican interests. Produc- Anne Recent es es aro Mining Co. 
tion of lead from company mines and 11 American Smelting and Refining Co. An- 

purchased ores in the fiscal year ending  ™S'qhe"Fresnillo Co. Annual Report, Sune 80. 
June 30, 1965, was 81,819 tons, slightly 1965, p. 2. 
higher than the prior year. Pending > “ee Joseph Lead Co. Annual Report. 1965,
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| mines operated by Corporacién Minera de year, reflecting the contribution of the new 

- Bolivia contributed about 7,100 tons (lead lead-zinc mine at Largentiers in the south 

content) while small mines for which Ban- of France. © : 

co Minero de Bolivia acts as agent contrib- land. — ) ceave nf in. 

uted 9,700 tons and an additional 2,300 te ireland  rroduction a 2 ae "Tynagh 

ing mines individually exported by operat: mine of Irish. Base Metals Ltd., a wholly 

, owned subsidiary of. Northgate Exploration 
Peru.—Cerro de Pasco Corp., the operat- - | a eee e 

| ing subsidiary of Cerro Corp. in Peru, Po November, ‘The 2000 ton-per-day concen 
uce ; tons of lead in compare : cs etian af 

with the record 98,600-ton out at of trator, fed by open pit production of a 

1964. Of the lead roduced 44 percent complex ore, will produce a lead and a_ 
was " from company P mines an d Aa re zinc concentrate for smelting and refining — 

. | } . - in British and West European smelters. oe 
mainder from ores purchased in Peru. The . . as 

Yauricacha mine ras in the process of con- a deposit *E- ortedly contains about o3 
oe _ Cg - million tons of open pit ore averaging 9. 

version to production of a complex ore for } i. 2 | 
concentration by flotation to roduce a percent lead and 7.25 percent zinc “and a 

copper-lead concentrate and a rine concen- under nS additional 176 rve of 3 mon 

trate instead of the direct smelting copper 407 vereent sine’ uP ereent naan : 
ore previously mined. Progress was also “Mine d evelopment was in progress at the 
made on major capital projects to increase . . | | : 

lead-zinc ore production at the Cerro de Silvermines property of Mogul of ireland, 
Pasco mine and at the McCune open pit.14 ship of seeeseiidated Mogul Mines of 

Compagnie. ae a ae Hear, te Canada, Ltd.. (75 percent) , and Silvermines | 
; oe! Lead and Zinc Co. Ltd., of Ireland (25 

member OF OS pecsent more than in "9 a percent) , the estimated reserve of 6.37 mil- _ 

. * lion tons of upper-zone ore averaging 10 | | 
as mine proguction of copper-lead-zinc ore percent zinc and 2.75 percent lead and an _ . 

was expanace : additional 4 million tons of lower grade 

| - EUROPE ore will be mined by underground meth- . 

: : ods and concentrated in a proposed 3,000- 
Bulgaria.—A_ lead-zinc ore body, claimed _ton-per-day plant. | 

to be one of the largest found in Bulgaria, : . . 
was being developed near Kyustendil in ae eee E. Cavendis' 
the foothills of. the Ossogove Mountains. shi ON Nee leted . ee 1065 vith ¥ 
There will be several open pit mines and sire, was compre m June 1909 wi f | 

one underground mine and a flotation P roduction rapacky of some 4,300 tons of 

plant with an annual capacity of some 12 “ead annuany. a ne wy anys 
million tons. This is about four times the fluorspar-barite-lead_mines, lan oy ee | 
capacity of the Goroubsa mine in the Rho- ed at the Glebe and Cupola plants, he a d 

dope Mountains, one of the larger mines peng handled by the new Bi ae nates * were 

supplying the metallurgical works of the Or ey eo . E | 

Plovdiv Non-ferrous Metals Combine. shipped to smelters in Western Europe. 

Finland.—Production of lead concentrates _ Yugoslavia—Production of lead-zinc* ore | 
in 1965 was some three times the 1964 out- im 1965 amounted to 2.6 million tons aver- 

put and amounted to about 10,600 tons aging 6.5 percent lead and 3 percent zinc 

containing over 65 percent lead and reflects 24d production of refined primary lead 
the expansion of the Aijala mine concen- Was about 112,000 tons. The 5-percent 1n- 

trator and resumption of production at the Tease In output of refined lead in 1965 
Korsnas mine as well as from the increased WS 1m accord with the gradual expansion 
production of zinc ores at the Pyhisalmi Under provisions of the 7-year plan 
and Vihanti mines. | (1964-70) . Yugoslav discoveries of lead and 

France——The French group of mines, zinc ore in 1964 and the first half of 1965 

controlled by the Société Miniére et Métal- Were teported to be some 11 million tons. 
lurgique de Penarroya, were reported to Deposits were discovered at Blagodat, Stari 

have increased production of lead concen- Trg, Ajvalija Kiznica, and Nova Brdo. 

trate some 70 percent over the previous 4 Cerro Corp. Annual Report. 1965, pp. 5-6.
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: AFRICA refined lead output approximately 24,000 — 

oo , _ tons. The Imperial smelting process was 

| Algeria—A production increase of almost used and metallurgical difficulties resulting 
10 percent in lead concentrates resulted from the high lead input to the smelter, 

from modernization and development efforts _ which curtailed lead output in 1964, were 

in 1965. The mines were operating at smoothed out in 1965. | 
| _ full capacity, and there was considerable =~ oO | 

7 exploration and capital investment in 1965 7 ASA 
a which was expected to further improve a , | 

production. A deposit discovered at the El India.—India’s only lead producer, the — 
| Abed in 1964 was being developed and two Metal Corporation of India Ltd., was na- 

lead deposits were discovered at the Ouar- _ tionalized on October 22 in order to enable 
 gsenis mine. | _ the Government to develop and exploit the _ 

SO So .. a , lead and zinc deposits to the fullest possi- — 

a South-West Africa.—The Tsumeb mine of ble extent with major emphasis on devel. 
Tsumeb Corp. Ltd., produced, during fiscal opment and expansion of refinery capacity... 

| year 1965, a total of 812,100 tons of ore +4. company has been producing about 

assaying 3.98 percent copper, 13.08 percent 4,000 tons of lead at. the Zawar lead-zinc 
lead, and 3.90 percent zinc, and the Kom- vines near the town of Vdaipur, Rajas- 

. —— bat mill processed 343,000 tons of ore con- _ than, and refining the concentrates in its 

_ taining 4.31 percent coppe rand.1.6 percent smelter and refinery at Tundoo, Bihar. a lead. Various improvements made in the The zinc concentrate was shipped to Japan 

| lead. smelter and refinery resulted in lower for refining and return of metal to India. 
costs and an increase in the production of 

| refined lead at Tsumeb to: 72,790 tons in Japan.—Mine production of ore and pro- 
oo 1965 compared with 52,660 tons in 1964. duction of metal in Japan was relatively | 

Some of the lead concentrates, as well as unchanged. Total rated capacity for refined 
- 58,400 tons of accumulated copper-lead ead, predominantly electrolytic, was ap- 

: slimes, were shipped to foreign custom proximately 130,000 tons annually. Proven : 
smelters.15 . | ore reserves for the 24 lead-zinc mines to- 

-. The Berg Aukas mine of the South West taled 39 million fons” containing 427,000 
Africa Co. Ltd. treating a complex lead-zinc- tons of lead and 2 million tons of zinc and 

| | vanadium ore, continued to expand and — there was an additional 35 million tons of 
improve mill recovery of the contained probable and inferred ore. Mitsubishi Co- 

minerals in the ore mined. During fiscal minco Smelting Co. Ltd., in which CO- 
_ year 1965, about 12,000 tons of lead-vana- MINCO has a 45-percent interest, con- 

: date concentrate and 32,000 tons of lead- tinued construction of a 40,000-ton-annual- 

| zinc sulfide concentrate was recovered. capacity lead smelter at Naoshima scheduled 
Mine development was expanded and as- for completion in mid-1966.16 _ 
sured reserves were estimated at 305,000 7 
tons averaging 7 percent lead, 33 percent OCEANIA 
zinc, and 1.5 percent vanadium pentoxide. 7 , 

: Tunisia—During the first half of 1965, Australia—The production of lead ore 
| an increase of 70 percent in lead ore pro- and refined lead was substantially below 

duction compared with the same period in the record level of 1963 and also the 1964 

1964 was reported. The major producers production. The lengthy strike at Mount 
were the Djebel and Sidi Bou Aouane Isa and a labor situation at the Broken 

mines. The two lead smelters, Djebel Hal- Hill mines contributed to the decline. 

louf and Megrine, produced, in the first Mine production was about 398,000 tons 
half, 8,800 tons of lead compared with and refined lead output 216,000 tons. Pro- 
5,800 tons during the same period in 1964. duction at Mount Isa Mines Ltd. curtailed 
The Djebel Hallouf plant accounted for 93 by a labor strike initiated in the fourth 
percent of the metallic lead. quarter of 1964, was not resumed until 

Zambia.—Zambia Broken Hill Develop- §——¥H-— 
ment Corp. Ltd., substantially expanded 13 Newmont Mining Corp. Annual Report. 
output in 1965 with mine production of 1965, p. 6. . 
lead amounting to about 38,000 tons and Cansd ee ed ning e. oes gor of
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February 17 and operations did not regain duction of ore by The Zinc Corp. Ltd., 

normal levels until the second quarter. In imcreased about 13 percent to a new high 

fiscal year 1965, production of lead and the lead in concentrates increased 4 

amounted to 58,900 tons compared with percent.21 Active exploration and develop- 

71,600 tons in fiscal year 1964. The ment programs at the Broken Hill mines 

planned expansion of concentrator capacity continued to maintain a satisfactory year- 

was also delayed.17) end reserve ore position. The Broken Hill 

North Broken Hill Ltd., mined a slightly Associated Smelters Pty. Ltd., produced ap- | 

larger tonnage of ore in 1965, with 44 per- proximately 229,000 short ot s of lead met- 

cent of the ore from the new No. 3 shaft al, 4 percent less than in 1964. | 

area, and ore reserves increased slightly. The efficiency of the Imperial smelting 

Production of lead concentrates decreased furnace of the Sulphide Corp. Pty. Ltd., at 

- about 7 percent as the grade of ore de- Cockle Creek, " New South Wales, was 

clined. Recovery of 97.4 percent of the lead further improved in 1965. The 14.5-percent 
in ore was achieved by improvements in ncrease in production of slab zinc was, 

milling.18 New Broken Hill Consolidated however, contrasted with a 5-percent de- 

Ltd., completed the first stage of an expan- cline in lead bullion output due to a re- 

sion program to increase annual mill ca- duction in lead content of the feed concen- 

pacity to 1 million tons of ore by the end = fate. | | 

of 1967. Amount of ore milled in 1965 was Production from the West Coast mines 

7 percent above the 1964 total while lead of EZ Industries Ltd., during fiscal year 

production was up only 2 percent due to 1965, was about the same as in fiscal 1964. 

decreased ore grade.19 Production of ore at The lead content of ore milled averaged 

Broken Hill South Ltd., decreased about 7 5.5 percent, slightly above the 1963-64 

percent during fiscal year 1965 and lead average. Ore reserves at the Rosebery, Her- | 

recovered in concentrates decreased 5 per- cules, and Farrel mines comprising the 

- cent as improvement in ore grade offset West Coast operations were increased by 

slightly the reduced tonnage treated.20 Pro- 1.5 million tons to 5.5 million tons.22 

TECHNOLOGY 

The physical, chemical and electrical sodium perchlorate without use of the pre- 

properties of lead, one of the oldest metals viously required platinum anodes.27 The 

used by man, have been continuously ex- use of lead pellets as an anode in the 

plored and utilized to meet developing manufacture of tetraethyllead and _ tetra- 

needs. Many of the technological discover- = __________ 

ies and advances made in the field of 17 American Smelting and Refining Co. Annual 

atomic energy have been possible only Report. 1965, p. 16. 
: . North Broken Hill Ltd, Annual Report. 

through accompanying advances in the 1965, p, 4. 

technique of radiation shielding with lead. 12 New Broken Hill Consolidated Ltd. Annual 

This field of nucleonics is continuing fo ne Broken Hill South Ltd. Annual Report. 
receive major research attention. The sub- 1965, p. 5. 

ject of dispersion strengthening of lead has “ae Tinto-Zinc Corp. Annual Report. 1965, — 

only recently been explored,23 but commer- Pt BZ. Industries, Ltd. Annual Report. 1965, 

, cial usage in cable sheaths, battery grids, PS cht Metals and 3 Lond 

and sound attenuating panels offer research Improving the ‘vicchanieal eek a of Lead 

and development incentives. The successful by Dispersion . Strengthening. V. 28, No. 330, 

application of evaporated lead-oxide layers ™ Lead. Industries Association, Inc. Lead In- 

as photosensitive was described aS a formation Bulletin. No. 160, Nov. 23, 1965, 

breakthrough in color broadcasting,24 and = Pp. 1-2. jen Broek, J, Contact Barriers in Red 

was the incentive for a published study of Lead “Monoxide. Philips Research Reports ‘a Eind- 

the properties of lead monoxide.25 The ad- _hoven, Netherlands), v. 20, No. 6, December 

vantages of lead-platinum anodes for a sea- ws Lead ndustries Association, Inc. Lead In- 

water anticorrosive system were demon- formation Bulletin. No. 159, Oct. 8, 1965, p. 1. 

strated,26 and lead dioxide-coated graphite G * Lead Industries | Association, Tne Pro2/ 

anodes now make possible electrolysis of ¥.'59, No 4, 196, p. 7.
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By Paul L. Allsman * | : | 

. Lime production in 1965 was a record steelmaking was again the most rapidly ex- - 
16.8 million tons, 4 percent more than in panding market, and the trend promised to | 
1964. Lime for use in basic-oxygen-furnace continue for the next several years. . oe 

- . Table 1.—Salient lime statistics in the United States oS / a 
(Thousand short tons and thousand dollars) ; . . | 

| } | : 1956-60 —s-1961 1962 1968 1964 1965 
; - (average) 

Number of active open- : oe . 
market plants ~.-__-_- 151 | 220 215 208 210 212 oe 

Sold or used by eo eeleaQ@Q@Qq@qooQqoQqooqmeewNaaaoosmoerrr . 

producers , 
Quicklime ~..-.--~-- | 6,693 _ 8998 9,509 10,128 11,370 12,009 
Hydrated Lime ~-_-- 2,352 2,269 2,386 2,444 2,551 2,609 | 
Dead-burned dolomite 2,054 1,982 1,858 1,949 2,168 - 2,176 

Total? -..--..--- 11,099 13,249 13,753 14,521 16,089 16,794 . . 
Value? ___-.- $145,777 $177,463 $186,754 . $199,889 _* $223,149 $232,939 

_ Average value BO —_ 
- per ton ~.-~ $13.13 $13.39 $13.58 © $13.73 _ $13.87 $13.87 

Open-market ~~. -_ . 8,299 . 8,072 8,145 8,889 9,802 10,449 
_ Captive --------.--. 3 2,800 . 6,177 5,608 5,682. 6,287 6,345 . 

Imports for consumption - 37 37 78 101. 128 . 276 
Exports ~..----.--..---~- 62 30 20 17 80 40 - 

Tr Revised. oe . a | . 
1 Data may not add to totals shown because of rounding. 
2 Selling value, f.o.b. plant, excluding cost of containers. , 
3 Incomplete figures. Before 1961 the coverage of captive plants was only partial. 

| DOMESTIC PRODUCTION . | 

The Warner Co. of Bellefonte, Pa. added composed of three 200-ton-per-day kilns. 
200 tons of daily capacity to its lime plant The company also awarded a contract for 

| for basic-oxygen-furnace steelmaking. The a similar 600-ton-per-day calcimatic plant 
plant produces Bell-Mine pebble lime. The at its Hanover limestone quarry near York, | 
company also opened: a_ 1,000-ton dis- Pa. | 
tribution center in the Pittsburgh area. Texas Lime Co. announced plans to : 

The Detroit Lime Co., a subsidiary of | build a new 200-ton-per-day lime plant 12 
Edward C. Levy Co., erected a 600-ton-per- miles west of Cleburne, Tex. The firm al- 

day vertical lime kiln, said to be the larg- Teady has a 300-ton-per-day plant south of 
est of its kind. Also being installed was a Cleburne. Dixie Lime & Stone Co, an- 
500-ton-per-day rotary kiln. A major por- nounced addition of a new calcimatic kiln 

tion of the lime production was to go to at its Coleman No. 2 mine, Sumterville, 
the basic-oxygen-furnace plant of Great Fila. 
Lakes Steel Corp. in Ecorse, Mich.2 Chemstone Corp., a subsidiary of Miner- 

Bethlehem Steel Corp. was building a 4/8 and Chemicals Philipp Corp., was 1n-_ 

600 ton-per-day lime-burning plant for 1Commodity specialist, Division of Minerals. 
ic- en-steelmakin furnaces at its 2Iron and Steel Engineer. Vertical Lime Kiln 

basic-oxyg aking tu © . Will Produce 600 Tons Per Day for BOF Plant. 
Lackawanna, N.Y. plant. The plant will be = y. 42, No. 4, April 1965, pp. 177-178. 
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Table 2.—Primary lime sold or used by producers in the United States, by States | © | 

Sold . oo Used | . Total 

State Active - Active . ~ Active — 
plants Short tons - Value plants . Short tons Value plants Short tons Value a 

1964: , oe : os . Alabama ~_~~-.-.~-----1..-----_ 5 WwW WwW 4. WwW wo 6 599,147 $7,118,369 | Arizona ~~ ~~-~-~~~- 2 3 Ww ws 8 Ww . WwW 6 176,769 2,920,053 Arkansas ~~~~.--.-----~-- 1 wi. Ww 4 W — WwW 5 . 188,522 2,814,479, California ~..--..----. ee 5 160,347  ° $2,874,860. . 18 416,521 ° $7,419,212. . 16 576,868 r 10,294,072 . . Colorado ~---~---.~-------.---- 3 WwW WwW 13. WwW WwW 15 138,066 - 2,198,189 Connecticut ~---..--.--------- ee 1 30,413 564,278 1 . 8,161 —  - 124,455 1 38,574 688,788 Florida ~--~-.-----.--------_ 2 WwW WwW 1 Ww Ww .- 8 116,841 1,813,617 . Hawaii ~------~--- 2 2 w  .. WwW 1 Ww _W 2 8,737 320,790 . Louisiana -__.----.-----------------_-- 2 Ww Ww 3 wt wo 5 724,558 8,311,972 = Maryland ~~.-..----.---------.-----.-_: 3 WwW w — —_— — 3 Ww We 2 Massachusetts ~------------.-----.-.-__ 3 W . WwW 2 W.- -— WwW 3 171,398 2,703,276 i Michigan ~~~ --..----.--- ee 8 WwW WwW 8 We, WwW 9 1,429,724 19,245,888 a a Missouri ~.....--__...-.-___-__________- A Ww Ww 1 Ww - WwW 4 1,218,695 14,327,617 e | Montana -~..~.----.-~-2-- 1 Ww WwW i: 5. WwW Ww -. 6. -° 185,880 ~ 1,384,524 th New Mexico ~~~-~~.-.--.--.--- — — ee 1 25,346  —§ 352,809 1 , 25,346 852,309 ! : Ohio ~__~~~-~1~- 18 2,364,426 37,665,532 9 1,299,979 ~ 15,642,388 22 3,664,405 . 58,807,870 ns.) Oklahoma ~.~~-.-.--~--2.2-L- 1 WwW WwW — — — 4 Ww. WwW > Oregon _-_.--~--~------..------------- 2 - WwW an Ww w 4 95,250 1,917,956 a Pennsylvania ~.~~~.---------_--___ 18 1,440,285 20,656,024 —_— — . — 18. 1,440,285 . 20,656,024 Oo Texas ~~-----------------------e---_ tid 634,348 - 7,559,611 ° 7 716,017 - 9,641,467 13. . 1,350,365 17,201,078 oO Utah - 22-2 3 WwW WwW 4 WwW ‘ ‘WwW q 163,240 2,917,207 i Virginia ~~ ~~~. ~~ 8 WwW WS 1 WwW WwW 9 780,290 9,780,920 . Wisconsin ~_~~----~--.-_.--------_---- 6 Ww WwW 1 WwW WwW 6 W WwW ) New Jersey, New York, Vermont, West . =. . S Virginia ~~ ~~~ 7 172,382 2,258,358 - 4 928,316 8,878,312 8 ~ 1,100,648 11,131,670 . Illinois, Iowa, Minnesota, Nebraska, : : —— , . 
South Dakota, Wyoming ~..._________ 9 1,035,484 16,929,956 - 14 107,539. 2,015,821 23 1,142,978 18,945,777 Mississippi, Tennessee _..__.-__-_______ 2 Ww WwW 3 WwW _ WwW 4 109,741 . 1,756,844 . Idaho, Nevada, Washington _..._..____ 4 WwW ‘W 6 . W . Ww: 10 381,417 6,647,168 Undistributed ~-~--.-.-_--.2--- 3,968,819 54,887,944. . 2,785,589 35,683,293 Ce 311,188 4,397,928 

Total? ~~~ 2 126 9,801,000 143,392,000 111 6,287,000 79,757,000 210 16,089,000 228,149,000 . Puerto Rico -----_-_-~--- 1 17,825 573,925 — — — 1 - 17,825 573,925.



Table 2.—Primary lime sold or used by producers in the United States, by States-—Continued . | 

Sold Used Total 

State Active Active Active 
plants - Short tons Value plants Short tons Value plants Short tons _ Value 

1965: : 
Alabama’ -_....----~-~---------~------- 5 WwW Ww 3 Ww WwW 6 653,287 $7,905,255 
Arizona ~~. 2-22 -- 4 W WwW 3 WwW Ww .. 6 204,228 3,542,593 
Arkansas ~~..------------.--~-.-..---- 1 WwW WwW 4 WwW Ww 5 192,489 2,775,684 
California -.....--.----..-.2--.-- 5 173,611 $3,342,451 12 428,296 $7,730,896 16 601,907 11,073,347 
Colorado ~.......-...---.-.--.-.--.-- 2 Ww WwW 13 Ww Ww 15 118,380 2,074,407 
Connecticut ~-......-----_- 1 “WwW WwW 1 WwW Ww 1 WwW WwW 
Florida  --.--.-..--- 2 Ww WwW 1 Ww WwW 3 WwW . WwW 

| Hawaii ----22- 2 Ww WwW 1 W Ww 2 . 8,820 305,463 
Louisiana .~------.2.2-2 2 WwW Ww 2. Ww WwW 4 841,769 9,979,570 
Maryland ~-.---.-.---~---...-. ~~ 3 87,294 - 480,682 — — — 8 37,294 480,682 
Massachusetts ~..--..------..---------- 3 W W 2 WwW ; WwW $ 169,784. 2,779,055 
Michigan ~...-------.--- 4 Ww WwW 8 WwW WwW 10° 1,094,684 13,057,347 
Missouri ....-.--.----.---- 4 1,442,260 16,781,702 — a — 4 1,442,260 © 16,781,702 
Montana —..-- 1 3,092 71,599 5 155,382 1,440,322 6 . 158,774 1,511,921 
New Mexico ~~2222--- ee — _— — 1 33,427 464,635 1 33,427 464,635 . 
Qhio ....--.---.------------------- + 18 2,480,244 37,588,820 9 1,400,262 | 15,618,913 22 3,830,506 53,207,783 e 
Oklahoma -.-~----~------~---~.-..---- 1 _ WwW W — — — 1 W WwW z 
Oregon 22-2 2 W WwW 2 Ww Ww 4 98,243 1,858,229 rt 
Pennsylvania .--.-.------- 18 1,568,492 22,495,848 — _— — 18 1,568,492 22,495,848 . 
Texas ~~. 2-2-2 10 672,407 7,950,997 7 665,544 11,712,498 14 1,337,951 - 19,668,490 
Utah - ou ue 3 WwW WwW 4 WwW W 1 189,290 * 3,470,081 
Virginia ~~. ~~~ 9 — WwW w 1 WwW Ww. 10 847,196 10,583,984 
Wisconsin ~~~ 2-2 5 W WwW 1 ‘W WwW 6 _ 197,187 © 3,075,801 . 
New Jersey, New York, Vermont, West . 

Virginia ~~~ q 238,934 2,966,850 4 937,531 8,901,459 9 1,176,465 11,868,309 | 
Illinois, Iowa, Minnesota, Nebraska, . 

North Dakota, South Dakota, " 
Wyoming ~~~. ~~~ 10 1,162,821 17,983,645 13 100,716 2,151,668 23 1,268,537 20,185,318 . 

Mississippi, Tennessee _......_________- 2 W Ww 2 W Ww 3 114,145 3,488,557 
Idaho, Nevada, Washington  ~-.-_____-_- 4 WwW WwW 6 WwW WwW 10 378,704 | 6,873,000 

_ Undistributed ~-~--.---~- 2,718,921 40,156,860 2,624,007 35,099,456 284,922 3,547,290 

Total? ~~ ~~ 128 10,448,000 149,819,000 105 6,845,000 83,120,000 212 16,794,000 232,939,000 
Puerto Rico ~~ ~~~~~_- ~~~ ~~ 1 27;276 867,018 — — — 1 27,276 867,018 

r Revised. W Withheld to avoid disclosing individual company confidential data; included with ‘Undistributed.” 
1 Data may not add to total shown because of rounding. 

©
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| | Table 3.—Regenerated quicklime produced in the United States — _ 

| , — | 196400, 7 1965 oe 
. State a 

. Short tons Value | ' Short tons Value 

‘Alabama ---------------------- 312,410 $4,290,108 816,818 = $4,498, 682 
. Arkansas ~-----------~--.-.--. 153,421 3,146,503 146,821 - 2,796,589 

California . _-.--------___---_.~ 42,531 1,007,482 48,238 1,166,065 
Florida ~---------------------- 419,873 6,226,300 425,001 | 6,523,600 . 

| Georgia ~-_--------_-----.----. 335,428. 6,489,272 351,512 6,697,200 
Kentucky ~---~------41--------. 217,748 2,754,500 . WwW ‘W 

a . . Louisiana? --~---------u-----. - 300,787 5,600,485 ° 946,307 17,741,004 
Maine __.--------.--.----.---- 32,711 489,029 39,398 589,000 

. Maryland. _-...--_---__-_------ WwW WwW - 41,234 651,745 
Michigan? ___-__o . §6,642 . §94,985 44,874 523,376 | 
North Carolina ~-_-_.--.-----_- 318,429 3,808,000 324,327 4,112,470 

: Ohio -------------------------. . © 93,001 - 1,113,410 93,610 1,123,320 
- Oregon ~-.-----~-------------- 137,000 3,388,000 186,800 3,353,000 

Pennsylvania ~~--_-.----...---- 23,088 384,415 22,805 379,703 
_ South Carolina ~..--..-.-_--_.- 278,125 3,525,518 310,925 3,478,009 

Tennessee __-----__--_--_--_--~ 121,166 1,901,406 125,848 2,057,009 
Virginia ~------___-_2_-_-___--- 83,447 1,168,258 20,225 283,150 ; 
Washington ? ___-_______- ee 354,386 7,585,411 - 862,082 7,606,902 
Wisconsin -~_~---..----_---_-- 6,683 116,618 25,332 442,043 
Undistributed 2? ..--_-_.-_.--.._.._ * 382,520 r 6,031,793 550,055 7,859,485 

: : Total ? _______________._. ¥ 8,669,000 r 59,621,000 4,382,000 71,877,000. 

| r Revised. W Withheld to avoid disclosing individual company confidential data; included: with 
-“Undistributed.”’ on Se | 

1Includes hydrated lime to avoid disclosing individual company confidential data. 
yoy 2Includes Idaho, Mississippi, New York, Texas, and States indicated by symbol W. 

_ %Data may not add to totals shown because of rounding. . . 

Table 4.—Number and production of domestic lime plants, by size of operation * 

| a oo 1964 : 1965 | 

a Annual P rodction . Production | Production 
_ _ Number of (thousand Percent Number of (thousand Percent 

plants short tons) | of total plants’ short tons) of total 

Less than 10,000 -----_------------ 30 228 1 26 172 1 
10,000 to less than 25,000 ~_-_--_--_ 33 684 4 20 356 2 

_ 25,000 to less than 50,000 ~_----_--_ 44 1,512 10 59 2,022 — 12 : 
50,000 to less than 100,000 _-----__ 43 3,464 22 53 — 4,437 27 
100,000 to less than 200,000 ----___ 54 8,070 50 44 6,579 39 
200,000 and over ~---.-----------. . 6 2,131 13 10 3,228 19 

, Total ---------------------- 210 16,089 100 212. 16,794 = 100 
1Includes captive tonnage. , 

creasing the capacity of its pebble lime and _ metallurgical dolomitic quicklime.3 
plant at Strasburg, Va. by 50 percent. The Brazos Lime Co. new plant at Blum, 
Mercer Lime & Stone Co. announced plans ‘Tex., went into production. The plant was 
for a new lime manufacturing plant at designed to produce 600 tons per day of 
Burgettstown, Pa. Total lime available for chemical lime and an additional 800 tons 

steel manufacturing, including the com- per shift of byproduct stone.4 
pany’s Branchton, Pa. plant, will be 1,500 The milk-of-lime plant, used for the San 
tons daily. | Manuel Div., Magma Copper Co.’s copper 

A lime sludge reburning kiln, 320 feet milling operation at San Manuel, Ariz., 
long and reportedly the world’s largest, was described. The mill handles 40,000 
was being installed in Beryl, West Va. Fa- tons per day of copper ore, and the lime 
cilities will be leased to the West Virginia plant has a capacity of 100 tons per day, 
Pulp & Paper Co. Groundbreaking cere- used for grinding and flotation.5 | 
monies for construction of a lime hydrat- 
ing and handling plant for the U.S. Lime 

1B . £ Th oP k Cc held i 3Iron and Steel Engineer. New Lime Plant 
division o e rlintkote Co. were held in Begins Production. V. 42, No. 12, December 
Richmond, Calif. 1965, D. 162. W.EN LT Lime Plant 

. . . raurer, . ° ewes exas ime ant. 

The Ohio Lime Co. began production at pit and Quarry, v. 58, No. 1, July 1965, pp. 90-98. 
its new $1.5 million lime plant at Wood- M. Engineering and Mining Journal aew San 
ville, Ohio. The plant produces chemical yo. 12, December 1965,p. 104.
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Table 5.—Lime sold or used by producers in the United States, by uses | 
(Short tons) 

eee 

1964 | 1965 | 

| Use Open Open 
market Captive Total market Captive Total 

eee 

Agriculture ~.-.....-______ 200,000 1 200,000 217,000 1 217,000 

Construction: 
Finishing lime ___.____- 441,143 WwW 441,143 364,958 WwW 364,958 
Mason’s lime ~________. 466,370 WwW 466,370 443,634 WwW 443,634 
Soil stabilization  ._____ 449,621 WwW 449,621 509,048 — 509,048 
Other ~~... -________ 19,822 Ww 19,822 75,532 — 75,5382 

Total? ~~ --_2______ 1,377,000 104,000 1,481,000 1,393,000 84,000 1,477,000 

Chemical and other indus- 
trial: 

Alkalies (ammonium, 
potassium, and sodi- 
um compounds) —_ __- 13,191 3,368,705 3,381,896 15,364 3,490,961 3,506,825 

Brick, sand-lime, slag, 
and silica  ~---_._____ 42,471 — 42,471 22,639 — 22,639 

Calcium carbide _______~_ 602,785 355,868 958.653 597,328 W 597,328 
Glass ~~ ~-.--.-__________ 301,534 — 301,534 300,812 — 300,812 
Other chemical uses ? ___ 594,977 1,039,564 1,634,541 673,668 1,337,326 2,010,994 

Metallurgical uses: . 
Aluminum ~~~ ~~ 2.2 -____ 93,016 WwW 93,016 114,068 WwW 114,068 
Copper smelting ~______ 122,897 207,418 330,315 125,918 236,495 362,413 
Magnesium —~._ -._-_____ 19,183 W 19,183 WwW 118,192 113,192 
Ore concentration 4 ____ 92,897 WwW 92,897 54,861 “WwW 54,861 
Steel flux  .----._.____ 2,108,212 157,888 2,266,050 2,851,751 158,048 2,509,799 
Other metallurgy uses 5_ 217,293 293,762 - 511,055 389,484 199,133 588,617 

Paper and pulp —__-_~-___- 795,076 48,048 843,124 ~ 856,229 31,943 888,172 
Sewage and trade-wastes . 
treatment ~~~... _____ 186,213 14,415 200,628 237,859 28,951 266,810 

Sugar ~~... 0. 29,713 624,819 654,532 37,398 587,102 624,500 
Water softening and treat- . 
ment ~~~ 909,267 337 909,604 962,372 1,208 963,580 

Total 2 ~----_--_______ 6,129,000 6,111,000 12,239,000 6,740,000 6,184,000 12,924,000 
Refractory lime (dead- 

burned dolomite) wane 2,096,000 72,000 2,168,000 2,099,000 77,000 2,176,000 , 

Grand total _____..--. 9,802,000 6,287,000 16,089,000 10,449,000 6,345,000 16,794,000 _ 
. W Withheld to avoid disclosing individual company confidential data. | 

1 Included with open-market agricultural lime to avoid disclosing confidential data. 
2 Data may not add to totals shown because of rounding. . 
%Inchides alcohol, calcium carbonate (precipitated), coke and gas, food and food byproducts, 

insecticides, medicine, and drugs, explosives, oil-well drilling, paint, petrochemicals, petroleum 
refining, rubber, tanning, salt, miscellaneous, and unspecified uses. 

4 Includes flotation, cyanidation, bauxite purification, and magnesia manufacture. 
* Includes wire drawing and various metallurgical uses; and items indicated by symbol W. 

CONSUMPTION AND USES | 

Continued growth in the use of lime in tion were keynotes of the meeting. Safety, 
basic-oxygen-furnace steelmaking continued which had fallen off in 1964, was also 
to be a major factor behind the growing  stressed.7 _ 
demand for lime. The basic-oxygen-furnace Water and sewage treatment were the 
process uses an average of 125 pounds of subjects of a paper on lime usage. These 
lime per ton of steel, as contrasted with plants continue to be big users of pebble 
the 28 pounds of lime per ton of steel used _lime, alum, soda ash, ferric sulfate, ferrous 
in the open-hearth furnace. Some estimates sulfate, and ferric chloride.’ Soil stabiliza- 

place 1970 consumption of lime by the —TRock Products. Lime Conti to Set R 
steel industry at nearly 10 times the 1965 a. Vv. 68, No. ‘L, January 1965, p. 3. 
level.6 * Rock Products, Research and Promotion Top 

The National Lime Association held its 1oeS nist fon Svar V. 68, No. 8, August 

63d Annual Convention in June at Lake * Chemical Engineering. How Four Municipal- 
: ities Cut Water Treatment Costs. . 12, No. 26, Placid, N.Y. Research and product Promo- Hee. 20, 1965, pp. 30-31. 

232-748 O-67—39
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| Figure 1.—Trends in major uses of lime. 

tion techniques were described for road | State highway departments showed interest 
building and foundation conditioning. A in the technique. Lime has been applied to 
new pulverizer-mixer, called a Metrodon, highway soil stabilization in Texas, Califor- 

has been developed for spreading a layer nia, Wisconsin, and the Dakotas. 
of lime stabilized soil on the road bed.9 ———— 
The use of lime for soil stabilization is ® Pit and Quarry. Lime Builds New Bases and 
becoming increasingly popular as several Rese ag 4 Ones. V. 57, No. 12, June 1966,
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Table 6.—Destination of shipments of primary open-market lime sold in the 
United States, by States 

(Short tons) 

1964 1965 

State Hydrated Hydrated Total 
Quicklime lime Total Quicklime lime 

Alabama  -..--.--.-_... 229,056 12,540 241,596 265,995 16,572 282,567 
Alaska ~_-_----------_.- - WwW WwW 1,570 WwW ‘WwW 1,861 
Arizona ~.---..----.--.- WwW WwW 93,780 Ww WwW 105,718 . 
Arkansas ~~ _~-_-~.--_-_ 32,601 15,207 47,808 10,985 19,443 30,428 
California ....__...._._.... 222,796 137,858 360,154 239,680 118,669 358,349 
Colorado ~~~ .----.-_-_- 35,115 22,902 58,017 50,567 23,718 74,285 
Connecticut ~~---_-_-___ 55,812 24,860 80,672 51,015 27,852 78,867 
Delaware ~~~. ~-~---.--_ 37,415 11,090 48,505 41,753 10,753 52,506 
District of Columbia —__~- WwW WwW 6,832 W W 5,200 
Florida .--.----.--.._.. 127,018 63,227 190,240 157,390 57,690 215,080 
Georgia. _---_.---~- 73,906 19,044 92,950 81,161 17,609 98,770 
Hawali ~~... -____ —_ W W -- W WwW 
Idaho ~._-..-_--...-_____ WwW W W W W 9,611 
Illinois ~~~ .--_--___.. §= 5520, 769 137,948 658,717 593,258 149,966 743,224 
Indiana —---__--_-______ 668,054 43,926 711,980 631,744 50,483 682,227 
Towa  ~-----__ Ww WwW 80,458 83,924 20,650 104,574 
Kansas ~~~ ~_--~-______ 35,072 23,538 58,610 36,741 14,265 51,006 
Kentucky —~..-----..-._.. 457,819 17,5384 475,353 - 481,426 17,612 499,038 
Louisiana ~._-._.__.____. 131,994 45,360 177,354 202,808 57,189 259,997 
Maine ~~ ~~~ ~_-_-__ 43,162 10,723 53,885 44,225 11,006 55.231 
Maryland ~_--_-_--____. 211,636 19,684 231,320 232,418 19,246 251,664 
Massachusetts ~_..______ . W Ww 40,122 W W 36,312 
Michigan —-_.-_.________ 663,124 59,242 722,366 654,686 66,058 720,744 
Minnesota -__._..______ 104,876 19,888 124,264 108,924 . 18,238 122,162 
Mississippi ~..._.._..__~ 56,405 9,873 66,278 23,819 22,396 46,215 
Missouri ~~~ ..__.-.- WwW W 166,412 131,038 55,723 186,761 
Montana ~~ ~_-_-____-____ 8,759 4,233 12,992 7,011 3,849 10,860 
Nebraska ~~ ~~--_-______ WwW WwW 23,742 Ww W 21,020 
Nevada ~~ - WwW WwW 32,933 WwW Ww WwW 
New Hampshire ~__-___- W Ww 10,400 6,769 8,157 9,926 
New Jersey ~~. -_.~____ 46,066 80,893 126,959 67,203 79,963 147,166 

' New Mexico —-_.-_~~_.-_ WwW W 20,866 581 26,510 27,091 
New York --.-...--.-.. 155,447 .143,351 298,798 203,513 150,820 . 354,333 
North Carolina ~._._____ 34,649 30,661 65,310 50,002 29,744 79,746 
North Dakota -__.---___ - W WwW 16,759 WwW W 16,575 
Ohio ~~-~-.-_.--.--_---~ 1,026,257 132,635 1,158,892 1,026,668 157,501 1,184,169 

; Oklahoma __~------ ~~ WwW W 82,825 WwW W W 
Oregon —~_ ~~~ ~-----_-_ . 49,453 16,415 65,868 52,072 18,020 70,092 
Pennsylvania ~...-_._._. 1,388,100 197,409 1,585,509 1,514,576 198,062 1,712,638 
Rhode Island ~_____-___-_ ‘WwW WwW 15,499 ~ 5,865 7,512 * 18,377 
South Carolina ~.._-____ 21,839 8,585 30,424 17,481 8,162 25,648 
South Dakota ~__-______ 11,483 25,569 37,052 10,593 30,532 41,125 
Tennessee ___._________ 49,417 30,807 80,224 68,376 29,566 97,942 
Texas _-________________ 290,970 388,750 679,720 295,824 296,585 692,259 
Utah _ ui ~~ W W 67,916 WwW WwW 75,761 
Vermont ~~ ~----_ 2 WwW W 1,238 WwW W 2,761 
Virginia ~--______-______ 104,180 43,774 147,954 102,645 42,148 144,793 
Washington ~~ ~~ __ 57,739 15,456 73,195 62,307 16,396 78,703 
West Virginia _...__.___ 113,513 14,147 127,660 119,073 15,608 134,681 
Wisconsin ~_~-___-_______ 82,816 67,233 150,049 84,594 57,414 142,008 
Wyoming —_---_~_______ W W 3,820 W W 4,129 
Undistributed  ~..._.__._. 429,221 249,626 14,175 323,112 149,895 194,060 

Total 1 ___________ 7,576,000 2,148,000 9,720,000 8,137,000 2,217,000 10,353,000 

W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 
1 Data may not add to totals shown because of rounding. 

PRICES 

| Quotations in the Engineering News-Re- per ton for 13 cities. The average delivered 
cord for delivered hydrated finishing lime price for common hydrated lime, as report- 

Mm 1965 ranged from $52.00 per ton in eq from 20 selected cities, was $31.86 per 
Minneapolis and Seattle to $27.00 per ton ton 

in Los Angeles. The average price reported . 
for 20 major cities was $38.17 per ton. The average value of lime sold or used 

Prices for pulverized quicklime ranged by producers, f.o.b. plant, excluding the 
from $60.00 per ton in Boston to $24.00 cost of containers, was $13.87 per ton, the 

per ton in Pittsburgh and averaged $35.30 same as in 1964. 

\ 

\
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: FOREIGN TRADE 

In 1965, Canada received 68 percent of Table 7.—U.S. exports of lime 

U.S. lime exports, and Mexico received 8 Year Short tons Value 

percent. 1956-60 . 
_ (average) —-.----- ets $1,182,828 

( - 1961 ~------.-------. 29,96 920,66 Imports from Canada represented 78 per 1962 aver 9'512 360 408 

cent of the combined import total for all 1963 -__-----.--_---- 11,468 565,299 
: f li 1964 ee oe ee ee ee eee 29,858 777,359 

types of time. 1965 ---------------. 40,036 - 941,849 

Table 8.—U.S. imports for consumption of lime . 

Dead-burned 
Year Hydrated lime Other lime dolomite 1 Total 

Short Short Short Short 
tons* Value tons ? Value tons? Value _ tons? Value 
a 

1956-60 . 
(average) ----- 642 $12,301 26,909 $473,317 9,307 $519,040 36,858 $1,004,658 

1961 ~-----~----- 950 21,710 31,418 491,352 4,256 . 233,271 36,624 746,333 
1962 --.--------- 1,141 18,755 71,970 939,226 4,456 244,788 . 77,567 1,202,769 
1963 ~_.--.------ 692 12,226 90,676 1,004,920 9,389 454,721 100,757 =: 11,471,867 
1964 _______---- 843 10,475 98,420 1,112,129 28,876 1,165,306 123,189 2,287,910 
1965 ~----------- 5382 10,032 215,816 2,589,561 59,519 2,385,032 275,867 4,984,625 

1 Dead-burned basic refractory material consisting chiefly of magnesia and lime. 
*Includes weight of immediate container. , 

. WORLD REVIEW | 

Mexico.—A new $3.5 million water soft- Inc. announced that the first white lime 

ening and treatment plant was completed plant in Puerto Rico, a 250,000-barrel | 
at Merida, Yucatan. The plant contains a plant at Ponce, would cost $2.3 million. 
cold-lime-alum softening plant and a lime United Kingdom.—Beswicks Lime Works, 
recovery unit. Seven more of these plants near Buxton, ordered three 100-to-120 ton- 
are under construction in Yucatan.10 per-day lime kilns. The International Sym- 

Nigeria.—The. Israeli firm, Cideco Ltd., posium on Autoclaved Calcium Silicate 
announced plans for a substantial lime in- Building Products was held at the School 
dustry in Nigeria. A 30,000-ton plant was of Pharmacy in the University of London 
planned, at a cost of $1.4 million. Lime- during May. There were 42 papers, cover- | 
stone deposits were being surveyed at Ewo- ing all kinds of products, manufacturing, 
keri and at Yandev. chemical research, and design of struc- 

Puerto Rico.—Puerto Rican Cement Co. _ tures.11 

TECHNOLOGY | 

Research on soil stabilization in Great penditure is 40 percent of that needed for 
Britain included studies of the reaction be- a clay brick factory.13 
tween hydrated lime and the clay present A process for burning limestone, using 
in the soil and studies of stabilization of | naphtha instead of coal, was used at the 
sandy soils with lime and fuel ash mix- WEnninchine News-Record. Joint Plans Speed 

ngineering ews-rnecord. Joiln ans spee tures. All the ashes were shown to possess Construction. V. 175, No. 23, Dec. 2, 1965, 
pozzolanic properties, with the activity re- pp. 35-86. L 4 Gravel (London). Int 

ement, Lime an ravel (London). Inter- 

lated to the surface area and the unburnt national Symposium on Autoclaved Calcium Sili- 
carbon content of the ash.12 cate Building Products. V. 40, No. 7, July 

. . . 1965, pp. 248-252. . 
A highly automated sand-lime _ brick & Paements Lime “ad Gravel (London). Lime 

plant in England has reduced the labor y_ 40 No. 7, Joly 162 pea ee 
requirement to the very low level of 3 teen Lime and Gravel obendon) » aie, 

: : mation in e anutacture oO and-Lime DrickKs. 
man-hours per 1,000 bricks. The capital ex- =v. 49, No. 6, June 1965, pp. 203-206.
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Table 9.—World production of quicklime, hydrated lime, and dead-burned dolomite 2 | 
(Thousand short tons) we eee 

Country 1961 1962 1963 1964 1965 P 2 
. meee OE ES OS SS 

' North America: . . 
Canada —---2 0-22-22 1,415 1,424 1,451 1,541 1,517 
Costa Rica @ ~~~ 4 4 6 | 13 
Guatemala ~-------------.--~-..-- NA NA 31 29 . 30 
Nicaragua ~-~-----.-~.--.-----.-- 28 29 4 18 27 
Puerto Rico ~--.----__.--________- 1 1 14,521 16,089 16,794 
United States (sold or used by 

producers) ~.-~-.-..-..--..----- 13,249 13,753 3 NA NA 
West Indies: 

Bahamas -~~~--~--.-.-_-____ 3 2 r5 r3 4 
Barbados (exports)  ~-..-____- r16 NA — — — 
Dominican Republic ~-.______- 7 8 
Haitie 22-2 180 180 180 180 180 

- South America: 
Argentina —~.~~-------.--._-____ 1,100 — NA — NA NA NA 
Brazil ~~ ~~~ ek 1,410 1,308 1,382 r 1,585 NA 
Colombia ~~~-~-.~-------.---- 90 94 107 r 110 117 
Paraguay ~----------_-____ r 419 r419 r19 — 20 20 
Peru 2-2 V7 88 94 102 NA 
Uraguay & ~~. ~~ 36 36 33 Tr 46 66 
Venezuela _~-__----_~ 38 49 r 55 75 e 72 

Europe: : 
Austria ~.---.-----u 784 740 759 r 805 158 
Belgium  ____-__________ 2,120 2,245 r 2,228 T 2,534 2,526 
Bulgaria ~--2---~----_- 698 766 830 913 | NA 
Czechoslovakia ~-.-.- ~~ - 9,598 2,611 2,485 2,587 2,743 
Denmark  ___-_ ~~~ 162 162 167 176 176 
Finland ~-..----.---_- 245 246 229 265 270 
France _ ~~... -.-______ 3,248 3,078 2,919 r 3,216 2,999 
Germany: 

East. ~~~ 3,116 3,686 3,811 F 4,049 e 4,100 . 
West ~------ ee 10,939 10,690 10,775 r 11,920 11,714 

Hungary —~ ~~~ ~~ -u 676 685 685 807 782 
Treland ~~--.---~__-_ 32 r 33 r 36 47 46 
Luxembourg ~-..___-~2_-_~_ 13 — —_— — — 
Malta ~~ 2 ee 45 39 18 NA 43 
Norway —--- ~~ ~~~ NA NA NA 121 140 
Poland ~~ ~~~. ~~ 2,071 2,186 2,209 2,326 e 2,425 

. Rumania —.~-..---_~_-___- 725 746 806 r 896 e 1,000 
Spain 160 203 234 r 283 NA 
Sweden —_--.---_-__-_- 983 798 r 853 r 1,071 NA 
Switzerland — ~~~ ~____ 2 205 212 203 221 NA 
U.S.S.R. ~2- ee 19,025 r 18,239 17,651 Tr 17,855 e 18,700 
Yugoslavia .---....-_-_-_ 800 847 947 999 1,226 

Afriea: 
Congo, Republic of the (Léopoldville) NA 52 74 15 72 
Ethiopia (ineluding Eritrea) ?______ 5 6 5 e7 e4 
Kenya —2.--.----__- NA NA NA r5 16 
Libya @ .--- 0-2 18 19 NA NA NA 
Mozambique ~-_~~-.-_~.---..-_____ 8 7 NA NA. NA 
South Africa, Republic of (sales) _ 748 726 719 771 823 
South-West Africa ~.._...________ 4 3 3 4 4 . 
Tanzania (sales and exports) ___._ 4 3 1 2 2 
Tunisia ~~~... 2... 133 142 r 146 193 e185 
Uganda --~~~~~---~2--- 16 18 12 r138 22 
Zambia ~~~... NA NA NA NA 85 

Asia: 
Cyprus ~-~~----- 22 45 50 65 e 44 NA 
Indonesia ~.--...--_~--~_- 114 NA NA NA NA 
Japan —----~~- 22 71,255 r 1,373 1,527 1,798 1,865 
Kuwait ~~... — — — 13 1 
Lebanon ~~~.~-~------ 8 e10 39 29 44 
Mongolia @ .---. 14 23 28 33 39 
Philippines ~..-_--_____________ 28 e a7 35 r 32 26 
Ryukyu Islands ~.-.-...__________ 3 1 e] NA NA 
Saudi Arabia ~~-____-__________ NA NA vi NA 33 
Taiwan ~~~ ~~~ 84 83 88 101 113 

Oceania: 
Australia * ~. ~~~ 124 139 r 130 r 144 NA 
Fiji Islands ~___-.-..-_-____ 4 3 6 4 20 

* Estimate. P Preliminary. * Revised. NA Not available. 
1 Lime is also produced in Burundi, Cape Verde Islands, Chile, China, Ecuador, El Salvador, Greece, 

Honduras, India, Iran, Israel, Italy, South Korea, Mexico, Morocco, New Zealand, Pakistan, Ruanda, 
Southern Rhodesia, Syrian Arab Republic, and Viet-Nam, but production data are not available. 
In addition Bermuda, Guadeloupe, Netherlands Antilles, Sarawak and St. Thomas and Principe 
Islands produce less than 1,000 tons. 

2? Compiled mostly from data available July 1966. 
3 Year ended September 10 of year stated. 
* Year ended June 30 of year stated. 

\
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Hylla Lime, Works in Inderoy, Norway. sulting slaked particles dried to form a 

The process was developed in cooperation powder.17 : 

with the Esso Research Centre at Abing- The Berlin Symposium on lime was de- 
don, Oxfordshire, England.14 scribed. The papers discussed included un- 

A method of testing soundness in plaster derground mining, crushing, limestone 

was developed as a test of unsoundness in dressing, quarry equipment, quality con-_ 

limes. This method is called the LeChate- trol, limestone calcination, lime quality re- 

lier test, it measures the expansion in a quirements, oil-fired lime shaft kilns, and | 

specimen compact.15 Oo plasticized binders.18 
A new vertical shaft kiln has overcome “7 

. : 144 Minerals Processing. Naptha for Burning 
many of the defects of vertical kilns, espe- Limestone. V. 6, No. 8, August 1965, p. 6. 
cially channeling. A pilot model has been %* Ramachandra, V. S., R. F. Feldman, and 

. ‘I dh d the followi . P. J. Sereda. An Unsoundness Test for Limes 
built and has prove € folowing Princi- Without Cement. Mat. and Res. Standards. 
ples: Heat can be perfectly distributed, giv- V-.5, No. 10, October 1965, pp. 510-516. . 
° . let bustion: b in n 16 Pit and Quarry. Pilot Model of New Verti- 
ing compiete combustion, Overburning ca cal Shaft Lime Kiln Proves Design Principles. 

| be avoided; and complete temperature con-_— V. Pe No. 5, September. 1965, pp. 182,186. H 
. 17. . orson, B. L. (assign . r. H. 

trol is possible*6  Gorson). British Pat. 976,085, Nov. 25, 1964. 
In the preparation of a dry, highly plas- 4 Cement, Lime, and Gravel § London, ). _Inter- 

. 4 . ° « ° . nationa ymposium on Lime, erlin, Septemper 
tic hydrated lime, the quicklime is contact- 1965, Part 1: The Symposium. V. 40, No. 11, 

ed with a gaseous reactant to form a dry November 1965, pp. 385-390. And Part II: The 
reaction film on the particles, and the re- SSudy, Pour. V. 40, No. 12, December 1965, pp.



Lith 
By Donald E. Eilertsen! 

Production of domestic lithium mineral In August 1965 the Atomic Energy Com- | 
‘source materials was noticeably larger in mission transferred 6,497 tons of Lithium 

| 1965 than in 1964, but imports of lithium hydroxide, monohydrate, to the custody of 
minerals from Southern Rhodesia declined the General Services Administration. The 
sharply. transfer was made under provisions of the 

Federal Property and Administrative Serv- 
Legislation and Government Program.— __ices Act of 1949. | 

DOMESTIC PRODUCTION OC 

| There was a moderate increase in the concentrate and lithium carbonate are not. 
output of spodumene, a moderate decrease disclosed, as they are company confiden- 
in the output of lithium carbonate from tial. 

brines, a decline in amblygonite produc- The consumers of lithium mineral source | 
tion, and no change in lepidolite produc- . . “aL: 
eo. materials. for the production of lithium 

tion in 1965 compared to 1964. | : . : 
. . chemicals were Foote Mineral Co., at Sun- 

Foote Mineral Co. mined spodumene ore . way: . 
: : bright, Va., Lithium Corporation of Amer- 

from pegmatite and produced spodumene . . . 
. . . ica, Inc. at Bessemer City, N.C.; and 

flotation concentrate at Kings Mountain, on. . 
. . . American Potash & Chemical Corp., at 

N. C.; American Potash & Chemical Corp. . : . 
sae | Trona, Calif. No production figures were 

recovered lithium carbonate from Searles available for publication 
Lake brines at Trona, Calif.;.and in Pen- P " 
nington County, S. Dak., L. W. Judson Foote Mineral Co. continued to prepare 
produced 75 tons of amblygonite from the its new facility at Silver Peak, Nev., for 
Hugo mine, and Keystone Chemical Corp. the mining of brines containing lithium, 
produced 25 tons of amblygonite and 50 potassium, and magnesium from a dry lake 
tons of lepidolite from the Ingersoll mine. bed. Full scale output is expected in 
Production data on spodumene flotation 1966. 

CONSUMPTION AND USES 

Figures on the consumption of lithium ium in the glass and ceramic industries. 
mineral source materials for chemical pro- Lithium chemicals had many applications, 
duction are withheld to avoid disclosing such as in greases, storage batteries, 
company confidential information. Figures bleaches, air conditioning, refrigeration, 
on the consumption of lithium minerals in welding and brazing fluxes, and in ce- 
the ceramic and glass industries were ob- ramics and glass) On a company basis, 
tained, but the data were too incomplete gains were reported in the usage of lith- 
for publication. Quantitative data on the ium bromide in refrigeration, lithium hy- 
consumption of lithium metal, alloys, and droxide in lubricants, lithium hypochlorite 
compounds were not available. as dry bleach for laundries and swimming 

The largest use of spodumene was in pool sanitation, and lithium metal in al- 
the production of lithium chemicals. Lepi- loys, especially lithium-magnesium alloy. 
dolite, petalite, and spodumene, and some 
amblygonite were used as sources of lith- 1 Commodity specialist, Division of Minerals. 

607



608 MINERALS YEARBOOK, 1965 

PRICES 

Lithium metal, 99.5-percent pure, was 1965.2. Prices for various compounds are 

quoted at $9 to $11 per pound throughout shown in table 1. 

Table 1.—Prices of selected lithium compounds in 1965 | | 
(Per pound) — 

ve eee a ASG eae aaa saaaaaaaaa daca sscacaacmaaamasaacaamaasammaaascacaaaiasaa, 

Compound , 1965 
Nee ee rene eae nner ene ccc nena cee nn TN 

| Lithium aluminum hydride, lump, drums, works 1__.--.------------------------- $33.00-$39.00 
Lithium carbonate: 

Drums, ton lots ?__--------------.-------~------------------+-----------+---- .46 . 

Technical, drums, ton lots 83_____----------.--~-~~-------------------------+-- 45 

Lithium chloride: 
| 

Chemically pure, anhydrous, drums, ton lots._..---.-------------~-.-------- 1.235 
Technical, anhydrous, drums, carlots, truckloads, delivered or works, 

freight allowed _--.-----------------------------~--------~+--~------------+- 87 

Technical, anhydrous, drums, less than carlots, freight allowed.-._._._._--_---.~-- -88-.92 
Lithium fluoride: 

Barrels, ton lots and more, delivered__--.-.-------~-.-----.-~-------------- ' 1.55 
Barrels, less ton lots, delivered__..__.--~--------.----------~~----~-.-------- 1.65 

Lithium hydride, powder, drums, 500-pound lots or more, works_-----------~---- 9.50 
Lithium hydroxide: " 

Monohydrate, granular, drums, ecarlots, truckloads, freight allowed-._---~-~-- 54 
Monohydrate, drums, less than carlots, freight allowed_..__.._-_--.--------- 58 

Lithium manganite, drums, works 1__-_--_~.--~.-------./-------+--+------..-.-.--- 1.35—-1.45 
Lithium nitrate, technical, drums, 100-pound lots---.-~---~---~----------~------- 1.15-1.25 
Lithium silicate, drums, works 1__._~.~--------_---------------.--------------- 1.25—1.50 
Lithium stearate: 

Drums, carlots, works ~---------------..---------------~--------+-~.+-------- 475 
Drums, ton lots, works ~..-.----.--.---~--------------+------+---+----.~~----- 485. 
Drums, less than ton lots, works —~-.--.---.---.--.--------_-------~-~---+-+-- 535 

. Lithium sulfate, drums, 100-pound lots._._-.-_...-----__-_---_-------------~-~--- 1.15-1.25 
Lithium titanate, drums, works }___----.-....--_--+.------..--.-------~--------- 1.50-2.00 

1 Price not quoted after Nov. 22, 1965. | 
2 Price through Nov. 1, 1965, was $0.58 per pound. 
8 Price through Nov. 1, 1965, was $0.50 per pound. 

. Source: Oil, Paint and Drug Reporter. | 

FOREIGN TRADE , 

Imports of lithium minerals were mostly Imports of lithium compounds for con- 
for the glass and ceramic industries; the sumption were as follows: 1,337,300 
imports of lithium minerals from Southern pounds valued at $573,235 from Canada, 
Rhodesia were the smallest for many years. 8 pounds valued at $2,005 from the Unit- 
Imports for consumption of lithium min- ed Kingdom, and 22 pounds valued at 
erals are shown in table 2. $1,349 from West Germany. 

Table 2.—U.S. imports for consumption of lithium minerals, by country of origin 
and U.S. customs district 

1964 Tf 1965 

Country of origin and U.S. customs district Short Short 
tons Value tons Value 

Africa: . 
Mozambique: Maryland_.--------_-------. ----- ----.- 1,122 $39,148 
Zambia, Southern Rhodesia, and Malawi: 
Maryland____.-_---_------------------- 27,033 $851,861 7,868 247,302 

Total____--_._.-_--.------------------- 27,033 851,861 8,990 286,450 

T Revised. 

WORLD REVIEW 

South-West Africa.—aAll of the lepidolite (Pty.) Ltd., which are located southeast 
and petalite and half of the amblygonite of Karibib. 
production in South-West Africa in 1964 

as from the Helicon, Rubicon, and Au- was from t eee. : 2E&MJ Metal & Mineral Markets. V. 36, 
rora mines of S.W.A. Lithium Mines Nos, 1-52, January-December - 1965.
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United Kingdom.—In trade controls af- The United Kingdom revoked its anti- a 
fecting Southern Rhodesia, imports of lithe dumping duty on Canadian lithium car- 
ium mineral were prohibited as of De-  bonate in August; the duty came into 
cember 6. effect November 30, 1962. | 

Table 3.—Free world production of lithium minerals, by countries | 
| (Short tons) . . 

SSeS 
Country - Mineral produced 1961 1962 1963 1964 1965P 

North Arete 1 
North America:1Canada___._.... Spodumene (Li,O content) _. 268 250 322 7 528 518 South America: 

Argentina_________ Lithium minerals__________ 443 496 1,583 * 799 NA Brazil____._.__..___._....._ Spodumene (exports)__..._. ___- 165 28 --__ NA Surinam__..__.._.......... Amblygonite (exports) _.___ A475 827 568 NA NA Europe: Spain________. Amblygonite..__.___-_____ 19 ---- -2.— ---- ~--- Africa: 
— Mozambique______-___ Lepidolite.__....______._ 170 302 115 ---— a 

Eucryptite___.........____. 1,879 866 1,164 806 © 705 
Amblygonite________-____. 86 85 52 ~--- ---- Rhodesia, Southern______-_ { Lepidolite..__________-____. 24,037 21,244 16,157 22,943 °® 17,700 
Petalite._.._.__._.......__. 27,698 21,704 29,946 36,449 ° 29,900 _ Spodumene___________-___. 1,627 1,496 2,235 6,965 ° 15,300 Rwanda__--___._.__....... Amblygonite__.._.________. 1,854 359 406 325 NA South Africa, Republic of__ Lithium minerals__________ 260 ~=1,263 417 7179 © 1,025 
Amblygonite__._______ 136 141 128 r12 39 South-West Africa__...._.. } Lepidolite._._......-----_ 1,418 1,781 86 °° 407 298 OS { Petalite__..-_.....-.._.... 2,540 1,008 865 "798 1,382 Uganda___--._. Amblygonite__.._.________ 25 22 53 F 22 | ~<-- 
Petalite._.._.-..- 108. 94 437 233 : Oceania: Australia___.c.c.tttttn 4 Amblygonite______.._.____ 26 31 22 -~-- * 510 

| Spodumene....___- 6 26 24 ' 58 

T Revised. e Estimate. | NA Not available. P Preliminary. 
1 U.S. figure withheld to avoid disclosing individual company confidential data. 

Table 4.—South-West Africa: Exports of lithium mineral concentrates, | | 
| | by country of destination 

Ce 
Amblygonite Lepidolite . Petalite 

Year and country of destination Ennead 
Short tons Value1 Short tons Value! Shorttons Value —_—_ Eee se 

1964: 
Japan___.-- ---- ~--- ---- ---- 392 $9,867 Netherlands___..-._--_-_--- nae a 330 $7,650 323 8,035 United Kingdom__________ ---- ---. 212 4,561 436 8,523 

Total____-_-- ----~ ---- 542 12,211 1,151 26,426 1965: Total? 0 669 NA 170 NA 1,110 22,721 eS 

1 Converted to U.S. currency at the rate of 1 rand equals US$1.3909 (1964) and U.S.$1.327 (1965). 
? No data available on countries of destination. __ 

Table 5.—Southern Rhodesia: Exports of lithium mineral concentrates, 
by country of destination 

—_-S See 

1963 1964 Country of destination —_—_—_--—— ee 
Short tons Value1 Short tons Value 1 

a ene 

Belgium_____-.----- 4,304 $76,180 14,513 $267,866 Germany, West________-____....-.. s**t 51 2,856 ---- ---- Italy__---_------ 
714 4,665 904 10,096 Japan___---- 

3,499 98,140 7,429 206,822 Netherlands_____---__----- 3,403 78,954 4,327 95,423 South Africa, Republic of..........00.. |. _. 189 2,965 409 5,822 United Kingdom______--_--- 3,827 56,784 10,688 160,422 United States__--------- 24,256 507,366 36,014 770,698 
eee 

Total__-------- 40,243 827,910 74,284 1,517,149 TT ee 
ee Se BS 

1 Converted to U.S. currency at the rate of £1 equals US$2.80 (1963) and US$2.7921 (1964).
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| TECHNOLOGY - 

Bureau of Mines metallurgists worked posed advanced power plants.® 
on the beneficiation of lithium minerals and The lightest structural metals available 
the thermodynamic properties of spodu- commercially are reported to be magne- 
mene and various lithium compounds. At — sium-lithium alloys. One of the alloys 
298.15° K the heat of formation of lithium which is 22 percent lighter than magne- 

| chloride was found to be —98.38 + 0.54 sium and 27 percent lighter than beryllium 
kcal/mole and that for lithium oxalate has limited uses in the aerospace industry. 
was —329.02 + 0.79 kcal/mole, using The technical and economic aspects of 
graphite as a standard state for carbon.*  magnesium-lithium alloys were reported.” 
A procedure was reported for devitrifying A comprehensive review of the use of 
cast rolled shapes of glass containing lithium and its compounds as catalysts in 
about 17 percent lithia and 82 percent industrial polymerization was published.® 
silica. The devitrification of lithium sili- Three methods were developed for pro- 
cate glasses was investigated for the effect ducing single-domain crystals of lithium 
of annealing temperature, composition, metaniobate, a material having unusual 
and additives on nucleation and crystal- electrical, optical, and acoustical proper- 

| lization.5 : : , ties, for potential uses in a variety of elec- _ 
Corrosion studies were made on a num- trical devices.9 

ber of alloys in connection with the use of | Numerous patents on lithium were is- 
lithium as heat-transfer medium in pro-  sued.10 | 

| 3 Letson, B. B., and A. R. Taylor, Jr. Heats — Botton, Roger, Jean Paul Delgrange, and 
of Formation of Lithium Chloride and Lithium Andre Steinmetz (assigned to Compagnie de 
Oxalate, Including Details on the Construction Saint-Gobain, France). Method of Recovering 
and Operation of a Solution Calorimeter. Bu- Lithium From Lepidolite. U.S. Pat. 3,189,407, 
Mines Rept. of Inv. 6583, 1965, 12 pp. June is, 1965. Robert D (assigned to The D 

| 4 Harris, Henry M., John E. Kelley, and Hal oodenough, Ro - (assigned to The Dow 
J. Kelly. Devitrification of Lithium Disilicate Chemical Co., Midland, Mich.). Lithium Fluo- 
Glass. BuMines Rept. on Inv. 6711, 1965, 14 pp. vide Production. U.S. Pat. 3,179,495, Apr. 20, 

: . 1965. 
_ 5 Paige, Jack 1, Henry M. Harris, and Hal J. _ Gustafson, Paul R., and Roman R. Miller (as- 
Kelly. Devitrification o Vacuum-Melted Glasses signed to the U.S. Navy). Lithium Perchlorate 

of the Lithium Metasilica ilica Compositiona _ - 
Series. BuMines Rept. of Inv. 6651, 1965, 15 pp. oxygen Candle. U.S. Pat. 3,174,936, Mar. 28, 

6 Materials for Space-Power Liquid Metals Hodgdon, Jr., Russell B. (assigned to Mon- 
Service. Defense Metals Inf. Center, Battelle santo Co., Delaware). Lithium Nitrate as a 
Memorial Inst., DMIC Memorandum 209, Oct. 5, Polymerization Catalyst for Styrene, Acrylamide, 
1965, 9 pp. and Other Unsaturated Polymers. U.S. Pat. 

7¥Frost, Paul D. (Battelle. Memorial Inst.). 3,214,419, Oct. 26, 1965. 
Technical and Economic Status of Magnesium- Markowitz, Meyer M. (assigned to Foote Min- 
Lithium Alloys—A Technology Utilization Re- eral Co., Philadelphia, Pa.). Controlling the 
port. National Aeronautics and Space Adminis- Decomposition Rate of Lithium Perchlorate. 
tration, NASA SP-5028, August 1965, 45 pp. U.S. Pat. 3,175,979, Mar. 30, 1965. 
Supt. of Documents, U.S. Govt. Printing Office, Markowitz, Meyer M. (assigned to Foote Min- 
Washington, D.C. eral Co., Philadelphia, Pa.). Method of Gen- 

8 Kamienski, C. W. Lithium Catalysis in In- erating Electricity From Lithium and Nitrogen. 
dustrial Polymerization. Ind. and Eng. Chem., U.S. Pat. 3,208,882, Sept. 28, 1965. 
v. 57, No. 1, January 1965, pp. 38—55. McDonough, John M., and Morton J. Klein 

® Chemical & Engineering News. Three Tech- (assigned to the U.S. Air Force). Process for 
niques Give Single-Domain LiNbO;. V. 438, No. the Purification of Lithium Hydroxide. U.S. 
33, Aug. 16, 1965, pp. 38-39. Pat. 3,193,352, July 6, 1965. 

10 Bach, Ricardo O., and William W. Board- Noth, Heinrich (assigned to Imperial Chemical 
man (assigned to Lithium Corporation of Amer- Industries, Ltd., London). Production of Lith- 
ica, Inc., New York). Preparation of Anhydrous ium Aluminum Hydride. U.S. Pat. 3,207,570, 
Lithium Peroxide. U.S. Pat. 3,185,546, May 25, Sept. 21, 1965. 
1965. Orazem, Gerald J., Ruben B. Ellestad, and 

Ballass, John T., and Bernard J. Freedman Joseph R. Nelli (assigned to Lithium Corpora- 
(assigned to General Dynamics Corp., New tion of America, Inc., New York). Preparation 
York). Welding Flux. U.S. Pat. 3,192,076, of Dry Lithium Hypochlorite Compositions. U.S. 
June 29, 1965. Pat. 3,171,814, Mar. 2, 1965.



, | By Lloyd R. Williams ' | 

Although the production of magnesium to recover magnesium from the Great Salt 
in 1965 increased only 2 percent, inven- Lake in Utah. Five other companies have 
tories were considerably reduced by a 15- secured leases to exploit the resources of 
percent increase in shipments. The do- the lake after March 8, 1969, when pres- | 
mestic output of primary metal was slight- ent exclusive rights terminate. _ 
ly more than 81,000 tons, the largest since | 
1953. The Magnesium Association reorganized | 

| One company was developing a process and issued new by-laws to members. 

| : LEGISLATION AND GOVERNMENT PROGRAMS 

The national stockpile objective estab- alloys. Of this quantity about 5,000 tons 
lished by the Office of Emergency Plan- will be offered in 1966. 
ning remained at 144,687 short tons. At | 
yearend the stockpile contained 168,119 During 1965 about 4,200 tons of mag- | 

_ tons or an excess of 23,432 tons. On Au- nesium was offered for sale on a competi- 
gust 16, 1965, the House of Representa- tive bid basis from the national stockpile. 
tives passed the Concurrent Resolution 453 Of this 2,650 tons was sold at an accept- 
with the Senate concurring for the disposal able price bringing the total utilized by a 
of approximately 21,500 short tons of mag- | Government agency or sold since March 
nesium contained in primary pigs and 1962 to 10,685 tons. | 

| Table 1.—Salient magnesium statistics 
(Short tons) | 

eee 
1956-60 

(average) 1961 1962 1963 1964 1965 

United States: . 
Production : 

Primary magnesium__._____ 50,162 40,745 68,955 75,845 79,488 81,361 
Secondary magnesium__._....__ 10,066 8,125 9,610 9,225 11,790 13,617 

Shipments: Primary___..._..... 50,174 55,515 69,410 12,255 74,580 85,796 
Imports for consumption._.__~- 629 1,005 2,359 1,850 2,227 2,551 
Exports__-----.---..-.- ee. 2,176 6,160 6,426 15,484 15,949 17,836 
Consumption...............__.. 42,411 45,533 47,320 51,240 54,748 69,622 
Price per pound_____-__cents__. 34.98 35.25 35.25 35.25 35.25 35.25 

World: Primary production__.__..._._ 101,260 115,800 147,200 159,900 166,172 174,000 $$ o_O ne enn meee tT ELON 

DOMESTIC PRODUCTION 

Production of 81,361 short tons of pri- Pfizer & Co., Inc., produced magnesium 
mary magnesium in the United States was ingot and continued supplying magnesi- 
2 percent more than in 1964. Alamet um in the form of crown for final usage by 
Division of Calumet and Hecla, Inc., pro- the Atomic Energy Commission (AEC) ; 
ducer of magnesium metal in Selma, Ala.. The Dow Chemical Co. operated plants at 
increased plant capacity to 7,000 tons per 
year by technological improvements; Chas. 1 Commodity specialist, Division of Minerals. 

611
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Freeport and Velasco, Tex., and planned vey Aluminum, Inc., to build primary 

to increase capacity to 120,000 tons. Dow magnesium plants in the Pacific North- 
| also announced future plans to produce west did not materialize. Both companies 

electrolytic metal from magnesium chlo- together with others that included Signal 
ride to be supplied by a joint venture of Oil and Gas, Los Angeles, Calif., and 
Lithium Corporation of America, Inc. and Quintana Petroleum Corp., Houston, Tex., 
Salzdetfurth of Hanover, West Germany, - secured leases to exploit resources of the 

| organized to exploit the resources of the Great Salt Lake. Interest in magnesium 
Great Salt Lake in Utah, after March 8, plants in the northwest was reactivated by | 
1969. Titanium Metals Corp. of America, the search for low cost power to produce 
Henderson, Nev., owned jointly by Alle- metal from magnesium chloride recovered 
gheny Ludlum Steel Corp. and the Na- from the lake. | 
tional Lead Co., recovered and recycled The Products Engineering Company, 
magnesium for use in titanium production. Portland, Oreg., expanded facilities to in- 
National Lead Co., Hogle-Kearns Co., and clude magnesium die casting. 

| Hooker Chemical Corp. were jointly de- A magnesium powder plant built in 
veloping a method to produce magnesium 1963 at Essex, Conn., by Metallurgical 

. from magnesium chloride recovered from Processing Co., was in full operation. The 
| the Great Salt Lake. | company made contracts to supply mag- 

The plans, announced in 1963, by Kaiser nesium powder valued at $2.2 million for 
Aluminum & Chemical Corp. and Har- military uses. 

Table 2.—Magnesium recovered from scrap processed in the United States, 
by kinds of scrap and forms of recovery | | 

(Short tons) 

. (average) 1961 1962 1963 1964 1965 

New scrap: . 
Magnesium-base_._____.-___..-...._._. 2,998 1,905 4,700 4,183 4,505 6,306 
Aluminum-base__----.-..---------.-.. 2,178 1,500 1,770 2,848 3,177 3,643 

Total___._.___-___--_-------------- 5,176 3,405 6,470 7,081 7,682 9,949 
Old scrap: . . 

Magnesium-base___....----..___-____. 4,172 4,260 2,620 1,150. 2,998 2,232 
Aluminum-base___...-.--.---____ 718 460 520 1,044 1,110 1,436 

Total_____-__-____--2.----__--___. 4,890 4,720 38,140 2,194 4,108 3,668. 

Grand tota]l_._..--.-..___-_.._.__-.. 10,066 8,125 9,610 9,225 11,790 138,617 

Form of recovery: 
Magnesium alloy ingot1......._._-___._____. 3,791. 1,090 1,110 2,227 2,875 2,138 
Magnesium alloy castings (gross weight)- 136 360 650 404 37 14 
Magnesium alloy shapes_.________________ 3 350 195 75 50 58 
Aluminum alloys____.----.-....-._..____. 3,197 1,910 1,850 3,839 4,468 7,947 
Zinc and other alloys.___..__....________. 42 1,095 560 435 23 23 
Chemical and other dissipative uses______- 190 1,350 260 754 588 542 
Cathodic protection.__..._...______________._ 2,707 1,970 4,985 1,491 3,749 2,895 

Total__-_-_-_---.------___.____________ 10,066 8,125 9,610 9,225 11,790 18,617 

. 1 Figures include secondary magnesium content of both secondary and primary Magnesium alloy 
ingot. 

CONSUMPTION AND USES 

Magnesium consumption was more than nesium are two-thirds of the weight of 
20 percent above the 1964 level. Use in aluminum and require only two-thirds of 
printing plates and in the production of the time for heat release from the die. 
nodular iron expanded. Magnesium die castings were used for hold- 

Magnesium die castings were used in the ing glass portals of welding helmets and 
products of three major power mower replaced magnesium extrusions in luggage 
manufacturers and in eight racing cars frames, because extrusions were difficult 
built for the 500-mile Memorial Day race to bend to the desired angle. 
in Indianapolis. Castings made from mag- Magnesium-lithium alloy that costs $25
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per pound was being used for the struc- . weight of aluminum and three-fourth the 
ture of the guidance computer for the weight of magnesium. It has exceptional 
Saturn V moon rocket. The high cost is tensile strength, thermal properties, and 
a minor factor when excess weight in space damping characteristics. It is the most 
vehicles is considered to impose a $10,000 _ efficient material based on the stiffness-to- 
per pound penalty. The alloy is half the weight ratio except for beryllium. 

Table 3.—Consumption of primary magnesium (ingot equivalent and magnesium 
content of magnesium-base alloys), in the United States by uses | | 

(Short tons) oo . 

Penner etnpesneno-orenrenerrennnnirrenee ne, 

1956-60 
Use (average) 1961 1962 1963 1964 1965 NE See 

For structural products: 
Castings: 
Sand______- 5,117 2,408 3,464 3,280 2,229 2,959 
Die t____- si, 675 1,328 3,660 5,580 4,157  — 5,599 
Permanent mold___.-----_______-____. 844 464 901 1,400 732 — 814 

Wrought products___..__.____________ 
Sheet and plate______.__..._____.___. 4,948 4,434 6,352 5,650 4,897 4,937 
Extrusions (structural shapes, tubing). 3,916 3,990 6,240 3,370 4,419 25,995 
Forgings______.~------ ee 685 767 415 220 293 Ww 

Total___-_____-- ee ____-. ——«17,180 18,391 21,0382 19,500 17,327 20,304 

For distributive or sacrificial purposes: _ . 
Powder______----_-----~--- ee 509 244 465 1,175 Ww Ww 
Aluminum alloys____.-_-----...-.----.--. 12,519 19,754 18,405 21,780 21,880 26,266 
Zine alloys____-.-----------------_--__-.. (3) 27 100 70 99 - 136 
Other alloys___._..--_--_____-.___ 478 1,017 896 1,420 1,705 2,216 
Scavenger and deoxidizer____.._....______. 704 344 1,120 150 141 170 
Chemical__.._-____---_ ee 233 297 430 470 2,684 3,806 
Cathodic protection (anodes)_____________ 2,866 2,406 2,024 2,985 4,983 4,597 
Reducing agent for titanium, zirconium, 

halfnium, uranium, and beryllium 4_____ 7,821 7,950 2,843 | 3,070 3,764 8,467 
Other 5____ 2 101 103 5 620 2,165 3,660 

Total__..________...._...___ 25,231 32,142 26,288 31,740 87,421 49,318 

Grand total__._-_--_._.------...__..... 42,411 45,533 47,320 51,240 54,748 69,622 . 
Oe eeeEOeeeEeee TO 

W Withheld to avoid disclosing individual company confidential data. 

1 Includes primary metal to produce small quantities of investment castings. 

2Includes ‘‘Forgings.”’ 

- 3 Before 1961, included with “Other alloys,’ , 
- 4 Quantity used for reduction of uranium not included in 1964. 

> Includes primary metal for experimental purposes, debismuthizing lead, and producing modular 
iron, and secondary magnesium alloys and powder. , 

The Minerals Pigments & Metals Di- 2,500 tons of magnesium to AEC between : 
vision of Chas. Pfizer & Co., Inc. were July 1, 1965, and June 30, 1966, for an 
awarded a contract to deliver 1,500 to . amount in excess of $1 million. 

PRICES | 

The quoted base price of primary mag- Prices, which were quoted in the Amer- 
nesium, 42-pound slabs, remained at 35.25 ican Metal Market for magnesium-ferrosil- 
cents per. pound f.o.b. U.S. plants. The icon alloy used for nodular iron, ranged 
coctinng pre ae initiated by nae during the year between 19 cents in Janu- 
ow nemica’ “Mo. to aluminum smelters ary 17.9 cents in June, and 19.5 cents in | and alloyers places the price at 33.25 cents December for alloy containing 9 percent 

in 1965. During 1965 GSA accepted bids . y 5»? 
as low as 32 cents per pound for grade- ™agnesium. For the same magnesium con- 

A magnesium from the national stockpile. tent with 0.5 percent cerium, prices ranged 
The highest bid received was 32.45 cents between 21.5 cents in January, 19.9 cents 
per pound. In Canada magnesium was in June, and 22 cents in December. Prices 
sold for 31 cents per pound and in West for 5-percent-magnesium-content alloy re- 
Germany 25 cents per pound. mained at 15.6 cents during the year.
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STOCKS | | 

On December 31, 1965, producer and the beginning of 1965 were 17,400 tons of 
consumer stocks were 12,800 tons of pri- primary magnesium and 4,100 tons of pri- 

- - mary magnesium and 2,700 tons of pri- mary magnesium alloy ingot. 
mary magnesium alloy ingot. Stocks at 

Table 4.—Stocks and consumption of new and old magnesium scrap in the | 
United States in 1965 | : | 

. (Short tons) 

oe Consumption 
Stocks, we 

Scrap item Jan. 1 Receipts New Old Stocks 
scrap scrap Total Dec. 31 

Cast scrap-_---------.------------.._ 227 3,001 114 2,726 2,840 388 
Solid wrought scrap....__......._.._ _™374 3,756 3,633 + 3,633. 497 
Borings, turnings, drosses, ete...... °* 169 4,046 3,954 a 3,954 261 

— TPotal_.--------------------- 7 770~——«10,808 7,701 2,726 10,427 1,146 

T Revised. . . . 

: FOREIGN TRADE 

The imports of 2,981 tons (magnesium Kong, Taiwan, Kuwait, Portugal, Iran, 
~ content) came from 21 countries as fol- Bermuda, Southern Rhodesia, and Malawi. 

lows: 1,521 tons from Canada; 281 tons 
from Norway; 256 from Belgium and Lux- The duty on magnesium and scrap re- 

. embourg; 231 tons from the United King- mained at 40 percent ad valorem; alloys 
dom; 207 tons from Netherlands; 117 tons (magnesium content) were 16 cents per 
from West Germany; 92 tons from Sweden; pound plus 8 percent ad valorem; and 

| 67 tons from Denmark; and 47 tons each wrought magnesium was 13.5 cents per 
from Japan and Republic of South Africa. pound plus 7 percent ad valorem. Duty 
The remainder came from Dominican Re- on metal waste and scrap was temporarily 
public, Australia, Malaysia, Spain, Hong suspended through June 30, 1966. 

Table 5.—U.S. imports for consumption and exports of magnesium 

Imports 

| Powder, sheets, 
. tubing, ribbons, 

Metallic and scrap Alloys (magnesium - Wire, and other : 
Year content) ; forms (magnesium 

content) 

. Short Value Short Value Short Value 
tons tons tons . 

1956-60 (average)__..-.....-..... 629 $313,830 24 - $193,312 11 $60,823 
1961__..--_____-________------.... 1,005 482,907 31 170,304 5 80,419 
1962___._--___ 2,859 1,079,819 53 106,242 35 83,399 
1963___....-----...--....-----.. 1,850 733,248 485 660,135 18 | 112,146 
1964__.22 ee. 2,227 889,908 474 710,299 40 70,176 
1965_---.-----------------.... 2,551 1,100,539 327 760,425 103 127,666 

Exports 

Metal and alloys Semifabricated 
in crude form forms, n.e.c. Powder 

and scrap 

Short Value Short Value Short Value 
tons tons tons 

1956-60 (average)___._.--...-... 2,176 $1,425,451 622 $981,386 22 $41,767 
1961_~-_------------ ee. «6,160 3,639,669 488 878,815 33 78,297 
1962__-._-_--_---_--------.. 6, 426 3,656,316 594 1,002,977 21 52,980 
1963__---.--._-- ee, =—-15, 484 8,599,260 690 1,187,912 33 87,075 
1964___.--_ ll. «15,949 8,848,490 862 1,354,014 8 29,491 
1965__._____--_----------------. 17,836 10,265,192 484 1,259,748 (1) (3) 

1 Beginning Jan. 1, 1965 no longer separately classified, included with semifabricated forms, n.e.c.



, MAGNESIUM 615 

Table 6.—U.S. exports of magnesium, by classes and countries 

(Short tons) 

i 
1964 - 1965 

Primary Semifab- Primary Semifab- 
metal, ricated metal, ricated 

Destination alloys, forms, alloys, forms, 
and n.e.c. and n.e.c. 
scrap including scrap including 

powder powder 
PON 

North America: | | 
Canada__._-- 1,726 355 1,747 188 Mexico______-.----_---_------_ 269 67 . 477 2 
Other. -___---- ee 5 3 8 

Total_____2-_ 1,995 A427 2,227 198 

South America: 
Brazil___ 896 (4) 811 1 
Venezuela______ ---- 19 11 15 
Other___..------.-- 32 24 . 132 38 

Total___--. 928 43 954 54 

Europe: 
Belgium-Luxembourg_........._-_- 6 16 90 8 
France_____2--- 450 32 190 21 

' Germany, West__.--...--..--_-____ 10,663 93 12,009 84 
Italy___-- 45 18 63 19 

Netherlands.._....--..-.-----_____- 51 8 160 4 
Spain_-- 2 33 ---- 163 ---- 
Switzerland____________-_ 121 9 34 4 
United Kingdom_...._...__________ 400 21 424 19 
Yugoslavia___-_.----- 2 301 ---- 597 ---- 
Other______. 28 40 95 | 32 

Total_____-.-------------- 12,098 237 18,825 191 
Africa_.o-_-- 55 23 49 @) — 

Asia: . 
India_____-_----.---- 24 2 63 --+- 

- Israel_w.. 23 6 8 6 
Japan__._.- 552 101 334 4 
Other___------2 3 26 AT 11 

Total___-- 602 135 452 21 
Oceania____--.-..--- ee. 271 5 329 20 

Grand total____-.....-._________ 15,949 870 17,836 484 $I 
1Less than &% unit. 

WORLD REVIEW | 

There are indications that Volkswagen- about 9 percent above that of the same 
werk A. G. will be joined by other Euro- period in 1964. The United Kingdom : 
pean automakers as substantial users of received 42 percent, West Germany 34 per- 
magnesium. As world prices of aluminum cent, and France and Australia each about 
and zinc increase, the competitive status 6 percent. The United States probably 
of the lighter weight magnesium metal is received nearly all of the remainder. In 
enhanced. addition to the magnesium ingot for de- 

The quotas for duty-free magnesium im- _fense purposes, the United States received 
_ ports entering member countries of the magnesium scrap which is free of the 40- 

European Economic Community from percent duty on commercial magnesium 
other countries were increased in 1965 to ingot. 
39,000 short tons for West Germany, 176 Dominion Magnesium Ltd., the only 
tons for the Netherlands, and 495 tons for magnesium producer in Canada, is instal- 
Belgium-Luxembourg. ling 2 additional gas-fired reduction fur- 

naces at Haley, Ontario, bringing the total 
Canada.—The value of magnesium ex- to 16 furnaces and increasing the capacity 

ported from January to September was from 10,000 to 11,500 tons per year.
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Table 7.—World production of primary magnesium, by countries’ - | 
(Short tons) 

Country _ 1961 _ 1962 1963. 1964 1965 P 

Canada.._.-_--------------------------_-. 7,635 8,816  -8,907.-s«9,858.=—=S*S*~*~*«SN2, AB 
China ?_____-_--_-_--.--.---------------.- 1,000 1,000 1,000 1,000 1,000 
France.____----_---.....--.------------.. 2,287 2,337 1,921 1,100 3,131 
Germany, West ?___._-.----_ 440 550 550 550 550 
Italy__..---.-.-.-----------~-.-------- 6,365 6,288 6,092 6,645 € 6,600 
Japan__________-------------------------- 42,477 = 42;301 #2689 «= 48,287 © 3°700 
Norway-.-_-_-----.-...------.------------... 16,018 16,400 22,700 24,300 © 25,000 
U.S.S.R. &_------------------.--..-..----.. 33,000 35,000 35,000 35,000 36,000 
United Kingdom §__o-o oe 5,824 5,559 5,219 5,499 © 5,500 
United States__.__.-..-.-.-- 40,745 68,955 75,845 79,488 — 81,361 — 

World total (estimate) 1........._.._._... 115,800 147,200 159,900 166,200 174,000 

¢ Estimate. P Preliminary. 
1 This table incorporates some revisions. Data do not add exactly to totals shown because of 

rounding where estimated figures are included in the detail. . 
2 Conjectural, denoting an order of magnitude. 

t 3 Estimate according to the 52nd Annual issue of Metal Statistics (Metallgesellschaft), except 
or 1965. 
4In addition, the following amounts of secondary magnesium were produced: 1961, 3,060; 1962, 

2,130; 1963, 1,556; and 1964, 2,478 metric tons. 
5 Primary metal and remelt alloys. . 

- | Germany, West.—Estimates of magnesi- Estimates for 1965 primary and secondary 
um consumption in 1965 were reported as magnesium are 9,350 tons. About 60 per- 
53,000 tons including use in aluminum cent of the magnesium output is secondary 
alloys and other outlets.2 Of this about and is used as a reducing agent in the 
42,000 tons was used by Volkswagenwerk production of titanium sponge. 

' A. G., based on estimated vehicle pro- Norway.—Norsk-Hydro Elektrisk A/S, 
duction. oe the largest magnesium producer in Europe 

January to May imports indicate a po-_ established a subsidiary company, A/S 
tential yearend increase of 16 percent. Rjukan Maskiner at Rjukan, to manufac- 
Norway accounted for 41 percent of the ture 1,500 tons per year of magnesium ex- 
imports and the United States 36 percent trusions. The Norsk-Hydro smelter at 
compared with 52 percent and 30 percent, Herya was to supply the magnesium. 
respectively, in 1964. U.S.S.R.— Production of magnesium and 

India.—Plans were announced for the titanium was reported from the new Ust- 
installation of a 250-ton pilot plant for Kamenogorsk plant near the Mongolian- 
magnesium production at the National Chinese border, a low-cost hydroelectric 
Metallurgical Laboratory, Jamshedpur, In- power region. The magnesium ore is ob- 
dia. Current requirements for the country tained from carnalite deposits in the Ural 
are estimated at 200 tons per year. Mountains. 
Japan.—The Magnesium Commission of United Kingdom.—Imports of magnesi- 

the Japan Light Metals Society released 2 um alloys amounted to 3,148 short tons 
survey predicting expansion of the magne- during 1964 and about 4,850 tons in 1965. 

| sium industry at a rate of 17.8 percent Exports totaled 2,237 tons. 
each year. Th m 1 SS : 
. 1968 © comand for magnesium 2 Metal Bulletin (London). Rising German 
in was estimated at 14,300 tons. Magnesium Use, No. 5022, Aug. 138, 1965, p. 21. 

TECHNOLOGY 

Research was conducted to develop new Salt Lake to (1) determine the feasibility 
sources of magnesium and increase the of evaporation ponds in the Stansbury 
efficiency of present methods. Studies Basin at the lake’s southwest edge by test- 
were directed toward fuller utilization of ing the porosity and stability of the basin 
magnesium by a better understanding and bottom, (2) establish a process scheme in 
knowledge of the properties and char- a pilot plant to fractionate various salts 
acteristics of the metal and its alloys. obtained from the lake involving solar 

The three-company combination of evaporation, in-plant evaporation spray 
Hooker Chemical Co., Hogle-Kearns Co., drying, and finally dehydration to bone- 
and National Lead Co., started a three- dry magnesium chloride, and (3) improve 
stage research program at Utah’s Great a magnesium-producing electrolytic cell for
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converting magnesium chloride into mag- proportional increased amounts of mag- 
-nesium and chlorine.® nesium or cerium are needed for the forma- 

The Bureau of Mines released two re- tion of the graphite nodules. | 
ports on research directed toward fuller Because of the violent reaction that oc- 

: utilization of light metals. In the first the curs when magnesium is added to molten 
Bureau obtained basic metallurgical in- iron as a primary metal, little or none of 
formation on the magnesium-zirconium al- the magnesium is retained to help deoxi- 
loy system. dize and desulfurize the iron. Three gen- 

The second report, a study on the ability eral systems have been developed to coun- 
of magnesium to absorb or damp out me- _teract this violent reaction: (1) dilution 
chanical vibration, presented results of of the magnesium by alloying with less re- 
measurements made on single crystals of active carrier metals such as magnesium- 
pure magnesium to determine the effects ferrosilicon and nickel-magnesium- silicon, 
of crystal orientation on the vibration- (2) introduction of magnesium as the pri- 
damping properties. The internal friction mary metal in a treatment ladle at a pres- 
of eight single crystals of magnesium with sure higher than the vapor pressure of 
orientation ranging from 10° to 84° was magnesium at the temperature of the cast 
measured at 33.5 kilocycles and 272° C.5 iron under treatment, (3). injection of mag- 

The first report of a series of three sum- nesium powder or chips below the surface 
marizing practices and cost evaluations of of the molten iron through graphite tubes 
major known magnesium production meth- with nitrogen or argon as a carrier. 
ods was released. This report was on the Various techniques for adding magne- 
metallothermic method. The second and sium to produce ductile iron are employed; 
third reports will evaluate carbothermic such as plunging a bell loaded with a can 
and electrolytic methods. Costs and re- of magnesium alloy into a ladle of molten 
quirements of raw materials, energy, and iron at a temperature of 2,700° F within 
major equipment were estimated for a 1 or 2 inches of the ladle bottom. Holes 
hypothetical plant designed to produce in the plunging bell allow magnesium : 
12,000 tons of magnesium per year from vapor to escape. They also permit all of | 
a suitable type of dolomite using ferrosili- the alloying material to leave the bell, | 
con as a reductant.6 thereby causing total solution of the mag- 

Magnesium and certain other metals, nesium and preventing dross buildup in- 
notably cerium, added to cast iron cause _ side the bell.7 | 
excess carbon to crystalize in a spheroidal The carrier additives currently in use 
or nodular graphite structure giving the are nickel-magnesium, iron-silicon-magne- 
iron the strength and ductility of steel with sium, _nickel-iron-silicon-magnesium, iron- 
the castability and economy of gray cast  silicon-magnesium-cerium, magnesium-im- 
iron. Free carbon in the form of thin pregnated coke, magnesium ingot wire and 
flakes of graphite reduces the strength of shapes, and magnesium chips or turnings 
ordinary gray cast iron. Heating white bonded into briquet form. 
cast iron produces either white heart mal- Unless nickel is desired in the end prod- 
leable cast iron by substantially removing uct, the use of nickel-magnesium alloys 
the carbon or black heart malleable cast ranging from 40 to 85 percent nickel is : 
iron by precipitating the carbon as free  =—-WH# oo 
graphite in the form of discrete agglomera- Notemical & Engineer Be) News. Hooker J oins 
tions increasing the strength and ductility 43, No. 13, Mar. 29, 1965, p. 30. 5 
of the iron. Chemical & Engineering News. Magnesium 

. . . Recovery Project Moves Ahead. V. 43, No. 33, 
Magnesium is the most economical of Aug. 16, 1965, p. 40. 

the metals suitable for the formation of  ,,” Crosby, R. L., and K. A. Fowler. Determina- 
. . . ion of a Part of the Magnesium-Zirconium 

nodular graphite structure in cast iron. Liquidus. BuMines Rept. of Inv. 6673, 1965, 

The composition of unalloyed nodular iron, We uaurtt, R. R., and A. E. Schwaneke. In- 
which is usually made in a cupola furnace, ternal Friction as a Function of Orientation in 
is essentially the same as gray iron. The ear HME METS Crystals. BuMines Rept. of 
formation of the nodular structure may be 6 Dean, K. C., D. A. Elkins, and S. J. Hussey. 
hindered by the presence of trace elements An Economic and Technical eee paren 
such as titanium and lead, unless they are 1. Metallothermic. BuMines Rept. of Inv. 6656, 
neutralized by including small amounts of 1965, 76 pp. . , . 

. ° . Foundry. Magnesium Plunging Practice. 
cerium. Sulfur is also detrimental, and vy, 93, No. 2, February 1965, p. 132. 

232-748 O-67—40
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relatively expensive. About half of the chloride followed by the remaining calcium 
magnesium is lost by burning when a_ chloride.1° | 
nickel-magnesium alloy with an 85/15 con- Recognition of the technical advantages | 
tent ratio, respectively is added to molten of nodular iron formed by the use of mag- 
iron at 2,640° F. Part of the remainder nesium is shown by the rapid increase of 
reacts with the sulfur to form magnesium shipments compared Mae those for stand- 
sulfide slag. In order to maintain a resi- ard and pearlitic malleable iron. | | 
dual content of about 0.06 percent mag- The magnesium-lithium alloy group has | 
nesium in the iron, the amount of alloy been expanded to include several experi- 

_ required is 0.8 percent plus 10 times the mental alloys. Mg-14Li-5Zn-3Ag-2Si alloy 
, sulfur content in the iron. is being used for three spherical gimbals 

; . . _ in a prototype inertial guidance system. ron- . . . . an he magnesturn one an ‘os me 5 to Problems have arisen in selecting suitable 
50 we ent Ceri annoys n nn may range coating to prevent absorption and reaction 
f POs ta 1 5 vores + h inclu ded s of a hydrocarbon fluid in which the gim- rom WY to lo percent when bals float. Mg-14Li-1.5A1-0.08 Mn alloy is 

A series of tests was run to determine being used in the developmental M113 
, the effect on magnesium recovery in the armored vehicles; however, the alloy pre- iron by varying the magnesium content of sents some difficulties.11 | 

the nodulizing alloy. From preliminary Magnesium alloys ZK61, QE22, and ex- 
tests an alloy containing 9 percent magne- perimental ZQ64 (Z-zinc, K-zirconium, E- 
sium, 47 percent silicon, and 0.5 percent rare-earth, Q-silver) qualified for a rede- 
cerium was selected as the one with the signed military mortar base that was 10 greatest commercial merit for further study percent lighter, 30 percent higher strength, 
in comparison with the regular cerium- and 100 percent more rigid than the 
bearing 9-percent-magnesium alloy. Tests standard aluminum forgings.12 
showed that both the amount of magne- A silver-mtagnesium alloy was designed 
sium recovered in the iron and the nodu- for blades in electrical relays and contac- lar graphite structure were similar when tors to retain good spring qualities and 
0.11 percent magnesium was added using high conductivity at elevated temperatures 
the 5-percent-magnesium alloy and when permitting contact-point brazing without 
0.16-percent-magnesium was added usig loss of blade tensile strength. The higher the 9-percent magnesium alloy. With the conductivity of the silver-magnesium blade 5-percent-magnesium alloy 36.2 percent of than that of the replaced bronze-copper | 
the Magnesium was recovered compared blade permitted design of lighter and 
with 27.7 percent of the magnesium when shorter contact blades.13 
using the 9-percent-magnesium alloy.8 An alloy containing 17 to 40 percent 

Ductile iron is formed also by adding magnesium, 35 to 60 percent silicon, and magnesium-impregnated coke containing 43 the remainder iron with fine calcium 
percent magnesium and 57 percent coke cyanamide in suspension was patented.14 
to molten cast iron. Plunging of the mag- .———-——_—. . . : : 8 Clark, Ralph A., and T. K. McCluhan. Low nesium-impregnated coke in molten 1rOn = Magnesium Alloy Improves Magnesium Recovery. results in a slow controlled evolution of Foundry, v- 93, No. 6, June 1965, pp. 172-174, 
magnesium vapor from the pores of the ® Snow, William E. Ductile Iron Is Made With coke into the iron where it effectively re- Noencsium-Impregnated Coke. Foundry. v. 92, . . oO. » November > - 99-100, . moves dissolved Sase€s, entrained slags, and 10 Bremer, Edwin, ed. Nodular Iron. Foundry, sulfur, and reacts in the iron as a noduliz- __v. 98, No. 11, November 1965, p. 157. . t.9 11 Materials in Design Engineering. Mag- ing agent. Resaum- Lithium Alloys Combine Lightness and . iffness. - 62, No. 6, November 1965, pp. 98— A pressure ladle method is generally 101, 194, 196. 
used for adding alloys containing more c 12 Meier, J. W., and B. Lagowski. Magnesium : _ asting Out-Performs Aluminum Forging in than 90 Nodular inn wan produced ex ieortar Base. svodern Metals, v. 21, No. 5, June nesium. : - » pp. 54-55. ; : ; ; - 13 American Metal Market. Silver-Magnesium Pests clrde snd cals ae ig Rest atria egret . - (2, No. 143, July 28, 1965, p. 14. ; - 1 “4 Kaess, Franz, Traunstein and Erich Pfluger, and 2.4 weight percent » Tespectively, of the and Lothar Strassberger (assigned to Sud- iron. About one-third of the calcium deutsche Kalksticketoffarecke Aktiengesellschaft chloride was placed on the bottom of the und Metallgesellschaft Aktiengesellschaft). _Al- . : loy Containing Magnesium, Silicon, and Calcium. ladle and covered with the magnesium U.S. Pat. 3,177,072, Apr. 6, 1965.
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A process for the manufacture of iron- less than 0.5 milliampere per square inch 
silicon-magnesium prealloys by slowly add- of cathode area.20 
ing solid ferrosilicon to molten magnesium A method for the introduction of mag- 
while increasing the temperature from 650° nesium into a galvanizing bath by pre- 
to 1100° C was patented.15 cleaning in a pickling solution was pat- 

Two magnesium-base alloys containing  ented.21 
10 to 12 percent lithium and _ lesser A thermic method to produce magne- | p p 8 
amounts of thorium were patented. One sium by controlling, with the use of vacuum 
also included small amounts of aluminum pumps, the pressure in the condensing 
and yttrium.16 zones in retorts to maintain the flow and 

Another magnesium-base alloy contain- condensation of magnesium vapor at tem- 
ing 9 to 15 percent zinc, 0.1 to 10 percent peratures below the melting point of mag- 
zirconium, and 1 to 8 percent rare-earth nesium was patented.22 
metals was also ented.17 oo 

A hi h. drai pat . b hich 15 Ebert, Hans, and Klaus Frank (assigned to 
ign- ural vy of ind ied a te Knapsack-Griesheim). Process for the Manu- 

comprises a plurality of individual nodules acture o ron-Silicon-Magnesium realloys. 
na _ Prurality vim-base plate.  UcS:Pat. 3,177,071, Apr. 6, 1965. 

ibs Oe ame a ee ase plate- 16 Frost, Paul D. and Thomas G. Byrer (as- 
ike anode was patented. signed to SS. rmy). agnesium-Lithium- . 

. T i os ° e e > > > » A patent was filed for a method that Thorium Alloys. U.S. Pat. 3,189,441, June 15 

increases the modulus of elasticity and de- Frost, Paul De end Thomas G-,Byrer. gas: 
creases the coefficient of thermal expan- 442, June 15, 1965. 7” Oe Be ONS 
sion in a magnesium-base alloy by vacuum Che Foerster, George S. (assigned to The Dow 
heating compact slug of metal borides and _ Pee 188,088. ‘June 15 1966, Pon 

' powdered magnesium-base material at a ' Tr Kirk, Roy C., and #ichard a Carr (assigned 
. ® ° oO e Ow emica O.). 1g. ower utpu 

temperature at which the magnesium ma- Magnesium Primary Battery. U.S. Pat. 3,185,- 
terial melts with minimum vaporization  .592, diay 25, 1965. (assigned to Union Carbid 

: onant, UIs - (assigne nion VUarbide 

and below the melting temperature of the Corporation). Magnesium-Base Alloys. U.S. 
borides. The slug was cooled below the Pat. 1231 66.415, sen. 18, 1966. ‘ened to The D 

° ° otnwell, arvin - (assign Oo e ow 

freezing temperature of the magnesium Chemical Co.). Composite Body of Magnesium 
material.19 and Aluminum and Method of Making Same. 

. ° U.S. Pat. 3,179,504, Apr. 20, 1965. 
A structural member with a magnesium 2 Heath, John A. (assigned je The Dow 

; Chemica O.). ethod of Introducing agne- 
core and at least one surface of aluminum sium Into Galvanizing Baths. U. S. Pat. 3,164,- 
was patented whereby the aluminum had 464, Jan. 5, 1965. | 

ict] 1 | 22 Peplinski, Desmond M. (assigned to Domin- 
the characteristic of b cing polarized when ion Magnesium Ltd.). Method of Producing 
subject to a cathodic current density of Magnesium. U.S. Pat. 3,189,439, June 15, 1965.





~ Magnesium C d 

By Lloyd R. Williams + 

World production of magnesite was about other than dead-burned, decreased about 1 

7 percent above that of 1964. The Soviet percent. | | , 
Union continued as principal producer of Legislation and Government Programs.— 
magnesite and accounted for 30 percent of U.S. Internal Revenue Service reported that | 

the world total. Production of magnesite  S#line mee - me Great Salt ake oo 
in the United States increased. U.S. exports not quality tor cepietion since the saline 

£ dead-b d . . . content is increased continuously each year 

| of dead-burned magnesite and magnesia de- from dissolved salts carried into the lake | 
| creased 10 percent below that of 1964. The by streams. The saline content is, therefore, 

value of exported magnesite and magnesia, an inexhaustible source. 

Table 1.—Salient magnesium compounds statistics | 
. (Thousand short tons and thousand dollars) 

1956-60 1961 1962 1963 1964 1965 . 
: (average) — 

United States: | | 
Caustic-calcined magnesia: . a 

. Shipments: . 
Quantity .--------.------ | 52 80 63 164 177 1 83 
Value__-..-.------------ $8,212 $5,004 $3,857 1$4,513 1$5,183 1$5,781 

Imports for consumption: 
Value_.....-..----.----- $241 $226 $395 $500 $493 $592 

Exports: . . 

Value....--------------- $1,033 $535 $427 $678 $1,654 $1,637 
Refractory magnesia: 

_ Shipments: — 
Quantity__-..-....------- 468 599 576 713 842 897 

_ Value_._..--.-._.------- $26,986 $85,408 $35,186 $44,378 $49,025 $56 ,111 

Imports: 
 PValue..----------------- $6 ,481 $3,611 $5,520 $4,593 $3 ,180 $4,214 

- Exports: 
Value__.---------------- $8,175 $7 ,988 $5 ,363 $5,620 $5,554 $5,912 

Dead-burned dolomite: 
Sold or used by producers: - 

Quantity _....-..-------- 2,054 1,983 1,857 1,949 2,168 2,187 
Value__......--_-------- $83,306 $32,513 $31,059 $33,058 $37,961 $38 ,974 

Imports: | 
PValue_.----------------- $519 $233 $245 $455 $1,165 $2 ,385 

World: Crude magnesite: . Production: 
Quantity ..__..---...------------ 6,200 8,300 8,750 9,200 10,025 10,700 

ee $e 

1 Excludes caustic-caleined magnesia used in production of refractory magnesia. 

: DOMESTIC PRODUCTION 

Nevada and Washington supplied all of Inc., did not report production of epsomite 
the crude magnesite produced in 1965. in Washington. 
Northwest Magnesite Co., a subsidiary of Approximately 87 percent of the dead- 

Harbison-Walker Refractories Co., was the burned dolomite was produced in Ohio, 

sole producer of crude magnesite in Wash- _Illinois, Pennsylvania, and Missouri. Wash- 

ington and Basic Inc. was the sole producer ington and North Carolina accounted for 

in Nevada. Basic Inc. also reported produc- _ the production of crude olivine. This year’s 

tion of brucite in Nevada. Agro Minerals, 1 Commodity specialist, Division of Minerals. 

621
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production was 20 percent greater than the executed an agreement with the Utah State _ 
production in 1964. Land Board to extract magnesium salts and 

Production of hydrous magnesium sulfate derivatives from the lake after March 8, : 
increased 6 percent and magnesium trisili- 1969. Others seeking mineral rights include 
cate increased 3 percent. : Kaiser Aluminum & Chemical Corp., Signal 

. . -- . Oil and Gas Co., Quintana Petroleum 
Small quantities or mapnesium uate: Corp., and Solar Salt Co. | 

| magnesium phosphate, magnesium acetate, | | } . 
. and anhydrous magnesium sulfate were also The A. P. Green Refractories | Co. an- 

| produced. nounced plans to build a $3.5 million plant 
__. ; ; at Freeport, Tex. to produce periclase (re- 

Michigan led in the production of refrac- fractory magnesia) from magnesium hy- 

tory magnesia from well brines, sea water, qroxide purchased from The Dow Chem- 
and dolomite. Refractory magnesia from  jcal Co. who recovered the hydroxide from 
the same sources was also produced in Cali- sea water primarily for the production of 
fornia, Florida, Mississippi, New Jersey, magnesium metal. Kaiser announced plans 
and Texas. Nevada led in the production for g $1.7 million plant addition to ex- 
of refractory magnesia from magnesite and —_ pand production of periclase at Moss Land- 
brucite; Washington was second. , ing, Calif. Harbison-Walker Refractories | 

Several companies are planning to exploit Co. plans include expansion of its periclase 
oc the resources of the Great Salt Lake in. plant at Ludington, Mich. and other re- 

Utah to recover magnesium salts. A com- fractory plants at Baltimore, Md., Ham- | 
| bination of three firms with exclusive rights mond, Ind., and Windham, Ohio. Harbison- 

to extract magnesium chloride from the Walker developed a new magnesia-chrome | 
lake until March 8, 1969, organized the refractory, trade-named “Guidon”, with a 
venture, Magnesium Project, to recover density of 203 to 208 pounds per cubic foot. 

magnesium chloride by stages of evapora- Harbison-Carborundum  Corp., jointly 7 
| tion. National Lead Co. and Hooker Chem- owned by Harbison-Walker Refractories Co. | 

| ical Co. each had a 44.5 percent interest in and The Carborundum Co., producers of 
the project and Hogle Kearns Co. held the _ fused cast-alumina refractories for the glass 
remaining 1] percent. Lithium Corporation industry, announced plans to build a plant 
of America Inc. in conjunction with Salzdet- at New Carlisle, Ind. to produce basic 
furth, A.G. of Hanover, West Germany, chrome-magnesia refractory products. 

CONSUMPTION AND USES 

Consumption of olivine increased over Consumption of refractory magnesia, 
that of 1964. Consumption of crude mag- both single-burned and double-burned, 
nesite and brucite also increased. amounted to 897,000 tons, an increase of 

Consumption of hydrous magnesium sul- 7 percent. About 83,000 tons of caustic- 
fate increased 6 percent; magnesium tri- calcined magnesia, an increase of 8 percent, 
silicate increased 33 percent. Consumption was consumed for uses excluding consump- 
of anhydrous magnesium chloride princi- tion as an intermediate material in process- 
pally for the production of magnesium _ ing of refractory magnesia. 
metal increased less than one percent and Basic, Inc., marketed a magnesium oxide 

hydrous magnesium chloride decreased 15 compound reported suitable for uses such 
percent. _ as the following: A liming agent in sugar 
_About 1.7 million short tons of magne- production, an acceptor during rubber vul- 
sium hydroxide was estimated as produced  canization, a precipitate for magnesium di- 
and consumed in Processing of other mas" urinate in uranium ore processing, an in- 
nesium compounds including magnesium . . . 

. . . gredient in magnesium oxycements, an ex- chloride used in the production of magne- tender-filler in inks and paj £ 
sium metal. It was used either in the orig- encerimer mi Inks ane Pp aints, a source © 
inating plant or transported to another ™#8nesium in the preparation of magne- 
plant to continue the process. About 67,000 sium salts, and an additive for fertilizer. 

tons of magnesium hydroxide was shipped Allegheny Industrial Chemical Co., a di- 
outside industry, an increase of 62 percent vision of Amerace Corp., Butler, N.J., an- 
above 1964. nounced production of a magnesium silicate
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absorbent suitable for use as a retention caking caused by selective adsorption. The 
agent of aromatic products, as a base car- _ price ranges from 16 to 29 cents per pound, 
rier for catalysts, and as a preventative of depending on quantity. 

Table 2.——-Dead-burned dolomite sold in and imported into the United States 

| Sales of domestic product Imports ! 

Year | Short tons Value Short tons 2 Value 
(thousands) (thousands) | 

1956-60 (average) _..._-..._-.-------..-.---.---.- 2,054,310 $33 ,306 9,307 $519 
1961__.- 2-22 ie. = 1, 982, 759 32,513 4,256 233 
1962____. 22 eee. = =1, 857,488 31,059 4,456 245 
19638___..-2. 2.) = 1, 948, 958 33 ,058 8,890 | 455 
1964___ 2 eee =, 167,528 37 ,961 28 ,876 1,165 
1965_.__..--__ eee. = 2,187, 329 38 ,974 NA 2,385 

NA Not available. . 
1 Dead-burned basic-refractory material comprising chiefly magnesium and lime. . 
2 Includes weight of immediate container. 

Table 3.—Magnesium compounds produced and shipped in the United States | 

Shipped 
Produced ——————___________——_- 

Year and product Plants (short tons) Short tons Value 
an (thousands) 

— 1964: . 
Refractory magnesia !....-_.--..._---------------- 12 --- 842 ,013 $49 ,220 
Caustic-calcined magnesia ?._.....--..-.-.--------- 6 --- 77,048 5,183 
Specified magnesias, U.S.P. and technical__.....----- 4 7,737 7,045 3,373 ; 
Magnesium hydroxide (100 percent Mg(OH):)?..__.-- 8 --- 41,544 1,740 
Magnesium chlorides *__......-...-.--------------- q 305 ,602 305 ,848 25,025 

i966 ee magnesium carbonate ?___........-.---- 5 --- 7,294 --- 

Refractory magnesia !_.__._.---.------------------ 11 _ 897 ,336 56,111 
Caustic-calcined magnesia *......._-.-.-----.--.--- 6 --- 83 ,272 5,781 
Specified magnesias, U.S.P. and technical_-_...-_.---- 4 6,697 6,742 8,382 
Magnesium hydroxide (100 percent Mg(OH):)?.__.--- 8 --- 67 ,324 2,691 
Magnesium chlorides °_____....-.----------------- 7 305,990 305 , 789 25 ,023 
Precipitated magnesium carbonate ?__.......-------- 5 --- 8,219 --- 

1 Includes both single-burned and double-burned. 
2 Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 
* Includes magnesium chloride used in production of magnesium metal. 

Table 4.—Domestic consumption of caustic-calcined magnesia and 
specified magnesias by uses 

(Percent) | 

Use 1964 1965 

Chemical processing _ -..---------------------------------------------------------- 5 6 
Fertilizer_.........-.-....---------.--.------------- +--+ eee 2 5 
85-percent MgO insulation ___....--.---------------------------------------------- 4 3 
Oxychloride and oxysulfate cements- -_-__...-.--------------------------------------- 28 23 
Pulp and paper__._--.--------.-------------------------------------------------- 22 20 
Rayon__---.----------------------------------- = 2 eee eee e----- 18 14 
Rubber. ___-.-.----.--------------------- +--+ ee ee +++ 9 8 
Other: Electrical, medicinal, flux, ceramic, glass, sugar, animal feed, fuel additive, water 

treatment, and uranium processing..........-.--------------------.--------- 22 21 

PRICES 

In January the price of magnesium silico- 14.5 cents per pound during November. In 

fluoride in drums increased from 11.25 to the last half of December technical-grade 
12.75 to 12 to 13.5 cents per pound accord- calcined magnesia in bags in carlots f.0.b., 
ing to Oil, Paint and Drug Reporter. US.P. Lunning, Nev., increased as follows: 90 per- 
grade magnesium carbonate in carlots, cent—$49.50 to $53; 93 percent—$52.50 to 

equalized freight, increased from 14.0 to $56; and 95 percent—$57.50 to $61.
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| FOREIGN TRADE | 

Exports of dead-burned magnesite and magnesite imports for consumption showed 

magnesia decreased about 10 percent. In- increases in 1965. Imports of lump or 

Oe creased deliveries to Canada, Argentina, ground caustic-calcined magnesia continued : 

a Chile, Venezuela, Spain, and Nansei and to increase, reaching a new high of 11,900 

Nanpo Islands were more than offset by tons about 27 percent over that of 1964. 

decreases in deliveries to Australia, United Imports for consumption of dead-burned 

Kingdom, Japan, and West Germany. The grain magnesia and periclase increased 20 
latter two, after several years of decreases, percent; magnesium carbonate (precipi- 

have become minor recipients. Mexico re- tated) increased 12 percent; and magne- | 

mained the principal recipient. sium sulfate (epsom salt) decreased about 

All categories of crude and processed 30 percent. - 

, | Table 5.—U.S. exports of magnesite and magnesia, by countries 

Magnesite and 
. magnesia (except 

oS Magnesite and magnesia, dead-burned dead-burned) and 
° manufactures ! 

Destination -_ Ch 
1964 1965 1964 1965 

| | a Short tons Value Shorttons Value Value Value 

| North America: / | 
. Canada__..----------------- 17,886 $1,384,324 21,217 $1,908,055 $200,534 $116,080 

Costa Rica_,....-.---------- --- --- --- nue 62 ,296. 37 ,808 
Merxico__.-----..------------ 25,131 1,704,430 24,800 1,778,274 74,370 52,905 
Other__.-.---_-------------- 85 13,114 69 42,720 30,768 23 ,486 

South America: 
Argentina_-_--..---.-------- 592 75,254 4,934 354,660 2,354 7,029 
Brazil__...-.---.------------ 1 594 6 3,767 595 2,407 
Chile.__...-_---------------- 1,188 91,703 2,964 218,310 76 ,427 3,185 
Colombia..........-..------- ~-- --. --- es 2,993 16,033 
Peru_._..-.---.-------------- 1,104 69 ,555 1,323 103 ,048 11,852 4,430 
Venezuela__.....-.---------- 1,847 125 , 692 4,906 359 , 963 10,193 40,220 
Other.._-.---_-.-----------.- 1 470 --- --- 1,231 --- 

Europe: . 
Belgium-Luxembourg---..---.- 19 14,041 —_— --- 16 ,363 29,971 
Denmark_-_....-------------- --- --- 5 3,097 21,288 25,446 
France. .__.-..-.------------ . 524 248 ,3814 15 4,767 1,915 53 , 869 
Germany, West______._..--.- 1,370 240,119 193 75,262 826,725 266 , 246 
Italy__..-.----.------------.- 267 44,413 228 25,744 19,617 68 ,540 
Netherlands_-__.--.---------- 706 57,187 1,135 76 ,250 724 40,747 
Portugal___2-.......__.- _-- --- ee _-- _-- 432 . 78 
Spain_.--.--.------.-------- 42 3,223 1,519 124,535 45,681 13 ,498 
Sweden. .__--.-------.------ 68 35,655 101 53 , 474 33 ,427 18 ,689 
Switzerland__.....-...------- 33 12,176 --- --- 10 ,032 18 ,960 
United Kingdom____--------- 6,291 212 ,096 700 148,627 390,033 522 ,581 
Other_-.-.-----.-_--.------- 36 12 ,683 48 12,789 4,437 25 , 692 

Africa: 
Malagasy Republic___--__---- --- 127 16 ,572 _-- _-- 
South Africa, Republic of__.-__ 56 24,128 88 43,775 28 ,094 53,979 
Other___..-_.---.-...------- 2 820 22 3,010 24,306 10,004 

Asia: 
Bahrain....-.-._.----------- ae _-- 22 2,716 _-- _-- 
India___--.------.---------- --- --- --- --- --- 16 ,349 
Israel_._.------------------- --- --- --- _-- --- 3,484 
Japan.___------.------------ 5,123 301 , 772 77 29 , 367 37 ,412 814 
Korea, South__.--_-----_---- 1,219 68 ,050 --- --- --- --- 
Nansei and Nanpo Islands. -..-- _-- -- 16 2,259 _-- _-- 
Philippines. _..-.---.-------- 3 1,600 4 894 8,197 4,467 
Other_._-..--_-------------- 11 1,851 12 2,936 50 ,346 2,180 

Oceania: 
Australia....---------------- 15,715 810,618 7,103 508,314 119,841 120,614 
New Zealand_-.__--.--------- --- --- 15 9,188 46 ,086 36,908 

Total._-.----------------- 79,820 5,553,882 71,649 5,912,373 1,653,569 1,637,399 

1 Not elsewhere classified.
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, Table 6.—U.S. imports for consumption of crude and processed magnesite | 
by countries 

a 

1964 1965 | 
Country _————————_ 

Short tons Value Short tons _—«-~ Value 
Rt 

Crude magnesite: 
North America: Canada__._.------------------ --- --- 33 _ $497 

Europe: Austria. .-..--.---------------------- 2 $490 _-- ae 

Asia: India___....---_.-.-------------------- _-- _-- AT 915 

| Total__.____-_---------------------------- 2 490 50 — 1,212 

Lump or ground caustic-calcined magnesia: 7 - 

Europe: 
_ Austria._.....-.----.-------------------- 700 25,519 - 56 26 , 462 

Belgium Luxembourg--------------------- _-- _-- 162 11,835 

Greece_________.--.--.----~-------------- 65 4,814 225 ' 18,176 

Netherlands. __._..---------------------- 430 30 , 467 282 16,719 

Switzerland..____....--------------------- —— _-- 1 290 

Yugoslavia___.-----.-------------------- 330 13 ,872 663 — 28 ,908 

Africa: Tanzania____..._.-_------------------ 144 7,376 26 1,398 | 

. sla: 
: 

| India_.__.._..--_----------------------- 6 , 867 325,128 8,894 404,051 

. Japan._.....--..------------------------ 1 390 _-- --- 

, Pakistan. ._..--------------------------- 76 4,186 _-- _-- 

Turkey__..-..--------------------------- _o- _-- 193 14,000 

Oceania: Australia_..__....------------------- V7 81,159 698 69 ,920 

Total____.._.__-_--_---------------------- 9,384 492,911 11,900 591,759 

Dead-burned and grain magnesia and periclase: i . . 

North America: Canada__..--.---------------- 39 4,042 52 8,540 

Europe: . 
Austria_....__...--_---------------+---+--- 22,369 1,198,340 46 ,589 2,554,283 

Greece_._._.-__------------------------- 14,009 886 ,018 10,559 704,750 

Italy........---------------------------- 1,747 76 ,458 _-- —_— 

United Kingdom_-__....-.---------------- 28 3,055 _-- --- 

Yugoslavia_...-----.-------------------- 21,904 1,011,875 6,040 323 ,487 

Asia: Japan_....-.--------------------------- _-- _-- 8,732 627 ,960 

Total____...-___--_----------------------- 60,096 3,179,788 71,972 4,214,020 
SO ee 

Table 7.—U.S. imports for consumption of magnesium compounds 
nO oe 

Oxide or Magnesium Magnesium Magnesium Magnesium Manufactures 

calcined carbonate chloride sulfate salts and of carbonate 

Year magnesia (precipitated) (anhydrous) ! (epsom salt) compounds!2. of magnesia . 
en 

Short Value Short Value Short Value Short Value Short Value Short Value 

tons tons tons tons tons tons 
NE 

1956-60 
. 

(average). 3801 $93,477 319 $73,408 718 $26,260 10,810 $257,267 1,702 $70,896 11 $2,777 

1961____... 248 61,208 342 78,602 1,012 31,375 10,031 231 ,022 3,796 117,393 6 3,155 

1962__..-.- 182 47,766 398 94,421 1,474 127,090 9,297 209,787 3,505 106,729 4 2,823 

1963_____-- 98 39,486 623 118,895 668 22,611 8,543 186 ,997 3,625 128,111 _— _-- 

1964_.___._ 127 50,249 1,112 210,081 752 24,487 9,549 212,380 1,051 58,406 _-- _-- 

1965....._. 148 46,931 1,250 224,944 366 11,198 6,640 126,500 3,599 133,885 5 2,085 

sep ene eee eee 

1 Not specifically provided for. 
. 2 Includes magnesium silicofiuoride or fluosilicate and calcined magnesia. 

WORLD REVIEW 

Argentina.—A $2 million basic refractory Output of magnesite in short tons for 

plant was completed at San Nicolas. The 1963 and 1964 was a follows: 

plant is part of a wholly owned subsidiary M . 

of General Refractories Co. agnesite 1963 1964 

Austria.—Mechanization by introduction Crude ......... 1,446,692 1,825,546: 

of a belt loader and a diesel-powered scoop- Caustic-calcined. 1 187,750 2 211,270 

mobile at the Trieben magnesite mine of Dead-burned ... 453,022 575,244 

Vietscher Magnesit A.G. increased produc- 

tion from 8.5 tons per man-shift in 1962 to 1 Includes 42,235 tons of fly ash. 

40 tons per man-shift in 1965. 2 Includes 61,954 tons of fly ash.
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| _ Table 8.—World production of magnesite by countries 1 
. (Short tons) 

Serene 
Country _ 1961 1962 1963 1964 . 1965 p 2 

North America: United States___.__..._... 603 ,656 492 ,471 527 ,655 WwW WwW South America: . 
: | Brazil_...----2------------2-------. = 84,549 =: 108, 348 99 ,536 r108,331 ¢ 105,000 Colombia__._-.-..--_--.-2.----- 22. 110 110 276 r 243 209 Europe: 

Austria__-_-------.------_---_----. 1,982,704 1,771,863 1,447,099 1,826,058 2,001,363 Czechoslovakia ¢_._..-.-............. 550,000 580 , 000 580 ,000 580,000 610,000 | Greece___-_--.---------------------_ 168,573 299,789 © 275,000 e 220 ,000 e 385,000 Italy___.----- 22 7,478 9,275 7,512 6,954 3,898 Poland___-._._--_-----2.---2 22 _ 29 , 873 37,589 29 ,321 (3) (3) Spain_-.-..-2- 22 eee 91,702 78,691 93,315 7 102,874 e 103 ,000 U.SS.R, e__.- 22 -------. 2,760,000 2,760,000 2,980,000 3,090,000 3,200,000 At _ Yugoslavia___..------.------.----.. 301,002 411,561 454,107 548 ,311 579 ,254 
rica: - , 

Kenya____.__-_-- 1,930 woe 288 187 74 Rhodesia, Southern_-_-_._.._..._____- 13 , 880 11,619 12,077 42,410 e 40 ,000 South Africa, Republic of....._.______ 67 , 732 102 ,352 108 , 309 93 , 443 95,789 Asi Tanzania (exports)___.._____________ 46 — 94 546 1,260 
12° . ; 

China, mainlande__..-.___..__...... 770,000 880,000 990 ,000 1,100,000 1,100,000 | India___ ee... =: 281,208 234,669 258 , 564 228 ,985 263 ,128 Korea, Northe_____._---............ 220,000 550 , 000 880 ,000 990 ,000 990 ,000 Pakistan____---..--.-2- 22 ie 180 336 968 680 5T7 Turkey_____---------- 2-22 ie 2,414 10, 736 19,750 43 ,065 83 ,320 Oceania: 
Australia____.....--------_---.---.-. 110,651 69 ,654 63 , 780 r 35,001 e 28,000 New Zealand____._-__..-..-_____-___ 650 711 875 676 937 a en 

World total e_____..____--.-___...._ 8,300,000 8,750,000 9,200,000 *10,025,000 10,700,000 $e SE; eee 
a e Estimate. Pp Preliminary. "Revised. W Withheld to avoid disclosing individual company confidential ata. . 

1 Quantities in this table represent crude magnesite mined. Magnesite is also produced in Bulgaria and Canada, but data on production are not available; estimates by author of chapter included in total. 2 Compiled mostly from data available June 1966. | 
5 Data not available; estimate by author of chapter included in total. 

Belgium.—Kaiser Refractories Division of nomin, A.G., a wholly owned subsidiary of 
Kaiser Aluminum & Chemical Corp. an- General Refractories Co. The company 
nounced formation of a subsidiary com- operates the Vavdos mine. About 80 per- 
pany, Kaiser Refractories S. A., with head- cent of Magnomin’s output of dead-burned 
quarters at Liege, Belgium, to distribute magnesite is shipped to the United States. 
and sell Kaiser refractory products in Most of the remainder is exported to Gen- 
Europe. eral Refractories subsidiaries in Austria and P 

Canada.—Canadian Refractories Ltd. ‘aly. The company exported 32,000 tons . of dead-burned magnesite in 1964 at an completed two new 1,000-ton storage silos at . . . ; average price of $60 per ton, f.0.b., Thes- its Marelan, Quebec, plant, increasing the aloniki 
storage capacity to 10,000 tons. Each silo is °* " . ; 
divided into four sections. This gives General Mining Enterprises, S.A., con- 
greater quality control for processing vari- ‘tolled by Fried. Krupp Industriebau ob- 
ous kinds of refractory products. Magnesite tained Greek Government approval to bor- 
ore mined near Kilmar is stored in the silos TOW $15 0,000 to expand the Ploygyros Mag- 
at Marelan prior to drying and processing. nesite mine to produce about 22,000 tons 

per year of calcined magnesite. 
sce te Soci te Financiere ve orc Under Legislative Decree 4231/1962, the 

(Sea i 11) f as 2 ad ° cd ang Pr 5i i to Government of Greece granted exporters of 
capacily © cacepurned magnesite to crude magnesite a 3-percent deduction from 100,000 tons per year towards the middle of gross export earnings subject to tax 
1966 with the operation of a third kiln. A P BS sab] 
second kiln was put in operation by the India.—Current output of dead-burned 
end of 1965. magnesite in India was about 70,000 tons 

Deposits of high-grade magnesite in the per year. Plans were announced for build- 
Khalkidiki area southeast of Thessaloniki ing anew dead-burned magnesite plant near 
in northern Greece were exploited by sev- Someshwar, Almora district, Uttar Pradesh, 
eral companies, largest of which is Mag- with an annual capacity of 36,000 tons.
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| Table 9.—Austria: Exports of magnesia and magnesite brick by countries 
(Short tons) 

Magnesia 
 -.~=ss_— Magnesite brick 

Destination Caustic-calcined Refractory 

1964 1965 1964 1965 1964 . 1965 

North America: United States_____.-.. 701 953 48,012 85,058 1. 139 
South America: , 

Argentina.__.-.----------------- 63 15 2,962 9,559 3,024 2,484 
Chile____.---------------------- 3 _W------ 1,035 1,683 907 3,046 

Europe: 
Belgium-Luxembourg.-.-.-------- 176 153 1,394 1,558 5,506 8,328 
Czechoslovakia_.....------------- © 891 -Loe-eee Leet Lee 1,115 ___lL_.e 
Denmark_...__._-...-.-.---.----- 2,382 3,131 138 667 4,049 4,119. 
Finland. ____......-----------..- 3 17 1,005 815 2,943 2,812 
France____.-...----------------- 1,382 £1,961 18,039 19 ,406 23 ,576 23 , 852 
Germany, West___....--.---.--.. 938,255 88,938 114,328 127,332 26,215 25,061 
Greece__.._-.--.----------2----- --------  -------- 423 601 1,829 . 1,937 
Wungary___...---.-------------- 2,234 3,614 11,310 10,466 __.___.- -------- 
Italy...-...-...--.-------------- 4,473 4,267 10,890 13,103 6,129 5,196 
Netherlands. ___..-_..-.-.-----.- 910 440 229 100 565 - 1,596 
Norway--....-----.-------------- 31 17 694 374 3,723 2,211 
Poland___......--_-.------2 eee pee Lee 109) ______ee 1,485 2,243 
Portugal_____.-------------.---- 40 25 61 184 1,162 538 
Rumania...._..-.----.--.------. eee eee 1,675 2,363 450 . 5 ,383 

- §$pain_--.---.------------------- 18 44 621 799 2,393 5,101 
Sweden_.___...--------.---_---- 1,276 965 2,018 © 2,637 11,830 19,839 
Switzerland___.........-.-------- 3 , 926 3,545 887 571 2,182 1,970 

At _ United Kingdom____---.-.--.---- 288 778 33 ,986 23 ,134 15,167 25,990 
Tica: | . : 

Rhodesia, Southern.__._...-.--.-. --.-.--. 0 ~-.-_.-- 246 ________ 4,359 228 . 
South Africa, Republic of..-...--.. -..-22-.0 Lue ee 222 109 2,327 1,986 
Tunisia_.__.-..----.----------- e een ee eee ene eee oe 1,293 
Zambia____---- 2 eee eee eee eee eee y (: 2,098 

Asia: . 
India__._.--.-2-- 2+ Wee eee ' 822 4 1,903 16 
Israel_.....----.-.-------------- pee eee wee 409 726 640 273 
Turkey_.....-------------------- --------  -------- 599 551 3,578 4,592 

Oceania: : 
Australia___...----------.------- eee eee eee 7,405 62 3,921 1,501 
New Caledonia__.....-.--...----- -.------ ween eee eee eee 98 __.-__-- 2,189 

Other countries. ___.......----------- 7146 733 r1,691 1,303 75,016 3,566 

Total___._..--._..-......--... 111,848 109,596 261,210 303 , 424 — 135,945 (159,587 

_ ¥ Revised. : : 

Table 10.—Greece: Exports of magnesite and calcined magnesia, by countries 
(Short tons) . 

Crude magnesite Calcined magnesia 
Destination —~ er 

1964 1965 e 1964 1965 e 

Canada___..._------------------------------------------ a _-- 2,425 _-- 
France____...------------------------------------------- _-- _--. 1,919 2,900 
Germany, West_........---------------------------------- 645 480 31,568 34,130 
Italy__...___----_.------------- eee eeeee------ = «15,192 14, 420 __- __- 
Netherlands-__.--.-.------------------------------------- 2,650 2,800 31,321 25,800 
Poland_..--..------------------------------------------- 471 — --- --- 
United Kingdom _.....--..------------------------------ 4,115 3,230 13 ,530 15,300 
United States_..........--------------------------------- --- _-- 15 ,922 17,850 
Other countries. ___..--..-.------------------------------ 2 250 8,654 25 ,400 

Total___....-.---_..---------------~-------------- =. 228, 075 21,180 105,339 121 ,380 

e Estimate. | 

Mexico.—A plant capable of produdng corporation, joined wtih Harbison-Walker- 
55,000 tons of refractory and chemically ac- _‘Flir to construct a plant at Lagunz del Rey, 
tive magnesia from sea water, is under con- Coahuila, Mexico, capable of producing 
struction at Cuidad Madero near Tampico, 55,000 tons of magnesium oxide per year. 

Tamaulipas, Mexico. This plant is being Harbison-Walker-Flir is owned by Harbi- 
built for Quimica del Mar, S.A., partly son-Walker Refractories Co., Pittsburgh, Pa. 

owned by General Refractories Co. and Fundidora de Monterrey, one of Mex- 
Cia. Minera Penoles, a Mexican mining _ico’s largest steel companies. |
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Table 11.—Netherlands: Exports of refractory magnesia, by countries 
. . (Short tons) | 

Destination . 1964 1965 

France.._...------------------------ ~~~ . 607 142 
Germany, West___.-__---..--------_---_ ee 9,023 9,114 Italy__----------------------------------- 2-2 55 60 
Other countries__-_----.-.---.---------------------------eeee- 30 , 768 24,074 

Total __----------------------- eee ee---------- = 41, 608 34,757 Oe 

Rhodesia, Southern, and Republic of South Turkey.—Continental Magnesit Ltd. Sir- 
Africa—Plans to exploit a magnesite de-  keti, a subsidiary of Continental Ore Corp. 
posit, 20 miles east of Beit Bridge by a announced plans to expand facilities near 
joint venture of two South African com- Kutahra to permit exportation of 40,000 to 
panies were announced. Also included was 60,000 tons of dead-burned magnesite per 
a proposed 80,000-ton-per-year treatment year and about 15,000 tons of caustic cal- 
plant with arrangements for shipment of  cined magnesia. 
the graded magnesite to Transvaal, Repub- . 
lic of South Africa for calcining. Other de- Venezuela.—Magnesite deposits on the 
posits of magnesite were found in the Island of Margarita are being investigated _ 
Nuanetsi and Belingwe areas. for exploitation. 

| | | | TECHNOLOGY | oe 

| Extraction of magnesium compounds and quarry near Natividad. After the dolomite 
| _ new uses for magnesium-bearing ores were _ is loaded and transported to jaw crushers and. 

| studied or developed. Applied research on scrubbers it is benefiiciated by heavy-media . 
methods to produce basic refractories to separation. Ferrosilicon and magnetite are 
meet industries’ demands for high-life heat- used as the media. About 68 to 70 percent 
resistant furnace linings, especially for use of the original ore is recovered as dolomite. 
in basic oxygen furnaces, continued. | More than 90 percent goes to the kilns. 

A paper was published2 on the use of The remaining raw dolomite is sized for 
| _ olivine in the shell molding process. Prop- landscaping and metallurgical stone, glass — 

erties of olivine sand, beneficial in the shell . manufacture, plastic floor tile, asphaltic- 
process are as follows: low uniform expan- concrete filler, and soil conditioning. 
sion (0.83 percent compared to 1.8 percent About 150 tons per day of dead-burned 
for silica) , high initial chill of casting skin dolomite is produced for the steel industry 
at the metal-mold interface, and excellent as fettling material and tar-bonded refrac- 
thermal conductivity and heat capacity. tory grains. The dolomite traverses the kiln 

Pulverized serpentine is a source of mag- in 4 hours; 1,200°F at the feed to 3,200°F 
nesium fertilizer in agriculture. When ser- at the exit. About 8-million B.t.u. of na- 
pentine is exposed to moisture, the surface tural gas is required for each ton. Electro- 
of the crystal ionizes to form hydroxyl and _ static precipitators recover material for soil 
magnesium ions. Magnesium is released at conditioner and various fillers from the ex- 
a slow sustained rate making serpentine an haust gas containing about 10 percent of 
effective and efficient source of magnesium _ the kiln feed. 
for soil. The low calcium content creates a About 250 tons per day of calcined dolo- 
favorable calcium-magnesium ratio. The mite is produced in kilns at 2,000°F requir- 

chromium and nickel content is well below ing 6.75-million B.t.u. per ton. It is used in 
the toxic limits and may be beneficial.3 the Kaiser Moss Landing sea water plant. 

The Kaiser Aluminum & Chemical Corp.’s  _ 
integrated complex for producing mag- ? Blomberg, Stan. Use of Olivine Sand in 
nesium refractories and other products from ene nes ond Molds. 3 z oundry, v. 98, No. 1, 
dolomite and sea water at Natividad and = Burns, A. m and A. M. Smith. Pulverized 
Moss Landing, Calif., was described. The Serpentine As a Source of Available Magnesium. 

. . . Agricultural Chem., v. 26, No. 9, September dolomite is mined and processed at a  jo9¢5 pp. 23-26, 168.
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However, some is reserved for hydrated- magnesia provides resistance to chemical 
lime production.4 attack and ability to withstand pressure _ 

_ At the Kaiser Moss Landing Calif. plant, at high temperature. The chromite adds 
basic refractories and other magnesium _ resistance to spalling and flaking under 
compounds are produced from sea water cyclical temperatures. | | 
containing about 0.017 pounds of MgO About 100 carloads per month of dry 

| equivalent per gallon and calcined dolomite _pJends are sacked for gunning and ramming 

containing 38 to 40 percent MgO from the mixes and for mortar. The wet mix is 
Natividad quarry, 15 miles away. One ton pressed into bricks and dried in tunnels at 
of MgO is produced from 1 ton of dolomite gsno0F for g hours. They are chemically 

and 72,000 gallons of sea water. — bonded and will withstand pressures up to 
The recovery of Magnesia OF Magnesium 13,000 pounds per square inch. Heating at 

from sea water is based on the solubility of 2 800°F prod ‘ccbonded bricks and 
. . . 4: , produces ceramic-bonded bricks an 

calcium hydroxide and the insolubility of heati 3.900°F d di bonded 
magnesium hydroxide, but complications eating at * produces irect- once 
are caused by impurities. bricks. Bonding agents are alkali silicates 

After screening to remove undesirable sea °F low-temperature organic binders that are 

life and debris, the sea water is pretreated destroyed and replaced by ceramic or sin- 
with calcined dolomite to remove objection- _ tered bonds during firing. 

able bicarbonates. _ A substantial amount of the bricks are 
A solution containing 1.5 pounds of 97 to encased in cold-rolled steel jackets which 

98 percent (ignited basis) MgO per gallon oxidizes at high temperature and fuses to 
in the form of magnesturn hydroxide, sus- hold the bricks in a monolithic mass in the 
pended as milk of magnesia, is formed by hearths.é 
recirculating a calculated mixture of treated " 
sea water and calcined dolomite through Microscopic examination of direct-bonded | 
two reactors and a rake classifier, and re- |Magnesite-chrome bricks showed that inter- | 

moving silica ferric oxide and other solids crystallization eliminated the usually weak 
before feeding into three thickners. The silicate bond. These bricks are not equal 
whole operation takes 3 weeks. Five rotary in performance to the fusion-cast magne- 
filters are used to recover a filter cake con- —site-chrome refractories which must give 
taining 50 percent magnesium hydroxide. double life in most applications to warrant : 
About 85 percent of the magnesium hy- their expense.? Using refractories of higher 

droxide is used to produce single-burned woo content the linings of Linz-Donawitz 
refractory magnesia with a density ° F115 to basic oxygen furnaces, wear rates may drop. 
130 pounds per cubic foot. Additives such to between 1 and 2 millimeters per cast: | 
as alumina, silica, iron oxides, and calcium . . P 7. 
lower the sintering temperature and per- and with tar-impregnated magnesite bricks 

wee sae 5 Qr r c11: . mit fluxing and shrinking of grains at to as low as ia millimeter per cast. Special 

3,300°F during a residence of 2.5 to 4 hours ™agnesite brick, containing over 90 percent 
in the kilns. MgO and impregnated after firing, showed 
About 10 percent is calcined to high- excellent volume stability when used with 

purity MgO of which one-fourth is sold as high phosphorous iron. 
light-burned active magnesia, ground to After experimenting with several types 

| 99-percent minus 325 mesh for production of refractory linings it was found that the 
of rayon, paper, and sugar. The other use of tar-impregnated burned MgO bricks 
three-fourths is pressed into briquettes and =. a basic oxygen furnace resulted in as 
dead-burned in a rotary kiln for 2 hours 
producing double-burned magnesia with a "y Havishorst. C R. and &. L. Swift, Dolomit 
density of 125 to 140 pounds per cubic foot. Purification and ‘Caleining. Chem. Eng., v. 72, 
The remaining 5 percent of the magne- No. 15, July 19, 1965, pp. 150-152. : 

sium hydroxide is sold to the paper indus- 5 Havighorst, C. R., and S. L. Swift. Magnesia 
try.5 Extraction From Seawater. Chem. Eng., v. 72, 

The principal constituents in the pro- No. 16, Aug. 2, 1965, pp. 85-86. . 
. - : 6 Havighorst, C. R., and S. L. Swift. The 

duction of basic :efractories at the Kaiser Manufacture of Basic Refractories. Chem. Eng., 
Moss Landing plant are periclase, a refrac-___V- 2 No. 17, Aug. ae 1965, Be cere’ r 

tory magnesia produced locally, and chrom- 4 Jom AGS, (Bas ee Pee Non 1s 
ite ore from the Philippine Islands. The — gept. 93, 1965, pp. 84-86.
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much as 529 heats per lining or 5.8 pounds nesium hydroxide and ammonia chloride 
of brick per ton of steel.8 | which in turn reacts with calcium hydrox- 

A method of making dead-burned basic ide to form ammonia and calcium chloride 
refractory grain in a vertical kiln was for discharge.13 | | 
patented, whereby briquettes of at least one A method was patented to produce a hy- 
material of the group consisting of mag- rated magnesium carbonate (4MgO-3COp- 
nesia, dolomite, and lime were charged at 11H,O) by contacting magnesium hydrox- 
the upper end and dead-burned briquettes — ide slurry with carbon dioxide until the 
vee warged up to at leant oon ee pH is between 8.0 and 8.6 and dries at less 
ature fr , . than 75°C.14 | 
briquettes are heated at a rate not exceed- 
. 3 . ; A process for the manufacture of a prod- 
ing 200°F per minute until they reach wr . 2 000°F.9 uct, consisting of a mixture of anhydrous 
ho ee . magnesium orthophosphate and a minor An investigation of water-activated mag- . . 

, . . . . part of calcium orthophosphate, by reacting 
nesium-silver chloride batteries showed two | . . . 

. , . rock phosphate containing calcium with a 
types of serious clogging; gray clogging, a . . . 

. . mixture of anhydrous magne.ium chloride 
result of intercell shorts; and black clog- : 

. ea age and other chlorides was patented.15 ging, a result of the inability of the normal 
| flow of electrolyte to flush out adherent re- 8 Yoxall, John. Burned High Magnesia and 

action products because of physical Cast Magnesia as Working Linings of Basic 
hanges.10 Oxygen Furnaces. J. Metals, v. 17, No. 8, 

changes."~ . | ; August 1965, pp. 910-912. 
Magnesium nitride was made by treating 9 Leatham, earl, and Albert H. Pack (assigned 

: ' ; i ; to Harbison-Walker Refractories Co.). Produc- 
magnesium chip s with commercial ammonia tion of Dead Burned Magnesia in a Shaft Kiln. 
and nitrogen in porcelain boats in a silica US. Pat. 3,221,082, Nov. 30, 1965. 

reactor. The nitrogen was freed from: all An Faletti, Duane M2, and Larry Hi Nelson. 
° h mvestigation o ogging in 1g@n-Vrain, 

traces of oxygen and moisture before enter Water- Activated Magnesium: Silver Chloride Bat- 

ing the reactor. itriding was tried at teries. Electrochem. Tech., v. 3, No. 3-4, March- 

200°C to 1,000°C for eriods ranging from “2ril 1965, pp. 98-106. . fol, P 'S 11 Dubovik, T. V., V. S. Polishchuk, and G. V. 
15 minutes to 4 hours. Reaction began Samsonov, | (Preparation of Magnesium Nitride.) 

: - . Applie em, (U.S.S.R.), v. 87, o. 8, when the nitrogen was passed over magne ‘August 1964, pp. 1828-1830. | : 

sium for 30. minutes at 250°C.11 12 Kato, _Tsuneo (assigned to Asahi Kasei 
roduce magnesium hydrox- Kogyo Kabushiki Kaisha, Kita-ku, Osaka, Ja- 

: A PTOCESS top uce gn y pan). Process for Simultaneously Producing 
ide from sea water was patented. It stated pyre and Crude Magnesium Hydroxide From 

that after the first precipitation of magne- Sea Water. U.S. Pat. 3,197,282, July 27, oy 
: ‘de. ; ‘ 13 Ben-Ari, Carmela, and Warren J. Fuchs sium hydroxide, the calcium carbide waste (assigned to Negev Phosphates Ltd. Hakirya, 

fraction was reacted with sea water. This Israel). Manufacture of Magnesium Hydroxide. 
: : ; U.S. Pat. 3,170,762, Feb. 28, 1965. — second magnesium + 92 10,002, , reaction resulted in a second magn 4 Pond, Richard L., and Leo F. Heneghan 

hydroxide precipitate which was mechan- (assigned te Merck & Co., nc. Rahway, N.J.). 
icall ionat into pure and crude Method of Preparing a ydrate agnesium 
ically fractionated into p Carbonate. U.S. Pat. 3,169,826, Feb. 16, 1965, 

| magnesium hydroxide.12 % Baniel, Avraham M., Simon. Lavie, and 
rocess to produce magnesium hvdrox- Hugo C. Heimann (assigned to Israe ining 

. A PTOCESS . P : : gn y Industries-Institute for Research and Develop- 
ide by precipitation in a two-vessel closed ment). Process for the Manufacture of Mag- 
ircuit s patented wherein magnesium nesium Phosphates or of Salt Mixtures Contain- 

a cul was P . . f gn ing Magnesium Phosphates. U.S. Pat. 3,194,632, 
chloride reacts with ammonia to form mag- July 13, 1965.



| | By Gilbert L. DeHuff 1 

The strong demand for manganese which carried over from the previous year. 
ferroalloys continued in 1965, resulting in Shipments of domestic manganese ore—ore, 

ferromanga nese P roduction and manganese concentrate, and nodules, containing 35 
ore consumption well above that of 1964. 
Manganese ore imports increased 25 per- PeTcent OF more manganese—were ap- 
cent, with consumers and importers tak- proximately the same as in 1964 and 
ing advantage of the duty suspension were small in terms of consumption. 

Table 1.—Salient manganese statistics in the United States — 

1956-60 1961 1962 1963 1964 1965 
(average) | 

Manganese ore (35 percent or more Mn): | | . 
Production (shipments): . . . 

Metallurgical....short tons.... 265,379 39 ,246 19 ,007 7,402 19 ,126 22 , 871 
Battery __.....---..-do_-_._- 1 4,136 6 , 832 5,729 3,220 6 ,932 6,387 

_ Miscellaneous... _...-do------ 5 10 22 --- © ee --- 

Total____-....----do.._--- _ 269,520 46 ,088 24,758 10,622 26 ,058 29 ,258 
Imports, general ___.----.do___.-. 2,547,593 2,098,488 1,970,152 2,093,478 2,064,990 2,575,229 
Consumption. __.......--do_____. 1,985,018 1,701,756 1,865,272 1,841,725 2,241,756 2,866,079 

. Manganiferous ore (5 to 35 percent Mn): 
Production (shipments)__.do_.-... 639,087 225,004 338,501 548,125 238,776 382,763 . 

Ferromanganese: . 
Production__.-.---------do------ 799,187 732,813 781,112 751,198 929,486 1,148,011 
Imports for consumption..do_..... 154,500 221,986 126,716 148,630 212,629 257,339 
Exports......-------.-.-do__---- 2,549 _ 469 4,114 678 3,903 3,273 
Consumption._..-...----do...... 822,218 778,003 805,441 892,884 1,007,623 1,040,502 

1 Battery ore included in metallurgical in 1958. 

Legislation and Government Programs.— offers were obtained. Bids for 100,000 tons 

In May, General Services Administration of the higher-grade ore, sinter, and nodules 

(GSA) announced a long-range plan for were opened August 23 with similar re- 
disposal of approximately 1.8 million short sults. 
tons of manganese ore held in Defense Late in November, the U.S. Department 
Production Act inventory: 945,000 tons of of Agriculture invited U.S. firms to submit 
low-grade ore at Deming, N. Mex., Wenden, offers for the delivery of $215,000 worth 
Ariz., and Butte, Mont., would be offered of manganese dioxide to South Viet-Nam — 

for immediate sale; the remaining 804,000 under its barter program of procurements 
tons—metallurgical ore, sinter, and nodules, for the Agency for International Develop- 
containing less than 46 percent manganese ment. The successful firms were to receive 
for the most part—would be released over payment. in surplus agricultural commodi- 
a period of approximately 5 to 8 years ties owned by the Commodity Credit Cor- 
beginning with 100,000 tons the first year. poration and vegetable oils from private 
Bids for 313,000 tons of the low-grade ore stocks, with the agricultural commodities 
at Deming and 392,000 tons at Wenden exported to eligible destinations according 
were opened on June 23, but no acceptable __ to the rules of the program. 

DOMESTIC PRODUCTION 
The Philipsburg, Mont., properties of direction of Taylor-Knapp Co. A_ 1-year 

Taylor-Knapp Co., Trout Mining Co., and program of exploration. and development 

Contact Mining Co. were consolidated to was begun with the expectation that this 
form one group with all work under the 1 Commodity specialist, Division of Minerals. 
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would result in production of manganese Although shipments were made of 
and silver-lead-zinc ores at a rate of 300 Montana metallurgical oxide nodules, made | 
to 350 tons per day. Taylor-Knapp Co. previously from Montana carbonate ore, 
continued to be the only domestic producer no ore, concentrate, or nodules of metal- 
of natural battery-grade ore. Its reported lurgical grade was actually produced in 
production of battery ore included some Montana in 1965. Manganese ore or con- | 
ore which was used as a chemical ore. centrate, containing 35 percent or more 

Table 2.—Manganese materials in Government inventories as of December 31, 1965 
(Thousand short tons, dry equivalent) 

CCC and 
National DPA in- supple- 

Type of material stockpile ventory mental Total 
a stockpile 
Stockpile grade: 

Battery: 
Natural ore____.--..-.-.....------------- 144) Loi ee 148 292 
Synthetic dioxide....__.._.......-.-..---- 21 4 wane nnne 25 

Chemical: 
Type A ore-___--------------.----------- 29) ___-_---- 118 147 
Type B ore____.------------------------- 2 _.------- 99 101 

Metallurgical ore..._......-..-..-.-.--------- 5,086 1,938 - 2,250 9,274 
(Ferromanganese, standard high carbon) 1__. (148)  _.______ (919) (1,062) 
(Manganese metal, electrolytic) 1.......___- (1.7) (5.3) - (6.8) (12 .8) 

Nonstockpile grade: 2. 
‘Battery ore, natural____.._.-_..-- 2-2-2 ee. eee eee ee Lente -  §&- . 5 
Metallurgical ore__...-_...._.-_------ -L__---- 476 1,080 _______e 1,506 

_ 1 Gross weight of upgraded forms of manganese. Equivalent ore quantities are included in the stockpile 
grade metallurgical ore figures. 

? 584 short tons of nonstockpile grade high carbon ferromanganese in supplemental stockpile, also. 

manganese, continued to be produced in Montana, and New Mexico. Manganiferous 
| _New Mexico; it was not used for metal- iron ore and concentrate containing 5 to 10 

lurgical purposes. , percent manganese also was shipped from 
Low-grade manganese ores (ferruginous Minnesota. All Minnesota shipments were 

manganese ores, middlings, and concen- from the Cuyuna range. Manganiferous 
trates) containing 10 to 35 percent man- zinc residuum was produced from New 

| ganese were shipped from Minnesota, Jersey zinc ores. 

Table 3.—Manganese and manganiferous ore shipped 1 in the United States, by States . 
; (Short tons) . 

1964 1965 

| Type and State Gross Manganese Gross. Manganese 
weight content _ weight content 

_ Manganese ore (35 percent or more Mn, natural): 2 , 
Montana_......-..--.------------- eee 20 , 264 10,171 23,621 12,014 
New Mexico.....__..----------------_-------- 5,794 2,746 5,637 2,631 

Total___....-.----.------ eee 26,058 12,917 29 ,258 14,645 

Manganiferous ore: 
Ferruginous manganese ore (10 to 35 percent 

Mn, natural): 
Minnesota___.......------------.-------- 157 , 429 19 ,485 243 ,818 31 ,078 
Montana_._...___------ ee 3,638 1,058 1,968 540 
New Mexico. __.......--------_-.-------- 46,657 5,412 50,090 5,560 

Total__._-.___-.-_-------- 2 eee 207 , 724 25,955 295,876 37,178 
Manganiferous iron ore (5 to 10 percent Mn, 

natural): Minnesota_____.__._--..--_---____ 31,052 3,006 36 , 887 2,684 

Total manganiferous ore_._.____.____-.------_ 238 , 776 28 ,961 332 , 763 39 , 862 
Value manganese and manganiferous ore____ $3,024,268 _____.___ $4,049,513 wenneene 

1 Shipments 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. 

2 All metallurgical except 6,387 short tons of battery ore (concentrate) containing 2,415 tons of manganese 
shipped from Montana in 1965, and 6,932 tons of battery ore (concentrate) containing 2,662 tons of manganese 
shipped from Montana in 1964.
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| CONSUMPTION, USES, AND STOCKS 

Consumption of manganese ore in the previously conducted by its metals and 
United States continued to increase, with ore divisions would henceforth be the 
that from domestic sources still approximat- _ responsibility of the new division. 
ing only 1 percent of the total. Of the 

| natural battery-grade ore consumed in the Electrolytic Manganese and Manganese 
manufacture of dry cells, however, 14 per- Méetal.—Although consumption of man- 

cent was of domestic origin, compared with ganese metal increased, the change was 
17 percent in 1964. Industrial ore stocks small. Consumption for production of stain- 
at yearend were somewhat lower than in-. less steel and for carbon steel actually 
ventory at the start of the year, and were decreased. It can be assumed that, except 
little more than a half-year’s supply at the for possibly a few pounds, all the man- 
1965 consumption rate. ganese metal consumed, produced, and im- | 

In the production of steel ingots, con- ported was electrolytic metal. American 
sumption of manganese as ferroalloys, Potash & Chemical Corp. at Hamilton 
metal, and direct-charged ore per short ton (Aberdeen), Miss.; Foote Mineral Co., with | 
of open-hearth, bessemer, basic oxygen two plants at Knoxville, Tenn.; and Union : 
process, and electric steel produced was Carbide Corp. at Marietta, Ohio, continued | 
13.8 pounds, the same as in 1964. Of the to be the only domestic producers. Ameri- 
13.8 pounds in 1965, 11.7 pounds was fer- can Potash & Chemical Corp. modified and 
romanganese; 1.7 pounds, silicomanganese; expanded its plant with a resultant in- 
0.1 pound, spiegeleisen; and 0.3 pound, crease in capacity to 7,500 tons per year. 

| manganese metal. In October, Foote Mineral Co. announced 

| In January, Union Carbide Corp. an- . that it would augment production from its 
nounced that it had formed a new Mining Knoxville plants by constructing a $9 mil- 
and Metals Division, and that the activities lion electrolytic manganese plant at New 

Table 4.—Consumption and stocks of manganese ore‘ in the United States 
(Short tons) 

. Consumption Stocks 
—_—_——_———__———————— Dee. 31, 1965 2 

Use and ore source . _ (including 
1964 1965 bonded 

| | warehouses) 

Manganese alloys and manganese metal: 
Domestic ore_______..-_.-..--------------- 10,371 12,067 =. 169 
Foreign ore_.._---.-------------------------- 2,082 ,074 2,685 ,649 1,436 ,914 

Total__.-_..------------------------------ 2,092,445 2,697,716 1,437 ,083 
_ Steel ingots: Foreign ore___.__-.._-_.-.---..----.-.- 725 100 ~----- 

Steel castings: Foreign ore..._......-.-.--.-------.- 96 46 160 

Pig iron: 
Domestic ore... ~~. eee wenn ee 2,063 wee 
Foreign ore___..---..-----.------------------ 18,706 25,709 36 ,328 

Total__..--------------------------------- 18,706 27 , 772 36 ,328 

Dry cells: 
Domestic ore____.---.-----.----- 2-2 eee 5,270 4,738 620 
Foreign ore_-...-.-.------------.-- 2-2. ee 24,844 29 ,127 19 ,678 

Total__-.------------_---------------.---- 80,114 83 , 865 20 , 298 

Chemicals and miscellaneous: TN 
Domestic ore____..---.-----.22----- eee 4,246 5,476 860 
Foreign ore._..___-.---...-----.------------- 95 ,424 101,104 44 ,988 

Total___-_-_.-------------------------_---- 99 ,670 106 ,580 45 ,848 

Grand total: 
Domestic ore_.___...-..--.----.------------- 19 ,887 24,344 1,649 
Foreign ore. .....-.-.----.------------------- 2,221,869 2,841,785 1,538 ,068 

Total_-...-------------------------------- 2,241,756 2,866 ,079 $1,539,717 

1 Containing 35 percent or more manganese (natural). 
2 Excluding Government stocks. 
8 Excludes small tonnages of dealers’ stocks. 

232-748 O-67—41
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Johnsonville, Tenn., to be on stream in furnaces. Shipments of ferromanganese 
1967. totaled 1,141,000 tons valued at $167 mil- 

lion, compared with 942,000 tons valued at 
Ferromanganese.—Demand for ferroman- $135 million in 1964. In 1965, 10 com- 

ganese continued and production exceeded _ panies used 18 plants to produce ferroman- 
1 million tons for the first time. Produc-  ganese. | : 

tion was by the same companies producing Silicomanganese.—Production of _ silico- 
at the end of 1964 except for Shenango, manganese in the United States was 241,000 | 
Inc. and Vanadium Corporation of tons, compared with 203,000 tons in 1964. 

America. Manganese Chemicals Corp. con- For the 1965 output, 6 companies used 11 
tinued its production of low-carbon fer- plants. Shipments from furnaces were 215,- 
romanganese by fused-salt electrolysis at 000 tons ($32 million), compared with 
Kingwood, W. Va. The quantity of fer- 214,000 tons ($30 million) in 1964. Con- 
romanganese made in blast furnaces was sumption of silicomanganese relative to 
more than twice that made in electric that of ferromanganese continued its 

Table 5.—Consumption, by end uses, and stocks of manganese ferroalloys and 
metal in the United States in 1965 . 

(Short tons) 

: . Ferromanganese 7 | 
: ——_—_———_—_————————_ Silico- Manga- 

Use Medium = manga- Spiegel- nese ._ Briquets 
High and low nese eisen metal ! 

: carbon carbon 

Steel ingots: — . 
Stainless steel___....._..-..------ 835 3,132 7,757 42 8,739 _-- 
Other alloy steel__...........----. 196,966 29 ,012 55,3438 4,633 3,133 58 
Carbon steel..._.__..._---..-.--. 712,151 50,126 102,339 15,367 7,448 1,049 
Other..._.---..---..----...-.-.. 489 127 454 --- - 88 _-- 

Total___..--..---_-----------. 910,391 82,397 165,893 20 ,042 19 ,408 1,107 

Steel castings: 
Stainless steel......._._..-..----_ 399 346 602 ae 141 --- 
Other alloy steel_.....___........-. 10,453 1,838 7,238 192 37 67 
Carbon steel_._..__....-.-.-_---~_ 6,912 1,437 13 ,602 978 21 172 

| Other. ....--------- eee 3,558 211 566 18 1 _-- 

Total. ____.._.__..._-_-.-.-..-. 21,322 . 3,832 22,008 1,188 200 239 

Steel mill rolls._.__....--.-.--.------. 1,870 260 | 753 829 a 2 
Gray and malleable castings. _....__--- 9,738 1,085 2,133 10 , 490 q 11,589 
Alloys (includes welding rods)....._.--.. 17,642 1,140 1,494 _-- 6,233 10 
Other. -...-_-_._ 2-2 eee 669 156 --- --- 436 _-- 

Grand total......_..._.----. 951,632 88,870 192,281 32,549 26 ,284 12 ,947 
Stocks, Dec. 31: 2 Consumer________... 136,233 9,959 14,733 4,903 3,514 1,315 | 

1 Virtually all electrolytic. . 
2 Including bonded warehouses. Producer stocks of ferromanganese, silicomanganese, spiegeleisen, manganese 

metal, and briquets totaled 169,000 tons. Excluding Government stocks. 

Table 6.—Ferromanganese produced in the United States and metalliferous materials * 

| consumed in its manufacture 

Ferromanganese produced Materials consumed 
————_______—_—___——— Manganese 

Manganese ore (35 ore used 
Manganese content percent or more Mn Iron and per ton of 

Year Gross natural) manganifer- ferroman- 
weight = —— ——__ oussiiron ganese 2 
(short Foreign Domestic ores made 
tons) Percent Short (short (short (short tons) (short tons) 

tons tons) tons) __ 

1956-60 (average) _- 799 ,137 77.3 617,933 21,679,463 232,792 1,527 2.1 
1961___.__.------- 732 ,813 77.3 566,482 31,577,519 39,446 1,685 2.1 
1962__.._..___--_- 781,112 77.2 602,854 21,673,227 17,417 96 2.2 

‘ 1963__...___-.-_--- 751,198 77.2 579,852 21,617,112 _- Hee ae 2.2 
1964_____________- 929 , 486 77.8 722,752 %2,082,074 10 ,371 an 2.2 
1965__..__.____-_-. 1,148,011 77.8 892,725 32,685,649 12 ,067 a 2.3 

1 Excluding scrap and other secondary materials. 
2 Includes ore used in producing silicomanganese. 
3 Includes ore used in producing silicomanganese and metal.
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Table 7.—Manganese ore used in producing ferromanganese, silicomanganese, and 
manganese metal in the United States, by source of ore . 

96 t—~—<“i‘“‘“‘“‘“‘™é‘SOONCONCO*C*#*”W | 
Source . Mn content, Mn content, 
SO - Gross weight natural Gross weight natural 

. (short tons) (percent) (short tons) (percent) 

Domestic_____.-.-------------------- 10,3871 56.1 12,067 55.6 
Foreign: . 

Africa........------------------- 872 ,356 47.4 1,505,782 47.6 
Brazil_............---_---..---.- 461,034 45.9  §26,376 45.8 
British Guiana__......--_-------- 82,949 39 .4 111,778 38 .0 
Chile____--..------------------- 2,021 48.1 4,088 48 .4 
Cuba___------------------------ 21,635 38.9 9,048 44.1 
India____----------------------- | —-—- 288,828 44.2 221,564 43 .2 
Mexico___._._----_-------------- 160 ,335 43 .0 110,046 38 .4 
Philippines___-_..--.------------ 991 46 .4 15,110 45.0 
Other or unidentified____.________-_ 191,925 a 181,857 a 

Total___..---_---------------- 2,092,445 45.8 2,697,716 46.0 

_ Steady rate of increase. In 1965 the propor- more than 35 percent manganese. The 
tion was 18.5 percent compared with 17.4 foreign ore consisted of 130,000 tons of 
percent in 1964 and 12.3 percent in 1960. manganiferous iron ore of 5 to 10 percent 

Spiegeleisen.—The New Jersey Zinc Co., manganese content (natural) and 26,000 

using electric furnaces at Palmerton, Pa., tons of manganese ore containing Over 35 
7 was the only producer of spiegeleisen. percent manganese. Canada supplied all 

the foreign manganiferous iron ore. | 
Pig Iron.—In producing pig iron, 505,000 Battery and Miscellaneous Industries.—The | 

tons of manganese-bearing ores containing domestic portion of the ores used in 
over 5 percent manganese (natural) were manufacture of dry cell batteries was 14.0 
used. Domestic sources supplied 349,000 percent of the total in 1965. This was the 
tons and foreign sources supplied 156000 same proportion as recorded for 1963, but 
tons. The domestic ore included 164000 less than 17.5 percent reported for 1964. | 
‘tons of manganiferous iron ore containing The domestic ore and much of the 
5 to 10 percent manganese (natural), 183,- foreign ore used for chemical and miscel- 
000 tons of ferruginous manganese ore con-  laneous purposes did not meet National _ 
taining 10 to 35 percent manganese, and Stockpile Specification P-81-R for chemical- 
2,000 tons of manganese ore containing grade ore. 

PRICES 

Manganese Ore.—All manganese ore by one producer’s published schedule as 
prices are negotiated, being dependent in “Price available on request.” Several pro- 
part on character and quantity of ore ducers announced after midyear that they 
offered, delivery terms, and fluctuating were raising the price $8 per long ton 
shipping rates. For the first half of the “above current competitive levels,” effective 
year, price quotations of the American October 1. However, this was formally 

Metal Market for manganese ore containing _rescinded in mid-December and it is prob- 
46 to 48 percent manganese were 68 to 72 able that little business was done at the 
cents, nominal, per long ton unit of man- higher level, which was generally credited 
ganese, cif. eastern seaboard and gulf to be approximately $175.50 per long ton 
ports. In the second half they increased for the alloy containing 74 to 76 percent 
to 73 to 78 cents, nominal, same basis, manganese. For most of the year, prices 
closing the year without change. were probably negotiated from a $167.50- 
Manganese Alloys.—The average value at per-long-ton base with freight as one of 

furnaces for ferromanganese shipped by the negotiable points. Price increases an 

domestic producers was $146.42 per short "0unced in December 1964 apparently di 
ton, compared with $143.38 in 1964. Prices 0t hold. 
for standard high-carbon ferromanganese The price of spiegeleisen was increased 
were not well defined and were expressed $2, effective February 1. The resulting
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Table 8.—U.S. imports of manganese ore (35 percent or more Mn), by countries 7 | 

General imports ! (short tons) Imports for consumption ? . | 

Short tons | 
Country FSFE Value 

Gross weight Mn content Gross weight | Mn content | 

1964 1965 1964 1965 1964 1965 1964 1965 - 1964 1965 2 
peer ehh hte i ng + i IN pot : 

. North America: Mexico_..._.----- 158 , 258 99 ,984 70,408. 45 ,487 145 , 589 111,070 66,975 50,598 $4,886,153 $8,100,049 2 

South America: | 
Brazil §............-.--.--.- 545 , 784 558,028 260 ,770 255,708 708,288 1,528,795 888 ,859 725,886 18,618,888 49,941,112 
British Guiana 4__._...-.-..- 60 , 882 129,580. 26 ,208 49 ,442 166,101 177,936 78,748 72,016 8,872,884 $8,444,412 
Chile.__._.......-.....----- _-- 9,607 _.- 4,606 oe 9,607 _— 4,606 --- 802 ,210 ss 
Peru__.-------------------- 962 528 467 248 1,582 528 715 248 25,165 14,377 >, 

Total__.---.-------------- 607,528 692,748 287,445 809,994 870,871 1,716,866 407,817- 802,251 22,011,837 58,702,111 e 

Europe: a © 
reece__._._-._-..___------- 2,489 10,995 1,194 5,278 1,254 11,613 526 5,612 60,000 630,124 A 

Netherlands____..___-_-__.-- 28 _— 12 — 28 _— 12 —_— 1,807 --- peat 
Ee a RR © 

Total.......-------------- 2,517 10,995 1,206 5,278 1,282 11,613. 588 5,612 61,807 680,124 & 

Africa: ] . 
Angola 5_____..._.--------_- 21,436 40,206 10,959 19 ,578 48,643 53 , 009 22,194 26,091 1,236,474 1,351,249 
Burundi and Rwanda ¢_-__-__- _— 7,068 _— 3,000 i 7,063 __- 3,000 --- 166 ,080 
Congo (Léopoldville)- -.------ 171,359 245 , 582 84,784 122,707 322,989 348 , 704 163 , 821 172,860 7,965,059 9,648,408 
Ethiopia______._.......--_-- 3,581 _-- 1,805 — _-- 3,581 a 1,805 _.. 129,759 een 
Gabon 7____._____._------- 212,884 290,178 105 ,666 144,818 209 , 458 304, 658 104,391 151,626 4,659,637 8 ,977 ,876 
Ghana_..._._____..---__---- 120 , 582 245,018 61,958 122 ,582 267 ,301 312 ,553 185 ,585 157,107 7,911,462 8 823 ,186 
Ivory Coast §______-_ 2 -_- 22 ,588 77,422 9,790 . 82,364. 27,084 77,422 11,789 82 ,364 565 , 952 1,508,579 
Mauritania 6__...__.__..___-- _o8 37,804 _. 18,908 oe 87,804. _— 18,908 --- 1,202 ,470 
Morocco.........----------- 43 ,097 28,000 21,561 14,586 69 , 534 28,000 36 ,339 14,586 93,157,404 1,893,643 
Portuguese Western Africa, : 

N.@.@___ eee ee _-- __ a 3,796 _-- 1,898 --- 132,904 --- 
South Africa, Republic of_____ 191,690 204,139 78 , 662 85 , 865 825,149 205 ,667 134,761 86,462 6,123,951 3,919,523 
Western Africa, n.e.c 9.______- 266 ,908 312,278 182,120 152,152 237 , 654 314,362 117,568 158,215 6,276,626 8,561,470 
Zambia, Southern Rhodesia, . 

and Malawi_.__._-...._.--- 21,506 8,365 10,058 1,851 21,506 3,365 10,058 1,851 595,049 136 ,084 

Total_.......---..--...... 1,075,631 1,491,050 517,363 718,406 1,581,695 1,687,607 | 740,159 818,065 38,754,277 45,688,568



Asia: . 
Goa..---.-..-----.--------- ti‘ 9,912 _ 5,343 __- 9,912 = _.. 5,343 --.. | 83,910 India___-_-_....--...-.-.... 219, 791 255.995 100,311 118/459 468,584 308 ,979 211,758 «187,285 11,174,601 6 , 198,895 Japan____._-_.............. __. "99 oon 40 oe 99 --- 40 === 18, Philippines_....__--.--.-_._- 3,920 a 2,105 a 3,920 - _.. 2,105 --- 86 , 000 7.318 Taiwan___........--.---_..- — 18 a 8 --. 18 ~-- 8 = m= 2'026 , Turkey_-_..---_-.--.-._.... 2,845 5,451 1,079 2,071 2,845 5,451  —S-:1, 079 2,071 52,979 12, 

0 vote ear agenn aac 226 ,056 271,475 103 , 495 125,921 © 474,849 $19 , 459 214,942 144,697 11,818,580 6,376 ,040 
ceania: Britis estern Pacific . Islands___..._......_......__- _. 8,982 oe 4,491 __- 8,982 _ 4,491 --- 250,090 

Grand total_.........-..-. 2,064,990 2,575,229 979,917 1,209,527 3,024,286 38,855,597 1,480,481 1,825,709 76,977,154 109,746,982 

1 Comprises ore received in the United States; part went into consumption during the year, and the remainder entered bonded warehouses. 
2 Comprises ore received during the year for immediate consumption and material withdrawn from bonded warehouses. 
* Data adjusted to include material reported from country of transhipment (Uruguay). . . 4 Data adjusted to include material reported from country of transhipment (Trinidad and Tobago) . 
5 An appreciable part of the ore credited to Angola was apparently Congo (Léopoldville) ore exported from Angola. . . 6 Apparently incorrectly classified as to country or commodity. . ‘wht 

. “dn Bddition, Gabon imports reported as Western Africa, n.e.c., were approximately 238,000 tons (gross weight) in 1964 and approximately 271,000 tons (gross weight) 
in . . 
, a Bddition, Ivory Coast imports reported as Western Africa, n.e.c., were approximately 29,000 tons (gross weight) in 1964 and approximately 41,000 tons (gross weight) 2 
n . 

® Actually from Gabon and Ivory Coast. 
5 
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price of $89 per long ton, f.0.b. Palmerton, to an _ f.o.b. producer’s plant, freight 
Pa., for the 19 to 21 percent manganese equalized, basis. A further change after 
grade was unchanged for the remainder of midyear, holding to yearend, brought the 
the year. bulk, carlot price on the new basis to 28.85 

cents per pound. Premiums for hydrogen- 
Manganese Metal.—Pricing of the stand- removed metal and for the 5.5-plus percent 

, ard grade of electrolytic manganese metal nitrogen grade were 0.75 cent and 5.75 
was changed in February from a delivered cents per pound, respectively. 

FOREIGN TRADE 7 - 

Exports.—Ferromanganese exports totaled “manganese and manganese alloys, wrought 
3,273 tons valued at $727,407. With the or unwrought, and waste and scrap.” These _ 
new export classifications which became exports in 1965, totaling 2,428 tons valued 
effective January 1, 1965, ferromanganese at $1,883,690, were believed to be elec- 
exports no longer include silicomanganese _trolytic manganese metal for the most 
and it is possible that the 1965 figures are part. Exports classified as “manganese ores 
not directly comparable with those of and concentrates containing over 10 per- 
preceding years. Both silicomanganese and cent manganese” totaled 14,150 tons valued 
spiegeleisen under the new classification at $1,387,000. They were believed to con- 
schedule were placed in a blanket classifi- sist almost entirely of imported manganese ~ 
cation with the result that export data for dioxide ore exported after grinding, blend- 
them was not obtainable. Exports formerly _ing, or otherwise classifying. | 

- Classified as “manganese metal and alloys | 
' in crude form and scrap” were changed to Imports.—The average grade of imported 

| Table 9.—U.S. imports for consumption of ferromanganese, by countries — 

| 1964 1965 | | 

Gross Mn _ Gross Mn 
Country weight content weight content 

| (short (short Value (short (short Value 
| tons) ' tons) tons) tons) 

North America: Canada_..-.------ 8,254 2,508 $877,911 7,284 5,640 $1,044,684 

South America: 
Brayil_..-..--_--.----------- --- --- --- 661 430 60 , 736 

, Chile___-------.-----~------ 5,815 4,374 782,300 729 557 88 ,035 
Peru__..._._.-----.--------- --- --- --- 27 20 2,946 

Total__-.----.------------ 5,815 | 4,374 782,800 1,417 1,007 151,717 

Europe: 
Belgium-Luxembourg.---.---. 32,763 25,067 3,189,193 16,621 12,751 1,839 ,503 
France_____----------------- 39,360 30,162 4,143,601 69 ,167 52,847 7,500 , 866 
Germany, West__.-.--------. 21,731 16,528 2,328,689 83 , 561 25,707 3,580,216 
Italy___...---------------.-- 1,600 1,284 299 , 728 1,384 1,115 279 , 724 
Netherlands. woo eee eee 616 467 59 , 843 915 680 92,131 
Norway-.-..----------------- --- --- --- 224 175 21,210 
Spain__--.------------------ 9,584 7,385 841,615 6,410 5,068 928 ,337 
United Kingdom_-_-__.-_------ --- --- --- 11,017 8,468 1,165,594 
Yugoslavia___--..__._..-.-.- --- oe a 904 705 95,639 

Total__.-.-.-------------- 105,654 80,893 10,862,669 140,203 107,516 15,453,220 

Africa: . 
South Africa, Republic of 18, 232 14,145 1,847,480 34, 035 26,667 3,688,949 
Zambia, Southern Rhodesia, 
and Malawi-_-__-------------- --- --- --- 58 46 5,868 

Total__._--..-------------- 18,232 14,145 1,847,480 34,093 26,713 3,694,817 

Asia: CN 
India___.--.---------------- 74,551 56,000 10,941,727 64,029 48 ,990 8,931,752 
Japan__.---.---------------- 5,123 4,160 999 ,033 10,313 8,252 2,209 ,912 

Total__------.------------ 19,674 60,160 11,940,760 74,342 57,242 11,141,664 

Grand total__........------ 212,629 162,075 25,811,120 257,339 198,118 31,486,102
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manganese ore dropped to 47.0 percent wiih 1,118 tons from the Republic of South 
manganese from 47.5 percent in 1964. Africa and 266 tons from Japan. In addi- 
Gabon and Brazil, each with approximately tion, 2 pounds of metal came from Italy 
22 percent of the total, again were the with a value of $292. Spiegeleisen imports 
principal individual sources of supply. for consumption were 2,240 tons, all from 

General imports of manganiferous ores West Germany. 
containing more than 10 but less than 
35 percent manganese totaled 27,292 tons, Imports for consumption classified as 
of which 325 tons came from Mexico and “Manganese compounds, other” totaled 
the remainder from African sources, in- 1,025 tons with an average value of ap- 
cluding Ghana and the Republic of South proximately 11.8 cents per pound in 1965. 
Africa. Imports for consumption of this Of this quantity, Japan provided 533 tons 
grade were 36,167 tons from the same  (16.2¢) and the United Kingdom supplied 
sources. 455 tons (6.4¢). The 1964 total quantity | 

| Ferromanganese imports for consumption was 646 tons with an average value of 9.9 
increased 21 percent. Unlike the previous cents per pound, of which 196 tons (17.2¢) 
year, the increase for 1965 can be attributed came from Japan and 398 tons (6.7¢) from 
to the commercial accounts rather than the United Kingdom. The imports from 
Government receipts. The 1965 imports Japan possibly consisted entirely of syn- 

from India for the most part were for thetic manganese dioxide. 
the Government under previously executed 7 
barter agreements, but the tonnage received Tariff—The duty on manganese ore of 
was less than that received in 1964. Im- 0.25 cent per pound of contained man- 
ports for consumption of silicomanganese ganese, applicable to most countries, re- 
totaled 17,490 tons and contained 11601 mained suspended throughout the year. 
tons of manganese. Norway supplied 9,969 Ore from the U.S.S.R., mainland China, 
tons; Brazil, 2,535 tons; Yugoslavia, 2.275 and certain other specified Communist 
tons; Chile, 1,779 tons; Japan, 740 tons; countries, continued to be subject to a 
and France, 192 tons. Manganese metal tariff of 1 cent per pound of contained 
imports for consumption were 1,384 tons, manganese. 

WORLD REVIEW 

NORTH AMERICA Market. Affiliated companies have plants 
Canada.—Market and capital studies for in Argentina, Brazil, Colombia, Mexico, 

an electrolytic manganese metal plant were and Venezuela. 

undertaken by Union Carbide Canada Ltd. Mexico.—Cia. Minera Autlan, operator 
Preliminary indications suggested an initial of the Autlan, Jalisco, manganese mine, the 

capacity of 3,500 tons per year of metal reserves of which apparently are nearin with provision for expansion to 5,000 tons, . ve BPP ya ok 5 . . . exhaustion, will invest $22 million by the apparently with the aluminum industry | . 
in mind as the principal market. Canada ¢"4 of 1967 in development of the large 
has had no production of electrolytic ™anganese deposits at Molango, Hidalgo. 

manganese metal. Its requirements for SOUTH AMERICA 
making stainless steel and for the alumin- . _ 
um, magnesium, and copper-alloy indus- In an investigation of 15 manganese oc- 
tries have been met entirely by imports. currences of the Guiana Shield, extending 

from the Amazon River estuary in Brazil 
Costa Rica.—A $1.5 million plant for the to central Venezuela, the principal man- 

manufacture of dry cell batteries will be ganese minerals were determined by micro- 
built in San Jose by Union Carbide Corp. scopic and X-ray studies to be pyrolusite- 
and operated by Union Carbide Centro polianite, cryptomelane, and lithiophorite. 
Americana, S.A, Output, expected to begin Limonite was usually found as a con- 
early in 1966, will replace U.S. battery taminant. The main types of ore were 
exports to the Central American Common classified as residual, mantle lateritic, and
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Table 10.—World production of manganese ore by countries ’ 
“ So, (Short tons) 

Country Percent 1961 ' 1962 1963 1964 1965 Pp 2 
ne 

a A 
nf eee 

North America: . _ 
Costa Rica (exports) _--—-__ 35+ _-- ae 661 _— ee 
Cuba ¢______--......-.. 35-50 46 ,000 83 ,000 83 , 400 83 , 400 83 ,000 
Mexico e_______.___.-.. 44-46 155,900 184,900 - 189,800 206 ,500 202 ,800 
United States (shipments) 35+ 46 ,088 24,758 10,622 26,058 29 ,258 

Total e.__- 2-2 eee Le 248 ,000 292 ,700 284,000 316,000 315 ,000 

South America: 
Argentina_____..__.__._._ 30-40 19,724 13 ,921 ‘© 12,486 r 21,385 e 21,400 
Bolivia (exports) __.____- NA 53 291 _-- ae _-- 
Brazil_..._........._.... 38-50 1,120,336 1,290,461 1,382,727 *1,490,077 1,296,987 
British Guiana_....__..._ 40-42 r 216,203 303 , 636 157 ,331 130 ,907 186 ,137 
Chile.___......-..._.... 48-47 35,012 47,578 51,234 r 21,893 18 ,285 
Peru.__...----.-._--__- 45 3,879 7,403 r 532 r453 617 

Total__-------------- ------ 11,395,207 1,663,290 «1,604,260 «1,664,715 1,523,426 

Europe: 
Bulgaria.....-...._-.____- 30+ 40,785 - 38,581 42,432 | 57,320 e 55,100 

. Greece__..____________- 35 +- 81,195 15,097 16,389 e 33,100 e 77,200 
Hungary __.-...______-- 30— 137,610 142 ,447 167 ,960 r 188,711 e 194,000 
Italy..._-.._-..._..____- 30 — 54,196 t 48,966 r 49 ,887 t 52,694 52,701 
Portugal________.__-_-- 38 +- 12 ,492 12 ,666 9,434 r7 i711 8,584 o 
Rumania______...___-_- 35 227 , 076 208 ,337 286,601 +e 110,000 e 110,000 

+ 30 + 17,092 14,101 16 ,858 17,762 18 ,912 
OS8.R3.0002 2 ee NA 6,583,000 7,057,000 7,345,000 © 7,822,000 e 8,598,000 

Yugoslavia_____..__-_-- 30 + 15,595 16,358 8,964 . 8,580 8,925 

Total !__--.---_--------  ------ 17,119,041 * 7,553,553 * 7,948,525 * 8,297,878 e 9,120,000 . 

Africa: 
Angola._.._._._.__._.._._. 38-48 22,695 9,115 —_— _-- _-- 
Bechuanaland__________- 30+ 31,737 26 ,458 r 11,877 27,116 = = 9,717 
Congo (Leopoldville)_____ 48 +- 348 ,595 348 , 547 297 , 660 341,385 416,205 
Ethiopia (shipments).____ ‘51 7,716 6,614 a _-- 
~Gabon_____-.._________ 50-53 --- 224 ,038 ©702,716 1,045,324 1,417,571 
Ghana 5________ 48 t 483 ,253 r 418,263 tr 449 ,081 t 509 ,341 665 , 821 
Ivory Coast____..._.._. 32-47 187 , 825 117 ,928 153 ,291 150,384 198,179 
Morocco_______._._.__. 35-50 629 ,512 517 , 377 369 ,217 375 ,974 414,337 
Rhodesia, Southern__-_-___ 30 + -205 7,977 oe 160 e 230 
South Africa, Republic of_ 30+ 1,562,729 1,614,599 1,441,503 1,455,271 1,727,822 
South-West Africa______-_ 45 + 50,296 ee --- --- 4,185 
Sudan._..._..___._.._... 36-44 _-- 1,120 re 300 re 9,400 1,102 
United Arab Republic 

(Egypt) 6._...__._____ 35 + 2,272 42,577 23,798 e 47,000 e 26,000 
Zambia_________-__-_-- 35+ 58,517 t 63,432 38 , 856 41,899 33 ,965 

Total !_..._.._.._.._..  -.--_. 8,335,352 +3,398,045 «3,488,299 * 4,008,254 4,915,134 

- Asia: 7 
Burma_______-_-------- 42 + 196 213 e 220 _— e 220 
China, Mainland e_______ 30+ 882 ,000 882,000 1,102,000 1,102,000 1,102,000 
Goa______...__.._-_.-.. 32-50 109 , 790 97 , 732 r 214,950 r 112,027 122 ,500 
India_____._____-_-___-- 35+ 1,355,868 1,350,951 '1,218,404 ©1,437,412 1,657,874 
Indonesia__......_.._.... 35-49. r 14,661 r 7,176 r 3,136 e 550 _-- 
Tran #___-2 ee 40 +- 2,315 2,205 3,307 re 3,300 3,858 
Japan______.__......_... 32-40 335 , 236 340 ,162 305 , 028 t 313 ,826 338 , 409 
Korea, South__________- 40+ 1,518 1,105 4,580 4,753 7,376 
Malaysia______.___-_._-- 30+ 7,130 341 7,696 _— 1,754 
Pakistan_____________-_- 42+ --- 1,036 1,553 1,098 _-- 
Philippines. __.__..___-_- 35 + 20,986 13,160 8,450 8,824 57,038 
Thailand___.____._____- 40+ 588 3,194 7,285 12 ,185 36 , 848 
Turkey_....__._.___._.. 30-50 33 , 069 23 ,422 6,949 22 ,366 15,675 

Totale._..........-..  -.-.-. "2,763,000 2,723,000 «2,879,000 «38,018,000 38,344,000 

Oceania: 
Australia___..__..__._... 45-48 97,901 80 ,244 t 40,389 r 69,450 109 ,200 
Fiji-....--_-.-___._._-- 40 + 3,869 1,202 3,621 1,004 6,040 
New Hebrides__._...._.. 50-55 5,060 21,859 28 ,016 r 66,430 73,535 
Papua____..----_------ 46 2 --- 4 3 — 

Total______.__._____--_-. 9 ------ 106 , 832 103 ,305 t 72,030 r 136,887 188 , 775 

World totale._....-...  _--_---- *14,967,000 *15,734,000 «16,271,000 '17,437,000 19,406,000 

e Estimate. P Preliminary. t Revised. NA Not available. 

1 Czechoslovakia and Sweden report production of manganese ore (approximately 13 to 17 percent manganese 
content), but since the manganese content averages substantially less than 30 percent, the output is not in- 
cluded in this table. Czechoslovakia averaged annually 100,000 short tons and Sweden approximately 9,000 
tons for the last five years. Malagasy Republic produces a negligible amount of manganese. 

2 Compiled mostly from data available June 1966. 
3 Grade unstated. Source: The Industry of the U.S.S.R., Central Statistical Administration, (Moscow). 
4 Year ending March 20 of year following that stated. 
5 Dry weight. 
6 In addition to high-grade ore shown in the table, Egypt produced the following tonnages of less than 30 

peresnt manganese content: 1961, 304,663; 1962, 162,102; 1963, 160,673; 1964, 314,000 (est.); 1965, 174,000 
est.).
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nodular lateritic; protores were of the EUROPE | . 
spessartite, rhodochrosite (Amapa, Brazil, 
and Upata, Venezuela), and braunite . Germany, West.—Knapsack A.G. a sub- 
(Matthews Ridge, British Guiana). In- sidi ary of Farbwerke Hoechst A G. was 
dividual deposits have more than one type building an electrolytic Manganese dioxide 
of ore and more than one type of protore. plant to begin production by the middle 
The spessartite protore was observed at of 1966 using a new Process developed by many of the deposits.2 the company. Capacity of the plant was 

| expected to be sufficient to supply much 

Bolivia.—The Bolivian Government was Of the European market. 
reported to have budgeted $1.2 million for Italy.—Imports of manganese ore in 1964 
an 18-month transportation study for the were less than half those of 1963, with the 
iron and manganese ores of El Mutun. United Arab Republic, the Republic of the 

Congo (Léopoldville) , and the U.S.S.R. as 
Brazil.—Manganese ore exports from the the principal suppliers. The general econ- 

Amapa deposits went to 13 countries in Mic recession and recourse to previously 
1965, principally the United States, West @¢quired stocks accounted for much of the 
Germany, and Japan. In 1964, Brazilian drop. The manganese ore produced in : 
manganese ore exports from all sources 1965 and 1964 averaged 28 and 30 percent : 
totaled 918,000 tons, of which the United ™anganese, respectively. 3 
States took 65 percent; the United King- Spain.—Manganese ore produced in 1965 — 
dom, 13 percent; West Germany, 6 per- had an average manganese content of 31.7 | 
cent; Japan, 5 percent. Lesser quantities, percent compared with 32.2 percent in 1964. 
in decreasing order, went to Norway, Ferromanganese production was 48,000 tons 
France, Argentina, Czechoslovakia, Italy, in 1965. : 
and Belgium. All ore from the Morro de 
Mina open pit operation at Lafaiete, Minas AFRICA 
Gerais, was consumed in Brazil—some for Angola.—Manganese ore exports in 1965, 
the production of ferromanganese and 1964, and 1963, respectively, 950, 11,000. 
some for direct use in steelmaking. Cia. and 3,000 tons, were made from previously 
Meridional de Mineracdo, a subsidiary of mined stocks—there was no production in 
United States Steel Corp., was the mining any of these years. The 1964 exports were 
operator. All ore from the underground by the Angolan Manganese Co. and by | 
mine at Urucum, near Corumba, Mato the Bermanite-Quissama Co. Both com- 
Grosso, another U.S. Steel Corp. interest, panies were reported to have experienced 
was for export via barge down the Para- marketing difficulties because of high silica 
guay and Parana Rivers with transfer to and sulfur content of the ores. That 
ocean vessels at Nueva Palmira, Uruguay. shipped by Angolan Manganese Co. came 
This mine’s 1963 output of 67,000 tons was from mines at Saia, near Salazar, where the 
considered to be its normal production company produced significant quantities of 
rate. Low river levels in 1964, 1962, and iron ore. The Bermanite-Quissama ore 
1961 necessitated production cutbacks in was obtained in prospecting. 

those years. : Gabon.—Production of battery-grade man- 
- Chile.—Bethlehem Chile Iron Mines Co,  82mes¢ Ore started in 1963 when 2,700 tons 

was reported to have optioned the Corral WS produced. This was followed by 4,600 Quemado manganese mines of Cia. Man- ‘ns in 1964 and 6,400 tons in 1965 as a 

ganeseos Atacama. These mines accounted COMcentrate in the form of pellets contain- 
for virtually all of Chile’s manganese ore "8 82 to 84 percent manganese dioxide. ) 
production in 1964, with only approxi- Ghana.—African Manganese Ltd., a sub- 
mately 1,300 tons produced by small min-  sidiary of Union Carbide Corp., mined and 
ing operations in Coquimbo and Atacama conducted beneficiation research on man- 
Provinces and operations of Cia. Man- 2 Holtrop, J. F. The Manganese Deposits of 
ganesos Chile having ceased. Ferroman- the Guiana Shield, Econ. Geol, v. 60 No. 6, 
ganese was made at Concepcion and San- September “October 1965, Dp. na ohemaeal Engi- 
tiago by Fabrica Nacional de Carburo y jeer (London) . v. 187, No. 4082, Sept. 2, 1965, 
Metalurgia, and at Coquimbo by Cia. Man- P. 269. £ Mines. Mineral Trades Notes, V 

ganesos Atacama. 61, No. 3, September 1965, p. 45. SS
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ganese carbonate ore. Exports of battery ganese Mines of South Africa Ltd. was in- 
and chemical grade ore in 1965 totaled creased by the installation of new com- 
48,000 tons, of which 28,000 tons went to  pressors and by acquisition of other equip- 
the United States and 18,000 tons went to ment. , , | 

Norway. : South-West Africa.—The Otjisondu mine 
’ Ivory Coast.—Exports of manganese ore of South African Minerals Corp. Ltd., re- 
in 1965 totaled 188,000 tons, of which 113,- opened early in 1965 under a lease agree- 

000 tons was of a 45- to 47-percent man- ment whereby Walvis Bay Mining Co., a 
ganese grade; 21,000 tons, 40- to 42-percent; newly formed subsidiary of Consolidated 
7,600 tons, 40-percent. The remaining African Mines Ltd. of Johannesburg, will 
46,000 tons was mixed grade. The value operate the mine for 10 years from January 
of the ore sent to the United States was 5, 1965. Royalties were fixed on an ascend- 
double the value of that sent in 1964. The ing scale beginning at 5 percent of the 
United Kingdom, Belgium-Luxembourg, selling price, with a minimum set for the 
Sweden, and Spain, were the other destina- _ last 5 years. 
tions for 1965 exports. In 1964, a total of Upper Volta, Republic of.—Considerable 

115,000 tons was exported. The United Japanese interest was shown in the man- 
: States, United Kingdom, Spain, and Poland, ganese deposits of Tambao in the north- 

in decreasing order of importance were eastern part of the country near Markoye. 
the recipients. oo These were the subject of much investiga- 

: _ _Morocco.—In 1965, chemical-grade man- tion in 1965. Financial aid for railway con- 
ganese ore production was 60,000 tons with struction would be an important part of 

. a manganese dioxide content of 80 percent, any plans for exploitation of the deposits. 

| compared with 82,000 tons of 82 percent | ASIA 
manganese dioxide content in 1964. There China.—Three grades of metallurgical 

| were 93,000 tons of sinter, of approximatel y manganese Ore were advertised for ex- 
56 percent manganese content, obtained in port, namely 44, 40, and 35 percent mini- 

1965 from 118,000 tons of metallurgical ore. mum manganese content, in bulk; six 
Sinter production of this grade in 1964 grades of lump pyrolusite (manganese 

was 71,000 tons. dioxide) , namely 85, 80, 75, 70, 65, and 
South Africa, Republic of.—Production of 60 percent minimum manganese dioxide 

| chemical manganese ore in 1964 was broken content, in lumps or in chips and powder 
down to grades as follows (1963 production mixed, in bulk or in single gunny bags; 

in parentheses) : over 85 percent manganese and four grades of pyrolusite (manganese 
dioxide, 420 tons (none in 1963); 75 to dioxide) powder, namely 80, 75, 70, and 

85 percent, 5,700 (3,400); 65 to 75 percent, 65 percent minimum manganese dioxide 
3,200 (7,700) ; and 35 to 65 percent, 37,000 content, in cloth or paper bags, for use in 
(57,000) . Local sales for the 35 to 65 per- the manufacture of dry batteries principally 
cent grade for the 2 years were, respective- and of matches and manganese compounds, 

ly, 52,000 and 78,000 tons. Maganiferous as a drier for paints and varnishes, a 
ore containing 15 to 30 percent manganese coloring agent for ceramics, etc. 
and 20 to 35 percent iron was produced India.— With exhaustion of its accumu- 

to the extent of 163,000 tons in 1964 and jated ore stocks expected by the end of 

55,000 tons in 1963, with exports of 142,000 1965, future revenues for Central Provinces 
tons and 46,000 tons, respectively. Germany Manganese Ore Co. must come from in- 
and the Netherlands were the recipients of yestment income, operation of its Balapur 
this ore in both years with Germany taking Hamesha mine, dividends from. its 49- 

_ much the larger portion each year.6 A percent interest in Manganese Ore (India) 
shortage of railroad cars in 1965 cut ship- [1 tq., and from commissions on sales for that 
ments from mines to consumers and export Govyernment-controlled company. Much of 
docks with the result that stocks were at the company’s revenue since 1962 has come 
times critically low at those points. South from sales of its stockpile ores.6 Shivrajpur 
African Manganese Ltd. decided to in- 
crease the capacity of its new Marnatwan 5 Bureau of Mines, Mineral Trade Notes. V 61, 

mine to 25,000 tons per month by early «Mining Journal (London). V. 265, No. 6786, 
1966. The rate of production of the Adams ept. 8, 1965, p. 171. 
and Devon mines of The Associated Man- 1968 Bulletin (London). No. 5014, July 16,
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Syndicate Ltd. changed its plans to resume rupees ($22.00). Exports of standard 
production because prices offered by the peroxide. ore with a manganese dioxide 
State-owned Minerals and Metals Trading content of 86 percent and lower were 2,000 
Corp (MMTC) were not high enough.7 tons in 1964 compared with 8,800 tons in 

| In working the open pit mines of the 1963;. total manganese ore imports were 
Srikakulam and Visakhapatnam districts of 8,600 tons in 1964 and 10,300 tons in 1963. 
Andhra Pradesh since 1892, the better Exports of ferromanganese in 1964 were 
grades of ore have been exported leaving approximately 100,000 tons, of which the 
dumps of low-grade ores averaging 15 to United States took 90 percent, Netherlands, 
30 percent manganese and 0.35 to 0.45 Australia, Belgium, United Kingdom, South 
percent phosphorus. The dump. material Korea, and Singapore, the remainder in 
was the subject of ore dressing studies decreasing order. Production of ferro- 
conducted at Andhra University looking manganese in 1964 was 144,000 tons. 
toward their use for producing ferroman- Japan.—The metallurgical manganese 
ganese at Garividi. A satisfactory reduc- ore (concentrate) produced in 1964 had | 
tion in phosphorus was not achieved. an average manganese content of 32.1 per- 

| Indian production of manganese dioxide in cent. 
1965 was said to be at the rate of 7,000 Philippines.—A new 24-ton-per-day man- 
tons per year, while the country’s annual ganese dioxide grinding and drying plant requirements were estimated by a Mineral was being built in Manila by Union Car- 

Advisory Board subcommittee to be 15,000 bide Philippines Inc. A 6-foot by 36-inch tons by 1970.9 For the year ending April Hardinge ball mill will dry grind the 

I 1965, MMTC experienced a loss of 16 crushed ore to minus 200 mesh.12 Pan Asia million rupees ($3,336,000) in exporting Mining Co., began to mine a metallurgical 
1.7 million fons of manganese ore, the manganese ore containing 33 percent man- 

ios reflected. the difference between the SaN6S€ AC Dingalan, Quezon, in 1964 and . . . } Started to ship to Japan in the second 
Prices paid mine owners and the con- quarter of 1965. Metallurgical ore was also 
tract prices obtained on sale of the ore exported to Japan by Acoje Mining Co., 
in international markets.10 Exports after Inc. 7 | 
February of manganese ores containing 48 | | 
percent and less manganese were granted OCEANIA . | 

a tax credit of 15 percent.11 Beginning Australia.—Development of the Groote 
December 1, a quality control entailing an Fylandt manganese deposits proceeded in 
inspection fee was to be placed by the preparation for first shipments early in : 
Government on manganese ore, ferroman- 1966. In 1964, Australia produced 614 tons 
ganese, and ferromanganese slag, among of dioxide ore containing 66.8 percent man- 
other mineral items. In July, the Gov-  ganese dioxide, and 818 tons containing 
ernment made MMTC responsible for 61.6 percent. The metallurgical ore pro- 
negotiation and coordination of all man- duced in that year averaged 49.7 percent 
ganese ore exports except those for ore manganese. 
produced or acquired by Manganese Ore 
(India) Ltd. Internal rail transportation 7 Metal Bulletin (London). No. 4996, May 11, 

problems, including high rail freight Tales, Re, oN Narasinga. Studies on the Beneficia- 
_ poor loading facilities, and inadequate ac- tion of Low-Grade Manganese Ores from 

cess roads were a matter of concern, as Srikakulam and Visakhapatnam Districts With 

were some port problems. In the last J. Mines, Metals fo ge panetion of Enema ° 
uarter of 1964, the average price of man- v. 13, No. 2, February 1965, pp. 55-59. 

ganese dioxide (80 percent MnO), f.o.b. No 170 ann, te 198s pe Condon). VY. 7 
Calcutta, was 200 rupees ($42.00) per 7 Metal Bulletin (London). No. 5050, Nov. 
metric ton while that for metallurgical ore 28 Mena Beiletin (London). No. 5018, July 
containing 46 to 48 percent manganese, 30, 1965, p. 19. 
f.o.b. port of shipment, averaged 104.5 ar orld Mining. V. 18, No. 8, March 1965, 

| TECHNOLOGY 
The findings of extensive Bureau of pyrometallurgically from slags, by smelting 

Mines research on recovery of manganese followed by selective oxidation, were re-
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ported in a comprehensive Bureau report.13. Pradesh, and Goldongri, Panch Mahal Dis- 
: Similarly, the data and results of extensive trict, Gujarat would qualify as_ typical 

research with manganese-copper damping kodurites, although other investigators have 
alloys were collected in a Bureau bulletin.14 suggested abandonment of the _ term 

The feasibility of extracting manganese “kodurite.’’ 19 

from Georgia umber ore by a three-stage Many data on the subject of ocean-floor | 
leaching process using a sulfate “pickle manganese deposits were gathered together 
liquor” was demonstrated in a small pilot in a published work on the general subject 
plant. After ovendrying, the umber used of the ocean’s mineral resources. An ex- 
for feed had a manganese content of ap- tensive bibliography was included.20 
proximately 5 percent and an iron content = The molybdenum-manganese process for _ 
of more than 40 percent. Leaching effi- joining ceramics to metal, better known as 

ciency ranged from 83 to 89 percent, and the moly-manganese process, reportedly has 
the leach residues were used to make iron hecome the most widely employed method 

: pellets suitable as an iron furnace feed.15  yseq for this purpose in electronic ap- 

_ The heats of formation of manganese plications. A thin (0.0005 to 0.002 inch) __ 
molybdate were determined from the elem- coating of a fine suspension of molybdenum 

ents and from the oxides by solution calori- and manganese is fired on the ceramic in a 
metry using a mixture of hydrofluoric and seducing atmosphere at temperatures ap- 

| hydrochloric acids.16 — | | proaching 3,000° F. Over this is electro- , 
A patent was issued for a method to plated a coating of nickel and copper which 

improve the economics of the matte smelt- can be wet by a brazing alloy. It is claimed 
ing process investigated some years ago for that the resulting ceramic-metal bonds 
utilizing low-grade manganese ores. The have better high-temperature strength than 
new procedure was claimed to eliminate those by any other method. Tensilé 
the recycling of large quantities of finished strengths of 20,000 pounds per square inch 
oxide product, a disadvantage of the orig- ave been reported.21 

energy and to require less operating At the Atlantic City, N.J., Power Sources 
As an aid to prospecting in the USS.R. Conference, sponsored by the Army Elec- 

prospecting i e , . 
. tronics Command (Fort Monmouth, N.J.), 

it was suggested that the manganese de- both the Army and The Eagle-Picher Co 
posits which have been considered to be Y 8 _ 
of sedimentary origin are really of volcanic- §=———————_ Oe | 
sedimentary origin, and even the man- — *Buehl, R. C., Miles B, Royer, and J. P. 

_ ganese contained in the Chiatura and Niko- oOr™s, Tile Recovery | oF = Manganese From 
pol deposits may have had a deep-seated Smelting and_ Selective Oxidation. BuMines 
source.18 Rept. of Inv. 6596, 1965, 33 pp. 

Jensen, J. W., and D. F. Walsh. Manganese- 
In comparing the metamorphosed man- Copper Damping Alloys. BuMines Bull. 624, 

ganese protores of India with those of the tr wD: H. P. E. G. Davis, and F. E 
rest of the world, a case was made for Brantley. ’ Extraction of Manganese From 

restriction of the terms “gondite” and Georgi Umber Ore by a Sulfuric Acid Perrone 
“kodurite” to their original usage. Gondite Extraction and Agglomeration of Leached 

would be limited to those silicate-oxide Residues pee BuMines Rept. of Inv. 6692, 
protores which feature an abundance of 1% Barany, R. Heats of Formation of Goethite, 

high-temperature lower oxides of man- Ferjous, Yanadate, and Manganese, Molybdate 
ganese in the absence of manganese carbon- 17 Kirby, Ralph C. (assigned to the U.S. De- 

ates and sulfides. Kodurite would be limited partment ot taite Interior.) Upgrading Ae. 
to manganese silicate rocks formed by con- 1965. oo 7 eee co 

. . * 18 * * 

tact metamorphism of manganiferous sedi- SOP Manganese Deposits, Reviewed in. Heon. 
ments by granitic intrusives. High-tempera-  Geol., v. 60, No. 2, March-April 1965, pp. 

ture lower oxides of Manganese may OF may eee Rov. Supriya. Comparative Study of the 
not be present in the kodurites depending Metamorphosed Manganese Protores of the 

on availabilty of excess manganese. ‘The Yor the fgbiem of the Nomenclature of 
protores of Madhya Pradesh and Mahara- 6, September-October 1965, pp. 1238-1260." , 

shtra in India, and those at Oujosondu in ao MED. JeP"putushing Cor New ork, 108 
gondites. The Indian deposits at and 71 Kutzer, L. G. Joining Ceramics and_ Glass 

around Kodur, Srikakulam District, Andhra Sonne toe in Design Eng. v. 61, No. 1,
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(Joplin, Mo.) reported promising research ganese, 0.2 titanium, 0.1 aluminum, and 
and development of magnesium-manganese _ the remainder iron. 
dioxide batteries using a magnesium per- Investigations were reported of the de- 
chlorate electrolyte. The objective was to formation of oriented manganese sudfide 
obtain an improved battery for new walkie- inclusions in steel,27 manganese vapor pres- 
talkie sets with four times the energy  sures,28 the kinetics of the oxidation of 
density of older models and a minimum manganese in carbon dioxide-carbon mo- 
delay time.22 _ noxide mixtures,29 and the cathodic reduc- _ 

Good correspondence was found between tion of electrolytic manganese dioxide in 
stability relations of synthesized manganese “” alkaline electrolyte.50 . 
oxides and those observed as natural o¢- A process was patented for abso rbing 
currences in the course of investigations the sulfur oxide of waste gases with an 
conducted at 25° C and 1 atmosphere 74¥UCOUS Suspension of manganese oxide, total pressure.23 thereby forming manganese sulfate. Hydro- 

gen chloride is added to the manganese 
Silver resistance alloys containing 8 to sulfate in the liquid phase, converting it 

9 percent manganese and 0.5 to 5 percent to sulfuric acid and crystalline manganous 
antimony were developed in the U.S.S.R. chloride. The latter is decomposed by a 
for use where corrosion problems make combustion gas containing excess free | 
ordinary resistance alloys unsatisfactory. oxygen, producing chlorine and manganese 
Mechanical and electrical properties vary oxide. This oxide then returns to the start 
with antimony content. The antimony ad- of the cycle.31 
dition improved wear resistance.24 By using electric separation methods of 
A patent was issue d for a manganese concentration together with magnetic 

aluminum alloy magnetic material con- “P aration, 1 was Possible. fo recover | was . sufficient fines to achieve an upgrading of sisting essentially of 65.65 to 72.17 percent Chiatura mill products from 223 to 296 
manganese, 1 to 5 percent titanium, 0.1 to — P " 
2 percent of either zinc, copper, iron, or percent manganese to 502 to 52.2 percent . . . manganese, with recoveries up to 71 per- nickel, and the remainder aluminum.25 . . a , _ cent and with rejects containing only 6 

A low-alloy austenitic manganese steel, Percent manganese.32 
containing 6 percent manganese and 1 per- “=z Ghemical Week, New Call for Power. V. 96, | cent molybdenum, was tested in use as ball No. 25, June 19, 1965, pp. 79-80, 84. oo. 
mill liners and in other abrasive applica- the Sreners men. Some Stability Relations os. 
tions. It was reported to have better wear phere Total Pressure. Am. Mineral., v. 50, No. 9, . 
and gouging resistance than 12-percent- September Mecis Metal badustry (London). 
manganete Hadfield steel and to compare Vv. 28, No. 328, September 1965, p. 68. 
favorably in regard to toughness, although Mageneke,, Hideo. | Manganese jayninum Alloy | 
not as tough. Improvement in abrasion 26 Norman, T. E. Climax Finds New Austen- 
resistance was due to the lower manganese ttle ialloy qseal For aon Abr asive gone Mill 
content. Addition of molybdenum inhibits ‘April 1965, pp. 86-90. pees 
carbide formation which has an embrittling forme H. Orie and MnS Into nee ree 
effect. and which would otherwise form in  Garbon Steel. Trans. AIME, v. 233, (Metal- 
these alloys of relatively low manganese Ee, ees eR aed Reiph ‘Hulteren. Vapor- 
content.26 Pressure Studies of Iron-Manganese Alloys. 

; kel 1 frans. SIME, v. 233 (Metallurgy) 1965, pp. 
Study of the iron-nickel-manganese alloy ~16fo. . 

system "resulted in development of a mar- dation er Margene: on COnCO’ Mixtures a. 
aging steel, designated 12-2 maraging steel, Electrochem. Soc., v. 112, No. 10, October 1965, 
in which part of the nickel is replaced by a Korawa, A. and J. F._ Yeager. The Cathodic 
manganese. It was reported to compare eduction Mechanism of Electrolytic Manganese 
favorably in its properties with 18-percent- Soe, ¥ 112, No,"T0, October inés Dp, $59-068 
nickel maraging steels, while having a cost tsukawa, Masumi, Kazuhiro Matsumoto, 
advantage because of its lower nickel con- Shipbulaee , Bee (assign t8 . itgubishi 
tent. Its percentage composition, similar of Treating Waste as Containing Sulfur Oxide. 
in its other alloying constituents to the ‘32 Plaksin, IN. and N. EF. Olofinsky. Review 
regular 18-percent maraging steels, was 12.5 of pilectrical Separation ethods ant Meer. 
nickel, 8 cobalt, 4 molyhdenum, 2 man- 75, No. 712, March 1966, pp. C57-C64.





| - a By George T. Engel * . | | 

Mercury prices reached record highs for was authorized for release by the AEC. | 
the second consecutive year ranging from a An engineering evaluation of potential 
low of $475 to a high of $775 per flask.2 mercury production, together with the lo- 

Disposal of mercury declared surplus by cations and pertinent data of all known 
the Atomic Energy Commission (AEC) U.S. mercury mines, was published. 
continued, and an additional 38,000 flasks 7 | 

: - Table 1.—Salient mercury statistics | 
| | 

1956-60. , | 
(average) 1961 1962 1963 (1964 1965 

United States: . . 
Producing mines__.__._.___-._____ 103_— 69 56 48 72 149 
Production......_..... flasks. ___ 32,270 31,662 26,277 19,117 14,142 19,582 
Value__..-._._._thousands__._ $7,534 $6,257 $5,024 $3,623 $4,452 $11,176 

Exports. ...............-flasks___ 863 285 224 187 188 7,543 
Reexports._.. ..._._...._._do____ -1,421 180 257 40 196 494 
Imports: | | 

For consumption ...._.__do__.. 33,829 12,326 31,552 42,872 41,153 16,238 
General___.__....._._.-do___- 35,641 12,527 31,516 43,126 41,107 17,838 

Stocks Dec. 31_-__.._._.-.do___- 18,463 17,533 | 14,924 12,181 r 16,108 19,132 
Consumption... ..........do___- 53,142 55,763 65,301 77,963 82,608 76,454 W Price: New York, average per flask. $234.84 $197.61 $191.21 $189.45 $314.79 $570.75 

orid: 

Production..._.______._flasks____ 234,400 240,000 245,000 239,000 «255,000 275,000 
Price: London, average per flask ___ $218.50 $181.87 $172.79 $171.42 $282.25 $607.85 

—_—, 
A ee ft yr re espe peensaensncpenenenenaeeneeeart 

r Revised. . | 

LEGISLATION AND GOVERNMENT PROGRAMS 

The U.S. Government offered financial tive in 1965: 
assistance through the Office of Minerals §=— 

i ME). Thi 1 Commodity specialist, Division of Minerals. 
Exploration (OME) his program offers Flasks as used in this chapter refers to a 50 percent of total allowable costs for ex- —76-pound flask. 
loration of eligible domestic mercury de- ’ Bureau of Mines Staff. Mercury Potential prorat gre Y of the United States. BuMines Inf. Circ. 8252, posits. Four exploration projects were ac- 1965, 376 pp. 

647
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Company: Location | Total cost 

| Joseph A. Johnson____________. San Luis Obispo County, Calif... $21,160 
Pacific Minerals & Chemicals | | 

: Co., Inc _-----_--__._..... Crook County, Oreg-----------. 63,000 
| J. Selby and Wm. Dawson : 

| (assigned to San Simeon 
an Keystone, Inc.) ._____-____._. San Luis Obispo County, Calif..c-.-_ 45,388 

Sonoma International, Inc__._._:_ Sonoma County, Calif.__-_._____._. 105,400 

During 1965 the U.S. Government be- to $455.11. Based on bids for this offering 
gan the release to industry of mercury GSA established a shelf-price of $430 per 
from the large stock built up in 1964 when flask for 10,000 flasks on February 23. 

| the AEC had declared 72,500 flasks of mer- Thirty-one domestic consumers bought this 
: cury surplus to its needs. Of this quantity material. Shortly after this sale, GSA an- 

| 17,000 flasks had been released in 1964 to nounced availability of another 10,000 
other government agencies for their use or flasks at $460 per flask in lots of 500 or 
to be donated to hospitals and schools. In more and $475 for less than 500 flasks. 
October 1965 an additional 38,000 flasks Additional quantities were sold between 

| was declared surplus by the AEC and was’ June and August at $685 per flask. 
to be made available for disposal. | The Interior Department called a meet- 

. ing of Government officials with repre- 
31 Gn ne. bs 4 as s urplus in e {otaled sentatives of producers, consumers, and . 
f° 93 136. fis i“ OF ‘he aus a sold. dealers on September 22. As a result of 

5 O11 ‘4 k ha d ° th Shoda 1965" this meeting GSA announced a plan to 
This Government surolus aan m coul d release excess mercury at bid sales at the 

only be sold for domestic consumption or rate of 1,900 flasks a month on the second 
: direct use in domestic plants and could Friday in each month. Unsold merry : wa : _ was to be returned to the program. The 

not be exported in the form of metal. — three sales under this new program sold | 
On February 5, General Services Ad- only 1,061 flasks) On December 31, there 

ministration (GSA) opened bids ranging was 184,501 flasks of mercury in the Gov- | 
from $38 to $451.11 per flask, and 175 ernment strategic stockpile and 16,000 in 
flasks were sold at prices ranging from $425 the supplemental stockpile. | 

DOMESTIC PRODUCTION 

Domestic primary mercury production in 1965. Recovery of secondary mercury 
rose sharply but would undoubtedly have from commercial sources was at the high- 
been higher had it not been for floods, est level since 1947 when data were first 
fires, and equipment breakdowns which collected. It was approached only by 1958 
interrupted production in the fourth quar- production of 10,300 flasks. 
ter. Sources of secondary mercury were re- 

Production of secondary mercury rose claimed dental amalgams, oxide and ace- 
to 45,698 flasks largely as a result of the tate sludges, battery scrap, and a decom- 
release of 29,753 flasks of AEC mercury missioned mercury boiler. 

The following 5 mines produced more than 1,000 flasks: 

State: County : Mine 

California_______._________. San Benito__________...________. New Idria. 
Do_____-________._-. San Luis Obispo________________. Buena Vista. 
Do_________--___-_-- Sonoma____---------_--_______. Mt. Jackson. 

Idaho___________________. Washington________...__________. Idaho-Almaden. 
Nevada__________________. Humboldt_____________________. Cordero.
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Mines producing 100 flasks or more were as follows: 7 

State: — County | Mine | 

Alaska______------------. Aniak district___._____-_.___.___ White Mountain. 

California__________»_-_____ Marin_______________._._-_... Gambonini. 
Do_________________. San Benito_________.__._._-_... Aurora. | 
Doi -_---_-_-__-_._. Santa Barbara__._______----_. Sun Bird (Gibralter). 

— Do------------------ Santa Clara____.______..___--. Guadalupe. 
Do_____------ ee Le do -----_. New Almaden. 
Do__---------------. Shasta_________._.._-__--_-.--. Welty. 
Do_______-__-______. Sonoma_____________._-___. Culver Baer. 

oe Do_____---_-_--- Le dol-__-__— Socrates. 

Nevada__________________ Esmeralda____._.________-__. B & B. | 
Do__---------------- Nye----------------------- Ione Mercury. 
Do__---------------- Pershing._.______.._--_..-.- Kitten Springs. 

Oregon_____.-__.____-._. Lane_______.__.____-_-_------ Black Butte. | 
Do.______--_._______. Malheur___________._______ Bretz. 

Table 2.—Mercury produced in the United Table 3.—Mercury ore treated and mercury 
States, by States | produced in the United States + | 

Pro- Value ! | Mercury . 
Year and State ducing (thou- - produced 

mines Flasks sands) —__ 
ee “Year Ore 

treated. Pounds 
1964: _ (short per ton 7 

Alaska_........--- 3 303 $95 tons) Flasks of ore 
Arizona......_.--- 4 77 24 . 
California..___....- 39 10,291 3,240 . 
Idaho. ..-..---.-- 1 83 . 26 1956-60 (average)...... 283,182 31,918 8.6 
Nevada.-_..------- 21 3,262 1,027 1961____-._._...-.--. 262,108 31,633 9.2 
Oregon. __.___--- 4 126 40 1962__..-.__..-_-.._. 146,523 26,228 13.6 
ne 1963__....----------- 113,539 19,101 12.8 

- Total_......---- 72 14,142 4452  1964____-.....------- 149,950 14,115 7.2 
| | | ——— a =—d19G5__-------------- 339,124 19,353 4.3 | 

1965: 
Arizona.......-.-- 7 158 $90 TT 
California. -- ~~~ --- 84 13,404 7,650 1 Excludes mercury produced from placer 
Idaho. ~ - --------- a pale ieee operations and from cleanup at furnaces and 

evada_...-..---- , th ts. i 7 1/364 7790 (Over Plans : 
a, Lexas, Table 4.—Production of secondary mercury 

Washington----- 7204 TN in the United States | 
Total........--- 149 19,582 11,176 Year: Flasks 

a 1960 -------------=------5--- anna 5 1380 

1 Value ealeulated at average New York price. 1962222200 
. 1963__..-...----_____-_.----.------. 10,520 

1964___...._-----_--_ i ---_~ 23,780 
1965___.__-------------------------- 45,700 

CONSUMPTION AND USES ) | 

Industrial consumption of mercury rose ceuticals used 72 percent less. These de- 
about 17 percent in 1965 despite the high clines can probably be attributed to the 
price, but total consumption was lower high price of mercury in 1965. Some pro- 
because 1964 consumption included 17,000 ducers or users of these materials were 
flasks distributed to Government agencies obviously either drawing from their stocks 
from surplus AEC material. The larger of mercury or substituting other materials 
industrial consumption was due largely to for mercury. 
demand for new or expanded mercury- Of the contemplated six mercury-cell | 
cell caustic-soda chlorine plants. caustic-soda chlorine plants for 1965, one 

Of the declining uses, paper and pulp _ solvay plant was terminated, one other plant 
uses were down 40 percent, antifouling was converted to a diaphragm-cell type, 
paints used 58 percent less, and pharma- and four came on stream as mercury-cell 

232-748 O-67—42
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plants. There were also two plant ex- Company: 8 ; 
pansions in 1965. Consumption data for D Ohi Chemical Industries, Ine., Ashtabula, 
new plants and expansions are included Diamond Alkali Co., (Delaware City, Del. 

. : e Dow emical Co., Plaquemine, La.‘ 
under other uses in table 3 ° . Georgia-Pacific Corp., Bellingham, Wash. 

New caustic-soda chlorine plants using Olin Mathieson Chemical Corp., Augusta, Ga. 
the mercury-cell process and expansions of Stauffer Chemical Co., Le Moyne, Ala. 

existing plants in 1965 were: . 4 Plant expansion. 

: Table 5.—Mercury consumed in the United States by uses | 
(Flasks) . 
Eee 

1956-60 | 
Use (average) 1961 1962 1963 1964 1965 
a 

Agriculture (includes fungicides, and 
bactericides for industrial purposes) - - 7,311 2,557 4,266 2,538 38,144 3,116 

Amalgamation._..._.....-__-.-___-- 250 278 299 306 667 495 
Catalysts........---.- 22 --__-___-- 906 707 874 612 656 924 
Dental preparations !________________ 1,610 2,154 | 2,033 2,346 2,612 1,619 
Electrical apparatus !}____~____._.____- 9,285 10,255 11,564 11,115 10,690 14,764 
Electrolytic preparation of chlorine and 

caustic soda._.-.._.._.________-._-- 4,792 6,056 7,314 7,999 9,572 8,753 
General laboratory use: . 

Commercial. -____.----.-----_-- 1,052 . 1,484 1,752 1,241 1,516. 2,827 
Government. -.----.--- eee eee eee eee eee. 3,821 17,000 _____ 2 - 

Industrial and control instruments!. — _- 6,177 5,627 5,186 4,943 4,972 4,628 
‘aint: . 

Antifouling. 222-2222 1,913 915 124 252 547 255 
Mildew proofing._._._........_-- NA 5,146 4,554 6,403 4,898 7,584 

Paper and pulp manufacture__________ NA 3,094 2,600 2,831 2,148 619 
Pharmaceuticals__........-.-.--..--- 1,645 2,515 3,378 4,081 5,047. 3,261 
Redistilled 1.---.2222 2 9,529 9,013 8,987 - 9,227 11,405 12,257 
Other__..-.-..-.------------------- 8,673 5,962 12,370 +*20,248 7,734 15,402 

Total. ...2----- 53,143 55,763 65,301. 77,963 82,608 76,454 

NA Not available. 
1A breakdown of the “redistilled” classification showed ranges of 45 to 38 percent for instruments, 

21 to 8 percent for dental preparations, 44 to 25 percent for electrical apparatus, and 18 to 8 — 
percent for miscellaneous uses in 1956-64, compared with 45 percent for instruments, 15 percent 
for dental preparations, 19 percent for electrical apparatus, and 21 percent for miscellaneous uses 
in 1964. | |
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Figure 1.—Trends in production, consumption, and price of mercury.
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STOCKS Table 6.—Stocks of mercury, December 31 
: | (Flasks) 

Consumer and dealer stocks in each 9 —— ~~ _-_ss—s—SS———SSSSSSSSSS 
quarter of 1965 were higher than for the | | Con- 
corresponding quarters of 1964. Producer _ Year Pro- ume Total 
stocks were lower until the third quarter ducer dealer 

| when apparently production began to meet A 
demand and producer stocks in the fourth 1956-60 (average)----._ 1,983 16,480 18,463 

quarter were half again the 1964 stocks. 1961----------------- 2,083 15,500 17,538 
| | , | 1963._..---.--------- 1,581 10,600 12,181 | 

1964... 1 ..----- 708 15,400 +* 16,108 
1965_...-..-.-.-.--.- 1,432 17,700 19,132 

T Revised. : 

PRICES 

The average price of mercury in the Metals Exchange. This was the period . 
United States in 1965 reached the record also of maximum GSA mercury sales. By 
high of $570.75 per flask. The price on the first of August, the price had dropped 

| January 1 in New York was $490 to $500 to $660 to $685 and £265 and thereafter 
a flask (£170 in London). On July 1, the slowly declined to $530 to $535 and £200 
‘price reached $725 to $775 a flask in New on December 31. , | 
York and £280 to £285 on the London | | Oe 

Table 7.—Average monthly prices of mercury at New York and London | 

| . (Per flask) | 

| : 1964 1965 
Month ee 

New York! London? New York! London? 

January.-...-.---------- eee eee ‘$234.36 $219.95 $478.75 $432.65 
February. .....-----.-..--------.------------ ee 261.25 243.33 475.00 475.17 
March..........-..-------2- eee eee 261.86 243.43 475.00 493.91 
April__- 2.2.22 eee 264.18 243.51 499.29 552.25 
May. .-...-.-----. 22 - eee eee 263.85 246.35 628.75 573.41 
June... 22.2 267.32 — 244.49 - 709.09 691.09 
July... eee 276.86 259.16 673.81 739.62 
August_.....-22-2222-- 2 eee 294.76 278.66 595.68 739.56 
September._.......-..-- 2-22-22 330.71 285.65 624.05 718.75 
October... 2.222222 eee ee 367.73 337.76 610.95 ' 693.77 
November. -._._____.---------_----------------e- 470.00 382.91 545.50 588.78 
December_.......--....---.----- eee 484.55 390.68 533.10 560.42 

Average. -__....-------.------- 2 eee eee 314.79 282.25 570.75 607.85 

1 Engineering and Mining Journal, New York. = 
2 Mining Journal (London) prices in terms of pounds sterling were converted to U.S. dollars by 

using average rates of exchange recorded by Federal Reserve Board. 

FOREIGN TRADE 

Exports of mercury went to 20 countries many, France, and the United Kingdom. 

in 1965. The principal customers in order Imports of mercury were at a low level 
were the United Kingdom, Japan, Canada, due to domestic commitments in the pro- 
Taiwan, and France. ducer countries and production previously 

committed to other countries. Most of 
Reexports of mercury went mainly to the Philippines production evidently went 

Canada, with lesser amounts to West Ger- _to Japan.
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Table 8.—U.S. exports of mercury | Table 9.—U.S. reexports of mercury 

Year Fiasks Value Year Flasks Value 

1956-60 (average)_.-...--_- 863 $207,705 1956-60 (average)_....._-_- 1,421 $323,705 
1961________- ee. 285 70,622 1961__-_.--- eee 180 33,067 
1962.22 224 64,024 1962.2... ~~ ee 257 42,549 
1963.2 187 46,357 1963__. =. -_----- eee 40 6,400 
1964 122 ee 188 52,107 1964_____._____-_..------ 196 50,284 
1965.22.20 -- 7,543 5,030,630 1965__.-_-.._._____-------- 494 315,522 

'  1Exeludes 10,275 pounds of spent catalysts 
valued at $12,272 and 171,152 pounds residues, 
valued at $17,980. 

- Table 10.—U.S. imports for consumption 1 of mercury, by countries 

| | 1956-60 | 
(average) 1961 1962 1963 1964 _ 1965 

Country 
Value Value Value Value Value Value 
(thou- (thou- (thou- (thou- (thou- (thou- 

Flasks sands) Flasks sands) Flasks sands) Flasks sands) Flasks sands) Flasks sands) 

North America: 
Canada______------.--- 68 $14 24 $4 61 $10 150 $27 538 $136 32 $13 
Mexico__-..------------ 6,201 1,285 3,023 445 7,618 1,064 4,292 585 1,230 272 1,290 544 

South America: 
Bolivia__....-------.-.- 4 Loeeeee eee eee eee eee one 106 15 50 . 18 
Chile_.--.-_---2- ee 298 60 82 15 200 31 740 W2 Lee ee eee 
Colombia.......---..--- 25 4 25 4 oe eee tee eee eee eee eee eee 

ne) «| en 320 64 ----. w---- ee ----- «63,227 511 3,065 502 1,368 318 
Europe: 

Germany, West_....---. ----.  -----  ----- enn ee cee eee eee eee (?) (?) 150 80 
Italy__....-....-........ 7,113 1,582 2,073 365 10,501 1,800 8,474 1,401 5,236 1,262 1,203 334 
Netherlands__-.-...___- 4 Lone eee ee ee eee Lee 200 49 Lo. wlll. 
Spain.....-............ 17,812 3,750 6,544 1,118 9,826 1,638 19,950 3,176 24,344 5,037 10,995 5,811 
Sweden___----------- eee eee eee Leek 70: 10 _--ee eee eee eee eee eee ee 
United Kingdom- -_-__---- 617 137 (2) (?) (2) Ce 75 = 3 3 1 

Agi Yugoslavia...........-- 998 225 355 62 3,276 537 4,459 696 3,953 939 1,101 474 : 
sia: 

Israel__..--------------  -enee nnn enn eee eee ene eee nee 145 21 _.--. .----- 
Philippines. ..__...-_._. 300 638 -..-- --... ----. ..-.. 1,580 258 1,550 3838 -.... -..--- 
Turkey.....--------_-- 32 10 200 5 Fs 711 128 46 21 

Oceania: 
Australia..........-.-.- 25 5 nee ee ee ee ee ee ee eee eee eee 

- New Zealand_.....-___- 12 2 eee eee ee eee eee eee eee nee ee eee eee 

Total. .--...-.-.-.... 33,829 7,153 12,326 2,048 31,552 5,090 42,872 6,766 41,153 8,775 16,238 7,614 

1 Data include mercury imported for immediate consumption plus material withdrawn from bonded 
warehouses. 

2 Less than 1/2 unit.



654 MINERALS YEARBOOK, 1965 

Table 11.—U.S.. imports 1 of mercury, by countries . 
(Flasks) 

1956-60 | 
Country. (average) 1961 1962 1963 1964 1965 
a OR 

North America: 
Canada.._.-..------------------ 68 24 61 150 538 32 
Mexico....--------------------- 6,587 3,205, 7,560 4,328 1,350 1,825 

South America: 
Bolivia.....-------------------- 4 w-------) =e +--+ ---- 106 50 
Chile........------------------- 365 82 200 740) _------. ~-------- 
Colombia. -.-..----------------- 25 115 eee eeee Lene eee teen eee +--+ ---e- 
Peru____.----.----------------- 322 __------  -------- 3,406 2,657 1,899 

Europe: 
Germany, West._._------------- --------  --------  -------- -------- (*) - 150 
Italy....__...--.---.------------ 7,487 2,002 10,498 8,474 5,654 1,297 
Netherlands. .-...-------+-------- 4 wi -2-- wn ------) -------- 200 _.-_----- 
Spain. ..-.-..-.-.-------------- 18,539 6,544 9,826 19,950 24,344 10,996 
Sweden..._...-___.-.-----------  -------- -------- 70 ___----- i------- ) --------- 
United Kingdom... ....--------- 650 (*) . ©) .------- 75 3 
Yugoslavia._......---.---------- 1,221 355 3,301 4,498 . 3,778 1,451 

Asia: 
Israel. ...._--------------------  -------- 0 -------- 0-2-2 + -----=-- 145 -___----- 
Philippines__.........----------- 300 __.-.-.. -------- 1,580 1,550 __..-.--- 

Turkey_.....------------------- 32 200 _..----. -------- 710 135 

Oceania: | 
Australia. .-..-...-------------- a 
New Zealand......-------------- a 

Total.._._---...------------- 35,641 12,527 31,516 43,126 41,107 17,838 

a 

1 Data are “general” imports; that is, they include mercury imported for immediate consumption 
plus material entering the country under bond. 

2 Less than 1/2 unit. 

| WORLD REVIEW 

The rapid rise in mercury prices starting munist areas. Ever since the mercury price 
early in 1964 had remarkably little effect began to rise in 1964, the Soviet Union 
on mine production. Although the aver- and some of the Eastern European coun- 
age London price was three and one-half tries have been net buyers instead of net 
times higher in 1965 than in 1963, prelim- sellers as in previous years. This has 
inary world production was only 15 percent created a major drain from Western origins 
higher. Those countries substantially in- where the material under normal circum- 

| creasing production were Spain, 6 percent; stances would have been available to other 
the United States, 38 percent; and Mex- more regular outlets. The exact reasons 
ico, 44 percent. Production rates in Italy, for the turnaround are problematical. Ex- 
the Philippines, Yugoslavia, and Peru held pansions of their chemical industries is 
fairly constant, with efforts being made for probably a big factor. Chinese material, 
early increased production. previously subjected to substantial discount- 

| | ing on the world market because of im- 
Another major factor in the mercury purities, seems to have been available at 

market was the actions of the Eastern Eu- world prices during 1965, but in small and 
ropean countries and the Far Eastern Com- irregular quantities.
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Table 12.—World production of mercury by countries 
| (Flasks) | 

Country 1961 1962 1963 1964 1965 P 1 

Bolivia (exports).....-.......----.-.-----------  -------- 11 105 232 e 30 
Canada....-..-- eee eee eee ee ee eee eee 73 20 
Chile_._.--.--.-- eee eee 1,509 791 613 r 275 e 370 
China ¢...____-_--_------ eee eee 26,000 26,000 26,000 26,000 26,000 
Colombia____........---.----------- eee 191 __Le le 3 3 3 
Czechoslovakia ¢__...__......---...------------ 725 725 725 725 725 
Italy... eee eee 155,376 * 54,506 54,448 57,001 57,291 
Japan... eee eee 5,437 4,199 4,668 t 4,812 e 4,820 
Mexico_____._-_--. 2 eee ee 18,101 18,855 16,302 * 12,560 e 18,000 
Peru. _____.__-------------_- eee 3,001 r 3,481 r 3,092 3,275 e 3,280 
Philippines___......2.2---2--- 2 eee 3,167 2,767 2,651 r 2,496 e 2,500 
Rumania. _._..._----.--..--__.-.--.---_------ * 350 222 194 r194 _ e 200 
Spain... -. 2 ee 51,202 52,798 56,954 * 78,322 82,760 
Tunisia__..._-.-_____--.----_-----_------------- 54 opp ee lee eee eee ee 174 
Turkey__.--__. ~~~ eee r 1,881 2,687 3,042 r 2,615 e 2,620 
United States._.._.__.--_--- eee 31,662 26,277 19,117 14,142 19,582 
U.S.S.R. ce. eee ee 25,000 35,000 35,000 35,000 40,000 
Yugoslavia... eee eee 15,954 16,273 15,838 17,318 | 16,419 

World total e..--_-- eee 240,000 245,000 239,000 * 255,000 275,000 

e Estimate. P Preliminary. * Revised. . | 
1 Compiled from data available May 1966. 
2 Purchases by Banco Minero. 

| Table 13.—Italy: Exports of mercury by countries | 
. oo (Flasks) 

Destination 1964 1965 Destination 1964 1965. | 

Argentina_..._._.-..------ 386 _........ | Korea: . 
Australia... -. 1,305 490 North___--..-...----- 1,497 .____-L- 
Belgium-Luxembourg_._.-__ — 354 899 South. _.-----.------- 1,134 348 
Bulgaria____..-.....------ 377) eee Netherlands_.._._-_.__.__-- 1,004 452 
Canada...____..--.------- 719) Leek Norway.__.-------------- — 313 299 
China______------- eee ee Lee 203 Poland__..-......-------- 1,105 725 
Czechoslovakia. __.......-- 1,346 1,578 Rumania_...-.-__-------- 1,201 __._.---- 
France. ___ 2-2-2 -- 4,778 ‘2,782 Sweden__.____...-....---- 461 580 
Germany: Switzerland. .-__.._...---- 891 125 

Bast. .------- eee 1,845 830 Taiwan___.__....-_-_----- 395 ._.---.-- 
West._____.....------ 12,682 8,270 United Kingdom________--_- 21,666 15,598 

Hungary_..-..-.--..---.-- 653 594 United States_._...._.---- 4,627 - 4,453 
India_.-__.._....-..------ - 795 99 Yugoslavia_......-....---- 3,002 ____.---- 
Japan... --.-- 2 eee 19,517 12,018 Other countries..________.. 1,470 754 

Total... ------ 83,523 51,097 .
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| _ Table 14.—Mexico, Spain, and Yugoslavia: Exports of mercury, by countries | 

| (Flasks) | | 

. = | Exporting countries 

| Destination | ~ 

" Mexico . Spain Yugoslavia 

1963 1964 1963 1964 19638 | 1964 

a 

Argentina.__...........--..---------- 59 109 _.uLLle Lee eee ee eee eee eee ee 

Australia. ......--------2.------eee- fe eee ee +--+ e+e 480. 250 ..-----. -.-----.-- 
Austria._...__-..----------- eee eee en eee eee ee eee eee we eee we eee eee 355 38 
Brazil_....--....-----.-.----------- 1,547 578 145 _Li-u--.) -eeee--- +--+ ----- 

Canada__..-__..-----_--------- eee we eee e- +--+ --- 4,694 1,001 100 ....-.--- 

Czechoslovakia.........--.--.------- -------- +------- 1,420 | 600 290 290 

France. ...--------------- eee ene ee eee eee ee eee ee 5,479 3,212 100 --....-.-..- 

Germany: 
Fast.......--.-.--------- eee ee eee eee +e eee ee 581 ...-.--- -------- ------+--- 

. West__-..--..------.----------- 161 108 2,002 6,670 .....--- 125 

India___-..---_.------- eee eee eee e eee +--+ -- 3,438 3,190 .-.----. -.------- 

Israel. ._.._.--------- eee eee eee eee ee ene eee nnn eee eee eee eens 1,000 -._..---- 

Italy..-.....----------------------- 0 eee enn ------2-  -------- 250 3848 ....----- 

Japan__......---------------------- 1,878 - 353 5,660 18,750 .....--- 275 

Korea, South....__...-..--.--------- 306 500 -2--.--. -------- --------  --------- 

Malaysia. .-..---------------------- 0 -------- 0 -------- +--+ --- 300 _..-.--. -----..-- 

Netherlands.....-..------------------  --------  -------- 281 88 ...----- 325 

Norway .--------------------------- 0 cee nee nee eee ee 145 275 ..------ --------- 

Pakistan........--------------------  --------  -------- a ) 

’ Poland. ..-._.---------------------- 0 eee ee ee enn ene e eee 7 --- eee - 870 1,160 

Portugal...-...-.-------------------  --------  -------- 190 683 ..-----. --------- 

Sweden_......----..------------- eee eee eee ee eee eee 1,801 826 60 370 

Switzerland_..__.....-..------------ --------  -+------ 396 150 150 425 

Taiwan_.......--------.~------------ 121 114 165 295 .------ ) +--+ eee 

Tunisia_...._....-.--------+-------- 0 ee beeen eee 320 _.-----. -------- --------- 

United Kingdom--_........---------- | 229 43 5,564 8,957 150 | -.-.----.- 

United States_.......-.------------- 14,439 11,479 15,508 24,085 4,501. 5,176 

U.S.S.R..-.- eee nee ee eee ee eee nee ee ene eee eee ee 2,612 2,611 

Yugoslavia.._....--.-----.----------  -------- 0 ------2-- 0 -----=-- 1001 w..-.2- fo ueen--e 

Other countries__........------------ 123 108 - 276 164 31 52 

Total_.....-..-------.------- 18,863 13,392 49,126 70,747 ~=10,567 10,847 | 

a 

TECHNOLOGY . , 

New developments in mercury lamps polarographic, and other equipment was 
promise broader uses by addition of cer- described. It is said to be simple, trouble- 
tain chemicals which change some char- free, and inexpensive.11 

acteristics radically.° An oil-damped mercury pool is found to 
Studies have been made of resistance of virtually eliminate vibrations when using 

various materials to corrosion by mercury.® mercury as an optically flat reference sur- 

A study of mercury consumption citing face,12 
uses and future possibilities was published.7 

: detailed study of mercury vapor haz- og Unelert, M. Cu. and D. A. Larson. A New 

ards and control measures wa li ra for Mercury Lamps. estinghouse Eng., be the School of Public Heal i pup ished v. 25, No. 4, July 1965, pp. 116-120. 
y the school of Fublic Health of the Uni- 6 Nejedlik, J. F., and E. J. Vargo. Material 

versity of Minnesota.® Resistance to Mereury Corrosion. Electrochem. — 

Detailed discussions of _various types of 1965, Dp. 250-258. os. 9-10, September-October 

mercury cells for producing chlorine and eum tiamson. dD. Ro Mercury Prices and Con- 
. ° ption. oloraqdao »ocn. ines es. ounadation 

caustic soda, together with cost data, Miner. Ind. Bull., v. 8, No. 3, May 1965, 20 pp. 
trends, advantages, and disadvantages, 8 Steere, Norman V. Safety in the Chemical 

blished.9 Laboratory XVIII. J. Chem. Education, v. 42, 
were pul isned. ; No. 7, July 1965, pp. A529—A533. 

A review of mercury marketing, together Ch Sommers, H. A. The Chlor-Alkali Industry. 
with a discussion of mercury economics, pp. 94-109” Prog., v. 61, No. 3, March 1965, 
was published.1° 3 10 E&MJ Metal and Mineral Markets. Mercury. 

° ° an. > » Dp. e 

An automatic vacuum mercury still Low, M. J. D., and L. Abrams. An Auto- 
which is useful in distilling mercury for matic Mercury Still. so Chem. Education, v. 

: : : » No. 10, October 1965, pp. 557-558. 
use in McLeod gages, diffusion pumps, 12 Steel. V. 157, No. 12, Sept. 20, 1965, p. 20.



| By Benjamin Petkof ' | 

The sale or use of domestically produced of all forms of sheet mica rose. Mica im- | 

sheet mica continued the upward trend ports for consumption rose slightly; exports 

that began in 1964. Scrap and flake mica of all varieties declined to the 1963 level. 

production continued to rise. Consumption | . 

/ Table 1.—Salient mica statistics | , 

a } 1956-60 i 
(aver- 1961 1962 1963 1964 1965 

. age) 

United States: 
' Domestic, sold or used by producers: 

Sheet mica_._.._.._thousand pounds.. - 707 526 363 103 243 716 
Value____...-.-..--thousands._ $2,924 $3,386 $1,299 $13 $58 $185 

Scrap and flake mica 
thousand short tons-- 94 99 108 109 115 120 

Value__.....-.--.--thousands._ $2,277 $2,417 $2,639 $2,776 $8,353 $3 ,468 
Ground mica_ thousand short tons- - 98 103 114 117 116 127 

Value__...-....----thousands._ $5,740 $5,468 $6,489 $6,805 $6,902 $7,615 
. Consumption, block and film . . 

thousand pounds... 3,132 2,536 2,811 2,293 2,618 2,659 
Value__..-...----------thousands__ $4,486 $3,630 $3,490 $2,782 $3,002 $3 ,188 

Consumption, splittings 
. thousand pounds... 7,096 5,514 6,728 6,687 7,608 8,260 

Value___.___------------thousands_._ $3,502 $2,266 $2,813 $2,588 $3,149 $3 , 701 
Exports_._.........-thousand short tons 5 4 4 4 5 4 
Imports for consumption___...do______-- 12 7. 10 13 8 9 
Consumption, apparent,! sheet 

thousand pounds... 11,757 8,356 11,582 9,112 *10,243 11,330 
World: Production _-__-~---------do_--.----- 331,000 365,000 390,000 400,000 410,000 435,000 

r Revised. 
1 Sheet mica sold or used, plus imports of unmanufactured and manufactured sheet mica, minus exports of 

sheet mica. | 

DOMESTIC PRODUCTION 

Sheet Mica—The quantity of sheet Ground Mica.—Ground mica sales rose 

mica sold or used by producers doubled 9 percent in quantity and 10 percent in 

that of 1964 in both quantity and value. value over those of 1964. Dry-ground ma- 

North Carolina produced the bulk of the terial accounted for 87 percent of total pro- 

material, with Georgia making a small con- duction. Reports were received from 23 

tribution. — grinders operating 19 dry-grinding plants 

| Scrap and Flake Mica—The quantity of and 4 wet-grinding plants. No production 

scrap and flake mica sold or used increased Was reported from New Hampshire for the 
5 percent in quantity and 3 percent in year. ; 
value over that of 1964. North Carolina Summit Industries, Inc., in Pennsylvania 

was the largest producer, supplying 60 per- mined and processed sericite schist for use 

: cent of the total tonnage. Nine other 8 4 filler material. 

States produced the remainder. 1 Commodity specialist, Division of Minerals. 
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| Table 2.—Mica sold or used by producers in the United States . 

| Sheet mica 

Uncut mica larger - Scrap and flake 
Year and State Uncut punch and than punch and Total sheet mica mica ? 

circle mica circle ! 

Short 
. Pounds Value. Pounds Value Pounds Value tons Value 

. 1956-60 (average)__. 421,827 $35,516 284,785 $2,888,777 706,612 $2,924,293 94,309 $2,277,303 
1961 __.________-.-. 265,444 21,774 260,563 3,363,986 526,007 38,385,760 99,044 2,416,819 
1962 __.._.._.------ 263,123 23,450 99,893 1,275,828 363,016 1,299,278 107,702 2,639,297 
1963 _..____......_. 97,828 9,206 5,133 3,698 102,961 12,904 109,323 2,776,381 
1964__.________.__. 220,586 37,693 22,076 20,788 242,662 58,481 114,729 3,352,572 

1965: . 
Georgia__---... 2,793 5 | rr 2,793 336 13,065 | WwW 
New Mexico____ _______ ween ee ee eee eee eee eee eee eee 4,263 45,290 
North Carolina__ 667,713 139,508 45,580 45,142 713,293 184,650 72,199 1,986,970 
Other States#__-0 -----e2 eee eee eee eee eee LU eeeee--. =: 80, 728): 1,485,441 

Total__._.____ 670,506 189,844 45 ,580 45,142 716,086 184,986 120,255 3,467,701 

W_ Withheld to avoid disclosing individual company confidential data, included with “Other States.” 
1 Includes the full-trimmed mica equivalent of hand-cobbed mica, 1956-62. 

. 2 Includes finely divided mica recovered from mica and sericite schist, and mica that is a byproduct of 
feldspar and kaolin beneficiation. 

3 Alabama, Arizona, California, Connecticut, Pennsylvania, South Carolina, South Dakota, and value 
indicated by symbol W. 

| Table 3.—Ground mica sold by producers in the United States | 

by methods of grinding 1 

Dry-ground Wet-ground | Total 

Year Short | Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 

1956-60 (average) ________ 85 ,028 $3 , 764 13, 108 $1,976 98,1381 $5,740 
1961__.._______.-_-.-____ 90,519 3,747 12,176 1,721 102 ,695 5,468 
1962__._...-_-_.-------- 99 ,936 4,351 13,851 2,138 113 , 787 6 ,489 
1963__.__.__-_----_-___. 101 ,943 4,596 15,308 2,209 117,251 6,805 
1964__..__...__________- 99 ,245 4,397 16,725 2,505 115,970 6,902 
1965__...__-+-------._- 110,600 5,316 15,997 2,299 126,597 7,615 

1 Domestic and some imported scrap. 

CONSUMPTION AND USES 

Sheet Mica.—Domestic sheet mica (block, vite block and film was fabricated during 

film and splittings) consumption reached the year by 17 companies in 9 States. New 
10.9 million pounds, an increase of almost Jersey had four operating plants during the 
7 percent over that of 1964. year, North Carolina four, Massachusetts 

About 2.63 million pounds of muscovite three, and New York three. These States 
block and film was used for fabrication in consumed 50 percent of the domestically 

various applications such as vacuum tubes fabricated block and film mica, 
and capacitors. Of this quantity 4 percent Mica splittings consumption increased 
was Good Stained or better material, 32 almost 9 percent over that of 1964. India 

percent Stained, and 64 percent lower supplied 96 percent by weight of the total 

than Stained. About 69 percent of the epiittings OMelaceey. The remainder was 
block and film was consumed by electronic om the . Malagasy Republic. Sp littings 

, were fabricated by 11 companies in 12 
and electrical uses. Vacuum tube produc- i . 

: d for 86 percent of the total plants. Four plants, two in New York, one 

tion accounte or pe in New Hampshire, and one in Massachu- 
consumption of muscovite block and film.  getts, used almost 6 million pounds of 

Consumption of phlogopite block increased splittings, or about 70 percent of the total 

48 percent to about 30,000 pounds. Musco- quantity consumed.
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Built-Up Mica.—This material was used Reconstituted Mica.—General Electric Co. 

mostly as an electrical insulator and was at Schenectady, N.Y., and Samica Corp. 

produced in various forms by fabricators. (subsidiary of Minnesota Mining & Man- | 

Tape was the form greatest in demand (30 _ufacturing Co.) at Rutland, Vt., continued 
percent), followed closely by segment to fabricate this material from specially 

| (25 percent), and molding plate (24 per- delaminated mica scrap by papermaking 
_ cent). Consumption of built-up mica was techniques. This sheet material continued 

8 percent greater in quantity and 7 per- to displace built-up mica in various appli- 

cent greater in value over that of 1964. cations. | | 

Table 4.—Fabrication of muscovite ruby and nonruby block and film mica and _ | 

phlogopite block mica, by qualities and end-product uses in the United States in 1965 

- : (Pounds) 

| | Electronic uses Nonelectronic uses 

. Gage 
Variety, form, and glass Grand 

quality Capaci- Tubes Other Total ‘and Other Total total 
. tors . dia- 

. phragms 

Muscovite: 
. 

Block: 
Good Stained or . 

better_...-..---- 1,293 17,420 2,930 21,643 5,124 ___.... 5,124 26 , 767 
Stained____.-.---. 3,408 805,947 4,401 813,756 3,746 12,693 16,489 830,195 
Lower than Stained! 18,853 652,683 220,645 892,181 19,644 777,657 797,301 1,689,482 

| Total____.__---- 23 554 1,476,050 227,976 1,727,580 28,514 790,350 818,864 2,546,444 

Film: . . . 
First quality.___.._. 5,489 __....--_. ------_ 5,489 __oo Lee ee LLL ee 5,489 
Second quality..... 73,717 .._-.---. ------- 73,717 ------ ------  ------- 73,717 
Other quality__._.. 3,250 _____---. ------- 3,250 _----- ----- 2 ------- . 3,250 

Total__......--. 82,456 --....--. ------. 82,456 8 ee el 82,456 | 

Block and film: . | : . 
Good Stained or 

better 2._._._..__.. 80,499 17,420 2,930 100,849 5,124 __._.._ 5,124 105,978 
Stained *__._..._-.. 6,658 805,947 4,401 817,006 3,746 12,693 16,489 838,445 
Lower than Stained. 18,853 652,683 220,645 892,181 19,644 777,657 797,301 1,689 ,482 

Total__.._.-.._. 106,010 1,476,050 227,976 1,810,086 28,514 790,350 818,864 2,628,900 

Phlogopite: Block (all quali- | , | | 
ties). _.---.---2--------- ------. --------- 2,090 2,090 _._--- 28,300 28,300 30,390 

1 Includes punch mica. 

2 Includes first- and second-quality film. . 

3 Includes other-quality film. 

Synthetic Mica.—-Molecular Dielectrics, Other Substitutes for Sheet Mica.—Farnam 

Inc., Clifton, N. J., and Synthetic Mica Co., © Manufacturing Co., Inc., continued to make 

Division of Mycalex Corporation of Amer- heat-resistant mica electrical insulation . 

rca, we ovo ae . continued Fake from natural mica which had been finely 

mercial production of synthetic mica flake Givideq and bonded with water-soluble 
for use in glass-bonded mica ceramic ma- . . . 

. . . . aluminum phosphate. Production was in 
terials. Molecular Dielectrics continued ‘ £ videed sh d . 

recovery of high-quality synthetic mica the form of ridged sheets and various 

crystals for splitting and punching. shapes.
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Table 5.—Fabrication of muscovite ruby and nonruby block and film mica in the 

| United States in 1965 by qualities and grades | , 

~ (Pounds) | 

Se Grade | . 

Form, variety, and quality No. 4 . 
. and No. 5 No. 544 No. 6 Other 1! Total 

larger 

- Block: : 

Ruby: . 
Good Stained or better_______- 5,474 1,648 723 5,708 __.-.._ | 18,553 
Stained____..--------------- 15,858 13,217 95,655 619,173 66,421 810 ,324 
Lower than Stained_......._-. 112,821 173,978 77,539 581,127 551,667 1,497,132 

Total__......_.----------- 184,153 188,843 173,917 1,206,008 618,088 . 2,321,009 

Nonruby: | | . | 
Good Stained or better._..._._... . 2,415 206 20 10,5738 3 —______. 13 ,214 

. Stained ____.---._----------- 1,216 1,997 3,590 18,068 . ___-__. 19 ,871 
Lower than Stained_...--..... 33,700 80 , 500 4,250 1,400 72,500 192 ,350 

Total__....--------------. | 37,331 82 , 7038 7,860 25,041 72,500 225,485 

Film: 
Ruby: . . . . 

First quality._._.-...---.----- . 1,040 749 700 550.0 _____-- 3,039 
Second quality_........-----. 29,744 32,0385 7,290 3,043)  _-_-___ 72,112 

| Other quality_--------------. | ------ eone-- enone ------ 3,250 3,250 

Total__.....-------------. 30,784 32,784 7,990 8,598 3,250 78,401 

Nonruby: | 
First quality_...------------- 9 ------ w~-s--- 1,550 900) ___---_ 2,450 
Second quality.._......---.. 75 30 1,500 wane e eee eee 1,605 

. Other quality____...-.-------. 0 --- ee e----- 0 ------ eeneee oH eens ------ 

le 75 — 80 =: 8,050 900 __-2_-. 4,055 

1 Figures for block mica include all smaller than No. 6 grade and “punch” mica. 

[ : | | . 

Table 6.—Consumption and stocks of mica splittings in the United States, by sources 

. (Thousand pounds and thousand dollars) . 

| . Indian . Malagasy Total 

- Quantity Value Quantity Value Quantity Value 

| Consumption: 
1956-60 (average) _--.-.---------- 6 ,630 $3 , 148 1 466 1 $354 7,096 $3 , 502 
1961___-_------------- +--+ eee 5,274 2,077 240 189 5,514 2,266 

. 1962-2. 6 , 382 2,559 346 254 6,728 2,813 
1963____._.--------------------- 6 , 406 2,413 281 175 —s«6 , 687 2,588 
1964____.__-_-- eee -- 7,261 2,949 347 200 7,608 3,149 
1965__-__.---------------------- 7,948 3,513 312 188 8,260 3,701 

Stocks Dec. 31: 
1956-60 (average)___--_-_--_----- 3,861 1,973 2336 2257 4,197 2,230 
1961___.___-_--------_----------- 2,546 1,212 258 167 2,804 1,379 
1962___-__--------------.------. 3,588 NA 143 NA 3,731 NA 
1963__....---------------------- 2,908 NA 172 | NA 3,080 NA 

. 1964. - eee 3,523 NA 245 NA 3,768 NA 
1965______----- 2 -e-- 3,912 NA 210 NA 4,122 NA 

NA Not available. | . 
1 Includes Canadian, 1957-59. 
2 Includes Canadian, 1956-58. 

PRICES 

Prices offered by mica fabricators for do- electric mica was quoted 10 to 20 percent 
mestic clear sheet mica (roughly trimmed), _ lower. 
as reported in E&MJ Metal and Mineral North Carolina scrap mica was quoted 
Markets, remained unchanged from 1964 throughout the year in the EXMJ Metal 
and ranged from 7 to 12 cents per pound and Mineral Markets at $30 to $40 per 
for the smallest size (punch) to $4 to $8 per short ton, depending on quality. 
pound for 6- by 8-inch sheets. Stained or Prices listed for dry-and wet-ground mica
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have remained unchanged since March od of grinding. Prices are published regu- | 
1956. Prices depended primarily on meth- larly in the Oil, Paint and Drug Reporter. 

Table 7.—Built-up mica 1 sold or used in Table 8.—Ground mica sold by producers 

_ the United States, by products in the United States, by uses 

. (Thousand pounds and thousand dollars) 1964 1965 

Product Quan- ~ Quan- or our or one tity Value tity Value tons sands) tons sands) 

Molding plate... 1,304 $8,887 1,844 $4,159  fuogring.------ 89,207 S1,ON) 80,807 $1,087 
Segment plate---- 1,317 3,015 1,427 3,311 Rubber... 7,634 865 7,228 — 810 
Heater plate-----  =W weOC«4d4 W = Paint..___-__-. 20,782 1,895 20,286 1,816 
Flexible (cold)____ 566 1,572 611 1,536 Welding rods 944 34 TA5 32 

ape------------ 1,306 6,088 10g ee Joint cement __ Ww W 38,767 2,581 
ener ~~ — ~~ - a — ma Other uses!___ 50,164 2,799 28,724 1,282 

Total..-.-- 5,264 16,629 5,684 17,788 Total... 115,970 6,902 126,597 7,615 | 
. W Withheld to avoid disclosing individual com™ W Withheld to avoid disclosing individual com- 

pany confidential data; included with ‘Other.”’ pany confidential data, included with “Other uses.” 

1 Consists of alternate layers of binder and irregu- h * neludes mica used for molded electric insulation, 
ca4e , ouse insulation, ristMas tree snow, annealing, 

larly arranged and partly overlapped splittings. plastics, well drilling, other purposes, and uses indi- 
cated by symbol W. | 

| FOREIGN TRADE | | 

Total exports of mica decreased 8 per- showed a 3-percent increase over those of 
cent in quantity and rose 40 percent in 1964, after a major decline had occurred 
value over that of 1964. Ground mica ac- in imports. Total value of all imports in- 
counted for the bulk of the exports. creased by 24 percent. 

Total imports of all forms of mica | : 

Table 9.—U.S. exports of mica and manufactures of mica, in 1965, by countries 

Mica, including sheet, 
waste and scrap Manufactured 

Destination and ground 

| Pounds Value Pounds _ Value 

North America: 
Bahamas. --_....---.------------------------- --- —— * 2,025 $4,588 
Canada___..---------------+---------------- 2,345,383 $177 ,212 187 ,938 645 ,528 
Guatemala-_-_-_-_-.--------------------------- 29 , 722 2,110 719 | 2,350 
Jamaica__--.-------------------------------- 21,000 740 87 1,216 
Mexico. ._----------------------------------- 129 ,084 21,772 28 ,918 111,242 
Panama-_.--_--.----------------------------+-- 21,078 2,388 352 2,924 
Trinidad____-------.-_---------------------- 100 ,000 8,369 1,070 2,584 
Other. ...----------------------------------- 3,590 3,132 1,612 7,574 

South America: — 
Argentina. ___....___------------------------ 6,500 669 13 ,613 31,434 
Brazil_......-_.---1-.----_------------------ ee _-- 45,754 110,663 
Chile___.--.---.---------------------------- --- --- 2,482 29,015 
Colombia__.-..---..-.----------------------- 165 ,945 16,890 5,497 12,799 
Ecuador.._....----.------------------------- 68 , 800 5,310 90 A422 
Peru_.......-----.-.------------------------ 242,150 13 ,144 3,207 8,099 
Venezuela. _____.-_..--......-..------------- 921 ,620 48 ,582 2,798 10,167 
Other_._....-_-----_.----------------------- --- —_— 346 778 

Europe: 
Belgium-Luxembourg.-__._...___-------------- 248 , 800 18 ,646 a --- 
France. -_._.--------------------------------- 281 , 597 20,051 9 ,242 29 , 369 
Germany, West___....__...__---------------- 155,096 22 ,423 100 , 826 194 , 568 
Greece____-_-.--.----.---------------------- --- --- 6 , 755 19 ,047 
Ieeland___.__..--- 2 eee 10 ,000 754 --- ---
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Table 9.—U.S. exports of mica and manufactures of mica, in 1965, by countries— 

| Continued . 

Mica, including sheet, 
waste and scrap Manufactured 

Destination and ground 

. - Pounds Value Pounds —_——sVaillue 

Europe—Continued 

Italy__.------------------------------------- 426,000 $20,925 12,696 — $31 , 186 
Netherlands. __.-_---.--------....--1-------- 130 ,000 7,315 3,707 © 40,758 
Norway....-----------_---------------------- 16,000 — 1,382 . 522 5,241 
Spain___.....---.---.-----2--- ++ -- ee -e 171,400 8,555 6,179 37,655 

- Sweden____--.---.------.-----.---_---------- 36,600 3,474 14,145 24,211 
. Switzerland______.....-.-__--.-.------------- 10 , 780 993 232 684 

United Kingdom. _._.-.__----....------.-.--- 362 ,029 72,141 7,565 33 ,056 
Other__------------------------------------- 4,400 2,126. | 802 3,894 

Africa: 
Algeria.........-...---.-.-.-__-------------- 20 ,000 679 a oe 
Congo (Léopoldville)__..............---.------- 8,800 860 273 2,181 
Libya__...--.-.-.--------------------------- 89 ,600 2,446 70 312 
Morocco. ____.--.--------~-.---------------- 20,000 -1,784 125 — 830 

. Nigeria__...-.-.__-.------------------2------- 147 , 850 4,892 a ee 
South Africa, Republic of.__-.---.------------- 107 , 775 - 8,865 5,833 61,169 
Western Africa__........-.-------------.----.- _-- + 9,354 9,929 
Zambia, Southern Rhodesia, and Malawi------_- _-- -oe 756 9,836 
Other___..-.---..------_-------------------- nee —_— 110 988 

Asia: 
Aden____.--..-_---------------------------- 12,500 1,095 oe _-- 
Arabia__...--...-.-------.------------------- 20,000 2,530 _-- _-- 
Bahrain. ...-...------.---------------------- 856,363 § 24,400 _.- — 
India__.___._.--..--.-.--------------------- 19,455 5,174 2,485 10,772 
Indonesia____--.----..---.------------.------ 3,800 362 392 1,771 
Tran___..__--__-_------- eee 89 ,774 10 ,482 --. a 
ee 15 ,097 1,462 979 2,212 
Japan._.._-.-----_---.--------------- +--+ 188 , 736 21,892 3,888 — 9,970 
Kuwait. ____-_--.----_--_------------------- 49 ,615 4,250 110 820 
Lebanon____.-------.------.~---------------- 6,000 814 --- —— 
Pakistan___.._.....--2--.-----------.------- ee —_— 20 ,978 . 42,238 
Philippines___.-.-.-_------------------------ 143 ,000 11,326 728 1,995 
Turkey__._.-._.-----.------------------------. 5, 000 500 2,321 6,303 
Other._.._------.--_---------------- eee _- 8 a - 1,601 4,893 

Oceania: . 
Australia_._...- 20-2 eee 57,600 3,882 13 , 746 64,265 

: French Pacific Islands__._.._..-___--_---______~- 10,000 900 53 691 
New Zealand_____..-_-.--------------------- 24,000 936 357 2,617 

Total_____._____-_----- eee _______. 7,802,539 588 , 534 523 , 338 1,634,844 

: Table 10.—U.S. exports and imports of mica 

Imports for consumption Exports 

Uncut sheet 
y and punch Scrap Manufactured All classes 
ear re 

Value Value Value Value 
Pounds (thou- Short (thou- Short (thou- Short (thou- 

sands) tons sands) tons sands) tons sands) 

1956-60 (average)._._._ 2,058,047 $4,317 5,470 $65 5,108 $7,668 4,821 $1,407 
1961__.___--__------ 852 ,648 1,841 3,024 41 3,763 6,115 3,799 1,227 
1962__._____.____-_._ 1,110,789 1,796 4,458 55 5,403 7,922 4,028 1,363 
1968__.._...._..._-._-_ 1,183,521 1,615 8.150 132 4,353 5,950 4,021 1,392 
1964__...._._____.__.___. 2,267,681 2,434 2,733 71 4,433 4,566 4,544 1,586 
1965___..._____------. 2,116,113 2,142 1,521 71 5,973 6,541 4,163 2 ,223



Table 11.—U.S. imports for consumption of mica by kinds and countries | : 

Unmanufactured | 

Waste and scrap, valued not more 
| than 5 cents per pound Other 

Year and country Valued not Valued above 
Phlogopite Other above 15 cents 15 cents Block ! 

per pound, n.e.s. per pound 

Pounds Value = Pounds Value Pounds Value Pounds Value Pounds Value 

1956-60 (average)_.........-.--.--.-------.------- 78,159 $610 10,868,128 $64,800 188,290 $10,187 1,919,757 $4,306,610 _-- _-- 
1961____.--- 2 eee eee = 96, 188 1,212 5,951,448 40 ,058 68 ,619 4,085 784,029 1,887,127 _u- a 
1962_______.__-- eee eee an. --. 8,916,421 55,150 55,336 4,841 1,055,408 1,791,215 _-- _-- 
1968_____--_---__--- eee eee «= 224, 622 7,860 16,075,484 124,528 181,151 8,929 952,870 1,606,558 419,409 $429,506 
1964______.-_-_ eee -- «©6629, 888 12,067 4,886,410 59,120 287,814 11,847 654,788 1,180,304 1,325,184 1,241,891 

1966: . 
North America: 

Canada_____.--_-__-_--.------..-.----... 216,227 6,712 80 ,000 1,851 _-- --- _-- --- --- _— 
Guatemala_____._...-_--_-..-.----..----- aoe nee 11,023 350 _— -- _— woe --- _-- 
Leeward and Windward Islands____...---- ee --- --- --- --- _— _— --- 292 255 

South America: 
Argentina..__..._...-.----..------.----- _ _— —_— --- 34,943 1,049 38 ,007 32 , 765 _-- _-- 2 
Brazil__.__.....-..-.---.2------- eee —_— --. 1,949,068 44 ,847 18 ,408 1,122 294,981 337,769 1,365,745 1,216,036 = 
Surinam_......_----.------------------- --- --- _-- _— _oe _-- 9,057 12,186 a eo. S 

Europe: United Kingdom...........-.--.----- a --- a --- --- --- 339 1,989 --- --- 
Africa: 

Malagasy Republic........--.------------ 114,689 4,700 --- --- a oe oe ane 2,224 6,197 
Mozambique..._...-.--.----------------- --. --- ee --- --- — _-- --- 1,548 2,820 
Tanzania_____.....-...-.------.-------- a --- --- a~-- a-- --- 338 , 492 90,119 w~-- _-- 

Asia: India___._....._.......-.-----.--------- _— --- 672 , 408 12,588 _— --- 29 ,249 188,429 287,883 801 , 820 

| Total.___-__._-.----____.----...._...-..... 880,866 11,412 2,712,489 59 , 636 58 ,351 2,171 405,075 618 ,257 1,657,687 1,526,628 

a 

aD 
Go



Table 11.—U.S. imports for consumption of mica by kinds and countries—Continued : D. 
enna ane nna vee i 

Manufactured—films and splittings 

Not cut or stamped to dimensions — . 
Year and Country —_— Cut or stamped. Total films and 

. Not above 12/10,000 of an Over 12/10,000 of an to dimensions splittings 
inch in thickness inch in thickness . 

Pounds Value Pounds Value Pounds Value Pounds Value 

1956-60 (average)_......---------.-----.--.------ 7,776,839 $38,389,761 2,185,485 $2,644,302 67,727 $1,029,190 9,980,051 $7 ,063 ,253 
1961____.- eee 5,800, 568 2,572,106 1,469 ,972 1,812,709 67,116 1,140,572 7,337,656 5,525,387 
1962____...-..-- 2 eee. = 8, 615 , 571 2,814,751 1,746,221 2,554,567 98,645 1,686,564 10,460,487 7,055 , 882 
1968_______- eee 6,820 , 647 2,330,683 1,551,752 1,823 , 742 70 ,488 1,174,694 8,442 ,887 5,329 ,069 
1964______ eee 8,505,460 2,901,955 - 93,902 338 ,334 45 ,228 844,757 8,644,585 4,085,046 

1965: o 

North America: ie 
Canada______.__-.---- ee eee eee 3,600 6,110 --- a --- oe 3,600 6,110 — 
Leeward and Windward Islands_-___--.---- ne _— 1,075 1,281 2,863 9,966 3,938 11,247 Zz 
Mexico_.______-_.- 2-2 eee woe --. 820 2,640 5,866 146 , 683 5,686 149 ,323 5 

South America: Brazil_....._-...---_-.-------- 10 , 007 9,709 41,165 35 , 880 2,427 10,183 58,599 55,772 S 
Europe: he 

France______.-__-------._-------------- a _o. _.. _-- 323 5, 886 323 5,886 ” | 
Germany, West........_...-_------.----- 18 ,200 12 ,543 _ a —— —— 13 ,200 12,543 as 
Italy___.-_-...------ eee ee 6 , 848 4,630 1,000 6 ,432 _— _-- 7,848 11,062 S 
Sweden___._......-----.2- 22 2-1 eee 240 159 a a se _-- 240 159 by 
United Kingdom_....__......-..--------- 3,000 10,032 --- a 3,111 69 , 636 6,111 79 ,668 bo 

Africa: © 
Madeira Islands__.....-...-------------- 4,409 1,900 _— _— _— _-- 4,409 1,900 ° 
Malagasy Republic._.......-------------- 340,500 196,298 —_ ao __- -_. 340,500 196,293 
South Africa, Republic of...........--.-.- 1,653 1,875 --- ae --- --- 1,653 1,875 = 
Tanzania______._..- 2 ee --- _-- 4,578 88 , 751 --- oe 4,578 88,751 & 

Asia: or 
Burma_____--.------_----- eee ~ce --- 500 440 aoe _—— 500 440 
India____.-.-.---. 2 ee eee 9,076 ,604 3,249 ,944 160 , 420 580 , 153 69 ,933 1,399 ,177 9,306 ,957 5,229 ,274 
Japan__...-.- eee ee ~=- wo. _o- —_— 5,186 146 , 796 5,186 146 , 796 

Total__...-_--_----_-_--____- --- ee 9,460 ,061 3,493,195 209 ,058 665 ,577 89 ,209 1,788 ,3827 9,758 ,328 5,947 ,099



. 7 . Manufactured—other a 

nN - Manufactured—cut or . All mica manufactures - - 
wo stamped to dimensions, Mica plates and of which mica is the . . 
~ shape or form - built-up mica component material Ground or pulverized 
= a of chief value 

o 
ec  Y 

° Pounds Value = += Pounds — Value Pounds Value Pounds Value — 

2 1956-60 (average)_....._..----.----.------------- 21,237 $29 ,129 54,635 $81,075 108,655 $491,268 > 61,057 $3 ,097 . 
| 1961____-.-.--.--..---------------------------- 793 _ 1,617 57,609 49 ,966 105,777 | 537 ,270 23 , 000 1,880 
m 1962______.-.--__ eee 1,537 7,682 141,739 . 104,872 182,920 | 748,502 . 69 , 000 8,935 . 
 1963____.__-_.._--_----- eee eee 1,660 11,626 — 127 ,425 99 ,681 102,198. 507 ,985 31, 488 1,636 

1964___________-- Le eee 2,093 14,859 115,786 85,304 81,393 379 ,608 23,000 1,171 . 

1965: | - | | | | 
North America: . 

Canada__..----------------------------- --- wae” --- - eee 19 463 10,000 508 
Mexico_._...-----.--------------------- --- --- --- a 5,749 - 65,975 aa-- nee 

South America: Brazil......-...-.---_-.-.---- --- --- --- --- 9,653 20,711 — _-- . 
Europe: 

ustria_..-.-.---- oe eee --- --- -~-- 190 484 me _-- 
Belgium-Luxembourg.......-...---------- --- --- 10 ,302 10 ,942 32,901 «91,844 _ _-- 
France_._.....--.-----.---------------- --- --- --- --- 2,546 108 , 842 48 ,206 4,167 
Germany, West__-.-...-.--..-----..----- --- --- 86 896 98 1,529 --- wou 
Italy_....-..-.--------.---------------- ---. --- Oo --- . --- 8 438 _-- a= : 
Norway ...-.---------------------------- --- --- | --- --- --- eee 33 , 860 2,924 Kd 
Netherlands__.......-----.---..--------- --- --- - --- --- - 1,068 19 , 792 --- ..- 
Switzerland__........--.---------------- —_ ee 76 675 — __. ae nee 2 , 

Ast United Kingdom...._.....-.---.----..--- 17 896 88 428 4,815 42 , 754 _-- _-- 
sia: : . | 

India___-.-- eee 597 7,081 . --- _— 28,182 62 , 586 _-- _ee . 
Japan. _..-------.---------------------- --- wa wee --- 466 — 16 ,222 aa ee 

Total_.....-...-.--------------------- 614 7,427 10,502 12,941 85,145 896 ,090 86,566 7,599 

1 Not separately classified prior to Sept. 1, 1968. a a 

| HD
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: | WORLD REVIEW | 

| Canada.—Production consisted only of tity and 12 percent in value over that of 
phlogopite mica during 1964. Imports 1964. Of this material 29 percent was 

| provided. the country with its muscovite sheet mica. 

| mica requirements.2 | Southern Rhodesia.—Mica was produced 
Guatemala.—The firm of Mica de Guate- during the year in the Miami district, 

mala has produced a green variety of mus- northwest of Salisbury. Ketelby & Gelletich 
covite mica since 1964. The firm’s primary (Rhod.) (Pvt.) Ltd., a Johannesburg firm,. 
mica deposit is in the Zacualpa area in the began production of ground mica at its 
Department of Quiché. Mica block and  Marandellas plant, southeast of Salisbury, 
scrap has been exported to Europe and = in January 1965.3 

Japan. . _— ae 

| India.—Exports of all varieties of mica 2 Reeves, J. E. Mica. Canadian Minerals Year- 
totaled 41,370 short tons valued at $23.1 hooks 1964. No. 36, 1964, 6 PP. | ade Ni 
million, an increase of 26 percent in quan- = ¢3, No. 1. July 1966, p- sl otes. V. 

| Table 12.—Word production of mica by countries 1 | 

(Thousand pounds) | | 

. . Country 1961 1962 1963. 1964 (1965 p? 

North America: 
Canada (shipments): . 

Block. ___..--------------------------- 155 r 132 r16 rgg )} 
. Splittings__...---..-------------------- - 22 _—— —— _-- 

_ Ground_-__-.------------------------- . 1,484 r 610 r 814 r616 [ . 886 
Scrap.._.----------------------------- 205 r 456° r 353 r 494 

United States (sold or used by producers): - . 
Sheet_ __...--------------------------- | 526. . 363 - 103 243 716 

. Serap___.--_-----_-------------------- 198,088 215,404 218,646 229,458 240,510 
South America: a oo 

Argentina____..--------------------------- ™121 r 108 r 196 r 71 © 660 
Brazil__.......---------------------------- 9,101 3,885 3,289 13,241 e 3,300 

Europe: 
Austria 3?__________._-___------------------ 194 33 _-- --- _oe - 

. France___..--.---------------------------- 304 190 381 r 646 e 660 
Germany, West ___----.-------------------- 18 20 ri r 18 e18 
Norway, including scrap___------------------ 7,700 2,200 oe 8,800 6 ,600 
Sweden (ground) ________------------------- 110 126 r 44 _ue __- 
Yugoslavia___._-.--.---------------------- 4 4 17 r 26 e 45 

Africa: 
Angola: . 

Serap and splittings._..___---.---------- 51 108 e+ _-- _-- 
Malagasy Republic (phlogopite): 

Block. __..------_--------------------- 223 181 214 205 201 
Splittings........-.-------------------- 2,002 2,780 1,914 1,299 1,186 

Rhodesia, Southern: 
Block. __..---------------------------- 64 33 60 75 64 
Crude._____--------------------------- 101 172 225 157 176 

South Africa, Republic of: 
Sheet___....-_.----------------------- 2 2 40 + +(.++'104 2 
Scrap_.--..--------------------------- 5 ,440 4,900 4,680 6,764 5,000 

South-West Africa____--.-.----------------- -- 150 1,197 831 260 
Tanzania (exports): 

Sheet____._-__------------------------ 196 218 236 r 212 227 
Scrap_._------------------------------ a _-- —_— r 324 370 

Asia: 
India (exports): 

Block. .....----_---------------------- 4,592 4,396 3,979 4,264 3,179 
Splittings_____.---------.--.----------- 18 ,208 18 ,838 15,595 19 ,378 20,781 
Serap______---_--------____-_-__-_-_-_-._ 85,355 «95 45,523 5 55,547 5 42,256 5 58,781 

Oceania: Australia: 
Serap___------.-----_----------------- 185 _-- _-- _-- e 75 
Damourite__.___-.--.------------------ 1,138 1,087 1,100 r1,270 e 1,280 

World total e__________-._________-__._-__. 865,000 390,000 400,000 410,000 435 ,000 
Sa Ieee SEs Cee SES S—EE—ES EL 

e Estimate. P Preliminary. r Revised. 
1 Mica is also produced in China, Rumania, and U.S.S.R., but data on production are not available; estimates 

are included in the total for China and U.S.S.R. 
2 Compiled mostly from data available July 1966. 
3 Including reclaimed from dumps. 
4 Less than 14 unit. 
5 Includes condenser film as follows: 1962, 412,000 pounds; 1963, 234,000 pounds; 1964, 198,000 pounds; 

and 1965, 176,000 pounds.
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Zambia.—Mica was produced for the of the Northern Province where mining op- 
first time in several years in 1964. The en- erations by native Africans had been or- 
tire output came from the Lundazi area ganized by the British South Africa Co.4 

TECHNOLOGY | 

Laboratory and flotation pilot plant Experimental work was done to find the : 
tests of Alabama and North Carolina stable mica polymorphs. Only one form _ 
weathered mica pegmatite ores showed that was found by hydrothermal methods.11 

high-grade mica concentrates could be pre- Experimentation was carried out to learn 
_ pared by flotation methods. These ores the mechanism of dehydroxylation in 

were only slightly deslimed. Effective flota- hydrated silicates. Very small phlogopite 
tion was carried out by combinations of and muscovite mica crystals were used in 
ionic and cationic reagents from alkaline this work. The mica crystals were heated 
pulps. Concentrates containing 98 and 97 at different rates to different degrees of 
percent mica were obtained from the Ala- qgehydroxylation and final temperature. | 
bama and North Carolina ores, respec- train fields were observed nondirection-. | 
tively.5 | ally in phlogopite and directionally in 

Similar fests were conducted to recover muscovite. The strain fields could be ex- 
mica from California mica schist. Labora- plained by the variance in the mechanism 
tory tests successfully used sodium carbon- of dehydroxylation.12 | 

ate and sodium silicate to provide pH con- The bondi d . liti f 

| trol and quartz depression. Fatty acid and Cc on: Paes an cutting ae hes da 

cationic reagents were used as a collector. oo a eval mica ‘ty of improved by hag - 
Pilot. plant operation recovered a 96-per- ‘8 4 Sma quantity of waxy material. 
cent mica concentrate.6 Apparatus was developed to electropho- | 

A method was developed to bathe syn-  retically deposit large lamellar sheets of 
thetic fluorphlogopite crystals in a fresh mica from a suspension of fluorphlogopite 
liquid melt by slowly rocking the reaction mica. Provision was made to circulate fresh 
vessel through an angle of 30 degrees fluorphlogopite suspension between the 
while the melt is cooling and crystalliz- anode and cathode for deposition.14 
ing.7 | | 

A new mica phase was synthesized by | 
hydrothermal techniques from __ starting 61. Bureau oi Mines. Mineral Trade Notes. V. 

:. . “1° ’ oO. O, ecemper » D. . materials of potassium silicate glass and 5Browning, James S., Frank Millsaps, and 
periclase. The phase appears thermo- Paul E. Bennett. Anionic-Cationic Flotation of 
dynamically stable under synthesis condi- Mica Ores from Alabama and North Carolina. 
ECE IES “oes CASALL PS euinws BuMines Rept. of Inv. 6589, 1965, 9 pp. 

tions. The existence of this mica phase rk Browning, J ames S., and Paul E. Bennett. 
: : otation o alifornia ica Ore. uMines represents an intermediate member be- Rept. of Inv. 6668, 1965, 7 pp. 

tween the dioctahedral and trioctahedral US Shell, H. R., and oA Pace (assigned te 
: ° : 5. Department of the Interior). Synthesis o series which were regarded as independent. Large Crystals of Fluorphlogopite Mica. U.S. 

The lattice constants are given for this Pat. 3,222,142, Sept. 10, 1963. : 
3 Seifert, F., and W. Schreyer. Synthesis of a hase.8 P ° . . New Mica. Am. Mineral., v. 50, Nos. 7-8, July— 

The piezoelectric effect has been ob- August 1965. PP, 11d a 118. ‘cal Ch 
s s : 1wzgeraiad, . . ectrica arge as a 

served In epoxy resin which has ; been Function of Dynamic Stress in a Mica-Filled 
filled with ground mica from a particular Epoxy. Mat. Res. and Standards, v. 5, No. 6, . 
deposit. The phenomenon is observed un- ™&y,,1965. pp. 240-242. posit. pier 1s Bloss, F. Pitfall in Determining 2V in. 
der impact loading conditions. Experi- Micas. Am, Mineral. v. 50, Nos. 5-6, May-June 

: » Dp. 789-792. 
ments were carried out to confirm these 11'Velde, B. Experimental Determination of 
observations and an explanation was sug- Muscovite Polymorph Stabilities. Am. Mineral., 
gested.9 v. 50, Nos. 3-4, March-April 1965, pp. 436-449. 

° . @ Nakahira, M. Surface Structures of Dehy- 
To accurately determine the optic axial droxylated | Micas, Phlogopite and Muscowite, ans 

* ° serv ya ase-Niicroscope. mm. ineral., 
angle, 2V, for synthetic fluormica, care  y, 50, No. 9, September 1965, pp. 1432-1440. _ 
must be taken to use a single crystal. If Co, Howard, c. F. (assigned to General Hlectrie 
* . . + & corporation 0 ew York). constitu 
interlayerings of twinned crystals are used, yicaceous Products. U.S. Pat. 3,175,927, Mar. 
the value obtained for 2V can be appre- 30, 1965. 
ciably low.10 4 McNeill, William, and Thomas J. Mackus 

y ° (assigned to U.S. Department of the Army).
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A method of making mica mat from re- bonding a layer of mica flakes to a synthetic 
constituted mica impregnated with an am-_ cloth backing.17 
monium silicate water solution was de- The use of sheet mica to electrically in- 
scribed. After impregnation the material ulate a fuel elment for a nuclear reactor | 
was heated at 75° to 200° while subjected was described.18 
to pressures of 25 to 2,000 pounds per 

inch.15 
square inch. oo a ‘Apparatus for Electrophoretic Deposition of 

Improved wet grinding of mica was ob- Lamellar Fluorphlogopite Mica Sheets. U.S. Pat. 
: . . ’ ’ 9 ct. 9 . 

tained by making a water slurry of mica 15 Ketterer, R. J. (assigned to General Electric 
and nylon pellets or other non-abrasive, Co., a corporation of New York). Process for 

y yw * P ing Bonded R tituted Mi US : resilient grinding material. The slurry was pat3. 193,115, May 11,1965... 
subjected to a fine milling action that in- 16 Morris, H. H., and K. L. Turner (assigned 

cluded a mild viscous shear, percussion, and te ee een gee” New York). U.S. Pat. 

friction. The final delaminated mica was Con Heyman, Moses D. (assigned <° Acim Paper | 
8 ~* jh: rp., a corporation Or. ew ork). aper- 

suitable for use as a pigment and had a Backed Mica. U.S. Pat. 8,168,484, Mar. 1, 1962. 
bulk density of 15 pounds per cubic foot.16 8 Katz, Kurt (assigned to the U.S. Atomic 

7 Reinforced mica sheet was prepared by toergy, Commission) - U.S. Pat. 3,167,482, May



| : | By John L. Morning + | | 

Expanded molybdenum output by do- _ tion of molybdenum products continued the 
mestic and Canadian producers in 1965 upward trend that started in 1960. 

plus a 3-million-pound release early in the Total domestic exports of molybdenum 
ycar from the strategic stockpile tended to . po 

. were lower than in 1964, but exports of 
ease the worldwide short supply that has | . 

. . most molybdenum primary products ex- 
existed for the past few years. Domestic ceeded those for the previous vear | 
production reached a record high of 77.4 | Previous year. 
million pounds exceeding by 13 percent Despite these records the short supply 
the previous annual high produced in persisted in the domestic and foreign mar- 

- 1960. Canada became the free world’s kets. Rumors of premium prices for mo- 
second largest molybdenum producer with lybdenum products were reported by both 
three new mines initiating production. domestic and foreign consumers for spot . | 

Increased domestic and foreign consump- purchase of molybdenum. | 

| Table 1.—Salient molybdenum statistics 
(Thousand pounds of contained molybdenum and thousand dollars) . . 

1956-60 ST oe 
(average) 1961 1962 1963 1964 1965 

United States: | | | 
Concentrate: 

Production.._........----.--- 55,695 66,563 51,244 65,011 65,605 77,372 
Shipments. .......-._.-..-.-- 55,628 66,753 50,506 65,839 65,097 77,310 

Value__...-..--.-..----- $66,788 $87,925 $69,390 $91,096 $97,121 $120,801 
Consumption- --------+------- 39,027 _ 42,261 40,990 49,241 56,409 68,112 

| Stocks, Dec. 31: Mine and plant 4,642 9,815 3,490 2,436 «~~ «4,308 4,208 
Primary products: . 

- Production. .......---------- 37,908 41,050 40,074 48,756 55,946 66,616 
Shipments-_......-.--------- 39,696 47,106 46,673 49,599 60,403 71,718 
Consumption... .-----.----- 30,386 32,621 35,674 37,478 43,119 48,621 
Stocks, Dec. 31: Producer-.-_-- 6,159 5,074 3,068 4,504 4,398 3,839 

Free world: Production_.....--..----- 63,300 74,000 - 59,300 75,000 78,000 98,400 | 

Legislation and Government Programs. molybdenum. The contract for 3,475,000 
—National stockpile objectives and sub- pounds of contained molybdenum in ferro- | 
objectives established by the Office of Emer- molybdenum will complete all molybdenum 
gency Planning in 1964 remained in effect subobjectives for the national stockpile. 
during 1965. (On March 17, 1966 the Because of the worldwide short supply of 
Office of Emergency Planning (OEP) re- molybdenum, no ferromolybdenum was 
duced the national stockpile objective for delivered to the stockpile in 1965. 
molybdenum, in ore equivalent, to 55 mil- General Services Administration released 
lion pounds from the previous level of 68 to industry 3 million pounds of molybde- 
million pounds). num from the national stockpile under au- 

American Metal Climax, Inc., was low thorization of Public Law 88-377 (July | 
bidder for a contract to upgrade stockpile 14, 1964). 

molybdenite concentrate to grade B ferro- 1 Commodity specialist, Division of Minerals. 

669
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Molybdenum in the national stockpile Table 2.—Molybdenum material in 
at yearend is shown in table 2. Molybde- Government inventories on December 
num concentrate in excess of stockpile ob- 31, 1965 
jective will be used for conversion to fer- (Thousand pounds molybdenum) 
romolybdenum under an existing contract. | 7 

| to fill the deficit in the ferromolybdenum |  Stocknile Grtione | 
7 | subobjective. Molybdenum excess to stock- — Type objective stockpile 

| pile needs was about 1 million pounds im) © ——————_________ 
1965. (Under the revised molybdenum  Concentrate________.-- 39,500 44,417 

| objective established by OEP on March  Ferromolybdenum- ---- 7,500 4,025 
| 17, 1966, 14 million pounds of molybde- Molybdic oxide.------- 19,500 19,804 

- num were declared excess to stockpile Total.......... 66,500 67,996 
needs). . 7 | 

| ; --s DOMESTIC PRODUCTION 

| Expanded domestic molybdenum output Arizona, Nevada, New Mexico, and Utah, 
reached a record high of over 77 million and from a tungsten mine in California 
pounds for the year. Climax Molybdenum accounted for most of the balance. | | 
Co., Lake County, Colo. accounted for 65 According to the annual report of Amer- 
percent of the total. Recovery of molybde- ican Metal Climax, Inc., the Climax mine 
num as a byproduct from copper mines in operated continuously around the clock 
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Figure 1—Domestic molybdenum concentrate production and consumption.
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Table 3.—Production, shipments, and stocks of molybdenum products in the 
| | : | United States Fs _ . 

(Thousand pounds of contained molybdenum) | 

| a | Product - ; - 

' . _ Molybdie oxide - Metal powder Ammonium 
oe 1 molybdate 

| 1964 1965. +1964 1965 1964. 1965 a 

Received from other producers-.------ 3,472 4,011. _-368 180 190-02~ 
Gross production during year_....-.-- 52,610 61,153. 2,253 _ 3,171 1,373 2,405 
Used to make other products listed here 12,355 . 13,440 T1797 1,170 © - 1,696 oo 
Net production_.__..-..-.----------- 40,255 47,713 1,492 2,374 203 ~=~=—:~«CO« 709 

Shipments: 
Domestic consumers. ......--..-- 35,056 39,894 1,854 2,353 . 443 902 
Exports---.-.-..---------------- (8,387 12,727 173 118 43 47 

Total._.....----------------- 43,443 52,621 2,027 2,471 486 —- 949 
Producer stocks, Dec. 31....-.....--- 2,776 1,879 . 252 335 205 185 

| ; ee -* Product—Continued _ | : 
- ae Total 

_.. Sodium molybdate Other? 

1964 1965 1964 1965 1964 1965 

Received from other producers-. - ------ 121 78 200 54 4,351 4,544 
Gross production during year__..-.-.- _ 851 ' 705 - 13,463 15,134 70,250 82,568 
Used to make other products listed here 7 12 11 7 14,304 15,952 
Net production.............-..--.--- 544 693 13,452 15,127 55,946 66,616 

Shipments: . 
' Domestic consumers- -.._..------ 687 734 12,076 13,151 50,116 - 57,034 

Exports. __-_......------------- ll 18 1,673 1,774 10,287 14,684 

Total.......-.-.------------- 698 . 752 18,749 14,925 60,403 71,718 
Producer stocks, Dec. 31.._.-.....--- 34 53 1,131 1,387 4,398 3,839 

1 Includes molybdie oxide briquets, molybdic acid, and molybdenum trioxide. 
2Includes ferromolybdenum, calcium molybdate, phosphomolybdic acid, molybdenum disulfide, 

pellets, molybdenum pentachloride, and molybdenum hexacarbonyl. 

setting record production highs for ore raising mine production to 40,000 tons of 
mined and molybdenum produced. A total ore per day. Molybdenum recovered in- 

| of 14.35 million tons of ore, an average creased 13 percent over the 1964 output. | 
of about 39,900 tons per day, was. mined The Questa open pit mine and mill un- 
from which 50.3 million pounds of molyb- der development for the past several years 
denum contained in concentrate was re- by Molybdenum Corporation of America 
covered. Ore mined from the Ceresco was placed on stream late in the fourth 
Ridge portion of the ore body reached quarter. Annual capacity of these facilities 
about 4,000 tons per day, adding flexibility was announced at 10 million pounds of 
to Climax’s operations. Proven ore re- molybdenum. With this new development, 
serves remained at 430 million tons, a 30- Molybdenum Corp. became the second in- 
year supply based on current scale of op- tegrated company producing concentrate | 
erations. and primary products. 

At year end Duval Corp. increased out- Construction of a new plant for the re- 
put 25 percent at its Mineral Park mill covery of molybdenum from oxide ore by 
near Kingman, Ariz. According to Duval’s Climax Molybdenum Co. was near com- 
annual report, Mineral Park accounted for pletion at yearend. ‘The new plant will 
60 percent of Duval’s 3.6 million pounds have a capacity of about 3 million pounds 
of molybdenum produced, the balance per year. Plant facilities for recovery 
came from the Esperanza mine. San Man- of molybdenite as byproduct from copper 
uel Division of Magma Copper Co. mine operations were under construction during 
expansion program was completed in July the year by Kennecott Copper Corp., Ray
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| Mines Division. Startup of the plant was actively engaged in exploration for molyb- 
| scheduled for late 1966. - denum in Washington and Wyoming. 

| An additional ore zone underlying Cli- = Domestic molybdenite roasting capacity” 
_ max’s Urad Molybdenite mine near Em- was expanded with the addition of roasting 

| ‘pire, Colo. was discovered 2,000 to 3,000 facilities by the Kennecott Copper Corp. 

feet below and to one side of the ore body (Completion of M&R Refractory. Metals, 

currently being developed. Reserves of the Inc. new roaster was delayed until early 
_ ~Urad mine prior to the new discovery were 1966. | | 7 

said to be 43.6 million pounds of molyb- oo | 
| - denum. Plans were announced by Amer- Seventy-four occurrences of molybdenum 

ean Smelting and Refining Company to minerals were described in a report of 

expand its. Mission mine by 50 percent. molybdenum resources of New Mexico. 
Completion of the expansion was sched- = Climax Molybdenum Co. of. Michigan 

, uled for May 1967. | | opened a new research laboratory at Ann | 
| ‘. Throughout the year the Great Lakes Arbor, Mich. The laboratory will continue 

| Chemical Corp. continued exploration of the company’s research on iron and steel, 
its molybdenum-uranium deposit in Kern molybdenum, and tungsten as well as per- 
County, Calif. Bear Creek Mining Co. forming technical services for other Di- 
subsidiary of Kennecott Copper Co. was _ visions of Amax, the parent company. 

| CONSUMPTION AND USE | | - 

Since 1963 the trend in the domestic ply by manufacturing to the low side of 
| molybdenum industry has been toward molybdenum specifications. | 

converting a higher percentage of molyb- Molybdenum wire for high-temperature 
denum concentrate to molybdic oxides by service was the subject of trade releases. 
roasting. This trend is reflected by export General Electric Co. announced the avail-. 
shipments, as reported by producers, of ability of molybdenum wire coated with 
molybdic oxide equaling those of molyb- aluminum for use as grid wire in electronic 
denum concentrate for the first ttme. Do-- tubes. When heated to above 900° C, the 

: mestic consumption of molybdenum con- wire develops an excellent radiation coat- 
centrate exceeded the previous high estab- ing of molybdenum aluminide. The same 
lished in 1964 by 21 percent. This was company developed small diameter TZM 
made possible by a record domestic molyb- (molybdenum alloy) wire for use in high- 
-denum concentrate production that was temperature springs, special heater coils, 
augmented by a 3-million-pound release fasteners, and high-temperature electrical 
from the stockpile. contact springs. At temperatures of 2,300° 

Domestic end-use consumption of -mo- F: the alloy wire is twice as strong as pure 

lybdenum primary products increased sub- ™0lybdenum wire. 7 
_ stantially for most reported categories with Metallwerk Plansee, Austria, manufac- 

high-speed steels, molybdenum mill prod- tured molybdenum wire that retains ductil- 

ucts, and catalysts showing the highest per- ity after exposure to 3,450° F. 

centage increase in consumption. Flat molybdenum wire (ribbon) was 
Decreased usage was reported for gray V@ilable from Sylvania Electric Products, 

iron and malleable iron castings, organic m¢-, in various sizes ranging from 3 to 50 
pigments, and a miscellaneous classifica- "ls thick and 3 to 120 mils wide. 
tion. : Ultra-high-purity molybdenum single 

A large share of the molybdenum con- erysta’s and mill products were available 

sumption was for molybdenum-bearing al- rom Materials Research Corp. . 
A small but growing use of purified mo- loy steels. Some of the reported use of lybd dj i § use of pu 

these steels was in forged automobile ring ‘ jubric isulfide was in various types 
and pinion gears, front automobile spin- OF poricants. | When added to greases, . . . lybdenum disulfide significantly improves dles, machine tools, machine shafting, bolt- mory 8 y ump 
ing stock, pressure vessels, and high-strength ? Schilling, John H. Molybdenum Resources 

structural steels. Steelmakers were said to Sfuneny fests... Ste Hurent of Mines ond 
served on their molybdenum sup- and Tech., Socorro, N. Mex. Bull. 76, 1965, 76 pp.
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Table 4.—Consumption of molybdenum products by end uses, in 1965 | 
(Thousand pounds of contained .molybdenum) | | 

Molybdic Ferro- Molybdenum Ammonium . Sodium 
End use oxides! molybdenum ?. metal powder molybdate molybdate Other > . Total 

Steel: 
a | . 

High-speed _ _ __- 2,029 754 SL Lee eee eee eee eee 30 2,814 
. Hot-work tool_-_- 315 852 ~_ -------- wee eee wee ----- iD 689 

Other tool___-_- 496 128 ____ee eee eee eee eee eee 624 
Stainless... .--- 4,780 2,505 . WY plete eee eee 34 7,332 © 
Other alloy4 __-_- 19,900 2,201 29) ____Lee ee Lee. 263 © 22,393 

Steel mill rolls___._- 2,093 307 _.---------) -eeu eee eee Lee eee eee 2,400 
Gray and malleable 

castings.__..-.--- 435 . _ 2,891 2 Lule e eee) eee ---- 7 3,335 
Welding rods.__.--.- -------- 288 4 _Liolee eee wee ee---- oH e+e 292 
High-temperature 

alloys 774 369 20) _..- eee eee ee 683 1,846 
Molybdenum 

powder: 
. 

Wire, rod and . . . - 
sheet......-. -------.  ------------ 1,718 -.----- ete aeee- 2 1,715 

~ Other (forging . * oo : 
_ . billets, ete.)--- .-.----- 8 181 2 ee eee eee tee 189 

. Chemicals: 
Inorganic : . . 

pigments. -—--_- §47 _ ooo Lente 8 68 __--.. . . 623 
Organic . 

pigments- -_..- 47) ____ui eee Lee 7 221 . 8. 378 
Catalysts____—.- 1,480 __.- ne +--+ ---- 487 , 8 ._.... - 1,975 

Miscellaneous? __._ ~~ 82 765 47 33 40 1,049. 2,016 | 

Total..__.--. 33,078 10,568: 2,010 585 —-s- 387.—=«s« 2,098 48,621. ~ 
Stocks at consumer . “ 

plants, Dec. 31--_- 3,227 1,589 95 284 58 384 5,637 . | 

_ 1Ineludes technical and purified oxides. | 
7 2 Includes molybdenum silicide and calcium molybdate. 

3 Includes thermite molybdenum and molybdenum pellets, purified molybdenum disulfide, and . 
molybdenite concentrate added directly to steel. a, . 

4Includes quantities that were believed used in producing high-speed and stainless steels because 
some firms failed to specify individual uses. “ — 

5 Includes magnets, other special alloys, friction material, lubricants, pesticides, refractories, 
packings, etc. a 

lubricating properties such as load-carrying troleum and chemical industries continued 
capacity, friction reduction, and wear pre- to grow. ‘The Bureau of Mines expanded 
vention. : | | its statistical coverage of manufactures of 7 

Molybdenum catalyst usage in the pe- catalysts during the year. _ - 

STOCKS | 

Total yearend industry stocks increased minimum in an effort to lessen the short 
slightly as compared with those of 1964. supply. Consumer stocks of primary prod- 
Producers inventories of concentrate and ucts increased 20 percent during the year, 

| of primary products were reduced to a but molybdenum continued in tight supply. | 

- PRICES 

Quoted prices of molybdenum products hydrogen-reduced molybdenum powder, 
remained unchanged during the year. The $3.75. | | 
published price of products marketed on a . . . . 
per pound basis of molybdenum contained, bron pent Supply veulted that existed 
f.o.b. point of shipment, was molybdenum hi hee n . for mn eb d e¢ in ae a 
concentrate, $1.55; bagged molybdic oxide, . t b prices F r mory Lets. sold on a 
$1.74; technical molybdic oxide in cans, ne. i Ly ble to” a "ec h © + wha ee 
$1.75; molybdic oxide briquets, $1.77; and lich / vulnerable t0 prices fuigner than pub- 
ferromolybdenum, $2.04. Price of molyb- “*"°°- 
denum products sold on a per pound basis, Concentrate released from the national 
f.o.b. point of shipment was as follows: stockpile early in the year on competitive 
Pure molybdic oxide, $1.35; carbon-re- bid brought prices ranging from $1.811 to 
duced molybdenum powder, $3.35; and $2.7125 per pound of molybdenum,
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| . | FOREIGN TRADE | Table 6.—U.S. exports of molybdenum 
| | | | _ products — 

Exports.——Molybdenum ore and concen-_ - (Pounds, gross weight) 
trate (including roasted concentrate) ex-_§_§_—@————______ | 
ports were 3 percent lower than in 1964. Product and country 1964 1965 

| - Reduced shipments from the United States ©—<=_— ————_________ 

were supplemented by increased Canadian _ Ferromolybdenum:! | 

| exports to the free world, but the supply ea --------- 87,500 176,235 

| of molybdenum was insufficient to fill in- | Luxembourg. - - - 91,600 146,800 

_ creased foreign demand. Decreased exports Gonada West. 139'866 oe a70 : 

| of unwrought molybdenum and molyb- India. ----------- 113,000 : 195,107 

denum alloys, waste and scrap, and molyb- Mexico... eee ist BBO 

- denum alloy were more than offset by in- Netherlands... 15,566 - 67,646 

creased exports of ferromolybdenum, mo- _, Republic of ee 56,848 204,536 
oO enum-alloy powder pain._...-_----- , ; 

lybdenum and m rb denum % P vb. Sweden....-...--- 49,016 136,202 
| and wrought molybdenum and molyb- United Kingdom... 458,324. 426,052 

| denum alloys not elsewhere classified. _ Other countries_-.- 135,694 161,063 
Increased foreign demand, particularly Total.......-.. 1,748,611 2,242,275 

from Australia, has increased exports of Value...--- $3,328,494 $4,576,800 

| molybdenum powder 36 fold since 1963. Metal and alloys in 7 
oo oe ; os _ erude form and scrap: . 

Table 5.—Molybdenum reported by Canada O8'8TT 188! 
| producers as shipments for export France. .._.-.---- 5,273 14,155 

/ a from the United States . Germany, West.-.--- 796,163 23,923 
: Italy...---------- 11,997 33,300 

. (Thousand pounds of contained molybdenum) Japan_______----_- 124,090 ~ 2,473 

a United Kingdom--- 232,066 26,188 : 
oo +t C tries. == - ’ ? Product 1964 1965 Bee ee ernie 

ee Total. ....----- 1,404,502 110,709 __ 
| 7 aa | Value.._-_- $3,629,553 $413,875 

, Molybdenite concentrate. _ 13,791 : 12,507 , ——OoOoOOoOOoooeEeoeeeeeeeeeee 

-  Molybdie oxide...._.------ 8,387 12,727 Wire: : : 
All other primary products- - 1,900 1,957 Brazil. ....._----- - 6,292 2,460 
a  Canada..:..------ | 13,096 3,782 

France. ....2----- ~ . 331 201 
: Mexico____....--- 3,083 1,958 

Imports.—The domestic short supply of Netherlands. -- - -- - 5,466 6,809 
molybdenum resu ited in a rare increase Other countries... 2,293 6'345 
in imports of molybdenum products; mo- , 

: lybdenum concentrate was received for the Total, joo77777 $490 280 $631'276 

first time since 1957. Imports for con- Powder: TT 
sumption of molybdenum concentrate to- Australia......--. ---------- 226,998 
taled 295,178 pounds containing 141,596 Austria__-..------ 27,000 44,374 

Belgium— 
pounds of molybdenum valued at $219,430; Luxembourg. - - - 116,582 _ 1,400 

France. ___...-.-- 22,049 | 3,155 molybdenum compounds totaled 457,305 Gormaay, Westo.2, 148'995 78'070 
pounds containing 265,009 pounds of mo- Italy__-...------- 100 131,863 

. . Japan. _...--..--- 330 16,216 lybdenum valued at $553,259; ferromolyb aT 24,400 98°984 
denum totaled 106,953 pounds containing United Kingdom. 33420 33,028 

‘ enezuela.._..--- ’ ’ 67,336 pounds of molybdenum valued at Other counities. 27°107 19°479 
$226,761; wrought molybdenum totaled 34- Total Ron ona S00 759 

. otal.__.____-- ™302,024 , 531 pounds valued at $252,290; molyb- Value... *$1,176'057 —-$2,095/358 
denum orange totaled 27,019 pounds val- oo ———SSS=S==aBBywy__Z 
ued at $9,024. Molybdenum waste and Semifabricated forms, 
scrap imports were 71,082 pounds valued clagaified: 5 519 5.673 
at $165,609. An additional 84,977 pounds Frame 22777 1'807 L721 
of molybdenum contained in concentrate Germany, West... -- 2,376 3,042 
remained in general imports at yearend. Netherlands. ——- 1 8,045 2.087 

: . nite ingdom.-- 2, ; Canada supplied all imports of molyb- Other countries... 14'384 26/218 
denum concentrate. Ferromolybdenum im- —————_—_——— 
ports were mainly from Sweden and the Total, «= 2-77-77" soe'srs s5c'ase 
United Kingdom. Molybdenum _ com- ee 
pounds were received chiefly from Canada ’ Revised. 

d Chil 1Ferromolybdenum contains about 60 to 65 
an ile. percent molybdenum.
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Table 7.—U.S. exports of molybdenum ore and concentrates (including roasted 
concentrates), by countries 

. 1964 . 1965 

Destination _ Molyb- Molyb- . 
denum Value denum Value 
content content 

| . (pounds) (pounds) 

North America: . | 
Canada_____----__---- eee 563,697 $871,265 541,287 $1,111,682 
Mexico_.___.-.-------------..-----1--------- 8,864 13,746 44,301 120,404 

Total... 2-2 572,561 = 885,011 §85,588 1,232,086 , 

- South America: 
Argentina... ....-..-----1 eee eee 2,473 3,358 333 715 
Brazil__.. 0222-2 ee eee 1,353 1,575 21,575 55,411 
Chile... eee eee ne 10,315 16,536 24,836 43,836 . - 

. Colombia_.......-...-...----------- eee 516 860 _____-..-.--- ~~~ nee 
: Peru_..._2---- eee eee 500 ‘800 ______- eee 

Venezuela. ._._-_--_--------------------+---- . 9,831 15,456 90,200 180,087 

Total._.__._..-----.----------------------- 24,988 - 88,585 136,944 280,049 

Europe: | . . . - 
- Austria... 22 ‘1,899,531 3,209,906 1,874,406. 3,239,992 

~  Belgium-Luxembourg ____2.-...-------------- 255,731 584,462 2,074,468 3,637,616 
Denmark. ._._.------...-.------------------ 44,500 47,558 __._...-.-.---.--------- 
France. _.___._____-_---.------._-----=------ 4,068,259 6,118,975 2,736,249 4,401,861 
Germany, West__._____.-__.__.___=--__----- 4,701,301 8,130,082 5,315,369 10,832,472 
Greece____..--.____-___---_----_------------ 144 206 _____ eee 

. Ieeland... 2 eee eee ee eee ee Lee ee . 210 300 
Italy... eee 1,365,701 2,093,923 1,185,085 1,902,548 
Netherlands... _-_-....2 22 --eeeeeee 347,591 677,746 1,485,918 2,665,423 
Norway. -....--.---------- + ee ee eee ee eee eee enn 354 ~ 870 
Spain... eee eee 4,316 6,025 13,044. 25,338 
Sweden____..._._-_.-----------.------------ 2,002,671 3,076,515 2,080,571 3,551,970 

. - Switzerland__._____._---_-------------e eee eee eee eee tee 28,818 56,691 
United Kingdom. -__._.....------------------ 4,400,901 6,920,870 2,890,876 5,097,112 

Total_______._-______..--_...._.-.---.--- 19,090,646 30,866,268 19,685,368 35,412,193 

Africa: 
South Africa, Republic of.-..._._......._-.---- 4,027 6,130 6,308 13,793 

' Zambia, Southern Rhodesia and Malawi.....-_. -----.---- ---------- 1,500 2,700 

Total... _.___..--__------------- eee eee "4,027 6,130 7,808 16,498 

Asia: 
Hong Kong._.___--.-.------2-----------.--- 2,103. 3,192 1,177 2,110 
India. ....--.-------- eee eee eee eee ee ee 1,606 2,655 
Japan___......-.-.- 2-2. 5,188,252 . 9,059,760 3,598,822 7,183,979 . 
Philippines. ._......--....--.--.------------ 4,500 7,290 6,010 10,290 

Total______-_-_------- eee 5,194,855 9,070,242 3,607,615 7,199,034 

Oceania: 
Australia. _....-...---..---------- eee 52,703 120,613 72,299 141,524 
New Zealand._.._______.------- eee ee eee eee eee eee eee eee 236 612 

Total... --._-_-_-- eee 52,703 120,613 72,535 142,136 

Grand total._______.......---------------- 24,939,780 40,986,849 24,095,858 44,281,991
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| | Table 8.—U.S. import duties 
a (Per pound): 

Item Articles Rate of duty ! 
a 

601.33 Molybdenum ore (molybdenum content)......---.-------- 24 cents on molybdenum content. 
607.40 Ferromolybdenum (molybdenum content)......__--.------- 20 cents on molybdenum content 

, . plus 6 percent ad valorem. 
, Molybdenum: : 

628.72 Unwrought (molybdenum content)...-...------------ . Do. 
628.74 Wrought_._____-__..-_---_------_-_.------.-------- 25.5 percent ad valorem. 

Chemical elements: | 

419.60 Molybdenum compounds (molybdenum content)....-..- 20 cents on molybdenum content 
' . plus 6 percent ad valorem. 

420.22 Potassium molybdate (molybdenum content)_-.------- © Do. 
421.10 Sodium molybdate (molybdenum content)_-_.-_------- Do. 
473.18 Molybdenum orange. ____---.----------------------- 10 percent ad valorem. ~ 
417.28 Ammonium molybdate--__--------------------------- 20 cents on molybdenum content 

plus 6 percent ad valorem. -— 

| / 1 Not applicable to Communist countries. | 

| : WORLD REVIEW a 
| An upsurge in molybdenum production _ Canada.—Molybdenite Corporation | of 

was made by Canada with three new mines Canada Ltd. reported production of 683,- 
initiating production. Reported output 202 pounds of molybdenum recovered from 
of 9.4 million pounds of molybdenum com-_ ore grading 0.243 percent molybdenite. 
pared with 1.2 million pounds in 1964 Recovery of molybdenum in concentrate 
made Canada the free world’s second was about 94 percent and most of the con- 
largest producer. | centrate was coverted to oxides. The ore 

British Guiana.—The joint mineral ex- Teserve was maintained at about 1 year’s 

ploration program of the Geological Survey o9perating rate. 
of British Guiana and the United Nations Anglo American Molybdenite Mining 
resulted in the discovery of pdssible im- Corp., after 6 years of preparations, offi- | 
portant molybdenum deposits. Geochemi- cially placed on stream in August its new 
cal prospecting has shown substantial mo- mine and mill. Operational troubles were 
lybdenum soil anomalies at Eagle Moun- slowly being solved as December output 
tain on the Potaro River. One explora- reached 142,787 pounds of molybdenite. 
tion hole’ averaged 0.14 percent molyb- Indicated ore reserves, to the 400-foot level, 
denite over a drilled intersection of 93.5 were reported to be 3,070,000 tons averag- 
feet. Molybdenite also has been discovered ing 0.36 percent molybdenite. All molyb- 
at Yakashuri in the northwest district on denum output was under contract to Con- 
the Barama River. tinental Ore Corp. for a period of 8 years. 

Table 9.—Free world production of molybdenum in ore and concentrate by countries 1 
(Thousand pounds) 

Country ! 1961 1962 1963 1964 1965 P 2 

Australia... _.........------------------------ 2 2 130.1 --.--- ) --------- 
Canada. .-_.-.------------------------------- 771 818 834 ¥ 1,225 9,400 
Chile._....._.....----_...--.----------_------- 4,037 5,256 6,400 8,594 e 8,400 
Japan.....__.__-_--------------------_------- 807 825 732 619 e 630 
Korea, South.._._____------------------------- 71 163 154 t 265 ¢ 260 
Mexico._____.-.------------------------------ 7 128 90 117 179 
Norway. -_.---------------------------------- 531 575 443 r 509 498 
Peru. _......--------------------------------- 3937 11 1,175 862 1,484 
Philippines_...__..-..------------------------ 249 249 236 231 170 
United States. __..__.__..--------------------- 66,563 51,244 65,011 65,605 77,372 

Free world total ¢!._-.2222- 2-2 74,000 59,300 75,000 78,000 98,400 

e Estimate. P Preliminary. * Revised. 
1 Molybdenum is also produced in Argentina, Nigeria, North Korea, Rumania, South-West Africa, 

and Spain, but production is negligible. 
2 Compiled from data available May 1966. 
3 Exports,
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Preissac Molybdenite Mines Ltd., after approval by the Chilean Congress. The 
doubling the size of its mill to 1,200 tons agreement calls for doubling copper pro- 
per day, started production from its new duction over a 5-year period. The mine 
facilities in April. The milling rate was and plant expansions will increase Chilean 
said to have reached design capacity by molybdenum production to approximately 
September. Ore reserves were reported at 18 to 20 million pounds per year. 
1.25 million tons averaging 0.53 percent Carbuo y Metalurgia S.A. (Carbomet) 

molybdenite. technical molybdic oxide producer planned | 
Gaspé Copper Mines Ltd., reported pro- to start producing ferromolybdenum for | 

duction of 454 tons of molybdenum con- domestic and export markets at its plant 
centrate containing 493,492 pounds of mo- near Huachipato. oo a, 
lybdenum as a byproduct from its copper  Denmark.—The Arctic Mining Co., Inc., 
operations. | - established by Nortic Mining Co. and 

Endako Mines Ltd. designed, construct- American Metal Climax, Inc., to exploit 
ed, and brought into production in May molybdenum deposits at Mestervig, East 
its new open pit mine and 10,000 ton-per- Greenland, will hold in abeyance develop- oo 
day mill in just over 3 years after the first ment of the deposit pending a more favor- 
exploratory drillhole. Mill design capacity able market. The deposits are estimated 
was exceeded in August and at yearend to contain 50 million tons of potential ore. 
over 12,000 tons per day was being treated. Arctic Mining Co. also holds exploration 
During the early break-in period, molyb- rights to the molybdenum ore deposits at 

| denum recovery was sacrificed in order to Malmbjerg, East Greenland. These deposits 
meet specifications. Total production for are estimated to contain 124 million tons | 
the year was estimated at 6.3 million of potential ore. 
pounds of molybdenum. The measured ore Japan.—Demand for molybdenum as in 
reserve was reported at 71 million tons other free world countries was strong. Re- 
grading 0.204 percent molybdenite, withan duced shipments from the United States 
additional 20 million tons of ore indicated were offset by imports from Canada’s new 
or inferred, but at somewhat lower grade. mining venture, Endako Mining Ltd. A 

Boss Mountain Division of Brynnor 5-year contract to supply 1.8 million 
Mines, Ltd., began operations in February, pounds per year of molybdenum contained | 
but production was halted for 2 months in concentrate was signed by leading Jap- 
because of a labor strike. During the year nese trade firms and Endako. Japanese 
the mill treated 259,000 tons of ore from molybdenum requirement for the year start- 
which 1,585,000 pounds of molybdenum ing April 1 was estimated to be about 8 
were recovered. The milling rate for the million pounds. | 
last 4 months of the year was 1,150 tons Niger.—A prospecting permit for molyb- 
per day exceeding the 1,000-ton-per-day denite and related minerals was granted 
design capacity. Recoveries of 96 percent to the Bureau de Recherches Geologique 
were reported. Brynnor Mines Ltd, is et Minieres (BRGM) of Paris, France. 
the British Columbia subsidiary of Noranda The permit, good for 3 years, allows pros- 
Mines Ltd. © | pecting on an area of 9,500 square kilo- 

British Columbia Molybdenum Ltd., a meters for which (BRGM) must spend a 
wholly owned subsidiary of Kennecott Cop- minimum of $48,000 per year. a 
per Corp., was developing an open pit mine Norway.—Recovery of molybdenum from 
to be brought into production by mid  Europe’s largest molybdenite mine, Knaben 
1967. A 6,000-ton-per-day mill to pro- Molybdengruber, was about the same as 
duce 4 to 5 million pounds of molybdenum that of 1964. Plans were announced by 
was scheduled for construction in 1966. the company for doubling the capacity of 

| Chile.—Production of molybdenite to- its milling facilities. 
taled 7,670 tons despite a labor strike in United Kingdom.—American Metal Cli- 
the fourth quarter. Chile Exploration Co. max, Inc., secured permission to list com- 
accounted for 3,190 tons. Andes Copper mon and preferred shares of its stock on 
Mining Co. for 1,755 tons, and Braden the London Stock Exchange. . 
Copper Co. for 2,725 tons. U.S.S.R.—Mainland China and U.S.S.R. 

The long standing agreement between supplied European users with molybdenum 
President Frei and the large copper com- at prices greatly above those quoted by 
panies awaited throughout the year for Climax.



678 MINERALS YEARBOOK, 1965 

. TECHNOLOGY | | 

Additional information was published compound which the authors believe to be _ 
by the Bureau of Mines on the process of marketable. 

producing molybdenum metal by electro- A change in process for recovery of 
lytic reduction of molybdenite concentrate molybdenite by the San Manuel Division 

to dimolybdenum carbide.* A second-stage of the Magma Copper Co. was said to in- 
| processing of the carbide by sintering with crease the effective flotation capacity of 

molybdic oxide yields pure molybdenum the plant by at least 25 percent.2 In- 

metal. : a - creased recovery of molybdenite and poten- . 
A Bureau of Mines study of chlorination tial lower maintenance costs are features 

kinetics of various elements including mo- of the process. — - a 
lybdenum was described. The Arrhenius Results of flame spraying of molybdenum 

| activation energy for molybdenum, over the by oxy-acetylene and arc plasma processes 
temperature range of 445° to 491° C, was have been described. Postsintering treat- 
37 kilocaloriés per mole. a ment in hydrogen significantly improved 

Stress corrosion tests by researchers of properties such as density, purity, tensile 
the Bureau of Mines showed that molyb- strength, and modulus of elasticity. Lower 

denum was not susceptible to stress cor- ductility of the hydrogen-sintered sprayed 
rosion cracking in mineral acids and in- ™Aterial was related to oxygen. The struc- 

: organic salt solutions.5 Of. five organic rure of the material was simian to recrystal- 
acid environments tested, stress corrosion ‘!4© dere, a etalli: Prepared bY ae or 

| _ cracking was evident only in 10-percent powdere tthe ursy vt metal * elimi. 
formic acid solution. Corrosion rates of Structure of the sprayed metal was elimi- 

: molybdenum in nitric acid were 2 to 40 nated by sintering. a a 
times higher when the metal was subjected | A phase diagram for the molybdenum- 
to stress. —— | , oxygen system based on equilibrium studies 

oo: hers d trated® that °ve? the temperature range of 600° to 
bureau researchers Cemonsirate a 1,700° C has been published.11_ Four sta- 

uniform coatings of molybdenum can ‘be ble oxides most closely related to MoO. 
applied to ceramic powders having irregu- Moa.Ou, MosOzx, and MoOs were enicount- .. ° o 3 3 . 

lar shapes. Powdered magnesia, 2 lumi na, ered during the investigation. 
zirconia, zirconium carbide, or zirconium , : , 
boride was coated with 15 to 38 volume- *Heinen, H. J., C. L. Barber, and Don H. 

percent molybdenum. The coated ceramics Beker,,*, Conversion to Metal of Dimolybdenam 
| - ‘were pressed into compacts, sintered at  BuMines Rept. of Inv. 6590, 1965, 14 pp. 

900° C in hydrogen, and sintered in vacu- Ste Landsberg, Arne, and Prank KE. pPlock. A 
° -e os ° uay oO e orination inetics. 0 rmanie- 

um at 2,100° C prior to physical testing. um, Silicon, Iron, Tungsten, Molybdenum, 
ium, t . i t. 

Current and future molybdenum metal Inv. 6649, 1965, 26 pp. um memnes ment. © 
applications were described.? These spe- 5Carter, J. P., C. B. Kenahan, and David 

cial applications take advantage of the Sfhlsin,, | Stiess Corrosion Cracking of Vana: 
, unusual properties of molybdenum, such Alloy. BuMines Rept. of Inv. 6680, 1965, 18 pp. 

as higher melting point, chemical corrosion Blot ee necten” ary Comte end Coated 

resistance, good heat conductivity, high Nonmetallic Powders. J. Metals, v. 17, No. 8, 
moduli of elasticity, inertness to glass, low August 1960, Bp. ee yb denum Technology— 
coefficient of thermal expansion and high- What's Ahead. E&MJ Metal. and Mineral Mar- 
temperat . | ets, v. 36, No. 16, Apri »p 4. - 

P ure strength 8 Bhappu, Roshan B., Dexter H. Reynolds, 

A research study investigating the ex. gi4 Foneld J. Roman,” Molybdenum Recover 
traction of molybdenum from oxide and No. 11, November 1965, pp. 1199-1208. co 
sulfide ore indicated that oxidizing agents ,,, Burke, Harry K., and Joseph F. Shirley. San 
such as hypochlorite, acid chlorate, and Molybdenite. Trans. AIME, v. 232, 1965, pp. 
manganese dioxide-sulfuric acid will leach 10 Sellers, David J., and Milton Levy.. The 
molybdenite (M8: ) 2 anhough the tests Effects of Sintering on nine Microstructure rand 

were not optimized. acterial leaching roperties of Sprayed Molybdenum. J. s- 
. . C Metals (Amst » Neth , Vv. 

was also investigated. Molybdenum _Te- 9, No. 4, October Goes, Sra KO 298. erlands), v 
covered from leached solutions of oxidized 11 Phillips, Bert, and L. Y. Chang. Condensed- 

d d lybd ‘de-j Phase Relations in the System Mo-O. Trans. 
ores produced a molybdenum oxide-ilron AIME, v. 233, 1965, pp. 1433-1436.
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Additional research was reported 12 on chromium-silicon-aluminum coating in oxi- 
oxidation studies of molybdenum silicides dation and vibration-fatigue tests. Both 
at elevated temperatures under reduced coatings lacked resistance to mechanical 

| oxygen pressures to delineate mechanisms shock in room-temperature impact tests. 
and conditions of failure. Patents were granted for recovery of 

Coating studies 13 of pure molybdenum molybdenum values from acidic solutions 14 | 
and a molybdenum alloy indicated that and for a process for producing high-purity 
molybdenum disilicide was superior to a molybdenum metal.15 

12 Bartlett, R. W., and P. R. Gage. Oxidation 144 Ableson, Arthur E., Robert J. Woody 
of Molybdenum Silicides at High Temperatures (assigned to Kerr-McGee Oil Industries, Ine.). 
and Low Pressures. Trans. AIME., v. 233, 1965, Recovery Process. U. S. Pat. 3,180,703, Apr. 
a ck J B ak. RB. Dis 27, 1965. 

Berkowitz-Mattuck, Joan B., an . R. Dils. Hart, James L. (assigned to Phillips Petroleum 
High-Temperature Oxidation. Part 2. Molyb- Company). Extraction of Metal Values From 
denum Silicides. J. Electroehem. Soc., v. 112, Acid Solutions. U.S. Pat. 3,223,476, Dec. 14, 
No. 6, June 1965, pp. 583-589. 1965. , ’ , 

13Glenny, E., and J. E. Restall. Evaluation 
of the Properties of Protected Molybdenum and 15 Kunda, Vasyl (assigned to Sherritt Gordon 
0.45-Percent Titanium-Molybdenum Alloy. J. Mines Ltd., Toronto, Ontario, Canada). Molyb- . 
Less-Common Metals, (Amsterdam, Netherlands) denum Reeovery Process. U.S. Pat. 3,196,004, 
v. 9, No. 5, November 1965, pp. 367-387. July 20, 1965.





ickel 

| | By Harold W. Lynde, Jr. a | 

For the second successive year world International Nickel Co. of Canada Ltd. 
nickel production reached a record high, (Inco), Société Le Nickel, and Falcon- 
472,000 tons, 12 percent above that of bridge Nickel Mines Ltd., were engaged 
1964, but consumers’ needs for nickel in aggressive exploration and development 
also were at record levels. ‘Domestic con- programs in Canada, New Caledonia, Gua- 
sumption showed the sharpest rise, up 17 temala, Greece, and elsewhere. Kaiser 
percent to 172,084 tons, because of the Aluminum and Chemical Corp. and Société | 

, demands of a prosperous economy com- Le Nickel announced agreement jointly 
bined with military requirements of the to produce nickel products and to market 
Viet-Nam conflict. Large quantities of | them in the United States, whose imports 
Government stockpile surplus nickel au- currently originate almost entirely in Can- | 
thorized. for disposal by Congress, were ada. Remaining U.S. import duties on 
sold by negotiated contracts and competi- primary nickel products were suspended. an 
tive bid, and eased the supply situation. A nickel alloy was used for the first time ~~ | 

Major world producers, particularly The in our dimes and quarters. | | 

Table 1.—Salient nickel statistics _ a : 
(Short tons) 

1956-60 
(average) 1961 1962 1963 1964 1965 

United States: i _ 
Mine production___.._-----.1-.- 12,247 13,133 13,110 13,394 15,420 16,188 
Plant production: 

Primary.....-..--.---------- 10,888 . 11,176 11,217 11,432 12,185 13,510 
. Secondary ._..-...---.------ 10,635 . 10,688 11,108 18,996 23,114 19,407 

Exports. _.....-..-.-.---------- 27,831 55,493 27,641 60,927 68,502 20,934 
Imports for consumption... _-.--- 117,600 127,000 123,000 119,000 129,000 163,000 
Consumption. _._.-.-.-.-------- 109,976 118,515 118,677 124,478 146,920 172,084 
Stocks Dec. 31: Consumer-_-_-.--- 15,357 18,298 13,450 17,191 17,076 13,749 
Price............-cents per pound 74 74-8114 8114-79 79 79 79-7734 

World: Production......-..--------- 302,800 398,000 394,000 389,000 423,000 472,000 

Legislation and Government Programs. ventory were to be 15 million pounds per 
—Important legislation during the yearau- year; July 1, 1965 the goal was raised to 
thorized disposal of surplus nickel from 25 million pounds per year, exclusive of | 
Government stockpiles, suspended import commitments to Government agencies. 
duties on certain forms of primary nickel, In addition, approval was sought from 
and authorized minting of new cupronickel- Congress for disposal of 224 million pounds 
bearing composite dimes and quarters. of nickel in the national stockpile which 

Late in 1964 the General Services Ad- WS in excess of the quota of 100 million 

ministration (GSA) had undertaken a long pounds. Public Law 89-323, enacted No- 
range program to dispose of excess nickel vember 5, 1965 authorized disposal of 200 
from the national stockpile and Defense million pounds of the excess. Subsequent- 
Production Act (DPA) inventory. Annual ly, agreement was reached November 8 to 

sales from the 105-million-pound DPA in- 1 Commodity specialist, Division of Minerals. 

232-748 O-67—44 681
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sell 70 million pounds of full electrolytic and scrap was continued suspended on June 
cathodes to The International Nickel Co., 30 by Public Law 89-61. Both suspensions 

_ Inc. over a 4-year period; by yearend 28 continue through June 30, 1967. The 
million pounds had been committed. former duty on ferronickel, levied on gross 

On December 7, agreement was reached weight, was a particular barrier to its im- 

: to sell 13 million pounds of briquets to Portation, a 

Sherritt Gordon Mines Ltd. over 4 years; After considerable study of substitute 
by yearend 3 million pounds had been com- Co mage materials, it was proposed to Con- 

| mitted. Negotiations were continuing with tess that the composition of dimes, quar- 
| other major producers. This method of _ ters, and half dollars be altered to con- 

| disposal was used to bring large amounts ‘€rve rapidly diminishing Government sil- _ 
of the surplus to market in an orderly way. VeF stocks. The quarters and dimes were 
In addition, 50 million pounds of nickel to be composed of a sandwich. The two 

was committed to the Bureau of the Mint outer layers are composed of 75-25 cupro- 
in November for coinage. , nickel alloy and the interior of pure cop- _ 

GSA stockpile upgrading contracts for per. This legislation was enacted July 23 : 7 | as Public Law 89-81. : production of ferromolybdenum and OF- A hensi . , 
HC copper provided for fees to be paid comprenensive study of possib le coin- 
with 1,550,428 pounds of ferronickel and 5° materials by Battelle Memorial Insti- 
1,644,269 pounds of electrolytic nickel wt for the Bureau of the Mint provided : 
from the stockpile surplus. _ me ote or. choosing the new compost | ens ee tek. tion. The judging criteria used were as 

| _ Sales of nickel by competitive bid, with follows: Availability and price; public ac- 
| some offerings restricted to small businesses, ceptability; physical, chemical, and me- 

| were held throughout the year. Nickel dis- ~ (hanical properties; effect on coin-operated 
posals for the year included the following: — devices; effects on mint operations; and 

- a Electrolytic nickel, 89,994,269 pounds; fer- counterfeiting, illegal duplication, and 
-.  ronickel - (nickel content), 4,800,428 siugeing potential. The composite coin 

| pounds; and nickel oxide (nickel-cobalt sored highest and subsequently was adopt- 
content), 1,014,091 pounds. In addition, eq. Pure nickel and 95 nickel-5 silicon 

: 732,000 pounds of cupronickel were sold, as alloy did not meet all test standards. 
were 6/,408 pounds of nickel in various The Office of Minerals Exploration of 
fabricated forms. : the Geological Survey, executed a contract | 

The import duty on unwrought nickel, with Roland F. Beers, Inc., for a total 
ferronickel, and nickel powder was sus- value of $34,260, to explore the Harriman- 
pended on September 27 by Public.Law Crawford Pond nickel prospect, Knox 
89-204; the import duty on nickel waste County, Maine. 

DOMESTIC PRODUCTION | | 

- The Hanna Mining Co., Riddle, Oreg., . In addition, chemical companies pro- 
mined 1,140,000 dry tons of ore contain- duced salts containing 3,442 tons of nickel 
ing 16,188 tons of nickel. The Hanna and shipped 2,815 tons; raw materials 
Nickel Smelting Co. processed the ore into. comprised both new and scrap nickel. 
26,246 tons of ferronickel containing 12,- Among companies reported conducting 
666 tons of nickel, an increase of 13 per- exploration for nickel in the United States 
cent over that of the previous year. This during the year were Hanna Mining Co. 
increase was permitted by installation of a and Inco. | 
rotary dryer, air classifier, two multiple Kaiser Aluminum and Chemical Corp. 
hearth roasters (natural-gas fired), and announced on September 9 a joint venture 
We with Société Le Nickel to produce nickel 
orodaced sal ‘s ao nicke! eae were and to market in the United States. Two 

ing at Carteret and Barber, N.J., Laurel new Jointly owned companies were to be 
Hill, N.Y., Baltimore, Md., Tacoma, Wash., Rites i. P., M. E. Emerson, H. J. Wagner, 
and El Paso, Tex.; nickel content of salt Siuay of Spee Rabe eo Final Report on 
production was 844 tons and of shipments, States Coinage to Department of Treasury, Bu- 739 tons. rea mouse) hie i968 ine open Institute,
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formed. One would own production fa- refine nickel products. The first step in 
cilities in New Caledonia to be operated the program on New Caledonia would be 

: by Le Nickel, and the other would be a installation of facilities to produce 35 mil- 
U.S. company, Kaiser Nickel Co., which lion pounds per year of nickel in ferro- 
would market ferronickel here and also. nickel. | 

Table 2.—Primary nickel produced in the United States | 
(Short tons, nickel content) 

—_ 1956-60 | | 7 } 
. (average) 1961 1962 ~ 1963 1964 . 1965 

Byproduct of copper refining.____.____ 548 625 648 707 949 © 844 
Domestic ore.-.........-.----------- 10,340 10,551 10,569 10,725 11,236 12,666 

Table 3.—Nickel recovered from nonferrous scrap processed in the United States, 
by kind of scrap and form of recovery 

a (Short tons) . 
L-Series 

1964 1965 1964 | 1965 

Kind of scrap: Form of recovery: 
New scrap: As metal... 2 1,567 1,487 

Nickel-base_________-_- 2,775 3,182 In nickel-base alloys___..___. 1,996 3,031 
Copper-base.........-_- 2,448 3,290 © In copper-base alloys____._- 3,534 3,855 
Aluminum-base-____.__- 476 520 In aluminum-base alloys-..-- 782 984 

. In ferrous and high-tempera- 
, ture alloys !.-............ 13,382 8,124 

Total__..--------_--- 5,699 6,992 In chemical compounds. -- --- 1,853 1,926 

Old scrap: — . 
Nickel-base......-..--. 16,559 11,328 Total... -22-2-222-..2-.. = =©6283,114 +=19,407 
Copper-base._._...._--- 586 687 
Aluminum-base...._-.-- 270 400 a 

Total.....-...-...-.. 17,415 12,415 | 

Grand total_....2.... 238,114 19,407 1 Includes only nonferrous nickel scrap added to 
ferrous and high-temperature alloys. . 

. . . a" 

| \\ | | 

Vu 
. . 4 

“ y | , \ 
\$ 
\



684 MINERALS YEARBOOK, 1965 

Table 4.—Stocks and consumption of new and old nickel scrap in the 
United States in 1965 | 
(Gross weight, short tons) , 

Class of consumer Stocks, Consumption Stocks, 
and beginning Receipts ———\-——_————_ end of 

type of scrap of year New Old Total year 

Smelters and refiners: . 
Unalloyed nickel_-.--..-.-.._._- 184 1,079 ~ 696 388 | 1,084 179 
Monel metal___-_......-.-.--_-- 404 2,177 | _ 507 1,482 1,989 © 592 — 
Nickel] silver !._.-..-_----_-.-___- ' $38 4,758 500 4,342 4,842 754 
Miscellaneous nickel alloys.___..-- 7. 5,437 1 5,436 5,437 7 
Nickel residues. _-....----------- 80 233 --- 245 245 68 

‘Total. .------2--------------- 675 8,926 1,204 7,551 8,755 846 

_. Foundries and plants of other manu- | . 
facturers: so ' “ 

Unalloyed nickel. _._..-.-_..__-_- 8,114 6,772 1,669 7,985 9,654 — 5,232 
Monel metal.._-.....-...-_.-_-_- 111 534 77 496 573 72 | 
Nickel silver }__........-...---.- 4,179 13,359 13,391 117 13,508 4,030 

_ Miscellaneous nickel alloys__._____ 81 99 ' 24 150 174 6 
Nickel residues.........-..--_.-- 513 © 1,959 1,897 80 1,977 495 

Total._.....--.----.-.---.--. 8,819 9,364 3,667 8,711 12,378 5,805 

| Grand total: | | 
Unalloyed nickel..._.........--- 8,298 7,851 2,365 8,373 10,738 5,411 
Monel metal... §15 2,711 584 1,978 2,562 664 

' Nickel silver 3_.......-._-..--..-- 5,017 18,117 13,891 4,459 18,350 4,784 
_ Miscellaneous nickel alloys......-. 88 5,536 25 5,586 5,611 13 

_ Nickel residues...........__2.--- 593 2,192 1,897 325 2,222 563 

Total. _._----.---2- eee | 9,494 18,290 4,871 16,262 21,133 6,651 

. 1 Excluded from totals because it is copper-base scrap, although containing substantial nickel. 

CONSUMPTION AND USES | 

| Consumption of new nickel again set a growth in usage since 1960. 
record high, increasing 17 percent in 1965 Nonferrous alloys have not shown such 
after an 18-percent increase the previous consistency. The increase can be variously 

| year. The major growth was in nonferrous ascribed to greatly increased use of nickel 
alloys and to a lesser extent in high-tem- in coinage, military needs, continuing rapid 
perature and electrical resistance alloys, growth of the economy, and change in 
which were up 57 and 21 percent, respec- _ technology. | 
tively. The latter alloys have shown steady 

Table 5.—Nickel (exclusive of scrap) consumed in the United States, by forms 
(Short tons) 

1956-60 
Form (average) 1961 1962 1963 1964 1965 
eee 

Metal_..-_.-__-.-...--------------- 85,617 101,894. 108,485 «110,365 «123,443 = «:146,387 
Oxide powder and oxide sinter________- 18,180 15,883 13,760 12,461 21,090 23,047 
Matte__.-_-_.--------------.--.---. . 4,829 16 = 3 2 2 3 
Salts lo... eee 1,350 1,222 1,429 1,650 2,385 2,677 

Total___-.-_.------ 22 ie 109,976 118,515 118,677 124,478 146,920 172,084 
eee 

1 Figures do not cover all consumers.
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Table 6.—Nickel (exclusive of scrap) consumed in the United States, by uses | 
. (Short tons) | . 

| | ee 1956-60 | Oo 
Use (average) 1961 1962 1963 1964 1965 

Ferrous: . 
' Stainless steels___..-.----------- 29,049 34,213 29,711 34,140 48,301 51,700 

Other steels......_-------------- 16,296 18,238 18608 19,727 24,679 27,009 - 
Cast irons.......-.------------- 4,933 4,649 5,503 5,901 6,605 6,937 

Nonferrous !___........--.--.-.----- 27,902. 28,789 28,215 24,794 23,639 37,082 
High-temperature and electrical resist- 

ance alloys...._..--.--------------- 9,852 11,294 12,862 13,505 15,291 18,464 
Electroplating: . 

Anodes ?_...-------------------- 16498 15,787 16,958. 18,621 19,446 = 19,450 
‘Solutions $_..._-2--2.------------ 958 770 904 1,050 1,645 2,037 

Catalysts.......-.-.---.------------ 1,707 1,519 1,566 1,613 2,167 2,241 
Ceramics_..-----.---.-------------- 375 866 439 554 529 501 
Magnets_--.------------.----------- 855 773 910 777 664 +828 
Other------------------------------ 2,551 2,167 3,006 3,796 3,954 5,835 

.  Yotal.-.--------------------- 109,976 118,515 118,677 124,478 146,920 172,084 

1 Comprises copper-nickel alloys, nickel silver, brass, bronze, beryllium alloys, magnesium and aluminum 
alloys, Monel, Inconel, and malleable nickel. . 

? higures represent quantity of nickel used for production of anodes, plus cathodes used as anodes in plating 
‘operations. | So . 

3 Figures do not cover all consumers. oe . . | 

: STOCKS 

Indicative of the relatively tight supply Table 7.—Nickel (exclusive of scrap) in 
situation at yearend was the 19-percent de- consumer stocks in the United States, 
cline in consumers’ stocks of new nickel by forms 
from the year earlier total of less than 1- | (Short tons) 7 
month average consumption. 

Form . 1963 1964 1965 

 Metal_.......----..... 15,575 14,780 11,868 
Oxide powder and oxide 

oo sinter.......-.------- 1,395 2,049 1,616 
. Matte._....----------- 6 4 1 

Salts.......--.-------- 215 243 264 

Total._........--. 17,191 17,076 13,749 

PRICES | 

The price of unwrought nickel metal, 7 : Cents 
metal powder, and ferronickel to consum- Sherritt Gordon, f.o.b. Niagara 
ers declined 1144 cents per pound on Sep- Falls, Ontario, or Fort Sas- | 
tember 27, when the U.S. import duty _ katchewan, Alberta, or freight 
was suspended. The prices in effect after equal Port Colborne, Ontario: 
that date for large lots, all duty-free, were Briquets and S grade pow- 

as follows: | der _---_-- 77.75 
Cents Powder, grades C and F__ 82.75 

Inco, electrolytic, f.o.b. Port Le Nickel, f.o.b. New York, with | 

Colborne, Ontario ~------~ 77.75 freight equal Port Colborne, 
Nickel oxide sinter (75 per- Ontario: 

cent Ni-+ Co) at Buf- - Rondelles  ~----__-__--~ 77.75 
falo, N.Y. or other es- . Oxide powder (78 percent 
tablished U.S. points of Ni + Co) ~-___----_~ 80.75 
entry ~-------------- 75.25 Hanna, nickel in ferronickel, 

Falconbridge, electrolytic, f.o.b. | Riddle, Oreg., with freight | 

Thorold, Ontario _-_-_---~ 77.75 equalled oxide sinter ___.___ 75.25
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| Inco’s new product, nickel oxide sinter (electrolytic cathodes, ferronickel, metal 
90, manufactured at Copper Cliff, Ontario, powder, oxide, oxide sinter, briquets, shot, 

| was announced to be priced at 75.50 cents and scrap) and a list of vendors were pub- 
per pound of contained nickel. lished. 

Marketing data on primary products : . 

| | FOREIGN TRADE | | 

Export classifications were modified cent each to Sweden, Norway, and Mexico, _ 
, January 1, and figures are not strictly and 3 percent each to Italy and Japan. 

comparable with those of previous years. Over 99 percent of U.S. nickel imports 

_ Particularly, “nickel waste and scrap’ originated in Canada, 86 percent imported 
formerly “nickel and nickel alloy metal directly and the rest by way of Norway 
scrap”) no longer includes nickel stainless and United Kingdom. Because Société Le 
steel and other alloy scrap.: Nickel was purchasing Cuban nickel oxide 

In value, 27 percent of our exports of sinter, some imports of nickel-bearing prod- 
nickel products went to Canada, 19 per- —W~ | 
nan. : : 3 Lesemann, Robert H. Nickel. E&MJ Met. 
cent to the United Kingdom, 8 percent and Min. Markets, v. 36, No. 26, June 28, 1965, 

| each to West Germany and France, 5 per- pp, 5-18. | a" 

: Table 8.—U.S. exports of nickel products, by classes | | 

1963 1964 1965 
Class . _—— 

Short Short Short 
tons Value tons Value tons §=-~‘Value 

. - Ore, concentrate, and matte.__.....-- 12 $4,976 8 $2,660 (4) (4) 
Nickel and nickel-alloy metals in ingots, 

bars, rods, sheets, plates, strips, and 
other erude forms___.....-...------ 9,991 17,158,703 11,940 21,641,981 | 9,829 $22,268,756 

Nickel and nickel-alloy metal scrap - - - - 49,116 10,120,194 54,168 13,769,561 6,723 4,168,247 
Nickel and nickel-alloy semifabricated . 

forms, not elsewhere classified-_ ---_--.- 714 3,198,688 939 4,754,391 1,198 4,747,767 
Nickel-chrome electric-resistance wire 

except insulated__..__..--..------- 189 953,154 445 1,928,864 . 380 =-:11,9 14,193 
Nickel catalysts. _.........----.----- 905 1,748,599 1,002 2,013,287 2,547 6,063,480 
Nickel and nickel alloy foil_......_---- (*) . (?) (?) (?) 4 15,262 
Nickel and nickel powders and flakes_ _. (?) (?) (?) (?) 253 =: 11,855,934 

Total_._.__--.-.-2- ++ -- 60,927 33,184,314 68,502 44,110,744 20,934 40,533,639 

1 No longer separately classified. 
2 Class established Jan. 1, 1965. _ ; 

Table 9.—U.S. imports for consumption of nickel products, by classes 
(Short tons) 

1956-60 | 
Class (average) 1961 1962 1963 1964 1965 

Ore and matte______---_----__-______ 6,965 () 14 34 wauee 81 
Metal (pigs, ingots, shot, cathodes, etc.) 286,333 27115,985 27115,972 2108,127 +1? 105,327 134,406 
Oxide powder and oxide sinter_______-_ 30,861 14,613 8,661 12,887 16,862 13,592 
Slurry §._..-2 22 eee 1,165 258 406 1,716 15,483 24,057 
-Refinery residues_....-....---.-..-.- 431 wao-- ----- a~---- ~aeee ----- 
Secrap......---.- ----- 2 eee 2 502 2278 2601 2703 21,343 1,188 

Total: Gross weight_.....----- 126,257 131,134 125,654 123,467 +*139,015 173,324 
Nickel content (estimated) - - 117,600 127,000 123,000 119,000 129,000 163,000 

t Revised. 
1 Less than 14 unit. . 
2 Separation of metal from scrap on basis of unpublished tabulations. 
8’ Nickel-containing material in powders, slurry, or any form, derived from ore by chemical, physical, or 

any other means, and requiring further processing to recover nickel or other metals.
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Table 10.—U.S. imports for consumption of new nickel products, by countries 
(Short. tons) 

ESE 

. . Oxide powder Ore and 
Metal and oxide sinter - Slurry and other! matte 2 

. Country . 1964 1965 1964 1965 1964 1965 1965 

| | Gross Gross Gross Gross Gross Nickel Gross Nickel Gross Nickel 
weight weight weight weight weight content weight content weight content 

North America: mo) os a 
- Oanada_.-.-.--..---..--.-- 91,813 112,720 16,153 13,445 15,433 11,185 23,747 17,606... 0 __.- | 

Dominican Republic.......-. 9 .-_- 5 Yr 25 WW eee eee eee 
South America: Colombia...-.--.  ----. 00 e222, eee ee eee ee eee 81 1 
Europe: . 

France_.....--..-.-.---.--- 279 55 709 1250 Ltn nee eee tee ----- 
_ Germany, West............. 4 ) 22 25 § nue, eee ten nenne 

Norway...----------------- 712,052 20,617 _.... -.--. -----) -eeee eee eee 8 naan 
| United Kingdom....-.--.--. 1,179 920  (@) 1. lll) NUD I TD TT 

Other. ...-.--22-22 2-2 ioe (3) a a 
Africa: South Africa, Republic of. ----- 0 eee, eee eee eee ee ee 310 225 =... wane 

, Asia. ........-.---.----.------- waeee 1 ewan (°) manne aoe+-- oases ----- weer a 

Grand total_....---.------ ™105,327 134,406 16,862 13,592 15,483 11,155 24,057 17,831 81 1 
eee 

Revised. 
1 Nickel-containing material in powder, slurry, or any form, derived from ore by chemical, physical, or any 

_ other means, and requiring further processing to recover nickel or other metals. a 
2 No transactions in 1964. | 
3 Less than 4 unit. 

ucts from France presumed to contain adopted; the Government of France will 
Cuban nickel were prohibited entry into issue certificates of origin guaranteeing the 
the United States. This is required by the source of nickel. 
Cuban Assets Control Regulations admin- =—S The _ tariff on imports of unwrought 
istered by the Office of Foreign Assets nickel, ferronickel, and metal powder, was : 
Control, Department of the Treasury. Fol- suspended September 27. After that date 

| lowing negotiations, a system assuring that all primary nickel products were imported 
no Cuban nickel would be imported was duty free. 

- WORLD REVIEW | 

World demand increased during the year The company had eight producing mines 
to the point where no excess nickel produc- in the Sudbury. district, Ontario—Clara- 
tive capacity remained. World production belle, Crean Hill, Creighton, Frood-Stobie, 
was estimated at 472,000 tons, 12 percent Garson, Levack, Maclennan, and Murray . 
above that of 1964. The industry wasen- (the Maclennan pit started production dur- : 
gaged in expensive expansion programs to ing the year )—-and one producing mine at 
increase productive capacity in Canada, Thompson, Manitoba. Total ore produc- 
New Caledonia, and several other coun- tion was 19.8 million tons, an increase 
tries. Exploration programs were pushed from 16.4 million tons in 1964. . 
worldwide, with particular activity in Can- Exploration continued at a substantially 
ada, the South Pacific and Australia, parts increased rate in Canada (Ontario, Mani- 
of South America and Central America, toba, Quebec, Saskatchewan, and North- 
and the United States. west Territories), and also throughout the | 

e world (Africa, Australia; Guatemala, South 
NORTH AM RICA Pacific, and United States). Inco’s proven 

_ Canada.—Nickel production reached a ore reserves at yearend at Sudbury and 
record 269,000 tons, 18 percent higher Manitoba were listed at 306.2 million tons 
than in 1964. Inco made record deliveries averaging almost 3.03 percent combined 
of nickel, 246,480 tons, an increase of nickel-copper content. 
24,385 from those of 1964. This total One additional mine, the Totten was to | 
included 216,595 tons of primary nickel begin production early in 1966, and seven 
and 29,885 tons in rolling mill products. more in future years. In the Sudbury
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7 Table 11.—World production of nickel by countries 1 , : 

- (Short tons) 

: 

. 
” eS 

Country 1961 1962 1963 1964 1965 P 

North America: | oo | | . 
Canaila 9. ~--------0necorecnnccrcenecco r= 232,991 232,242 *217,030 * 228,496 268,837 — 

: uba: : | 

Content of oxide.e._..----------------- 16,320 16,222 § 16,200 16,300 e 16,400 

Estimated content of sulfide.....-.--.-- eee 2,080 2,200 2,400 e 2,450 

me United States: . . 

- Byproduct of copper refining. .---------- 625 — 648 707 949 844 

Nickel recovered from domestic ore------ 10,551 10,569... 10,725 11,236 12;666 

South America: Brazil (content of ferronickel)-_.-- r90 ~ ¥ 260 r 1,107 e 1,100 e 1,100 

Europe: ” 

, Albania (content of nickeliferous ore) ¢------- 3,900 4,600 3,300 3,900 4,000 

inlana: 
o a . 

Content of nickel sulfate......--.------- 177 179 172 t 162. 180 

Content of concentrates. ...------------ 2,239. 2,715 3,230 73,494 — 3,252 

Germany, East (content of ore) °----------- 110 . 110 110 110 — 110° . 

Poland (content of ore)--..-.-.------------- 1,453 1,458 r1,218 ¢1,400 ~e€1400 © 

Att U.S.S.R. (content of ore) &..--.------------- 77,000 90,000 90,000 90,000 95,000 

. rica: a 
Morocco (content of cobalt ore) --.---------- 284 316 302 336 e 330 

Rhodesia, Southern (content of ore)....------ 64 86 131 191 e770 | 

- South Africa, Republic of (content of matte and 7 

A _ refined nickel) e._.........-------------- 2,900 2,700 ‘2,700 2,700 3,000 

81a: 
. . . 

Burma (content of speiss).---------.-------- 112 | 182 112 e 70 e970 

Indon ‘sia (content of ore)_----------------- 694 491 1,760 1,760 e 3,900 

Korea, South (content of ore)_-..--..-------- 31 29 29 20 e 20 . 

Oceania: New Caledonia (recoverable) *....---- 48,600 28,775 *37,920 ° 58,200 e 57,400 

| "World total (estimate)...-.-------------- 398,000 394,000 *389,000 423,000 = 472,000 
Nr 

e Estimate. ? Preliminary. 7 Revised. a . 
1 Compiled from data available May 1966. 
2 Comprises refined nickel and nickel in oxide produced and recoverable nickel in matte exported. 

3 Comprises nickel-cobalt content of matte and ferronickel produced in New Caledonia plus recover- 

able nickel in ore exported. Mine production (nickel content of ore) was as follows: 1961, 58,800 

tons; 1962, 37,500 tons; 1963, 49,000 tons; 1964, 65,300 tons; and 1965, estimated 88,400 tons. 

: - district, the ‘Coleman, Kirkwood, Copper a depth of 7,150 feet and be the deepest a 

Cliff North, and Little Stobie mines were shaft from surface in the hemisphere. 

being readied for production in 1967 and At Copper Cliff, the new oxygen plant 

1968, and in Manitoba, the Birchtree and began operation in November and raised 

Soab mines were being readied for pro- oxygen production capacity from 325 to 

duction in 1967. At the Birchtree mine, a 1,175 tons-per-day. The company report- 

development shaft was completed, and at ed plans to increase smelter production 

the Soab, two shafts were being sunk. A capacity also by replacing four Herreshoff 

new electrolyte purification process being multihearth roasters with a fluid bed roast- 

installed at Thompson will increase nickel er, and by adding to the matte separation 

refining capacity. | facilities. Production of oxide sinter 90, 

Among mine developments at Sudbury a new product, will be increased. 

was the announced plan to increase pro- Inco’s Huntington Alloy Products Di- 

duction at the Stobie mine and to build a vision put into operation a primary plate- 

92,500 ton-per-day concentrator adjacent rolling mill and a forging press. In addi- 

to the mine. Concentrates will be sent by tion, new hot-rolling and cold-drawing fa- 

pipeline 4 miles to the Copper Cliff smel- cilities were being installed. At Burnaugh, 

ter. The new Little Stobie mine, about Ky., a laboratory was organized to develop 

1 mile north of the Frood-Stobie, will be new nickel-base alloys.4 

developed to produce about 6,000 tons- Falconbridge Nickel Mines Ltd. reported 

per-day of ore from a marginal-grade de- nickel deliveries of 36,492 tons, somewhat 

posit. The production shaft will be sunk below the 1964 deliveries. During 1964, 

to 2,800 feet; also a development and a_ excess sales stocks of nickel were depleted. 

service shaft will be sunk. ee 
: ; . 4The International Nickel Co. of Canada Ltd. 

. At the Creighton mine, a new 21-foot Annual Report. Toronto, Ontario, Canada, 1965, 

diameter shaft was begun. It will reach 40 pp.



| | | NICKEL | - 689 

Production continued at the company’s country’s cupronickel coinage. During | 
Sudbury area mines (Falconbridge, East, the year, the company continued research | 
Hardy, Onaping, and Fecunis), and min- on dispersion-strengthened nickel and nick- 

_ ing was started at the North mine, adjacent _el-chrome, nickel battery plates, and other 
to, and serviced from the Fecunis shaft. special uses for its nickel powder.® | | 

eg adam gMng mel Metal Mins Ld approximate 5 pr . oe - cent owne y the Canadian Faraday 
Reserves of proven ore were reported at Corp., Ltd., operated its Werner Lake Di- 

yearend to be 55.3. million tons containing vision mine (formerly the company’s Gor- 
| 2.10 percent combined nickel-copper con- don Lake Division). in northwestern On- | 

we of Soy ak eomoney ei aS fhaghont the year a an average v y, ana ra rate o tons per day. Because of a 
in the Thompson nickel belt, Manitoba, severe shortage of labor, this level of op- 

| continued. . | - eration was considerably below rated. ca- | 
A second blast furnace was put into op- pacity of 800 tons per day. Ore reserves 7 _ eration at Falconbridge on January 27. a+ the end of the year were 1,088,250 tons _ 

At the Strathcona mine, scheduled for pro- averaging 1.38 percent nickel and 0.56 
duction about the end of hee the hea percent copper, compared with the year | 

| rame tor the second shalt was erected, earlier total of 1,030,866 tons. averaging 

iil ste? man Tae basa 40 arent nik and 088 percent cop S81ze ; 0 per. e “D” ore zone 1, eet east o : 
peating: Plant were | constructed Gand gral the main orebody is being developed.” | 

day mill. Mine development at the East - Tee tines Ltd., operating a mine 
mine included sinking of an internal shaft me nilled 3 Gone nortawestern ue. ; 

Y15 feet below the 4,025 level, and at the and recovered 2.368 tons of nickel in con- | 
dope. viet syere, develoved els below: the centrates, 4 percent less than in the previ- 

3 . ee | ous year. At the No. 2 mine, a shaft was : int Cordon Mines Td. produced Sunk and four levels were cut and by year . 2 » Perce! end this new producer was supplying about in 1964, and sold 13,592 tons, 5 percent less 60 percent of the tonnage hoisted. Re- 
_ than in 1964. Tonnage mined in 1965 at the serves at the end of the year at the No 1 

1363 583° yan pate, eanitoba, mine was mine were éstimated at 63,000 tons aver- 

1964, but lower grade of mill feed resulted seing | ” 1 g 000 "one aveteeing 3 me | oe | 
in 6 percent less nickel content in concen- cent ni ckel. ° The company is owned eq ual- 

trates. 4 supplementary supply nacre ly by Falconbridge Nickel Mines, Ltd. and 
Se Se ~—Ss« Marchant Mining Co. Ltd.8 | 

was interrupted because of power short- “Giant Mascot Mines Ltd., which operates 
toe and pe ement loss of production on near Hope, British Columbia, recovered 
oe eanend t Lynn Lake. taking 12967 tons of nickel in 19,723 tons of 
into account expected dite Hon Ware vale nickel concentrate produced from 330,421 

culated at 12.6 million tons averaging 0.84 oe > f 30. cunne the year, T a4 Sep- 

One patckel and oT Pecle agee eon of nickel during the calendar year. Grade 
pleted to a 3,000- foot depth, the hydraulic of ore seated averaged 0.76 percent nicket 

oe . _ and 0.34 percent copper, with recovery o 
toupee eo eitltion Seclened 7 ane FOO 78.3 percent of the nickel and 92.4 percent 

. of the copper. | 
ee per hour a distance of 700 feet will Because of a shortage of personnel for 
“The. ow der-rollin lant was being ex: mine development work, ore reserves de- 

pande a to provide . yearly capaci ty for clined 25 percent to 757,464 tons averag- 

coinage aa oh Apton pounds. Dur- ss Falconbridge Nickel Mines Ltd. | Annusl Re- 
port. oronto, ntario, anada, e ° Sreent pieces and South African 5: and nq Sherr cordon, ites LAG." Annual Report * . oronto, ntario, anada. > pp. 

50-cent pieces were produced, and nickel 7 Canadian Faraday Mines Ltd. Annual Re- 
metal was supplied to Australia for that °°' Bp, 96 and OT af work eter in tetas,
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i ing 0.81 percent nickel and 0.32 percent bridge Dominicana C. por A., operated 
copper, allowing for stope-wall dilution. through most of the year; some enlarge- 

| The company negotiated a 2-year ex- ment of production capacity was to be 

tension, to March 1968, of the'contract to effected. oo Soe 
sell ore concentrates to Sumitomo Shoji. Guatemala.—On August 25, _Inco sub- 
Canada Ltd2 | sidiary Exploraciones y Explotaciones Min- 

The Lorraine mine, Belleterre, Quebec, 40. Izabal S.A. (Exmibal) wo d granted a 
came into production early in the year. et sbout 1 50 conare in everop i. 
The mine, in which McIntyre Porcupine ost ° G a nal dine, t te Lake ts " | 
Mines Ltd. has an 80-percent interest, pro- ral 0 L ver Be: a, a vl b HO 8 q ad 
duced 162,533 tons of ore, yielding 950 7" | “a ee iy at lez 12 | 
tons of nickel and 2,273 tons of copper. PIOCessec to produce annually at east Tee 

| | 500 tons of nickel in ferronickel. Hanna 
Reserves at yearend were 335,348 tons Minine C h 90 t inti | 

| averaging 0.635 percent nickel and 1.608 . ining Gompany has a <U-percent interest 
a ercent copper.19 in the project. Financing and engineering - 

7 P Raglan Nickel Mines Ltd. and Falcon- studies were continuing at yearend. , 

bridge Mines Ltd. have conducted explor- ~ SOUTH AMERICA oo. 

ation programs for several years in the Brazil.—Ferronickel production during 

| Cape Smith-Wakeham Bay area of northern 1964 was 265 tons containing 19 to 25 

agate han onpanies’ properties were Percent nickel, 1,102 tons containing 25 to 
. | _ eee -percent nickel, and <, tons con- 

| merged, ane Ragen reorganized Fr ot taining 35 to 40 percent nickel. The two 

vige holding. a 5-percent ‘interest ‘and producing sae al Morro do eid uel . e, a -A., with Current annual capacity of about 

undertaking a $2 million exploration pro- 1100 tons of contained nickel in ferro- 
gram. ‘Gombined holdings extend. 42 mules nickel, and Cia. Niquel do Brasil, with 

| tn an area ol Copper-nickei mineratza- annual capacity of about 90 tons of con- | 
100.0" | tained nickel.. a a 
~Texmont Mines Ltd., formerly F atima British Guiana.—Government geochem- | 

Mining Co. Ltd., continued diamond drill- ical prospecting resulted in the discovery 
ing its nickel property| in Bartlett and of anomalously high nickel content of soils 

. _ Geikie Townships, Ontario, south of Tim- associated with an ultrabasic intrusive in 

: mons. ue company reported reserves the Wariri area, in northwestern British 
on. October 15 to be 4,770,000 tons aver- Guiana. 
aging 1.0 percent nickel. In November, Venezuela.—Société Le Nickel was in- 
the company reached agreement with the  vestigating nickel deposits in the Loma de 
Canadian Nickel Company, a subsidiary Hierro area, Aragua. 

of Inco, to have the property tested, and ° 
| _ provision was made for a 2-year develop- EUROPE | 

ment program by Canadian Nickel in which Greece.—The Larymna nickel project of 
that company would expend at least $400,- Société Miniére et Metallurgique de La- 
000. rymna Larco S.A. was being readied for 

At yearend it was reported that New production early in 1966. Annual output 
Jersey Zinc Exploration Co., (Canada) of electrolytic nickel will be about 4,400 
Ltd. had made a nickel discovery in the tons. The project is a joint venture of 
Gaspé Provincial Park, Quebec. Severe Hellenic Chemical Products & Fertilizers 
winter weather hampered further opera- (Co. and Société Le Nickel. 
tions to assess the significance of the dis- Norway.—Near yearend, Falconbridge 

corr F announced that annual nickel production 
uba.—The French firm, Société Le capacity of its refinery at Kristiansand 

Nickel, contracted to purchase 5,500 tons South would be expanded to about 40,000 

per year of Cuban nickel, in oxide sinter tons by mid—1967. 
form, for 3 years, then 3,300 tons each of 9 ——____-__ 

j iti ®Giant M t Mi Ltd. A 1R t. 
avesible 2 years, with additional purchases Vancouver, ‘British “Columbia, Canada. “1965, 

. pp. 
ini ic, — i ? 10 McInt. Porcupine Mi Ltd. Annual Re- 

f Dominican Republic. Falconbridge . port. Toronto, ‘Ontario, Canada. 1965, 20 pp. 
erronickel pilot plant operation, Falcon- 11P, 4 of work cited in footnote 5.
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United Kingdom.—The former Inco sub- Japan.—Nickel was supplied entirely by | 
: sidiary, the International Nickel Company imports; 1,065,640 tons of ore and con- 

(Mond) Ltd., on January 1 became Inter- ~— centrate (including 951,096 tons of ore | 
national Nickel Ltd. The company’s re- from New Caledonia, 87,578 tons of ore 
finery at Clydach, Wales, was being mod- from Indonesia and 22,576 tons of con- | 

_ernized, with some innovation in the reduc- _centrate from Canada) ; 4,788 tons of nick- 
tion and volatilization sections of the car- el matte from New Caledonia; and 2,847 
bonyl process plant. A new, more versatile tons of unwrought nickel (including 1,779 
unit for producing carbonyl nickel powders tons from Canada and 910 tons from Nor- 
was put into operation. | way). : | 

| a - : A new company, Tokyo Nickel Co., was 
| AFRICA formed to produce nickel oxide sinter 75 

Rhodesia, Southern—Trojan Nickel domestically from nickel sulfide matte sup- : 
Mining Co. (Pvt.) Ltd., operated its Tro- plied by Inco. The firm is a joint invest- 

_ jan mine near Bindura throughout the ment of Inco (40 percent), Shimura Kako 
year, producing about 400 tons per month Co. (50 percent), and Mitsui and Co. (10 , 
of concentrate containing about 15 percent _ percent). . | : 
nickel. Concentrate production through Philippines.—The Suragao Mineral Res- 
September was 2,953 tons. In June, the ervation Board invited bids for operation of 
Anglo-American group took an.option to parcel II of the reservation, which con- 
examine the potential of a 105-square-mile _ tains large nickel reserves. A qualified bid 
area surrounding the Trojan mine. was received from Benguet Consolidated, 

_ Rio Tinto (Rhodesia) Ltd. was planning Inc., and a second bid from an agent of 
to reopen the Empress nickel mine near the MacArthur International Minerals Co. 
Gatooma by 1967. _ Both bids were rejected by the board, with 

South Africa, Republic of.—Rapidly ris- the recommendation that agreements might 
ing production of platinum ore from the better be reached by negotiation. 
‘Rustenburg mine resulted in recovery of 
increased amounts of byproduct nickel. OCEANIA 

The Pilansberg nickel mine suspended © New Caledonia.—Production (nickel | 
production in May, and mine equipment plus cobalt content) included 17,434 tons 
was dismantled. Kashane Exploration Ltd. in matte and 17,158 tons in ferronickel. 
suspended exploration activities in the vi- Ore production was 2,853,511 wet tons. 
cinity of the Pilansberg mine. __ Exports to France were 8,237 tons in | 

matte and 15,761 tons in ferronickel. Ex- 
ASIA ports to other countries were 9,162 tons 

| China, Mainland.—Société Le Nickel in matte to Canada and Japan, and 1,941 
concluded an agreement to sell China at tons in ferronickel to Japan, Australia, | 
least 10,250 tons of nickel at current United States, and Italy. Ore exports to 
French prices over a 3-year period. Japan were 959,749 tons containing about 

Indonesia.—Production of nickel ore for 3.1 percent nickel. 
export to Japan by the Sulawesi Nickel Production of matte and ferronickel by 
Development Cooperative Co. (Sunideco) the Société Le Nickel was 34,592 tons, 18 . 
apparently increased considerably over that percent more than in 1964. This indicates : 
of 1964. Japanese imports of nickel ore continuing progress in the company’s plans 
from Indonesia in 1965 were 87,578 tons, to expand production to 55,000 tons. The 

- compared with 1964 Indonesian ore pro- company was building a 32,000-kilowatt 
duction of 52,855 tons. Sunideco was con- power-generating station and a sixth elec- 
sidering erection of a nickel refinery in tric furnace, had contracted to purchase 
Indonesia. : | _ from Japan two ships, each 15,000 tons 

Indonesian nickel ore reserves were re- deadweight, and was developing a mining, 
ported to total over 40 million tons, aver- ore pelletizing, and shipping center at , 
aging 1.5 to 2.3 percent nickel. Poro, on the northeast coast. :
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3 TECHNOLOGY | 

| Nickel oxide sinter 90, a new primary process generally would be suitable only 
product, was distributed commercially by for certain of the ores, such as those with 
Inco toward the end of the year.12 It will high-nickel content or low-magnesia con- 
be used in wrought and cast alloys and tent. A more versatile chemical process 
stainless steels and in cast irons. Analyses = ———H+¥—+—- _ ; | 

typically are 90 to 92 percent nickel. Primary Nickel Product Inteoduecd by interne 
Ultra-high-purity nickel also is available tional Nickel. Press Information, Nov. 29, 1965, 

: 13 i 2 pp. 
. commercially. : The metal contains 30 13 Materials Research Corp., Advanced Mate- 

7 parts per million interstitial content (Oz, rials Div. Ultra-High Purity Nickel. Orange- 

N2, Fe, CG) and 20 parts per million sub- "Ghomival and’ Engineering " News. Nickel 
stitutional content. An even higher purity That Is Pure Enough To Allow Studies of Its 

nickel has been produced by Bell Telephone Electronic Structure. V. 43, No. 27, July 5, 

Laboratory personnel.14 The nickel was 15 Pallister, P. R. Resistivity of Nickel. Metal- 
| reported to contain less than 2 parts per Ane 1 (Manchester, England), v. 71, No. 426, | 

- million metal impurities and less than 10 me Adami, L. ee and E. G. King. Heats of 
i i iti tion o nhydrous Sulfates of Cadmium, 

parts per million other impurities. Copalt, Copper, Nickel, and Zinc. BuMunes Rept. 
The electrical resistivity of nickel metal Of dav. e614, ines, 10) pp. . a . 

up to 1,600° K was reported, and estimates Yeller, W. W. Low-Temperature Heat Ca- 
. eee . pacities and Entropies at. 298.15° K of Anhy- 

were made for resistivity of pure nickel.15 drous Sulfates of Cobalt, Copper, Nickel, and 
7 Heat of formation, low-temperature heat Zinc. BuMines Rept. of Inv. 6669, 1965, 6 pp. 

. d 998.15° K 7 Beal, Laurence H. Geology and Mineral 
capacity, and entropy at 290.1), IN Were = Denosits of the Bunkerville Mining District, 
determined for NiSQOu..16 Clark County, Nevada. Nevada Bureau of 

los} blicati described nickel Mines, Bull. 63, 1965, 96 pp. . 
| Geologic publications escr . ————. Cobalt-Nickel-Platinum Occurrences in 

occurrences in Nevada, 17 British Guiana,18 Nevada. | Nevada Bureau of Mines, Map 21, 
° ° arc. . 

Southern Rhodesia,19 Australia,2° and 18 Bateson, J. H. Geochemical Breakthrough 
Canada. In Mineral Prospection in British Guiana. Ca- 

Canadian deposits described included ee a 2s, Quebec, v. 86, No. 12, December 
the Marbridge mine, Quebec,?! Pride of : pe J Kun, Nicolas. | nite Mineral Resources 
Emory mine, British Columbia,?? and New Youk, 1965 740 poo eee 
Strathcona,23 Falconbridge,24 and Frood cl Le Roex, i. Ds gavickel Deposit on the Trojan 

° 4 ° ° ° alms, inaura istrict, poutnern ISTrict. e€ 

mines,?° Sudbury district, Ontario. Geology of Some Ore Deposits in Southern Af- 
7 The Thompson, Manitoba, Canada op- rica, The Sel. Soc. of South Africa, Johannes- 

: : . urg, » pp. 509-520. 
er ation of Inco, which came into produc- Sharpe, J. W. N. The Empress Nickel-Copper 
tion in 1961, was the subject of a sym- Deposit, Southern . Rhodesia. she Geology, of 

: 2 : ° ome re eposits In poutnern rica, e@ GWeoi. . 

posium.%6 The mine, mill, smelter, and Soc. of South Africa, Johannesburg, 1964, pp. | 
refinery equipment and operations were 497-508, dre John. ed. Geology of Australi 

: ‘ * cAnarew, vonn, e ecology oOo. ustrai1an 

described, as well as project planning and Ore Depos:ts. Eighth Commonwealth Min. and 
development and community planning. Met. Cong., Australia and New Zealand, Mel- 

Sn teen aa? ° ourne, Australia, v. 1, , pp. 
The continuing quest for economy in 21 Clark, Lloyd A. Geology and Geothermom- 

mining, particularly for increased produc- etry of the Marbridge Nickel Deposit, Malartic, 
tion from each working area, has led to hoe Keon. Geol., v- 60, No. 4, June-July 
the use of wagon-mounted drills for drilling 22 Minister of Mines and Petroleum Resources, 
holes inclined upward into the stope fzpyince of, British Columbia. Annual Report. 
back.27? | _*% Naldrett, A. J., and G. Kullerud. Investiga- 

Hydrometallurgical recovery of cobalt, fons, of tas, Nicksl Copper, Ores and Adiasen 
| nickel, and copper from an oxidized-sulfide _negie Institution of Washington, Yearbook 64, 

concentrate of those metals was described.28 (12581965), Pp. 1777188. Lamby. Mikro- 
Continuing studies of hydrogen reduction  skopische Untersuchungen an Erzproben aus 

methods of producing nickel powders de- ee eae ieee rencltiencnde zenctocke Bol 
lineated the effects of various addition gerungen (Microscopic Examination of Ore Sam- 

1 29 ples from the Falconbridge Mine udbury, On- 
agents on nucleation or growth. oy tario, Canada), and Genetic Conclusions Result- 

Nickeliferous laterite deposits have a typi- ing jfrom This. Investigation). Zietachritt Fur 
; ; ; i rzbergbau un etallhuttenwesen, v. 17, No. cal vertical profile in which the relative 12, December 1964, pp. 645-653, 

amounts of iron, magnesium, silicon, nick- . 25 Hawley, J. E. Upside-Down Zoning At 
; rood, Sudbury, Ontario. con. Geol., v. , el, and cobalt vary at depth according to No.3) May 1968, po 529-575. 

the stage of weathering. A metallurgical 26 Canadian Mining and Metallurgical Bulletin.
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that would not be so selective of feed ma- _ tractive metallurgy of nickel was trans- 
terial was described,39 and the economics lated from Russian, and published in Eng- 
discussed.31 The end product, nickel and _lish.34 | | 
cobalt sulfide, would be further processed Growing use of maraging steels was high- 
in existing nickel refineries. The process lighted by the construction of 260-inch- 
involves pugging the ore with sulfuric acid, diameter solid propellant rocket motor 
drying, roasting, leaching, and precipita- cases using 18-percent nickel, 9-percent 
tion. - _ cobalt, 5-percent molybdenum steel. Marag- 

A Bureau of Mines publication described ing steels also have been used in research 
a sulfatizing process for laterites using a submarine hulls, shotgun barrels, and ma- 
sulfur dioxide-air reaction gas.32 Among _ chine tools. The high strength, toughness, | 
patents issued was one for a metallurgical and ductility of this constructional steel, 
separation of nickel from cobalt occurring and ease of machining and heat treatment 
in ocean floor manganese nodules.33 _ have resulted in extensive study of its prop- 

A. A. Tseidler’s 1958 monograph on ex- erties and fabrication and in the develop- 
ment of less expensive alloys with similar 

Symposium On the Thompson Operation. V.57, | Properties. One such alloy was developed 
0. 631, November 1964, pp. 1147-1200. i l .- it is a 12.5-percen 
27 Holmes, Roy. Uppers and Wagon Drills in by Foote Minera ve 1 it sa 12.5 P ] rf 

Cut-and-Fill Stoping. Canadian Min. and Met. nickel, 8-percent cobalt, 4-percent molyb- Bull., Vv. 58, No. 642, October 1965, pp. 1064- denum, 2-percent manganese, 0.2-percent 
28 Maschmeyer, D., and B. Benson. Hydro- titanium, 0.1-percent aluminum alloy steel ° 

metallurgical Treatment of Oxidized Nickel-Co- with yield strength above 214,000 pounds 
balt Concentrate. Canadian Min. and Met. Bull., . . “7. v. 58, No. 641, September 1965, pp. 931-938. per square inch and tensile strength above 
_.*®Kunda, W., D. J. I. Evans, and V. N. 227,000 pounds per square inch.35 Mackiw. Effect of Addition Agents on the lr P a h q ltra-hieh Properties of Nickel Powders Produced by Hy- nco reported that a new ultra-high- 
drogen Reduction. Sherritt Gordon Mines Ltd, strength alloy steel, 8-percent nickel, 14- 
berta, Canada, 1965, 33 oD askatchewan, Al-  jercent molybdenum, 18-percent cobalt had 
Mae Zubryckyi, N., D. 2: epee and Vv. N: a tensile strength of 506,000 pounds per 

acKTw. refrerentia ulifation o lickel an ° © . Cobalt in Lateritie Ores. J. Metals, v. 17, No. Square inch.86 Abstracts of technical ar- 
5, day 1965, Pp. 478-486, WwiDILLE ticles on maraging steels and other nickel- 

oung, e es - SuDryckKkyj, ~ vg. ik. vans, ° : . 
and V. N. Mackiw. A Sulphation Leach Process bearing alloys, nickel, analyses, and pat- For Recovering Nickel and, Cobalt From Laterite ents, were published during the year in the res. erri ordon ines Ltd., Res. an oo : ° 
Devel. Div., Fort Saskatchewan, Alberta, Can- Nickel Bulletin.37 A history of develop- ada, March 1965, 27 pp. | | ment of nickel-bearing steels was pub- 82 Joyce, F. E., Jr. Sulfatization of Nickelif- lished.38 
erous Laterites. BuMines Rept. of Inv. 6644, “Sed. . . . 1965, 16 PP LP For S tion of Nickel-bearing stainless steels were used 

: ero, onn ° rocess or eparation o . ° ® ° . Nickel From Cobalt in Ocean Floor Manganifer- mor € extensively in architectural USES, The 
ous Ore Deposits. U.S. Pat. 3,169,856, Feb. 16, 65U-toot-high Gateway Arch in St. Louis, 

'% Tseidler, A, A. Metallurgiya medi i nikelya Mo., is faced with 900 tons of 14-inch (Metallurey | ot Copper and Nickel), Moscow, polished stainless steel plates. Other new 
o..00., . rans. rom ussi9n. “. ° ° Ne 

Dept. of Commerce, Office of Tech. Services, ATS uses include easily assembled and main 6411103, 1964, 820 pp. News’ ¥F D tained stainless. steel lightpoles. Architec- 
emica ngineering News. oote De- © ° . velops Low Cost Maraging Steel. V. 43, No. 30, tural stainless steels were inspected and 

July 26, 1965, pp. 41-42. __. found to be easily maintained, with in- 
v. 196 Ne is, FeNi JB Lape ee 800-000 Psi. definitely long life when use is properly 
C 37 The Nickel prulletin. International Nickel designed .39 
ompany, Inc., New York, v. 12, Nos. 1-12, 1965. . “nt ° % Yeo, R. B. G., and O. O. Miller. A History Free-machining stainless grades were of Nickel Steels From Meteorites to Maraging. heavily advertised. A new _ iodine-base 

e Sorby Centennial Symposium On e His- : . . 
tory of Metallurgy, Gordon and Breach Science lubricant was developed which effectively Publishers, New York, v. 27, 1965, pp. 467-500. lubricates stainless steels.40 

merican Society For Testing and Materials, ; ; : 
Proceedings. Report on 1964 Inspection of A Bureau of Mines publication reported 
Stainless Steels in Architectural Applications. that substitution of cobalt in types 302 and 

- 65, 1965, po. 145-155. . ’ 
40 Business Week. New Lubricants Containing 309 stainless steel had an irregular effect Iodine Will Make it Easier to Use Stainless OM Corrosion resistance; at some levels of 

Steel one isegnam, in Moving Parts. No. 1891, cobalt content, corrosion resistance was im- 
| , a Tilman. M. M. Effects of Substituting Co- | proved by the presence of cobalt.41 

alt For Nickel on the Corrosion Resistance of i ing i - Two Types of Stainless Steel. BuMines Rept. Use of stainless steel tubing m power 
of Inv. 6591, 1965, 17 pp. plants was attractive due to its strength,
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antifouling smooth surface, and long life. The effect of variation in phosphorus: con- 
Use of corrosion resistant austenitic stain- tent upon structure, strength, ductility, and 
less steel as a construction material was hardness of. electroless nickel also was 
described.42 , - studied.5° : 

A 60-percent chromium, 40-percent nick- Porous nickel plates used in fuel cells 
el or 50-percent chromium, 50-percent nick- and nickel-cadmium batteries must have 

| _ el alloy has greatly improved resistance to adequate strength and predictable porosity, 
corrosion caused by burning heavy residual _ pore size range, resistivity, or other special 
fuel oils, particularly resisting the corrosion properties. Powder characteristics, partic- 
induced by vanadium, sulfur, and sodium.#3 —_ularly shape, and also the manufacture of 

It is suitable for boiler superheater sup- plates by loose sintering, roll compacting, 
ports, refinery furnace tube supports, and slurry, and pressing techniques were dis- 
other furnace parts. 7 cussed.51 | | 

_ Progress in developing two iron-base ~ a Merrick, Robert D.. and Charles L. Mantel! 
. ‘ ° . errick, Robert D., an arles L. tell. superalloys for use in turbine engines for Low-Nickel Stainless Steels. Chem. Eng., *. 72, 

automobiles was described. The alloys, No. 28. Aug. 30, 1965, pp. 144, 146, 148-149, 

| CRM-6D and CRM-15D, contain only 5 49 and 50-50 Chromium Nickel | The Totoro 
percent nickel and no cobalt.44 tional Nickel Co., Ine., New York, v. 18, No. 

, , ge e e 45 ’ > pp. E a . ; Some of the white irons were reviewed. ‘Roy, Amedee, Frederick A. Hagen, and John 
Three factors were reported to influence M. Corwin. Iron-Base Superalloys for Turbine 

| high-temperature strength of thoria-dis- 1968, pp. oni onctals, Vv. 1% No. 9, September 
persed nickel ; development of fibrous struc- I & Provias, | Pp. J ‘5 Nickel-Chromium White 

. . cs rons For rasion Service. Canadian Min. and ture, mechanism of strain hardening, and = wet, Bull. v. 58, No. 641, September 1965, pp. 
occurrence of the dispersed phase.46 923-980. 

. : raser, R. W., B. Meddings, D. J. I. Evans, Strength has been improved by alloying and V. N. Mackiw. Dispersion Strengthened 
molybdenum and tungsten, and oxidation Nickel by Compaction and Rolling of Powder 
resistance improved by addition of chromi- Froduced by P rrasire Ly drometallurey ponent 
um or by using protective coatings.4? katehewan, Alberta, Canada. June 1965, 54 pp. 

° a . Materials in Design Engineering. ‘Higher 
Proper ties of thoria disper sed nickel make Strength Oxidation Resistance for TD Nickel. 

| its use feasible in some jet engine parts, V6) No. 4, April 1965, pp. 6-7, 9. 
: : * nti 8 Redden, Thomas K., and James F. Barker. 

ane advances in properties and fabrication Making TD Nickel Parts. Metal Prog., v. 87, 
techniques may open other uses. , No. 1, January 1965, pp. 107-118. ; 

Nickel has been used in fiber-reinforced De Bari, G. A., and J. V. Petrocelli. The - . Fffect of Composition and Structure on the composite materials. Among the fibers Electrochemical Reactivity of Nickel. J. Electro- 
_ used with nickel or nickel base superalloys chem. Soc., v. 112, No. 1, January 1965, pp. 

| are tungsten ane molybdenum wire and n Graham, Arthur H., Robert W. Lindsay, and 
. | alumina whiskers. - aro - Read. The Structure and Mechanical 

© s we . Properties of Electroless Nickel. J. Electrochem. Electrochemical reactivity of nickel was Soc., v. 112, No. 4, April 1965, pp. 401-413. 
found to be affected more by small amounts *' Kravie, A. F. Production of Porous Mem- f impuriti h if leni d branes For Batteries and Fuel Cells. Canadian 
on es ities ne AS “tiffer selenium, an Min. and jiet. Bull., v. 58, No. 636, April 1965, 
phosphorus, than by differences in struc- PP. 422-427. | 

. . . Tracey, V. A., and N. J. Williams. The Pro- 
ture induced by cold rolling.*9 The im- _ duction and Properties of Porous Nickel for 
purities increase reactivity of nickel and Alkaling | Battery | and Fuel Cell Eelctrodes. 

inhibit passivity to a significant degree. Febraery 1965, oa 1735.” No. 1-2, January—



Nitrc oe 

- By Richard W. Lewis ' 

Domestic production capacity of anhy- (1,000 tons per day and greater), single- | 
drous ammonia continued to increase, and train plants which, it was believed, would 
by yearend it was 20 percent greater, boost- eventually replace most of the smaller 
ing total output capacity to over 11 million plants because the oper ating cost per unit 
short tons. A trend was established to- Of ammonia produced will be lower. | 
ward the construction of large capacity 1. Commodity specialist, Division of Minerals. 

| : Table 1.—Salient nitrogen statistics | oe 
| (Thousand short ‘tons of contained nitrogen) . o 

. 
. r . . . 7 

. 

1956-60 1961 — - 1962 1963 1964 1965 — 
(average). 7 -_ 7 

. 
a. _. _ rn a _ : . 

United States: . , Production as ammonia___________ 3 ,521 4,429 4,920 *'5,656 6,447 7,252 
Production as high-purity nitrogen vo 
Gas... 380 1,045 °# 1,683 1,992 r 2,266 2,801 

Imports for consumption of nitrogen' 
compounds. ______-___-__._ 2. 276 - 825 . 383 401. 494 496 

Exports of nitrogen compounds. .__. 247 173 246 219 337 459 
Consumption !______-____ 3 ,679 5,130 r 4,862 t§ 454 r 6,031 6,575 

World: Production }__........-__.... 11,956 15 ,403 16,320 *18,864 * 21,213 23 ,401 
eee 

T Revised. : oe 
1 Estimated, exclude nitrogen gas. - 

| Tabie 2.—Nitrogen production in the United States 
(Short tons of contained nitrogen) 

eee 

1961 1962 1963 1964 F 1965 P 
meee 

Anhydrous ammonia: Synthetic plants !_____ 4,282,160 4 :778,106 * 5,504,581 6,278,717 7,079,035 
_ Ammonia compounds, coking plants: . 

Ammonia liquor____.___.-_._...._____. 10 ,990 11,166 12 ,059 13,325 12,791 
Ammonium sulfate........-.......---. 125,951 124,112 131,385 144 ,362 150,318 
Ammonium phosphates___........-...  .10,111 6 ,909 8 ,234 10,638 10,292 

Total_.__.--.-_--__-- ee 4,429,212 4,920,293 *5,656,259 6,447,042 7,252,436 
Nitrogen gas }__.._-_..-..--22_-----_-- --_ 1,045,357 1 ,682 ,643 1,992,112 2,266,411 2,801,073 

P Preliminary. T° Revised. 
1 Bureau of the Census Current Industrial Reports. 

695
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| Table 3.—Major nitrogen compounds DOMESTIC PRODUCTION : 
_- preduced in the United States | a | 

(Thousand short tons, gross weight) Anhydrous ammonia production in 1965 

7 oo exceeded that of 1964 by 973,000 tons, or 

| | Compounds 19647 1965P 13 percent. The output of nitrogen ( liquid 

and gas) also increased and was nearly 24 

Ammonium nitrate..........--- 4,543 4,599 . percent greater than in 1964. | 
Ammonium sulfate___......--.-.. 2,307 © 2,661 4 . d . 
Ammonium phosphate----------- 3 ,096 3,531 The following anhydrous ammonia — | 

Nitric acid ___------------------ 45732 4-860 (NHs) plants and expanded facilities with : 
een engineered capacities were reported com- 

P Preliminary. * Revised. . pleted during the year: os | 

Source: U.S. Tariff Commission (urea only). 

/ . . , , . - 

7 : ~ Added NH; 
Company Plant location capacity 1,000 

. short tons . 
oo , per year 

, Air Products and Chemicals, Inc.__...........-.--- New Orleans, La___------------- 210 
. Ammonia, Inc____..----------------------------- Bonmie, Fla.......-.------------ 50 

Apple River Chemical Co__.__--------------------- Dubuque, Il]_---.--------------- 200 

Calumet Nitrogen Products Co_......-...---------- Hammond, Ind___.-.----.------ 15 

. Consumers Cooperative Association...____....------- Fort Dodge, Iowa_-_...---------- 55 
El Paso Natural Gas Products Co. !1_2.__._.......... Odessa, Tex.....-..------------ 105 
Fel-Tex, Inc_._..._..--.------------------------- Fremont, Nebr-_.---...----------- | 42 
Frontier Chemical Co_.___.._-.-------...----.-.-- Wichita, Kans_..----.---.------ 15 
W. R. Grace & Co. .______.--_------------------..- Memphis, Tenn.-------...------ . 75 
Hercules Powder Co_._..._-..-------------------- Hercules, Calif._........-------- 70 

SO --Monsanto Co__....--_._------------------------- Luling, La__-_---.-------------- 210. 
Nipak, Inc____...--.-..------------------------- Kerens, Tex_......------------- 115 . 

Dk Olin Mathieson Chemical Corp_.---.--------------- Lake Charles, La-_-------------- 500 
Phillips Chemical Co_......._.-------------------- Beatrice, Nebr.....------------- © 220 
Reserve Oil and Gas Corp... ....------------------ Hanford, Calif__....------------ 22 
Shell Oil Co.______._-.--_-------_-__-.-_-------. Ventura, Calif._..---.----------. 55 
Western Ammonia Corp. !__._.....---...---------- Dimmitt, Tex_........--..------- 27 
Wycon Chemical Co___._.....-_.----------------- Cheyenne, Wyo-_-.-.-------.----- 20 

1’ Reported as completed in 1964 Minerals Yearbook. | . a 

Additional new anhydrous ammonia plants and expansions either planned or under 

construction were announced as follows: 

| | - Added NH; 
_ Company Plate location capacity Completion 

1,000 tons date 
per year 

Allied Chemical Corp.....-------------------- Geismar, La_.-.------------ . 350-1967 
American Cyanamid Co._____...-...--.-.----- Fortier, La....------------- 350 1966 
Borden Chemical Co_..._...__....-___-------. Geismar, La._..--.--------- 350 1966 
Chevron Chemical Co__._.____.__.-_-.._----_- Pascagoula, La_.......-.---- 500 1967 © 
Coastal Chemical Corp._._...-..-------------- Yazoo City, Miss---.-------- 350 1966 
Collier Carbon & Chemical Corp__..--.-.------ Brea, Calif. .._.._._------_--- 250 1966 
Continental Oil Co.___-_--.------------------ Blytheville, Ark__-.-.---.--- 350 1966 
Commercial Solvents Corp________..--..-..---- Sterlington, La_--...-.------ 350 1967 
The Dow Chemical Co________..__---._.--..-. Freeport, Tex_-..-.---------- 105 1966 
E. I. du Pont de Nemors & Co., Inc__._.._..... Beaumont, Tex___..-.------ 350 1966 

Do,...._-------------------------------- Belle, W. Va, }_.------------ 350 NA 
Felmont Oil Corp. __.-...-------------------- Olean, N. Y.---------------- 70 1966 
First Nitrogen Corp___....__.-_-------------- Donaldson, La_--._--------- 350 1966 
Green Valley Chemical Corp_._....------------ Creston, lowa_-_------------- 35 1966 
Mobile Chemical Co______________....__._.... Beaumont, Tex__._..------- 250 1966 
Shamrock Oil & Gas Co_.-.__.---------------- Dumas, Tex. .-------------- 70 1966 
Shell Oil Co________________.____-.....__.-.. St. Helens, Ore_._._.-------- 150 1966 
Terra Chemicals International, Inc__..__.-.---- Port Neal, Iowa_-..--------- 210 1966 
Tuloma Gas Products Co__..___-_.-....--.---- Texas City, Tex_..-----.---- 500 1968 
United States Steel Corp__._..-------.__--..-- Clairton, Pa_.__..---------- 400 1966 
Valley Nitrogen Producers Co____......--.---- El Centre, Calif__......-..-- 210 1966 

NA Not available. 
1 Upon completion the original plant would be shut down,
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Increasing domestic demands for urea, build a large fertilizer-manufacturing fa- | 
| chiefly for fertilizer use, led to heavy ex-  cility at Port Neal, lowa, which was to in- . | 

pansion of production capabilities in 1965. clude a 350-ton-per-day urea plant. Ag- = 
If all planned projects and plants under way, Inc. expected to produce urea at | 
construction in 1965 materialize capacity Olean, N.Y., in a new plant adjacent to 
by the end of 1966 will be double that in the new Felmont Oil Corp. ammonia plant | : 

_ 1964. Several new plants were completed scheduled for completion in 1966. © , | 

and functioning in 1965. , In 1965, facilities for the production of a 
| Columbia Nitrogen Corp. began operat- other nitrogen compounds also were ex- 

ing a new 25,000-ton-per-year plant at panded. Several new nitric acid and am- 
- Augusta, Ga.. At New Orleans, La., Amer- monium nitrate plants were constructed. : 

ican Cyanamid Co., built a new plant with The New Jersey. Zinc Co. started con- 

an output of about 157,000 tons per year. struction on a 270,000-ton-per-year diam- 
A new plant with.a 35,000-ton-per-year monium phosphate unit, said to be the 

output was completed at Henderson, Ky., largest in the world. The plant was sched- 
for Spencer Chemical Division, Gulf Oil uled for completion in 1966. W. R. Grace | 
Corp. Mississippi Chemical Co. completed & Co. had plans for a 100,000-ton-per- 

a new urea plant at Yazoo City, Miss., year ammonium phosphate plant to be con- _ 
adding 35,000 tons per year to its existing structed at Henry, IIl., and in operation in | 
output of 45,000 tons. Nipak Inc. hadan 1967. | | 

| 85,000.ton-per-year plant under construc- — The following new air-separation plants 
tion at Kerens, Tex., and Solar Nitrogen to produce nitrogen were reported com- . 

_ Chemicals, Inc., had a plant of equal ca- pleted in 1965: oo a 
| pacity under construction at Lima, Ohio. | a oe 

Both Allied Chemical Corp. and Mobile _ i Gas | 
Chemical Co. were constructing urea pro- Company ! Plant location capacity = 

: duction facilities in connection with their an oo per ay) | 
large new ammonia plants under construc- 9 ____»JJJ>»_>»_EOSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFFSFSe 
tion at Geasmar, va ane Beaumont, Tex., Air Reduction Pacific Co- Vancouver, 2160 

. respectively. orden Uemica oO. was . a , Wash. 

planning a 175,000-ton-per-year plant at Air Reduetion Co-- --.- Titusville, NA 
Geismar, La., where the firm had a large Big Three Industrial Beaumont, — 3 800 

. . Gas & Equipment Co. Tex. 
ammonia plant under construction. Shell GChemetron Corp., Denver, Colo. 245 

, Oil Co. was reported to be building a urea > National Cylinder | 
plant in conjunction with an anhydrous Burdett Oxygen Co. of Parkersburg, 2 450 

ammonia plant at Portland, Ore. Collier — reeled Ine. uc te Povtiand, 2 80 
Carbon & Chemical Corp. expected to have Co. Ore. 

a new urea plant operative in 1966 at the ©§_—————————_______________ : 
site of its mew ammonia plant under con- NA Not available. 

struction at Brea, Calif. Terra Chemicals ; The list is not necessarily complete. 
: . Argon, nitrogen, and oxygen. 

| International Inc. announced that it would - 8 Nitrogen and oxygen. 

CONSUMPTION AND USES 

Domestic consumption of nitrogen, as According to reports by the Department 
compounds, was about 9 percent greater of Agriculture, nitrogen consumed by ag- 
than in 1964. More than 80 percent of riculture as fertilizers for the year ending 
all nitrogen consumed, with the exception June 30, 1965, was 4,580,519 tons. This 
of nitrogen gas and liquid, went into fer- was an increase of 5 percent over the ton- 
tilizer materials. nage consumed in the 12-month period 

ending June 30, 1964. 

PRICES 

Price increases were noted in August on wise held steady. The usual seasonal dis- 
some fertilizer compounds—$2 per ton on counts were given on anhydrous ammonia 
ammonium nitrate and $3 per ton on am-__ for delivery in August and September. 
monium phosphate and urea. Prices other- 

232-748 O-67—45
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: Table 4.—Price quotations for major nitrogen compounds in 1965 | | 
. . . (Per short ton) - oo 

| oe | oo . Effective _- 
Compound Jan. 1 _ Dec. 30 date of 

' ro change 

Ammonium nitrate, fertilizer grade, 33.5 percent N (nitrogen): a . : Canadian carlots, bags, f.0.b. shipping point____..._______- $67 .00 1$72.00 Nov.8 
Domestic f.o.b. works, bags.-_______.__....-------------- 67.00 269.00-70.00 Nov.8 

Ammonium nitrate, domestic with dolomite, 20.5 percent N bags, : oo 
carlots, Hopewell, Va__-_-_._-_--_-__---=--_ eee 52.00 ' - §5.00 Jan. 4 Ammonium sulfate, standard granular, bulk, f.0.b. works......_.. 32.00-34.00 .32 .00-34.00 | 

Anhydrous ammonia, ferilizer, tanks, works, freight equalized a : 
east of Rockies____-_-.....--.--22 2-22 ee 92.00 ~ 92.00 (8) 

Sodium nitrate, domestic, commercial, bulk, carlots, works. .__._ 44.00 44.00 
Sodium nitrate, imported, commercial, bulk, carlots, port ware- 

house___-.-.------------- +e ee 44.00 44.00 — 
Urea: oO . 

- Industrial, 46 percent N, bags, carlots, delivered, freight _ 
equalized_.__...-----..-.-.------- eee 100.00 100.00 

Agricultural, 45 percent N, bags, carlots, delivered _._..__--- 92.00 | 96.00 Jan. 4 

, 1 Quoted at $70 from Jan. 4 to Nov. 8 oe : 
2 Quoted at $70 from Jan. 4 to Aug. 2, and $68 from. Aug. 2 to Nov. 8. . 

| 3 Quoted at $84 from Aug. 9 to Oct. 4. —— a | | 

| 7 | FOREIGN TRADE | “ | 

Gross weight of nitrogenous fertilizer _ than in 1964. This was due chiefly to a 
| _ Materials exported during the year was 28-percent increase in. incoming shipments . 

nearly 39 percent greater than in 1964. of anhydrous ammonia while shipments of 
Shipments of ammonium sulfate were near- most of the other materials . decreased. 

_ ly double those of 1964, and represented However, the quantity of ammonium phos- 
59 percent of the total quantity of ma- phate imported increased 81 percent. Al- | 
terials exported. _ | 7 though about 17 percent less urea was im- 

Oo Gross weight of. nitrogen compounds im-___ ported than in 1964, urea remained a 
‘ported for consumption was. slightly less, major fertilizer import, amounting to 15 

: but the nitrogen content was slightly more percent of the total.
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Table 5.—U.S. exports and imports for consumption of major nitrogen compounds 
(Short tons) | 

| 1964: 1965 | 

Compounds . : 
- Gross Nitrogen Gross Nitrogen 

a CO - weight content - weight content 

Exports: i oO 
Industrial chemicals: 

Ammonium nitrate. _....--.------------------ 1,160 - 406 (4) — (4 
Anhydrous ammonia and chemical-grade aqua 

(ammonium content) .-.--.--.--.----------- 46,176 37,957 - 683,879 | 53 ,147 
Fertilizer materials: 

Ammonium nitrate. ...----------------------- 87 ,077 29,171 103,716 — 34,745 
. Ammonium phosphates and other nitrogenous : 

phosphatic-type fertilizer materials_._..._....._. 363,116 54 ,467 319 ,652 47 ,948 
Ammonium sulfate.......--------.-..---.-.-. 483,784 101 ,595 961 ,601 201 ,936 
Anhydrous ammonia and aqua (ammonia . 

content) _-.....---------------+--.--------- | 102,303 84 ,093 120 ,324 98 ,906 . 
Nitrogenous. chemical materials, not elsewhere. 

: classified. _.......--.-..------------------- 60 ,427 .12,085 34,560 6,912 
Sodium nitrate_...........-.-------.--------- 950 152 ——si(‘(asés«é OG . 75 

|  ‘Urea_.....---.----222-----snnse-nns--------- 87,482 16,844 33,554 15,099 

Total. __.---------------ee-enea----------- 1,182,425 336,770 1,637,752 458,768 

Imports: | a | . —_ 
Industrial chemicals: Ammonium nitrate__..----.-.- 160 — 56 240 84 
Fertilizer materials: a 

Ammonium nitrate__.2.....--.--------------- 200,015 66 ,005 177 ,232 _ §8,487 
Ammonium nitrate-limestone mixtures. ..------- 37 ,861 | 7,951 1,500 315 
Ammonium phosphates_._._......-.---------- 96 ,146 14 ,422 174,460 26,169 

' Ammonium sulfate___.._......-.........-----. 207,964 43 ,672 180 ,869 37 ,982 . 
Calcium cyanamide or lime nitrogen_-_..-.------ 23 ,999 © 6 ,000 18,719 4,680 
-Caleium nitrate. _.....---.------------------- 54,740 | 8,485 . 33,200 5,146 
Nitrogen solutions.__.......------------------ 82 ,163 28 ,757 73 ,584 25 ,754 

- Anhydrous ammonia...-..--.---.------------- 158,264 130,093 202,622 166 ,555 
Potassium nitrate or saltpeter, crude_.......---. 3,163 380 | 3,545 425 
Potassium, nitrate, sodium nitrate mixtures_..._._ .13 ,498 2,025 7,409 1,111 
Sodium nitrate......-.-.--.---.-.-.---------- 363,216 58,115 391,943 - 62,711 
Urea_.__..---.--..-------------------------- 271,485 123 ,526 225 ,785 102 ,732 
Other. .....--.---.-------------------------- 23,957 4,791 . 20,455 4,091 

| Total._..-..------------------------------ 1,536,631 494,278 1,511,563 496,242 . 

| 1 No longer separately classified. | | 

| WORLD REVIEW / | 

| Afghanistan.—The Ministry of Mining 55,000 tons of ammonia, 50,000 tons of 
and Industry signed a contract with the ammonium sulfate, 30,000 tons of com- 
Soviet trade organization, Neftechimprom- pound fertilizers, 39,000 tons of sulfuric 
export, for the construction of a nitrogen acid, and 55,000 tons of urea. The facility 
fertilizer plant at the town of Mazar-Sherif, was scheduled for operation in 1967. 7 
about 43 miles from the Soviet border. Australia.— Imperial Chemical Industries : 
The plant, the first of its type in Afghanis- of Australia and New Zealand (ICIA- 
tan, was expected to have an annual ca- NZ), with Conzinc Rio Tinto of Australia 
pacity of 71,000 tons of ammonia, and its Ltd..planned to build a nitrogenous fer- 
completion was scheduled for 1969. tilizer plant at Newcastle, New South 
Argentina.— Government approval was Wales. 

granted for Petrosur, a company comprised Boral Ltd. and Mitsui & Co., a Japanese | 
of both foreign and local interests, to build firm, announced plans to erect a 113,000- 
a fertilizer plant at Campana. The plant  ton-per-year nitrogenous fertilizer plant 
was designed for annual production of near Sydney.
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Table 6.—World production and consumption of nitrogen compounds, years ended 
June 30, by principal countries LO 

. (Thousand short tons of contained nitrogen) 

. Production ° Consumption ® 
. Country nC 

. | | Oo 1962-63 1963-64 1964-65 1962-63 1963-64 1964-65 

Australia. ......2---- 2 22 23 #4831 ~«|. 55 74  —%4 
Austria.......-..-.-----------2 2-2 -e 202 - .. 202 222 80 91 97 
Belgium.-_....--.---+.-------..----. «© 821 309 392 148 155 165 
Brazil._.....-..--..--------- ele 14 ' 15 8 64 68 77 
British West Indies...........-..__..- 29 83 33 22 —C«; 24 26 

, Bulgaria__.....-.--------- 2-2 ee 109 123. 229 ' 82 111 193 
~Canada._____-- ee _ §22 516 542, ———i(‘as‘«W28; 209 254 

. Ceylon_._-.-------------.------ lee eee nee eee eee «33 44 : 44 
Chile. _....2.--------- eee 194 199 214 47 45 - 66 
China..._....--2 2-2-2 eee 362 - 497 551 819 1,017 1,085 
Cuba.........----.------- +--+ ee 17 17 22-22... 84 88 75 
Czechoslovakia-.-...-....-------.---- 177 179 185 ' 187 214 234 
Demark.........------------- eee eee eee eee 23 . 161 | 173 191 
Finland._....-.2-.---------------- ee 50 74 87 73 90 107 
France_.....-----------------.-..--- 982 1,200 £1,349 - 905 - 1,052 .1,122 

. Germany: oe oo, 
East.....-.-..---.------2..--.-. © 418 421 414. 328 346 419 

. West... ---- eee 1,617 1,739 1,809 1,146 1,164 1,253 - 
oe Greece_._--------------------fele-- eee eee 32. 39°C 120 128. 149 

Hungary......-.--.---- 2 ee 88 98 — 109 155 230 | 234 
India____..__-..------ 2222 Le 225 254 287 373 © 482 584. 
Indonesia. _.__.----------- eee Lee 17 22 - 421 106 77 
Treland----_--2.--- eee eee Lee eee eee ee 36 ~—6B6 30 
Isracl._..._.-._-----------.-.-.0 0. 26 29 31 ~—«_-29 30 33 
Italy__-..---..- 2-2 eee eee 930 | 994 1 ,067 531 532 585 
Japan_...-.---2-----eee.ee---------. 1,570 1,738 1 ,874 1,049 1,113 1,182 
Korea: . . 

North..-...2.-.222- 2 99 . 99 99 110 ~ 110 110 
South....222- 20 ee 44 63 71 248 169 254 

Malawi, Southern Rhodesia, Zambia_... © .2-.._..--------_----------. | 25 25 49 
. Mexico......2 2-2-2 eee . 91 133  «=-245 ~ 148 244 292 

Netherlands. ..-.-.-222.22-2-------.- =~ —s«d29 546 — ~=606 346. 341 345 
a Norway....-.....------/-------_---- 341 - 387 408 69 - 89 95 

Pakistan. .....--.----_ 2-2 ee 82 ~ 105 90 114 84. 91 
Peru__...-..---. 22 -_-_- eee 19 19 22 45 41 55 
Philippines... _-.__-_--_-___ ee 9 9 10 «688 55 55 
Poland_._..--...-----2- 2-2 ee 394 424 460 407 435 466 

. Portugal. __....2----2 2-2-2 ie 100 118 129 100 88 106 
South Africa, Republic of__..._..____-- 131 | 132 146 144 202 200 
Spain.....--.-- eee 179 205 291 392 413 - 465 
Sweden____----_-__-2 eee 61 83 80 142 157 177 
Switzerland__._______________________ 28 35 36 31 32 35 
Taiwan.._.-...------- en ----__--- 94 121 175 130 170 212 
U.S.S.R.__- 2-2 ee 1,560 1 ,932 -2,314 1 ,432 1,771 2,251 
United Arab Republic (Egypt) _________ 123 126 166 193 238 — 288 | 
United Kingdom___________________-. 820 895 966 850 922 952 

; United States___._-___-. 2-2 le 4,977 5 ,634 6,112 5,163 5,746 — 6,316 
Viet-Nam, South....-..--.222- 22 eee Lee eee 31 75° 83 
Yugoslavia. _......2.22-- 2 ee _ee 14 75 103 138 214 229 

World total }_...22 22-2 e_--_. = «17,642 20 ,086 22,340 17,620 19 ,916 22 ,274 

e Estimate. . 
1 Includes quantities for minor producing and consuming countries not listed above. 

Source: Nitrogen. No. 39, Jan.—Feb., 1966, pp. 15—16. oo 

Mt. Morgan Grace Ltd., a new company Belgium. — Carbochimique, S.A., con- 
jointly formed by Mount Morgan Ltd. and tracted to have a 1,000-ton-per-day an- 
W. R. Grace & Co., was expected to put hydrous ammonia plant erected at Tertre, 
a new nitrogenous fertilizer plant on stream _ the site of the company’s existing nitroge- 
in Gladstone, Queensland, by 1967. Am- nous fertilizer facilities including a 132,000- 
monia, ammonium sulfate, phosphoric acid, _ton-per-year ammonia plant. The new 
and mixed fertilizers were the planned ammonia unit was scheduled for comple- 
products. tion in 1967. 

Ammonia Co. of Queensland Pty. Ltd., Société Belge de l’Azote et des Produits 
announced plans to construct a new an- Chamiques du Marly (SBA) was expand- 
hydrous ammonia plant at Pinkenba, ing its facilities at Marly, near Brussels, 
Queensland, for operation early in 1966. with new units for producing ammonia,
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: nitric acid, and calcium ammonium ni- Construction was reported to have start- 
trate. The ammonia and nitric acid units ed late in the summer on a-chemical fer- | 
were due on stream before the end of the _ tilizer facility near Brandon, Manitoba, for 

| year, while the nitrate plant was scheduled J. R. Simplot Chemical Fertilizer Co. The 
for operation by mid-1966. project, scheduled for completion in 1966, | 

oO Bulgaria.—A large chemical plant was included units for annual production of 
reported under construction near Vraza. 100,000 tons of anhydrous ammonia, 70,- — 
Units for producing: anhydrous ammonia 000 tons of nitric acid, 35,000 tons of urea, 
and 600,000 tons per year of urea were nearly 90,000 tons of ammonium nitrate, 
included. Also plans were made to begin and about 250,000 tons of ammonium phos- 
construction in 1966 on a new petrochem- _ phate. 
ical complex at Pleven, which would in- — Construction was completed on a major 
clude plants for the production of about expansion of the Sherritt Gordon Mines | 
200,000 tons per year of nitrogenous fer- Ltd. fertilizer production facilities at Fort 

| tilizers. First products were expected from Saskatchewan, Alberta. The new installa- 
_ the new plants in 1968. Plans were made tions were reported to have nearly doubled | 

to expand nitrogenous fertilizer production © the firm’s ammonia output capacity and 
: _ to 700,000 tons per year (nitrogen con- tripled its urea production. | - 

tent) by 1980.2 Western Cooperative . Fertilizers, Ltd., | 
Canada.—Brockville Chemicals Ltd. was put a new fertilizer plant on stream with 

doubling the capacity of its anhydrousam- daily production capacities of the indi- 
monia facility at Maitland, Ontario, to450 . vidual units as follows: 200 tons of an- 
tons per day. The firm also had a new hydrous ammonia, 600 tons of sulfuric | 
urea plant with a daily capacity of 150 acid, 190 tons of phosphoric acid, 160 tons 
tons and a 250-ton-per-day nitric acid of nitric acid, 215 tons of ammonium 
plant under construction at the same site. nitrate and 520 tons of ammonium phos- 
The new units were expected to produce by _ phate. 
early summer of 1966. . , 

Brunswick Mining & Smelting Corp. Table 7.—Chile: Exports of nitrate in 
Ltd., announced plans for building an am- . _ 1965, by countries 1 
monia plant at Belledune Point, New _ (Short tons) | 
Brunswick, to produce 1,000 tons daily. BT 

' The date scheduled for completion was _ Destination Quantity 
in late 1966 or early 1967. : a aes | 

A $50 million fertilizer complex was Atginaite-----ccevcccccctzctcczs BES | 
| under construction at Courtright, Ontario, Belgium.__-__-__-__-____-______-__._--. 20097 

_ for Canadian Industries Ltd. In addi-  @pital7777777772itttttiticticcc: 888 
tion to a 1,000-ton-per-day anhydrous am- Denmark. - --------~----------------- 33 841 
monia plant, units were being installed to Germany__-.____._..-----------.-_-- 2 222 

_ produce nitric acid, ammonium nitrate, Greece..__..-----2-----------------. 12,470 : India__.......---.------.--.----_---. | 15,013 ammonium phosphate, urea, and phos-  freland..--- 77727722277 77777777777777 3321 
phoric acid. The five plants were sched- Japan_---..----------------_..-.---- 31,746 
uled for completion by mid-1966. = Memeo 2222227777777ttttincccic: «B88 

: Consolidated Mining & Smelting Co. of Near East ?_-_-__.-.---..---------. | 4,850 : 
Canada, Ltd. (COMINCO), completed per i, TY 
an ammonium phosphate plant near Re-  §0@0oo-7777ccccrviicccccccccc ESB gina, Saskatchewan, having an annual out- United Kingdom.....____. 272222272777 13 ,852 

put capacity of 100,000 tons. Yugoslavian 22ccccczi 932888 Cyanamid of Canada Ltd. had a $17 Other Central and South America $l... =. 1,165 
million expansion project underway at Wel- _‘1® transit-------.--------------------__ 27,400 
land, Ontario. The project included a Total... __.....-.. 2-2. .------.1,016 ,572 
new 700-ton-per-day anhydrous ammonia =©=—————____ 
plant, and a urea plant, which will have 1 Includes 107,766 tons of potassium nitrate. 

a daily output capacity of 300 tons. Com- _[neluges Jordan and Syria. pletion was expected by mid-1966. Uruguay. 
Northwest Nitro Chemicals, Ltd: was 

building a new 600-ton-per-day anhydrous ©_——————— . . : 
ammonia plant at Medicine Hat, Alberta. tpn ee os eae a6 oe ieee ae oe oe
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China.—The Wuching Chemical Works, Two new urea plants were being con- 
in Shanghai, started limited production of _ structed;'a 165-ton-per-day unit at Lune- 

| urea in a new 40,000-ton-per-year plant. burg for Salzgitter Chemie G.m.b.H. and 
Also, the Chinese news agency reported a unit, capacity unknown, for Saarberg- 
that initial operation of the Hopei project, werke, A.G. at Perl. 
a large, modern nitrogenous fertilizer plant, Greece.—It was reported that Govern- 
had begun. The Government decreed ment approval was given for a group of 

_ that a series of new nitrogenous fertilizer Greek companies to build a $45 million | 
| plants with annual capacities of 25,000 fertilizer plant in central Greece to be com- | 

tons of ammonia must be built. Many pleted in 1967. Among the products to be 
existing fertilizer plants were being re- produced was 165,000 tons per year of 

, constructed and expanded. urea. Dee : : 

. Colombia. — Industria Colombiana de Hungary.—P rojected plans for the new | 

Fertilizantes, S.A., 64-percent Government- ntegrated chemical works being built at 
_ owned, suspended operation of its chemical Szeged, - established the following annual 

fertilizer plant at Barrancabermeja. A re- Production capacities: 550,000 tons of ni- 
a organization of the corporation and a re- | trophosphates, 186,000 tons ‘of calcium ni- 

designing and expansion of the plant for trate, and 212,000 tons of calcium am- _ 
more economical operation were planned. ™onium potassium nitrate. However, con- 
Ammonium nitrate was the major product. ‘struction which was underway indicated 

France.— Charbonnage de France, a that the initial capacities would be about 
| | . os | -- one-half of that ultimately planned. Government-owned coal mining company, 7 “ye eae - . ees . The fertilizer facilities of Borsod Chem- . planned to invest about $20 million ina ni- . : . : | ical Combine were being expanded, and it trogen-products plant with an output of : 

oe eos was hoped that by the end of the year the 250,000 tons per year of nitrogen. The ‘°“” “~+ : . 4. | Pic.de. | @mmonia production capacity of the Borsod plant was to be erected at Nord-Pas-de- | . . | plant would be increased by 100,000 tons Calais. | : 
- . per year. | 

Etablissement Kuhlman ordered a new India.—Fertilizer Corporation of India | 
ammonia plant built at its LeMadeleine  ommissioned a new nitrogenous fertilizer 
plant near Lille. | complex at Trombay. Annual capacities _ 

A newly organized company, jointly of the units included in the plant were 
owned by Compagnie Francaise de Raffin- stated as 115,000 tons of ammonia, 105,000 
age, Office National Industriel de l’Azote, tons of nitric acid, 330,000 tons of nitro- 
and Société Generale d’Engrais et P rod- phosphate, 99,000 tons of urea, and 33,000. 
uits Chimiques Pierrefitte, was to establish tons of methanol. An expansion project 
an anhydrous ammonia plant near Le- by Fertilizers & Chemicals Travancore, 
Havre. Production of 1,000 tons ammonia  Ltd., at Alwaye, Kerala, to add 40,000-ton- 

_ per day was scheduled to begin in 1967. per-year Capacity, was. to be completed by 
Germany, West.— A 1,000-ton-per-day the end of the year. 

ammonia plant and a 540-ton-per-day con- The following plants were either under 
centrated nitric acid plant was being built | construction or approved for construction :3 

for Erdélchemie, G.m.b.H. at Dormagen 8 Bureau of Mines. Mineral Trade Notes. V. . between Cologne and Dusseldorf. The 61, No. 5, November 1966, pp. 41-48. N 
i 7 1 Nitrogen. resent Status o ia’ itrogen units were expected to be productive in Expanenn pe zesent otatus of In lia 5 Nit rrogen 

1966. : 1965, pp. 18-17.
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: | , oe - . . | | Annual — ~ Date : 
: ' Company and plant location - capacity in expected 

Hs - - metric tons completion 
: . ; a of nitrogen 

| Public sector: (Government plants) . | a Oo - 
Neyveli, Madras___...._--.---..----------------------------------- 70 ,000 1966 
Gorakhpur, Uttar Pradesh__......._._..-...-------------- 2 ee ~ 80,000 1967 
‘Namrup, Assam....-...-..--.----------------------------------e eee” 45 ,000 1967 
Durgapur, West Bengal__..........--------.----------------1------- 125 ,000 - 1968 
Cochin, Kerla_.._.._...--.---------------2-------------------- eee 165 ,000 1968 
Korba, Madhya Pradesh. ______.-...-------- 2 -- eee 100 ,000 1969 

Private sector: — = oe, 
Coromandel Fertilizer Ltd., Visakhapatnam, Andhra Pradesh__...-..---. 80 ,000 1967 

. Gujarat State’ Fertilizer Co. Ltd., Baroda__..___....-.-.--.------.---- 96 ,000 1967 
Hindustan Allied Chemicals, Ltd., Kothagudem, Andha Pradesh__-______- 100 ,000 - 1967 . 

- Birha Gwailor, Ltd., Goa_.......-.--.---.---------1---------.------ ,. .160,000 1968 | 
_. Rajasthan Fertilizers & Chemicals Corp. Lid., Kotah, Rajasthan_...__..__ 100,000 1968 | 

‘Imperial Chemical Industries, Ltd., Kanpur, Uttar Pradesh._..___._..--_- 100 ,000 : 1968 

| Indonesia.—An Italian firm was con- Toyo Koatsu Industries Inc. were building — 
tracted by the Government to build afer- a 500-ton-per-day ammonia plant and a 

: tilizer plant at Gresik to produce annually 600-ton-per-day urea plant. These two © 
7,000 tons of ammonia, 150,000 tons of plants, equipped with computer process 
ammonium sulfate, and 45,000 tons of control systems for complete automation, ~ 

| urea. Operation of the plant was sched- were due on stream. in April 1966. Showa 
uled for 1966. | | 7 Denko K.K., contracted for a 500-ton-per- . - 

Iran. — National Petrochemical Co., a day ammonia plant to be built at its Kawa- | 

subsidiary of the National Iranian Oil Co., saki works near Tokyo. In addition, it 
joined with Allied Chemical Corp. (U.S.) | was reported that Kasei Mizushima Co., 

| in a 50-50 partnership to develop a major Nihon Gas Chemical Co., Tokai Gas Co., . o 
petrochemical. complex. .Ammonia, urea, Kyowa Chemicals Co. were expanding urea 

_ sulfur, and mixed fertilizers were planned production capacities for a total increase’. | 
for initial production. | of about 620 tons per day. 

Ireland.—A new ammonia plant at Ark- | Korea, South.—Negotiations were com- 
| low was put into operation in September _ pleted for the construction of two fertilizer 

_ by Nitrigin Eireann Teoranta (Irish Ni- plants, each having an annual capacity of 
trogen, Ltd.) a State-owned company. 84,000 tons of urea and 180,000 tons of | | 
Final products of the plant were said to mixed fertilizers. The new plants at Chin- | 

' be sulfate of ammonia and calcium am- hoe and Ulsan were scheduled for com- 
monium nitrate with a combined annual pletion early in 1967.4 | | : 
Capacity estimated at 150,000 tons. — The Japanese Government approved the 
Japan.—The Japanese Ministry of Inter- sale of a $44 million urea plant to be 

national Trade & Industry approved agen- erected by Japanese engineers. The plant, , 
eral production expansion of 20 percent having an annual capacity of 330,000 tons 
for existing ammonia plants. Many pro- of urea, was to be completed 1 year after 
ducers planned to have new, large-capacity the signing of the construction contract.® 
single-train units built and scrap their exist- Kuwait.—- A_ 120,000-ton-per-year am- 
ing facilities. Sumitomo Chemical Co. Ltd. monia plant was to be completed by the 
was planning a 248,000-ton-per-year plant end of the year at Shuaibeh, 20 miles south 

_ at Niihama to be completed near the end of the city of Kuwait. The Government 
: of 1966. Nissan Chemical Co. decided expects to export nearly all of the produc- | 

late in the year to replace its 85,000-ton tion. 
ammonia plant with a 120,000-ton-per- Lebanon.—Esso Fertilizer Co., a new 
year plant at Toyama. Ube Kosan Indus- company formed by Esso Mediterranean, 
try planned a 600-ton-per-day ammonia  Inc., and Elie J. Doumet S.A.L. of Leba- 
plant and a 300-ton-yer-day urea plant for non, contracted with an Italian firm to 
building in the Sakai area. Mitsubishi erect a nitrogenous fertilizer plant having 

Chemical Co. had an ammonia and aurea “Bureau of Mines. Mineral Trade Notes. V. 
plant under construction at Mizushima. 61, No. 4, October 1965, p. 40. 
Annual capacities wer 5 Oil, Paint and Drug Reporter. Urea Plant 

a 73 000 cities were stated A ee In Korea To Be Built by Japan. V. 188, No. 2, 
an , tons respectively. t Sakai, July 12, 1965, pp. 5, 48.
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‘a capacity of 140,000 tons per year. The — signed for future expansion to twice this , 
| facility located at Ras Saalata, near Beirut, amount. The ammonia is converted to 

was to be completed in 1966. | nitric acid and calcium ammonium nitrate. 
Mexico. — Petroleos Mexicanos (PE- Philippines. — Completion of the Esso 

MEX), awarded a contract for the con- Standard Fertilizer & Agricultural Chemi- 
| struction of a 1,000-ton-per-day anhydrous cal Co. fertilizer plant was expected by 

: ammonia plant at Minatitlan. It was re- yearend. Units with production capaci- | 
ported that PEMEX also started construc- ties of 300 tons per day of ammonia and 
tion of a 50,000-ton-per-year ammonia and 200 tons per day of urea were included in 
fertilizer plant at Ciudad Camargo, Chi- the project.6 

_ huahua, and planned a similar facility for © Poland.—A new ammonia plant was re- 

_ - Frontena, Tabasco. | _ ported in production at the Kedzierzyn 
a Netherlands.—Maatschappij tot Exploi- nitrogen facilities. A daily output of 165 

| tatie van Kooksovengassen, N.V. (MEK- tons of ammonia was expected to produce 
OG) had a 400-ton-per-day urea plant 165,000 tons of calcium ammonium nitrate 

- under construction at Pernis, near Rotter- annually as the final product. This was 
. dam. Production was expected in 1966. the first ammonia plant in Poland to use 
—— A new company, Ammoniak Unie N.V., methane from coke-oven gas for feedstock. _ 

| jointly formed by Badische Anilin-und- The first ammonium nitrate plant in 
Soda Fabrik A.G. and Verenigde Kunst- Poland started production at Tarnow. The | 

| mestfabrieken Mekog-Albatros N.V., start- capacity was given as 30,000 tons per year. — 
ed construction on a 300,000-ton-per-year Most of the output was scheduled for use | 
ammonia plant at Pernis. First production as a raw material for producing caprolac- 
was ‘scheduled for October 1966. tam. - - a : 

Esso Nederland NV was building a 300,- The first stage of a complete nitrogenous 
000-ton-per-year ammonia plant and asso- fertilizer plant at Pulawy was to be com- 

: ciated ‘urea facilities near Rotterdam. The pleted by the end of the year, and the | 
plants were expected tobe in operation ammonia, nitric acid, and ammonium ni- © 

- early in 1968. os : trate plants, with daily capacity of 1,650, 
Nederlandse Stikstof Maatschappij N.V. 2,975, and 3,680 tons respectively were to 

was expanding its ammonia production fa- be completed by mid-1968. a 
cilities near Terneuzen with a new 160,- Rumania.—The ammonia, nitric acid, 
000-ton-per-year unit scheduled for com- and ammonium nitrate units of the Cra- | 
pletion in early 1966. vaiova chemical combine were not com- 
Norway.—Norsk Hydro-Elektrisk A/S, pleted in 1964 as scheduled, but they were | 

Norway's principal producer of nitrogenous expected to be in operation by the end 
materials completed a 100,000-ton-per-year of 1965. | : 
ammonia plant early in the summer at its South Africa, Republic of.—According 
chemical center in Hergya. The firm then to reports, Fisons (Pty.) Ltd. signed a con- 
started construction of another unit to tract for the construction of a 100,000-ton- 
produce annually 50,000 tons, and sched- _per-year ammonia plant at Milnerton, near | 
uled an additional unit for completion in Cape Town. The plant, to be completed 

: 1967. The capacity of the company’s urea by the end of 1966, was the first of three 
plant at the same site was also being ex- included in the project. The other two, 
panded from 150,000 tons to 250,000 tons.. a nitric acid unit and an ammonium ni- 

Pakistan.—A urea plant with an annual trate unit, were to follow.10 
_ capacity of 173,000 tons was planned for African Explosives & Chemical Indus- 

Dharki-Mari, West Pakistan, by Esso Pak- tries Ltd. was erecting a new 160,000-ton- 
istan Fertilizer Co. Ltd. The plant was  per-year urea plant near Durban. The 
scheduled for completion in 1967. completion date was scheduled for 1967. 

| A contract was reportedly awarded to a Spain.—The first ammonium nitrosulfate 
consortium of six Japanese firms to erect a plant built in Spain was completed for 
150,000-ton-per-year urea plant in East Sociedad Espanola de Fabricaciones Nitro- 
Pakistan. genadas S.A. The annual capacity was 

Peru.—A new nitrogenous fertilizer plant §=£—————— | . 
went on stream at Cuzco. Anhydrous am- 31, erromen. 1968 Dane and Projects. No. 
monia capacity was stated to be only 14,- rese European Phemical News (London). Frog: 
000 tons per year, but the plant was de- No, 170, Apr. 16, 1966, >. mee
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stated to be 130,000 tons. Spanish firms in monium phosphate. _An annual output of 
_ the nitrogen fertilizer sector were reported- about 200,000 tons of ammonium phos- , 

ly discussing the formation of a trade or- phate and 85,000 tons of nitrate was ex- . 
ganization.’ Fertilizantes de Iberia $.A. pected, most of which would be exported. : 
planned to build a 50,000-ton-per-year am- U.S.S.R.—The Navoi Works in central ; , 

7 monia plant at La Coruna, a 75,000-ton- Asia, one of the largest chemical complexes : 
_ |‘: per-year ammonium sulfate plant at Huel- in the U.S.S.R., started initial ammonia 

va, and a complex fertilizer plant at Cas- production. When. in full production, the . 
_ tellon. The firm was reported to be com- ammonia plant in the Ukraine11 _ . 

pleting at Castellon a nitric acid plant be 500,000 tons. a | - 
__- with an annual capacity of 82,500 tons and A contract was signed with a French | 

a 120,000-ton-per-year ammonium nitrate firm to construct a 400,000-ton-per-year — 
~~ plant. . OG | Co ammonia plant in the Ukraine.12 _ | 

It was reported that Fertilizantes Valen- United Kingdom.—Shellstar Ltd., jointly 
| cia 8.A., a newly formed company, planned _ formed by Shell Chemical Corp. (U.K.) and , | 

to build an ammonia plant at Valencia,8 Armour & Co. (U.S.), became fully op- 
_ and Cros S. A. had plans for a new nitric erational in November and announced 

_ acid and ammonium nitrate plants with plans for erecting a 1,000-ton-per-day am- 
_ annual capacities of 85,000 tons and 100,- monia plant and related fertilizer units 

000 tons respectively to be erected at its at Ince Marshes, Ellesmere Port, Cheshire. 
Badalona facility.®  - . The new plant was scheduled for opera- | 
Sweden.—The first urea plant in Sweden tion in 1968. | 

was put on stream by Svenska Saltpeter- = The largest ammonia-producing project | 
_.verken A.B. at Koeping. The annual out- in the world was under construction at the | 

| put capacity was stated to be 55,000 tons. Imperial Chemical Industries, Ltd., (ICI) 
The firm also began operating a newly con- _ Billingham Works on the Tees estuary. 
structed 50,000-ton-per-year ammonia The project includes three identical single- | 
plant at Kvarntorp. - train units, each having an annual capacity - 

_ Syria.—A fertilizer complex including a of 300,000 tons and was scheduled for Op- 
. 150-ton-per-day ammonia plant at Homs_ eration in 1966. ICI began producing 

| was scheduled for completion by the end ammonium nitrate fertilizer at its new 
| of 1967. | oo 300,000-ton-per-year plant at Severnside : 

Taiwan. — Taiwan Fertilizer Corp. near Bristol, and it expected to have a | 
planned to build new urea and ammonium second plant with an annual capacity of | 
sulfate plants with annual output capaci- 360,000 tons in production by 1967. Also 
ties of 100,000 and 150,000 tons respec- at Severnside, ICI put a new 190,000-ton- 

. tively. Both plants were expected to be per-year ammonium plant on stream early 
on stream by 1968.10 | | in the year. | an ; 

Trinidad.—Federation Chemicals Ltd., | Yugoslavia.—Construction was started | 
expected to have its second 200,000-ton- on a highly automated nitrogenous fertili- . 
per-year anhydrous ammonia plant com-  zer plant at Kutina. The project, sched- - 
pleted by the end of 1965. oe uled for completion in 1967; included a 

Tunisia.—A fertilizer complex was being 100,000-ton-per-year urea unit, a 250,- | 
built at Gabés, which will include facilities 000-ton-per-year ammonium nitrate unit, 
for the production of anhydrous ammonia, and a complex fertilizer unit with an an- . 
nitric acid, ammonium nitrate, and am- nual output of 45,000 tons. 

TECHNOLOGY 

MD ames E. Carnahan and Leonard E. 7 Chemical Age (London). Spanish Producers ortenson discovered an electron carrier, May Set Up Nitrogen “Cartel.” V. 94, No. 
ferredoxin, which enables bacteria to fix 2415, Oct. 28, 1965, p. 620. . N 
atmospheric nitrogen. Harold J. Evans 38, Nirogen. 186 pe and Projects. No. 
found that a minute amount of cobalt is ® European Chemical News (London). Nitro- 

‘ : . . gen Fertilizer Plant for S. A. Cros. V. 8, No. essential for bacterial nitrogen fixation. 186, Aug. 6, 1965, p. 32. 
The addition of 0.1 part per billion of 5° B&MJ Metal and Mineral Markets. V. 36, 
cobalt gave a 12-fold increase in the 11 European Chemical News (London). Ensa 
growth of soybean plants. These three oa Mee, a aoe bes, meee in Ukraine. V. 8,
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scientists shared in winning the 1965 Ho- or larger plant using it.19 Chemical Con- 
blitzelle National Award in Agricultural struction Corp. found that single-train urea 
Sciences. It was said that the ability to plants with capacities up to 2,000 tons per 
regulate this process will be of inestimable day are technically feasible and more eco- 
value in the efficient production of food nomical both in operating and capital costs 
and fiber.12 _ | per ton of urea produced. It was reported 

Large capacity, 600- to 1,000-ton-per-- . that urea can be made with the new proc- 
| day, ammonia plants were being engineered __ ess in a 1,500-ton-per-day or more plant for 

and built. The plants are based on a new about $27 per ton using $18-per-ton am- 
integrated design that was said to appre- monia.?20  _ - 

| _ Clably lower _.the production’ cost. Gas _. Dutch State Mines developed an im- 
: preparation, purification, and ammonia provement in its well-known recycle urea — 

synthesis, previously operated as separate process. After tests in a 50-ton-per-day . 
, units, were combined into a single-train pilot plant, construction was started on a 

| plant. The use of multistage centrifugal 990-ton commercial unit to use the process. | 
compressors was responsible for much of The process was expected to lower utilities 
the cost reduction. A single centrifugal | consumption, decrease capital cost require- 

: compressor was said to replace several ents, and result in a simpler, more trou- 
banks of reciprocating compressors, thus  pJe-free operation.21 | | 

ing i floor e, an | . . . 
reducing equipment Costs, oF space, a d A paper was published which described » 
supporting foundations. Operating cost : 

. . the Stengel process for the manufacture of 
- per ton of ammonia produced in a 1,000- reer | . . 

ton-per-day plant using naphtha feed. cen concentrated solutions of ammonium ni- 
| | n-P y Plan & nap ore trate.22 The authors stated that the proc-. 

trifugal compressors, and steam turbines | oS . | 
: | . | . ess has two advantages in capital costs. 

was estimated at $28.97 compared with . ~ 
. 2 The plants are small in comparison to those 

| $37.06 per ton by three 330-ton-per-day : : 
| . e . oe required by other processes of the same 
plants using motor-driven reciprocating | . . 

: , 14. Tletme - _. production rates and the reaction and 
compressors. Using natural gas as the . . . 

| . 9. concentration steps are in one stage, thus 
raw material the cost per ton was $25.58 

| : : saving the cost of separate concentrator. 
for the 1,000-ton-per-day plant. : 

: . . . A new process was developed by Oéester- 
An article was published which discussed wa. . 

. . reichische Stickstoffwerke A.G. (OSW) | 
basic questions that confront a company ° . ° 

| . , . 15 Linz, Austria, whereby melamine can be 
about to build a new ammonia plant.15_ . 

. : : produced continuously from urea at at-. 
The latest improvements in plant design . . 

| . . See mospheric pressures. It was claimed that 
and operation were considered in discussing the product is 99.9 percent pure and does 
steam reforming, CO conversion, COs re- P ~?P P 

| moval, ammonia-synthesis, and costs. _12 Farm Chemicals. ‘Fixing’ Nitrogen Fixa- 
A new process 16 to prepare coke-oven ton 128, No. 8, August 1965, pAb. ok i 

: ° * * emica ngineering. 

| gas for cryogenic processing and ammonia ammonia Plants. V. 72, No. 24, Nov. 22, 
: production was being built into the United 1965, pp. 124-126. | | 

States Steel Corp. chemical complex at plement The Design and Heonomies of Large, 
. Clairton, Pa. The total ammonia recove Single-Train Ammonia Plants. V. 8, No. 191, 

ry Se 0, 1965 34, 36 ~ ae : pt. 10, 1965, pp. 34, 36. 
was claimed to reach 99.5 percent. The 15 Chemical Engineering. Questions and An- 
“new process produces a clean gas ready swers on Today's Ammonia Plants. V. 72, No. 

. sea) ; 13, June 21, 1965, pp. 109-118. _ for compression for hydrogen recovery and “8 Rice, Robert D. Method of Recovering . 
avoids the production of ammonium sul- Ammonia rom Coke-Oven Gasses. U.S. Pat. 

+ + 7 ; 17 ’ > ’ ar. 0, * 

fate which is currently in over capacity. 17 Chemical Week. Cool Gain for Ammonia 
A new process. for making urea, called Recovery. wie No. 9, Feb. 21, 1965, Pe, 23°. . 

_ - : OOK, ucien -» an vo avrovic emi- 

the Thermo Urea hot Sas recycle Process, cal Construction Corp.). Urea Synthesis Process. 
was patented. Because the process re- U.S. Pat. 3,200,148, Aug. 29, 1962. U 

i : emica ngineering News. Big Urea 
quires the use of centrifugal compressors, Plants Make New Process Possible. V. 43, No. 
as in the new large capacity ammonia 36, Sept. 6, 1965, pp. 120-121. N Urea Fol 

ants. it cannot be pilot- . emica ngineering News. rea Fol- 
P j ? £ t prot fr nted. A huge lows Ammonia in Trend to Huge Plants. V. 
volume o gas 1S require or the efficient 43, No. 35, Aug, 30, 1965, BP. #258. jon). im 
operation of centrifugal compressors. uropean Chemical News (London). Im- 

Pp us Pressors . The proved DSM Process. Reduces Urea Costs. V. 
proof of the technical and economic ad- 8, No. 194, Oct. 1, 1965, pp. 32-34. 
vantages of the process will have to wait eine Chemical Trade Journal and Chemical En- 

e e neer. e enge rocess or mmonium 

until someone builds a 1,500-ton-per-day Nitrate. V. 156, No. 4053, Feb. 11, 1965, p. 178.
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- not require recrystallization. Melamine is lished suggesting the use of ammonia in 
an important chemical in the plastics in- the reduction or “poling” process in cop- 
dustry and has been relatively expensive per refining. Test. data obtained in pilot 
because production costs are high using plant studies showed an average ammonia 

_ the conventional dicyandiamide route. The consumption of 1 kilogram per ton of cop- 
| new process 22 may lead to much lower _ per produced. Several advantages in using 

production cost. | ammonia instead of the old method of | 
: ° 1 27 | Several new uses were developed for ni- COPP& P oling with - wood were cited. trogen and nitrogen compounds. The Research engineers of Illinois Institute of 

Army modified a Chevrolet pickup truck Tech nology in Chicago developed a new 
to operate using ammonia as fuel. And device for freezing food with nitrogen. 
research studies were completed in Gen- Liquid nitrogen 1s. sp rayed on the food in 

| eral Motors Corp. laboratories showing a horizontal yn per. is the that ammonia-fueled engines can be de- "&W ™Metod is more lt h | 
| veloped to perform as well as the present. pape of ei nit SsIng lin sip umes as visir, 

gasoline-fueled auto engines.24 A _ liquid poe an @ unit equal in size to one u OS 
ammonia battery was developed which the old method of immersion freezing. 

— can operate within a temperature range of *3 Chemical Engineering. A New Route to minus 65° to plus 165° F for extended Melamine From Urea. V. 72, No. 21, Oct. 11, 7 . 95 . . 1965, pp. 180—182. | periods.25 The Chowchilla Water District on Steel. Army Diacloses Energy Fuel Depot i -mM] ._Concept. V. 158, No. 2, Jan. 11, 1965, p..76. rep aired a 75 mile stretch of leaky concrete 25 Missiles and Rockets. Honeywell Building _ pipe by a simple method of filling the pipe Ammonia Batteries. V. 16, No. 18, May 8, i 1 i ; 1965, p. 21. | 
with ammonia . solution. The sO lution *6 Chemical Engineering. . Treatment With . precipitated cacum carbonate which set Ammonia solution yotors, reak in. Concrete’ : - in the cracks and stoppe ks. Pipes. V. 72, No. 2, Jan. 18, 1965, p. 85. th . PP © the - s fe 27 Journal of _Metals. Copper Refining by 1€ vivas alle wae “iw fon en an 4d e Gaseous Ammonia. V. 17, No. 4, April 1965, ; Pipe was allowed to dry for several days, PP. 386-388. | . , 

- h ° ° > e > ° >. it was ready for use.26 A paper was pub- 1965 nen Week, V. 96, No. 8, Feb. 20 |
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Perlite 

: - By Timothy C. May* | - 

| _ The domestic production of both crude output of crude perlite sold or used by 
and expanded perlite continued to show an _— producers continued to gain in 1965. Per- 

| annual increase. Production of crude per- _ lite sold or used by producers increased 12 
lite increased 18 percent, and expanded percent in quantity and 9 percent in value. 

_ perlite was 7 percent more than 1964. The © | 

co | DOMESTIC PRODUCTION oo | | 

During 1965, there were 17 companies less than in 1964. California with 12 - 
operating 18 mines in nine States, com- plants had the greatest number of expand- 
pared with 16 companies operating 17 ing plants, but it ranked fourth in output. | 
mines in eight States in 1964. Western Illinois with nine’expanding plants was the 
Gravel Co., Esmeralda County, Nev., re- largest producing State of expanded per- | 

| ported perlite production for the first time. lite. The 10 largest producing States in 
New Mexico led in total production with order of output with number of plants were 
84 percent. Other producing States in the following: Illinois with 9 plants; Tex- 
order of output, were Arizona, Califomia, as, 7; Kentucky, 2; California, 12; Colo- 
Nevada, Colorado, Idaho, Utah, Texas, rado, 3; Mississippi, 1; Pennsylvania, 6; 
and Oregon. : Maryland, 3; Ohio, 3; and New York, 4. 

Perlite was expanded by 83 companies | | | 

at 97 plants; 3 companies and 3 plants = 1 Commodity specialist, Division of Minerals. - 

Table 1.—Crude and expanded perlite produced and sold or used by producers in the 
| | | United States | 

| (Thousand short tons and thousand dollars) oO 

Crude perlite Expanded perlite 

Used at own | 
Sold plant tomake Total Sold 

Year Quan- expanded quan- Quan- 
. tity material tity tity 

mined - gold pro- __ _ _ 
and duced 

Quan- Value Quan- Value _ used Quan- Value 
tity tity . tity 

1956-60 (average) _____._- 394 207 $1,797 101 $798 308 255 253 $13,048 
1961___._._......._.._.. . 374 196 1,665 114 998 310 240 235 12,605 
1962__.._...- 222 ee 408 198 1,611 122 $1,052 320 238 234 12,536 
1963__...- 2-222 404 203 =: 1,631 122 1,096 325 272 270 = 14,497 
1964___.. ee 427 211 1,845 139 =1,228 350 320 319 14,533 
1965__...-.----.- ---L-- 502 231 1,731 161 1,621 392 343 344 15,391 
eo SSFSSSSSSSSSSSSSSSSSFSeFSSFSSFSFSSSSSSSSSSFFSFe 

: 709
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, _ Table 2.—Expanded perlite produced and sold by producers in the United States — | 

| | | 1964 oe 1965 

| Sold | | Sold 
State a . a 

Quantity . Quantity . 
. produced Quantity Average produced Quantity Average 

a (short Value value (short Value value 
. tons) -per ton ‘tons) per ton 

California......... 20,470 20,400 $1,266,000 $62.06 29,650 29,700 $1,568,000 $52.79 
Florida_-._._.-...-. 6,590 6,590 405,000 61.46 5,250 5,210 335,000 . 64.30 

-° llinois__.......... 52,820 52,330 1,930,000 36.88 | (4) (1) (4) (4) - 
Iowa.._-.-...----- 5,700 5;700 232 ,000 40.70 5,130 5,140 214,000 - 41.63 

. Kansas_.....-.-.--. ° 570 570 33 ,000 57.89 660 — 660 48 ,000 72.73 
Ohio_.__.-......-. 7,190 7,200 498,000 £69.17 9 ,090 9 ,090 636,000 69.97 
Pennsylvania_..... 13,720 18,650 | 842,000 61.68 11,990 11,950 775 ,000 64.85 
Tennessee__...---. (4) (*) (4) (*) 1,900 2,930 332,000 113.31 
Texas___.......... 40,380 40,320 2,492,000 61.80 35,690 35,690 2,313,000 64.81 
Other Eastern - 

_ States2......... 120,750 120,790 5,002,000 41.41 192,350 192,410 7,193,000 37 «38 
-Other Western ee - 

States*___...... 51,840 51,820 1,833,000 35.37 50,790 50,790 1,979 ,000 38.96 

| Total-...--. 319,530 319,370 14,533,000 45.51 342,500 343,570 15,393,000 44.80. 

1-Included with “Other Eastern States.” | 7 
. 2Includes Georgia, Indiana, Kentucky, Maryland, Massachusetts, Michigan, Mississippi, New 
Hanipshire, New Jersey, New York, North Carolina, Virginia, and Wisconsin. cS 

. ' 8Ineludes Arizona, Colorado, Idaho, Louisiana, Minnesota, Missouri, Nebraska, Nevada, Oregon, 
and Utah. Co . . | 

| a - CONSUMPTION AND USES 

The following end-use percentages were tion (including low-temperature and sili- 
reported by producers of. expanded perlite: | cone treated), 4; soil conditioning, 2; filler, 

| _ Building-plaster aggregate, 40; filter aid, 1; and other, 24. 
17; concrete aggregate, 12; loosefill insula- oo 

| | | PRICES , | Oe 

7 The average value of crude perlite | with $8.83 in 1964. A weighted average : 
: crushed, cleaned, and sized, f.o.b. pro- of these two categories was $8.55 compared 

: ducers’ plants, sold to expansion plants was_ with $8.78 (revised) in 1964. 
$7.49 per short ton compared with $8.74 | | | 
in 1964. The average value of crude per- _ The average value of all expanded per- 

_ lite used by producers in their own expand- lite sold in 1965 was $44.80 compared with 
ing plants in 1965 was $10.07 compared $45.50 in 1964. : | | 

WORLD REVIEW 

_ Associate members of Perlite Institute, Canada.—Crude perlite to be expanded 
Inc., 45 West 45th St., New York, in for- in Canada was imported from the United 
eign countries include two firms in Eng- States. , 
land, and one each in Australia, France, 
West Germany, Greece, Japan, Mexico, and The perlite plants located in Canada 
New Zealand. in 1964 were as follows: | 

Company Plant location 

Canadian Gypsum Co. Ltd.__--__-___-_______._.._. Hagersville, Ontario. 
Domtar Construction Materials Ltd..__._.....__.__ Caledonia, Ontario. 

Calgary, Alberta. _ 
Laurentide Perlite, Inc._____--____________._.... Charlesbourg West, Quebec. | 

| Perlite Industries Reg’d._-__-__-__-___-_-_-____-______ Ville St. Pierre, Quebec. 
Perlite Products Ltd.______--_-____--________._._.__ Winnepeg, Manitoba. 

| Vantec Industries Ltd.--_-_-__._-___-___-___.._..._.._ Richmond, British Columbia. 
Western Gypsum Products Ltd.-_------_-_-______ Vancouver, British Columbia,
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| Production of expanded perlite in 1964 _Chile.—The newly established Perlita | 
was 92,057 cubic yards valued at $748,000, Cia., Ltda., a Chilean-controlled mining 
an increase of 2.8 percent in quantity and group with claims in the Laguna de Maula . 
3.5 percent in value over the 1963 figure. area, southeast of Talca, announced that : - 

Of the 1964 production, 81 percent was it expected to mine perlite.? | 

used in plaster aggregate, 9 percent in in- Greece.—Production of crude perlite a 
sulating concrete, and the remaining 10 ._ : 

. : . . was 31,000 tons in 1964, compared with 
percent in horticulture, insulation, acous- 33.000 . : 

. : . ; tons in 1963. 
tics, and other miscellaneous items. Ex- — | a 
panded perlite was sold at 25 to 35 cents United Kingdom.— Northern Ireland 
per cubic foot, f.o.b. plant, and was mark- produced 1,977 tons of crude perlite in | 
eted in bags of 3 and 4 cubic feet.2 1964, compared with 4,362 tons in 1963. 

TECHNOLOGY Sn 

At the Perlite Institute annual meeting tion of uniformly expanded perlite.® 
technical reports and discussions covered A method for, making colored aggregate 
concrete certification program, diaphragm was patented. An adherent ceramic over- 

~ roof deck design, perlite insulating con- glaze composition is applied to closed cel- | 
_ crete, structural perlite concrete, high- lular-bloated inorganic particles, such as 
speed photography of perlite expansion expanded perlite, and then the applied 
progress, bulk handling, plaster-machine composition is fused.1° | | 
demonstrations, and perlite masonry mor- ' A patent was issued for a method to in- 

tars. | . - gulate double-walled storage tanks. While 
‘The Velikii Sholles Ridge, the basin of | crude perlite expands in a portable appa- 

the Viznitsa River, and the Bergovskoe ratus adjacent to the tank, the expanded 
Hills are three areas of perlite occurrence material is admixed with cool air and — 
in the Soviet Carpathians that appear to blown directly into the space between the 

. have the most promising resources and tank walls.11 - | 
quality of volcanic glasses. Perlite, obsid- A patent was granted for the use of per- 
ian perlites, perlite lava breccia, and lite admixed with asphalt as a binder to 
glassy volcanic tuffs are widely distributed be used in the collection and disposal of 
over the Bergovskoe deposits. The vol- waste oil on garage or shop floors.?2 
canic glasses have a composition of 85 to e Wilson, HS. Lichtweight A tes, 1964 

- uson, 1. . 1gntweig g£eregcates, 

95 percent glass, and 5 to 10 percent of (Preliminary). Canada Dept. Mines and Tech. 
inclusions of various minerals.4 Surveys (Ottawa), April 1965, & PP. y 

e . ° . ureau ° ° . 
To classify materials as lightweight-ag- 61, No. 1, July 1965, p. 31. ores 

gregates suitable for concrete mixes, bulk | *Soloninko, I. S._ Volcanic Glasses in the Sov- 
° - oe . o4° iet Carpathians. Mineralog. Sb. L’vovsk. Gos. 

density limits were specified by the British piv. v. 18, No. ‘4, 1964, pp. “426-432 * Chem. 

Standards Institution. The standards de- Abs-, Y, 68, No. 11, Nov. 22, 1965, gol. 14565F. 
: : 1 ritis andards Institution. pecification 

scribe requirements for expanded perlite, — oy Light-Weight Aggregates for Concrete. 
exfoliated vermiculite, pumice, and ex-_ British Standard 3797, 1964, 8 pp. | : 

nded shale.® 6 Adams, L. Thermal Conductivity of Evacuat- 
pa eC . ed Perlite. Cryogenic Tech., v. 1, No. 6, June 

Design values for the thermal conduc- 1965, Pp. 249-251. | EW.s Ir., (assigned 
oe . ° reac. ‘ Goyle, -i., an ° - pawyer, dvr., (assizne 

tivity of expanded perlite at reduced pres to Minerals & Chemicals, Philipp Corp.). Meth- 
sure were developed based on various liter- od of Recovering Lost Circulation in Drilling 
ature data. The paper details the predic- wee and iid Therefor. U.S. Pat. 3,208,523, 

tion of design values of conductivity under c catsche pS: (assigned an Union | Carbide 
+4 6 orp.). .»S. Pat. 3,169,927, Feb. 16, 1965. 

evacuated conditions. . . ® Carpenter, G. Methods of Expending Perlite 
The use of expanded perlite along with and Like Materials. U.S. Pat. 3,201,099, Aug. 

° vf : 17, 1965. colloidal attapulgite in high water-loss mud ioHarlan, R. B. (assigned to Colorite Co.). | 
used for recovering lost circulation in well- Color Coated Cellular Inorganic Aggregate. U.S. 

“11: . 7 Pat. 3,198,656, Aug. 3, 1965. 
drilling operations was patented. 11 Wavering, G. A., and C. Mendius (assigned 

The use of expanded perlite as a replace- to Silbrico Corp.). System for Treating and 

ment for silica gel in low-cost powder-in- Handling Perlite and the Like. U.S. Pat. 3,- 
vacuum thermal insulation applications was 12 Peterson, W. W., and O. N. Gregg (assigned 
patented.8 to Compositions, Inc.). Method and Device for 

1 Oil Collection and Disposal. U.S. Pat. 3,195,- 
A method was patented for the produc- 683, July 20, 1965.
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— A heating-cooling savings calculator was a rapid method for estimating the actual 
_ developed by the Perlite Institute, Inc., dollars saved by the exterior masonry walls, 

_ New York. The manually operated calcu- which are insulated with silicone-treated - 
lator is carried in the pocket and provides perlite. | |



| | _ By Richard W. Lewis: : 

Domestic production of marketable phos- April 9, 1964, with the Monsanto Com-. 
phate rock has increased for seven con- pany.” The Act was passed October 28, . 

' secutive years and indications are that it’ 1965. — a a 
will continue to do so for several years A group of six Florida phosphate rock 
more, — The ‘consistent annual increases producers involved in a civil antitrust com- | _ were due chiefly to increased demands for plaint in 1964 agreed to a judgment by 
io tilizer. The marketable production in the Department of Justice forbidding them 
965 was 15 percent above the out- to fix prices. Each company was required 

— pub | | to issue new price lists based on independ- __ 
ae an povernment Programs. ent appraisal. Charges against three other | 

ae Bonneville tower ‘Administrations firms in the 1964 suit were dropped com- a 
plan to supply low-cost electrical energy pletely. . a 

into southern Idaho was revived when Similar action was'taken by the Depart- ‘when Public Works Appropriation Act, . ° : | . ee ment of Justice in closing out antitrust 
H.R. 9220 was introduced containing a $1 charges made in 1964 against several West- million appropriation for planning and con- ae . 

| structing. a high-voltage * ransmission line OOP = osP hate fertilizer proqucers. In this . . case fines also were imposed. : line from the Bonneville area to southern The decis © 1 P | 
Idaho. However, the following provisions e decision by | oe Nectol y“gmmerce , 
were included: “Provided, that the Bonne- en authorizing Norfo 7 Southern 
ville Power Administration shall not supply ‘2! ‘Le | he . cooeen of 3 r uf wt C ine 
power, directly or indirectly, to any phos- NN G. phosp sal din ab Fede Gc oun- 
phorus electric furnace plant in southern ye 9 -» Was f ig in the Ne folk § or 
Idaho, Utah, or Wyoming: Provided fur- 34 ter y aei ° oe bad . ortolk Sout 4 
ther that the Administrator of the Bonne- a ch Atlantic a. its Lin Railt oe | 
ville Power Administration shall cancel y the Atlantic Coast Line Kailroad. a 

_contract number 14—03-44107, executed 1 Commodity specialist, Division of Minerals. | 

| Table 1.—Salient phosphate rock statistics 
(Thousand long tons and thousand dollars) 

| 956-00 1961 1962 1963 1964 1965 | 
average | 

United States: . . | 
Mine production_................ 49,541 60 , 535 56 ,746 61 ,598 66 ,494 75 ,389 
Marketable production.._......._. 15,597 18 ,559 19 ,382 19 ,855 22 .960 26 ,440 

Value___...2-----2---------- $09 402 $150 588 $15 08 o15e 61 $168 087 hate 
Average.__.__._..__per ton. - . . . . . . 

Sold or used by producers... 15,346 17 , 842 19,060 19,860 22,081 26 ,045 
Value._.---.-.---..--------- $97,762 $125,593 $134,222 $140,642 $156,738 $189,824 

Average.__._..._-_per ton__ $6.36 $7 .04 $7.04 $7.08 $7.10 $7.28 
Exports !___..2222- 2 ee 3,086 3,918 3 ,934 4,547 5,691 6 ,654 

P20s content._.-..-.....---.- 997 1 ,261 1 ,269 1 ,480 1 ,835 2,100 

Vie sparta. WR MR SEAT LA LTE be verage___....-..-per ton... . . . Ol. . . 
Imports for consumption. nani wece 119 134 134 161 156 132 

ver ~-------.-,per MN. e ° . . e . 

Consumption apparent 7 Pe nee 12 ,380 14,058 15 ,260 15 ,474 16 ,546 19 ,523 
World: Production._._....._.-..---. 36,080 44 ,780 47 ,540 50 ,420 58 ,130 64 ,600 - 

1 As reported to the Bureau of Mines by domestic producers. 
2 Measured by sold or used plus imports minus exports. 

71 232-748 O-67—46 —_ 3
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Figure 1.—Phosphate rock (sold or used), apparent consumption, and exports. 

| DOMESTIC PRODUCTION 

The greatest increase in domestic market- about 73 percent of the total domestic out- 
able rock production occurred in Florida, put, the 10 Western States 17 percent and 
with new production facilities as well as Tennessee 10 percent. 
expanded existing facilities. Florida’s pro- One of the largest fertilizer complexes in 

| duction of 19 million tons accounted for Florida was put on stream by The Ameri-
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can Agricultural Chemical Co., near South Consumers Cooperative Association was . 
7 Pierce, Fla. Diammonium phosphate and having a large fertilizer complex built about . | 

triple superphosphate output capacities 18 miles south of Lakeland, Fla. Princi- 
were stated to be 30 and 60 tons per hour, _pal units of the plant, according to origin- 
respectively. The phosphoric acid unit is al plans, included a sulfuric acid plant, a 

capabie a 20. tons per day while ~ tons oO CON Ee phosphoric acid unit, | 
of hydrofluosilic acid per day can be re- a ,000-ton-per-year diammonium phos-. | 
covered as a byproduct. A 1,250-ton-per- phate unit and a plant to produce 80,000 | 
day sulfuric acid plant also was included tons of triple superphosphate per year. 
in the new facility. A second sulfuric acid The entire complex was expected to be in 
and phosphoric acid unit was put into op- operation by the end of the year. os 
eration about 6 months later. These units | International Minerals & Chemical Corp. _ 
were said to have initially produced 1,200 (IMC) completed an expansion program | 
tons of sulfuric acid per day and 325 tons at its Bonnie phosphate complex near Bar- 

| per day of phosphoric acid. _ “tow, Fla. Annual production capacity was as 
American Cyanamid Co. expanded its increased by 33 percent for a total output _ — 

Brewster, Fla, plant by installing a 200, Of 1-2 million tons of product per year. | 
000-ton-per-year diammonium phosphate ine vet and. inclacen a third Phosphoric | 
unit. The company announced further ex-  2C/¢ unit and a second Clammonium phos- _ 
pansion of operations with the development phate ut. jater m oer year, re b phos. | 

. | : r expansion of its S- 
va med begin pacman The tea phate rock producing facilities, involving | 

mine, called the Chicora Mine, was ex- 2" Investment of about $9 million, which 
pected to be in operation sometime in 1967 would increase IMC’s mineral producing | 
and would include modern washing and C@Pacity another 33 percent. The new 
flotation plants. A 42-cubic yard capacity facility, scheduled for operation in Sep- 
dragline was ordered to be erected at the tember 1966, near Mulberry, Fla., consists 
mine site and was to be completed in the f Washing, beneficiation, and preparation 
spring of 1966. : plant units capable of producing at least 

A hosvhori ‘d vlant _ 2 million tons of phosphate rock annually.” | 
new phosphoric acid plant was con Kerr-McGee Corp. announced plans for 

7 structed at Bartow; Fla., by Armour Ag- the establishment of a phosphate mining | 
ricultural Chemical Co. T he new unit and processing facility near Brewster, Fla. — 

_ Was to replace an old unit and was Te" The installation would include a 40-cubic- 
por ted to bring Armour’s tot al phosphoric yard capacity dragline for the mining op- 
acid production capacity mm Florida to eration, a washing plant, a flotation plant, 
about 700 tons per day. This includes the and a product drier. The facility, having 
output of a similar unit at Fort Meade. a production capacity of 1.5 million tons 

| _ Borden Chemical Co., began construc- of marketable phosphate rock annually, 
_ stion on a phosphate fertilizer complex was scheduled for completion in October 

about 9 miles north of Palmetto, Fla. The 1966. 
facility was scheduled for completion in the Occidental Petroleum Corp. formed a 
latter half of 1966. Initial plant capacity new subsidiary, Occidental Agricultural 

was given as 184,000 tons of product an- Chemicals Corp. (Oxychem), to consoli- 
nually, the major products being triple su- date its’ widespread fertilizer operations 
perphosphate and diammonium phosphate. into a single operating group. Occidental 
A sulfuric acid unit to produce 385,000 Corporation of Florida, one of the group 

tons annually and a 140,000-ton-per-year in Oxychem, began operations at its new 
phosphoric acid unit also was planned for Suwannee River mine in Hamilton Coun- 
the complex. ty. Fla. The phosphate recovery plant at 

Central Phosphates, Inc., a subsidiary of | the mine site, began operations with an 
Cherokee Chemical Co., had under con- initial output capacity of 1.5 million tons 
struction, facilities for producing high anal- of marketable rock. The capacity was to | 
ysis fertilizers. A sulfuric'acid plant, a be doubled within the next year. In addi- 
500-ton-per-day phosphoric acid plant, a tion, construction was started of a phos- 
triple superphosphate plant, and a diam- phate fertilizer complex about a mile from 
monium phosphate plant were included in yCommercial Fertilizer and Plant Food In dus- 

the complex. try. V. 111, No. 8, September 1965, pp. 27, 80.
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Table 2.—Mine production of phosphate-rock ore in the United States, by States 

(Thousand long tons) | 

Florida . North Tennessee ! Western Total 
| a Carolina States ? 

Year Te | 
 P2Os P205 | P205 P205 P205 

. Rock con- Rock con- Rock — con-_ . Rock con- — Rock con- 
. _ tent tent tent tent | tent 

. 1956-60 (average)... 44,058 5,553 _..._....... 2,784 596 2,699: 706 49,541 6,855 
1961__..._..--------- 54,403 7,552 ___._.__.... 3,321 734 #2,811 740 60,535 9 ,026 

| 1962_-.--2 2222-22122 49,600 7,098 -__22----__. 3/812 85533384 = 875 56.746 8-828 
, 1963__.....--------- 54,445. 8,069 ______._.... 4,131 921 3,022 808 61,598 9,798 

. 1964__.....__._........ 58,078 9,410 80 3 4,217 935 4,119 1,020 66,494 11,368 
1965__....---------- 64,660 10,343 = (3) (3) 4 ,692 980 6,037 1,503 75,389 12,826 

— : 1 Includes brown rock, white rock, and blue rock (1956-58). Se 
- a - 2 Includes Arkansas (1963-65), Idaho, Montana, North Carolina (1965), Utah, and Wyoming. 

3 Included with Western States... oe - . 

the mine. .The complex, when complete, company announced an additional invest- | 
late in 1966, would include a sulfuric acid ment of $32 million was being made in 
plant, a phosphoric acid plant, a diam- the project and that construction was to . 
‘monium phosphate plant, and a triple begin late in the year on a phosphoric 

| superphosphate plant. A $3 million rail- acid plant with a designed capacity of : 
water terminal was under construction at 640,000 tons, a 350,000-ton-per-year triple 

| Jacksonville, 68 miles from the Suwannee superphosphate plant, and a 220,000-ton- 
7 _ mine, where an estimated 1 million tons per-year .diammonium phosphate plant. 

| | of phosphate rock is expected to be ex- About 415,000 tons of phosphoric acid 
| ported to. foreign markets annually. will be used captively in the production of 

- V-C Chemical Co., a division of Mobil triple superphosphate and diammonium _ 
Chemical Co., began to develop a phos- phosphate. | | 

| phate mine and erect associated facilities The North Carolina State Ports Au- 
near Fort Meade, Fla., where the firm has _ thority announced plans to construct a $9.5 
8,000 acres. Additional processing and million bulk phosphate handling facility at 

_ storage facilities were to be built near Morehead City terminal. The facility was 
Nichols, Fla. The project was expected to include a 2,500-ton-per-hour loading 
to double the firm’s phosphate production capacity and a ship berth to accommodate 
when it goes on stream early in 1967.3 large ocean liners. The project, financed 

: During the year the company’s Harding by an Area Redevelopment Administration | 
concentrated superphosphate in Polk Coun- loan, was expected to begin operation in 
ty was expanded by the addition of anew January 1967. | 

: sulfuric acid plant and new process equip- — A contract for building a 30.5-mile rail 
ment for the phosphoric acid unit. line from near Washington, N.C., to the 

It was reported that Stauffer Chemical Texas Gulf Sulphur Co. phosphate opera- 
Co. would process phosphate ore from its tion was signed in May by the Norfolk 
13,000 acre tract in Hardee County, Fla., Southern Railroad. 
in the Victor Chemical Division plant at Magnet Cove Barium Corp. Ltd., con- 
Tarpon Springs, Fla. The company was tinued to investigate the possibilities of 
said to have an additional 1,800 acres of mining phosphate on its leases in the Pungo 
phosphate land in Polk County and 1,450 River area of North Carolina by hydraulic 
acres south of Zolfo Springs, Fla. extraction through drill holes. No plans 

The Pamlico River area of Beaufort were announced for commercial develop- 
County, N.C., was well on the way to be- ment. 
coming a major phosphate producing area Two additional requests were made for 
with the progress made by Texas Gulf Sul- leases on State-owned river bottoms in | 
phur Co. at its Lee Creek mine near Au- Beaufort County, N.C. It was reported 
rora, N.C. Production of phosphate rock that the two companies, New Concept 

at the rate of 3 million tons per year was —; (o> Gal Fertilizer end Plant Food Indus- 
expected to begin in 1966. In April, the try. Vv. 110, No. 6, June 1968, p. 28.
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Table 3.—Marketable production of phosphate rock in the United States, by ‘States | 
_ (Thousand long tons) 

| Florida North — Tennessee Western Total 
. . Carolina States } . 

' POs P.O; P20; P2O5 P205 | . 
. Rock . con- Reck con- Rock  con- Rock  con- Rock con- 

tent tent tent ' tent tent 

1956-60 (average)_.-- 11,849 3,740 _2_......... 1,819 473 2,429 660 15,597 4 ,873 
1961_____.__...----- 18,789 4,531 __.____..... 2,235 575 2,535 698 18,559 5,804 
1962_________..-----.13,949 4,543 _______..... 2,418 ~6638—— 3,015 . 823 19,382 6 ,004 
1963___...--..------ 14,592 4,818 ______.._... 2,352 612 2,911 791 «19,855 6 ,221 
1964___.._.._..------ 17,108 5,656 = 6 2 2,441 ' 640 3,405 9382 22,960 7,230 

a 1965___..----------- 19,253 6,277 __._-.-.-._. 2,637 686 4,550 1,223 26,440 . 8,186 

1 Includes Arkansas (1963-65), Idaho, Montana, Utah, and Wyoming. a . 

Mining Co. of Lakeland, Fla., and North Stauffer Chemical Co. bought mining. 
Carolina Phosphate Corp., requesting privileges on 5,500 acres of deposits in 

: leases, wished to test the economic feasi- Idaho. This addition along with addi- 
_ bility. of well-mining methods. tional land acquired in Florida an on- bility of well-mining hod ional land ired in Florid dM 

A $45,000 allocation was made by the tana, was said to give Stauffer a phosphate | 
State of North Carolina for a study tobe rock reserve of more than | billion tons. 
made of. the effects of the phosphate mine The firm doubled the _ ammonium - phos- 
ing operations on the ground water sup- Phate production capacity of its Garfield, 
plies of Beaufort County.4 : Utah, plant. Victor Chemical Division of 

The phosphate industry was expanded - Stauffer Chemical Co. added a new super- 
‘also in the Western States. The Bunker phosphoric acid unit to its elemental phos- 
Hill Co. at Kellogg, Idaho, began operat- phorus plant at Butte. Early in the year, 
ing a new ammonium phosphate fertilizer $17 million phosphate fertilizer complex 

plant at Kellogg, Idaho. The new plant was planned by Stauffer for Vernal, Utah, 
was reported to be a joint venture of The the site of the San Francisco Chemical Co. 

Bunker Hill Co. and Staffer Chemical Co, Phosphate mining operation. However, 
El Paso Natural Gas Products Co. con- Stauffer postponed these plans reportedly 

tinued with the modernization of the phos- because of the sudden price change of sul- 

phate plant purchased in 1964 from Cen- fur . that affected the economics of the 

tral Farmers Fertilizer Co. The project, Prec! 
when completed, will include a sulfuric Plans were completed by Susquehanna- 3 . " . 
acid plant, a phosphoric acid plant, and a_ Western Inc. for constructing a $17 to $28 
21-mile railroad spur between the plant million phosphate fertilizer complex in the 
and mine. | -Riverton-Lander area of central Wyoming. 

Monsanto Co. was to start construction However, development of the complex was 
on a 70,000 kilowatt furnace at its Soda not to be started until a partner was ac- 
Springs, Idaho plant. It was thought that quired. Pittsburgh Plate Glass Co. at one | 
this new furnace would be the largest phos- time considered joining Susquehanna but 
phorus furnace in the world. Monsanto Was reported to have decided against ex- | 
also ordered a 350-foot tubular kiln for ¢fCising its option. — | | 
installation at the Soda Springs plant. The At Geismar, La., Allied Chemical Corp. 
kiln was stated to be the largest ever tobe started construction on a 500-ton-per-day 
used in the phosphate industry. phosphoric acid plant, part of a multimil- | 

J. R. Simplot Chemical Fertilizer Co. lion-dollar fertilizer manufacturing com- 
was expanding its Pocatello, Idaho, fertil- plex scheduled for completion in 1966. 
izer complex by adding a new 1,200-ton- Arkansas Louisiana Gas Co. began con- 

| per-day sulfuric acid and a new phosphoric _ struction on a phosphoric acid plant at 
acid plant reported to have a capacity of Helena, Ark. The acid plant was part of 
about 2,000 tons per day. A new $1.5 a $33 million fertilizer complex which also 
million beneficiation plant was underway ‘Engineering and Mining Journal. V. 166, 

at the Conda, Idaho, mine. No. 12, December 1965, pp. 181, 183.
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includes a diammonium phosphate plant. $35 million chemical producing complex | | 
The complex, to be operated by Arkla included a 1,000-ton-per-day diammonium 
Chemical Corp., was expected to-be fin- phosphate plant, a sulfuric acid unit, and 
ished by the end of 1965. | . _ a phosphoric acid unit. Two other plants 

~ Coastal Chemical Corp. completed an of the complex, nonfertilizer chemicals, 
expansion program at its Pascagoula, Miss., were not expected on stream before 1966. 

plant which included a new phosphoric A new 240,000-ton-per-year ammonium 
acid unit and a diammonium phosphate phosphate fertilizer plant was completed 

_ plant of 40 tons of product per hour ca- and placed on stream at Luling, La., by : 
. pacity. Phosphoric acid production capac- onsanto Co. | : | . 

| _° ity was nearly tripled with the addition of . . tee | 
. , Davison Chemical Division of W. R. the new acid. plant. | . G C i d 4 milli hemi 

| _ Olin Mathieson Chemical Corp. started lc & i oP EL a $ iL “The emis 
Ce production at its new 600-ton-per-day phos- 4 toh, ex aid h enry, desiened € pro 

| phoric acid plant at Pasadena, Tex. It Posed Plant would have a designed capac- 
7 was claimed to be the world’s largest single- 1'Y of 100,000. tons per year of plant food - | 

_ train phosphoric acid plant. The firm’s ®@§ 4™monium phosphate fertilizers. Com- 
old 350-ton-per-day unit was to be dis- pletion of the facility was scheduled for 

mantled. | 7 | _ January 1967. a 7 
Phosphate Chemicals, Inc., expected to The New Jersey Zinc Co.: announced 

begin production of diammonium phos- its decision to enter the fertilizer business 
phate in a newly installed 400-ton-per-day with the construction of a diammonium — 

| plant in Pasadena, Tex. | - phosphate plant at the site of its zinc plant 
| One of the world’s largest fertilizer . in Depue, Ill. The new phosphate unit 

plants was put into operation at Hahnville, | was to have an annual capacity of 270,000 | 
La., by National Phosphate Corp., a sub- tons and was scheduled for completion , 

_ sidiary of Hooker Chemical Corp. The during the fourth quarter of 1966. 

- CONSUMPTION AND USES | 

- A preliminary report by the U.S. Depart- of available P2Os. This represents an in- 
. ment of Agriculture showed that during crease of 5 percent over the preceding 12- 

the fiscal year ending June 30, 1965, fer- month period. | | 
tilizers consumed contained 3,529,164 tons a | 

| Table 4.—Florida phosphate rock sold or used by producers, by kinds | 

. (Thousand long tons and thousand dollars) an 

. | Value Value 
PxO5 PeO5, 

Year Rock content Rock content 
' Total Average Total Average 

per ton per ton 

_ Hard rock Soft rock 

1956-60 (average) - 82 29 $696 - $8.52 53 11 $399 $7.55 
1961.-.--.------ 73 26 672 9.16 39 8 303 7.87 
1962__....-.-.-- 70 25 659 9.34 33 6° 275 8.39 
1963__._.--.-.2- 76 27 723 9.48 33 7 - 269 8.11 
1964__...--.---- 77 27 747 9.72 28 5 225 8.18 
1965._..-.-.-.-- 69 24 684. 9.92 28 5 221 7.79 

Land pebble Total . 

1956-60 (average). 11,016 3,685 $70,041 $6.35 11,151 3,675 $71,136 $6.37 
1961__...._..-... 12,667 4,168 88 ,395 6.98 12,779 4,202 89,370 6.99 
1962_......._.... 18,624 4,460 93 ,669 6.88 13 ,727 4,491 94 ,603 6.89 
19638......-...--. 14,377 4,722 100,749 7.01 14 ,486 4,756 101,741 7.02 . 
1964___.._....... 16,252 5,331 115,513 7.11 16 ,357 5,363 116,485 7.12 
1965_.......---. 19,096 6,205 138,744 7.26 19,193 6,234 189,649 7.27
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| Table 5.—Tennessee phosphate rock sold or used by producers 
- (Thousand long tons and thousand dollars) - 

Value 
. . oO P.Os __ OC 

- Year Rock content 
a Total Average 

/ —— per ton 

1956-60 (average)....-.----.--------------------- 1,818 472 $18,279 $7 .32 | 
. 1961__.__-_-_-_- eee eee 2,291 592 19 ,099 8.34 

1962_..22-- eee eee 2,476 654 20,173 | 8.15 . 
1963__...__.._._.----.- 2-1 eee 2,395 625 18 ,303 7.64 
1964__ 222 ee eee 2,458 645 19 ,074 —67.6 
1965_____ ee ee 2,651 689 22 ,385 8.45 / 

| Table 6.—Western States phosphate rock sold or used by producers - 
(Thousand long tons and thousand dollars) . 

: . - Idaho Montana ! 

- Year : Value | - Value 
P.O5 P2005 _ 

, Rock content Rock content 
Total Average Total Average 

per ton | per ton 

1956-60 (average)_...-... 1,525 | 3896 $7,179 $4.70 857 254 $6,168 $7.16 
1961_____._.___ 2 ile 1,687 $484 8,913 5.28 1,085 323 8,211 7.57 : 
1962______ ieee 1,744 444 10,164 5.83 1,113 338 9 ,282 8.35 
1963__._._---.-.---.._-- 1,739 432 10,015 5.76 1,240 374 10 ,583 8.53 
1964___..-_-_.------.--- 1,964 506 9,802 £4.99 1,302 393 * 11,377 8.75 
1965____-----------_.--- WwW W W _ W 4,201 1,161 27,790 6.62 

r Revised. W Withheld to avoid disclosing individual company confidential data. a 
| 1 Includes Arkansas (1963-65), Utah (1961-65), Wyoming (1956-65), and Idaho in 1965. . ; 

| Table 7.—Phosphate rock sold or used by. producers in the United States, 
oO by grades and States 

(Thousand long tons) 

| 7 Florida Tennessee Western States Total 
- . United States 

Year and grade—B.P.L.! ee 
content (percent) 

oe Quan- Percent Quan- Percent Quan- Percent. Quan- Percent _ 
— oS tity oftotal tity oftotal tity of total tity of total 

1964: , | 
Below 60_____.--._..-------- 52 (2) 2 ,060 86 1,780 =55 3,892 18 
60 to 66.......--------------- 396 3 326 14 84 | 3 806 4. 
66 to 68_._-._....-..-.-----. 2,778 17_—« 29 (*) 80 2 2,887 13 — 
68 to 70___.....----.---.--.-. 4,558 27 29 (2) 1,211 37 5,798 27 
70 to 72__..-..-----.-------. 1,185 8 14 (*) 111 3 1,310 5 
72 to 75_.......-..----_-.--. 4,378 26 _.--..--..-----------------_-___. 4,378 _ 19 
75 to 77__.......-----.---.-. 2,906 18 _... iii lle ------.-. 2,906 14 
Plus 77___..-.-..--------.-- 104 1 lie eee eee 104 (?) 

. Total._.__.__..-....------ 16,357 100 2,458 100 3,266 100 22,081 100 | 

1965: nes . 
Below 60_...----.--..------- 28 1 2,554 96 2,175 52 4,757 18 
60 to 66._..-----.-..-.-----. 1,858 9 LL ieee 421 10 2,279 | 9 
66 to 68__....--..-.--.-.-.-. 3,566 © 19 40 2 364 9 3,970 15 
68 to 70___....--......._.... 2,746 14 _______.__ i...) =61,241 29 3,987 15 
70 to 72__.-_..--.-.--_---... 2,593 14 57 2 ____--__-_-.----. 2,650 . 10 
72 to 75__.....--...---...-.. 3,538 18 __.-_ eee ------- 3,538 14 
75 to 77___-. 2-2. -----_-_-. 3,809 20 _________._-_____-____--.--..---. 3,809 15 
Plus 77..-..-..-..-.--.-----. 1,055 § 2 - eee --------- = 1,055 4 

Total__..........-._..--.. 19,193 100 2,651 100 4,201 100 26,045 100 

1 Bone phosphate of lime (Ca3(PQ,)s). 
2 Less than 0.5 percent.



| Table 8.—Phosphate rock sold or used by producers in the United States, by uses and States / ; ; 

(Thousand long tons) i oe a 

1956-60 (average) 1961 1962 | 1963 1964 ggg a 

State and use _ _ a — a 

Rock P20s Rock P2053: Rock P2Os Rock P20s Rock P20s Rock POs | , 
content content content _ content content . _ content 

Florida: | | , , : 4 7 Agriculture..........------- 7,916 2,627 9,006 2,990 9,746 3,210 10,043 3,305 10,586 3,497 12,730 4180 4 
Industrial____._...---.----- 546 175 377 114 592 183 471 151 685 219 748 243 ry 
Exports....-..--...-------- 2,689 873 3,396 1,098 3,389 - 1,098 : 3,972, 1,300° 5,086. 1,647 5,715 1,811 2 ; 

Total_._..-----.-.-------  H,151 3,675 12,779 4,202 13,727 4,491 14,486 4,756 16,357 5,363 19,193. 6,234 a a 

Tennessee: | | a > Agriculture___---.---------- 274 74 148 46 103 — 32 127 39 86 25 s9.- 28 my 
Industrial_-..-------------- 1,539 398 2,143 546 ‘2,373 622 2,268 586 2,372 “620 2,562 661 - bs 

Total__.-.--------------- 1,813 472 2,291 592 2,476 654 2,395 625 2,458 - 645 2,651 689 2 

Western States: : . : _ . | Z 
Agriculture_.-.-.----------- 542 173 664 207 686 215 668 209 399 | 126 452 141 °-© 
Industrial......------------ | 1,443 352 1,586 387 1,626 396 1,736 417 2,262 585 2,810 731. ° 
Exports_-..---------------- 397 124 522 163 545 171 575 180 605 . 188 939 — 289 7 

Total..--.--------------- 2,382 649 2,772 757 2,857 ‘782 2,979 806 3, 266 goo 4,201 ss, 161 | 
Total United States: | es 

Agriculture___._..-.----_--- 8,732 2,874 9,818 3, 243 10,535 3,457 10,838 3,553 11,070 3,648 13,271 4,349 
Industrial__......---------- 3,528 925 4,106 1,047 4,591 1,201 4,475 1,154 5,320 1,424. 6,120. 1,635 
Exports__...--------------- 3,086 997 . 3,918 1,261 3,934 . 1,269 4,547 1,480 5,691 1,835 - 6,654 2,100 . 

Total.......------------- 15,346 4,796 17,842 5,551 19,060 5,927 19,860 6,187 22,081 6,907 26,045. 8,084
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- oo STOCKS | | | 

Stocks in the hands of producers at year- the end of 1964. | : 

‘end were about 6 percent higher than at - 7 

‘Fable 9.—Producer stocks of phosphate rock, December 31 oe 
(Thousand long tons) ce . Oe 

7 _ | 1964 | 1965 | 

Source . —-_-ea—oeoO gg 

Rock P2Os5 Rock PeOs5 
content content 

Florida_.__-.--------------- === eee eee eee eee ee 4,573 11,467 4,633 1,509 
North Carolina.__.-..-.--------------+----------- 6 2 -6 2 - 

Tennessee____...-..----------------------------- 82 23 68 19 

. Western States__..---.--------------------------- 806 *214 ' 1,109 277 

Total....-----------------------e-eeee eee 5,467 1,706 5,816 1,807 | 

t Revised. | . . | | . " . 

| PRICES —— FOREIGN TRADE | 

The Florida land pebble phosphate rock There was an 18 percent increase in , 

producers raised prices.on all grades of. quantity of phosphate rock exported. Japan 

phosphate rock approximately 7 percent in was again the leading customer for Florida | 

July. : a rock, receiving 28 percent of the Florida 

. shipments. - - a _ 

Table 10.—Prices of Florida land pebble, = Of the phosphate rock imported, 63 

unground, washed, and dried Phos eS percent came from the Netherlands An- 

rock, in bulk, carlots, at mine, in tilles, 22 percent from Togo, and 15 per- | 

(Per short ton) | cent from Mexico. Canada supplied 95. 

Grad BPL Jon. 2 Dec. 30 percent of the imported ammonium phos- 

_ Grade (percent B.P L.) vane ee. phates while 95 percent of the dicalcium ; 

86 to OB... eee $5.84. $6.25 phosphate imported was shipped from Bel- | 

68 to 70_..--------------- 6.76 7.23 glum. : 

70 to 72_____------------- 7.38 7.90 . 

74 to 75_.---------------- 8.34 8.96 

76 to 77__.--------------- 9.30 9.95 

Source: Oil, Paint and Drug Reporter.
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Table 11.—U.S. exports of phosphate rock, by grades and countries | 

. 1964 - 1965 
Grade and destination . a 

. Long tons Value - Long tons Value 

Florida phosphate rock: Co 
North America: 

Bahamas__.___--.--..-.-----------------  ---------------------- __ 690. $5 ,905 
Canada_________________..-------------- 600,710 $6,537 ,464 623 ,846 7,227,642 
Costa Rica_..._.__.___.__----_--.------+- 11 ,423 101 ,240 3,547 32 ,995 

| Dominican Republic___.........---------- 6,795 62,710 _.-_-.-.-.---.---------.- 
_ El Salwador_.__--_-_________--_-_--------- 3,649 34 ,446 - 11,089 95,118 

Guatemala______._-._._._.___--_--u------- 0 +--+ +--+ +--+ --- 418 | 2,680 © 
. o Jamaica_..________.__.___--------------- 1,284 11 ,025 759 14,415 © 

— . Mexico... 2-1 ---------------- 200,928 1,639,071 238 ,049 1,933 ,909 
; Netherlands Antilles______..-..-+.-------- _ 1,990 18 ,328 © 5,724 54,777 
South America: . 

- Argentina.____.._.----..--------.-------- 0 ------+--------------- 150 1,695 
| Brazil_....___.___-_.-_-_-._------------. 176,150 = 1,813,029 133 ,927 1 ,425 ,924 

Colombia_.._.-.-----.--_---------------- (25 ,272 211,784 — 15,155 - 145,662 ~—y 
. - Peru_._.___-_-_--_-----.1--------------- 16,153 151 ,079 16,801 160 ,556 

Uruguay.___-..-.----------------------- 15,135 156,273 11 ,325 117,143 
Venezuela______._____.------ eee 286 6 ,781 19 ,336 202 ,042 

Europe: . 
Belgium-Luxembourg----..--------------- (21,161 204,319 .__.__-.--.--..-.--_.--- 
Denmark ___._____-u.----- +--+ 17 ,134 158 ,492. 24 ,508 247 ,255 

. Finland__..._.-._------.---------.------ 12,188 158,519 __..._-.-.-.-_---.------ 
France___.___..-..-.2---.--------------- 25,462 233,482. 48 ,078 578,860 . 

. Germany, West__...._-------.----------- 779,103 6,063,651 873 ,059 7,039 ,108 
Italy... eo -- 714,700 5,788,245 820 ,346 6 ,732 ,069 
Netherlands____....__------------------- 77 776 717,472 -_.. oes --- 
Norway .-...---------------------------- 15,766 145 ,835 10 ,073 98 ,234 
Spain___.._--.---.----.----------------- 122,368 1,056,218 116,126 1,113 ,654 

Sweden__._._..--------------.---------- 118 ,886 188,462 70,247 718,859 
.. §witzerland._.-....-.----.--------------- 2,358 21,811 2,815 31,757 

Asi United Kingdom____...--.------.-------- | 283,662 2,005,012 246 ,800 2,219 ,425 
ja: eG 
--Hong Kong_-_._.---+--------------------- 749. 6,412 __.. 22 Lee . 
India__._._____.-__-_------ eee ee eee eee ett eee +--+ 8 -- | 49,479 485 ,396 
Japan___-----------.-----.-------------- 1,585,779 18,655,797 1,627,201 14,796,666 
Korea, South___.___--.--.-----+--------- 0 ---------------------- 7,000 63 ,140 

. Malaysia__._....-.-.-------------------- 28 ,643 488 ,270 ' 18,283 488,516 - 
Philippines.._....-.--------------------- 34,513 343,711 69 , 834 690 ,327 
Viet-Nam, South_._-_..---.-------------- 22 ,363 354 ,035 19,735  §69 ,021 

Oceania: . 
Australia___.._..._..-.--.---.------------ 211,483 2,179,255 680 ,494 7,172 ,825 
New Zealand____.__._..-.--------------- 102,579 1,024,359 138 ,389 1,497 ,177 

Total_..______._._.-._-----.---------- 5,085,948 45,536,587 5,903,283 55,962,752 

' Other phosphate rock:! 
North America: 

; a Bahamas_._.....---.--------------------  ---------------------- 29 376 
Canada___.._...-_---------------------- 551,709 6,968,127 715,611 9 ,271 ,007 
Guatemala_______.........-.------------ 23 270 __-_._._-.----.---.----- 
Mexico__________-._-_------.------------ 14,145 114,729 ____--L__- ue 
Panama___.___._-...-_-..--.------------ 62 700 ______-___-_-.--------- 

South America: Venezuela__.....----.-.------ 583 6,970 239 11,995 
Europe: 

Belgium-Luxembourg-._-......----------- 18 200 188 _ 2,500 
France__.__-. ~~ eee eee nn eee ne eee ee en eee 5 ,254 48 ,600 

Ag United Kingdom___---------------------- 9 ---------------------- 9 ,806 99 ,341 
sla: 

Afghanistan___...__.-.-.-.-------------- 0 -------+---+----------- 140 1 ,872 
Japan____.__-_-_-.-----.------+--------- 0 ----+------------------ 11,817 108 ,144 
Malaysia._._....--.-.----.-------------- 49 1,568 .__.-.-.-_-------------- 
Philippines___.....-----..----.---------- 36 640 __.-- eee 
‘Viet-Nam, South___._.-__-__-_-_--.-------  ---------------------- 7,219 125,519 

Oceania: New Zealand__.....__-_-_--.-------  ------------------ eee 16 220 

Total__.__-_.-.---- eee ee 566 ,625 7,093,204 750 ,319 9 ,669 ,574 

Grand total.__..__-____-_.__-__-____.---..... 5,652,573 52,629,791 6,653,602 65,632,326 

1 Includes colloidal matrix, sintered matrix, soft phosphate rock, and Tennessee, Idaho, and Montana rock.
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Table 12.—U.S. exports of superphosphates (acid phosphates), by countries 

1964 — 1965 
. Destination _ 

. Long tons Value Long tons ~ Value . 

North America: : . 
Bahamas.___..----.--.--.---222-- eee 835 $32 ,609 866 $32 ,298 
British Honduras_-_...._...-..---....--------- - 80 5 ,494 18 1,736 
Canada_______--2 eee 163,404 5,120,380 107,996 3,741,056 
Costa Rica__.-.-..-.--------22 2 eee 3,695 235 ,648 664 101,710 

~ . Dominican Republic_____._......--._-._-____- 4,104 250 ,306 5,568 803 ,423 . 
El Salvador_.__--.-. 2.22222 eee 6 ,587 352,445 6,190 339,497 
Guatemala__.___._____- eee 157 9,079 153 11-,156 
Haiti....._-.------ 2-2 eee eee eee eee 14 _ . 1,223 
Honduras__.._-...-._--__-_____-__.._____ ___. 309 ~ 21,313 23 1,814 . 
Jamaica__......--.-- eee 1,753 © 95,681 - 9381 63 ,612 
Leeward and Windward Islands.._.___________. . 269 15,520 -_..--.---.------.------ 

- Mexico__._.__-- eee ~ 1,140 85 ,929 | 56 4,422 
. _ Netherlands Antilles__...-_-.----22_-2- eee 6,513 328 416 __.__.----------- Lee 

Nicaragua____..-_-_.__-.-_-____.._____-__ ee 581 37 ,332 3,098 190 ,858 
Panama-_-_..-----------.--.---+-------------- - 662 $48,407 228 15 ,420 

South America: 
Argentina__.-.---.--.-.-----.--.----------.- 1,818 127 ,383 1,778 117 ,282 a 
Brazil___.-..-.---- ee ee 57,1387 3,252,015 AT ,929 2,701 ,496 

 Chile___ 22-2 : 86,307 5,089,761 — 68,864 4,583 ,333 
Colombia..___-_...-.._--.---2---- =e eee 31,180 1,682,891 25 ,070 1 ,470 ,620 

° Eeuador-___.__----.-------.-.-22.---------.-e 2 ,266 © 130 ,991 2,192 146 ,064 
Peru.___....--__-_-- 2 - 295 + 28,417 135 5,758 
Uruguay.._.--2.---- ee 515 38 ,731 867 65 ,229 
Venezuela_____---...----------- 2 -- eee 134 8,187 __22--2-- ++ eee. 

Europe: . . 
' France__._.-.-...-_--..---- 2 eee eeee 16 ,696 943 ,060 12 ,807 599 ,120 . 
Germany: . 

_ Hast....---.- 2-22 eee .28 ,709 509 ,490 _.._.---.--.--------__.- 
West_.__----2 eee 22 ,974 726 ,050 _-_--.-..------- ee 

Greece__________.--_- eee 10,197 569 ,908 __.-.. 2. ~~ eee - 
Italy.__-...-------- eee 1,973 105,149 - (1,866 101 ,825 
Netherlands.__.._......---_----.-----.-- 1. - 85,718 4,182,257 37,773 2,419 ,955 
Sweden______..-_.._-_-_-_-_-2_- oe 2,955 141,151 ___. 222 

Africa: 
Nigeria..____....-..-.-__--_-_-_ 2 eee eee. 352 22 ,918 160 10,527 — 
South Africa, Republic of...._..__._._______._- 11,921 © 641,691 ____ ee eee 

- Other___-------- 2 eee 29 1,851 _--. 2 eee 
‘Asia: 

~ Tran... 2.22 eee 5,167 349 ,725 -_.- eee 
Japan—...-....----2 2 eee 8,259 159 ,334 7,797 443 ,514 
Korea, South.__.__......-_---------- eee 139,189 7,638,468 188,146 11,544,642 — 
Nasei and Nanpo Islands______.....________._- 3,478 233 ,812 _-_ 2-2. eee 
Pakistan...__..._- 22 eee eee ee eee eee eee 6,900 ~ 482 ,982 
Phillippines___._____..-._..--__....__-__._._- 500 35,723 _._.-.----- eee 
Viet-Nam, South.________._-__-2_-_.____ ee 45 - ° 2,944 _.o ie 

. Other_...---.----. 22 ee 45 3 ,480 48 3,812 

Total.....- 22 eee 707 ,943 33,258,946 528,187 29,504,384 

Table 13.—U.S. imports for. consumption of phosphate rock and phosphatic fertilizers : 

1964 1965 
Fertilizer . So , 

Long tons Value Long tons Value 

Phosphates, crude, and apatite_....._--..-.-------- 155,819 $3,329,309 132,263 $2,979,711 
Phosphatic fertilizers and fertilizer materials. ___._._- 70,512 4,009,733 51,698 3,138 ,788 
Ammonium phosphates, used as fertilizers________._- 85,845 5,811,974 155,768 12,421,468 
Bone ash, bone dust, bone meal and bones, crude, 

steamed, or ground____.__._....-.._..-.--__-...- 10 ,024 545 ,238 6 ,495 369 ,954 
Manures, including guano___.....___-_---.--.--.-- 3,457 295,516 .... 2 eee 
Basic slag__-__-.-.-.---- 2-2-2 eee eee eee 146 1,984 
Dicalcium phosphate----...-..--.-.--..----------- 6,291 394 ,673 2,683 - 177 ,330
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Alveria.—The development of the Djebel tries hydrochloric acid process. The plant 
Onk phosphate deposits near the Tunisian was designed for an annual capacity of 

_ border continued, and commercial produc- 16,500 tons P:O; and was to be in opera- 
. tion was expected to begin by the end of tion before the end of 1966. 
7 the year. The railroad from Djebel Onk Canada.—A new company, Brunswick 

to Tebessa was completed. Fertilizer Corp. Ltd., planned to build a 
_ Angola.—The Government claimed to $93 million fertilizer complex at Belledune 

| have verified | the existence of 27 million on Baie des Chaleurs, New. Brunswick. | 

tons of exploitable phosphate reserves, 15 Full production of phosphatic fertilizer as , 
| million tons in Cabinda and 12 million on ammonium phosphate at a rate of 680,000 

the northwestern coast north of Ambrizete. tons per year was anticipated early in 1967. 
Four companies were said to have applied The new company was jointly formed by 

| for concessions. to develop one or both  flectric Reduction Company of .Canada 

areas. Oo Ltd. (ERCO) and Brunswick Mining & 
| Australia.—Concern was growing about Smelting Corp. Ltd. It was stated that 

| _ the future supply of phosphate rock. De- the phosphate rock would be imported and 
- _ posits on Nauru, one of the main sources, that 850,000 tons of sulfuric acid per year, 

oo were not expected to last more than an- recovered from effluent sulfur gas resulting 
other 20 to 25 years at a production rate from adjacent metal smelting operations of 
of 2 million tons per year. Deposits on Brunswick Mining & Smelting Corp. Ltd., 
Christmas Island and Ocean Island were would be used. a. 

_ inated be esau in 30 yea. The ERGO planed to build a lange elect | the search for phosphate deposits and en- furnace plant in eastern | Canada for the 

listed the aid of two specialists from the production of elemental phosphorus. The 
oo : : site for the new plant had not been selected. 

United States, Richard Sheldon of the , . 
As : . when the announcement was made late in 

. Geological Survey, and Tjeerd Hendrik the vear | 
Van Andel of Scripps Institute of Ocean- years a | 

: ography. } Canadian Industries Ltd. was reported 
| Several State governments were encour- 25 having awarded contracts for building 

aging the search for phosphate deposits: + phosphoric acid plant at Courtright, On- 

Western Australia released areas, totaling ‘T°; and a monammonium phosphate 
20,340 square miles, for phosphate explora- Plant at Lambton, Quebec. Both plants 
tion. Four companies were granted leases Should be completed in 1966. 
for a 12-month period.5 South Australian Consolidated Mining & Smelting Co. of 
Department of Mines announced that it Canada Ltd. began producing ammonium 

would issue rights for phosphate explora- phosphates at two new plants—one located 
tion on areas up to 10,000 square miles at Kimberly, British Columbia, and the 
for 1 year and 4,000 square miles for an other ne oars of Regina, Saskatche” 
additional 6 months. The New South wan. e ,JUU-ton-per-year output 0 
Wales Government decided to offer a re- fertilizer products from the Regina plant — 

~ ward of 20,000 pounds ($44,800). for dis- was said to increase the firm’s total annual 

covery of any worthwhile phosphate de- output capacity to 1 million tons.6 
posit within the State. It was reported that Hudson Bay Oil 

A new deposit was discovered in North- and Gas Co. Ltd. acquired phosphate rock 
ern Territory in a cliff about 5 miles from prospecting permits from the Government 
Darwin. A drilling program was under- covering approximately 1 million acres of 

| way to determine the extent of the ore land in Alberta. 

which was reported as containing up to 30 A new phosphoric acid plant with an 
percent phosphate. annual capacity output of 44,000 tons P.O; 

Belgium.—A new phosphoric acid plant went on stream at Fort Sasketchewan, Al- 
having an annual capacity of 100,000 tons berta. The plant was part of a $23 million 
was being planned for Antwerp by BASF fertilizer complex completed during the 

| Antwerpen N.V., a new subsidiary of Badi- year for Sherritt Gordon Mines Ltd. A 
sche Anilin und Soda Fabrik, A.G. —_— _ 

Brazil.—Companhia Petroquimica Bra- Nok OMe BeBe jinine Journal. V. 166, 
sileira was planning to erect a phosphoric For ntern Miner (Vancouver, Canada). Regina 
acid plant to use the Israel Mining Indus- >. 54. peration. V. 38, No. 6, June 1965,
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Table 14.—World production of phosphate rock by countries 1 —— 
(Thousand long tons) 

~ Country 1961 1962 1963 1964 1965 p2 

North America: - . a 
United States__...--..-----.----- 22...) = «18,559 19 ,382 19 ,855 22 ,960 26 ,440 
Mexico______--.-.-- 2-2 29 30 30 27 e 28 
Netherlands Antilles (exports)____._______.__ 150 129 126 F118 110 

Total }__ eee.) =—-18, 788 19 ,541 20,011 * 23,105 26 ,578 

South America: _ 7 
Brazil: . 

Apatite... 2-2-2 22 240 305 212 © 192 e 200 
' Phosphate rock______________..._-____ oe 409 251 63 t 50 e 59 

Chile: . . 
Apatite. ...-.2 222. 14 12 14 r13 13 
Guano____..-- 222-222. 19 16 22 15 21 

. - Peru (guano)_..__22_ 2-2 157 203 189 202 166 
Venezuela... ---- 2-22 --- eee eee eee ee  &6 

Total__--_----_---------- 22-2222 839 _ 787 501 t 472 465 
Europe: 

Belgium.___...-2---_- ee 14 12 ri3 - F 22 e 22 
France____......--.------.----- 80 66 50 tr 42 »  e€ 42 

— Poland... 222-2 eee 46 .. 55 64 © 88 e 88 
U.S.S.R.: 

me a . Apatite ¢_2 22222. 5,510 6 ,500 6,890 7 ,870 9 ,350 
Sedimentary rock ¢__.________=_._.____.. 3,150 3 ,350 3,940 4,920 5,910 - 

, Totale....._...------------------.. 8 , 800 9,980 10,960 12,940 15,410 | 
Africa: o 7 

Algeria__._..------2- 222 ee 433 384 343 72 85 
Morocco. _____.-.-------- 22 e eee, 7,824 8 ,033 8 ,413 9 ,938 9,669 
Rhodesia, Southern__._..__-_.__.--.__2 2 2. (3) wenn een 2 e4 Senegal: a 

Aluminum phosphate..____________.._.- 137 139 124 119 133 . 
Calcium phosphate__.___._____.______.. 401 489 463 666 854 

Seychelles Islands (guano) (exports) ._____-___. 8 5 7 4 6 | _ South Africa, Republic of___...-.__-____2_ 8. . 292 302 448 570 600 . 
South-West Africa (guano)________________.. ] 1 1 (8) 1 
Togo__..--.-----..-.------ 116 F 189 © 506 741 958 
Tunisia... 1 ,950 2 ,064 2 ,333 2 ,708 2,992 
Uganda (apatite) ___--__--.- 2-2 eee (8) 1 7 rg 16 
United Arab Republic (Egypt)_____._________ 617 592 634 -t 604 +584 . 

Total Moe 11,779 112,199 *18,279 + 15,433 15,902 . 

Asia: | - 
China, mainland e¢______......----_--_ 2 8. 500 600 700 | 800 900 . 
Christmas Island (Indian Ocean) (exports) - - -- 694 §21 651 775 740 
India (apatite)_._._..-_-_- 2 20. . 29 13 4 4 
Indonesia.__..-..-....-----2 eee r10 r6 rj r3 e3 ; 
Israel_.. eee 217 | 207 295 236 382 
Jordan__..-..- 22-2 ee 416 ® 670 ® 605 t 594 815 
Korea, North (apatite)e___.._.......... __. 150 200 200 200 200 
Philippines: 

Guano. eee (3) (3) 1 1 4 ; 
Phosphate rock____._.___...__._._____- a------- 4 rl] 3 (8) 

Viet-Nam, North: 
Apatite ———- ~~~ --------- ee renee eens 555 667 F910 e 980 e 980 
Phosphate rock______._.--__2 2 oo. 57 33 e 49 e 49 e 49 

Totale toe 2 ,620 r 2,940 r 3,430 3,645 4,080 | 

Oceania: Te | Australia___._..-222 20 5 4 5 r¢ e 6 
Makatea Island (French Oceania) -_.___.___.. 375 - 312 330 t 382 4314 
Nauru Island (exports)___...-.....__..___... 1 ,282 1,516 1 ,547 1,820 1,472 
Ocean Island (exports) __........-.-.---.. 338 257 356 323 369 

Total. -....--- 22-2. eee eee. = 2,000 2,089 2 ,238 2,531 2,161 

World total ¢_-__22 2-2... = 44,780 = 47,540 ™50,420 * 58,130 64 ,600 
eee 

e Estimate. P Preliminary. t Revised. . 
1 A negligible amount of phosphate rock is produced in Jamaica, Sarawak, Somali Republic and Tanzania. 
2 Compiled mostly from data available June 1966. 
$ Less than % unit. 
4 Exports.
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| 125,000-ton-per-year ammonium phosphate phate unit was expected on stream before 

- plant was included in the new facility | yearend. The initial annual capacity of | 

A fertilizer plant, including a phosphoric _ the plant was stated to be 250,000 tons of 

acid unit and related triple superphosphate ammonium sulfophosphate. 

and diammonium phosphate units, was be- Chemical Industries of Northern Greece 
| | ing built for St. Lawrence Fertilizers Ltd. had a $16 million plant under construction 

| at Valleyfield, Quebec. The daily output at Thessaloniki for the production of am- 
7 | capacity of the acid plant was stated to monium sulfophosphate and mixed super- 

be 150 tons P2Os. The entire plant was phosphates. This plant also was to be in 
| scheduled for completion in July 1966. operation by the end of the year with an 

Western Cooperative Fertilizers Ltd., initial annual capacity of 200,000 tons of 

| formulated plans for developing its own product. | | - _ 

supply of phosphate r ock and other Taw A nitro-phosphate plant was scheduled © 
materials for use in its new $24 million for erection at Salonica by Société Indus- 
fertilizer complex in Calgary. A program tries Chimiques du Nord de la Gréce. Out- | 
was initiated to develop, if feasible, 2 put capacity of the fertilizer plant was re- 

| source of prosphate rock near Fernie, Bat ported to be 125,000 tons per year. 
| . TF Ww or : . ws . 

7 ish Cotumbia. | ine company was reporle India.— Albright, Morarji & Pandit Ltd., 
-. to have 500 claims, each one-quarter square ys, . 

ae ie 7 a new company associated with Albright & 
mile in the Fernie area. | Rare 5 eae Tee | 

| | Lo | Wilson Ltd. (British), which held a 45- 
| Greece.— Phosphate Fertilizer Industry, percent interest, ordered a phosphoric acid 

oe S.A., nearly completed its $3 2 million fer- concentration plant to be installed at Am- 
tilizer plant. at Nea Karvali in eastern =— ~~ | | 

12 ; i 1 i 7 Engineering and Mining Journal. Firm To 
Macedonia. The phosphoric acid unit was _ Develop Its Raw Materials. V. 166, No. 11, 

| in operation and the ammonium sulfophos- November 1965, p. 127. 

Table 15.—Selected African countries: Exports of phosphate rock in 1965, by countries 
. . | (Long tons) 

| Destination Algeria Morocco Senegal Togo ‘Tunisia Total 

North America: : 
Cuba_._...------------- wananonene 22,889 __..-... eee ween eee 22 ,889 
United States_.._....-.-- ae -------- mene nnne 13 ,951 wn nenene 13 ,951 

South America: 
Brazil_....---.----.----- -------- ~a------ wannnneee 10,102)  ____..-. 10,102 
Chile.__....-..-..------ wwanene- 18,700 __--..-- 5,905 4,921 29 ,526 
Uruguay._...------------ eee eee eee eee eee eee ene ee ' 14,763 14,763 

Europe: 
Austria_.......-.-.--.--- ene ene 21,841 ----eeee Lee eee eee 21,841 
Belgium_...-..-..-----.- _....--. 1,082,696 —_.___.-- 63,050 _....... 1,095,746 
Czechoslovakia___-..-_.-- ~ eee enue 125,282 ___-.__- wenn ee ee 91,335 216 ,617 
Denmark....----...----- wane nene 254,437 ____.--- waeennee 34 ,054 288 ,491 
Finland__...--.--.------ -------- 136,088  ._..-.--- -------- 9 -------- 136 ,038 
France..__..---.--------. 17,800 1,791,026 33 ,493 218 ,162 640,917 2,701,398 
Germany, West_____.---- 35,707 571,737 248,551 129,808 245,659 1,231,462 
Greece________-_._------ wonueee- 180,258 _-..--- meee eens 94 ,386 224 ,639 
Treland___.......-_---.-.- ~o---4-- 241,691 wees ~eeenu ee ween eens 241 ,691 
Italy___.....-----..----- _ 2,608 349,830 __._---- 89 ,155 354 ,512 796 ,105 
Netherlands_-....------- wan nneee 521 ,989 36 ,622 174 ,895 41 ,534 775 ,040 
Norway._.-------------- eae een ee 52 ,945 wenn nee ~------e ~ eee eeee 52 ,945 
Poland_...---.---------- ana nneee 444,973 ___---- ae 73 ,324 518 ,297 
Portugal._.......------- -----nee 265,397 __.____- -oeuneee ~ooee eee 265 ,397 
Spain_..-.-...-----.-.-- -------- 893,710 __..---- wan ueene 127,455 1,021,165 
Sweden____.-..--------- wa------ 331,014 —_._.._.- 5,905 25 ,786 362 ,705 
Switzerland__............  -------- 19,664 _..--... ---1---- 3,248 22 ,912 
United Kingdom_......-. -------- 864,068 151,853 10,800 44,585 1,071,306 

Ast Yugoslavia_...-.-------- a 11,798 -------- -------- 192 ,708 204 ,506 
81a; 

China___.-..-------.---- -------- 589,585 ...---- -------. 9 -------- 589 ,585 
India..._..-.----------- en ----- 21,8386 __.----- wa------ 256 ,091 277 ,427 
Japan....----.-------.-. -------- 267,582 =—-:171,007. ~—:111,227 25 ,885 575,701 
Taiwan___._-_---------- _a------ 118,767 _.-.---, Lette eee te eeee 113 ,767 

Africa: 
Canary Islands__.-__----- ~a------ 17,651 _---eeee LeeLee eee 17 ,651 
South Africa, Republic of. ween nee ween eee 143,114 ___---- 2) Leelee 143 ,114 

Oceania: Australia_...___.---- wanneee- 173 ,527 24,552 183,305 ____---- 331 ,384 
Other countries___.....------ -------- 45,9382 pp Ll tee 45 ,932 

Total.......--.-------.-- 56,115 9,331,358 809 ,192 966 ,265 2,271,163 13,434,093
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barnath, near Bombay. The plant was to 30-million-ton phosphate deposit averag- | 
| produce 25 tons of 54 percent acid per day ing 68 percent B.P.L. at Al Hasa. The - 

from 30 percent wet-process acid with op- _ Parsons company was completing the sec- 
_ eration expected by October 1966. The ond stage of its contract, which included - 

new firm also-had Government approval to — the designing of mining facilities. A 500,- oo 
establish a $4.2 million wet-process phos- 000-ton-per-year phosphate rock treatment : 

| phoric acid plant at Ambernath, near the plant was scheduled to be erected at El a 
site of a sulfuric acid. plant owned by Hasa. Contracts for construction and 
Dharamsi Morarji Chemical Co. Ltd. (a equipment were awarded. ae 
27-percent owner of the new company). _A merger of all phosphate mining op- __ 
Dharamsi. Morarji was granted a license to —- erations in Jordan into one company, in- | 

_ use phosphoric acid from the new plant cluding those at Ruseifa and Al Hasa, was | 
to produce 27,000 tons of triple superphos- approved in August by the Government. | 
phate annually at the Ambernath plant. Mexico.—Two new phosphate fertilizer . 
Production was expected in 1967 and plants were scheduled for construction near - 
would be the first: triple superphosphate Coatzacoalcos, Veracruz. Banco Nacional 
produced in India. __ ve , _ de Mexico, S.A., announced the sponsor- 

_. Large reserves of phosphate deposits were ship of a new company, Fertilizer Fosfata- 
reported found along both the eastern and dos Mexicanos, S.A. de C.V., for the de- . 

_ western. coasts of India. The deposits, velopment of a large fertilizer complex. | 
subject to further studies, were estimated Mexican ownership was to be 51 percent _ 
to be ample to meet India’s phosphatic with Pan American Sulphur Co., together | 
fertilizer needs for at least 20 years. | with two international banking firms own-. 
_Israel.—Swift & Co. and Carl M. Loeb, ing a 49-percent interest. A $44 million oo 

Rhoades & Co., an investment firm, both facility with an initial annual capacity of | 
of the United States; were reported to have 400,000 tons P2Os was to be. established : | 
joined Israel-American Phosphates Co. to by the new company with completion | 
exploit. the phosphate deposits at. Ein ‘scheduled for the second quarter of 1966. 
Yahav. The Israel-American Phosphate The second plant, estimated at $18 million, 
Co. has had-the concession rights to the was reportedly being financed by John W. 7 | 
phosphate on these deposits for some time, Mecom of Houston, Tex., and a Mexican 

. but because of financial difficulties had not industrialist, O. L. Longoria. No comple- 
gotten into production. Plans were to tion date was announced. A 20,000-ton- | 
install a phosphate calcination plant with per-year elemental phosphorus plant also | 
an initial annual capacity of about 500,- was to be erected in the State of Veracruz. 
000 tons. | | | The plant was to be owned and operated | 

The first stage of Israel’s new port at by a new company, Fosfores Industriales, | 
_Eilat was completed and ready to handle S.A., formed by the Bruno Pagliai indus- | 
an annual cargo of 500,000 tons. Also the trial group of Mexico with V-C ‘Chemical 
new railroad between Beersheba and Di- Co., a division of Mobil Chemical Co., ee 
mona, was completed with the extension to holding a minor interest. The plant was | 
Oron expected to be in operation in 1967. _ planned for operation in 1967. 7 a 
Japan.—Toyo Soda Manufacturing Co. Morocco.—An organization, Office des | 

was joined by Stauffer Chemical Co., a Producteurs de Phosphates, was formed by 
U.S. firm, in a 50-50 partnership to form authorities of Morocco, Tunisia, and Jor- 
a new company called Toyo Stauffer Chem- dan for the purpose of coordinating their . 
ical Co. The new company planned to international phosphate sales. | 
erect a dicalcium phosphate plant at Yam- The Export-Import Bank of Washington 
aguchi, capable of producing about 8,000 authorized a long-term $25 million capital 
tons per year. Operation was scheduled loan to finance purchases of United States 
for 1966. equipment required for expanding phos- 

A 50-ton-per-day phosphoric acid plant phate rock production facilities. The loan 
was completed for Nihon Suiso Kogyo Co. was made to Office Cherifien des Phos- 
Ltd. which planned to use the acid to pro- phates (OCP), a corporation wholly owned 
duce 55,000 tons of complex fertilizers an- by the Government of Morocco. The total 
nually. | cost of expansion by OCP was expected to : 

Jordan.—Ralph M. Parsons Co., a U.S. be about $56.6 million. 
consulting firm, proved the existence of a The Safi chemical fertilizer plant was
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| completed at a cost of $50. million. The ernment nearly $2 million annually in for- 
| - Government-owned complex consists of two eign exchange. © |. ey 

- ‘production lines, each capable of produc- South Africa, Republic of.—The phos- 
| ing annually either 200,000 tons of triple phate fertilizer plant of Phosphate Develop- 
Oe ~ superphosphate or 150,000 tons of diam- ment Corp. Ltd. at Phalaborwa was com- | 

ee - -monium phosphate. _. pleted and producing phosphoric acid and 
—_ -. Occidental Petroleum Corp., a U.S. firm, triple superphosphate by yearend. The 

‘entered into a joint $100 million venture superphosphate plant at Windmill Fertili- . 
oo with OCP on a 50-50 basis to produce zers, South Africa, at Sasolburg was com- 

| phosphatic fertilizers in a new plant. The pleted. The annual capacity output of the. 
; - joint company was set up to operate both plant was given as 500,000 tons of a wide 

the new plant and the one completed at range of fertilizers. African Explosives & — 
. -. Safi. Occidental’s major responsibility to. Chemical Industries, Ltd.; completed a $2.8 

the new complex was to be the construc- million phosphoric acid plant at Modder- 
oo tion of a $37.5 million superphosphoric = fontein, near Johannesburg. os 

_ ~ acid plant. — _.. Rich and economically recoverable phos- 
| . New Zealand.—The growth of the coun-. phate deposits were reported found off the 
a try’s chemical fertilizer industry, showing west coast by the South African branch of | 

| _ annual capacities of individual plants was. Ocean Science & Engineering, Inc., a US. 
- published.8 _ 7 | ok _ firm. - | | - 

— _ Peru.—A contract between Cia. Minera Spanish Sahara.—Five U.S. companies, 

| Bayovar, S.A., and the Government for the one Canadian, and several European mining 
| exploitation of the major phosphate rock groups were competing for the mining 

deposits in the Sechura Desert was signed. rights to the 1.2-billion-ton high-grade 
Under the terms of.the 25-year contract phosphate deposits at El Aioun. The | 

- which covers all phases” of the project, Spanish state-owned mining group, Em- 

ot Minera Bayovar is committed to produce presa Nacional Minera del Sahara S.A. 
. 1. million short tons of phosphate and/or (ENMINSA), awarded a provisional con- 

potash during the preliminary stage, 6 tract for the construction of a $21 million — 
years from the start of construction, and port, subject to approval by the foreign 

| invest about $15 million.® The company partner selected. No announcement of a 
concluded its first sales agreement with selection had been made by yearend. De- 

Texada Mines Ltd. of Canada for the de- velopment costs were expected to total 
| livery of 300,000 tons of phosphate rock about $100 million, including the port fa- 

oo concentrate annually over a 10-year period —ility. Proposals by the U.S. firms were 
| beginning in October 1967. __. said to provide for the mining of 10 million 

| _ The Peruvian Government authorized tons per year, 2 million for U.S. consump- 
the Banco Minero to seek loans to finance tion, 1 million to satisfy Spanish require- 

a project which would include a zinc re- ments, and the remainder for the world 
- finery and plants to produce sulfuric acid market. | | | 

, and superphosphates. The phosphate rock It was reporte d also that ENMINSA 

: Bayona would be supplied by Minera had discovered a second Phosphate deposit 
" . oy: higher grade than the first discovery. e 

Poland.—A large phosphatic fertilizer new deposit in the Bu-Craa district was 
complex, capacity not announced, was un- 444 to be 15 feet thick 
der construction at Police near Szezecin. | . a . 
It was reported that the output will com- — Togo.—Compagnie Togolaise des Mines 
pletely satisfy the country’s total needs for du Benin (CTMB) expanded production 
this type of fertilizer. The first units for facilities and expected an output of nearly 

producing mixed phosphate fertilizers were 900,000 tons in 1965. A production rate 
scheduled for completion late in 1969. of 1 million tons annually was planned to 

Rhodesia, Southern.— African Explosives begin early in 1966. W. R. Grace & Co., 
& Chemical Industries (Rhodesia), Ltd, % U.S. firm, was reported to be the largest 
had a new phosphatic fertilizer plant at single stockholder in the company with 43 

Dorowa in trial operation in September. Percent of the shares. 
When the plant reaches full production, § Bureau of Mines. Mineral Trade Notes. V. 
Rhodesia will be self-sufficient in the pro- 60, No. 3, March 1965, p. 18. 
duction of superphosphates saving the Gov- 61 Bar wis ot Mines. oat ineral Trade Notes. V. » » UC Tr » pp. ’ .
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Tunisia.—The Forenade Superfosfat-  pecting for phosphate deposits in the Was- 
fabriker, A.B., plant at Sfax was expected sif and Hamrawein areas. The project 
to reach full capacity production of 150,- was to be started near the end of the year — 
000 tons per year by the end of the year. by the Ljubljana Geological Institute, a 

_ Expansion of the Société Industrielle | member of the Rudis Association. _ 
d’Acide Phosphorique et d’Engrais ‘Super- —~—_—_— A _20,000-ton-per-year ammonium sulfate 
phosphate plant was planned which would plant was reported to have been ordered 7 

_ increase the total annual capacity of the for delivery in 1966. 

industry to 350,000 fons by 1968. The Government announced that the 
U.S.S.R.—Mining operations reportedly production of superphosphate for domestie 

were started at the phosphorite deposits of use was to be increased to 1.3 million 
the Kara-Tau mountain range in the Cen- _ metric tons by 1970. | 

tral Asi an Republic of Kazakhstan. The Yugoslavia.—J. C. Carlile Corp., Den- | 
P hich we plant s south of Bazakhsian, ' ver, Colo., completed a feasibility and en- 
w 1 Losph, to produce s uperphosp: ates ‘gineering study on phosphorus production | 
ane P. osph Orie acid, were still under con- for Tovarna Dusika Ruse of Ruse, Slovenia. 
struction.” | The proposed project consisted of a 25,- _ proposed project consisted of a 25, 

_ A 41,000-ton-per-year elemental ; phos- 00-kilowatt elemental phosphorus furnace, 
phorus plant was under construction at 4 nodulizing plant, a phosphoric acid plant, 
T’schimkent. The plant, being erected by a dicalcium phosphate plant, and a sodium | 
Friedrich Uhde G.m.b.H. of West Germany, tripolyphosphate plant. a 

| would have two electric furnaces and the A 100,000-ton-per-year superphosphate 
phosphate rock would be supplied from the plant was reported planned for Subotica | 
Kara-Tau deposits. BS on the southern Hungarian border. Con- 

oe United Arab Republic (Egypt)—An _ struction was to start in 1966 under an > a 
2. agreement between the Rudis Association economic cooperative agreement between 

of Yugoslavia and Safaga Phosphate Co. Hungary and Yugoslavia. Hungary was to © 
of Egypt was concluded, in which the As- help in financing the project with repay- 
sociation would conduct geological pros- ment in superphosphate.11 _ 

| | TECHNOLOGY ae | 

The crystallography and chemistry of phate. Two types of phosphates were dis- 
three sodium-manganese-iron phosphates cussed: a dark-colored, fine-grained type 
occurring in pegmatites as the minerals such as the phosphorite deposits in the 

_ dickinsonite, fillowite, and alluaudite were Western States and a light-colored coarse- 
discussed.12 The report included chemi- grained type, like the Florida land pebble 
cal analyses, infrared spectrum curves, X- phosphate. SO ; | 

_tay diffraction data, and differential ther- In another article on the precipitation 
mal analyses (DTA) curves. : of marine phosphates, it was concluded 

A discussion on the origin of bedded that analogies exist between the biochemi- 
deposits of marine phosphates was pub- al precipitation of carbonate apatites and 
lished.18 The author claimed the bio- the formation of marine phosphorites and 
chemical mode of formation was controlled also that carbon dioxide is an: essential 
by the configuration of the sea floor. Or- component of phosphorites.14 
ganisms decaying on the bottom of de- The Kara-Tau phosphorite deposits in . 
pressions in the ocean floor produced am- = ——_______ 

monia phosphate and ammonia. Bacteria 0 Phovplogus and Potaium. | The Kara Ta oxidized the ammonia to nitrates that cember 1965, pp. 15-17. ° oo 
acted as fertilizers for the growth of phy- meer (een gady Tae J opal & Ghemical png 
toplanktons on which nektons and plank-  siavia. _V. 157, No. 4091, Nov. 4, 1965, p. B42. 
tons live. The sheltered depressions pre- and Fisher, Ried erome. Ming oonites, ee 
vented the gradual buildup of soluble phos- —_Oetober 1965, pp. 1647-1669. 
phates from being dissipated into the open pha x ousset, mowed 1. Genesis of Bedded vee, 
sea. The ammonium phosphate reacted pp. 590-599. : . . . awe 4 weg ge ; with calcium ions or with precipitating phate oe Wate en eepitation eo. bos: 
calcium carbonate to form calcium phos- August 1965, pp. 1059-1062. 

232-748 O-67—47 
.
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Kazakhstan U.S.S.R. were described.15 It ing sodium tripolyphosphate and other in- 

was reported that the deposits should pro- dustrial phosphates, was tested in England. : 

vide large reserves for a substantial expan- Up to 50 percent of the phosphorus.con- 

sion in Soviet fertilizer production. The tent was said to volatilize when wet-proc- 

Kara-Tau basin contains 45 phosphorite ess acid (32 to 54 percent POs) is fed to 

deposits but three-fourths of the reserves a submerged flame burner. The strong, 

were concentrated in the Chulak-Tau, Ak- pure acid is formed from the condensed ~ 

| say, Koksu Dzhanitass and Kok-Zhon de-  vapor.29 | - , 

posits. - | - A process for producing wet-process 

: - Phosphate deposits and mines of 10 dis- phosphoric acid containing 50 to 55 per- 

tricts covering most of the Montana phos-- cent P:Os without using a concentration 

phate field were described in detail.16 step was in the development stage in TVA 

_° Each district was discussed, and resources laboratories. Phosphate rock reacted with 

and potentials of each district were evalu- fuming sulfuric acid formed in semi-granu- 

ated. OS °° ar acidulate which. subsequently was 

| The pneumatic system used for unload- leached with hot water.21 — 
ing 50-ton rail cars of pulverized phosphate Two new processes were developed in 

rock at the Cyanamid of Canada Ltd., Japan for producing wet-process acid. The 

Welland fertilizer plant in Niagara Falls, gypsum produced during the reaction was 

| Ontario, was described.17 It was claimed said to crystallize in large uniform par- 

7 that a 50-ton carload of phosphate rock ticles which were easily filtered and washed. 

could be unloaded and the material con- Both processes claimed recoveries up to | 

veyed through a 6-inch pipe into an 800- 98.5 percent. The gypsum byproduct after 

ton capacity storage silo in 1 hour. The washing was pure enough for sale to wall- 

| initial capital cost of the system was stated board manufacturers.?2 : 

| to be low and little maintenance required. According to a recently patented process 

| Multi Minerals Ltd. of Toronto, Canada, (U.S. 3,192,014) gypsum formed during 

| after 2 years of research on a process to _wet-process phosphoric. acid manufacture 

produce phosphoric acid from its apatite can be easily filtered and washed. The ad- 
deposit near Sudbury, contracted for the dition of a small quantity of alkyl aryl sul- 
construction of a semi-commercial pilot fonate, a surfactant, to the sulfuric acid — 
plant to evaluate the process. The process, treatment promotes the growth of hexag- 
which uses the acid-leach technique, was onal, easily filtered gypsum crystals instead 
said to produce a.clear, chemically pure of the needle-like difficult-to-filter crystals 
phosphoric acid product from either phos- commonly obtained with many ‘types. of 
phate rock or apatite. Fluorine was re-_ ores.23 - | Bn 

ported to be reduced to a negligible amount At the 15th annual meeting of the Fer- 
during the normal course of processing.1® _tilizer Industry Round Table, considerable __ 

, : Tennessee Valley Authority (TVA) sci- interest was shown in the discussions of 

| entists, using new techniques, prepared a ———______ | oO 
. : os is . | 

wet-process phosphoric acid containing 40 Pho enone sand Potassium. | The Kare Ta 

percent P.O;. Agglomerates of easily fil- December 1965, pp. 15-17. 
: : , 16 i - tered calcium sulfate hemihydrate were ation ee Oe and Ane Service. an ei 

produced instead of gypsum as in the usual Its Resources (In Five Parts) 2. Montana. Bu- 
processes. A slurry of Florida phosphate Mines Rept. of Inv. 6611, 1966. pp. 146. ada) 

rock and recycled phosphoric acid (31 per-  ppeumntic Svstem Discharges = 60 Ton Car 

: cent POs) was fed into the reactor beneath Per Hour. V. 38, No. 12, December 1965, pp. 

foam generated by the reaction while sul- 20 Mining Journal (London). Phosphoric Acid 
_ furic acid (93 percent) was added to the Process. Aa No. 6772, June 4, 1966, PS 446. 

foam surface. Only 1 hour retention time a5 Desion & Development. Wet-Process Phos- 
in the reactor was required with mild agi- phoric Acid. V. 4, No. 1, January 1965, pp. 

tation at a temperature of 200° to 220° F. 848 emical Week. V. 97, No. 23, Dec. 4, 1965, 

A close control of the sulfate concentration pp. 79-80. ° " 

in the liguid phase of the reacting slurry Mining Ygurnal, (London), Dect, Profuc 
was essential.19 V. 264, No. 6771, May 28, 1965, p. 421. 

. - 22Chemical Engineering. Phosphoric Acid 
A process for producing a concentrated Flowsheet Sidesteps Gypsum Woes. V. 72, No. 

(up to 72 percent PsOs) pure acid from — 9;, OF a1 @ Kuginecring News. V. 43, No. 
ordinary wet-process acid, suitable for mak- 33, Aug. 16, 1965, pp. 37, 77. —
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nitrophosphates. Four European manu- made on tetracalcium phosphate. The re- 
facturing processes were described: DSM sults indicated that tetracalcium phosphate : 
(Dutch State Mines), Odda, Kampka- has a layer-type structure relationship to . 
Nitro, and PEC (Potasse et Engrais Chi- hydroxyapatite (Cas(OH) (PO,)s), which 

| miques) .24 - , me , accounts, in part, for variations in the com- 
| A paper was published on a study of the positions of apatite materials having cal- 

| dissolution of. phosphate rock in aqueous cium to phosphorus ratio greater than 10 
mixtures of phosphoric acids and sulfuric to 6. The hydroxyapatite relationship also 

acids of varying concentrations.25 suggests that tetracalcium phosphate may - 
A two-stage method for making am- be present in tooth and bone mineral.30 _ 

-  monium phosphate was developed by TVA —*aA_ report was made on the operation of oS 
| and plans were made for pilot plant test- 4 newly designed unit which had been ~ | 

ing. The process involves two reactors installed in July 1964 by FMC Corp. at 
_ with wet-process phosphoric acid being fed its Newark, Calif., phosphate plant to re- - 

_ into the first and ammonia being fed into duce air-pollution. The process was re- ~ a 
the second. The. offgasses from the sec- ported to be 99.9 percent efficient in pre- rr 

7 ond reactor, consisting ‘chiefly of ammonia venting droplets of phosphoric acid-in the — 
and steam, is passed into the first reactor gas stream from entering the atmosphere.31 | 
where the ammonia partially neutralizes Advantages claimed for the unit in addi- - 

the fresh acid. This material is then tion to its efficiency were its low initial in- _ 
| ‘pumped into the second reactor for final | vestment and moderate operating costs. _ | 

, ammoniation. A portion of the ortho- - An automatic instrumental method for. 
-_. phosphate formed dehydrates to polyphos- determining phosphorus in sodium hydro- | 7 

_ phate which is discharged at the bottom gen carbonate extracts from soils was de- 
of the reactor.26 | scribed.32, Among advantages claimed for a 
A description of the recently installed the automatic procedure over the manual : 

TVA rotating phosphorus furnace and its techniques were greater accuracy and — 
operation was published.27 The 25,000- speed. It was stated that an individual | 

, killowatt furnace consists of a rotating cru- analysis can be made within 6 minutes : 
cible 26 feet and 6 inches in diameter and after aliquots are taken and that the instru- 

16 feet in depth from the undersurface of | ment can analyze 192 samples in an 8-hour 
the roof to the top of the carbon hearth. day. | | 
The bottom is lined with carbon blocks. | Patents were granted for new methods 

| _ The roof is stationary and constructed of and techniques of beneficiating phosphate 
monolithic grog. The space between it  rock,33 producing and processing wet-proc- 

| and the rotating crucible is sealed wth Wo... SO 
| _ water held in a chamber attached to the 24 Fertilizer Industry Round Table 1965. Pro- 

"outside of the furnace shell. srodtngs of she ibn Annual Afestng, Washing 
Knapsack A.G., a West German ele- _ shall, Baltimore, Md., 1966, 105 pp. 

mental phosphorus producer, adopted a," ibert, Richard [., and Bagard¢, Moreno, 
new process for manufacturing 2,000 tons Sulfuric and Phosphoric Acids. Ind. and Eng. 

per year of phosphorus pentasulfide. The Chem., v. 4, No. 4, October 1965, pp. 368-371. 
‘process was developed by the firm and was Polyshennhet i Made "Direetiy  v. Ne 3 
based on the reaction between molten Sept. 27, 1965, p. 63. 
yellow phosphorus and molten sulfur at 27 Marks, E. C., and L. S. Wilson. Operation 
about 350° C in an inert atmosphere28 9° Mtetcis td Potting eh ieee. pelt eer 
Many safety factors were built into the 28 Phosphorus and Potassium. Knapsack Proc- : 
plant since the danger of explosion of mix- ess for Phosphorus Pentasulphide Production. 

. o. 18, August 1965, pp. 23-24. 
tures of air and phosphorus pentasulfide 2 Phosphorus and Potassium. Utilizing Waste 
is very great. Gypsum From Wet-Process Acid Manufacture 

eae . sing FACT Process. No. 16, April 1965, p. 23. 
A process used by Fertilizers and Chemi- 30 Brown, Walter E., and Earl F. Epstein. 

cals Travancore Ltd., in India to produce Cr Ta Oe Te eee Fhosphate. | J- 
ammonium sulfate from waste gypsum re- cember 1965, pp. 547-551. 

sulting from wet-process phosphoric acid "501 paint, and, Drug, Reporter, TMC Goes 
manufacture was described.29 V. 188, No. 21, Nov. 22, 1965, pp. 5, 46. 

_A crystallographic study, using both op- Going 0. Bihoas Apherat and Tash 
tical and X-ray diffraction techniques, was 29, 1965, pp. 893-895.
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ess phosphoric acid,34 manufacturing phos- phosphates.87 In addition many patents 
 phatic fertilizers,35 utilizing byproducts,26 were issued for the preparation of a large 

| and processing industrial phosphorus and variety of phosphorus. compounds. 

33 Barr, Jr., J. A., C. H. Greene, and C. G. Young, Donald C. (assigned to Union Oil Co. 
Olsen (assigned to W. R. Grace & Co., New of Calif., a corporation of California). Anhy- 
York). Phosphate Recovery Process. U.S. Pat. drous Liquid Phosphoric Acid. U.S. Pat. 3,192,- 
3,204,877, Sept. 7, 1965. 013, Aug.. 22, 1960. oo 
———(assigned to Chemical Cleaning Inc. = _* Andres, Louis, and Andre Kleiber (assigned 

. New Orleans, La.). Phosphate Recovery Ap- to Potasse et Engrais Chimiques, Paris, France). 
- paratus. U.S. Pat. 3,202,365, Aug. 24, 1965. Process For Manufacturing. Complex Fertilizers, 

Bunge, F. H., R. F. Baarson, and H. E. Tre- Partially Soluble in Water. U.S. Pat. 3,177,063, 
week (assigned to Armour & Co., Chicago, Ill.).. Oct. 26, 1961. . 
Separating Finely-Divided Minerals. U.S. Pat. . Baniel, Avraham M., Simon Lavie, and Hugo a 
3,179,250, Apr. 20, 1965. . '(C. Heimann (assigned to Israel Mining Indus- 

. . Custred, U. K., and R. R. Albritton (assigned tries-Institute for Research and Development, a 
to American Cyanamid Co., Stamford, Conn.). company of Israel). Process for the Manufac- 
pH Control in Acid Rinse Circuit in Flotation ture of Magnesium Phosphates or of Salt Mix- 
of Phosphate Rock. U.S. Patent. 3,207,305, tures Containing Magnesium Phosphates. U.S. 

a Sept. 21, 1965. - : —-*‘ Pat. 3,194,632, Aug. 13, 1962. = | 
Keen, J. L. (assigned to General Mills, Inc., _ Baumann, Arthur N. (assigned to Interna- 

fe a corporation of Delaware). Flotation Separa- tional Minerals & Chemical Corp., a corporation 
tion of Particulate Materials In Non-Aqueous of New York)... Process for the Production of | 

° Media. U.S. Pat. 3,186,546, June 1, 1965. Phosphate Fertilizer. U.S. Pat. 3,212,874, Jan. 
. Lawyer, J. E. (assigned to International Min- 10, 1963. . Do ne 

erals & Chemical Corp.,. Skokie, Til.) Benefi- .-Baynham, John William, and Frederick John 
ciation of Phosphate Ores. U.S. Pat. 3,225,923, Harris (assigned to Scottish Agricultural. Indus- 
Dec. 28, 1965. oo tries Ltd., Edinburgh, Scotland, a corporation of 

- Seymour, James E. (assigned to Armour & Great Britain). Manufacture of Granular Fer-. 
Co., Chicago, Ill., a corporation of Delaware). tilizers. U.S. Pat. 3,192,034, July 2, 1962. 

. Flotation Separation of Phosphate Ores. U.S. Brownlee, Isaac Allan, and George Andrew 
‘Pat. 3,164,549, July 31, 1961. oe Wemyss (assigned to Scottish Agricultural In-. 

34 Beltz, Klaus, Franz Rodis, and Herbert dustries Ltd., Edinburgh, Scotland). Manufac- 
Panter (assigned to’ Knapsack-Griesheim Ak- ture of Granular Fertilizers. U.S. Pat. 3,186,- 
tiengesellschaft, Knopsack, a corporation of West 827, Aug. 16, 1962. me 
Germany). Method of Producing Higher poly- Datin, R. C. (assigned to Allied Chemical 
phosphoric Acids. U.S. Pat. 3,193,350, Mar. 3, -Corp., New York). Process for Producing Nitro- 
1961. gen-Phosphate Fertilizers From Ammonium Acid 
_ Boyle, Robert J., and James A. Gross (as- Sulfate and Phosphate Rock. U.S. Pat. 3,172,- 
‘signed to Chemical Construction Corp., New 751, Mar. 9, 1965. 
York, a corporation of Delaware). Production Hand, Jr., Larrabee D. (assigned to Tennessee 

. . of Phosphoric Acid. U.S. Pat. 3,197,280, Jan. Valley Authority). Production of Ordinary 
11, 1962. Superphosphate With Strong Sulfuric Acid. U.S. 

Cosway, Harry F., Sidney A. Giddings, and Pat. 3,170,784, Nov. 6, 1961. - 
Thomas J. Malley (assigned to American Cyana- ~ Hignett, Travis P., and John G. Getsinger 
mid Co., a corporation of Maine). Preparation (assigned to Tennessee Valley Authority). High- 

- of Wet Process Phosphoric Acid. U.S. Pat. Analysis Ammonium Polyphosphate Fertilizer. 
3,207,580, Apr. 138, 1962. - U.S. Pat. 3,171,733, Sept. 8, 1961. 

Crawford, Robert J., Richard Sobel, and Hignett, Travis P., and George Hoffmeister, 
George Hebbel (assigned to Allied Chemical Jr. (assigned to Tennessee Valley Authority). 
Corp., New. York, a corporation of New York). Process of Making a Granulated, Homogeneous . 

_ Removal of Soluble After-Precipitate From Con- Phosphate Rock Sulfur Fertilizer. U.S. Pat. 
centrated Phosphoric Acid. U.S. Pat. 3,206,282, 3,177,062, June 17, 1963. - 
Feb. 20, 1962. . Manning, Paul D. V., and Ira M. LeBaron 

Gattiker, D. C., and G. J. Frohlich (assigned (assigned to International Mineral & Chemical 
to St. Paul Ammonia Products, Inc., St. Paul, Corp.). Process. for Producing a Multilayer 
Minn.). Nitrate Removal from Phosphoric Acid - High Analysis, Granular, Non-Hygroscopic Phos- 
Liquors. U.S. Pat. 3,195,980, July 20, 1965. phate Fertilizer and the Product. Thereof. U.S. 
——Nitriec Acid Acidulation of Phosphate Pat. 3,178,278, May 27, 1965. . 

Rock. U.S. Pat. 3,205,062, Mar. 12, 1962. Moore, George F. (assigned to Tennessee Corp., 
Gillis, Marvin B., and James G. Gilchrist, Jr. New York). Multi-Stage Process of Producing 

(assigned to International Minerals & Chemicals Di-Ammonium Phosphate. U.S. Pat. 3,199,973, 
Corp., a corporation of New York). Clarification Feb. 5, 1962. 
of Acidic Phosphatic Solutions. U.S. Pat. 3,186,-. Oi, Yasumaro, Sekio Kusanagi, and Mitsuo 
793, Oct. 10, 1960. Arata (assigned to Nissan Chemical Industries, 

Karasek, Francis W., and John G. Skinner Ltd., Tokyo, Japan, a corporation of Japan). 
(assigned to Phillips Petroleum Co., a corpor- Production of High Grade Complex Fertilizers 
tion of Delaware). Method of Producing Phos- Containing Diammonium Phosphate as a Princi- 
phoric Acid. U.S. Pat. 3,178,263, Jan. 26, 1961. pal Component. U.S. Pat. 3,214,260, June 18, 

 Leyshon, David W., William A. Lutz, Robert 1962. ; ; 
H. Oliver, and Hans H. Oltmann (assigned to Preston, John Miles. Liquid Fertilizer. U.S. 
Dorr-Oliver Inc., a corporation of Delaware). Pat. 3,183,073, Jan. 26, 1962. 
Manufacture of Phosphoric Acid. U.S. Pat. von Reppert, Ruediger Lothar (assigned to 
3,192,014, Apr. 20, 1962. Chemische Werke Albert, Wiesbaden, Biebrich, 

Miller, Franklin D., and Earl D. Biggers (as- © West Germany, a corporation of West Germany). 
signed to National Distillers and Chemical Corp., | Production of Micropulverized Phosphate Fer- 
New York, a corporation of Virginia). Removal  tilizer. U.S. Pat. 3,199,972, July 25, 1961. 
of Fluorine From Wet Process Phosphoric Acid. Schulze, William G. A., Hertha M. Schulze, 
U.S. Pat. 3,193,351, July 5, 1961. executrix of said William G. Schulze, deceased. 

Weber, William C. (assigned to Dorr-Oliver Method and Apparatus for Crystallizing and 
Inc., Stamford, Conn., a corporation of Dela- Classifying. U.S. Pat. 3,208,834, Jan. 26, 1960. 
ware). Process for Producing Phosphoric Acid. Skinner, Davis A., and John D. Wordie (as- 
U.S. Pat. 3,181,931, Feb. 19, 1962. signed to Union Oil Co. of California, Los
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Angeles, Calif.). Method of Preparing a Stable Rodis, F., A. Hinz, and F. Thomas (assigned 
_ Ammonium Phosphate Composition. U.S. Pat. to Knapsack-Griesheim A.G., a corporation of 

3,179,496, Oct. 23, 1961. West Germany). Process for Producing a High- 
Smalter, D. J. (assigned to International. Min- ly Porous Mass From Short Slag. U.S. Pat. 

erals & Chemical Corp., Skokie, Ill.). Fertilizer 3,203,776, Aug. 31, 1965. 
Suspension Comprising Phosphate Rock and 37 Barber, J. C., G. H. Megar, and T. S. Sloan 
Nitrogen-Containing Liquid. U.S. Pat. 3,206,- (assigned to Tennessee Valley Authority). Meth- 
298, Sept. 14, 1965. od of Briquetting. U.S. Pat. 3,202,744, Aug. 

Wilson, Harold W. (assigned to Wilson Lab- 24, 1965. 
oratories, Inc., El Paso, Tex., a corporation of Brautigam, Rudolf Gerardus, and John T. 
Texas). Process for Making a Soil Fertilizing Nanney (assigned to The American Agricultural 
and Soil Buffering Product. U.S. Pat. 3,201,- Chemical Company, a corporation of Delaware). 
222, Oct. 23, 1962. Preparation of Technical Grade Red Phosphorus. 

Woerther, Clarence J., and James G. Gilchrist, U.S. Pat. 3,207,583, Mar. 28, 1963. 
_ Jr. (assigned to International Minerals & Chemi- Cremer, Joseph, and Franz Rodis (assigned to 

cal Corp.). Process for the Production of Phos- Knapsack-Griesheim A.G., a corporation of West 
phate Fertilizer. U.S. Pat. 3,201,221, Oct. 5, Germany). Process for Producing Pure Yellow 
1962. Phosphorus Sulfides. U.S. Pat. 3,205,041, Sept. 

36 Gates, W. H., and R. L. Harris (assigned to 11, 1962. . 
Allied Chemical Corp., New York). Process for Geiersberger, Karl, Kurt Tesche, and Gotz- 
Producing Paper-Lined By-Product Gypsum Dieter Woitas (assigned to Chemische Fabrik . 
Products. U.S. Pat. 3,181,985, May 4, 1965. Kalk G.m.b.H., Cologne-Kalk, West Germany). 

Dexter, T. H., J. A. Peterson, and J. J. Wyle- Production of Orthophosphates. U.S. Pat. 3,223,- 
gala (assigned to Hooker Chemical Corp., Nia- 481, Jan. 18, 1962. 

. gara Falls, N.Y.). Method For Recovering Hy- - Huber, Hans, and Helmut Keller. Process of. 
drogen Fluoride From Waste Gases. U.S. Pat. Making Substantially Pure Alkali Metal and 
3,219,410, Nov. 23, 1965. Ammonium Phosphates From Crude Phosphoric 

Johnson, E. S. (assigned to U. S. Gypsum Co., Acid. U.S. Pat. 3,201,195, Jan. 17, 1959. 
Chicago, Ill.). Process for Producing Calcined Melville, Francis L. Production of Monosodi- 
Products From Byproduct Gypsum. U.S. Pat. um Phosphate. U.S. Pat. 3,211,523, Aug. 22, 
3,199,997, Aug. 10, 1965. 1961. 

Peterson, John A., and Rufus G. Hartig (as- ‘Taylor, James A. (assigned to American Agri- 
signed to Hooker Chemical Corp., Niagara Falls, ‘cultural Chemical Co., a corporation of Dela- 
N.Y.). Treatment of Ferrophosphorus. U.S. ware). Method of Producing Phosphorus Penta- 
Pat. 3,220,795, July 18, 1962. sulfide. U.S. Pat. 3,183,062, Nov. 13, 1961.
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_-- Platinum-Group Metals 

oe By Glen C. Ware : . | 

The platinum-group metal industry in owing to delay in refining, which is usu- oo 
1965 was characterized by substantial ally 9 months. Sales of platinum to con- | | 
growth in productive capacity and in suming industries were limited by supply, 

_ United States demand. The growth inca- but sales of palladium increased 21 percent. : 
- pacity was based upon the exploitation of The major U.S. suppliers allocated plat- 

platinum deposits which will support ex- inum to established customers at $100 per ° 
pansion of output to meet any anticipated ounce. Nevertheless world prices soared, 
demand. World capacity was expandedan’ reaching $170 per ounce in November, 

estimated 400,000 ounces, including 240,- when purchases by China could not be 
000 ounces of platinum and 130,000 ounces __ filled from free world stocks. Despite rec- 
of palladium. However, much of this in- ord purchases the price of palladium did 
crease was not reflected in market supply not change. oe | 

Table 1.—Salient platinum-group metals statistics 
(Troy ounces) 

. 1956-60 1961 1962 1963 1964 1965 
(average) 

a United States: . | 
Mine production !___- 18 ,676 43,248 28 ,742 49 ,750 40,487. 35,026 

Value_......_... $1,290,577 $2,256,432 $1,591,463 $2,442,840 $2,395,877 $2,041,102 
Refinery production: 

New metal___-_- 50 ,927 79,453 54,775 80 ,208 71,090 61 ,723 
Secondary metal. 97 ,631 85,971 132 ,102 117 ,099 120 ,147 108 ,525 

Imports for . 7 
consumption.--_-_-- 815 ,460 884,463 720,352 1,003,608 ® 882 ,705 1,167 ,657 

Exports (except 
manufacturers) -.--. 45 ,270 61,845 60 ,591 63 ,012 146 ,306 103 ,097 

Stocks Dec. 31: Re- 
finer, importer, 

_ dealer__.._.._. _-- 515 ,350 555,445 598 ,102 699 ,575 767 ,264 926 ,373 
Consumption --..---- 792 ,849 823,226 866,459 1,003,194 *'1,117,680 1,186,701 

World: Production...... 1,130,000 1,345,000 1,625,000 1,540,000 2,550,000 2 ,960 ,000 

r Revised. . 
1 From crude platinum placers and byproduct platinum-group metals recovered largely from domestic gold 

and copper ores. | 

U.S. requirements for platinum were up __ resistance. to high prices on the open 
sharply due to heavy start-up demands by market, pending an expected increase in 
new plants to refine petroleum. This de- free world supply. 
mand was superimposed upon a rising de- ei. 
mand from other industries, notably glass, Legislation and Government Programs. 
where expansion was planned contingent —-here were no changes in the Govern- 
upon the availability of platinum. Actual ™ent inventories of the platinum-group 
purchases of platinum were short of this ™etals. They remained at 766,000 © plat 
projected demand. Since world stocks /38,00 ounces, and 13,900 ounces of plat- 
were believed to have been adequate, ‘Um, palladium, and iridium, respectively. 

limited purchases must be attributed to 1 Commodity specialist, Division of Minerals. 
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However, 316,000 ounces of platinum were § Table 2.—Government inventory of — | 
| credited toward the palladium objective. platinum-group metals, December 31, 1965 

: The objectives for platinum, palladium, and (Thousand troy ounces) 
iridium remain 450,000 ounces, 1,300,000 =—§£—72/H7777]7]]TMTTT_______— 7 

; National Supple- ounces, and 17,000 ounces, respectively. Metal stockpile mectal ‘Total 
Senate and House bills were introduced to stockpile | 
dispose of the 316,000 ounces of platinum © —————_______________ | 
in excess of the stockpile objective. “  Yridium_.. 2.2... 14.11.22... 14 

Palladium -.._--.. 90 648 738 
Platinum . ....-.-- 716 50 766 | 
Rhodium. -.-..... i 1 

. Rutheniumi - - - - ~~ 15 ---------- ‘15 

: | Total___._- 836 698 1,534 

a : ° | DOMESTIC PRODUCTION | . | 

‘The Goodnews Bay Mining Co. pro- spite a decrease of 123,000 ounces in the | 
| duced platinum-group metals from placer quantity of palladium. The total output. 

deposits. Recovery from sludge and resi- was 1,193,800 ounces including platinum,  _ 
due was reported by American Metal Cli- 942,000 ounces; palladium, 203,000 

_.» max, Inc., American Smelting and Refin- ounces; iridium, 6,500 ounces; osmium; 
ing Company, and International Smelting 1,000 ounces; rhodium, 37,000 ounces; and 
& Refining Co. Yuba Consolidated Indus- ruthenium, 4,300 ounces. Spent catalyst 
tries, Inc., recovered some crude platinum from the petroleum industry accounted for — 
from its gold placer operation. the largest part of metal supply for toll 

Toll refining of platinum-group. metals refining. | | 
was 7 percent higher than in 1964, de- 

Table 3.—New platinum-group metals recovered by refiners in the United States 
by sources | 

. (Troy ounces) 

| Year and source Plati- Palla- _Irid- Os- Rho- Ruthe- Total 
num dium ium = mium dium = nium — 

1956-60 (average)_---.............--.---. 39,092 6,299 2,538 | 871 1,207 920 50,927 
1961___---.--_-.------2---------------. 46,113 28,988 1,903 148 1,993 308 79,453 
1962___.-_-.-------.-------_-_----------. 36,462 16,144 905 100 1,016 148 54,775 
1963___---.--. 2-2. ~~~ 40,290 32,799 2,270 189 3,421 1,239 80,208 

1964: 
From domestic sources: 

Crude platinum; gold and copper 
refining.-_....-......-_--.-... 15,608 22,863 2;423 366 2,757 286 44,303 

From foreign crude platinum_...__..... 14,931 4,438 1,558 149 3,517 2,194 26,787 . 

 Total__--.-.----.------.---------- 30,539 27,301 3,981 515 6,274 2,480 71,090 

1965: 
From domestic sources: : 

Crude platinum; gold and copper 
refining._..-_.___---.-.-.._.-- 11,376 22,500 1,414 315 2,156 400 38,161 

From foreign crude platinum._.___._._. 13,871 3,839 1,214 884 2,702 1,052 23,562 

Total__.----.-.------._....__._._. 25,247 26,339 2,628 1,199 4,858 1,452 61,723
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Table 4.—Secondary platinum-group metals recovered in the United States 
oO (Troy ounces) 

Year Plati- Palla- Irid- Qs- © Rho- Ruthe- Total 
num dium ium mium dium - nium 

1956-60 (average) __----.--.--.---------.. 48,834 42,339 1,296 364 3,097 1,701 97,631 . 
1961___._-_-__--.-- eee ~~ 51,218 32,451 193 6 1,836 267 85,971 . 
1962_...-..--.--.------------------.-.-. 71,817 56,273 767 99 2,570 576 132,102 
1963_.__.-.----.----------.-.-.--.--.--. 54,084 59,993 440 273 1,990 319 117,099 
1964____.....----.--------------------. 66,043 49,879 764 928 2,338 195 120,147 
1965_......-.--.-----.-.---------------. 58,562 50,025 960 763 2,590 625 108,525 

| CONSUMPTION AND USES 

| There were significant changes in the petroleum industry bought as much as 
- use patterns of platinum, palladium, and they would have taken had it been avail- | 

rhodium. The quantity of platinum used able at $100 an ounce. The use of palla- : 
by all industries did not change significant- dium increased 21 percent, and the use of | 
ly in 1965. However, platinum available rhodium decreased 28 percent from the 
to the major suppliers was not enough to 1964 high, when the glass industry had 
meet demand, and neither the glass nor the used rhodium to conserve platinum.
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Table 5.—Platinum-group metals sold to consuming industries in the United States | | 
- (Troy ounces) : . 

Year and industry Platinum Palladium Iridium Osmium Rhodium Ruthenium Total Percent 
| | of total | 

1956-60 (average)._..--....--_----------- eee eee 346,076 412,985 - 6,060 819 21,805 5,154 . 792,849 100 
1961__-_.- 2-2 eee 283 ,088 508 ,040 6,547 805 19,174 6,572 823,226 — 100 S 
1962__.--_----------- eee ee eee eee 304,272 519,860 9,251 1,125 26 ,063 -§, 888 866 , 459 100 Z 
1963__-----.-----.--- eee ee eee eee 424,344 526 , 527 9, 832 1,056 37 ,068 4,367 1,003,194 100 wm 

SSS SS Se ce ee NN NS a SN ee ree ee ee 

1964: . os 5 
Chemical......-....------2---- 2-2 eee eee eee eee 137 , 248 117,102 2,659 #£=1,157 13,179 ‘2,636 273,981 24 #4 
Petroleum..--....-.--------- eee ene ween nee neues =—™ 108, 691 41,887 88 100 2,121 2,018 t 154,905 : 16 
Glass... 2-2 ee ee en ee eee 49,680 110 6 ...--.------ 23,923 _.....-.---- 73,719 6. 
Electrical. ..------ 2-2. eee ee ene ee eee ee eee 103 , 584 350 , 889 2,288 23 7,687 1,049 © 465,520 41 : 
Dental and medical.........--.-----.--ee-enee eee enee 19,376 49,893 198 ............ 38 862 - 70,367 6 

. Jewelry and decorative.....-.------eeceeeen een en ee eee 29,576 20 , 886 4,354 ...........- 8,296. 793 63,905 — 6 9 
Miscellaneous. -..----.-.------- een eee eee eee eee 3,195 10,665 59 +99 182 _ 1,083 15 , 283 1 g 

Total... -- 222 eee eee ee eee eee eee eee nes = ° 461,850 591,432 9,652 1,379 55 , 426 8,441 1,117,680 100 7 

1965: : - | oo | ee : 8 
Chemical....... 2. 22 -- eee en ene eee wee 131,599 156,796 3,006 | 1,479 12,499 — 3,103 308 , 482 26 w 
Petroleum......------------- eee ee eee eee eee 81,200 37,001 6 75. 369 _..........- 118,651 10 . 
Glass... 22-22 eee eee ee eee ee eee eee 19,846 1,402 8 ........-.-- 10,275 ...-.-..-.-- 31,531 3 
Blectrical_.....--..----.-----------.---eeeeenee----- =~ -:106, 808 430 , 384 3,483 10 7,924 _ 2,647 651,256 46 So 
Dental and medical._..........---...---------------- 26,511 50,192 294 . 32. 124 142 - 77,295 7 . 
Jewelry and decorative...........-------.------------ 35 , 387 18,203 2,689 ...........- 7,498 : 860 64,587 5 . 
Miscellaneous .-......-.--.-----------------------+--- 10,084 23,107 118 38 Cts 221 _ 1,331 34,899 | 3 

Total.....2--2--- 2. eee eee eee 411,435 717,085 9,554 1,634 38,910 $8,083 1,186,701 . 100 

r Revised. . | a | - oe ,
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Table 6.—Refiner, importer, and dealer stocks of platinum-group metals 
| in the United States, December 31 : 

. . (Troy ounces) 

- Year Platinum Palladium Iridium Osmium Rhodium Ruthenium Total 

1961__.____- 255,654 | 244,910 12,250 3,058 29,258 10,815 | 555 ,445 
—  : 1962__------ 256 ,755 285 ,173 13,871 2,762 30 ,692 © 8 ,849 598 ,102 

1963_____-_- 320 ,601 315,756. 18,907. 1,531 32 ,900 9,880 699 ,575 
1964_.__.---- - 378,896 317 ,691 20 ,022 1 ,936 38 ,388 10,331 767 ,264 

~ 1965__.------ 422 ,804 427,450 | 18 374 1,502 44 ,531 11,712 926 ,373 

| _ After being raised $10 from $87 to $90 of $122.75. The price of osmium rose on — : 
| ‘per ounce on January 19, the price of plat- February 1.from $190 to $200 per ounce 

inum allocated to consumers remained at to $230 to $250 and then held steady. The © | 
_. $97 to $100 throughout the year. Deal- price of iridium rose from $95 to $100 per _ | 

ers’: prices were substantially higher, rang- ounce to $100 to $105 on July 21 and to. 
. ing around $135 to $140 per ounce most $110 to $115 on November 1. The prices. _ 
.. Of the year. However, in November the of palladium, rhodium; and ruthenium re- | 
- free -world supply fell short of demand mained steady throughout the year at $32 os 
“and. prices moved up sharply. “January to $35, $182:to $185, and $55 to $60 per 
" 1966 futures sold on December 30 at. ounce, respectively, 0 ©. oe 

$169.50 per ounce, up from the year’s low = ae we ae 

| ee | - FOREIGN TRADE | | a 

_. Exports of platinum declined 42 percent, ounces. This amount is approximately 11 
| with large decreases in exports to France, percent of the estimated output in the 

Italy, Japan, and the United Kingdom. — U.S.S.R., strengthening the belief of some | | 
The value of exported platinum-group that there may be as much as 500,000 : 

manufactures was about one-half of the ounces of platinum in stock in that coun- : | 
value in 1964. Declines were noted fora try. | | : 
large number of importers, but exports to | : oo 

| Japan decreased the most. Table 7.—U.S. imports for consumption : 
| The United States imported a record of platinum-group metals - , 

| quantity of platinum-group metals in 1965. | _ 
Palladium imports led in quantity at Year | Troy Value - 
735,000 ounces, and platinum was secondin ss. ounces (thousands) | 
quantity with imports of 349,000 ounces..§.§_ <TH! 

The 1965 imports of palladium and plat: 1838-60 vers)... 469 97.81 
inum exceeded the 483,000 ounces and  jog9_777 7777772777 720 352 32/699 

_ 282,000 ounces, respectively, imported in 1eg-""--7777777."'ggg'705 == 807450 
1964. Imports of platinum of origin in 1965__7-_-777--7-- 1,167,657 69,110 
the U.S.S.R. and imports attributed to such §=©§ ———__—— 
origin were up sharply, totaling 53,000 T Revised.
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_ | Table 8.—U.S. exports of platinum-group metals, by countries 

Platinum (ore, Palladium, rhodium, 
; concentrates, ingots, iridium, osmiridium, | 

_. bars, sheets, wire, ruthenium, and osmium Platinum 7 
. Year and destination _ sponge, and other | (metal and alloys group man- 

oo . - forms, including scrap) including scrap) _ wufactures, 
Se nee except”: 
we, oe os a . _ jewelry — 

- Troy ounces Value Troy ounces Value (value) - 

, 1956-60 (average) -..-..-------.------ 28,831 $1,860,735  - 16,439 $456,260 $2,367,236 
—— 1961____._.---..----------.-.------- 41,385 2,088,753 20 ,460 | 819 ,882 2,983 ,447 

1962_2...-.-_----.-----.-.------------ 49 ,651 1,514,082 _ 10,940 458,924 4,105 ,734 — 
. 1963__......-_--.-------------------- 51,236 3,650,354 -11,776 ‘507,494 2,255 ,601 

. 1964: . a . me 7 
- North America: . : ee a - a 

-  Canada.....-.-------------+- . 946 111,784 . 8,578 466 ,509 2 ,622 ,O11 
- Mexicoz:.--2----2-----e eee 145 ~~ 15,030 “ 3,198 184,004 ~° 208,010 

Netherlands Antilles._...--.-- 1,310 .. 176,123 - 48 9,645 | 32,137 © 
: 7 . . Other..-.----.- Lue —. § 682 28 3,794 68 ,005 

7 ~~ South America: ~ os a i : CO a 
es | Brazil... ---------------- tee. -1,560 . 255,757 .. 38... 6,859 .. 22,841 

. oe Chile... eee eee eee ad ° $40 lee ele ele lee eee 3,391 
- 5 0. :-Colombia:...22.--.---------- 0 301 28 ,325 70°... 4,552. . 115,595 

ma —  .  «. Other... 22-2 l eee eee eee 32 (13,898... «151 9,742 104,883 
. Europe: 9.0 oo - oe ee 

- eo OO Belgium-Luxembourg..---=-.-~ | 750 * 86,638 _ (426. (22,679 |. 94,265 — 
a J). SFrance_....---2---.---2- eee ~ 9,051 ..872,108 ©. 248° © 32,081. -. 153,213 

=. ‘Germany, West_.------------ - 16,097 1,836,392 | 4,817. 274,965 168,737 - 
De Italy.-.._._...-.__..-.-.---- 5,370 .. 466,113 | ~ 396. ~ 34,999 ~ . 654 

Ho Switzerland......-----.------- 1,599 .- 171,827 -- = .104.. 6,936 - .181,886 
mo - United Kingdom.__._.._---_-- 64,367 2,789,851. . 752 ~ 66,207 "169 ,746 

a Other___..__-_-...---------- 531 - 57,330 ~ 60 6 ,886 53 ,632 . 
. «© Africa... -.--.---- ee ee eee eee eee 7,041 

India__2....--.+.-------.--- 860 9 ,450 30 | 2,244 9,141 
. Japan.___.-__._.-.----.------ 22,924. 2,947,723 2,208. 226 ,920 _ 804,059 - 

Other__ 2-2 eee 18 = ~=— 1,332 20. 3,580 25,389 | 
Oceania_....--.---.--.---------- a 34 1,114 __.- ~~ ---------------. 238 ,788 

Total_-_-____-_.---_--.-_----2.- 125,189 9,842,317 © 21,167 1,362,602 5 ,083 ,424 

North America: St - oo Oo on 
Canada___..----------i..--- 927 152 ,083 > 1,218 117 ,276 1,737 ,975 
Mexico____.....__------.-.-- 419 74,073. © 2,314 159 ,080 145 ,796 

: Other.____-----_------------ 38 3,969 © “98 16,403 112,529 
South America: —_ : oe 

. Chile. ~~ 222 ee 3,452 . 339 ,126 B84 1 ,238 2 ,036 
- . _ Colombia__..--.--.-.--..---- 415 43,959 . ~ ll 2,072 — 4,543 

Venezuela__...-..---_-- ---- 82 5,497. 44 _ 8,570 . 2,903 
- Other__..__.__..__--__-_-_-- 14 4,145 105 16,180 24 ,703 

’ Europe: » os 
. Belgium-Luxembourg..-______~- - %37 116 ,010 3,428 . 175 ,539 14,661 
France__.._.-.----_.-_---.-- 375 56 ,210 1 ,367 198 ,471 130 ,054 
Germany, West.._....------- 15,049 2,177,452 13,349 1,904,960 2,103 
Italy____-..-- 2-2-2 Lee 2 ,492 378 ,918 2 324 270,267 8,379 
Netherlands___.._-__._-_----- 1 ,480 258 ,695 358 57 ,404 2,319 
Switzerland._.-._-_.-----_---- 1,549 230 5311 176 28,991 28 ,764 © 
United Kingdom___.-_.-----.- 29,174 3,430,686 1,969 261,579 111,092 

_Other____2-_2..--2---------- 511 7,091 59. =—- 12,875 14,152 
Africa______________.__-_-_--_------------ ia -- ee ee eee 11 1,850 16 ,932 
Asia: 

India__-_.-_-_-_---------_-_-- 3 592 12 1,549 1,875 
Israel... eee eee eee 10 520 65 3,710 3,940 
Japan.___..._-.__--.-_------ 16,056 2,534,512 3,093 . 500,249 101 ,281 
Philippines____._...._.-._.-- 25 512 67 14,130 7,029 
Other____...---.------------ 117 23 ,765 29 4 ,463 11,355 . 

Oceania____._.__.___--__---------------- e+ eee 41 6,527 30 ,095 

Total_...___.--.-.-...-.------ 72,925 $,838,126 30,172 3,757,883 2,514,516



Table 9.—U.S. imports for consumption of platinum-group metals (unmanufactured), by countries 1 
‘(Troy ounces) 

Unrefined Refined metals . 
material 

Year and country __ a _ _ oe 

Primary Scrap Platinum Palladium Tridium Rhodium Ruthenium Total 

1964: . 
North America: . | 

Canada__._._--.--.-2-. eee eee eee eee eee 112,407 95 ,084 4,060 : 24,449 1,465 ¥ 237,465 . 
Honduras............------------ oe eeeeee, 1 132 
Mexico.....-.------------ 2 ee ee eee ee eee nee 954 1,406 _.____-.._- ~~~ ee eee 2,360 
Netherlands Antilles_...........-..-..-------.- 272 2 ee eee 272 

South America: Colombia.-.-...-..- 22,166 1,115 ____.-_- LL. 64 _.__ eee eee eee 23 , 345 
Europe: 

Belgium-Luxembourg.-....._.-....------------- 202 ____-__-__.-_- 8,075 ____...-- eee eee 8,277 rd 
Czechoslovakia._.....-.--.------ en ee 416 ___.- 2-8. 416 S 
France... 2-2 eee ee ee eee eee eee 18 1,179 _...--.---- eee ee 1,197 ry 
Germany, West...._-....----.--- 432 2. ue. 612 10,271 _._--- ~~~. 148 ___2_. ee. 11,463 2 
Italy....--2--2 eee 84 .._.---------- 3,049 ___-. eee eee 3,133 a 
Netherlands__........_---.----- 3 A 45,011 _..--.---.---- 1,003 _..--------.-- 46,531 2 
Norway..---.------------------ 2,600 _...-...--._-- 4,406 7,369 510 . 1,293 988 17,166 t 
Switzerland..-..--------------------- eo ne nee een nee 1,011 72,656 _.-.--.------- 9,889 _._.---------- r2§3,556 = 
U.S.S.R.------ 2 eee 1,649 2,095 6,351 126,719 _...--.----._- 7,092 ___.__.--_---_- 2 145,519 O° 

Ai United Kingdom... ........--_-.- 8,562 _...----.----- r 155,693 r 99,415 2,045. 11,514 7,903 ’ 287 .456 S 
sia: 

Japan_.---....---------------- 2 -eeeee 1,227 306 12,720 ___..-_- eee 14,253 es 
Lebanon.....--.--.--.------------------- eee 164 _...-.---~-~------ ee ee eee eee 164 og 

Total: | > 
Troy ounces.......-...- 35,916 5,127 r 281,922 r 483 ,018 6,615 55,804 10,356 r 882,705 th. 
Value_...............-. $3,341,061 $486,947 *$24,101,906 * $13,475,096 $488,621 $7,955,125 $403,745 2 $50,450,160 

ws 
, p=.



| Table 9.—U.S. imports for consumption of platinum-group metals (unmanufactured), by countries 1—Continued =~ | 
(Troy ounces) NO 

meee 

Unrefined Refined metals 
material 

Year and country _ _. _ __ _ oe _. __ 

Primary Scrap Platinum Palladium Iridium Rhodium Ruthenium Total . 
A NE A Sr Pp Pg ep set pF ESPEN . 

1965: , 
North America: . 

Canada_-_....-.....--.--------- 33 2-2-2 eee 62,543 119 ,006 5,600 6,600 5,360 199,142 
Mexico...-.---.---- eee ee en ee ee eee 727 ...-----..--.- 200 __.....-_--.-. 927 
Netherlands Antilles..........22..-..------ ~~~ eee eee 1,202 __..__ ee ee eee eee eee ee 1,202 
Panama....-.-.---.--.------ +e - eee 460 __...- 22 e eee ‘460 

South America: 
' Colombia.....---.--2----2- 228k 19,621 4 W222 en ee nn en nnn ne nee eee 19,625 es 
Venezuela_.......-.--.--.--.--- 5 673 3 

Europe: . . 4 
Belgium-Luxembourg.-...-..-..--------------------------ee- 636 __.------------ eee eee ee 478-22 eee eee 1,114 §& 
France........-..-.------------ 103 12 2-2 enone eee nee eeennee 1,072 87 -.--------2-- ane nen eeee 1,212 & 
Germany, West.....-..--....---------------- ee eee eee eee 2,957 56,495 ....--.----.-- 40 _..--.- 2-2 259,517 te 

. Ireland. ...-------- 22 e ee eee 582 18 _._o ee eee eee 600 n 
Netherlands.....-..--.-----0---- eee eee eee eee eee 317 10,699 --..----.--2-e 820 ....-.--.--..- 11,736 
Norway... ------ ooo ee ne ee ee ee eee 6,630 7,699 .-. 0 ee ee ee ee ee eee ee 14,329 i 
Switzerland.-..-...---.-..--- 22 ene ee ee ee ee 8, 552 82,156 .....2- nn ne nnn ee eee 40,708 . e 
U.S.S.R....---- ene ee eee ee eee eee 40,345 3 443 ,555 2,743 18,169 ........-.-... 504,812 by 
United Kingdom « 5» ono occgrcrarrc rasa rc renner 224,886 63 , 534 2,459 13,448 2,838 $311,365 ° 

Africa: South Africa, Republic of...........---.-------- eee ee Ban ne ee ee ee eee eee een 3 0 . 
Asia: A 

Japan._..-. 22-2 een ee eee 60 22 nee ne ee ee eee ee eee 2 82 
Taiwan... ~~ 2-2 ee nn ne eee een ene 20 .-.-- ne ee eee ee 20 © 

Oceania: Australia...--..-..-..--.-.--------- 2 eee ee W7 2222+ ..---.---- eee } 130 o . 
tr en er ts rninnenee wr 

, Total: . 
Troy ounces.....-..--.-..-- 20 , 430 4 349, 280 734,881 10,839 39, 768 8,198 1,167,657 
Value_......--..-.--.--.... $2,275,237 $429 $36,125,104 $22,381,089 $942 , 663 $6 , 762 , 289 $307 , 172 $69 , 109, 837 

eee 

* Revised. | 
hi Certain items reported by the Bureau of the Census as “‘sponge and scrap’’ have been reclassified by the Bureau of Mines and included with “platinum refined metal” _ | 

in this table. . 
2 Includes in 1964, 935 ounces ($34,793) of osmiridium from United Kingdom, and 1,613 ounces ($49,827) from U.S.S.R.; 3,988 ounces ($228,209) of osmiridium 

from United Kingdom in 1965; and_in 1964, 1,399 ounces ($113,039) of osmium from United Kingdom; and 1965, 212 ounces ($64,524) from United Kingdom, 25 ounces 
($11,000) from West Germany, and 32 ounces ($12,121) from Japan. , 

* Includes 33,913 ounces ($1,085,224) reported as platinum and believed to be palladium. .
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| ee, WORLD REVIEW | 
Free world output of platinum-group = 450,495 ounces of platinum-group metals in 

metals in 1965 was estimated to be about 1965 compared with 343,816 ounces in 
1,260,000 ounces, including 746,000 1964 and 373,419 ounces in 1963. Im- a 
ounces of platinum and 394,000 ounces of — ports of platinum were 1 83,350 ounces in — 
palladium. The supply of platinum in the 1965, 165,701 ounces in 1964, and 183,758 . 
free world market is expected to overtake ounces in 1963. Imports of palladium 
demand when the current expansion of increased steadily. In 1963, 147,055 
capacity is fully reflected in market sup- ounces were imported, 168,273 ounces in : 

ply. Thus, current shortage of platinum 1964, and 260,521 ounces in 1965. Im- a 
may be relieved in 1966. ports of metal whose origin was attributed 
Canada.—Canada’s output of platinum- to the U.: S.S.R. were 354,928 ounces com- 

group metals increased as a result of in- pared to 1 81,551. ounces in 1964 and | 
creased production of nickel. The recovery 198,044 ounces in 1 963. Japan produces 7 
of osmium was begun on a modest scale. less than 1 percent of her requirements for i 

Japan. — Japan reported imports of platinum-group metals. 

| | Table 10.—World production of platinum-group metals | | 
a (Troy ounces) . 

. Country 1961 1962  —_:1963.-- 1964 196571 

North America: 2 . 
Canada: 

- Platinum and platinum-group-- ; : . metals_.._....-22 28k 418,278 470 ,787 357 ,651 t 376 ,238 452 ,063 
United States: . Placer platinum and from do- . . 

mestic gold and copper re- . 
fining-____-..--. 22222 __e 43 ,248 28 ,742 49 ,750 40 ,487 35 ,026 

South America: ? 7 
Colombia: ° . 
-- Placer platinum (exports)3_____ r 20,160 ™14,100 . * 22,983 ® 20 ,647 11,040 

Europe: 
U.S.S.R.: . 

Placer platinum and from. | oe . 
Atri platinum-nickel-copper ores e¢_ 500 ,000 800 ,00C 800,000 * 1,500,000 1,700,000 rica: 

Congo, Republic of the (Léopold- 
ville): | | : 

Palladium from refineries_____..._._._..._.---..-._..-- 3 €4 1 olin 
Platinum from refineries__.._............-.-.-------.- 4 el... ----e | 

Ethiopia: : 
Placer platinum._.____.__..__ 180 180 e 180 . e 180 353 

South Afriea, Republic of: , Platinum-group metals from . | 
platinum ores ¢._.____.___._. 350 ,000 300 ,000 300 ,000 600 ,000 750 ,000 

Ast Osmiridium from gold ores e_ _ _ 7,000 6 ,000 5,500 — 6,000 6 ,000 
ia: 

Japan: — 
Palladium from refineries__-____ 1 ,550 1,372 1 ,326 1,875 3,016 
Platinum from refineries___-____ 2 ,247 1,872 ~1,714 2,199 2,788 

Philippines: 
Platinum from refining nickel- . 

platinum concentrates___.___ 177 172 22 eee ee 
Palladium from refining nickel- 

platinum concentrates_-______ 215 141 __.2 2 eee . 
Oceania: _ . . 

Australia: 
Placer platinum______...____. 2 r2 i 41 
Palladium -____-_-_.--.-------------------- +--+ ----2----e een lene nee 81 

New Guinea 4___._.-2_--_-___ ee r2 . 5 5 2 4 

World totale_._.-..-.__-.--.-.. * 1,345,000 © 1,625,000 * 1,540,000 tr 2,550 ,000 2 ,960 ,000 

. , - 

e Estimate. P Preliminary. t Revised. 
1 Compiled mostly from data available June 1966. . 
2 U.S. imports include platinum from other Western Hemisphere countries which are not listed as producers. 
5. U.S. imports from Colombia are consistently higher than Colombian export data. 
4 Year ended June 30.
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South Africa, Republic of.—Mine and _ shipped to Engelhard Industries Interna- 

mill output of platinum-group metals was _ tional Ltd. through sales to the Platinum = 

. increased substantially. A 40-percent in- Prospecting Co. | 

crease over the 1963-64 output was sched- . | 

- uled for the completion by April 1966. U.S.S.R.— Increasing exports and other 

Its full effect should be reflected in mar- data indicate that the production of plat- | 

ket supply by the end of 1966. All of the inum-group metals in the U.S.S.R. has in- 

a 1965 output of refined metal was sold. creased steadily since about 1945. It prob- 

Although the output increased steadily, ably reached 1.5 million ounces by 1964 

total sales were less than in 1964, when and 1.70 million ounces in 19695. Pro- 

stocks were drawn virtually to depletion. duction of refined metal is reported to be . 

The Bureau of the Census reported the 60 percent palladium, 30 percent platinum, | 

import of 300 tons of nickel matte from and 10 percent minor metals. About 80 

the Republic of South Africa. Its plati- percent of this metal is mined in one area 

num-group metal content would be about near Noril’sk in Eastern Siberia. One de- 

15,000 ounces of which 10,000 ounces _ posit, the Noril’sk-I, is reported to have | 

would be platinum. The imports also in- sufficient proven reserves to maintain the 

clude metallic concentrates. These im- present production rate for 90 years. Pos- 

| ports were the result of contracts made in sessing the only stocks of platinum not — 

1964 between Rustenburg Platinum Mines held in the U.S. Government stockpile, 
- Ltd. and a consortium of African mining the U.S.S.R. was able to sell platinum at 

interests to supply the consortium with plat-. about $170 per ounce in the final 2 months | 

inum in return for rights to mine the neigh- of the year, but they offered palladium at 
boring Brakspruit property. The platinum prices below the nominal price quoted by 
matte and concentrate metallics were U.S. suppliers. | a 

. : TECHNOLOGY : 7 

| One reason the platinum-group metals used as an electrolyte, and potable water 
have retained their places among industrial is the only substantial product of the. re- 
materials, despite their high price, is the action. The potential applications for 
ease of reclamation from used material. fuel cells far exceed the potential supply 
This allows the special properties of the of platinum to build them, and extensive 

: platinum-group metals to be available at a use must be based upon other catalysts. 
reasonable cost. The traditional properties Direct conversion of chemical energy to 

upon which thet uss depend ar noble lect enersy i the objet of dient 
and thermoelectric properties and good research, much of which was devoted to 
mechanical properties at high tempera- the physical chemical reactions ‘that occur 

tures; and a high temperature coefficient of at electrodes made of platinum-group met- 
electrical resistivity : als. Typical reactions are as follows: 

: wore The diffusion of gases through porous elec- 
The surfaces of the noble metals are  trodes,? the passage of hydrogen through 

hydrophobic, a property which enables solid palladium,‘ electrocatalytic reactions,® 
_ engineers to design more efficient and com- _ carbon-supported platinum-group metal 

pact stills. A coating of platinum or rho- a 
dium can increase the heat-transfer co- 2 Chemical & Engineering News. Noble Metals 
efficient ot a surface by as much as 50 per- Give one er, Condensation. V. 43, No. 15, Apr. 
cent, and can increase condensation rates 3 eo sacs 

90 percent above the rates that have been Walker, Gwendcivn B Wood. and Raywaond i 
obtained on uncoated surfaces.2 Comyn. Simple-Pore and Thin-Film Models of 

Porous Gas Diffusion Electrodes. Ind. and Eng. 

Platinum black catalyzes the oxidation Chem, v. 4, No. 3, August 1965, pp. 321-327. 
of hydrogen in fuel cells, that have been Dare tellan: GW. R. A. LaPietra, one iG 
adopted as the source of power to energize Deposited Hydrogen Through a Palladium Mem- 
instruments carried by space vehicles. Mes, ee qe, a Electrochem. Soc., v. 12, 
Electrodes of a titanium-palladium alloy 5 Bianchi, G. Improved Porous Electrode for 

deliver the energy to the instrument cir- Studying Hlectrocatalytic Reactions of Gases and 
cuits. A solid polystyrene formulation is February 1965, pp. 233-235, 12, No.
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- electrodes,6 and the reaction of hydrogen tals of ruthenium were found to be 99.999 | 
and oxygen at platinum and palladium percent pure by interpreting the ratio of 
electrodes in acid solutions.‘ Two solid- their electrical resistance at room tempera- 
electrolyte cells 8 and a cell using conduct- _ture to that at 4.2°K.20 The recovery of 

_ ing porous-Teflon electrodes were de- platinum and palladium from gold elec- 
_.. scribed.9 Fuels other than hydrogen were trolyte is facilitated by precipitating the 

studied.1° : | gold with reductants other than sulfur di- _ 
Units to separate high-purity hydrogen oxide and treating the stripped electrolyte | 

from mixed-gas streams have been built § —H~H———— | 
with multimillion cubic-foot-per-day capac- r .. Hillenbrand, L. J. and J. W. Lacksonen. 
oy gt e atinum-on-Carbon Catalyst System for 
ity by suppor ting large areas of exceed- Hydrogen Anodes: I. Characterization of the 
ingly thin films of palladium.1! Resistance Catalyst and Support. J. Electrochem. Soc., v. 

: : - an. 112, No. 3, March 1965, pp. 2. 
to oxidation and to thermal shock ap Thacker, Raymond, and Donald D. Bump. 
proaching that of tungsten may be im- Notes on 8 study of Fuel Gell Hydrocarbon 

. = . . ectrodes. ectrochem. Tech., v. 3, No. 1-2, parted to graphite by a 2-mil-thick coat- J,uary-February 1965, pp. 9-12. - . 

ing of iridium. Molten iridium wets Hoare, James P. Oxygen Overvoltage Meas- 
graphite but does not react with it. The urements on Bright Platinum in Acid Solutions : 
coat adheres _ and adequately protects 119 No é. Tune 1965, pp. 602-607. Ofer Ne 
against oxidation at 3600° F for 1 hour ———. Oxygen Overvoltage Measurements on 

12 Bright Platinum in Acid Solution: II. . Bright 
or more. ; - Platinum in H2Oz Stabilized Acid Solutions. J. | 

Engelhard Industries, Inc., published an Electrochem. Soc., v. 112, No. 6, June 1965, pp. 

excellent set of tables giving the physical ——. Oxygen Overvoltage on Bright Palla- — | 
properties of the noble metals. Osmium, dium in Acid Solutions. J. Electrochem. Soc., 

: : a “42 Vv. » No. 11, November 1965, pp. — . 
specific gravity 22.61, lost. its position as Maget, H. J. R., and R. Roethlein. The Elec- 
the densest of the platinum-group metals trochemical Reduction of Oxygen oon. Platinum . 

° ectrodes Partially Immersed in Sulfuric Acid. 
when 22.65 was accepted commercially as J. Electrochem. Soc., v. 112, No. 10, October 
the specific gravity of iridium. The differ- 1965, pp. 1984-1040. EAP bie The Effect 

. . oe : andler, Y. L., and E. A. Pantier. e ec 

ence has no pr actical significance, and it of Electrode Pretreatment on the Oxygen Re- — 
may be reversed again since the calculated duction on Platinum in Perchlorie Acid. J. 

' values remain 22.59 for osmium and 22.55 eT ol Soc., v. 112, No. 9, September 1965, 
for iridium.18 | : Schuldiner, Sigmund, and Theodore B. Warner. 

oo sae : . Investigations of the Kinetics of Hydrogen an 

The electrodeposition of rhodium, plati- Oxygen Reactions on a Platinum Electrode in 
num, and palladium from aqueous solutions _Acid Solution Using Pulse and Decay Techniques. 

is commonplace. Recently they have been J, ppicctrochem: , Soe v. 112, No. 2, February 

electrodeposited from a fused bath onto 8 Chemical Engineering. Gemini Spaceflight 
- titanium.14 The electrodeposition of iridi- Carries Fuel Cells, io, New Brominence. V. 72, | 

' . 4) . » wept. ’ » Pp. > e 
um and ruthenium from aqueous solutions Ghersieal & Wngineering News. Solid-Elec- 
has also been accomplished.15 Platinum  trolyte Cells Show Battery Behavior. V. 43, 

and palladium coats are applied to non- NO tech, 31, 8 Alford. A New 
metallic substrates by firing the dried resi- yigh-Performance Fuel Cell Employing Con- 
dues from liquid preparations of the met- ducting-Porous-Telflon Electrodes and_ Liquid 

als.16 Electrolytes. J Blectrochem. Soc., v. 112, No. 

° 2, February 1965, pp. —124. 7 
All of the platinum-group metals are 20 Jasinski, Raymond. ; Fuel Gell Oxidation of 

. i . Alkali Borohydrides. ectrochem. Tech., v. 3, 

catalysts for hydrogenation and hydrogen No. 1-2, January-February 1965, pp. 40—43. 

olysis reactions. A wide variety of reac- Takamura, Tsutomu, and Ken’ichi Minamiyama. 

tions are promoted.!7 Platinum supported Anodic | Oxidation of qbisthanol at. ; Palladium 
*1° : e mn aline poiution. e ectro . 

on silica gel promotes the dehydrocycliza- Soc, v. 112, No. 3, March 1965, pp. 333-336. 
tion of aromatic compounds.18 uu Chemical Week. Burity's the Payoff. Vv. 

Liquid hydr ini 96, No. 7, Feb. 13, 1965, pp. 49-50, 52. 
qui yd OBE n in its para form has 12 Materials in Design Engineering. Iridium 

enhanced heat-sink properties, enabling protects Graphite From Oxidation at 3600° F. 
r iet engines 1 1 we] . V. 61, No. 5, May 1965, pp. 164, 166. , 
Ruthe . gines to pe lighter in weight 13 Engelhard Industries, Inc. Technical Bulle- 
uthenlum promotes t € conversion 0 the tin. The Physical Properties of the Noble Met- 

normal ortho-para mixture into virtually als. _V. 6, No. 3, December 1965, pp. 61-85. 

pure para hydrogen. nog eheenemete Compa ocak Bots Sub tOD ° Oo oup e ° e » > 

Zone refining with an electron beam at October 1965. 
f 19-6 : e Tyrrell, C. J. The Electrodeposition of 

a ne cinel Oo wr e a used to pre- Iridium. | Trans. Inst. Met. Finishing, 1965, v. 
_pare single crystals of all the platinum- » No. 4, pp. 161-168. 
P 8 ty . P atinu 18 Chemical Trade Journal and Chemical En- 

] Singl group metals, except Osmium. Single CryS-  gineer (London). Platinum and Palladium Lia- 

232-748 O-67—48
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- with sodium formate instead of zinc dust.21 of ruthenium as a hydrogenation catalyst 
The anodic dissolution of platinum elec- _to prepare selected organic compounds was | 

| trodes was studied in connection with an the subject of several patents; one of these 
investigation of the passivity of iron-chro- was assigned to Engelhard Industries, Inc.24 
mium alloys.22 The resistance of platinum Interest continued in the use of other plat- | 

_ to dissolution is important in many appli- . inum-group metals as hydrogenation cata- 
_ cations, including the cathodic protection lysts. The removal of arsenic from plati- —— 

of ships’ hulls and tanks and the protec- num-aluminum catalysts represents the ef- _ 
tion of inert electrodes made of a copper. forts made to devise ways to regenerate | 

| core coated with titanium and platinum. catalysts.25 An aluminosilicate. zeolite has 

Platinum-group metals and their alloys been modified by incorporating a _plati- 

| may be dispersion strengthened to resist num-group metal in the inner absorption | 
_ creep at elevated temperatures.22 The use region of the zeolite.26 — | 

uid Metallising Preparations. V. 156, No. 4052, (Amsterdam, Netherlands), v. 9, No. 1, July 
: - Feb. 4, 1965, p. 150. 1965, pp. 85-89. - and P. W. Bennett’ AN 

: ° . . in, E. M., and P. W. Bennett. ew. 

Can Be Readily Hydrogenated to ‘The Corres, Technique For the Recovery of Palladium and 
ponding Alkanes Using Rhodium (III) Catalyst Platinum From Gold Electrolyte. Trans. Met. 
Complexes. V. 43, No. 15, Apr. 12, 1965, p. 43. Soe.» isa” v. 238, No. 10, October 1965, pp. 
——.. Carbonyl Complexes Catalyze Hydro- JOT LO00- . : 

genation. V. 43, No. 45, Nov. 8, 1965, pp. 51-52. * Frankenthal, R. P., and H. W. Pickering. 
_ Karn, F. S., J. F. Schultz, and R. B. Ander- Some Considerations Qn The Use of Platinum 

, son. Hydrogenation of Carbon Monoxide and Electrodes in Chloride Solutions. J. Electrochem. 
Carbon Dioxide On Supported Ruthenium Cata- Soc., v. 112, No. 5, May 1965, pp. 514-517. 
lyst at Moderate Pressures. Ind. and Eng. Grant, Nicholas J., Klaus M. Zwilsky, and 
Chem., v. 57, No. 10, October 1965, p. 76. Joseph T. Blucher (assigned to New England 

Oil, Paint and Drug Reporter. Girdler Offers Materials Laboratory, Inc., Medford, Mass.). 
Catalysts For Use in Hydrogenation. V. 188, Dispersion Strengthening of Platinum-Base Al- 
No. 23, Dec. 6, 1965, p. 59. - . loys. U.S. Pat. 3,175,904, Mar. 30, 1965. 

Mitsui, Sekio, and Yuzo Nagahisa. Stereo- *4 Rylander, Paul N., and J ohn H. Koch, Jr. 
selectivity of Raney Nickel and Palladium Cata- {assigned to Engelhard Industries, Inc., Newark, 
lysts on Hydrogenolysis of Epoxides. Chem. and N.J.).. Hydrogenation Process Using Ruthenium- 
Ind. (London), No. 48, Nov. 27,1965, pp. 1975— Containing Catalysts. U.S. Pat. 3,177,258, Apr. . 

| 1976. | » 1965. aes ; . | 
8 Seole, Daniel A. Vapor-Phase Dehydroes- git Gicip. Wiliam JC, (essianed to Universal 

clization of Some Aromatic Hydrocarbons. Ind. of Arsenic Contaminant From Platinum-Alumina 
and Eng. Chem., Product Res. and Devel., v- 4, Catalytic Composites. U.S. Pat. 3,177,158, Apr. 
No. 2, June 1965, pp. 136-139. 6, 1965. 

19 Chemical Week. A New Ruthenium Catalyst 26 Milton, Robert M. (assigned to Union Car- 
to Convert Para Into Ortho Hydrogen. V. 96, bide Corp., New York). Zeolite Molecular Sieves. 
No. 26, June 26, 1965, p. 75. ' Containing A Platinum Group Metal In The 

20Schriempf, J. T. The Electron Beam Zone Inner Adsorption Region. U.S. Pat. 3,200,083, 
Refining of Ruthenium. J. Less-Common Metals Aug. 10, 1965. .



| BS By Richard W. Lewis: | | | 

Increased world demand for fertilizers Some areas considered to have no com- | 
_ was reflected in the heavy production and mercial potash ore were excluded, and | 

sales of potash, one of the major plant food other lands having known or indicated 
elements. In the United States the appar- commercial ore were made subject to the 
ent consumption increased 7 percent. Im- regulations. The revised potash area, in- 
ported Canadian potassium salts, however, cluding.both public and nonpublic lands 
supplied the increased demand and sales contained 420,212 acres, a net increase of 
of domestic potash were slightly less than 121,867 acres. | : | 
in 1964. : | The rules permitted, where possible, con- 

| | current prospecting for and the develop- — 
Legislation and Government Programs. ment of oil and gas and potash deposits | 

—The U.S. Department of the Interior on these Federal lands. Adequate protec- | 
approved an order revising the special rules _ tion of the deposits in the interest of con- 

- governing the development of oil and gas, servation was also provided.2 | 
and potash deposits on certain Federal ——~———~—_ | 

° o C dit i li > ivisi i ° lands in Eddy and Lea Counties, N. Mex. 2FR 6692, May 15, ist, Division of Minerals oe 

| | | Table 1.—Salient potash statistics 

i - (Thousand short tons and thousand dollars) 

1956-60 | oe 
_ (average) 1961 1962 © 1963 1964 1965 . 

United States: | | 
Production of potassium salts, 
marketable --....--..quantity_-_ 3,933 4,629 . 4,167 4,871: 4,954 5,401 

Approximate K2O equiv- © 
alent ~-..-...-..-quantity_~— 2,321 2,732 2,452 2,864 2,897 3,140 

' Value -.--------------------- $82,858 $104,464 $95,859. $110,164 °* $114,095 $129,767 
Sales of potassium salts — 

by producers —.__--_..quantity_-_ 3,951 4,226 4,615 4,587 5,201 5,027 
Approximate K20 equiv- . 

alent __...__--.--quantity_-_ 2,331 2,487 2,722 2,709 3,045 2,931 
Value at plant___..-.---..---. $82,659 $95,388 $105,608 $103,828 | $120,284 $121,161 
Average value per ton_---..-- $20.92 $22.57 $22.89 $22.64 . $23.13 | $24.10 

Imports for consumption of 
potash materials __._.quantity__ 377 465 617 1,041 1,254 1,867 . 

, Approximate KO equiv- | 
alent —.------.---quantity_-_ . 204 262 341 594 737 1,108 

Value _...--....---.--.-----. $18,564 $17,315 $21,765 $31,137 ° $35,797 $52,675 
_ Exports of potash 

materials __..-.....--quantity~- 555 803 859 722 1,048 1,099 
Approximate KO equiv- 

alent ~-----------quantity_-_ 308 473 506 425 618 648 
Value _...------------------. $19,028 $32,477 $30,731 $25,519 $37,586 $42,494 

Apparent consumption of . 
potassium salts1 __...quantity__ 3,773 3,888 4,373 4,906 r §,407 5,795 
Approximate K=O equiv- 

alent  ~.....__.__-quantity__ 2,227 2,276 2,557 2,878 r 3,164. 3,391 
' World: Production, marketable: Ap- 

proximate K.O equivalent_quantity__ 9,000 10,700 10,800 r 11,900 r 13,200 14,800 
SE 

T Revised. 
| 

1 Measured. by sold or used plus imports minus exports. 

| | 747
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, DOMESTIC PRODUCTION : 

Production of marketable potassium salts under investigation. Imperial Thermal 
exceeded 5 million short tons in 1965, an Products Co., a subsidiary of Morton In- 
increase of 9 percent over that of 1964. ternational Inc. had a pilot plant in op- 
New Mexico produced 91 percent of the eration which successfully generated elec- _ 
total production and was responsible for tricity from the steam. The brines from 
most of the increase. the plant were processed to two products: 

The calculated average grade of crude A pure sodium chloride and a sodium 
| salts mined in New Mexico was 18.12  chloride-potassium chloride mixture. The 

| potassium monoxide (K:O) equivalent, latter was being shipped to the firm’s pilot 
| compared with 17.99 percent in 1964, plant at Saltair, Utah for a study of meth- 

Estimates from reported deliveries? in- ods to recover a marketable potash prod- 
dicated that about 20,000 tons of manure uct. Earth Energy, Inc., a subsidiary of | 

_ salts (3,800 tons, KeO equivalent) was The Pure Oil Co., operated a chemical 
produced and sold. . pilot plant to study methods for process- 

The prospects of producing power and _ ing the brines from the geothermal wells. 
recovering minerals including potash from The plant was shut down about 3 months 
superheated brines of the geothermal wells before the end of the year to evaluate the 7 

: in the Imperial Valley, Calif. were still data and for further research. | oe 

: Table 2.—Production and sales of marketable potassium salts in the United States, 
in 1965, by product , 

. (Thousand short tons and thousand dollars) 

| : Production — Sales | 

| - Product Gross K:0 Gross K20 
weight equiv- Value! weight equiv- Value . alent alent 

Muriate of potash, 60-percent K2O0 minimum: | 
Standard____----_-__-- 2,895 1,469 $54,772 2,230 1,367 $50,764 Coarse__.-_.-_---_- ee ______. 1,491 909 35,674 1,413 861 33,966 Granular___.------------- (648 392 16,018 598 3862 14,953 
Total__-__-____- 4,584 2,770 106,464 4,241 2,590 99,683 Other potassium Salts ?8___-_________________ 867 370 23,303 786 341 21,478 
Grand total___________-_____________ 5,401 _3,140.-—«129,767~=«=5,027.~«2,981 121,161 

1 Derived from reported value of “Sold or used.” . 
Figures for refined muriate and manure salts are ineluded with potassium sulfate and potassium-magnesium sulfate to avoid disclosing individual company confidential data. % Includes sulfate manufactured from captive production of muriate. 

Plans and studies were continued on near Silver Peak, Nev. Substantial quan- 
| methods for extracting minerals from the _ tities of potash were expected to be re- 

Great Salt Lake. Salzdetfurth, A.G., of covered as a byproduct of lithium produc- 
Hanover, West Germany entered into a tion. Plant startup was anticipated for 
partnership with Lithium Corporation of sometime in 1966. 

_ America, Inc., to develop the land and American Potash & Chemical Corp. in- 
mineral rights held by the latter firm. creased potassium sulfate production ca- 
National Lead Co. and partner, Hogle- pacity of its Trona, Calif. plant to 50,000 Kearns Co. (H-K Co.) continued their tons per year. 
efforts to develop satisfactory commercial Kermac Potash Co. began limited pro- 
techniques to process the Great Salt Lake duction of potash at its new mine and 
brines. After successful processing meth- plant 40 miles west of Hobbs, N. Mex. 
ods are developed, the companies planned yy, operation is jointly owned by Kerr- 
to produce potash, magnesium compounds, McGee Corp. and National Farmers Union and sodium sulfate as the major market- Development Corp. The first product 
able products. ee . . 3 : . 

_ Foote Mineral Co. continued construc- 1 American Pots ‘Potash Salis: Bel8s, Man aL tion of a plant to process its brine deposit 1966, p. 2.
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_ Table 3.—Production and sales of potassium salts in New Mexico | 
oo . (Thousand short tons and thousand dollars) 

| Crude salts} _ _- Marketable potassium salts 

Mine production | Production . . Sales _ . 
Year Te 

: _ Gross . K,O Gross K:0 Gross K2O . 

. . weight equiv- weight equiv- Value? weight equiv- Value 

alent alent alent - 

1956-60 (average)_--.. 13,212 - 2,495 3,622 2,137 $75,637 . 3,639 2,147 $75,953 

1961_____-_-.-_...-_. 15,653 2,934 4,281 2,523 96,380 3,882 2,281 87,415 . 

1962... 14,115 2,619 3,758 2,208 85,124. 4,206 2,476 95,851 | 
19638__.__.__..-._-___. 16,414 3,083 4,504 2,643 100,458 4,213 2,484 94.925 . 

1964_________________ 17,356 8,122 . 4,585 2,675 r 104,861 4,815 2,814 110,772 
1965.____.__.____..__ 18,557 3,363 4,919 2,848 117,771 4,607 2,677 110,424 oe 
i ee — - ” A : 

. T Revised. 
1Sylvite and langbeinite. . . . 

| 2 Derived from reported value of “Sold or used.” _ . | 

from the dryer was reported on November of the production problems were overcome - 

_ 17, - According to reports, Tenneco Oil and near capacity output rate was ex- | 

_- Co, was contracted to market one-half of pected to be reached during 1966. 

“ the potash output. re A group of New Mexico investors ob- a 

- Southwest Potash Corp.,:a division of - tained an option to purchase the United —— 

| “Ameri . States Borax & Chemical Corp. potash 
| merican Metal Climax, Inc., expanded 7 - 

Oe waegs ~~. property near Carlsbad, N..Mex. The a 
production facilities at Carlsbad, N. Mex. : ee , 

| : . oe _ potash firm had announced earlier its in- 
by 100,000 tons, bringing its total output: : . eae, | 

| . - tention of closing the facility in 1968 at 
capacity to about 600,000 tons per year. . - . 

. | | } _ which time the high-grade ore reserves | 

oo On January 13, Texas Gulf Sulphur Co. would be depleted. The investors hoped 
held official opening ceremonies of its Cane to interest another company in taking over - 
Creek mine near Moab, Utah. The first the facilities and mine the low-grade (16 
trainload of potash was shipped from the percent K:O). reserves which could last 

- mine about the first of February. Many another 20 years. 

. | CONSUMPTION AND USES : 

- Adverse weather conditions over much over those of 1964. . 

of the United States caused severe flood- | | | 
ing in the Midwest and delayed planting Illinois, Indiana, Ohio, Georgia, and 
in many areas until late in the season, Florida, in decreasing order, were the lead- 
resulting in less than expected apparent ing States in quantities of agricultural 
consumption. Even-so, deliveries of potash potash received. Deliveries and consump- 
for agricultural use increased 6 percent tion do not necessarily correspond because 
over those in 1964. Nonagricultural pot- much of the potash delivered is used in 
ash deliveries were increased by 16 percent mixed fertilizers and resold in other States.
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| Table 4.—Deliveries of potash salts in 1965, by States of destination — a 
(Short ton KO equivalent) — | a 

re Agricul- a Agricul- oo 
Destination tural Chemical Destination tural Chemical 

‘potash potash : SO potash potash a 

Alabama__--.----.---.--. | 96,430 24,882 Nebraska_~____2-2_- 10,896 173 
Arizona. -_.---.---_.--_-. 833 238 © Nevada_.___. 2 ~~ --~— 1,191 . Arkansas__-----~.-----_- 75,418 — 602 New Hampshire.._-.-_---. 676 44 

. California___.--._._______. 31,540 11,836 “New Jersey__.____________. 29,541 2,679 
Colorado__.---.-+------=_- 2,269” 27 New Mexico___--_._-_____- 523 524 

- . Connecticut___.--.---.._- 5,484. 227 New York___.-.--_._2____. 64,105 82,841 
Delaware..__.-_-_-__..__. 10,399 1,031 | North Carolina_........_.. 114,438 © 488 
District of Columbia_______ 410 eee North Dakota_________-.__. 5,317 ‘none. 
Florida____-_-_----.-..--.. 169,842 584  OQhio__-~-----..---.-_.-__. 194,503 6,801 
Georgia__-_...-----__----.. 177,427 _ 4,106 Oklahoma.______-___ 18,305 328 

. Hawaii_..__--_----------- 26,495 ---- Oregon____-----_._ 9,945 406 
. Idaho. _-.-2--- ee 2,425 3 Pennsylvania__._.________. 46,829 4,464 

Tllinois...._._._._..-.---..._. 414,438 26,998 Rhode Island___.._________ 1,464 — 381 
Indiana____.______--.-._.. 278,232 4,215 South Carolina_____.___.__ 80,649 a 

— Iowa___-.2-- 22 e. «=: 169,694. 301 | South Dakota_____________. 2,4605 wouL . 
Kansas__..--.--.-.-______ 8,275 . 868 Tennessee_-_.-__-_-..--... 95,667 | ---- 
Kentucky___-._-_--.._----. 58,887 = 10,187. s-' Texas_____._______ 129,784. 6,695 

‘s ' Lowisiana___o 2 31,875 987 Utah... 0-2 .- 401. .... 81 
ce Maine______-_.2.--.-.---. .. 11,986. . - 88 Vermont------4----------. 5,884.0 

Maryland___-.-.--_-__-_-. 86,813 1,657 . Virginia_.._..__________ 117,750 * “666. 
_.. Massachusetts_=-----__-_- 16,711 574. Washington... 2 2 16,965. ©. 1,606 co 

. Michigan..__...___........ °99,912 1,796 West Virginia__...-....._.. - 2,400 14,895. Lo 
Minnesota_-_.-_..----.:-.. 109,440 128 Wisconsin__..-.31....._-_.. 123,814  - 130 
Mississippi_.._...-........- 65,295 - ‘_.-- | Wyoming... = ___ V7 + Missouri__-200 02-77 1145584-s«s,589 Se $$ - | Montana____-___________-. B44 _. Total____-_--.-----_. 8,182,041 218,902 

STOCKS te _ | 
| The quantity of potassium salts held by | Table 5.—Stocks of potassium salts in the | 

producers was increased by 72 percent be- | United States oo 
| cause of less demand than was anticipated. a (Thousand short tons) | 

Yearend stocks on hand included material Stocks, Dec. 31 
sold for delivery during the 1966 spring y Number. — RO cal 

. ear of pro- Gross K2O equiv- 
planting season. ducers.) weight lent 

1956-60 (average).. 11 658 392 
1961_-2. 11 927 558. . 
1962___--- 11 475 286 

—  -1968_----10—s«TGB 478 
~ 1964_-20 0 10 = 19 295 
1965___-- 12 892 - 504°



| | | POTASH oe 751 | 

3,500 ——_____—— a 

3,000 a oe oe —f- | 

| Marketable productio - | | - 2 | arketa production aN‘ | ] . 

©2500 | ~ a / a 

w ~~ Apparent consumption a, : 
~ | x | 
€ 2,000 5 —— | 
” —— .  @ , | 

(I cL | 
1,500 | | Oe ww | , r / 

| <t 

> | | : 
o | — . Oo 
“1,000 a | | 
° | , | 

“ Of 
— — | 

500 . | . . r= a ay v 

| | | Exports ./ ~ 

. ™~ | | | ae —_—— | 
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Figure 1.—Marketable production, apparent consumption, exports, and imports, So 
| | Ke2O equivalent. . | : | 

Se | PRICES | 
Quoted bulk prices on muriate of pot- months indicated, against contracts made 

| ash for the 1965-66 fertilizer year were before July 1, 1965. On contracts made 
unchanged from those for the previous 12- after June 30, 1965, some producers in- 
month period. However, potassium sulfate creased the prices 2 cents per unit, while 

_ was priced 2 cents per unit K:O higher. others increased the price 5 percent. An 
One unit of K:O is defined as equal to 1 additional $5.50 per short ton was charged 
short ton of material containing 1 percent by most producers for muriate shipped in 
K:.O equivalent, or 20 pounds. 100-pound bags. | 

Price schedules published by producers, All producers reserved the right to ad- 
quoted prices for shipments during the just prices to meet competition.
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- Table 6.—Bulk prices for New Mexico potash } 
(Cents per unit KO) | 

- | - 1965 | 1966 
Product . —_—._—<$<— $$$ 

o July-Aug. Sept.-Oct. Nov.—Dec. Jan. Feb.—June — 

Muriate, 60-percent K2O minimum: a | oe 
Standard___------------------------_. 36 38 40 40 , 483 
Coarse___--------_------------------.. 37.5 39.5 41.5 41.5 44.5 
Granular___--__.--.-.-_.-....-.---... 40 42 44 44 ~ AT 

Sulfate of potash, standard 2?._._..-_..----... 72 15 «8 78 81 
Manure salts__-._-------------------------- 17.65 17.65 17.65 17.65 _ 17.65 

1 Quoted by producers, carlots, f.o.b. Carlsbad on contracts made prior to July 1, 1965. 7 
_ 2 Coarse and granular when quoted: 3 cents and 5 cents higher respectively. 

. | Table 7.—Bulk prices for California potash 1 
a . . | | (Cents per unit KO, . 

| , : 1965 — 1966 
Product 

July—Aug. Sept.—Oct. Nov.—Dec. Jan. Feb.—June 

Muriate, 60-percent K20 minimum: . | 
Standard___-------------------------- 45 ~ 46 47 AT 49.5 
Coarse___..--~-------------~---~.----_- 46.5 47.5 48.5 48.5. - 51 

Sulfate, 52-percent K.0 minimum_-__._._-_-. 83 85.5 88 88 © 91 

. 1 Quoted by American Potash & Chemical Corp. carlots, f.o.b. Trona, Calif. on contracts made 
prior to July 1, 1965. | . Se 

So , FOREIGN TRADE | 

| Total exports of potassium salts increased © Imports of muriate of potash from — 
about 5 percent. Foreign competition for Canada into the United States was 80 

7 world markets increased and there was percent greater than in 1964, and account- 
evidence to indicate even keener competi- ed for 84 percent of the total imported. 
tion among the world suppliers during the Crude potassium sulfate imports continued 

| next several years. | to decrease and the tonnage shipped was. — 
| about 7 percent less than in 1964.



Table 8.—U.S. imports for consumption of potash materials . , | 

(1964 —-:1965 _ 
Approxi- ————— —————————————

 r''[y 00 0—oOoree——or—r— 

mate Approxi- Approxi- . 

equiva- mate equiv- mate equiv- 

lentas | alent as alent as 

Material potash potash . potash . 

(20) Short tons (K20) Value Short tons (K20) . Value 

per- ——_——_—___—_———— ———_—_—_—_———_—_—— 

cent). Short Percent _ Short Percent | 

. tons of total tons of total 

Used chiefly as fertilizers : | | . . - | 

Muriate (chloride) 1_...-...--------------. 60 1,159,702 695,545 94.3 $29,202,170 1,782,668 1,069,601 96.6 $45,834,001 

Potassium nitrate, crude_____-_-------~--- 40 3,163 1,265 2 _ 146,896 3,545 1,418. ol 159,123 

Potassium sodium nitrate mixtures, crude_-. 14 T 13,498 r 1,890 3 r 650,855 7,409 1,037 | 1 297,855 

Potassium sulfate, crude 1______-______---- 50 67,288 33,656 4.6 2,695,297 62,428 31,214 2.8 2,236,140 

Other potash fertilizer materials_..__--..-- 6 204 12 oO 7,421 788 AT 0 27,136 5 

Total____.--.-.-----.------------------  ---- Tr 1,243,800 Y 732,368 99.4 r 32,502,639 1,856,838 1,103,317. 99.6 48,554,255 > 

eo ————<<—[—LC€CVPFEa — Se 

Used chiefly in chemical industries : 
ee . 

Bicarbonate___.-.--.------.-------------- 46 113 52 11,545 355 163 31,917 

Bitartrate: Cream of tartar_....-..----~--. 25 1,453 363 620,164 1,226 307 553,265 

Carbonate._.__-._--_._-------------~----. 61 272 166 35,233 62 39 8,911 

Caustic_______...--_____---_- 80 923 738 186,685 972 778 193,585 . 

Chlorate and perchlorate__.__-_----------- 36 763 275 160,966 1,105 — '. 398 : 238,885 . 

Cyanide_____.__--_...--___------..-----~--.- 70 1,055 739 a) ~ 604,063 1,107 775 4 505,842 

Ferricyanide____.__-.._._--_-_~---------- 42 ? 531 r 223 Yr 327,076 647 272 405,326 

Ferrocyanide___..______---__----_-------- 44 836 368 304,424 ~- 1,153 507 465,458 

Nitrate__._-._--__---...--...---.-------- 50 2,766 1,383 326,009 1,357 679 154,675 

Rochelle salts____...___--._---------------. 22 252 55 96,292 230—C 51 85,090 = — 

All other____--.--_--.-------------------- 31 1,262 391 721,776 - 1,698 526: 1,477,956 

Tota]__...___--_--.----.----.-----------  ---- Tr 10,226 T 4,753 6 Y 3,294,233 9,912 4,495 4 4,120,910 

aaaaamnamanuqaoaaaoaaaoeeeeeeeee
eeeeeeeeeeeeeeeeeeeee————————eee

eeeeeeeeeeee A me AP ADP 

Grand total_______-------.-------------.  ---+ ? 1,254,026 Y 737,121 100.0 r 35,796,872 1,866,750 | 1,107,812 —-—«:100.0 52,675,165 

¥ Revised. . . : . 

1 Muriate and potassium sulfate quantity obtained from The American Potash Institute, Inc. reports. | Doe 

ou 

| | . 09



Table 9.—U.S. exports of potash materials, by countries | on 
ED SS cee, teeeeprrrnseeatengensert . 

_— 
a oem enters perenne = 

. | Fertilizer Chemical 

Destination 1964 1965 1864 © 1965 
Nt . 

Short tons Value Short tons Value Short tons. Value Short tons Value 

North America: ae _ Canada___-_----------_----~--- + - eee. 64,467 $2,209,462 45,005 $1,716,220 7,566 $1,483,869 | 7,217 $1,874,755 Costa Rica_._.-___------------ ee 11,573 353,897 8,716 320,994 4. ~ 1,240 10 18,099 Dominican Republic__..-...----- eee” 4,200 .  — 166,829 5,064 208,888 | 17 2,474 4 2,290 Mexico___.--.---_~- 37,214 987,250 | 43,933 1,160,022 1,209 © 224,646 1,370 318,028 j Netherlands Antilles._.._-....------ ee 15,292 415,291 13,210 373,746 46 - 14,185 6 4,251 Other__..-_--______.-_----------------------e 17,459 671,068 15,375 670,122 121 34,630 122 48,413 

Total______.-------------- eee. 150,208 4,803,297 _ 181,808. 4,449,992 8,963 -1,760,994. ~—« 8,729. 2,265,886 | 
South America: 

_ oe 2 Argentina___--.-..2--- 441 15,498 nee woos 460 129,840 709 | 142,891 D Brazil_..------_--.----- eee 28,549 1,042,077 52,448 1,968,299 517 135,131 12,688 859,554 ol Chile_____2__----- ee 16,371 575,234 - 17,184 558,253 %5 21,444 . 116 33,132 P) Colombia____--_--.-22 ee 40,143 1,230,558 29,265 . 920,464 1,201 73,094 82 25,967 e Peru____------ 893. 37,772 412 21,942 61 23,195 49 27,345 an Venezuela_____--_--_- ee 6,674 -° 269,615 18,861 671,999 248 63,640 270 108,014 — Other___.-_---- ee 2,513 93,372 2,599 100,056 158 29,876 128 =~—.—:17,,495. s 
Total_____---~--- eee 95,584 3,264,126 120,769 4,241,013 2,720 476,220 13,992 1,214,398 i — gO ee" OOOO eee eee eee Europe: Oo - . Q Belgium-Luxembourg--______------.-.----1-------___ 1,092 32,175 ---- ---- 798 199,689 360 | 92,254 S Germany, West_____--__-..-~-.- 2 3,145 | 28,336 TAL 31,497 2,352 740,392 1,794 523,454 : . Ireland____-_--___-- oe 5,544 145,084 ---- wees eee --~~ 5 6,872 — Italy______- 2,564 75,767 | 11,672 353,355 1,261 ~- 297,816 418 99,688 © Netherlands_____.-_-_-_-------.-_ (*) (*) 391 44,235 620 199,979 860 290,985 > Sweden___-_---------- 13,779 434,850 15,828 472,224 457 40,790 125 37,794 . United Kingdom______-~--2-- 727 ~ 85,827 1,068 53,832 676 194,141 817 224,685 Other_______--- 2 e--_------- s«*T,, 0889 211,690 7,204 228,643 1,242 347,276 1,793 © 550,905 

ee menue eee Total___--___-~ =" 88,940 T 963,229 36,904 1,183,786 7,406 2,019,583 6,172 1,826,637 ——— Pe BEE VN D0O OL 1,820,687 Africa: 
| . = South Africa, Republic of_....-.....-0 5 51,009 1,446,803 41,627 1,199,001 112 32,968 137 47,479 Other___----_-- oe 556 21,953 590 26,031 290 89,124 181 43,893 

Total____------- + 51,565 1,468,756 42,217 1,225,032 402 122,092 3818  — 91,872 a OR ENG NN 891,872 Asia: 
—_ India___~____-- eee a 2,685 143,642 299 75,856 7 3,354 Japan___-~_-----.--~-- +e 485,747 8 13,647,660 393,015 12,324,722 918 203,754 18 13,521 ; Korea, South____-----_-2 ee 55,358 1,797,031 143,704 4,358,308 4 2,068 12,335 2,755,263 Pakistan_____-_----- ---- ---- 8,118 315,055 299 67,180 (7) 528 Philippines____.--.------ eee 7,616 239,041 4,445 143,673 73 30,835 879 64,768 Taiwan_____._-.--- ee 11,574 410,739 43,330 1,536,230 28 =. 14,721 1 988 Viet-Nam____.------ eo! 1,709 64,128 2,322 109,686 41 9,589 31 17,095



Other____---_-_--_-- woe a 112 5,056 166 48,749 —~B1l 91,731 

Total___-_----_---_--------- ee e____._____. *° 512,004 ° 16,158,599 597,731 18,936,322 1,822 447,752 13,782 2,947,248 

Oceania: 
Australia___...---- 68,353 1,948,888 48,751 1,412,034 545 152,137 3,159 300,610 . 

. New Zealand_._-_-_-------..-------- ee. 114, 796 3,955,605 74,630 2,360,975 175 44,818 131 36,903 
Other___-_------- eee oe __ oe oe ane _ane 6 1,757 

Tota]____-..-----___.------.- 183,148 5,904,493 123,381 3,773,009 720 196,955 3,296 339,270 
Grand total_______-__-_-_----__---------.---.----_____-_- 1,026,446 32,562,500 1,052,305 33,809,154 22,083 5,023,596 46,289 8,684,761 en ee 

| . ? Revised. . : a 
1 Revised to none. 
2 Less than \% unit. 
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Table 10.—U.S. imports for consumption of potash materials, by countries | o | 
(Short tons) 

Ss oo & : 3 Total 
8 3 & Be 

> 3 - E : 7 —$________ | 
oS 2 o a ° @ Go | 

. § § 2 ¢ Eg ge = & 
§ 

Rad os ~ Vv ns . 

Year and country he 3 z — a 85 27 a Quantity - Value 
gs a 3 2 g a Sn £ mn 

a6 g g g 3 BE ss 8 f 
a 2 3 oO ~ an a v nv n a te OS . & a d a5 ae 3 
3s 3 2 a bi 8 BH 85 fs — | xy a a Dr 5 ° O48 9 § © = 
m5 Oo o oO a Ay A's Ao Ay < . 

1964: : | 2 
Belgium-Luxembourg_._.  ---- 5 ---- ---- ~----- 10 ---- 44 ---- r310 r 369 r $194,682 re 
Canada____-___..------._ ---- n= _--- 35 837,357 51 13 ---- 202 3 837,661 19,394,361 ~ 
Chile__---------------. ---- --=- mae eee -~----- 1,500 13,485  ---- — ---- 14,985 613,002 & 
France______--------_ 80 48 JL. 76 170,580 82 meee eee 33,525 226 204,617 7,081,810 wa 
Germany: - i 

East__---.---------.  ---- ---- 15 ---- ------ ~--- ---- 320 -----—‘<é‘ rv gi r 416 r 80,500 a 
West___-.---------, +--+ 594 ill 485 116,787 1,498 ---- 1,537 18,960 T 1,148 r 141,020 T 5,046,729 > 

Italy__-------- 664 ---- ---- 66 ~----- _--- (?) 99 14,546 78 T 15,453 T 959,187 a 
Netherlands___________-. ---- 13 ~--- ---- ~----- 22 ---- 44 ---~ 1,093 1,172 374,650 5 
Spain... 389 ---- 28 ---- 34,978 ~--- ---- 573 a 15 36,0438 1,200,897 } 
Sweden____.------.----. 9 ---- 257 418 —--~ -----~ ---- -s-- ----— ---- ---- 675 188,067 aA 
United Kingdom__------. 1 ~--- ---- 189 ------ w--- ---- ---- ---- T 213 r 403 r 141,951 
Other countries_________. 319 6 291 204 wenn ---- ---- 149 _--- T 243 r 1,212 T 521,036 2 

oe © 

Total__.-.-.------____. 1,453 923 763 1,055 1,159,702 3,163 ¥ 13,498 2,766 67,288  °3,470 "1,254,026 * 35,796,872 on 

1965: 

Belgium-Luxembourg__.. _--- ---- ---- ~--- ~----- ---- ---- ---- ---- 595 595 337,565 
Canada___----..------. ee 30 ---- 6 1,503,292 72 ~~ _a-- 22 194 1,503,616 37,169,540 
Chile____--.---------ee eee ---- ~~-- ---- ~---=- 3,307 7,409 ---- ---- ---- 10,716 436,587 
France_____-_.-...---__ 3 110 26 122 113,182 66 ee ---- 37,338 500 151,347 4,971,200 
Germany: , 

East_...--..-------. ---e ---- ~--- ---- ------ ---- ---- 143 anne 83 - 226 57,261 
West___------- ee 576 ---- 496 122,905 100 ---- 638 20,218 891 145,824 5,632,878 

Italy_____-- 606 ---- ---- ---- ~----- ~--- ---- 352 4,850 503 6,311 551,923 
Netherlands.....-------. ---- 4 ---- 28 ------ ---- ---- ---- ---~ 1,326 1,358 449,537 
Spain__.--- ee. 317 eee ---- ---. | 48,239 ---- ---- 152 ---- 105 43,813 1,461,520 
Sweden______.--.-----.. -_-- 244 675 ~nne ~----- aaa ---- ---- ---- nee 919 244,489 
United Kingdom____----. _--- ---- ~--- 196 ------ Laeee See ---- ---- 103 299 135,337 
Other countries_......___.- 300 8 404 259 50 ---- ~--- 72 ---- 633 1,726 1,227,328 

Toal_________._._____ 1,226 972 1,105 1,107 1,782,668 3,545 7,409 1,357 62,428 - 4,933 1,866,750 52,675,165 

T Revised. . — 
1 Muriate and potassium sulfate quantity obtained from The American Potash Institute, Inc. reports. . 
2 Revised to none. |
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Brazil.—The Brazilian National Institute with production expected by. early 1967. | 
of Technology reported the discovery of a The new plant was designed to have a | 
carnallite potash bed near Carmopolis, capacity of 1.5 million tons of product an- 

‘Sergipe. The deposit was approximately nually, which will increase I.M.C.’s total 
90 feet thick and was first encountered at rated capacity to 3.5 million tons. 
a depth of 1,500 feet. The Government Kalium Chemicals; Ltd., announced 
petroleum monopoly, Petrobras, discovered that The British Metal Corp. (Canada) 
the potash while drilling for oil. _ will represent the company as export sales. | 

_ Canada.—Saskatchewan continued onits agent. Kalium expected to begin overseas 
way to becoming the major potash produc- shipments by midyear. . 
ing area of the world. In 1965, three com- Potash Co.- of America resumed opera- 
panies were in production, three were tions at its potash mine near Patience : 
sinking shafts, two were preparing to sink Lake, Saskatchewan after its ‘closure in 
shafts, and at least two additional firms 1959 because of water seepage in the 

were in the planning: stages. In March shaft. It was announced that the produc- | “ 
| 1965, 21 companies were known to hold tion rate. by midyear had reached near oo 

_ potash permits in Saskatchewan while at capacity of 600,000 tons of K-O annually. : 
least 16 others were involved in explora~ — United States Borax & Chemical Corp. | 

| tion projects. Canadian potash produc- joined with Homestake Potash Co., a 
tion in 1965 was nearly 10 times that of wholly . owned ‘subsidiary. of Homestake 
1962, the first year of production since Mining Co. to form a partnership com- . 

_ the ill-fated beginning in 1958 by Potash pany called Can-Am Potash Producers. 
Co. of America. . Can-Am Potash Producers, with an 80- a 

In early fall International Minerals & percent interest, was then joined by Swift i 
Chemical Corp. (Canada) Ltd., (IMC) Canadian Co. Ltd., holding a 20-percent | 
increased production capacity from 1.6 to interest, and formed Allan Potash Mines | 
2.0 million tons per year with the in- to develop and “operate mining facilities 
stallation of new hoisting equipment. Two near Saskatoon, Saskatchewan. Shaft- | 

~_ 16-ton capacity skips were replaced with sinking operations were ‘progressing satis- 
skips of 24-ton capacity. This was the  factorily as well as construction of the | 
second expansion program completed with- surface plant and processing facilities. The | 
in the year; the first, early in the year, in- completion date was set for 1968. The | 
creased capacity from 1.2 to 1.6 million rated production capacity was given as 1.5 | 
tons per annum. The company also con- million tons per year of product. | 
tinued sinking a second shaft to the de- Alwinsal Potash of Canada Ltd., started | 
posit about 6 miles southeast of its first | developing a new potash mine at Lanigan- | 
shaft. The construction of a new concentra- Guernsey, Saskatchewan with production 
tor at the new mine site was on schedule, scheduled for 1968. ; : 

3 Table 11.—World production of marketable potash, by countries | 
| (Short tons K2O equivalent) . . 

- Country «1961 1962 1968 = 1964 1965 P | 
North America: oe 

Canada_______-_--2 ------ © 150,000 626,860 ¥ 858,351 1,430,000 United States___.__............. 2,732,602 2,452,921 2,864,037 2,897,000 3,140,000 Para merica : Chile (nitrate) _..__-. 15,504 19,541 e F 20,540 ¥14,881 © 15,650 

France____-__-----_--_________ ~ 1,884,791 1,897,958 T 1,897,661 F 2,059,299 2,071,240 
Germany: , 

Fast__..----_----_..-__.-_. 1,846,369 1,931,247 2,034,000 F 2,046,990 © 2,000,000 West__.---------_--...___. 2,253,122 2,188,637 2,147,300 ¥ 2,426,184 © 2,645,000 - Italy__------------- 149,187 170,142 207,565 F 226,866 € 231,000 Spain____-------_- 2 289,037 259,156 286,876 ¥ 322,497 = © 427,260 
U.S.S.R. &_--- 1,455,000 1,650,000 1,700,000 F 2,100,000 2,500,000 Asia; Israel 3____-_.-__-____ 93,600 100,200 124,560 7 281,640 © 341,700 

World total (estimate)_______. 10,700,000 10,800,000 12,100,000 * 13,400,000 14,800,000 

e Esimate. P Preliminary. - ¥ Revision. 
1Year ended March 31 of year following that stated.
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Table 12.—France, Spain and West Germany: Exports of potash by countries 
_(Short tons) . oe 

| oe Exporting countries mS 

Country France! . Spain West Germany ? eee OO 
: 1964 1965 1964 1965 1964 - 1965 a Oe 

North America: | 
Canada... 9,326 6,553 ---- ---- 7,850 16,346 
Cuba____-- ---- ~--- 16,535 ---- 3,737 987 : 
Jamaica____. ---- 2,313 oe a 6,949 | 5,799 . 
Martinique__._....______.--.--. 7,158 | nae --.- ---- a eee 

. _ United States_...-....- 185,259 112,689 35,274 53,682 140,063 164,212 
South America: ° oo a . 

Brazil___.--_-.-.--..-----_-___e 32,123 25,105 ee eee 23,058 23,952 
Chile______------ 1,359 —§ 1,000 ' 8,818 5,512 6,895 10,100 

Europe: . ao 
Austria__..22 222 ee. 45,890 52,723. ~--- woe 62,982 79,828 
Belgium-Luxembourg..._____.-. 340,474 286,990 22,579 42,263 197,165 350,270 
Czechoslovakia_..........--_-.. . 314 882 ---- ---- 882 6,283 
Denmark______..2---.___ 32,871 28,081 3,775 — 2,094 181,431 211,162 
Finland... 2222 -__-__. 11,651 17,951 2,001 12,307 25,916 54,503 
France__....----- ae ---- ---- ~--- 5,765 8,767 9,336 
Germany, West____......._-__-. 50,498 56,227 ---- ~--- ---- -nnn 
Greece____.-- ee. 1,517 4,193 -.-- ---- 10,485 10,761 
Hungary-_----...---.----- ae. ---- ---- ---- annn 16,634 17 
Iceland____.--._--.---.-_ ---- ~--- ---- 2,205 ---- 6,614 
Ireland____~...----..-_..__.- 52,156 41,631 22,811 13,079 48,178 50,023 
Italy__.-.---.------ 81,925 92,060 50,546 42,307 37,269 ~ 41,050 
Netherlands__.-_-----.----.--.. 184,918 | 187,901 24,229 17,113 210,998 235,206 
Norway-_-----------.----...-. 18,001 9,556 | 69,600. 82,448 19,390 29,723 
Poland___-----.--_-~.--.----~. 1,447 967 — 20,338 35,249 210,915 
Portugal_______-----------_--- 98 ---- 25,0838 33,718 ____ __-- 
Sweden_______--.--.__________. 36,536 49,978 6,311 11,541 55,401 62,870 | 
Switzerland___.----..--  _-__. 90,921 86,384 ----. ---- 28,658 39,505 
United Kingdom__._______.-_._ 214,762 252,586 © 48,728 72,130 216,263 211,897 

. Yugoslavia. —_.....--.--------_~ 2,355 9,992 7 eee ---- 22,046 | 6,338 
Africa: - 

Algeria__....--..--.-.- 2... 5,697 © ---- 3,549 4,966 551 ' 4,409 . 
Congo (Brazzaville)_._._-_._.---. 5,520 ---- ---- eee ---- 110 
Ivory Coast... 6,218 ---- ---- ---- ee - 1,823 
Reunion____--_.--.----_- ee 6,084 ~---. ---+- ~--- ---- ~--- 
Rhodesia, Southern____________- 4,340 4,333 mene - 2,500 22,095 12,127 
South Africa, Republic of._..___ 35,987 22,937 ----- 8,499 51,386 — 65,822 

. Asia: 
Ceylon___-_.-..-.--_---.------. 32,982 17,492 ---- ---- 6,750 40,304 
India_..___--.---- 2k. 20,356 31,412 ~--- ---- 15,344 | 28,054 
Korea, North__-_--__-.-.---_---. ~--- | ---- ~--- eee 11,023 ~--- 

. ‘Japan_------- eee 97,821 45,280 ---- ---- 126,055 . 99,263 
Malaysia___._..-----------_---. 7,242 © 138,945 ---- ---- 10,104. 17,844 — 
Philippines. ..-...--..---__-___ 9,662 14,629 ---- ---- 12,897 14,706 
Taiwan___-_-----------_---_.. 116 ---- ~~ + 11,464 11,023 

Oceania: oo 
Australia_....----....-__.____. .. 25,053 7,209 . en ---. 85,342 10,787 

. New Zealand___.____.-...___-_-. 33,434 ' 668 "nee ---- 14,927 28,301 ) 
Other countries "_..-.._............ | 36,844 25,209 1,979 3,196 43,088 35,560 

Total_.-----_--.--._.-_..._.. 1,673,405 1,458,876 341,768 435,658 1,727,292 2,207,390 . eee eee eee eee eee 
| TF Revised. 

1 Data include salts carbonate, chloride, and nitrate of potash. . 
* Data include crude salts, chloride, sulfte, magnesium sulfate, and beet ash. 

Peru.—Minera Bayovar, S.A., proceeded channel from the east shore of the Caspian 
with the construction of brine ponds from Sea. By erecting a dike across the channel a 

_ which potash and other salts would be ex- natural evaporation pan, over 5,000 square . 
tracted. Some large experimental ponds miles in area could be formed, making 
were completed to provide salts for pilot available for extraction almost unlimited 
plant studies to determine a refining proc- quantities of potash and other salts.9 
ess. The project is in the Sechura Desert Soviet authorities announced the dis- 
in northwest Peru bordering the ocean, covery of a new potash deposit in the Kur- | 
and also is the site of large phosphate luk region of Turkmenistan, a Central 
deposits being developed. Asian republic of the U.S.S.R. The pot- 

U.S.S.R.—The Gulf of Kara Bogaz was ash-bearing zone was stated to consist of 
reported as a possible new source of potash = =———— | | alts Th Me : db P ® Phosphorus and Potassium. No. 15, Febru- salts. e gulf is separated by a narrow ary 1965, p. 32.
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five layers of ore covering an area of about . bilities for the economic recovery of potash 
23 square miles. No plans for develop- by solution mining methods from deposits 
ment were announced.19. : _. in Yorkshire, England. A small pilot plant 

| _ - United Kingdom.— Armour Chemical In- _was to be established near Whitby to study 
dustries Ltd., continued to study the possi- refining methods. | 

| | TECHNOLOGY | Oo 

| Studies made by the U.S. Geological From an ore containing carnallite. 88.5 
Survey revealed that the Great Salt Lake percent of the potash was recovered to pro- 

. in Utah contains more than 5,000 million duce a 51.1 percent K:O_ concentrate | 
| tons of a variety of dissolved ‘minerals. while an ore containing kainite gave a low 

_. University of Utah scientists estimated the recovery of 65.4 percent but produced a — 
| potash content to be about 132 million 58.7 percent K2O concentrate. | a 

oe tons.11 | , - An improved flotation technique de- 
| | The geology of the Saskatchewan potash veloped and patented by Wintershall A.G., _ 

deposits was discussed in a paper presented a West German potash producer, was de- 
by W. J. Pearson at the October Potash  scribed.16 It was reported that experi- 
Show in Saskatoon, Canada. It was re- mental results indicated that ores contain- 
ported in the published paper that the ing kainite can be successfully treated by 
major potash deposits in Saskatchewan are flotation to produce a marketable product 
found bedded in the Prairie Evaporite with good recovery of the potash values. 

, _ formation of the upper part of the Elk ‘Complete details were published on the. 

Point group and are of Middle Devonian process used by ‘Southwest Potash Corp. 
age. These are the only potash deposits in its nitrate of potash plant at Vicksburg, _ . 

_ known to exist in this geologic age. The Miss. The plant, although starting up ini- | 
formation extends into southwestern Mani- tially in 1963, went into successful continu- 

| toba, northeastern Montana, and north- ous operation in 1965.17 Oo 
western North: Dakota.12 The potash International Minerals & Chemical 

zones to the south, however, become thin- Corp. announced at Carlsbad, N. Mex., 
ner and deeper and in some areas are that It had perfected a new process for 

partly missing. In Montana and North growing potassium sulfate crystals. The 

oo Dakota the salt beds lie at depths ranging process resulted from nearly 4 years of 
from 8,000 to 12,000 feet. concentrated research and development 

. Another paper given at the Potash Show work and the expenditure of over $200,000 

, outlined how over $300 million would be for equipment. The company claimed that 
| spent by the potash industry in the Saska- the new process produced a much larger 

toon area within 4 or 5 years. Supply crystal than the older process and was — 

problems resulting from the huge require- 10 Phosphorus and Potassium. No. 20, Decem- __ 
ments for construction materials over a ber 1965, p. 36. oo ; 
relatively short period were discussed.18 Mines Magazine. Six Billion Tons of Min- 

y _P . erals Held By Great Salt Lake. V. 55, No. 38, 
The first high-voltage (4,160 volts) March 1965, p. 13. 
oe hi b d d d 72 Pearson, W. J. Geology of Saskatchewan 

mining machine to be use undergroun Potash Deposits. Western Miner (Vancouver, 
was installed at the working face of a pot- Canada), v. 38, No. 12, December 1965, pp. 

ash mine in New Mexico. New Mexico —_— — Geology of Saskatchewan Potash Depos- 
' was the first State in the United States its. Mining in Canada (Winnipeg, Canada), v. 

h f hieh-vol os 38, No. 12, December 1965, pp. 12—19. 
to approve such use of high-voltage mining 18 Croome, N. C. Construction Requirements 
equipment. More efficient machine per- of the Saskatchewan, Potash Industry. Western 

formance and the use of smaller and cheap- somber 1968) wee dae. ada), v. 38, No. 12, De- 
er trailing cables were among the advan- 14 Mining Congress Journal. Manufacturers 

la; 14 Forum. V. 51, No. 8, August 1965, p. 80. . 
tages claimed. 15 Tippin, R. B., and James S. Browning. 

Heavy liquid cyclone concentration of | Heavy Liquid Cyclone Concentration of New 
h f h diff f h Mexico Potash Ores. Society of Mining Engi- 

potas or t ree irerent types of potas neers of AIME, Preprint 65B312, October 1965, 

ores was investigated and the results pub- 17 pp. ; ; 
lished15 A 57.5 t KO trat Phosphorus and Potassium. Wintershall De- 
ished. duced . Pe 93. ay concentrate velop Improved Flotation Technique. No. 19, 
was produced wit 3.3 percent recov ctober 1965, p. 30. 
fron, oe a ° | : t ih tee, 17 Chemical Week. Synthetic Saltpeter Scores. 

ore containing only sylvite and halite. vy. 97, No. 4, July 24, 1965, pp. 35-38.
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thereby a cleaner and more acceptable  brines for potassium values 21, and seven - _ 
product. on the processing of various potassium 

Potassium permanganate was evaluated minerals.22 | 
for use in air pollution abatement. Its — | 
odor-destroying properties were investigated 18 Industrial and Engineering Chemistry. 

| on a number of malodorus chemical com- Froduet Research & Development: Odor Abate- 
pounds. Odoriferous samples from asphalt Vv. 4, No. 1, March 1968, po ae none Solutions. 
and rendering plant process streams were mee nosphorus and Potassium. Pipelining En- 

_ successfully treated by the permanganate >. 39. ed Potash. No. 20, December 1965, 
, method. It was found that, although po- Exch Te B. Solution Mining Using Heat | 

tassium permanganate does not destroy all 1965. nge Mubes. U. S. Pat. 3,205,012, Sept. 7, 
odors, its effectiveness warrants its con- R Gunning, H. F. (assigned to GS Production oy oe . . . Researc o., a corporation o el.). Enhance- sideration for use in air pollution control.18 = ing Potassium Chloride Dissolution By The 

Oak Ridge National Laboratory of the Addition of Ferro- And Ferricyanides. U.S. 

Atomic Energy Commission announced the FT MN Oe to. L. Salutsky (as- 
successful testing of a potassium vapor signed to W. R. Grace & Co., New York). 
turbine, which operated continuously for Method ok Oe a Bone «Sept ¥2 lues From 
2,000 hours driven by the vapor produced | a gems: A. (assigned te International Min- 

*y° : ; . erals emical Corp., Skokie, Ill.). Leaching from boiling potassium used to cool urani Halite Values From. Langbeinite. U.S. Pat. 
um fuel elements of a reactor. The tur- 8,215,509, Nov. 2 1965. 

° : . uthenrieth, H. (assigned to Kali-Forschunge- bine may have a key role for ; cooling re Anstalt G.m.b.H., Hannover, West Germany). 
: actors and generating electricity in space Electrostatic Separation of Minerals. U.S. Pat. 

ohy » ’ ’ OV. 9 ° vehicles. ; Authenrieth, H., G. K. Peuschel, and G. 
The Alberta Research Council at Ed- Weichart (assigned to Kali-Forschunge-Anstalt 

monton 11° -m.b.H., annover, West Germany). Process 
| started on a $4 75 million research for the Electrostatic Separation of Carnallite- 
and development program to study low- Containing Crude Salts. U.S. Pat. 3,225,924, 
cost pipeline techniques for transporting Dee oe tee D. Cadorin, M. Maggiore, and 

° ° > °s ° » ° » an potash and other minerals from mine to G. Veronica (assigned to Montecatini Soe. gen. 
markets in Canada. per "Industria Mineraria e Chimica, a corpora- 

The program was tion of Italy). Process for Producing Potassium 
sponsored by the Department of Industry, Sulfate From Kainite Through The Intermediate 
Government of n ormation of Schoenite and Langbeinite. U.S. Canada, the Government 5257"3'907,576, Sene 21, 1966. 
of Alberta, and private industry. Plans Scarfi, A., and E. Gugliotta (assigned to Sin- 

: called for the potash to be placed in pro- ee Soc. Industriale po atanese S.p.a., Palermo, : 
tective containers which would be trans- Pot 5.190585. “Aug. 10, 1965. te Minerals. U.S. 

A i.19 g Pip th a stream of America, Carlsbad, N. Mex.). Method of Con- 
uid. . trolling Hydroseparator Operation. U.S. Pat. 
Among many patents issued concerning 3,208,592, Sept. 28, 1965. , . 

potassium minerals and PrPaAamMmnniindae <«wara _. Veronica, G., and M. Maggiore (assigned to PEERLESS OILED ES COLL COALPOULGS WETC = Montecatini Soc. gen. per |’Industria_ Mineraria 
two on underground solution mining of ¢ Chimica, & corporation of Italy). Frocess for oe . roducing otassium ulfate Starting From sylvinite ores 20, one on processing natural XKainite. U.S. Pat. 3,198,601, Aug. 3, 1965. 
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7 | | By Timothy C. May * | | 

The output of pumice and pumiceous pumiceous materials, sold or used by pro- 
materials, pumicite, scoria, lapilli, volcanic ducers in 1965, increased 25 percent in 7 
cinder, and similar materials, continued to quantity and 3 percent in value over sales " 
increase as a group in 1965. Pumice and_ in 1964. . . 

: - DOMESTIC PRODUCTION 

Fourteen States reported production, two gon with 19 percent from 28 operations, | 
| States less than in 1964. Production came Hawaii with 11 percent from 20 operations, 

| from 128 companies, individuals, railroads, and New Mexico with 8 percent from 10 
. highway departments, or Government agen- mines. The remaining production was dis- — 

cies at 137 operations in 1965. Arizona. tributed among nine States from 25 mines. 
with 11 active pumice operations and 37 In 1965 there was no production reported | 
percent of the total 1965 production had from Montana and Wyoming. . 7 
the greatest output, followed by California 7 : : , | | 

with 19 percent from 43 operations, Ore- 1 Commodity specialist, Division of Minerals. 

Table 1.—Pumice sold or used by producers in the United States | 
: os (Thousand short tons and thousand dollars) = 

: y 7 Pumice and pumicite Voleanie cinder Total 
poe ear — ——_  _ ——_—- 7 -—---—- 

| Quantity Value Quantity Value Quantity Value 

| 1956-60 (average) - ~~~ 851 $3,087 1,103 $2,132 1,954 $5,219 
1961 ~--------.-.------- $36 4,208 1,527 2,596. 2,463 6,799 
(1962 ~--~-----~----.-~-- 533 | 3,206 1,738 3,095 2,271 6,301 
1963 ~..-~-------~------ 1,050 3,321 1,568 3,257 2,618 6,578 
1964 ~2i- ee ee 1,165 4,094 © 1,611 2,349 2,776 6,443 ° 

| 1965 -.------------._--- 488 2,443 3,000. | 4,197 8,483 6,640 

| Table 2.—Pumice‘ sold or used by producers in the United States 
(Thousand short tons and thousand dollars) | 

1964 1965 | 1964 1965 

State Quan- Quan- State Quan- Quan- 
tity Value tity Value | tity Value tity Value 

Arizona .----.-... 880 $1,635 1,273 $1,605 Nevada ---------_-. W WwW 68 $187 
California ---..... 443. 1,937 676 1,744 New Mexico --..-_ 260 $760 264 915 
Colorado --.--.... 61 114 56 134 Oregon ---..-.-... 566 909 657 1,181 
Hawaii ----------. 365 603 380. 624 Other States? _... 142 385 63 171 ; 
Idaho ~~.--~------ 59 100 46 79 —_--— 

Total ....-.. 2,776 6,443 3,483 6,640 

W_ Withheld to avoid disclosing individual company confidential data; included with ‘‘Other States.”’ 
‘Includes pumicite and volcanic cinder. 
* Kansas, Montana (1965), Nebraska, Oklahoma, Texas, Utah, Washington, Wyoming (1964), and 

State indicated by symbol W. | 

763
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Table 3.—Pumice! sold or used by producers in the United States, by uses 

. (Thousand short tons and thousand dollars) | 

1964 1965 

Use a 
Quantity Value Quantity Value 

Abrasive: Cleaning and scouring compounds 10 | $689 10 $201 . 

Concrete admixture and concrete aggregates 925 2,946 1,215 3,016 

Railroad ballast  ~------------------------------ _ 629 543 1,009 831 

Road construction 2? ~-2-------------+-----~~----- 1,008 1,260 1,146 .1,292 

Other uses? ___----~~--~--------~-+------------- 204 1,005 103 1,300 

| Total _----------------------------------- 2,776 6,448 3,483 6,640 : 

1Includes pumicite and volcanic cinder. 7 . 

2 Includes surfacing, ice control, and maintenance. _. . 

3Includes abrasive uses (miscellaneous), absorbents, filler, insecticides, laboratory, landscaping, 

paint, roofing aggregate, soil conditioners, and miscellaneous uses. 

Bo oe : CONSUMPTION AND USES oe : 

Concrete admixture and aggregate used used 29 percent of the total output of 

: _ 35 percent of the total output of pumice, pumice compared with 23 percent used in 

| ~ compared with 33 percent used in 1964. 1964. The remainder was used in cleaning | 

, Road construction consumed 33 percent of and scouring compounds, absorbents, soil 

. the total output of pumice compared with conditioners, roofing aggregate, and other 

36 percent used in 1964. Railroad ballast miscellaneous uses. | | 

| Oo = PRICES : | re 

| Nominal price quotations, covering to $0.0600 per pound, and lump, $0.0600 to 

domestic and prepared pumice, were car- $0.0800 per pound, the same as in 1964. 

| ried regularly in trade publications. The The average value of crude pumice, sold 

| Oil, Paint, and Drug Reporter quoted the or used in 1965, was $1.12 per ton, 15 per- 

| following average prices for 1964, per cent less than in 1964, and the average for 
- pound, bagged, in ton lots: Domestic, fine _ prepared pumice was $2.51, 19 percent less 

7 and coarse, $0.0430; domestic, medium, than in 1964. The weighted average for the 
$0.0480; imported (Italian), silk-screened, , . 

. : wo categories was $1.91, 18 percent less 
coarse, $0.0675; imported (Italian), fine, than in 1964 

-$0.0450 to $0.0475. Imported (Italian) sun- — ; ; 

dried, coarse and fine, was quoted at $75 to The average price per ton for pumice, 
$79 per ton. : used as concrete aggregate and admixture, 

: The EXMJ Metal and Mineral Markets was $2.48; road construction was $1.12; 

quoted prices of pumice, f.o.b. New York railroad ballast, $0.82; abrasive uses, $20.10; 

or Chicago, in barrels, powdered, $0.0350 and other uses, $12.62. 

| FOREIGN TRADE 7 

Exports.—Pumice export data were avail- $15 per ton, had an average value of $7.74 

able for the first time. Exports in 1965 per ton compared with $9.01 in 1964; 

were 282 tons, valued at $56,000. Exports crude pumice, valued at more than $15 per 
went to 11 countries, with Japan account- ton, averaged $21.21 per ton, compared 
ng so 42 percent, and Canada accounting with $20.55 in 1964; and wholly or partly 

or 32 percent. manufactured pumice averaged $3.61 per 
Imports.—Pumice stone imported in 1965 ton, compared with $3.41 in 1964. 

for use in the manufacture of concrete ma- 

sonry products, such as building block, Tariff—Pumice stone to be used in the 
brick, and tile, principally from Greece manufacture of concrete masonry products, 
and Italy, was 75 percent more than in such as building blocks, bricks, tiles, and 

1964. Crude pumice, valued at less than similar forms, was imported duty free. The
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- duty per pound on imported pumice was. cent; wholly or partially manufactured, 
the following: Crude pumice valued at $15 0.35 cent; millstones, abrasive wheels, and oo 

per ton and under, 0.0425 cent; crude abrasive articles, not specifically provided | 
pumice valued at over $15 per ton, 0.08 for (n.s.p.f.), 14 percent ad valorem. _ 7 | 

Table 4.—U.S. imports for consumption of pumice, by countries. _ 

| _ : — | Wholly or partly . | 
. Crude or unmanufactured — -_ manufactured . fe 

Country 1964 1965 - 1964 = ~ . 1965 | 

Short -. Short ~ Short . Short 
. tons Value tons Value tons Value tons Value 

Italy ween 5,499. $64,844 9,457 $98,506 °8,092 $105,444 3,580 $126,822 
Other ------- eee ee ee ~----- ---- ------ 1 444 

Total _. 5,499 «64,844 «(9,457 «(98,506 = «8,092 ~=—«:105,444 8,581 «127,266 

| . oo Manufactured mo . . . 
Pumice ! n.s.p.f. 

1964 1965 1964 : 1965 | 

. | Short : - Short .. ; 
tons - Value tons Value | _ Value Value = 

Greece ___-.__ . 60,094 $128,759. 141,809 $305,492. ee -ueee : 
Italy ~~... LL 28,007 100,429 23,417 53,113 © $6,229 . $10,885 - 
Other -.-.-2. 18,251 | 22,221 12,511 . 23,403 14,110 15,707. 

| | Total _- 101,352 251,409 177,287 382,008 | 20,339 26,592 | 

— 1To be used in manufacturing concrete masonry products. 

WORLD REVIEW | | 

Table 5.—World production of pumice by countries ! 

(Short tons) 

Country 1961 1962 1963 1964 1965 P ? 

Argentina ? ~~ ~~~ , 32,321 12,585 7,790 5,712 , e 5,100 
Austria: Trass ~~~. ~~~. - 40,846 30,696 23,349 25,223 22,516 
Cape Verde Islands: 
‘Pozzolan ~~ ------------- 7,361 7,503 13,035 11,296 e 11,000 

Chile: Pozzolan ~__-__-_---_ 62,790 120,315 142,012 155,885 156,094 
France: 

Pumice —-------..-.--.- 1,455 1,876 849 r 1,010 e 1,000 
Pozzolan -~-...-..--.-- 485,504 521,751 601,488 Tr 645,547 539,691 

Germany, West (market- 
able) ~~ .---------------. 5,898,461 6,290,883 r 7,043,761 6,416,547 5,617,372 

Greece: 
Pumice ~-----.--------- 77,162 87,938 e 88,000 e 88,000 e 220,000 
Santorin ~---------~--- 209,439 207,273 © 220,000 e 220,000 e 441,000 

TIeeland -22-----.--------_- e 9,000 © 7,200 13,779 11,023 e 11,000 
Italy: 

Pumice _~-----------__ 310,893 | 349,862 r 722,917. . ° 
Pumicite _......-...-_- 161,488 r 160,607 © 309,000 } © 1,025,000 1,025,000 
Pozzolan ..-~---.---.-- 3,212,787 r 3,322,318 T 4,765,354 ¢ 4,740,000 e 4,740,000 

Kenya —u--~~-------------- 779 1,243 1,245 1,585 1,145 
New Zealand —-.---------. 36,637 36,425 18,599 22,980 120,807 
Spain: Canary Islands ~-___ 1,585 1,918 1,685 r 2,528 e 2,540 
United Arab Republic _ 

(Egypt) --------.-------- 4,335 2,276 9,614 23,779 28,282 

United States (sold or used oo 
by producers): —~-------~- 

Pumice and pumicite —_ 936,039 4 583,716 1,050,178 1,165,379 484,047 

Voleanic cinder ~~... 1,526,546 1,737,587 1,567,825 1,611,093 2,999,838 

World total ¢ -~---.-.. * 13,150,000 *° 13,600,000 r 16,730,000 * 16,800,000 16,560,000 

e Estimate. P Preliminary. '° Revised. 
1Pumice is also produced in Japan, Mexico, and U.S.S.R. (sizeable quantity), but data on 

production are not available; no estimates are included in total except for Japan. 
2 Compiled mostly from data available August 1966. 
* Includes volcanic ash and cinders, and pozzolan. 
*Includes American Samoa.
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ee - TECHNOLOGY | Oo 

| ‘The pumice of the 1915 eruption of Las- expanded product is competitive, from a 
_ sen Peak, Cascade Range, Calif., was de- weight standpoint, for many of the extra- 

: "scribed. The light bands of dacite and the lightweight aggregate applications.‘ | 
‘dark bands of andesite represent two dis- =A method was patented for making hy- 

tinct magmas that were imperfectly mixed dyaulic cement by using a 15 to 85 weight- | 
| at the time oferuption.? === percent of granulated pumicite, blast fur- - 

Modern materials, handling techniques, nace slag, fly ash, or other latent hydraulic , 
and equipment used for the removal of binder interground with 15 to 85 percent 
volcanic cinders from property in a remote of portland cement clinker. The heat of 
section of Arizona, owned by the Santa Fe grinding was utilized for drying the latent. 
Railroad, was described. The residue makes hydraulic binder before the latter sets. 

an excelent track palias t material, and af A sanding block consisting of a mixture 

1s netic © th at a b id P 900-vear su of pumice, gypsum plaster, portland ce- 

| Pe balla t © terial sa ay P- ment, and abrasive grit, sandwiching a 
Ply oF ballast marena’ block of foam glass, was patented.6 

. Investigations indicated that some pum- on | 

ice has a capacity to expand and that the 4 Wagner, N. S., and L.' L. Hoagland. The | 
— _ Residual Expansibility of Pumice. Ore Bin, . 

2 MacDonald, G. A., and T. Katsura. Eruption v. 26, No. 4, April 1965, pp. -73—75. . 
: of Lassen Peak, Cascade Range, California, in *Frankert, O. P. (assigned to F. L. Smidt & 

. 1915-Example of Mixed Magmas. Geol. Soc. Co., New York). Method of Making Cement. 
Amer. Bull., v. 76, No. 5, May 1965, pp. 475-482. U.S. Pat. 3,183,106, May 11, 1965. . 

3 Construction Methods and Equipment. V.. 47, 6 Nichols, E. Smoothing Block and Method of 
No. 8, August 1965, p. 29. Manufacture. U.S. Pat. 3,171,724, Mar. 2, 1965.
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a By John G. Parker * | 

| For the first time, apparent domestic Legislation and Government Programs. / 
industrial consumption of all rare-earth —Of the 15,787 tons equivalent REO held 
materials exceeded 4,000 tons of equivalent in the various Government inventories, 

| rare-earth oxides (REO). Domestic ship- 9,977 tons was in the national stockpile 
ments of concentrate from the large Cali- and 5,810 in the supplemental stockpile. 7 
fornia bastnaesite operation were over two Almost 44 percent of the total REO was 
times that of 1964; concentrate containing rare-earth sodium sulfate, 32 percent was 
nearly 3,000 tons of REO was produced. monazite, almost 21 percent was bastnae- 

: | : : site, and the remainder was rare-earth 
Production and sales of europium and_ chloride and sweepings. 

yttrium oxides needed for color television The nonobjective rare-earth residues to- 
phosphors showed a large increase. To  taling approximately 3,000 short wet tons, 
supply these compounds and other indi- held for a number of years in the Defense 

| vidual high-purity oxides, several chemical- Production Act Inventory, were sold in 
_ processing companies expanded or planned July for $735,000 to Metal Traders, Inc., 

expansion of facilities. New York City. . 

| DOMESTIC PRODUCTION , | 

Concentrate.—Shipments of bastnaesite The Skinner beach-sand mining and 
concentrate from the Molybdenum Corpo- _ beneficiation facility in Duval County, near 
ration of America, Mountain Pass, Calif, Jacksonville, Fla., reportedly ceased opera- 
mining, milling, and concentrating plant tions in the middle of the year and shipped 
totaled over twice as much as those in the last of its monazite concentrates, the | 
1964. The ore-processing plant produced quantity of which was 45 percent less than | 
concentrates containing almost 3,000 tons those made in 1964. 
of REO from 37,500 tons of ore. Most Compounds and Metals.—In May, when 
of the material required for processing W.R. Grace & Co. acquired the Vitro | 

specialized products such as curopium OX- Chemical Co. plant in Chattanooga, Tenn., 
ide was taken from the company’s bastnae- the number of major chemical processors 
site inventory. A $1.7 million plant using of rare-earth and yttrium concentrates was 
solvent extraction to recover 20 pounds seduced to five. Besides Grace, which had 
per day of europium oxide went on stream another rare-earth plant at Pompton Plains, 
in July but exceeded production capacity N.J., other firms making compounds were 
in December. Byproducts included a tech- ,, follows: American Potash & Chemical 
nical-grade of cerium oxide, a concentrate Corp., Rare Earth (Lindsay) Division, 

of lanthanum, praseodymium and neodym- — West Chicago, IIl., at which capacity was 
ium, and another concentrate containing raised; Molybdenum Corporation of Amer- 
samarium and gadolinium. A substantial ica, Nipton, Calif., and York and Wash- 

quantity of the bastnaesite concentrate was ington, Pa.; Research Chemicals, Division 
required by the York, Pa., rare-earth chlo- of Nuclear Corporation of America, Phoe- 
ride plant. Construction was started ona 
new mill which will be able to produce 2 ppmmodity specialist, _Division at Minerals. 
15,000 tons per year of REO concentrates.2 nual Report. 1965, pp. 1. 7 “. 
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nix, Ariz.; and Michigan Chemical Corp., most 50 percent. The two major manu- 
St. Louis, Mich. The latter two concerns facturers were Ronson and American 
and American Potash specialized in re- Metallurgical Products Co., Inc., New Cas- 
fining yttrium oxide by ion-exchange and_ tle, Pa., with some small production re- 
solvent-extraction methods. High-purity ported by W. R. Grace & Co. Ronson 
europium oxide was made by Molybdenum also produced and sold didymium metal, 
Corp. and Michigan Chemical. It was an alloy mostly of neodymium and praseo- 
also imported from. Germany and sold by dymium. Union Carbide Corp., Alloy, W. 
Philipp Brothers Corp., New York City, and Va., increased by 50 percent its production © 
Ronson Metals Corp., Newark, N.J.; the of a rare-earth silicide for alloying pur- — 
total shipped to domestic consumers was poses. Also, a total increase of 50 percent 
about four times greater than the quantity was noted in production of higher purity 
shipped in 1964. Production of yttrium metals by American Potash, W. R. Grace, 

| oxide by domestic companies was about Michigan Chemical, Research Chemicals, | 
five times greater than the production in Ronson, and Vitro. Dresser Products, Inc., 
1964. : Great Barrington, Mass., tripled its fabri- 

Misch metal production increased al- cation of high-purity metals. 

oe | CONSUMPTION AND USES | oe : oe 

Sales of europium and yttrium oxides by providing a better color balance. Euro- 
increased greatly. The total of rare-earth pium oxide is the activating agent and is 
and yttrium concentrates, compounds, met- mixed with yttrium oxide or yttrium vana- | 
als, and alloys consumed industrially ap- date, the two commercially used host ma- 

| parently exceeded 4,400 tons of REO equiv- __ terials. . _ 
| alent. Because of the value of purified Yttrium was used also in yttrium iron 

_products required for color television phos- garnet (YIG) and yttrium aluminum gar- 

phors and other electronic purposes, the net (YAG) which are crystalline ferromag- __ 
total value of shipments for consumption netic materials useful in microwave de- 
from chemical processors and metal and vices such as high-frequency pulse gener- 
alloy producers rose to about $16 million. ators. A new neodymium-doped, optically 

Estimates of apparent consumption, de- pumped YAG operating at room tempera- 
rived mostly from shipments destined for ture exceeds 40-watts power level and sup- 
various uses, were by value as follows: ports continuous-wave laser action. The 
39 percent of rare-earth compounds, as _ oxides of gadolinium, lanthanum, and yt- 
yttrium and europium oxides, used for  trium and yttrium and lanthanum fluorides 
electronic applications, principally for color also show potential in solid-state laser ap- 
television phosphors; almost 20 percent plications. Neodymium also was used as 
consumed in the production of misch metal, a dopant in glass laser rods. In an erbium 
ferrocerium, and other rare-earth alloys; 15 oxide crystal doped with thulium, energy 
to 20 percent for polishing powders or oth- is transferred from the host to the laser 
erwise used by the glass industry; and 5 ion. The threshold value is very low, and 
to 10 percent consumed in the making of the laser can be operated in pulses with a 
petroleum catalysts. Almost 5 percent was xenon flash lamp or continuously with a 
used in the production of arc carbons, and 500-watt, quartz-iodide tungsten lamp. 
several percent each was used in making Lastly, double dopants, combinations of 
steels and special cast iron and in the pro- host and laser rare-earth ions, offer high 
duction of high-purity rare-earth metals. concentrations of active ions and fluoresce 

- The remainder went mostly toward re- in the visible red portion of the spectrum 
search, nuclear applications, and various between 4,900 and 6,100 angstroms. 

miscellaneous uses. | Phosphors composed of terbium-activated 
The expanding use of yttrium and euro- alkaline-earth borates potentially offered an 

pium oxides in color television phosphors improvement in high-pressure mercury-dis- 
is based on its much truer and brighter charge lamps used in highway and indus- 
red color, compared with the conventional trial lighting. 
sulfide red phosphors. This permits bright- A new magnesium-ferrosilicon alloy, 
ening the green and blue phosphors, there- which contains a small quantity of cerium,
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had a lower content of magnesium than ultraviolet light, thereby protecting food 
_ the conventional 9 percent magnesium al- in glass: containers; the hydrated form, as 

loy used in ductile iron. Further, improved a glass component, prevents radiation 
magnesium recoveries also decrease ductile- browning in color television picture tubes. 
iron production costs. Lanthanum-bearing camera lenses have 

The use of rare-earth silicides in cast higher refractive indices, decreased disper- 
iron and stainless steel, indicated by ship- sion, and are extremely fast and precise. : 
ments, increased almost 40 percent. Yt- A new prospective use of some rare-earth | 
trium, used as a deoxidizer and desulfurizer elements, especially europium and cerium, . 
in columbium and tantalum, improves’ is in photochromic or variable. transmis- 

| high-temperature tensile strength and in-  sability window glass and sun glasses which ~ 
hibits oxygen embrittlement. In nuclear darken when exposed to certain ‘wave- 

7 structural applications, it was preferred lengths, but quickly regain transparency oe 
over most other additives because of its when the light is removed. In ceramics, | 
low thermal-neutron cross section. Yttri- cerium and praseodymium oxides are com- 
um hydride was believed to be a cheaper ponents of an excellent yellow pigment. 
substitute for the yttrium metal tried sev- Cerium-free rare-earth carbonate, lantha- 
eral years ago as a cast iron nodularizer. num oxide, and other high-purity rare- 

It is estimated that over two-thirds of | earth oxides are used in electronic ceram- 
the misch metal was alloyed with iron to ics. Some rare-earth compounds, especial- 
produce ferrocerium lighter flints; most of | ly cerium and samarium sulfides and gado- 
the remainder was employed in metallurgy _linium selenide, effectively convert heat to 
to desulfurize and nodularize cast iron, to electricity. In enamels, cerium dioxide is 
enhance resistance to creep and improve a white opacifier three times as effective | 
fatigue properties at intermediate tempera- as tin and zirconium oxides. | 
ture in magnesium and aluminum alloys, Petroleum-cracking catalysts containing | | 
and to refine grain size, raise impact rare-earth elements are recent developments 

_ Strength, and improve hot workability by which require increasingly larger quantities 
increasing ductility in the forging of cer- of rare-earth chlorides. These catalysts 

| tain steels. It can be used to strengthen have high activity, increase gasoline re- 
nonferrous alloys, such as those of copper, covery, and are stable in hot steam and at 
without adversely affecting electrical con- high temperatures. — 
ductivity. A very small portion was used Over 20 percent more rare-earth and 

. in vacuum-tube getters and in anodes. didymium fluorides and oxides were. con- 
| Didymium, an alloy composed largely of | sumed in 1965 to make carbon-arc elec- 

neodymium and praseodymium, can be trodes of superior brilliance and white , 
used instead of misch metal as an additive light used in motion picture set lighting 
to steels. Also, it is added to some mag- and projectors and in searchlights. | 
nesium alloys. One of the latter, QE22A, Europium oxide is one of the high ther- 
was said to have the highest yield strength mal-neutron absorbing rare-earth elements 
of any magnesium casting alloy. currently having limited use in control 

Most of the rare-earth oxide polishing rods for nuclear power reactors. 
powders were consumed by plate glass Because of its high melting point, yt- 
manufacturers, the remainder were used trium oxide served as a protective refrac- 
making optical instrument and ophthalmic tory coating on low-cost graphite crucibles 
(eyeglass) lenses and mirrors. Certain to prevent carbon contamination of the 
rare-earth oxides were used as components molten contents. Also, yttria- additions 
of special optical glasses, contributing to stabilize the cubic structure of zirconia, 
hardness and chemical stability. In glass, allowing it to expand evenly and making 
cerium dioxide with titanium dioxide con- it suitable for refractory uses. 
tributes a reddish-yellow color; didymium Small quantities of rare-earth chloride 
compounds, neutral gray; neodymium, pur- and cerium nitrate were used by the tex- 
ple; and praseodymium, green-yellow. tiles industry for bleaching and dyeing. 

The light-absorptive properties of some Rare-earth chloride and acetate were used 
rare-earth compounds are important, espe- in waterproofing and in fungicides, and 
cially in such elements as neodymium which rare-earth oxalate has been used in nausea 
absorbs yellow light in glassblowers and prevention. The radioisotope, thulium 
welders goggles. Cerium oxide absorbs 170, with low-energy gamma-ray emission,
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is of value because it can be placed in a formation was forthcoming about their ap- 
small source in portable radiographic units. plication beyond the statements that they 

Although shipments of higher purity were used mostly for research purposes, 
metals increased about 50 percent by most of which probably consisted of deter- 
weight and 90 percent by value, little in- mining the value of various alloy systems. 

| | me STOCKS | 
- _ Supplies of rare-earth mineral concen- only about 50 percent of those in the pre- 

trates held by domestic firms, including ceding year. The need for yttrium oxide 
chemical processors, an integrated mining was reflected in the small quantity of year- 
and processing concern, and a beach-sand _ end stocks, less than 5 percent of that held | 

«ss ining operation; were depleted consider- by companies at the end of 1964. Stocks 
: ably during the year. Bastnaesite stocks of purified metals, however, were over 

- were only about 17 percent and monazite three times greater than those at the close 
| less than 90 percent of those held at the of 1964. Misch metal stocks held by pro- 

end of 1964. Stocks of the intermediate ducers and some of the principal users 
| material, rare-earth sulfate, were again were slightly less than the previous year. 

| | - : | PRICES 

' . Beginning in January, new quotations per pound in lots of 100 pounds or more; 
for imported monazite excluded thorium cerium oxide of optical grade continued 
for the first time. According to EXMJ at $1.85 to $1.90 per pound, delivered, in 

oe Metal and Mineral Markets nominal prices 50-pound bags.’ : 

_ per pound, CALE. U.S. ports, were as fol- ‘Prices of high-purity rare-earth and yt- 
lows: Massive, 55 percent rare-earth Ox- trium oxides, depending upon purity and 

| ides, 14 cents; sand, 55 percent, 8 cents, quantities purchased, ranged from $4 per 
60 percent, 10 cents, and 66 percent, 12 pound for 99.9 percent CeO: in lots of 500 

_ cents. On the London market, c.if. prices pounds or over to $4,975 for a 1-pound 

per ton of Australian monazite rose package of 99.9999 percent LusOs. Euro- 
about 20 percent during the year, from a _ pium oxide in purities from 99.0 to 99.9999 
low of £45 to £55 ($126 to $154) in percent, in lot sizes from 1-pound pack- 
January to £57% to £62% ($161 to ages to 2- to 99-pound quantities and from 
$175) in December. This was due, at different producers, sold for $850 to $2,000 
least partly, to higher packaging costs and per pound. With the same considerations, 
freight rates. ; yttria prices ranged from $48 to $500 per 

With the exception of yttrium oxalate pound. Prices per pound of 99.9-percent 
and yttrium oxide, which dropped signifi- rare-earth chlorides, in lot sizes of 2 to 99 
cantly in price, all production chemicals on pounds, were $5.40 for that of lanthanum 
a new list from American Potash & Chem- to $3450 for that of lutetium. In the 

ical Corp. showed no changes. Another same lot size and purity, yttrium chlorides 
list, issued by W. R. Grace & Co. from gold for $30 to $65 per pound, and a 1- | 

| | Vitro Chemical Co.’s former plant in Chat- pound package of europium chloride sold 
tanooga, indicated a slight rise in prices for $600 and $850. Similarly, from one 
of rare-earth chloride and fluoride. Rare- company, a 1-pound package of anhydrous 

earth oxide, in ton-lot sizes from one of yttrium fluoride sold for $80 and one of 
these firms, was $0.90 to $1.05 per pound; anhydrous europium fluoride sold for $900, 
from the other, in two lot sizes under 100 the latter almost 30 percent above the 
pounds, it was available at $2.25 and $2.70 1964 price. 
per pound. Other price lists were pub- . . . 
lished by these companies and by Gallard- : By ene ee eee pony < o area 
Schlesinger Chemical Manufacturing Corp., de. j “wT .~* 
Carle Place, N.Y., Michigan Chemical 8*2¢é: in the form of crystal sponge, ingots, 

? ? g em lumps, or turnings, and in lots of 1 pound 
Corp., and Research Chemicals, Division PS; OF | 58; P ; 
a Nucleat Corporation ° Amenca. Quot- ; * Oil, Paint and Drug Reporter. Current Mar- 
ed prices for cerlum hydrate, oi two purity et wuotations. YV. » INOS. 1-20, Jan. une 

designations, remained at $1.40 and $1.74 taeda V. 188, Nos. 1-26, July 5-Dec. 27,
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1 to 5 pounds, over 5 pounds, and 1 to 25 Vitrolloy, a rare-earth master alloy with 
| pounds, ranged from $75 for cerium to 30 to 33 percent rare-earth metal content, 

$8,750 for lutetium. Several producers was available at $2.40 to $2.70 per pound, : : 
quoted prices only on gram-lots of euro- in three lot sizes. In American Metal 
pium metal but one company had 99.5+ Market, ingots of misch metal of 99.8-per- 
percent metal available at $5,000 per cent purity and cerium-free misch metal : 
pound, more than double the price listed were quoted, respectively, at $2.90 and 
in 1964. Yttrium metal was listed at $204 $5.00 per pound in 50- to 100-pound lots. 
to $500 per pound, for double-distilled . Rare-earth metal sheet and foil, in 99.9- 
grade. On the London Market, 99 percent percent purity, became available in .0.003- 
cerium metal was quoted at £18 per to 0.060-inch thicknesses. Prices ranged 
pound, and 98 to 99 percent lanthanum at from $6.10 per square inch of neodymium 
15 shillings per gram. | to $196.50 per square inch of thulium. 

FOREIGN TRADE | 

Exports——The sole rare-earth export pyrophoric alloys, Austria and Japan were __ 
category item, ferrocerium and other pyro- the main sources, shipping over 84 percent 
phoric alloys, excluded cerium ores. Items by weight and nearly 77 percent by value. | 

| in this new class, exported to 24 countries, Other alloys, principally misch metal, re- | 
totaled 54,151 pounds valued at $220,715. ceived primarily from West Germany and 
The principal recipients were the United with lesser quantities from Austria and In- | 
Kingdom, Canada, Japan, West Germany, dia, totaled 52,433 pounds worth $71,743. 

. and Hong Kong, with nearly 88 percent An indeterminate quantity of didymium | 
7 of the quantity and 85 percent of the value metal also was received from West Ger-. | - 
os of the alloys. many. | | | . 

| : The Bureau of the Census reported that 
Imports.—Only 3 pounds of cerium ox- imports of monazite sand concentrate from 

ide valued at $303: was received from Swit- six countries totaled 2,028 short tons valued 
zerland, but cerium chloride imported from at $188,817. Australia shipped the United . 
Brazil and India totaled 1,763,512 pounds States almost 1,280 short tons worth — 
worth $204,708. Other cerium compounds $111,251; other sources by importance were 
totaling 16,793 pounds valued at $13,228 Malaysia, Ceylon, Nigeria, Brazil, and Ko- 
were shipped to the United States from rea. Five domestic firms, including two | 
France, West Germany, and Switzerland. dealers, reported receiving over 2,450 short | 
West Germany sent 2,205 pounds of ceri- tons of monazite from these countries and | 
um ore worth $810 to the United States. two others, one of which was reported to | 

| Of six countries from which the United be the Republic of South Africa. A small 
States imported ferrocerium and other quantity of xenotime also was imported. 

WORLD REVIEW | | - 

Australia.—During the year Australian bapoana, in the State of Rio de Janeiro, 
beach-sand operations produced over 10 and at Cumuruxatiba, in the State of 
percent more monazite concentrates than Bahia. In 1964 and 1965, respectively, the 
in 1964. Sales of monazite were equally first operation produced 448 and 269 tons 
divided between the east and west coast of monazite, and the second, 285 and 389 
producers. Exports of the concentrates for tons. Also the Department controlled the 
the fiscal year ending June 30, 1965, to- hydrometallurgical monazite-treatment 
taled 2,395 short tons, of which 56 percent equipment in the Orquima plant in Sao 
was shipped to the United States and 28 Paulo. NEN said that 1,975 tons of 
percent was shipped to France. monazite sand concentrate was processed 

Brazil.—The industrial and Commercial in 1964, with production of 2,450 tons of 
Department of Comissao Nacional de Ener- cerium chloride, almost 35 percent of 
gia Nuclear (CNEN) controlled two in- which was sold at $0.20 per pound. Pro- 
dustrial units, successfully operating on duction of cerium chloride at Orquima, 
monazitic beach sands. They are the min- S.A. during 1965 was at the rate of 175 
ing and processing plants at Barra de Ita- tons per month.
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. a Table 1.—World production of monazite concentrates by countries . | 
| --.. (Short tons) - ee ; 

«Country } . 1961 . 1962 1963 1964 1965 P 2 

Australia... ..--------------------- 1,733 — gi2 r2 231 t 2,285 2,581 
Brazil__.....--.--------------------- 1,263 r4,277 2,448 t 733 658 

Ceylon_._..-.--------------------+-- r83 ___~l_.-_---- 2 - Lee 25 40 

India. _.....------------------------ - NA $3,233 r32,678 NA NA 

Indonesia_..------.------------------ 111 153 F169 — F154 28 

Korea, South 4. .2.------.------------ 854 755 ...----.---------------------------- 

Malagasy Republic_----...----------- 503 702 . 678 F 1,063 1,196 

- Malaysia (exports) -.----------------- 779 702 991 340 777 

Nigéria..._.-.----------------------- 9 © . 10 12 r 13, 9 
South Africa, Republic of..........---------------- 5 ,326 2,300 ..---------------------- 

P Preliminary. * Revised. NA Not available. _ 
1 United States production data withheld to avoid disclosing individual company confidential data. 

2Compiled mostly from data available June 1966. 

3 Year ended March 31 of year following that stated. 

4 Reported as concentrates containing 45-55 percent of ReOs; also reported as 30 percent Ce, which 

may be high. oe 

| _ A schedule, published by the Brazilian Di- United Kingdom was expected fo begin 

| rectorate of Internal Revenue and effective in late December. Initial capacity of the 

for the first half of 1965, showed the plant was 100,000 pounds of yttrium oxide. 

assessed unit values for various rare-earth Ceylon.— Mineral Sands Corp. set up a 

oo ore minerals from which the 10-percent pilot plant at Katukurunda to separate 

mineral commodity tax could be computed. monazite from sands along the west coast. 

| Established values in cruzeiros per metric India.—It was reported that 483 tons of - 

: : ton and equivalent U.S. dollars at 1,285  monazite, valued at $144,900, was exported 

cruzeiros per dollar, per short ton were in 1964. . 

as follows: Clean monazite sand, 24,000 | Malagasy Republic.—Reportedly 1,143 | 

cruzeiros or $11.76; monazite, 72,000 cru- tons of monazite, valued at $243,100, was 

zeiros or $35.29; euxenite, 144,000 cru- exported in 1965. About 85 pounds of 

zeiros or $70.60; and samarskite, ferguson- _ euxenite, with a value of $350, also was ex- 

ite, and others, 168,000 cruzeiros or $82.36. ported. | 
Canada.—Rio Algom Mines Ltd., a sub- —_ United Kingdom.—Thorium Ltd. com- 

, - sidiary of Rio Tinto-Zinc Corp., Ltd., be- pleted expansion of facilities for producing 

began producing yttrium oxide concentrate lanthanum, neodymium, and praseodymium 

| at its thorium extraction plant at Elliot in July and expected to install facilities for 

Lake, Ontario. Shipments from the plant europium and yttrium by the end of the 

to refiners in the United States and in the year.* — | a 

| TECHNOLOGY | | 

| Research on potential and actual appli- phors. In general, the calclum compounds 

cation of high-purity rare-earth materials had a greater efficiency than the corres- 

continued unabated as scientists sought to ponding strontium compounds.’ Zinc bo- 

extend knowledge on luminescence . and 4Chemical Age (London). V. 94, No. 2411, 
uorescence phenomena characteristic of Sept. 25, 1965, p. 478. 

certain rare-earth elements or of other ele- © Weller, P. F., J. D. Axe, and G. D. Pettit. 
. . Chemical and Optical Studies of Samarium 

ments combined with them. The homo- Doped CaFe Type Single Crystals. J. Electro- 

geneity of the dopant, divalent samarium, in chem. Soc., v. 112, No. 1, January 1965, pp. 

CaF.-type single crystals was affected by 6 Mazelsky, R., and R. Ohlmann. Chromium 
crystal-growth parameters such as the ratios Fluorescence in the LaAlOs-LaGaOs System. J. 

. . El hem. -» Ve , . » Pp. 
of the crystal and crucible diameters and aoe cor em. Soc., v. 112, No. 6, June 1965, pp 

of melt surface to melt volume.5 Trivalent Ropp, R. C. Luminescence of Europium in the 
. . . T 2 . J. 

europium was the activator in the lantha- ene, System s basQe-GdOe¥200. Ts ee on. 

na-gadolinia-yttria system, and chromium tO mak w. L. A. Bril, and J. W. ter 
e ‘ er, . ey» e ’ e ° 

caused fluor escence in the LaAlOs-LaGaOs Vrugt. Fluorescent Broperties of Terbium-Ac- 

system.6 Alkaline-earth borate matrices ac- tivated Alkaline Earth Alkali, Borates. bes . Hlec- 

tivated with terbium were tested as phos- po aid7-tis, ,
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rate glasses of high optical perfection, melt- of the modern rare-earth industry, played 
ing at 1,000° C and readily cast or shaped, _ host to scientists attending the Fifth Rare- 
were doped with the trivalent rare-earth Earth Research Conference. In attend- 
ions of samarium; europium, terbium, dys- ance were over 200 conferees, representing | 

_ prosium, and thulium. Having the gen- domestic and foreign Governments, aca- 
eric formula, LnxNaxZn1-2xB:O,, the glasses demic institutions, and industrial firms. 
were inferior to single crystals in laser work Many of the presentations concerned basic | 
because of their lower thermal conductivi- aspects of solid-state research but current | 
ties, dielectric constants, and refractive in- interest in modern practical applications | 
dices, but had the advantages of low-ther- was shown in the increasing number of 
mal expansion and of greater hardness, papers on laser and phosphor materials. 
which makes the polishing of glasses easy.8 Another conference, scheduled in England 

Other phosphors and luminescent mate- for the late summer of 1966, will be con- 
rials were prepared and tested.9 cerned with theoretical and experimental 

Bureau of Mines investigators covered physics on rare-earth materials and will 
many aspects of rare-earth research. For give some attention to metallurgical prob- 
example, ore beneficiation techniques in- lems. ; | : | 
cluded an oxidation-precipitation method A popularized review of the technologic 
on bastnaesite and the fusion conversion of _ os 

| bastnaesite and euxenite with subsequent * Brixner, L. H. On the Luminescent Proper- _ 
: . . . ' ties. of Some Rare Earth Ions in Zinc Borate 

differential leaching of the oxides. Vv ery high as a Host. J. Electrochem. Soc., v. 112, No. 10, 
separation factors were achieved in solvent October 1965, pp. 984-988. } 
extraction and research was continued on L ® Anderson, Ww. Ww, 8. Razi, and D. J. Walsh. 
° ° uminescence o are-mar ctiva inc Sule | ion exchange and related chemical process. fide. J. Chem. Phys., v. 48, No. 4, Aug. 15, 

| e properties of and reactions in molten » Dp. 11 . : : 
salt mixtures were investigated. Electro- de chart, Hans J. ponsiened to E. I. du Font 

° . ° ° ° emours oO. nc.). uminescen ate- , 

_ winning cells for producing high-purity rials. U.S. Pat. 3,207,573, Sept. 21, 1965. | 
yttrium-group metals from their oxides L Brixner, Lo H., and E. Abramson. pny ihe | 

were designed and operated. Electromi- agates. J. Blectrochem. Soc, vw. 112, No. 1, 
gration of impurities in solid-state electroly- January 1965, Pp. 70—74- Grand G. Vax Uitert 

° ° oden, Ralp - an e Gran . Van Ujiter 
S1S and electrorefining were used to fur ther (assigned to Bell Telephone Laboratories, Inc.). 
purify the metals. Certain properties of | Rubidium-Rare Earth Tungstate and Molybdate 

the finished metals were examined. Under Ontical Maser Materials. U.S. Pat. 3,203,902, 
| . . ug. ’ . 

a cooperative agreement, efforts were made > Weaselink, | G. A. and A. Bril. Fluorescent 
° roperties oO rivaien eoqymlum in antna- 

to ; produce clean, improved, and homog- num and Yttrium Orthoniobates and Tantalates. 
enized low-alloy steel with rare-earth met- Philips Res. Rept. ({Bindhoven,, Netherlands), Vv. 

° e e F Oo os, vune » pp. jo, . 

als, alloys, and fluxes. - Publications by 10 Bisele, J. G., and D. J. Bauer. Extraction 
Bureau of Mines mineral-research person- and Separation of Rare-Earth Elements and 

: ° . Yttrium With Dodecyl Phosphoric Acid-Kerosine nel included studies of the effectiveness of Solvent. BuMines Rept. of Inv. 6601, 1965, 
| certain complexing agents in solvent ex- 30 pp. van E. and DIB ixtracti 

° ( * ¢ © aw, an o» an e ° auer. raction 

a. action, compHation | of thermochemical and Separation of Rare-Earth Elements in Idaho 
ata on europlum and neodymium com- uxenite Concentrate. uMines Rept. o nv. 

ounds,!1 an investi ation of the solid- 677, 1965, 18 pp. | p ? : & . 11 Stuve, J. M. Heat of Formation of Europi- 
state phase transformations and _ crystal- um Seaquioxide and Europium. Trichloride. Bu- 

. *, : pai +. ines Rept. of Inv. » 1965, 9 pp. | lographic modifications of rare-earth sesqui ———— Heat of Formation of Neodymium 
oxides,!2 a report on electron-beam melting _Trichloride. BuMines Rept. of Inv. 6697, 1965, 

i 18 inati - 4 pp. . | of yttrium,1® and the determination of phys 122 Stecura, Stephan. Crystallographic Modifi- 
ical properties and fabricability of stainless cations and Fhase Transformation Rates of Five 

- ini 14 are-Eart esquioxides. anthanum xide, 

“"Tue numerous papers concerning re-  Betietley Guile, semertem Outs, Horpins e numerous p 1 - Xide, an adolinium Oxide. ines Rept. 
. . of Inv. 6616, 1965, 44 pp. search on and uses of rare-earth materials, 18 Anable, W. E, and R. A. Beall. Electron- 

presented at a Moscow conference in Beam Melding of Yttrium. BuMines Rept. of 
, ‘ . in. Inv. 6661, 1965, 14 pp. March 1963 and mentioned in the Min Copeland, M.. W. Barstow, C. Armantrout, 

erals Yearbook chapter for that year, were and | H. Kato. Stainless Steel-Gadolininm Alloys. 
: . seh 15 ines Rept. of Inv. > ’ pp. 

published in English." , 15 Savitskii, E. M., and V. F. Terekhova. Prob- 
Iowa State University, the site of the lems of ithe Theory and Use of Rare Earth 

; isc] Am - etals. .S. Dept. of Commerce, Clearinghouse 
Atomic Energy Commission Ames Labora- ft Sieral Scientific and Technical Information, 
tory which may be termed the birthplace Jprs-28,849, Feb. 28, 1965, 361 pp.
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| and economic aspects of the rare-earth in- linolenic acids as a collector, a 93.8-per- 
| dustry appeared.16 oe | cent recovery of monazite containing 72.4 try app toy a ns 

| A very. large rare-earth and strontianite percent rare-earth oxides was achieved.?% 
deposit in a carbonatite complex in Malawi A milling method, suitable for grinding | 

| was described, reserve estimates made, and __ bastnaesite ore without the build up of | 
a process for treating ore to concentrates static electricity, was designed.24 A low- 
outlined. The most abundant rare-earth cost chemical method used to produce an 
mineral, a green monazite formerly believed oxide concentrate from bastnaesite ore was 
to be epidote, is high in cerium but very described. The resulting material was used 
low in thorium. Ore reserves to 100 feet in the production of rare-earth chloride.25 
in depth, believed workable by quarrying, Using X-ray diffraction, the coefficients of 
were estimated at over 18,000 tons of expansion of pure and neodymium-doped 
monazite. About 70 percent of this was yttrium aluminum garnet were found to be 
thought to be recoverable by calcining the identical and no phase transformations 
ore, slaking, sliming, and then tabling and were noted in the range from room tem- 
separating monazite magnetically.17 -. perature to that of liquid nitrogen.26 Data 

The abundance of rare-earth elements were obtained for crystals of ErSiOs and 
: and their distribution among minerals were Y2SiOs and of rare-earth aluminum gar- 

discussed, and the need for studying thor-__nets.2? A rare-earth garnet was composed 
. iti variance in co- —~———. | | oughly the _compositional k ariam ‘ted18 16 Chemical & Engineering News. Rare 

existing minerals me rocks. was lone . Earths 2 ahe Lean and Hungry Industry... V. 43, 

ittl i ior re-earth elements o. 19, May 10, » Pp. 78-92. 
Little fractionation ° va © eart © 17 Holt, D. N. The Kangankunde Hill Rare 
was believed to occur in meteontes com- Earth Prospect. Geol. Survey Dept., Zomba, 

i curring in the more alawi, Bull. No. 20, 1965, 180 pp. . 
. pared with tat occu sm Coll d 18 Fleischer, Michael. Some Aspects of the 

_ complex terrestria environment. Oo ected Geochemistry of Yttrium and, the Lanthanides. 
indi ost of the terrestria Geochimica et Cosmochimica Acta ndon), v. 

data indicated that most losely 29, No. 7, July 1965, pp. 755-772. - 
rare-earth elements are in or closely asso- “ie Haskin, Larry A., Fred A. Frey, Roman A. 
ciated with the main rock-forming min- Schmidt, and Richard H. Smith. Meteoritic, 

ls. th he: b t ‘ation Solar, and Terrestrial Rare-Earth Distributions. 
erals, that there can be a great variatio General Atomic, Division of General Dynamics, | 
in the rare-earth patterns and contents.of San Diego, Calif., GA-6800, Dec. 15, 1965, 250 | 

: ° . : ° pp.. . 

the various minerals of a single rock, and 20 Adams, John W. The Visible Region Ab- 
that the concentration of rare-earth ele- sorption Spectra of Rare-Karth Elements. Am. 
ments into phosphatic sedimentary mate- Miner, v- 50, Nos. a March-April 1965, pp. 
rials is common.!9 | Mittal, M. iL and R, S. Saxena. Polarog- 

: : ° raphy o anthanum in ramethylammonium Absorption-spectroscopic techniques were Chloride Media. J. Less-Common Metals (Am- 
adapted to field or laboratory determina- sterdam, | Netherlands), v. 8, No. 5, May 1965, 

° ° pp. . 

tion of rar e-earth elements in rocks and Zalubas, Romuald, and Michael Wilson. 
minerals. Cerium-group minerals were ie A psorption Speco A( ot ee ony 

. ° rI). . Res., v. —(Phys, and Crem.), characterized by neodymium and praseO- No. 1, January-February 1965, pp. 59-70. 
dymium bands, yttrium-group minerals by ok. Milton. Charles, - Blanche Ingram, oan R. 

° : : ark, an ward J. Dwornik. ckelveyite, a 
er bium and holmium bands. After heating New Hydrous Sodium Barium Rare-Earth Ura- 
metamict minerals, their characteristic nium Carbonate Mineral From the Green River 

° : * ne. ormation, Wyoming. m. Miner., v. 50, Nos. broad, diffuse absorption bands are notice- 5 °s"May June 1965. pp. 593-612, 
ably sharpened.2° Other absorption spec- x WY iswanathan, Ke T. BE. Madhavan. and 

: . K. Majumdar. ective Flotation of Beac 
tra were tabulated, and a polarographic 243° Monazite. Min. Mag. (London), v. 113, 
technique for laboratory analysis of rare- No. 2 Tuly 1965, pp. 17-28. r nd 

* 21 andle, R. M., an - O. Tongue (assign 
earth elements was described. . to W. R. Grace & Co.). Fluid Energy Mill. 

A new mineral, discovered in waste resi- U.S. Pat. 3,186,648, June ae 1986. ker. Prod 
, : > Kruesi, Paul R., an rge Duker. Produc- 

dues in processing soda ash from trona, ,:.. "of Rare-Karth Chloride From Bastnasite. 
was found to contain nearly 8 percent yt- J. Metals, v. 17, No. 8, August 1965, pp. 847-849. 
trium oxide.22 26 Croft, William J. Low-Temperature Ther- 

._ . . mal Expansion of Yttrium Aluminum Garnet. 
The typical monazite concentration of Am. Miner., v. 50, No. 10, October 1965, pp. 

. ‘chi 1634-1636. the Indian Manavalakurichi and Chavara % Harris, L. A. and C. B. Finch. Crystal- 
deposits, and methods used for its recovery lographic Data for Er2Si0s and Y2SiOs. Am. 
were given. Various depressants and col- Miner., v. 50, No. 9, September 1965, pp. 1493- 
lectors, such as unsaturated fatty-acid Rubinstein, C.. B., and R. L. Barns. Crystal- 

i ie ographic Data for Rare-Eart uminum Gar- 
soaps, we re used. Under op fmum condi nets: Part II. Am. Miner., v. 50, Nos. 5-6, May-— 
tions, using a mixture of oleic, linoleic, and June 1965, pp. 782-785.
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| of lanthanum, praseodymium, or neodym- the samarium-aluminum system contains 
lum; nine times as much yttrium or rare- _five intermediate phases, two orthorhombic, 

_ earth elements other than lanthanum, © one cubic, one tetragonal, and one hexag- 
prascodyzaium ae , von ane ona mn an attempt to produce single | 
oxygen. publication o a ge crystals of samarium metal, SmAI needles 
National Laboratory discussed preparation, formed by reaction were deposited on the 
purification, and properties of various rare- alumina crucible. The authors concluded 
earth halides.29 7 that SmAlI had a body-centered cubic B-— 

The first separation of volatile rare- type structure, differing from Buschow’s 
earth complexes by gas chromatography finding of an orthorhombic structure.29 
was said to have been achieved. Using In another study on binary systems con- 
2, 2, 6, 6-tetramethyl-3, 5-heptanedione taining rare-earth elements and aluminum, 
(Hthd) as the chelating agent, the result- _ five intermetallic compounds were observed 
ing chelates are thermally stable, anhy- in each of the neodymium-aluminum and . 

| drous, and unsolvated. Because of their gadolinium-aluminum systems, only NdAle 
volatility differences, these rare-earth com- and GdAle melting congruently.4° 

: plexes can be separated by fractional sub- Most of the intermetallic compounds of 
limation.30 | | ee | 

7 Research was continued on separation -§ 2 gchieber, Michael (assigned to The Weiz- 
methods using ion exchange and solvent mann_Institute of Science, Rehovoth, Israel). 

extraction. These included a continuous eee Ferrites. U.S. Pat. 3,198,502, July : 
ion-exchan rocess which continuousl ? Oak Ridge National Laboratory. Rare-Earth 

_ ion Be a : h liquid be Halides. U.S. Dept..of Commerce, Clearinghouse 
regener an e Jex free hel Aqui Y for wederal Scientific and Hechnical Information, 
passing the complex-free chelating agent RNL 3804D, May 1965, 61 pp. 

. : Chemical & Engineering News. Gas Chro- 
from the effluent ‘in reverse flow through matography Separates Rare Earths. V. 43, No. 
the solid medium,?! and a solvent extrac- 47, Nov. 22, 1965, pp, 39-40. nd Ammer! 
tion method which separates individual Potash & Chemical Corp) en Exchance Pron 

' elements from an aqueous sulfate solution ess for Separating the Rare Earths. U.S. Pat. 
containing 0.005 to 0.05 mole of rare-earth oe Bee’ aan: 25 C. ‘essigned to the U.S. De- | 
elements per liter.3* A calculation meth- partment, of the Interior). Process for Separat- | 

od used with a multistage-multisolute sys- Vent Extraction. U.S. Pat. 8,192,012, June 29, 
tem which allows selecting processing con- 1965. | | : Oo 

one o- . 8 Sharp, Brooks M., and Morton Smutz. 
_ ditions for any desired separation was  gtagewise Calculation for the Solvent Extraction 

also developed. Acid: Tributgl’ Phosphate-Water NBO Pras . cid-Tributy. osphate-Water. rocess 
| Numerous studies. were made on the re- Design and Development, v. 4, No. 1, January 
lationship of phases. in various rare-earth | 1965, pp. 49-64. ck © ag Iden | 

binary and ternary systems. The “envelop- — size-Factor Limitation in AeBoo-Type Compounds | 
ing effect” was believed responsible for the Due to the “Enveloping Effect”; New Com- 
extreme atomic-size sensitivity in binary Rlomente "irene AGM ones (Mee ae 

| _ systems of rare-earth elements and man- No, 4, April 1965, pp. 731-736. ‘ } | 
ganese, resulting in formation of 10 AcBes— Copel Seog 204.0; N. Garlson. Meals tA 
type compounds.34 Three intermetallic sterdam, Netherlands), v. 9, No. 4, October 1965, 
compounds-YCos, YCos, and YCoz—-were  PP;, 281-288. . pou 15, M08 . oe 36 Rosen, S., and P. G. Sprang. Phase Equi- 
determined and six. intermediate phases— libri in Yttrium-Rich Ternary Alloys Contain- 

Ing uminum an arpon. ans. » Ve 

Y:2Cou, YCos, YsCos, YCo, YsCoz, and 998 (set. Soc.), No. 7, July 1965, pp, 1265-1269, 
Y:Co-—were tentatively identified.35 In an a7 Buschow, | K. H J. The Lanthanum Alu 
: | od _ , - minium ystem. WIps es. epts. Inde 

isothermal section from the Y—AI-C ter hoven, Netherlands), v. 20, No. 3, June 1965, 
nary system, aluminum was found to be PP. 837-$48. K. HJ. and3.HN Vucht 

°° : ? uschow, ° - Je, aN ° ° - Van VUCAT. 

negligibly soluble in the binary YsC phase 9, the Intermediate Phases in the System Sama. 
and the system was found to contain a rium-Aluminium. ay rire, Res Repts._ (Bind- 

; q oven, ewerian » Ve ’ oO. . ebruary ternary phrase, Y¥sAIC, which has a unit 1965, ‘pp. 15-22, | 
cell of the perovskite type.36¢ 39 Runnalls, 12: J. C., and £o WwW. Lorimer. 

: . - ; n- Preparation, Identification an rystal Struc- 
Binary rare earth-aluminum systems in ture of SmAl. J. Less-Common Metals (Am- 

vestigated included those containing lan-  sterdam, Netherlands), v. 8, No.. 1, January 
i - 1965, pp. 75-77. 

thanum and samarium. The lanthanum 40 Buschow, K. H. J. Phase Relations and In- 
aluminum system was found to contain six termetallic Compounds in, the System Neodym- 

: ; : ium-Aluminium an olinium-Aluminium. 
intermediate phases, three hexagonal, two J. Less-Common Metals (Amsterdam, Nether- 
orthorhombic, and one cubic structure; lands), v. 9, No. 6, December 1965, pp. 452-456.
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formula MX, where M equals a rare-earth Investigations of properties of rare-earth 
element and X equals copper, magnesium, materials included determining resistivities 

| zinc, cadmium, mercury, or thallium, were and lattice parameters in neodymium- _~ 
found to have crystal structures of the dysprosium alloys,5° and measuring heats of | 
cesium chloride type.41 Binary alloy stud- solution of rare-earth metals and alloys in 
ies on two heavy rare-earth metals with liquid tin.51 They also included volumet- | 
silver, gold, platinum, aluminum, indium, _rically measuring coefficients of expansion 
thallium, or germanium showed the pres- to determine the densities of cerium and 
ence of a number of new intermediate several binary cerium alloys over a wide 
phases, four of cubic cesium chloride type temperature range,5? inferring the cause 
structure, eight. of cubic AuCus type, four of a greater rate of expansion of one lat- 

' of tetragonal. MoSi type and two of hexag- tice parameter during heating in some 
onal Mn;Sis type.42 During investiga- rare-earth-ruthenium intermetallic com- 

i i | f rare-earth ele- 9 ——— " 
fons on binary syst ems ° © di d 41 Jandelli, A., and A. Palenzona. Atomic 

1 : - nesium tem ree .Compounds of CsCl Type. J. Less-Common 
that in the cerzum: magnesiu here > Metals (Amsterdam, Netherlands), v. 9, No. 1, 
compounds exist in an area where previous- July 1965, pp. 1-6. 7 

| ly. one was believed present. One of the ne Moriarty, J. L., R oO. Gordon, and z. E. 
° . umphreys. Some ew Intermetallic Com- 

three decomposes into the other wo com- pounds of Holmium and Erbium With Ag, Au, 
pounds in a eutectoid reaction.4® Two Pt, Al, In, Tl, and-Ge. Acta Crystallographica 
eutectic reactions were found to occur in the {Japenhagen, Denmark), v. 19, pt. 2, August 

. ° , : \ ° 2 ee ° 

ytterbium-magnesium system, one at 496 48 Wood, David H., and Eugene M. Cramer. 
C and 31.5 atomic percent magnesium and Phase Relations in the Magnesium-Rich Portion 

. ° } : 7 oO he Cerium-Magnesium System. . J. S- 
the other at 5 09° Cc and 89.3 atomic per Common Metals (Amsterdam, Netherlands), v. 
cent magnesium; the hexagonal intermetal- 9, No. 5, November 1965, pp. 321-337. | 
lic compound, YbMgs», was found to exist “4 McMasters, O. D., and K. A. Gschneidner, 

PC d 7. 52 al d It Jr. Ytterbium-Magnesium System. J. Less- 
over a wide compositional range ant me - Common Metals (Amsterdam; Netherlands), v. 
ed-congruently at 718° C.44 Other binary 8, No. 5, May 1965, pp. 289-298. : 

7 : . eme: 46 Harris, I. R., and G. V. Raynor. Rare 
sys tems studied were of rare earth elements Earth Intermediate Phases. I. Phases Formed 
with tin and indium, with palladium, and With Tin and Indium. J. Less-Common Metals 
with aluminium and cobalt.46 Three inter- (Amsterdam, Netherlands), v. 9, No. 1, July 

di h Gd O 2TiO . ith bi 1965, pp. 7-19. 

- mediate phases, GdeUs—2 1102 with a cubic ———. Rare Earth Intermediate Phases. II. 
structure and melting congruently at 1,820 Phases Formed With Palladium. J . Less-Com- | 
C, Gd:Os-TiOz melting incongruently at No. 4; ‘October uae Co ene 
1,775° C, and a face-centered-cubic solid penetris, I R., R. C; Mansey, and G. V Raynor. 

° ° ° , are tar ntermedaia ases. ° e Uupic 

solution melting incongruently over a range faves Phases Formed With Aluminium and Co- 
of temperatures and compositions, were de- alt, 2 . an Common Metals (Amsterdam, 
termined in the binary GdsOs-TiO: sys- Netherlands), v- 9 No. 4, October 1965, pp. 
tem.4#6 Nine compounds and three eutec- & 46 Waring, 2 le and S. J. Schneider. Fase 

° ® ‘° ° quilibrium elationsnhips in e system 3 

tics were observed in the cerium-zinc sys- Tio, NBS J. Res., v. 69A, (Phys. and Chem.), 
tem with three of the compounds melting No. 3, May-June 1965, BP. 255-261. Phase Rel 

‘ . ® ° 10Ut1, - an ° ° ason. se B= . 

congruently and the eutectics being at 10 tions and Thermodynamic Properties of the Ce- 
weight-percent zinc and 495° C, at 37 go one System. rans. AIMEE. og 233 (Met. 

° ° ° oOc.), oO. Apri » pp. o 

weight-per cent zinc and 795 CG, and at 56 48 Buschow, K. H. J. Rare Earth-Aluminium 
| weight-percent zinc and 810° C.47 Intermetallic Compounds of the Form RAl gana 

° : o e ess-Lommon m, 

Intermetallic compounds of aluminum Netherlands), v. 8, No. 3, March 1965, pp. 209- 
with rare-earth elements, except for euro- 212, 0. LM. M. Smutz, and EH. Okon. 

° : : * eterson, l. M., M. Smutz, an . on. 
prum, thulium, ytterbium, and lutetium ? Use of Tapered Specimens in Studies on Growth 
were investigated. In general, the lattice of Single Crystals of Gadolinium. J. Less-Com- 
constants of their orthorhombic and tetrag- ™0n Metals (Amsterdam, Netherlands), v. 8, 

‘ No. 5, May 1965, pp. 352-353. 
onal structures and, therefore, the volume x Arais, S., R. RY: Colvin, and. H. Chessin. 

: . : . ectrical an -Ray Studies of Some Neody- 
of the unit cells, decreased Ww ith decreas mium-Dysprosium Alloys. J. Less-Common 
ing atomic radii as the atomic number in- Metals (Amsterdam, Netherlands), v. 8, No. 8, 

48 . arch 1965, pp. 186-194. creased.48 Growth of crystals of rare-earth Lundin CE. and M. J. Pool. Heats of 
elements was studied. In one method, Mixing in, Praseodymium-Neodymium Solid So- 

. ° : : utions.. J. Less-Common Metals (Amsterdam, 
tapered and cylindrical te nsile specimens Netherlands), v. 9, No. 1, July 1965, pp. 48-53. 
of 99.9-percent-pure gadolinium metal were 52 Perkins, R. H., 1 A. Geoffrion, and. J. C. 

vm i i Biery. ensities of Some w-Melting Cerium annealed in inert atmospheres, strained in Allows. ‘Trans, AIME, 9 933 (Met, Soe), No. 9, 

tension, and reannealed. September 1965, pp. 1703-1710.
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_ pounds,53 and using an automatic ther- conductivity of yttria-stabilized zirconia, 
~ mobalance to investigate the thermal de- highly desirable as a single phase, pore-free, 
composition of hydrated rare-earth chlo- and gastight material in fuel cells, studies _ 

rides.54 | were made on the fabrication of yttria- 
Yttrium metal was obtained as low as Zirconia solid-solution tubes and _ plates. 

1,000° C in the final distillation stage of | These items were fired at temperatures be- | 
yttrium alloys which were first produced by tween 1,500 and 1,900 ; C to produce 

| the equilibrium reaction in a fused-salt bath high-density material, but in powder com- 
of magnesium and yttrium chloride.55 pacts with zirconia, yttria tended to evapo- 

Crystals of yttrium were grown epitaxially rate when heated above 1,400° C.60 

from vapor on a tungsten field-emitter 53 Gschneidner, K. A., Jr., R. O. Elliott, and 
surface and the symmetry of field-emission Deas Cromer. Thermal Expansion of aku, 

: ° eRug, an rRuz From to . Jd. Less- patterns was used to identify the crystal Gommon Metals, (Amsterdam, Netherlands), v. 
planes.56 The recrystallization tempera- 8, No. 4, April oes, Pp. 217-221. | Matth 

a ° aeseler, iinther, an ranz atthes. - 

ture for highly cold-worked alloys of 14 to Uber den Thermischen Abbau der Chloridhy- 
74 parts per million of yttrium in tantalum Grate der Blemente der Seltenen Erden. oot | 

_ ° ° ° ° e erma ecomposition oO. e nyara O-u- 

| was raised 450° to 700° C compared with yides of the Rare-Earth Elements.) J. Less- 
high-purity tantalum, and grain growth Common Metals (Amsterdam, Netherlands), v. 

was retarded, both phenomena being oe mwary} August 1965, pp. 133-151 (English | ary). 
caused by segregation of yttrium at grain 55 Caro, P. La Réduction des Halogénures - 
boundaries.57 d’Yttrium par le Magnésium-Méthode d’Obtention 

4 d’Alliages Magnésium-Yttrium (The Reduction 
A 1964 Soviet monograph on the struc- of Yttrium Halides by the Magnesium Method 

ants ° P for Obtaining Magnesium-Yttrium Alloys.) J 
tur es, properties, pr oduction, and areas of Less Common Metals (Amsterdam, Netherlands), 
application of rare-earth borides, carbides,  v. 8, No, 4, April 1965, pp. 235-255 (English 

. oe eyes . summary). nitrides, silicides, and sulfides was pub co Melmed, Allan J. Field Emission From 

lished in English.58 Epitaxially Grown, Yttrium on Tungsten. asd . 
. * : : ; ess-Common Metals msterdam, Netherlands), White scale, identified as yttrium oxide, SNe B. May 1965, pp, 320-336. 

and black scale, showing diffraction lines 5 57 Kirkbride, | L D., J. A. Basmajian, D. R. 
° * tne troller, . E. Ferguson, R. H. Perkins, an 

of the oxide and the nitride, were spalled D. N. Dunning. The Effect of Yttrium on the 
from the surface of pure yttrium which Reerystallization and Grain Growth of Tantalum. 

: : ° - Less-Common etais msterdam, ether- 
had been heated in air at 1,100° C for 1 4) g\s"y.°9, No. 6, December 1965, pp. 393-408. 
hour. Fine grinding of the scale surface 7 58 Samsonov, | Grigorii Valentinovich, igh 

. nati *ndi . emperature Compounds o are-Eart eta and X-ray examination indicated the pres With Nonmetals. Consultants Bureau, New 
ence of a triple layer: The outer layer was York, 1965, 280 pp. 3 

; ; ; 59 Evans, E. B. Scaling of Yttrium in Air. J. 
a normal white. oxide, the middle layer Less-Common Metals (Amsterdam, Netherlands), 
was a black oxygen-deficient oxide, and _ y. oo NO. 6, December 31968, D. 465. Stabil 

: ; jn tman, Gerald. Fabricating Yttria il- 
the under! ying laye Te was a yellowish ne ized Zirconia. Ceram. Age, v. 81, No. 1, Janu- 

tride.v’ because OI tme EXcCeEllient GreCrricali ary 1965, pp. 58-60. 
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| : enium 

: | By Richard F. Stevens, Jr.: | 

, World production of rhenium metal The primary sources of. rhenium during 
powder increased as a result of the inter- the year were the United States, the 
est in the use of rhenium as an addition U.S.S.R., and Chile. In all cases, rhenium 
to tungsten and molybdenum to produce was recovered as a secondary byproduct - 
high-termperature, high-strength alloys, of porphyry copper ores. 
and was estimated at 5,000 pounds in 1965. : , | 

DOMESTIC PRODUCTION | 
Spurred by the continuing demand for mestic producer of rhenium metal powder. 

rhenium in refractory metal alloys, the Chase was recently issued a patent covering | 
production and shipments of rhenium the production of high purity rhenium 
metal, alloys, and compounds continued metal from a mixed starting material of 
to increase during 1965; despite this, the crude rhenium salts and rhenium scrap.2 
reported domestic consumption of rhenium Other patents upon which Chase’s original | 
metal powder decreased. Domestic pro- rhenium. recovery operation were based 
duction of recovered rhenium in the form were issued to the parent organization, 
of salts increased in 1965 and continued Kennecott Copper Corp. in 1957 and 

_ to exceed the 1,400 pounds, rhenium con- 1959.3 Rhenium salts were recovered for 
| tent, reported in 1963, while production Chase from the molybdenite obtained from 

of rhenium metal powder decreased ap- domestic porphyry copper ores by the 
proximately 25 percent. Shattuck Chemical Co., Denver, Colo., and 

, the Molybdenum Corporation of America 
The only commercial source of rhenium (Molycorp), Washington, Pa. Kennecott 

continued to be as a secondary byproduct was installing a molybdenite roasting fa- 
_ recovered entirely from the molybdenite  cility and rhenium recovery circuit at Gar- | 

. associated with southwestern porphyry cop- field, Utah. Molycorp planned to recover 

per ores. Chase Brass & Copper Co., Inc., rhenium from its Questa, N. Mex., molyb- 
| Waterbury, Conn., (a subsidiary of Ken- denite mine which began operation late 

necott Copper Corp.) was the only do-_ in 1965. : 

| CONSUMPTION AND USES : 

Approximately 1,009 pounds of rhenium brittle transformation temperature and the 
metal powder was consumed, primarily in imparting of sufficient ductility to allow 
tungsten-rhenium (W-Re) and molybden- TCommodity a as 

. . ommodity specialist, Division of Minerals. 
um-rhenium (Mo-Re) alloys, representing Cooper, James Jr., and Joseph J. Aldrich 
a 33-percent decrease compared with 1964 Weteebory, Comte Brass | Xo opper So ins; 
consumption. The U.S. Atomic Energy Purity Rhenium compounds. U.S. Pat. 3,192,- 

Commission (AEC) continued to be in- °s Vimmeriey, ‘Seuart R., and John D. Prater 
terested in and study the W-25Re and (assigned to Kennecott Copper Corp., New York). 
W-30Mo-30Re alloys for use as a struc- Process for Producing Pure Ammonium Perrehe- 

tural material in small nuclear ‘space re- B Bye 06S, Other tyr Compounds. U.S. Pat. 

actors. — The distinct advantages offered (aviionet ley, eeeettt Cope Con Ney Lins 
by alloying tungsten and molybdenum with Extraction of Rhenium Incidental to Manufac- 

rhenium are the lowering of the ductile- 092, oe bdenum Oxide. U.S. Pat. 2,809,- 

779
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these alloys to be formed with standard scribed commercial sources of rhenium, ex- 
fabrication equipment at room temperature traction of rhenium from byproduct — 
while still retaining exceptional high-tem- sources, production dnd plastic deforma- 
perature, high-strength properties. Ap- tion of Re, chemical, physical, and me- | 
proximately 75 to 80 percent of the rheni- ~ chanical properties of Re, and phase dia- 

- um consumed during the year was in re- grams and physical properties of binary | 
fractory alloys, predominately tungsten- and ternary rhenium alloys. A review and | 

| rhenium alloys. Other major applications | evaluation of the chemistry of rhenium and 
| continued to be in electrical contacts, technetium including methods of deter- 

| thermocouples, catalysts, and to a lesser mining the occurence and of isolating the 
degree, in coatings. | chemical compounds of these elements was | 
Sylvania Electric Products, Inc., To- released.6 

wanda, Pa., developed a fine tungsten-1.5 Additional information on the mechani- 
percent rhenium alloy wire for flashbulb cal, oxidation, and thermal properties of 

| filaments replacing the W-3Re alloy pre- rhenium was also recently published.? 
viously used in this application. The addi- Chase Brass & Copper Co., Inc., which 
tion of rhenium raises resistivity, causes a purchased Cleveland Tungsten, Inc. early 

| faster ignition, and allows this tungsten in 1966, announced that they would move 
| alloy to be readily drawn to filament wire their Rhenium Division from Waterbury, | 

at only slightly elevated temperatures. Conn., to the former facilities of Cleveland 
: General Dynamics Corp., Fort Worth, Tungsten at Solon, Ohio. coe 

| Tex., developed an electrical conducting An English translation of the book which 
| solid-film silver lubricant containing small originally appeared under the title ‘““Molib- 

amounts of rhenium which can operate at deno” is now available and contains a re- | 

temperatures from —80° to 1,400° F. This vised and expanded chapter, Rhenium as a | 
lubricant is particularly well suited for by-Product of Molybdenite. This revision 
sliding devices which conduct electric cur- covers the. reserves and production of rhe- | 
rents. . 7 7 7 nium from the porphyry copper ores of the 

| An extensive and comprehensive Soviet United States, Chile, Mexico, East and 
report described the history, properties, West Germany, and the U.S.S.R. in more 

: applications, occurence, recovery, and pro-_ detail than the original Spanish language 
duction of rhenium.* a publication. In this chapter, new data 

The translation of selected chapters of are reported on rhenium reserves, various 
a second Soviet report on rhenium-refrac- recovery processes used in the United 
tory metal alloys has just recently become States and the U.S.S.R., and other methods 
available which discusses the compaction, of recovery and metallurgical treatment. 
heat treatment, mechanical properties, A section of the chapter deals with various 
weldability, corrosion resistance, catalytic developments which have occurred in the 
properties, and high-temperature applica- past 4 years, specifically information on 
tions of these alloys.5 The other chapters the U.S.S.R. and East German production 

| of the original Soviet language report de- of rhenium. 

| PRICES ) 

Chase Brass & Copper Co., Inc., con- per pound for lots of 5 or more pounds. 
tinued to quote the following prices for §—HH— 

: . . 4 . 
Ammonium porhenate (NELRCO, $25 of Gammerce, Joint Publications ‘Service, JPRS 

: 3 361, Feb. 25, 1964, 245 pp. . 

per pound up to 5 pounds and $400 per 5 ear tekiys noite MA, Tuikina, and KB. 
pound for larger quantities; potassium of Commerce, Joint Publications Research Serv- 

perrenate (KReO.), $395 per pound up ie oan Re the Chelsie of thootum and 
to 5 pounds, and $370 per pound for Technetium. Interscience Publishers, a division 
larger quantities; rhenium metal powder, of John Wiley & Sons Ltd., New York, 1965, 

185 pp. grade I, $650 per pound up to 1 pound, 7 Tietz, T. E., and J. W. Wilson. Behavior 
and decreasing to. $580 per pound for lots and Properties of refractory Metals. Stanford 

of 20 or more pounds; and rhenium sin- sg ety Press, Stanford, Calif, 1965, pp. 
tered bar (melting stock), $800 per pound 8 Sutulov, Alexander. Molybdenum Extractive 

up to | pound and decreasing to $750 ae ORne. 1988, 559 op Concepcion, Concep-
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Rhenium rod stock having diameters rang- $280 to $300 per pound of rhenium con- 
ing from 0.2 to 0.025 inches were quoted at tent for W-Re and Mo:Re alloy scrap. 
$900 to $1,260 per pound respectively. This material was recycled to recover. the 
Rhenium strip and foil, having thicknesses rhenium content. oo , 
ranging from 0.06 to 0.001 inches were Effective December 12, 1965, Hoskin 
quoted at $815 to $1,580 per pound, re- Manufacturing Co., one of the largest | 
spectively. Also available were tungsten- manufacturers of tungsten-rhenium thermo- | 
rhenium and molybdenum-rhenium alloys couples, reduced the price for their stand- 
in the form of ingot, rod, wire, sheet, and ard tungsten—5 percent rhenium/tungsten 
tubing produced by both powder metallurgy —26 percent rhenium bimetal thermo- 
(PM) and arc-melting (AM) techniques. couples used to measure temperatures up 

Also, Chase was reportedly offering from _ to 5,000° F. 

: | FOREIGN TRADE __ | 
During 1965, imports of high-purity in electronic applications. The rhenium 

rhenium metal powder more than doubled metal powder imported from West Ger- 
to 469 pounds valued at $213,085. - This many continued to be sold at approximate- , 
material, which was imported from West ly $20 ‘per pound less than domestic rhe- 
Germany (98 percent), France (1 per- nium. ‘This price differential was for im- 
cent), and the United Kingdom (1 per- ported rhenium with duty (10.5 percent 
cent), continued to be used primarily in ad valorem) paid. — | 
tungsten-rhenium thermocouple alloys and. oe ee 

— | o WORLD REVIEW a Bn 

Belgium.—Société Générale Métallurgi- mine (1.3 pounds per ton), and the El 
que de Hoboken announced it would be- Teniente mine (1 pound per ton), the 

| gin commercial production of rhenium other copper porphyry ores are believed 
metal powder recovered from molybdenite to contain like quantiues of rhenium. Al- 
as a secondary byproduct of porphyry cop- most all of this material’ is exported to 
per ores mined in the Democratic Republic | Western Europe where the molybdenite is 
of the Congo (Léopoldville). It is be- roasted and some of the rhenium is re- 
lieved that Métallurgique-Hoboken has covered. _ 
been accumulating significant amounts of China.— Although little information is 
rhenium-bearing copper ores over a period available on the rhenium production and 
of several years and currently is estimated reserves of mainland China, it is believed 
to have an assured supply of several hun- that the disseminated (porphyry) copper 
dred pounds of rhenium. This Belgian deposits, reported in the Copper Materials 
firm reportedly will market the recovered Survey, which are at the Chung-t’iao Shan 
rhenium metal powder through Sté Génér- mine in Shansi and the Te-hsing mine in 
ale des Minerals at a price of. about $454 Kiangsi, probably contain rhenium.1° It 
per pound. — os | is believed that none of the rhenium in 

Chile——The porphyry copper ores of these. ores is recovered. 
. Chile, from which molybdenite (MoS,) is Germany, East.—In the first commercial 

| recovered, are reported to contain about production of rhenium, the metal was re- 
one pound of metallic rhenium per ton covered from the residues of potash salt 
of MoSz.® Similar type deposits in the workings at Aschersleben and from Mans- 
southwestern part of the United States feld copper smelting flue dust in Eisleben. 
contain from 1 to 3 pounds of rhenium Recovery of rhenium from the Mansfeld 
per ton of MoSz. The majority of this flue dust, which contains approximately 
copper and associated molybdenum is re- 0.25 pounds of rhenium per ton of MoS2, 
covered by subsidiaries of the Kennecott was recently reinitiated. Research on the 
Copper Corp. and The Anaconda Copper high-temperature properties of rhenium 
Co. at several mines. Although the rhee —————— | . nium contents have been reported. from Molybdenite. “Min. Mag, (Condon), 9. 112, No 
only the uquicamata mine J poun > wepruary » Pp. : . 
rhenium per ton of MoSz) the El Salvalore vey. Momanon, Tat, Cine ooo. 1965 340
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was being conducted in Freiberg and Dres- the recently expanded Balkhas plant in 
den. oO , | Kazakhstan, rhenium is recovered from the 

Germany, West.—Rhenium metal pow- residues of catctum molybdate production 

| der was recovered and marketed in West that comes irom the treatment of the : 
Germany by Herman Stark, Goslar, and Kounrad porphyry copper ores. A detailed 
production in the country during 1965 was description of re om vcoortea pr he | 
estimated at about 500 pounds. This used in the U.5.0.K. Is reported in the 
rhenium was recovered from molybdenite volume on molybdenum extractive metal- 
imported from Chile which had been re- ‘lurgy.1* These nine deposits and _ their 

| covered from the porphyry copper ores ob-. TePor ted rhenium contents are as follows: 
| . tained primarily from the El Teniente : - | | Rhenium content 

mine of Braden Copper Co., a subsidiary (Pounds per ton 
of Kennecott Copper Corp. Mine of MoS:) | 

Mexico.—The rhenium content of the | Kounrad, Kazakhstan ___-_ 1.12 | 
prophyry copper ore produced from the Almalyk, Uzbekstan ~._-.. .51 

- Cananea mine, 50 miles southwest of Bis- © Kalmatyr, Uzbekstan _______ .64 
bee, Ariz., is reported to contain 1.5 pounds Kadzharan, Armenia ___.___. .66 
of rhenium per ton of MoSz, a grade com- _.. Dastakert, Armenia --_--_--_ .18 
parable to several deposits found in the Daragachaisk, Armenia ...- .62.. 

| _ United States from which rhenium is pres- Aigedzor, Armenia ~------ 2.20 _ 
| - ently recovered.1t Although, as in the | Dzhindarinsk, Armenia -_.-_ 55. . 

case of Chile, almost all of the rhenium- = Davenda, Transbaikal __._-___ .13 

| bearing motybdenite Besoniated 4 i“ {ms In the Soviet Union the first recovery | 
staat i exporte “ty be; eueve de to nO of rhenium was initiated in 1948 at Balk- 

. a vor the henius y f eng chis “al : ae _ hash and since that time an intensive re- 
hich. de rhenium = from tas relative’Y search program has been conducted. The 
IBA-Brace SOURCE. four potential sources of rhenium in the 
Sweden.—The highest reported concen- _=U.S.S.R. have been reported to be molyb- 

tration of rhenium occurs in the Lained- denite concentrate, copper concentrate, flue 
jaur nickel mine North West of Bastutrask, qusts from different smelters, and over-— 
which was operated during World War II flow waters from mining and milling op- 
and has been closed since that time. This erations. Oo 
deposit contains 5.5 pounds of rhenium Although the volume of rhenium pro- 

per ton of MoS, almost twice the high- duction in the Soviet Union is not known, 
est concentration reported in the United j; is believed to be comparable or perhaps 

oe States. : : : even slightly higher than that in the Unit- 
U.S.S.R.—At least seven and possibly ed States because only about half of the 

| nine rhenium deposits in the Soviet Union molybdenite in the United States is treated 
have sufficient rhenium concentrations to to recover rhenium while most of the 
justify their recovery. In all nine deposits molybdenite obtained in the U.S.S.R. is 
the rhenium occurs as a secondary byprod-___ relatively impure and requires an addi-. 
uct of rhenium-bearing copper ores in con-_ tional hydrometallurgical treatment, in 
centrations ranging from 0.13 to 2.2 which operation the rhenium content can | 

| pounds of rhenium per ton of MoSz. At __ be recovered. 

TECHNOLOGY 

The Bureau of Mines, in cooperation this ternary alloy into small diameter, 
with the Atomic Energy Commission  thin-wall tubing. 
(AEC), continued studies of the tungsten- Bureau studies were also conducted on 
25 percent rhenium (W-25Re) alloy to =————_ | 

i ish- high- 11 Page 77 of work cited in fotnote 9. evaluate its high-temperature, high-strength 2 Paves 176 amd 197 of work cited in foot- 
properties, and room temperature duc- note 8. 
tility.1° During the year studies were ini- 13 Bureau of Mines. Metallurgical Progress 

. Report, Nos. 26-29 uarter! ts, March- 
ated on the W-Mo-Re ay system to December 1965). Us. _ Devt ‘of Commeree, 
etermine its properties and optimum learinghouse for eral Scientific and Tech- wy as . oe ] , -RC- 

methods of consolidating and fabricating 1220. Information, USBM-RC-1158, 1199, 1206,
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the engineering properties of the W-25Re high creep-rupture strength. 
alloy to determine the suitability of fab- Tungsten-25 rhenium tubing was suc- 
ricating extruded bars to sheet. cessfully produced by extruding W-25Re | 

Studies were also conducted by Bureau sleeves consolidated by powder-metallurgy | 
scientists to develop methods of preparing and arc-melting at 1,600° C. and at ex- 
ultra-fine homogenous tungsten-rhenium trusion ratios of 16 to 1 and 25 to 1.22 
alloy powders by the hydrogen coreduction Using this fabrication technique W-25Re 

' of their freeze-dried ammonium com-_ tubes were extruded and then drawn at — 
pounds.14 | 510° C to %-inch diameter. The reex- 

The tungsten-rhenium alloys which have _ trusion of W-25Re tubing to smaller diam- 
| excellent high-temperature, high-strength eters, below 0.1-inch, required the use of 

properties, and room temperature ductility a filler material, such as molybdenum, 
continued to be studied as a structural and which was removed chemically following 

- cladding material in nuclear and aerospace __reextrusion. : 
applications.15 | Dense adherent rhenium electrodeposits 

In order to determine the effect of pro- were successfully applied on Mo and W 
longed exposure of tungsten-rhenium al- when these substrate surfaces were etched 

| loys to the operating conditions in nuclear in a 15-percent. sodium hydroxide solution 
reactors, the influence of neutron irradia- with an alternating current density of 30 

| tion on the creep-rupture, tensile, hardness, amperes per square decimeter.23 
- and resistivity properties of W-25Re was Rhenium alloys studied for use in the 
evaluated.16 | brazing of tungsten-base materials included 

_ A processing procedure was developed W-10Re-20Ru, W-15Re-25Ru, W-20Re- | 
for tungsten-rhenium base alloys which 10Ru, W-40Re-15Ru, Mo-50Re-15Pd and 
produced high-purity W-25Re sheet and Mo-30Re-30Pd.24 Although none of these | 
extended the high-temperature application alloys were cold workable, the W-20Re- 
beyond that of presently available com- 10Ru alloy had the highest brazing tem- ! 
mercial alloys.17 _ | perature of 2,825°.C. | 

The stress-rupture strength and creep The fabrication of tungsten-rhenium al- 
resistance of the Mo-50Re alloy were eval- loys is difficult and expensive because of 
uated in the temperature range from _ the high temperatures required, 1,800° C 
1,600° to 2,200° C and were found to be _for extrusion, the tendency to form a brittle 
an order of magnitude greater than pure “sigma” phase during alloying, and the 
molybdenum.18 | - poor recovery of expensive rhenium.25 To 

In the stress range from 4,250 to 8,500 avoid these difficulties the Oak Ridge Na- 
pounds per square inch at 1,600° C in a tional Laboratory (ORNL) produced tung- 
hydrogen atmosphere, rhenium and W- _ sten-rhenium alloy tubing by the vapor 
25Re had less stress-rupture strength and _coreduction of tungsten and rhenium hexa- 
creep-resistance than tantalum-10 tung- fluorides (WF. and ReF. with hydrogen 
sten (Ta-10W) .19 | —___ 

_ Tungsten-25 rhenium sleeves were pre- Dry Tansber Bs A ond a Dame. Bree 
pared by powder-metallurgy, arc-melting, J. Metals, v. 17, No. 8, August 1965, pp. 

| and skull-casting techniques from stoichio- "97380. Joi, TL. R. Nuclear Fuels and 
metric proportions of W and Re metal Materials Development. AEC, U.S. Dept. of 

powder isostatically compacted at 90,000 Commerce. Clearinghouse for, Federal, Scientif 
pounds per square inch and sintered at June 1965, 145 pp. 
2,200° C by electron-beam heating.2° These foote eae 4 and XIV. 5 of work cited in 
sleeves were subsequently extruded and 17 Page XIV. 4 of work cited in footnote 15. 

drawn to small diameter W-25Re tubing. Page HIV. $ of work cited ip footnote 16 
ae Me aie were ceveloped which ' * Pages VIII. 1 and VIII. 2 of work cited in 

offer a wide selection of elevated-tempera-  f0otno . wa: 

ture properties.21 W-30Re-30Mo, an in- = Pages XVII. 1 and XVIII 8 of work cited 
herently fine-grained alloy which exhibits SS. Atonaic Energy Commission. Reactor 
complete resistance to loss of room-tem- Materials. V. 8 Nos. 14, (published quarterly), 
perature bend-ductility, has been success- 1965, 249 pp. as 
fully fabricated and use d as a prototype nate Paxes 229 and 230 of work cited in foot- 

ps . wo . 
reactor component. W-30Re and W-30Re- meneinN cele ee commission. Eunda- 
QMo can be age-hardened to develop er 1965, 338 pp.
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| atomic percent Tc were cast into buttons this second region appeared eutectic and 
by arc- and electron-beam melting. Allof was the last region to solidify. This in- 
these alloys exhibited significant amounts  terpretation would place the 60 a/o Tc 
of porosity, were irregular in shape, and alloy as hypoeutectic. 
were difficult to fabricate. During melting, Results of cold forging the high techne- | 
losses of 10 percent occurred because of tium alloys (50 and 60 a/o Tc) to about 
splatter rather than evaporation. In an 40 to 50 percent reduction have indicated 
attempt to remove the porosity these but- that, like rhenium, technetium does impart , 
tons will be remelted. . significant room temperature ductility to 

Arc-melted tungsten alloys containing tungsten. 
50 and 60 atomic percent (a/o) Tec were Additional research conducted on tech- | 
examined with an electron-beam micro- netium-aluminum (Tc-Al) and _ techneti- 
probe in attempts to determine composi- um-silicon (Tc-Si) compounds evaluated 
tions of the second phase region of these intermediate phases stable at elevated tem- : 
alloys. These measurements, together with peratures.36 | 
observations of the structure, indicated that 2 Darby, J. B., Jr., J. W. Downye, and L. J. | 
the nonequilibrium structure of both alloys Norton. Intermediate Phases in the Technetium- 

were alpha solid solution plus a region of ee a ere a 
alpha and sigma. The configuration of yy. 8, No. 1, January 1965, pp. 15-20. |





| By William H. Kerns * 7 | | - 

Increased. consumption of salt _ (sodium Legislation and Government Programs. 

| chloride) in the expanding chemical in- —A Bill was introduced in the U.S. Con- i 

dustries resulted in a record high U.S. gress in October 1965 proposing that con- 

salt production in 1965. Two-thirds of the  tainers of salt of foreign origin be marked 

total salt output was used to manufacture with the English name of the source | 

chlorine-caustic, soda ash, and other chem- country. The Bill, H.R. 11575, was referred _ 

icals. Production of salt was more than 3 to the Committee on Interstate and Foreign | : 

million tons above the 1964 figure, a gain Commerce, but was not reported out of | 

of 10 percent. | a committee by yearend. | _ 

oe 7 DOMESTIC PRODUCTION | | 7 

Ninety-eight percent of the domestic salt 1 million tons of salt, together accounted | 

: output came from eight States; the re- for 48 percent of the total U.S. salt produc- | 

mainder was produced in nine other States. tion; 16 plants, 500,000 to | million tons, 31 : 

. : percent; 29 plants, 100,000 to 500,000 tons, 
Salt was produced by 58 companies at97 18 percent; 24 plants, 10,000 to 100,000, 3 

plants. Ten companies, each producing percent; and 19 plants, less than 10,000 tons, 
more than 1 million tons, operated 39 less than 0.5 percent. . 
plants, which together accounted for 84 = More than half of the advance in USS. | 
percent of the U. S. total salt output; 15 salt output resulted from an increased pro- 
companies, each producing less than 1 duction of salt as artificial brine (produced 
million but more than 100,000 tons of salt, as brine and used as such) for use in the 
operated 22 plants and in aggregate chemical industry. Most of the remaining 

supplied 14 percent of the total; and 33 advance resulted from an increased output 
| companies, each producing less than 100,000 of rock salt of which nearly half was used 

tons, operated 36 plants and produced the for highway deicing and roadbed stabiliza- 
remaining 2 percent. tion. . 

Nine plants, each with an output of over —1 Commodity specialist, Division of Minerals. | 

Table 1.—Salient salt statistics - 
(Thousand short tons and thousand dollars) | | ae nr one ane ace ey | 

1956-60 1961 1962 1968 1964 1965 

So average) 
United States: 

Sold or used by ) 
producers --~~~~~- 24,120 25,707 28,807 80,641 $1,628 84,687 

Value -----.--. $148,713 $160,228 $174,841 $184,589 $200,706 $215,699 
Exports ---.------- 887 642 - 671 781 594 688 

Value -----.--- $2,507 $8,876 $8,638 $4,140 $8,378 $4,285 
Imports for 
consumption —~.-- 742 1,050 1,874 1,516 Fr 2,261 2,410 

Value --------- $8,883 $8,755 $5,097 $5,112 $5,677 $6,505 
Consumption, 

apparent ----~-~-- 24,475 26,115 29,510 31,876 ¥ $3,290 36,409 
World: Production ----~- 83,680 93,660 100,760 104,700 109,720 118,590 

r Revised. 

787
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ne Table 2.—Salt sold or used by producers in the United States. | 
a . (Thousand short tons and thousand dollars) | oe 

State - a 1964 1965 

- : Quantity. Value Quantity | - Value — 

California _.----.------------_____ 1525.2; wt! 1,638 WwW 
Kansas? = ____--__~-__-----.------_ 930 | 2 $11,799 | ~ 1,058 $12,876. 

a Louisiana -~-~--~-~------.-------_ 6.401 . ~ 36,056 — 8,126 41,812 
_ + Michigan ---~--------------------- 4,345 35,711 | 4,171 36,087 

New Mexico ~---~~-2-- eC - 62 559 | 64 572 
New York ---------..---------~--- 4,816. $4,216 — 5,002 85,771 
Ohio. --.--.-------~~~--_.--------- 4,587 31,092 5,026 34,816 
Oklahoma ___--_-----------------— eo Al 9 65 | 
Texas ~--------------.-.------.--. 6,410 28,797 6,964 ~~. 30,771 
Utah -_--~-~- --~---------------=- 371 - 3,848 — 384 3,591 
West Virginia ~.--.---.-----___-- 1,033 5 3,666 1,153 5,539 
Other States? ~~ -.-------_-___-- 1,187 14,921 1,097 _. 14,299 

-  Rotal -_---a-------- 3.1628 200,706 «=—i(<té‘é 8 4«“T~OOUC!}!~C CBG 99 
oo Puerto Rico --------~-----.----+--) 5 = 4 8 188 

_ W Withheld to avoid disclosing individual company confidential data; included with ‘Other States.” | 
1 Quantity and value of brine included with “Other States.”’ - a 

__-2 Includes Alabama, Colorado, Hawaii, Kansas (brine only), Nevada, North Dakota, Virginia, and . 
| States indicated by symbol W. | . - : oo 

: Table 3.—Salt sold or used by producers in the United States, by methods of recovery 
- (Thousand short tons and thousand dollars) _ : 

| _ Method of recovery a hd 
. an Quantity Value Quantity Value 

Evaporated: - . | . 
Buk: . . a . . 

Open pans or grainers —___ 301 $8,024 — 303. $8,077 
Vacuum pans -.2..-------. == 2,422 . 53,262 - . 2,547. 56,156 
Solar -.~.-------~--.------ 1,592 10,107 1,700 . 9,803 

. Pressed blocks ~-----------~-~- 387 8,659 875 8,701. 

| Total --------------------- 4,702 80,052 4,925 82,737 

Rock: | ) —— 
Bulk ~----.--~------__-____---- 8,489 50,565 9,742 55,948 
Pressed blocks ~......-.....--~ 65 1,725 68 1767 

Total ~---------.-------.-.-. 8,554 52,290 . 9,810 57,710 
Salt in brine (sold or used as such) 18,367 68,364 19,952 15,252 

Grand total ~--------.-.___-_ 31,623 200,706 84,687 215,699 

International Salt Co. officials announced rate brine and produce a high-purity prod- 
plans to construct a $6-million salt refinery uct. The installation was expected to be 

at its salt mine at Whiskey Island, Cleve- completed by spring 1966. 

land, Ohio. ane ate facity will use the The Goldfield Corp. announced plans for 
Sac, oe neh ented recrysta nd Pela 4 an operation producing 500 tons per day of 

| Ph uce e vee. dusk, ote Bom ee salt from property leased from the USS. 

walt Pe the, y tor . 160.000 use trom “Ih Government covering 4,159 acres at Detrital 
att at the rate 0 ; tons annually. Valley near Lake Mead, Ariz. 
Completion of the plant was scheduled for 
midyear 1967. Solar Salt Co. opened a new $320,000 

Morton Salt Co., a division of Morton _ salt refinery northwest of Grantsville, Utah, 
International, Inc., announced plans for a_ in midyear. The new plant increased the 
$250,000 expansion in its granulated salt drying and screening capacity to 30 tons per 
plant at Rittman, Ohio. Multiple-effect hour of salt compared with the 8-ton-per- 
vacuum pans are to be installed to evapo- hour output of the old plant. Solar Salt
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produces and markets some 40 varieties and _the salty brine of the Great Salt Lake, was 

packs of salt, none of it the common table reported to have a capacity for producing | 

salt variety. ae 100,000 tons per year of salt. 

‘Hardy Salt Co. purchased the Leslie Salt _ Flooding of the Carey Salt Co. mine near 

Co. salt plant at Salt Lake City, Utah, late Winnfield, La., in November forced com- 

in the year. In the past, Hardy’s only pro- plete evacuation. All workings and equip- 

duction facilities were its vacuum-evaporat- ment were under water, and specialists were | 

ing salt plant at Manistee, Mich. The Salt obtained to see if the mine or any part of 

Lake City solar-evaporating plant, utilizing it could be saved. 

Table 4.—Evaporated salt sold or used by producers in the United States 

| (Thousand short tons and thousand dollars) | 

a
 

. . 1964 1965 

Quantity Value Quantity Value 

Kansas ..---.-~---------~~---~------ 438 $9,485 4538 $9,828 

Louisiana  ..~~---..----~-~..---.---- “251 6,080 256 6,293 

Michigan - ----.-..--~------------- 941 20,597 970 21,498 

New York —.-.-~~--~-----------.--- 628 14,501 676 15,471 

Ohio ~_--~~-----.-----~------------ 603 13,315 626 13,707 

Oklahoma -_.----~-------..--------- 3 33 6 57 

Utah —~--~-.-.---------~---------- . 360 3,776 WwW WwW 

Other States! ~..-.-------.--.~.---- 1,478 12,265 1,988 15,888 

. : . er ee - 

Total _.-.----.-.-------~-.--- 4,702 80,052 | 4,925 82,737 

Puerto Rico  ~--.~----.------------- 5 74 a 8 138 

W Withheld to avoid disclosing individual company confidential data; included with “Other States.” 

1Includes California, Hawaii, Nevada, New Mexico, North Dakota, Texas, and States indicated . 

by symbol W.. ) 

Table 5.—Rock salt sold by producers in the United States | | 

(Thousand short tons and thousand dollars) oe 

* - . 

Year Quantity — - Vale Year Quantity Value 

1956-60 (average) ~---. 5,799 $39,181 1968 ~-----.....---.... 8,845 $51,648 

1961 ~_---.---.----..-- 6,489 42,950 1964 ~------.-.-.-.--.. 8,554 52,290 

1962 ~---------.-------. 1,726 46,874 1965 ~--.--------...... 9,810 57,710 

‘Table 6.—Pressed-salt blocks sold by original producers of salt in the United States 

. _ (Thousand short tons and thousand dollars) . 

- y - From evaporated salt From rock salt Total 
ear a 

Quantity Value Quantity Value Quantity Value 

i 

1956-60 (average) ------ 291 $6,357 55 $1,325 846 $7,682 

1961 ~..-----~-~----~-- 357 7,866 63 1,661 420 9,527 

1962 .-----.--------~---- 366 8,034 61 1,576 427 9,610 

1968 WW ------------------ 8362 7,914 60 1,589 422 9,508 

1964 —--.------.-------- 387 8,659 65 1,725 452 10,384 

1965 —-.----------------- 375 8,701 68 1,767 4438 10,468 

nn
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| oe | CONSUMPTION AND USES sy. oo 

| Salt sold or used in the chemical manu- tion. This use; as shown in table 7 under 
facturing industry accounted for 66. per- the “States, counties, and other political 
cent of the U.S. total salt output; 41 per- subdivisions’ (except Federal)” category, 
cent for producing chlorine and its co- accounted for 13 percent of the total salt 
P rod uct (caustic soda), 19 percent for output. Salt assumed to be used as table sodium carbonate (soda ash) , and 6 percent : os . salt, as shown under “Grocery Stores, _ for other chemicals, Of the total salt used 43 f th I: and sal 
by the chemical industry, 87 percent was "Presented 9 percent of the total; and salt — 
produced as brine and used as such. used in water softening a growing use of. 

The next highest use of salt was for snow salt, accounted for 2 percent of the total 
and ice removal and for roadbed stabiliza- U.S. salt output. oe 

a _ Table 7.—Salt sold or used by producers in the United States, | 
- by classes and consumers or uses Be , 

- | | (Thousand short tons) : | — 

- 1964 ' 1965 ae 
Consumer or use TTT 

Evap- Evap- . a 
orated Rock Brine Total oorated Rock Brine Total 

Chlorine ~2-.-.-.---...--____-_ WwW W 10,869 12,293 WwW W 12,136 14,257 
Soda ash ~~~. Ww Ww 7,073 7,083. WwW W 6,462 6,464 
Soap (including detergents) ~ ._ 24 6 wu 30 25 9 wu 84 

- All other chemicals -...._______ 326 548 713 1,587 326 701 1,144 2,171 
Textile and dyeing ~..._....__.. 89 101 dt 191° Wi 141 WwW 242 
Meatpackers, tanners, and cas- : 

. ing manufacturers ...-_._-_- 824 412) . 136 306 458 .... .~ 764 
Fishing ~~ ~-.--..2---2. WwW W wu 29 17 5 one _ 22 
Dairy ~~-.---.--...-._-_______. 42 5 45 42, 40 one 46 
Canning —.~22---.-- 181 64 wo 235 177 37) kee 214 
Baking —.~~.--~-..--___.______. 105 4 wun 109 103 4 wu. = 107 Lo 
Flour processors (including 

, cereal) —---__._-______-_-__ 66 CBU t(itiACtC‘i‘i:é‘«CV 10 uu. 69 
Other food processing ~..._____- 116 16° eee -ti«dB‘ 127 30) ' 157 
Ice manufacturers and cold- 

. . storage companies —~.._....___ 17 210 ol 38 . 14 22 =~ 36 Ct 
Feed dealers ~..-...-______.-___- 626 420) 1,046 661 WwW Ww 1,067 
Feed mixers ~....--.--________. 290 1146 Lo 406 289 - 1420 wou 431 
Metals ~~.--.-~--.--___-_ 54 838 Lo ' 187 56 89 en 145 
Ceramics (including glass) .___. 6 9 wou. 15 4 13 
Rubber ~~..---_-_----- ee. Ww Ww 55 77 WwW WwW 53 86 . Oil __---_------ 60 64 92 2146 | 68 #62 90 215 
Paper and pulp ~-._____________. WwW 147 Ww 201 WwW =s 187 WwW 196 
Water softener manufacturers 7 

and service companies________ 236 330 4 570 WwW 287 WwW 540 
Grocery stores _.____-_________- 607 298) Lou 905 595 387 1 982 
Railroads ~--..---_______ 7 $38 o.oo 40 6 26 uo 32 - Bus and transit companies _____. WwW W wee 45 3 45 wou, 48 

- States, counties, and other 
political subdivision (except — ; 
Federal) ~~.--.--._-_________ W 3;755 Ww 8,975 201 4,332 3 4,536 

U. S. Government —_____________ 24 70) oe 94 24 TW Jol 95 Miscellaneous aon- ee... 911 396 18 . 1,325 1,086 615 17 1,718 Undistributed 1 .-.______ 601 1,661 , 741 2,187 4% —-.. 
EE EE EEE ETT 

Total ------------..-____. 4,702 8,554 18,867 31,623 4,925 9,810 19,952 84,687 

W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 1 Includes. some exports and consumption in overseas areas administered by the United States, and items indicated by symbol W.
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Table 8.—Distribution (shipments) of evaporated and rock salt produced in the United 
States, by destination 

. (Thousand short tons) . 
ee aca ean enna ena 

1964 
Destination aR 

keto ______Rock____Evaporated __ Rocks , 
abama __._-_..__-________________ 

Alaska ——2—2 22 Woo 2° _288 oO _ 488 
rizona ~~~ WwW 15 WwW | 

Arkansas __._---.-----~------------ 16 67 15 65 
California .~.-.- 2-2 790 W 802 WwW 
Colorado ---~-.-------------------- 82 - 29 85 24 
Connecticut —~---------.---.-- 16 53 17 WwW 
Delaware —~.---.-.~.--------~------~ 7 8 _ 8 WwW 
District of Columbia ~.-.--.--.----- 4 40 4 WwW 
Florida .-..--..--------~--=~------ 23 92 25 99 
Georgia ~-------------------------- 45 84 _ 49 . 127 
Hawaii ~.---------~-----.-.------_ 4 ---- 4 ---- 
Idaho ~_--.-.---------------------- 82 2 31 WwW 
Illinois ~--.-.-------------------~-- 236 508 243 658 
Indiana ~~~ -.-----~-------.------ 130 283 132 293 
Towa ~~. 2 --- 143 . 205 147 232 
Kansas -~.2222----- 74 oo, 173 68 193 
Kentucky —-..-----~-----------~----- 42 220 41 227 
Louisiana -~----------------------- 28 204 80 . 255 
Maine 2222 WwW il 31 WwW 
Maryland  -.-~---.--..--.----.~--- 63 143 75 WwW 
Massachusetts 9 ——---------------~----- 61 283 19 270 
Michigan -~_------~----------------- 198 346 189 WwW 
Minnesota ~.-..-----~-----~------~- 122 169 127 231 
Mississippi — ----------------------_ 19 86 18 87 
Missouri ~~ ~----..--------~~.---_. 83 151 84 192 
Montana) .-.2~...----------------- 36 1 33 1 
Nebraska .~.--------_..----~--~.-- 76 80 83 100 
Nevada ~~. -~-------.--------- 21 / WwW 15 WwW 
New Hampshire ~--.-~.----------~-~- 4 140 5 - 181 ; 
New Jersey —..--------.~~----=---- 146 404 _— - 154 WwW 
New Mexico —~-..--..--~--.--.---—~ 12 56 13 55 
New York -—--..-----~.-------~----- 229 WwW 244 WwW 
North Carolina —----..-.-------.--- 101. 138 118 140 
North Dakota —-.--..--.~----------- 29 | 6 38 5 
Ohio --u~--~~-- + 255 G24 260 . $15 
Oklahoma  — ~~ ~.~--..-~----~-~~.---- 31 59 . 32 61 
Oregon —_.-----~-~.~---~.~-.2-----. | 48 ---— 57 W 
Pennsylvania -—~--.--.------.-~--~-- 169 -  §29 184 . 593 
Rhode Island ~.--..--.-------~----- 9 WwW 10 WwW 
South Carolina ~...--.--------~--~- 82 20 34 18 
South Dakota ---.-------------~--- 37 22 © 37 . 24 

' Tennessee —~~~---------~----------- | 122 238 - 125 268 
Texas ~.----~.-----~~~---~------..- 94 242 99 . 232 
Utah __ ~~~ ~~~ 102 q 106 WwW 

Vermont —-~--~~----~~-~~---------~- q 87 7 56 

Virginia. __.-.------------------=-- 78 118 89 , 1380 
Washington ~~ --..---.----~---~--- 159 aa 184 Ww 

West Virginia  .-------.------..--- 25 69 25 61 

Wisconsin ~o----- 126 156 137 288 

yoming —~_-.-.-- 0 _---------. _ 

Other 1 o 486 1,903 483 - $3,486 

W Withheld to avoid disclosing individual company confidential data; included with “Other.” 

1Includes shipments to overseas areas administered by. the United States, Puerto Rico, exports, 

some shipments to unspecified destinations, and States indicated by symbol W. 

PRICES 
Quotations for rock and table salt in car- block), compared with $6.11 per ton in 

lots, f.o.b. New York, by Oil, Paint and 1964; $16.80 per ton for evaporated salt 

Drug Reporter were $1.09 per 100 pounds (open pans or grainers, vacuum pans, solar, 
for rock salt in paper bags and $1.34 per 100) 44g pressed block), $17.02 in 1964; and 

pounds for vacuum common fine table salt. $3.77 per ton for salt in brine, $3.72 in 
The average value of salt sold or used by . ° 

. . 1964. Solar salt in bulk was valued at an 
producers in 1965, f.0.b. mine, as reported ed with 

to the Bureau of Mines was $5.88 per ton 4VeTage of $5.77 per ton, compared wl 

for rock salt (total of bulk and pressed $6.35 per ton in 1964.
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| | FOREIGN: TRADE 

U.S. salt exports and imports for con- of the imports from Canada was produced | 
sumption were minor factors in the U.S. as artificial salt brine from wells at Sand- 

| salt industry economics. Total U.S. salt wich, Ontario, transported from Canada to 
: exports to 75 countries was about one- Detroit, Mich., through pipelines running 

quarter of the imports for consumption. under the Detroit River, and used as brine 
Exports to three countries accounted for in a Detroit chemical plant. | 

of of the tora’ 55 z ond 80 t to Jap “te Table 9.—Salt shipped to the Common- 
, an fo Canada, ha Pe nant fo wealth of Puerto Rico and overseas areas 

razil. Imports came from six countries § saministered by the United States 
and was about 7 percent of the total U.S. y | 

. . (Thousand short tons and thousand dollars) 
| salt production. Most of the U.S. imports of © ————H———____ 

, salt were produced in one nearby and two Are, 264 88H 
| bordering countries; 59 percent came from Quantity Value Quantity Value 

Canada, 20 percent from Mexico, and 14 American Samoa! $5 $5 i... ©. $11 

percent from the Bahamas, respectively, Guam ___---.-..1 _. 12 1 14 
: : ‘ Puerto Rico_-... 14 1,142 16 = 11,220 The remainder came from Spain, United ¥;* gin Islands...1 is (1 mart: 

| Kingdom, and Tunisia. Nearly one-half “ajpessthani{ uni. 

| Table 10.—U:S. exports of salt by countries | 

(Thousand short tons and thousand dollars) 

. _  _Destination _ — ee TT 
oo “ . Quantity Value | Quantity Value 

North America: | | - | a 
Canada ..---~---------------, 196 $1,370 163 $1,414 

> Mexico ~-.--..-----.--..--_-_ 1 48 1 61 
. oe, Netherlands Antilles ~-..-.--_- 1 37 1 43 

Other ~.------.------------_-. | . 4 86 2 110 
South America: Co 

Argentina ~.--2---....-.---.__ 3: | 20 (#) . 4 
Brazil ~......--.--.-......-.-. (*) 1 137 632 
Venezuela ~~~... 4. 26 (1) 6 

. Other ~~-~-----~....-.--.--_. 2. 25 1 $1 
Europe: . 

Greece —..--..--..-._-.-_---_- 3 20 1 38 
Italy ~---------.-----.-.-----~ 3 23 (1) 31 

' ‘Netherlands ~--.-----__.---.__ 4 23 (7) 17 
Spain ~-......-_----_-__-----. 4 20 (2) 32 
Other ~---..------______--_.- 3 19 CQ). 37 

Africa: oo 
South Africa, Republic of..._._ 3 27 (1) 18 
Other —.----.-----_____ 2 21 (1) 18 

Asia: 
: Hong Kong --~-~~---.------.. 3 15 (2) 1 

Japan —~.-..--------_-..---_. 349 1,456 379 1,601 
Saudi Arabia ~~-...---_._-____ 1 44 1 46 
Other -.-...---__--~-____.-___ 2 47 1 65 

Oceania: 
Australia ..-....-__--_._-.--~- 5 29 1 67 
Other ~~~. 1 16 (4) 18 

Total ..-.-.-------____.---_ 594 3,373 688 4,285 
ir NNN 

. 1 Less than 14 unit.
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| | _ Table 11.—U.S. imports for consumption of salt, by countries 1 | | 
a (Thousand short tons and thousand dollars) 

, 1964 ~ 1965 
Country . ancy a a 

Quantity Value Quantity Value 

North America: . 
Bahamas ~.....--------------- 292 $1,155 344 $1,305 . 
Canada —-~~~--~..---..----~~- Fr 1,280 ‘3,484 1,432 4,017 
Dominican Republic —~-..---~.- 23 46 ---— a= 

- Jamaica wo 4 il ---~ ---— 
7 Mexico _.....--.------------- 527 679 480 744 | 

Europe: . 
Spain --..----.-----_---_.-=- 27 / 42, 45 135 
Other ~.---.----.___-_-.---.. (7) 1 (?) (?) 

Africa: . 
Tunisia —........-.----_-____ 84 222 - 109 . 304 
United Arab Republic (Egypt) 24 57 ---- ~~ 

. Total  ~~------- 2 r2,261 5,677 2,410 6,505 

_ 1Includes salt brine from Canada through the Michigan customs district for 1964, 590,120 short 
tons valued at $161,670; 1965, 645,481 short tons valued at $179,350. . 

. 2Less than 14 unit. . 

| | Table 12.—U.S. imports for consumption of salt, by classes | 
(Thousand short tons and thousand dollars) 

| In bags, sacks, barrels, or - Bulk (dutiable)2 | 
| other packages (dutiable) _ 7 

. Year | 

Quantity Value Quantity Value o 

1956-60 (average) —.-...-------- 32 $429 AW $3,404 
1961 Luu. 9 144 1,041 3,610 os 
1962 wu 15 254 1,359 4,843 
19638 ~~~ 10 158 1,506 4,954 
1964 __------- 1 158 | 72,250 5,519 | 
1965. ~--------_------.-.-.--..--_ 14 241 OS 2,096 6,264 

r Revised. oo as 

1 Includes salt brine from Canada through the Michigan customs district 1964, 590,120 short tons 
valued at $161,670; 1965, 645,481 short tons valued at $179,350. | | | a 

Table 13.—U.S. imports for consumption of salt, by customs districts 1 | 
(Thousand short tons and thousand dollars) - 

| ; ° 1964 ; | 1965 
Customs district 

. Quantity Value Quantity Value - 

Buffalo ~.--------~.------------~-- 41 $179 23 $92 
| Chicago __.--—----------___------- 140 666 198 986 

Connecticut ~---~~-.------------.-. 56 274 21 95 
Duluth and Superior ~-..----.----- 42 206 23 119 
Georgia —.--------.---_-~-----~-- ° 110 406 178 657 
Los Angeles ....---.--.----------~- 80 | 125 105 217 
Maine and New Hampshire —_.-.~-. 98 366 83 359 
Maryland ..-~-----------.-.--~- 105 345 65 200 
Massachusetts -~-.-.-.--------.-.- 112 871 88 323 
Michigan — -~~~~-~-~--..------..~~ r 809 1,244 944 1,693 
New York —--~-..-.-----.--_~----. 30 137 40 143 
North Carolina —.....-..------~-~- q 16 12 31 
Ohio ~-~-._-----~~-~---------~.--- 91 380 87 361 
Oregon ~~ -~~2..~-------- 123 151 130 161 
Philadelphia ~..---.-.---_---_----. --- + 18 49 
Puerto Rico ~~-.-.-------.-------- 6 29 6 30 
Rhode Island —.-------~-_.----~--- 14 69 “14 60 
Rochester —--~-------------------- q 27 16 103 
Vermont —..2-. 22 13 56 9 35 
Virginia ~~~. q ' 26 9 34 
Washington ~~ ~~~~~.-- ~~~. 324 «408 - 280 498 
Wisconsin —-~~-~~~----.-------_.. 46 194 61 258 
Other —.~.-..-2 222 (2) 2 (7) it 

Total -~--------_.--__---_-. r 2,261 5,677 2,410 6,505 
¥ Revised. . 
1 Includes salt brine from Canada through the Michigan customs district for 1964, 590,120 short 

tons valued at $161,670; 1965, 645,481 short tons valued at $179,350. 
2 Less than 14 unit. 

232-748 O-67—51
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: | WORLD REVIEW | 
‘NORTH AMERICA built at the mouth of the Mariager Fjord 

| Mexico.—Exportadora de Sal, S.A., has in North Jutland, Denmark, by Dansk Salt 

| expended $16 million in the development of _ I/S, a joint venture of KZK of Holland and 
saltworks at Guerrero Negro in the Terri- the Danish company, Kryolit-selksabet 
tory of Baja California, Mexico, and plan- . Oresund A/S. The plant, which will have 
ned to invest an additional $20 million to an annual capacity of 165,000 short tons, 
expand operations. Salt output was ex- was scheduled for completion in mid-1966. 

pected to reach 1.75 million tons in 1965, Most of the salt output is intended for 
and company officials forecast an annual domestic Danish consumption with the re- 

production of 3.25 million tons by 1967. mainder going to other Scandinavian 
Salt produced by solar evaporation of sea countries. 7 

water is supplied to chemical industries in U.S.S.R.—Work was begun near Tyret 
Japan and Pacific Coast areas of the United in the Irkutsk region of Eastern Siberia on 
States and Canada. 2 what was reported to be the largest Soviet 

Netherlands Antilles.—Negotiations with salt mine. The designated capacity of the 

the Government of Bonaire relating to the plant was 2 million tons per year, and re- 
development of a solar evaporation plant on _ serves of salt were estimated to be sufficient 
the island of Bonaire were underway and for 100 years of mining at this rate. 
progress was made on the first phase of: United Kingdom.—The quantity of salt 
engineering by International Salt Co. This used in England and Wales for the am- 

‘ operation will be the company’s first ven- monia-soda process or for electrolysis to 
ture. in the production of solar salt. chlorine and caustic soda rose from 2 mil- 
Potential salt production was expected to lion tons pre-World War II to about 4.5 
be more than 400,000 tons per year. The million tons per year in 1965. Production 

| company had acquired by a combination of of common salt by the open-pan process 
_ purchase and lease in mid-1964 approxi- dropped from 600,000 tons per year to 125,- 

| mately 9,000 acres of land on Bonaire for 000 tons per year; output by the vacuum. 
producing salt. : pan process increased from about 300,000 

| tons per year to 1,250,000 tons per year; 
SOUTH AMERICA — and production of rock salt increased sub- 

Brazil.—Salt for domestic, agricultural, stantially from 20,000 tons per year before 
and industrial uses in Brazil is produced World War II to 500,000 tons per year in 
entirely by solar evaporation principally in 1965, | : . 
the Rio Grande do Norte and Cabo Frio By the close of the year, the Irish Salt | 

| areas. A detailed report on the salt industry Mining Exploratory Co., associated with 

in Rio Grande do Norte area was pub- US. interests, had expected to. complete. the 
lished. A shortage, partly attributed to  yeopening of the old Tennent salt mine at 
climatic conditions that lowered production, Carrickfergus, Northern Ireland. Most of 

necessitated increased imports to supply the the salt output was to be exported to the 
country’s growing requirements. United States. | _ 

Peru.—The Minera Bayovar S. A. was Yugoslavia.—Exploitation of the only 
incorporated in midyear and received an underground rock salt deposit in Yugo- 

exploitation contract from the Peruvian  slavia, at Tusanj, near Tuzla, was delayed 
Government for mining concessions for salt, because of water seepage into the main 

phosphate, potash, and other nonmetallics shaft. The Tusanj mine was planned for 
in the Sechura Desert in northern Peru. an exceptionally high degree of mechaniza- 

The company is authorized to produce salt tion in all phases of operations. The loaders, 
and may export it after fulfilling the needs shuttle cars, compressors, and rock drills 
of the domestic market. Work was under- will be of U.S. manufacture. : 
way on port facilities, a powerplant, and | 
evaporation pond systems. TTT 

2 Bureau of Mines. Mineral Trade Notes. V. 
EUROPE 61, No. 1, July 1965, pp. 38—40. : 

Denmark,—A new salt plant was being 9, No. 3, Februaty 1968 on 8284
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Table 14.—World production of salt by countries 1 : | 

(Thousand short tons) 

Country 1 1961 1962 1963 1964 1965 P2 

North America: 
Canada ~--~--...--------.---------~-------~-. 3,304 3,665 * 3,701 -T 3,982 4,579 
Costa Riea ~_.----------------.-------.~--. e13 e10 7 22 2 
El Salvador ~--.----------------~-------~-~-- 17 20 r 7g r 180 e 180 
Guatemala (sales) ~--.--------..------.--— 18 19 21 r 20 e 20 
Honduras ~---~~---~---------------~----.-~.~-. 17 11 ell e1l e il 
Mexico ~-..--.-.---------~~-----~-~--+------ 1,172 1,424 1,350 1,965 2,425 
Nicaragua —..-------~-~---..----~~~.-—.-...- 13 10 18 19 20 
Panama ._. ~~~ ee 9 11 11 12 e jl 
United States (including Puerto Rico): 

Rock salt -_--...-------_.---~-~-~--.--~-. 6,439 7,726 8,345 8,554 9,810 
Other salt: 

United States ..--------.----~..._-_. 19,268 21,081 22,296 23,069 24,877 
Puerto Rico —-------~-----.-~.---.--. w+ ~----- 8. 5 8 

West Indies: 
, British: : a ” 

Bahamas ~.--.-.---_-~---------.-.. 230 222 283 370. =& 624 
Leeward Islands ~--...----=_~~...-_ 31 31. ri r33 8 

- Turks and Caicos Islands ~-..---.--_- 33 23 r 30 r9g eg 
Cuba ~~~ ~~ © 66 e777 e 88 NA NA’ 
Dominican Republic: 

_ Rock salt -.-----..0- ee (FQ 35 Bb 84 1 
Other salt ~-.-2- e jl 11 ei 22 #&=8ell 

Haiti ~--------__ Lk. 11 ell e111 e jl jl 
Netherlands Antilles ---..---------~~--------.__ (*) (4) (*) (4) e2 

Total ~------__.-_ ee. 30,717 | 34,857 * 86,802 °* 38,245 42,509 . 

South America: . . 
Argentina: 

Rock salt ~--...----____-.--------__-.~_. 2 2 r3 2 e2 
Other salt ~~~ A459. r 613 r 300 r 431 e 430 

Brazil ~~. --~--- r1,014 1,367 1,315 831 1,238 
, Chile ~. 0-2-2 51 56 | 53 ri0l_s. 110 

Colombia: 
Rock salt ~..-.----- 294 ; 293 r 292 319 309 
Other salt ..--.----_---__-- 17. 43 37 56 51 

Ecuador —..-.-.---_-_--.--.-..-----.------—~- r 29 29. e& 89 e 39 e 39 
Peru ~~~ ~~~ 96 104 96 r147 137. 
Venezuela —_..----.---------~---.-----~~-- 147 160 84 r 224 e110 

Total ? _-.___..---.----------------~------ r 2,169 r2,667 ° 2,219 r2,150 . 2,426 

Europe: 
Austria: oo . 

Rock salt -...-.-----...--._..____----.-_.. 83 6 6 1 1 
Other salt ~-._.--__.__._....._----~------~~~ 280 313 r 373 r 370 445 

Bulgaria ~-.-------_----.~----.-__.--____~-.. 139 164 - 116 r 90 egg . 
Czechoslovakia wenn eee 207 201 206 203 215 
xr Trance: 

Rock salt and salt from springs —......-. 3,260 r 3,297 3,405 r3,573 & 3,373 
Other salt .-....-.--_---.-.---...-...-- 979 1,897 667 r 872 e 882 

Germany: 
East ~--.--~---_--..-----..--—~--~---_-. 2,204 e€ 2,200 e& 2,200 e€ 2,200 & 2,200 

. West (marketable): oo . 
Rock salt... 4,791 5,027 °° 5,769 r5,957 6,318 
Brine salt .-.-----_-------.---e. 376 881 r 400 r 440 665 

Greece —~.-...--..~--------------~--.-..-..—--. 131 127 rg F112 e 99 
Italy: . 

Rock salt and brine salt ~--.-------.---._-_-°.: 1,791 r1,908 * 2,086 “F 2,240 2,347 
Other salt ...-----_--.---_.-.------.-.-- 1,340 1,298 * 1,022 r 1,218 1,221 

Malta ~~~ 2 2 2 e2 3 
Netherlands ~_....---.--------.--_-..~---~-.. 1,228 1,391 1,630 1,759 1,882 
Poland: 

Rock salt i ee ee 670 671 711 128 2.533 

Other salt --.---- 1,591 1,616 * 1,639 1,743 , 
Portugal ween ne ee ee. r 375 429 383 r 354 e 353 

Rumania ._.~-----------~~--~-..- 1,466 1,628 1,804 1,994 2,222 

See footnotes at end of table.
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Table 14.—World production of salt by countries.1—Continued 

(Thousand short tons) 
a 

Country 1 1962 1961 1963 1964 1965 P 2 

Europe—Continued - | 

Spain: 
, 

Rock salt ~..__-------_-..---------------- 677 690 T71 r 808 750 

- Other salt 5 _.--_----....--_-_.---------. 1,086 1,118 1,101 r 2,121 1,213 

Switzerland ~.-.-----..-----------~----~.----. | 173 185 211 201 249 

U.S.S.R. © ~-------------------------.----- 8,300 9,400 9,650 * 10,150 10,500 

United Kingdom: . 

Rock salt _--.--------------------------- 320 535 842 176 810 

Other salt ~.-.-_._-_-_----------~.------ 6,031 6,164 6,317 6,659 6,906 

Yugoslavia ...-..-------------~--------~---- 177 «237 184 203 192 

Total ¢1 _...----------------------------- * 87,600 * 40,380 741,590 * 44,775 45,370 

Africa: 
| Algeria ~-...._._--------------------~-------- r 142 r 130 F137 r 128 e 128 

Angola ...-..------~~----~-----------+------- 74 66 16 89 65 

: Cape Verde Islands ~.-.------------~---------- 26 30 @2~>—s—- 32 r 35 e 35 

Chad, Republic of (Natron) © ~---------------- 13 28 28 8 11 

Congo, Republic of the _— re 
(Kinshasa, formerly Léopoldville) ----.----- . 1 1. (4) rj 1 

Ethiopia (including Eritrea) § ---------------- 166 218 281 290 207 | 

Ghana —-~-------.~-.-----~~-~--—----~------- 20 21 ---- 34 30 

Kenya ..----------.------------------------- 25 21 r19 ~ ¥ 30. 56 

Libya ~-----_---.-..--~-------~------------+- 13 | 17 21 144 ~~. 

Malagasy Republic ~------------------------- °7 154 er 154 F220 — r 320 160 

- Mauritius ----..---..-_.-------~----+--------- 4 4 4 4 4 

' Morocco —~------~-~--.------+------------~-+- 23 — 31 41 67 37 

Mazambique. -..-_--_----~-~-----—---------- r 24 31 r 44 wane Hee 

Senegal, Republic of (including Mauritania) -- 49 53 «66 62 e 50 

. Somali Republic ~._.-----.------------------- 2 e2 2 7 6 

South Africa, Republic of ~-------.------.-~-. 229 281 218 . 331 865 

South-West Africa: a . . 

Rock salt -------------.----~----~-.~--- 4 4 6 | r6 6 

Other salt ~..--__----------------------- 56 78 66 r 103 101 

. Sudan ~~~ ~~~ -- 58  F 64 41 r 66 57 

Tanzania ..----------~---------------------- 36 33 87 36 | e 39 

Tunisia (sales) ---..------------------------. 7179 r 187 r340.ts 236 392 

- Uganda _.----.--.--------------.--------- 8 3 3 3 3 

United Arab Republic (Egypt) ~--.---~------- 570 r 371 482 — 744 545 

Total _...-_-._---------.---.---.---------._ ™ 1,876 r1,828 ° 2,114 r 25614 2,298 

Asia: 
Aden ~---~-......-------~------.------------ 94° ' 86 95 Fr 100 79 

Ate oek salt | CK Salt ......-. ee en we ee eee : : 23 14 20 

| Other salt ot r 25 * 34 { 13 13 22 
Burma —_--~~~~~~+~~---- +--+ 138 170 177 . 140 e 150 

. Cambodia —~.-.--..----.-.---~--.~.----------. 60 € 44 wooo wenn e eee 
Ceylon ------~-~--+~--~-~-------~+---=------- 39 51 25 . FT . 86 
China, Mainland ¢ __..---.----~.--....--.-~-. 12,100 11,000 11,600 *°*11,000 14,300 

. Cyprus ~-.--~----..------------------------- 2 7 8 -----~ 6 
Goa ~~~... --------+-- eg 11 ell 5,184 
India: ' §,122 

Rock salt ~.-.----.------~-----~--------- 4 6 5.008 
Other salt ------------------------------ 3,833 4,278 ; 

Indonesia —........---__-_----~---..-------+--~-. 493 335 e 335 e 335 e 331 
Iran ® _.___-___---_--.---.------------------- 160 297 380 e 380 e 380 
Trag * ~.-----------------------~------------. 42 | 42 r 34 e 44 e 66 

Israel ~.----......----------~--.------~~---— 49 50 57 e 55 61 

Japan —----..-...---------- +--+ +--+ r 936 969 r 823 r 984 935 

Jordan —.~-.--.---- 21 21 20 22 22 

Korea: 
North —.--..-----_~---_- +--+ +--+. 432 464 e 500 e 440 e 550 

South ~--------------------+------------+ 134 428 254 425 737 

Lebanon ~~-------------------~-~-------------- 19 e 18 21 22 26 
Mongolia © _--.---------_.------------------. 8 9 9 9 9 
Pakistan: 

Rock salt ~-------_----~=--.-_----------+- 222 r215 267 217 299 

_Other salt ~----------------------------- 207 F 280 234 r204. 240 
Philippines ~..-_._-.-_____---.---_-.~-----+-- 103 106 OTT 52 248 
Ryukyu Islands ~_......-------------.------- 4 4 4 r6 4 
Saudi Arabia ~.._.--------_-----.---__-------. _..--- _-----— 11 ei e1} 

Syrian Arab Republic -----------------------. 8 20 17 r 20 e17 
Taiwan ~~. ----_-_..-----.-----------...--. 480 656 690 664 631 
Thailand ~---..--~-.------.-~-----~--~.--~--. r 214 r 284 r 293 e 275 e110 

See footnotes at end of table.
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Table 14.—World production of salt by countries'—Continued _. | 
(Thousand short tons) i 

| Country 1 1961 1962 1968 | 1964 1965 P2 

Asia—Continued : . : 
. ‘Turkey: 

Rock salt ~-----------~------------------ 33 31 33 36 39 
Other salt ~-------------.--_----.--.-_-. r 499 r 462 406 355 505 

Viet-Nam: 
~ North ~~----~---~----------------.-..~--. 117 — 159 141 e165 e 165 

| South ~~~ ~~--~--~~--------------.----. 110 213 141 r 99 © 105 
Yemen ~~~--~-~-_-__--_-_~-_---------- ~~ 132 | 165 e110 e399 -_Hw 

. Total © ---.--.-------_.--------_------.-. "20,725  * 20,915 * 21,810 °° 21,805 25,340 

Oceania: . | 
Australia --------------------.--------- 570 600 r 651 r611- © 610 
New Zealand ~.-----~---.--------------.__-. 6 - 10 12 24 39. 

Total __---.-----------_------------..----. 576 = 610s 668 =i GBHC—C«é«@GBO : 

World total ¢ _..--___--_--_--___-_--__-___ " 98,660 100,760 104,700 * 109,720 118,590 

-¢ Estimate. P Preliminary. * Revised. NA Not available. | 
; * Balt. is believed to be produced in Albania and Bolivia, data not available. No estimates included 
in e total. / a 

2 Compiled mostly from data available July 1966. . 
3 Exports. . 
4Less than 14 unit. . 
*Includes an average annual production in the Canary Islands of 15,000 metric tons of sea-salt. 
6 Year ended March 20 of year following that stated. 
7 Year ended March 31 of year following that stated. 
8 Year ended September 10 of year stated. co | 

| ASIA and marketing company, which was to be © 

Saudi Arabia.—A mile-wide pool of hot owned 51 percent by Yemen and 49 percent 

salty water was discovered at the bottom by the United Arab Republic (Egypt). 
of the Red Sea between Jidda, Saudi | 7 

| Arabia, and Port Sudan, Sudan. The hot | OCEANIA 
brine taken at a depth of 7,200 feet was Australia.—Leslie Salt Co. announced 

eignt times more salty than norma Red plans for constructing a 2-million-ton-per- 
Sea water. British scientists who discovered ear solar-salt-producine facility near Port 

the pool believe that the dissolved salt acts 4 dland adj P ° ney . 
as a baffle, holding the heat that usually ‘*@!4n¢ adjacent to the iron ore project 
escapes from the center of the earth in the in the Hamersley Range in the northwest 
form of upward and outward convection of Australia. The output of the salt plant 

currents. will be exported from Port Hedland to 
Syrian Arab Republic.—Ibrahim al-Lah- Japan as will the iron ore and will double 

ham, Director of the Authority for the the annual salt production in Australia. 
Execution of Industrial Projects of the Leakage of brine from ponds causing a 

Ministry of Industry, announced in May loss of salt output at its 400,000 ton-per- 
that tenders would be issued within several year solar-salt-producing operation at Dry 

months for ae exploration of rock salt Creek in South Australia caused concern 
nen ven ve maa De he the, lose of the var to the Imperial Chemical Industries otf 

“ yo year. Australia and New Zealand (ICIANZ). A 
Yemen.—Negotiations were reported determinati de that shellorit i 

underway to resume exports to Japan from crermanation was mace that she™er the 
a rock salt deposit at Salif in the northern the 6-foot-high earth banks separating the 
Tihama of Yemen. Virtually no salt has salt ponds causes them to become porous 
been exported from Salif since a Japanese and allows a significant loss of salt solution 

contract was terminated in early 1964 and each year. ICIANZ was conducting field 
since an agreement was made in mid-1964 and laboratory tests to determine ways to 
to establish a $1.8 million salt-producing rectify this problem.
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| | TECHNOLOGY ey | 

The “Second Symposium on Salt”, spon- the hardened compound is equal in 

sored by the Northern Ohio Geological strength and water resistance to 10 inches of | 

Society, was held in Cleveland, Ohio, May _ concrete. oe 

3 to 5. More than 350 persons from the Based on 3 years of field tests, one com- 

United States; 50 from Canada; and 25 from _ pany reported that additives to rock salt for | 

12 other countries including Australia, use on highways to remove ice and snow 

| South Africa, West Germany, and Israel reduced the rusting of automobiles by as 

shared technical information on salt. Papers much as 84 percent and cost only $4.00 more 

7 were presented on the geology of salt de- per ton than untreated salt.¢ The addi- 

posits, mining rock salt, solution mining of _ tives, comprising less than 1 percent of the 

salt, underground storage of hydrocarbons weight of the product, were reported to 

in salt caverns, evaporating salt, and rock inhibit rust by hampering the electro- 

: mechanics in mining salt. The most ad- chemical reaction that is the key to the 

: vanced salt-mining and _ssalt-processing corrosion of iron. In the presence of mois- 

techniques such as long room section min- ture, cathodic and anodic areas are set up 

ing in salt domes, salt haulage by electric on the surface of the metal that trigger 

versus diesel truck, and methods for de- corrosion. The additives were reported to 

veloping predetermined shaped cavities in protect these areas. separately—the cathodic 

solution mining were described. Publica- areas with a film, the anodic areas by a 

| tion of the proceedings of the symposium catalytic reaction. o 

was scheduled for 1966. , Pilot production tests were made by the 

A new process proved successful in ce- Canadian Rock Salt Co. on color separators 

| menting a large-diameter casing in a salt to sort and reject anhydrite waste from salt 

| stock in the Tatum Salt Dome near Hatties- to upgrade the product from its Ojibway | 

burg, Miss. The process showed possible salt mine near Windsor, Ontario. 7 The 

application to sinking salt mine shafts and color sorting principle was widely used in 

to solution mining salt.4 The process in- the food-processing industry, but it was 

| volved the use of expanding cement and only recently introduced as a potential tool 

chemical grout to seal the salt stock from for the mineral-processing industries. The 

overlying aquifers in the primary cementing impure salt going to the pilot plant 

of a 20-inch diameter casing in a 28-inch machines was sized to minus §% inch and 
: hole for Project Dribble, code name for plus 14 inch and fed onto a grooved belt, 

a series of tests being conducted by the which threw the material in a steady stream 

Atomic Energy Commission. As the casing through the optical box’s viewing zone. 

size increases the usual problems in cement- Here the particles were uniformly illumi- 

ing casing in a drilled hole increase greatly. nated by diffused light and inspected from 

Expansion and contraction of the casing four sides by photomultiplier units. The 

caused by pressure and temperature changes quantity of light reflected from the salt 

become critical with large-diameter casing particles was compared with that of a 

and must be controlled to some degree if standard reflection. Since impurity dark- 

satisfactory bonding is obtained. Careful ened the color of halite and caused it to 

preplanning and engineering, as well as use have diminished reflectivity, the falling 

of the new materials, led to the success of }§=—-———— 
this operation. 4 Dellinger, Thomas B., and L. D. Boughton. 

An epoxy compound capable of curing on Unique Materials Mix oe ae ea ee ey, 

wet surfaces was used effectively to stop 166, No. 6, June | 1965, pp. Lie 18. Seals Leak 

water flowing through damaged concrete ing Sait Mine Shaft. V. 175, No. 21, Nov. 18, 
liners in shaft sinking operations by Carey 1965, D- 119. & Engineering N Treated Salt 

Salt Co. a Cote Blanche. La., near the Gulf Removes Snow While Reducing Auto Corrosion. 

of Mexico.5 The damaged areas were V. 43, No. 10, Mar. 8, 1965, pp. 70, 72. | 

covered with an epoxy layer that varied ne ne ‘Mar 6 ‘i965. yp. 38-84. Sting? V-.98, 
from % to 1% inch in thickness. According T 7 Engineering and Alining J ournal. peanadians 

to the manufacturer of the epoxy, 1 inch of -y"1¢6 No. 12, December 1965, p. 86.
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| contaminated particles changed the output An apparatus and method were patented | 
voltage of at least one of the photo- for dissolving rock salt and separating 
multipliers. This electronically amplified calcium sulfate and other impurities there- 
signal finally triggered a high-speed air from in the production of brine. In this 
valve, and the impure particles were blasted process, the salt is washed with a high- 
from the falling stream of material. This velocity. free-flowing solvent to remove the 
resulted in a final concentrate that, accord- impurities. 11 

ing to the company, was 99.98-percent A process was patented to produce 
| soluble and was an 80-percent recovery of culinary salt that has reduced prooxidant 

the pure halite pieces. ; properties. The process involves treating a 
A process was patented for preventing sodium chloride brine, from which the salt 

blue coloration of sodium chloride treated jg recovered, with a small percentage of 
with ferrocyanide or ferricyanide com- ethylenediaminetetracetic acid. 12 

| pounds, anticaking agents. The color-in- 7 
_ hibiting agents selected were hydroxides | : 

: of alkaline earth metals, magnesium and 
i 8 

aluminum. . 8 Schultze, Martin, and Karl-August Hélscher 
A patent was issued for a process for the (assigned to Deutsche Solvay-Werke Gesellschaft 

production of sodium chloride of re- mit beschrankter Haftung, Solinger-Ohligs, West 
. . . Germany). Process of Preventing Blue Colou- 

latively low-bulk density from salt of high- ration in Sodium Chloride Treated with Ferro- 
bulk density by foaming a stabilized solu- or Ferricyanide Compounds. U.S. Pat. 3,188,172, . 

. ; . . une 6, e . 

tion of granular salt and drying and grind- ® Saunders, James (assigned to Cerebos Lim- 
ing the foam. 9 ited, London) “1 Method of =troducing Foamed 

odium oride o ow Bu ensity. Se Another process was patented for the pat 3,196,024, July 20, 1965. . 
preparation of sodium chloride that has 10 Cooke, Edward Graham (assigned to Im- : 
a low-bulk density. An aqueous mixture of perial Chemical Industries Ltd., London). Prep- 7 

. lori indi aration of Sodium Chloride Having Very Low 
sodium chloride and a binding agent are Bulk Density. U.S. Pat. 3,197,277, July 27, 1965. 
inflated. The binding agent is a gelatin 11 Miller, H. C. (assigned to, Morton, Salt Co., : 

; ; : ; Chicago, Ill.). Apparatus and Met of Pro- 
or a gluten with an inflating gas, like Gueing Brine. U.S. Pat. 3,168,379, Feb. 2, 1965. 
carbon dioxide, which is chemically inert 12 Miller, F. G., and E. A. Dittmar (assigned - 

‘with respect to the mixture. The foamed to Morton Salt Co., Chicago, gh). Process for 
mass is then dried. 10 Aug. 8, 1065.— inary Salt. U.S. Pat. 3,197,608, | :





— Sand and Gravel 

| By William R. Barton * 

Production of sand and gravel increased For the first time in 1965, more than | 
again in 1965. Output gained 5 percent 900 million tons of sand and gravel was 
and total value 7 percent compared with sold or used by United States producers. 
1964 figures. Industrial use of higher . 
priced sands burgeoned as sales increased 

9 percent over those of 1964. 1 Commodity specialist, Division of Minerals. 
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Figure 1.—Production and value of sand and gravel in the United States. 
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‘Legislation and Government Programs. sponsibility on the part of aggregate pro- | 
| ——Laws affecting development of sand ducers has also helped alleviate potential 

and gravel deposits on public lands were zoning or land use conflicts. An example 
the subject of discussion and several con- of sand and gravel production being not 
gressional bills.2 A Public Land Law Re- only acceptable but beneficial was an agree- 

view Commission Advisory Council was ment signed in Illinois where waste over-— 
organized to study existing public land burden and tailings from an aggregate op- 
law, its administration and interpretation. eration will be used to cover an adjacent 
Legal problems concerning the public land city dump.# 
sand and gravel deposits will be included — Stearn, E. W. New Hope for Aggregate 
in the scope of this study. Producers , Unlocked Public Lands ! Rock Prod- 

: ucts, v. » No. 10, October » p. Of. 
. Homeowners and f armers continued to 8 Rock Products. Board Finds Quarrying Op- 
institute actions against sand and gravel erations Safe. V. 68, No. 2, February 1965, p. 

; 125. : : - 
operators in some areas. However, the ————, Ohio Sand Firm Wins Zoning Dispute. 

' courts and zoning bodies are increasingly vv. 68, No. 9, September 1965, p. 136. ° 
; ' , ¢ - 4Rock Products. Martin Marietta Gets O.K. 

finding in favor of the aggregate . pro for Chillicothe Quarry. V. 68, No. 11, November 
| ducers. Increased awareness of civic re- 1965, p. 18. :
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Table 1.—Sand and gravel sold or. used by producers in the United States, by classes 
| of operations and uses | | 

(Thousand short tons and thousand dollars) 

| 1964 | 1965 
Classes of operations and use 

Quantity Value Quantity — Value 

Construction: | oo . 
Building: 

Sand____.._..-.-..--.-----.-.----------- 144,045 $148,821 149 ,920 $158 , 296 
Gravel__._...........---------.---------- 120 , 274 153 , 703 123 ,671 158 ,052 

Paving: 
Sand___-.-.....-_-----.------------------- 119,930 — 110,797 124,730 118,465 

Fill Gravel__.___..__.--.--------+-------.--. 344,460 t 330, 984 341,351 338,351 
ill: 

Sand___.._..-..-.----------+---.-------- . 30,575 16,896 43,612 23,076 
Gravel____...------------------eeee ee 61, 267 33 , 602. 74,747 55,014 

Railroad ballast: . 
Sand____..._.-. 2 ---------------------- 2 i(as«O3‘TQS 291 302 194 . 

, Gravel___._._._._-_-.---------------..-- 3,544 2,838 2,640 2,062 
Other: 

Sand__...-__------------------ eee 8,429 6,989 _ 8,782 7,679 
Gravel___......._.-.--.----..----------- 6,194 7,398 7,997 — — 9,580 

| Total construction...............------. 839,097 * 812,319 877,752 870,769 

Industrial sand: OO a a 7 
Unground: . 

Glass___.._-...-.------------------------ 7,638 24,414. 8,228 26,154 
Molding.....-.._......_.-.-------------- 8,988 24 ,240 9,831 26,319 

.-. Grinding and polishing.........--.----.--- 989 1,798 — 958 . . 1,744 
Blast sand_..._..._.-----------+=-------+-- 1,087 4,517 1,071 3,991 - 

. ' Fire or furnace_.........--------.-------- 584 - 1,190 592 1,337 
Engine.____..---..---------------------- 869 1,780 905 1,927 

. Filtration_........---.---.--------2------ 163 438 261 520 
Oil hydrafrac____.--..--.---------------- 384 2,219 259 1,830 
Other_.._......-----------------------+- 1,395 3,577 1,650 | 5,283 

Total unground.___..._..-.-.-------:-- _ 22,097 64,173 23,755 69,105 
Ground !________.-__-_------- Lee eee 1,186. 10,162 — 1,636 11,238 

Total industrial. -_...._...-..--__---------- - 23,283 74,335 25,391 | 80 ,343 
Miscellaneous gravel.__........-.._-..-.----=------ 5,828 ' 6,721 4,911 6,310 

Grand total___.._.._..-.-.--..------------- 7 868,208 893,375 908,054 | 957,422 
Commercial: . 

Sand___-_.--- eee ----- 283 , 283 325,912 297 ,413 348 ,878 
Gravel__________-_.-_---_----------------.-. 337,538 t 373 ,422 358,471 397,780 

Government-and-contractor: ? : oo. 
- Sand__._...---.-.- ++ ----e-e ee e 43,358 32,217 55,324 39,175 

; Gravel__......_.2_.----------------- eee 204 ,029 161,824 196,846 171,589 

t Revised. | | 
1 See table 10 for use breakdown. 
2 Approximate figures for operations by States, counties, municipalities, and other Government agencies 

under lease. 

Table 2.—Sand and gravel sold or used by producers in the United States 1 
(Thousand short tons and thousand dollars) 

Sand Gravel Total 
Year we 

| Quantity Value Quantity Value Quantity Value 

1956-60 (average)....-.-------------- 249,542 $264,823 427,107 $394,753 676,649 $659,576 
1961_____..-_-_-------.-----...----. 283,336 303,549 468,448 447,752 751, 784 751,301 
1962_____.___-.-..--__--..__...._.-. 299,757 328,563 476,944 466,162 776,701 794,725 
1963__________--.-----.-.--------.-. 313,978 338,500 507,872 508,772 821,850 847 ,272 
1964__.___.--__.-------..------.--.-. 326,641 358,129 * 541,567 * 535,246 * 868,208 * 893,375 
1965____..-__.------------..--.----. 352,737 388,053 555,317 569,369 908,054 957 ,422 

r Revised. 
1 Includes possessions and other areas administered by the United States (1956 only).
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a ee | ~ DOMESTIC PRODUCTION : 7 

The 1965 output of 908 million tons of The trend toward more efficient produc- 
sand and gravel valued at $957 million tion equipment was paralleled in transpor- 

| represented an increase of 5 percent in ton- tation equipment. One new rig for high- 
‘nage and 7 percent in value over that of way hauling of aggregates weighs 77 tons 
1964. California’s production of 118 mil- loaded and features 11 axles, 42 tires, and 
lion tons made it the leading producer State a 12-speed transmission. Aggregate pro- 
followed in order of rank by Michigan, ducers shipping their product by barge 

: Ohio, New York, and Wisconsin. The were concerned over proposals for a 2-cent- 
sand and gravel produced in these five per-gallon fuel tax on vessels using inland 
leading States represented 32 percent of waterways. It was feared that resultant 
the total U.S. production. The high rate cost increases would have to be passed on 
of sustained sand and gravel production to consumers,’ 
has caused increased interest in adequacy } —_ 

7 of United States reserves.5 In general, Employment and Productivity.—In 
| insufficient detail is available to fully evalu- . 1965, productivity was 9.1 tons. per man- 

ate the resource posture of these commodi- hour compared with 8.6 tons in 1964. 
ties. However, the record 1965 production his continued the trend of improved pro- 
of more than 900 million tons for sand and duction efficiency reported each year. 

gravel caused concern about the rate of 5 Davison, E. K. Are the Sand and Gravel 

resource depletion, The firs billion ton~ Revere of the Uaited Sates Adpauts fr Fe 
billion dollar year will be realized soon, ciation, Report PR-018, Mar. 30, 1965, 4 pp. _ 
possibly by 1968. —— _ 6 Bergstrom, J. H. Con Rock’s New Durbin 

Sand and gravel production _was dis- Be ho, eee ieee Products, v. 

tributed 72 percent by commercial opera-— ———. Arvin Rock: A Gravel Plant Designed 
tors and 28 percent by -‘Government-and- for Expansion. Rock Products, v. 68, No. 10, 

| contractor, the same as in 1964. In 1965, ober 100, pp. 6870, 
: . erod, B. C. Small Plant Reflects Big Plant 

7 84 percent of sand and gravel was reported Capability. Pit and Quarry, v. 58, No. 3, Sep- 
: _-as processed, compared with 85 percent.in tember 1965, pp. 97-100. : 

_ 1964. The degree of processing was not ov ration—An Industry Paccsctier. W, £8. No 
specified, but the trend has been toward 5, November 1965, pp. 94-99. _ 
continually more complex treatment to Rock Products. Plant Design Ideas. V. 68; 

| meet more demanding product specifica- 190, ung deg 28 PP. 66-84, 88-92, 94, 117, 
tions. Numerous modern plants, stressing 7 Dorland, G. M. Threatened Water-Ways Fuel 
efficiency and flexibility were described in ax awe Be NGL Ren ote oe aeock 
the literature.® 108, 110. | |



Table 3.—Sand and gravel sold or used by producers in the United States, by States and classes of operations 
(Thousand short tons and thousand dollars) 

1964 1965. : 

State Commercial Government-and- Total Commercial Government-and- Total 
contractor contractor 

Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

Alabama__._.--2-2---2 2 lee 5,650 $6 ,120 190 $71 5,840 $6,191 6,422 $7,195 ._.---- 2 Llu ele 6,422 $7,195 
Alaska... 22-2 2-2 ee 4,401 4,121 21,688 14,367 26 ,089 18,488 5,256 5,600 25,010 $28,867 30 , 266. 34,467 
Arizona__..-.----.-------.-...- 10,244 12,138 7,872 8,730 18,116 20, 868 7,554 9,229 # #£=+7,364 7,392 14,918 16,621 
Arkansas_....-.------------.--- 8 ,€37 10,990 3,157 3,846 11,794 14,836 9,559 12,001 3,247 3,835 12,806 15, 836 
California.......--.---__-----.. 96,871 113,337 16,124 15,996 112,995 129,333 97,270 115,804 21,040 20,423 118,310 136 , 227 
Colorado. ._._..-.----.--_-_----- 9 ,006 10,809 11,740 11,418 20,746 22 ,227 11,189 12,751 9,621 9,290 20,810 22,041 
Connecticut. _.-....--.-.-_- --- 7,377 8,375 2,711 1,062 10,088 9,437 7,320 8,067 2,620 1,039 9,940 9,106 
Delaware__._....-..----.------- 1,282 1,280 __.---- LLL leee 1,282 1,280 1,545 1,441 - ele Lee 1,545 1,441 wn 
Florida._o-....-------------.--- 6,911 6,039 509 388 7,420 6,427 6 , 863 6 ,094 435 283 7,298 6,377 > 
Georgia_._.....------.---.----. 3,588 73,594 LLL Lue ee- t 3,588 r 3,594 3,675 3,588 ..-----. ) LLL lee 3,675 3,588 4 
Hawaii_......--.-2-.-.---- ee 400 971 7 8 407 979 445 2,225 6 12 751 2,237 o 
Idaho___..--------- eee 2,871 3,111 6,711 5,580 9,582 8,691 ‘2,811 3,520 9,340 9,678 12,151 13,198 > _ 
Illinois.....-..-----.-----...-.. 33,469 39 ,094 1,411 872 34,880 39,966 35,260 “39 , 880 968 600 36 , 228 40,480 Z 

. Indiana... --- ee eee eee le eee. = (28, 683 21,400 733 411 24,416 21,811 24,159 21,817 708 403 24,867 | 22,220 0 
Towa_...-2-- 2 eee 12,112 12,551 1,778 995 13,890 13 ,546 14,379 14,810 3,826 2,342 18,205 17,152 Qa 
Kansas_.......-.--...---------. 10,227 7,788 2,741 1,320 12,968 $9,108 9,960 7,494 2, 584 979 12,544 8,473 
Kentucky_._-....-------------- 6,184 6,040 376 257 6,560 6,297 6,316 6,025 - 426 307 6,742 6,332 > 
Louisiana__-..-..-..2---2.-_---. 13,228 14,959 366 294 13,594 15 ,253 14,024 16,306 274 99 14,298 16,405 ti 
Maine___..._.-.-------_-.--_-- 2,276 1,636 11,276 4,827 13 ,552 6 ,463 2,210 1,694 15,084 6,137 17,294 7,831 th 
Maryland__._._..----.-----_--. 14,531 17,932 510 139 15,041 18,071 16,047 21,129 153 69 16,200 21,188 . 
Massachusetts__...-.--.......-.. 14,782 14,781 6,559 2,013 21,341 16,794 13,091 13,452 9,050 2,720 22,141 16,172 
Michigan__..._....-....---.._... 40,577 38,164 11,344 6,241 51,921 44,405 43,423 42,059 9,745 5,117 53,168 47,176 
Minnesota__.......------.--.-.. 22,937 18,220 12,880 7,687 35,817 25 ,907 26,816 20,919 10,729 6,377 37 , 545 27 , 296 
Mississippi_---...----.-----_-_- 7,479 7,871 346 698 7,825 8,569 7,192 7,785 1,255 932 8,447 8,717 
Missouri.._-__.-..-.--.-.-.----- 10,761 12,762 722 618 11,483 13,380 11,229 12 ,954 839 - 781 12,068 13,735 
Montana.__....--.-----_-_- ---- 2,764. 2 ,883 13,253 14,957 16,017 17,840 3,333 3,344 8,715 10,243 12,048 13 , 587 
Nebraska....-.._.--.-..--.--.-.-- 10,234 11,416 4,407 4,332 14,641 15,748 10,421 12,174 1,572 1,523 11,993 13 ,697 
Nevada. ...-...--.------------- 4,790 7,018 9,352 7,409 14,142 14,427 5,508 8 , 847 3,947 2,949 9,455 11,796 
New Hampshire_____.._---_----_- 2,883 2,925 5,885 2,071 . 8,768 4,996 3,421 3,043 7,163 2,516 10,584 5,559 
New Jersey_...-..----_--------. 17,658 27,077 3 2 17,661 27,079 17,387 28 ,645 2 1 17,389 28 ,646 
New Mexico_....---.-.--------- 4,660 6 ,000 4,121 4,160 8,781 10,160 5,696 6,445 6,067 5,685 11,763 12,130 
New York____._.---.-..-.------ 26,611 28,792 12,671 9,791 39 , 282 38 , 583 25 ,064 29,172 14,161 11,198 39 , 225 40,370 
North Carolina_....---.-_-.-_-_- 7,413 8,119 3,737 2,285 11,150 10,404 7,263 8,272 3,236 1,804 10,499 10,076 
North Dakota. _____-_-___------- 2,840 3,280 7,680 6 ,862 10,520 10,142 2,989 3,546 4,585 4,349 7,574 7,895 
Ohio..-.-.--- 2-2 eee eee )=— 87, 521 45,475 250 92 37,771 45 ,567 40,724 49 ,218 128 87 40,852 49 ,305 
Oklahoma______._---.-.--------- 5 ,032 6,031 1,648 972 6,680 7,003 4,570 5,614 648 409 5,218 6,023 
Oregon...___.....-------.------ 9,355 11,660 8,898 13,498 18,253 25,158 10,253 12,817 11,547 20 ,032 21,800 32,849 
Pennsylvania_...........---.--- 16,169 26 ,357 30 57 16,199 26,414 18,470 29,540 32 66 18,502 29 ,606 

S 
See footnote at end of table. on
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Table 3.—Sand and gravel sold or used by producers in the United States, by States and classes of operations—Continued 
(Thousand short tons and thousand dollars) . o . 

| 1964 a 1965 , - | : 

| State Commercial Government-and- © Total Commercial - Government-and- Total 
contractor , contractor ; 

Quantity Value Quantity Value Quantity Value .§ Quantity Value Quantity Value Quantity. Value 

Rhode Island__...............-. 1,647 $1,613 _....... ........ 1,647 $1,613 1,691 $1,811 __...... _.-..... 1,681 $1,811 oe 
South Carolina__.._........-_--- 4,622 §,262 ue Lee ee 4,622 5,262 5,248 6,688 Lee Ulli . §,248 6,688 - 
South Dakota_____._-_-____-____-- 2,559 2,474 11,211 $11,167 13,770 13,641 2,610 © 3,027 11,388 $11,128 13 ,998 14,155 
Tennessee_______-_-_-_-_____-__-- 7,222 9,631 750 614 7,972 10,245. 7,373. 10,031 820 659 8,193 10 ,;690 & 
Texas__.__...---.---.----- eee 25,249 30 , 896 3,906 2,498 29,155 33 ,394 27 , 488 33 ,572 5,161 2, 508 - 32 ,649 36,075 2. 
Utah. eee ee 5,899 6,338 4,319 4,067 10,218 10,405 5,583 6,232 4,454 4,238 10,037 10,470 tH 
Vermont_____ 2-2 eee 1,210 1,312 554 182 1,764 | 1,494 1,417 1,437 667 233° 2,084 | 1,670 e 
Virginia_...._.-----_-_-._ - _._- 10,334 13 ,467 254 255 10,588 13,722 15,301 18,013 a | 6 15,322 18,019 E- 
Washington___________________-- 14,637 15,015 17,283 10,956 31,920 25,971 15,399 15,321 15,902 11,913 -31,301 27,234 
West Virginia___...-.--___-_-_ ee 5,472 11,555 ~~ eee LLL Lee 5,472 11,555 5, 253 11,480 _ 2-2-2, Llu lle 5,253 11,480 od 
Wisconsin___......-.._.-.------. 22,378 18,174 11,970 6,521 34,348 24,695 25,669 20 , 552 13,082 7,155 38,751 27,707 td 
Wyoming._____-_-_______-_____--- 2,178 2,481 3,454 3,455 . §,632 5,936 3,448 .3,978 4,548 4,395 7,996. 8,373 5 

| _Total__...._-.-..---.---- * 620,821 * 699,334 247,387 194,041 * 868,208 * 893,375 655,884 746,658 252,170 210,764 908,054 957,422 § 
American Samoa___...--.-------  -------  --+-q--+-- 22 20 22 20 _.------) Lune eeee 60 55 60 55 Oo 
Panama Canal Zone____________- ' 84 > 82 LL eee Le 84 82 , 83 85 ___----- ) -- ee 83 85 A 
Puerto Rico_____.-_-_____-__-.--- 7,001 10,697 815 795 7,816 11,492 7,265. 11,554 882 “851 8,147 12,405 

I 
t Revised. 

7 o
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Table 4.—-Sand and gravel sold or used by producers in the United States in 1965, 
by States, uses and classes of operations: 

(Thousand short tons and thousand dollars) 

Sand, construction ee 

Building — Paving 

State . 
Commercial Government-and- Co1nmercial Government-and- 

a contractor contractor 

Quantity Value Quantity Value. Quantity Value Quantity Value 

Alabama___-_......-..-. 2,348 $2,266 ______. -___ -_ 717) HOHG Lee Le 
Alaska__...---2-2- 2 eee 147 408 10 $32 |. 6888 81 72 $252 
Arizona___---.2- ee 1,207 1,601 _.---22 Leelee — 491 — 591 1,274 1,429 
Arkansas__.............. 1,734 1,990 _.---- 2) Lote lle 1,599 1,803 1,241 1,091 
California__............. 22,323 26,291 | 19 21 12,598 13,820 6,930 7,729 
Colorado.......-..--..-. 2,087 2,444 . 4 4 775 896. 963 934 

_ Connecticut............. 1,975 2,809 _..--.. 2-----.- 1,578 1,497 = 108 38 . 
Delaware_......--------- 349 409 _...--. .-..--.- 207 2-200) eee Lee 
Florida__.......--------- 5,650 4,373 ..-..-.  ~------ 295 240. 170 © 150 
Georgia__._...---------- 2,854 2,231 -._.2. .  uuL-L_- 304 - 2638 2. Lee 
Hawaii_..__...--.---..-- 649 2,004 ....--. -.-- 2. 29 59 4 10 oe 
Idaho___.---..---------- 805 647 ..----- woe e eee 58 89 406 441 
Illinois.....-...--.....-. 6,149 5,582 -.----- 222 u ee 5,184 4,583 293 165 
Indiana___.-...---...... 4,933 4,172 2-2-2. Lee 3,577 2,887 14 6 
Towa.......-----.---..-.. 2,609 2,559 ....... -....--. 2,470 2,446 474 248 
Kansas_._.......2--.--.. 4,065 3,138 - 65 45 2,768 1,937 1,314 485 
Kentucky.-.......--..--: 2,104 2,119 22 Le 1,471 1,294 28 14 
Louisiana_.......-....... 2,717 2,643 -.-.--. .--1--- 1,708 1,593 1 2 
Maine_____._.-.- 2. _.-- 331 254 3 2 255 . 193 792 600 
Maryland______..._..... 4,094 5,390 ....... ..-.--.. 2,157 3,277 5 2 
Massachusetts__...-.-..... 2,952 2,808 -.-..-. -_-.--.- 2,024 1,877 13 5 
Michigan_.__.....-.-.... 6,469 4,726 74 33 5,377 4,697 1,699 . 790 
Minnesota_......--.---.. 4,454 3,461 7 4 1,670 1,111 2,036 1,083 
Mississippi. ---.....----- 889 783 7 7 1,245 1,094 35 10 
Missouri.___.-----.-.... 4,265 3,763 ....--- ------- 859 821 79 92 
Montana__..__._-.----.-- 308 497 Ll... ------.- 87 172 244 279 
Nebraska_.....-....-.-.. 2,267 2,606 .....-. -.-.--- 981 1,179 483 482 
Nevada_-__._....-.---.-. | 700 1,484 27 27 238 402 72 63 
New Hampshire_..._.._-- 650 455 .....-. ..----- 501 406 3,169 1,117 
New Jersey.....---.-..-- 4,940 5,911.1... ------- 2,906 2,790 --.--.. ~-.----- 
New Mexico___._...----- 949 1,105 1-22.) Lo ueee 480 556 682 - 679 
New York____..-----.--- 8,418 10,073 92 138 4,644 5,004 618 433 
North Carolina.........-. 2,551 2,183 ..-.-.-  L..---- 913 858 1,498 768, 
North Dakota_._..------ 325 392...) wu----- 202 224 1,702 1,462 

- Ohio___..._-._--...---_-..- 6,407 6,974 wane mene woe ewee 7,917 8,347 Seen nee ewe eee 

Oklahoma__..-.-1-..---- 1,758 1,628 1-2-2 Le2eeee 812 785 263 119 
Oregon____......-------- 1,184 1,710 2 7 328 433 421 823 
Pennsylvania_._..---..-. 5,566 7,575  ...-...  -.-.--- 3,374 4,902 ...-...0 ---uLee 
Rhode Island___..------- 401 435 ...---. ..----- 204 184 L.o-2le. Lau ee- 
South Carolina_.......... 2,628 1,713 ..---2. 0 LL oeee- 418 199) woe eee ee Lee 
South Dakota____._._.-- 420 503 (4) 1 200 249 2,772 2,773 
Tennessee__.-....-.----. 2,344 3,372 .....- - --.---- 1,040 1,550 22 3l 
Texas.__.....-.....-.... 9,376 | 9,873 2 — 2 3,096 3,709 475 - 231 
Utah... 22-2. ==, 101 1 234 5 5 407 414 215 233 
Vermont____..---------- 172 128 _...-.. ------- 257 163 230 87 
Virginia__.._.....-..-... 2,046 2,518 ..----- ------- 4,476 4,009 -....-2 Leelee 
Washington...._.....--. 2,138 2,201 1 2 1,099 993 1,302 884 
West Virginia.._........-. 1,505 1,947 ..---.. ...---- 444 7720 eee Le 
Wisconsin..-.......-.--- 3,495 2,842 ...---- .----- 2,424 2,031 3,459 1,777 
Wyoming___._._-..---.- 294 336 .-.---. ------- 368 434 1,882 1,878 
Undistributed__.-...-----0 ------ eee nee eee eee eee nee ee eee eee eee eee eee ene 

Total__.........-- 149,602 157,966 318 330 87,270 88,770 37,460 29 ,695 
American Samoa..-.----- ------ ------- 60 55 -2---- wen eee eee we eee . 
Panama Canal Zone__...- ----.-  -------) eee n ne ene eee eee eee eee eee 
Puerto Rico_____........ 2,074 3,970 ...-.-- ~------ 1,572 1,964 234 263 

1 Less than 4 unit.
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| Table 4.—-Sand and gravel sold or used by producers in the United States in 1965, : 
by States, uses and classes of operations—Continued | 

(Thousand short tons and thousand dollars) 

- Sand, construction—Continued 

a . Ri: Other 2 
Railroad 

State ballast 
(commercial) Commercial Government- Commercial Government- 

cs and-contractor ~ and-contractor 

. Quan- Value’ Quan- Value Quan- Value Quan- Value Quan- Value 
os tity tity tity tity - tity 

Alabama____--2--------e eee tee 17 $14 Looe Leek lee ee eee Lee ee 
Alaska_.--. 2.222. -e eee fee wee 5 4 - 16 $10 _-.-. LL. 4. $4 
Arizona____-_-2------- ie eee eee 153 105 92 84 il $9 une Lele 
Arkansas__.__-_____----2l22 0 ----- 1 nee WwW W eee nee WwW W ence Lee ee 
California____.._...-.-..- _ 2 $2 4,251 3,188 574 548 442 400 71:84 
Colorado_._.....-.--.---- ----- ----- 127. - 87 24. 29 2 --e Lone Lee tee 
Connecticut..-..--------. ----- ----- 302 162 .-..- -----  W WwW 18 §6618 
Delaware__......---.----- .----- ----- Ww WwW _eeee ieee ene eee n ee eee Annee 
Florida.......--.--2--.---0 -----) ---- 220 144, 265° 133. 12 25 _-_ ele neue 
Georgia__-...-...--...--. 36 °° «6337 32 14- wee ee ee eee ee ee 
Hawaii_.......--..----6--  ----- -----  ---- ween eee ee eee nee ee eee 2 2 
Idaho_..._.--.----...-..- Ww. WwW 7 10 133 96 WwW re 
Illinois. ..........--.----- WwW Ww -W W i... ----- WwW W eee feet. 
Indiana___.....--.-.---.: Ww W 2,193 969 -.... --..- WwW ee 
Towa__...--..---.--....--- ---.. ---.. 1,064 632 22 '8 W W owen Leet 
Kansas....-......-------- 15 12 940 425 92 28 117 88 64 20 
Kentucky..-.....-.-.---.  --.-+ ----- 800 475 -.-.- ----- -neee pene wee ee ones 
Louisiana_.....---------- eee eee Ww W lie ieee WwW W ieee Leet 
Maine___ 2-2-2. eee eee eee eee 277 121 4,629 1,622 50 38. 227 178 
Maryland__-...-..---.--- ----- ----- W W ....- -.--- WwW Ww 1 - 
Massachusetts.........-.. ----- ----- 478 193 1... LLL WwW ‘W 21 # £27 
Michigan__....---22- -2--- WwW W 3,265 1,484 1,224 400 W. WwW 102 41 
Minnesota________.--_---- 5 5 855 317 =123 42 Ww WwW 36 12 
Mississippi_.........--..-. ----- ----- 23 4 999 426 W W ule. Laue 
Missouri_.__.-___.------- WwW WwW 405 358 __._- ----- WwW W eee nan eee 
Montana... eee eee eee 45 51 8 5 13 17 129 “171 
Nebrasks_..........--.--- Ww. WwW WwW W eee eee eee eee eee 
Nevada__.-.---.---.-- +e WwW WwW 22 146 —ti‘“‘i«‘CS;S 5 WwW re 
New Hampshire....-...-... ----. --.--- 271 95 20 7 WwW W ieee le ee 
New Jersey.._-.-..------.  ----.  ----- 720 $54 oll eee 706 754 2 1 
New Merico__.-..____--=.- 48 . 16 40 34 60. 41 2. Lee 6 6 
New York.__.-----------.  -----) ----- 649 356 2,851 1,177 644. 561 502. 243 
North Carolina____._...--- w Ww 231. 119 387 241 24 17 694 . 277 
North Dakota__.....----. ---.. ----- 186 194 .-2. pee fee ee eee 
Ohio_...-..-.------...---- ----- ----. 1,556 937 16 21 221 206 _.... ..---- 
Oklahoma_..-....-------- 0 ----e Leek 525 . 209 61 45 WwW W ieee Lee eed 
Oregon_-.__.....-.------- Ww w 188 . 178 - 206 151 22. #21 558 844 

_ Pennsylyania_._....-.---. ----- ----- 42 43 --.-- ----- 185 269 .... -..... 
Rhode Island_____.-..--..  ---.-. ----. Ww W ....- .----  £4W 2 
South Carolina_...-..2---. ---.. -.-.- 27 VW nnn eee ee eee ee nee 
South Dakota_._......---.0 .---.  ----- 39 380 w2.-- wee weet wee 7 6 
Tennessee___..-- 22 - eee eee eee eeti(‘iéa QD 19 LL... Lue WwW W lee Lee 
Texas__..---- eee eee eee nee 523 204 40 20 205 185 40 7 
Utah___-.- eee eee eee tee 68 43 we Lee lk 1 > 
Vermont.__.----- eee ete Lee 93 8d caeee onan 55. 57 47. 15 
Virginia_._.--2 222 eee WwW W 2,129 788 1...) ----- WwW ee 
Washington__..-2----22-- Lee Lene 777 499 2,486 1,821 Ww Ww 9 15 
West Virginia........--.-. ----- .---- 31 41 .2oee eee ee eee eee ee nee 
Wisconsin__._....-.------ Ww W 1,325 623 491 152 WwW WwW 182 72 
Wyoming_.-_-_-_._2 2 eee eee WwW or WwW a 
Undistributed_______..---- 196 122 3,858 2,385 _.... -..-.. 3,852 2,992 1... ~~. LL- 

Total__.---- 2 _ oe. 302 194 28,788 15,964 14,824 7,112 6,060 5,641 2,722 2,038 
American Samoa__.------- eee eee eee ee ee eee eee ee eee 
Panama Canal Zone____.--  ----- eee eee eee eee tee 83 85 ..--- -.--e- 
Puerto Rico___-_-------e ee eel Lee 592 524 502 450 ----~ Lue Leelee Tle eee 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘ Undistributed.” 
1 Less than 4 unit. 
2 Includes unspecified.
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Table 4.—Sand and gravel sold or used by producers in the United States in 1965, 
| by States, uses and classes of operations—Continued . 

(Thousand short tons and thousand dollars) 

Sand, industrial (commercial) . 

Glass Molding: Grinding and Blast Fire or 
State polishing furnace 

Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity tity tity tity tity 

Alabama__.----2- eee ee Lee WwW W eee ee eee eee eee eee 
Alaska_...----- eee eee eee eee eee ee ee ee nee eee 
Arizona_______-..-------- pene eee eee eee eee eee Ww WwW eee Lilie . 
Arkansas____-__--..------ WwW WwW WwW | ee |, A W ieee eee 
California. ........-.....- 869 $4,138 87 $3899 ___._ - ___- 225 $942 °- W WwW . 
Colorado... 2..----- ee eee ee eee ee eee ee eee 

. Connecticut... -.-------- 0 eee tLe 2 2 WwW. W ieee nee eee eee 
Delaware.__..------- eee ee eee ee ee ee ee eee eee 
Florida_...._..----.------ . WwW WwW WwW W ieee Lee WwW W eee eee 
Georgia__.._..-.--------- WwW WwW WwW W Lee eee WwW W ieee Lee 
Hawaii... ~~ eee eee eee eee ene eee 11 23 -oeee eee 
Idaho___.2- 2 4 28) woe eae wee eee Woe. Lee 
Tinois.......-......-----. 1,861 4,041 1,029 3,075 WwW WwW Ww W eee Lele 

- Indiana__.----2 W WwW WwW a WwW WwW WwW W 
Towa... eee eee eee tee WwW W ieee Lee WwW a 
Kansas__.......---2------0 ----- poe ee eee eee eee eee ee WwW W ieee wee 
Kentucky. ..- 22-2. eee tee Ww W ieee eee eee ee eee bee 
Louisiana..__.-------e ee ee ee ee eee eee eee W W-. ieee. 
Maine_____-_------ eee eee ee eee ee ee ne eee 
Maryland____-...-.---.... ©. W Woe eee eee ee eee ee eee eee 
Massachusetts_........---. ----. ----- WwW W Lee Lae ‘WwW W wee Lee 
Michigan____.......-.---- Ww W 3,298 5,903 WwW Wo elle eee eee eee 
Minnesota___...-..------- W WwW WwW W eee Lleeet!ltC(<CW W ieee Leelee 
Mississippi........------- ----. ----- Ww WwW WwW a 
Missouri___.--..--.....-- 511 1,259 WwW WwW WwW WwW WwW W Leelee Le 
Montana__..--- ee ee eee eee ee ee ee eee . 
Nebraska_.__-_----------- wee eee eee eee ee ee ee ee eee , 
Nevada____.-.-_.-------- W WwW WwW ec WwW Ww =. 
New Hampshire......-.-...2  -----  ----- -.---) see eee eee ee eee eee eee eee 
New Jersey__.....--.-.--- 843 3,139 1,740 5,454 1... _-L-.- 151 699 W WwW 
New Mexico_......-----.. ----.) pee eee ee ee ee ee nee 
New York_-- eee eee eee 184 757) on ee ee eee ee eee 

' North Carolina......--2--.0 ----- 0 ----- eens wee e- ee ee- eee 11 Wloo.teee Lele 
North Dakota___._.-----. 0 ----- eee eee ee le ee ee ee eee eee 
Ohio.__..-- 22-2 eee Ww w 525 2,198 WwW Ww WwW w. Ww WwW . 
Oklahoma_-_..-..-------- WwW WwW WwW W eee Lee ‘W W ieee eee 
Oregon_....-..---..-----. ----- ----- 1 6 ----- Lene foe lee nee eee 
Pennsylvania. —........--.- Ww WwW 234 581 WwW WwW Ww WwW 140 $406... 

- Rhode Island____-..-----.  ----.- ..... ° W a 
South Carolina_.........-- WwW ww WwW W lee Lee 10 45 Ww. . WwW 
South Dakota........-.-.. ----- ----- cee eee ee eee eee ee eee eee 
Tennessee. _--.....-..---.- W W 301 906 WwW a 26 “51 
Texas_____..-..-..------- WwW ‘W WwW W Lele eee WwW Ww 3 5 
Utah... eee eee eee eee 3 7 ween wae 1 4 Ww WwW 
Vermont___.---.-.------.  ---- eee ee ee ee ee ene eee ween ee 
Virginia_....-.-....---.-- WwW a 
Washington. ___.......-.- WwW Ww Ww W eee lle Ww W Lue 
West Virginia____..._.---- Ww WwW Ww W _..-- _---- WwW Ww Ww WwW 
Wisconsin_....-.-.-.---.- Ww WwW 879 2,251 __.. —--..-- 15 44 __... Lue 
Wyoming._._.-.--.------- ) ----- een wee eee eee eee ween ween eee ---2ee 
Undistributed__........... 4,140 13,554 1,548 4,780 958 $1,744 645 2,206 423 875 . 

Total__............ 8,228 26,154 9,831 26,319 958 1,744 1,071 3,991 592 1,337 
American Samoa__._...--.  ..--- ----- ) -----) ewe ee nee ne ee ne ee eee nee 
Panama Canal Zone___----  -----) ---- eee ee eee ee ee ee eee eee eee 
Puerto Rico. .__-....-.--- 38 a 

W Withheld to avoid disclosing individual company confidential data: included with ‘‘ Undistributed.” 

232-748 O-67—52 .
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Table 4.—Sand and gravel sold or used by producers in the United States in 1965, 

by States, uses and classes of operations—Continued 

(Thousand short tons and thousand dollars) 

eI 

Sand, industrial (commercial) —Continued 

Engine Filtration Oil (hydraulic Other Ground sand 
State fracturing) 

Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity . tity tity . tity tity 

ee 

Alabama-__.__------------ WwW WwW 56 $56 -.--- -----~ W a 
. Alaska_.._..-_----------- 0 ----- pn ee enn nee nee eee n erence ce eee nner oe eee 

Arizona_..__....--------- Ww W _.... -.---- 18 $196 12 $16 __--. Lue 
Arkansas_..-_.-----------  ----- 0 -----0 --eee cee e cere eee Ww Ww Ww WwW 

California. __...---------- 42 $131 12 56 Li Looe 78 236 ‘W WwW 

Colorado...-------------- WwW ‘WwW WwW W eup-e ----- Ww W ----- ------ 

-Connectieut__-_..--------- ----- ----- WwW W eee Lee ee eee eee ee ee eee. 
Delaware._...-.-.-------- W W ee eee eee eee eee eee ee eee ene 
Florida____........------- WwW WwW WwW W eee Lea 97 95 .-.-.  -..--- 
Georgia_..-_-------------  ----- ----- Ww W ee ---e- Ww Ww WwW Ww 
Hawaii__.....------------  ----- 0 -----  ----- 0 ----- 0 -----) ----- 3 WZ -----  ------ 

oe Idaho__....---.---------. ----- ----- 2 14 w...2 0 Lue 1 8 L--.) Lee eee 

Illinois__....------------- Ww WwW WwW WwW W WwW Ww WwW WwW WwW 

. Indiana.....----------:-- § W W eee wen- ewe eee == -- WwW Ww wo ww. 
lowa..._.-- ee eee eee eee eee eee eee eee eee eee eee eee eee wee 
Kansas__.....------------ 40 65 w WwW WwW WwW 2 3 -----) ------ 
Kentucky. .__-...-------- WwW W ieee eee eee +e 3 AL LLL Lee. . 

Louisiana..__.__._-__------ eee eee een eee eee eee eee nee WwW W 

Maine___-_--.--.-.-.------ 4 6 ----- ue ue ee ween oer 1 2 .---- -uuLee 
Maryland.__...-.-.------  -----) ----- 0 ---220 ---2-0 ----- eee WwW W _---- ------ 
Massachusetts__.__.--....- ----- ----- W W ui... ----- “W ee 
Michigan._........----.-- WwW ee Ww WwW WwW WwW 

Minnesota____..-.-------- W W i.e --ee- ‘W WwW Lilie Lueee WwW WwW 
Mississippi___.-----------  ----- 0 ---2e 0 ween ween eee ee eee cree reer ee 
Missouri_._-....--.------ WwW WwW WwW W lle uae W WwW WwW WwW 
Montana.____._______---_ eee ee ee eee eee eee eee ee eee eee eee een eee 

. Nebraska._.____-._2------ 0 ----- ee eee eee eee nee ee eee eee eee ene nee eee 
Nevada__.___.___._.-_---_-  -----) ---- eee eee eee eee nee WwW W Lee Lee 
New Hampshire___....--.- WwW W W W ieee Lee ee Lene ween eee eee 
New Jersey___-..-...----.-- WwW W WwW W Lee Lueee 138 608 191 1,513 
New Mexico_...-.-.------  -----  -----) -----) ----20 -----  ----- 2 1 ...-. Lue e-- 
New York..__-_.--.------ 23 34 9 16 2. untae ween eo aeee- 3 $5 
North Carolina..-..-.....-. ----- ----- Ww W eee Lee ee eee eee nee eee 
North Dakota_____.-----. ----- ----- ----- (-----0 -----0 eee ee werner eee cerns ree ees 
Ohio____-_.-.------------- WwW WwW Ww W ___-- uuu Ww Ww WwW WwW 
Oklahoma___..-....------ WwW W W os WwW WwW WwW W 
Oregon.........----------- 18 26 __--. Leen ee eee ee eee eee eee wees 

_ . Pennsylvania.__...2--.-=- ‘WwW nn WwW W WwW WwW 
Rhode Island_.___..__--_-. ----. ----- -----) cone Hee eee ee eee eee ee eee ee eee 
South Carolina____..__.-.- W W WwW W -e-. Lauee WwW W WwW WwW 
South Dakota_._________..  ----. ----- cece eee e ee nee ee eee ee ee eee ee eee eee eee 
Tennessee__.._.__...----- ol 2 pee wee ee neat e eee W a 
Texas__..--.-_---_. --.---- 10 14 W W W W ‘W W 106 453 
Utah._.-...-------------- 7 oe WwW W Ll. Luuee- 
Vermont.____....-------- 0 eee eee we ee eee eee eee eee eee eee eee 
Virginia........-.-------- - WwW WwW WwW W i.e Lue WwW WwW WwW WwW 
Washington____..--.--.---  -----  -----  ----+ 0 ----- 0 ----- ----- W W WwW WwW 

West Virginia___......---- Ww WwW WwW W eee Lee WwW Ww Ww WwW 
Wisconsin. .__..____---_-. W W W W 3 15 _--ee Lee WwW WwW 
Wyoming._____-_.------- eee renee renee ene een eee coer ee ee= eee -2-25Z 

. Undistributed_____._.----- 760 1,631 182 379 238 1,619 1,313 4,286 1,336 9,257 

Total______.-.-__-- 905 1,927 261 520 259 1,830 1,650 5,283 1,636 11,238 
American Samoa__._.__-_---  -----) ----- ee eee eee ee ee ee eee eee nee eee 
Panama Canal Zone__..__.  ----- ----- eee eee ee eee eee eee eee eee eee 
Puerto Rico.___._...------  -----) eee ee ee ee ee eee ee ee ee eee eee ee 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘ Undistributed.”’
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Table 4.—Sand and gravel sold or used by producers in the United States in 1965, 
by States, uses and classes of operations—Continued 

(Thousand short tons and thousand dollars) 

Gravel, construction 

. _ Building — . Paving 

a State a 
Commercial Government-and- Commercial Government-and- 

contractor . contractor 

Quantity .Value Quantity Value Quantity Value Quantity Value 

Alabama____.._....-.... 2,098 $2,590 _______ ___L-.- 559 $669 2-2 Lele 
Alaska___....----------- 163 512 5 $16 262 510 1,078 $3,579 - 
Arizona___.__.---------- 1,553 2,056 ___---. ---- _-- 3,409 3,945 5,924 - 5,827 
Arkansas___..-.--------- 1,928 2,823 -__--..  ---.--- 3,444 3,985 2,006 2,744 
California._.._........... 24,859 29,958 99 117 28,461 33,093 12,680 11,281 
Colorado___.__--..------ 2,834 3,656 125 125 5,112 5,427 7,878 7,657 

Connecticut __.-....-..-- 1,380 2,336 7 3 1,064 1,055 2,438 955 
Delaware_.__._-....----- 87 166 __-_--.. —------- 815 622 ___.__. ___L_lL 
Florida_....._..--_._.__-- Ww W ieee. tee eee WwW W ieee Lee 
Georgia_____..__.___---- Ww ee WwW W ieee Lee 
Hawaii_____.._--.____--- 2 38 une) Leet 51 119) LLL e eee LL Lee 

. Idaho________---___--1-- 324 453 __..--. ------- 1,862 1,974 8,064 8696. 
Mlinois__...__---...-.--- 7,185 6,360 __----.~ - ----- 9,667 9,302 675 435 
Indiana_____..--_._-.--- 3,793 4,409 3 1 6,615 6,623 647 380 
Iowa_______._____------- 1,257 2,043 15 8 6,149 6,071 3,315 2,078 
Kansas_.._._______-___--- 494 . 487 18 16 1,353 1,131 966 371 

_ Kentucky_____.._.-_---- 715 805 30 18 1,015 1,148 368 275 
Louisiana______._____---_- 5,313 6,640 168 19. 3,409 4,121 ~ 105 78 
Maine_________________- 195 . 202 __._-- 2 Lelie. 667 695 9,199 3,639 

— Maryland__._-.-_--.-.-. 2,848 5,861 _......  ----.-- 2,207 3,017 57 20 
Massachusetts._-._------- 2,741 3,646 -_.--.. ------- 2,247 2,364 2,224 1,080 
Michigan_.___.._.._-._-..-. 5,436 7,406 103 56 17,696 14,969 6,265 3,707 
Minnesota____..-...----- 3,319 4,896 7 4 13,786 8,962 8,202 5,165 
Mississippi..._--.-------- 1,272 1,456  _----_ --.---- 3,130 3,721 | 27 10 
Missouri_____-_-...-.--. 2,749 3,094 __.....  _------ 1,001 828 760 689 
Montana.________-__---- 520 730 ____--.) Lu u---- 2,048 1,574 7,670 9,124 
Nebraska________-.-_-_--- 1,265 1,519 12 13 5,079 5,923 1,077 . 1,028 
Nevada___.-.---.------- 947 1,704 25 — 25 2,612 3,706 3,633 2,636 

~ New Hampshire_-___.--_--- 733 926 __----. ------- 709 908 3,974 1,392 
New Jersey___....-.----- 2,868 5,090 ____-.._ __--.-- 1,416 1,583 _-.-Le Lelie 
New Mexico_.__..____--- 1,106 1,897 __.__-_ -__--.-- 2,963 3,246 5,282 4,924 
New York______---_----- 4,512 6,507 _.-.--.-. ------- 3,476 4,239 5,672 6,373 
North Carolina___._-._._-.. 1,169 1,888 ___..__  .__-.- 1,765 2,101 . 657 518 
North Dakota__.__-__--- 363 538 8 8 1,193 1,606 2,875 2,879 
Ohio.__.______-_---_----.- 6,219 7,502 __...._ ._.---. 18,312 16,117 102 59 
Oklahoma______..-.-_--- 101 — 174 ___---.  ------ 154 128 310 214 
Oregon____.-.._-.-.-.--. 2,434 3,023 141 219 5,301 6,680 10,068 17,826 
Pennsylvania_______..--- 3,522 4,987 __..... ------- 3,418 9,241 32 66 
Rhode Island____.._.._-- 490 660 ___..-.  _u----- 232 © 227) Lele Lees 
South Carolina__...____-- WwW W Leelee Lee . W W Lee eee ee 
South Dakota___._.___-_.- 305 364 66 55 1,547 1,796 8,543 8,293 
Tennessee__._._.......--- 1,140 1,867 ___...-.  ------- 1,874 1,677 683 520 
Texas___._._---------.-. 8,792 10,842 _____.. -....-- 4,257 5,403 4,487 2,196 
Utah___._-.-.-__-.-.-.--- 1,205 1,275 462 322 2,304 2,661 3,485 3,489 
Vermont____._----_----- 215 297 3. 1 532 720 379 128 
Virginia_____.._...-.-_.-- 1,738 3,285 __---.. ..----- 3,647 5,929 6 2 
Washington____.......-- 3,561 4,034 1 4 4,948 5,022 5,958 5,884 
West Virginia.___........- 1,209 1,515 .._.... _------ 858 1,452 __..-.. -------- 
Wisconsin.._.....-..---. 3,507 2,986 __._... ---.-.. 11,824 8,588 8,678 5,069 
Wyoming._._-_.__..------- 413 496 2 2 2,131 2,483 2,662 2,514 
Undistributed__._......... 1,492 2,556  __.-.. ------- 659 1,240 ____-.. -------- 

Total_........---- 122,371 157,020 1,300 1,032 192,240 204,551 149,111 133,800 
American Samoa____.---- ------e eee ee ee ene ee eee eee eee eee eee eee eee 
Panama Canal Zone______ -------  -------) we eee ee een ee eee eee ee eee 
Puerto Rico____..--.----. 1,442 2,772 __-.-.- ------- 971 1,792 - 21 30 

W Withheld to avoid disclosing individual company confidential data; inc!uded with ‘‘ Undistributed.’’
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Table 4.—Sand and gravel sold or.used by producers in the United States in 1965, : 
by States, uses and classes of operations 

(Thousand short tons and thousand dollars) — 

a 

_ Gravel, construction—Continued . 

Gravel 
Fill Other miscellaneous 

Railroad . (commercial) 
State — ballast 

(commercial) _ . Government- . Government- 
Commercial and- Commercial and- , 

contractor contractor 

' Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value Quan- Value 
tity - tity tity tity tity tity 

‘Alabama_.__------- .---- ---- WwW W ie) ------ 97 $145 ___-- ---- Ww WwW 
Alaska_....-------- 18 $29 4,618 $4,045 23,825 $24,974 -_.. __... ---- ---- 5 $11 
Arizona_..-.------- WwW WwW 548 535 66 48 WwW WwW 8 $4 47 63 
Arkansas...._.----- .-W ‘W 108 54 _.--.) -o---- W W .... Lee 25 7 
California.__...---- 182 134 1,768 1,648 456 456 657 666 211 #187 «53451 #535 
Colorado_..-------- 1 1 158 101 567 481 1 5 60 60 70 - 67 

/ Connecticut__..---- ---- ---- 622 306 49 30 40 41 1. —_u-- 151 210 
Delaware...__------ ---- ---- WwW W ee eee eee eee eee ree WwW WwW 
Florida__....__.----- ---- -~--- ----- ----e a eae meee mene -=-- -~--- -+-- ~--- 

- Georgia...-.-------  ----  ----  ---- ener eee ee eee nee nee nee eet wee ee 
Hawaili___._.__-___. _--- eee eee eee eee eee eee eee eee nee eee eee 
Idaho___...__------ Ww Ww 154 182 732 443 Ww WwW 5 2 WwW WwW 
Illinois__-.._..----- 52 39 1,257 7730 -----) -2---- 33 34 _.-. ---- ---- ---- 
Indiana__..__--_--- 45 35 1,956 1,041 44 16 203 99 __.. -..- ---- ---- 
Iowa__-.-.-_------- W W 498 330 _-_-. ------ W W Lee Lee eee eee 
Kansas_....._..----- ---- ---- 36 34 10 5 105 129 55 9 13 14 
Kentucky- --------- WwW WwW 161 89 ___-. Luueee eee eee re =e 6 11 
Louisiana.....-.--- ---- ---- . W W i... --e---° 3 W W __-- .--- WwW WwW 
Maine___._-.-.----- 31 10 257 111 231 95 67 30 3 1 75 32 
Maryland. -.------- WwW Ws 1,649 900 90 37 WwW W __.. ..-. 364 392 
Massachusetts.-.---- . W W 1,172 678 6,777 1,579 W Wi 15 29 366 337 
Michigan...._--.--- 240 264 — 378 199 190 63 347 397 88 27 1. ---- 
Minnesota_-__..-.---. 357 165 1,951 951 298 60 39 = «24 20 7 w--- ---- 
Mississippi. - _—----- 36 13 63 30 187 479 WwW W _--. ---- 260 243 
Missouri_.._..----- 166 65 W W lee Lue W W _.... .-.-- 305 269 
Montana...--_----- WwW WwW 186 151 285  . 172 57 87 379 492 WwW WwW 
Nebraska..._..----- WwW Ww Ww re 50 61 
Nevada_-___._------ Ww WwW 419 376 185 193 WwW W _--. .--- 129 245 
New Hampshire_----- .--- ---- 367 119...) _LLL- Ww W .-.- ---- Ww Ww 
New Jersey__.------ ---- ---- 485 325 __... _-----. 198 233 —-... ---- 22 25 
New Mexico-_------- 20 24 88 66 37 35 _--- ---- ---- wee eee owes 
New York____------ Ww W 1,920 1,175 4,390 2,816 WwW WwW 36 18 378 337 
North Carolina-_----- 24 21 12 11 _---e Lee eee eee eee eee eee) = 5523: 1,075 
North Dakota_.---- 321 201 397 390 ___.. ------ 2 Lowe. Leet nee oe ee 
Ohio____..--------- 3 2 2,054 1,184 10 71,275 1,876 .... ---. 3875 665 
Oklahoma_.__--.--- § W W tee eee 14 31 WwW W ... .--- WwW WwW 
Oregon._..__------- WwW Ww 540 366 93 54 35 49 58 108 WwW WwW 
Pennsylvania. - ~~ --- WwW WwW 321 200 ___.. ------ WwW W _-.- ---- 53 83 
Rhode Island__-.-.- ---- ---- ‘W W ee Lule WwW W _-- ---- ---- ---- 
South Carolina_----- W W ee eee eee eee ee nee eee reer eee WwW WwW 
South Dakota__-_.--- 32 38 57 388 ___--  ------ 8 8 _...  .L- 2 1 
Tennessee_-.--.---- 60 60 114 134 115 108 .--- ---- ---- ---- 21 29 
Texas___...___---.- Ww Ww 160 89 ___..  --_-.. 245 339 117 47 WwW WwW 
Utah.____.__..----- 2 1 84 68 287 189 _... __-. ---. --.-- 3875 469 
Vermont.___.------ ---- —--- 75 27 3 (4 WwW Ww 5 2 WwW WwW 
Virginia_....._._-.--- ---- ---- 744 375 15 4 30 45 __.. LL. 71 6C 
Washington_..__-._._--- 190 142 1,947 1,400 5,918 2,951 521 494 227 352 105 157 
West Virginia-_--_---- W W 21 26 .---.- --.--- WwW W iL Lee eee eee 
Wisconsin. ._..-_--- 196 111 1,690 721 267 83 142 111 5 2 _-_-. u--- 
Wyoming. -.-_.------ WwW WwW WwW Ww 2 Yo... , Tle nee eee 41 29 
Undistributed.__.--- 714 707 569 356 _.--. ..---. 2,603 3,420 __.. .-.- 628 883 

Total__..._-. 2,640 2,062 29,604 19,604 45,143 35,410 6,705 8,233 1,292 1,347 4,911 6,310 
American Samoa__.-  .--- ---- -----) eee ee eee eee eee ee eee ee eee nee 
Panama Canal Zone. _-_. ---_ -----~ ----- -----) ene eee nee eee eee eee eee 
Puerto Rico..__---- ---- ---- 567 479 125 108 ---e eee eee ee eee eee 
a 

W Withheld to avoid disclosing individual company confidential data; included with “Undistributed.” 
1 Less than 14 unit.
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Table 5.—Sand and gravel sold or used by Government-and-contractor producers 
7 in the United States, by uses 

(Thousand short tons and thousand dollars) 
ee 

| Sand | 

Year * Building . Paving Fill Other | 

. | Quantity Value Quantity Value Quantity Value Quantity Value 

A 

1961_.....-._- 2,321 $3 , 331 32,243 $21,621 7,991 $3 , 256 435 $242 
1962__..-.._.- 1,759 3,287 30,163 21,444 7,482 3,016 1,267 605 
1963__.....--.- 728 882 33 , 285 23 ,840 7,076 3,124 1,433 668 
1964_..-..-_-- 950 1,401 34,262 26 ,999 6,335 2,935 1,811 882 
1965.._.....-- | 318 330 © 37,460 29,695 14,824 7,112 2,722. 2,038 

| Gravel _ i: Total Government- 
Ss and-contractor 

oR os sand and gravel 
~  - - Building ~ Paving . . _ Fill. Other . 

Oo Quan- Value -Quan- Value | Quan- Value Quan- Value Quan- Value 
| tity . tity tity. tity tity : 

1961_________. 6,480 $9,372 148,572 $109,155 13,510 $4,547 677 $493 212,229 $152,017 . 
1962__.......- 8,626 11,870 145,602 113,094 14,125 | 5,535 698 454. 209,722 159,305 
1963__.....-.. 4,110 4,091 157,671 . 182,829 26,379 21,476 497 366 231,179 187,276 
1964____._.... 3,515 .3,946 - 163,872 139,297 35,870 18,030 772 551 . 247,387 194,041 
1965__........ 1,300 1,032 149,111 . 133,800 45,143 35,410 1,292 1,347 252,170 210,764 : 

Table 6.—Sand and gravel sold or used by Government-and-contractor producers | 
| oo in the United. States,1 by types of producer __ : 

— 7 (Thousand short tons and thousand dollars) 

——_. eee 

. oS Quantity Value Quantity Value Quantity Value 
Type of producer ee 

| | oo , 1956-60 (average) _ 1961 | 1962 

Construction and maintenance crews._.. 49,768 $26 ,565 54,030 $33,194 55 ,547 $31,216 | 
Contractors........--.-.-.......--.-- 129,766 90,524 158,199 118,823 154,175 128,089 | 

Total___.....-.---------.----- 179,534 117,089 212,229 152,017 209,722 159,305 

States.............--..-....--------. 107,598 69,743. 127,004 94,111 129,314 95,787 
Counties. _-....-.-..---..--.......-. 47,819 28,114 46 ,932 30,334 49,590 29,656 
Municipalities__.........---------.--- 3,278 2,127 6,357 3,335 3,236 2,679 
Federal agencies___..---.------------- 20,839 ‘17,105 . 31,936 24,237 27 , 582 | 31,183 

Total___....------------------ 179,534 117,089 212,229 152,017 209,722 159,305 

| 1963 1964 1965 | | 

| Construction and maintenance crews_..- 57,546 $35,945 64,820 $41,451 62 ,822 $39,611 
Contractors.........-...---.-----.--- 173,633 151,331 182,567 152,590 189 ,348 171,153 

Total__......----------------- 231,179 187,276 247,387 194,041 252,170 210, 764 

States..........--.-.---------------- 146,053 124,138 157,186 130,651 159,763 144,293 
Counties___....--.--.2---2.-..------ 57,493 39,728 60 , 764 41,151 59,730 40 ,987 
Municipalities... 2. 3,928 3,436 3,363 2,500 3,278 2,343 
Federal agencies___................... 23,705 19,974 26,124 19,739 29 ,399 23,141 

Total__-....------------.-.--- 231,179 187,276 247,387 194,041 252,170 210,764 

1 Includes possessions and other areas administered by the United States (1956 only).
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, | _ Figure 2.—Sand and gravel sold or used in the United States. | 

‘Table 7.—Sand and gravel sold or used by producers in the United States, 
by classes of operation and degrees of preparation 

(Thousand short tons and thousand dollars) 

| 1964 . 1965 

Quantity Value Quantity Value 

Commercial operations: 
Prepared___.__..---------------------------- 7 559,820 * $663,020 588,091 $704,802 
Unprepared._...----------------------------- 61,001 36,314 67,793 41,856 

Total____._..----------------------------- 620,821 + 699,334 655,884 746,658 

Government-and-contractor operations: 
Prepared___...--.--------------------------- 180,974 158,537 177 ,847 152,680 
Unprepared____-__---------------------------- 66 ,413 35,504 74,323 58,084 

Total. _.._.._...-------------------------- 247,387 194,041 252,170 210,764 

Grand total_._...._._-____-.---_.__---------- | * 868,208 t 893 ,375 908 ,054 957 ,422 

tT Revised.
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| Table 8.—Number and production of domestic commercial sand and gravel plants, 
| by size of operation 
Ce 

1964 1965 

Annual production Plant ! Production Plant ! Production 
(short tons) a ee _ 

Number Percent Thousand Percent Number Percent Thousand Percent 
of total short tons of total of total short tons of total 

Less than 25.000___.........-. . 2,259 39.7 38,210 6.2 2,024 36.4 26 ,272 4.0 
25,000 to 50.000__...._______- 892 15.7 31,807 5.1 886 15.9 33 ,693 5.1 
50,000 to 100 000___________-- 952 16.8 66,415 10.7 949 ‘17.1 69 ,424 10.6 

. 100.000 to 200.000_._.......-.: 1743 13.1 * 104,516 16.8 813 14.6 115,550 17.6 
200.000 to 300.000_______.__-- 326 = 5.7 78,893 12.7 356 6.4 86 , 260 13.1 
300.000 to 400.000_____....__- 167 2.9 56,508 9.1 196 3.5 66 , 844 10.2 
400.000 to 500.000___._......_.- 1111 2.0 *49,238 8.0 95 1.7 40,911 6.2 
500.000 to 600.000____.-_._---. 63 1.1 34,024 5.5 73 1.3 35,089 5.4 
600.000 to 700.000_._._........ 41 7 26,469 » 4.3 32 .6  . 20,701 3.2 
700.000 to 800.000__.._..-.-_- 30 5 22,501 3.6 26 5 19,536 3.0 
800.000 to 900.000___......__- 20 4 15,018 2.4 26 .5 . 22,665 3.5 
900.000 to 1.000.000______.._- 18 3 16,898 2.7 15 3 15,301 2.3 
1,000,000 and over___.._...... 61 1.1 80,324 12.9 69 1.2 108,638 15.8 

Total___._.------...-- 5,683 100.0 *620,821 100.0 5,560 100.0 655 , 884 | 100.0 

® Revised. 
} 1 Includes a few companies operating more than 1 plant but not submitting separate returns for individual 

, plants. 

Table 9.—Sand and gravel sold or used in the United States, by classes of operation 
‘and method of transportation : 

| , | oe 1964 1965 

Thousand Percent Thousand __ Percent 
short tons _ of total short tons of total 

Commercial: | . | 
~ Truck___..------2--- 2.2 ------- = 580,919 61 556 ,833 61 
Rail._-..-..------ eee 59,338 7 62,759 7 
Waterway._...--.---_-__-__--- eee 28,198 3 33,573 . 4 
Unspecified_._........-..----------..---.-.-. -_- 2,366 (4) 2,719 (4) 

Total commercial. ._._......-....-.--------- * 620,821 71 655, 884 72 
Government-and-contractor: Truck: ?_____....__._- 247 , 387 29 252,170 28 

| - Grand total.___...-..._..---.--.---.------ * 868,208 100 908 , 054. 100 

r Revised. | 7 | 
1 Less than 0.5 percent. . 
2 Entire output of Government-and-contractor operations assumed to be moved by truck. 

CONSUMPTION AND USES . 

Commercial production of building sand _ creases were reported in all user categories 
and gravel totaled 272 million tons valued except abrasives and fillers. Total un- 
at $315 million, compared with 260 million ground industrial sand sold or used_in- 
tons valued at $297 million in 1964. Use creased 8 percent while the ground indus- - 

: of sand and gravel for paving and fill in- trial sand total increased 3.8 percent com- 
creased and that for ballast decreased pared with 1964 figures. Additional in- 
compared with 1964 figures. Unground in- dustrial silica raw material sold or used 
dustrial sand use increased in all categories is reported in the Stone chapter of this 
except blast, grinding and polishing, and yearbook under Crushed and Broken Sand- 
hydraulic fracturing. In ground sands, in- stone, Quartz, and Quartzite.
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_ Table 10.—Ground sand sold or used by producers in the United States,1 by uses : 

| (Thousand short tons and thousand dollars). 
NN 

. 1964 1965 
. Use a 

. Quantity Value Quantity Value 

ee 

Abrasives......--------------------------------- 218 $2,184 218 $2,072 
Chemicals..___._-----------------------.-------- 18 164 | 34 198 

Enamel__.___.__.------------------------------- 18 205 22 262 

Filler____.......---------=---------------------- 181 959 108 814 

Foundry uses. .__.------------------------------- 172 1,414 293 2,077 

Glass______-_----------------------------------- 152 775 © _ 182 | 943 

Pottery. porcelain, and tile.______-._-------------- 230 2,467 243 2,549 

Unspecified. ---...------------------------------- 197 1,994 536 2,323 | 

 Potal._...-------- eee eee eee 1,186 10,162 1,636 11,238 
| nn 

1 Arkansas, California, Colorado (1964 only), Georgia, Illinois, Indiana, Louisiana, Michigan, Minnesota, 

Missouri. New Jersey, New York (1965 only), Ohio, Oklahoma, Pennsylvania, South Carolina, Texas, Virginia, 

. Washington, West Virginia, and Wisconsin. . 

; | PRICES 
| The average value reported for commer- previous year. Representative prices per 

| cially produced sand and gravel was $1.14 ton for construction sand and gravel in 

per ton compared with $1.13 per ton in various metropolitan centers are published 

. 1964. Government-and-contractor pro- each month in Engineering News-Record. 

ducers reported an average value of $0.84 In December, the following base prices 

per ton compared with $0.78 per ton the were reported for typical cities: 

St.Louis = Denver Atlanta _ Philadelphia Los Angeles 

Gravel: | 

1\4-inch_._...--------- $3 .50 $2.05 $2.40 $1.65 $2.22 

84-inch._..------------ 3.50 2.25 2.50 1.65 2.42 

Sand_____..-.----------+-- | 2.60 1.47 2.00 1.35 2.02 

a 

These sample cities clearly indicate the In 1965 the average value per ton re- 

great diversity of prices from market to ported for unground industrial sands was 

market depending on local demand, avail- $2.91 and for ground industrial sands 

ability of supply, relation of available nat- $6.87. The actual selling prices range 

ural size fractions to demand for same, and widely depending primarily upon physical 

| abundance or suitability of competing ag- and chemical specifications. 

gregates. Oo 

FOREIGN TRADE 

As usual, the bulk of foreign trade in Imports of glass sand comprised of 10,687 

sand and gravel was with Canada. Ex- tons valued at $35,974 from Viet-Nam, the 
ports to Canada were 1.5 million tons val- balance being from Canada, Sweden, and 
ued at $4.4 million; imports from Canada Mexico. 
were 600,000 tons valued at $800,000.
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| Table 11.—U.S. imports for consumption of sand and gravel by classes 

_ ‘Sand . 

. . Gravel Total 
Glass sand ! Sand, ns.p.f., crude 

Year or manufactured 

Short . Value ‘Short Value Short Value Short Value 
. tons tons tons tons 

1956-60 | | | | 
Oo (average)... 3,709 ?$273,377 333,635 2? $471,314 25,861 $25,574 363,205 2 $770, 265 

1961.......--- 2 21,602 335,005 440,759 43,287 44,009 378,294 2 486 ,370 
1962_____----- 31,416 63,950 307,637 414,703 29,198 31,948 368,251 510,601 
1963___.....-. 22,724 68,650 336,547 430,165 _— (8) ©) 359 , 271 498,815 
1964._.._..... 40,308 127,689 448,213 = 558,178 (3) 2) 483 ,521 685,817 
1965__-------- 10,830. 39,418 677,814 839,651 (8) (8) ° | 688 , 644 879 ,069 

1 Classification reads: ‘Sand containing 95 percent or more silica and not more than 0.6 percent. oxide of 
iron, and suitable for manufacturing glass.”? — 

2 Consists mainly of synthetically prepared silica from West Germany for specialized uses and is not com- 
parable in value to ordinary glass sand. , 

$ Sand, n.s.p.f. erude or manufactured and gravel no longer separately classified. . 

‘WORLD REVIEW | 
_ Australia.—A new plant at Gawler, Europe. A new sand and gravel plant 
South Australia, was described. The in- near Ludlow was described.11 It produces 

_ stallation produces washed sand and gravel washed, crushed, and graded gravel and 
at a rate of 65 tons per hour for use in concreting sand. Care in planning exca- 
concrete. vation was required due to proximity of : 

Canada.—Present trends in Canadian the archaeological remains of an ancient | 
consumption of silica sands and availabilty Roman camp. The company will assist 
of suitable resources were outlined. Re- Birmingham University archaeologists. in 
cently reported discoveries of silica sand their site investigations. In addition, plan- 
resources included a deposit 40 miles north- ning authorities stipulated that only a max- 
east of Hearst in the Sault Sainte Marie imum of 6 acres of land could be out of 
mining division in Ontario and another a use for agricultural purposes at any one , 
short distance north of Montreal in Que- time. Therefore, work is. carried out in 
bec. Because most glass sand is imported 3-acre blocks so that restoration to farm 
from the. United States, such newly dis- use on one block is completed before a : 
covered prospects are greeted with much _ third block is entered by mining operations. 
interest. A new British Columbia gravel An ultra-modern fluidized bed sand dry- 
plant was described which featured im- ing plant at Buckland was described.12 

pr oved processing systems that stressed The 40-ton per hour plant dries sand from 
flexibility to meet customer specifications. 4 moisture content of 5 percent, splits it | 

Malaysia.—Japanese teams have been into three size gradings, and cools the prod- | 
surveying highgrade deposits of silica sand uct. Fully automated, only part-time at- 

at Tulong and Muara in Brunei. The tention from one operator is required. 
Brunei deposits were considered to repre- = 
sent an alternate source to the 200,000 a Mining and Minerals Engineering (London). 

. . ustralian Sand and Gravel Plant. V. 1, No. tons of glass sand presently imported to 15. November 1966 pp: S77 B72. 
Japan from South Viet-Nam. ® Collings, R. K. Silica Sand-Canadian Sources 

United Kingdom.—Two leading British of Interest to the Domestic Glass Industry. 
ona Canada Dept. of Mines and Technical Surveys, 

glass manufacturers (Pilkington Brothers Mines Branch, Tech. Bull. 69,. April 1965, 9 p. 
: 101 10 Herod, B. C. British Columbia Gravel Plant 

Lid. and United Glass Ltd.) have j oined Reflects Attention to Markets. Pit and Quarry, 
with a sand and gravel firm (United jy. 58, No. 2, August 1965, pp. 82-85, 20. 

. 11 Mining an inera ngineering (London). 
Gravel oe) Hl form Sands pevelopments Bromfield Sand and Gravel. V. 11, No. 14, Oc- 
Ltd. ware will search for an oe ore de- tober 1965, PP., 580-540, E (London) 

i ivh- Wi ithin 2 Mining an inera ngineering ndon). 
posits of high-grade silica sand within the |.) dived Bed Sand Drying at Buckiand. WY. 
United Kingdom and elsewhere in western No. 11, July 1965, pp. 418-420.
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| TECHNOLOGY sO : os 

The National Sand and Gravel Associa- effect of additions of bivalent lead upon 
tion received a merit award from the Soil sulfonate flotation of quartz and the mech- 
Conservation Society of America for pro- anisms by which it is achieved was also 
moting the art and science of land rehabili- reviewed.18 Although clean quartz could 
tation. The Association sponsors a study © not be floated by use of a high molecular 
program on how to restore depleted sand weight sulfonate alone, good flotation was 

. and gravel pits to beneficial use. achieved from pH6 to 12 after the lead 

Numerous articles on mining and proc- activator was added. Design and opera- 
essing of sand and gravel were published. tion of scalping-classifying tanks were also 
A new 800-ton-per-hour aggregate produc-_  described.19 Such equipment performs 
ing facility featured a centralized electronic three primary functions: (1) Removal of 
control center.13 All processing is done excess water from sand slurry; (2) elimi- 
in a single, eight-story-high steel and con- nation of unwanted size fractions; and (3) 

| crete structure serviced by freight and pas- production of two or more gradations from 
| senger elevators and topped by a revolv- the same feed. Many scalper classifiers 

ing crane with a 70-foot boom for main- have been fitted with automatic electronic 
| tenance services. Pit-to-plant and in-plant- devices which greatly increase quality con- 

material transport is either by belt conveyor trol over products. A new European crest 
, or by gravity where possible in the 120- wave classifier offered high precision sepa- 

foot-high tower. A Florida operation can ration regardless of load or other varia- 
produce 240 tons per hour of bulk and _ tions.29 The system uses the force of a 

| bagged sands for such specialty purposes stream of rising water to vertically separate 
as blast sand, fillers, soil conditioner, and finer and coarser grains. | 

water filter media.14 The sand is obtained The Bureau of Mines evaluated the per- 
- from two pits featuring electric dredges formance of four types of sand flotation 

: with 8-inch rubber-lined pumps. The cones for washing coal.21 In the sand flo- 
| product is dried in a 4- by 20-foot, natural tation process, coal is floated in a fluid 

gas-fired rotary dryer. A new hydropneu- mixture of sand and water while slate and 
| matic method for deep dredging of uncon- other impurities sink. The mixture is 

solidated mineral deposits was described.15 maintained in a fluid state by mechanical 

The system was claimed to be effective at agitation and low-velocity upward currents 
- depths up to 300 feet and to be relatively of water. A new automatic steam autoclave 

free of blockages. The dredge requires process for making sand-lime brick was de- 
ony one operator per shift. | BU LF. Durbin-Crown Jewel of C 7 

Two methods of beneficiating contami- ,..% Plant Complex. Pit and Quarry. v. 58, 
nated sands or gravels were described. _A No. 2, Jaly 1965, Dp. 80-88. i i 

modern version of the ancient art of jig- waxes Wide Variety of Products. Pit and Quar- 
ging is used to oscillate shale out of gravel _ ry, v. 58, No, 2, August 1965, pp. 86-87, 90. 

: aggregates in Minnesota and for similar . Outpat bees pime and eravel (ronden) High- 
purposes elsewhere.16 Shale content of the ods. us 40, No. q, July, 1965, pp. 237-240. | 
product is reduced to 0.2 percent or less. yy orthwestern Gravel. Roek Products, . 68, No. 
Jig tailings, representing about 3 percent 6, June 1965, pp. 72-75. _ 
of the original jig feed, average 2.5 to pripekment, 8, EO oes Aseregates. Rock 
3.0 percent shale. In the United King- 53-55. w D sation of 

dom several companies have found the g,7zissgnder., A, .W. J., Decontamination of 
spiral concentrator to be an economical 40, No. 7, July 1965, pp. 245-247. 
means of freeing sand from deleterious ma- hive ee Ce and S. Atak. Meg sie, 
terials such as carbonaceous or calcareous ‘Trans. AIME, v. 232 (Min. Eng.), 1965, pp. 

impurities.17 Such contaminants often Te- ote Bergstrom, J. H. What You Should Know 
sisted separation by more conventional About the Scealping-Classifying Tank. Rock 

means, such as vibrating screens or classi- Products, v. 68, No. 12, December 1965, pp. 
fiers. The spiral also has advantages over a 20Tronman, Ralph. European Sand Classifier 
concentrating table in that it occupies a oa No aes Pi dotie Rai tae _Rock Products, v. 
much smaller floor area per ton/hour ca- 21Duerbrouck, Albert W., and John Hudy. 

pacity, has no moving, parts, and requires erformance Characteristics of CoalsWashing 
no power except possibly for pumping. The Inv. 6606, 1965, 26 pp.
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| scribed.22, The capital expenditure re- new sand drying equipment, lowered resin 
- quired was reported to be only 40 percent requirements, and increased salvage of 

of that needed for a clay brick factory and backup shot. The key three-compartment 
| only 1.3 man-hours of labor was needed reactor (calciner-cooler) was supplied by 

to make 1,000 bricks notable for their high Dorr-Oliver, Inc. A summary of various : 
degree of product uniformity. =~ = | types of reclamation systems was also pub- 

__ A two-part review was published on ag- lished as a result of their many economical- | 

 gregates for use in concrete.28 The ar-  |y attractive features.31 Both wet and dry | 
ticles featured sections on physical charac-  S¥Stems were discussed as means of re- 
teristics of aggregates, grading, impurities, ™Oving accumulated burned clay, carbo- 
beneficiation, alkali-aggregate reaction, and  22ceous materials, silica flour, and other 

; sampling and testing. impurities. | / 
As aggregate specifications become stead- Two moder n glass sand operations were 

ily more rigorous, sampling and testing ‘escribed. A plant at Ione, Calif., works — 
| techniques are of increasing importance. 2 /0-foot thick sand deposit _to sup- . 

A firm in Ohio uses a mobile laboratory ply a separation flowsheet featuring flota- 

to provide sampling services for sand and #10n cells and cyclones. A Newport, N.J., 
gravel operations at eight separate loca- ©Peration features a modern 12-inch hy- 
tions.24 Random sampling to assure com- draulic dredge capable of operating to 40- 

pliance with quality and grading require. foot depths in quartz sand and pumping 
ments was discussed.28 The paper de- dredged material through a maximum pipe- 

scribed a statistically reliable sample meth- line length of 4,000 feet. . Operation of : 
od with an acceptable standard deviation, oth electric and recuperative-fired glass- 
Several papers described methods of testing atch melting furnaces were reviewed.$3 
specific properties.26 oe | In addition, many interesting patents were 

| | . : . Issued on new apparatus or methods for 
Foundry sand practice, at one time es- | | | 

: sentially empirical, continued its recent his- 22 Cement, Lime and Gravel (London). Auto- 
tory of rapid technological advance result- mation in the Manufacture of Sand-Lime Bricks. 
ing from applied science and engineering. Veni Noe 6, gene 1965, Pp. 208-206. Concrete 

| The influence of sand grain size and dis- Modern Concrete, v. 29 pL L No. 7. Novauboc 
tribution on the properties of molding. et pp. 31-82; v. 29, pt. 2, No. 8, December 
sands were discussed. The packing patterns ot Rock Products. Put Your Lab on Wheels. 
which result from the grain character- VV. 68, No. 2, February 1965, pp. 62-63. 
istics primarily determine green strengths Gray. J oF anne egate Sampling +» Does It 
and rammed densities.27 New no-bake  v. 68, No. 2, February 1965, pp. 56-58. 
binders and specialty resins continued to MedeerD B. 0. Dynamic Versus Static Shear 

- increase their share of an estimated $30 Standards, o. BONG BE Otae aOGE op Se2-Sae: 
million a year United States binder mar- Selig, E. T. Impact Test of Constrained Sand 

ket.28  Ferrosilicone additives were also Ne ae eereh earinls Res, and Standards, v. 6, 
| mentioned as an effective but relatively ex- *7 Yearley, B. C., The Sand Grain and Molding 

pensive way of obtaining an intense exo- §2nd- Foundry, v. 98, No. 7, July 1965, pp. 
thermic reaction to effect a self-cure in so- 23 Chemical Week. Binders-Changing the Cast. 
dium silicate-sand mixtures. Lynchburg ve No. 18, Mer. 2, 1965, BP. 35-87. j 

Foundry Company’s installation of auto- = ment “for Sand. Coating ° and Heat Trestine, 
matic equipment for resin coating of shell F oundry, v. 93, No. 1, January 1965, pp. 50-53. | 
molding sand was described.29 The foun- Recline at Molding ooo eon ere ay 
dry reported 40 percent resin savings by No. 9, September 1965, pp. 80-83. 
using the precoated sands over dry, pow- Save Won Mtg w “a Sand Reclamation Gan- 
dered resin-sand mixes. Shorter cycle 1965, pp. 62-66. 0 
times on molding and coremaking machines _,, |, Mining Ging, Minerals Engineering (London). 
were an ancillary benefit. Ford Motor  ruary 1965, pp. 210-212. eee 

Co.’s Specialty Foundry reduced new sand Mines ne a fndustry. spredee, Improves Sand- 
requirements 75 percent and concomitant- pp. 80-81. See , 

ly reduced old sand disposal problems the Ex; Dizon, 0. a itching An, Electrical gungineer 
same amount by installing a new fluid bed 84, No. 5, May 1965, pp. 56-59. 7 
shell sand reclamation system.29 The sys- tig eee ia Pena relling a ‘arecupera- 
tem also eliminated the need for separate No. 6, June 1965, pp. 26-32. soe
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melting, refining, or processing glass.34 and the number and variety of new prod- 
Glass beads were used in place of sand to ucts reflected industrial and academic in- | 
clean building exteriors in Boston.35 The terest in the subject. These products are 
new abrasive does not pollute the air, dis- | widely used for industrial purposes such 
rupt traffic, or disturb the buildings staff. as fillers, catelyst supports, absorbents, 

, A vacuum machine blasts the microspheres and chromatographic agents. A paper was 
| against the building, sucks them back, and presented that discussed the surface prop- 

separates them from collected stone dust erties of these products, a knowledge of _ 
and dirt for reuse. which is basic to optimum use of these — 

| , | special silicas.26 A large number of pat- 
The range and quantity of works pub- ents were issued on methods of preparing 

lished on special silica powders and gels various silicas for special use.3? | 

2% Atkeson, F. V. (assigned to Pittsburgh Plate Clean Cffice Tower. V. 175, No. 14, Sept. 30, 
Glass Co., Pittsburgh, Pa.). Method and Ap- 1965, p. 46. ; 
paratus for Drawing Glass Sheets. U.S. Pat. 38 Hockey, J. A. The Surface Properties of 
3,206,298, Sept. 14, 1965. : siica powders. Chemistry and industry (Lon- 

Frazier, J. E., and N. L. Murphy (assigned On), NO: 42 van. Ys » PP. di-be. 
to Frazier-P. Simplex, Inc., Washington, Pa.). % Baker, C. L., and J. F. Austin (assigned to 
Glass Melting Furnace. U.S. Pat. 38,201,219 Philadelphia Quartz Co., Philadelphia, Pa.). 
Aug. 17, 1965 . mee Finely Divided Silica Product and Its Method of 

me? * . Preparation. U.S. Pat. 3,208,823, Sept. 28, 1965. 
_Games, S., R. W. Soltis, and A. E. Hall (as- Burke, O. W., Jr., and C. B. Jackson (as- 

signed to Owens-Corning Fiberglas Corp., To- signed to O. W. Burke, Jr.). Cyclic Process 
ledo, Ohio). Glass Foam. U.S. Pat. 3,207,588, for Producing Silica Pigment, U.S. Pat. 3,172,- 

Sept. 21, 1965. | 727, Mar. 9, 1965. — 
Long, Bernard (assigned to G. B. D. Societe ——. Silica Fillers Reacted With Sea Water 

Anonyme Holding, Luxembourg, Luxembourg). and Uses Thereof. U.S. Pat. 3,178,388, Apr. 13, 
Process and Apparatus for Making Sheet Glass. 1965. . 
U.S. Pat. 3,183,072, May 11, 1965. . ———. Addition of Sea Water During Precipi- | 

Penberthy, H. L. Method of Refining Glass. tation of Silica Pigment. U.S. Pat. 3,202,525, 

U.S. Pat. 3,206,291, Sept.'14, 1965. Aug. 24, 1965. eo op 
saa . -Schwartz, A. B. (assigned to Socony Mobil 

___ Pilkington, L. A. B., and K. Bickerstaff (as- Oil Co., Inc., New York). Preparation of Sili- 
signed to Pilkington Brothers Ltd., Liverpool, ceous Aerogels. U.S. Pat. 3,165,379. Jan. 12 
England). Method and Apparatus for the Manu- 1965. eee soe? 
facture of Flat Glass. U.S. Pat. 3,206,292, Sept. Winyall, M. E. (assigned to W. R. Grace & 
14, 1965. Co.). Process for Preparing Silica Gel. U.S. 

3 Engineering News-Record. Glass Beads Pat. 3,203,760, Aug. 31, 1965.



| By John W. Thatcher ' | | 

The production and shipments of high- Metallurgical-grade ‘ silicon metal and 
purity silicon increased sharply in 1965, as __ silicon alloy production increased 7 per- 
the growing popularity of this material in cent, and shipments for 1965 increased 4 | 
the expanding semiconductor market out- percent. 7 | 

. weighed continued miniaturization and ~ : 
simplification of electronic devices. 1 Commodity specialist, Division of Minerals. 

Table 1.—Production, shipments, and stocks of silvery pig iron, ferrosilicon, 
: | and silicon metal in 1965 1 | 

' (Short tons) 

Alloy 
ee Producers Producers 

stocks as of Production Shipments stocks as of Type Silicon Dec.31, 1964 _ Dece.31, 1965 
content _ 

| (percent) . | : 

Silvery pig iron..._..-2--_-_.2_- 88 5-13 23 ,006 - 52,589 55 ,492 - 20,103 Do... 2-2 ee 14-20 18,268 165 ,902 170 ,643 13 ,527 Ferrosilicon.__.......-..--.-._._____. 21-55 ? 35,132 368 ,976 364 ,663 39 ,445 Do_._-_--- 2. ee 56-70 3,293 48 ,271 46 ,257 5 ,307 Do_..---.- 22 e ee 71-80 6,195 72 ,926 71,152 7,969 Do. ..---------- eee 81-89 1 ,532 25 ,206 24 ,897 1,841 Do___.-------- 22. eee 90-95 353 368 524 | 197 Silicon metal_......_..2-.-2.2-_ 2 8. 96-99 3,831 78,075 77,178 4,728 Ferrosilicon briquets.-__.._..__...._.. 40-50 3,300 75,372 76 ,242 2,430 Miscellaneous silicon alloys.__._.______ aeeaee 2 ,055 14,013 13 ,498 2,570 meee 
- ¥ Revised. 

1 Excludes ferrosilicon. used to make other silicon alloys. 

DOMESTIC PRODUCTION | 
Producers of either polycrystal or monocrystal high-purity silicon, or both, and their 

plant locations included the following: : 

Company Location , 
Allegheny Electronics Chemical Co., a subsidiary of Lewis Run, Pa. | 

Metal Hydrides, Inc. 
Dow Corning Corp. ~~-----_-___---- Hemlock, Mich. 
Elmat Corporation ~-___-________________-__ “Mountain © View, Calif. 
Fairchild Semiconductor __.__.______._-________________. Mountain View, Calif. 
General Diode Corp. ---_-_.________-_____ OP ramingham, Mass. . | 
Mallinckrodt Chemical Works ______._..-...__ St. Louis, Mo. 
Monosilicon, Inc. _--_-------- Gardena, Calif. 
Monsanto Co.__-----_----. Ct Louis, Mo. 
Motorola Inc. _____________________________________ Franklin Park, Il. 
Pittsburgh Materials & Chemicals Corp. ________________ Murrysville, Pa. 
Semimetals, Inc. _----_--.--.--_ Westbury, N.Y. 
Texas Instruments, Inc. ~-----------~--.._.___..___-. Dallas, Tex. 
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Early in the year Dow Corning Corp. research and development laboratory space. 

completed a multimillion dollar exp ane General Diode Corp. announced the ad- 
a program at its semiconductor materials oo: . . 

1. : dition of a new plant in Framingham, 
plant near Hemlock, Mich. This expan- . . . . . ; . Mass., to increase their production capacity 
sion doubled the plant’s production ca- : _ . . etc for float-zone refined single crystals, cast- 

| pacity of high-purity silicon. About 6 silicon rods, and research facilities in gen- 
months later the accelerated growth of the ~° ? 8 

. . qe | eral. | 
semiconductor silicon market led the com- ~~’ 
pany to begin another $3 million expan- A new company, Pittsburgh Materials & 
sion at the same plant. The latest expan- Chemicals Corp., began supplying silicon _ 
sion will increase the production capacity — crystals, slices, and epitaxial wafers to the 
for both polycrystal and single crystal sili- national market. The new plant is located 
con and add 25,000 square feet of new in Murrysville, Pa. 

Silicon metal was produced in seven plants of six companies, as follows: | 

: Company Location : 

. Interlake Steel Corp. —---~------~-----------~-------. Beverly, Ohio 
Keokuk Electro-Metals Co., division of Vanadium : Wenatchee, Wash. 

Corporation of America. / | 
National Metallurgical Corp., subsidiary of | Springfield, Oreg. 

Apex Smelting Co. | , Co 
: Ohio Ferro-Alloys Corp. --__--------___-__-_____----_--. Powhatan Point, Ohio 

Do___----------------+-~---------------------. Tacoma, Wash. 
Reynolds Metals Co. ~-.------_-_-+--_----_-...-..-.. Sheffield, Alla. 
Union Carbide Corp., Mining & Metals Division _____.__ Alloy, W. Va. 

| _Calumet & Hecla, Inc., announced that ferrosilicon facility scheduled to be in pro- 
the Alabama Metallurgical Corp. was dis- duction by the end of 1965. Alamet pro- 
solved and the plant will now be operated duces magnesium by reduction of dolomite 
as the Alamet Division of the company. with ferrosilicon. 
Also announced, was the installation of a |
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Table 2.—Consumption by major end. uses, and stocks, of silicon alloys and metal : 
| in the United States in 1965 . - - 

| (Short tons) | . 

Material | a | 
Other Steel Gray 

' §$tainless alloy Carbon Tool mill and 
Silicon steels steels ! steels steels rolls malleable 

Type content castings 
(percent) 

Silvery pig iron___.-..------------ 5-18 = __---- 214 484 _____- 710 96,819 
Do____---------------------.- 14-20) _.._.- 8,684 22,976. _._.-- 250 97 ,242 

Ferrosilicon.........----...--..--. 21-55 © 8,602 78,509 96,747 1,095 1,403 109,276 
Do___----------------------. 56-70 797 (6,319 20,158 —_--.-- ------ 2,148 
Do____--.---------.--------. 71-80 11,579 16,803 6,794 332 194 12 ,307 
Do____...----------------.-- 81-89 224 653 2,298 ____-- 164 6 ,657 
Do___..--------------------- 90-95 20 1 ,053 231 = __---- 69 381 

Silicon metal__....---------------. 96-99 61 | 2,686 73 20-0 _LL-Le 70 
Ferrosilicon briquets......-........ 40-50 ____-. —° 126 576 = _.---- 8 43 ,490 
Miscellaneous silicon alloys 6___.___- 347 3,734 5 ,337 58 137 24,014 

Alumi- High _Miscel- Total Stocks 
num temper- Other  laneous consump- Dec. 31, 
base ature alloys uses tion 1965 
alloys alloys 

| Silvery pigiron..._-.--.---------- 8-13 ------ --.--- 1 2,028 100,256 6,484 
 Do_ii iwi eee eee eee 14-200 eee 113 24,001 133,266 12 ,845 | 

Ferrosilicon.......--...-..--_----. 521-55 - 58 282 3,153 421,376 320,501 25,577 
Do___...-------------------. 56-70 -.---- ------ .----- £4,586 34,008 | 1,974 
Do___ ee. eee weet. )2)=— 71-800 ee 9 35 15,142 63,195 5,735 
Do____---------------------- 81-89 __--__ 9 -----.- 31 29 10,056 1,505 
Do___.-..----.-----.-------- 90-95 3,287 _..... 56 _-e ee 5 ,097 551 

_ Silicon metal_...............-.-... 96-99 55,176 - 830 861 510,824 70,601 4,494 
| Ferrosilicon briquets.......-.....--. 40-50 _____- wen eee ~----- ------ 44,200 4,417 

Miscellaneous silicon alloysé_.._..-.  ------ 119 68 52 4,347 38,213 3,144 

1 Includes quantities of carbon steels because some firms failed to specify individual uses. - | 
2 Used mainly in high-silicon iron, and to beneficiate ores. 
3 Mainly from 40 to 55 percent silicon. co . 
4Used mainly in producing ferronickel. - a 
5 Used mainly in silicones and other chemical compounds. . . 

. 6Includes calcium-silicon, calcium-manganese-silicon, silicon-manganese-zirconium, silicon carbide, Fer- 
rocarbo (including briquets). Alsifer, and other miscellaneous silicon alloys. 

: CONSUMPTION AND USES 7 7 | 

The quantity and value of shipments of _ well ordered, low dislocation density (1 ,000 
both polycrystal and single crystal high- per square centimeter) give it unique advan- 

_ purity silicon increased appreciably in 1965 tages for making large-area devices. Sili- 
owing primarily to a sharp increase in the con solar cells have been used in the de- 
fabrication of silicon transistors, rectifiers, velopment of a long lasting, highly reliable 
diodes, thyristors, and integrated circuits atomic battery. Two cells are activated 
by the electronics industries. Improve- by a radioactive source sandwiched be- 
ments in silicon planar devices and metal- tween them to produce a power unit with 
oxide-silicon (MOS) transistors, and the an output of 10 microwatts. The theoreti- 
increased use of hybrid and monolithic in- _ cal lifetime may be several years, depend- 
tegrated circuits in the computer and aero- _ing on the half life of the radioisotope. 
space industries has contributed to an ac- A breakthrough was made in mass pro- | 
celerated consumption of silicon at the ex- ducing silicon carbide whiskers which has 
pense of other semiconductor materials. moved it, in a year’s time, from an expen- 

_ Silicon retained the dominant position sive laboratory curiosity to a commercially 
in the manufacture of solar cells because available commodity. Initial applications 
of its efficiency, low cost, and past per- are seen in the aerospace industry where 
formances. The new physical form of sili- stronger, lightweight materials are needed. 
con, the dendritic grown “web” crystal, Silicon carbide is a high-temperature 
has been used primarily for solar cell fabri- _ resistant material; it maintains its strength 
cation. Its long, thin configuration and a__in air up to 3,180° F and in inert atmos-
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| phere to at least 3,600° F. It has many —450° F to +3,600° F. | , 
other interesting properties which greatly | 
extend possible applications. Because of its A bonded coating of silicon carbide 

| infrared opacity, silicon carbide fiber has which is abrasion resistant and completely 
| high potential as an insulating material at gas impermeable constitutes a growing use 

both extremes of temperature — from for this material. 

| STOCKS | | 
Overall producers’ stocks of silicon metal sumers’ stocks dropped 13 percent, or 9,559 

and alloys increased 2 percent while con- tons. : 

PRICES 

The average value of polycrystal high- contained silicon, carload lots, bulk, deliv- 
purity silicon shipped in 1965, $107 per ered, and was changed in the first quarter — 
kilogram, remained at about the 1964 to 18.25 cents per pound contained silicon, 
level. The average value of monocrystal producer’s plant. | 
high-purity silicon shipped in 1965, includ- 

| ing epitaxial wafers, decreased 9 percent to = On February 1 the base price for 50 | 
$1,090 per kilogram. percent ferrosilicon carload lots, bulk, de- 

~ Metallurgical-grade silicon, 98 percent livered was changed to 12.7 cents per 
minimum silicon, 0.35 percent maximum pound contained silicon and remained at 

- iron, opened the year at 19 cents per pound this level throughout the year. 

, FOREIGN TRADE | 

High-purity silicon imports for consump- _— but value increased 42 percent. The major 
tion in 1965 totaled 11,946 kilograms— recipients for exports, in order of decreas- 
more than a fourfold increase over that of | ing tonnage, were Canada, West Germany, 
1964. Value increased by a factor of three and Belgium-Luxembourg. | 
to $1,067,941, while the average value of eye 
imports decreased to $89.4 per kilogram. Table 3.—U.S. exports of ferrosilicon a 

West Germany supplied 86 percent of the | Year Short tons Value 
| imports. The remainder came from 

| France, Japan, Belgium-Luxembourg, and | 

the United Kingdom. : ~ qper ce eversee)------ 0G — getod ‘ors 
Imports for consumption of ferrosilicon 19¢377777277-7707720. 380 "947778 

in 1965 were up 25 percent over the previ- 1964------------------ 5,785 1,232,450 

ous year; exports were down 21 percent, 1965 - - ---------------- 4,585 1,755,292
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9 Table 4.—U.S. imports for consumption of ferrosilicon and silicon metal, by grades and countries 
Qh 
~? . 

l 1963 1964 | 1965 | 
wn a 
oo 

. Short tons | Short tons Short tons 7 

as ~ Value as Value ©... Value 
Gross Silicon Gross Silicon Gross Silicon 
weight content | weight content weight content 

Ferrosilicon: . , - | | , 
8 percent and less than 60 percent silicon: . 

Canada____.-----..----.----------------------------- 12,781 1,962 $667 ,616 10,978 1,672 $569,696 12 ,281 2,022 $743,636 | 
France_..__._.-__--_-___------ eee ee ee ee eee eee eee eee eee eee wae eeee eee eee eee eee peewee eee ene 11 6 . 3,091 
Germany, West..-.-.--...---------- --- eee eee eee eee 38 5 4,850 358 53 59 ,714 . 623 | 78 86 ,873 
Japan...--------- ee eee eee 97 45 30 ,498 1,203 © 556 396 ,949 wn 
Outer Mongolia_...______-_-._-_-_- eee eee eee eee eee eee weeeeee ~eeeeee 9 1 §88 ______- ween ee eee eee ee 5 

Total_._.------ 2 eee -e----- =: 12, 819 1,967 672,466 11,442 1,771 660,446 14,018 2,662 1,230,549 8 
a . ———— SS SS SS Z 

60 percent and less than 80 percent silicon: . - 
CO Canada..__..------ ee ee ee eee ee 504 343 84,3807 __-----  vu----- 2) ---- eke 

France___..-------------------------- eee ee eee 132 101 17 ,326 40 31 5 ,629 1,379 1 ,054 220 ,512 
India_.._-.------------------------ =e eee enn ne eee eee eee 1 1 284. _-o-ee eee ene 
Italy... eee 22 17 .:2,959 wee eene ween eee wen e eee peu nene wee eee eon none 
Norway....-.-------------- =e eee eee eee T 384 - F291 * 51,014 1,125 857 145 ,898 916 697 124 ,514 
South Africa, Republic of...-......---------------------  ------- eee eee eee ee nee 112 87 =: 15,210 

Total... 2 eee ee eee eee T 538 r409 * 71,299 1,670 . 1,232 236,118 2 ,407 1 ,838 360 ,236 

80 percent and less than 90 percent silicon: 7 _—_ OS CT 
Italy......_- eee eee eee ee eee eee eee 49 42 11 ,823 ' 68 58 15 542 - 

Grand total__......._..._____--.-.-----------------. ™18,857 | °2,876 ° 743,765 13 ,161 3,045 908,387 i 16 ,493 4,558 ~ 1,606 ,327 
Silicon metal: Germany, West.....__.----.---------------------- ee eee ee eee wee eee eee () () 196 

¥ Revised. 1 Less than 4 unit. | | | 

| — © 
. on
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- WORLD REVIEW 
Canada.—A new enterprise, Les Sili- _ An electric furnace plant for the produc- 

cuims de Chicoutimi, has been formed to _ tion of silicon carbide has been constructed 
construct a plant in Quebec to produce at Lillesand, Norway, by the U.S. firm, 

| metallurgical-grade silicon metal for alumi- Norton Co. The silicon carbide will be 
num alloying. The venture is sponsored shipped to Norton’s subsidiaries in Europe 
jointly by Aluminum Company of Canada, for further processing.® 

| Ltd. (Alcan), Royal Securities Corp., Mon- The ferrosilicon producer, A/S Hafslund, _ 
treal Engineering Co., and Metal Mines completed modernization of its plant near 

| - Ltd. The $3 million plant is scheduled to Sarpsborg this year. The two ferrosilicon 
begin operation early in 1967 with a ca- furnaces now have a capacity of 22,000 

| pacity of 7,000 tons of silicon per year. tons per year. | . 
France.—An Italian affiliate of Fairchild It was reported that Elektrokemish A/S 

| Semiconductors won approval from the will construct a new ferrosilicon smelter at | 
French Government to build a semiconduc- Fauske in northern Norway. The new 
tor plant in the Rennes region of Brittany. plant, to be known at Salten Verk, will be 

| , Societa Generale Semiconduttori-Fairchild initially a one-furnace operation and will 
plans to use the plant to manufacture require 150 million kilowatt hours annually. | 
planar transistors and integrated circuits. | When operation commences early in 1967, 
Production is estimated at 10,000 transis- power will be supplied by the State-owned . 
tors daily by February 1966. Rana Kraftwerk; however, the plant will 

Italy.—Societa Generale Semiconduttori eventually have its own hydroelectric pow- 
SpA of Milan has signed an export con-_ er station capable of producing 420 million 

: | tract worth more than $1 million to kilowatt hours per year. . 
ship high-purity silicon semiconductor ma- United Kingdom.—Imperial Chemical _ 
terials and finished transistors to Norway. Industries Ltd. has authorized an $8.4 mil- 

Export contracts have also been signed by lion expansion of its silicones plant at 
the company with West Germany and the Adeer in Scotland which, the company 
Netherlands. claims, will make it one of the largest sili- 
Norway.—Electroschmelzwerk Kempten cones producers in Europe. All stages of — 

G.m.b.H., the silicon subsidiary of Wacher production will be expanded, giving an 
Chemie G.m.b.H., is to set up a new plant additional capacity of 5,000 tons per year. 
at Verdal near Trondheim in Norway. It Yugoslavia.—A new 8,500-kilovolt-am- 
will have a 10,000-ton-per-year capacity pere electric furnace for the production of 
and will work in technical cooperation with silicon metal was put into operation at the 
A/S Hafslund-Karbidfabrikken.? | Elektrobosna ferroalloy plant at Jajce.4 

TECHNOLOGY 

Refinements in existing techniques and trend was to standardize on the highest 
equipment highlighted the technological purity materials currently available to 
achievements within the silicon industry achieve production economies and to ob- 
during 1965. Although no entirely new tain maximum yields.5 This standardiza- 
production concepts were introduced, many tion allowed researchers to progress more 
phases of processing were improved and/or toward developing the physical forms of 
made less costly. crystals and new products. 

Producers and consumers of high-purity Approximately 75 percent of the single 
silicon welcomed the improvements in proc- ‘TY stal silicon used was produced by the 
ess control. These made available high- Czochralski (vertical-pull) process. Near- 
quality crystals having consistent electronic !¥ 25 Percent was produced by the float 
and crystallographic properties. Since sil- 2 European Chemical News (London). V. 7, 
icon materials used to produce electronic No. 178, May 7, 1965, p. 8. 
devices are moderately to highly doped, 10, nee > ak (Hondon). No. 5029, Sept. 
crystals of a higher purity than the purest ‘Metal Bulletin (London). No. 5018, July 30, 
ones commercially available were not in 1908 L., and E. Earleywine. New De- 
demand except for special devices such as velopments, in Semiconductor Materials. Semi- 
radiation detectors and Reed Diodes. The  g No. 10, October 1965, pp. 28-43. Semel Ve
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zone refining technique.6 National Re- small size permits multiple fabrication of 
search Corp., a subsidiary of the Norton many complex elements in a space where 
Co., advanced the art of crystal growing formerly only one existed.11 In the near 7 
through the development of an improved future integrated-circuit technology can be . 

_ furnace. The new unit, a resistance-heat- expected to advance to the point where it 
ed furnace, uses the Czochralski crystal- will be possible to produce arrays of 100 | | 
growing method. With a crucible capacity to 1,000 logic circuits within a single slice 

: of about 550 cubic centimeters, it is ca- of silicon.12._ Lower costs result by fabri- | 
| pable of handling a 1,050-gram silicon cating microcircuits on or in small wafers . 
| charge. This is double the production ca- _ of inexpensively processed materials. | . 

pacity of a previous mode. The new fur- The effect of substrate orientation on the 
| nace operates under vacuum or in an inert quality of silicon epitaxial layers was stud- | 

gas with temperatures ranging from 600° ied in terms of deposition rate and surface : 
to 1,600° C. Silicon crystals up to 2 topography. Pyramidal defects were not 
inches in diameter can be pulled. Much observed for low-deposition rates and when 

a of the experimental research within the the substrate was misoriented from the 

: high-purity silicon industry was devoted to (111) direction.13 - 
| studying and developing. dendritic and Experiments have shown that it is pos- 

7 epitaxial growth processes. Westinghouse sible to grow silicon epitaxically at low 
Electric Corp. developed the growth of sili- temperatures by evaporation onto a thin 
con webs to the point where widths exceed- alloy layer. Using silver, copper, tin, gold, 

: ing 1.9 centimeters can be expected. Sil- and indium alloys, silicon has been epitax- _ 
icon web is a single crystal of hyperpure ‘ically grown on silicon substrates at tem- . 

-silicon grown as a long thin ribbon between _ peratures of 850°, 800°, 500°, 400° and oo 
_ two supporting dendrites. The web isthe 300° C, respectively.14 ne 

solidified membrane formed by natural sur- — Significant progress has been achieved oe 
face tension on a liquid film between two toward depositing single-crystal silicon films 
growing dendrites. Progress in the silicon on amorphous substrates. If a thin layer 

web technique has become possible through of gold (1,000 to 3,000 angstroms) is 
control of supercooling used to start crys- evaporated on a fused quartz surface be- 
tal growth, thermal control of growth rate, fore the silicon is deposited, polycrystalline __ 
and control of the pulling rate. Presently, layers are obtained with grain size as large | 
silicon webs can be pulled to a length of as 300 microns. If silicon is deposited di- | 
about 15 feet.2 The long lengths available rectly on fused quartz, grain size is only 
make it suitable for process automation. about 5 microns.15 a | | 

| The web crystal has a natural thinness The use of focused ion beams to implant | 
comparable to or less than the thinnest sili- simple diode arrays in some circuits and ~ | 
con slices. A new form, thin enough that passive components in integrated circuits 

. a strong light will shine through it, has has been investigated by -Electro-Optical | 
been developed by Dow Corning Corp. Systems, Inc. (EOS). An ion beam of 5 

| Called Micron Web crystal, the product | 
| is grown in thicknesses from 25. to 40 mi- 6 Work cited in footnote 5. __ 

crons, in lengths of more than 1 meter, ing Technology, Semiconductor’ Products and 
and in widths of several millimeters.19 One Solid State Technol., v. 8, No. 8, August 1965, 

*1: pp. 41-45. | of the greatest advantages offered by silicon 8 Blectronie News. V. 10, No. 607, Sept. 13, 
, _ web is that it has a nearly perfect natural 1965, p. 5. 

finish which requires little or no grinding Tork Cited jn footnote f No. 613, Oct. 26, 
or lapping. Such surfaces are highly de- 1965, p. 43. ; ; h 
sirable in most diffusion and epitaxial Ene re Ne. So, Microelectronics). 132. 
growth processes. Silicon ribbon can be 12 Missiles and Rockets. V. 17, No. 12, Sept. 
‘expected to find use in microelectric cir-  20;,1965, D. 20 st chemical Society. The 
cuits, radiation detectors, large solar cells, Effects of Substrate Orientation on Epitaxial | 
and other semiconductor products. ' Growth. owt 112, No. 4, dipril’ 1965, Dp. Bons. 

Epitaxial growth, a vapor deposition Low-Temperature Epitaxy of Silicon by Sublima- 

process, and diffusion play an important tion Onto Thin. f Eo8. Layers. V. 112, No. 5, 
role in microelectronics. Silicon micro- 15 Journal of the Electrochemical Society. 
circuits offer increased reliability by elimi- PORES S anes Single Cryst ee go tember 
nating conventional interconnections. Their 1965, pp. 957--958.
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mils in diameter is used to implant 6-mil- contamination problem. This technique 
diameter diodes:in silicon with no difficulty. halves the number of processing - steps 

a The system is being modified to produce which are inherent in the planar process. 
_ beams of less than 1 mil-in diameter. The developers claim that the process is 

so Large-area ion implantation systems have highly adapted to integrate circuits and can , 
been used by EOS to make ten 1-inch- turn out 1,600 units measuring 10 by 10 

| diameter solar cells simultaneously with no mils in 1 second.16 . 

variation in function depth or sheet resist- The effect of radiation on silicon oxide 
_ ance. Ion beam implantation 1s less com- _jayers in semiconductors has received. at- 

plicated than the photoresist technique; tention from researchers. X-rays, gamma- : 
however, the developers do not foresee ion rays, and- ultraviolet light have been used. 
beams replacing the photoresist method MOS devices may have applications, there- 

, _ except for implantation of circuit com- fore, iri X-ray dosimetry. Exposure rates 
. ponents or passive elements which are im- as _Jow as 0.01 roentgen per minute have ~ 

_ possible or very difficult to do by standard _ heen observed with the MOS devices. The | 
techniques, | ‘effects depend on the way the oxide films 

: ' Ion Physics Corp. has developed a meth- have been prepared and on the presence 
od to change passivated silicon substrates of electrical fields.17 
to transistors, detector diodes, and solar | | oe : 

| cells by bombarding a substrate with 4  - 15 mtectronie News. V. 10, No. 495, June 28, 
phosphorus ion beam. Advantages claimed 1965, pp. 4-5. — 
are higher frequency response components, Netley wa. weerorts {Bingnoven, anne | 
higher production yields (90 percent and = 314, ' , aan ae 
over), and the ability to implant through eins seer bo, Reports (Eindhoven. The 
the oxide layer, thus easing the surface 595-619. |



| | ver 

| By J. Patrick Ryan? 

The salient event of the year in silver House and Senate, The Coinage Act of 
was the enactment of the new U.S. coinage 1965 was passed and became law on July 
law which completely changed the compo- 23, 1965. The principal provisions of the 
sition of subsidiary coins. Substantial in- Act are as follows: | 
creases in domestic mine production and 1. It provides for a new half-dollar com- 
in industrial and coinage consumption of posed of an outer layer containing 80- 
silver also highlighted the year. - percent silver and 20-percent copper clad 

Domestic mine production rose to its on a core containing approximately. 21.5- | 
highest level since 1950; industrial con- percent silver and 78.5-percent copper. | 
sumption was the greatest since World The coin as a whole contains 40-percent — 
War II; and coinage consumption reached silver compared with 90-percent silvér in 
an alltime high. The U.S. Treasury’s sil- old type half dollars. 

| ver stock continued its sharp decline. The 2. It provides for new silverless quarters 
U.S. silver trade returned to a more normal and dimes, composed of an alloy of 75-per- | 
net import. pattern. The worldwide im- cent copper and 25-percent nickel clad on 
balance between new production and con- a core of pure copper. Formerly these 
sumption continued to increase and_ coins, like the half-dollar, contained 90- 
prompted increased trading on the Com- percent silver. 7 | | 
modity Exchange, although the price range 3. The silver dollar will remain un- | 
was about the same as in 1964. The New’ changed, but none shall be minted for 5 
York market price for prompt delivery years from the date of the Act. | 
remained unchanged for the second con- 4. The Treasury shall buy newly mined 
secutive year. domestic silver, if offered, at $1.25 an 

Outside the United States the overall ounce. | 
production of silver increased slightly. 5. The Secretary of the Treasury is au- 
Consumption in the arts and industries thorized at his discretion to prohibit the 
was about 15 percent higher, but consump- _ export or melting of any coin of the United 
tion for coinage dropped 11 percent. States. 

Legislation and Government Programs. 6. The President is authorized to es- 
—The Treasury Department completed a tablish a Joint Commission on the Coin- 
2-year study of silver supply and demand age to study the progress made in intro- 
and coinage problems as a basis for de- ducing the new coins and to review and 
veloping policies to insure the adequacy of make recommendations on all aspects of 

' - United States coinage.2 New coinage rec- the coinage system. 
ommendations contained in legislative pro- 7. The Secretary of the Treasury is au- 
posals sent to Congress were based on the thorized to sell silver not needed to back 
fundamental conclusion that the U.S. silver _ silver certificates at not less than the mone- 
supply and production situation, and out- tary value of $1.29+- an ounce. 
look did not warrant continued large-scale In June the Office of Emergency Plan- | 
use of silver in the U.S. coinage: Cupro- ning established a stockpile objective of 
nickel, modified for accommodation by 165 million ounces of silver earmarked 
vending machines, was judged the best —— 

material for subsidiary coins. OO eee a bon of Minerals. 
Following extensive hearings in the study of Silver and Coinage. 1965, 91 pp. 

829



| 830 a | MINERALS YEARBOOK, 1965 | a 

| Table 1.—Salient silver statistics — 

, Co : 1956-60 1961 1962 1963 1964 1965 : 
- (average) 

a A 

United States: ; | . . 
Mine production . - 

a thousand troy ounces... 34,592 34,794 36,798 35 , 243 36,334 39,806 
Value___-.._.------:-thousands__ $31,307 $382,166 $39,929 $45,076 $46,980 $51,469 

Ore (dry and siliceous) produced: 
: Gold ore..._-thousand short tons__ 2,316 2,060 2,159 2,460 $2,631 3,113 

Gold-silver ore..........---do-.-. © 190 248 353 223 224 205 
Silver ore.----.------------do---- 655 565 557 587 644 902 

Percentage derived from: | ; 
Dry and siliceous ores...---------- 36 39 33 33 32 35 
Base-metal ores. _.--------------- 64 61 67 67 68 65 

Refinery production 
thousand troy ounces... 34,812 34,900 36,345 35 ,000 37,000 39,000 

Imports general !__.....--------do_--- 132,932 50,256 76 ,359 59 ,062 51,674 54,709 
. oe Exports !__._-.._...------------do_... 10,861 39 ,828 13 ,057 31,485 109,395 39,665 

Stocks Dec. 31: Treasury 
: 

. million troy ounces__ 2,031 1,862 1,767 1,583 1,218 804 
Consumption—industry and the arts 

thousand troy ounces_._ 96,780 105,500 110,400 110,000 123,000 137,000 
Coinage__.__--.__-------------do__-- 41,800 55 , 900. 77,368 111,493: 203,000 320,321 

. Frive..---- __.---------per troy ounce. ?$0.905-++ * $0.924+ *$1.085-+- *$1.279+ *$1.293 *$1.293 © 
World: — 

Production__...-thousand troy ounces.. 231,860 236,900 244,700 250,300 246,400 251,000 
Consumption ‘industry and the arts 

o ‘thousand troy ounces__ 211,700 239,500 247,800 257,200 290,900 333,600 — 
|  Coinage.__.__--_---------22---do_.-. 82,120 137,100 127,600 167,000 264,500 374,721 

1 Excludes coinage. 7 , - . 
2 Treasury buying price for newly mined silver. 
3 Average New York price. . 

4 Free world only. . 

| from the Treasury stock. Exploration (OME). The Government 
- Nine contracts totaling $535.120 were share of the exploration cost was 7/5 per- 
executed during the year under the Gov- cent. The following exploration contracts 
ernment program of financial assistance for silver or silver-gold were active or in 
administered by the Office of Minerals force during the year: 

| Operator _ Location Total cost 

Lombardi, Clemens A., and Arthur___ Lemhi County, Idaho_______---- $86,670 
~ Oregon King Consolidated Mines, Inc_ Jefferson County, Oreg-_-------- 59,150. 

B.L.M.W. Mining Co___-_-_--._------ Madison County, Mont_--------- 20,950 
Resource Americas Corp. and : . 

Associates__________________-.__. San Bernardino County, Calif____ 32,088 
Wayne Erickson_________.____-_-_---- Beaverhead County, Mont------. 61,560 
Spokane National Mines, Inc____-__-__ _-__---do ~-----~-------------. 33,880 
P. W. Beckley_______-_-_-_____-_.-- Culberson County, Tex_____._-.. 16,800 
Betty O’Neal Silver, Inc__._______-__ Lander County, Nev__------.--- 90,240 
Cortez Joint Venture_______________ Eureka and Lander Counties, Nev_ 174,860 
J. Howard Sims_-._-__.__.___-_-_-_---_-. Lemhi County, Idaho_____._---_ 59,230 
Mountain Copper Co_______.-_-_----_ Eureka County, Nev___--------. 86,860 
Cardiff Industries, Inc______________ Salt Lake County, Utah_--__-_.___ 10,500 
Mascot Mines, Inc_____.____-__._----- Jefferson County, Mont__--_-----_ 28,200 
Escalante Silver Mines, Inc__________ Iron County, Utah__-__-__-----_ 49,780 
Claude Lovestedt__._._____________._. Alpine County, Calif.___._._.__-_____ 44,000 

Total__--_________-------------------+----- +--+ --+------ 850,368 

The Bureau of Mines initiated, in the and marketing survey of the Nation’s silver 
latter part of the year, a survey of refinery resources to evaluate the potential output 
production, use, and flow of silver in the of silver under changing economic and 
arts and industries of the United States. technologic conditions. 
The Bureau also began a silver production
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DOMESTIC PRODUCTION 

Output of recoverable silver from mines properties. Hecla Mining Co. also re- 
in the United States increased 3.5 million ported significant new ore development on 
ounces over that of 1964. Production the 2,200-foot level of the Mayflower mine 
gains in Arizona, Idaho, Utah, and Ne- in the Park City District, Utah. 
vada more than offset losses in Colorado The Sunshine mine, the Nation’s lead- 
and Montana. A 12-percent gain brought _ ing silver producer, substantially increased 
Idaho’s silver output to the highest level production in 1965. Recovery increased 
since 1938; it reflected uninterrupted op- from 4.63 million ounces in 1964 to 6.44 

_ erations and increased production at the million ounces in 1965. The quantity of 
Sunshine mine. Similarly, a 24-percent ore milled increased 22 percent over 1964, 
increase in Utah’s output of silver was at- and average-grade of ore increased from 
tributed principally to the uninterrupted 36 to 38.7 ounces per ton. According to 
production of silver-bearing copper ore by a company letter of June 9, 1966, discovery 
the Utah Copper Division of Kennecott — of new ore and extensions of productive ore 
Copper Corp. Shutdowns owing to labor shoots on deep levels increased ore reserves 
strikes had reduced output from these mines _to 745,330 tons at the end of 1965 as com- 
in 1964. A 2-percent falloff in silver pro- pared with 424,900 tons at the end of 
duction in Montana resulted from reduced 1964. | : . 
output of byproduct silver from Butte cop- At the Lucky Friday mine of the Hecla 

| per mines and from operations in Phillips Mining Co. 181,100 tons of ore was treat- 
and Beaverhead Counties. : ed averaging 17.8 ounces of silver per ton, 

Idaho, the leading silver-producing State, 11.3 percent lead, and 1.0 percent zinc. 
: contributed 46 percent of the total do- The ore reserve at yearend was 607,000 | 

mestic silver output. 7 tons compared with 671,000 tons at the 
. | end of 1964.3 | Continuing the pattern of recent years, 

approximately two-thirds of the total do- Table 2.—Mine production of silver in the | mestic silver output was recovered as a United States, by months 
byproduct or coproduct of ores mined (Thousand troy ounces) 
chiefly for copper, lead, zinc, and gold. 
Virtually all of the remainder came from Month 1964 1965 
ores in which silver was the principal prod- 4 eessssssai(sssss—“‘“‘; 

uct. Of he 25 Paging {fuver- producing January...--.------------- 2,651 8,285 
mines, only 4 in o depended chiefly ebruary- -------------.--- ' ' 
on the value of silver in the ore. Nine 9 ApaheccvvvcvizzcrrBBBR BAS 
mines produced over 1 million ounces each, May. --------------+------ 3» 303 3 +266 
and supplied 61 percent of the total do- July 02277727772TTCC277072~«3'908 = B86 
mestic output; the 25 leading mines sup- Seiten «| BBR 3388 plied 84 percent. Domestic mines con- October-« --------=22-2-2-- 3,234 3,373 : 
tributed 29 percent of the silver used in ovember-----.-....------ ' ’ 
the Nation’s arts and industries. December------------------ 3,223 3,540 

Exploration and development intensified, Total-------------.-- 36,334 39,806 
especially in Idaho, Nevada, Colorado, and 
Utah. In the Coeur d’Alene region, The Although complete data on sources were 
Bunker Hill Co. reported significant ore not available, a substantial quantity of sec- 
intersections of the 3,300-foot level of the ondary silver was recovered by refiners 
Crescent mine. Hecla Mining Co. report- from scrap and returned to industrial use. 
ed new ore exposures on the 3,600-foot Most of the recovered silver came from 
level of the Silver Summit mine. Ameri- photographic and electroplating wastes, 
can Smelting and Refining Company be- and discarded silverware and jewelry. 
gan sinking to explore deep ore bodies on =9————-- . . 
the Rainbow and Coeur d’Alene mines’ port. 136 >. - Co. Sixty-Eighth Annual Re-
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Table 3.—Twenty-five leading silver-producing mines in the United States in 1965, in order of output | 

I 

Rank Mine State County Operator ' Source of silver 

i 

1 Sunshine_____.............. Idaho_._._..........-.. Shoshone...........--. Sunshine Mining Co__.....----..----------- Silver ore. 

2 Galena...._._...........-.-. _-..-d0.._-_.---------- ----d0_..-..---.-.---.- American Smelting and Refining Company. - -- Do. | 

3 Lucky Friday..___.---------  ----do..-.-------.----  ----do...--.--.----.-- Hecla Mining Co__..__--------------------- Lead ore. e 

4 Utah Copper..._._--------. Utah....___....--..-- Salt Lake-_..._........-. Kennecott Copper Corp.....--.------------- Copper, gold ores. = 

5 Butte Hill Copper Mines__... Montana__.._.-...---- Silver Bow.-..---.-.-- The Anaconda Company...-...-------------- Do. Z 

6 Bunker Hill................ Idaho......-.--.------ Shoshone...........-.. The Bunker Hill Co.........---.----------- Lead-zine ore, silver tail- be 
. ings. 

7 Butte Hill Zinc Mines....... Montana....---------- Silver Bow--..-.-.-----. The Anaconda Company.......-.----------- Zine ore. 5 

8 Berkley Pit_.....----------- ----dO----------- ene oe Oe eee eee 8 WO - 0 ee ee ee eee ene eee Copper ore. . . un 

9 Mission.................... Afizona..-.......----- Pima........--.-----. American Smelting and Refining Company.... = Do. 4 

10 Copper Queen-Lavender Pit.. -...-do.........------- Cochise.......-.------ Phelps Dodge Corp.._..-.-.-.---------.---- Copper, silver ores. . 

11 U.S. and Lark..........---. Utah.......-.-.--.... Salt Lake.......--.---- United States Smelting, Refining and Mining Lead-zinc, lead ores. — i 
0. | 

12 Crescent...............-.-. Idaho............----- Shoshone.............. The Bunker Hill Co........-.---.---.------ Silver ore. Q 

13 Silver Summit........---.--  ----d0....--...--.--.. ----do-...-..-.--.-... Hecla Mining Co......-----------+--------- Do. 
14 Star-Morning Unit........-.  ----do---.------------ = --dO-- eee 20 -WOe nn ne ene eee nee Lead-zine ore. a 

15 Iron King......------------ Arizona..--....-.----- Yavapai.-....-..-.---. Shattuck Denn Mining Corp....------------- Do. o 

16 Eagle__......-.-..--------- Colorado.......--..--- Eagle_......---------. The New Jersey Zinc Co._....-------------- Copper, zinc ores. © 

17 Mineral Park_..........----- Arizona._.............. Mohave.-.----------.- Duval Corp. -igonccrntrctncrrcntcrnr Copper ore. a 

18 Morenci.................... ----d0.....---.------- Greenlee............... Phelps Dodge Corp......------------------- Copper, gold-silver ores. wo 

19 New Cornelia..._.........-. ----do..-------.-.---. Pima ._.-...------.-- ----dO--.--.---.-------------------------- ‘Do. © 

20 Idarado....._.............. Colorado......-------- Ouray and San Miguel.. Idarado Mining Co.__...-.----------------- Copper-lead-zinc ore. 

21 White Pine..___............ Michigan_..._.....--.. Ontonagon........._.-. White Pine Copper Co______---------------- Copper ore. 

22 Mayflower_.......---------- Utah__--....---------- Wasatch.._.......-... Hecla Mining Co______--------------------- Lead-zine ore. 

23 Magma_.__.___.__--.------ Afizona._.__.....----- Pimal_...---.-.-------. Magma Copper Co____..------------------- Copper, gold-silver ores. 

24 Keystone_..._..........---- Colorado_--_---------- Gunnison_-_...--.-~--- McFarland & Hullinger___...__-.-----.-.--.- Lead-zinc ore. | 

25 United Park City_.._._...-.. Utah_.....__.......... Summit and Wasatch... United Park City Mines Co__....----------- Do. 

: arr nt Sn AE 
-



Table 4.—Production of silver in 1963-65 in the United States, by States and by source, 1965 | 
(Troy ounces) 

A 
ne ” . 

. 1965 by type of mine production 

State 1963 1964 Refinery 2 | 
Lead and Complex Other production 

Placers Dry ore Copper ore zinc ores base metal sources ! Total 
ores 

Eee 

Alaska.._.-.....-.-------__-- 14,010 7,336 3, 867 1,851 1,102 849 ___L Lee 4 7,673 6,700 es Arizona.__.-------.....------ 5,873,058 % 5,810,510 438 40,952 5,352,850 11,640 646 , 409 20,148 *6,095, 285 6,100,000 California._....._._-_--_._.-- 156,528 5 171,621 ~ 38,285 22,482 80 86 , 253 4,891 7 5 196,787 © 176,500 | _ Colorado.._--..--.------------ 2,307,305 2,626,431 168 63 , 430 299 ,078 270,096 1,415,991 2,342 2,051,105 2,002 ,500 Idaho____-------..---.------. 16,710,725 16,483,495 5 12,635,252 9,986 3,277,041 2,378,160 156,365 18,456,809 18,100,000 Kentucky_____-....-._____._- 1,515 61,673 __--- ee eee eee eee eee eee eee eee ee 61,931 1,700 Michigan._..___._._________-- 338 ,997 349,195 -__- ee LLL Lee 457,851) 2.8 eee Leelee 457,851 7 843.,,650 Missouri.-_...-.-_.--___---_- 131,664 __--_-2 2. Lee eee eee Lee 299,522 _._-.- eee Lee 299 , 522 80,000 Montana___.__..-.------------ 4,241,620 5,289,959 10 236,656 3,318,664 1,577,559 . 6,029 68,113 5,207,031 5,100,000 Nevada_____________-__-.____- 214,976 172,447 187 150 , 574 130,104 10,935 — 214,130 1,183 507,113 350,000 New Mexico_.____.______-___-_- 256,475 242,405 (4) 27 , 867 92,602 88,759 . 76,041 2,203 287 ,472 282 ,500 wn New York_______-.-_-._-____-_- 19,544 13,806 -_------ 2 Lee eee eee eee een 11,441) _________e 11,441 52,000 B North Carolina__..._.___-____. 26,754 -.2-- eee eee eee eee eee ee eee wee ee eee ee 280 <<. Oklahoma.._-.--.------------ 0 -- eee e eee eee eee (8) (8) ) (8) ~e------ ee (8) ane eee nee 5 Oregon._-____._-.-----------__- 58 , 234 14,372 30 8,751 20 __- eee eee eee 8,801 3 ,.700 Pennsylvania.._.......----__- (8) (8) wa--nn eens (8) (8) (8) (8) ween ene ee ) 10 South Dakota__.._--2-_-- __-- 117,301 182,981 _________- 128,971 _._---- eee Lee eee Lee _ 128,971 130,900 Tennessee____-._-_-------_-_-_ ee 107,913 90,539 _-__-_.--2- eee eee Leelee ee tLe 94,142 ________ee 94,142 138,100 Utah__.--------------------- 4,790,511 %4,551,960 ___._______ 225,460 3,043,630 209,393 2,149,801 6,658 25,635,570 5,240,740 Washington._.__.__---.--___- § 374,373 89375,603 __._______ 8 312,762 8 1,504 810,240 823,689 _......._. 89 358,477 355,150 Wyoming.._._-------- ee eee 28 _.2------- 27° 250 -el eee eee eee eee eee 52 75° . a eee ES 
Total.__....-.----.--.. 35,241,503 36,333,861 7,590 13,855,035 12,707,496 5,842,287 7,020,724 257,023 39,806,033 1939,000,000 . Percent 9.___..-__.-.---- 0) 2 eee eee Leelee (10) 35 32 . 15 18° (10) 100) ___ eee 

I A 

1 Silver recovered from mill and smelter cleanup, slags, and tailings. . . 2 U.S. Bureau of the Mint. . 3 Includes byproduct silver from uranium ore. . 
4 Arizona and New Mexico combined to avoid disclosing individual company confidential data. 
5 Includes byproduct silver from tungsten ore. . 6 Calcium fluorite. . . 
7 Includes an accumulation of silver recovered in 1965 from ‘“‘Lake Copper’; the actual years of mine production of the copper are unknown. 

a 8 Fennaylvania and Washington combined in 1963-64, and Oklahoma, Pennsylvania, and Washington combined in 1965 to avoid disclosing individual company confi-~ ' 
ential data. 

* Includes silver from magnetite-pyrite ore in Pennsylvania. . . 
10Includes refinery production from: Illinois, 20,000; Texas, 3,420; Virginia, 75; and Wisconsin, 12,000. ‘ Percentage based on total, excluding 115,878 ounces from other ores. . 
12Less than 0.5 percent. & 

CO
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| Table 5.—Mine production of recoverable silver in the United States, 1956-65, with 
production of maximum year, and cumulative production from earliest record to end 

of 1965, by States, in troy ounces | 

Maximum pro- Production by years . 
duetion ! 

State Ee 

. Year Quantity 1956 1957 1958 1959 1960 

Western States: 
Alaska____..-._______ 1916 1,379,171 28,360 28 , 862 23 , 507 21,358 25,934 
Arizona____._._______ 1937 9,422,552 5,179,185 5,279,323 4,684,580 3,898,336 4,774,992 
California______.__-._. 1921 3,629,223 938,139 . 522,288 188, 260 172,810 179,780 
Colorado___._.....-. 1893 25,838,600 2,284,701 2,787,892 2,055,517 1,340,732 1,659,037 
Idaho.__.__.________ 1937 19,587,766 13,471,916 15,067,420 15,952,796 16,636,486 13,646,508 
Montana________.___ 1892 19,038,800 7,385,908 5,558,228 3,630,530 3,420,376 3,606,991 
Nevada____._------- 1913 16,090,083 993,716 958 ,477 932,728 611,135 707 , 291 
New Mexico_.._.___. 1885 2,343,800 392 , 967 309 , 385 158, 758 158,925 303 , 903 
Oregon_.---_-------- 1941 276,158 13 , 542 15,924 - 2,728 242 284 
South Dakota__-._.... 1900 536 , 200 136,118 134, 737 152,995 124,425 108,119 
Texas___.._-.--.---- 1988 1,483,008 -____---- -------1- ---------) -----l---) ++ ---+--- 
Utah_______._____--- 1925 21,276,689 6,572,041 6,198,464 5,277,693 3,734,297 4,782,960 
Washington____._--. 1902 721,450 448,442 2521,133 2666,278 7606,537 2? 628,678 
Wyoming_._._------- 1901 21,400 154 126 30) ___Lu eee 4 

Total. _._---_..-..  ---.  ----- -.-. 37,845,189 37,382,259 33, 726 , 400 30,725,659 30,424,481 
West Central States: 

Missouri______..---- 1952 517, 432 295,111 183 , 427 250,917 339, 760 15,594 

States east of the oo 
Mississippi: 
Alabama___.___.._-- 1936 869 ___._-__-_-~ ___-Leeee Lee eee Lee eee eee eee eee 
Georgia___.....----- 1904 1,500 ____---- Leet Lee eee Lee eee eee eee 
Illinois.__._._..-...---. 1924 8,891 1,580 __L--oee Lele eee Leet e ee -- 
Kentucky__......-.. 1961 2,065 31 56 99 75 oul lee 
Maryland_____....-- 1917 1,092 ___--- eee Lleol teen eee +--+ ---- 
Michigan____.._--_-. 1916 716,640 379 ,990 430,000 ____.---. _.------- --------- 
New York___._.----- 1956 84,158 84,158 63 , 880 66,738 51,588 49 ,324 
North Carolina___... 1960 212 ,368 - %53 12,347 15,157 16,319 212,368 
Oklahoma_____------. ----) -------- eee eee eee eee ee eee eee eee eee +--+ --- 
Pennsylvania____.__._ 1942 15,501 (?) (?) (2) (?) (?) 
South Carolina__..... 1940 8,047 ____----_ --uueeeee Lee eee ween eee oe ------ 
Tennessee_______..-. 1962 112,251 64,878 54,407 44,592 59,739 - 64,560 
Vermont___----_-.--- 1955 50,447 2 47,800 36,794 5,101 _____---.) --------- 
Virginia__._.._._.... 1944 | 18,993 1,874 1,745 2,023 866 _-_..---- 

, Total______._-___-. -w--_-  --------- 581 , 064 599 , 229 133 ,710 128, 587 326 , 252 

Grand total__.__... .... _-_--.-. 38,721,364 38,164,915 34,111,027 31,194,006 30,766,327 

See footnotes at end of table.
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Table 5.—Mine production of recoverable silver in the United States, 1956-65, with 
production of maximum year, and cumulative production from earliest record to end 

of 1965, by States, in troy ounces—Continued 

Production by years—Continued Total production 
from earliest 

State record ttoend— 
. ; of 1965 

1961 1962 1963 1964 1965 

Western States: 
Alaska____._.__-.---- 18,485 22,199 14,010 7,336 7,673 20,378,840 

7 Arizona____.__.-_-.. 5,120,007 5,453,585 5,373,058 5,810,510 6,095,248 387,165,973 
California. _________- 93,351 132 505 156 , 528 171,621 196, 787 . 119,675,172 
Colorado____._.-..-. 1,965,021 2,087,813 2,307,305 2,626,431 2,051,105 777 , 539 , 047 - 
Idaho____________.__ 17,576,322 17,772,435 16,710,725 16,483,495 18,456,809 804,214,054 
Montana____.._.___.. 3,490,350 4,560,714 4,241,620 5,289,959 5,207,031 852,196,049 
Nevada_.._______-_- 388 , 426 245,164. 214,976 172,447 507,113 605 , 865 , 739 
New Mexico____-___- 282,755 301 ,549 256 , 475 242,405 287 , 509 73,710,403 
Oregon._____-____._- 2,022 6,047 58 , 234 14,372 8,801 5,462,907 
South Dakota-_______- 127 ,427 113,052 117,301 132,981 128,971 12,137,793 
Texas...- eee eee ee eee eee ee eee eee eee 33 , 303 , 399 
Utah_....-..--_.... 4,797,583 4,628,446 4,790,511 4,551,960 5,635,570. 833 , 436 , 482 

.  Washington________- 2625,176 2?350,185 27374,373 2375,603 27358,477 8 20,897,709 
Wyoming..--_._.___- 7 ceeeeeee Lene eee 28 52 75,327 

Total___._.._._.__._._. 34,486,932 35,673,694 34,615,116 35,879,148 38,941,146  4,546,058,894 
West Central States: 

Missouri___._-_.__-- 11,793 490 ,896 131,664  -_... _-- 299 , 522 8,431,382 

States east of the . 
Mississippi: 

* Alabama__.--.-.----  ----------0 penne eee eee eee ee eee eee eee eee 5,239 
Georgia. ------------  ----- eee eee nee eee eee eee eee eee 10,963 
Illinois..--.---------  ---------- 0 ----2---- eee eee eee eee ---- e+ ------- 163,707 — 
Kentucky .._-------- 2,065 1,410 1,515. -1,673 1,931 8,855 
Maryland._..------- ----------  ---------  --------- 0 ---------  --+------- 2,595 

. Michigan._._.-_..--.  _--------- 401 ,491 338 , 997 349,195 457 ,851 13,091 ,636 
New York____--__--~- 40 , 507 19,451 19,544 13 ,306 11,441 1,123,861 
North Carolina- -.--- 169 , 742 100 439° 26,754 ..------. ---.----- . 911,721 
Oklahoma.___.-----.  ---------.  --------- 0 ---- eee eee (?) (?) 

. “Pennsylvania_____.-.- (?) (?) (7) (?) (?) 3 275,126 
South Carolina._...2.  .--------- 0 ee eee eee eee ene eee ee eee ween 35,325 
Tennessee_________-- 83 , 417 112,251 107 ,913 90,539 94,142 4,294,260 
Vermont.__-.--.----  ----------  -------- 5 eee e eee eee eee ee eee nee 4 524,585 
Virginia...-..--.---- 0 ------ eee ee eee eee ee eee eee ee eee eee wee eee ~ 90,689 

Total__....___-_-- 295 ,731 635 ,042 494,723 454,713 565 , 365 20 , 538 , 562 

Grand total....._... 34,794,456 36,799,632 35,241,503 36,333,861 39,806,033 4,575,028,838 

1 Figures for States east of the Mississippi are peak since 1896, except New York and Pennsyl- 
vania, which are peak since 1905. The Illinois figure is the peak since 1907. Alaska, California, 
Nevada, and Oregon are peaks since 1880. Se 

2 Pennsylvania included with Vermont in 1956, Pennsylvania included with Washington 1957-65. 
3 Total production from earliest record to end of 1955; included with Washington 1957-65. 
*Includes a small amount from New Hampshire. .
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Table 6.—Ore, old tailings, etc., yielding silver produced in the United States, and — 
average recoverable content, in troy ounces of silver per ton in 1965 . 7 

Gold Gold-silver Silver Copper 

State Average Average Average Average 
Short ounces Short ounces Short ounces Short ounces 
tons ofsilver tons ofsilver tons. of silver tons of silver 

per ton per ton per ton per ton 

Alaska. _._.____-.--_---_- 3,194 0.581 -_---. --.--- ------ ------ 58 19.000 
Arizona___.--.------ ee 115 .757 142,648 0.159 25,807 1.296 91,632,221 .058 
California______-._-.----- 7,048 #£#«.118 = () () 12,982 17.262 50 1.600 

. Colorado. ___...-_-------- 3,681 .039 223 1.861 5,483 11.467 17,269 17.336 
Idaho.___._._...._-_------ 869 .235 = (?) _.._-- 596,231 21.413 84,734 -132 
Kentucky____._.--------. 0 --------- wee eee eee ene eee eee ee eee ene eee- ----2- 
Michigan..______-__-.---- --------- 0 t----- ween ee wee eee ete eee +--+ = 6, 261 , 568 073 
Missouri. ____._.____-__---  _-----en ee eee ee eee ene ne eee eee ee eee eee ee eee 
Montana____..-_--------- 2,087 19.825 15,080 3.372 36,701 5.079 14,460,366 .230 
Nevada___.__------------ 892,742 .010 _---._ ---.-- 53,990 2.647 10,355,163 .013 
New Mexico_..__.._-----. ----.---- ------ 31,709 701 502 11.498 8,129,639 .O11 
New York..___--.--------  ---------  ------ (------ 0 ------ 0 so -n-e- eee eee eee ene--- ------ 
Okiahoma___---.--------- (3) (3) eee--- ------ eee wa Hee (3) (3) 
Oregon_...--------------- 29 448 (1) (@) 11,187 !7.361 13 1.538 
Pennsyivania_-.__.------- (3) (3) wenn e ee nee eee Meee nee ee (3) (3) 

. South Dakota_....-------- 2,031,500 0638 _.---- -2----  ------) eee wee eee oe eee 
Tennessee. __------------- --------- 0 ---22-0 c2-2e-  ---e zr per-sse  crrant onsrrngrtis otro nse 
Utah_..-__....----------- 1,279 .150 15,231 .375 178,583 1.229 32,167,851 .095 
Washington_-..--.-------- 3170,142 31.8388 -_-.-_ ------ ------. ------ | 726,880 3% .056 
Wyoming____._----------  --------- ------ ) ------  ------ 210 .129 28 .893 

Total___._.....---- 3,112,686 .159 204,891 .531 901,676 14.902 163,135,840 078 | 

. . Lead-zinc, a 
Lead — Zine -copper-zinc, and =—_—‘ Total material 

. copper-lead-zinc sO 

. . Aver- Aver- Aver- ’. Aver- 
- age age age ~ age 

Short ounces Short ounces Short ounces Short ounces 
tons of tons of tons of tons of 

silver silver silver silver 
per ton perton — ' per ton _ per ton 

Alaska_____....__-_-.---- . 39 21.769 ___----. ----. ---------- --- 3,291 1.156 
Arizona______....__-----.- 12,603 .298 2,798 3.334 421,766 1.538 92,237,958 6 .066 
California_____-__---.---- 8,881 9.712 -_..--.- ----- 523 9.352 ' 19,484 49.931 
Colorado._....--_-------- 5,534 5.570 260,860 .917 727,309 1.950 1,020,359 2.010 
Idaho_.__.._.._.--------- 221,502 14.643 139,720 .377 740,353 3.217 1,783,409 10.349 
Kentucky___..-.---------  --------- 0 ----- 0 lee eee wee =e +--+ +e -- 5 153,898 .013 
Michigan...__.---------:- --------- ) --2--0 ----ee ee ween eee eee -e--- «=. 6, 261,568 = .073 

_ Missouri..._..----------- 5,279,420 .057 ____.__. ----. -------. 1.-:. 5,279,420 .057 
Montana_____------------ 20,465 3.788 1,097,634 1.390 1,204 5.163 15,633,537 .333 
Nevada. __.__------------ 1,427 6.463 1,489 1.150 166,721 1.284 11,471,532 .044 
New Mexico__..-.-------- 1,210 3.231 402,641 .211 59,603 1.311 8,625,304 .033 
New York___..__--------- --------- ----- -------- ----- 629,168 .018 629,168 .018 
Oklahoma....-.---------- (3) (3) (8) (3) (3) (3) (3) (8) 
Oregon_..____.-----------  --------- ) ----- 0 -------- ene - renee --- ----- 1,229 7.137 
Pennsylvania -_~.-.--------- (3) (3) (3) (3). (*) (3) (3) (3) 
South Dakota__.___.___--_ _-------- 0 =e ee eee eee ne eee ee eeee-- «0----- «=. 2, 081,500 = .068 
Tennessee_________--_--_-- --------- ----- -------- ----- 1,520,755  .062 1,520,755  .062 
Utah_.....--------------- 11,280 18.560 23,642 .202 488,298 4.407 32,886,164 & .171 
Washington_...-_-.------ $1,322 3 .524 3382,352 3 .025 3 640,604 2 .037°71,858,016 .193 
Wyoming_.-...___-------- ---------  ----- 0 ------ ee nee ee eee ----- 238 3=.218 

Total__.____..___.___ 5,563,683 .713 2,311,136 .834 5,396,304 1.303 181,416,830 .219 

1 Gold-silver material combined with silver material to avoid disclosing individual company con- 
fidential data. 

2 Les than ¥% unit. 
3 Oklahoma, Pennsylvania, and Washington combined to avoid disclosing individual company con- 

fidential data. 
4Includes byproduct silver recovered from tungsten ore. 
5 Calcium fluorite ore. 
6 Includes byproduct silver recovered from uranium ore. 
7TIneludes magnetite-pyrite ore from Pennsylvania.
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Table 7.—Silver produced in the United States from ore and old tailings in 1965, 
by States and methods of recovery, in terms of recoverable metal 

Ore and old tailings to mills 
Total — 

ore, old Crude ore to 
; tailings, Recoverable in Concentrates smelted smelters 

- ete., bullion and recoverable metal 
State treated Thou- _ SC ee _ 

(thou- sand . 
sand short Amalga- Cyani- Concen- Thou- 
short tons mation dation trates Troy sand Troy . 
tons)! (troy (troy (short ounces short ounces 

ounces) ounces) tons) tons 

Alaska. ....-------- 3 3 881 ___..-- 25 310 = (°) 2,665 
Arizona__.--------- 92,366 91,731 _ 83 ...-.-. 2,750,506 5,622,805: 635 472 ,439 
California... ..------ 20 13 459 ___.__- 4,880 104,276 7 88 , 767 
Colorado. ___------- 1,021 1,006 3,378 _...-_- 156,303. 1,695,970 15 351,589 
Idaho____---------- 1,783 1,732 160 _.___-- 216,543 18,394,363 51 62,281 
Kentucky. ._--__--- 196 196 -_.-.-- ------- 11,748 1,981 ---..  --LeuL ele 
Michigan_-___._-_._- 8,979 8,979 _.-.-_ -_-.-.- 224 ,366 457,851 _-...  _.____L_- 
Missouri___-_-_____- 5,279 5,279 .L---2-2 LL uae 195,160 299,522 ____. LeeLee 
Montana___-....--. 15,634 15,488 3 .------ 440,187 4,883,899 146 323,119 
Nevada__.......-.. 18,392 13,295 657 7,797 319 , 834 452,519 97. 45,953 
New Mexico_.___--- 8,625 8,586 __.-... _.-L--- 374,441 | 253,289 89 34,183 
New York.._.-._--_ 789 789) _-_u-- LuLu 132,517 11,444 2-2. LeeLee 
Oklahoma. -----~--- (3) © (3) (9) none n-- (8) — &) (3) (3) 
Oregon._________--- 1 a | § ______.- 48 6,849 () 1,917 
Pennsylvania. __-_.-- (3). (3) (3) ------- (8) (3) (?) 2) 
South Dakota..__.__. 2,032 2,082 88,186 40,8385 -___---.. ---------- ----- --------- 
Tennessee... _.____-- 5,528 §,528 ___.--. ~...--- 304,888 94,142 ____. ~~ .--- . 
Utah____.._.-...-.~ 32,887 32,653  ___..._ -_.--_. 914,727 5,131,978 234 503 , 592 
Washington_______.. 233,002  %3,000 %73,699  .__.... %149,815 3 284,134 32 3 644 
Wyoming. ______-_-_ (?) ee 52 

Total____.... 191,537 190,261 167,331 48,632 6,195,988 37,695,279 1,276 1,887,201 

| 1 Includes some nonsilver-bearing ores not separable. . 
. 2 Less than }4 unit. 

3 3 Oklahoma, Pennsylvania, and Washington combined to avoid disclosing individual company confidential . 
ata. 

Table 8.—Silver produced at amalgamation and cyanidation mills in the United States 
and percentage of silver recoverable from all sources 

Bullion and precipi- 
. tates recoverable Silver from all sources (percent) 

. (troy ounces) 
Year 

. Amalga- Cyani- Amalga- Cyani- Smelt- Placers 
mation dation mation dation ing } 

1956-60 (average)....---..-.-------.- 90,582 394,883 0.3 1.1 98.5 0.1 
1961______-.__-L---.---..-_--_---.-. 90,527 214,956 3 6 99.0 1 
1962_____...-_--.------_-.---_--...-. 89,203 101,887 2 .3 99.4 1 
1963________---.-------_------.-----. 89,777 99 , 289 2 3 99.4 l 
1964______.__-_._---.--._.._-.--.--. 91,401 120,894 3 3 99.3 l 
1965__....-.-----------.-----------. 167,331 48 ,632 4 wl 99.5 (2) 

1 Crude ore and concentrate. 
2 Less than 0.5 percent.
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Figure 1.—Silver production in the United States and price per ounce. 

CONSUMPTION AND USES 

Net consumption of silver (see table 9) Imports and mine production furnished 
in the arts and industries was 137 million about two-thirds of domestic industrial re- 
ounces, 11 percent more than in 1964, ac- quirements; the Treasury silver stock sup- 
cording to data compiled by the Bureau plied most of the remainder. 
of the Mint. This was the highest con- Industrial silver consumption continued 
sumption since the end of World War II. to increase, especially for sterling silverware
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and electrical and electronic products. De- 1,500° F. Tests show the volume resistiv- 
tailed data on end-use: consumption were ity of the paint to be 0.02 ohm-centimeter 
incomplete, but it was estimated that the for a film air-dried at 70° F and 0.003 
manufacture of photographic materials and ohm-centimeter for a film baked at 

_ electrical and electronic products accounted 500° F. : 
for over one-half of the total silver used. Epoxy Products, Inc., developed a silver- 
The silverware industry consumed about filled conductive caulking compound, E- 

) one-quarter, and a large part of the re- Kote No. 3202, for caulking seams in 
mainder was used in fabricating brazing shielded rooms or filling imperfections in 

| alloys and jewelry. castings that are to be electroplated. 
| The quantity of sliver used in minting Ultrathin layers of silver were used to 

U.S. subsidiary silver coin increased 117.3 join aluminum thermal conditioning panels 
_ million ounces to 320.3 million ounces, an for the Saturn program. The components 
alltime high. U.S, coinage requirements are bonded by eutectic diffusion under 
constituted 85 percent of the total silver heat and pressure. . 
used in free world coinage. The 1965 Silver-bearing catalysts were used by 
gain was the seventh consecutive annual Shell Oil Co. in its hydrocracking proc- 
increase and, as in 1964, was due essen- esses for petroleum refining. The silver 
tially to growth in the use of coin-operated may be associated with tungsten or with a 
vending and metering: machines and to palladium group metal, ruthenium or rho- 
withdrawals of coins from circulation by dium. The hydrogenation and cracking 
collectors and speculators. | parts of the catalyst are merged by a manu- 

A silver-magnesium-nickel alloy im- facturing process involving a hydrogel of 
proved the conductivity and insured the the metal-salt solution. | . 
proper spring motion of light contactor A silver-rhenium alloy, developed by 
blades. Contact buttons of silver-cadmium General Dynamics Corp. as a conductive : 
oxide are brazed to the blades without im- lubricant, was particularly well-suited for 
pairing their spring properties. _ sliding electrical contacts and can be used 

Silver-zinc batteries were chosen to meet in a temperature range of —80° to 
the rigid power requirements for the 1,400° F. | 
Voyager space vehicle. Design studies in- 

| dicated that an energy density of 30 watt- Table 9,—Silver consumption in industry 
hours per pound, an 18-month activated and the arts in the United States 
life capability, and a capability of 30 (Thousand troy ounces) 
charge-discharge cycles was necessary. Al-_§§©§ —— ———_______________ 
though the newer silver-cadmium and sil- Issued for Returned _ Net. 
ver-zinc batteries have been successfully Year industrial ine tal industrial 
used in space vehicles, they have not yet use! sumption 
been used to any appreciable extent in © ©=_— ——-——W—___ 
commercial products. 1956-60 (average). 135,847 39,067 96,780 

A silver-filled, polymer-in-solvent paint, loea. 7727777777 180 'Sta oO obs 110405 
Dynaloy 2510, was developed for high- 1963-_-------__. 204/490 94'490 110/000 | 
temperature applications requiring electri- 1902------------ 196,600 76,100 123 ,000 1965_._......... 198,000 61,000 37 ,000 
cal conductance. The paint, after air dry- | | 
ing, is heated to 500° F to obtain maxi- r Revised. | 
mum adhesion and conductivity. Cover- * Includes secondary materials (scrap) received 
age is 600 square feet per gallon and the PY, U-S. Mints and Assay Offices and by private 
operating temperature range is —60° to Source: U.S. Bureau of the Mint. 

: STOCKS 

Heavy withdrawals of silver for mone- subsidiary coins; 77.4 million ounces is- 
tary and commercial use continued during sued to commercial consumers in exchange 
the year and Treasury stocks of bullion for silver certificates, and sales of 3.1 mil- 
and coin were reduced approximately 414.4 lion ounces to other Government agencies 
million ounces to 803.6 million ounces by for defense purposes. Silver received by 
yearend. The withdrawals essentially com- the Treasury, including purchases at mar- 
prised 320.3 million ounces for minting ket value and coins withdrawn for re-
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| | Table 10.—U.S. monetary silver : 
(Million troy ounces) 

ee LOL 

. . 1961 .1962 1963. 1964 1965 

In the Treasury: | : 
Silver bullion. __..-.------------- | 1,759.0 1,691.5 1,557.7 1,208.2 801.3 

' ‘Silver dollars__.---.------------- 100.7 ~ 72.7 22.1 | 2.3 2.3 

_ Subsidiary coin__---------------- 2.6 2.4 2.77 7.5 (1) 

, Total.._._._..-.---------------- 1,862.3 1,766.6 1,582.5 1,218.0 2 803.6 — 

Outside the Treasury: 
Silver dollars__..--.------------- 276.4 303 .6 352.9 372.6 372.6 

. Subsidiary coin. _.....----------- 1,194.0 1,270.3 1,365.2 ™1,563.8 °1,883.8 

_ Total___.--..----------------- 1,470.4 1,573.9 1,718.1 1,936.4 2,256.4 

Grand total..._-----.--------- 3,382.7 3,340.5 3,300.6 "3,154.4 = 3,060.0 

; r Revised. a . | - 
1 No breakdown is available between silver and nonsilver coins. | oo 

2 Exdudes silver in subsidiary coin. 
’ Estimated—Treasury data do not separate silver and nonsilver coins. . 

coinage, totaled 0.7 million ounces. ounces compared with 2.5 million ounces 
7 Part of the 77.4 million ounces with- at the end of 1964. = 

drawn for commercial use went into in- The ratio of the value of silver to the 
: dustry stocks, but complete data on the total value of gold and silver in the US. 

: magnitude of these stocks were not avail- monetary stocks at yearend was 23 percent 
able. Silver held in Commodity Exchange compared with 21 percent at the end of 

: warehouses at yearend totaled 2.1 million 1964. | - 

| | PRICES | So 
| The price of silver in the New York The monetary price ratio of gold to 

market for prompt delivery, as quoted silver remained unchanged at 27 to 1. 

by Handy & Harman, remained unchanged In the London market, the spot price of 
at 129.3 cents per troy ounce throughout giver ranged from a low of 109.75d in 
1965, the second full year of price stability June to a high of 112.125d in January, 
since 1960. The continued availability or equivalent to 128.0 cents and 130.8 cents, 

ee silver through the redemption of respectively. Prices were depressed by 
silver certificates again provided an effec- some liquidation of accumulated stocks in 

| | tive price ceiling at the monetary price. the early part of the year. In the latter 

f Quotations lve the Commodity Eachange part of the year weakness in the pound 
or wh , wher tha continued v, me sub- sterling prompted hedging operations and 
fon y higher than the New York price 4 stronger market price. The average 
or prompt delivery. About 155.4 million price for the year was 111.578d, equivalent 
ounces was traded during 1965 at prices 4, about 130.174 cents an ounce. 

: ranging from a low of 128 cents per ounce Prices 9-month deli ranged 
in June for nearby delivery of small S for a «mo euvery g 

ee | from 109.750d (125.708 cents) to 113.500d 
amounts to a high in January of over 138 (132.400 ts) 
cents per ounce for a 12-month forward cents). 
delivery. At yearend, open contracts for A shipment of 4.8 million ounces of sil- 
12.8 million ounces were outstanding, com- ver to London from the U.S.S.R. in Oc- 
pared with 30 million ounces at the same tober was the first such shipment from 
date in 1964. that source since 1955.4 

FOREIGN TRADE 

U.S. trade in silver returned to a more nearly 70 percent of the total imports. 
normal pattern with imports exceeding ex- Over 80 percent of total silver exported 
ports. In 1964 the normal situation had went to Canada and the United Kingdom. 
been reversed with exports exceeding im- ~—.—_ 7 

. . a) 1 Monta ”» . i 
ports. Canada, Peru, and Mexico supplied Review, "1965. & Co., Ltd. Annual Bullion
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Table 11.—U.S. exports of silver in 1965, by countries | 

Ore and base Refined bullion | 
bullion U.S. Foreign | 

Destination a —séi CNN coin 
- value value 

Troy Value Troy Value 
. ounces ounces . 

North America: . . 
Bahamas____._.--------------- --L-ee ee pene eee eee eee) +e «666,000 __ Le 
Bermuda..----.---------------  ------- ------- ---------- ---------- 2,300 __...___- 

~ Canada___.___-__.--_---------- 5,660 $7,226 11,503,096 $14,868,493 150 $674,021 
Mexico_..___---- eee eee eee eee ee eee ee eee eee eee 5,900 _..-.-._- 
Netherlands Antilles__.......---  -------  -------  ----------  ---------- 10,000) --------- 

Total___._-.--------------.- 5,660 7,226 11,503,096 14,868,493 84,350 674,021 

South America: - | 
Argentina.__.____.-------------0 ------- eee eee 505 652 800 __..____- 
Colombia__-...-----.-----.----- -.-----  -------' 51,895 67,167 -.--... ---.----- . 

Total__-.-------------------- wann--- 0 ------- 52,400 67,819 800 _..____.- 

Europe: , 
Austria.___--._--------- eee eee Lee eee 489 , 505 632 , 896 1,000 __.--LLL. 
Belgium-Luxembourg__......-.. 274,800 357,240 -._...-.-. -.-------- 2,100 --- ~~ -- 

_ France___.______-_-_-- eee eee tee eee-) = 1,798,844 2,317,986 ------- ~-------- 
Germany, West____.........-.._ 49,174 63,385 532,046 686,339 20,500 -..--... 
Treland.___......------------2- 0 eee eee eee eee eee eee eee eee ee---))— 18,5000 LL 
Italy__.-._------ eee eee eee eee ee 40,771 53,000 _._.... 1,696,298 
Netherlands..........----------- 9 --u.---2 0 7a ee 475 ,372 614,623 500 ________- oo 

| Sweden_____----.-_--_-------. 14,750 18,328 43 , 871 56,594 ___._-- 1,400 “ 
Switzerland._____.--_---------- Lette eee 642,128 830,227 69,253  __._____. 
United Kingdom_____--.....--. 138,599 180,181 21,010,568 27,308,951 500 __u_-__ ee 

| Total___.____._-._..._.._..... 477,323 619,134 25,027,605 32,500,566 112,353 1,697,698 . 

Asia: a, 
Japan__..__..__..-.--..-..-.-. 54,497 70,301 2,544,734 3,290,167 66,992 -....--.-- 

. _ Nansei and Nanpo Islands_...... ----.-. ------- ----------  ---------- 1,000  _.....--. 

Total_________.--.---------. 54,497 70,301 2,544,734 3,290,167 67,992  ..._----- 

Grand total..._._...._......-. 537,480 696,661 39,127,835 50,727,045 265,495 2,371,719 . 

232-748 O-67—54 

‘
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Table 12.—U.S. imports of silver in 1965, by countries 

Ore and base bullion Refined bullion © 
U.S. Foreign 

Country - coin coin 
Troy — Value Troy Value value value 

. ounces ounces 

North America: | 
‘Bermuda__...-------------. 0 -----eeeee Lee ue) ee ----) --------- =1, 050 $16,255 
Canada__...-.-.-..-..---- 20,188,402 $25,574,077 ....-_-.. --..----. --.---. | 377,909 
Canal Zone._______._------ 6,474 7,569 1,732 $2,078 __.-.--. -..-...-- . 
El Salvador.__._...._------ 12 ,084 14,748 --2----- ween eee eee ee eee 
Honduras.......---------- 3,582,547 3,870,238 --------. ---.--.--0 wee, wee eee ee 
Mexico____...--.---...---. 1,292,997 1,558,976 6,214,600 5,988,791 3,130 1,355,830 
Netherlands Antilles___...__ | 2,688 2,688 ..---.-- 2 ~---- 11. BY 6; 
Nicaragua_...----.--.----- 146,847 1££$}177,499 -.------- --------- ------ --------- 
Panama__.-.---.----------  ----------  s--------- 0 ---------  ---------  ------ 12,520 . 

 ‘Total___..--.-.-.------. 25,232,089 31,205,795 6,216,332 5,990,869 4,555 1,762,514 

South America: os . 
Bolivia._..-..-..----.----. 2,095,231 2,263,692 __.---..2 weet el Lee eee Lee 
Brazil.....-.....---.--.-.--- 4,827 6,691 1 ---- ee eee eee) eee eee eee eee 
Chile_.._--__--_---.-_.-._- 2,029,803 1,945,390 __------- whee eee ee eee eee eee 
Colombia_.......--------- 41,125 45,279 once Wee ee eee eee eee Le eee 
Ecuador_--_.-------------- 38 ,974 48,486 -.-------  --------5  ---1--) --------- 
 -Peru_..------------------- 10,532,459 11,995,925 600,201 770,977 = .---- 15,301 
Venezuela..--.------------ 7,098 9,275 -.-.-----  --------- ------ --------- 

/ * Total._...-_--------_--- 14,749,517 16,313,738 600, 201 770,977 nouuee 15,301 

. Furope: 
Austria. ...-.------------ Lee eee eee eee +e eee. = 1, 748 345 
Bulgaria-_...------------- 0 eee eee ee eee een eee eee eee 364 

- France......---.---------- 202 261) -u--ee eee eee eee eee eee 13,340 
Germany, West_.------.---  ---------. 0 ------5---- 804 1,037 1,070 876 
Italy_......-.------------- pee eee ee eee eee eee eee eee eee nee 3,370 
Malta and Gozo._--.-.-----  ---------- ene eee ee eee eee eee) 8, 475 Lee 
Netherlands__.------------ 0 -------5-- eee en eee enn ene eee eee oe 560 
Norway __.---------------- 7,043 9,095 __------- ee eee eee tee 287 
Switzerland_____.__...__.--- 322 418 1... --------. 2,626 4,370 
U.S.S.R_--- eee eee eee nee eee eee eee eee ee eee 461 
United Kingdom_-_._..-.--- 72,166 64,615 ._.--... -..-...-. 6,119 5,977 

. Total. ._.....-..--.--.-- 79,733 74,389 804 . 1,037 15,038 29,950 

Africa: . 
Kenya. .-.-.--------------- 428 $54 Lone n eee ween eee eee ene eee 
South Africa, Republic of.._. 5,249,722 5,722,116 ...---.--2 wn eee eee LLL ee 1,000 
Tunisia._..--.2-------- eee eee eee eee eee ee ee eee eee eee eee 358 
Uganda__________-.-.----- 222 OY 
Zambia, Southern Rhodesia, 

and Malawi___.__...-.-- -------1-- ) ----------- eee ene eee ene eee ee 490 

' Total....-.-.-.-.-__.... 5,250,372 5,722,943 .--------  .-eleeeee flee 1,848 

Asia: 
Aden___..2--- ee Lene eee eee eee LeeLee 1,603 
India____..______..------- 325 ,637 231,564 Leelee eee Lee eee 
Israel_..____.-_-_____-.---- 3,470 3,788 oe, Le Leet Lee 739 
Japan______._-..---------- 3,027 3,677 50,179 63,299 __.___ 28,143 
Philippines____._...___._-- 356 , 657 453 , 866 10,590 12,076 --._-- 5,400 
Turkey____.-...-.-_------ 33 ,923 43,1384 .--- eee Lee eee ee eee Lee 

. Total___.-_.--___-------- 722,714 735,979 60,769 75,375  ..._- 35,885 

Oceania: 
Australia......_.....-_-... 1,796,489 2,012,142 ___-2 ee Lele eee Lee eee 
New Zealand._._-------.--  ---------- 0 wenn ee eee eee ee eee ee eee eee nee 529 

Total_._____.......-..... 1,796,489 2,012,142 -.. 2-2 flee eee Lee 529 

Grand total__._..---..-.-. 47,830,864 56,064,986 6,878,106 6,838,258 19,593 1,846,027
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Table 13.—Value of silver imported into and exported from the United States — oo 
(Thousand dollars) 

Year Imports Exports Year | Imports Exports 

1956-60 (average).._.-...-. $106,181 $9 ,987 1963___..---.--.---------- 67,281 40,022 
1961__._.......---..------ 45,005 36,958 1964__--------.222-2-----. 64,394 141,397 
1962.._..-.--.------------ 72,721 13,375 1965__._.....------------- 62,903 51,424 

200 : — 

w Excess imports | | | | 
tn 

o . : . ts . 

7100 iS aint ay re carghe eset 
wishes i BytiSesehss ce 

Cc | sfetsie, WAR Sear | 

O fixie. biaapeiiot iia cine icteeati tases tims ieti eis een Mette 

« “Py Y s j > Yyf Y 
J | A 

= Excess Y ( 

” jexports Uf | 
100 
— 1940 1945 _ I950 i955 . 1960 1965 

| - Figure 2.—Net imports or exports of silver. 

| WORLD REVIEW 

World silver output was estimated at mand for subsidiary coins in the United 

951.0 million ounces, about 4.6 million States. The demand for silver coins also 

ounces more than in 1964. Production increased sharply in Canada and Italy but | 

gains in the United States, Canada, Japan, declined in France and Japan. 

and Sweden more than offset declines in Free world net consumption exceeded 

silver production in Mexico, Peru, and new production by approximately 493 mil- 

Australia. Western Hemisphere countries, lion ounces. Excluding U.S. coinage re- 

Mexico, Peru, United States, and Canada quirements the production deficit was about 

contributed about 59 percent of the world 173 million ounces, which was balanced | 

output. by withdrawals from world stocks, chiefly 

. . . a the U.S. Treasury stock. Foreign gov- 

. Consumption of silver in the arts fre ernment stocks contributed 17.0 million 

industries and in the nt a0 8. the free ounces, demonetized coin supplied 30.0 

world was desta at 3 33 33.6 million ounces, liquidation of speculation 

vnillion In ee 7 mil licn ounc ‘6 holdings contributed 35.0 million ounces, 

million 1964, sie lion ounces more and salvage and miscellaneous sources ac- 

than in 1964, but coinage requirements coynted for the remaining 7.1 million 
ageregated 374.7 million ounces, 110.2 gunces.6 
million ounces more than in 1964.5 As ————___ 

in 1964, the gain in coinage consumption ; ose of Harman. The Silver Market in 

was due principally to an accelerated de- ¢ Page 23 of work cited in footnote 5.
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Table 14.—World production of silver, by countries 1 2 
(Troy ounces) 

Country 1961 1962 1963 1964 1965 Pp $ 

North America: - 
Canada__..--------- 31,381,977 30,669,028 29 ,839, 756 r 29,902,611 31,917,243 
Central America and 

’ West Indies: 
. Guatemala... --.- 4 515,905 r 370,595 t 64,173 59,445 NA 

| Haiti_.._------- 61,424 94,761 107,022 ® 92,057 e 92,000 
Honduras- ------ - 3,544,702 3,179,653 te 3,164,000 3,220,371 3,670,659 
Nicaragua. -.---- 417,253 -  §00,050 405 , 252 332,370 380 , 377 

Mexico______-_-----_-- 40,349,181 41 , 249,402 42,760 , 487 t 41,716,263 40,332,077 
United States 6__.__-_- 34,794,456 36, 799 ,632 35,241,503 36,333,861 39,806,033 

Total_.__..-_--.-- *111,064,900 +112,863,100 111,582,200 *111,607,000 116,198,400 

South America: 
Argentina__.....---. . 1,430,675 2,086,101 r1,928,530 . *1,945,795 2,256,500 
Bolivia (exports) - - - -- 3,901 , 203 - 3,759,193 t 4,869 ,037 4,822,611 4,115,295 
Brazil.__.....------- 231 , 936 250 ,004 t 281,448 r 305, 368 e 300,000 
Chile_____._2.-..--- 2,156,768 2,275,887 2,768,340 r 3,096,598 3,272,946 
-Colombia---.------- 127 ,943 131,599 106 , 279 130,353 115,866 
Ecuador....-__-.---- 101,190 127 ,739 121 , 784 117,126 69 , 966 
Peru (recoverable) -- - - 34,161,707 | 32,930,783 36, 800 , 350 37,043,217 35,255,411 

Total_._..-------- 42,110,000 41,560,000 t 46,880,000 r 47,460,000 45,390,000 

. Europe: 
. 

Austria___....-.---- 58,193 68,481 68 , 803 73,947 76,519 
; Czechoslovakia 7-_ _ - -- - 1,608,000 1,608,000 1,608 ,000 1,608,000 1,608,000 

Finland_._.......--- 456,155 r 380,504 579 , 967 607 , 906 582,186 
Brance_...-.-------- 1,128,523 898 ,977 730,111 969,441 ¢ 1,000,000 
Germany: ~ . 

Fast 7...._..-.--- 4,800,000 4,800,000 4,800,000 4,800,000 4,800,000 . 
West.--..------ 1,879,436 1,925,701 r 2,067,068 tr 2,062,599. 1,992,189 

Greece.._..--.------ 113,396 — ¥ 188,730 157 , 539 e 157,000 144,678 
Hungary 7_.._...---- 64,300 64,300 64,300 64,300 64,300 
_Italy_.....---.--.--- 973,139 Fr 918,933 r 996 ,673 r 1,073,770 1,093 ,125 
Poland 7____.-.--..- 128,600 © 128 ,600 128,600 128 ,600 128,600 
Portugal... .-...--.-- 48,258 §2,920 48,419 t 48,773 47,100 
Rumania 7___._.----- 643 ,000 643 ,000 643 ,000 643 ,000 643 ,000 
Spain._......------- 4,526,599 5,684,123 . 4,955,201 r 2,314,853 ¢ 2,320,000 
Sweden____-.-.----- 2,949; 766 3,367,276 ® 3,788,322  *3,125,000 4,955,201 

. USS.R.e_..2-------- 25 ,000 ,000 27 ,000 ,000 27 ,000 ,000 27,000,000 27,000,000 
_. United Kingdom. . -.- 4,744 5 

Yugoslavia. -.-....-- 3,454,083 3,750,931 3,791,923 © 4,036,879 4,148,057 
ee 

Total? __.....----- 47,800 ,000 51,400,000 r 51,400,000 + 48,700,000 50,600,000 
7 a 

Africa: 
. Algeria §______._._-- 300 ,000 275,000 | F 255,000 r 295 ,000 295 ,000 

Bechuanaland_......-  — — 39 — 33 21 ) ne 
Congo, Republic of . . 

the (Kinshasa, 
formerly 
Léopoldville) - . - . .- 3,457 , 877 1,595,513 1,097,176 1,480 , 252 1,538,413 

Ghana (exports) -..--- 7,027 4,443 4,827 ____...----. ----------- : 

_ Kenya_....--------- 40,731 50,160 52,422 47,702 21,247 
Morocco_...-------- 907 , 905 826 , 338 772,743 . 604,080 599 , 258 
Rhodesia, Southern. -- 106 ,801 83 ,540 83,742 88,463 .- ° 95,470 
South Africa, 

Republic of_..----- 2,288,279 2,549 , 206 2,736,868 2,916,660 3,131,580 

. South-West Africa . 
(recoverable) - - - - - - 1,833 ,437 © 1,253 , 200 634,134 328, 808 400 , 427 

Sudan__._.___.------ 0 eee e nee e ne ee eee ee eee ee wae ----- 40 ____...-.-- 

Swaziland. _.....---- 103 132 120 130 130 

~ Tanzania (exports) - - - 64,144 23 ,959 22 ,669 25,329 22 ,865 

‘Tunisia._.......-.-- 69 , 767 ¥ 24,627 r9,581 12,635 33,758 

Uganda (exports) ----- 70 38 Q _Lu-ee eee ween eee eee 

Zambia 9___.....---- 738 , 558 ® 943 ,932 F 966 , 868 r 1,001 , 267 848,819 
: nnn A PE 

Total._.._.--.---- 9,810,000 t 7,630,000 r 6,640,000 r 6,800,000 6,990 ,000 
————————eoeoeEeeeeeeeeeeeEeeeelllleeEeeEeEeEeEeEeEeEeE=S—S=———SSS= 

Asia: ; 
Burma...__..--.---- 1,743,302 1,940 ,037 t 2,075,282 1,355,000 e¢ 1,700,000 

China, mainland 7-_-_-- 800 ,000 800 ,000 800 ,000 800 ,000 800 ,000 

India____..--.--.--- 191 ,008 138 ,698 128,314 152, 204 168 ,308 

Indonesia-__..__-.---- 324,079 248 , 236 279 , 840 e 262,100 298,777 

Japan....__...------ 7,960 , 202° 8,660,510 8,812,068 * 8,714,748 9,984,879 

Korea:. 
North ¢___------ 640 ,000 640 ,000 640,000 | 640 ,000 640 ,000 
South._....----- 460 , 341 412,912 444,002 - 404,456 434 ,003 

See footnotes at end of table.
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oO Table 14.—World production of silver, by countries 1 2—Continued- | 
(Troy ounces) - 

Country 1961 1962 1963 1964 1965 Pp $ 

Asia—Continued 
- Philippines. --.-.---- 812,793 675 ,570 t 838,304 907,504 . 932 ,944 

Taiwan___...----.-- 77,300 tT 80,136 61,440 60 ,633 87,315 

Total e__----.----- 13,000 ,000 13,600,000 r 14,100,000 * 13,300,000 15,000,000 

Oceania: 
Australia....-------- 13,059,166 17,553,691 *19,641,925 ¥18,452,357 16,713,000 

(  Piji--..-.----------- . 37,712 38 ,935 46 ,870 60 , 564 60,470 
New Guinea 

(including Papua) - - r 30,246 t 24,510 23 ,696 r 23,206 19,664 
New Zealand - -_---.-- 805 . 416 | 286 141 : 55 

‘Total___.._------- 13,128,000 17,618,000 F 19,713,000 18,536,000 16,793,000 

; | World total ®.--..-. * 236,900,000 * 244,700,000 * 250,300,000 * 246,400,000 251,000,000 - 

e Estimate. - P Preliminary. t Revised. NA Not available. | 
1 A negligible amount of silver is produced in Bulgaria, Mozambique, Panama, Thailand, and Turkey, no 

estimate has been included in the total. 
2 Data derived in part from the Yearbook of the American Bureau of Metal Statistics, the 52nd annual | 

issue of ' Metal Statistics (Metallgesellschaft) Germany, and the 1964 annual issue of Minerais et Metaux 
France). 

( 3’ Compiled mostly from data available August 1966. — _ 
4 Recoverable. - 

- § U.S. imports. . eo 
6 Revised to indicate mine production. 
7 Estimate, according to the 52nd annual issue of Metallgesellschaft (Germany) except 1965 which is an 

extension of the previous year’s estimate. 
' 8 Estimated recoverable silver content of lead and zinc concentrates, according to the 1964 annual issue of 
Minerais et Metaux (France) except 1965. 

. * Partially recovered from refinery sludges and blister copper. . 

_ Australia.—A_ 9-percent decline in Aus- Canada.—Silver production increased 2.0 | 
tralia’s silver output was attributed partly million ounces and Canada continued to 
to the effect of the prolonged labor strike rank fourth among the world’s silver-pro- 
against Mount Isa Mines Ltd. which ended | ducing countries. About 80 percent of the 
on February 17. The quantity of silver- production was a byproduct of base metal 
lead-zinc ore treated by. Mount Isa_ ores, 19 percent came from silver-cobalt 
dropped to 0.69 million from 0.94 million and silver ores, and the remainder came 
tons in the corresponding period of 1964. from lode gold ores. 
Silver recovered was 4.1 million ounces Exports of refined silver and silver in 
compared with 5.9 million ounces in 1964. ores and concentrates aggregated 23.5 mil- 
The silver-lead-zinc ore reserve on June 30, lion ounces, compared with 20.1 million 
1965, was 27.1 million ounces averaging ounces in 1964. | 
9.6 ounces of silver per ton, 7.8 percent - Consumption of silver in the arts and 
lead, and 5.9 percent zinc.? industries in Canada was estimated at 5.3 

The Zinc Corp. Ltd. treated 913,800 million ounces, slightly more than in 1964. 
| tons of lead-zinc-silver ore yielding 2.4 Approximately 23.9 million ounces was 

million ounces of silver in addition to lead used in coinage, 10 million ounces more 
and zinc, compared with 806,000 tons and than in 1964. 
2.2 million ounces in 1964. United Keno Hill Mines Ltd. reported 

North Broken Hill Ltd. treated 499,500 a sharp drop in production due largely to 
tons of lead-zinc-silver ore averaging 7.9 a critical shortage of skilled labor in the | 
ounces of silver per ton, 14.0 percent lead, Yukon. Output from its group of mines 
and 11.6 percent zinc. Silver recovery in the Yukon Territory was 4.7 million 
was 94 percent. Ore reserves totaled 4.1 ounces of silver from 146,900 tons of ore 
million tons. Broken Hill South Ltd. re- milled. The average grade of ore milled 
ported that it treated 278,700 tons of lead- was 33.2 ounces of silver per ton, 7.1 per- 
zinc-silver ore averaging 6.8 ounces of cent lead, and 6.2 percent zinc. Explora- 
silver per ton, 13 percent lead, and 11.5 tion and development were curtailed and 
percent zinc. Silver recovery was 92.4 per- —~————._ 
cent. Ore reserves totaled 1.0 million tons. pp, wount Isa Mines Ltd. Annual Report 1966,
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were insufficient to maintain ore reserves total, reported that its production of silver | 
which at yearend dropped to 386,000 tons at the El Mochito mine increased 11 per- 
averaging 32.2 ounces of silver per ton, cent to 3.4 million ounces. Tonnage of 
6.4 percent lead, and 6.5 percent zinc. ore milled increased 26 percent over that 
This compares with a reserve of 459,000 of last year, but average grade of ore 
tons averaging 34.1 ounces of silver per dropped 3.2 ounces to 21.6 ounces of silver 
ton, 6.9 percent lead, and 6.2 percent zinc per ton. Méill recovery of silver was up 
at the end of 1964. 0.6 percent to 91.2 percent as a result of 

| The Consolidated Mining & Smelting finer grinding and by improved efficiency 
Co. of Canada Ltd. reported production of of ore pulps in the cyanide circuit. The 
6.4 million ounces of silver of which 49 company reported that ore reserves at 
percent came from company mines. This yearend were 1.0 million tons averaging — 
was the lowest level of silver production in 18.6 ounces of silver and 0.02 ounce of 
more than 10 years and represented an gold per ton, and 7.6 percent lead, and | 
almost continuous decline in silver output 7.7 percent zinc.8 
since 1958. Ore production at both the Japan.—Production of silver in Japan 
Sullivan and Bluebell mines, which yield increased 15 percent compared with that 
nearly all of the silver recovered from com- of 1964. Industrial consumption of silver | 
pany mines, was: curtailed during 1965. was about 25 million ounces, an increase 

Texas Gulf Sulphur Co. announced that of about 25 percent over that of 1964. 
it had removed three-fourths of the 6 mil- Coinage consumption of silver dropped 

_lion cubic yards of overburden at its Kidd sharply from its abnormally high 1964 level 
Creek mine, destined to be one of the _ to 0.5 million ounces in 1965. About 2.6 | 
largest silver-producing mines in the world. million ounces was imported from the 

| Bulk pilot plant testing and construction of | United States. Government silver stocks 
an ore concentrator and related facilitiés at yearend were estimated at 26 million 

| began in preparation for initial production ounces compared with 23.5 million ounces 
of silver, copper, and zinc late in 1966. in 1964.9 

The company estimated that total invest-  Mfexico.—Silver output in Mexico, large- 
ment in the development of the Kidd Jy reflecting the decline in lead and zinc 

| Creek project will be about $60 million. production with which most of the silver 
The company stated that silver will be is associated, dropped nearly 3 percent to 
recovered primarily in lead and copper 40,3 million ounces. Exports also declined. 
concentrates. The zinc concentrate will One-half of the total silver exported went 

contain some recoverable silver. to West Germany and the United States. 
Table 15.—Canada: Geographical distri- Exports included 3.4 million ounces of 

bution of silver production silver in demonetized Mexican coins. 
(Troy ounces) Consumption of silver for industrial use 

2 —_———_ increased 0.7 million ounces to 4.7 million 
Province or territory 1964 1965 P ounces, and nearly 0.3 million ounces was 
—_—_—WH_—_—————— used in minting 10-percent-silver 1-peso 

Alberta------------ 4 17 coins. At yearend government stocks were 
British Col tumbia. - - oe 6a 4B BBO estimated at 18 million ounces, and it was 
New Brunswick - - - - - 1,469,192 2,914,600 estimated that 50 to 60 million ounces in 
Northweot Terrioris- ! 705 228 1,274,200 old coins was still held by the public.” 4 

ova Scotia—------- ' San Francisco Mines o exico Ltd., 

Quebas.. wowneee ene £564,859 ‘5:31 183 reported production of 3.3 oe ounces 
Saskatchewan-.----.- 593, 685, of silver in the fiscal year ending June 30, 
Yukon Territory----- 5,688,702 4.05, 1965, compared with 3.4 million ounces 

| Total...----- * 29,902,611 32,964,299 in the corresponding period of last year. 
eee «About 917,000 tons was milled averag- 

» Preliminary. = * Revised. ing 5.1 ounces of silver and 0.014 ounce of 
Source: Dominion Bureau of Statistics. | gold per ton, and 4.4 percent lead, 0.51 

Honduras.—Production of silver wasesti- Percent copper, and 6.9 percent zinc. De- 
mated at 3.7 million ounces. New York — *New York and Honduras Rosario Mining Co. 
and Honduras Rosario Mining Co., which 85th, Annual Report. ee oes os. 
accounted for more than 90 percent of the 10 Pages 17-18 of work cited in footnote 5.
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| velopment at the San Francisco and Clar- a zinc concentrate was expected to yield 
ines mines totaled 21,626 feet. Drift foot- less copper and silver than in prior years, 
age was 12,578 of which 31 percent was but will provide additional lead and zinc. 
in ore. Ore reserves dropped 2 percent The corporation metallurgists developed 
to 6.4 million tons averaging 5.4 ounces of a process for recovering silver from its 
silver and 0.012 ounce of gold per ton, oxidized near-surface silver-lead ores at the 

| and 5.1 percent lead, 0.52 percent copper, Cerro de Pasco mine. These potential re- 
and 7.4 percent zinc.11 : _ serves were being evaluated before con- 

The Fresnillo Co. reported that the _ struction of a pilot plant. 
Fresnillo and Naica mills treated 1.14 Progress on the twin-bore 7-mile Graton 
million tons of ore yielding 5.2 million tunnel project, to permit mining below 
ounces of silver in the fiscal year ending present working levels at. the Casapalca 

. June 30, 1965. Ore reserves at the two mine was slowed by a continuous flow of 
major units were maintained and on June__sihot water. As a result, completion will be 
30 were estimated at 4.6 million tons with delayed at least until mid-1968. The new | 
a metal content of 0.01 ounce gold and 5.1 2,150-foot shaft at this mine advanced on 
ounces silver per ton, and 4.9 percent lead, schedule.18 | | 
4,7 percent zinc, and 0.3 percent copper. United Kingdom.—Industrial consump- 
Operating costs averaged $8.52 per ton of tion of silver in the United Kingdom in- 
ore treated, $0.16 less than in 1964 for the creased about 2 million ounces over 1964 
combined Fresnillo, Naica, and Zimapan to 25 million ounces. Imports of silver 
Units.22 | | ageregated 41.5 million ounces, 20 million 

Peru.—Silver production was 1.8 million of which came from the United States. 
ounces less than in 1964 and Peru dropped About 9.4 million ounces came from the 
from second to third rank among silver- U.S.S.R., the first receipts from that source 
producing countries. Exports of silver in 10 years. Australia supplied 0.2 million — 

. dropped 5.5 million ounces to 32.3 million ounces. Approximately 2.7 million ounces 
ounces. Approximately 60 percent of the was received from Peru and Mexico, and | 
silver exports was in bars; the remainder nearly all of the remaining 9.2 million 
was contained in ores and concentrates of ounces came from 16 other countries.14 
lead, copper, and zinc. —_ Silver exports increased 16.8 million 

_ .Cerro de Pasco Corp. reported that pro- ounces to 38.1 million ounces. Italy, France, 
duction of silver from its operations and West Germany were the largest buyers, 
dropped nearly 1 million ounces to 20.3 taking 10.0 million, 9.2 million, and 8.1 
million ounces, 58 percent of Peru’s total million ounces, respectively. Approximately 
output. About 48 percent of the corpora- 4.95 million ounces was shipped to Belgium, 
tion’s silver output came from its own or 2.3 million ounces to the Netherlands, and 
leased mines; the remainder was from pur- the remaining 4.0 million ounces to 17 
chased ores. | other countries. 

A 750-ton-per-day concentrator was be- Of an estimated 2.7 million ounces re- 
ing constructed at the Yauricocha mine to covered from old coins, 1 million ounces 
treat a mixed copper-zinc-lead-silver ore. | was sold on the London market. Approxi- 
The. conversion from direct-shipping cop- mately 350,000 ounces was used in mint- 
per ore to production of a copper-lead and _ _ing foreign coins. : 

TECHNOLOGY 

An advanced theory on the formation The Bureau of Mines began testing a 
of the photographic image, incorporating method of recovering silver from spent 
principles of solid-state physics as well as photographic solution by passing the solu- 

ch emustry, was described.? The ex plana- 11 San Francisco Mines of Mexico, Ltd. Report 
tion of the silver-halide photographic proc- and Accounts for the year ended 31st December 
ess involves an understanding of holes and wp ee BP. 10-1. Annual Report for the 
electrons, crystal dislocations, and charge year ended June 30, 1965, pp. 8-9. 
transport, as well as reduction, solubility, Cerro Corp. 1965 Annual Report. 1966, 
and catalysis. The process is one of tech- PP, Week cited in footnote 4. 
nology’s earliest solid-state amplifiers, ca- %* James T. H., and John F. Hamilton. The 
pable of a magnification factor of 109. role Ree Sune 1965, pee Bead and ‘Teche
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tion through columns containing steel wool in determining the charge-discharge char- 
and recovering the silver in metallic form acteristics of the silver electrode. _ 
on the steel wool by smelting.16 Researchers in the Bureau of Mines have 

An atomic device, called the Silver demonstrated that the addition of a small 
Snooper, was developed ‘by the Atomic quantity of copper to a refractory silver ore 
Energy Commission and the Geological greatly improved the silver recovery attained 
Survey for determining small quantities of by the segregation-froth flotation process. 
silver and other chemical elements. The By addition of 1 percent copper as copper 
device, which is still being field tested, may _ oxide to a manganese oxide-silver ore, silver 
be a useful tool for detecting silver and volatilization loss was reduced from 25 to 4 

| finding new silver resources. The device, percent and silver recovery increased from 
based on the principle of neutron activa- 50 to 81 percent. Segregation-flotation 

| tion analysis, hurls neutrons at the ground _ treatment of the copper-spiked ore, which 
some of which enter atoms of silver in the assayed 14 ounces of silver per ton, enabled 
rock fragments making them radioactive. production of a concentrate that contained 
As the radioactive silver atoms disintegrate 182 ounces of silver per ton. . 
they are measured with a radiation de- Scientists at the National Bureau of 
tector.17 Standards found that silver alloys atomized 

A rapid chemical method for determin-. into tiny droplets have improved proper- | 
: ing trace amounts of silver in rocks and ties for dental applications. When mixed 

minerals was developed by scientists of the | with mercury, the resulting amalgams have 
Geological Survey for use in geochemical high strength and adapt more readily to | 
exploration. The scientists report that sil- a tooth cavity than conventional amalgams, 
ver in soils may be determined in quanti- thus providing better results, particularly 
ties as low as 10 parts per billion by visual in areas difficult to reach. | 
color-comparison techniques at the rapid The Southwest Research Institute de- 
rate of as many as 80 determinations per veloped a technique of low-level explosive 
man-day.18 forming, using a silver acetylide-silver ni- 

The development and production of an trate in acetone-sprayed coating. The ex- 
efficient and economic silver bimetal tape _plosive material can be used for laboratory 
for use as a contact point material in the studies of armor plate as well as for form- 
manufacture of the multicontact wire ing small and intricate shapes. After dry- 

: spring relay was described.19 The new ing on a work piece, the coating is deto- 
high-quality contact points were built up _ nated by a high-intensity light pulse. The : 
from a precious metal cap and a common technique _ was developed as part of a 
metal base. | program for studying impulsive loading | 

A silver-palladium alloy wire indicator, im nuclear blasts. 
developed for measuring pellet-bed tem- The Army’s Institute of Exploration Re- 
peratures in a shaft furnace treating iron search, working with the ion conductivity 
concentrates, overcomes the disadvantages _ of silver-iodide pellets, discovered that tiny 
of existing methods based on thermocou- batteries could be made by depositing thin 
ples. The silver-palladium wires. having “Wi Bureau oF Mi Mines B Sees Cha 
specific melting points from 2,000° to to Save Silver Now Béing Wasted in Film Proe- 2,500° F, are enclosed in ceramic capsules essing. ' News release, Nov. 25, gi 2 PP. 
and placed in Nichrome wire baskets filled  pevice Being Fieldclested by Gerloviesl Bonne 
with green pellets. The condition of the News, Release, Aug. 2h 1965, 2 PP akin. A 
alloy wires after the firing cycle r eveals the Field Method for the Determination of Silver in maximum temperature attained during in- _Soils and Rocks. U.S. Geol. Survey Professional 
duration of pellets.20 rab Glark, Richard "The Welding of Silver 

X-ray diffraction and electrochemical 0 No ee est, West, Electric Eng., 
studies of the development and effects of 20 Hitzrot, H. W., L. V. Fegan, and R. A. oxides on silver electrodes were described.21 Limons. Silver-Palladium as an Indicator of 

. : soe ° Thermal Gradients in Pellet Induration. Trans., These oxides comprise the positive active Soc. Min. Eng., v. 232, No. 2, June 1965, pp. 

material of charged silve r-zinc and silver- a Wales, Charles P., and Jeanne Burbank. cadmium storage batteries. Surface area Oxides on the Silver Electrode. II. X-Ray 

and crystal size, which depended on cur- Diffraction, Studios of the Working Stiver lee rent density, were shown to be important ary 1965, pp. 13-16.
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films of silver and platinum or palladium of 160 was obtained with the palladium 
on opposite sides of the iodide pellet. The cell. 
solid-state battery had good chemical sta- Several patents were issued for processes 
bilty and resistance to temperature changes of manufacturing photographic film and 
but had higher internal resistance than liq- for techniques of preparing and applying 

| uid electrolytes. The platinum cells pro- silver halide emulsions and dyes on base 
‘duced a flash current of 100 microamperes materials. Other patents were issued for 
per square centimeter of electrode area, methods of electroplating, replacement 
approximately three times the current de- plating, and cladding silver on other metals 
livered by the best solid-electrolyte systems and nonmetals; and for preparing and ap- 
previously known. A flash-current value plying silver catalysts in various processes.



Iron-Blast-Furnace 
| _ By William R. Barton: 7 

Demand for iron-blast-furnace slag prod- rapid increase in demand, open-hearth 
ucts in 1965 approximately equaled avail- steel slag for supplemental slag aggregate 
able slag supplies. Because slag products use gained increasing interest. 
showed good prospects for a continued Oo . 

Table 1.—Iron-blast-furnace slag processed in the United States, by types | 
(Thousand short tons and thousand dollars) . . 

A 

Air-cooled Granulated Expanded Total 

. , Screened Unscreened . 
Year rr . Quan- Value Quan- Value Quan- Value! Quan- Value Quan- Value 

tity tity tity tity tity 

1956-60 (average)... 23,042 $37,480 1,590 $1,173 3,643 $1,503 2,871 $8,276 31,146 $48,382 1961___.___________ 19,250 33,906 1,498 985 2,663 1,367 2,275 6,806 25,681 43,064 1962________.______ 18,496 32,680 312 340 2,385 1,258 2,249 6,615 23,442 40,898 . 1963_______________ 18,290 32,408 689 624 2,461 1,668 2,251 6,703 23,691 41,398 1964___.____________ 20,969 36,458 621 599 2,840 2,170 2,426 7,273 26,856 46,500 1965____.._________ 22,581 39,624 1,402 1,270 3,550 2,674 2,596 17,879 30,079 51,447 
A 

1 Excludes value of slag used for manufacturing hydraulic cement. 
Source: National Slag Association. 

| DOMESTIC PRODUCTION | | 
| Production of 88.8 million tons of pig Output of processed slag increased 12 per- 

iron in 1965 yielded an estimated 31 mil- cent in tonnage and 10 percent in value . 
lion tons of iron-blast-furnace slag. Almost 11 1965. | | 
all of it was supplied to slag processors. 1 Commodity specialist, Division of Minerals. 

Table 2.—Iron-blast-furnace slag processed in the United States, by States | 
(Thousand short tons and thousand dollars) 

eee 
Screened air-cooled All types 

. Year and State a 
Quantity Value Quantity Value —_. $$$ eC 

1964: 
Ohio_—. ~~~. 3,880 $7,274 4,973 $9,648 Pennsylvania__.._..------ 4,805 © 9,069 6,242 11,123 . ' Wllinois, Indiana, Michigan____.________ 5,611 8,809 7,361 11,642 Other States 1... 6,673 11,306 8,280 14,087 Ee 
Total___.- ee 20,969 36,458 26,856 46,500 

1965: 
Ohio_-_- ~~. 5,062 9,271 6,598 12,460 Pennsylvania__..-.-.-..---.--_ 5,442 10,343 7,633 14,384 Illinois, Indiana, Michigan_____________ 4,995 8,103 7,601 11,291 Other States 3.22 7,082 11,907 8,247 13,312 : I 
Total____--_-2 22,531 39,624 30,079 51,447 ee 

1 Alabama, California, Colorado, Kentucky, Maryland, Minnesota, New York, Texas, Utah, and West Virginia. 

Source: National Slag Association. 
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| Thirty-six companies, compared with 38 amounted to 555,699 tons compared with 
in 1964, reported operation of 59 air- 504,962 tons in 1964. | 
cooled, 18 expanded, and 17 granulated The industry’s 1,611 plant and yard em- 
slag plants at which 30.1 million tons of ployees worked a total of 3,969,694 man- 
slag was processed. — hours in 1965 without a disabling injury. 

| Slag-encrusted iron, reclaimed magneti- Production per man-hour was 7.58 tons 
cally by slag processors for remelting compared with 7.01 tons in 1964. 

| Table 3.—Shipments of iron-blast-furnace slag in the United States, 
| by method of transportation : 

| | 1964 | 1965 | 
Method of transportation ~ a 

Thousand Percent Thousand Percent 
| short tons — of total short tons of total 

Rail____.--------------------------------.. _ 5,720 22 6,930 23 
~ Truck _..-------~--------------- +. 19,920 94 22,508 vim 

Waterway_____-_-----------..~-----.------ 609 2 641 2 

| - Total shipments......-.--.---------. 26,249 | 98 30,079 100 
Interplant handling 1__....-.--.-----...-- 607 2 ---- . --- 

| Total processed___-_..----.---------. 26,856 100 80,079 100 

1 Confined mainly to granulated slag used in manufacturing cement. . 

Oo Source: National Slag Association. | | 

CONSUMPTION AND USES | ; 
Of all slag sold or used, more than 92 accessories such as mineral wool. The bal- 

percent went to products used in construc- ance was put to other uses such as agri- 
| tion or maintenance of roads, buildings, cultural slag or sewage trickling filter me- 

railroads, or airports, or into construction dium. | | 

Table 4.—Air-cooled iron-blast-furnace slag sold or used by processors in the 
United States, by uses 

(Thousand short tons and thousand dollars) 

| Screened 

Year and use 1964 1965 

Quantity Value Quantity Value 

Aggregate in— 
Portland-cement concrete 
Construction_-----_-------------- 3,254 $5,935 3,158 $5,835 

oo Bituminous construction (all types) — 3,451 6,326 4,459 8,008 
Highway and airport construction 1... 2 8,348 2 14,604 2 8,683 215,425 
Manufacture of concrete block_..~-.. 588 1,065 W74 1,502 

Railroad ballast__._..-----------------. 3,211 4,248 3,801 5,073 
Mineral wool___....-.-.-.--.---..--.-- 479 865 423 766 
Roofing slag— 

Cover material__...-....---_..__--. 361 1,112 397 1,164 
Granules____..-.....-.---..-.-.-.- 43 253 45 259 

Sewage trickling filter medium____.____. 83 146 11 19 
Agricultural slag, liming........_..____ 4 8 2 4 
Other uses_......--.---2 ee. 31,147 31,896 3778 21,569 

Total__-_-______-. ek 20,969 36,458 22,531 39,624 

1 Other than in portland-cement concrete and bituminous construction. 
2In addition 592,000 tons of unscreened air-cooled slag valued at $579,000 in 1964; 987,000 tons 

valued at $845,000 in 1965. 
3 In addition 29,000 tons of unscreened air-cooled slag valued at $20,000 in 1964; 415,000 tons 

valued at $425,000 in 1965. 

The use of slag as aggregate material in highway uses discussed were in water-bound 
highway construction was reviewed in an slag macadam, earth-filled macadam, traf- 
authoritative article. The intrinsic prop- §——¥W— 
erties which make slag a superior aggregate 2 Bauman, EW: Blast Furnace Slag. Ameri- 

° ° ° can » . > ° ’ » 
material were reviewed. Among the major pp, 10-11, surest V ° anuary
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Table 5.—Granulated and expanded iron-blast-furnace slag sold or used by processors 
| , in the United States, by uses : 

(Thousand short tons and thousand dollars) _—_—’ | 
er 

1964 1965 

| | "Granulated Expanded Granulated Expanded | 
Use . i 

Quan- Value Quan- Value Quan- Value Quan- Value — 
tity tity tity tity = | 

-_—— a TE SSG SS Ss te Sis hs GSS, 

Highway construction (base and oo | 
subgrade) --..--. 1,176 $1,426  ---.  __-. 1,894 $1,725 —____ ---- 

Fill (road, ete.) -..------_---_ 322 217) Le —--- 365 355 LL ---- 
Agricultural slag, liming.._.__._._______ 57 - 98 LLL ---- 67 108 ---- 
Manufacture of hydraulic cement_______ 905 NA 20) LWW 953 NA ---- 
Aggregate for concrete-block 
manufacture___._-_.-.-2-- 196 -283 2,371 $7,083 243 #=255 2,519 $7,611 

. Other uses___-.-----------------a- ae. 184 146 55 190 528 231 77 268 

Total.__._-_- 2,840 12,170 2,426 17,273 3,550 12.674 2,596 17,879 

NA Not available. 
_1Excludes manufacture of hydraulic cement, value not available. oe | 

, Source: National Slag Association. . 

fic-bound macadam, rumble strips, open- for uses such as roadway bases, highway 
joint slag backfill drains, and as a non- shoulders, and as aggregate in bituminous 

: skid slag bituminous surfacing. The ques- mixtures. A case history of slag used for 
_ tion of using or blending open-hearth steel __deslicking slippery pavement was pub- | 

slags was also covered in the paper. Al-  lished.2 Limestone aggregate in an as- - 
though iron-blast-furnace slag availability phalt surface polished under heavy traffic 
is increasing, demand for slag has been in- created dangerous, slippery surfaces. Slag 
creasing even faster: Members of the Na- screenings in an asphalt slurry were an _ 
tional Slag Association are directing in- effective treatment. Sprayed on the slick 
creased attention to open-hearth steel slag highways, the slurry seal established im- 

| as a means of extending slag supplies. The proved skid resistance, good crack pene- 
| association reported strong indications that tration, good contrast to paint markings, 

| _ properly processed and placed steel slag less tire noise, and good appearance at sat- 
| can be a useful and economical aggregate _isfactory cost. | : 

| Co a PRICES | | 

: The average value reported for total slag § ——-——— 
- produced was $1.71 per ton compared * Ray, J. L. A County’s Experience With ° °- 1 Seal. Public Works, h 1965, pp. 84— , with $1.73 per ton in 1964. However, be- ety “a ublle Works, Marc pp 

Table 6.—Average value of iron-blast-furnace slag sold or used by processors in the 
. United States, by uses | . 

(Per short ton) . a 

: Air-cooled 
_ —————-_—___-__—-._-—«s =Granulated Expanded 

Year and use Screened Unscreened 
me 

1964 1965 1964 1965 1964 1965 1964 1965 $$$ $$ ee eee 
. Aggregate in— . 

Portland-cement concrete construction... $1.82 $1.85 ---. --_. __.. wee eee 
Bituminous construction (all types)... 1.83 180 ---. --.. 2 —---- wees ee 
Highway and airport construction 1____. 1.75 1.78 $.98 $.86 2$1.21 2$1.24 0.0 JL 

. Manufacture of concrete block_.___.__.. 1.81 1.94 2000 wu 1.44 1.05 $2.99 $3.02 
Railroad ballast___.....-...--..........._. 1.82 1.383 w.02. ---- tu wee eee 
Mineral wool_____-____--.-..--..-.-...--_. 1.81 181 ---- 2-2) Ahk wee eee 
Roofing slag— 

Cover material______.................. 3.08 2.98 ---. --.. ---- wee eee 
Granules______....--.--.-----..--._._ 5.88 6.768 ---- 22. 2) AHL wane eee 

Sewage trickling filter medium___......____ 1.76 1.70 ---- LL ---- ene eee 
Agricultural slag, liming.__............___. 1.80 1.70 --.. LL 1.70 161 --.2  -LW 
Fill (road, ete.) _-.---..-- ween nee fe 67 97 wn Tee 
Other uses____.___------2 65 2.02 71 =1.03 79 44 3.45 3.47 $5 EEE 

1 Other than in portland-cement and bituminous construction. 
2 Base and subgrade material. 

Source: National Slag Association.
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| cause slag with diverse characteristics is regularly for major U.S. market areas in 
produced for a variety of uses, values Engineering News-Record. In December, 
ranged from $0.44 per ton for material 11-inch slag sold for an average $2.38 | 

| which received little processing to $5.75 per ton and %-inch slag sold for an aver- 
per ton for smaller quantities of slag which age $2.39 per ton. Respective averages a 
required a high degree of screening, sizing, year earlier were $2.37 and $2.38. High- 
and washing to meet rigid specifications. - est December 1965 prices were quoted for 

Prices for crushed slag (air-cooled, Atlanta, $3.90, and lowest for New Or- 
screened) used as aggregate are published _leans, $1.95. | : 

: TECHNOLOGY | a 

| Several British slag developments were The efficient handling system of a British 
of interest to producers in this country.4 slag firm was described.’ Rubber-tired 
Slag-ceram is a product made by heating a _ front-end loaders are used for slag loading 
mix of iron-blast-furnace slag, sand, and a and handling. Slag piles, some of which © 
nucleating agent such as chromium, tita- are 40 years old, are ripped by a bulldozer 
nium, or iron. From this, bricks, tiles, and | which offers savings over drilling and blast- 

| wallblocks can be made which can be given ing as well as increasing production. A 
| a polish or enameled finish in a variety fleet of 200 trucks is used to transport 

of colors and textures. The material is finished material from the plant. . ; 
‘strong, tough, and extremely resistant to ———-—— . : | 

. abrasion it ‘can also be foamed to make *Convidon, A. An Improved Composition for ow - - " : ‘ - Road Surfacing. British Pat. 981,503, Jan. 27, 
a lightweight insulating material. A pilot 1965, 8 PD. ‘ean Mini 4 Engineering Jour. 

, ° | ou rican ining an ngineering vour- 

plant for slag-ceram production was placed nal (Johannesburg): Building Material From 
: in operation in Middlesbrough, England. Furnace Slag. V. 76 part II, No. 3785, Aug. 20, 

. oce e . » Pp. “abe a - oe, . 

_ Other British developments included a 5 Gajardo, V. H., and J. S. Dennis (assigned . 
road-surfacing mixture containing both to United, Clay. Mines Corp. Trenton, N. J -): 

nn. snerma nsulating aterial, omposition an | crushed and granulated blast-furnace-slag, process for Making the Same. US. Pat. | 
gypsum or lime, and bitumen or tar and 3,203,818, Aug. 31, 1065. x ke-Criesh 

. odis, Frany (assigned to Knapsack-Griesheim 
also the use of granulated slag as a sand Aktiengesellschaft, Knapsack, West Germany). 
blasting grit. Process for Producing a Highly Porous Mass 

Several patents were issued for either From Short Slag. US. Pat. 3,203,776, Aug. 31, 
making expanded or foamed slag products Tinker, C. D, Light Weight Aggregate and 

. or insulating materials containing expanded Process of Making It. U.S. Pat. 3,215,542, Nov. = 
slag as an ingredient.5 Cementitious for- o Walt, y (assigned | to cachlosser & Co., . 

ini . . -m.b.H., Michelbach, West Germany). ixing 
mulas containing granulated blast furnace- Device for Admixing Additives to a Melt. U.S. 
slag as an ingredient were also patented. Pat. 3,228,508, Dec. 21, 1965. L. Smiath 

_ rankert, O. P. (assigned to F. L. Smidt 
One patent was for a portland cement-  .4'Go, New York). Method of Making Cement. 
based product using slag at a latent hy- US. Pat. 3,183,106, May il, 1966. i 

raulic bi . ang, J. C. S., an . F. Osborn (assigned to 
la ri binder, the other was for an auto Johns-Manville Corp., New York). Cementitious 

i. aver ; inorganic fer reinforced cement | Product, US. Pat. 3,202,522, Aug. 24, 1965. 
ased on slag mixed with sili tee imes (London). Slag andling 

qd calc: S +i ith silica, gypsum, nomics. V. 191. No. 5072, Oet. 1, 1968 
and calcium silicate. pp. 436-487.



odium and Sodium Compounds 

By William H. Kerns ' | ) | 

| Natural sources of sodium carbonate property in the Green River area.  Pri- 
: (soda ash) supplied a greater portion of | marily because of the increased natural | 

the total national requirements of this soda ash output, total production (manu- | 
basic manufactured and natural chemical factured and natural soda ash) advanced 
than ever before. The Green River area to a record high. | 

: of Wyoming was the center of the increased 
activity in expanding plants for processing Total output of sodium sulfate (salt — 
and in new property development or ac- cake) increased substantially to a new high. | 
quisition. Major plant enlargements were Of this total, more than half was recovered | 
completed and plans were announced for as a byproduct of chemical processes, and 
additional plant capacity expansions, and the remainder was produced from naturally . 

. several major chemical companies con- occurring brines and semidry lake beds in , 
ducted work on their holdings or acquired California, Texas, and Wyoming. 

: DOMESTIC PRODUCTION oe : 

: Total production of sodium carbonate, crease in total soda ash requirements, as it , 
| including manufactured and natural soda has each year during the last decade. | 

ash, was 6.4 million tons in 1965, 3.2 per- In California, American Potash & Chem- © 
| cent above the previous record of 1964. ical Corp. and@ Stauffer Chemical Co. re- : 
- Synthetic or manufactured soda ash, covered sodium carbonate and other min- 

produced at 11 eastern and midwestern  ¢rals from natural brines of Searles Lake 
, plants, supplied 77 percent of the total at the Trona and Westend plants, respec- 

quantity of soda ash sold or used by tively. Pittsburgh Plate Glass Co. pro- 
producers. These plants, two each in duced sodium carbonate from Owens Lake 
Louisiana, Michigan, Ohio, and Texas, brine at its plant near Bartlett. 

and Vi, each in New J ersey> new von, In Wyoming, FMC Corp., which in 1947 | 
ho th j irginia, d were reat « y situat 1 was the pioneer in mining and processing | 

Oth in regard to mineral raw materials  trona from the extensive underground de- | 
| supplies of salt and limestone and to chem- osits near Green River. was again the 

ical markets. Their estimated annual pro- p. ° ? 6 
. oa argest U.S. producer of natural soda ash. 

duction capability of manufactured soda S f . . 
“aye oon after a program for increasing plant 

ash was 5.85 million tons. . . 000 
Natural soda ash. produced by five ‘°2P2¢ity by 85,000 tons to 835, tons 

» produce y f soda ash per year was completed, com- lants from natural lake brines at three © °° nm per y comp ° P . : . . pany officials announced in May that the 
operations in California, and underground company would begin immediately an ex- 

: bedd ed trona (sodium seacquicarbonate) de- pansion project on the Westvaco plant to 
P Ned he two op wae 93 Sin of the on] enlarge its capacity to 900,000 tons per 
P ai the rhe aining </ percent of the tot year. The latest plant expansion was to sodium carbonate output. Production of be completed by early 1966. Then, in 

natural soda ash again was the source of December another announcement was made 
a greater portion of the total market and 

supplied a major part of the annual in- 1 Commodity specialist, Division of Minerals. 
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Table 1.—Manufactured sodium carbonate produced and natural sodium carbonates 
. sold or used by producers in the United States : 

. (Thousand short tons and thousand dollars) | 

rc Sn eee een canna enna eee eee 

| ) Manufactured oe 
soda ash Natural sodium 
(ammonia- carbonates ? — 

Year soda process) 1 

. . | Quantity Quantity '- Value 

| 1956-60 (average)_..-_-__------__---------------------- 4,689 696 $18,438 
1961__.._--------------+-------------- ++ ----- +--+ ---- 4,516 | 806 20,444 © 
1962___.__-___- +--+ ++ -- 4,607 978 - 24,330 
1968___--____----_------ === 4,682 1,119 27,616 
1964___-___.- ee r 4,948 1,275 30,451 
1965__.----_---------_ e+ P 4,931 1,494 34,717 

Dp Preliminary. - 
r Revised. . 
1 Includes quantities used to manufacture caustic soda, sodium bicarbonate, and finished light and 

dense soda ash. . 
- 2 Soda ash and trona (sesquicarbonate). . 

Table 2.—Sodium sulfate produced and sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 
a | 

. " Production (manufactured and natural) Sold or used by producers 
(natural only) 

Year Glauber salt Anhydrous | 
Salt cake (100 percent. _— refined (100 Quantity Value 
(crude) Na2SQ,. percent 

- 10H.O “ NaeSQO,) : 

1956-60 (average) —-----_---. 717 110 284 373 $7,218 
1961________---------------. 780 64 327 «466 9,296 
1962______---_-__--____.__---. 1 826 (7) 368 458 9,092 
1963__-_._-----------------. 1837 (7) 396 435 8,392 
1964_____ te -. r1926 (7) r 389 575 10,989 
1965-_--.-2 ee P11,0038 (7) P 389 620 11,024 

P Preliminary. 
r Revised. 
1 Includes glauber salt converted to 100 percent NasSQ,. 
2 Included with salt cake (crude). 

that the company would further expand ash-producing field of mining and refining 
the Westvaco production facilities to a trona from underground beds in the Green 
capacity of 1.25 million tons per year. River area, completed its shaft to below 
Scheduled for completion by the fourth 1,500 feet, started developing its trona de- 
quarter of 1966, the added capacity will posit for mining, and began constructing a : 
make the plant the largest single soda ash _ pilot plant scheduled for completion in the 
producing facility in the world, and the spring of 1966. Allied proposed a plant 
company will become the second largest with a capacity of 300,000 tons per year 
producer of soda ash in the United States. of refined soda ash. — 

Stauffer Chemical Co., which in 1962 Other chemical companies, that were in- 
opened the second mine and processing terested in trona production, acquired 
plant in the Green River area and in 1964 _trona mining rights on lands, or conducted 
doubled its plant capacity to 400,000 tons core drilling in the Green River area, in- 
of refined soda ash per year, announced’ cluded Texas Gulf Sulphur Co., Phillips 
plans in December 1965 to again double Petroleum Co., Duval Corp., Diamond AIl- 
the production capacity at this operation, kali Co., American Potash & Chemical 
Big Island mine and plant, to 800,000 tons Corp., and Olin Mathieson Chemical Corp. 
per year. Completion of the latest expan- Total production of sodium sulfate 
sion program was scheduled for the fall (manufactured and natural salt cake) in- 
of 1967. creased 6 percent to 1.4 million tons. More 

Allied Chemical Corp., a major U.S. than half (55 percent compared with 56 
producer of synthetic soda ash and the percent in 1964) of this total salt cake 
third company to enter the natural soda output was recovered as byproducts of
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chemical processes that produced rayon, the year: In September, American Cyana- : 
cellophane, hydrochloric acid, sodium bi- _ mid Co. completed and placed in opera- 
chromate, boric acid, phenols, and mis- tion a unit to recover sodium. sulfate from 
cellaneous chemicals at 37 plants in 17 waste water from its Fort Worth plant that | 
States. The remainder (45 percent com- manufactures catalysts for the petroleum 
pared with 44 percent in 1964) of the total. and chemical industries. The unit not only 
salt cake output was produced from natural provided for the recovery of a valuable | 

: sources at four operations each in Cali- byproduct but upgraded the quality of the 
fornia and Texas and. one in Wyoming. water discharge to the Trinity River. In 

In California, Ametican Potash & Chem- Wyoming, William E - Pratt recovered a 
. . small quantity of sodium sulfate from semi- 

| ical Corp. and Stauffer Chemical Co. re- drv lake bed C 
. : ry lake beds near Casper. 

covered sodium sulfate from Searles Lake Sodium metal production increased 8 . 
brines at Trona and Westend, respectively, | f 139,313 tons (revised) in 
and United States Borax & Chemical Corp. P64 te 149.9 46 es 1965 The 
and Stauffer Chemical Co. recovered sodi- nto Peeve) tons in “eden : : . . panies produced sodium and its coproduct, 
um sulfate as coproducts at plants in Wil- . . - | 

: . . : chlorine by electrolysis of molten salt at 
mington and San Francisco, respectively. five plants: E. I. du Pont de Nemours & 

In Texas, Ozark-Mahoning Mining Co. Co., Inc., with plants at Niagara Falls, 
: recovered salt cake from subterranean N.Y., and Memphis, Tenn.; Ethyl Corp., 

| brines at its Brownfield and Monahans op- with plants at Baton Rouge, La., and 
a erations throughout 1965 and at its Sea- Houston, Tex.; and National Distillers & a 

graves operation for the last 5 months of Chemical Corp. at Ashtabula, Ohio. — 

| CONSUMPTION AND USES | 

: Consumption and use of sodium carbon- of paper produced, which resulted from — 
- ate, sodium sulfate, and sodium metal fol- increased efficiencies and the recovery and 

| ‘lowed closely the patterns of the past 5 reuse of sodium sulfate in the process. 
| years. About 44 percent of the total out- Sodium sulfate also was used in manufac- 

: put of sodium carbonate was used in pro- turing glass, ceramic glazers, detergents, 
| ducing glass, 26 percent in chemicals, 9  stockfeeds, dyes, textiles, medicines, and 

percent in pulp and paper, 5 percent in miscellaneous chemicals. 
soap detergents, 4 percent in alumina and Metallic sodium was used chiefly in pro- | 

: for water treatment, and 8 percent for ducing tetraethyl lead (TEL) and tetra- 
: miscellaneous purposes. Despite sizable methyl lead (TML), two compounds | 
: inroads of plastics and other materials into added in small quantities to motor fuels 

the container markets, an increased pro- to increase their antiknock characteristics. 
duction of nonreturnable glass beverage TEL was reported to have 85 to 90 per- 
bottles maintained the quantity of sodium cent of the antiknock market and TML 
carbonate used in glassmaking. Use of to have the remaining 10 to 15 percent. 

: caustic soda rather than soda ash in glass- Use rate of these antiknock compounds, 
making was reported to have several ad- now up to an average 2.3 grams per gal- 
vantages: (1) An immediate fluxing re- lon in premium-grade gasoline, gained 
action due to intimate wetting of indi- steadily as refiners increased their sales of 
vidual silica grains, (2) a lower melting more top-line fuels. Premiums made up 
temperature, and (3) lower fuel costs for 35 percent of the gasoline market of 4.5 
same tank flow.2 Substitution of caustic million barrels per day, compared with 31 
soda for soda ash in any large quantities percent 2 years ago.2 Other primary uses 
for this use would have a major effect on _ of metallic sodium include metal descaling, 
.the total soda ash demand because the ore reduction, and manufacture of such 

: use of soda ash in glassmaking is one of sodium compounds as the peroxide, hy- 
the principal uses of this commodity. dride, amide, cyanide, borohydride, and 

An estimated 70 percent of the sodium —— 

sulfate output was consumed in manufac- _,* Geramic,Industty. Hew to Use Caustic Sode 
turing kraft paper. Kraft paper produc- 61. Mark 
tion growth was sufficient to offset the de- * Chemical Week. _$300-Million Market on 

. cline in salt cake consumption per ton ee 76. 96, No. 15, Apr. 10, 1965, pp. 71- 

: 232-748 O-67—55
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other chemicals. Sodium is also used to the valves in some internal combustion en- 
cool nuclear reactors, atomic piles, and — gines. | 

- | PRICES | | oe 
| Prices quoted for sodium carbonate, so- _ tergent and rayon grade sold for $34 per 
dium sulfate, and metallic sodium by Oil, ton in bulk at the works and for $38 per 
Paint and Drug Reporter in 1965 were ton in bags and in carlots. Technical an- 
unchanged from those quoted at the close hydrous sodium sulfate was priced at $56 
of 1958. Dense soda ash (58 percent per ton in bags and carlots. 
Na.O) in carlots and at. the works sold : . 
for $1.60 per 100 pounds in bulk and Sodium metal in bulk, in tank cars, at 
$1.90 in paper bags. On the same basis works, was quoted at $0.17 per pound. 

_ light soda ash was quoted at $1.55 and Fused metallic sodium in lots of 18,000 
$1.85 respectively. | | : pounds or more at the works was $0.195_ . 

| Domestic salt cake (100 percent Na- per pound and in 5- or 12-pound bricks 
SO.) in bulk and at the works sold for $28 on the same basis was quoted at $0.21 
per ton. Sodium sulfate of technical de- per pound. = 

FOREIGN TRADE — | | | 

_ Exports of sodium carbonate represented Venezuela, 3 percent each to Argentina 
4 percent of the U.S. total output of man- and New Zealand, 2 percent to South 
ufactured and natural sodium carbonate Viet-Nam, 1 percent to Colombia, and the 
and were practically the same as in 1964. remaining 3 percent to 47 other countries. 
Of the total exports 39 percent went to— 
Canada, 36 percent to Mexico, 7 percent Imports of sodium carbonate were neg- 
to the Republic of Korea, 6 percent to _ligible. Oo 

Table 3.—U.S. exports of sodium carbonate and sodium sulfate | 
. (Thousand short tons and thousand dollars) 

Sodium carbonate Sodium sulfate 
. . Year ee a Le 

. Quantity Value Quantity Value 
a 

1956-60 (average)___-..---- 166 $5,913 25 —- $885 
1961__---- 132 4,045 32 992 
1962_______________- 152 4,698 51 1,486 
1963____-___ 184 5,722. 45 1,379 
1964___-- ¥ 276 r 8,535 44 1,320 
1965_..---- 277 - 9,030 13 415 err EE 

F Revised. 

| Table 4.—U.S. imports for consumption of sodium sulfate 
" (Thousand short tons and thousand dollars) 

eee 
y Crude (salt cake) Anhydrous Total? 
ear _—————_— 

Quantity Value Quantity Value Quantity Value Ee ee ay ee 
1956-60 (average) __.-..-.______. 110 $2,259 3 $82 113 $2,341 
1961___.___-_-e----u------ «198 4,089 3 64 196 4,153 
1962___-____- 181 3,646 7 122 188 3,768 
1963___-___-- 159 3,084 1 27 160 3,111 
1964___-_- 288 5,035 2 29 290 5,064 1965___-_--_- 261 4,521 12 242 273 4,763 rr NP 

1 Includes glauber salt, as follows: 1958, 12 tons ($830) ; 1959, 227 tons ($4,839); 1960, 7 tons 
($479) ; 1961-62 none; 1963, 3 tons ($285) ; 1964, 4 tons ($355) ; 1965, 1 ton ($262). 

Sodium sulfate exports declined dras- duced (manufactured and natural) and 
tically so that they were less than a third sold and used in the United States during 
of those in 1964 and accounted for less 1965. Exports to Canada dropped from 
than | percent of the sodium sulfate pro- over 20,000 tons in 1964 to nearly 12,000
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tons in 1965 primarily because sodium represented one-fifth of the U.S. total out- 
sulfate production in Canada increased. put of manufactured and natural sodium 
Exports to Mexico dropped from over sulfate. Nearly half of the imports came 
21,000 tons in 1964 to about 100 tons in from Belgium-Luxembourg; 43 percent, 
1965. Exports to Canada accounted for from Canada; 7 percent, from West Ger- | 
93 percent of total exports in 1965; Mex- many; 1 percent, from the United King- 

: ico, Venezuela, Philippines, and New Zea- dom; and less than 0.5 percent each from 
land each 1 percent, and 24 other coun- Mexico and The Netherlands. 
tries the remaining 3 percent. Tariff rates of sodium carbonate and 

Imports of sodium sulfate declined 6 sodium sulfate were the same as_ those 
percent, compared to those of 1964, but reported in 1964. 

| | WORLD REVIEW - 

oe Brazil.—Cia. Agro-Industrial Igarassu, by Britain’s Imperial Chemical Industries 
the only caustic soda producer in north- Ltd., and Belgium’s Solvay et Cie for pro- 

7 eastern Brazil, announced that it will ex- ducing chlorine without caustic soda as a | 
pand its plant and diversify production to coproduct. The company announced that 
include caustic soda in flake as well as in next year it would build a 3,300-ton-per- 
liquid form, sodium hypochlorite, and hy- month plant, using this process, at its 

. drochloric acid.* Chiba Works near Tokyo. The process 
Canada.—An increased demand for so- imvolves decomposition of ammonium 

a dium sulfate, used extensively in produc- Chloride with a ferric oxide catalyst and 
= ing kraft paper and glass, which are ex- Can be run to produce chlorine from the 
: ported in large quantities to the United Chloride, hydrogen chloride from the chlo- , 

: States, resulted in the announcement of de, or chlorine from the hydrogen chlo- 
major expansions in the sodium sulfate in- tide. Economics favor this process over 

| dustry in Saskatchewan, Canada. Con- ¢lectrolytic processes only when salt and 

; struction was to begin soon on a $1.5 mil- Power are relatively costly, and chlorine 
! ‘lion sodium sulfate plant at Ingebright 224 Caustic are not in balance. 
: Lake, Saskatchewan. This plant was Malaysia.—Fourteen months after the : 

planned for an initial output. of 150,000 site at Padang Jawa was cleared of rub- 
: tons per year and was to be operated by the _ ber trees, the Imperial Chemical Industries | 
: Sodium Sulfate Division of the Province’s Ltd., Mond Division completed construc- | 
: crown-owned company, Saskatchewan Min- tion of a chlorine plant for the Chemical 

erals. A second company, Sodium Sul- Company of Malaysia Ltd. Initially the 
/ phate Saskatchewan Ltd., announced that plant will produce liquid chlorine, and 

it would construct a $500,000 sodium plant nearly all of its output will be used for 
near Alsask, Saskatchewan, about 160 miles water purification and for producing hy- 
west of Saskatoon. Saskatchewan is the drochloric acid and sodium hypochlorite.® 
only Canadian Province with reserves of Pakistan.— Toyo . Engineering Co. and 
naturally occurring sodium sulfate. These Gosho Ltd., of Japan, signed an agreement 
reserves are estimated at 200 million tons. with Hirjina Salt & Chemicals ( Pak.) 
The sodium sulfate is harvested from lake Litd., to supply machinery and equipment 
deposits.® for a $15.75 million soda ash plant at 

Chile.—Anglo-Lautaro Nitrate Corp. be- * Bureau of Mines. Mineral Trade Notes. V. - 
| gan trial production of sodium sulfate as a 61, No. 5, November 1965, p. 49. byproduct of fis nitrate-producing opera- bnrojenn Chemical Niwa! (Landon)- New . tions. Plans called for an output of 50,000 187, Aug. 13, 1965, p. 4. 

) tons annually for the local paper industry.6 61, Nee Octo es mene Trade Notes. V. 
| India.—An announcement was made by “Chemical Age (London). New Soda Ash 

the Indian Minister for Industries that rapacity for India. V. 93, No. 2885, Mar. 27, 
. new soda ash plants of at least 11,000-ton- 8 Chemical & Engineering News. A New 

.___ Per-year capacity were to be built in Mad- Soda as a Coproducty WV. 48 Noo ah, Tone th 
| ras, Maharashtra, and Orissa.? 1965, p. 39. . 

Japan.—Asahi Glass Co., Ltd. bought completes Malassian Chlorine Plante 'v_ ei me 
: the rights to use a new process developed 2399, July 3, 1965, p. 9.
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Karachi. This plant, scheduled for com- Seviet Central Asia. In addition, sodium 
pletion in 1967, will have an annual ca- sulfate has been supplied as a byproduct 

| pacity of about 67,200 tons each of soda at manmade fiber plants at Ryazan and 
ash and ammonium chloride.10 Kalinin. Surplus production from both 

| : | . natural and byproduct sources were ex- 
| South-West Africa.—S outh West Africa ported to Finland, Hungary, Bulgaria, | Co. Ltd., began producing trona from salt Yugoslavia, Sweden, Japan, and the Unit. 

pans. at Otjivalunda, northwest of Etosha ed Kingdom.11 | 
Pan and began shipping it to the Johannes- United Arab Republic (Egypt).—Ru- 

| burg area. | South-West Africa’s supply of mania and the United Arab Republic 
this materi al, used in glassmaking and entered into a technical and economic 

papermaking, had been obtained from agreement whereby the Industrial-Export 
: Kenya until I ate 1963 and subsequently Company of Bucharest will supply the de- 

| from the United Kingdom. _ sign, equipment, materials, and technical 
U.S.S.R.—Demand for sodium sulfate in assistance for the erection of a soda ash 

the Soviet Union increased with the growth plant at Elmex, Alexandria. The plant 
} in the kraft pulp, glass, and detergent in- _ will use the traditional Solvay process with 

| dustries. This material has been supplied supplementary causticization to produce 
from natural sodium sulfate deposits in 32,500 tons per year of soda ash, 45,000 
the Aral and Caspian depressions, in the tons per year of caustic soda, and 5,000 

| Kalunda steppe in Kazakhstan, in the Can- tons per year of pharmaceutical quality 
casus Mountains region, and throughout sodium bicarbonate.12 

TECHNOLOGY . | 

The distribution of stress adjacent to not be recycled to a sulfite mill, complete 
each of 25 mine openings in the FMC oxidation to sulfate is only partial relief 

| Corp. Westvaco trona mine at Westvaco, for sulfite pulpers. Developers of the three 
_Wyo., was determined by the borehole systems were reported to be working on 
stress-relief method by the Brueau of Mines, modifications that would produce ‘sodium 
and a report of the findings was pub- sulfite instead of sodium sulfate. How- © 
lished.18 The purpose of the stress de- ever, even. at the present stage, the process 
terminations was twofold: First, to study is attractive because the sulfate recovered 
the effect on these distributions of various can be sold at a profit, and it is a method 
factors such as opening shape, stress level, by which sulfite chemical and semichemi- 
and loading history; and second, to esti- cal pulpmills can meet antipollution pres- 
mate the distribution of stresses adjacent sures. 
to extensive high-extraction areas. According to a General Electric Co. 

Laboratory studies, sponsored by the Bu- spokesman, a new light source that ranks 
reau of Reclamation and the Missouri in importance with the fluorescent lamp 
River Basin Field Committee and conduct- was developed by company employees.16 
ed by the Bureau of Mines, indicated that The lamp has a ceramic arc tube that con- 
an inexpensive technique significantly re- 
duced seepage in irrigation canals.14 Lab- 10 Bureau of Mines. Mineral Trade Notes. V. 
oratory tests simulating optimum field con- FB Bee L964, B- a0. as (London). Surplus 
ditions determined that easily applied so- of Sodium Sulphate in USSR. V. 7, No. 156, 
dium carbonate solutions made test beds TOT Rirantcn’ Chomical News (London). Ru 
of canal-lining materials virtually imper- mania to Build Caustic Soda Plant for UAR. V. 
meable for long periods. ®, 8 Morgan. ‘Thegane AP ' William ©. Fischer, Claims were made that a salable com- and William J. Sturgis. Distribution of Stress 
modity, sodium sulfate suitable for kraft BaMives oe Tone Tae igek eg Wyo. 
pulpmills, can be recovered from spent 14 Agey, W. W., and B. F. Andrew. Reduction 

liquor at, sulfite mill  Sodjumbased gf Scepeee, Losies From Canals, hy, Chemica sulfite pulpers, who have long sought an on Sodium Carbonate and Other Compounds. 
economical chemical-recovery process to BuMines Rept. of Inv. 6584, 1965, 33 pp. . . . oe . ®> Chemical Engineering. Finding Money in 
use in existing mills, may choose among Sulfite Pulp Spent Liquor. V. 72, No. 17, Aug. 

Se ee erie thr Seal ulcer, Neg Lame for Ol . - 72, - 26, Dec. 20, 1965, p. 62.
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tains sodium vapor at higher pressure and core and does not have to be stranded as 
temperatures than previous sodium lamps. with other metals to achieve flexibility. 
The new unit has the high efficiency of Sodium metal also has two objectionable 
the sodium lamp, but produces light of an physical properties; it is highly reactive, 
acceptable golden color instead of the particularly with oxygen and water; and it 

| monochromatic yellow of the old lamp. . is toxic to the skin. Use of sodium in the 
. Patent applications were filed in the cable therefore posed safety problems that 
oe United States and overseas by Union Car- required more study in the field applica- 
7: bide Corp. for producing an electrical _ tions. : 

| cable using a sodium metal core encased Scientists from Argonne National Lab- 
in polyethylene insulation. The company oratory, while discussing ways of convert- | 

| and three power utility companies con- ing heat directly into electricity, described 
ducted field trials on the cable. To pro- the operation of the first engineering cell 

| duce.and use the cable, Union Carbide of the sodium-bismuth type.17 This cell 
filled polyethylene tubes with sodium metal operates with molten sodium as the anode, 
at its pilot plant at Bound Brook, N.J., molten bismuth as the cathode, and molten 
Simplex Wire & Cable Co. finished the sodium salts as the electrolyte. In the | 

. filled tubes into various sizes and types of power-generating step, sodium metal reacts 
electrical cable, and Burndy Corp. fur- with bismuth metal, generating power as 
nished special terminals and splices for in- it forms an intermetallic compound that 

. stalling the cable. Production of the cable dissolves in the liquid bismuth cathode. _ 
went entirely into field tests, and none Construction was started late in 1965 
was available to the commercial market. on the Southwest Experimental Fast Oxide 

Sodium metal was used in this radically Reactor. The 20-thermal-megawatt sodi- 
: new type of electrical cable because of um-cooled reactor at Cove Creek, about 20 | 
8 three desirable physical properties, low miles southwest of Fayetteville, Ark., was 
. specific gravity, high ductility, and good scheduled for completion in 1968. This 

| electrical conductivity. One pound of so- international research and development 
oO dium metal costing approximately 17 cents program on the fast breeder reactor sys- 
_ was reported to conduct as much electrical tem using plutonium oxide-uranium oxide | 
: current as 3.5 pounds of copper costing fuel and sodium coolant was sponsored by 
* $1.26 or 1.75 pounds of aluminum costing the U.S. Atomic Energy Commission, 
. 43 cents. Sodium cables were reported . Atomic Energy Associates of Little Rock, 
, to weigh 50 percent less than conventional Ark., Gesellschaft fiir Kernforschung of the 
- cables but were 45 percent larger in diam- Federal Republic of Germany, and the 
. eter than a conventional insulated copper European Atomic Energy Community. 
. conductor of equal current carrying ca- 9 ———____ | 

pacity. Because sodium metal is flexible 17 Chemical Engineering. Distillation, Power 
pacity. — vecause Sodium meta 18 HexIble, and Fibers Are Highlights of Detroit ACS Meet- 
it can be used in solid form as the cable ing. V. 72, No. 9, Apr. 26, 1965, pp. 61, 63. 

|
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an o By William R. Barton’ - _ | 

| Domestic production of stone in 1965 able mineral deposits under. United: States 
| was. 780 million tons valued at $1.2 billion, _mining law. The bill, not acted on during | 

. a record for the fourth consecutive year. 1965, was primarily intended to increase _ 
_ Crushed and broken stone represented 92 availability of aggregates in the Western | 

: percent of the total value. Stone imports States. —- a Lb 

declined 14 percent in value and exports Urbanization and land use conflicts con- ns 
___ increased 12 percent in value compared with tinued to generate litigation over quarry — 7 

| 1964 figures. . | ee - operations. Administered by local juris- 
# Legislation and Government Programs. dictions, décisions went: both ways with 
= —A bill (S.2281) was introduced in the = the balance during the year in favor of 

89th Congress to provide that certain varie- the quarry operator, . | | : 
: ties of stone, sand, gravel, and similar a . a oS | 

mineral commodities be considered as valu- 1 Commodity specialist, Division of Minerals. 

_. Table 1.—Salient stone statistics in the United States + ne 
- (Thousand short tons and thousand dollars) | a . 

| | | . 1956-60 , | a a . | | (average) 1961 (1968 . 1964 1962 1965 | 

| Sold or used by producers: . . 
Dimension stone ~_~--~-~-. 2,463 2,315 2,729 2,616 2,545 2,403 

Value ------------.. $84,199 $88,093 $90,687 $96,318 $96,970 $92,235 
Crushed stone -.--.--.-. 553,450 609,623 654,225 685,750 723,038 777,669 

, Value ___________-. $775,151 $859,266 © $935,010 $971,790 $1,087,594 $1,111,383 
; Total stone -----.. 555,913 611,938 656,954 . 688,366 725,583 780,072 

Value _______. $859,351 $947,359 $1,025,697 $1,068,108 $1,184,564 $1,203,618 
Exports (value) -_.-....--.. . $6,366 $6,648 $6,009 $6,102 $6,796 $7,599 
Imports for consumption oo - 

, (value)? ~~--------------- $9,474 $12,268 $17,204 $18,978 3 $23,753 3 $20,414 
a 

1Includes slate. 1956 includes territories of the United States, possessions, and other areas ad- 
ministered by the United States. 

2Includes whiting. . 
3 Data not comparable with other years. 

| 863



864 — MINERALS YEARBOOK, 1965 | | 

_ Table 2.—Stone sold or used by producers in the United States, by States 
(Thousand short tons and thousand dollars) ; 

- oo 1964 . 1965 

a. State Quantity ..° Value * Quantity Value 

. Alabama —~_..-----------~--=--~~~.. 215,852 1 $24,976 117,987 1 $30,810 
Alaska —-...-~-------------~-~~--~-. W WwW W WwW / 
Arizona —-.~~~~..-----~.~-----~+--~ 3,759 _ = 6,283 2,474 | 4,171 

' Arkansas ~~. 0..-..---------~~- 20,241. 26,172 21,241 26,778 
California ....---_....._.----~---~ 45,805 63,566 42,575 59,668 
Colorado —~-.----.-----.-------~-~-. 3,217 6,805 4,789 - 8,688 
Connecticut ~.-----_______--..-~-~-. 5,864 10,764 ‘ 5,871 10,444 ~ 

ae _. Delaware '~...------______----~---- - 180 450 a 180 - 450 | 
Florida -22.----.-__.....--..-~~-. «838,157 - 38,362 35,730 41,148 

vo Georgia ----------u- ene. | | 22,822 © Tr 46,428. - 23,421 - |. 48,265 
Hawaii -.----..------____---~~---~- . 5,282 8,765 «6,172. 9,353 
Idaho. ~~~ eee 1,144 : 2,773 - 1,881 «8,440 
Illinois ..----.--2--.s2----------- 42,987 BG 553 = . 47,066 61,294 

° Indiana ---~----L- ----------~--~-. 22,318 -- $9,978 = 24,574 . 42,124 © . 
Iowa ~~~ ee +" 23,985 33,0388 25,891 35,468 

. Kansas .-- ~~~. 14,138. — 18,912. 15,270 |. 20,538 
. . ° Kentueky -------_-_-_---_---_----- 121,868 129,594 26,029 _ 84,583 

os Louisiana ~..-.---_~-2 2. “2 «5,459 “- 29,228 17,452: 110,905 
oe - Maine —-..~-----------+----~-~.-- - 1,414 4,506. , 1,100. 3,409 

Maryland <2. .-.2---.-_-___--_-- 2. 13,348 — . 26,715 14,553 28,432 
Massachusetts -.---i----~---.----~-. - 6,519 16,663 6,168 . 16,980 

. Michigan ~...---_~-.-__._-_-~--- 84,650 - 37,002 34,718 36,438 
Minnesota 2-2-2... 8,588 -° 12,297 ° 4,371 11,680 ; 

7 Mississippi -.----2----------i---L-2.  «: -s«i, 558 1,557 . 12,357 ' 12,358 
Missouri ~.-~.---.--1----~___-_---- 31,487 . 47,984 36,247. 53,574 .. - 

, Montana ~-~--.~-.-------_-------. © 4 7,345 * 8,477 ' 5,512 -"  §,971 
Nebraska ..-.---...~--._..--_--_~_-—. 3,779 oo G 417. 4,198 6,687 . 
Nevada ...-------------------~---. 788 . 1,896. 1,248 | 2,247 
New Hampshire ~..-_.00-L_L ue. . 202 2,138 «158 . 1,932 . 
New Jersey —--------_----_---._-_. 12,326 28,461 12,232 27,247 
New Mexico ~----~.----.--~_---_--__ 2,760 4,244... 1,911 3,020 
New York ~~~ ~~~ 29,141 46,669 30,801 48,675 
North Carolina ~...-..-------.u--. 117,943 - 130,378 118,835 1 30,920 
North Dakota ~-~----~----- ue. 31 56 356 624 
Ohio ~ 2-2 37,715 — 61,814 42,263 66,969 
Oklahoma ~----~-- lk. ~~. 18,987 15,087 . . (16,417 18,071 

. ‘Oregon -.---.------.--__ 16,120 19,296 21,212 27,301 
Pennsylvania ~-~.-_~.~..-.-_..- 52,829 91,075 56,806 99,627 
Rhode Island ~..-.-...---.._______. 450 935 437 1,119 
South Carolina ~....-----_------__. 16,109 19,176 15,948  =-18,447 : 
South Dakota ....-.-_..-_______ 2,118 6,245 1,554 5,887 
Tennessee ~-----~--~-- 1 26,497 238,239 | 1 28,888 1 38,859 
Texas ~-.--~-.--..-------_--___-_ 40,240 52,070 39,520 58,659 
Utah ~~~ 3,105 ' 6,930 2,158 ~ 4,552 
Vermont —~-~~~~----- 2,070 20,652 — 2,591 © - 21,564 
Virginia ~~... 30,407 . 52,153 36,350 59,397 
Washington —~~~~-~~--2 F10,498 F 15,204 12,461 17,446 
West Virginia .-...-.--___=_____ 17,481 | 118,105 - 1 8,482 1 14,587 
Wisconsin ~~~-~_-~-- 13,901 20,232 15,344 21,924 
Wyoming ~~~ 2,154 3,671 1,594 . 2,791 
Undistributed ~~------.__.__. - 5,000 13,073 . 5,789 13,747 

Total ~. ¥ 725,583 ¥ 1,134,564 780,072 1,203,618 
American Samoa —_------.________. 157 234 60 60 
Guam _ ~~~ 469 868 . 483 925 
Panama Canal Zone ___-______-____- 153 349 153 366 
Puerto Rico ~--.---_-___._________. 5,504 8,586 5,344 9,111 
Virgin Islands ~-..-__.____________ 69 342 68 302 
Wake Island ~______________ 2 5 1 4 

rF Revised. 

wt Withheld to avoid disclosing individual company confidential data; included with ‘“Undistrib- 
u . 

1To avoid disclosing individual company confidential data, certain State totals are incomplete, the 
portion not included being combined with ‘‘Undistributed.”’ The class of stone omitted from such 
State totals is noted in the State tables in the Statistical Summary chapter of this volume.
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| | | DIMENSION STONE | 
Unusual color or texture in building ing stone decreased 5.6 percent in tonnage 

stone continued to be fashionable. Black and 7.1 percent in value. Monumental 
and green granites, colored marbles, and granite increased in tonnage and value. 
travertine were used in many unusual and Appropriately enough, New England gran- 

| creative ways. Flame-finished granite was _ ite was chosen as the featured stone for | 
also used by architects to add interesting the permanent gravesite of President John 
textures to structures. Classic, ever popu- FF. Kennedy at Arlington National Ceme- 
lar, stones such as gray or white marble tery. Two thousand tons of Deer Isle | 

and gray granite were also used in new Granite Corp. stone from Stonington, 
and stimulating modes by architects such Maine, will be used in harmony with white 
as Minoru Yamasaki and Associates (North- marble to lend a simple dignity to the 
western National Life Insurance Building, shrine. 

| Minneapolis, Minn..) Bodin and Lamber- Basalt and Related Rocks ; (Traprock). 

son (Life of Georgia Tower, Atlanta, Ga.) —Total shipments of dimension basaltic- 

and Welton Becket and Associates (Hum- type rocks were 26,000 tons valued at 
ble Oil Building, Houston, Tex.) . $787,000. Pennsylvania produced the great- 

, The results of the 1963 Census of Manu- est tonnage and value. Virginia, Washing- | 
: factures on cut stone and stone products - ton, Oregon, and California also reported 

_ were published by the Bureau of the Cen- production. The higher value dimension 
sus as part of Industry Statistics Report MC _basalt-type rocks are for precision instru- 
63 (2)-32D. The 32-page document is ment plates which must be ground to sur- 

| available from the U. S. Government Print- face tolerances within 25 millionths of an 
ing Office. inch of perfect level. Shaping and storage 

| Granite.—The value of dimension granite are done at 68° F so that distortion will 
| shipments decreased 1.8 percent compared not occur when installed in an air condi- | 
| with 1964. Shipments of granite for build- tioned shop or office. 
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Figure 1.—Sales of dimension stone, except slate, in the United States, by kinds.
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: Table 3.—Stone sold or used by producers in the United States, by kinds 

. (Thousand short tons and thousand dollars) 

a 

Quan- Quan- . 
Quantity Value tity Value tity Value Quantity Value Quantity Value 

Basalt and 7: 

‘Year Granite related rocks Marble Limestone and Shell 
_ (traprock) . | 
a 

1956-60 
(average). 36,711 $75,908 47,223 $74,708 1,463 $26,614 408,136 $561,801 19,396 $31,265 

1961 _....__ 44,052 93,870 62,776 95,576 1,592 30,960 438,253 608,139 18,004 30,375 

1962 ~------ 50,058 102,898 69,768 108,264 1,769 33,117 461,849 . 649,647 20,054 ' 31,241 

1963 ~-..--~- 48,793 103,633 72,958 111,538 1,902 34,567 489,243 680,060 19,019 29,420 | 

1964 _...__. ° 56,331° 114,465 66,090 108,929 2,093 36,693 ° 511,026 * 713,675 19,493 30,157 

1965 —------ 60,028 121,147 75,529 121,278 2,172 88,662 554,766 765,714 21,560 34,314 . 

Caleareous marl Sandstone Slate Other stone + . Total 

1956-60 
(average)_ 21,761 7$1,686 18,656 $48,881 620 $10,935 21,947 $27,553 555,913 $859,351 

1961 ---_--.. 1,099 987 238,386 49,114 496 9,334 22,274 29,004 611,938 947,359 
1962 ---.-.. 1,182 1,011 26,077 51,119 544 10,100 25,653 38,300 656,954 1,025,697 
1963 --..--.. 1,164 989 28,978 58,015 902 11,365 25,407 38,521 688,366 1,068,108 
1964 __-.-.. 1,043 899 28,169 62,087 1,308 138,695 40,035 538,964 ° 725,583 ° 1,134,564 
1965 ~~ 1,291 1,125 29,097 61,710 1,263 13,697 84,366 45,971 780,072 1,203,618 

- TY Revised. | 
. 1 Includes mica schist, conglomerate, argillite, various light-colored volcanic rocks, serpentine not 

used as marble, soapstone sold as dimension stone, etc. 
2 Average for 1957-60 only. | 

Table 4.—Dimension stone sold or used by producers in the United States, by uses 

| 1964 1965 | 

7 | Use Thousand Thousand Value Thousand Thousand Value 
. short tons cubic feet(thousands) short tons cubic feet(thousands) 

Building: | | a , 
Rough: 

Construction ~...~-----.-_.- 385 * ee $2,800 374 ~---- $2,766 
Architectural 1 ~----.-----. _ 367 4,868 7,669 336 | 4,432 7,511 

Dressed: 
, Sawed 1? ..-~----------_~~_-. 521° 6,807 21,462 435 5,696 17,910 

Cut ? 202 2,540 26,420 198 2,494 25,116 
Rubble ___.-.---__--_-_-_--_-- 391 _. 2,041 355 __-- 1,859 
Roofing (slate) ~...-.-----_---. 33 ~--- 2,228 24°. ---- 1,872 
Millstock (slate) ~--..------_-- 28 a 8,951 28 ---- 3,871 

Monumental (rough and dressed) ? _ 241 2,940 20,464 266 3,221 20,902 
Paving blocks ~--...---_____..----_- 6 a 163 5 ----— 109 
Curbing wee 168 2,038 4,682 157 1,915 4,708 
Flagging * -_----------_-------_.--- 203 2,455 5,090 225 2,699 5,611 

Total ~.----.---_--____-_--.- 2,545 ---- . 96,970 2,403 ---- 92,2385 

1Includes stone for refractory use to avoid disclosing individual company confidential data. 
2Includes a small quantity of stone for precision surface plates and monumental work. 
3 Includes stone for precision surface plates. 
4Includes a small quantity of slate for miscellaneous uses.
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_ Table 5.—Granite (dimension stone) sold or used by producers in the 
United States, by uses 

| ee . 
oe 1964 1965 meee 

Use Thousand Thousand Value Thousand Thousand Value 
short tonscubic feet (thousands) short tons cubie feet (thousands) OEE Ee EE Se sand's ) 

Building: . Rough: - Construction ~~_--_-______- 250 ---- $1,195 223 ---- $1,190 Architectural ~----_-._--__ 43 515 «1,599 26 320 1,183 Dressed: 
Construction ~----__.-.___- 16 190 1,240 16 190 788 Architectural ~----..--____ 51 622 7,984 42 506 8,070 . Rubble ~~.----_--_____--__ ee. 89 ---- 398 72 ---~ 305 Monumental: 1 

Rough ~-~-.--_-_---- 174 2,128 8,852 193 2,341 8,376 Dressed ~----_.----_---_______. 49 596 7,777 55 «665 8,509 Paving blocks -___-___.------_-____ 6 ---~ 163 5 ---- 109 _. Curbing and flagging -_.----.____- 165 1,994 4,544 154 1,879 4,605 en | 
Total ~-----____--_--_______. 848 - ~--~ 83,752 786 ----+ 33,135 rr OD 

1 Includes stone for precision plates. . 

_ Table 6.—Granite (dimension stone) sold or used by producers in the United States in 
| | 1965, by States 

. State Active Short State Active Short Value plants tons Value plants tons 
s s . 

. - California .-.-____ 6 9,755 $972,192 New York ____.___. 4 20,662 $318,402 . Colorado ~~-----~- 7 | 941 42,319 North Carolina __- 8 33,088 1,821,163 . Connecticut - ~~~. 4 2,647 58,196 Oklahoma _______. 7 5,963 502,898 Georgia ~-_._-~.. 35 189,125 4,106,639 South Dakota _... 7 20,129 2,944,586 Maine ~_.-_--..___ 7 10,335 1,347,976 Wisconsin -__.__.. 12 19,584 1,883,151 Maryland  _ .__._ 1 148 5,500 Other States1 __.. 25 821,906 10,542,941 Massachusetts  ____ 12 122,849 4,289,041 ee oe '_-—.1———— Minnesota —~~-_-.__ 21 25,748 4,053,844 _ Total ---... 158 785,979 33,134,740 Missouri ~~... _ 1 3,124 233,892 Puerto Rico ---... ___ 8,300 26,700 ; New Mexico -_____ 1 . 25 = 12,000 . 

7 Includes plants in New Hampshire 2; Pennsylvania 4: Rhode Island 2 ; South Carolina 8; Texas ; 4; Utah 1; and Vermont 9... 

Marble.—The reported value of dimen- Limestone.—Shipments of dimension | 
sion marble decreased 10 percent in 1965 limestone decreased 6 percent in tonnage 

| while volume of that sold or used declined and 9 percent in value. The Bedford- OO 
3 percent. The average value for monu- Bloomington, Ind., area continued to lead 
mental marble was $18.68 per cubic foot in production of this type of stone. Veneers | 
compared with $17.75 a year earlier. For and stone-faced precast panels continued to | 
dressed building marble, respective figures increase in popularity in preference to 
were $17.70 and $14.49. Minerals & Chemi- massive architectural blocks. 
cals Philipp Corp. late in 1965 announced Sandstone.—Shipments of dimension 
plans to acquire Georgia Marble Co. by an . . h f stock valued at about $25 mil sandstone decreased 8 percent in quantity 
he © ane nal agreement was in abevance and increased 2 percent in value compared 

- sendin appr ort by boards and share with 1964. One hundred and ninety-seven 
penemng  2Pp y w plants reported shipments in 1965, com- holders of both firms. Deposits of onyx . . . i . . . . pared with 207 plants a year earlier. Ohio marble and travertine being mined 20 miles . . . ) was the leading producing State in terms west of Belen, N. Mex., were reported to ~ 

. . of both tonnage and value. | be of excellent quality. The deposits, on 
| the Laguna Indian Reservation, were leased Slate.—Slate sold or used by producers 

by Ultra Marble, Inc. gained 11 percent in volume and 2 percent
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in value compared with 1964. On a Miscellaneous Stone.—Shipments of mis- 
- tonnage basis flagstones continued to be  cellaneous stone increased 1 percent in 

the leading dimension slate product but tonnage and decreased 19 percent in value 
| the largest relative increase in tonnage over compared with those of 1964. This cate- 

1964 figures was 30 percent in the miscel- gory accounted for less than 7 percent of 
laneous category. The most important total dimension stone volume and con- 

. slate products in order of total value in sisted of stones not classified under the 
1965 were electrical, structural, and sani- more popular categories. Examples of such 
tary slate products followed by miscella- stones include light-colored volcanics, tufts 

| neous slate and roofing slate. and scoria, greenstones, gneisses, and schists. 

| Table 7.—Marble (dimension stone) sold or used by producers in the United States,1 
by uses | . : 

1964 1965 

. Use sO 
--°. Thousand Thousand Value Thousand Thousand Value — 

short tons cubic feet (thousands)short tonscubic feet (thousands) 

Building: 2 - oe . 

Rough: Architectural__.._____- 28 825 $1,031 54 640 $2,001 
Dressed: — . 

Sawed —~.-.----.------.~--. 36 424 3,888. 25 293 8,035 
Cut ~---..--..-------.-~-. 48 568 10,491 29 843 8,224 

Monumental (rough. and finished) ~~ | 18 | 216 3,835 18 -- 215 4,017 

‘Total ----------------------- 130° ---- ‘19,245 1260 ---- 1,277 

1 Produced by the following States in 1965 in order of value and with number of plants: Vermont | 
9; Georgia 1; Missouri 4; Alabama 2; Tennessee 12; North Carolina: 1; Arkansas 2; New Mexico 
8; Montana 2; Colorado 1; Washington 3; California 1; Maryland 1; and Arizona 2. 
'2Includes: 1964—882,000 cubic feet, $8,697,000 for exterior use, and 435,000 cubic feet, $6,713,000 

for interior use; 1965—-854,000 cubic feet, $8,087,000 for exterior use, and 422,000 cubic feet, 
$5,173,000 for interior use. | 

Table 8.—Limestone (dimension stone) sold or used by producers in the United States, 

. by uses 

— 1964 1965 

Use 
Thousand Thousand Value Thousand Thousand Value 
short tons cubic feet (thousands)short tons cubic feet (thousands) 

Building: 
Rough: 

Construction ~_--.--------- 23 ---- $266 66 ---- $422 
Architectural —~.--...---~-- 239 3,284 3,928 210 2,876 3,387 

. Dressed: 
Sawed ? __----______-_~_--. 273 3,669 8,070 222 2,974 6,639 
Cut -.------.---~---------. 65 860 5,826 75 981 5,951 

Rubble ~------...-----.------- 155 ---- 694 137 ---- 618 
Curbing and flagging ~------------. : 24 312 160 22 279 155 

Total _--.--.--------------.. | 779 ---- 18,944 732 ---- 17,172 

1 Includes house stone veneer. .
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| Table 9.—Limestone (dimension stone) sold or used by producers in the United States 

| : in 1965, by States : 

Active Short Active Short - 
State plants tons Value State plants tons Value | 
nn 

California -—-.---- 5 2,379 $26,726 Nebraska -..---..- 4 9,335 $48,869 
. Colorado -.-------- 1 466 3,728 Ohio ~-.~-------~- 4 52,286 73,078 

Florida -— ----.--- 1 750 6,500 Oklahoma. —-~~-~--- 5 2,785 . 31,280 

Georgia -—---~----~- 1 219 - 1,538 Pennsylvania —~-~~_- 1 42 336 

[illinois --.----.~- 3 4,180 123,145 South Dakota —-~-- 1 6,000 9,000 

Indiana .__--_---_ 21 455,759 10,992,799 Wisconsin ---.---- 30 88,317 1,724,096 

Iowa  ------..----_ _ 2 16,833 202,880 Other States1 __._ 13 42,582 1,344,886 

. Kansas --.--+----- 10 16,129 614,830 a 
ichigan ~~~ ~~...- ’ 76,989 

Minnesota _.._._-— 5 28,656 1,847,138 Total _-_--.. 115 732,023 17,171,908 

Missouri —~----.--- 5 5,069 44,095 Puerto Rico ------ ~--- 74,430 180,150 
nl 

1Inecludes plants in Alabama 2; New York 1; Rhode Island 1; Texas 5; Utah 2: Virginia 1; and 

Wyoming 1. . 7 

Table 10.—Limestone sold by producers in the Indiana oolitic limestone district, by | 

| | classes | 

. Construction 
; oo 

. Sawed and semi- 
: Year Rough blocks finished 2 Cut 

ee 

Thousand Value Thousand Value _. Thousand. Value 
eubie feet (thousands) cubic feet (thousands) cubic feet (thousands) 
eens ee eee 

1956-60 (average) -. 2,877 $2,987 8,065 $5,630 804 $4,750 

1961 -.----_-_-.---. | 2,820 3,159 2,498 4,675 497 2,784 
1962 ~--_---_-_----. 2,467 2,695 2,427 4,674 560 3,251 
1968 ~..-----_---- 2,183 2,533 2,518  — «§, 217 530 2,258 

1964 ~---.--------- 3,035 3,535 22,752 25,770 400 / 2,624 
| 1965 .----..------ 2,651 3,095 22,052 2 4,508 481 3,091 

Construction—Continued _ , 
oar Other uses Total 

Total 
a 

. Thousand Thousand Value ‘Thousand Value Thousand Value 

cubic feet short tons (thousands) short tons (thousands) short tons (thousands) 

a 

. 

1956—60 (average) ~- 6,746 489 $13,367 ~ 157 $427 646 $13,794 

| 1961 ~----_---_-_. 5,815 429 10,618 161 515- 583 11,133 
1962 ~_-_.-_-_____- 5,454 395 10,620 191 659 586 11,279 
1963 __._.---_----- 5,231 379 10,008 197 640 576 10,648 

| 1964 __-.--- 6,187 449 11,929 71 225 520 12,154 
: 1965 ~~~. 5,184 376 10,689 70 224 446 | 10,913 

eee se 

i Inciudes house stone veneer. . 

2 Includes small quantity produced outside the district. - . 

7 Table 11.—Sandstone (dimension stone) sold or used by producers in the United States, | 

7 by uses 

1964 1965 . 
a 

Use Thousand Thousand Value Thousand Thousand Value 

short tons cubic feet (thousands) short tons cubic feet (thousands) 
ET Sn 

Building: 
: Rough: 

Construction ~~ ~~ 95 ---~ $1,205 67 ---- $995 

7 Architectural 1 ~~~... 57 744 1,111 46 596 940 

Dressed: 
: Sawed ? ~_.-----_-_----_ 122 1,654 4,263 120 1,627 4,319 

Cut ~~~ -----..-..------ 37 471 1,677 48 616 2,282 
Rubble —~.-------------_~~_- 46 ---- 325 45 ---- 333 

Curbing ~-----..-----_-----_~-- 3 42 133 3 36 103 

Flagging ~~.---.-----------~--~- 71 872 1,901 67 820 1,815 

Total .---..--....----..~. 431 ~--- 10,615 396 ---- 10,787 
ere enna 

1Includes stone for refractory use to avoid disclosing individual company confidential data,
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Table 12.—Sandstone (dimension stone) sold or used by producers in the United States | 

‘State Active Short Value Active Short: Value 
, plants _—_ tons State . plants tons 

Alabama -.--.-----.. 1 257 $2,570 New Mexico —.-----. 3 88 $2,086 
Arizona .------~---- 20 10,6385 187,567 New York —-.._----. 13 42,012 1,159,004 
Arkansas ~-------~--- 6 18,155 184,174 Ohio ~~~ ~~~ =~ _. 12 119,259 4,811,703 
California —~....---- 6 £2,420 53,286 Pennsylvania —_._--. 37 78,362 1,407,080 
Colorado —..--_----. 27 ~«21,154 411,200 Tennessee — _-.-.---: 13 34,110 799,526 
Connecticut —...~.--. 3 ~—s- 9,650 46,630 Utah wea wee. 6 1,269 24,812 
Georgia --...-----.. #£=1 498 15,804 Virginia u----...-.. 2 1,085 15,453 
Kansas ~.----...--~-.- 1 514 10,349 Wisconsin — ~~~ ._-. 9 . 3,065 57,870 
Kentucky ~~~. _---. 1 42 383 Wyoming - ~~. _-. 4 1,018 20,604 
Massachusetts —~--- 2 6,145 618,884 Other States? —___-. 25 42,833 914,365 

_ Michigan .-.-.--~--. 4 6,896 -42,760.. SS ——_—_———-—— 
Missouri -.-..--~--- 1 = 2,258 51,9384 Total -------. 197 896,175 10,787,494 

1Includes plants in Indiana 9; Maryland 3; Mississippi 1; Nevada 8; New J ersey 1; Texas 2; 
- Washington 4; and West Virginia 2. ; 

Table 13.—Slate (dimension stone) sold or used by producers in the United States,}, | 
‘Dy uses : . 

1964. 1965 

| . Quantity Quantity : 

Thousand ) _ Thousand Value 
Use Thousand square feet Value Thousand square feet (thousands) 

. short tons (unless (thousands) short tons (unless 
otherwise otherwise 
specified ) specified ) 

Roofing slate -.....-..----.--.. 38 2 88 $2,228 24 268 $1,872 
. Millstock:  - . 

Electrical, structural, and . . - 
sanitary slate ~-.....-_._ 24 2,897 2,822 24 2,813 2,803 

Blackboards and bulletin : 
wboards® ~-__--~--------- 2 941 840 2 895 801 

- Billiard tabletops ......____ . 2 274 289 2 236 267 

‘Total ~~~ 28 4,112 3,951 28 8,944 3,871 
Flagstones ¢ -___..--.---__-_--- 60 11,132 1,481 74 12,442 1,631 

| Miscellaneous uses § ___________. 43 ------ 1,426 56, «i, 902 
Grand total ...-.-_______. 164.0 9,086 | 1820 ee 9,276 

. + Produced by the following States in 1965 in order of value of output and with number of plazits: 
Pennsylvania 10; Vermont 21; Virginia 2; New York 11; Maine 1; Utah 1; North Carolina 2; and 
California 2. 

2 Thousand squares. . . a . a . a. 
3 Includes: a small quantity of school slates. . 
* Includes slate used for walkways and stepping stones. 

 . § Includes slate for aquarium bottoms, buildings, fireplaces, flooring, headstones, shims, and un- 
-. speci uses,
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Table 14.—Miscellaneous varieties of dimension stone sold or used by producers in the | 
: United States,1 by uses a | , 

: ae } 1964 | 1965. | 
_ Use - ° Thousand Thousand ‘Value Thousand Thousand Value - 

_ cubic feet short tons (thousands) short tons cubic feet (thousands) 

Building: Ce So 
SE 74 870 ——i(‘es«éSA4«OOOL 52 612 $3,129 

| Rubble ~~ .-----__=._--_--. 74 ---- 572 OT 564 . 
Flagging ~-.-----._----.___.... - 5. 59 122 6 . 71 108 

- Total ~------------------ 158 — 4695 155 —... 3,801 
_ 2 Produced by the following States in 1965 in order of value of output and with number of plants: 
Virginia 2; California 28; Maryland 1; Pennsylvania 4; New Jersey 1: Hawaii 4: New Mexico 1; 

- Oregon 1; and Washington 2. a, - a 
_ Includes rough and cut stone and stone for refractory use to avoid disclosing individual company. 
confidential data. = ©—- | , 

- Oe FOREIGN TRADE oo : 

Exports of marble and other dimension was imported principally from Mexico. 
stones to Canada totaled $3.3 million. Substantial amounts of marble were also | 

_ Lesser amounts were shipped to Latin imported from Portugal and other coun- 
| America, Europe, and Asia. : oo tries. Granite imports decreased 8 percent 

: Imports of decorative and specialty in value from 1964 figures, with principal - 
marbles (including travertine and onyx) quantities from. Canada and Italy. Other 

- in 1965 totaled $13 million and came prin- substantial dimension stone imports in- - 
. cipally from Italy, except for onyx which cluded slate from Italy and Portugal. | 

| = WORLD REVIEW sits | 
: Angola.—Plans_ for expanding marble Norway.—Output of quartzite slate at | | 
7 production included entrance of Lobito Alta was estimated at 8 million square feet a 

Mining Co. into large scale operations. in 1965 compared with 6 million square | 
: Large unexploited deposits of marble were. feet in 1964. Most of the slate was used | 

reported in the Mocamedes district in for flooring or building cladding with roof- 
southern Angola. | ing a minor end use. . 

pected to’ reach 35,000 tons by 1967, ‘The , South Africa, Republic of—The Mari- 
enlareinge of th. “harbe aoe Gal ~~ da kana quarries in the Brits district have be- 
en ee of the arbor te $400 000 . come the most important source of rough 
nod se ttelian tomeble fi hin $ “hi o granite blocks in the Republic. In the first _ 
modern [ta a marble-Hnishing a mery half of 1965 they accounted for 41 percent, 

| were expected to increase exports. or 2,100 tons of rough granite blocks ex- 

Italy.—A 200-ton slab of marble quarried ported from the country.5 
| near Carrara was claimed to be the largest 

in the world. The slab was freed from the ——————— . 

_ quarry wall by wire-sawing.4 The Italian 2Bureau of Mines. Mineral Trade Notes. V. 
Government presented a $1.2 million gift of 61, No. 5. November 1965, p. 31. ‘a Marble E 

| marble to the United States for use in the ports "Vo obs No O7oe toe, Teg, Marble Ex- 
: Washington, D.C., John F. Kennedy Center Re, Mining and Minerals Engineering ¢ London) . 

for the Performing Arts. It constituted the jggs"5. sin, CY NO 18 September 
: largest contribuition to the center by any 5South African Digest (Pretoria, Republic st 
; foreign country. | ee pein Granite, v. 12, No. 29, July 23,
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| | oO _ TECHNOLOGY = os 
The popularity of dimension stone faced poses and memorial structures. 

panels continued to increase as architects The resurgence of slate for chalkboard | 
_ developed new forms and combinations to use inspired another article.7’ The article 

free their. creations from the aesthetics limi- _ stressed that composition chalkboards could 
tations of media such .as concrete. Ground. not match the utility, endurance, and 
was broken for a particularly imaginative _ economy of slate. In addition, the neutral, 
concept of stone use in a telephone com- achromatic color of slate harmonizes with 
pany building on Manhattan’s east side.. any color scheme.. A specialty-use for di- | 

: The 24-story structure by architects Kahn mension granite was patented.8 Polished 

. and Jacobs will have two sides of bronze slabs of the stone are described for use in 

: granite and bronze-tinted windows con- surfacing bowling lanes. ee 
-_trasted with the other two walls of unin- Description of dimension stone colors can — 

7 terrupted white limestone. — ' be made more quantitative by a centroid-. 
| _ The story of quarrying another stone of color chart issued in February 1965.9 The 

unusual aspect was reviewed.6 Quarried in chart contains samples of 251 colors and is | 
_ Connecticut, the stone consists of dark red intended to serve as a visual supplement 

garnets in a velvet-sheen muscovite mica for. National Bureau of Standards Circular 
schist. It is marketed as “Jewel building 553, The ISCC-NBS Method of Designation | 

a stone” and used mostly for decorative pur- Colors and a Dictionary of Color Names. 

~ ..- G RUSHED AND BROKEN STONE ee 

oo Production of crushed and broken stone alternate source of fine aggregate required 
. in 1965 was 777.7 million tons valued at the National Crushed Stone Association to 

- more than $1.1 billion a new record. By reprint its bulletin on stone sand.10 _ 
end use the largest consumer category was Price.—Average prices for crushed and 
concrete and roadstone, but the largest broken stone continued to be relatively 

| rate of increase was for fill, which gained stable. December 1965 prices quoted for | 
359 percent in tonnage over 1964 figures. 20 U. S. cities in Engineering News-Record , 

| Concrete and roadstone gained 10 percent averaged $2.57 per.ton for 114-inch stone | 
--.. and stone for use as a flux 3 percent. and $2.67 per ton for 34-inch stone. -In 

Building and road construction were the December 1964, respective quotations were 
prime indicators for the highest volume 2:60 and $2.69. These prices are much 
crushed stone uses; concrete and roadstone, higher than the f.o.b. quarry» values re- 
cement, and riprap. The U. S. Department Ported in Bureau of Mines tables, because 
of Commerce projected continued growth, of transportation and handling charges. A | 

by estimating construction value in 1966 to YPical cost breakdown for delivered stone, 
be 6 percent above that of 1965. Increased 28 quoted by the National Limestone In- 
building of structures and roads is of course stitute, Inc., in a Technical Information Re- 
a function of our expanding population and lease was as follows: Aggregate f.o.b. quarry, 

burgeoning economy. A specific case has 
been the rate of increase in estimated car- 6 Hatsian, K. G. Garnets and Gumption. Stone 
miles driven by Americans. In 1922, Ameri- Magazine, v.85, No. 7, july 1965, pp. 1o-11-. 

cans drove only 67 billion miles, but by Quarry To Classroom. v. 85, No. 12, December 
1972 they will drive more than a trillion 1965. PP. 920. aN. D. Lewis. Granite 
miles annually. Road construction must powling Lance. U.S. Pat. 3,223415, Dee 14, 
proceed apace with the added drivers and 1965 tonal B f Standards, ISCC_NBS 

cars to preclude massive traffic congestion. Color-Name Charts Illustrated With Centroid 
Demand for stone sand continued to in- 38 ors: Supplement to NBS Circular 558, 1965, 

crease, partially because of depletion of Gray, J. E., and J. E. Bell. Stone Sand. 
some natural sand deposits. Interest in this is aa pores Stone ioen 10 Eng. Bull.
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$.70 per ton; freight to unloading point, 1964. The average value reported in 1965 
| $2.00 per ton; unloading cost, $.20 per ton was $1.49 per ton, compared with $1.45 

_ hauling to job site,.$.40 per ton; total cost, per ton the previous year. Production was 
$3.30 per ton. In the example cited f.o.b. reported from 29 States, but Georgia, North 

: cost of material was only 21 percent of de- Carolina, Virginia, and South Carolina 
livered cost. | fo produced 75 percent of the total. A special 

. Size of Plants.—A total of 3,235 plants quartz-feldspar product was marketed from 7 
| reported production, but the 393 largest crushed granite screenings in Georgia.11 | 

. producers accounted for 55 percent of the The byproduct, an earner of welcome addi- 

. commercial production. The total number tional income, was sold to a glass container 

7 of plants. operated increased by 20 from manufacturer. oe a - 
those operated in 1964. The. greatest in- Basalt and Related Rocks (Traprock).— 

| _ crease'in number of operations, 43, was in Tonnage of basalt .type rocks produced in 
So the 75,000 to 100,000 short-ton class... ~—~-_—«41965 increased 14 percent, while value gain- 

Transportation.— Truck transportation in- ed 11 percent from the previous year. The a 
7 creased 15 percent, and rail and waterway principal end use category, concrete and 

transportation increased respectively 5 per- — roadstone, accounted for 82 percent of pro- 
cent and 4 percent. Truck transport, by duction. A modernized and expanded crush- 
far the most popular mode, carried 74 per- ed gabbro plant in Permnsylvania was de- . 

| cent of total stone tonnage in 1965, 501 scribed. 12 oe oe — OS 
- million tons. of commercial production and on os oo 

‘ 72 million tons of Government-and-con- 11'Trauffer, W. E. Georgia Crushed Granite | 
7 tractor material. . . . _ Firm Makes Feldspar Quartz By-product. Pit 

Granite.—Production and value of crush- _ and Quarry 7 Ve 58, No. 2, August 1965, pp. 97- 
| ed and broken granite increased 7 percent aga ro Buren ig: . General | Crushed | Stone 

- : oe s Capacity exibility. Pit an uarry, 
_ and '9 percent, respectively, compared with "58, No. 8, September 1965, pp. 78-81, 111. , 

. Table 15.—Crushed and broken stone sold or used by producers in the United States, 

_ | oO by uses oo ; oo 
- (Thousand short tons and thousand dollars) - ee 

: | oe 1964 Oo 1965 
' Use Pe 

, os Quantity Value Quantity Value 

| Agriculture ----------------------------- 27,047 $46,485 28,531 $48,889 
Cement ~2------------------------------- | ° 98,475. - F 103,398 98,465 104,954 
Concrete and roadstone --.------__------._ 456,071 ¥ 628,222 503,263 690,736 
Fill ~-------------------.-------_--_-~~- 1,416 946 - 6,505 3,539 
Filtration --------------+---------------- 183 894 83; 281 
Flux --.----------~---.---~---.--.----.-~- 31,979 46,633 33,025 48,728 
Glass ~-------------~-----------~-----.-- 1,635 . 5,219 2,088 6,559 
Lime and dead-burned dolomite ~-_--.---_ r 24,996 r 43,022 26,689 44,290 
Mineral food ~-----~..-----------_.-___- 684 4,077 747 3,941 
Poultry grit ---..-.--..----..----_------_ 861 6,391 693 5,876 
Railroad ballast ~---..---.---_------__--- 14,170 16,801 14,023 17,375 
Refractory ~~ .-.----------~-~--.-.__----_ 600 5,237 868 6,780 
Riprap) -.-----~.~-----------~-----_----- 39,495 49,780 38,754 46,038 

- Roofing granules, aggregates, and chips —_ 2,369 12,407 2,607 14,416 
. Stone sand ~---_-.~_~~-~-_~_~------ 3,536 5,270 3,569 5,258 

Terrazzo ~--.-.----~--.--~-------~-__-_-- 421 5,547 367 5,183 
Other uses* and unspecified ~-..-...---~_ r 19,100 T 57,765 17,392 59,040 

Total .-.--.------------------_---._ ™ 723,038 F 1,087,594 777,669 1,111,383 

i r Revised. | - 

1 Includes some uses listed separately in the sections on limestone and sandstone. 

232-748 O-67—56
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Table 16.—Crushed stone sold or used by Government-and-contractor producers in the 
oo United States, by uses 1 Oe 

—_ (Thousand short tons and thousand dollars) 

Use . 1964. 1965 | 

. Quantity - Value ‘Quantity . Value 

~ Conerete and roadstone ~_.-----..-------- 42,508 - . $50,045 44,438 $55,777 
Riprap -------1-----+-------- +--+ 23,220 26,774 | 20,101 20,859 

Agricultural (limestone) ~.----~-.--_._--- 355 524 - 333 485 
Other uses ~--~------~~-----~~-----.~---- 521 677 6,866 5,828 . 

Total -_-_-------------------___-_. 66,604 78,020 71,788 82,949 _ 

1Figures represent tonnages reported by. States, counties, municipalities, and other Government 
agencies, produced either by themselves or by contractors expressly for their consumption, often 
with publicly owned equipment; they do not include purchases from commercial producers. | 

Table 17.—Crushed stone for concrete and roadstone sold or used by producers in the — 
| CS United States, by States’; cee ; 

: a a . -(Thousand short tons and thousand dollars) - oF 

1964 © 7 . , 1965 - 

Sta a Quantity _. Value Quantity . Value | 

: Alabama .__._._-------.2--.. 18,5389 1$10,771 .. 10,975 $12,662 — 
. Alaska _--__-.--.---------- WwW WwW: WwW WwW 

oo Arizona ~~~ ~—.-~-—-— 676 _ 926... . 363 | . - 732 
Arkansas _____.----------_- 9,007 14,784 - 12,558 — 16,753 

- _ California .....---...--_-_=- 15,510 19,321 : 16,274 a 21,3878 
- Colorado __...-_--..- ee. _ 694 - 1,268 - 913 - 1,188 — 
a Connecticut ~--..--_.-_____-  §,4138 8,762 . 15,327 © 1 8,526 

Delaware .-.-......-.---___ Ww — WwW WwW OW 
Florida .----~~-2__-___. 127,270 —~ 1 30,590 1 30,258 - 233,405 

_ Georgia --.-------------- r147,239 — r 1 23,253 217,272 . 124,081 — 
- Hawaii 2 4,706 7,863 4,613... 8,558 

Idaho —_.--_-_-_-.-_.--___.. TD 1,156 1,205 - 1,860 
Illinois 0022 ~~ 81,615 41,524 35,399 45,984. 

Indiana ---.----..---.--_-.. . 15,789 20,805 18,170 23,718 
Jowa —_._.-_.__-_ 17,714 24,126 19,622 26,283 
Kansas ~~. 9,671 12,908 110,121 113,772 
Kentucky ~..-_..__________. “17,210 -. 23,762 |. 19,970: 27,346 

. Louisiana ~.2.--. 22-8. 13,931 15,292 | 15,572 — 18,181 
Maine —_____.._____....._ 663 7 °1,450 | 348 700 
Maryland —~___-____________. 10,290 18,313 11,585 © © 20,101 
Massachusetts ~_._.-_______. 5,180 =. - 8,620 | 4,901 | 8,223 
Michigan —~_________________ 4,593 . 5,464 5,614 6,540 
Minnesota ~~. -_--_________ 12,507 1 3,060 3,253 4,126 

. Mississippi ~.._.____.______. WwW WwW Ww WwW 
Missouri ~~~ ---~.-_______. 1 18,032 1 24,814 120,681 1 28,155 
Montana ___-_2~~____ 5,458 5,454 4,094 3,487 
Nebraska ~.-_-_____._______ 1,842 3,247 1,747 2,962 

. Nevada -.-----~------___-_. 62 72 277 282 
New Hampshire ___._..____. WwW WwW WwW WwW 
New Jersey .------------ - 10,379 22,004 - 10,744 ~ 21,880. 
New Mexico -..__-________. 1 766 14,221 1,182 1,786 
New York ~_-.-_-----2-- 18,281 32,678 19,941 — 34,600 
North Carolina ~_..._______. 16,958 25,954 17,676 27,180 
North Dakota ~_.___________ 27 48 59 103 
Ohio ~__-____-___- 1 18,993 124,941 1 22,465 129,747 
Oklahoma _____~-~~_--~___ , 9,952 10,148 112,586 - 112,659 | 

Oregon _.--~.--.----..__-_- 111,819 114,046 13,293 19,886 
Pennsylvania ~-__-_________ 28,983 42,279 31,389 46,597 
Rhode Island ~.-___________. WwW Ww WwW Ww 
South Carolina ~-.__.______. 15,242 17,652 5,188 7,231 
South Dakota ~.._.--_______ 1,108 1,778 822 1,294 
Tennessee _..______________ 1 21,660 1 28,111 28,101 29,087 
Texas ~--.--___ 25,746 30,248 25,318 30,713 
Utah ~ 2 t 1156 . 1297 261 513 
Vermont ____________ 1,582 2,161 1,106 1,881 
Virginia -.--_-_--__-.___-. 21,615 $2,519 26,945 38,611 
Washington ~.-_.__________ 7,709 9,745 8,208 10,488 
West Virginia _..__._______. 12,256 1 3,459 2,533 3,791 
Wisconsin ~_-_._---_-______ 10,905 10,726 12,469 12,183 
Wyoming _________________- 835 1,295 282 458 
Undistributed ~__.._________ 6,717 9,807 6,583 11,045 

r Revised. 
iy Withheld to avoid disclosing individual company confidential data; included with ‘‘Undistrib- 

uted. 
1To avoid disclosing individual company confidential data, total is somewhat incomplete, the 

portion not included being combined as ‘‘Undistributed.”
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Table 18.—Number and production of commercial crushed-stone plants in the United 
States, by size of operation 
eee 

1964 1965 - 
: Annual production Number Production Cumulative Number Production Cumulative 

. (short tons) of plants—_——_____—— total, thou- of plants—————_—————__ total, thou- 
Thousand Percent sand short Thousand Percent sand short 
short tons of total tons short tonsof total tons 

Less than 25,000____. 987 8,121 1.2 8,121 987 8,661 1.2 - 8,661 
25,000 to 50,000 _____ 845 12,408 1.9 20,529 325 11,585 1.6 20,246. oc 
50,000 to 75,000 _____ 259 16,019 2.4 86,548 212 . 12,997 1.9 33,243 

ee 75,000 to 100,000 ____ 193 16,753 2.6 - 68,3801 °° 236. 21,066 3.0 . 64,3809 
100,000 to 200,000 ___ r498 ° 71,418 10.9 r 124,719 ATT 68,441 9.7 122,750 

. 200,000 to 300,000 ___. °268 #¥F 65,211 9.9 Fr 189,930 274 66,544 9.4 189.294 
: 800,000 to 400,000 __-. 176 60,942 9.3 Tr 250,872 206 71,4838 10.1 260,777 . 

400,000 to 500,000 -__. 129 = 57,613 8.8 r 308,485 125 56,211 8.0 316,988 : 
500,000 to 600,000 ___ 103 55,448 - 8.5 r 363,933 103 56,234 8.0 373,222 
600,000 to 700,000 ___ ' 69 44,283 6.7 r 408,216 - "19 61,362 7.3 | 424,584 
700,000 to 800,000 ___ . 36 26,635 4.1 r 434,851 37 27,625 3.9 452,209 
800,000 to 900,000 __._ . 41 34,978 5.3 Tr 469,829 33 27,585 3.9 479,794 
900,000 tons and over 111 186,605 28.4 r 656,434 141 226,137 32.0 705,931 

eee 
Total -....... ° 3,215 * 656,434 100.0 r 656,484 3,235 705,931 100.0 — 705,931 

ene 

’ ¥F Revised. | . 

Table 19.—Crushed stone sold or used in the United States, by methods of transportation : 
. . : : 

| | | 1964 - 1965 
Method of transportation ae 

Thousand Percent Thousand Percent 
short tons of total short tons of total 

Eee 

Commercial: 
| Truck ~---------------------------- 486,091 60 501,882 65 

Rail ~.------------_-____-___-__- F 89,709 13 93,992 12 | 
Waterway —~--~-~----~-~~--- 60,268 8 62,535 8 
Unspecified ~~~... ---__-_____ r 70,366 . 10 48,022 6 

Total commercial ~..-...-.....-._. ° 656,434 91 705,931 . 91 
| Government-and-contractor: 

| Truck? 222 2-e 66,604 9 91,738. 9 

Grand total ..._.-________-_______ r 723,038 100 777,669 ~ 100 

r Revised. oO : | 
1 Entire output of Government-and-contractor operations assumed to be moved by truck. 

| Table 20.—Granite (crushed and broken stone) sold or used by producers in the United 

States, by uses 

o . . (Thousand short tons and thousand dollars) a aoe 

| | 1964 - 1965 | | 

Quantity ~ Value Quantity Value 

Concrete and roadstone ~.-....._..--_-._ "46,999 © — $68,060. 48,727 $71,259 
Railroad ballast -----------._-_-._--_-_ 2,604 3,327 3,036 3,791 | 

2 Riprap —--...-.---2 3,339 5,581 3,812 7,070 
‘ Fill ----.---------~~-----L-------____- 345 223 462 -. 212 
\ Stone sand  ~.- .--~-_-___- 1,292. 1,134 1,049 930 

Poultry grit ...-.-.------ 182 1,524 135 1,103 
Other uses? -.. 000 5727 T 864 2,021 . 3,647 

Total ~~ 55,488 r 80,713 59,242 88,012 

r Revised. | ; 
1 Includes stone used for agriculture, roofing granules, and unspecified uses.
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Table 21.—Granite (crushed and broken stone) sold or used by producers in the United 
: States in 1965, by States 

State _ Short tons Value State ‘Short tons Value 

Arizona —----------- 236,735 $362,186 South Carolina ~~~ 5,947,764 $8,447,400 
- California --..-----. | 4,276,338 5,220,384 Vermont -~------- -137,312 179,686 

Colorado —---------. 2,057,676 - 3,047,060 Virginia -----.---. 8,951,588 14,432,764 
Georgia —-.---------- 17,185,284 23,676,732 Washington  --_--~-- 17,560 65,920 

. Minnesota —.---~----- 616,812 857,149 Wisconsin  -_--~~-. 700,861 - 143,002 
Montana -.--------- 126,952 267,178 Wyoming) --_------ 722,873 | 1,030,285 
New Jersey —--~---. 952,925... 1,867,402 Other States! _... 4,671,173 - == 9,092,482 
New Mexico ~~-~---. 3,420 - - 5,180. Sn ND NSS NU SERENE SETS ELEN 

' North Carolina ~~--- 12,630,822 19,309,223 Total ..------: 59,241,531 88,011,749 
Oregon ----~-------- 5,436 7,766 Puerto Rico -----. 115,600 . 284,800 

"4 Ineludes Alaska, Connecticut, Delaware, Maine, Maryland, Massachusetts, Missouri, Nevada, New 
' Hampshire, New York, Pennsylvania, Rhode Island, and Texas. . 

Table 22.—Basalt and related rocks (traprock) (crushed and broken stone) sold or used 

| by producers in the United States, by uses | 

. (Thousand short tons and thousand dollars) 

| —_ | 1964 1965 7 

Use | _ 
. Quantity Value Quantity Value 

Concrete and roadstone .-------------- 56,907 $92,618 61,582 $101,830 
Railroad ballast ~--------------------- - 1,887 2,846 ~ 1,299 2,064 
Riprap -.--.-~..------_-------------- 5,051 7,243 6,260 - 8,617 
Fill wow 72 52 5,045 2,657 
Other uses? ~_- ~~~ --------------- 2,128 5,537 1,317 5,323 

| Total __------------------------ 66,045 © 108,296 75,508 120,491 

1Inecludes stone used for concrete products, dam construction, filler, filtration, poultry grit, road 
base (including stabilized), rock wool, roofing granules, and unspecified uses. 

Table 23.—Basalt and related rocks (traprock) (crushed and broken stone) sold or used 

‘by producers in the United States in 1965, by States 

States Short tons Value States Short tons Value 

California -~---_----. 2,479,058 $38,032,104 Oregon ~----.....----. 20,500,460 $26,036,112 
‘Connecticut ~._.---. 5,440,071 8,698,732 Pennsylvania -------- 3,762,500 7,228,276 

H ii ——owo oe oe ee 3 ’ s 3 ta ° eee " Idaho. Sooo oue nog «© Virginia ----.------- 8,161,265 _ 8,884,785 
M rere an nd Washington ____._-_-. 10,807,307 13,420,926 

aryland  -~~~-~---- 4,019,641 7,703,048 Wyoming ____________ 39,724 87,382 
Massachusetts —__-_-. 4,429,066 7,317,688 Other States? __._... 2,716,815 6,367,506 
Minnesota -..--~--.- 75,000 131,000 ————_—_—__.-->—_—_ 
New Jersey -------. 10,576,359 22,028,692 Total  ...-.-... 75,502,978 120,491,402 
New Mexico —___---. 84,490 248,500 Panama Canal Zone — 93,109 254,415 
North Carolina __~_. 2,389,830 3,629,720 Virgin Islands ~______ 67,948 301,975 

1Ineludes Alaska, Arizona, Colorado, Nevada, New York, Texas, and Wisconsin.
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| Table 24.—Marble (crushed and broken stone) sold or used by producers in the United Oe 

: | States,! by uses | | 

(Thousand short tons and thousand dollars) 

ee ee 
ao 1964 1965 

Use 
. Quantity Value Quantity Value 

Terrazzo —---~~---~---__ 406 $5,277 356 $5,059 
. Concrete and roadstone --.--.__.-_______- WwW WwW - 568 -1,962 

| Other uses? ~_-_-_---_-__--_-------------. 1,557 12,171 1,122. 14,364 

| Total —-----__-_-2--2-------------- 1,968 17,448 2,046 21,385 

W Withheld to avoid disclosing individual company confidential data; included with “Other uses.” 

* Produced_by the following States in 1965, in order of tonnage: Georgia, Alabama, Missouri, 
Texas, New York, Tennessee, California, Wisconsin, North Carolina, Washington, Virginia, Vermont, 
Wyoming, Arizona, New Jersey, Maryland, Montana, Colorado, Utah, and Nevada. 

2 Includes stone used for acid neutralization, agriculture, asphalt filler, cast stone, poultry grit, 
roofiing chips, stucco, whiteing (excluding marble whiting made by companies that purchase marble), 
and unspecified uses. 

Table 25.—Limestone and dolomite (crushed and broken stone) sold or used by pro- 

| oO ducers in the United States, by uses | . 

a . . (Thousand short tons and thousand dollars) | . 

| . 1964 | - —-: 1965 | | 

Se Use as 

: | | - Quantity Value Quantity . Value 

Concrete and roadstone --.--.-....--. 302,311 $397,481 337,770 $440,905 
. Flux ---------~---~-~---------------. | 31,454 -  * 44,511 32,530° . 46,851 

Agriculture 2220-00-22 26,791 46,147 28,289 48,586 
Railroad ballast -....-------....-..... 55,536 7,032 6,150 7,596 

. Riprap ~~ 0-2-2 ~ 9,943 11,509 — 13,874 14,723 
Alkali manufacture ~~ ~20. 22-2. -_-___ 3,254 3,617 2,671 2,929 
Cement-portland and natural -...._____ _ ' 92,387 T 96,335 92,110 - 96,179 
Coal-mine dusting ~~ -~...-.-._____u__ 525 2,279 614 2,578 
Fill material) ~--.-.---_~--- 742 471 703 414 

- Filler (not whiting substitute) : 
Asphalt 22-2 1,745 5,065 1,512 4,210 | 
Fertilizer ----.--.-.--___________ 430 1,127 | 515 | 1,816 
Other ____-.-----___--_-_-_______- 374 2,045. 266 1,449 

Filtration ~~-..--~-----.-..-.--_-_ 71 139 54 136 
Glass manufacture ~.....-...-__._____ 1,420 4,437 1,694 5,262 
Lime and dead-burned dolomite -...... _* 28,951 T 41,643 26,460 . 44,250 
Limestone sand ~~ _----~------~------- 1,852 3,420 1,944 3,443 
Limestone whiting! ~_.____.__________ 75 8,903 818 9,818 
Mineral food ~~.----._-_________- 684 4,077 746 3,935 
Paper manufacture ~~~ -.-~-_----.--- 363 1,100 325 . 973 
Poultry grit ~~~ ~~ 134 1,190 131 1,170 

° Refractory (dolomite) ..-.-..----___- 162 744 235 951 
Sugar refining ~~----.._..-~-__.-_-__ 852 2,298 755 1,875 

| Other uses? 0. 2,755 6,230 2,171 5,173 
| Use unspecified ....-.-.-.---.-------- 1,736 2,931 1,697 3,320 

i Total _-------------------------_ °510,247 r 694,731 554,034 148,542 

r Revised. . . 
1Includes stone for filler for abrasives, calcimine, calking compounds, ceramics, chewing gum, 

fabrics, floor coverings, insecticides, leather goods, paint, paper, phonograph records, . plastics, 
pottery, putty, roofing, rubber, wire coating, and unspecified uses. Excludes limestone whiting made 
by companies from purchased stone. ; ; 

2 Includes stone for acid neutralization, calcium carbide, cast stone, chemicals (unspecified), con- 
crete products, disinfectant and animal sanitation, electrical products, magnesia, magnesium, mineral 
wool, oil-well drilling, patching plaster, roofing granules, stucco, terrazzo, and water treatment. .
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: Marble.—Most crushed or broken marble Articles were published summarizing the 
is sold as concrete and roadstone, facing use of limestone aggregates in paving. 14 
aggregate, terrazzo, or roofing granules. A Several limestone producing operations were 
crystalline onyx marble in Montana was _ described. 15 
described.13 Sales were principally for Shell.—Output of shell increased 11 per- 

| terrazzo chips and rough or polished ex- cent in volume and 14 percent in value over 

, posed aggregate for precast decorative 1964 figures. Two shell producing opera- 
paneling. Whiter varieties found a variety tions were described. 16 
of uses, such as filler, poultry and livestock Calcareous Marl.—The average value of 

food supplements, and white sand for use mari produced in 1965 was $0.87 per ton 
in plaster, in marking sport fields, and in compared with $0.86 per ton in 1964. Marl 
terrazzo matrix. produced for cement manufacture increased 

oo . actudi j 32 percent and marl for agricultural pur- 
Limestone.—Limestone (inc luding do O- poses decreased 4 percent. | 

mite) , because of its nearly universal avail- | Sand | d te. —Us 
ability and diversified uses, was the leading. an stone, Quartz, and Quaritzite. e 

- . 7 in concrete and roadstone accounted for 65 
type of crushed stone, accounting for 71 « of the production of these rock 
percent of all crushed stone produced and P cree Ad diti © r ‘ penon f 4 © ra 
67 percent of total crushed stone value in YP * i Mona tig the . te w 
1965. The average value reported for crush- vad and are D and, and A 1 ap a . and 

| ed limestone was $1.35 per ton in 1965. san i " Oe on nd ct t usitial sanes 
Sixty-one percent was used in concrete and gravels and groune sane - 
roadstone, and 17 percent in cement manu: Crushed and Broken Slate.—Production 
facture. Totals included some crystallized of crushed slate decreased 5 percent in 1965. 

_ limestones (marble) sold for purposes Average value reported was $4.09 per ton 
| identical with limestone in areas deficient compared with $4.05 per ton in 1964. | | 

in untrecrystallized limestones such as Miscellaneous Stone.—The average value | 
Massachusetts and Connecticut. A new of miscellaneous crushed stone produced in _ 
limestone-type product appearing on the 1965 was $1.23 per ton compared with $1.24 
United States market is “oolitic aragonite” in 1964. Local use for concrete and road- 
from the Bahamas. The material, marketed stone accounted for 61 percent of total 1965 

: _ by Olefins Division, Union Carbide Corp., production compared with 53 percent in 
is a granular, natural chemical precipitate (1964. Production of crushed volcanic 
from seawater and contains 54.40 percent cinder for railroad ballast was described in 

e e e . Pp e e 

calcium oxide (97 percent calcium carbon- a journal article.17 . Pp J | 
7 ate) , calculated. —_—__ | a 

. 13 Trautter, W. E. New Montana Plant Makes 

7 American Iron and Steel Institute figures Variety © yer rized, ° prusned. aNGe pe. Marer | 
indicate that 61 percent of limestone for 112, 114. , , ; 
flux was consumed bv i blast £ 99 14 Limestone. Limestone-Nature’s Best Paving 

y 1ron Dlast rurnaces, Material. V. 2, No. 1, March 1965, pp. 18-21. 
percent in making iron ore agglomerates, National Limestone Institute, Inc., ABC’s of 

d the bal . 1 ki A Flexible Limestone Pavement for Subdivision 
an € balance in stee making. AN average Roads and Parking Areas. Paving Pamphlet, 
of 0.279 tons of limestone per ton of pig January 1965, 4 p. . 
: ‘red in blast £ 15 Levine, Sidney. Country Music Helps Lee 
von was required in as urmaces COM- Crawford Peddle Aggregate and Aglime. Rock 
pared with 0.274 tons of limestone in 1964. Produets, v. 68, No. 10, October 1965, pp. 

Respective Canadian requirements reported Rock Products. Rock Dust Round the Clock. 
were 0.198 tons for both years. ‘The Institute Vipers No. 6, Q une 11985, PP. 88-89. | MG ; 
‘ * ° aeler, . . olomite a ativiaad. ineralis 

also reported a 41-percent increase 1n the processing, v. 6, No. 5, June 1965, pp. 16-20. 
amount of lime used in the various basic 16 Pit and Quarry. Southern Industries New 
oxygen processes for steelmaking. In 1965, Snel, Dredge. V. 58, No. 3, September 1965, pp. 
55 percent of lime used for steelmaking was Taeler, D. H. They Sell Clam Shells. Minerals 
for the basic oxygen process, 32 percent for 270cessing, v. 6, No. 10, October 1965, pp. 46, 
open-hearth, and the balance for electric % Construction Methods and Equipment. 
and bessemer Crushed Volcanic Cinders Used as Track Ballast. 

. V. 47, No. 8, August 1965, p. 29.
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Table 26.—Limestone and dolomite (crushed and broken stone) sold or used by pro- 
. ducers in the United States in 1965, by States, and uses 

SSE 

Riprap Concrete and roadstone Fluxing stone 
eee 

State 
. Short tons Value Short tons Value Short tons Value 

Alabama —.. 222 _____e. 77,383 $101,608 867,124 $1,394,739 10,185,299 $12,208,595 
Arizona ~~~~----~--_-~____- WwW WwW Ww WwW 59,988 105,602 
Arkansas ~-22--2~ ~~ WwW WwW - WwW W 2,687,865 3,779,716 
California .-.----.-.--..___ WwW WwW WwW WwW WwW W 
Colorado ~--.---.---_--.--. WwW WwW WwW WwW Ww WwW 
Connecticut —--.--------e ee LL ~--nee WwW WwW ~--~-~ ~--ne 
Florida -...0....----_______ WwW WwW woe eee -----. 380,258,300 33,405,119 
Georgia ~...-----___._____. WwW WwW Ww Ww 2,139,537 2,929,288 
Hawaii ~~ ~--o02- 460 2,300 1,600 4,000 445,592 784,433 Idaho ~--------------------.  ---_- ---... WwW Ww —----~ ------ 
Iinois -....-------.-----_ 724,320 1,071,079 390,909 556,098 35,899,282 45,984,029 
Indiana ~_----.--_-_..__.___. 142,966 229,505 35,680 © 50,300 18,169,790 28,718,356 
Iowa ~~---------.-...---__. 450,144 575,473 Ww W 19,622,408 26,283,456 
Kansas ~~.-.----_-__---.-. 1,189,802 1,081,812 ee -----— 9,927,107 18,356,196 
Kentucky ~~--.----__-_____- WwW WwW woo -----— 19,969,952 27,345,994 
Maine 22-222 --- —-- wee ~~ W Ww 
Maryland ~_~_~~-~.~._____. WwW Ww WwW W 7,184,784 11,989,742 
Massachusetts ~--.--..-_.-_. ~---- _---- Ww W Ww WwW 
Michigan ~~~ ~~~. 99,952 150,915: 12,550,357 14,447,480 5,613,846 6,540,406 
Minnesota ~-.---------._-.. 159,263 99,671 Ww WwW 3,043,307 3,712,858 
Mississippi ~----_._.-_-_-~.. 1,168,956 1,163,956 ae ~--- eee woe 

} Missouri ~---....__-------~-. 2,873,070 2,383,311 Ww W 20,681,018 28,155,335 
. Montana ~~~ ~~ ee. WwW WwW WwW Ww WwW WwW 

- Nebraska ~~---.------------ 1,589,953 1,910,966 ee ee 1,747,328 2,962,000 
Nevada —.----------------- ------ Ww WwW W. WwW . New Jersey ~---------------  -- a Ww Ww WwW WwW 
New Mexico ~~ ...-~-____. 11,867 17,800 Ww - WwW 866,079 1,313,956 

; New York —____-_.---_-_____ 86,983 175,406 29,949 65,074 17,025,697 29,514,291 
North Carolina ---------22-. LL a woe anne W WwW 
Ohio ~_-------------.-----_.. 217,947 314,013 5,811,483 8,875,833 22,465,082 29,746,533 
Oklahoma ~~-~-~-.-._.__ __. Ww Ww wee wee )~=— 10,529,728 - 10,567,187 
Oregon ~~~--- WwW Ww Ww Ww 2,000 4,000 

- Pennsylvania ~..-.--_-__.__ WwW Ww 6,289,887 11,197,022 24,041,261 84,862,283 
Rhode Island ---------------  ----_. ------ Ww Ww a----- -----~ 
South Carolina -.----------- ~~ Ww WwW WwW . Ww 
South Dakota ~._.--..___-_- Ww WwW a ween 392,091 611,218 
Tennessee —....--_-.-.-___-. ‘WwW WwW Ww W 28,101,188 29,086,521 
Texas ~--.-------____.---~.. 1,009,532 1,245,305 Ww W 17,685,554 18,390,288 
Utah ~~~  W Ww WwW WwW WwW WwW 

: - Vermont —---------------~-. WwW WwW an --~--- WwW WwW 
Virginia ~-J.--.-___________ WwW Ww 1,018,109 1,588,002 14,065,792 18,124,010 
Washington ~ --------ee LLL ~----- Ww Ww Ww WwW 
West Virginia ...._..______. WwW Ww WwW WwW 2,532,699 3,790,891 
Wisconsin ~~.-..-_-_________ 67,269 62,414 10,634 12,794 11,622,954 11,798,014 
Wyoming -.-.-_-_-________. 31,033 54,517 Ww Ww ~ 180,257 264,297 
Undistributed .__.__._._.._____ 4,027,878 4,082,611 5,524,678 8,659,292 6,174,775 9,620,602 

Total .--_-_-----_-.-. 18,878,77814,722,662 $2,529,910 46,850,629 337,770,355 440,905,166 
American Samoa —...______- ~---- a —--o-e ~----- ~----~- ----+-- 
Guam ~~------- ee ~----- ------ ------ w WwW 
Puerto Rico ....___________. 16,600 11,000 W~--- -----— 2,068,368 4,996,694 
Wake Island —~_.____________ Wao ------ wan ~-- 1,253 3,807 

W Withheld to avoid disclosing individual company confidential data.
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Table 26.—Limestone and dolomite (crushed and broken stone) sold or used 

by producers in the United States in 1965, by States and uses—Continued 

Railroad ballast Agriculture Miscellaneous Total 

State 
Short tons Value Short tons Value Short tons Value Short tons Value 

Alabama --.--. WwW Ww 546,291 $892,282 WwW W 17,486,167 $20,592,896 
Arizona .----. --.~-- ~~ —woo-e ~----— 1,255,911 $1,612,322 1,601,867 2,146,626 
Arkansas ~~~ ~----- -----— 273,417 457,995 1,687,038 2,002,667 5,363,933 7,029,864 
‘California -—--. ------ ---... 20,329 118,099 13,500,894 20,092,780 15,259,134 21,999,024 
Colorado —.--- ---—-- ~~. -----— --.---— 1,465,815 2,840,545 2,203,140 4,063,198 
Connecticut —- ----- —----- WwW WwW WwW WwW 259,404 1,043,790 
Florida .----. 508,700 $785,849 660,970 2,136,057 Ww W 34,824,723 38,972,846 
Georgia -.-....  W WwW 189,155 331,457 Ww ' W38,348,652 4,777,956 

‘Hawaii ------ = ------ ~~ W WwW W W = 947,175 1,314,022 
Idaho w------. 0 ee ananen ~---- _-a- ee Ww Ww WwW WwW 
Illinois -..-... 557,793 527,615 4,754,899 7,058,200 5,233,220 5,970,160 47,060,373 61,162,176 
Indiana -_.... 435,841 544,255 2,458,392 3,488,602 2,786,920 2,626,808 24,024,589 30,657,826 
Jowa ---.---.. 143,991 127,953 1,847,839 2,860,839 WwW W 25,873,741 35,265,515 
Kansas ~~ WwW WwW 521,579 850,086 WwW W 14,657,016 18,950,947 
Kentucky ~___ ‘W W 2,221,865 8,120,335 732,132 977,546 26,028,574 34,532,384 
Maine ~...- 51,362 82,179 WwW WwW WwW W 900,755 1,385,185 
Maryland —.- WwW W WwW W 2,366,251 5,390,040 9,692,378 17,756,183 
Massachusetts ~o- ee ~----— 187,526 621,836 498,527 2,386,379 712,596 3,058,950 
Michigan —.. WwW WwW 609,298 1,068,557 WwW W 384,569,947 36,228,183 
Minnesota --.. WwW WwW 292,625 465,842 WwW W 3,559,643 4,630,965 
Mississippi ~-- ~----- ---—-~ Ww WwW Ww W = 1,495,808 1,493,358 

- Missouri ~~... WwW W 38,509,192 5,572,749 17,730,523 18,423,607 34,947,623 49,726,148 

Montana ~~... -----— -----— ~~ ee 931,915 1,250,624 1,017,738 1,443,005 
Nebraska -... _____. ----- w Ww w ‘W 4,188,826 6,587,971 
Nevada -----. 9 ------ _-- ee eee ------ Ww Ww Ww w 
New Jersey _. ______ _----- Ww Ww Ww Ww w WwW 
New Mexico _. 9 ______ ------— _—-— eee Ww W 1,452,401 - 2,084,281 
New York --_. 556,742 909,849 378,752 1,352,580 9,447,027 8,937,223 27,525,150 40,954,423 
North Carolina 3,229 4,359 10,884 - 21,768 WwW “W 3,708,808 5,600,484 
Ohio ~_-.-~~~. 1,103,486 1,358,624 2,030,844 3,626,179 9,904,349 15,995,991 41,533,141 59,917,173 
Oklahoma  —-_-. W WwW 220,851 817,828 2,282,506 3,695,867 18,118,526 14,740,290 

. Oregon -----.  _ __-_- _----- WwW W 618,173 908,689 625,518 927,151 
Pennsylvania . WwW W = 1,236,490 3,731,886 15,751,062 21,990,745 47,914,046 72,552,031 

Rhode Island - = ______ eee WwW Ww WwW WwW WwW WwW 
South Carolina  — ___ --.--- WwW Ww WwW WwW Ww Ww 
South Dakota. 110,208 129,624 - ee Ww Ww 862,726 1,402,917 
Tennessee --.. 304,275 369,828 2,208,537 2,810,964 3,144,971 4,237,093 28,801,191 36,564,246 
Texas —--.-.~ WwW W . 432,990 598,643 1,727,743 9,486,248 27,864,497 30,719,987 
Utah —-_.-.--- Ween _a---e WwW W 937,938 2,272,673 1,852,365 3,733,580 
Vermont —.--. Ww WwW WwW W W W == 1,318,282 4,237,150. 
Virginia _.... 265,498 349,388 1,295,064 2,319,572 WwW W 21,875,227 31,941,437 
Washington -. woe ~--_.~ 23,599 92,879 1,348,708 2,632,552 1,416,736 2,853,654 
West Virginia 636,051 797,883 125,444 299,506 2,472,980 4,575,469 7,801,150 18,272,830 
Wisconsin —-.. W W 1,116,031 1,484,917 Ww W 12,941,828 13,666,511 
Wyoming __.. Ww W —--- _~----- 484,997 1,046,327 764,191 1,465,714 
Undistributed 1,472,528 1,608,447 1,120,994 2,891,779 48,211,698 55,529,168 3,139,312 7,089,393 

Total ~. 6,149,699 7,595,853 28,288,857 48,586,437 135,421,298189,881,523554,033,897 748,542,270 

American 
Samoa —_..- -----~ ~---.~ ------ ------ 60,000 60,000 60,000 60,000 

Guam -------. 0 wee ee -o-- eo Ww Ww 482,839 925,030 
Puerto Rico —- woo nne ~-- 92,600 295,150 2,057,942 1,804,422 4,235,510 6,607,366 
Wake Island wana ~an ee woe _aoon-- ------ 1,253 8,807 

W Withheld to avoid disclosing individual company confidential data; included with ‘‘Undistributed.”’
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| ; | . Table 27.—Sales of fluxing limestone, by uses ae | 

| — '.. (Thousand short tons and thousand dollars) 

Blast furnace Open-hearth Other smelters 1 Other metallurgical 2 Total 
plan: 

- Quantity Value Quantity Value Quantity Value Quantity Value — Quantity Value 

1956-60 
- (average) 23,815 $383,663 7,026 $10,195 928 $1,185 - 718 $1,089 32,482 $46,132 

. 1961 --_-.. 18,129 25,891 6,412 10,056 896 1,205 1,761 2,573 27,198 39,725 
1962 :__.-.. 16,996 23,062 6,411 — 9,835 646 952 2,028 2,972 26,081 36,821 

‘ 1963’ _.---. 18,514 26,456 5,772 8,511 741 1,162 2,158 3,193 27,185 39,322 
1964 -..... 22,864 31,437 5,625 8,082 1,075 1,278 ~ 2,890 8,714 31,454 44,511 . 

: 1965 -..-.. 238,168 32,980 5,594 8,189 1,167 1,487 2,601 4,195 32,530 46,851 

1Includes flux for copper, gold, lead, zinc, and unspecified smelters, . 
2 Includes flux for: foundries and for cupola and electric furnaces. 

BS Table 28.—Shell sold or used by producers in the United States, by uses 4 

. | | “(Thousand short tons and thousand dollars) 

‘ , | . . 1964 . 1965 - 

/ — Use oo. 8 per oo Be , 
: . . . ‘ Quantity Value Quantity Value 

" Concrete and road material ~...-....____ 12,738 $18,529 15,111. $22,047 | 
Cement. ~~~. 5,042 5,921 4,938 7,271 

os Lime ~22 2 1,045 1,379 329 371 
- Poultry grit wee 545 : 8,677. 422... 3,072 , 
Other. usés 1 ~----~~~------------------=- 123 . 651 . 760 ~*~ 1,558 

| Total ------------------------t- 19,498 s(80,187 Ss, 560 84,314 | 

| 1 Includes, whiting, asphalt filler, other filler, mineral food, and unspecified uses. . 

| Table 29.—Shell sold or used by producers in the United States in 1965, by States | 

| State Short tons Value State Short tons Value a 

Arkansas -_--------. 2,165 $161,430 Texas ------_-_.. 9,689,357 $15,855,914 
Florida eee eee 1,404,380 2,168,639 Other States meee 3,012,150 . 5,722,860 

Louisiana — ~~... _. 7,452,421 10,905,244 Total .._-.. 21,560,473 34,314,087 

1Includes Alabama, California, Maryland, Mississippi, New Jersey, Pennsylvania, and Virginia. 

Table 30.—Calcareous marl sold or used by producers in the United States,1 by uses 

(Thousand short tons and thousand dollars) 

1964 1965 

Use Te 

| Quantity Value Quantity Value 

Agriculture?) _.222-2 228 $156 219 $150 
Cement ~.~_.----~-~--- 815 743 1,072 975 

Total ~~~. ~~ ~~~ 1,043 899 1,291 1,125 

1 Produced by the following States in 1965, in order of tonnage: Mississippi, Virginia, Michigan, 
Texas, Indiana, Minnesota, Wisconsin, and Nevada. 

2 Includes marl used in mineral food.
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Table 31.—Sandstone, quartz, and quartzite (crushed and broken stone) 1 sold or used 

| , by producers in the United States, by uses _ 

me : (Thousand short tons and thousand dollars) | 

| | . 1964 - | 1965 | 
Use . Oe ” . 

oe oe | | Quantity — "Value -—-=— Quantity === Value 

Concrete and roadstone ----------------- 16,163 _— $25,898 18,757 $26,958 
Railroad ballast ---------........_....... - 1,869 - . 1,490 1,255 1,573 
Riprap ---------------------..--.------ 6,961 ©» * #9,281 “5,024 ~ - 15,589 
Refractory stone (ganister) ~--.-..____ 438 a 4,493 533 |. 5,501 

: Abrasives ~-.---.-~------- ee 56 287 81 - 409 
Ferrosilicon ~---------------1-------_--- — 98 - 612 : 104 - 610 
Filtration .-..----.._-.--_--._..---_-__- 110 - 195. 22 60 . 
Flux oo ee 522 2,122. 495 1,877 
Foundry ~~ ----~- ~~~ 44 “oe IB ~ B51 - 210 
Glass ~---_---------------~-~----~--~---- 215 782 | 394 1,297 4 
Other uses? _.__.-_-_--_--- 1,762 6,694 1,985 _ 6,889 

Oo Total -.-..----------------------_ 27,788. 51,472 28,701 50,923 

- ; . 1 Includes ground sandstone, quartz, and quartzite. Friable sandstone is reported in the chapter on 
oo sand and gravel. Se a , . : . a 

2Includes cement, fill, filler, porcelain, pottery, roofing granules, stone sand, terrazzo, tile, and 
oe unspecified uses. Oo SS . . - 

. - Table 32.—Sandstone, quartz, and quartzite (crushed and broken stone) sold or used | 
| oe | by producers in the United States in 1965, by States — | | 

- State Short tons Value — State - Short tons Value 

Arizona ~--.~-.--- 449,517 $1,096,221 Pennsylvania —--.. 2,991,463 $10,124,388 
Arkansas i----.W--. 9,614,667 10,526,221 South Dakota —-_--. 650,847 — 1,006,609 
California ~.---~.--. 4,059,003 7,148,604 Texas -..-------__ 879,790 1,412,142 

oo - ‘Colorado J.-L. — 168,175 © 421,423 Utah oui Lue. 200,872 474,552 
Illinois . .--.---___- TAA 7,440 Virginia -_._---. 899,408 1,297,872. 
Minnesota —U-----_-. , 62,886 154,045 Washington:  ____-- 100,040 483,855 
Montana ~~. _.--. 806,420 626,425 West Virginia __-.- 680,535 1,314,442 
New York —_--.-----. 634,610 1,318,140 Wyoming _____- _- 2,212 2,865 — 
North Carolina — __-. 72,391. 559,630 Other States!  __-. 4,233,220 8,378,355 
Ohio  2.----__----_e. 558,319 2,167,180 

: Oklahoma -.-..-.-..' 2,056,651 2,091,631 
Oregon ~~. ___L. 79,505 311,008 Total -_.--. 28,701,275 50,923,048 

1 Includes Alabama, Connecticut, Georgia, Idaho, Indiana, Kansas, Maryland, Missouri, Nevada, 
| New Hampshire, New Mexico, Tennessee, and Wisconsin. 

Table 33.—Slate (crushed and broken stone) sold or used by producers in the United 

States, by uses 

(Thousand short tons and thousand dollars) 

1964 1965 

Use , 

Quantity Value Quantity Value 

Granules? 2 -__-_~~_~-_ 295 $1,848 247 $1,747 
Flour 2-2-2 141 7198 155 904 

Lightweight aggregates _...._-....-.________ 703 1,963 679 1,770 

Total ..---..----_-_-_- 1,139 4,609 1,081 4,421 

1 Produced by the following States in 1965 in order of tonnage: Virginia, Georgia, Pennsylvania, 
Arkansas, Vermont, California, and Illinois. 

2Includes crushed slate used for roadstone and unspecified uses to avoid disclosing individual 
company confidential data.
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Table 34.—Miscellaneous stone (crushed and broken stone) sold or used by producers 
| in the United States, by use 

_ (Thousand short tons and thousand dollars) ” 
. 

1964 1965 

. Use a. ce 

. | | Quantity Value Quantity Value 

~ Concrete and roadstone ~_.__.___-________ 20,9538 . $26,141 20,748 $25,775 . Railroad ballast .-------.----------____ 2,774 2,106 2,283 2,351 
. Riprap —----- 2 14,201 - 16,216 - . 9,784 10,089 Se BHM Ll 200 153 200 138 : Other uses? _____ 2 1,754 .. 4,653. 1,196 3,817 

me ; 
- 

TSR 

: 

Total ~-_- ee 39,882 49,269 34,211 42,170 
ne a 

Includes stone used for agriculture, filtration, flux, roofing granules, stone sand, terrazzo, and 
unspecified uses. oo 

Table 35.—Miscellaneous varieties of stone (crushed and broken stone) sold or used 7 / 
| | by producers in the United States in 1965, by States a | 

State Short tons Value State Short tons Value . 
EEE eee neem te eae Arizona --..-... 48,064 $102,495 South Dakota — _..__. 14,068 24,117 : ‘Arkansas ~ ...-- 6,158,567 7,960,389 Utah —~_---___~---____ 100,366 $200,732 

California -...-_ | 15,776,624 19,084,485 Wyoming —. ~~~ _____ . 57,302 — 92,183 
Hawaii —__.____ 654,932 773,964 Other States} -_._.__ 3,842,191 6,382,749 a Montana —__.___ 4,053,626 3,509,781 
New Mexico  —._. 316,442. 472,326 . 
North Dakota ___ 355,618 624,319 Total ~~... 34,211,097 42,170,229 . 
Oklahoma’  __._.. 1,232,776 705,036 Panama Canal Zone  — 60,309 111,683 
Pennsylvania —__ 1,600,521 2,237,708 Puerto Rico ~~~ _. 839,500 1,805,900 

EEE 
1Includes Alaska, Colorado, Kansas, Louisiana, Maine, Maryland, Massachusetts, Missouri, Mon- _ tant, Nevada, New Hampshire, New Jersey, New York, Rhode Island, Texas, Vermont, and Washington. Se 

| | : FOREIGN TRADE | 

The most important export items were Crushed stone importes were mostly whit- 
| $4.1 million worth ‘of crushed stone to . — eo | mm : ing from Europe and stone chips from . Canada and $100,000 worth of crushed lime- 8 | P P 

stone to Chile. | Canada and Europe.
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Table 36.—U. S. exports of stone | 

Crushed, ground, or broken 

Building and i 
_ monumental 

stone Limestone Other 

Year . Other 
Cubic Value Short Value ‘Short Value manufacturers _ 

feet tons tons of stone 
| . (value) . 

1956-60 (average) --. 393,187 $1,176,352 985.614 $1,635,550 157.856 $3.066,631 $487,232 
1961 -.-.-..--------. 485,173 1,595,805 790,912 1,596,122 128,149 3,026,785 - 429,604 
1962 ~..--_--------... 584,919 1,795,048 621,177 1,546,663 114,744 2,166,167 - 601,389 
1963 ~-.....----.---. 452,167 1,669,098 762,658 1,752,930 110,949 2,095,217 584,582 
1964 ....-------.... 441,312 2,027,016 1,369,728 2,079,240 105,504. 26013.078 . 676,766 - 
1965 -..--.---------. 1 264,407 1,258,572 1,165,327 2,905,338 73,096 1,955,103 1,479,682 . 

1 Beginning Jan. 1, 1965, dolomite separately classified, 253,436 short tons; ($2,031,515). 

7 _ Table 37.—U. S. exports of slate, by uses! _ 

. (Value) . 

Use 1956-60 1961 1962 1968 1964-1965 . 
BO oan a _ (average) sO 

7 Roofing —.._--..----_----------------- $9,152 W $15,096 Ww WwW Ww 
Structural, flagging, flooring, granules . 

(1956-59), and flour -.-...-.....--... 140,392 $9,154 16,321 $20,081 $17,268 $19,711 
Other uses? ~------_----_.----------- 107,941 78,918 . 84,639 - 66,228 48,312 656,297 

Total ~-------------.----------. 257,485 88,072 116,056 76,309 60,575 76,008 

W Withheld to avoid disclosing individual company confidential data; included with ‘Other uses.” 
1 Figures collected by the Bureau of Mines from shippers of products named. 
2 Includes electrical slate, school slate, blackboards, billiard tabletops, millstock (unspecified), and 

sculpings. 

WORLD REVIEW | 

| Canada.—Plans were announced to mine’ distance was 65 miles due to uneven dis- 
vein quartz at St. Urbain, Quebec, to supply _ tribution of workable deposits. | 
the abrasive, glass, and silicon industries. Japan.—A 10-mile-long conveyor belt, 
Indicated reserves were reported to be 33. the longest in the world, was being built 
million tons, averaging 98.69 percent silica to transport crushed limestone from a 
and 0.28 percent iron.18 Another silica quarry to a seaport. The belt will travel 
deposit was reported on the shore of Hol- through 14 tunnels, crossing numerous | 
berg Inlet on Quatsino Sound, British highways and a main railroad line. 
Columbia, and a limestone deposit was ex- = —_________ 

lored o s rinc Roval 1% The Northern Miner (Toronto, Canada) 
P de n the west coast of P ess Noya Leeds Metals Moves Into High Gear On Silica 
Island in the same proyince. Several Cana-  Qperation. No. 31, October 21, 1965, pp. 1, 7. 

dian crushed stone operations were de- ,_* Rock Products. Market Dictates High-Capa- 
tbed.19 city Material Handling. V. 68, No. 9, September 

scribed. 1965, pp. 66-67, 
Th a fC Trautfer, Woe Hew 200 Th. Quebec 

Hungary.—The quarrying in ustry oO rus tone Plant Has Many Features. Pi 

Hungary was described.20 Igneous rock 2nd Quarry, v. 58, No. 5, November 1965, pp. 
was the leading crushed stone followed by Ma, Fish, B. G. Quarrying in Hungary. Quarry 
crushed limestone. The average haulage 9655, gag hendon). v. 49, No. 11, November
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Table 38.—U. S. imports for consumption of stone and whiting, by classes 

- 1964 1965 

Class - Quantity Value Quantity Value 

Granite: . 
Monumental, paving and building stone: 

Rough ~__-~.-.----.-.--_----..-..._cubic feet. 144,907 $656,170 166,192 $790,530 
Dressed, manufactured __--_.........._..do___.. 155,278 1,615,210 101,242 1,265,051 

Not manufactured and not suitable for monumental, 
paving or building stone —_____...___short tons_. 237 3,452 236 3,373 

Other, n.s.p.f. ------.------_- wane 82,940 Woe 63,436 

Total ~----------------- 2,807,772 ---.-. 2,122,390 

Marble, breccia, and onyx: . 
In block rough or squared _...__-...--.cubic feet... 104,137 813,561 68,300 568,795 
Sawed or dressed over 2 inches thick ~-_._._do_.___ 10,371 145,324 10,383 82,134 

os Slabs and paving tiles __.._._....____superficial feet__ 7,475,465 6,531,942 7,178,148 6,449,896 
All other manufactures ~.-----_-..---------------.  -----. 4,708,814 __.-__ 4,416,961 

Total ~--.~---.--_-_-_------- eee ee 12,199,641 9 11,512,786 

Travertime stone: , 
Rough, unmanufactured ~_.._..._____..___cubic feet__ 112,019. 391,386 62,214 202,208 
Dressed, suitable for monumental, = 

paving or building stone __________-short tons__ 32,750 1,238,279 30,926 1,149,171 
Other, n.s.p.f. ~--.-------_ wae 258,710 a 157,693 

_ ‘Total ------------------------------:------------  ------ 1,888,875 1,509,072 
Limestone: . oo 

‘Monumental, paving and building stone: . 
Rough ~-----._----__-_____-__._._-cubic feet... - 1,076 - 1,963 © 900 ‘2,700 

_ Dressed, manufactured __..__.._____-short tons__ 2,788 111,748 1,560 32,447 
Crude, not suitable for monumental, 

. paving or building stone ___...._.___.short tons__ 675,443 1,014,545 624,983 - 729,268 
Other, n.s.p.f. ~-----.-- won 51,0389 ~---- 34,078 

Potal ---------------------a-- nee eee 1,179,295. «798,488 
Slate: : 

Roofing slate ~.-.....-_.._..___._...._-square feet..-°  .-.._. ~----~ 5,167 731 
eS Other, n.s.p.f. .-------------L-----------.--------. = Lee -1,400,619 w----— 1,319,121 

Total ~----------------.-------------------2-----  -----— 1,400,619 _ 5,167 1,319,852 
_ Quartzite ~--..----.-_-------------._---_---short tons__ 70,959 252,420 84,230 365,615 

. Stone and articles of stone, n.s.p. | . 
Statuary and seulptures -.....-...-.-.---____ ~----- 859,672 ~~ 416,568 
Stone, unmanufactured  ~......_._._-._._-_short tons__ 353 14,146 18,099 20,939 
Building stone, rough ~-_______-..-__-__-cubic feet._ - 605 1,480 4,574 5,659 
Building stone, dressed ......--....._-short tons... 100,425 2,028,958 1,029 39,495 . 
Other —~.-- ~~~ ~---- 134,106 ~~~ 126,597 

Total ~~~ tS 2,588,862 Woe 603,598 

Stone, chips, spalls, crushed or ground: 
Marble, breccia and onyx chips _________short tons__ 20,826 227,342 17,235 196,027 
Limestone, chips and spalls, 

crushed or ground ~..-...._-__.-__--short tons._ 325,228 388,974 477,028 777,459 
Stone chips and spalls and stone 

crushed or ground, n.s.p.f. ...-__...--short tons__ 1,254,888 935,292 898,389 896,557 

Total ~.-------_.--_-_------------_---------.--.. 9 -----. 1,551,608 ~~... 1,870,043 

: Whiting: 
Whiting, dry, ground, or bolted ~.__._-short tons__ 3,283 264,516 2,250 164,424 
Chalk whiting, precipitated ......-._.__._.___do_____ 11,019 170,161 9,775 147,556 
Chalk, whiting putty ~........._____________do_____ ----- ~----- 1 147 

Total ~~ ~~~--~-- 484,677 ~----- 312,127 

Grand total ~------~-----.~------- eee. LLL 28,752,769 20,418,971 
TT 

r Revised.
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Malaysia——A Government-operated ite was quarried for the first time in the 
| quarry at Lunchoo was described. The Richtersveld Coloured Area in Namaqua- 

granite was quarried and crushed at a rate land. : | 
of 800 to 1,000 tons per day following a- : 
modernization program started in 1961,21 United Kingdom.—Operations at several 

South Africa, Republic of.—A dolomite crushed granite and limestone quarries were 

quarry at Lyttelton was described.22 Quartz- the subject of articles in periodicals.23 

| TECHNOLOGY 

Urbanization, zoning, and the desire to basis (including explosive emplacement) 
enhance the beauty of the countryside the cost per ton of rock broken was esti- 

| placed increasing pressure on aggregate mated at 9.2 cents using a 10-kiloton ex- 

producers by restricting available sites and plosive and 1.8 cents with a 100-kiloton 

placing more stringent permissible limits device. Methods for mining with different —— 

upon operations.24 As a result research nuclear explosive configurations\were dia- 

continued on manufactured aggregates, grammed. 

| utilizing wastes such as fly ash, slate quarry, Increased aggregate mining using sub- 
and coal and other mine dumps, slags, and =‘ terranean nuclear or conventional tech- 

debris from old roads and buildings.25 Also niques would develop ancillary aesthetic 

mining of crushed and broken stone under- benefits by eliminating open pit quarries 
| ground has been of increasing interest. New in some areas. In addition, some of the 

machinery and mining methods have less- work-out operations might later prove use- 
ened the cost gap between surface and ful for underground storage or as factory 

_ underground techniques in some instances,  sites.?7 Easily controlled temperature and 

Because of the large magnitude of crushed humidity as well as security from theft, fire, 
stone demand, nuclear explosives have . _ 
attracted special attention for possible eco- _ | 

‘cal P d d mini P £ 21 Harrington, V. R. Production of Aggregates 
nomical underground mining’ 0 aggregate in Malaya. Quarry Manager’s J. (London), v. 
materials. The results of research to date 49, No. 12, December 1965, pp. 479-484. , 

breaki -ock with 1 losive 22 Holz Peter. New South African Dolomite 
on oreaking rock WI nuclear expiosiveS Plant Supplies Steel Mill and Other Needs. Pit . 
for use as agpregate were ‘summarized and Quarry, v. 58, No. 4, October 1965, pp. 184— 

Radiation Laboratory in a journal article,26 ing Limestone gt Minera. V. 40, No. 3, March 
; ey eqs oy: , pp. 83-88. 

Technical feasibility and capability have Mining and Minerals Engineering (London). 
been demonstrated by several underground High Pressure ole Drilling in Leicestershire 

experiments in hard rock. Limitations ae nite. V. 1, No. 16, December 1965, pp. 610- 
arising from safety considerations were Noo 16D Development at Hawes. Quarry. v. 1, 

. . . Oo. , December » pp. —629. 
not excessive and will permit the use of Quarry Managers Journal (London). Quarry- 
nuclear explosives at a wide choice ing. Limestone at Minera. V. 49, No. 5, May 

. . » pp. 173-180. 
of a tonnage curves showing rock ——. N ew jnstallations at grails Quarry. 

yield as a function of explosive yield V- 49, No. 7, July 1965, pp. 287-290. 
and depth of burial, fragment size distribu- October yy setae eal V. 49, No. 10, 
tion data, and per-ton cost estimates using 24 Stearn, E. W. un Southern California: Ag- 

° gregate roaucers ace ritica an ortage. 

nuclear explosives were presented and the Rock Products, v. 68, No. 12, December 1965, pp. 

cost of energy on a per-unit basis for 68 Good mW. AR h on Utilization of 
: : win, ° ° esearcn on Mization oO 

various explosives was compared. The aggregates in the National Cooperative High- 
approximate cost per million B.t.u. for way Research Program. Limestone, v. 2, No. 4, 
various blasting agents was calculated as June 1965, Pr. Fe . 2 Hansen, S. M., and J. Toman. Rock Break- 
follows: TNT $115; dynamite $100; am- ing Takes a Giant Step Into the Space Age. 

monium nitrate-fuel oil $30; 10-kiloton Beck P roducts, v. 68, No. 6, June 1965, pp. 
nuclear $8.75; 100-kiloton nuclear $1.12; 2- Da. Stearn, F Ww. Underground Storage: 9 How 

. oes It Look Today? Rock Products, v. 68, No. 
megaton nuclear $0.075. On a per-ton Cost 319 “December 1965, pp. 26-87, 96.
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or atomic attack are among the advantages metallized) ranged from 90 to 19 kilobars of such sites. Rental of the rooms or gal- but most were determined to be in a narrow | leries created by mining may in some cases range from 80 to 57 kilobars. In the 8 years 7 represent potentially greater profit to the since their introduction, slurry explosives owner than may have been realized from have earned a prominent place. 
Sale of the extracted rock products, A A large number of crushed stone opera- | quantitative estimate of potential future de- tions were described in detail.The Bureau of mand for underground space, however, has Mines published one circular on crushed 
not been made. As a result secondary use quartzite mining methods and costs, and a w has not been a- prime consideration for variety of stone quarries and plants were , conversion to underground mining in the the subject of articles in periodicals.36 Of past or at present. : particular interest were the publications — A symposium on rock drilling was pub- Gestribing new plants with automatic con- 
lished.28 Subjects covered included rotary on equipment. 
percussion drilling, jumbo design, silent 

: drills, underground big bore drilling, drill oM ' Rock Drill : moti ‘ etal Mining and Processing. Rock Drilling maintenance, and determination of effective Roundup, V. 2, No. 2, February 1965, pp. 19-82 
rock drill service life. Many of the new, . . . 9 Farmer, I. W. New Methods of Fracturing unconventional methods of penetrating rock Rocks. Mir. and Miner. Eng. (London), v. 1, were discussed in another article.29 Such No. 5, January 1965, pp. 177-184. 
techniques include vibration drilling, water- 30 Sngineering and Mining J ournal. New Drill jet penetration. thermal and electrical rock Rybigcts Rock 165 oe and Co oem Ns 100s 
fracture, the use of chemicals, and abrasive 31 Otter, J. V. Tunneling in Sandstone. Min. jets. Another drilling innovation utilizes Cong. J., v.51, No. 6, June 1965, pp. 44-45. 
superheated steam and liquid nitrogen to R Williamson, ua N. History and Noblems of _ subject rock to alternating hot and cold — j9g5. eer ay Ue apne J ve 6 : Or Or wune 
shock.s0 The thermal-cryogenic shock re- 2 Duvall, Wilbur I., and Joseph M. Pugliese. sults in a deep shattering effect at the face Comparison Between End and Axial Methods of : : : : Detonating an Explosive in Granite. BuMines of the drill. Mechanical boring of large dia. Rept. of Inv. 6700, 1965, 11 pp. 
meter rock tunnels and shafts was becoming , . . Nicholls, Harry R., and Verne E. Hooker. of more importance as technological proc- Comparative Study of Explosives. in Granite. i - Third Series of Tests. BuMines Rept. of Inv. ress in the field appeared to be accelerat 6693, 1965, 46 pp. 

5: ™ Devine, J ames Fr peichard H. Pek: pAltred i i Vv. C. Meyer, an ilbur I. Duvall. Vibration Bureau of Mi hes research on “*P losives Levels Transmitted Across a Presplit Fracture _ continued. During the year, publication of Plane. BuMines Rept. of Inv. 6695, 1965, 29 pp. results centered on work performed in x Paine, Robt. S., and N. A. Eilertsen. Mining granite.82 Performance of various explosives Method, Technique, and. Cost, of Fresplitting the “s : . ood Control Gate Shaft, Littleville Dam, Hunt- in granite were compared and explosive ington, Mass. BuMines Inf Cire, S378, 1900 properties related to rock breakage. Methods 28 pp. 
of detonation were also discussed. Presplit- 85 Nelson, R. G. Blasting Slurries. Limestone, ting techniques continued to become more v- 2» No. 1, March 1965, pp. 36-89. 
ommon practice means of preventin % Harris, A. T., J r., and W. T. Millar. Quartz- c prac as @ . Preve 6 ite Mining and Processing Methods and Costs overbreakage and to yield clean, oriented 4; the Honey Brook, Pa., Plant of George F. excavations walls.33 The Bureau of Mines Pettinos, Inc. BuMines, Inf. Circ. 8248, 1965, 21 . ws pp. published the results of a mining methods . | . : ——.__ New Site + New Plant = Top and cost study of one presplit shaft in Service. Pit and Quarry, v. 57, No. 8, February Massachusetts.3¢ Explosive slurry develop- 1965, pp. 114-124. 

ments were reviewed. 35 Such blasting agents Naw Ox Full Range of Road Materials From : : . ew Crushe tone Plant. Pit an uarry, v. are realy rom Pactee ‘ble cute most effec- 57 "No. 12, June 1965, np 82-83 86, 30. 
tive utilization of availa Ne exp. osive en eTBy: Herod, B. C. Crushed Stone Plant Key Factor and they are also relatively insensitive to ip Harnessing Water Power. Pit and Quarry, accidental detonation under mechanical im- _ v. 58, No. 4, October 1965, pp. 78-83. 
pact. The detonation pressures of commonly Utley, H. F. Granite Rock Builds Automated ially availabl ] : includin Base Rock Plant. Pit and Quarry, v. 57, No. 9, commercially available slurries (including  yarch 1965, pp. 136-139.
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Some communities have, upon occasion, by the Japanese National Railways and 

complained of dust nuisance arising from inidcated that maintenance of railroad 

| operations of the rock products industry. right-of-ways can be substantially lessened = 

The emission of incidental dust can be con- by using asphalt concrete or macadam to | 

trolled and this can be done within the — stabilize roadbeds.38 Asphalt stabilization 

| scope of existing technology and at realistic not only improved subgrade conditions but 

costs. A review of dust collection practices also lessened substantially ballast settlement 

and available equipment was published.37 rates. The concomitant increase in bed 

The article included an outline of factors bearing-power and durability resulted in 

involved in defining and solving rock dust less frequent reballasting with savings in 

control problems, examples of representa- aggregates, labor, and downtime on the 

tive air pollution codes, and cutaway dia- right-of-way. If these new methods prove 

grams of basic equipment. economically feasible over extensive systems, 

Stone conservation technology has been of Such as the planned high-speed, heavy traffic 
significance in many market areas due to line from Washington to Boston, stone and 

resource depletion and high relative trans- gravel ballast requirements could be sub- 
portation costs for this bulk commodity. stantially lessened in the future. A more 

Longer transportation hauls result in in- comfortable and safer ride are ancillary 
| creased crushed stone costs at the market benefits to be anticipated for passengers. 

site and concomitantly encourages investiga- S Levine.” Sian What You Should K 

tion of means of lessening aggregate te- pout Dust Collectors. Rock Products, v. 68, ‘No. 
quirements for various end uses. A typical 4, april 1965, pp. 5865, o. h a Diff vy 

example of such research was carried out 47, No. 4, October 1965, p. 12, —~SOSS



Sulfur and Pyrites 

By Paul M. Ambrose: | 

In 1965, the third successive year that Louisiana with production of more than : 
demand for sulfur exceeded production, re- 3.5 million long tons was the leading State. 
quirements was largely met by tremen- The next was Texas where almost 3.2 mil- | 

| dously expanded production at some mines lion tons of Frasch and recovered sulfur 
and heavy withdrawals of producer stocks. was produced. Shipments of elemental - 
The United States continued to be the — sulfur consisting of current production and 
leading nation in production, imports, ex- withdrawals from stocks in Texas were 
ports, and consumption of elemental sul- more than 700,000 tons greater than ship- 
fur. Among the leading nations in sulfur ments from Louisiana. | 

_ production, U.S. output exceeded some Prices became more firm and higher re- 
early expectations, Canada and France turns were realized by elimination of al- 

| each produced as anticipated, and pro-  Jowances and discounts to recover most of 
duction and exports from Mexico were less the transportation and terminal costs for 
than planned. Decreased availability of Frasch sulfur within the United States. | 

| sulfur from Mexico was the principal but _The price for export sulfur increased more 
not the sole reason for the free world short- than that for the domestic market. 

“eT approxima I maton ee i Legislation and Government Programs. a 
. n’ dj “the U sed Stat ° es d Ur —Sulfur rights on 72,000 acres of offshore 

making f nal © lt h “hee was re ted land in 50 separate tracts of 1,440 acres 
making teriizer. as been estimate each were leased to seven companies or 
that 77 percent of the increased domestic . aye . 
demand was for the fertilizer industry combines for $33 million, an average price 

This resulted in the fertilizer industry using of $468.61 per acre, the highest price ever 

45 percent of the sulfur in 1965. 1 Commodity specialist, Division of Minerals. 

| | Table 1.—Salient sulfur statistics 
(Long tons, sulfur content) 

1956-60 1961 1962 1963 1964 1965 
(average) 

United States: | 
Production (native)--. 5,277,099 5,477,493 5,025,418 4,881,927 5,228,365 6,116,273 

All forms._..-.-._ 6,758,290 7,172,479 6,757,211 6,643,802 7,092,734 8,211,767 
Exports, sulfur_.._.._. 1,658,517 1,596,043 1,553,986 1,612,637 1,928,092 2,651,735 
Imports, pyrites and 

: sulfur__...-.-...-- 694 , 529 966,417 1,185,073 1,460,680 !1,582,211 11,625,093 
Stocks Dec. 31: 

Producer, Frasch 
and recovered 
sulfur__.........--. 4,196,460 4,813,521 4,934,238 4,682,496 * 4,226,524 3,425,161 

Consumption, ap- 
parent, all forms ?__ 5,667,980 5,893,000 6,243,600 -6,607,000 * 7,259,711 7,958,547 

World: Production: 
' Sulfur, elemental___.-. 9,139,000 11,490,000 11,990,000 12,590,000 13,870,000 15,120,000 

Pyrites__....-...---.- 7,980,000 8,750,000 8,900,000 8,900,000 9,200,000 9,600 ,000 

r Revised. 
1 Includes estimated 120,000 tons of sulfur in pyrites imports for 1964 and 160,000 tons for 1965. 
2 Measured by quantity sold, plus import, minus exports. 

232-748 O-67—57 889
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received for mineral lease rights except for Co., 5 tracts for $11,964,260 ; Atlantic Re- 
| certain oil and gas drainage tracts. Lease fining Co., 5 tracts for $4,451,270; Texas. 

rights would last for 10 years and provide Gulf Sulphur Co. and Gulf Oil Corp., 
for a royalty rate of 10 percent of the gross 7 tracts for $2,447,440; Shell Oil Co., 3. 
production or value of the sulfur at the tracts for $123,784.80; Continental Oil 

| well head but would not be less than $2 Co., Atlantic Refining Co., and Cities 
per long ton. Successful bidders, number Service Oil Co., 1 tract for $92,354 and 
of tracts, and prices were Humble Oil Co., Continental Oil Co., 1 tract for $57,600.2 
26 tracts for $14,603,000; Freeport Sulphur | 

| DOMESTIC PRODUCTION 

Native Sulfur.—The 10 Frasch process In 1965 Freeport Sulphur Co. was the 
. mines in operation through 1965 were the only major producer of sulfur in the world 

4 mines of Freeport Sulphur Co. at Grande to achieve a substantial increase in output. 
| | Ecaille, Garden Island Bay, and Lake That company’s production was approxi- 

Pelto in Louisiana, and Grand Isle, 7 miles mately 30 percent greater than in 1964 
off the Louisiana coast in the Gulf of and resulted in the production and sale of | 

Mexico; 4 mines of Texas Gulf Sulphur’ more than 3.5 million tons of sulfur. Out- 
Co. at Newgulf, Fannett, Moss Bluff, and put would have been greater except for the 
Spindletop in Texas; 1 mine of Duval loss of the equivalent of about 9 days pro- 
Corp. at Orchard Dome, Tex.; and 1 mine duction because of Hurricane Betsy in Sep- 
of Jefferson Lake Sulphur Co. at Long  tember.3 | . 
Point Dome in Texas. Texas Gulf Sulphur §=£——— | 
Co. rehabilitated the mine at Gulf, Tex., * U.S. Department of the Interior, Bureau of _ 
and started production in October. At Rd Management. Interior ‘Teeases Suiphar 
yearend Texas Gulf Sulphur Co. was Dec. 21, 1965, 1 p. | 
operating five mines, all in Texas. | 1066, ve. F Sulphur Co., Annual Report 1965,



Table 2.—Production of sulfur and sulfur-containing raw materials by products in the United States | | 
. ; (Long tons) . 7 

1956-60 (average) 1961 1962 1963 1964 1965 . 

Gross Sulfur Gross Sulfur Gross Sulfur Gross Sulfur. Gross Sulfur | —- Gross Sulfur . 
weight content weight content weight content . weight content weight content weight content . 

Native sulfur or . | . 
sulfur ore: . | , 

Frasch-process 5,210,981 5,210,981 5,385,468 5,385,468 4,984,578 4,984,578 4,881,512 4,881,512 5,228,207 5,228,207 6,116,273 6,116,273 a | 
Other mines. _ __ 241,188 66,118 400 ,015 92,025 162,186 40,840 1,371 415 794 158 | 2,592 GQ). C 

Total_---.--. --------- 5,277,099 -.-..--.. 5,477,493 -.---.-.. 5,025,418  .....-.. 4,881,927 -...--... 5,228,365 —.._..... 6,116,273 3 

Recovered elemental . | | ee > . 
sulfur: . 

Brimstone. -.__- 615 ,696 613,601 861,413 858, 169 902,124 899 , 598 949 , 567 946,753 1,024,649 1,021,358 1,219,312 1,215,168 0 
Paste. _.....--- 148 67 Lee eee ee nnn eee eee eee ene ee ee eee eee eee eee eee % 

Total_....--.0 eee eee 613,668 —_..-...-. 858,169 ....--.-.. 899,598 ........- 946,753 .._.-...- 1,021,358 --------. 1,215,168 q 

Pyrites............. 1,036,859 424,831 987 ,309 398,519 915,890 379 ,046 824 , 800 343 , 566 847 , 493 353, 831 874, 957° 353 , 645 O 
Byproduct sulfuric . 

acid (basis 100 | 
percent) produced : . | 
at Cu, Zn, and 

oO Fb plants. - -.---- 1,077,392 351,949 1,016,731 331,963 1,088,397 355,362 1,089,523 355,730 1,119,976 365,706 1,330,912 388 ,021 
ther byproduct 
sulfur compounds 2. 106 ,046 90, 743 126,923 106,335 115,670 97 , 787 136,509 115,826 143 ,689 123 ,474 162,668 138,660 

Total....--..  --------- 6,758,290 -..-..... 7,172,479 -...-..-. 6,757,211 -...-.--. 6,643,802 -._..-.-. 7,092,734 ._....... 8,211,767 

1 Less than 4 unit, not included in total. . 
? Hydrogen sulfide and liquid sulfur dioxide. In addition, a quantity of acid sludge is converted to H:SQ, but it is excluded from the above figures. 

CO 
© 
poms
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: Table 3.—Sulfur produced and shipped from Frasch mines in the United States | 

- . Produced (long tons) __ _ Shipped | 

, Year 
. Approxi- 

. Texas Louisiana Total Long tons mate value 
| . (thousands) 

1956-60 (average).-.----.----..-----. 3,029,252 2,181,729 5,210,981 5,116,004 $123,963 | 
1961___...--..---------...---.-----. 2,777,674 2,607,794 5,385,468 5,082,585 117,884 
1962____.__....----------.-----..--. 2,621,974 2,362,604 4,984,578 4,917,466 107 ,069 
1963_.._....--..---------.--------.. 2,412,653 2,468,859 4,881,512 4,995,023 99,014 
1964__.._.._----.--.-.-.-.-_.-....... 2,488,975 2,739,232 5,228,207 * 6,035,670 ® 120,777 
1965_......_--..---------...---.-.-. 2,534,045 3,582,228 6,116,273 7,250,907 146,921 

r Revieed. | | 

| Table 4.—Sulfur ore (10 to 70 percent S) produced and shipped in the United States ! 

Year Produced _ ret 
| | (long tons) | 

Long tons Value 
| . . (thousands) 

| 1956-60 (average)____.--------------------------------------- 241,188 168,926 — $1, 5511 
1961___-.------.--------------- eee ee ee 400 ,015 177 , 549 1,694 
1962____._----------------------+-------- ee eee 162,186 150,550 _ 1,439 
1963 _..-..-----.-.------------------------------------------ 1,371 1,371 15 
1964____....------------------------------------------------ 794 794 8 
1965_....-..--.--.------------------------------------------ 2,592 2 , 852 11 

1 California, Nevada, and Utah. 7 | 

During 1965, Texas Gulf Sulphur Co. greater efficiencies can now be achieved in 
produced more than 2.6 million tons of the production of hot water and in its 
sulfur, an increase of 6.4 percent over 1964 transmission under pressure. Advances also 

. production. The foregoing dates include have been made in drilling, spacing, and 
that for the United States and Canada. casing of wells for sulfur recovery by the 
In 1965 several hundred thousand tons of |Frasch process, and experience has been ~ 
sulfur was withdrawn and sold from com- gained in controlling subsidence. The 
pany stocks. This large withdrawal for Frasch mine, scheduled for production in 
use tended to alleviate an already tight November, went into production in Oc- 
sulfur market. a tober—a month ahead of schedule. 

The greater part of the sulfur produced The newest liquid sulfur ship, the SS. 
by Jefferson Lake Sulphur Co. in 1965 was Louisiana Brimstone, completed her maid- 
exported. During the year 232,000 long Mm voyage in March carrying sulfur fr om 

: tons was exported from Long Point and the Freeport Sulphur Co. main shipping 
90,300 tons shipped to domestic customers Point at Port Sulphur, La., to terminals in 
from Long Point and the Tilden, Tex. sul- Florida and on the eastern seaboard. The 
fur recovery plant owned jointly with Capacity of the 612-foot vessel, operated 
Transcontinental Gas Pipeline Corp. under a long-term contract to Freeport 

Sulfur production at the Orchard Dome Sulphur Co., is reported to be 24,000 tons. 
mine of Duval Corp. was 118,550 tons in It supplemented the 16,000-ton Louisiana 

? Sulphur that has been chartered by Free- 
1965. Sales of 215,000 tons was 12 per- t si 1961. Th shio will 
cent greater than in 1964.6 port since ° € new sip wr sup- 

I d technical knowled d hich ply liquid-sulfur storage terminals at 
| ncreased technical knowledge and high- Tampa, Fla., Savannah, Ga., Charleston, 

er demand for sulfur permitted the reopen- 
ing of the Frasch-type Gulf sulfur mine in * Texas Gulf Sulphur Co. Annual Report 1965, 
M da C . 3 1966, p. 7. 

atagorda ounty, Tex. Closed in 1932 > Occidental Petroleum Corporation Annual 
because operations were uneconomic, re- Report ee 1966, p. 16. 

opening became practical partly because pp. 2, 4. orporation Annual Report 1965, 1966,



: | SULFUR AND PYRITES | oo 893 | 

| | Production 
6 fF 

o a | 

— 25 : 
° ) | 7 

| _ | 

— 4 | 
c . . 

2 | - | 

| ac oo | | 
| ~ | | | | 

Le | . 

2 | | Exports / | 

| > | a 

| | | 
—— 

— / Imports 

O : : . , 
IS45 1950 1955. IS6O0 1965 

Figure 1.—Domestic production, imports, and exports of native sulfur. 

| S.C., Warners, N.Y., Everett, Mass., and finery gases was 1,215,168 long tons, the 
| Bucksport, Me.? highest ever reported. In. 1965, 75 ele- 

It has been reported that plans have mental sulfur recovery plants were operated 
been made by Union Texas Petroleum by 48 companies in Arkansas, California, 
Division, a subsidiary of Allied Chemical Delaware, Illinois, Indiana, Louisiana, 
Corp., to reestablish production at the Michigan, Minnesota, Mississippi, Mon- 
former Union Sulphur Co. mine 6 miles tana, New Jersey, New Mexico, North Da- 7 
northwest of Sulphur, La. The first suc- kota, Ohio, Pennsylvania, Texas, Virginia, 
cessful installation of the Frasch process and Wyoming. The greatest gain in pro- 
was at this mine in 1894.8 duction over that of 1964 occurred in Texas 

Chemicals Inc. at Bartow, Fla., was the where 462,844 tons were produced in 1964 
largest single plant or plant-complex user and 638,312 tons were produced in 1965. 
of sulfur. When the fourth sulfuric acid The 1965 production in Texas was 53 per- 
plant was completed the complex might ——~—-——_... _. 

require more than 400,000 long tons of fur ‘Ship Plies the Atlantic. AEE Nott Mer. 
i i i ’ » p. 32. 

sulfur annually in making acid for the 3 New Orleans Times-Picayune, Aug. 17, 1965, 
fertilizer industry.9 p. 5. 

Recovered Sulfur.—Production of re- ®Chemical Age (London). Chemicals Inc. 

covered sulfur from sour natural and re- oe Ne Seo. Supher Soe lex in World. V.
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: - Table 5.—Recovered sulfur produced and shipped in the United States 
. (Long tons) . | 4 

Production . Shipments . 

- Year CT 
oo Gross Sulfur Gross Sulfur Value 

weight . content weight content (thousands) 

1956-60 (average) ------=------------- : 615,697 613,601 594,107 592 ,030 | $15,183 
1961____._---------+---------------- 861,413 858 , 169. 834,046 831,001 18,861 
1962____..-------------------------- 902 ,124 899,598 | 909,964 907 , 340 19,599 
1963____._-------------------------- _ 949,567 946,753 932,147 929,369 19,401 
1964____.__.____--------..---------. 1,024,649 1,021,358 993 ,643 990 , 437 21,088 
1965____._____-___---__--_.--.--.---- 1,219,312 1,215,168 1,172,840 1,168,831 24,574 | 

cent of total U.S. production. of recovered having a sulfur content of 322,000 tons and 
elemental sulfur. The only other State to valued at $5,030,000. The grade of concen- 

_ produce more than 100,000 tons was Cali- trates marketed averaged 47.7 percent sulfur. 
fornia with 123,993 tons. | Byproduct Sulfur Compounds.—Copper 

New recovered sulfur plants first report- and zinc plants in the United States pro- 
ing production in 1965 were National Sul- duced sulfuric acid from smelting sulfide 
phur Co., Loring, Miss.; Warren Petroleum ores. Either hydrogen sulfide or sulfur 

- Corp., Como, Tex.; Pan American Petro- dioxide was recovered from 10 plants | 
_- leum Corp., Beaver Creek, Wyo.; and Ral- owned by 9 companies in California, 

ston Processors Associates, Ralston, Wyo. Louisiana, New Jersey, Pennsylvania, and 
| Only one plant, Pan American Petroleum Tennessee. The hydrogen sulfide produc- . 

Corp. at Cottonwood Creek, Wyo., ceased tion was from oil refinery gases and the 
production in 1964 and did not report pro- sulfur dioxide was from smelter gases. 
duction in 1965. Additional recovery of acid from smelt- . 

Pyrites—As in recent previous years ers was planned. American Metal Climax 
| Tennessee was the leading producing State Inc., The Bunker Hill Co., and The New 

. followed in order by Pennsylvania, Arizona, Jersey Zinc Co. are among those that may 
Colorado, and South Carolina. Pyrite con- have new or expanded plants operating 
sumption by producers was 809,000 tons, before yearend 1966. 

- Table 6.—Production and shipments of pyrites (ores and concentrates 
in the United States) — 

-_ (Long tons) 

Production Shipments | 

Year | 
Gross Sulfur Value Gross _ Sulfur Value 

. a weight content (thousands) weight content (thousands) 

1956-60 (average) .-_____- 1,036,859 424,831 $8 , 580 139 , 805 | 67 ,050 $946 
1961_.__..____---------- 987 , 309 398,519 7,418 117 ,957 56,870 816 
1962____.__.------------ 915,890 379 ,046 6,809 64,476 31 ,382 359 | 
19638___...-------------- 824,800 343 , 566 5,698 72,618 33,449 303 
1964__-_..-2.----------- 847 ,493 353 , 831 5,471 49 ,829 23 , 832 239 
1965....---------------- 874,957 353 ,645 5,333 57,184 27,278 272
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Table 7.—Byproduct sulfuric acid 1 (basis, 100 percent) produced at copper, zinc, and a 
, lead plants in the United States 

(Short tons) 

Plants 1956-60 1961 1962 —«-1963 1964 1965 | 
(average) 

Copper ?__.......-_..... 411,544 362,630 403 , 683 358 , 503 330,273 369 ,321 
: Zine §__. ee 795 , 134 776,109 815,322 861 , 763 924,100 961,591 

Total___.-._..-_-.. 1,206,678 1,138,739 1,219,005 1,220,266 1,254,373 1,330,912 . 

| 1 Includes acid from foreign materials. | | | | 
2 Includes acid produced at a lead smelter. Excludes acid made from pyrites concentrates in Arizona, 

Montana, Tennessee, and Utah. | 
8’ Excludes acid made from native sulfur. . 
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Figure 2.—Sulfur supply sources as a percent of total apparent consumption 
based on sulfur content. 

CONSUMPTION 

Apparent consumption of sulfur in all ent consumption of native sulfur was 8 
forms in the U.S. attained a new record percent; recovered sulfur consumption in- 
of 7.96 million long tons, 10 percent great- creased 17 percent and pyrite consumption 
er than in 1964. The increase in appar- increased 8 percent. Other increases oc-
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curred in smelter acid as well as in sulfur of the world ranged from 23.3 to 23.6 . 
_ dioxide and hydrogen sulfide. million tons, compared with 21.475 and 

21.812 million tons by. the same estimators 

Estimates of free world consumption of | for 1964. The 1965 reduction in free | 
all forms of sulfur prepared late in 1965 world sulfur stocks exceeded 1 million 
by the two leading producing companies _tons.1 | 

| Table 8.—Apparent consumption of native sulfur in the United States 
(Short tons) : 

— | 1956-60 1961 1962 1963 1964 1965 
| . . (average) | 

Apparent sales to | | | 
- consumers !__..__...---.- 5,167,926 4,854,809 4,873,021 5,050,923 * 5,775,399 6,938, 147 
Imports-.-...------------ 510,408 648,910 745,772 863 , 385 - 890,604 809 , 537 

Total. ...--.------ 5,678,334 5,503,719 5,618,793 5,914,308 *6,666,003 7,747,684 : 
: Exports: , . 

Crude.......-.------ 1,639,054 1,585,531 1,537,419 1,603,438 1,920,392 2,624,052 
_ Refined. _..---.----- 19,463 10,512 . 16,567 . 9,199 7,700 27,683 

Total___....--.--. 1,658,517 1,596,043 1,553,986 1,612,687 1,928,092 2,651,735 

| Apparent consumption- --- 4,019,817 3,907,676 4,064,807 4,301,671 *4,737,911 5,095,949 

r Revised. a : 
1 Production adjusted for net change in stocks during year. os 

| Table 9.—Apparent consumption of sulfur in all forms in the United States 1 — 
= (Long tons) 

1956-60 —«- 1961 1962 1963 1964 1965 
(average) 

. 

Native sulfur_.......---. 4,019,820 3,907,700 4,064,800 4,301,700 *4,737,911 5,095,949 | 
Recovered sulfur: 

Sales.........----.-- 596 ,020 831 ,000 907 , 300 929 , 400 987 ,600 1,166,716 
Imports_.__.-.------ 26 , 820 182,600 294,700 487 , 800 571,200 (655,556 

Pyrites: | 
’ Domestic production... 424 ,840 398, 500. 379 ,000 343 ,600 353 , 800 353 ,645 
Imports.___.-._.___- 157, 800 134,900 144,600 93 ,000 e 120,000 e 160,000 

Total pyrites.______ 582,640 533 , 400 523,600 436 , 600 473 ,800 513,645 . 

Smelter-acid production_ _- 351,960 332,000 355 , 400 335,700 365 , 700 388,021 
Other productions ?______- 90,720 106,300 97,800 115,800 123 ,500 138,660 

Grand total__..._._._ 5,667,980 5,893,000 6,243,600 6,607,000 * 7,259,711 7,958,547 

e Estimate, r Revised. . 
1 Crude sulfur or sulfur content. . 
2 Hydrogen sulfide and liquid sulfur dioxide. In addition, a quantity of acid sludge is converted to H2SQ: 

but is excluded from the above figure. . 

. STOCKS | 

On December 31, producer stocks of in the liquid state, storage capacity for 
Frasch sulfur totaled 3,302,000 tons, a this form of sulfur became increasingly 
drawdown of 822,000 tons. Stocks com- more important. At the end of the year 
prised 2,136,000 tons at the mines and there were 28 producer-owned distribu- 
1,166,000 tons elsewhere. Producer stocks tion terminals with 47 tanks having a com- 
of recovered sulfur were 123,000 tons, an bined capacity of 458,100 tons. There 
accumulation of 21,000 tons during the ——--—— 

. ; & 10 Gittinger, L. B., Jr. Sulphur—1965. Eng. 
year. Pyrite stock data were unavailable. and Min. J., v. 166, No. 2, February 1966, pp. 

Since approximately 90 percent of the 146-149. 
1 1 PP if hi y db P d Levitsky, Serge L. Sulphur. Mining Cong. J., 

elemental sulfur shipped by producers was_ y, 52, No. 2, February 1966, pp. 170-174.
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Table 10.—Liquid sulfur regional storage and transshipment terminals © Oo 

| in operation in 1965 1 | | : 

| | 7 , Total . 
Number of storage 

Producer-controlled terminals . storage capacity 
| a, tanks (thousand 

long tons) 

Freeport Sulphur Co.: | . 
. Baton Rouge, La_______.-..---.-------.-------------------------+----- 1 6.5 
. Bucksport, Maine._____.....--------------------------+--------------- 2 20.0 

Charleston, S. C____..-----------------------------------+------------ 1 10.0 
Everett, Mass______...---------------------------------------------- 1 10.0 
Joilet, Ill-_....-_-___-_-_-------------- +--+ 3 30.0 

. Nitro, W. Va_..-------------=-----------------------------+---+----- 2 18.0 
Tampa, Fla__._.......-.---.---.-.----------------------------------- 6 60.0 
Warners, N. J______------------------------------------------------- 2 12.5 
Wellsville, Ohio- -_---------------------------------------+----------- 2 20.0 

Total__..---------------- eee eee eee eee eee 20 187.0 | 

Gulf Sulphur Co.: a | 
Baltimore, Md___...-..---------------------------------------------- 1 10.0 
Tampa, Fla__._..-.---.----------------------------------------------+ 2 22.0 — 

Total_____._------------------------------------------------------ 3 32.0 

Pan American Sulphur Co.: | 
Newark, N. J____.-------------------------------------------------+- 1 10.0 
Tampa, Fla_.._._....-_._-_._.---------------------------------------- 4 40.0 

Total__...__...--------------------------------------------------- a) 50.0 

_ Texas Gulf Sulphur Co.: | . 
Baltimore, Md_____....-------------------------------------------+---- 2 24.0 
Carteret, N. J.-_..._--.------.------------------------- eee eee 2 26.0 
Cincinnati, Ohio. ____..-------.-----.----.------------ eee eee. 3 16.8 
Jacksonville, Fla. ..-...---------------------------------------------- 1 11.0 
Marseilles, Ill_....__-_..-----.--.--------.--------------------------- 1 10.0 . 
Nashville, Tenn__.._____..------.---------------------+-----+-+--------- 1 8.0 
Newell, Pa_______---------------=+----------+------------------------- 1 10.0 
Norfolk, Va__...-..------------------------------------------------- 2 20.8 
Paulsboro, N. J.__.-------------------------------- eee ee eee eee ‘2 24.0 
Savannah, Ga_____.__.___--_------------.---------------+------------- 1 11.0 
Tampa, Fla...__....------------------------------------------------- 2 19.5 
Wilmington, N. C_______.-------------------------------------------- 1 8.0 

| Total. ..----------------- eee een nnn eee eee eee 19 189.1 
en 

1 Levitsky, Serge L. Sulphur. Min. Cong. J., v. 52, No. 2, February 1966, pp. 170-174. 

were also 2 producer-storage terminals near . In certain instances producers marketed 
the mines with 26 tanks with combined some sulfur through customer owned ter- | 

- storage capacity of 230,600 tons. minals. . 

PRICES | 

Published prices for domestic sales re- schedule for dark sulfur (bright sulfur , 

mained unchanged throughout the year at $1 higher) were as follows: 
$27.00 per long ton f.o.b. Gulf ports and Per long ton 
$25.50 per long ton f.o.b. mines, with $1 Gulf Coast ________.--_--_ $28.00 
per ton less for dark or acid grade sulfur. Flori . ~ , orida __-__--__-_----__.--_ 28.50 

New prices effective in late March and . : Midwest  ~---_-----__----.. 29.50 
early April for spot sales and on October 
1 for term contracts djusted to elimi East Central —------------- 31.00 OF term combacls were ao a South Atlantic __-__________ 31.00 
nate certain discounts and were reported to . . fect t of the tr ortation and t Mid Atlantic _--______-_--_-__ 31.75 

reflect most of the transp anc ter- New England ~-___--_----— 32.50 
minal costs incurred by the producers in 
delivering sulfur. Adjustments made by other producers 

Regional terminal prices of one large were not formally announced. Export 

producer of Frasch sulfur under the new prices for sulfur on January | were $27.50
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for bright and $26.50 for dark per long for bright and $30 for dark. | Effective 
ton f.o.b. vessels Gulf ports. Effective mid-June prices were raised to $36 for 
February 15, 1965, the prices on new or bright and $35 for dark. These later 
renewal contracts were increased to $31 prices prevailed at yearend. — | 

FOREIGN TRADE 7 
Both imports and exports of sulfur for pyrites totaled about 340,000 tons that 

1965 increased, with the increase in ex- contained 160,000 tons of sulfur. Official 
ports much greater than the increase in Census Bureau data which does not in- 

- imports. clude all shipments reported a much lower 
Information from Canadian and U.S. figure. 

consumers indicate that 1965 imports of . a | | | 

| Table 11.—U.S. exports and imports for consumption of sulfur — 
(Thousand long tons and thousand dollars) 

Exports Imports . 

Crushed, ground, | 
Year . Crude refined, sublimed, 

. | and flowers Quantity Value 

Quantity Value  §_ Quantity Value 

| 1956-60 (average) ---...-- 1,639 $42,521 . 19 $1,721 537 $12,094 
1961___.- 2 1,586 35,370 11 1,254 832 - 17,152 
1962__.._-.-._--_--.-____-- 1,537 35,496 17 1,799 1,040 — 20,310 
1963__.....-..----_-__-- 1,603 33 ,531 9 1,057 1,351 23 , 942 
1964___...--- L----_ eie ~ 1,920 39,651 8 1, 287 . 1,462 26,100 
1965__----.--.---------- 2,624 64,278 28 1,271 1,465 26,759
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-. Table 12.—U.S. exports of sulfur by countries 

| Crushed, ground, refined, 
. _ . Crude sublimed, and flowers 

Destination . 1964 1965 (1964 1965 

. Long Value Long Value Long Value Long Value | 
tons (thou- — tons (thou- tons (thou- _—i tons (thou- 

| sands) sands) sands) sands) 

North America: . - 
Canada___...--.------ 136,207 $3,790 145,076 $3,755 920 $230 5,770 $241 
Central America___...-- 18,408 374 2,215 79 381 32 1,018 54 
Mexico____.......----- 197 4 72 1] 180 80 2,017 86 
West Indies_--...------ 1,000 19 20,919 495 2 20 1 

Total. ___--._-__-.-_- 155,812 4,187 168,282 4,330 1,483 342 8,825 382 | 

South America: ” . 
- Argentina... ----- 45,301 912 48,315 1,162 88 41 954 47 

Brazil.___.--....-.-.-.. 128,723 2,591 173,796 4,166 448 163 2,021 96 
Chile. ._._--...___.---- 8,874 183 13,615 349 9 3 1,008 56 
Colombia_...-.------..0 -------- ee eee ee eee ee eee eee ee 68 23 706 31 
Ecuador_...--.-------- 76 3 104 4 41 9 277 13 
Paraguay.......--. -- 159 5 173 7 100 BS seen wee eee 
Peru__.__-_-..-------- 15,726 319 11,482 289 102 29 680 28 
Uruguay _....--.--..-- 10,176 203 8,576 207 4 2 108 4 
Venezuela. __...--..--- — 162 5 2,385 58 341 65 1,029 47 

| Total_.....-.-.----. 209,197 4,221 258,446 6,242 1,201 338 6,783 322 | 

Europe: | 
Austria. ___...--.----- 38,215 778 43,492 1,068 -.-.-. -.--- 2 uuu ue- 6 ------ 
Belgium-Luxembourg - -_ 46,000 932 6,150 152 27 12 4 1 
Czechoslovakia......-.- 28,500 567 34,000 Y <r 
France.._.-.---------- 52,710 1,059 111,920 2,654 66 13 307 16 
Germany, West---.-.-..-.- 106,910 2,192 150,412 3,625 18 3 112 5 

: Treland.:_......-..---. ------i-. -----. 44,788 1,148 -.---. cele Leelee +e 
. Netherlands.____...-... | 456,562 9,203 644,643 15,519 16 1 14 1 

. Norway _-.------------  --------- ------ 3,975. — 99 36 2 38 2 
Spain_______-..----.-2 5,406 110 4,060 101 44 20 832 33 
Sweden_____.---..---.  --------- ------ 7,050 © 175 ——tié«3‘SH 13 122 6 
Switzerland.__......-..... 25,650 501 40 , 200 992 __-... --...- 5 1 
United Kingdom. ..-... — 21,170 464 295,265 7,263 -----.- ---.-- 5 1 

. Yugoslavia. ..-...----- 7,000 128) Leelee ee 10 3 40 2 
Other_..-...---------- 33,090 646 47,405 1,129 - 1 1 1 @Q) 

| Total____._...-.---- 821,213 16,580 1,433,360 84,718 253 68 1,480 68 

Africa: - : | | 
South Africa, . 

Republic of._.......- 11,169 426 22,891 §60 452 97 1,548 71 
Morocco_____-.-.----- --------- ------ 25,014 629 _...-- -----e pn eee eee 
Tunisia.......-....--. | 9,600 203 54,244 1,870  ...--. --.--. ------ ------ 
Other__....-..-------- 8,478 172 6,922 169 73 7 61 4 

Total_............-- 29 , 247 801 109,071 2,828 §25 104 1,609 75 

Asia: 
Bahrain.....-..-.----- 40 1 84 4 40 Ll will.) Leeeee 
India. _.....-.-------- 296,400 5,832 274,926 6,739 1,319 130 3,248 165 
Indonesia_.-.-........- 3,000 79 600 19 71 7 26 2 
Traq..-------.-------- 8,020 301 365 18 149 5 100 4 
Israel_........--..---- 60,900 1,201 48,104 1,141 151 17 276 12 
Japan_._...--------- ee fee eee ween ween eens +e ee 14 7 174 7 
Jordan_...-.-.....-... .-------- ------ 385 18 502 25 176 8 
Korea, South... ......-- 9,142 201 9,785 407 __---. .----- ------ ------ 
Lebanon... _..--------- 3,000 62 22,078 594 206 17 89 4 . 
Malaysia__........---- "1,000 20 1,000 35 12 4 79 3 
Pakistan__.._____-..-- 0 -----e-ee Leet eee ee eee tee 219 12 119 5 
Philippines. _.__...__-- 109 3 542 16 584 64 1,010 44 
Saudi Arabia_...._-_-- 2,808 87 976 34 327 14 387 16 
Taiwan... 22 eee eae ee- +e 48,660 1,198 170 25 29 1 
Other---_...---------- 7,634 158 5,211 122 184 15 1,103 57 

Total. _..-..--__---- 392,053 7,945 412,716 10,345 3,948 343 6,816 328 

Oceania: 
Australia___._.___ __- 165,244 3,127 140,541 3,434 183 58 1,376 63 
New Zealand___.___..-- 147,626 2,790 101,636 2,381 107 34 794. 33 

Total...._..__._.... 312,870 5,917 242,177 5,815 290 92 2,170 96 

Grand total_._....___ 1,920,392 39,651 2,624,052 64,278 7,700 1,287 27,683 1,271 

a 

1 Less than 4 unit.
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| | | Table 13.—U.S. imports for consumption of sulfur by countries 

| Oe 1964 1965 | : 
Country - ~ 

. Long tons Value Long tons Value 
. (thousands) (thousands) 

North America: . | 
"Canada... -----------e---e-eeee-ee---------. 568,372 «$7,779 ~—«655, 347 $8,934 
Merico._____---.---------------------------- 890 , 604 ' 18,249 809 , 537 17,818 

South America: British Guiana.-.-.----.--.-.---. - . 284 a 
Europe: . 

France________-_-_--------_-- eee 2,863 63 _Leee eee Lee 
Germany, West___._--.---------.------------ 25 4 19 3 
United Kingdom ---_.-..-.-------------------- (*) (4) we--n----- 0 ----------- 

Asia: | — 
India. -_------------------------------------ 63 -L Leelee eee Lene eens 
Japan... .---~--~----------------+----------- wee wenn ee eee ene ee 190 4 

Total...----2----------------------------- 1,462,211 26,100 1,465,093 26,759 

' 1 ZLessthan 4% unit. . . 

, 7 | WORLD REVIEW | , 

: , NORTH AMERICA tons per day of sulfur.15 Capacity in 1965 

Canada.—Texas Gulf Sulphur Co. com- © approximated 870 tons per day. 
pleted a major addition to its sulfur re- q Jmperal Oil Ltd. planned a Soton-per- 
covery plant at Whitecourt, Alberta. This De su Nth Nowa 5 ant at The ery hee 

_ addition, which was placed on stream in artmouth, — oe ae ch Monit et 
January, increased the daily capacity of Pro 1S expecte to be in the Maritime — 

| the plant from 750 to 1,225 long tons per "The B. Steel C bsidi f 
day. This was the second largest sulfur B a h Mini any S lun "Cc ° 
recovery plant in operation in Canada, ex- Tunswic ming an mening orp. 
ceeded only by the 1,500-ton-per-day Ltd., contracted for the use of a_ process 

plant of Shell Canada Ltd. at Waterton, for using pyrites developed in Finland. 
| Alberta.12 A plant to be built at Belledune Point on 

The importance of recovered. sulfur. is Chaleur Bay, New Brunswick, will produce 
evident from production data from Can- elemental sulfur and sulfuric acid from 

ada, France, and the United States. Shell PYTtes- Annual production of 250,000 
Canada, Ltd. with its 1,500-ton-per-day tons of elemental sulfur and an equal quan- 
plant, the largest on the North American ny as sulfuric acto was planned.17 — Ps 
continent, recovered its millionth ton of the “he t of five price f eulfar fre 
sulfur at its Waterton plant in southern months, the export price of sullur trom 
Alberta12 Canada increased from $18.50 to. $31.50 

A 26,000-ton cargo of sulfur from the P®* ton Bob. ‘ancouver - The new Y for 
Alberta, Canada, gasfields was loaded on WTS © tective tor contracts coming up for 
the S.S. Grimland for export to Europe renegotiation. Canadian producers expect- 
in August. This cargo, loaded from 385 ed to sell 1.9 million tons of sulfur in 1965. ; ; r 
railroad cars, was the largest sulfur ship- no Canadian Mining Journal (Canada). V. 86, 
ment from Canada.13 o, 3, Mare » pp. 10, 12. 

: Engineeri d Mini J 1. V. 166, 
Construction of a new sulfur recovery No. lu. November 1965, p. 146. ; 

plant to produce 817 long tons of sulfur Sulphur pee, phemical News a London). abig 
per day from 42 million cubic feet of 13, 1965, p. 5. Pere Be NOn NOE, HUE. 

' 144Chemical Trade Journal and Chemical En- 
gas was planned for the Harmattan area gineer (London). Canadian Superior Awards 
near Didsbury, Alberta. Construction was Fluor Contract, for $6 Million Sulphur Plant. 

d in th f 1 i . , No. , Aug. 19, 1965, p. 209. 
P oval, . to start ad b © fat 19 965 with 15 Jefferson Lake Petrochemicals of Canada 
completion expected by mid- on Ltd. Annual Report, 1965, p. 10. r | 

Plant expansion by Jefferson Lake Petro- il, Paint and Drug Reporter. Sulfur Fa- ; : ility Is Pl ial i in. 
chemicals of Canada Ltd. at Calgary, Al- V. 188, No. 22, Nov. oo nae 3 Scotia 
berta, scheduled for completion in 1967 n cer (London) ee nena eX Chemical Engi- 

. . ° iS. 1 ea - 

will have a capacity to produce 1,900 ess. V. 157, No. 4092, Nov. 11, 1965, p. 573.
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Table 14..—World production of elemental sulfur by countries | 
(Long tons) 

. Country 1961 1962 1963 1964 1965 P 

Native sulfur: 
Frasch: 

Mexico._......_.-- 1,148,494 1,350,375 1,456,656 1,635,773 1,481,241 
United States__-____ 5,385,468 4,984,578 4,881,512 5,228,207 6,116,273 

Total_________-- 6,533 , 962 6,334,953 6,338,168 6 , 863 ,980 7,597,514 

From sulfur ore: 
: Argentina_._.-..--.-.. 22,183 22,303 t 22,338 21,955 e 20,000 

Bolivia (exports) _.__.-_- 4,896 7,247 9,793 10,635 9,306 
Canary Islands_______-- r 4,921 r 5,905 tT 6,889 e 6,900 e 7,000 
Chile. ____-.-..------- 43 ,994 63 , 228 t 56,405 r 58,612 44,880 
China, mainland e_____- 120,000 120,000 120,000 120,000 120,000 
Columbia__--.--.------ 9,941 - 10,046 12,795 11,942 18,114 . 
Italy_._...----.------- 68,668 t 53,454 41,128 t 28,472 35,654 
Japan ?____ ~~ ee 238 , 456 220,438 — 219,095 . t 237,413 209 , 885 
Mexico.___.__._--_-_-- 25,116. 26,751 28,968 — 33 ,000 
Philippines... _- 158 926 47 68 ____-- LLL 

. Poland_.___....._----- 130,900 206 , 684 231, 486 289 , 948 424,195 
Taiwan___.-.._--_-__- 5,732 7,462 7,144 6,389 4,424 
Turkey _-__..---.---- - 15,506 18,247 19,123 21,849 17 , 223 
U.S.S.R.e_ ek 900 ,000 950 ,000 950 ,000 — 950,000 1,000,000 
United Arab Republic , 

(Egypt)_......_____- 8,858 er 5,900 er49Q _______.--- Lhe eee eee 
United States_________-_ 92 ,025 40,840 415 158 - 133 

Totale 3.0. ee r 1,690,000 r 1,760,000 ®¥ 1,725,000 ® 1,790,000 1,950,000 

Total native sulfur. _ _ Fr 8,220,000 r 8,100,000 r 8,060,000 tr 8,650,000 | 9,550,000 

Other elemental: 
Recovered: 

‘Austria 4.2.2-2-------0 -2 eee eee eee eee eee 5,905 e 6,000 
Bulgaria §____.__-- 4,949 5,502 6,291 6,720 e 7,000 
Canada (sales)®____ 352,465 620 ,622 1,115,968 1,596,574 1,703,321 
China, mainland ¢ 4 5. 130,000 130 ,000 130 ,000 130 ,000 130,000 
Finland.._...--..-.  ---.-------- ° ------------ _ 37,611 67 ,063 72,606 
France 7____._____- 1,080 ,013 1,325,538 Y, 386, 285 1,486,846 1,497,968 
Germany: . 

Oo Fast__....._-- 115,153 118,105 118,105 e 118,110 e 118,100 
West__-...__.- 82,861 89 , 268 84,949 76,602 75,412 

. Trane 4.2. le 20 ,000 15,000 20 ,000 r 20,000 20,000 
Italy .......__---_- 1,968 2,067 1,279 787 e 980 
Japan 4__________e 8,163 8,549 11,429 r 18,499 e 20,000 
Mexico 7________- 51,086 46 ,545 43 ,308 36,296 45,201 
Netherlands 5______ 27 , 952 30,511 tr 34,472 r 28,444 e 30,000 

. ‘Netherlands 
Antilles: Aruba. . 

. and Curacao ¢-____ 40 ,000 40 ,000 - 30 ,000 ~ 30,000 30 ,000 
Norway 5____..__-- 61,156 45,175 -.--- eee eee eee eee 
Portugal §__..___-- °8,813 6,677 2,963 ___--..---. 0) ~----------- 
South Africa, 

Republic of 4____- 2,163 1,913 1,981 5,701 7,102 
Spain 3____...___- 48,324 41,836 68 ,036 75,452 e 75,000 
Sweden 8________-- r 30,491 29 ,980 25, 885 — § 26,967 e 27,000 =. 
Taiwan 4_____.._-- 1,968 2,130 2,310 2,780 2,348 
Trinidad ¢ 4_______- 5,000 5,000 7,000 7,000 7,000 
U.S.S.R.e__ 2 --- 275,000 370 ,000 400 ,000 - 400 ,000 420 , 000 
United Arab 

Republic (Egypt) - 2,545 2,039 r 4,394 2,427 3,648 
United Kingdom °_. 58 , 406 51,929 t 46,529 r 53,701 -  §4,131 
United States____-_- 858, 169 899 , 598 946,753 1,021,358 1,215,168 

Total other 
elemental ¢_-___- t 3,270,000 3,890,000 r 4,530,000 r 5,220,000 5,570,000 

World totale..... *11,490,000 ‘11,990,000 *'12,590,000 * 13,870,000 15,120,000 

e Estimate. P Preliminary. r Revised. 
1 Compiled mostly from data available July 1966. 
2 Includes sulfur from mixed sulfur-sulfide ore. 
3’ In some years Iran produces mine sulfur equivalent to 250—1,500 tons of sulfur. No estimates in total. . 
4 From refinery gases. 
5 From sulfide ore. 
6 Produced from natural gas, includes a small quantity derived from treatment of nickel-sulfide matte at 

Port Colborne, Ontario. 
7 From natural gas. 
8 From shale oil. 

, 9 Including sulfur recovered from petroleum refineries.



Table 15.—World production of pyrites (including cupreous pyrites) 1 

- (Thousand long tons) . 

, 1961 1962 1963 1964 1965 Pp 2 . 

Country 
; Gross Sulfur Gross Sulfur Gross Sulfur Gross Sulfur Gross Sulfur , 

weight content weight content weight content weight content weight content . 

North America: = 
Canada (sales)___.____......_-..----.----------- 462 228 462 r 230 425 — 218 °#«++1°314 157 315 e155 4 
Cuba ¢_ 22 e eee 20 9 26 12 33 15 30 13 e 30 e132 

E United States_.__...-.-... 22 eee eee eee 987 399 916 379 825 344 847 354 875 - 354 z 
\urope: ce . 

Bulgaria. ..__.....----- eee eee - 120 50 140 59 128 54 144 61 e 150 | @ 62 CF 
Czechoslovakia..........-.--------------------- 363 141 395 155— . 842 r 134. 355 140 364 ~* 140 
Finland._..__-_- 22-2 eee eee ee 270 . 114 r 467 r118 t §33 r 224 539 . 258 _ §73 278 rd 
France.....-._..-.__-.--_.---------------------- 281 118 299. 125 r 248 r 107 r 188 78 132 57 mo 
Germany: . c 5 

Hast_..-. -.-.. 2. eee eee eee e115 40 e 120 41 e125 e 43 er 120 r4l e 120 e 41 tw 
West... -.-- 22 eee r 500 r 213 r 380 r 165 r 349 r158 r 417 r 184 432 194 8 

Greece_______---_----- ee ee 185 86 142 65 r 136 r 62 138 e 62 e 150 e 66 rm 
Italy_....------ eee ee eee 1,555 716 r1,559 r 721 r 1,380 r 638 1,373 r 618 1,379 609 “ 
Norway_.......--.----------------------- eee ee 722 | 319 t 797 ® 355 710 t 323 698 314 698 335 ~~ 
Poland_........-_-------- eee eee eee eee 198 76 219 82 213 85 r 230 t 87 / e@ 235 e 90 © 
Portugal.....--..--------- ~~~ eee eee 643 296 631 290 593 273 r 598 ¥ 275 604 278 > 
Rumania.._-.-._-.--- eee eee 259 103 300 120 328 131 r 403 r 160 ' @ 405 e 160 
Spain... eee eee eee 2,097 1,001 2,095 997 1,995 941 *'2,355 r1,117 2,350 1,110 
Sweden_____..-___--------.-.-----------------e 431 220 r 372 r 188 396 r 186 r 438 er 220 e 440 - @ 220 
U.S.S.R.e.-. eee eee eee 2,750 1,460 .§ 2,950 1,565 3,150 1,670 3,150 1,670 3,250 1,720 
United Kingdom. ____._.-.--..------------- eee, 8) (8) 27 ell 26 e 10 e 26 e 10  @ 26 e 10 

Af , Yugoslavia. ._...-_------.----------------------- ¥ 359 143 r408 . 163 F351 | 140 4210 —- 168 401 160 
rica: 
Algeria._......-..-_-_.------- eee ee ee ee eee eee 48 22 42 19 37 17 60 28 - 56 26 
Morocco. ._.___-_.-.--------------------“------ 14 5 20 7 23 “7 . 21 6 18 5 
Rhodesia, Southern_..____.___-_--.--------- eee 58 23 50 19 - 65 r 24 81 30 e 81 e 30 
South Africa, Republic of ......_.----...-------.. 440 176 434 e175 412 e 165 426 e 175 422 e 170



Asia: | | . . : | 
China, mainland e______._________--______________ 985 440 1,080 490 . 1,180 . 530 1,280 575 1,480 665 
Cyprus 4__. 0-2 ee eee eee 824 396 809. 388 . 905 440 t 655 r 319 947 462 

Japan § oo ee ne eee eee 3,869 1,624 3,952 1,664 3; 833 1,623 r 4,081 r 1,743 4,255 1,817 . 
orea: ; | . 

Northe___ 2. eee ee 295 118 345 138 395 157 415 167 445 177 
South_.____-..---------_-------------------- 1 (8) ween ee eee eee (3) (8) (8) (3) NA NA 

Philippines___.....--..2.-2------- eee eee 51 r 24 - 85 26 57 27 r 43 © 21 104 48 SO 
Taiwan.._______-- 22 47 20 45 20 46 17 46 17 39 16 
Turkey.._._-. 8.222.222 22 97 — 46 105 51 96 44 111 51 130 ' 60 

Oceania: Australia._..-....---..-_-_.-___.__----.-- 213 102 ~ 149 65 194 785 | r 220 95 209 © 94 

World totale._________-____-_--..___.____-_-- r19,250 *8,750 *19,800 ™8,900 *19,550 * 8,900 r 20,200 r 9,200 21,100 9,600 

e Estimate. P Preliminary. ' Revised. NA Not available. | | | 
1 Brazil produces pyrites, but production data are not available; no estimate is included in the total. 
2 Compiled mostly from data available July 1966. . 
3 Less than 14 unit. oe , 
4 Tons of ore mined containing pyrites in thousand long tons: 1961, 1,842; 1962, 1,860; 1963, 2,139; 1964, 1,631; and 1965, NA. tn 
5 Years 1961-63 include pyrrhotite, cupreous pyrites, sulfur ore, and zinc concentrates. Pyrite data covering pyrites, cupreous pyrites, and pyrrhotite only are as follows: a 

{in thousand long tons) 1961, 2,855; 1962, 2,977; 1963, 2,954; 1964, 2,721 includes pyrites and pyrrhotite only; and 1965, NA. 7 re 

| | . : —_ a De | | | > 
| : 2 

| | : | o 
rd 
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: | | | | | | ‘& 
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Of this quantity, 1.75 million tons would | EUROPE 
be produced and 150,000 tons would be Cyprus.—The Hephaetus Mining Co. 
taken from stocks. About 60 percent of Jiq found a sulfide deposit in Cyprus 
Canadian sulfur shipments has been equal: after 6 years of prospecting. The large 

i i  coredan, aS San Prete dee had slfar content ran ? fae ing from to ‘percent. en-pi 
elsewhere.18 Various prices, some exceed- maining methods could ee used at the mu 

| ing oe per or at Vancouver were re- posit that is covered with overburden rang- 
- ported by yearend. . : ~ 25 | 

A new sulfur recovery plant was started . aie whe oe peek in thickness. t at 
by Socony Mobil Oil of Canada Ltd., 65° Kokkola. ‘ pyri Final d & P bei | 
miles northeast of Calgary, Alberta. So- okkola in western | verane was bems 
cony will operate the plant for 20 com- doubled.to produce 68 percent iron sinter 
pany owners and is expected to produce for the steel plant at Rautarukki and also 

sulfur and sulfuric acid. Before expansion | 
275 tons of sulfur per day.19 he vl ‘ducing 80.000 f 

| Mexico.—Pan American Sulphur Co.’s the plant was producing vw tons Oo 
rr - sulfur annually for shipment and another 

new 15,000-ton liquid sulfur carrier, the 65.000 tons f kin Ifuric acid. Half 
| 5.8. Harold H. Jaquet, completed its maiden 1°?) pons. OF et Une St “ed 
-- voyage from Coatzacoalcos, Veracruz, Mex- me sultur in the pyrites is recovered as 

ico, to Tampa, Fla., in April. The com- elemental sulfur by heating and the re- : 
a pany planned to place the 22,000-ton ship, mainder 1S recovered by roasting the PY 

. - + -rhotite residue from the first decomposi- the S.S. Harry C. Webb, in operation in . 26 , 
May. «The S.S. Harry C. Webb would be "0" StEP- CO 
used to transport liquid sulfur from Mex- Italy.—A program for reorganizing the . 

| - ico to Immingham, England.20 _._ Sicilian sulfur industry was being formu- 
| In April the Government of Mexico first lated. Following recommendations of a 

_ placed restrictions on the export of sulfur committee of the European Economic Com- 
to encourage exploration and assure ade- ™unity (EEC), the Sicilian Minerals Agen- 
quate reserves and supplies for an antici- CY Was expected to limit sulfur output to 

| pated industrial growth in Mexico.21 750,000. metric tons of ore. Reorganiza- 

Gulf Sulphur Co. produced 338,500 long tion of the sulfur industry by mid-1966 
: tons in 1965 compared with 347,400 tons would include special social measures for 

in 1964 but sold 356,200 tons in 1965 mines affected by the plan and the preven- 

_ which was about 13,000 tons greater than tion of opening new mines which could 
7 ‘the previous year.22 7 not be judged economic.27 _ | 

The Government of Mexico limited per- Norway.—-Large pyrites deposits in 
| missibility for exports of sulfur by Pan Hjerkinn, Norway, are to be developed 

American Sulphur Co. to 1,500,000 metric for the new 200,000-ton-per-year acid plant 
tons. This quantity was not realized. to be completed at Sarpsborg by the end | 
Production was 1,142,571 long tons. Dur- te . 
ing the year total sales were 1,318,607 nadion Soiehar Bees Price Pte Bee iy. Ca- 
long tons compared with 1,629,890 long 7, No. 165, Mar. 12, 1965, p. 4. | 
tons in 1964. . Following installation of On Sen site Chosen ne Sulfur Plant Goes 
facilities for additional hot water and new V._96, No. 18, May 1, 1965, p. 23. } 

and improved water-bleeding procedures 4,” Qi Paint and Druz Reporter. | Pan Ameri 
and accelerated mudding operations pro- V.,, 187, No. 15, Apr. 12, 1965, B. 54. Presi 
duction was expected to increase to more gent Sees Buyers “Hampered by Mexico's: New 
than 4,000 tons per day in 1966.23 Rules. V. 165, No. 84, Apr. 30, 1965, p. 23. 

* Gulf Sulphur Co. Annual Report 1965, 1966, 

SOUTH AMERICA Pros Pan American Sulphur Co. Annual Report 

Venezuela.—A survey of sulfur resources 1965, 1966, pp. 2, 3. ; 
in El Pilar district, State of Sucre, was phus Boe Se egg Bee ae Ses, 

planned by the Venezuelan Ministry of P33 Mining Journal (London). Pyrite Deposits 
Mines. The survey was planned to start in Cyprus. V. 264, No. 6768, Apr. 2, 1965, 

| in 1966. The annual consumption of sul-  P-.Vo414 Mining. Outokumpu Leases Smelting 
fur in Venezuela may rise from the pres- Process; Doubling Pyrite Mill. V. 18, No. 1, 

ent 25,000 tons per year to 170,000 tons var Mining Journel (London). Sicilian Sulphur 
per year within 5 years.?4 Industry. V. 264, No. 6754, Jan. 29, 1965, p. 81.
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Table 16.—Mexico: Exports of sulfur by countries! a 
7 ~ (Long tons) , 

| ne “Destination — | 1964 1965 

North America: United States............--..---------------------------- 907 , 800 | 848 , 297 
South America: 

Brazil__.....-------------------------------------------+------+------ 12,136 14,739 
- Colombia-_.-..-.----------------------------------------------------- . 1,476 3,000 

Venezuela____.....-_-..------.---.-----------+--- +--+ eee ~ §,500 _ i eee ee ~ 
Europe: , - 

Belgium_.......-----.---------------------------+--------------- eee 61,842 42,608 
France_________----------------------------------------------------- =-:175, 716 92,403 

: Germany, West__._..-.--------------------------------------------+-- 12,969  _______. ~~ 
; Netherlands. _____.______._.-----------------------------------+----- 133,111 © 87 , 853 

Poland_________.______---------------2---- +--+ eee 26,798 __.....-.-- 
United Kingdom___.._.-..-.----.------------------------------------ 254 ,555 156,301 
U.S.S.R.__-- enn eee eee 18,585 _-.---..--- 

Africa: . . 
Morocco... ...---.---------------- 22 = oe nnn nnn in enn eee 3,148 9,846 
South Africa, Republic of _...._..---_.....----------------------------- 75,169 49,414 
Tunisia. _..._-...--.---------2------- ++ eee eee 60 , 080 - 63,874 | 

Asia: . . . : - 
‘Israel__._._--_____--__--_-_------------ eee eee eee--- «da: 609 10,499 
Taiwan___________-.-_---__--_- eee eee = 10, 344 . 11,614 - : 

a Oceania: ne = 
. Australia_._........----.----_-2----------------- +--+ -- +--+ -- 47,577 112,344 

. - New Zealand -----..----------------------------------------+------+-- 22,591 28,478 | 

| Total... 2222222222222 e ee eee ee eee eee eee eee e+ 1,847,006 1,581,270, — 

—1 Compiled from U.S. Embassy, Mexico, D.F., Mexico. Department of State Airgram—829, Mar. 17, 1965, 7 
. p. 2: and Airgram—987, Mar. 29, 1966, p. 2. _ | . | . 

of 1966. This will be the largest sulfuric: | conveyor would be used to remove mate- — | 
acid .plant in Norway.?8 | . rial. The Machow mine is expected to | 

The opening of a pyrite mine in the be in production by 1970 and produce 
mountainous region between Oslo and about 9 million tons of sulfur ore per 

| Trondheim, . Norway, was planned... The year.5} So 
| deposit was estimated to contain. between A new field at the Piaseczno, © Poland, | 

: 7 and 8 million tons of ore containing from sulfur mine, not expected to be mined be-- 
30 to 42 percent sulfur. The annual pro- fore 1967-70, has been stripped of over- 
duction of up to 300,000 tons of ore will burden. It was expected that 3.2 million 

: be transported to Sarpsborg. The pyrite tons of sulfur ore would be delivered to the 

: roasting plant was expected to be on Machow refinery in 1965. This would be 
stream late in 1966.29 about 0.8 million tons more than in 1964.32 

. Poland.—Sulfur processing installations Portugal.—Mason and Barry Ltd., an- 
in Poland would permit an output of 0unced the exhaustion of its pyrites mine 

500,000 tons of elemental sulfur and might t San Domingos in the province of Alem- | 
be expanded to 1 million tons by 1970. At- t€J9®, Portugal. The mine was operated 
tempts to lower costs by using hot-water for almost a century and produced 99,000 

extraction by pumping hot water into the © tons of pyrites in 1965.38 
seams was to be tried. Experiments were Sweden.—A sulfuric-acid plant to begin 
also being made on the recovery of sulfur operating at Helsingborg, Sweden, in 1967 

| by using chemical solvents. Poland was 28 Metal Bulletin (London). New Norwegian 

exporting sulfur to Czechoslovakia to pay Pyzites Mine, No. 5014, July 16, 1965, p. 19. 
1 , i ining Journa ondon). orwegian Py- 

| for denclonin, from Czechoslox ak engineers ites Project. V. 265, No. 6796, Nov. 19, 1966, 
in developing the deposits. PP. 366-867. Trade J 1& Ch - 

Approximately 33 milli 1 emica ade Journal & emical Engi- 
f PP b } d ately illion q ie yards neer (London). Plan to Double Sulphur Pro- 

7 ae urden fae € vd calf; uring the duction Continues. V. 156, No. 4051, Jan. 28, 
evelopment of a secon 1 » p. 115. 

he T P b 1 M. he — land. 31 Mining Journal (London). New Polish Sul- 
e AV eeties ope ant at LL oland. phur jMine. V. 264, No. 6763, Apr. 2, 1965, 

everal miles of approach roa D. . eit I ; PP pach ° 4 . ae 82 Chemical Trade Journal & Chemical Engi- 
bat it as Planned that daring IOS tae eee ing Soe io rae ee -cubic-meter wheel excavator w - - 157, No. , Sept. 16, » Dp. 330. 

. k the sj A 3 7 1 , bel 33 Metal Bulletin (London). Mason and Barry 
| gin work on the site. -mule-long belt’ Ends Mining. No. 5052, Nov. 30, 1965, p. 16. 

232-748 O-67—58 |
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| will use. pyrite concentrate from the Bol- Co. and Allied Chemical Corp. Initially 
iden Mining Co. Ltd. mines in Vaster- the complex would produce ammonia, urea, - : 
botten. A new roasting method developed sulfur, and mixed fertilizers and. would 

| by Boliden’s will be used to produce gas require an investment of $100 million.39 | 
| with a high sulfur dioxide content and a — raqg.—A_ $20 million plant to recover © 

magnetic iron oxide residue that can be sulfur from sour natural gas was. planned 
concentrated to a high-grade product.34 for construction at Kirkuk, Iraq.49 | | 

. United Kingdom.—The need for more India.—The shortage of sulfur in India 
sulfur was being met in part by using more was expected to increase because sulfur 
anhydrite. In England the need for 140,000 from the Sulphur Export Corp. likely will | 
tons. of additional imported sulfur per not meet that country’s full requirements. 

| year would be met by processing 700,000 Unless world sulfur production increases 
tons of anhydrite to make 400,000 tons of | substantially the shortage in India may be 
sulfuric acid. The residue from the de- even more acute in future years.41 _ : 
composition of anhydrite would be used in Roasting pyrites to produce both ele- 

| manufacturing cement. Expanded use of mental sulfur and sulfur dioxide appeared 
| anhydrite indicates that under certain con- _ tg be a highly promising alternative to im- 

. ditions this mineral can be used as a source _ porting sulfur in India.42. — 
: of sulfur that is competitive with imported Although pyrites may be produced from . 

sulfur. an os the Amjor deposits in Bihar in 2 to 3 years 
_ U.SS.R.—More pyrites will be used in India would continue to be dependent on : 

oF making sulfuric acid in the U.S.S.R. than imported sulfur for most of its needs. | 
| elemental sulfur in new plants. Four of A 300-ton-per-day plant for producing 

five new acid plants are expected to use ammonium sulfate and conserving import- 
| pyrite to produce 800,000 short tons per eq sulfur in byproduct gypsum from the 

year of sulfuric acid. Sulfur will be used manufacture of phosphoric acid was being 

a at one new plant to produce 110,000 short constructed in India. - Normally, byprod- — 
_ tons per year of acid.3@ uct gypsum is discarded as waste but re- 

| “AFRICA search disclosed that waste gypsum could 
. —_ be reacted with ammonium carbonate ~ 

| Morocco.—Expanded pr oduction of cop- thereby making the sulfur available for a 
per-bearing pyrrhotite .was planned by Cie. component in fertilizer.43 . 

| Miniére Métallurgique, a French company, An unusual price for sulfur was men- 
at Kettara, Morocco. Concentrates con- tioned in an article discussing the acute 
taining 38 percent sulfur and 0.7 percent = gu jfur shortage in India. It was reported 

copper would be roasted at Safi for sulfur that some prices for sulfur exceeded $300 
content.37 | 7 per ton. In 1965, about 295,000 tons was 

| Rhodesia, Southern.——An exploratory = —— 
drilling program conducted at the Iron HLS Guropean Phemical News (Londen). Swedish 
Duke pyrites mine at Mazoe in Rhodesia 8, No. 185, July 30, 1965, p. 19. 

disclosed sufficient ore to increase the re- * Chemical Trade Journal & Chemical Engi- 
age . neer (London). Acid From Indigenous anhy- 

serve by 1 to 1.5 million tons. The mine drite. 'V. 156, No. 4067, May 20, 1965, p. 618. 

furnishes pyrites for the manufacture of V. Pte 6° Derenber ee ager Notes. 
sulfuric acid which is used by the fertilizer 8? Metal Bulletin (London). No. 5041, Oct. 22, 

industry in Salisbury. Output at the mine 1% South African Mining and Engineering Jour- 
. was expected to exceed 80,000 tons in nal (Johannesburg). New Lease of Life for 

1965.38 : | Old Mine. V. 76, pt. 1, No. 3752, Jan. 1, 1965, 

ASIA >. ? Chemical Age (London). Allied Stake in 
£35 M. Iran Chemical Complex. V. 94, No. 

iran.—A plant for recovering 1, 000 tons ot Bureca Of Mince. P-vineral Trade Notes. V. 
per day of sulfur from sour gas in the 60, No. 3, March 1965, p. 24. 

_ Bandar Shakpur-Nashur area is planned ,.,Puroveen, Chemical Neve. (Landon). Sob 
for Iran. The sulfur would be produced May 14, 1965, p. 6. 
as one of the products of a vast petro- Foobe mica! Ww os, yong, NSS veene oe 
chemical complex to be built and operated 97, 99, 

on a 50-50 bass by National Petrochemical, Chemical Age (Landen). F-AG.T Felis 
Co., a subsidiary of National Iranian Oil 9384, Mar. 20, 1965, p. 468.
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' . available to supply a demand ranging from _lion tons of sulfur, 12 miles north of the 
350,000 to 400,000 tons.44 _. Dead Sea, was available for working on : 

| Japan.---A shortage of 17,000 tons of concessions to be granted by the Jordanian 
: sulfur in Japan was anticipated for 1965. National Economy Ministry. Preliminary 

The minimum desired stocks was 27,700 estimates indicated that the cost of extrac- 
tons and ‘in order to maintain this mini- tion would be slightly less than $17 per | 
mum Japanese producers were considering ton if mining was conducted at the rate 
importing 17,000 tons from Canada, Mex- of 30,000 tons of sulfur. per year.47 
ico, France, or mainland China.45 By Saudi Arabia.—A new Saudi Arabia 
yearend 1965 Japan had imported 53,000 petrochemical company is planned at Dam- 
long tons of crude sulfur from Canada mam. The plant would have a capacity of 
and mainland China. . 35 tons per day of sulfur, 600 tons per 

A mission from the Japanese Ministry day of ammonia, and 1,125 tons per day 
of International Trade and Industry’s ad- of urea. Occidental Petroleum Corp. and | 
visory council was being sent to Canada its subsidiary, International Ore and Fer- | 
to investigate the possibility of procuring  tilizer Corp., will participate in construct- 
immediate supplies and of making long- ing and initially operating the complex 
term arrangements.*6 and assured sales at market prices for a 

Jordan.—A deposit containing 35 mil- period of 10 years on a take-or-pay basis.48 

: | | TECHNOLOGY 

A sulfuric acid process for removing glass strands and sulfur in the allotropic 
hydrocarbons from dark sulfur was an- form. Chopped glass strands and sulfur 
nounced by Southwest Research Institute in a ratio of about 5 percent glass to 95 
and Pan American Sulphur Co. Darksul- percent sulfur by weight were mixed and 

: fur usually contains from 0.08 to 0.7 per- heated to melt the sulfur. During melting — 
cent carbon in the form of hydrocarbons. the fibers were wetted and upon cooling 
The process, tested at Jaltipan, Veracruz, the amorphous sulfur was hindered from 

| Mexico, produced sulfur with a carbon reverting to the crystalline form.5!_ - | 
content ranging from 0.012 to 0.018 per- A novel though small-quantity use of 
cent carbon, and the plant investment and sulfur is a temporary core to steady the 
operating costs were stated to be lower boring bar when drilling profiled interiors 

. than those for the clay adsorption process. of shafts for gas turbine engines. Difficul- 
The new process used 93 to 99 percent ties of swaying and bending of the boring ~ 
sulfuric acid which was mixed with mol- bar were overcome by lining the interior of 
ten sulfur. Gaseous products were vented the roughly machined shaft with a layer | 
and the reactants flowed down a column of sulfur injected under pressure around 
in a tower in which superheated water a mandrel the same size as the boring bar © 
was rising. Impurities were removed with to be used. The sulfur sleeve ranged 
the water at the top of the tower and from 1/8 to 3/16 inch in thickness. A 
bright sulfur flowed from the bottom of Wohonical “A Lond Indian Indust 

| the tower. Optimum quantities of acid pt Chemioal, Age (London). Indian Industry 
ranged from 1 to 5 percent of the weight Des. 11, 1985, p. 894. Reporter. Sulfur B 
of the sulfur and the best operating tem- ing by’Japan Seon » Necerary Move, VW. 187, 
perature was from 125° to 135° C which No. 13, Mar. 29, 1965, p. 28. 
avoided foaming and emulsification that chase fot nt, and True Reporter Se oeutbility. 
would occur at higher temperatures.?9 V. 188, No. 24, Dec. 13, 1965, p. 7. 
Gas containing 18 to 20 percent sulfur Dep ea age (onsen ee sae 

dioxide was produced from sulfur and air 2385, Mar. 27, 1965, p. 510. ; ; 
by using a pulsating or shock wave burner. neer (in) ade J oor Eee ee 
This high-strength gas, containing almost V. 157, No. 4086, Sept. 30, 1965, p. 393. 
the theoretical amount of sulfur dioxide vy. ogbemical w eek Sulfur ow Acid Test. 
possible from air oxidation of sulfur, would ‘50 Chemical Trade Journal and Chemical Engi- 

have advantages in making sulfite liquor get (Tgndon)- ich Strength Sulphur Diczide 
and liquid sulfur dioxide.5° 51 Harris, Ransom S. (assigned to Owens- 

A method was developed for making a Corvin P Reinforced Sulfur and Method of Pro- 
body with a high modulus of fracture from qdueing Same. U.S. Pat. 3,183,143, May 11, 1965.
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tubular boring bar with a carbide cutter measure of hydrocarbon content.. The ap- 
was pulled through the shaft and produced _paratus was reported to detect hydrocarbon 
a smooth finish with a close tolerance and levels as low as 0.001 percent. A con-. 
unmarked by drill chatter. Machining time tinuous record of analyses can be kept on 
was reduced from more than 4 hours to a recorder. This procedure may largely 
less than 2 hours.5? replace a combustion method which took 

| High-strength, low-cost, well-sealed several hours because the sample had to 
buildings might be constructed with a __ be cooled, crushed, and ignited so the car- 

| - saving of time and money by using glass- bon dioxide could be measured. The old- 
fiber-impregnated sulfur coatings. In this er combustion method is used as a control 

| development tested in San Antonio, Tex., on the infrared method.54 | : | 
the effectiveness of a thin coating formed A new ion exchange method was an- 

a from a molten mixture of sulfur, property nounced for treatment of the waste pickle 
modifier, pigment, and glass fibers in join- liquors of the steel industry to recover 
ing block was determined. Concrete block sulfuric acid and the iron values as an iron 

| walls laid without mortar were sprayed oxide pure enough for use in pigments or 
: with the mixture which cooled within a for making iron powder. Cation exchange 
oe few seconds to a hard impervious surface. resins remove iron and regenerate sulfuric 

Because of the tensile strength provided acid. Nitric acid is used to restore the 
across the joints, test walls made in this acid ion of the resin.and recover the iron 
manner proved stronger than walls made as a nitrate solution from which iron 
with mortar. This method is still subject oxide is precipitated by heating above 
to additional research to determine its 350° F. The nitric acid is also recov- 
safety and reliability for general use. No  ered.55 — 

cracks or water leaks have develop ed in a "8 Steel. Sulfur Core Steadies Boring Bar in 
| one-story, 18- by 30-foot building con- Shafts. V. 157, No. 2, July 12, 1965, pp. 68-69. 

structed 2 years ago by Southwest Research Sulphow” 1 ohn Mt Sulphur-Fibre sogatings. 
Institute in Texas.53 pp. 11-13. 

| . 4 . 
dqnttared spectrometry was being used to p2a'Spectrophotomenry of Molten Raw Sulphur. 

guish dark sulfur from bright sulfur No. 59, Sept. 14, 1965, p. 24. : 
: in the liquid state. The amount of infrared 55 Chemical Engineering. Ion Exchange Proc- 

. oe . . ess Makes an Asset of Pickle Liquor. V. 72, 
radiation absorbed by liquid sulfur is a No. 20, Sept. 27, 1965, p. 82.



_ Talc, Soapstone, and Pyrophyllite 

| | By J. Robert Wells ' 

Although U.S. production of talc, soap- Planning, 17 tons of strategic-grade lump | 
stone, and pyrophyllite declined in 1965, steatite talc was sold in the period Janu- 

| it has increased in 14 of the last 20 years ary—June 1965 from the supply, over 1,200 
and has nearly doubled since World War _ tons, held in the national stockpile. Since 
II. In these two decades, the total value the remainder substantially exceeds the 

, of the annual output, reflecting this in- stockpile objective, authorization, subject : 
crease in volume as well as a 50-percent to Congressional action, was given for the 
rise in the average unit price, has grown eventual disposal of over 1,000 more tons. 
almost threefold. In this same period, Also listed for elimination from Govern- . 
worldwide production has doubled and re- ment inventories was about 4,000 tons of 
doubled. oo 7 ground steatite talc not required for stock- 

pile objectives. Prospective buyers were 
Legislation and Government Programs. invited in July to submit bids for approx- 

_—According to the Office of Emergency imately 1,925 tons. | 

| | | Table 1.—Salient talc, soapstone, and pyrophyllite statistics 
. (Thousand short tons and thousand dollars) 

1956-60 1961 1962 1963 1964 1965 
(average) , 

United States: | | —- | | | 
| Mine production... ....-.--------- 749 762 772 804 ~ g90. 863 

. ,, Value_----.----------------- $5,078 $5 ,277 $5 ,278 $5 ,505 $6 ,218 $6 ,343 
Sold by producers--.-------.------ 725 727 777s 794 875 838 

Value__.._....-.-------.---- $15,857 $16,022 $17,882 $18,420 + $19,233 $19 ,794 
Exports !___.-.-.--.----_-------- 52 48 47 57 74 70 

~ Walue!__.-...--------------- $1,480 $1 ,805 $2 ,230 $2 ,778 $3 ,391 $3 ,486 
Imports for consumption. -_-...-.-- 23 27 26 - 26 23 21 

Value___....---------.------ $789 $1 ,055 $1 ,069 $1,088 $917 $833 
World: Production -- ----------------- 2 356 3 ,090 3,050 3,410 3,840 3,870 

r Revised. 
1 Excludes powders—talcum (in package), face, and compact. 

DOMESTIC PRODUCTION 

In 1965 domestic production and sales annual productions greater than 100,000 
of talc, soapstone, and pyrophyllite were tons each. 
under the record levels of 1964. Otherwise . . 
the operations of this indus ‘rtuall Grantham Mines, supplier of about 7 

© oP . try virtually percent of the Nation’s talc from proper- 
repeated the production pattern of 1964 os . . 

: . ties in Death Valley, Calif., has met its 
with the same three States (and in the . : . _ ore handling problems, underground and 
same order), New York, California, and . . 2 . on the surface, by adopting rubber-tired 
North Carolina, foremost in output. For diesel loaders and diesel trucks 
the first time Vermont joined these others ° 
to bring to 4 the number of States with 1 Commodity specialist, Division of Minerals. 

909. |
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Table 2.—Crude talc, soapstone, and pyrophyllite produced in the United States, 
by States | 

eee 

1964 1965 . 

| State | 
Short tons Value Short tons . Value 

| (thousands) (thousands) 

California_--_------.---------------------------. 182,601 $1,631 141 ,074 $1,725 
Georgia......----.-----.------------.-_-__------- 40,400 135 44 ,800 313 
Nevada.___....-.------.-- 2-2 -- eee 5 ,322 58 3,592 31 

. North Carolina_..-._.._-.-...2-----2 oe eee. 106 ,035 495 109,721 556 
Texas__.___.----- ee 89 334 395 64 ,211 204 
Virginia. ___.-_---.-.---..---_---- 22 eee eee 3,775 9 3,549 9 
Washington -_-__-.._.-.--.._-- 2 eee 2,680 18 2,861 17 
Other States !____.__-__. 22. 509 ,802 3,477 493 ,067 3,488 

— Total--__--.-------------.--2------------- 889 ,949 6,218 862 ,875 . 6 ,343 

1 Includes Alabama, Arkansas, Maryland, Montana, New York, Pennsylvania, and Vermont. 

- - Table 3.—Talc, soapstone, and pyrophyllite sold by producers in the United States, | 
| by classes 7 oe 
eee 

| | - Crude Sawed and manufactured 

Year Value at shipping point . Value at shipping point | 

Short tons Short tons - — 
Total Average | Total _Average 

, Oo per ton per ton 

1956-60 (average)....._..._.. 54,018 $306 ,959 $5.68 927 $437,661 $472.13 
1961___._-____ tee 65 ,705 344 ,660 5.25 695 407 ,000 585.61 
1962___..._ 58 ,699 302 , 841 5.16 660 416 ,000 630.30 
1963___---.---------.--.-. 63,924 310,752 4.86 (3) @) (2) 1964___..--_- ee (73 ,438 ' 370,851 5.05 @). (4) . Q) 

| 1965___.... 2-2 ee 63 ,345 254,681. 4.02. = (4) Q) (@) 
—S—SEeEeEeE—e—————E—=—=———=————————————EESS———————————————————— 

- Ground 2 Total 5 . 

Value at shipping point Value at shipping point 

Short tons ~ Short tons 
Total Average Total Average 

per ton per ton 

| 1956-60 (average).__._.__.._. 669,995 $14,612 ,282 $21.81 724,940 $15 ,356 ,902 $21.18 
1961______.___.._._____... 661,053 15 ,270 ,294 23.10 727,453 16 ,021 ,954 22.02 
1962___-____..._____.._._. 717,559 17 ,162 ,912 23.92 776,918 17 ,881 ,753 23.02 
1963___.._..........____-_ 1730,087 118,109,581 124.80 794,011 18 ,420 ,333 23.20 
1964_________._..._...-._. 1 801,587 * 118,862,560 123.53 875,025 19,233 ,411 21.98 
1965_..-.._-_-------- 2. 1775 ,079 119,539 ,300 125.21 838,424 19 ,793 ,981 23.61 

® Revised. 
1 Included with ‘‘Ground” to avoid disclosing individual company confidential data. 
2 Includes some crushed material. 
3 Owing to rounding, individual items may not add to totals shown.
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| ‘CONSUMPTION AND USES 

The Nation’s consumption of talc, soap- respectively, for 32 percent, 18 percent, 
. stone, and pyrophyllite in 1965 was ap- and 8 percent of the total amount con- 
- proximately 4. percent less than in 1964. sumed. Both paper making and _ toilet 

Ceramics, paints, and insecticides contin- preparations used record quantities of these 
: ued to be the principal outlets and re- mineral commodities. | 

peated the 1964 use pattern in accounting, 

Table 4.—Pyrophyllite 1 produced and sold by producers in the United States — 

| | . Sales total | | 
Year Production __ ee 

(short tons) 
Short tons Value 

1956-60 (average) -._._...---.----.--------------------- 151,915: 150 ,826 $1,995,660 
1961__.__.._-..------.------------------------- 157 ,421 129 ,707 1,798 ,816 
1962.__._______-_------- ee eee 125 ,247 133 ,336 1,779 ,O75 . 
1963__.__.....----_--------------_.------------- +--+ 129 ,018 132 ,719 1,664 ,329 
1964___.._....- eee 136 ,108 142 ,532 1,843 ,283 
1965_-_...---.-----------~---------------------------- | 126,266 136 ,308 1 ,823 ,946 

1 Includes sericite schist. oe —— . 

- Table 5.—Talc, soapstone, and pyrophyllite sold or used by producers in the 
| United States, by uses 7 | : 

- (Short tons) . 

Talc and soapstone Pyropbyllite 
. Use oe 

| | 1964 «:1965. 1964 1965 

Ceramics..._....-.----..--..-------.------------ 249,246 - 233,937 32,631 33 ,971 
Foundry facings....._.._.._.2--.--.----.------.---- . 4,797 4,721 WwW WwW 
Insecticides_...........-.------------------------ 38 ,927 38 ,841 27 ,661 29 ,080 
Paint.._.__.-.-.--------------.----------------- 160,653 149 ,516 WwW WwW 
Paper.....--.--.----------.--------------------- 31,585 — 46,956 __.___-____ WwW 
Rice polishing_..._.__....._._..--------i------------ W 3,009 __.__._-_______-------- 
Roofing. -_...--.---...------------------- +e -- 57,150 58 ,691 W Lie -ee- 
Rubber... -_...-.-.-------.---------------------- 32 ,352 26 ,990 WwW WwW 
Textile.___.___....-..--.------------------------ 7,057) 8,627 ____..-...-.-...--.----- 
Toilet preparations............-.----.------------ 16,739 26,108 __....-...-.------------ 
Other___...---.--.------------------------------ 1183,987 1 104,720 2 82 ,240 273 ,257 

Total. .....-.--------.-------------------- 732 ,493 702 ,116 142 ,532 136 ,308 

W Withheld to avoid disclosing individual company confidential data. — 
1 Includes uses indicated by symbol W and asphalt filler, composition floor and wall tile, crayons, exports, 

grease manufacture, insulated wire and cable, joint cement, patching compound, plastics, refractories, vault 
manufacturing, and miscellaneous products. 

2 Includes uses indicated by symbol W and asphalt filler, joint cement, plaster products, refractories, and 
related products. 

| PRICES 

Although trade journal quotations, un- were arranged, as customarily, at nego- 
changed from those cited in the 1963 Min- tiated prices influenced, in any specific 
erals Yearbook, represented the general transaction, by the quantity and the spe- , 
range of talc prices in 1965, actual sales cifications of the material- involved. 

| FOREIGN TRADE 

Although 1965 exports of talc, soap- rise in the average unit value of the ma- | 
stone, and pyrophyllite were 5 percent less _ terial exported made the 1965 total value 
in volume than those of 1964, a 12-percent the highest in history. Canada and Mex-
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Table 6.—U.S. exports of talc, pyrophyllite, and talcum powders 

| Talc, steatite, soapstone, and pyrophyllite Powders— 
os talcum (in 

mo a - packages), 
— Year _ Crude and ground Manufactures, n.e.c.! face, an 
a COMPpact 

(value 
Short tons Value Short tons Value thousands) 

(thousands) _ (thousands) 

1956-60 (average)......-------------- 51,835 $1,365 185 $114 $1,338 : 
1961___________-_-______ eee | 47,912 1,721 134 84 1 ,396 
1962____.._____----.---.-_-----.----- 46 ,939 2,133 122 97 1,286 
1963_.__.__..-.---------------.----- 56 ,483 2,690 107 88 1,140 
1964_____..-__ eee eee 73 ,998 3,316 128 75 1,068 

: 1965____----...--------------------- 69 ,597 3,486 (4) (4) $4,045 

1 Not elsewhere classified. 
2 No longer separately classified, effective Jan. 1, 1965. 
3 Not strictly comparable with earlier years. 

Table 7.—U.S. imports for consumption of talc, steatite, or soapstone, and French chalk, 
| by classes and countries 

| | Ground, washed, 
Crude and powdered, or _ Cut and sawed Total 
unground pulverized, except unmanufactured 

Year , toilet preparations 

| . Short Value Short Value Short Value Short Value 
tons — tons tons tons - 

1956-60 (average).._.--... 199 | $17 ,538 22 ,910 $734 ,776 83 $36,636 23,192 $788,950 
1961___.._.-_._....---.-. 40 4,859 127,238 11,012,358 84 37,527 27,362 1,054,744 
1962___._________._-.... 27 3,536 25,650 1,015,131 100 50,577 25,777 1,069,244 
1963_._..._--.-.--_..-.- 945 47,715 24 ,401 963,008 335 77,496 25,681 1,088,219 

1964: 
Canada_____..._.-.. 35 490 2,027 46 400 __._-.--..-----. 2,362 46 ,890 
France_____...----.-..-------------- 5,396 122 ,751 1 254 5,397 123 ,005 
India. ....._-.------- 6 700 499 16,726 __....---..._--- 505 17 ,426 
Italy_...........-... 330 14 ,402 14 ,039 669 ,336 2 810 14,371 684 ,548 
Japan____________-_------------ eee ee neeen-ee--------- 74 =~» 44,320 74 44 320 
Sweden..._.._.______-_..- --_-.--------------------------- 5 942 5 . 942 

. Total___.__.__..-. 371 15 ,592 22 ,261 855 ,213 82 46,326 22,714 917,131 

1965: __ 
Canada. ___....-.-.--.-------------- 3,136 62,021 _.__..__......_. 3,136 62 ,021 
France____.....-.----..---.--------- 4,924 114,986 ___...-.-.-.-... 4,924 114,986 
India.........---... 33 4,100 187 6,533 ...-.------- eee 220 10 ,633 
Italy... 2-22 e- 12,101 535 ,274 6 2,475 12,107 537 ,749 
Japan_._.- eee -------) 148 87 ,462 148 87 ,462 
Korea, South. .._.-_.-----.---------- 469 19 365 __.-.. -__--_-_-- 469 19 365 
Rumania___..._.._....----.--------- 18 703 ___.-__.----__-- 18 703 

Total_....._..__._ 33 4,100 20 ,835 738 ,882 154 89,937 21,022 832 ,919 

1 Data adjusted by Bureau of Mines to exclude less than 1 ton ($980) of ground, washed, powdered, or 
pulverized, valued not over $14 per ton from Hong Kong. 

ico received the largest tonnages, 29,850 United States in 1965 was the smallest 
and 15,519 tons, respectively, but the total since 1957 and the eighth smallest since 
value of Mexico’s share, $427,153, was ex- the resumption of international trade at 
ceeded by the $451,416 paid for the 4,740 the end of World War II. Shipments from 
tons shipped to Sweden. About 53 other Italy, even after 4 successive years of de- 
countries received smaller quantities of talc cline, amounted to 58 percent of imports, 
exported from the United States. while France supplied 23 percent and Can- 

The quantity of talc imported by the ada 15 percent.
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a Oo WORLD REVIEW — , a 

World production of talc, soapstone, and talc in the No. 2 zone of the underground 
| pyrophyllite rose in 1965 to a volume Van Reet mine near South Bolton. This 

greater than that of any previous year and is sufficient for about 20 years of opera- 
more than four times the annual total at ‘tions at the current rate. , 
the close of World War II. . Finland.—Lohjan Kalkkitehdas Oy 
Belgium.—In Ghent, Sierra Talc and started investigating the use of the flota- 

_. Chemical Division of Cyprus Mines. Corp. _ tion treatment of talc from its Lohnaslampi 
started construction of a mill for processing deposit to produce a suitable replacement 
talc that Sierra will mine at Indian Creek, for kaolin for use as paper filler. - 

| Mont. and bulk ship by rail to Tacoma Mexico.—Ladrillera Monterrey, S.A., 
and from there by steamer to Belgium. currently turning out over 5 million floor | , 
The ground product will be sold to Euro- and wall tile monthly from Mexican wollas- | 
pean papermakers. tonite mixed with ball clay and talc, both 
Canada.—Cyprus Mines Corp. of Los imported from the United States, planned | 

Angeles, Calif., arranged an option and be- a twofold expansion of its factory. oo 
gan exploration preparatory to starting | Spain.—To meet growing domestic and. 
exploitation of a talc deposit near Kich- export demands, modernization of mining © | 

_ ener, British Columbia. In southern Que- operations was begun at Lillo, Provincia | 
bec, development showed that Baker Talc, de Leon, where nearly one half of Spain’s _ 

: Inc., has about 200,000 tons of minable current output of talc originates. | 

| _ Table 8.—World production of talc, soapstone, and pyrophyllite by countries 1 . 
Oe (Short tons) . . . 

: Country } : 1961  —«-:1962 1963 1964 19657? | 

North America: . | 
Canada (shipments) -....__.------ 48 ,116 46,161 54,250 . 58,182 § 55,034 
Mexico._._...-.-.--------------- 4,616 © 4,400 e 4,400 e 4°400 e 4,400 
United States._.....--.---------- 762 ,380 771 , 728. 804 ,358 889 ,949 862 ,875 

South America: . | 
Argentina......--_--------------- t 32 ,042 r 31,645 t 30 ,932 F 26 ,904 e 28 ,000 . 
Brazil__.....----------------=---- - 26,209 42,218 38 ,487 t 53,038 e 53 ,000 : 
Chile. _._.-...-.---.---..------- 2 ,056 2,095 2 ,846 3,042 1,641 . 

. Colombia_-....-.-.-----.-------- — 600° 720 720 805 440 | 
Paraguay___.______._-_-_.._-_--.-----------.---.-------------------- 52 154 
Per____-..--------.------------ 3 ,236 1,896 _ F 2,870 — 2,943 5,602 
Uruguay ..-:-----------------.-- 1,857 1,890 1,890 . tr 2,341 2,618 

_ Europe: 
Austria___-.---.----------------- 93 ,639 83 ,523 72 ,360 79 ,225 | 82 ,675 
Finland. ........--.----.-------- 6,967 | 7,088 7 447 t 7,000 8,000 . 
France__.--....-..-------------- 245 427 206 ,000 174,298 . * 226,000 218 ,000 
Germany, West (marketable) - --_--- 32 ,696 30 ,411 r 29 ,000 30 ,975 34 ,000 
Greece. _._.----------.-----.---- .. 2,044 2 ,662 e 3,000 e 3,000 e 4,000 

- Italy_...---.-----------.-------- 148 ,706 r 142 ,860 r 153 ,590 *145,707 . 131 ,481 . 
Norway-_.----------------------- * 100,799 F 100 ,040 ® 80 ,537 F 84 ,986 88 ,000 
Portugal. -....-.----.----------- + 794 - 359 595 ‘880 783 
Spain. _.._...------------------- 30 ,498 30 ,562 30 ,317 t 29 ,550 e 30 ,000 
Sweden--_..-.....----------.---- 17 ,270 19 ,201 r 20 ,696 r 18,409 e 19,000 
U.S.S.R.e.. 2 + -- 330 ,000 340 ,000 385 ,000 385 ,000 395 ,000 

Ag _ United Kingdom---_-_----------- 7,761 8 ,240 r 8,933 r11,374 © e¢11,000 
rica: , 

Rhodesia, Southern____._..__..---_.--_-.----- 23 21 r15 e 90 
South Africa, Republic of -_-.------ 3,279 13 ,921 7,566 7,294 10,187 
Swaziland ___._._.._..-.-------- 2 ,955 3 ,902 3,052 2,199 1,014 

Asi United Arab Republic (Egypt) -- - - - 6 ,565 6,753 7,861 | 18,542 43 ,682 
a: 

China, mainland ¢______..-..-_--- 165 ,000 165 ,000 165 ,000 165 ,000 165 ,000 
India..-..-...-----.------------ 106 ,696 121 ,749 t 133 ,357 ® 147,710 164 ,646 
Japan. —-—~— ~~ ---- 2-2 -n nnn no n= 699 ,510 649 ,651 944,551 *1,162,646 e¢ 1,163,000 

orea: 

North ¢_.......-.------------ ¥ 17,000. 22 ,000 22 ,000 22 ,000 22,000 
South._.....---------------- 50 ,330 51 ,235 70 ,772 99 ,272 93 ,306 

Pakistan (soapstone) -_-_..___..-_-- 1,361 1,235 2,061 r 2,821 3,135 
Philippines. _. _...__.-..--.-__--- 209 130 105 108 654 
Taiwan.._....-------..--------- 14 ,824 14,781 16 ,300 18,718 16 ,787 

Oceania: Australia...............----- 16 ,613 16 ,790 r 15,616 r 19,146 e 21 ,000 

World total ¢__........_...._... * 3,090,000 *3,050,000 *3,410,000 * 3,840,000 3 ,870 ,000 

e Estimate. P Preliminary. F Revised. 
1 Tale or pyrophyllite is reported in Rumania, but data are not available; estimates are included in the total. 
2 Compiled mostly from data available July 1966.
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Table 9.—Austria, France and Italy: Exports of talc and soapstone by countries 
| | (Short tons) 

= | Exporting countries 

. | Destination Austria France oo Italy 

1964 1965 1964 1965 1964 1965 

ey 20” 
Belgium-Luxembourg.-........-------- 5,677 5,501 5,305 4,646 _...-...--.--...-.-.- 
Denmark... .--2 2-222 lee 345 373 202 — 168 _--.-------.-------- 
Finland. .._....-.---.--.---------------+--------+-------- 271 $12... - ~~~. 

' France.......-...------------------- 1,829 1,769 _.-....---.--------. 13,958 13,614 
Germany: | . : : 

Fast. ......---.----.----------.-- 3,491 4,201 _._-.-.-..-----2-- ee - -e- 
West........----.-.--.-------.-- 30,750 33 ,388 13.359 11,929 6,330 3,905 

Hungary ...--.------------------.--.. 2,359 4,008 _...-..--.------..--..------ +--+ eee 
Israel. ....-2----------2------------- 198 — 394 871 .486 ....----.---.-.----- . 
Italy._......-----.------------------ 7,858 7,917 ~ 808 917 1-.------+--------- 

. .. Ivory Coast. ..-...---.----- 2 ee enn ee 315 . 865 ....---------------- 
. Japan.._.----- ee nnn nn nn ne en nn nn en nn nn eee nen nee 544 

Mexico........-..----.---------- nn nn nn nn nn nnn ne nn nena 1,080 
7 Morocoo....--.--------------------------------+--+--------- 1,109 1,395 ....-.-.-.---...---- 
ae Netherlands........--.--------.----- 2 354 | 2,981 2,027 3,025 1513 1520 — 

. Poland...-.....--.------.---.------- 940 1,011 _--.------ $75 _...-.-------------- 
Portugal._....----...--------------- . 2 13 1,139 683 1335 -NA 
Rumania__.....-.-...--..------------ 183 219 Looe ee ees 
Spain_....---....--.---------------- 5 44 396 | 778 ....-.-.-----..----- 

: Sweden.....--_--------------------- 7 93 946 . 922. 191 “NA 
Switzerland.._......--.--.----.--.--.. 4,351 4,454 8 ,026 6,965 11,477 1,887 
Tunisia. _.-_..---.-..--.---.---------------------------- 742 325 ....--.--.---.------ 
United Kingdom .._...-...--..--.=--- 463 ~~ 305 9 ,987 9 ,467 7,361 4,386 
United States__.._._._.......----------------------------- 5, 498 4,728 14,809 7,192 — 

, Yugoslavia. .......---------.-------- 581 -...-----.---.------------------------------------- 
Other countries-..-.....-..-.-------- 41 8 1,313 1,829 13 ,167 3,219 

 Total......--..-----.--------- 61,504 66,679 56,524 56,416 48,141 26,347 

| NA Not available. | | | | | 
| . 1 From import detail of trade returns of the respective country. 

| _  JECHNOLOGY a | 

| According to a responsible prediction, a and a 50-percent increase in the rate of 
large expansion of the powdered metals production, all of which more than bal- . 

| industry and increased talc consumption anced the extra expense of the required 
may result from current technological de- presses and dies. Although precalcining 
velopments.? Illustrative of these innova- the talc used for the body formulations 
tions is the recent introduction by a di- resulted in further improvement in the 
vision of Chas. Pfizer & Co. of composite dimensional stability of the products, it was 
metal/mineral powders—nickel/alumina, _ still considered necessary to test each new 
cobalt/silica, and copper/talc exemplify lot of talc received to determine the degree 
the dozens of combinations being produced _ of shrinkage.4 | | 

—for a variety of specialized applications Technological advances are far from be- 
such as for catalysts and materials for Jonging exclusively to our modern age. 
flame spraying and in ablation layers, re- Scientists now believe that inventive metal- 
fractory coatings, specialty paints, hard-  jurgists learned more than 5,000 years ago 
facing agents, and fillers for rubber and to cast objects of copper in molds cut from 
plastics. ; ; blocks of talc or soapstone.5 

A journal article related the experience 

of a New Jersey manufacturer in an ex- — 2 Steel. _V. 156, No. 12, Mar. 22, 1965, p. 28. 
tensive conversion from wet molding to 1 o6e ort Engineering. V. 36, No. 3, Feb. 1, 
dry pressing for fabricating steatite and > ‘‘Tacler, pDavid H. Dry, Pressing Blectrical 

i-steati ] i rcelain products. orcelain Depends on Die Design an ateria 
semi-steatite electrical po P Control. Ceramic Age, v. 81, No. 2, February 
Important advantages of the dry process 1965, pp. 28-31. 
incl iformi reater 5 Groves, R. The Story of Metals—Part VIII. 
included better product uniformity, greater | etre tin, Jovy 86. Now dy Anril 1965 pp. 

. ease in holding to dimensional tolerances, 96-97,
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When sorting the lumps of an ore and an essential ingredient for the formulation 
_ rock mixture, talc and not-talc for example, of the following preparations: A fireproof- | 

a workman depends upon the actions of ing composition,® a fire-extinguisher com- 
eye,-mind, and hand. These human op-  pound,!® a covering to prevent corrosion 
erations are closely paralleled by the per- of buried pipes,!1 a heat-conserving insula- 
formance of the Sortex 621M, an efficient tion coating for the molten-metal reservoirs 
electronic classifier recently devised in Eng- used for die casting,J* a polymeric-base 
land for dealing with this tedious job caulking compound,!* and a buffing, grind- 
cheaper, faster, and better. The Sortex ing, or sanding paste for use on metals, | 
photoelectrically scans a falling stream, up _ glass, wood, ceramics, or other materials.14 | 

| -to 50 tons a day, of 4- to %-inch frag- _ @Mining Journal (London). New El : ° ining Journa ndon). ew ectronic 
- ments of intermingled rock and ore, and Machine for Separating Mineral Particles. V. 
_by comparison with preset standards, de- 265, No. 6790, Oct. 8, 1965, P., 254. 

: tae 7 Mandle, R. M., an - O. Tongue (assigned 
_ cides electronically whether the color of ., W."'R” Grace’ & Co., New York). Finid 

all the faces of each particle is or is not Energy Mill. Us. cat 3,186,648, June 1, 1965. | , 
‘abe . * as . ykken, W. H. (assigned to e Microcyclo- 

within predetermined limits. The machine mat Co., Minneapolis, Minn.). Pulverizer and 
uses momentary blasts of compressed air Classifier. U.S. Pat. 3,221,998, Dec. 7, 1965. 

° : * . Hodnefield, O. T. (assign 50 percent to 
to toss re} ected pieces aside into a waste | Kay O. Anderson). Fireproofing Composition. . 
chute. One operator can supervise several U.S. Pat. 3,201,265, Aug. 17, 1965. 
ore sorters simultaneously 6 . oes L. O. British Pat. 980,976, Jan. 20, 

. ° ° oa 1965. 
Patents were issued for a fluid energy : 11 Parker, W. D. (assigned to Winn & Coales, 

‘ a ; ana - td.). anadian Pat. 701,290, Jan. 5, 1965. 
mill for grinding tale w i th Janimurm aa 12 Franks, A., S. E. Jones, and A. H. Hale 

- duction of static electricity in the process, (assigned to PS D. Page Co., Ltd.). British Pat. 
izer- i 976,197, Nov. 25, 1964. and for a pulverizer classifier to be used for 1S Hambling, J. Ky and J. M. Squire (assigned 

grinding and upgrading talc and other to the British Petroleum Co., Ltd.). British Pat. 
minerals.® 984,391, Feb. 24, 1965. 

. 14Meyer, E., and C. Seibel. British Pat. 
Patents were issued for the use of talc 1,007,566, Oct. 18, 1965.
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| Thorium | 

; = By Charles T. Baroch’ | - 

Production of monazite, the only do- amended Part 40 of its regulations to per- 
mestic source of thorium, dropped nearly mit the use, without licensing, of small 
one-third in 1965 because of curtailed pro- quantities of thorium in electric lamps. : 

7 duction in Florida. Nonenergy uses eased [Electric lamps to be used in the home or 
_ slightly, but an increased quantity was with- near individuals for prolonged periods of 
drawn from inventories for nuclear pur- time may contain no more than 50 milli- 
poses. | grams of thorium. In germicidal (ultra- 
- . : violet) lamps, sunlamps, and lamps for 
Legislation and Government Programs. outdoor or industrial lighting, the quantity | 

| —The Atomic Energy Commission (AEC) of thorium authorized is 2 grams per lamp.? 

Se —_ DOMESTIC PRODUCTION | 

Mine Production.—Titanium Alloy Man- | the Chattanooga plant and operations of 
ufacturing Division, National Lead Co., Vitro Chemical Co., a division of: Vitro 

| ‘was the only firm to report domestic pro- Corporation of America, about midyear 
duction of monazite. This was recovered and operated it along with their plant at 
from beach sands at the Skinner Mine, Pompton Plains, N.J. Other plants that 
Duval County, Fla., as a byproduct of il- had capabilities for fabricating thorium | 
menite and zircon. The company stated nuclear-fuel elements are listed in table 6 
that operations were ending in Florida and of the “Uranium” chapter of this volume. 
were being moved to Georgia. Produc- a : 

| tion was about 30 percent less than in 1964. Table 1.—Principal processors of thorium 
Sawyer Petroleum Co. signed a proft- §_<——————_____________- 

° er . . C Pl i 
sharing contract permitting Lemhi Miner- -OTP]PY Fat location location 
als Co., Tendoy, Idaho, to mine and proc- American Potash & 

. . hemi owen ne ne i » Tl. ess thorium, yttrium, and the rare-earth Th emical C “e : West Chicago, Ill 
i - ti Wilcox Co. ~-.......... Lynchburg, Va. elements in ore from a 100-acre portion of The Dow Chemical Gor 2 Mite ite 

the Sawyer holdings in Beaverhead County, General Dynamics Corp.--San Diego, Calif. 
Mont.2 In the Lemhi Pass area, AEC - R. Grace & Co.____.__ Chattanooga, Tenn. 

. : Kerr-McGee Corp. _......Oklahoma City, Okla. geologists spent the pummer studying a Metal Hydrides, Ine.____—— Beverly, Mass. 
i i i ~ ationa 0....._..._Albany, N.Y. . 

qu ality, quan ity, ane? cat ion of the tho Nuclear Fuel Services, rium deposits which lie in an ore zone Inc. _.------..----.-.--Erwin, Tenn. 
about 20 miles long in Idaho and Montana. Nuclear Materials & 

Equipment Corp. _....- Apollo, Pa. 
. United Nuclear Corp....._Hematite, Mo. 

Refinery Production.—American Potash = —————————____________—_- 

:  cremical a and Davidson Chemical W. R. Grace & Co. was the only do- 
nly the cnt ON ne t °- the © mestic producer of magnesium-thorium 

r y, oof P eubsra, ‘al repor titi € of master alloy (magnesium hardener), but 
uction of any substantial quantities of  Qiney suppliers of imported hardener were 

monazite. Thoria, a coproduct of the pro- 
duction of rare-earth compounds, was often 1 Commodity gvecialist, Division of Minerals. 
supplied to other firms for purification and 5 of ER 15802, Dec. 22, 19665. . . oe oe E d M al. V. 166, fabrication. W. R. Grace & Co. took over No. 18 October 1965, D. ish Journ 66 
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The Dow Chemical Co. (from Canada) Bendix Foundries, Teterboro, N.J.; Brooks 

and Magnesium Elektron, Inc., New York and Perkins, Inc., Detroit, Mich.; The Dow 

(from England). Among the principal Chemical Co., Midland and Madison, 

producers of commercial magnesium al- Mich.; and The Wellman Bronze & Alu- 

loyed with about 3 percent thorium were minum Co., Bay City, Mich. 

CONSUMPTION AND USES | | 

‘Nonenergy Uses.—Apparent consump- worked on the thorium-fuel-cycle portion 

tion of thorium, as reported by shipments of the Heavy Water Organic-Cooled Re- 

of compounds, was below that of 1964. actor program. This is a major effort in 

_. Major uses were in alloys and thoriated- the development of a thorium-breeder re- 

gas mantles; lesser quantities were used in actor and is closely coupled to the thorium 

refractories, chemical processing, and elec- utilization work at Oak Ridge National 

trical and electronic applications. Laboratory (ORNL). At ORNL, the Mol- 

E. I. du Pont de Nemours & Co., Inc., ten Salt Reactor Experiment achieved crit- 

Wilmington, Del., continued to develop TD _icality after 4 years of construction. This 

Nickel, which is nickel metal containing experimental reactor, which uses as fuel a 

about-2 percent of finely divided thorium circulating molten-salt mixture of lithium, : 

oxide dispersed throughout its structure. beryllium, zirconium, and uranium fluo- 
Du Pont offered sheets, bar, plate, wire, rides, is one of the advanced concepts . 
foil, and tube, in addition to information which may prove adaptable to breeding by 
on metalworking techniques. The quantity using a thorium-uranium fuel cycle. Using 
used was small, but commercial applica- molten fuel eliminates the costly fabrica- 
tions were being developed.4 The same type tion of fuel elements. The 525-Mw seed- 
of thoria dispersion enhances the machin- blanket reactor, which had been proposed 
ability of tungsten without deteriorating its by the Department of Water Resources of 
high-temperature properties. Developed by California, was abandoned because de- 
the Lamp Metals Department of the Gen- velopment work had identified technical 
eral Electric Co., it was placed on the problems that would prevent its economic 
market late in 1965 in bars and slabs.5 . _— operation. 

a a Nuclear experts continued their high in- _ 
7 Energy Uses.—The Elk River, Minn., — terest in U233 as an atomic fuel, and AEC 

reactor, of Rural Cooperative Power As- increased its production at both the Han-— 
sociation, operated at nearly full capacity, ford and Savannah River reactors which 

| 22 megawatts (Mw), for about 78 percent are used principally for the production of 
of the time in 1965. It was shut down plutonium. U233 is fissionable. It is pro- 

: during August for repairs. This power- duced when thorium is bombarded by neu- 
plant prototype had an initial fuel loading trons, just as the bombardment of U288 

of 8,412 pounds of thorium, 410 pounds produces plutonium. These reactions are 
of U288, and 380 pounds of U285,. This basic to converting and breeding, wherein 
fuel was in the form of UO:-ThO: pellets the surplus neutrons derived from fission 
in stainless steel tubes. In November, the jn a reactor are utilized to produce new 

United States and Italy signed a contract fissionable material. The ultimate aim of 
under which the “spent” fuel elements breeder reactors is the production of more 
from the Elk River reactor will be reproc- _fissionable fuel than that burned. AEC ex- 
essed and refabricated by an Italian plant. panded its facilities at Oak Ridge for puri- 

The other powerplant prototype reactor fying and storing U283 to accommodate up 
using thorium in its fuel assembly, the to 220 pounds of solids and 1,300 pounds 
Peach Bottom, Pa., Atomic Power Station in solutions.6 
of Philadelphia Electric Co. (40 Mw), was 

scheduled for operation in 1966. A fire 4 Ruth, John P. TD Nickel Nearing Use in Jet 
in February delayed construction work. Engine Parts. Am. Metal Market, v. 72, No. 
The fuel elements are carbon-coated ura- 112; June 14, 1965, Section 2, p. 3.0 
nium-thorium carbide particles in a graph- Pungeten Ube  alachinobility Thor ia, Dispersed 
ite matrix. V. 72, No. 244, Dec. 22, 1965, p. 15. 

Reactor uses for thorium continued to 6 Chemical Engineering. AEC Builds Up Its 
be developed. The Babcock & Wilcox Co. jagg ities, for U-288. V. 72, No. 14, July 5
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Oo : | PRICES — : | 

_ Early in 1965 monazite prices, quoted The price ranged according to the quantity 
nominally in E&MJ Metal and Mineral purchased; 10 pounds was the minimum 

_ Markets, showed the first change since purchase. Other grades ranged from 
_ 1960. Sand concentrates ranged from 8 $9.37 to $20.00 per pound in lots of 50 to 

cents per pound for 55-percent rare-earth 99 pounds. Thorium nitrate was. $2.50 
oxide (REO) to 12 cents for 66-percent per pound for wire grade and $2.65 per 
REO grade. These quotations represented pound for mantle grade, both in lots above 
reductions ranging between 20 and 40 per- 5 tons with price increments for lesser 
cent. Furthermore, specifications, former- quantities; other qualities ranged to $6.00 , 
ly based on REO content including thoria, per pound for lots of 50 to 99 pounds. 
were quoted in 1965 on the basis of REO Thorium metal (pellets) was quoted at $15 | 
alone, with no mention of thoria content. per pound, and thorium-magnesium hard- 

Thorium oxide was quoted at $5.80 to ener (30 to 40 percent thorium) was 
$7.00 per pound for ceramic grade and $9.18 per pound of contained thorium plus 
$8.30 to $10.00 per pound for high-density the contained magnesium at 36.25 cents 
material, both of 99.9-percent quality. per pound. | 

FOREIGN TRADE : 

Exports of thorium ores and concentrates - reau of the Census in 1965 consisted of 
| contained 39,702 pounds of ThO: valued 1,278 short tons from Australia, 64 tons 

at $79,005, mostly going to the United from Brazil, 141 tons from Ceylon, 22 tons : 
_ Kingdom. AEC distributed abroad through from Korea, 447 tons from Malaysia, and . 

| sale, lease, and deferred payment sales, 102 76 tons from Nigeria, a total of 2,028 tons 
grams of U283 of which 67 grams went to valued at $188,817. This was about 4 
France, 20 grams to Switzerland, and 11 percent less than the quantity received in 
grams to West Germany; the balance went 1964. | . , 
to Belgium, Euratom, and International Thorium metal imported from Canada | 
Atomic Energy Agency for Austria. Addi- totaled 5,000 pounds valued at $50,546. oe 
tionally, AEC commitments for U233 to- Other imports included 115 pounds of tho- 
taled 3.74 pounds in 1965 to nations hav- rium oxide and other compounds from 
ing Agreements for Cooperation with the West Germany, Switzerland, and the Unit- 
United States. The aggregate commit- ed Kingdom with a value of $10,000. 

| ment to the end of 1965 was 71 pounds out Thoriated gas mantles, imported: mostly 
of 99 pounds determined by the President from the United Kingdom, aggregated 2.43 
to be available. . million, almost 10 percent greater than 

Imports of monazite as reported by Bu- 1964. Their value was $222,151. | 

| | WORLD REVIEW | 

World production of monazite, the prin- _U283 fuel system for its Candu type of re- 
cipal thorium ore, is detailed in the “Rare- actor. The 20-Mw deuterium-moderated, 

| Earth Minerals and Metals” chapter in this pressurized, natural-uranium-fueled demon- 
volume, | stration reactor at Rolphton, Ontario, may | 

: Canada.—Rio Tinto Dow Ltd., which be converted to boiling-deuterium oxide 
was set up by Dow Chemical of Canada (D.O) cooling, a preferred method of 
Ltd., and Rio Algom Mines Ltd., became conducting the Th-U233 fuel cycle.8 | 

_ wholly owned by Rio Algom. The firm was Egypt.—Radioactive deposits were pros- 
set up to recover thorium from waste pected in four regions of the Eastern Des- 
solutions from the Rio Algom Nordic mill ert. In the area between Port Said and 
at Elliot Lake.? Damietta, preliminary estimates of reserves 

Atomic Energy of Canada, Ltd., the §=——— | 
Government-owned corporation responsible Thon] in Ganada ov innipes, Canada). 
for the national atomic energy research and 7.38, No. 11, November 196s pea8e, EO 
development program, announced its inten- ® Nucleonics. AECL to Develop New Candu tion to pursue the development of a Th- page pyatem. V. 23, No. 11, November 1965,
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| were stated to be 80 million tons of ore set at Peach Bottom, Pa., and the Dragon 
containing one-half million tons of mona- project in England.1° , 

: zite, 25,000 tons of thorium, and 2,000 Italy.-The United States and Italy 
tons of uranium.? signed a contract under which spent thori- 

-_um-uranium fuel elements from the Elk 
Germany, West.—The research center at River, Minn., reactor will be reprocessed 

— Karlsruhe worked on a high-temperature, and refabricated at an Italian plant and 
gas-cooled, pebble-bed breeder reactor. returned for reuse in the reactor. This is — 
The fuel was about five parts thorium and part of a cooperative program to develop 
one part uranium, both as dicarbides, the technology of using thorium-uranium 

| formed into 60-millimeter spheres encased fuel. Allis-Chalmers Manufacturing Co. 
in pyrolytic graphite, following the pattern constructed the facility. a a 

WORLD RESERVES . - 

Because of its potential use in nuclear No estimates were attempted for the Com- 
power production, thorium was of increas- munist countries. — 

ing worldwide interest. At the beginning Table 2.—Estimated world resources of 
of 1965, the Steering Committee of the horium at a cost of less than $10 per 

: European Nuclear Agency set up a study pound ThO: 
group on the long-term role of nuclear (Thousand short tons Th,O) 

energy in Western Europe. One of its -~ =~. ~~«SReasonably Possible” 
duties is to establish resources of uranium Country assured additional 

and thorium at regular intervals of 12 to SSS BONUTCCS —CFOROUNOOS 
| 18 months. The first estimate was pre- India_-__---------------. 300 250 

sented in August 1965. Estimates are dif- (nited States-----------.. 100 oo 
ficult to make because thorium production Central and South Africa | 
costs usually depend on the marketability 274 Malegasy---------- 60 BO 
of other coproducts, such as zircon, rutile, | Denmark (Greenland) ~~~. 15 
uranium, and the rare-earth elements. B*@#i!------------------- 10 20 
The study group, consisting of 11 experts Total. = 6B ao 

from six countries, intends to be conserva- Source:. Organization for Economic Co-Opera- 
tive in its estimates and to underestimate tion and Development, European Nuclear Energy 

1 Agency. World Uranium and Thorium Re- 
resources when available data are meager. sources. Paris, France, August 1965, pp. 19-20. 

TECHNOLOGY | 

- An alkalic rock complex covering ap- the other minerals in the presence of about 
proximately 12 square miles near Powder- 11 pounds per ton of 1:1 sodium silicate. 
horn, Colo., was described in detail, based Actinols (mixtures of oleic and _ linoleic 
on information obtained by drilling about acids) .were the best collectors, and con- 

| 50 holes. E. I. du Pont de Nemours & Co., centrate containing 72.4 percent monazite 
Inc., had acquired mineral rights covering was produced with 93.8 percent recovery. 
more than half the complex, which con- Flotation recovery might be more economi- 
tains one of the largest titanium-colum- cal than the current electrostatic and mag- 
bium deposits in the United States. Most netic methods which require drying of the 
of the rocks also contain rare-earth ele- sands.12 
ments and from 0.01 to 0.05 percent tho- Spheroidal particles of thorium dicarbide 

mum, while chip samples from some thori- ® Mining Journal (London). Uranium Mines 
um veins range as high as 5 percent ThO2 in Egypt. V. 264, No. 6762, Mar. 26, 1965, 
Thorium-bearing minerals recorded in- P. 231. lear Engineerine (Lond The Pebbl 

cluded thorite and thorogummite.1 naa Nuclear Engineering. (London). The Pebble 
Conditions were established for the se- PP. 338 at i A. K., and R. M. Grogan. Carbona- 

lective flotation of monazite from asso- tite and Related Alkalic Rocks at Powderhorn, 
ciated minerals like ilmenite, rutile, gar- Colorado. Econ. Geol., v. 60, No. 4, June-July 
net, zircon, and sillimanite from the beach 12 Ve nathen K. V., T. R. Madhavan, and 
sands of Manavalakurichi, Madras State, K- K. Majumdar. Selective Flotation of Beach 

India. Monazite could be separated from TS NO ya 1965. pp. 17-23. (london), v.
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and thorium-uranium dicarbide having 982° C. At 12 weight-percent molybde- 
diameters of 100 to 300 microns were pre- num, the alloy showed significant improve- 
pared from nitrate-solutions on a laboratory ments in strength and stability.16 | | 
scale by a simple sol-gel process. Thorium — Research has shown that the ductility | 
oxide, prepared by the steam denitration of of tungsten and tungsten alloys at 0° C 
thorium nitrate, was dispersed to a sol in can be increased by adding ThO:z to the 
an aqueous nitrate solution and high-sur- metal. It has been postulated that the 
face-area carbon was added. The resultant presence of ThO:, particles tend to blunt 

| ThO:-C was formed into spheroids by dis- and arrest transverse cracks which would 
| persing the sol into carbon tetrachloride. otherwise propagate to failure.17 Another : 

The spheroids were set to a gel by adding investigation was made of the tensile prop- | 
: isopropyl alcohol, and the resultant 150- erties of recrystallized high-purity tungsten | 

to 450-micron spheroids were recovered, and a dispersed-phase alloy of tungsten 
washed, dried, and fired to produce the with 1 percent ThO: The thoria additions 
dicarbide and to somewhat shrink the sphe- resulted in a modest strengthening effect 
roids. Such particles, when coated with over the entire temperature region tested, 
pyrolytic carbon or silicon carbide are of 800° to 2,400° C. The increase in strength | 

_ interest as fuel materials for high-tempera- is not explained by current theories, but 
. ture nuclear reactor fuel. A typical firing metallographic examination suggests that 

at 1,600° C in a vacuum gave greater than it is apparently caused by the effect of 
98-percent conversion to ThC:.13 thoria on the microstructure.18  . | 

Hot hardness and recrystallization tem- ©==oORNL issued a report for the Interna- | 
peratures up to 750° C were used asscreen- tional Atomic Energy Agency (IAEA) 

| ing tests to indicate the effectiveness of al- Panel on Utilization of Thorium in Power 
/ loying elements in strengthening thorium Reactors, Vienna, Austria, which presented — | 

at high temperatures. Zirconium and in- a discussion of the factors which should . 
dium showed promise as alloying additions. be considered in the refabrication of fuel 
Thorium with 5 percent zirconium is four bred in the thorium-U233 fuel cycle. Low 
times as hard as unalloyed thorium at 750° nuclear-power costs depend to a large ex- 
C, and the 4-percent indium alloy is five tent upon the cost of fuel-cycle operations. 
times as hard. These additions harden Included is a discussion of the types and - 
thorium principally by solid-solution features of refabrication plants that should 
strengthening, but with some intermetallic be employed, and methods of minimizing 

. hardening in the case of indium.14 refabrication costs. The ORNL refabrica- 
| _ The dispersion-strengthened nickel al- tion program and the Thorium-Uranium 
; loys, known as TD Nickel, consist of an Recycle Facility were also described.19 , 

ultrafine, uniform dispersion of 2 volume- § ———————— 
percent of ThO, in a pure nickel matrix. 18 Kelly, James L., A. Todd_Kleinsteuber, 

They ‘were evaluated, and their applica. $10. Slinign “and” Orion © ean: VSkGel 
tions and mechanical properties were dis- the Dicarbides of Thorium and Thorium-Uranium 

cussed. TD Nickel is stable, has more Eee Otome Noe Agrit ae md. gand 
oxidation resistance, and is stronger above 216. ka LA LPH a Eval | 

1,900° F . than most other superalloys. tion of Thorium-Base Alloys for High-Tempera- 
However, it has low strength at lower tem- _ture Strength. U.S. Dept. of Commerce, Clear- 
peratures and low ductility at elevated inghouse oon ORNL BT Ang roO5, Sernmeall 
temperatures, and new design concepts and 15 Redden, Thomas K., and James F. Barker. 
joining techniques are needed. The alloy Making TD Nickel Parts. Metal Prog., v. 87, 
J . o. 1, January 1965, pp. 107-1138. 
is recommended for turbine blades, nozzle %Rasmussen, Jens G. ThOs-Dispersion- 

partitions, afterburner flame holders, and Alege Peng cen ee bet and Nickel Molybdenum 
combustion and afterburner liners in jet  Met., v. 8, No. 15, March 1965, pp. 92-113. 
engines.15 . “Manttelle Technical Review. Crack Arresters 

A series of alloys in the Ni-ThO, and "King, G. W. and H. G. Sill. The ‘Effect ‘of 
Ni-12 percent Mo-ThOs system, contain Thorla,, on she. Blevated-Fenperature Tensile 
ing from 3 to 9 volume-percent ThO:, were sten. Trans. Met. Soc. AIME, v. 233, No. 6, 

prepared by selective hydrogen reduction ug 2988) p> OUR a 
of mixed submicron oxides. ; Room-tem- fabrication Technology for the Thorium-Urani- 

perature strength and ductility were ex: pa, 2 fuel Ove, US Dept of, Commerc 
cellent, as were creep-rupture properties at cal Information, ORNL-TM-1141, 1965, 52 pp. 

232-748 O-67—59
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The possibilities of the combined use of the starting quantity.20 - 
the Th-U233 and U238-Py239 cycles in a Interferometric determinations of wave- | 
fast reactor was discussed. The thorium lengths emitted by a thorium lamp have 
would be placed in the reflector zone of the been measured to provide improved wave- 
fuel assembly and the U233, U238, and lengths for 510 radiations ranging from 

| Pu239 would be in the active zone in a fast 3269.6089A to 7020.504A. Previous de- 
reactor. Fast reactors use no moderators — terminations were limited to 222 intense 
to slow down the neutrons, and the rela- radiations of thorium.” , 
‘tively compact fuel core is surrounded by =—HHW-——— : _ 

| a Dlanket'‘of the thorium which becomes 7 EalPvasil, AIO. D. Kouchhovakl 8B 
the main breeding element in the mixed of Using Thorium. in Fast Power Reactors) 
fuel cycle. Neutron efficiency is expected Atomic Energy (U.S.S.R.), v- 18, No. 4, April 
to be very high, leading to much lower 21 Meggers, William ¥F., and Robert W. Stan- 

doubling time—the time required to breed 1, Mere, Warelanetis, From, Tham, Lamm 
sufficient new fissionable. fuel to double March—Avril 1965, pp. 109-118. 7 |
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| By George T. Engel? 

Prices for tin attained alltime average tion (GSA) continued to dispose of pig 
highs in 1965, reflecting continued high tin declared surplus to national stockpile - : 
demand and short supply. needs. Previous to the GSA disposal year , 

Production in almost all major produc- beginning on March 22, 1965, a total of 
ing countries increased but consumption 40,983 long tons had been disposed of since 

| continued to exceed production. Sales of inception of the tin disposal programs. On 
surplus tin from the U.S. national stock- this date, 28,000 tons was announced as 
pile continued to help fill the deficit. available for disposal in the following dis- 

Exploration and development throughout posal year. By the end of December 1965, 
| the world increased; new deposits were a total of 21,733 tons had been sold under 

| discovered, new smelting facilities were es- the current program and a grand total of 
| tablished, and new areas showed promise 64,906 tons since inception of disposals. | 

| of becoming tin producers. | Toon _ ae. ae . C di ialist, Divisi i . Several publications dealt with the po- 2 Hedges, ny Tin in Nowial of Minerals. 
litical, social, and economic aspects of tin.2 History. Edward Arnold (Publishers) Ltd., 

: . London, 1964, 194 pp. : A new center for tinplate research was Metal Bulletin (London). Singapore’s With- : 
set up by four companies in Thionville, drawal From Malaysia. No. 5022, Aug. 13, 1965, 
France, to be known as Centre de Re- ———. What Future for Tin? No. 4998, May 

- 18, 1965, pp. 11-12. _ cherches du Fer Blanc, or the Franco-Saar Mining Magazine (London). The Prerequisites | 
Resear o center. c p to Increased Tin Production. V. 112, No. 1, 

islation an overnment Programs. January » Dp. ° 
8 . era % Metal Bulletin (London). Franco-Saar Re- —The U.S. General Services Administra- search Centre. No. 4988, Apr. 9, 1965, p. 12. 

Table 1.—Salient tin statistics 
(Long tons) 

eee 

1956-60 
(aver- 1961 1962 1963 1964 1965 
age) 

eee 

United States: - 
Production: . 

Mine. __.-..--.-2 22 eeee 12 Ww W Ww WwW 47 
Smelter. _.....--.. eee WwW WwW WwW WwW WwW 3,098 
Secondary....._...--------.------- 24,452 21,600 21,040 22,332 23,508 25 ,076 

Imports for consumption: 
Metal.-......-.--------------.---- 48,603 39,893 41,401 43,283 * 32,132 40,816 
Ore (tin content)._.....-.........--. 9,404 8,917 5,364 1,650 5,190 4,326 

Exports (exports and reexports).._._...... 1,198 800 435 1,625 4,041 2,829 
Consumption: 

Primary.....-..---------------.--- 52,052 50,288 54,602 55,209 * 58,586 58,550 
Secondary -_-__----..---..-----.-.--- 28,618 27,962 24,483 23,094 24,304 25,461 

Price: Straits tin, in New York average 
cents per pound__.........-.......... 99.19 113.27 114.61 116.64 157.72 178.17 

World: 
Production: 

Mine-_-----..---.---.-.--.-------- 179,060 184,100 186,600 190,300 194,500 199,200 
Smelter. -....---.---..----..----- 179,900 184,000 189,500 191,600 188,900 194,100 

eee 

t Revised. , 
W Witbheld to avoid disclosing individual company confidential data. 
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Of the grand total, 59,888 tons had been port Control in the U.S. Department of 
sold commercially, 4,514 tons went to the Commerce required a license, except to | 
Agency for International Development Canada, for exports of detinned tinplate, . 
(AID), 34 tons to other government agen- _terneplate scrap, and detinned cans. Ex- | 
cies, and 470 tons for upgrading. ports of tinplate, terneplate scrap, and old 

On December 31, there was 287,008 cans were exempt from licensing except to 
tons of tin in the national stockpile, of the Sino-Soviet bloc, Hong Kong, and 
which 279,503 tons was in the strategic Macao. 
stockpile and 7,505 tons in the supple- The foreign assets control regulations 
mental stockpile. | of the U.S. Treasury Department prohibit- 

The destination of tin shipments from ed the entry of Chinese tin. Soviet tin 
the United States was limited under the could enter the United States under a 

| Export Control Act. A general license was license (none did) under the assumption 
in effect except to China, Cuba, North that it might be of Chinese origin. Alloys 
Korea, North Viet-Nam, and the Pacific possibly including Chinese and/or Soviet 

| region of the U.S.S.R. The Office of Ex- tin were prohibited. on, | 

7 ~ DOMESTIC PRODUCTION. 

a MINE PRODUCTION : creased almost 7 percent. Value of re- 
: Small quantities of tin ore were pro- covered. scrap increased 20 percent. Re- 

duced in Alaska, Arizona, California, and covery of secondary tin was made at sec- 
| New Mexico and minor quantities of tin ondary smelters, brass mills, foundries, re- 

concentrate were recovered as a byproduct _fineries, detinning plants, and others. Cop- 
_ of molybdenum mining in Colorado. per-base scrap such as red and yellow 

a . : , ‘brass produced the most secondary tin; 
: | SMELTER PRODUCTION ~ lead-base scrap was in second place from 

. Tin smelting was continued by Wah _ items such as solder, drosses, and type met- 

Chang Corp. at the Texas City, Tex:,.tin al. Tin-base scrap yielded most of its sup- 
smelter purchased from the U.S. Govern- ply from drosses and residues. | 
ment. GSA administered the terms of the | . | | . 
sales contract involving a note at 4-percent Tonnage of tinplate scrap treated in- 
nterest, : creased for the second year and for the 

=. U.S. smelter production in 1965 was second time in 19 years. The percentage 
3,098 tons. | increase was more than 4 percent. 

- The International Tin Council indi- 
SECONDARY TIN cates world secondary tin production in 

Production of secondary tin in 1965 in- 1965 to have been 8,200 tons. 

Table 2.—Secondary tin recovered from scrap processed at detinning plants 
in the United States 

| | 1964 1965 

Tinplate scrap treated !___________- woe ee ee eee eee --------------------long tons... 761,178 794,500 

Tin recovered in the form of— . 
Metal_._..___.---------.---------------------- ee - - -d0L- 2,774 2,725 
Compounds (tin content)_._....__...--_--_------- eee ___-.---do___- 631 675 

Total ?__._-- 2 eee dow 3,405 3,400 
Weight of tin compounds produced_________.-._._-..-.-----_--___-___.___.do____ 1,191 1,212 
Average quantity of tin recovered per long ton of tinplate scrap used_______pounds-- 10.02 9.59 
Average delivered cost of tinplate scrap_--..._...---..----.--.-------perlongton_._ $31.26 $32.38 

1 Tinplate clippings and old tin-coated containers have been combined to avoid disclosing individual com- 
pany confidential data. 

2 Recovery from tinplate scrap treated only. In addition, detinners recovered 547 long tons (455 tons in 
1964) of tin as metal and in compounds from tin-base scrap and residues in 1965.
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- Table 3.—Tin recovered from “scrap The use of molten tin in float-glass 
processed in the United States, by plants showed a substantial increase in 

| form of recovery 1965 over that in 1964. 
ong ton ° +e 

 vons Tin metal consumed in manufactured 
| Form of recovery 1964 1965 products during the year showed an in- 
— crease, reflecting a general rise in use : 

: Tin metal: of tin as a result of slight increases in a 
: At detinning plants. .-...-- 2, 992 3,062 number of uses. | | 

t doe eee e eee | ~ “sgege 
* other plants —_________. More hot-dipping facilities ceased pro- 

- Total.------------------ 3,334 3,401 duction in 1965; thus tinplate was pro- 
Bronze and brass: | | duced almost entirely by electrolytic fa- | 

From copper base scrap. — =" 10, 20g (11,904 cilities, and the electrolytic tin in turn 
| —_________—_ was largely used for double-reduced tin-— 

Total_------------------__ 10,640 11,944 plate. The effect of this tendency can be 
| Golder_._._......-.-..-....... 5,525 5,403. +seen by comparing the quantity of steel 

: Babbitt ee cclzac22 «11079 T'os3.-« Consumed for tinplate cans with that for 
Antimonial lead____---.-.----.. 328 ‘304. += tin used in tinplate: : oe 
Chemical compounds..___-.____ — 969 924 a 
Miscellaneous !___.--.+.------- . 106 83 Steel . Tin 

- Total._...._...__---_-.. 9,534 9,731 Year: — (short tons ) . . (long tons) . 

Grand total_........--.. 23,508 25,076 1957_---___ 4,595,000 _ 32,046 | | 
Value (thousands) -_.-.-. $83,050 $99,983 1958_______ 4,761,000 . 32,504 : 

; TT | 1959______- 4,949,000 | 
1 Includes foil, cable lead, and terne metal. ; ; 0 32, 275 

o | aan 1960_______ 4,677,000 33,238 7 

- CONSUMPTION. . 1961_______ 4,775,000 a 31,185 . 

ge . , 1962_______ 4,858,000 ° ~—-.28,708 | 
‘Tin consumption in the United States | 1963. 4.621.000 | 98 351 

was slightly lower than in 1964; however, ToT EINE | ? 
new mills producing double-reduced tin- 1964_______ 4,737,000 31,219 ee 

| plate came on stream in 1965 using less 1965_______ 4,878,000 | 30,064 Ce 
| tin per unit but producing more units. = T; dé npl a | | 

7 The total 1965 figure was 121.3 million in used for tinplate was down from 
base boxes4 for metal used in cans, of 1964 but total tin processed was up 1,400 — 

which 116.8 million base boxes were tin- ‘MS: Use of primary tin was about the 
- plate and 4.5 million base boxes were alu- S#™e€ aS In 1964, but use of secondary tin 
‘minim. 7 increased 1,157 tons. 

There were no significant changes in — 4A base box (basis box) is a unit of area 
‘amounts of tin used as classified by finished  cauivalent to 31,360 square inches. Tinplate is | 

rated in pounds of tin per base box, usually . 
products. 14, %, or % pound per base box. 

- | Shipments of metal cans | 

Base boxes 
Product _—“(‘CCssSSSSsC‘CCCanzngggr,, 

percent 
1964 1965 

. Beer_.......-..-----------------.---- .---- +--+ ---- 21,792,049 22,939,315 +5.3 
Vegetables and vegetable juice__..._.........-.-..............-. 18,088,380 19,904,765 +10.0 
Fruit and fruit juices. .._...._._.._..-.-_---_---.---------..._--- 16,826,365 15,483,866 —8.G6 
Soft drinks. ___.__...--..-.---------.---.--.------.--.------. 5,590,722 7,755,596 +38.7 
Pet foods______.._._.. 22-2 eee eee.) )=—4, 832,120 5,136,612 +6.3 
Coffee______-.- 22 eee eet. «64,378,937 4,461,348 +2.0 
Evaporated and condensed milk_.___.___......--.--.-.-.-..-.-. 4,226,192 3,878,056 —8.2 
Meat and poultry... 2 eee ---- «3,961,258 3,563,002 —10.1 
Fish and seafood_._...__.........-.----.--.-.----------.----_. 2,752,126 2,989,241 +8.6 
Lard and shortening. ._._.__._.-_._--___-._---------..---.---- 2,053,289 1,907,805 —7.1 
All other foods_____...-_.- ~~~ -- eee - 14,155,853 14,636,632 +3.4 

Source: U.S. Department of Commerce.
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Table 4.—Stocks, receipts, and consumption of new and old scrap and tin recovered in 
| — the United States in 1965 = 7 a 

oT ' (Long tons) . OS 

| BF Gross weight of scrap | | 

‘Type of scrap and _ Tin recovered | 
class of consumer Consumption oo 

ce -_- §tocks Re- _ i‘ Stocks 
Jan.1 ceipts _ . Dec. 31 - . 

| New Old ~— Total New Old Total 

Copper-base scrap: Se 
Secondary Smelters: | . 

Auto radiators (un- , SO 
. sweated)...------- 4,530 47,732 _<.... 49,214 49,214 3,048 ___._ 2,116 2,116 

Brass, composition or . cS 
-red ._---.-------- 4,145 93,529 28,363 65,450 93,813 3,861 1,210 2,458 3,668 

- Brass,- low (silicon . : 
bronze) __.-_------ 280 2,883 1,745 1,149 2,894 269 _____ 5 5 : 

Brass, yellow..-..--.- 5,772 57,821 8,254 49,637 57,891. 5,702 23 478 501 
Bronze.._.---------- 1,586 31,141 5,880 25,479 31,309 1,418 453 2,017 2,470 © 
Low-grade scrap and ' 

- residues._.._._.----- 4,959 39,338 28,581 9,817 38,398 5,899 26 _-_-L 26 
_. Nickel silver_....---- 748 4,248 446 3,877 4,323 673 1 30 31 

_ Railroad-car boxes- --- 71 )=—-1,075 eres 860 860 286 __-. 41 41 

. . - Total__-.--------- 22,091 277,767 73,219 205,483 278,702 21,156 1,713 7,145 8,858 

oo Bras mills} . - | . a _ 
' . “* Brass, low. (silicon , 

bronze)..-..------ ™2,594 36,157 36,157 _..-.. 36,157 2,480 ___-- ___-_ ___L- . 
mo Brass, yellow._.--.-- 9,757 231,583 231,583 __..._ 231,583 13,076 48 _.oLL 48 

Bronze_.._..--.----- “745 2,752 2,752 _..... 2,752 623 1383 _-_-- 133 - 
Mixed alloy scrap---- 9,594 19,452 19,452 ______ 19,452 10,993 120) _____ 120 
Nickel silver._._.----- 3,729 11,956 11,956 -.__.__ 11,956 3,595 ----- ----. -.--- 

‘Total. _.._---..--- * 26,419 301,900 301,900 _--__- 301,900 30,767 301 _.... 301 

Foundries and other plants: ? os oe . o : 
Auto radiators (un- | ee , ce 

. _ sweated)..--.----- 2,457 6,245 ._.... 7,488 7,488 1,214 —____- 337 337 © 
oe Brass, composition or . - 

. red__-__--.-----__. 698 3,988 1,563 2,549 4,112 574 73. - 421 194 
Brass, low, (silicon. . . Coe 

_— bronze) _____--_--- 167 799 298 4AT4 772 194 0 eee LeeLee 
. a Brass, yellow_....--- 1,051 7,466 3,517 4,118 7,635 882 5 ‘35 .--40 a 

- -Bronze_.0.----.--__- 746 . 1,620 859 #1,158 2,017 349 71 - 88 159 
. Low-grade scrap and. oo 

residues__..-.------ '1,327 11,074 2,450 6,517 8,967 3,434 ___.. __._. ___L_L a 
_. Nickel silver_.______- 3 104. .______ . 104 104 3 ---2-  -e-ee eee 

Railroad-car boxes.--- 1,785 34,496 -__... 35,271 35,271 1,010 ----- - 1,675 1,675 

. Total...---.------ 8,234 65,792 8,687 57,679 66,366 7,660 . 149 2,256. 2,405 

Total tin from cop- | . | oe 
per-base scrap--------------------------------------------------- 2,163 9,401 11,564 

Lead-base scrap: | | 
Smelters, refiners, and . 

others: - . 
Babbitt___.._.__.__- 325 14,207 _____. 14,236 14,236 296 _..-. 691 691 
Battery lead plates___ * 34,191 404,161 _.____ 418,242 418,242 20,110 —____- 439 439 
Drosses and residues__ 21,864 91,435 90,803 ___.__ 90,803 22,496 1,895 _____ 1,895 
Solder and tinny lead _ 303 12,121 _.___. 12,252 12,252 172 _...- 2,139 2,139 
Type metals___...--. 1,005 32,813 __.--- 31,783 31,783 2,085 -_.__ 1,510 1,510 

. Total______._._.._ ' 57,688 554,737 90,803 476,513 567,316 45,109 1,895 4,779 6,674 

Tin-base scrap: ‘ 
Smelters, refiners, and 

others: 
Babbitt. .__.-.------ 35 428 3 431 434 29 3 360 363 
Block-tin pipe________ 13 442 _____. 446 446 Q9Q ___-. 441 441 
Drossess and residues_ 488 4,147 4,152 ____.. 4,152 483 2,606 __.__ 2,606 
Pewter_..______.___- 1 32 _____e 32 32 1 LiL. 28 28 

Total_.______-___- 537 5,049 4,155 909 5,064 522 2,609 829 3,438 

Tinplate scrap: Detinning 
plants_.........._- 2 eee 794,500 _.___.__-..------------ 3,400 ___.. 3,400 

Total tin recovered. __.......-.------------------------__--.--..--__.._ 10,067 15,009 25,076 
eee 

Tr Revised. 
1 Lines in brass mills and total sections do not balance as stocks include home scrap and purchased scrap 

assumed to equal receipts. 
? Omits ‘“‘machine shop scrap.”
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7 | Table 5.—Consumption of primary and secondary tin in the United States | | 
an (Long tons) | | . a 

a 1956-60 - - | oe a a 
(aver- 196] 1962 1963 1964 1965 os 

. : | a age) . | | : a 

| Stocks Jan. 11_....-.-.---.--------+------- 30,751 33,459 36,209 30,876 29,548 32,427 
‘Net receiptaduring year; 5 —t™S Tn nT are : a 

Primary.-_------.------------.-------- 53,960 54,154 40,694 54,411 *62,775 64,288 
: Secondary........-....----------...-.. 2,453 2,897 2,409 2,290 2,524 2,530 
: | Serap.. 02 02DIITIIIITITIITITITIIINIT] 273540 25/755 22/542 22/041 22,985 24676 
: °. Total. ......----2------------------- 83,953 82,806 75,645 78,742 *88,284 91,404 

Available __._.-.------------_-----------.- 114,704 116,265 111,854 109,618 * 117,832 123,921 
. Stocks December 31 !__._.------------------ 31,892. 36,209 30,876 29,548 32,427 37,099 oy 

| _ Total processed during year._.....-.... 82,812 80,056 80,978 80,070 *85,405 86,822 | 
Intercompany transactions in scrap_-.......... 2,142 1,806. 1,893 1,767 2,515 | 2,811 : 
Tin consumed in manufactured products. - -- -- ‘80,670 78,250 79,085 78,203 82,890 84,011 oo 

oe Primarv:...-...----------------------- 52,052 50,288 54,602 55,209 .'58,586 58,550 - 
. Secondary--.-.------------------------ 28,618 27,962 24,483 23,094 24,304 - 25,461 | 

Revised. CO ee oe 
. _. 1 Stocks shown exclude tin in transit or in other warehouses on Jan. 1, as follows: 1956-60 (average), 1,807 _ 
DO tons; 1961, 2,570 tons; 1962, 425 tons; 1963, 115 tons; 1964, 175 tons; 1965, 220 tons; and 1966, 135 tons. — | 

— Pable 6.—Tin content of tinplate produced in the United States ee 

|  ‘Tinplate (hot-dripped) — Tinplate (electrolytic). »@ Total tinplate (all forms) es 

. Cs - yk ~Dy5 oo : 
cs : , , ant Be pm 2s ~@ m- 8 gee ° a m Ps | 

- Year 88 #2 S89 85 #2 S35 #833 38 #F 58, | 
oF oo, : 37 838 Dee Oe 35 83. a Mag o 22? "S: 83 @ Ag 

BR Sa OS Eh Be wok 8224 Bi Be &O§ 
ae 88 Bs2 22 S&§ 825 Se58 af 8& a8 a 

oe gf gS eS BS ge eSS BeSe BS gt 8S - | 5S 6 F&F 6 8 & & 8 & & 

1956-60 average)_. 604,211 7,466 27.4 4,537,217 23,425 11.6 416,613 5,558,041 30,891 12.5 - 
. 1961__...-_-.----- 296,919 3,610 | 27.2 5,143,839 27,575 12.0 499,258 5,940,016 31,185 11.8 

1962_..._..--.---- 212,525 2,291 24.1 4,989,463 26,417 11.9 545,623 5,747,611 28,708 11.2 
1963_...-.-..----. 174,618 2,188 28.1 4,671,358 26,163 12.6 515,042 5,361,018 28,351 11.9 

. 1964___..-.------- 188,178 (1,347 21.8 5,204,541 29,782 12.9 637,481 5,980,200 31,219 11.7 oe 
1965__-_....-.-.... 80,645 914 25.4 5,245,642 29,150 12.6 599,400 5, 925 , 687 30,064 11.4 . 

. _ y1 Includes small tonnage of secondary tin and tin acquired in chemicals. | | 

a Table 7.—Consumer receipts of primary tin, by brands | 
. (Long tons) " | a 

Year Banka English Katanga Straits Thaisarco Others ‘Total | . 

1956-60 (average)_.......-.- 8,261 4,810 2,756 33,356 .......--- 4,777 53,960 
1961_.....---------.- ~~ 7,763 $2,074 579 37,420 __...-..-- 6,318 54,154 
1962_._...--2- eee 8,978 | 1,448 1,369 34,341 _.-.--...- 4,558 | 50,694 
1963.....--.----.-----.--- 3,393 2,708 1,027 36,413 _......... 10,870 54,411 
1964__22 2 ee 1,271 1,441 1,839 * 38,823 _._..-.... 1:,401 62,775 
1965_...---.----------- eee 3,112 425 850 38,420 1,950 21,481 66,238 

-® Revised.
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| _ Table 8.—Consumption of tin in the United States, by finished products a 
_ (Long tons of contained tiny , | 

re re 1964 1965 OC 
| . Product ee _ 

: _ _.. Primary Second- Total Primary Second- Total — | 

Alloys (miscellaneous)._.......-..---..------ OTT 187 464 302. «174i AT 
Babbitt....--.-----2-2-.-------..-...-.... 2,133 . 1,327 | 3,460 2,304 1,362 3,666 

. Bar tin__._..... =. eee ee. )=— 1, 596 66 1,662 £1,756 Fé: 1,832 
Bronze and brass__--_-.--_----.-.--.-.-.--- 4,633 11,951 16,584 4,569 12,307 16,876 
Chemicals including tin oxide.___...__._-_--. 1,130 1,678 2,808 1,141 1,692 (2,833 

_ Collapsible tubes.and foil_._.............---- 1,038 61 1,099 999 61. 1,060 
Pipe and tubing_...._...-...---....-...---... 29 ... 40 ~~ 69 31 35 66 
Solder_.....-.._--.---...---2-..-.-..-_-.- . 12,617 7,400 20,017 13,648 = 8,114 21,762 
Terne meial.___.-_..-.-..-.--2----------- » . 323 .. 295 618 306 272 578 
Tinning...._._..._.-.---------------------. °2,297 89. * 2,386 2,404  =6 83 2,487 
Tinplate !___. eee «31,219 2.2... 31,219 30,064 ___.___.... 30,064 

| Type metal.__.___.----.-.-----.-....--.--- 171- 1,105 1,276 "123°°°1,177, 1,300” 
. White metal__.-...-..---2.----...-..-----.. 1,066... 76 ‘1,142 = 839... 74. 913 
| Other__..--.-.--2----2-2-b---eeeeeeee--e-- Td 86 64. . 34 98 

0 Dotall. 2 22-2---2--2- 22 p----4----. 7 58,586 24,304 782,890 58,550 25,461 84,011 

me _ 1 Includes secondary pig tin and tin acquiredin chemicals, 2 et : | 

: a STOCKS 
-Tin stocks at yearend were 4,672 tons 2,174 tons. Tin in process at tinplate 

_ higher than at the. end of 1964. Tinplate mills was down 300.tons, while other tin 7 
mills held-70 percent of the stocks of pig... in process was up 362-tons. : : 

a tin and increases were noted in stocks of _ | Tinplate mills had increased their stocks _ 
pig tin held for float-glass plants. Stocks of tinplate in anticipation of a steel strike 

| at other plants than tinplate mills increased and these stocks carried over to yearend. — | 

able 9.—U.S, industry tin stocks a | 
| . | | (Long tons) | : a an 

. . - Loe + ; a . 2 . . 7 195 , . . | . | 

Ct  (aver- 1961 — 1962 ‘1963 1964 1965 - 

Plant raw materials: | | 
Pig tin: © . . 

Virgin.-.....------------.---.-.--- 19,660 23,679 19,201 17,834. 20;926 25,319 . 
Secondary........-...---.-.-.-.--. 288 249 193 220 247 202 

In process !_____.....------------------- 11,944 12,281 11,482 11,494 11,254 11,578 

— Potal. 2-22 .----------------- 31,892 36,209 30,876 29,548 32,427 37,099 

Additional pig tin: 
In transit in United States__..........._._ 1,907 425 115 | 175 . 220 135 
Jobbers-importers__.-.....2---..-----_. 1,073 2,675 22,145 211,135 ‘42,950 52,000 , 
Afloat to United States_.......______.___. 2,748 3,170 4,140 5,060 1,740 -1,875 

Total. _-.----------------------.---. 5,728 6,270 6,400 16,370 4,910 4,010 

Grand total--._.-----------------.--. 37,620 42,479 37,276 45,918 37,337 41,109 

1 Tin content, including scrap. 
2 Includes 1,600 tons, representing bids rejected by GSA, from tin offered by Defense Materials Services 

of GSA in DMS-MET~—20, Aug. 31 (1,600 tons), and in DEM-MET-25, Oct. 19 (1,400 tons). . Does not 
include 1,000 tons representing total of weekly tin offerings in January 1963 (DMS-MET-25, Dec. 31). 
Ma soe as follows: 10,780 tons end of December (bids rejected plus tonnage to be offered through 

ar. ’ ° 

4 Includes GSA as follows: 1,590 tons end of December 1964, sold but not delivered. 
* Includes GSA as follows: 975 tons end of December 1965, sold but not delivered.
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PRICES 

Tin prices reacted to the continued high the 1964 average was £1,239.4. The 
: _ demand and short supply in 1965. The highest price was £1,625 in May, and the 
| highest price of Straits tin for prompt de- lowest was £1,190 in January. | 

livery in New York. was 200.88 cents per The average price of Straits tin exworks a 
pound, the lowest was 148.50 cents per on the Penang market was £1,380 11 

| pound, and the average price was 178.172 shillings per ton, the highest price was | 
cents per pound, for the second year, the £1,483 in May, and the lowest £1,207 in 

: highest average price recorded. February. . | 
The average cash price on the London The GSA average selling price was 181.- 

market was £1,413 6s. 6d. per long ton; 614 cents per pound. 

Table 10.—Monthly prices of Straits tin for prompt delivery in New York | 
(Cents per pound) 

1964 7 - 1965 
Month __. _—_ ne 

High Low Average High Low Average 

January_........_------------------- 135.500 132.500 134.017 170.000 148.500 157.256 _ 
February_._...__.-.-__-__-.--------- 159.000 134.250 140.125 156.750 152.250 154.979 
March.___.__..__--.__---_.-----_--- 137.500 132.000 134.815 171.625 158.000 164.984 
April____.._.-----.------------------ 134.875 131.375 133.506 186.000. 172.250 180 .673 
May.____._-_--------_--------------- 140.000 182.750 134.850 200.875 184.125 191.950 - 
June________-_----_--_--_-.-.--------- 156.750 138.875 150.602 197.375 177.250 = 188.943 

: July.__.__...-.---------------- ----. 166.000 154.000 159.648 192.000 178.000 184.119 
August._.....______-____-_-_--------- 171.000 159.500 161.667 190.250 182.500 186.955 
September_____.___--.--------------- 200.000 171.000 185.375 194.000 188.000 191.905 
Octohber____.___.-__------------------ 217,000 193.500 204.614 189.250 180.375 185.315 
November_.______------------.------ 206.000 182.500 190.271 188.000 173.750 176.763 

. December___..__-_-----------.------ 180.750 154.750 163.114 178.250 170.500 174.226 

| Average cents per pound.-.--- 217.000 131.375 .157.717 200.875 148.560 178.172 

Source: American Metal Market. | oe, 

Co FOREIGN TRADE | 
The principal tin items in the foreign type metal, and bronze imported and ex- 

trade of the United States were imports of _ ported is shown in the “Lead” and “Cop- 
metallic tin and tin concentrates and ex- per” chapters of the Minerals Yearbook. 
ports of tinplate and tin cans. Significant Ferrous scrap exports including tinplate 
quantities of tin ingot, miscellaneous tin and terneplate scrap are not separately 

manufactures, and tin compounds were ex- __ classified. 
ported. Tin contained in babbitt, solder, 

Table 11.—U.S. exports of tin; imports for consumption and exports of tinplate and 
: terneplate in various forms : 

. , Tinplate 
Tinplate and circles, Tinplate 

Ingots, pigs, and bars terneplate strips, scrap 
an 

| cobbles 

Year FN . 

Exports Reexports Imports Exports Exports Imports 

Long Value Long Value Long Long Long Long 
tons (thou- ‘tons (thou- tons tons tons tons 

sands) sands) 

1956-60 (average) -.-.---- 804 $1,373 394 $871 15,620 487,965 18,538 33,379 
1961__._..--------------- 543 1,264 257 626 13,527 358,707 20,960 29 ,499 
1962__.._.-------------- 335 840 100 267 46,857 294,510 21,994 18,832 
1963__.._._.------------- 1,544 4,225 81 207 74,055 305,682 20,853 19,486 
1964__.___.-_.---------- 2,726 9,241 1,315 6,225 80,693 338,588 24,591 23,611 
1965___...--.-...--.----- 2,605 10,078 224 880 108,876 239,034 12,362 16,954
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Table 12.—U.S. imports for consumption and exports of miscellaneous tin, 
tin manufactures, and tin compounds | 

L- oe | Miscellaneous tin and manufactures _ Tin | 
ee com- : 

. a pounds ! 
. Imports | oo . Exports. oo 

Year _Tinfoil, tin Dross, skimmungs, Tin cans, finished Tin scrap . 
powder, scrap, residues, or unfinished | and other 
flitters, and tin alloys, n.s.p.f. : tin-bearing Imports 

metallics, _t—~—sésm as teria, (long 
tin and . except tinplate tons) 

manufactures Value: ‘Value scrap value 
n.s.p.f. value Longtons (thou- Longtons  (thou- (thousands) oo. 
(thousands) sands) sands) a 

1956-60 (average) _- $725 3,503 $6,559 33,142 $16,453 | $1,963 8 
1961____________ =. 676 612 1,299 30,929 15,093 . 3,352 22 
1962_____________- 819 2,185 913 25,531 13 ,927 2,111 58 
1963.--..._._____- _ 131 2,683 © 1,703 21,595 12,169 2,423 81 
1964___._________- 300 1,210 714 23 , 963 14,244 2,151 223 
1965___.__-__ 261 2 502 2 883 (1) (*) 1,220 163 

1 Exports of tin compounds beginning Jan. 1, 1958, and tin cans, finished or unfinished, beginning Jan. 1, 
1965, no longer separately classified. | . 

: 2 Not strictly comparable with earlier years. ; 

| | Table 13.—U.S. imports for consumption of tin,1 by countries 

| | 1964 1965 | 
| Country 

- Long tons Value Long tons Value 
. ee . | (thousands) (thousands) 

-.- Belgium-Luxembourg__-.-_.--------------------_- _ 229 $838 172 $559 
_ Bolivia...-.------22-.------- 2 eee. 1,034 3,195 418 1,516 

Canada__..-.-_..-_------- - 2 eee eee (7%) - 10 (?) 10 
. Indonesia.__...._._-.-.-.-_-.---- 2 eee eee 225 676 235 * 951 

Italy.-...-.-.---.---.- 2 eee eee 5 > ee 
Japan...-.._.------- eee 967 2,980 537 2,054 —«; 
Macao. ..._-..-.---------------- ee ene eee 45 152 
Malagasy Republic__...._-.___.-_.-- 22 eee 10 +#&#2#=§°}-~ 38 
Malaysia.____.....-_-.-_-.----_-- ~~ --- eee t 25,375 ® 79,260 32,001 124,191 
Netherlands... _..__._-.-. 2-2 eee §23 1,590 475 1,995 
Nigeria. --..--------2--------------------------- 1,817 5,752 1,965 7,670 
Peru__._.__----- 2-2 eee 76 237 42 150 
Philippines. _..__.._-..--.------- 2-2 eee eee 17 59 
Portugal.....-...-.------ 22 ----  eeee eee 343 1,097 189 760 
Spain_._______ 2 eee eee 90 327 75 320 
Thailand__......_....- 22 eee eee eee 3,650 15,152 
United Kingdom_____.__________-.-----__-_ _- eee 1,448 .-- 5,066 985 3,929 
Uruguay...----..--_--.--- eee (?) (?) wee eee eee ee 

Total__._......-...-.-.------------------- ™32,182 | * 101,049 40 , 816 159,506 

t Revised. Oo 
! Bars, blocks, pigs, grain, or granulated. 
2 Less than % unit. 

Table 14.—U.S. imports for consumption of tin concentrate, by countries 

1964 1965 

Country | : 
Long tons ! Value Long tons Value 
(tin content) (tin content) 

Bolivia._.._.-....-_..-.--2 +222 2 ee 5,148 $11,532,286 4,252 $12,992,375 
Canada._____--.._---- eee eee (?) 590 ___-_- eee eee 
Mexico_.__________-._--_-- eee ee 42 5,702 ____-----_ eee 
Peru__..._---.----_._----------- eee eee 3 74 3 235, 584 

Total. _____-.___- 2 eee 5,190 11,538,578 4,326 13 , 227 ,959 

1 Reported by the Bureau of the Census as gross weight, adjusted by the Bureau of Mines to tin content. 
2 Less than 14 unit. 

£ nrcPorted by the Bureau of the Census as coming from Peru, but believed to be from Bolivia by the Bureau 
. Of Mines. .
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| | WORLD REVIEW | 

INTERNATIONAL TIN AGREEMENT France 

The International Tin Council held Israel 
meetings in New York, Istanbul, Vienna, Italy 
and London in 1965. These meetings con- Japan | 
cerned the U.S. surplus tin disposals and Korea, South 
the new International Tin Agreement. The Mexico | 
Third International Tin Agreement, Netherlands . 
adopted at a United Nations tin conference Spain 
in April 1965, was open for signature to Turkey . 
December 31, 1965. The next step is United Kingdom 
ratification by the countries that have Czechoslovakia, Israel, and Rwanda were 
signed. The agreement will enter into new members. The presence of Czecho- : 
force as soon after June 30, 1966, as rati- slovakia as a new signatory to the Third 
fied by governments representing at least International Tin Agreement was signifi- | 
nine consuming countries holding at least cant in that it was the first Soviet-oriented 

| 400 votes and at least six producing coun- country to join and also to reveal tin trade 
tries holding at least 950 votes.. The sig- statistics. | | | a 
natures made to the Third Agreement | | a 
cover 16 consuming countries with 518 : _ REVIEW BY COUNTRIES | | 
votes and 7 producing countries with 1,000 Australia.—Aside from the six major | 

_ votes. Signatories to the Third Interna- tin-producing countries, Australia was the - 
tional Tin Agreement by December 31, only country with substantial tin produc- 

: 1965, were as follows: tion. In the last 5 years, Australian pro- 
| _ —?p - - | a duction has substantially increased and — | roducing countries: . ° . 

_. ) _ several mining projects were being started | 
| _ Bolivia oe. which may push production much higher. 

Congo (Léopoldville) Th d ded tin mi | | Indonesia 4 ne new an expan ed tin mines are 
Malaysia widely scattered from Tableland Tin in 
Nigeria | Queensland and the Ardlethan area in New 
Rwanda South Wales to Greenbushes in Western 
Thailand Australia and Renison Bell and Mt. Cleve- 

avan land in Tasmania. Mining methods range g methods g 
Consuming countries: from dredging of alluvial deposits to open- 
Australia | cast mining of massive sulfide lenses, to 
Austria _ ocean dredging of offshore deposits. | 
Belgium A trade review of Australian mineral 
Canada industry indicated Australia will be a net 
Czechoslovakia exporter of tin in 1966 and should con- 
Denmark tinue to export tin into the 1970's.
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Table 15.—World mine production of tin (content of ore), by countries | 
(Long tons) 

Country . 1S61 1962 1963 1964 1965 Pp! 

North America: ; 
Canada__...--------.--------------------- 500 291 414 ® 157 . 183 
Mexico_.-.--.----.-.----------------- ee 530 —; 576 1,055 *1,207 503. 
United States.........--.---.-------------.- 2_W 2_wW 2W - 2h 47 

Total.._----.-..-- 2. e 2 W - 2W 2W 2W 733° 

South America: . . 
Argentina. -_.-.-----------------.--------- 515 _ 231 F225 * 343 345 
Bolivia_....------------------------------- 520,408 %21,492 %22,752 «424,186 *423,349 . 

. Brazil §....-...-.-------. .---------------- 582 731 1,150 F 1,300 1,400 
Peru (recoverable)......... ---------------- 14 11 22  . 22 20 

 Qotal_.-.-..----.----------------------- 21,519 22,465 *24,149 *25,851 25,114 

Europe: - a Co re 
. Czechoslovakia ®____._..-.----------------- 200 200 | 200 200 220 

.  France_...--.---------+-------------------) F154 .° 314 r 272 r 486 461 
Germany, East ¢....._..-----.------------- 720 720 720 720 | - 720 
Portugal 7. _..-.--.------------------------ | 729 ' 679 718 ® 676 570 
Spsin__._________------------------ eee ee 230 231 | 158 91°. 110 © 
U.S.S.R.8 9. ----=------ 17,000 17,000 20 ,000 20,000 21,000 
United Kingdom... _-.----.----------------- 1,210 - 1,181 (1,226 ‘1,226 | 1,313 — 

. Totale 9_......------.------------------ 20,200 20,300. 23,300 . 23,400 . 24,400 

. Africa: . So : ps oo to! 
Burundi.....------------------------------- eee r16 r85 . 100 
Cameroon, Republic of.....-_-...-.---.----- 65 23 r25 r 40 40 

- Congo, Republic of (Brazzaville) -._..---.---- 46 46 43. 34 48 
Congo, Republic of the (Léopoldville) -._..---- 6,314 6,875 6,883 7,688 6,211 

"+ Merocco..__-.-----------+------------------ © dl ril ro r14 15 
Niger, Republic of-.....-.------------------ 47 41 54 48 52 . 
Nigeria. .._.-..-----------------.--------- 7,779 8,210 8,723 8,721 9,547 

. ’ Rhodesia, Southern___.__.--._.-..._-------- 715 r706--—=——s« 498 512 - §10 
Rwanda___...----------------------------- 1,474 ?1,325 1,271 e 1,680 1,424 — 
South Africa, Republic of--.-...--..---.----- 1,430 1,408 1,530 1,586 1,671 
South-West Africa_.......-.-.--.----------- 302 369 443 474 | . §87 
Swaziland. ._.......-.-.-_----------------- 5 5 3 3 2 
Tanzania_______..__-..._--.-_-----_------- 181 r 218 F 234 ® 287 . 255 

. Uganda. _...-..-----.--------------------- 33 r74 163 213 176 
Zambia_...--..--------------------------- 1 5 1 8 15 

Total______.--------------------+-..---. '™18,403 119,316 119,896 *21,393 20,603 

Asia: ; , 
Burma 7_____.--- 22 ------------- «=: 1,140 F 1,040 r 1,005 r 750 e 900 
China 8___.__....---_.------u---.---.----- 30,000 28 ,000 28,000 25 ,000 25,000 
Indonesia__...__..___..---.-----.._.--..-._ 18,574 17,310 *12,927 16,345 14,823 
Japan___._..._-----_---.----------.------- 853 859 857 t 796 | 786 
Laos._..--..--- eee eee 335 367 326 336 284 
Malaysia_____....-_._._--------.~---------- 56,028 58,603 59,947 60 ,004 63 ,670 
Thailand________.-_._.__.-_-.-_-_..---_.-. 18,270 14,679 *15,585 © 15,597 18,843 

Totale 9-00 eee ------- 120,200 120,900 *118,600 +* 118,800 124,300 
Oceania: Australia__..........__--_.-.---__--_- 2,745 2,715 r 2,860 r 3,638 e 4,000 

World totale__......._...-.__-_.-..._.-.. 184,100 186,600 * 190,300 * 194,500 199 , 200 

e Estimate. P Preliminary. t Revised. 
W_ Withheld to avoid disclosing individual company confidential data. 
1 Compiled mostly from data available June 1966. 
2 Included in world total. 
3 Exports. 
4 Comibol production plus exports by small and medium mines and smelters. 
5 Estimated by authors of the chapter and in a few instances from the Statistical Bulletin of the International 

Tin Council, London. 
6 Estimate, according to the 51st annual issue of Metal Statistics (Metallgesellschaft) through 1964. 
7 Includes tin content of mixed concentrates. 
8 Estimated smelter production. 
9 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe.
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- Table 16.—World smelter production of tin, by countries | | 

_. (Long tons) 

| : Country | 1961 1962 1963 1964 1965?! a 

North America: © oo 4 
Mexico_--. _...-.------------------------- 559 520 1,055 1,145 459 

— United States *__..__-.---_----------------. 48,917 ° 5,364 $1,650 35,190 3,098 — . 

: Total. _---..---------------------------- 9,476 5,884 = 2,705 6, 335 3,557 

: South America: re oo . . . 
: Bolivia.._-----------------------+-----.--- 2,016 2,023 2,462 ‘3,610 3,406 

Brazil__._...------+----------------------- 1,525 2,317 | 2,051 1,731 1,753 

Total. ___..--_-.------------------------.- 3,541 4,340 | 4,513 5,341 5,159 

Europe: : | — 
| | Belgium ......-..------------------------- 6,002 8,607 7,044 5,458 | 4,232 

Germany: 
Fast ¢.....-.--------- eee eee 600 600  —- 600 600 600 : 
West_-.-..------------------+--.--.--.- 947 1,309 | 1,052, - 1,178 1,462 

Netherlands-_--__......--.----------.------- 2,729 4,282 5,762 15,858 18,114 
Portugal__-----------------. ---..---------- | 784 766 663 =: * 589 587 
Spain._...-------------------------------- 731 r910 . * 1,286 £1,774 1,676 —— 
U.S.S.R.4 56 2 ---------- 17,000 17,000 20,000 20 ,000 21,000 
United Kingdom. .________-.---..----.---.. 24,449 18,749 17,411 16,849 16,494 

| Total ¢ §_______---2------2-------+------ 53,200 52,200 53,800 62,300 64,200 
Africa: : a - 7 a 

Congo, Republic of the (Leopoldville)______._- 275 945 1,441 °*'1,485 1,800 
Morocco 4_____.- ~~ eee eee eee 10 10 10 ‘10 12 
Nigeria 7__.-.....---1.-2.----------------- 623 . 8,024 °° 9,051 8,748 9,339 
Rhodesia, Southern. _..._-.._-.--.---.---.-- 673 © 679 499 2511 494 
South Africa, Republic of ._.----------------- 870 821 F962 «2 51,016 962 

| Total. _.----2--.------------------------ 2,451 -—-10,479 11,963 11,770 12,607 | 
. “Asia: 7 ne OS oe 

China 4___..___-_-...-..------.----------- 30,000 28 ,000 28 ,000 25,000 ~° 25,000 
~ Indonesia 4. _.._-..---.---------- e+ -ee ee 2,000 2,000 — 2,000 _1,80r . 1,800 

- Japan-___--------------------------------- 1,644: 1,822 1,976 1,954 1,634 ; 
- . Malaysia...-_._--....-----=--------------- 79,114: 82,073 84,001 71,351 . 72,469 

: ‘Thailand -.---.--------------------------+------+----------------------------------- 
¢ 4,500 , , 

—* Potal 4 82.20 eee ls ---------- 112,800 118,900 116,000 100,100 105,400 
| Oceania: Australia_......--.-------.-.-------- | 2,546 2,704 2,626 3,045. 3,143 

World total e_.......-------.------------- 184,000 189,500 + 191,600 188,900 194,100 7 

| e Estimate. P Preliminary. r Revised. . . : a, . 
! Compiled mostly from data available June 1966. oe 
2 Includes tin content of alloys made directly from ores. ; 
’ Imports into the United States of tin concentrates (tin content). 1963 and 1964 tin content estimated. 
4 Estimated by authors of the chapter and in a few instances from the Statistica] Bulletin o1 the International : 

Tip Council, London. - 
5 Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 7 
6 Includes secondary. : 
7 Including a small amount smelted from imported concentrates. 

Bolivia.—In 1965, Comibol showed a_ on the Antofagasta Railway by 27 percent. 
profit for the first time since nationaliza- This road carries most of the Bolivian tin 
tion of the major tin mines. A govern- production to seaports. , 
ment decree stated all future . contracts Congo, Republic of the (Léopoldville).— 
with foreign companies for the smelting The Congo produced only about half as 
of Bolivian tin can be canceled as Comibol much tin as it did before independence. 
acquires sufficient smelting capacity to ac- The tin-mining areas have been centers of 
commodate ore production. Strikes slowed political unrest, and operations have been 
production but the opening of new mines, conducted under difficult conditions. 
the impact of new laws granting equal ad- The Geomines Co. reported its output of 
vantages to foreign investors, and changed tin concentrates during the fiscal year 
tax and capitalization procedures indicated 1964-65 totaled 2,410 tons, and 1,822 tons 
betterment of tin production in the future. _ of refined tin was produced at the Manono 
In 1965, Chile raised freight rates for tin smelter. There was a complete stoppage of
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operations in the Lualaba region for 2 of the tin ore produced in Nigeria has been . 
months during this period. smelted locally and exported as tin metal 

-*‘*_Indonesia.—Production of tin in Indo- ingot; some concentrate was received from __ 

ae nesia continued at a relatively low level the Republic of Niger for smelting. 
in 1965. However, Indonesia launched a Exploration for tin deposits was begun 
large marine tin dredge and built a new in certain areas and indications of new | 
smelter at Muntok on Banka Island with deposits were found. OS 

_ -. West German assistance. | _ Thailand.—The continued increase in | 
Shipments of tin from Banka Island Thailand’s output of tin placed Thailand 

were reported as 8,640 long tons in 1965 in competition with Bolivia and Indonesia 
| and 6,058 tons from Billiton and Singkep for the position of the world’s second larg- 

Islands. ao | ' est producer. In previous years, produc- | 

‘There were indications that the lode tin tion in Thailand was difficult to assess be-— 
deposits on Banka, Billiton, and Singkep cause of the lack of official figures and be-_ 

oa Islands were becoming exhausted. | cause ores were shipped to various other 

| Malaysia.—Malaysian tin production in- COUDITIES for smelting. a 
| creased in 1965 and, although Malaysia The new Thaisarco tin smelter was open- 

was no longer receiving tin concentrate for ¢d in 1965 on Phuket Island. These 
smelting from several countries traditional- Smelting facilities were constructed by Un- 
ly using -its smelters, it was still the world’s 10n Carbide Corp. in cooperation with the 

: largest producer of tin metal. _ Government of Thailand. Smelting capac- 

At the end of December 1965, there ity was approximately Is 000 long tons 
were operating in. Malaysia 65 dredges, P&™ Ye" and ‘new facilities were being | - perating in) Malay e8*S; added to bring production to 20,000 tons 

| 979 gravel-pump mines, and 59 other types er vear “ | ae 
> of tin mines for a total of 1,103 active tin per year. a — 

| mines employing 45,345 persons; sts Exports of tin-in-concentrate from Thai-. 

The principal world sources of tin were ~ land were banned beginning July 24,1965, 
| the large plants of the Eastern Smelting and only tin metal could be exported 

. Co. Ltd., on Penang Island, the Pulau thereafter. a , 
Brani smelter at Singapore, the Butter- Other Producing Countries.—Other:ad- 

- worth smelter in Wellesley Province, and ditions to world tin supply have come from 
: Oriental Tin Smelters Ltd., exporting from the reopening of old tin mines and the de- | 

Port Swettenham. : oe velopment of new ones. New hardrock 

- Nigeria.—The output of cassiterite in | a. . | oe | 

Nigeria during 1965 increased about 9 © Table 18.—Shipments of _fin_mefal from 
t to 12.885 t Si 1969 t Far Eastern Communist Countries 

| percent to 12, tons. Since 1962, mos 7 "(Long tons) - , 

| Table 17.—Malaysia: Ex of tn in| ~... 
ab eM neta. by oe mnons - Source and destination (1964 1965 

9 : . . . : 

(Long tons) a vo . 7 
From North Viet-Nam to— 

Japan. ..-- 2... eee F196 _LLL Lee 
Destination 1963 1964 . 1965 ————SS 

From China to— 
Austria._.__..._.___._-_---.-- 107 | 87 

Argentina_...____...... 1,291 1,552 984 Belgium_____________--.-__ 90 ____--.- 
Australia-New Zealand_. 2,097 1,572 1,870 Denmark_______.-_._.--.-.. 7400 480 
Belgium.__._._..-__.... 4,815 740 670 Finland. .._._.------- eee 7194 LLL 
Canada...__.__._._._._..._.. 3,851 3,848 3,968 France__._______--_..--.-. 71,404. 1,845 
Denmark_____.__-_-_-_- 28 5 LL Lee Germany, West_____.______- 938 460 
France_..__........... 3,423 2,439 1,930 Japan. __________________._ ' 1,454 1,679 
Germany, West___.._-_- 702 450 ~ 200 Netherlands_______________- 409 413 
India__-...-...__..--.. 3,958 4,220 3,544 Norway -_______--_--____-_ 131 208 
Italy___....._.__._.-... 5,485 3,797 3,636 Sweden_.___-----.----...-.  *230 ___.---- 
Japan__.._.___........ 13,524 14,370 12,969 Switzerland. _._____________ 88 _______- 
Netherlands___......_.._._ 1,901 1,779 2,321 United Kingdom .___________ 480 330 
United Kingdom_____.. 1,012 2,873 2,343 — 
United States.__...__.. 35,579 25,734 31,522 Total____..______._.___.. 5,925 5,502 
Yugoslavia__.___._._...._. 1,850 1,581 1,998 —_—_—— 
Others ...___...-..__-.. 6,578 6,355 5,428 Grand total__...___..._.. 6,121 5,502 

Total__..._..__... 86,094 71,315 73,383 
a t Revised. 

Source: Statistical Bulletin of the Internation- Source: Statistical Bulletin of the Internation- 
al Tin Council. al Tin Council.
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| Table 19.—The world tin smelting position . | | | 

Country and smelters _ “Location Annual capacity ~_ Ownership - 
a dong tons) . a 

L . ry - 7 . . . . . 

‘Australia: — . a : . 
: O. T. Lempriere____-._-_. --_-- Sydney, New South - . 3,500 O. T. Lempriere & Co. ; 

ales. . : 
Sydney Smelting Co., Pty., -...-do._....-.-2--2---. 3,500 Consolidated Tin 

Ltd. _ te . - . Smelters Ltd. . 
Belgium: Société Générale Métal- Hoboken_.._________._- 25,000 Société Générale Méta- 
B lurgi que de Hoboken. 7 llurgique de Hoboken. _ 

_ Bolivia: 2 2 : oo 
~ Fundicion de Estafio Oruro_._._. Oruro, Oruro.___________ 5,000 Pero and affiliate Comibol 

. So : " -  (Corporacion Minera co 
. , - de Bolivia). - 

Fundicion Metabol..__....._....-.do._....---_-_____.- 5,000 Banco-Minero de Bolivia. 
2B Hormet. - --------~-----2--+- La Paz___.--.---------- (?) Cia. Hormet. . 
Brazil: 

. Cia. Estanifera do Brasil.__._._ Volta Redonda, Rio de ‘6,000 Cia. Estanifera do . . 
: . Janeiro. co _ Brasil. — . a 

~ Cia. Industrial Fluminense -_-_--. Séo Jofio del Rei, Minas . - 1,000 Cia. Industrial 
oO ot, _ Gerais. . oo Fluminense. . Le 

Diamantes Tocantins Ltd -.... Macapa, T do Amapa---- . 1C€0-200. Diamantes Tocantins — ” 

Numerous small smelters: oS a CS / 
. : Paraiba, Minas _ Gerais, | . — 7 . 
O . ' Rio Giande del Sud, }........-.-.---------2- Q@) anne nen ne nee oO 
. _ and Rio Grande del = j a / 

(China: K Yy 7 vu Tin C . 
ochiu_...-.......--.--..... Kochiu, Yunnan_...__.- ‘Yunnan Tin Corp. 

Kwangsi (pkma)__.__.-...... Papu, Ho-hsien Kwangsi } 29 ,000-39 ,000 Ping Kwei Mining . . . 
. oo ~ a . Administration.  ._ a 

Congo, Republic of the (Léopold-.. Manono__.-..-_-.-----.. ©. .- 1,387 Compagnie Geologique . 
. viJle): Compagnie Geologique.et — Sg et Miniere des Inge-—_. 
" -Miniere des Ingenieures et In- | po oe nieures et Industriels . 

dustriels Belges (Geomines). ~ . _ Belges.(Geomines). __ a 
Germany, West: | , OS ~ — 

«: ‘Th. Goldschmidt, A.G_:...... Essen____...._._.-__-_-)} Th. Goldschmidt, A.G. 
‘‘Berzelius’” Metalhutten, A.G._ Diusburg-Wanheim-- --_- |... Berzelius Metalhutten- 

. —— _ 1.c00 Geselischaft-G.M.B.H. 
a 7 a re | ee (subsidiary of Metall- ae 

/ . . gesellschaft A.G.) 
Norddeutsche Affinerie-._..... Hamburg--.._--.---.--- _| Norddeutsche A ffiinerie. . 

- Indonesia: Muntok___......_.._.... Banka Island______-___- 25,000 Indonesia State Tin 
oo . Mining Enterprise. 

Japan: _ oo . " : . . . 
Mitsubishi Metal Mining Co. Naoshima.........--__- (4) ‘Mitsubishi Metal Mining _ 

. Ltd. a . = ~ Co., Ltd. 7 a 
_. Rasa Kogyo K.K_.._._....._. Oita. 222-22 850 Rasa Kogyo K.K. 

- _ Mitsui Metal Mining & Smelt- __.-.do____...------ 222 () Mitsubishi Metal Mining 
ing Co. . oo So, Co. Ltd. | . 

. Nippon Mining Co. Ltd_..__.-.._----2 eee. () Nippon Mining Co. Ltd. 
Malaysia: | | - 

Old pliant... ee eee (?) woe nee ee ee ne ee ee ee : 
Eastern Smelting Co. Ltd _.... Penang Isle-...__...-.... 69,000-79,000 Eastern Smelting Co. 
se Ltd. Subsidiary of Con- | 

— oO . a ‘ solidated. Tin Smelters 
td. 

- Butterworth._.............._. Butterworth, Malaysia__-- 69,000 Straits Trading Co. Ltd. 
Pulau Brani *___............_. Pulau Brani, Singapore._..._.__.__._____- Do. 
Oriental Tin Smelters Ltd. Klang, Malaya (near 12,000 Oriental TinSmelters, Ltd. 

Mexi (Port Swettenham). Kuala Lumpur). ' (Ishihara Sangyo Ltd.). 
exico: 

Metales Potosi___....._.....-- San Luis Potosi S.L.P___- 120-150 Antonio Pizzuto. 
Estafio Mexicanos...__....-_-.----do_.-...-.-------- 200-300 Martin del Rio Jaime. 
Fundador de Estafio._.____..__._--do____..----------- 1,000 Carlos Heinze Sierra. 
Estafio Electro, S.A. de C.V... Mexico City...-.------- 700 Jose Mata, Victor Cortez 

Cervantes, Pedro Goya, 
Lorenzo Servitje. 

Netherlands: N. V. MHollandse Arnhem-_._._..._._-_--- 15,858 N. V. Hollandsche 
Metallurgische Industrie Billiton. Metallurgische Bed- 

rijven, Subsidiary of 
_ N. V. Billiton 

Maaschappij. 
Nigeria: Makeri Smelting Co. Ltd_. Jos, Northern Nigeria---_- 8 ,000—9 ,000 Williams, Harvey & Co. 

td. 
Portugal: | . . 

Fregim__._.......-.---..----- Amarante_.__._.._._._...._......._...- Sociedad Industrielle Do 
Oe Tamega, LDA. 

Mangualde._.....-..--.----- Mangualde.__.._._..___- 600-700 Neostano (Nova Em- 
presa Estanifera de 
Mangualde SARL). 

See footnotes at end of table.
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ee . Table 19.—The world tin. smelting position—Continued a | | 

Country and smelters: 7 ‘Location © - Annual capacity ©“ Ownership. 
a — Doss Gong tons) _ oe a 

| . Spain: | : - CO He Mee . 

Villaralbo (Zamora) _.---..-... Bilbao_.._..._-_-.----- 7 Electrometalurgia del 

. Ciudad Rodrigo (Salamanca)-_-_....do.___.__.--------- : Do. . - 
. Villagarcia de Arosa__-.-.--.-. Madrid_...------------ _ ‘Metalurgica Quimica 

| oo - _ " “" ‘TndustrialS.A. 
: CO ce vs _ (Mequinsa). an 
oo — ° Do_------------------- Pontevedra_----.-------7 2,176 ‘Metelurgic del Noroeste, © | 

a | Asuia___._.___-------------- Bilbao__...-------.---- “Indumental” Industrias 
Se 2G . ! . Reunidas Minero- 

. os | Metalurgicas S.A. 
|  Villaverde______-_---------_- Madrid-—--------------—| Minero Metalurgica del 

- . . ’ , so . , . : ‘ Estano S.A. . ow Sona 

7 - South Africa, Republic of: oe - 
Zaaiplaats__._--------------- Potgietersrust, Transvaal_ 1,018 Zeaiplaats Tin Mining © 

. Co a es a o Oo. eo 5 
a Vanderbijlpark__....-....-.. VWanderbijlpark_.....-_..- «= ~ 1,000 ISCOR 2 ss 

Southern Rhodesia: Kamativi Smelt- Kamativi-.....-......-.° - 564 Kamativi Tin Mines Ltd. 
. ing & Refining Co. Ltd. oo, Ce oo - 

Thailand: CO Lo a ee - . 
7 ~ (8)_li-_ ale ----------. Bangkok._.----_---22-- _. 1. Thai Department of . 

- . a . oe . | ee . Mines. . o 
. Thaisarco___._..-.-2--.....- Phuket_-.__..___ 2 ___- 20,000 Thai Smelting & Refining. . 

ee Co. (Union Carbide a 
a - OO , Corp..& Thailand ~ | oo Le a . eo or _ Government). Sr 

. United Kingdom: — . ; ye 

oo _°. Capper Pass & Son Ltd_..__.. Bristol & Hull_-_-_- -----7] ae - Capper Pass & Son Ltd. 
Williams, Harvey & Co. Ltd_- Liverpool_._-...-------- . _ 50,000 Williams, Harvey & Co. : . 

7 United States: Longhorn tin smelter- Texas City, Tex --.._.-- . | 20,000 Wah Chang Corp. : — 

- 1 Small quantity; © 9° ee ee ~ 
2 At one time capacity was about 30,000 metric tons; now processing only about 1,000 tons per year... 

. _* Reportedly a pilot smelter for test purposes. Produced several hundred tons of tin metal in 1963. 

. Source: U.S: Embassy; London. State Department Dispatch A-~1637, Jan. 13, 1966. Be | : 

oe mines. have been opened at the Mt. Pleas- donia alluvial area of the upper Amazon 
an ant deposit in New Brunswick, Canada; basin in Brazil. However, none of these 

. in the ancient tin-mining area in Cornwall, - areas produced significant amounts of tin = 
: England; in South Africa; and in the Ron- in 1965. | oo 

| Se ‘TECHNOLOGY — oe | | 
| Exploration for tin deposits continued Tin-coated steels (not terne) have prov- 

| at a high level. An English firm an- en to be valuable materials in gas tanks. 
nounced development of.a portable isotope for small engines.1° . , | 

_ fluorescense analyzer (PIF) weighing only A leading aluminum company has an- 
: _ 20 pounds for spot determination of lode nounced production of a 20 percent tin- 

tin.5 | | aluminum alloy for steel-backed bearings 

The British Standards Institute pub- Which may be used in the automotive in- 
lished B.S. 3338, Methods for the Sam- 5 Steel Times (London). Analysis of Lode- 
pling and Analysis of Tin and Tin alloys.® Bearing Ores on the Spot. V. 191, No. 5066, 

. . . . e ug. > 2 p. e 

Spectographic analysis of low-grade tin ; British Standards ginstitute, (London). Tin 
. 7 nternational. y 1965, p. 131. 

ores was described. ' 7 Murray, K. A., and J. F Maritz. phe Gbes- 
: : rographic Determination of Tin in w-Grade 

A technique for automated soldering of TinOres. J. S. African Inst. Min. Met., June 
printed circuit boards was developed by 1965. , Alzo abstracted it Min. Mag. (London), 

: : arica 8 v. » No. 3, ptem 1965, p. 249. Radio Corporation of America. ie Tin News. CG asa de Soldering. V. 14, No. 8, 
1 1 ar. ’ » p. 6. 

A small engine manufacturer, making ®Foundry. Tin in Iron. V. 93, No. 7, July 
gasoline engines for power mowers, chain 1965, p. 117. 

; ; ' -j 10 American Metal Market. Tin-Coated Steels 
saws, etc., is now adding tin to cast"iron Valuable Material in Gasoline Tanks. V. 72, 
engine blocks to improve quality. No. 210, Nov. 1, 1965, p. 7.
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= dustry. This bearing insert is available um-tin wire was developed by the General 
~ in coiled sheet form.42 | | Electric Co. This magnet, it is said, prob- 

A possible use of tin-nickel. alloy in ably will advance research into the be- | 
| automobiles was described.12 havior of materials at temperatures near 
_. "The world’s largest marine tin dredge, absolute zero.14 | | 

capable of dredging to a depth of 130 feet, Other cryogenic research. using tin was 
- was launched in Glasgow for Indonesia.18  described.15 oe 

. The bucket ladder carries 142 buckets, Bright tin in fine detail has been centrif- 
_ each of 18-cubic-foot capacity. It has an  ugally cast in rubber molds for jewelry 
— annual capacity of about 1,000 tons of tin castings.16 — | | : 
" in ore and is designed to work deposits off An alloy of tin with aluminum, titanium, _ | 
‘ the island of Banka. Called Banka I, it and vanadium has proven superior to some 
a will evidently be used to supply the new other alloys in certain physical character- 

__. Muntok smelter on Banka being built with istics and may be used in aircraft frames.17 
West German assistance. | | Metallurgical research on tin continued oe 

. A superconducting magnet using niobi- with a number of publications.1§ 

a 11 Metal Progress. High-Tin Aluminum Bear- Cells. Trans. ‘AIME, v. 2383, 1965, pp. 251-252. . 
ing Alloy in Coiled Sheet Form. V. 87, No. 6, Britton, S. C., and J. H. Hancox. Assessment 

° June 1965, p. 25. a ' of the Stain Resistance Produced by Commercial . 
. 12 Metallurgia (Manchester, England). Pro- Passivation Treatments of Tinplate. Sheet-Metal . 

; tecting Disc Brakes on Motor Cars. V. 72, No. Industries, v. 42, No. 458, January 1965, pp. 
a 430, August 1965, p. 84. . - 15-20, 32. . 
: 18 Mining Journal (London). V. 265, No. 678, Gilbert, G. N. J. Effects of Tin and Chromi- 
. Oct. 1,.1965, pp. 231-232. . um on the Chilling Properties of Gray Cast 

14Tin News. V. 14, No. 8, Aug. 15, 1965, p. 6. ‘Iron. Brit. Cast Iron Res. Assoc. J., v. 12, No. 
. 15 Bachner, Gatos, and Banus. Peritectic Re- 6, November 1964, pp. 774-786. _- os 
: action in the Superconductor NbsSn(CbsSn). Mantell, C. L. Progress in Tin Metallurgy. 

Trans. AIME, v. 233, 1965, pp. 227—230. J. Metals, v. 17, No. 5, May 1965, pp. 473-477. . 
Courtney, T. H., G. W. Pearsall, and J. Wulff. Shelmerdine, A. B., and D. A. Robins. The 

The Influence of Some Point Defects on Some Influence of Tin on the Mechanical. Properties oo 
Superconducting Properties of NbsSn(CbsSn). of Iron and Steel. J. Iron and Steel Inst., v. . — 
Trans. AIME, v. 233, 1965, pp. 212-218. 203, No. 1, January 1965, pp. 40-46. . 
'1Tin News. Tin Jewelry. V. 14, No. 1, Thwaites, Colin J. How Tin Affects Cast Iron... 
Jan. 15, 1965, p. 8.- Metal Prog., v. 88, No. 3, September 1965, pp. 

- 17 American Metal Market. Titanium With 100-103. | . . 
., Aluminum, Vanadium and 2% Tin Seen Promis- _ van Vucht, J. H. N., D. J. van Ooijen, and 

ing for Air Frames. V..72, No. 229, Dec. 1, H. A. C. M. Bruning. Some Investigations on 
. 1965, p. 15. - the Niobium-Tin Phase Diagram. Philips Res. | 

18 Bilone, Balling, and Cole. Segregation in Repts. (Netherlands), v. 20, No. 2, April 1965, . 
: Dilute Tin Alloys Displaying Two-Dimensional pp. 136-161. | . 
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7 — By John W. Stamper * | | a 

- Growing domestic requirements for high cent in Japan and 12 percent in the United ; 

performance, civilian and military aircraft States. A new titanium reduction plant 

resulted in a 23 percent increase in ship- became operational in the U.S.S.R., ca- | 

ments of titanium mill products. Output pacity of the plant in the United Kingdom 

of titanium pigment also increased mark- was being doubled, and further expansion 

, edly. A new ilmenite mine was opened in was underway in the United States. 

Georgia, however, two producers of ilmen-— The use of the chloride process for mak- 

ite and rutile shut down mining operations ing titanium dioxide pigment continued to | 

in Florida and total output declined. Ru- increase and world production of -rutile, 

. tile output for the year was the lowest in which is the principal raw material used, 

| 13 years. | : a increased to a new record. New titanium 

a Resurging demand for titanium ‘metal in pigment plants utilizing both the chloride 

the United States and Europe resulted in and the sulfate process were being built or | 

increased output in all producing countries. planned in eight countries, including the 

Productive capacity was:expanded 24 per- United States. : 

| Table 1.—Salient titanium statistics | : | 

- | | 1956-60 | _ oe | | | 
(average) | 1961 1962? ———(“as«éd: 9868 1964 ' 1965 . 

: - United States: ~ oe oo | | | i 
Ilmenite concentrate: eS SO , . Be, 

Mine shipments So - : ~ 

, short tons._.. . 702,005 782,629 809,037 890,071. 1,003,997 948,832 . 

- Value. ..thousands- --- $14,783 $13,320 - $13,974 $16,529 $19,178 $18,058 

Imports_short tons._--. 361,022 207,151 166,434 200,880 119,819 109,079 

- Consumption. --do---- 844,636 929,147 944,797 874,986 980,426 - 923,304 

. Titanium slag: - . SO 

Consumption_ . -do-.-- 132,060 130,184 138,205 152,416 128,203 148,184 

Rutile concentrate: ; 
Mine shipments-do- - -- 8,489 . 7,664 8,033 11,311 10,547 WwW 

Value. _thousands- - - - $1,067 $778 $933 $1,262 $1,016 WwW 

Imports_short tons. --- 44,554 27,497 35,966 71,990 110,981 151,957 

Consumption. - -do-- -- 33,979 29,548 31,749 35,189 79,446 117,376 

Sponge metal: 
oduction..-.-do.--- 9,128 6,727 6,730 7,879 W WwW 

Imports for . 
consumption_.do- - - - 2,289 2,490 | 925 1,468. 2,056 3,134 

Consumption... -do---- 6,549 6,991 7,136 8,865 11,131 12,105 

Price: Dec. 31 per 
pound......-------- $2.00 $1.60 $1.50 $1.50 $1.50 $1.50 

World production: 
Ilmenite concentrate 

short tons.... 1,923,860 2,331,500 2,170,220. 2,190,200 2,587,700 2,728,000 

Rutile concentrate-_-.-do- - -- 120,440 128,700 150,200 221,800 212,100 242,500 

es 

W Withheld to avoid disclosing individual company confidential data. 

Legislation and Government Programs. may be used in proportions up to 1 percent 

—The Food and Drug Administration ap- by weight, without harm.” , 

proved the use of titanium dioxide—syn- _—_—_——_— 

thetically prepared and free from admix- 1 Commodity specialist, Division of Minerals. 

. _ 1 2 Oil, Paint and Drug Reporter. TiO. Moves 

tures of other substances for coloring From Paints Into Food and Drug Field. V. 189, 

foods. The manufactured titanium dioxide No, 5, Jan. 31, 1966, p. 4. 
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| a DOMESTIC PRODUCTION . oo 

__ Concentrates.—Titanium Alloy Manu- tain areas of Barnegat Bay in New Jersey | 
facturing Division of National Lead Co. as a potential economic source of ilmenite. 
(TAM) ceased production of ilmenite and Metal.— Output of titanium sponge metal , 
rutile at. Skinner, near Jacksonville, Fla., increased for the 6th successive year. 

| , and the F sored Munerals fo. stopped an Reactive Metals, Inc. began a program 
7 duction at vero Deac dr a. d i. oe he to double its titanium sponge metal ca- — 

_ tota 4 ve la Mow tc | onal, a“ 19 aA pacity at Ashtabula, Ohio, to 5,000 tons : _ recor °! mi ion tons pr h los mn 13 Per year. A number of new reduction 
_ and rutile production was the lowest in 1: vessels was to be installed, and capacity of — 
years. — a . its vacuum annealing furnaces at Niles, 

a In addition to TAM and Florida Min- Ohio, will be doubled. New machines to - 
erals, American Cyanamid Co., Piney Riv- pe installed at Niles include a slab grinder, | 

7 er, Va; E. I. du Pont de Nemours & Co., 4. large billet cutting machine, and two 
Inc., Starke and Lawtey, Fla.; Humphrey = ;ound bar straighteners. Part of the new 
Mining Co., Skinner, Fla.; and Folkston, facilities being added were expected to be 

| Ga.; M&T Chemicals, Inc., Hanover Coun- in operation by January 1966. The com- | 
ty, Va.; National Lead Co., Tahawus, _ pany which is jointly owned by United | 

_N.Y.; and The Glidden Co., Lakehurst, States SteelCorp. and National Distillers 
| N.J. also. produced ilmenite. Porter & Chemical Corp. -started operations at 

| Brothers Corp. - shipped ilmenite from Niles in a new forge shop for production | 
_ stockpiles at Boise, Idaho. Rutile was pro- of titanium blooms, slabs, bars, and billets. © 

duced by M&T Chemicals, Inc., at Beaver Oregon Metallurgical Corp. (Ormet), a 
| Dam, Hanover. County, Va., and Florida titanium casting and ingot producer an- 
Minerals at Vero, Fla. . 7 - nounced it would build a plant of undis- — 

| The Humphrey Mining Co. began pro- _closed size to make titanium sponge. metal 
oo ducing a mixed product containing ilmen- at Albany, Oreg. Earlier in the year — 

| ite, rutile, and leucoxene at Folkson, Ga., Ormet indicated that it expected a con- 
for Du Pont. The plant operated on a __ tinuing high rate of growth in demand for . 
3-shift, 7-day week schedule with about © titanium castings. | 

| 110 full-time workers. Mining was by _. Howmet Corp. (formerly Howe: Sound - 
dredging. Co.) was expected to complete construc- 

| ‘The Bureau of Mineral Research of Rut- tion of a $650,000 plant to produce tita- 
| gers University and Mineral Sands, Inc., nium castings at White Hall, Mich. The 

were studying the heavy minerals in cer- company reportedly will use graphite molds 

Table 2.—Production and mine shipments of titanium concentrates from domestic ores 
| in the United States 

Se ee 
a Shipments 

Production, 
Year short tons 

(gross weight) Short tons Short tons Value 
(gross weight) TiOz content (thousands) 

erence acer neenememnnemnnnemnennnnenetae eee 

Iimenite: ! 
1956-60 (average)...---.....--_-_____- 685,346 702,005 370,122 $14,783 1961_.__-- 22 eee 782,412 782,629 410,191 13,320 1962____.-_--- eee 807,725 809,037 420,606 13,974 1963_.__-------- eee 888,400 890,071 470,983 16,529 1964___.- ee 1,001,132 1,003,997 526,642 19,178 1965__._-__---------- 2 eee 969,459 948,832 494,353 18,058 Rutile: 
1956-60 (average)-_____.__.___________ 9,676 8,489 8,007 1,067 1961_____.. 2-2 ee 9,045 7,664 7,251 778 1962_____-.-__--- eee 9,981 8,033 7,617 933 1963.__-.-...---.--- eee 11,915 11,311 10,839 1,262 1964______. eee 8,062 10,547 10,112 1,016 1965__-_---- 22-2 WwW W WwW WwW 

eee 
W Withheld to avoid disclosing individual company confidential data. 
1 Includes a mixed product containing rutile, leucoxene, and altered ilmenite.
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, - Table 3.—Titanium-metal data 

(Short tons) 

I 
NE 

1961 1962 1963 1964 1965 

i 

| Sponge metal: 
Production... ------------------ 6,727 6,730 7,879 WwW WwW 

Imports for consumption. -.---~--- 2,490 925 1,468 2,056 3,134 

Industry stocks. ..-.-.---------- 1,200 1,300 1,100 r 800 700 

- Government stocks (DPA . 
inventories). .....-.----------- 22,461 22,461 _. 22,371 22,254 22,339 

Consumption. ..__-------------- 6,991 7,136 8,865 11,131 12,105 

Scrap-metal consumption_._.--------- 2,501 3,160. 2,335 2,877 3,303 

ngot: 
Production. ......-------------- 9,371 10,400 11,138 13,964 15,294 

Consumption. _.--..----------- 8,878 9,773 10,506 13,501 14,694 

Mill shape production ?....---------- 5,147 $6,521 36,112 37,708 $9,483 

r Revised. 
W Withheld to avoid disclosing individual company confidential data. 

1 Includes alloy constituents. 
2 Bureau of the Census and Business and Defense Services Administration, Current Industrial Re- 

ports Series BDSAF-263(65). 
3 Net shipments derived by subtracting the sum of producers’ receipts of each mill shape from the 

industry’s gross shipments of that shape. Data not comparable with previous years. _ 

in a process developed by Misco Precision Corp., Albany, Oreg.; Crucible Steel Com- | 

| Castings Co., Whitehall, and Péchiney. En- pany of America, Midland, Pa.; Republic 

terprises, Inc. (a U.S. subsidiary of Péch- Steel Corp., Massillon and Canton, Ohio; 

iney, Compagnie de Produits Chimiques et and TMCA, Henderson, Nev. 

Electrometallurgiques of France). Péchiney © Oregon Metallurgical Corp. produced . 

also owns 40 percent of Howmet. - ingots and castings. The other companies | 

| Titanium Metals Corporation of Amer- mentioned in the pr evious paragraph pro- 

- ica (TMCA) completed the major portion duced and processed ingots into mill prod- 

of a new strip finishing facility at its ucts such as sheet, strip, plate, forging bil- 

| Toronto, Ohio, titanium rolling mill and _ lets, and bars. Ladish Co., Wis., processed 

| acquired a new sendzimir rolling mill, ca- ingots into forged products. | 

pable of producing titanium sheet up to 48 The Babcock & Wilcox Co., Beaver Falls, 

_ inches in width and down to 0.010 inch Pa... and NTH Products, Division of the 

in thickness. Because of a strike at the Carpenter Steel Co., El Cajon, Calif., pro- 

- end of the year, the company experienced duced titanium pipe, tubing, and extru- | 

| a temporary work stoppage at its Hender- SIONS. Western Pneumatic Tube Co. pro- 

son, Nev., facilities. duced titanium pipe at Kirkland, Wash. 

Aluminum Company of America (Al- Pigments.—On a gross weight basis tita- 

- coa), the world’s largest producer of pri- nium dioxide pigment production was 15 

mary aluminum, announced that it would percent higher than that in 1964. 

: begin producing large titanium forgings Titanium pigments were produced by the 

at its special facilities at Cleveland, Ohio. following companies: American Cyanamid 

Construction of the titanium facility was Co., Piney River, Va., and Savannah, Ga.; 

scheduled to start in 1965 and commercial American Potash & Chemical Corp., Ham- 

production begun in mid—1967. ilton, Miss.; Cabot Titania Corp., Ashta- 

G. O. Carlson, Inc., began producing bula, Ohio; E. I. du Pont de Nemours & 

‘titanium plate and plate products at Co., Inc., Edgemoor, Del., Baltimore, 

Thorndale, Pa.; Cameron Iron Works, Inc., Md., Antioch, Calif., and New Johnson- 

Houston, Tex., reportedly made available ville, Tenn.; The Glidden Co., Baltimore, 

: heavy wall titanium pipe up to 30 inches Md.;. National Lead Co., St. Louis, Mo., 

in diameter and 30 feet in length. and Sayreville, N.J.; and The New Jersey 

Commercial producers of titanium sponge Zinc Co., Gloucester City, N.J. 

metal were Reactive Metals Inc., Ashta- American Potash & Chemical Corp. 

bula, Ohio, and TMCA, Henderson, Nev. _ started production of titanium dioxide by | 

Titanium melters were Harvey Aluminum, _ the chloride process at its new $13 million, _ | 

Inc., Torrance, Calif.; Reactive Metals  25,000-ton-per-year plant at Hamilton, 

Inc., Niles, Ohio; Oregon -Metallurgical Miss. National Lead Co. began producing
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Table 4.—Titanium pigment data (TiO. content) 
eee 

Shipments ! 

Production 
Year (short tons) Quantity Value, f.o.b. 

(short tons) (thousands) 
ee 

1956-60 (average). -.----..--_----.-_-_----- 459,999 445,961 $238,673 1961... eee _ §02,879 491,122 262,255 1962___.____----..------222 22222 lite tt eee eee 5237201 513,822 270,438 1963___....--------- eee eee 519,458 . 528,416 278,477 1964... ee ITIIITIIIITITTD se 5589586 = B49'309 288,031 1965__.....----------- 2 ______- tw 2 575,295 . NA NA 
eee 

T Revised. 
NA Not available. 
1 Includes interplant transfers. _— 
2 Preliminary. | 
Source: Bureau of the Census. _ 

from its new chloride titanium dioxide niferous materials in their coatings, was 
_ plant, which when fully operated is ex- produced. Of the total output, 51 percent 

| pected to add about 45,000 tons per year contained rutile; 15 percent, ilmenite; 21 
to the company’s titanium pigment ca- percent, a mixture of rutile and manu- | 

: pacity. | | factured titanium dioxide; 9 percent, man- 
| Welding-Rod Coating.—A total of 326,- ufactured titanium dioxide; 1 percent, slag; 

000 tons of welding rods, containing tita- and 3 percent, miscellaneous mixtures. 

| | | CONSUMPTION | - | 
Concentrates.—Consumption of ilmenite, tion schedules for the Mercury and Gemini | 

which was used chiefly for making titanium spacecraft. oo 
_ dioxide pigment, decreased 6 percent. The Following the trend of recent years in- | 

use of titanium slag, which is used mainly dustrial uses of titanium increased. . 
for the same purpose, increased. Rutile A 750,000-gallon-per-day water desalt- 
consumption, which is used principally for _ ing plant reportedly utilized about 100 
producing titanium metal and pigment and _ miles of titanium tubing. The plant was 
also in welding rod coatings, increased 48 being built on St. Croix, Virgin Islands, by 
percent. | Westinghouse Electric Corp. and was said 
Metal.—According to information on +0 be the first such plant to use titanium shipments of titanium mill products, the i the multistage flash evaporation section. 

| use of titanium metal was 23 percent high- Titanium rods, 20 feet in length, were er than in 1964. | used to mark a 2-mile-long entrance to a 
. deep-water port being built in the Carib- Demand for titanium compressor wheels, bean. 

hubs, spacers, shafts, and blades for air- Porous titanium metal filters for applica- craft engines increased | substantially be- tions involving high temperatures, rapid 
cause of increased requirements for both thermal cycling and high differential pres- military and civilian aircraft. About 20,- cures were available in disk, cylinder, tube, 000 to 40,000 pounds (flight weight) of and sheet form and in pore sizes ranging titanium per airplane was expected to be from 30 microns to 1.0 micron. A large 
used in each of the frames and engines of titanium producer offered complex or hol- the new C-5A air cargo carriers. Lock- iow extrusions of titanium with a maxi- heed Aircraft Corp. scheduled production mum cross section of 5.25 inches, in weights of 58 of the 350-ton C-5A’s by 1968 or to 100 pounds, and lengths to 30 feet. 
1970. The four principal outlets for titanium Missile and space uses of titanium con- metal scrap were export, remelting (for tinued to be significant, although this sec- ingot), steelmaking, and anodizing and tor comprised only 30 percent of the total electroplating accessory equipment.3_ Tita- market compared with about 50 percent in American Metal Mark t. Titanium S 1964 because of the completion of produc- gees er? 72, No, 53, Mar. 19, 1966 ». 38°"
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Table 5.—Consumption of titanium concentrates in the United States, by products | 
(Short tons) . 

: - | Iimenite 1 Titanium slag | Rutile | 

a ) Estimated _ Estimated _ Estimated 
7 Year and product Gross TiOs Gross TiOz Gross TiOe 

weight content weight content weight content 

1956-60 (average)......------- 844,686 443,825 132,060 + 93,366 «= 33,979 32,261 | 
’ 1961__....-.----..-.-.-.--.-- 929,147 497,514 130,184 92,011 29,548 28,016 

| 1962__.---------------------- 944,797 501,196 138,205 98,632 31,749 ~ 30,235 
. 1963. ------------------------ 874,986 459,506 152,416 108,645 35,189 33,326 

| 1964: , ] | _ | | 
" Pigments..-...-.-2------- 977,178 509,403 —«128,100 91,795 (2) (2) 

‘Titanium metal. .........- (8) (8) -..-----.  --------- (?) (?) 
Welding-rod coatings... . _- 576 341 103 73 19,847 18,751 
Alloys and carbide__..._..- 2,625 1,282 (8) (8) (4) (4) 
Ceramics__--...--.--...-- -() (2) -unn----e -o eee | 674 626 
Fiberglas._.....----------  ---------0 --------- eee ee eee eee 813 785 
Miscellaneous. - --.....-.-- | 47 27) _2------.  --------- 58,112 56,166 

Total. a ---------- nee 980,426 511,053 128,203 91,868 79,446 76,328 

1965: | . | 
Pigments. ....------------ 920,168 481,364 148,184 105,483 (?) (?) 

| _ Titanium metal...-.-----. 0 -------2- 0 --------- 0 --------- 0 --------- (?) (?) 
Welding-rod coatings- - . - . - (2) (?) (3) (3) 22,402 = 21,212 
Alloys and carbide... ~~ -- 2,589 1,311 () - (8) 928 863 
Ceramics.-....--.-.------- (?) (2) --------- 0 --------- (5) (8) 
Fiberglas.........-------.  ---------) --n nee nn ee ee eee ee nana eee 945 918 

| Miscellaneous- - ...-.------ 547 327 ..------- --------- _ 98,101 _ 90,024 

Total.....,------------ 923,804 483,002 148,184 105,483. -—:117,376 113,017 : | 

-  1Ineludes a mixed product | containing rutile, leucoxene, and altered ilmenite used to make pig- 
ments and metal. oe 

2Included with “Miscellaneous” to avoid disclosing individual company confidential data. 
3 Included with ‘“‘Pigments” to avoid disclosing individual company confidential data. 
4Included with ‘“‘Fiberglas” to avoid disclosing individual company confidential data. 
5 Included with “Alloys and carbide’ > to avoid disclosing individual company confidential data. 

nium scrap consists chiefly of trim from Titanium dioxide was used to obtain 
flat stock, mandrel wound bundles of sheet opacity in gelatin capsules in a large plant 
and strip edges, turnings, and slab ends. in the United Kingdom.5 A roof coat- 
About one-half of the 7,000 tons of scrap ing consisting of vinyl resin emulsion, pig- 
generated in 1965 was remelted with tita- mented with titanium dioxide, which re- 
nium sponge metal and about one-fourth portedly reflected 80 to 86 percent of the 
was exported. The rest was used in steel- sunlight and heat, was being marketed.6 
making and in the electroprocess industries. Fourteen pounds of radioactive stron- 

The growing use of titanium castings, tium titanate was used in the first com- 
| which have been produced in Significant mercial application of an “atomic battery.” 

quantities only since 1956, was described.4 The 60-watt generator will be used to pow- | 
By the end of l 962 the dollar volume of er flashing navigational lights and an elec- 

production of titanium castings for anti- tronic fog horn in the Gulf of Mexico off 
corrosive applications had jumped 1,100 Cameron, La. The unit was expected to 
percent over the comparable figure for function for 5 years.7 
1959. In 1963 the price of titanium cast- 

ings. was lowered by an order of magni- =, wood, Nat. ‘Titanium Castings. Foundry, v. 
tude of 50 percent and sales were 15 times 93, No. 4, April 1965, pp. 66-69. 
greater than in-1959. In 1964, sales were : Chemical Age ( London. ). New Gelatin Cap- 
double those in 1963. 165,076. 
Pigments.—Consumption of titanium di- 6 Chemical Week. Roof Coatings. V. 96, No. 

oxide pigments on a gross weight basisand 28, June 5, 1965, p. 56. 

using shipments as a gage increased 5 per- _,, American Metal Market, Strontium Tianate 
cent. 41, Mar. 3, 1965, p. 10.
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| Table 6.—Distribution of titanium-pigment shipments, by industries a 
oO | _ (Percent): | 

| | - 1956-60 , 
- Industry . (average) 1961 1962 1963 1964 1965 

Distribution by gross weight: a oe | 
Paints, varnishes, and lacquers._.....-.----------. 65.2 63.4 61.9 63.3 62.6 62.9 
Paper.....------------------------------------ 11.1 12.5 13.0 12.5 12.4 12.6 . 
Floor coverings... .....-..--------1------------- 4.6 4.5 AT 43 3.9 3.6 
Rubber... .-..-.-----.-------------------~----- 3.8 4.1 4.2 4.0 3.1. 4.2 

. Coated fabrics and textiles (oil cloth, shade cloth, 
artificial leather, etc.)__.........-------------- 3.0 3.3 3.3 2.0 1.2 1.4 

Printing ink. ._._.__.-.-.._-..-.--------------- 1.4 1.6 1.7 1.6 1.7 1.8 
. Roofing granules..._.........._-_..------------ (4) (#) (4) 2.1 1.6 | 1.3 

Ceramics._--._..----.-.----.------.------------ () (4) (?) 1.2 1.5 1.5 
Plastics (except floor covering and vinyl-coated 

_ fabrics and textiles)......_...._._------------ (4) (4) () 2.9 4.4 3.6 
Other (including export)..-.--..---..----------- 10.9 10.6 11.2 6.1 7.6 7.1 

Total....__----..--------_-_---- ~~ eee 100.0 100.0 100.0 100.0 100.0 100.0 

Distribution by titanium dioxide content: . 7 
Paints, varnishes, and lacquers.__._....-...--.--- 58.4 57.0 55.3 57.0 56.8 57.4 
Paper_..__----.--.-.----------+--------------- 14.5 15.7 16.2 15.5 15,2 15.2 
Floor coverings. .....-...--..---.-------------- 5.8 5.6 5.8 5.2 4.7 4.3 
Rubber. -----.-------...---------------------- 4.9 5.1 5.2 4.9 3.7 5.0 
Coated fabrics and textiles (oil cloth, shade cloth, - . 

artificial leather ete.)._.....--..--.-- ee 3.8 4.1 4.0 2.0 1.4 1.6 
. Printing ink. _.__....2 2.2.22 22-2 1.9 2.0 2.1 2.0 2.1 2.1 

Roofing granules.............--..-.---------.-- (4) (?) (*) 2.6 19 1:7 
Ceramics__.........-.....-.------------------- (4) (8) (4) 1.5 1.9 1.8 

_ Plastics (except floor covering and vinyl-coated 
fabrics and textiles)...._.____._-----------.-- @®@  @ & 3.7 5.4 4.3 

Other (including export) -_-_--------------------- 10.7 10.5 11.4 5.6 6.9 6.6 

oe | Total. __.---..------------------------------ 100.0 100.0 100.0 100.0 100.0 100.0 

_- 1Data not available. Included with “Other.” | Oo | 

| STOCKS ts 
Industry stocks of rutile increased 17 and semifabricators totaled 710 tons com- 

percent to 164,000 tons, equivalent to more pared with 760 tons on hand at the end | 
than a year’s supply at the 1965 consump- of 1964. Titanium metal scrap held by 
tion rate. Ilmenite inventories also in- melters and semifabricators at yearend was 
creased significantly, but stocks of titanium 3,300 tons, 200 tons less than at the end 
slag declined. Yearend stocks of titanium of 1964. 
sponge metal held by producers, melters, 

Table 7.—Stocks of titanium concentrates in the United States, Dec. 31 
(Short tons) 

Ilmenite — Titanium slag Rutile 

_-Year and stock TiOz TiOz TiO2 
Gross content, Gross content, Gross content, 

weight estimated weight estimated weight estimated 

1964: 
Mine___-__________._---- 24,586 12,559 __.-----. ) ~------~- 7,267 6,956 
Distributor. .....-_.--.--- 126 73 117 85 10,753 t 10,323 
Consumer. .___....-..---- 658,895 369,366 119,078 84,836 r 121,723 r 117,069 

Total. .__._.-_.-------_- 683,607 381,998 119,195 84,921 t 139,743 F 134,348 

1965: 
Mine________.___.------- 45,213 26,258 ~~ (1) (1) 
Distributor. ____._...-__-- 212 126 (*) (4) 13,870 13,318 
Consumer. ..-_-.-..------ 717,714 400,589 109,091 77,463 149,733 144,295 

Total. ....-.-.--------- 763,139 426,973 109,091 77,463 163,603 157,613 

° Revised. 
1Included with “Consumer” to avoid disclosing individual company confidential data.
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| Do. oe. PRICES. | | yo , 

-Concentrates.—The price, f.o.b. Atlantic Less than carlots, deliv- | | 

| ports, quoted in EXMJ Metal and Mineral. ered ___---_---.---.. .09875 | : 

_ Markets for ilmenite (59.5 percent TiO:) Titanium Pigment Corp., a subsidiary of 

: and rutile (96 percent TiOz) remained un-_ National Lead Co., reduced the price of 

changed through August 16, 1965, at $23 selected anatase grades by 2.5 cents per , 
to $26 per long ton and $104 per short pound to 23 cents per pound. oO 

7 ton, respectively. At the end of the year Titanium trichloride prices were reduced | 

| rutile prices were quoted at $107 to $111 by Stauffer Chemical Co. from $3.25 per. 
| per short. ton and imported ilmenite (54 pound to $2.95 per pound. BS 

| percent TiOz) was quoted at $21 to ‘$24 Metal.—Yearend prices per pound quot- 

per long ton. Spot sales of rutile were 64 for titanium: sponge metal in E&MJ = 

rep orted at $119 to $121 per short ton. Metal and Mineral Markets were as fol- . 

Manufactured Titanium Dioxide——The lows: oo | BT 
base prices of rutile and anatase grades-of - Titanium sponge metal; | , 

| manufactured titanium dioxide pigment titanium, 99.3 percent 

and calcium-rutile base titanium pigments = maximum; Brinell | Ds, 

| were unchanged. Some ‘reduction of the =. hardness number, 120 = 
base price was given to purchasers of large © ~“ maximum ______.--- $1.32. : | 

- lots. The following prices were quoted in Te pemenin, og. OR 7 

7 Oil, Paint and Drug Reporter at yearend: . Japanese afantum sponge $1.23-$1.25 : 
a a te ‘Titanium sponge; titani- a | 

Be OG Bo Price um, 99.9 percent; Bri- | : : 

- . per pound yell hardness number, . _ . 7 

Anastase, chalk-resistant, regu- : 75 maximum —-----. $4.00 | 

- Jarand ceramic: © — =. : . _ a -. 
: i 4 Domestic prices-per pound of titanium 

| me delivered " Geliv- $0.259 mill shapes (f.0.b. mill, commercially pure, | 
: ess than carlots, deliv- - == —— in _Jots:of 5 tons) quoted by a large pro- 

ered --------------  -269 _ aucer remained unchanged during 1965. _ 

Rutile, nonchalking, bags: Ferrotitanium.—Nominal prices’ at year- 

_ Carlots delivered East__-.275 end for various grades of ferrotitanium — | 
So Less than carlots, deliv- == = ~——_ were quoted in E&MJ Metal and Mineral : 

| ered East ------_---- .285 —— Markets as follows: re 

‘Titanium pigment, calcium- | a Price | 

. rutile base, 30 percent TiOs, — Low-carbon, per pound____--— $1.35 

, - bags: | : Medium-carbon, per short ton. 375 ae 

~ Carlots, delivered _._---_ .09375 High-carbon, per short ton--__ 310° 

a 7 - FOREIGN TRADE 7 oo 

Exports.—Titanium dioxide exports were tons; Mexico, 242 tons; Hong Kong, 179 

slightly below those in 1964, which was tons; and Iran, 100 tons. | 

chiefly due to a drop in shipments to Can- Titanium metal exports, which according 

ada, the principal destination. Canada to value consisted mostly of titanium scrap, 

received 10,084 short tons; Norway, 3,310 increased substantially for the 4th suc- 

tons; the Netherlands, 1,846 tons; the cessive year. Of the 2,132 tons exported, 

Philippines, 2,211 tons; and Republic of the United Kingdom received 1,734 tons. 

Korea, 1,084 tons. Most of the remainder West Germany with 281 tons and the 

went to Brazil, Argentina, Sweden, United Netherlands with 37 tons received most of 

Kingdom, Belgium-Luxembourg, France, the remainder. 

and Italy. Exports of intermediate titanium mill 

shapes and other wrought titanium prod- | 

Exports of titanium ores and concen- ucts totaled 605 tons. Of the total, Can- 

trates, which based on unit value were ada received 342 tons; West Germany 207 

chiefly rutile, decreased drastically. Prin- tons; and France, Sweden, and the United 

cipal destinations included Canada, 409 Kingdom most of the remainder.
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7 : Table 8.—U.S. exports of titanium products, by classes a : 

| | : a ss sIntermediate : 
: . millshapes = - 

Ores and Metal and alloy . and mill Dioxide and 
y . concentrates sponge and scrap products, n.e.c.! — pigments 

ear . a “ 

| - Value Value —=-—S—S«S&Waadlute - Value 
. - Short (thou- Short (thou- Short (thou- Short (thou- 

tons. sands) tons sands) tons sands) tons sands) 

1956-60 (average).___._.________ 2,204 $243 311 $344 . 520 $6,267 44,944 $15,350 . 
~1961.--- 2 ee 1,436 | 190 886 927 384 2,702 31,104 9,216 
1962_-.2 eee 1,224. 167 818 925 561 4,102 29,095 8,636 
1963__....-.-.-----2 eee 1,212 176 1,261 1,232 494 3,444 26,702 8,051. 
1964____. ee 2,161 ° 386 1,817 1,781 865 4,998 29,359 8,287 
1965__..----------------------- 1,201 . 203 = 2,132 2,070 a 605 5,144 26,896 . 7,249. 

1 Not elsewhere classified. . oe / | Co . oo 

Imports.—A_ threefold increase in im- the Netherlands 3; and a few pounds from s_ | 
ports of ilmenite from Australia was offset West Germany, mostly scrap. a 
by a sharp drop in imports of titanium =» About 115 tons of wrought titanium was __ 

__. slag from Canada and total ilmenite im- imported. Virtually all of the metal under 
. ports were slightly lower than in 1964. this category was imported from Japan (92 | 

Conversely, imports of rutile increased 38 tons) and the United Kingdom (23 tons ). | 
: percent to a record 152,000 tons, reflecting Imports of titanium dioxide and pig- 

| the growing demand for making titanium ments increased for the 8th successive year | 
‘metal and pigment. SR and totaled 49,603 tons. The principal 

: Imports for consumption of unwrought sources were Japan, 12,713 tons; Finland, 
titanium and waste and scrap totaled 3,134 10,877 tons; West Germany, 8,234 tons; _ 

a short tons. Material from Japan and the France, 6,477 tons; Canada, 3,202 tons; 
United Kingdom was virtually all sponge | United Kingdom, 5,519 tons ; and Italy, 
metal and was 2,260 tons and 677 tons, 1,727 tons. Most of the remainder came | 

: respectively. About 110 tons of sponge from Spain and Australia. About 149 tons 
| metal was imported from the U.S.S.R., of titanium compounds also were imported, . | 

about 38 tons from Canada; 49 tons from __ principally from Japan. - | 

| _ Table 9.—U.S. imports for consumption of titanium concentrates,1 by countries _—S> 
aS Se (Short tons) 

: 1956-60 . | | , . Country (average) 1961 1962 ‘1963 1964 1965 
SSS 

-- Imenite: | | 
Australia__..-2--- 2-2 20,668 35,362 57,941 52,883 17,122 49,312 
Canada ?_____--_--__ Lee 157,767 127,123 108,493 133,885 + 144,897 117,094 
India_..-_-..--2-- 2-8. 176,333 44,666 __.... ._- 14,112 11,200 __..-.____- 
Other countries. ___..____. 6,254  _______ (8) a nN rrr rrr 

Total: 
Short tons.....____- 361,022 207,151 166,434 200,880 + 173,219 166,406 
Value__.......----. $7,867,758 $5,017,911 $4,469,648 $5,087,539 + $5,471,835 $4,769,967 

aaaeaeaeEeEeEeaEaE=EaEEEeEEE re 

Rutile: 
Australia__....22 2-2 2 Le 44,179 26,047 35,542 71,990 110,981 151,748 
Other countries. .._______- 375 1,450. a rr tr 

Total: 
Short tons.__._____- 44,554 27,497 35,966 71,990 110,981 151,748 
Value____.....----- $6,011,587 $2,544,312 $2,646,174 $4,920,526 $7,723,749 $10,116,182 

eee 
° Revised. 
1 Classified as ‘‘ore’’ by the Bureau of the Census. 
2 Chiefly titanium slag averaging about 70 percent TiOs. 
3 Less than 14 unit.



| | | TITANIUM. 947 

oo - | ‘WORLD REVIEW - | oe | 

| In response to growing demand for mu- NORTH AMERICA | 
| tile for make titanium dioxide pigment Canada.—Quebec Iron -& Titanium os 

in ne cmon € Poel producers, in Aus- Corp. (QIT) operating at capacity for the 
_ tralia, the bik he source, planned to 9nd successive year produced a record 546,- 

. velo ly doub . h e current capacity. De- 900 tons of titanium slag. In anticipation 
__- velopment ot the rutile. deposit in Sierra of a continuation of the strong demand, 
| veone iconginued | ane initial output was the company began a Can$13.5 million 

: scheduled for the Jatter part of 1 966. Ex- program to expand capacity to about 650,- 
: pansion of titanium slag production in QQ tons per year by 1967. The expansion 

Canada also was underway. will include construction of a ninth furnace : 
New titanium dioxide plants or expan- and an increase in transforming capacity _ / 

sion of existing facilities were underway in — to two of the existing furnaces. QIT has 

Canada, the United Kingdom, France, conducted development research toward 

_ West Germany, Italy, Netherlands, and producing titanium slag, which could be 
Norway, as well as in the United States. chlorinated and thus used in the chloride ; 

In addition to the increased activity in process for making titanium pigment. The 
the titanium metal industry in the United company also planned to distribute labora- | 

States, productive capacity of titanium tory samples of the high TiO2 content slag a 
sponge metal in the United Kingdom, Ja- to potential users.® . | | 

an, a S.S.R. NW 1 OO | 
pan, ane the U.S.S.R. also was being ® Schneider, V. B. Titanium. Canadian Min- 
expanded. . mo mo erals Yearbook, 1964, 10 pp. 7 

. Table 10.—World production of titanium concentrates (ilmenite and-rutile) by countries 1 

| ee | (Short tons) a ae we oo 

| Country! (1961 =—_:1962 1963 1964 196502 0 

Ilmenite: - - | | | | 
r Australia (shipments) ......-..... 186,369 r 200,332 r 225,102 r 340,248 503,686 oo 
° - Brazil$.o2.02.2-- 2-2 eee — 8,005 8,891 | . 6,484 9,117 . . 10,796 

Canada (titanium slag) ¢...__-.-- - 463,361 301,448 379,320 544,721 545,916 
Ceylon___.......--.------------ 11,199 . 4,652 - 21,041 . 50,880 54,222 ‘ oo 

.. Finland... eee eee 21,272 . 96,110 103,461 127,937. _ 117,947 
India...........------.----.---. —° 192,018 152,241 28,619 11,849 33,132 
Japan (titanium slag).......-.-.. : 1,774 578 . - 963 2,161 3,190 
Malagasy Republic. ....._....-.- ' 3640 | 3,510 4,027 r 5,291 6,945 

. Malaysia (exports).......-...--- 119693 113,854 164,656 ® 144,774 ~ 136,154 7 
Mexico. ....-------+------- ee een en eee =e eee ee °155 0 21 ---eeee +--+ eee 
Norway ..-.2.--..---.---------- 342,723 . 276,788 267,090 299,608 311,017 

.  Portugal.....-- 2.22.1... ---- 109 75 45 63 - 34 
Senegal. 22-22... ue -- 19,286 24,727 . 13,436 r1455: ..-..-----. 
South Africa, Republic of... .-.--.- 99,010 87,096 31,0389 .----.--. -~--.-.----- . 
Spain... ee 33,184 45,935 - -§5,745 r 48,418 35,458 
United Arab Republic (Egypt)---- 147,475. 49,210 596i >, 
United States 5.0... lk 782,412 807,725 888,400 1,001,132 _ 969,459 

World total ilmenite (estimate)!2 2,331,500 2,170,200 2,190,200 72,587,700 2,728,000 ~— 

Rutile: ; OS | 
Australia... 222-2 eee 113,603 133,499 r 205,251 t 201,640 240,746 
Brazil... eee 5422 F 388 t 429 315 e¢ 300 , 
India. _......2 2-2 -- 898 1,781 2,062 2,062 1,452 
Senegal_..._...-...----- eee 195 811 780 r™60  ___-------- 
South Africa, Republic of....---- | 3,483 3,575 / 1885 ....----.. ----------- 
United Arab Republic (Egypt). --- e 1,100 198 4 lion eee. ----------- 
-United States__...........-..--- 9,045 9,981 11,915 8,062 WwW 

World total rutile (estimate) ! t 128,700 r 150,200 r 221,800 r212,100 $$ &242,500 . 

e Estimate. P Preliminary. T Revised. W Withheld to avoid disclosing individual 
company confidential data. 

1 Titanium concentrates are produced in U.S.S.R., but no reliable figures are available; no estimate 
is included in the total. 

2 Compiled from data available June 1966. 
3 Production—Comissao Nacional de Energia Nuclear only. 
4 Containing approximately 70-72 percent TiQos. 
5 Includes a mixed product containing ilmenite, leucoxene, and rutile. 
6 Excludes U.S. data.
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_ British Titan Products (Canada) Ltd. |= European consumption (probably ex- — 
planned to boost capacity of its titanium clusive of Communist countries) of tita- 
pigment plant at Tracy, Quebec, from 22,- nium pigment in 1964 was estimated at 

| 000 tons per year to about 30,000 tons per 380,000 tons. | So 
| year. | : : France.—British Titan Products Co., | 

Canadian Titanium Pigments Ltd., a Ltd., continued efforts to obtain approval — 
_ subsidiary of National Lead Co., expanded for construction of a 25,000-ton-per-year 
capacity of its titanium pigment plant at titanium pigment plant. British Treasury | 

| Varennes, Quebec, from 25,000 tons per approval of the proposed plant to be lo- 
year to 30,000 tons per year. The com- cated at Calais reportedly was obtained.19 | 

_ pany, which utilizes titanium slag produced Germany, Federal Republic of.—Titan 
by QIT in the sulfate process, also ex- G.m.b.H., a subsidiary of National Lead 

, _ pected to start construction of a 10,000- Co., plans for a 140,000-ton-per-year tita- 
- ton-a-year pigment plant to utilize the nium pigment plant at Wilhelmshaven ap- 

chloride process early in 1966. parently were dropped because of water 
| Atlas Titanium Ltd., a producer of ti- — pollution problems. The company report- 

. -_- tanium mill products and forgings from im- _ edly planned to build a smaller plant (36,- 
- ported ingots and billets, was offering tita- 000 tons per.year) at Nordenham, a port 

a nium castings in the United Kingdom and on the North Sea. a 
. Europe, produced by Oregon Metallurgical Consumption of titanium metal report- 

OS Corp. in the United States.9 = = - _ edly was about 450 tons in 1963 and 720 

SOUTH AMERICA : tons in 1964. ce | 
_  Brazil—_The National Nuclear Energy _,, Italy.—Montecatin +3 Soc. Generale per 

Comnission ( CNEN) reportedly approved l'Industria Mineraria c Chimica, planned 
an increase in the allowable monazite con- to build a new itanium pigment plant 

| . os . ' with a capacity of 55,000 short tons per 
he. centration in- ilmenite concentrates con- = _ Scarlino the coast of T 

| sumed or exported from 0.8 to 1.3 percent. year at ° the "Tel (or Alba) | y uscany 
‘The move was made to encourage develop-: oP ae the isle 0 a) anc Was €x- 

. ‘ment of beach sand deposits for titanium. panaing the Spinetta-Marengo plant to en- 
Ilmenite and rutile are produced as by- able it to produce up to 50,000 tons of ti- 

| ducts of monazite mining and processing tantum pigment annually. . Bae | _Procue — 5 cated in the Montecatini and Societa Edison, two of | 
| Dict ios Itabapoana, located in the Italy’s largest firmis, planned to merge, 

| State of Rio de Janeiro about 43 miles _ forming one of the Jar est chemical con- _ 
from Campos (at the Espirito Santo State- corns in the world g | 

nae): vy ate errant, ae che Netherlands. — Cyanamid International 
. : ? _ Development Corp., a subsidiary of Ameri- 

Southern border of the State). Sales of C ‘d C btained ‘nterest 
ilmenite and rutile, which are mostly ine Ty Qooctonperean titeniun ote 
the Sao Paulo area, have been less than the 7” the ii UtUton-per-year titanium pig- 

| . ment plant of N.V. Titaan Dioxydefabriek 
potential output, and rough concentrates | Botlek. Capital of the fi ted! 
containing rutile, ilmenite, and zircon have - at Dotlek. apiial of wne arm Teporredly 

. . was doubled as a result of Cyanamid’s en- 
accumulated. A marine terminal to per- try and capacity of the plant also will be 

_ mit bulk shipments of the titanium minerals double qu pacity P 

reportedly was being built at a small har- In 1964 about 2,500 tons of titanium 
. | pigment was imported compared with 

EUROPE about 7,000 tons exported. Of the total 
United States Steel International, Inc. exports about 2,400 tons went to common 

(New York) was expected to begin de- market countries. 
veloping markets for titanium mill products Norway.—Titan Co. A/S, a subsidiary 
such as bar, sheet, plate, tubing, and ex- of National Lead Co., planned to com- 
trusion. U.S. Steel International Inc. isa plete expansion of its titanium pigment 
subsidiary of United States Steel Corp. 77-7... ws . 
which owns 50 percent of Reactive Metals for iota pulletin sgn cen). 9 166 Castings 
Inc., an integrated titanium producer with Fiennn Faint and Drug Reporter. _ british Titan | 
main production facilities located at Ash- No. 7, Apr. 26, 1965, D. 7. 2 Yenware. , 

tabula and Niles, Ohio, in the United chemical Age Grapataid Breal Into TiO: 
tates. 1965, p. 549.
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plant at Frederikstad to 15,000 tons per tions reportedly still were underway to in- | 
year in 1966. Titan which uses ilmenite crease exports to Japanese producers of 

| supplied by another National Lead sub- titanium pigment. The Government 
sidiary, Titania A/S, reportedly manufac- owned Travancore Minerals Ltd. accounted 
tures standard grades of titanium pigment for most of the output and a private com- 

_ as well as the special grades which have pany, F. X. Pereira Minerals Ltd., ‘ac- | 
| been developed by National Lead in the counted for the remainder. F. X. Pereira 

United States, Titan G.m.b.H. in West also produced all of the rutile from tailing 
Germany, and by Dérives du Titane SA. dumps. 

~ in Belgium.?2 | Japan.—The seven producers of titanium 
United Kingdom.—It was indicated that pigments planned to form a cartel to con- : 

British Titan Products Co., Ltd., operated trol the quantity and price of pigment ex- | 
a 5,000-ton-per-year titanium pigment ports, which comprise about one-third of 

| plant at Billingham-on-tees using the chlo- total output.18 An industrial association - 
ride process.13 Late in the year the com- _ for purchasing titanium ores also was to be _ 
pany raised prices of its anatase-grade ti- organized.19 : : 
tanium pigment from about $450 per ton Titanium sponge metal production was 
to about $484 per ton. Rutile grades were 53335 tons—a new record, 62 percent 
raised from about $507 per ton to $540 above 1964 production. Osaka Titanium 

| per ton. Chloride process titanium dioxide Co., Ltd., and Toho Titanium Co. Ltd. | 
was unchanged at about $700 per ton.14 were expected to expand annual capacity | 

Imperial Metal Industries (Kynoch) to 2,900 and 3,200 tons, respectively, by 
Ltd. planned to double capacity of its ti- the end of the year. Output of titanium 
tanium sponge metal plant at Wilton15 slag by Hokuetsu Electric Chemical Co., 
In 1958, capacity figures were reportedly the only commercial producer, also in- 

| about 1,800 tons per year; however, the creased. Osaka produces slag for its own 
_ plant was closed in 1959 and was not re- use. . . 

opened until 1964. Cost of the new ex- Malaysia.—Exports of ilmenite which 
pansion was said to be about $2.8 million. were chiefly to Japan, France, and Belgium : 

U.S.S.R.—The Government reportedly declined in 1964. : 
began production of titanium sponge metal Papua.—The Premier Mining Company 
at a new plant of undisclosed size at Ust- Pty., Ltd., was examining a rutile deposit | 

-° Kamengorsk, in Eastern Kazakhstan. | off an island near Cape Blackwood and at 
we . : 20 

AFRICA Goaribari Island in the Gulf of Papua. 

Senegal.—Société Miniére Gaziello, a | OCEANIA 
subsidiary of the French company, Fab- Australia.—Estimated data on capacity 
riques de Produits Chimiques de Thannet to produce rutile and ilmenite and plans 
de Mulhouse, decided not to develop a for expansion of capacity shown in table 12 
new ilmenite deposit in the M’Bour-Joal are based on information published by 
region because of the presence of excessive . 
chromium in the ilmenite.16 Gaziello had _12 Skilling’s Mining Review. Norwegian Sub- 

mined out an ilmenite deposit at Djiftre tO Mar 6 atee. Lead to Expand. V. 54, No. 
Sangomar in 1964. 18 Chemical Age (London). 8B.T.P. First on 

Sierra Leone.—Development of the Sher- on ae Mean Guicrige Toate é ais S ement. Vv. 
bro Minerals Ltd., rutile deposit in the 34 European Chemical News (London). British 

Gbangbama area in the southwest contin- qatan Raises ear TiO: Prices. V. 8, No. | 
| ued. Construction of the treatment plant, 15 Metal Bulletin (London). ICI Titanium Ex- 

the loading dock at Niti, a 112-foot-long P44 ‘Bulletin’ (London). Senegal ‘ilmenite 
by 30-foot-wide dredge, and a 3,000-kilo- Unsatistactory. No. 5052, Nov. 30, 1965, p. 23. 

watt electric power station was expected to Rutile Minune ,Minerals ponginesring Noo any 
be completed, and full-scale mining opera- _1965, p. 355. ; 

tions began at a rate of 100,000 tons of ," 0H, Paint and Drug Reporter, TiQe Carte 
rutile per year late in 1966.17 July 26, 1965, p. 7. 

19 Engineering and Mining Journal. Seven 
ASIA Japanese Manufactures. V. 167, No. 1, January 

1966, p. 158. , 
India.— Output of ilmenite continued at *°Chemical Trade Journal & Chemical Engi- 

. neering (London). Titanium Found in Papua. 
the low level of recent years, and negotia- =v. 157. No. 4085, Sept. 23, 1965, p. 359,
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Table 11.—Malaysia: Exports of ilmenite by countries - 
a : (Short tons) , | 

Destination ——-1960 1961 1962 1963 1964 | 

Belgium......---------------------- (sd 48B—i«Cst“‘«‘CSG CL «19,470 14,663 
France.___._.---------------------- 29,599 . . 33,254 34,658 63,194 58,805 
Japan__.____.---------------------- 57,587 56,802 77,502 81,537 71,037 
United Kingdom. ...---------------- 33,603 24,019 1,372 112 224 
Other countries. --.-----------------  ---------- 4 324 343 45 

_ TJotal.._.-------------------- 132,255 119,695 113,856 164,656 144,774 

| Metal Bulletin 21 and various other sources. the principal market for rutile, followed 
-. Rutile capacity at yearend is estimated at by the United Kingdom, Japan and the 

268,650 tons per year, and facilities for an Netherlands. The United Kingdom was 
additional 173,650 tons are being built or the chief market for ilmenite followed by 
planned. Ilmenite capacity at yearend was Japan, France, and the Republic of South 
estimated at 440,000 tons and plans were Africa. | 
underway to expand output by 375,000 — | : 

. tons per year. When) Ballet! . 
. . Metal 1] : . - 

As in past years the United States was vember 1968" 48 bp Beach Sand Minerals. No-
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Table 12.—Australia: Rutile and ilmenite productive capacity | 

(Short tons) 

. Estimated Planned 
. Company and location of dry separation plant capacity additional 

. . Dec. 1965 capacity 

Rutile: . Oo : | a 
Associated Minerals Consolidated Ltd. (AMA): 

Byron Bay, New South Wales._._-......-.....-------------------- 10,000 _......--. 
" Southport, Queensland...........-.....2..------------------eee-e 40,000 . __...--_-- 
; Diamond Head, New South Wales_...._.._..__-_-.__--_---------.------ 6,000 _... Lc. 
. ° -Hexham, New South Wales_____....__.......--...------------ eee tee eee ee - 60,000 

. Total... ne eee eee 56,000 - 60,000 

Wyong Minerals Ltd.: 
Budgewoi (Lake Munmora), New South Wales. .........-------.---- 22,000 ......---. 

Cudgen R. Z., Pty.: 
. Cudgen, New South Wales. .........-....--...-...---------------- - 338,000 1.1L. 
Consolidated Rutile Ltd.:. 

Meeandah, Queensland...........-..-.------------ ee ene enn ween nee 33,000 
N.S.W. Rutile Mining Co. Pty.: . 

Cudgen, New South Wales. _..-_...-....-----.-1---.-------------- - 83,000 20,000 
Rutile & Zircon Mines (New Castle) Ltd.: 

Port Macquarie, N.S.W. and Belmont, New South Wales.....-...---- 50,000 -----.---- 
. Titanium & Zirconium Industries Pty. Ltd. (TAZI): . 

‘Dunwich, Queensland. _._.........---..--------------. eee ene 23,000 20,000 . 
Titanium Alloy Manufacturing Co.: . 

. Cudgen, New South Wales. --_.-..--.--------..------.------.------ 2,000 _.---.---- 
Queensland Titanium Mines Pty. Ltd.: 

.. Inskip Point, Queensland... __.......--..-.------------------------- 5,000. . 5,000 
Mineral Deposits Pty. Ltd.: . 

- Crescent Head, New South Wales. .............-..----..---------«- 25,000 } — 
Port Stephens, Queensland.............---------.----------------- | ---------- 25,000 
Bilinga, Queensland. ....__._____._--..------ eee eee - 15,000 

Northern Rivers Rutile Pty.: — oo . 
- _Kineumber, New South Wales. _....-_.------__---...-....--------- 4,000 10,000 

Western Titanium N.L.: 
Capel, Western Australia. _.......----..-----.--2..----- eee 650 650 

Grand total rutile. _.........-_-......------- +--+ +--+ +--+ 268,650 173,650 

Ilmenite: 
Western Titanium N.L.: . 

Capel, Western Australia___.__._..._.....--.-.-..---.------------- - 165,000 55,000 
Westralian Oil, N.L.: 

Capel, Western Australia_______.-----.-------------+-------------- 88,000 __.------- | 
. IImenite Minerals Pty. Ltd.: . . 

Wonnerup, Western Australia_.......-...-......--.----------.-.---- 133,000 -...------ 
Western Mineral Sands Pty. Ltd.: : 

-Wonnerup, Western Australia.___._......-..-.-.------.------------ 110,000 . 55,000 - 
- Cable (1956) Ltd.: - | . 7 

__ Bunbury, Western Australia_-_-__-..-.-.---------------------------- 44,000 — 45,000 
Murphyores Inc., Pty. Ltd.: " 

Gladstone, Queensland_..___.........------------------------------ 0 --+-------- 220,000 

Total ilmenite____.....--_.-...--.---- ee ee 440,000 _ 375,000 

1Sold to Cable (1956) Ltd: - 

Table 13.—Australia: Exports of ilmenite concentrates by countries. 

(Short tons) 

Destination 1961 1962 1963 1964 1965 ! 

France_______..---------.--------------- 4,563 115 1 45,406 | 
Japan___._. eee 31,799 - 30,776 25,337 55,876 |! 
Netherlands. ________.._...__-----.------ 12,533 46 1,127 411 ! 
South Africa, Republic of........-..-.---.  -.--1----  --------- -------.- 20,017 } (?) 
United Kingdom. _._..-....--.----------- 76,813 84,426 80,032 136,516 ! 
United States__.__.._...._------.-------- 35,334 57,983 40,430 17,130 | . 
Other Countries. .........---------------- 248 338. 23,358 227 J. 

Total____--.---------------------- 161,290 — 173,684 170,285 275,583 159,058 

-1 January through June, inclusive. 
2 Countries of destination not available for 1965,
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_ Table 14.—Australia: Exports of rutile concentrates by countries | 
; (Short tons) 

Destination — . 1961 1962 1963 1964 19651 

i wane een eee eee ee 2,846 3,725 3,212 4,287 (2) 
France 222222 8,084 =» 8,211 6,938 9,803 (2) 
Germany, West_.-----------------------. 9,855 9,521 4,972 10,625 (?) 
Italy__./.._...-----------n senna eeeeenee 6,030 7,587 7,158 6,851 (2) 

. | Japan_...-..------- eee eee eee = si«d18,, 7685 9,298 12,460 17,832 10,729 . 
Netherlands. ._......-.-.----------.----- 13,590 17,387 10,626 15,206 7,158 
Sweden.__....---..---.-------+---L.-.-- == 4,013 4,785 ‘4,392 4,454 .. _() 
United Kingdom. ___.-...-.----.--..----- .. 15,989 19,017 16,386 17,187 © 13,107 
United States__....-..---.-----..------...- 26,357 35,625 88,234 107,539 63,253 

. Other countries... ----.-+----------.---- 11,081 16,210 18,671 23,376 32,154 

Total. __......-------------------- 111,610 131,366 173,049 217,160 126,401 

| 1 January through June, inclusive. . - a 
? Data not separately recorded. . me a 

| ; TECHNOLOGY | - | 
Studies on selective flotation of rutile Commercial production of barium tita- - 

and zircon in beach sands of India indi- nate for use in manufacturing _piezoelec- 
cated that zircon could be floated from tric transducers was described.29 A 500- | 
rutile under acidic conditions using sodium to 600-pound batch of barium carbonate 
oleate as the collector.22 The effect on the and titanium dioxide is wet-mixed. in a 
flotation of using several other soaps indi-  rubber-lined ball mill for a number of | 
cates that the pH range of flotation of the hours. The resulting slurry is screened 

- beach sand minerals is increased as the and spray dried with a binder, pressed into | 
number of carbon atoms in the molecules slugs and calcined under a controlled at- 

| of the collector is increased.23 mosphere. __ | : 

7 The large number of research reports on _, “4 electrolytic method for the produc- the preparation and properties of various tion of titanium tetrachloride, an interme- 
| titanium compounds, which were published crate material in the rommercial produc: 

during the year, reflected interest in the vate t 4 al metal and pigment, was 
commercial potential of titanium com- Pé@tented. — : 

| pounds. The Bureau of Mines grew whis- 22 Madhavan, T. R., V. M. Karve, and J. Y. 
; ; 1OX) Somnay. Selective Flotation of Beach Sand | kers (fibers ) of P ure tutanium dioxide, Sillimanite, Zircon and Rutile. Min. Mag. (Lon- which ranged in diameter from 0.01 to 0.1 don). V. 118, No. 3, September 1965, pp. 202 

ili Wh 203, 205, 207. 
. millimeters and were up to 26 millimeters 8 Pai, K. M., and R. Mallikarjunan. Flotation , in length 24 and measured electrical prop- of Beach Sand Minerals, Min. Mag, (London). 

i i i i ita- - 112, No. 4, April 1965, pp. 242-245, erties of mixtures of the diborid e of fita *4 Johnson, Robert C., and John K. Alley. nium with that of chromium.?5 Tensile Growth and Properties of Zirconia and Titania 
strength of the whiskers probably exceeded Whiskers EF rest ad rit Baths. BuMines 
50,000 pounds per square inch. The Na- 7 5 partion "Gilbert M, Diborides in the Pseu- : ; obinary System Ti rBe: ectrical Prop- tional Bureau of Standards showed that erties. BuMines Rept. of Inv. 6691, 1965, 26 pp. strontium titanate, a semiconducting ma- * Ceramic Industry. SrTiO, Shows Cryogenic 
terial at ordinary temperatures, exhibited Super Conductivity. V. 84, No. 6, June 1965, 
superconductivity at semperatures ap- G 2 Knausenberger, M., G. Brauer, and K. A. r ' Oo. ingerich. reparation and Phase Studies of proaching absolute Zor Titanium Phosphides. J. Less-Common Metals A report described the preparation of (Amsterdam, Netherlands), v. 8, No. 2, Febru- ° e ° * a ’ . — ° titanium Phosphides by three different 2 Klein, Oscar J. C., Edward F. Klenke, Jr., methods: (1) Direct combination of the and Charles W. Manger (assigned to BE. I. ie . e e . on e emours Ox, nc.). rocess or elements ; ; (2) the reaction of titanium Making Nitridized Titanium Flake Pigment. hydrate with phosphine; and (3) solid or US. Pat. 3,205,084, Apr. 18, 1962. Manufact ° ° . . e eramic Industry. ransaucer anuractur- liquid state reactions between a titanium , Designs Plant to Make Unusual Titanate 
phosphide and titanium powder.27 A pat- epramics. V. 84, No. 2, February 1965, pp. 52- 
ent for a method of producing a nitridized 30 Ancrum, Robert William, and Arthur Wal- 
titanium flake pigment was granted to Du lace Evans (assigned to British Titan Products Pont.28 Co., Ltd.). Electrolytic Production of Titanium : Tetrachlorides. U.S. Pat. 3,203,880, Dec. 3, 1957.
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Metal.— Under a program sponsored by _ ministration developed a brazing alloy con- 
the General Services Administration, the taining 81.1 percent palladium, 14.3 per- 
‘Bureau of Mines investigated the direct cent silver, and 4.6 percent silicon. Brazed 
reduction of titanium dioxide to titanium joints using the alloy were vacuum tight | 

| metal using magnesium as the reductant. and corrosion resistant and also developed | 
A product containing up to 89 percent ti- high strength levels.35 7 
tanium metal and about 4 percent oxygen Joining of titanium and stainless steel | 

' was obtained. Direct reduction under a also was accomplished by diffusion bonding | 
hydrogen atmosphere improved the prod- or solid state welding. This method of 

| uct significantly, but oxygen content was joining metals is accomplished by applying 
| about 2.4 percent.21 Both products were heat and pressure simultaneously without 

amenable to electrorefining; however, the melting the alloys being joined. In solid 
purity of the refined metal and current state welding of titanium and stainless steel, 
efficiency in electrorefining titanium-oxy- the eutectic alloy titanium nitride (TiNis) 
gen alloys containing more than 0.5 per- was believed to form at the interface of the 
cent oxygen is very low.32__ two metals.36 These metals also were 

The engineering properties, forms, heat joined by diffusion bonding using a gold 
treatment, welding, and applications of filler material between the joints.37 | 
various grades of titanium and its alloys Galling and sizing of titanium, rubbing 
were reviewed.83 There are six grades of against other metals or itself, was prevented 
unalloyed titanium having a nominal com- by using a complex iodine lubricant de- 
position of 98.9 to 99.5 percent titanium, veloped by the General Electric Com- | 
plus small quantities of iron, carbon, hydro- pany.88 A study of the effectiveness of a 
gen, nitrogen, and oxygen. One grade variety of surface treatments and lubricants | 
actually contains about 0.15 to 0.20 per- in improving the deep-drawing and stretch- 

. cent palladium to improve corrosion re- forming properties of a range of titanium | | 
sistance in mildly reducing environments sheet alloys indicated that a thin sheet of 

| such as dilute hydrochloric or sulfuric polythene or coating of polytetra-fluorethy- 
acid. Alpha alloys normally have good lene (PTFE) dispersed in resin and a | 
weldability, strength, toughness, and high methacrylic resin dissolved in trichlorethyl- 
temperature stability. Alpha-beta alloys, ene were the most efficient.29 Although : 
which comprise the largest group of tita- polythene was less expensive than other 
nium alloys, are characterized by the alloy lubricants, its use was restricted to single- 

7 containing 6 percent aluminum and 4 per- _ stage pressing. | 
cent vanadium. Mill products of this alloy | In the early 1950’s titanium was known : 
equal the commercial production of all as a hard-to-machine metal compared with : 
other alloys and that of the unalloyed common construction materials. However, 
grades. Currently, there are only two ale ————— 
See era 7 31 Dolezal, H., E. C. Perkins, D. E. Kirby, and 
loys which are called beta alloys. Beta x, S. Lang. Magnesium Reduction of Rutile. 

alloys develop very high strength at mod- Bulfines Rept. of Inv. 6599, 1965, 12 pp. 
erately high temperatures. trorefining of Titanium-Oxygen Alloys. BuMines 

Titanium Metals Corporation of Amer- Rept. of Inv. 6588, 1965, 20 pp. | oo 
. . ° one 33 Materials in Design Engineering. Titanium 
ica announced commercial availability oh @ and its Alloys. V. 61, No. 234, October 1965, | 
new titanium alloy designed to raise the pp. 123-142. . 
temperature limit of titanium in jet engines Prod nee OR eon Titanium Shapes Can Be 
to 900° F. The alloy contains about 2.25 Metal Market, v. 72, No. 142, July 27, 1965, 

percent aluminum, 11 percent tin, 5 per- P35 Light Metal Age. New Alloy Brazes Titani- 
cent zirconium, and 1 percent molybdenum. um to Stainless Steel. V. 23, Nos. 3 and 4, 
The composition is unusual in that it relies Apalbee M. 13. Solid State Welding of Reac- 
on the formation of silicides for a portion tive and Refractory Metals. Mat. in Design 
of its strength. About 0.2 percent of sili- eng oD easion wondine” Pe eee ame- 
con is in the alloy. tion Stage. V. 175, No. 19, Nov. 8, 1965, pp. 

Laboratory tests indicated that titanium OO on Age. Iodine Lubricants Smooth the 
forms, such as sheet, can be produced by Way for Broader Use of Titanium. V. 196, No. 

distilling the metal onto a form under a 9; Mivcnen ig, and P. J. Botherton. Surface 
vacuum.34 Treatments and_ Lubricants for Improving the 

For joining titanium to stainless steel,  pyess-Forming, Properties of Titanium, and Te 
the National Aeronautics and Space Ad- = April 1965, pp. 278-279. 

232-748 O-67—61



954 MINERALS YEARBOOK, 1965 — 

the usefulness of the metal led to con-  ducible. . | 
siderable research on machining titanium ‘Stress Corrosion cracking of titanium 
by Government and industry, resulting in alloys on exposure to salt at elevated tem- _ 

| development of suitable methods. The peratures (above 315° C) can be caused 
status of machining titanium and its alloys by a gaseous intermediate product of the 
was summarized Another article de- corrosion provess, according to a report“ 

, scribed methods for machining an alpha- | e intermediate product was chlorine 
beta titanium alloy containing 6 percent which is regenerated in the corrosion 
aluminum and 4 percent vanadium, and process. | 
the beta titanium alloy containing 3 per- Coatings to protect titanium from the 
cent aluminum, 13 percent vanadium, and effects of high temperatures and wear were 
11 percent chromium. ; being studied. In one investigation a com- 

Because titanium is recognized as a cor- posite system of flame sprayed _nickel- 
rosion resistant metal of much promise, chromium and copper protected titanium 

| considerable test work has been conducted tyes up to 1,370° C.44 In another, 
to determine its corrosion behavior in spe- tungsten carbide flame-plated on titanium 
cific media. A review of data on the cor- improved its wear resistance.45 
rosion resistance of titanium, which out- — ss —is 
lined certain applications and discussed “1 Olofson., Co r., i F, Gerds, FW. Boulger, 

° ° ° ‘hs an ° . Uur«kIIS. achnining o itanium - 

three prominent theor 1€S of inhibitor ac- loys. Battelle Memorial Institute, Defense Met- 
_ tion, was published.42 Titanium exhibited als Information Center, Feb. oe 1965, 28 Bp. | 

° : ° : ield, Michael, Norma atin, an obert 
a high corrosion I ate in saline waters at T. Jameson. Machining Titanium Alloys. Metal 
temperatures of 100° C. However, ac- Prog., February, 1965, 8 pp. r ids c 

. _ © Materials Projection. itanium: Its Cor- 
cording to 4 paper by Bohlmann and Posey rosion and Behavior and Passivation. V. 4, No. 
on aluminum and titanium corrosion in 1, PP, 16-19, 21. Engineering N ck F 

: emica. ngineering ews. 2 rom 

saline waters at elevated temperatures, 01: Corrosion Cracks Ti Alloys. V. 43, Noo ue 
which was presented at the First Interna- Nov. 15, 1965, p. 42. r | 

: am ; ; ; 44 Metal Progress. Protecting Titanium at 
wna Symposium Oe aD reaenation ne High Temperatures. V. 87, No. 4, April 1965, 

ashington, ., . I-Y, 3 ini- pp. 182-190. 
| ati ; - Materials in Designing Engineering. Flame- 

tiation of the corrosion, the rate, and ex- oy mitanium—New Qualities for ex Exciting 
tent of the attack was not always repro- Metal. V. 62, No. 3, September 1965, pp. 81-82.



| sd By Richard F. Stevens, Jr.: | 

While the tungsten ore and concentrate January 2, 1964, by the Lamp Division, 
market continued to improve significantly General Electric Co., requesting an in- 
in 1965, the domestic tungsten situation be- vestigation to determine the effects of im- | 
came one of relatively tight supply. Asa ported tungsten mill products upon the 
result, tungsten imports increased, com- national security. After a comprehensive 
mercial stocks were drawn down to an _ survey of the industry was conducted, OEP 
abnormal low, and tungsten was released stated that tungsten products were not be- 
from the Government stockpile. Although ing imported into the United States in 

| the foreign price continued to increase such quantities or under such circumstances | 
and was four times the previous low of as to threaten to impair the national -se- | 
$7 per short-ton unit, estimated world curity. | 
production was slow to respond and de- On June 30, the General Services Ad- | 
‘creased 7 percent. Few of the mines ministration (GSA) awarded a contract 
which had ceased to operate during the to the Molybdenum Corporation of Amer- 
preceeding 3 years were reactivated during ict (Molycorp) for the conversion of Gov- 

1965, but plans to reopen several of these ernment-furnished tungsten concentrates | 
mines in 1966 were announced. . from the national (strategic) stockpile to 
_ The two major factors influencing the 148,300 pounds, tungsten content, of fer- | improved tungsten market during the year rotungsten. The fee for this upgrading 

continued to be the absence of mainland will be reimbursed by payment-in-kind of 

Chinese tungsten exports and the extremely pig tin from the Defense Production Act 
nist. level “ industrial activity in the Unit- (pp A) inventory. | 

eC tate 8, surope, an Japan. > In February a long-range plan was an- 
Legislation and Government Programs. . . 

nounced to dispose of the approximately 
—On September 23, 1965, the Office of 77.9 million pounds of tungsten in con- 
Emergency Planning (OEP) released its " : 

findings regarding an application filed on 1 Commodity specialist, Division of Minerals. 

Table 1.—Salient tungsten statistics 
(Thousand pounds of contained tungsten) 

1956-60 1961 1962 1963 1964 1965 
(average) 

United States: 
Mine production... .------------------------- 19,820 8,188 8,280 WwW WwW WwW 
Mine shipments-_-__-_-_---------------------- 6,666 7,847 8,021 5,384 8,798 7,566 
Releases from Government stocks_____......._ -_---. -----. 1,594 418 758 926 
Imports, general........-.......-_-...----.-. 10,868 2,744 3,709 3,882 2,737 3,495 
Imports for consumption.........-.....---.-. 10,076 2,123 4,030 3,060 3,148 3,618 
Consumption. - ---~-----------02-2oonc enna 8,873 11,128 13,691 11,061 12,311 13,868 
tocks: 

Producer___._---_---------------------- 12,735 2,667 3,004 3,313 580 411 
Consumer and dealer____..._-....-..---. 3,618 3,212 3,054 2,934 2,090 1,434 

World: Production. _..-.---.....----.-..-.----. 64,698 72,711 68,905 60,720 61,386 56,913 

W Withheld to avoid disclosing individual company confidential data. 
1 1958-59 not included to avoid disclosing individual company confidential data. 

| 955
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| Table 2.—U.S. defense materials inventories and objectives 

_ (Thousand pounds, tungsten content) 

. | | . Inventory by program, 
Dec. 31, 1965 ; 

Material __ . Objective oe Total 
National Supple- 

So stockpile DPA mental 
| | stockpile . 

Tungsten ore and concentrate: | 
Stockpile grade. _.._.....--.-.--.-..--..... 35,785 35,445 50,595 3,352 89,39 

_ Nonstockpile grade_..........-2----- 22 e ee Lee 43 ,457 26,103 1,153 70,71 
Ferrotungsten: — 

Stockpile grade___....--------------------- 1,800 1,852 -.-----.  ---.---- 1,35 
Nonstockpile grade. -.:..--.......---..----- 688 ...--.-. 2 -eLe- 63 

Tungsten metal powder, hydrogen reduced: 
Stockpile grade. _...---.-----....-..-....-- 1,600 1,077.22. ee Lee 1,07 
Nonstockpile grade. ...............-.--.---- 14) wLoe lel Lee 1. 

Tungsten metal powder, carbon reduced: 
Stockpile grade____......------.----------- 500 499 LLL. Le 2 LL ueeee . 49! 
Nonstockpile grade__._...........---0-----2 Wl eee eee ee 17: 

: Tungsten carbide powder: - . 
Stockpile grade.._.........--.-.-.-.-.---_-- 2,000 869 _...-... 1,080 1,944 
Nonstockpile grade._............-...-.----- Se 6; 

Tungsten carbide, crystalline: . | ‘ 
_ Stockpile grade. --------.------------------ 1,100 _..-._.. eeeneeee  nneeeee-  --------. 

centrate from the DPA inventory over a forms of tungsten. As a result of this sur- 
25-year period, with 1 million pounds to’ vey, several revised specifications were — 
be disposed of during the first year. In prepared which reflected the type of ma- 
August, 203,157 pounds, tungsten content, terial currently needed by industry. An- 
were sold, 305,035 pounds were sold in _ other result was the recommendation that 
October, and 398,288 pounds were sold in in the future tungsten should be stockpiled 
December. In addition, GSA committed in an intermediate form such as ammoni- | 

: approximately 104,000 pounds of tungsten um parratungstate (APT) which could 
content, of which only 19,574 pounds was readily be processed into any desired form 
released in 1965, as payment-in-kind for of tungsten. 

th, grading | columbium hee se fae rom At the recommendation of the National 
bi © Movernment stockpiles to CFTOCO um- Academy of Sciences, GSA initiated a 
a tt tt bi . d program to evaluate the tungsten metal 
‘i an d a vd f ° ton ten 1 BL 3 09 powder in the Government stockpiles to 

a mes 4 tun te or vel af ? th ? th determine the extent of deterioration and 
DPA s 0 tone oa was Tr 966 a © te suitability of this material, which was ac- 

inventory cary in at an aver- quired 10 to 15 years ago, to the current 
| age price of $42.03 per short-ton unit. requirements of industry | 

GSA subsequently announced that 6.1 mil- | 
lion pounds of tungsten would be offered To determine the potential demand for 
at $43 per short-ton unit on a “first-come, tungsten, GSA issued a contract to Stan- 

first-served”’ basis. ford Research Institute for a market analy- 
A Government survey was conducted to _ sis report on tungsten for Government use 

determine the views of the domestic tung- only. GSA will also use this report as one 
7 sten industry regarding the establishment basis for developing long-range tungsten 

of new stockpile specifications for various disposal programs. | 

OO DOMESTIC PRODUCTION 

During the year the domestic tungsten alloys such as tungsten-rhenium: for use 
situation became one of relatively tight in nuclear reactors, the increasing use of 
supply. Stimulated by the continued de- tungsten carbide in tire studs and other 
mand for tungsten as a replacement for wear-resistant applications, and the absence 
molybdenum in steelmaking, the increased of significant amounts of tungsten con- 
requirements for nonferrous tungsten-base centrates from mainland China from the
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world market, the price of tungsten con- During 1965 the Molybdenum Corpora- 
centrates reached $31.25 per. short-ton tion of America (Molycorp) formed a 
unit in December. U.S. tungsten mine subsidiary group, Tumex Corp., to operate 

| production increased 9 percent during the a tungsten processing plant at St. Thomas, 
year while mine shipments decreased 14 Virgin Islands. Imports for consumption 
percent. Of the eight mines in five States . into the Virgin Islands and shipments of 
which reported production during the year, tungsten products from the Virgin Islands 

| only the Pine Creek mine of the Mining to the continental United States are re- 
| and Metals Division of Union Carbide ported in tables 7 and 8. The duty rate 

Corp., near Bishop, Calif., and the Climax for imports of tungsten concentrate into - 
| mine of Climax Molybdenum Co., a di- the Virgin Islands is.6 percent ad valorem 

vision of American Metal Climax, Inc. compared with a duty of $0.50 per pound | 
(AMAX), at Climax, Colo.,.were operated of contained tungsten into. the United 

_ continuously. Both of these mines ob- States. Imports of tungsten products into 
tained tungsten as a coproduct or byprod- the United States through the Virgin Is- 

| uct. At the Pine Creek mine, tungsten lands are duty free when at least 50 per- 
| was the main metal recovered, along with cent of the declared value can be at- | 

minor amounts of molybdenum, copper, tributed to processing done in the Virgin 
: and gold. At the Climax mine, molyb- Islands. 

denum was the main metal recovered, while A’ report published by the Colorado 
tungsten was recovered as a byproduct. School of Mines compiled information on 
Intermittent tungsten production was also known tungsten deposits in Colorado, the 

_ reported from Pima County, Ariz., Persh- mineralogy of tungsten, the economic im- 

| ing County, Nev., and Pend O’Reille portance of tungsten minerals, general 
. County, Wash. | geologic occurrence, and the outlook for 

Union Carbide, the country’s largest tungsten in that State.? 
tungsten producer, has integrated its fa- A comprehensive market report of the _ | 
cilities at Pine Creek in order to process tungsten industry was published describ- 
almost all its tungsten ore directly to am- img who sells tungsten, how to buy it, 

- monium paratungstate (APT), : how it is used, price history, what effects 
_ During the year Union Carbide began the market, and the outlook for tungsten. 

_ driving a tunnel at the mill level of its ~ 2gharps, Thomas I Tungsten in Colorado. | 
Pine Creek mine. When completed this Colorado Sch. of Mines Res. Foundation, Inc., 

tunnel will extend for 11,000 to 12,000 Minera}. Industries Bull., v. 8, No. 5, Septem- | 
I Framtove one haatagenG Wil significant _rungsten, HAMS Metal snd Mineral Markets, 

ge. | g. 28, 1965, 24 pp. 

- Table 3.—Tungsten concentrate shipped from mines in the United States 

Quantity Reported value, f.o.b. mines ! . 

Year Short tons, Tungsten Average Average 
60 percent Short-ton content Total per unit per pound 
WO; basis unitsWO;? (thousand (thousands) of WO; of tungsten 

pounds) 

1956-60 (average) __....-- 7,004 420 ,249 6,666 $15,539 $36 .98 $2.33 
1961____..-------------- 8,245 494,741 7,847 10,565 21.36 1.35 
1962___.-----.---.------ 8,429 505 ,685 8,021 11,639 23 .02 1.45 
1963__..----.-----.----- 5,657 339 , 402 5,384 7,202 21.22 1.34 
1964__..--.------------- 9,244 554,676 8,798 11,251 20.28 1.28 
1965...-..-------------.- 7,949 476 ,979 7,566 13 ,028 27 .32 1.72 

1 Values apply to finished concentrate and are in some instances f.o.b. custom mill. 
? A short-ton unit equals 20 pounds of tungsten trioxide (WO3z) and contains 15.862 pounds of tungsten.
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| CONSUMPTION AND USES ~ a 

| Tungsten carbides continued to repre- underway and planned to install more than 
sent the major end use of tungsten, ac- $200,000 of new equipment to meet the 
counting for 45 percent of the total con- domestic and foreign demand for tung- 

--. sumption; cemented carbides accounted — sten carbides. 
oe for 37 percent; and other carbides (crys- The Carmet Co., Detroit, Mich., an- 

| talline and cast) accounted for 8 percent. nounced plans to build a new tungsten 
| Some of this increase was due to the in- carbide production plant in the Madison 

creased production of tungsten carbide Heights suburb which would more than 
| tire studs. | | double the company’s capacity at its pres- | 

In October, Cleveland Tungsten, Inc., ent plant in Ferndale, Mich. — — | 
| a subsidiary of Molycorp., completed the _ Johnson, Matthey & Co. Ltd., London, | 

transfer of its operations from Cleveland developed a small-diameter sintered cop- : 
to Solon, Ohio, and began. operating the Per-tungsten tube, designated Sparkonite 

7 new expanded $1 million plant at its rated 19, for use as an electrode material in | 
| capacity which was double that of the s8Park-machining operations. Copper-tung- 

operation at Cleveland. On January 1, ‘ten has such a low rate of wear that | 
| 1966, Chase Brass & Copper Co., Inc., a shorter, more rigid electrodes may be used | 

subsidiary of Kennecott Copper Corp., resulting. in greater accuracy and higher 

purchased Cleveland Tungsten for $1.75 Concentricity. _ 
million and announced plans to move the Two reports were p ublishe don the use | 
Rhenium. Division from Waterbury, Conn., of tungsten as a catalyst in the. hydro- 

| to the Ohio facility in 1966 following an Ct@Cking, hydrotreating, dehydrogenation, 
additional expansion of the Solon plant. isomerization, reforming, polymerization, 

| hydration, dehydration, hydroxylation, and 
Metco, Inc., Westbury, N.Y., developed epoxidation of petroleum.‘ - a 

a commercial plasma flame-spraying tech- A report describing the use of tungsten 
| nique which greatly simplified the fabrica- carbide in electromachining operations in- | 

_ tion of tungsten parts. Tungsten was  gicated that this new method of machin- _ 
sprayed onto a _ removable configurated ing may account for 50 percent of all ma- 
mandrel of graphite, brass, or steel. Using chining operations done within 10 years.5 this process, stresses were reduced and wall _ Several reports on the production and 

| _ thickness could be closely controlled. = use of tungsten carbide studs for snow tires 
Sylvania Electric Products, Inc., an- ~ appeared in the newspapers during the 

. _ nounced the availability of high-purity year, indicating the general public interest 
: tungsten sheet coils for vacuum metalizing in this new form of tire. Approximately 

| _ and plating and of a fine tungsten—1.5 one-third of the States had sanctioned the 
7 percent rhenium (W-1.5 Re) alloy wire use of these tires and another one-third 

for use as flashbulb filaments, _ of the States were considering and ex- 
Plasma-spray metal powders composed ected to approve their use. Almost all 

| of tungsten carbide with a fused-cobalt Of these States were in areas which have 
binder were available from the Plasmadyne severe winters. The use of studded tires 
Division of Giannini Scientific Corp., Santa Were outlawed in Michigan, Illinois, and 

| Ana, Calif. When sprayed onto a surface, 1owa, however, because it was claimed 
this material, Plasmalloy 702, provides a that while these tires were effective on 
wear resistant coating with a bond strength ce-covered highways they were ineffective 
of 3,350 pounds per square inch (psi) and % Snow. io. 
a microhardness of Rockwell C 38. The Franklin Division of Studebaker 

Early in 1966 Firth Sterling, Inc., Mc- Corp., Detroit, Mich., announced it had 

Keesport, Pa., announced plans to expand been licensed to. make tungsten carbide the tungsten carbide (WC) production studs by the Helsinki, Finland firm, Kova- 

facilities of its Tungsten Division to ac- ‘Kline, C. H., and V. Kollonitsch. Catalytic 
commodate this rapidly growing industry. Chey eT een ag eats Ny ad ge Eng. 
The tungsten carbide facility of Firth Ster- Kline, C. H., and V. Kollonitsch. Catalytic 
ling was operating at capacity. Chem, “in, No. 8, Sentembe © i965, 9p 5 gene: 

Metal Carbides Corp., Youngstown, onaies, Anthonu.. e Spar at Carves. 
Ohio, had a major expansion program al v- 36, No. 20, Sept. 27, 1965,
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Figure 1.—Domestic shipments, imports, consumption, and average price 
. of tungsten ore and concentrate. 

metalli. Studebaker subsequently brought the high temperature properties of tung- 
suit against Kennametal, Inc., Latrobe, Pa., sten while exhibiting twice the machin- 

| charging patent infringement. Kenna- ability of the pure metal. This alloy was 
metal, which had designed, developed, and produced in forms suitable for machining 
applied for a patent on its “Kengrip” into finished shapes and was available in 
tungsten carbide studs, stated that its prod- round bars up to 9 inches in diameter and 
uct did not infringe upon the Kovametalli 20 inches in length as well as in square 
patent. bars and slabs measuring up to 9 inches 

The General Electric Co. (GE) an- across the corners and up to 29 inches in 
nounced the commercial development of a _ length. 
new tungsten—2 percent thorium oxide A tungsten mesh heating element made 
(W-2ThO:z) dispersion alloy which retains by Sylvania had a significantly longer serv-
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| Table 4.—Production, shipments, and stocks of tungsten products in the United States — 

i _ (Thousand pounds of contained tungsten) 

OS me Tungsten 
Ot Hydrogen- carbide powder 

. and carbon- _ 7 . 

ae reduced Chem- Other! Total 

a metal Made icals Oo 

oO , powder from Crushed. — - 

oO so metal cast 
, : -° powder ee 

1964: | oo OO Bo oo 
Received from other producers------------- 3,790 °° &#»8 9 4,297 1,147 9,246 

Gross production during year. ---..-------- 7,411 3,233 1,381 8,751 2,313 23,089 

Used to make other products listed here----- 4,483 ...... ...--. 17,556 918 12,907 7 

, Net production. _...--------------------- 2'978. 3,233 1,381 1,195 1,395 10,182 
- Shipments ?__-_-------------------------- 6,405 3,183 1,434 6,544. 2,322 19,888 

- Producer stocks, December 31, 1964. ------- 2,271 148 . 128 1,658) 957 5,162 

1965: oo, | 

Received from other producers.-..--.------- 5,152 17 1 4,846 1,516 11,532 

Gross production during year -----.-------- 8,909 4,542 1,350 11,011 3,302 29,114 

- Used to make other products listed here- -- -- 5,831 -.-... -----.- 9,521 1,297 16,649 

Net production__.------------------------ 3,078 4,542 1,350 1,490 2,005 12,465 

. Shipments 2__..__----------------------- 8/291 4.472 1,244 6,607 3,533 24,147 
Producer stocks, December 31------------- 2 ,210 235 235 861,387 945 5,012 

Includes ferrotungsten, tungsten carbide powder (crystalline), ‘scheelite (produced from scrap), nickel- , 

tungsten, self-reducing oxide, pellets, and scrap. . , ee 

2 Includes quantities consumed by producing firms for manufacture of products not listed here. . 

| ice life than tungsten sheet elements at sponsored feasibility studies of a tungsten . | 

temperatures between 3,000° and 4.200° F. reactor for use in a small space reactor = 

_ Because the mesh element consists of in- system. The tungsten reactor incorporated , 

terlocked tungsten wires, it overcomes the a tungsten clad uranium dioxide (UOz) — 

distortion and cracking problems associated fuel element. The high-temperature, high- - 

- with the sheet elements. The mesh ele- strength of the tungsten and the low vapor 

: ment has the added advantage of extreme pressure of UOz combine to produce a _ . 

flexibility, allowing it to be fabricated into _ reactor which can be efficiently operated 

a variety of complex shapes. — - at extremely high temperatures. ~ This 

: The Space Nuclear Propulsion Office work, which was conducted for SNPO at | 

(SNPO), a joint Atomic Energy Commis- Argonne National Laboratory and Lewis - 

sion (AEC)—National Aeronautics and Research Center for the past 3 years, - is 

Space Administration (NASA) operation, scheduled to be terminated in mid—1966.



Table 5.—Consumption of tungsten products by end uses | . 
' (Thousand pounds of contained tungsten) . 

Ferrotungsten ‘Tungsten carbide 
melting base, Carbon- Hydrogen- powder 
self-reducing reduced reduced _ Scheelite 

End uses tungsten, tungsten tungsten Chemicals (natural or Scrap Total 
tungsten powder ! powder? Madefrom Crystalline synthetic) 
sponge mix, metal and crushed 

etc. . powder cast 

1964: . 
Steel: 7 . | | 

High-speed.........--.-----.------ 383 290 Lee eee eee eee ee eee ee 1,009 129 1,550 
Hot-work and other tool.._.-..-.__- 105 a 363 7: 492 
Alloy (other than tool)§’__.-_____.__- 351 12 2 Meee ee eee eee ee Lee 141 139 645 
High-temperature nonferrous alloys 4. 54 215 1B Lee eee eee 174 180 641 
Other nonferrous alloys 5___.._..._.. 16 5 136 4 240 65 3 101 — §70 | 
Tungsten metal: . 7 

Wire, rod, and sheet..._.._----. ---------. -_-------- | 1,455 Lolli To woe Lee eee 1,462 
Other ¢6_-_---. 2 eee eee eee 2 7330 oe ea 736 

Carbides: 
Cemented or sintered_____-__--..  -_--------  _--------- 58 3,067 §65 --.-------  -- eee eee 56 3,746 
Other (including cast or fused) - - - 4 66 74 18 870) Wun w eee Leek 27 1,059 

Chemicals 7_-_.-.-------- eee eee ee eee eee eee eee 161 eee eee 151 a 

Total........------------------- 913 346 2,476 3,089 1,676 223 1,690 639 11,052 2 
Stocks at consumer plants Dec. 31, n 

- 1964.20.22 2 eee «365 59 883 141 11 41 __ LL lle «221 1,721 te 

1965: ] | | | 4 
. Steel: 

High-speed__._.________.___------- 648 46 _---- eee eee eee eee ene eee 774 185 1,653 - 
Hot-work and other tool. _..__..---- 224 a 294 17 546 
Alloy (other than tool)’___...__._.-- 765 39 1 Lowen eee eee eee eee 104 66 976 
High-temperature nonferrous alloys 4- 45 357 28 Wee eee ene woe eee 69 217 716 
Other nonferrous alloys 5___________- 17 4 154 4 230 18 1 130 558. 
Tungsten metal: . : 

Wire, rod, and sheet._.._______- | 2,044 _..-L eee lee eee eee eee eee eee 2,045 
Other 6_._...__-.-.-.....----.-- 1 2 696 ----ee ee eee eee eee eee eee eee 699 

Carbides: . 
Cemented or sintered_.-._..-.-2-0 _2--- eee eee eee 78 4,216 786-8 Lee 9 5,089 
Other (including cast or fused) --_- 4 84 87 18 870) _oo eee eee 86 1,149 

Chemicals 7_._---------------------  ---------- 0 een nen enn eee ene eee eee nee ee 147) _o eee eee ee 147 
cS 

Total.._...---------------- 2 eee 1,705 543 3,088 4,239 1,886 165 1,242 710 13,578 
Stocks at consumer plants Dec. 31, ; 

1965___.._-.-----------_--_--__- 305 63 508 259 54 28 _____.___- 281 1,498 

1 Includes tungsten meta! pellets that may be hydrogen or carbon reduced or scrap. . 
2 Does not include quantities consumed in making tungsten carbide powder. 
3 Includes steel mill rolls, stainless and other alloys steels. / to 
4 Includes cutting and wear resistant alloys, high-temperature and other superalloys. oH 
5 Includes diamond drill bit matrices, electrical contact points, alloy welding rods, and resistance alloys. po 
6 Includes wire, rod, and sheet produced from arc-welded material and various shaped parts produced by powder metallurgy techniques. - . 
7 Includes fluorescent powders, organic and inorganic pigments. .
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PRICE AND SPECIFICATIONS 
Through May 10, the price of domestic centrate. During the first 2 months of the 

tungsten concentrate, quoted in E&MJ_ year the domestic price of ferrotungsten 
Metal and Mineral Markets, ranged from continued to be quoted at $1.75 per pound 

| $17 to $19 per short-ton unit of tungsten of contained tungsten (in lots of 5,000 
trioxide (WOs), f.o.b. mine or mill. Sub- pounds or more, %-inch lump, packed, 
sequently quotations of domestic tungsten _ f.o.b. destination, continental United States, _ 
concentrates were discontinued when the 0 to 80 percent tungsten), while imported 
major producer began to process all its ferrotungsten was quoted at $1.50 per 
material to ammonium paratungstate pound. In the latter part of February | 

. (APT). The average price of APT during ferrotungsten was quoted at $3 (nominal) 
1965 increased to about $26.50 per short- and UCAR, Union Carbide’s grade of fer- 
ton unit, delivered to contract customers. rotungsten, was quoted at $1.90 per pound 
Effective January 1, 1966, Union Carbide of tungsten. On June 1 the quoted price 
announced a further price increase to $30. of UCAR was increased to $2.03 per 

Carbon-reduced tungsten metal powder pound where it remained for the balance» 
(99.8 percent in 1,000-pound lots) con- of the year. , 4 
tinued to be quoted at the 1962—64 price | 
of $2.75 per pound by EXMJ. The quoted Several tungsten carbide manufacturers 
price of hydrogen-reduced tungsten metal announced that effective October 2, the. — 

| powder (99.99 percent) ranged from $2.85 price of their tungsten carbide products. 
to $3.63 per pound during the first part of | would be increased by 5 to 13 percent. 7 

| the year. This quotation was increased These increases reflected the rise in cost 
and ranged from $3.38 to $4.19 per pound of tungsten metal powder starting material. 
during the last half of the year as a result During 1965 the price of tungsten rods 

- of the increasing prices of tungsten con- was increased by 6.5 to 22 percent. | 

: Table 6.—Monthly prices of tungsten concentrate in 1965 | 

Foreign ore per short-ton unit of | . 
WOs, 65-percent basis, c.i.f. U.S. : 

. ports, duty extra London market, per 
long-ton unit of WOs3 

Month 
Wolfram and scheelite 

Low High Average ! Low — High 

January______-_________.-_________- $21.00 $22.00 $21.50 200s 222148 
February___..._.._----------------- 21.00 21.50 21.25 190s . 2058 
March.._.._....-.--.-------------- 18.75 21.50 ~ 20.10 120s 200s 
April..-.--.2.------- eee 18.75 21.25 19.85. 115s 180s 
May-.......-----.-------------_---- 21.25 27.25 23.85 182348 222s 
June._..--- ee 26.75 28.75 27 .69 215s 237148 
July __.---------------------------- 27.50 28.75 28.19 220s 237 4s 
August___-.___.-..-------...------- 22.75 27.00 24.81 165s 215s 

- September_.___.-.---- ee 24.25 26.50 25.62 190s 2258 
October_._.....--------..---------- 26.00 27.75 27.06 220s 2388 
November____________.------------- 27.50 30.25 28.95 230s 257 4s 
December-__._-._________-__---------- 29.75 31.25 30.38 247148 265s 

Average price______.-.----- 22 Lee eee ee eee 24.94 ____-----. ~~ -------- 
Duty... eee eee eee eee eee 7.93 --------. ----------- 

Average price, duty paid...-.-._.  _______--.  --.-_- _-- 32.87 ..__-_---. __--------- 

1 Arithmetic average of weekly quotations. 

Source: E&MJ Metal and Mineral Markets.
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. FOREIGN TRADE 
Exports.—Exports of tungsten concen- Austria (81 percent), Japan (6 percent), 

trate during 1965, primarily to the Neth- the United Kingdom (5 percent), France 
erlands, decreased to 22,091 pounds, gross (4 percent), and West Germany (4 per- 
weight, valued at $17,936. Effective Jan- cent). 
uary 1, 1965, ferrotungsten exports were’ Imports of tungsten carbide, primarily 
no longer separately classified. from Sweden (44 percent) and the Re- 

Exports of tungsten metal and alloys in public of South Africa (30 percent), to- 
crude form and scrap, primarily to West  taled 3,507 pounds, tungsten content, val- | 
Germany, were 303,594 pounds, gross ued at $17,174. 
weight, valued at $384,814. Tungsten Imports of fabricated and semifabricated 

: and tungsten alloy powder totaling 106,114 tungsten forms contained 6,874 pounds of 
| pounds, gross weight, and valued at $365,- tungsten, valued at $102,010, of which the | 

359 was exported to West Germany (38 majority came from Austria (78 percent), 
: - percent), the Netherlands (34 percent), the Netherlands (12 percent), and West 

Canada (20 percent), and Mexico, Bel- Germany (8 percent). : 
gium-Luxembourg, France, and Austria Imports of unwrought tungsten in lumps, 
(1 percent each). Exports of tungsten grains, and powder contained 39,243 
and tungsten alloy wire, almost half of | pounds of tungsten valued at $97,874 from 
which went to Canada, totaled 29,336 Sweden (43 percent), France (39 per- a 
pounds, gross weight, valued at $943,602. cent), and West Germany (15 percent). 

Imports.—General imports of tungsten Imports of tungsten waste and scrap | 
concentrate during 1965 increased 28 per- containing more than 50 percent tungsten 

. cent. Ninety percent of the total came totaled 51,264 pounds tungsten content, 
from Canada (24 percent), Bolivia (19 valued at $80,067 from the United King- 
percent), Peru (17 percent), South Korea dom (28 percent), West Germany (28 per- | 
(10 percent), Australia (8 percent), Mex- cent), the Netherlands (23 percent), and 
ico (5 percent), Argentina (4 percent), Switzerland (15 percent). 
and the Congo (Léopoldville) (3 percent). In 1965, 3,954 pounds, tungsten content, 
Ten percent came from seven other coun- of calicum tungstate valued at $23,724 was _ 
tries. Imports for consumption of tung- imported from West Germany (96 per- 

| sten concentrate increased 15 percent. As cent) and the United Kingdom (4 per- | 
in 1964, there were no duty-free imports — cent). | 
of tungsten ore and concentrate for the During the year, 357,845 pounds, tung- 
U.S. Government. sten content, of synthetic scheelite valued 

Imports of ferrotungsten and ferrosili- at $275,148 was imported from South 
con-tungsten increased to 385,514 pounds, Korea under the classification “Materials 
tungsten content, valued at $403,963, from in Chief Value Tungsten.” 

Table 7.—Tungsten ore and concentrate imported for consumption into the 
Virgin Islands in 1965, by country of origin 

| - Gross weight | Contained 
Country (pounds) tungsten Value 

(pounds) 

Korea, South_____...__.--___..---.--------.----------- 636 , 164 456,196 $382,901 
Portugal........_--........--------------------------- 63 , 340 36 , 906 — 32,408 

Total_._...-..-..------------------------------- 699 , 504 493 , 102 415,309



964 MINERALS YEARBOOK, 1965 | 

| Table 8.—Tungsten shipped from the Virgin Islands to the continental United States | 
| in 1965 _ | 

. . | Gross | Tungsten 7 
Kinds weight content _ Value 

(pounds) (pounds) 

| Unwrouht: | 
Containing by weight not more than 50 percent tungsten___-__-_ 615,213 ° 345,032 $604,760 
Containing by weight more than 50 percent tungsten_-_-___.-__- 44,500 23,349 — 46,725 

oO Tungstic acid. ___...._.-----------------_-------------------- 530 , 872 287 ,328 . 434,806 

. Total__...-------------------------------------------- 1,190,585 655 , 709 1,086,291 

Table 9.—US. imports for consumption of tungsten ore and concentrate, by countries 
. (Thousand pounds and thousand dollars) . 

1964 7 1965 

| Country . ~ 
Gross Tungsten Value . Gross Tungsten Value 

| . weight content — weight content 

Argentina__________.--.---.----%--- 327 —s«165 $65 299 156 $73 
Australia. ...2--2---22-- eee. 198 115 53 592 336 - 396 
Bolivia._.......----...--- 2-2 ee 2,132 1,173 751 2,151 1,014 1,066 
Burundi and Rwanda.__.___..---_-_- 43 23 23 122 67 93 
Canada. ____.-..._-_-_------ =. eee 71 38 29 1,382 746 609 
China !_____._2- eee eee eee eee ele 68 35 47 
Colombia....._.-.-....2-----2------ 62 +36 60 _------e eee eee Lee 
Congo (Léopoldville)_--..---------.-  ----1--- 0 ~------. 0 -------- 211 114 155 
Hong Kong_._...._____---.-_-__--.-- 34 18 14 45 - 24 19 
Korea, South.____..-.-------- eee 962 612 . 324 500 290 268 

_.  Mexico.--.-..- 2-2-2 eee Lee Lee eee eee 234 129 138 
Peru__...-...--------_-- eee 873 501 386 1,026 596 879 
South Africa, Republic of_.-...----2-. 0 -------- 0 ----2---0 -------- 102 53 71 
Portugal. ____.--..--------- eee 728 435 278 31 | 18 29 
Thailand__.___.....---- eee eee eee eee eee 80 40 | 43 
United Kingdom-__.-------_-------- «66 32 250 -ouee eee Lee Lene 

: Total___.--.----------------- 5,486 3,148 2,008 6, 843 3,618 3,886 
ss 

1 Importation permitted under Foreign Assets Control license issued in September 1965. This material 
was originally exported from mainland China to the United Kingdom in 1948-49 and stockpiled. . 

Table 10.—U.S. imports for consumption of ferrotungsten, by countries 
(Thousand pounds and thousand dollars) . 

1964 | 1965 

Country 
. Gross Tungsten Value Gross Tungsten Value 

weight content weight content 

| Austria..________-.-------------_-- 111 89 $56 ~ 390 312 $305 
. Brazil... --22- eee 11 9 a 

France__.____...-.---------_.-_---- 60 48 35 22 18 37 
Germany, West._______--______..___ 33 27 16 18 15 17 
Japan__-..-- eee eee Lee eee Lee eee 31 23 7 
Portugal___._...----------- 2 L_. 22 ' 18 ee 
Sweden.__________._-___---_____ ee 5 4 4 Loe e eee Lee eee Lee ee 
United Kingdom. __.__.-_-------- eee eee Lee eee 22 18 38 

Total____.._..----------_- ee 242 195 136 483 386 404
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Table 11.—U.S. imports for consumption of tungsten or tungsten carbide forms 
(Thousand pounds and thousand dollars) | | | 

. Ingots, shot, bars, Wire, sheets, or Total | 
and scrap other forms, n.s.p.f.! 

Year $$$ EEE 

Quantity Value Quantity Value Quantity Value 

' 1956-60 (average) __....-------------- 207 $287 185 — $461 392 $748 . 
1961______--------------------------- 131 164 93 551 224 715 
1962_____.----1--------------------- 194 189 73 384 267 573 
1963_...._-------------------------- 364 218 | 158 462 §22 680 
1964_._..._------------------------- 323 181 75 213 398 394 
1965__...--------------------------- 61 83 . 26 176 87 259 

1 Not specifically provided for. 

| WORLD REVIEW | | | | | 

A fifth meeting of the United Nations east of a fault previously considered as 
(U.N.) Ad Hoc Committee on Tungsten limiting the deposit. Increased production 
was held in New York City to review and — resulted from the larger tonnage milled 
evaluate the current tungsten market, to and a small improvement in recovery. 
consider methods for improving statistics Plans for future operations included the oe 
and the representativeness of price quota- reevaluation of the over-burden stripping | | 
tions, to discuss possible inter-Govern- rate and the purchase of additional equip- 
mental arrangements, to consider the es- ment to enable mining to be conducted at : 
tablishment of some form of International a depth of 110 feet below sea level. 7 

essen insuitute, ane to ablishs a a Spurred by the high price of tungsten, 
_ ducers pra for the cen ley 6 Th Aberfoyle Tin, N.L., increased production 

Gomunitte - leted the price “Ad 7 © and announced plans to conduct a com- 
Fron tte ane © os b the term 1 od prehensive program of underground and 
trom 1ts nites an d the f a regu k or the surface exploration to determine the limits : 

| ing committee under the framework of the of ihe company’s ore deposit. _ 7 
| Committee on Commodities of UNCTAD ° © “O™mPanys Ofe c&posi 

(United Nations Conference on Trade and — Storeys Creek Tin Mining Co. N.L., 
Development). which was operating at one-shift capacity, 

The Committee’s eight-member Working expected to increase tungsten _production | 
Group met twice during 1965. At its first in 1966 by operating on a partial two-shift — 
meeting in January the newly expanded schedule. Storeys also planned to extend 

Working Group, consisting of representa- development and surface exploration. 
tives of Australia, Austria, Bolivia, Portu- Metals Exploration, N.L., was evaluat- | 

gal, South Korea, Sweden, the United ing the tungsten-molybdenum deposit at 
States, and West Germany, prepared are- Wolfram Camp, Queensland, to determine 
port on the status of the tungsten industry the size and type of mill facility required | 
for tne cote inf invormation. at 1ts to process this ore at the mine site. 
second meeting in June the Working Group . . 
discussed the possibility of having the U.N. A ‘din eect aring nD Po Mee a 

| Secretariat prepare a regular report cover- on s} mee th roxen f ty. d 0. t ? 
ing published scientific, economic, and ?™BOuncec the opening of a mocern rung- 
technical items on tungsten. The Work- sten carbide plant in Newcastle, New South | 

ing Group held a third meeting in Janu- res ocheelite d co ke ctacti from eas 
ary 1966 to prepare another report on the stand wil de used’ as the starting materia’. 
status of the tungsten industry for use by Bolivia.—Tungsten production decreased 
the U.N. Committee on Tungsten at its as operation of the Unificanda, Caracoles 
sixth meeting which was tentatively sched- and Kami tin-tungsten mines and the Bolsa 
uled to be held in New York in May. — ——_—___—_ 

° . “aye . 6 United Nations Conference on Trade and 
i land Scheelive (1947 a une DY ming Development. Report of the United Nations Ad 
slan cheelite td., indicate loc Committee on ngsten on its Fourth Ses- 

that the orebody probably extends north- COM/13, 14 May, 1965. 79 op. Ds UNGSTEN/
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a Table 12.—World production of tungsten ore and concentrate, by countries | 
- . (Short tons, 60 percent WO; basis) 

Country | 1961 1962 1963 1964 1965} 

North America: SO . 
Canada___..__-_-_------------------------ Lee eee 8B wane eel NA - NA 

. Merico__._____----.2 ~~ eee 193 88 36 9 202 
. United States (shipments) .___.___....______- 8,245 8,429 5,657 9,244 7,949 . 

South America: 
. Argentina..__.-..----..--...-------------- 892 ™ 619 tT 184 r13 NA 

Bolivia (exports) -.....-_-...._-_-2-__.------- 3,104 2,798 2,513 2,285 - 2,043 
Brazil______-.---------..-..--------------- 1,361 1,368 612 - *421 2 563 
Peru_....-.--------.----- 1 eee 428 435 572 - *731 . 730 

Europe: — . 
Austria. _._------------ eee eee 317 320 246 ~ 116 — 215 

| Finland-__-_------------------------------ © 68 Leelee eee ene ene eee 
France_._---------..-------.-------------- 806 772 Loe eee ene eee 
Italy___.--------------.------------_----_- 3 1 2 1 1 
Portugal__..--..----..-.--- ~~ eee 3,274 2,754 1,784 1,948 1,830 
Spain. .__.-.- 2 eee 1,192 777 162 r 41 TT 
Sweden. ____------ ee 345 295 T3OL eee eee 

| USS.R.e----- 2-2 eee --- = 11, 000 11,600 12,100 12,100 # 12,700 
Yugoslavia_--.----..--...----------------- g 57 19 144 e 145 

Africa: 
Congo, Republic of the (Kinshasa, formerly . 
Léopoldville)§__..- 2-222 eek 595 406 223 t 258 237 

Rhodesia, Southern.___...--.-- ee 55 24 3 owe ee 15 
Co Rwanda_._____.____---_----------.-------- 734 165 14 t 165 2196 | 

South Africa, Republic of.........___2______- 30 28 9 4 4 
South-West Africa °_..._--- 2-2-2 190 171 239 216 187 . 
Uganda... ___.--.._---------------- eee tT 149 .F13 ee 54° 

Asi United Arab Republic (Egypt)_-_--....__-__- 91 Lee eee eee eee eee eee Le 
818°. - o 0 . . 

Buma *?___.____...--_--------------------- 1,102 882 827 529 e 390 
China, mainland ¢__._-_--.-._-.--....--_.-. 24,900 24,900 24,900 22,500 18,700 © 
Hong Kong..__..-----------------__------- 20 18 : . g 1 8 

© 2 India... 2 ee li : 12 6. 10 4 
Japan_____...----------------------.-----. 1,033 1,160 «856 r 958 - 802. 
Korea: . ‘4 . - SO, 

, North ¢__....--------------2---------- 5,800 4,400. «°«4,400 = 4,400 =~ 4,900 
South__.-__-.------.-------- eee. =. 7,354 t 7,456 6,092 *5,988 4,935 

Malaysia. __._--------.---------------.---- 41 11 8 | 6 - 11 
- Thailand_.._.-..-.-.-- 2-2 eee 568 471 228 474 610 

. Oceania: - | 
Australia_.-..----_-------------2-- ee ee 2,866 1,946 1,793 1,860 2,197 
New Zealand.__.__._...--_--.------ -____- 6 10 6 a 

World total e¢........-/-.---.------------. ' 76,400 72,400 * 63,800 * 64,500 59 , 800 
eee 

: e Estimate. Preliminary. Revised. NA Not available. | _ 
1 Compiled mostly from data available August 1966. . 
2 Exports. 
3 Including WO; in tin-tungsten concentrates. | . 

Negra tungsten mine was interrupted by mercial scale open-pit production at its 
labor problems. Flat River mine in the Northwest Terri- | 

. Burma.—Although Burma is historically | tories and continued to be the only Cana- 
| - a significant source of tungsten, production dian tungsten producer. Slightly less than 

there has recently declined as a result of 3 million pounds of tungsten was recovered 
the low prices paid mine owners by the from the rich (2.4 percent WOs) scheelite 

Burmese Government who maintain a ore and the company expected to produce 
monopoly on tungsten sales. Because of 3-3 to 4 million pounds of tungsten in 

° . e . . . cee 3 . this unprofitable situation, it is believed 1966.‘ In addition to tungsten, CTMC’s 
that significant tonnages are smuggled Ore was reported to contain 0.7 percent 
south into Thailand where exports were bismuth and 0.39 percent copper, and the 
reported to be some 300 tons above pro- company planned to install circuits to -re- 
duction. In an attempt to discourage Cover approximately 100 tons of combined 
illicit trading and to revive the tungsten byproduct concentrate per month. During 
industry, the Burmese Government was re- 1965 tungsten recovery was increased from 
vising its ore-buying program. —_—— 

aa M (Ottae a ent oof Mines and, Technical Surveys 
Canada.—Canada Tungsten inin wa, Canada). e Cadadian Mineral In- 

Co Ltd T S d 8 dustry in 1965—Preliminary. Min. Inf. Bull. 
orp. Ltd., (CTMC), commenced com- _ gi, February 1966, p. 64.
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- 68 percent to the current rate of 77+ tions in September 1964, the company | 
_ percent and the recovery was expected to planned to recover the tungsten contained | 

reach a maximum of 85 percent in 1966 in tailings from the San Cristobal ore milled 

when the mill was expanded from its pres- at the Mahr concentrator. A tungsten 
ent 300-ton-per-day capacity to a 340-ton- | recovery unit. was also installed at the | 
per-day capacity. It was reported that Sociedad Minera Puquio Cocha concen- 
Canada Tungsten Mining Corp., Ltd. of- trator9 ~~ | | ae 
ficially began its 3-year tax exemption Portugal.—Because of the combination : 
period on June 1, 1965. , of continued labor problems, rising operat- _ 

Torwest Resources was reactivating its ing costs, and a severe drought, the coun- 
_ ’ tungsten-copper property at Swakum, near tries’ tungsten production decreased dur- | 

: Merritt, British Columbia. Drillings have ing 1965. However, it was expected that 
indicated that this deposit may contain production in 1966 would increase by 25 
300,000 tons of ore averaging 0.298 per- percent. A small ferrotungsten manufac- 
cent WOs. | 7 turer suspended operations during the sum- 

The Macro Division of Kennametal Inc. mer because of the lack of water power. 
continued to be the only manufacturer of Rhodesia, Southern.—Filrho Mining & 
tungsten carbide powder produced from Exploration Co., (Pvt.) Ltd., announced | 

| imported tungsten concentrates. plans to recover tungsten from the Killarn-. | 
| Congo (Léopoldville).—One of the few ey scheelite mine which was once a large | | 

remaining Congo tungsten producers, Cie. gold producer. The tungsten reserve of . 
Miniere de Grands Lacs Africiains recov- this mine was believed to be small. 
ered tungsten concentrate from its Etaetu South-West Africa.—Open-pit produc- 
deposit. . - tion of tungsten from the tin-tungsten | | 
France.—Near Carboire, a tungsten de- concentrates of the Brandberg West mine 

| posit containing almost 900,000 tons of of the South West Africa Co. Ltd. con- 
ore was discovered by the Bureau de Re- tinued to decrease in 1965. Ore reserves 

. cherches Géologiques et Miniéres in asso- at the end of the year were reported at 1.5 
ciation with Cie. Miniére et Métallurgique. million short tons containing a total of. 
Recent French tungsten requirements have 0.23 percent tin and WOs, of which about 
been met almost entirely by purchases made three-quarters was tin. | 

. by Société Commerciale de Tungstene et Spain.—The proposed reopening of the 
de Ferro-Tungstene from Brazil, South tungsten mines operated by Sociedad de | 
Korea, the U.S.S.R., and mainland China. Estanos de Silleda and Compania Minera | 

| Korea, South.—The Korea Tungsten Santa Comba in northwest Spain was con- 
| Mining Co., Ltd. (KTMC), discovered tingent upon Government approval of legis- 

that large-scale pilfering of scheelite was lation which would enable the companies 
taking place at its Sangdong mine. Since to lay off workers without paying the com- 
there was an embargo on exports of con- pensation required under existing labor 
centrate except by KTMC, it was believed laws. In addition to these previously 

_ that the scheelite concentrate was convert- known sources, the Spanish Government 
ed to tungstic acid by a simple treatment found a new wolframite deposit in Sara- 

| with hydrochloric acid. Production by  gossa Province. 
KTMC decreased during the year as new Sweden.—To meet the increased demand 
construction in the mine was underway. for tungsten carbide, Sandvikens Jernverks 
Peru.—In addition to the tungsten flota- AB increased the capacity of its cemented 

tion section of the Morococha unit of the carbide manufacturing plants at Stockholm 
Cerro de Pasco Corp., which began opera- and Gimo. 

TECHNOLOGY 

Research on electrowon tungsten powder Deposits of cobalt-tungsten alloys were 

was described in a Bureau of M mes report 8 Northern Miner (Toronto, Canada). Canada which attracted much industrial interest. Tungsten at High Peak to Up Production. No. 

This study demonstrated a procedure for #8) 00428, JAR po. 12) Ny 
producing high-density material, using a 61, No. 4, October 1965, p. 55. 
new method of hot-swaging sintered-tung- Eve, G. FB >: ones, ind Praa A. Rowe. 

sten compacts. BuMines Rept. of Inv. 6578, 1965, 13 pp.
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| formed by codeposition of mixed vapors of | metal powder at 2,700° to 2,900° F and 
_ cobaltous chloride and tungsten hexachlo- 10,000 to 20,000 psi for 1 to 5 hours.20 

- ride.11 : Oo oS _. Satisfactory melting and extruding pro- 
__ Chlorination studies were conducted to cedures were developed as the primary 

_ develop new methods for extracting tung- breakdown operations in the fabrication of 
sten from scheelite and mixed concentrates W-3Mo-0.2Zr and W-0.6Cb alloys.2t 

. containing scheelite and wolframite.1? — _ Extrusion ratios of at least 10:1- were re- 

~ Using elemental chlorine and proper. quired in order to. produce uniform re- 
: temperature controls, more than 90 per- crystallized structure of ASTM grain size a 

_ cent extraction of tungsten was achieved. or smaller. Ce - 

A study of the chlorination kinetics of Hydrostatic extrusion of tungsten at low 
tungsten were made to determine the ef- extrusion ratios on sintered, hot-swaged 

| fects of temperature, chlorine concentra-  .+arting material produced induced stresses 
oe ere surface an and suet which caused cracking.22 SO 
Ta unin the on ora tures heed the Tungsten was formed by a high-pressure 
was tie, , ‘ a was follewe db measuring fluid-to-fluid extrusion process in which 
reaction rare ae y meas _ frictional resistance was eliminated.23 - | the weight loss of the solid. A | fully extrud - 

| _._ Analytical studies were reported. on di- q ae. ae ats was temorat Y Ny the | | 
rect spectrochemical methods for deter- © ne hvdoe ; ‘ hack empera un y the 

- mining impurities in ‘tungsten metal and “S¢ ° nyerosta re ac Pressure. — | 
oxides at the parts-per-million level.14 _  High-deformation-rate extrusion of thin- 

| _A report described methods of preparing walled tungsten conducted on a model 
- ultrafine homogenous tungsten and tung- (1210 Dunapak machine produced 4-inch- 

sten-rhenium alloy P owd ers by the hydro- 11 Donaldson, J. G. Vapor -Deposition of Co- 
gen coreduction of their freeze-dried am-  palt-Tungsten’ Alloys. BuMines Rept. of Inv. 
-monium compounds.15 Experiments on oe era, 15 PP. Wo. S: O: Rhoads. end’ EB - 

. : : = : * enaerson, e o>. De ° oaas, an ° ° 

application of uniform coatings of tung- Brown. Extraction of Tungsten From Ore Con- 
| “sten and molybdenum to several types of centrates by gg blorination. BuMines Rept. of 

1 - - ’ ’ nv. > Os pp. oO . n r 
ceramic powders havi & irregula shapes 13 Landsberg, Arne, and Frank E. Block. A 
also were reported.16. Of the two proc- Study. of the (hlorination Kinetics of Germani- . 

i ‘ i um, Silicon, Iron, Tungsten, Molybdenum, Co- 
eases evaluated, chloride ‘and oxide, the lumbium and Tantalum. BuMines Rept. of Inv. . 
oxide process was found to be more favor- _¢g49, 1965, 26 pp. - 
able. ; 14 Gabler, R..C., Jr., and M..J. Peterson. 

* +e 4! Spectrochemical Analysis of Tungsten. Bu- 
The multiple-pass induction . floating- Mines Rept. of Inv., 6632, 1965, 40 pp. 

zone melting process resulted in significant De Landsberg, A, and T. T. Campbell. Freese, 
: . 17 ry Technique for aking tra-Fine Meta 

_ purification of tungsten. a Powder. J. Metals, v. 17, No. 8, August 1965, ) 
The effect of hydrostatic pressure on PP. 856-860. A. TT. Camptell RE 

: : . andsberg, + &£. L. Campbell, and F. E. 
tensile properties of arc-cast tungsten and Block. Tungsten and Molybdenum Coated Non- 
tungsten-4.5 percent tantalum alloy were metallic Powders. J. Metals, v. 17, No. 8, Au- 

ats , ‘gus » Dp. . 
evaluated.t® The bend-ductility of tung- 17 Holden, F. C., and F. W. Boulger. Third 
sten increased linearly with increasing hy- Status Report of the Us. Government Metal- 

* : . working rocesses an quipmen rogram. 

drostatic pressure. Arc-cast tengsten was  Rattelle Memorial Inst., Columbus, Ohio, DMIC 
found to be more ductile than that prepared Rept. 218, june 16, 1966, 56 PP. ' 1" 
from pressed-and-sinered tungsten powder. 1° Pase 43 of work. Cited in footnote IT. 

_ Forging studies on W and W—15Mo al- I ” Hodge, | Edwin 1 net Isostatic eressing 
loys extruded from arc-melted and sintered in Design Eng. V. SL ‘No. 5, “May 1965. pp. 
compacts indicated that less forging pres- 92-97. 

‘red t t billets ¢ ij 21 Byrer, T. G., and F. W. Boulger. Metal- 
sure was required to upset billets consoll- —_ working. Defense Metals Inf, Center, Battelle 
dated by arc-melting than those consolidat- Memorial Inst., Columbus, Ohio, DMIC Review 

ed by powder metallurgy.19 Side forming of Recent Developments, July at 1965, 4 DP. . arth, V. B. ungsten an ungsten-Base 
at 2.050° to O° F is used to commer- Alloys. Defense Metals Inf. Center, Battelle 

. Ik d 2,25 i fore; Memorial Inst., Columbus, Ohio, DMIC Review 
ith. hin uce complex tungsten aioe of Recent Developments, May 28, 2965, 4 PP. 
Ww i i roduc ngineering. ydroforming. ° wit a un ribs and webs having very close 36, No. 25, Dee 6, 1966, >. 58. . : . 

. *4 Barth, V. D. ungsten an ungsten-Base 
Alloys. Defense Metals Inf. Center, Battelle 

Dense tungsten compacts were produced yoo eens etal hic’ Be oattelle 
by isostatic pressing (solid state bonding) of Recent Developments, Dec. 8, 1965, 4 pp.
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| diameter hemispheres with 14-inch thick solid Pu fuel elements: and as liquid Pu 
walls.25 | | — alloys in molten reactor experiments.33 — | 

_ ‘Strengthened tungsten was developed b _ At the Oak Ridge National Laborato | . . S . pee by ge ; coe vory embedding. oxides of zirconium, yttrium, (ORNL) studies were continued on the. 7 
_ hafnium, and thorium in a tungsten matrix production of tungsten by vapor deposi- | 

| and then extruding the tungsten to produce _ tion.34_— This simplified one-step fabrica- 
7 elongated internal fibers.26 | tion method, hydrogen reduction of WF. 

: Consolidation of spherical tungsten pow. has the advantage of being able to produce 
ders by hot isostatic pressure bonding has ~ complex shapes at low temperatures (600 

| permitted the fabrication of final tungsten ©). A successful tungsten extrusion tech- | : 
_forms without recrystallization.27 nique was _ developed by ORNL, using 

- Processing data on the W—5Re-2.2ThO.- pangsten oxide which he Sean, air at 
alloy indicate that better alloy ductility is so 1p ere ees as e tuori - | 
achieved using thorium oxide obtained Ina compatibility study of tungsten as | 

. from a fluid colloidal solution instead of 4 structural material with high-tempera- 
from thermally decomposed thorium ni- ture fuels for nuclear reactors, a pertectic —  trate.28 a . reaction isotherm was found in the urani- | 

_. Because of its high-temperature, high- pecans io) fungssen system between | 
| strength properties, which make it of in-  ~ me " oy | : | | . —_ Tungsten and tantalum evaluated with | terest.as a structural and.cladding material - 7 | er | . ; . : uranium oxide (UO) fuel material were | for nuclear. reactors operating at elevated | | ° | os oe ee found to be compatable up to 2,760° C, . temperatures, investigations were continued . . 36 | | os ; | 29 the melting point of UO. ; 7 

on tungsten by AEC contractors. - The grain growth of arc-melted tung 
a The influence of neutr on irradiation on gten-boron alloys, studied as possible metal- 

the creep-rupture, tense hardness, and jie nuclear poisons, ‘was evaluated in the | | resistivity properties of W, Mo, W-—25Re, _ wire range eye ke ‘anne | 
and Mo PZA was evaluated.30 , Irradia- r ae aeure range from 3,600 fo 4,000 

| tion of tungsten by a fast neutron dose of “The primary objective of the AEC tung- | 8 x 10° NVT (neutrons per square centi- ten research program was: to evaluate : 
| meter) affected the creep-rupture proper- tungsten-core nuclear reactor concepts.38 | 

_ ties by increasing the time-to-rupture by. The Argonne National Laboratory contin- | 
| a factor et 9 and correspondingly decreas- ued to investigate a fast tungsten reactor 

ing me inear. creep-rate. |. concept and the National Aeronautics and : 
The development of fabrication methods Space Administration’s. (NASA) Lewis Re- 7 | 

for the production of small diameter seam- search Center, Cleveland, Ohio, studied a 
less histeren ane W-25Re tubing for use thermal water-moderated tungsten reactor 
in high-temperature reactor applications concept. ” 

was continued.” ne “To successfully _ At the National Reactor Testing Station _ 
, roduced- extruding at. an —————__——__ 7 . Aten drawire at 580° SG followin an -an- U.S. Atomic Energy Commission. Reactor S 2 & ‘Materials. V. 8, Nos. 1-4, 1965, 249 pp. , _ neal at 1,450° C for 1 hour. | 26 Chemical Engineering. Additives and Ex- 

og - trusion Add Strength to Tungsten. V. 72, No. A ‘new series of W—Re—Mo alloys were 16, Aug. 2, 1965, p. 52. 
developed which offer a wide selection of © 2 page Fy of ene niet in footnote 25. 
elevated-temperature properties.22 =W-30- 2 Rice, William L. R. Nuclear Fuels and 
Re—30Mo an inherently fine-grained alloy Materials Development. : U.S. Department of ; 

°- “1: ° Commerce, Clearinghouse for Fed. Sci. and Tech. which exhibits complete resistance to loss Inf., TID-11295, 4th ed., June 1965, 145 pp. 
of room-temperature. bend-ductility has been footy oe aa and VIV.5 of work cited in 
successfully fabricated and used as a proto- 81 Pages XVIII.1 to XVIIL8 of work cited in 
type reactor component. The W-30Re footnote 29. as 

P XIV.4 k d footnote 29. and W-30Re-10Mo alloys can be age- = Miner William N. Plutonium, US Atomic 
. 1 - - Energy Commission, Div. of Tech. Inf., Oak hardened to develop high elevated-temper Ridge Tena November 1964, 52 op. 

ature creep-rupture strengths. ns Pages XIX.9 of work cited in footnote 29. 
i 5 Page V.2 work ci in footnote 29. 

Tungsten, tantalum, . and columbium 56 Page 189 of work cited in footnote 25. 
which are soluble in liquid plutonium (Pu) 81 Page 204 of work cited in footnote 25. | 
but insoluble in solid plutonium are used * U.S. Atomic Energy Commission. Major : : : Activities in the Atomic Energy Programs Janu- as structural materials in fast reactors with ary-December 1965. January 1966, 442 pp. 

232-748 O-67—62 .
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in Idaho, the Fast Spectrum Refractory tural material in advance nuclear power 
| Metals Reactor is used to evaluate the plants, tungsten was evaluated to deter- | | 

high-temperature, high-strength properties mine the effects of protracted vaporization | 
f tu nd l d l ) r ‘ | | of tungsten and tantalum under actual op- — {72 {,. : 
oe yeas me, mo -- 8 U.S. Atomic Energy Commission. Nuclear 

. erating conditions.39 oe Reactor jesting Station. AEC Idaho Operations : 
° © ar * ne ve. ffice, Idaho Falls, Idaho, December 1965, 33 pp. 

A detailed review of coatings for re 40 National. Research Council. Coated Re- - 
fractory. metals indicated that although fractory Metal Technology— 1966. Nat. Ac. of | 

7 . gts ee ci., aterials visory Board, Rept. MAB~ oe satisfactory methods exist to coat Cb and = 910"M, November 1965, 128 pp. | 
Mo for short times at elevated tempera- Pie West, Philip. Refractory Metals Can Be 

tures, coatings are not now available which seme oe ee ly tosh. tp in De | 
will protect tungsten above 3,500° F.40 #2 Air Force Systems Command, Research and 
_ dense h . sf at | Technology Division. Air Force Materials Sym- | 

Pure, dense, coherent coatings of tung- posium. USAF Wright Patterson Air Force 
sten were electroplated from a fused salt Base, Ohio, Tech. Rept. AFML—TR-65-29, De- - 

. . fense Documentation Center, 463572, June 9-11, . 
bath over conventional metals to provide 1965, 895 pp. | | : 

resistance to elevated temperatures and Pig W._ dnnendn ot, Mecentns 
_.corrosion.41 In addition tungsten was elec- metallic Coatings for Refractory Metals. Aero- 

| : hic . nutronic Applied Res. Lab., Newport Beach, 
troformed into parts which required no Gale” aSp-TDR-63-758, pt. Il (U.S. Air 

| machining or additional forming. _ | Force Contract No. AF 33(657)-9170), Septem- | 

Interest in the development of suitable Pet, 186, 101 pp. «ie, J. Berkowitz-Mattuck 
coatings for tungsten to protect the metal 2B. Lement, D. I. Phalen, D. A. Vaughn, N. A. 

: sar *oh_ter ichard, A. E. Austin, an . M. Schwartz. 
| from oxidation at high temper atures was Experimental Study of Factors Controlling the 

continued. : | Effectiveness of High-Temperature Protective 

_ Considerable simplification of a wolf- Voatings gama een Air , Force Materials - 
| ramite processing operation to yield am- Command, USAF Wright-Patterson Air Force 
- -monium paratungstate (APT) is possible Base, Qhio, I oe AFML-TR-64-392, Au- 

by the application of a liquid-ion exchange . Chemical & Engineering News. Refractory . 

oe process using a selective amine.43 _ | Compounds ene et 2200 C. V. 48, No. 33, 
oo The high-temperature tensile and creep | Page 208 | of, work cited in footnote 25. : 

_ . . nglish, J. J. Oxidation-Resistant Coatings 
Strengths of arc- and electron beam (EB) for Refractory Metals. Defense Metals Inf. 
melted tungsten were significantly in- Center, Battelle Memorial Inst., Columbus, Ohio, . 

creased, by minor additions of boron, haf- Dui 4 Review of Recent Developments, Dec. . — 
nium, tantalum, columbium, and rheni- _ English, J. J. Oxidation-Resistant Coatings | 
um.44 . for Refractory pietals. i pPefense | Metals om 

° oe . ‘enter, Battelle Memorial Inst., Columbus, Ohio, 
Porous tungsten ionizer emitter plates DMIc er yew. of Recent Developments, Mar. 

? 7 ay $n. ’ ’ pp. 

having pore diameters of 1.40.2 micron ———. Oxidation-Resistant Coatings for Re- 
have been produced and suggested for use  fractory Metals. Defense Metals Inf. Center, 

: Pa - SE 41 B He M ial I Columb hio, D as diffusers for air or gas bearings, as high- patterc of Recent Tete oe os mic 
temperature liquid bearings, and as hot 2 pp. | Oxia R Coat for RB 

45 ——. Oxidation-Resistant Coatings for Re- 
filters. eo oo fractory Metals. Defense Metals Inf. Center, 

Methods of joining tungsten sheet were Batelle Memorial Inst., Columbus, Ohio, DMIC 
| evaluated and tested to determine the prop- preview of Recent Developments, Nov. 19, 1965, 

erties of joints at temperatures up to Machonis, Alvin A. Protecting Refractory 
3.000° F.46 Metals wrom Oxidation at High-Temperatures. 

3 . . . eta rog., v. » No. 1, January 1965, pp. 
The excellent high-temperature, high- 138-146. Atomic E c _ Funds 

° oD. Mic: nergy soMmmiussion. unda- 

strength properties, and room temper ature mental Nuclear Energy Research—1965. De- 

ductility of the tungsten-25 percent rheni- cember 1965, 338 pe VIV9 and XXIV.1-2 of 

um (W-25Re) alloy continued to be in- work cited in footaate 29. ue 8 

vestigated for the AEC. These investiga- a paee 1 of work cited in footnote 22. 

tions are described in detail in the Rheni- 45 Barth, Vv. eee eens ton-Base 
um chaper of this Yearbook. alloys. ; Defense Metals Inf. Center, Battelle 

Corrosion tests were conducted to deter- of Recent Develomnente Bent, 8, 1965, r DD. 
mine the resistance of tungsten, tantalum, — Mets Evans, | Re M. Metals Joining. . Defense 

® e Ss nr. enter, attelie emoria nst., 

molybdenum, and some of their alloys to Columbus, Ohio, DMIC Review of Recent De- 
zinc and zinc-rich solutions containing mag- velopments, Dec. 10, 1965, 4 pp. 

. d : . h 47 Nelson, P. A., M. L. Kyle, G. A. Bennett, 
nesium and uranium in the presence of and L. Burris, Jr. Corrosion of Refractory 
molten chloride salts.47 Metals by Zinc-Magnesium-Uranium Halide Salt 

B fj d Systems. Electrochem Tech., v. 3, No. 9-10, Sep- 
ecause of its proposed use as a struc- tember—October 1965, pp. 263-269.
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| (10,000 hours ) under vacuum, forced con- During the year a comprehensive book © | 
__vection of helium at one atmosphere (atm) — was published which consolidated the more 

_ total pressure, and free stream velocity of pertinent data on the seven refractory 
. 100 feet per second.48 Results indicated metals: W, Cb, Ta, Re, Mo, Cr, and V.56 | 
_. vaporization is not a problem with tung- = An extensive bibliography of W and Mo - 

sten below 4,000° F. : —— _ reports and patents was issued during the 
o An evaluation of the compatibility of ma-  year.57 | 

terials with various rocket propellants and Interest in methods of extracting, con- : 
oxidizers indicated that tungsten had poor solidating, alloying, and utilizing tungsten , 
compatibility with liquid bromine trifluo- continued to be reflected by some of the , 
ride (BrFs) but good compatibility with patents issued in 1965.58 | 
liquid hydrazine (NeH.).49 Tungsten car- § ———————— 
bide had good compatibility with nitr U.S. Atomic Energy Commission. Vapori- _ 

id ON O P ty th ogen zation of Advanced Powerplant Metals Under 
_ tetroxide (N2O,). yecuum and Force Convection Conditions, U.S. 

_ . 7 epartment o ommerce, earinghouse for 
The tungsten-hafnium system was ex- fed. Sci. and Tech. Inf. UCRL-1i274, June 

amined in detail to evaluate substitutional 1965, 25 pp. - | 
: : : . 4° Boyd, W. K., W. E. Berry, and E. L. White. 

strengthening mechanisms of solid solution Compatibility of Materials With Rocket. Propel- 
and carbide strengthened alloys.5° fants and Oxidizers. Battelle Memorial Inst., 

Four electrochemical metal-removal (EC 29, 1965.” 1. hio DMIC Memorandum 201, Jan. 
| MR) processes were described in a recent Solid ee sntinn Jew and William 1D: Klopp. 

° e e : 0 ion an arbdide ren ene rc- . 

report which indicated that when tungsten Melted Tungsten Alloys. National Aeronautics _ 
was processed by ECMR methods, much and Space gpdministration, NASA TM X-52131, 

| better tensile, ductility, fatigue, and im-— ' Gurklis, John "A. Metal Removal by Elec- _ 
_ pact properties were obtained than those trochemical Methods and its Effects on Mechan- 

e ° ° 1¢a. roperties oO e Ss. a e emoria 

_ obtained by conventional forming meth- Inst., Columbus, Ohio, DMIC Rept. 2138, Jan. 
ods.51 This improvement was the result of 7, 52 965, 34 Pe h 4 
the ECMR method’s ability to remove dam- _fractory Alloy Te nea potatus of Re. 

, aged tungsten surface layers while at the Sci., Materials Advisory Board, Rept. MAB- | 
e ‘ntroduci tresses 208-M, Aug. 16, 1965, 97 pp. 

same time not introducing any new stre 53 Klopp, William D., Walter R. Witzke, and 
or damage. | Peter L. Raffo. Ductility and Strength of Di- 

. . lute Tungsten-Rhenium Alloys. National Aero- 
Recognizing the essential role that tung- nautics and Space Administration, NASA. TM 

_ sten metal tubing will play in the de- RABEL. October 1965, 20 pp. none, snd J. A. 
| velopment of future energy conversion and DeMastry. Materials for Liquid-Power Metals 

_— propulsion devices, a report was issued Service. Battelle Memorial Inst., DMIC Memo- 
3 sas -,  Yrandum 209, Oct. 5, 1965, 9 pp. 

which indicated that the largest potential 53 Chemical Engineering. Solid Lubricant. V. 

for use of this tubing will be in space . 12, No. 8, /APE: 12, 1965, a 116. ‘Rehevior 

power ‘systems.52 and Properties of “Refractory Metals. Stanford 

| Dilute additions of rhenium to tungsten Univ. Press, Stanford, Calif tee et olyb- | 
- caused significant improvement in low-  denum and Tungsten, Selected Bibliography of | 

Wi 1 1 Government Research Reports an anslations. 
ee ae Praia particularly in the Clearing house for her Sci. and Tech. Inf., 
wor . » supp. 1, 1965, pp. 

; - _ 588 Andes, George M. (assigned to E. I. duPont 
Tungsten and tungsten base alloys were de Nemours and Co., Inc., Wilmington, Del.).: 

evaluated as structural materials for use 1n Tungsten Alloys. U.S. Pat. 3.184,304, May 18, 
: space-power liquid metals service.54 Tung- 19. a | | 

ger, George Walter, and Peter Andrew 
sten, W-0.9Cb, W-15Mo, W-10Re, and  Lemin {aesigned ae imerath Chemical Indus- 

_ tries, * ndon). ethod o roducing 
W 2 5Re were not attacked by molten Tungsten Oxide Catalyst and Product Thereof. 
lithium after 1,000 hours exposure at US. Pat. 3,198,752, Aug. 3, 1965. he US 

| ° unegan, Haro . (assigned to the U.S. 
2,500 F. Atomic Energy Commisssion). Radiation Shield- 

Tungsten, W-0.9Cb, W-15Mo, W—-10Re, ing Composition. U.S. Pat. 3,075,925, Jan. 29, 
and W-25Re were not attacked by cesium 1965. | . . . 

Forward, Frank A., and Andrew I. Vizsolyi 
vapor after 1,000 hours of exposure at assigned to Sherritt. Gordon Mines, Ltd., To- 
3.100° F ronto, Ontario, Canada). Process for the Pro- 

? ° . . . duction of Tungstic Acid. U.S. Pat. 3,193,347, 
Tungsten diselenide (WSez), a high- july 6, 1965. ch 3 

ish- i Herron, Robert H. (assigned to e Bendix 
temperature, high-vacuum lubricant can be Corp., South Bend, Ind.). Process for Forming 
combined with metal composites, ceramics, Porous Tungsten. U.S. Pat. 3,175,903, Mar. 

i - i i - 20, 1965. and plastics to produce self-lubricating sur Hurst, Edmond C. (assigned to the U.S. 
faces.55 Atomic Energy Commission). Method of Heat
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Treating Tungsten Wire or Ribbon. U.S. Pat. Thompson, Vernon R., and Robert C. West- 3,165,427, Jan. 12, 1965. a ‘gren (assigned to Crucible Steel Co. of Amer- Kurtak, Charles R. (assigned to Union Car- ica, Pittsburgh, Pa.). Tungsten-Base Alloy. bide Corp., New York). Separation of Molyb- U.S. Pat. 3,222,166, Dec. 7, 1965. 
denum From Tungsten Values.. U.S. Pat. 3,- van den Berg, Pieter, Thomas Antonius, Cor- _ _ 173,754, Mar. 16, 1965. Oo nelis Jacobs, and Arnoldus . Wilhelmus Joseph Layne, Gilbert S., and James O: Huml (as- Verhiejen (assigned to North American Philips signed to. The Dow Chemical Co., Midland, Co., Ine., New York). Method of Manufactur- . Mich.). _Uranium-Tungsten-Aluminum Ternary ing Tungsten From Ammonium Paratungstate. _ Alloy. U.S. Pat. 3,198,627, Aug. 3, 1965. US. Pat. 3,202,505, Aug. 24, 1965.



—  - Urani Jranium 

| By Charles T. Baroch * 7 : 

During 1965, private utility companies hailed by many power economists as the | 

executed contracts for building seven large beginning of an accelerating trend in the 

nuclear power stations aggregating over construction of nuclear power plants which 

4,000 megawatts (Mw) of electrical ca- is necessary to the continued expansion of 

pacity. Completion of these plants, sched- the country. : | 

uled for 1969-71, would more than double. Mine production of uranium continued 
the nuclear capacity now in operation or to drop as four mills closed and some con- | 
under construction. In addition, seven tracts with the Atomic Energy Commission | 

| other utilities announced that they were (AEC) were completed. Eleven milling a 

evaluating the possibilities of nuclear contracts were stretched out and extended 
power and desalination plants totaling through 1970. About 650 mines produced 
6,500 Mw. This accelerating interest in 4.4 million tons of ore, yielding 10,442 
big nuclear plants was in sharp contrast tons of UsOs concentrate valued at $167 
to 1964, when no commercial nuclear million. Receipts from foreign countries - 
plants were sold. These commitments were dropped to just half of 1964 imports. | 

| a Table 1.—Salient uranium statistics | | a 
. . (Short tons) a | a 

1961 1962 1963 1964 1965 

United States: a ( oe 
Production : . ; : 

Mine (ore shipments) __--------- 8,041,329 7,052,870 5,645,921 ° 5,674,631 4,362,614 
Mill (UsO3 content) 2_.--_----_- 17,399 17,010 14,218 11,847 10,442 

Imports : Concentrate (U303) -------. 12,915 11,720 8,802 5,297 2,650 
Free world: Production (U303 content) -- 86,300 34,600 31,100 26,700 20,800 

— F Revised. : | | 
1 Concentrate marketed. . 

Sales of uranium under the 1964 law toll enrichment of uranium after Decem- 
permitting private ownership of special nu- ber 31, 1968. For comments by industry, 
clear materials began to take place in sig- AEC published in the Federal Register a 
nificant quantities. The largest -private draft of proposed criteria under which this 
contract was the result of a barter agree- service would be offered. These criteria 
ment whereby 475,000 pounds of UsOs include provisions for 30-year contracts, 
concentrate from Susquehanna-Western, establish that charges for enrichment serv- 
Inc., Falls City, Tex., was to be shipped ices will be based on a published schedule 

to the AEC. In return, an equal quantity equally applicable to all customers, prevent 

of enriched uranium suitable for reactor  toll-enrichment of foreign-produced ura- 

elements would be shipped to Allgemeine nium for domestic use, and agree to ter- 

Elektricitaets Gesellschaft in Frankfurt, minate the services if and when suitable 

West Germany. commercial services become available. Be- 

Legislation and Government Regulations. fore adoption, the final criteria will have 
—AEC began to devise procedures for its to be approved by Congress. : 

role in administering Public Law 88-489, Pending the implementation of toll en- 
the Private Ownership of Special Nuclear richment in 1969, the AEC is developing, 
Materials Act of 1964. This act, among | 

other things, authorized AEC to provide 1 Commodity specialist, Division of Minerals. 

| 973
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| with several foreign users, arrangements Only three facilities of applicable size were 
for supplying enriched uranium for which operating at the end of. 1965. 
natural uranium is accepted as partial Oregon and Tennessee entered into agree- 
payment. / ments with AEC for the transfer of certain 

| . _ phases of regulatory authority over radio- | 
| A total of 15 regulations and amend active materials, making a total of 11 States ments were put in effect by AEC, most of ee. ose 

.. . . formally participating in the program. Leg- 
which were on the licensing of source and <1”. 

. | islation has been adopted by 23 other | byproduct material and on standards for . we . . eae | States authorizing the negotiation of agree- protection against radiation. Terms of . 
| . | . a ments with AEC, and several States began these regulations are published in Title 10, . | 

- actively to develop programs for assuming Chapter I, Code of Federal Regulations | : | : 
(10 CFR 1) of the Federal Register. regulatory authority. . 

: Continental Uranium, Inc., Chicago, IIL, 
7 Public Law 89-210, September 29, 1965, repaid to the Federal Government $25,- 

extended for 10 years to August 1, 1977, 821.48, the amount (75 percent) contrib- 
the Price-Anderson Indemnity Act. Power uted by Defense Minerals Exploration Ad- 
reactors of over 100-megawatt electrical ministration, predecessor of the Office of | 

| Capacity must provide the maximum finan- Minerals Exploration, under an exploration 
cial indemnity available from private sourc- assistance contract for $34,428.46. Ex- 

a es—$74 million beginning January 1, 1966 ploration work under the contract was done 
——and the Government indemnity would be between July and December 1955, and a 
$486 million per nuclear incident. Previ- certification of discovery was issued in July 
ous private indemnity was $50 million, and 1956. The property is in San Juan Coun- 
Government indemnity was $500 million. ty, Utah. 

| | DOMESTIC PRODUCTION | a 
Mine and Mill Production.—Approxi- followed by Wyoming with 24 percent. 

, mately 650 operations in 12 States pro- Next in order were Colorado, Utah, Ari- 
duced about 4.4 million tons of ore, about zona, Washington, North Dakota, Texas, , 
23 percent less than in 1964. New Mexico South Dakota, Alaska, Nevada, and Cali- 

| produced about 46 percent of the total, fornia. 

| Table 2.—Uranium mine and mill production in 1965, by State - 
eee 

Ore shipped - Concentrate purchased by AEC 
7 $< eee SEE Oe 

State UsOs content 
. Short Value 2 9 ——————————————— Number Pounds | Cost 

tons (thousands) Percent Pounds of mills U308 (thousands) 
eee NOS AS) 

Arizona_......_.. 117,898 $3,918 0.38 900,776 ---e ~---~--- ----— 
Colorado....__.... 574,795 10,651 23 2,641,785 4 2,579,235 $20,631 
New Mexico...__. 2,013,861 38,311 -29 9,406,073 4 9,182,949 13,464 
South Dakota____. 44,738 303 12 104,500 --~- ~----.-- ----— 
Utah_......__.__.. 377,989 9,014 .29 2,159,625 ~ 2 3,020,541 24,164 
Washington_____. 73,495 1,871 30 435,655 ---- ------~- -~---- 
Wyoming_...___. 1,048,176 17,758 22 4,560,625 5 4,194,388 — 33,551 
Other States1____. 111,662 2,088 24 538,300 4 1,907,487 15,258 

Total___.__. 4,362,614 83,914 24 20,747,339 19 20,884,600 167,068 . 
ee 

1 Ore shipments: Alaska, California, Nevada, North Dokota, and Texas. Concentrates: Arizona, 
South Dakota, Texas, and Washington. 

Uranium ore was processed in 19 mills district. Three other mills discontinued 
which delivered to AEC concentrates con- operations during the year: Atlas Corp. at 
taining 10,442 tons of UsOs, compared Mexican Hat, Utah, Cotter Corp. at Canon 
with 11,847 tons in 1964. The mill of City, Colo., and Dawn Mining Co. at Ford, 
Vitro Corporation of America at Salt Lake Wash. The Dawn mill will complete de- 
City, Utah, did not reopen after a shut- liveries of 260 tons of UsOs in concentrate __ 

| down in January 1964 and was converted by the end of 1966 from concentrates al- 
to vanadium production. The contract with ready produced. This quantity of undeliv- 
AEC, which would have expired December ered U:Os is in addition to the quantities 
31, 1966, was terminated at Vitro’s request shown in table 3. The Atlas Corp. mill at 
because of declining ore production in the Moab, Utah, was permitted by AEC to
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| Table 3.—Uranium processing plants, December 31,1965 = | 

Tons UsO0sg 

Contract expira- deliverable 

: State and company Plant location tion date, under contract 

ae : fiscal year from Jan. 1, 1966 | | | | rs 
. Arizona: — . 

E] Paso Natural Gas Co.__...----------. Tuba City_------.--- 1967 230 ~—«;. 

| Colorado: » so 

American Metal Climax, Ine...---------- Grand Junction__-_-. 1967 460 

nion Uarbidae Uorp._-_._....— —~~-—---—------ W@W ee eee : 4 

— Do_______--__------------------- Uravan_-----------. , 1970 4,800 

New Mexico: Lo 
The Anaconda Company._.....--------. Bluewater__--~----- 1970 3,720 

Homestake-Sapin Partners__..-.------. Grants..----------- 1970 .1 10,160 

Kerr-McGee Corp._--..-.-------------- _-_-do_.--.-------~ 1970 7,590 

Vanadium Corporation of America__.-_.. Shiprock__-..------ 1970 1,560 

South Dakota: 
Mines Development, Inc._-.-----------. Edgemont_--------- - 1967 © 310 

Texas: 
u Susquehanna-Western, Ine,_..-_-_-_--.. Falls City..-----~---. 1967 — a 50 

tanh: OL 
Atlas Corp....------------------------ Moab_.------------. . 1970 4,740 

Wyoming: . 
Federal-Radorock-Gas Hills Partners--.. Gas Hills.-...---.-- 1970 _ 1,810 

Petrotomies Co.____-__--.-------.----. Shirley Basin_---~-~- 1967 280 

Union Carbide Corp.__------.---------- Gas Hills_..-------- 1970 ' 1,000 

Utah Construction & Mining Co.._..-.-. ----do-.----------- 1970 2,620 

. Western Nuclear, Inc._..____.------.--. Jeffrey City..---~~-. 1970 2,680 

1 Includes 4,770 tons under contract to United Nuclear Corp. which is treated in the Homestake- 

. Sapin Partners mill under a tolling agreement. | | . | 

process ores formerly processed at the Mexi- private contract signed through 1965 for 

can Hat mill as well as ores of independent UsOs produced in the United States. 

producers formerly shipped to the Vitro Refining and Enrichment.—During 1965, 

mill. : AEC production of enriched uranium de- , 

Ten companies with 11 contracts agreed creased substantial’y i neep in step with 

‘to a modification of concentrate delivery _ in Fel, ere ” hird vd Eo, use ch or s. 

proposed by AEC which, in total, deferred ne veda S . re he nd ar mm ” was 

the delivery of about 15,300 tons of UsOs. ure P C ry 10 d ° "hich eeu anni at 

to 1967 and 1968 with an equal amount “ov AEG waseo  Ufusion, lene will 
to be delivered during 1969 and 1970. In dro to. 2.000 ow b 7 usion p i i 969 , 

addition, AEC will purchase up to 1 mil- P t0 4) Mw dy January 2 voy: 
7 . . The first reduction was announced in the 

lion pounds of UsOs in concentrates per . ; . , 
, a ft ay ee President’s State of the Union Message on 

year from ore supplied from small mining» 1 . 
. . 11° January 8, 1964, which reduced. the level 

properties. Subject to the million-pound . 
vas : aa from 5,250 Mw to about 3,900 Mw in 

ceiling, such a small property may produce . . 
up to 10,000 pounds in a 6-month period 1964. The second reduction announced in 

° _" ‘ April 1964 scheduled a reduction to about 

Susquehanna-Western, Inc., subsidiary of -2,970 Mw by 1968. These planned re- 

Susquehanna Corp., began to curtail oper- ductions were the result of a continuous | 

ations at its Falls City, Tex., mill in April reassessment by Department of Defense 

1965 because production to fill its contract and AEC of the production level necessary 

with AEC was practically complete. How- to meet projected military and civilian 

ever, the company announced in Sep- requirements. | 

tember that it had contracted to supply Operations in the AEC feed materials 

475,000 pounds of UsOs concentrate to plants at Weldon Spring, Mo., and Fernald, 

Allgemeine Elektricitaets Gesellschaft in Ohio, operated by Mallinckrodt Chemical 

Frankfurt, West Germany. AEC will enrich Works, and National Lead Co., respective- 

the uranium under the terms of a barter ly, continued to show a slight decline in 

agreement. This was said to be the largest output. ,
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, Table 4.—Enriched uranium furnished to industry, excluding the | 
| 7 a weapons production chain — 

| | (Pounds) _ | | 

: Fiscal year . 

| | | 1961 1962 1963 1964 1965 

Furnished as UF e_~__----.-------.---... 261,025 276,900 — 221,070 256,620 336,835 
Furnished in forms other than UFe__-__- 15,210 6,610 8,630 4,490 3,180 

Total_______-_.- ke. 276,235 283,510 229,700 261,110 340,015 

oe Source: AEC 1965 Report on the Nuclear Industry, p. 25. - 

: | CONSUMPTION AND USES © 

Weapon and Explosive Applications—— power plants planned and under construc- 
Production of plutonium decreased sub- tion will be either pressurized water or 

| stantially, yet continued to meet military boiling water reactors, with the exception 
requirements. Six graphite-moderated re- of the Colorado plant which will be a pro- 
actors at Hanford, Wash:, and four heavy- totype nuclear power plant using an ad- 
water reactors at Savannah River, S.C., vanced converter type of high-temperature 
were in operation, although full design gas-cooled reactor fueled with a combina- 
power of 4,000 Mw (thermal) was not | tion of uranium and thorium. The thorium 
attained in the Hanford ‘‘N” reactor until will capture surplus neutrons from the 
December. This reactor, formerly called fission of uranium-235 and will be trans- 

_ the New Production Reactor (NPR), was muted into fissionable uranium-233, part 
designed for the dual purpose of power of which will be available as fuel within 
production and plutonium production. — the reactor and the rest will be recovered in 

| Power-conversion equipment capable of fuel reprocessing. AEC will. partly finance 
- generating 800 Mw was being installed by this plant because of its experimental na- 

| the Washington Public Power Supply Sys- ture, because it will contribute to the de- 
tem, and full generation of power was ex- velopment of breeder-reactor technology, 

‘pected in 1966. Most of the thermal and is expected to result in more efficient 
energy from previous production reactors use of fuel. These nine reactors will require 
was dissipated into cooling waters from nearly 5,000 tons of U:Os for initial 

| the Columbia River. charges, based on present requirements of 
Underground nuclear tests were con- 0.7 to 1.0 tons per Mw of electrical ca- 

| tinued in 1965 within the limitations of pacity. After the initial charge, makeup 
the nuclear test-ban treaty of August 5, requirements range from 0.13 to 0.16 ton 
1963, between the United States, the Unit- of UsOs per Mw-year of operation. Each 
ed Kingdom, and the U.S.S.R. Of these, of the reactors in this group will have a | 
1 was a Plowshare cratering experiment, 4 larger capacity than any operating in 1965. 

' were made for the Department of Defense In addition to those listed in table 5, 
on improved detection methods, 1 was five other utilities reached an advanced 
made jointly with the United Kingdom, stage in considering nuclear-power gen- 
and the other 21 were mainly weapons or erating units aggregating nearly 3,500 Mw. 
device development events.? The largest to be considered is a 1,000 Mw 

The Plowshare Program, conducted by Plant by the Tennessee Valley Authority 
AEC to study the usefulness of nuclear en- (TVA) the country’s biggest user of coal 
gineering tools, in 7 years has made signifi- and the operator of 15 hydroelectric plants 
cant progress toward understanding the ‘ the Tennessee Valley. New York State 
character of nuclear explosives and estimat- ‘tomic Space and Development Authority 
ing their capabilities for excavation, min- ~~ 2¥.§. Atomic Energy Commission. Major 
ing, isotope production, and power genera- fetivities in ite ptomic Energy programs. 
tion. Rock breaking is technically feasi- 2 Hansen, Spenst M., and John Toman. Rock ble,? and this use may be expanded con- Breaking Takes a Giant Step Into the Space Age. 
ceivably into such engineering problems as Koc Products, v. 68, No. 6, June 1965, pp. 
canal and harbor excavation.4 * Johnson, Gerald W., and Gary H. Higgins. 

Civilian Reactors. — All the nuclear Technol, No. $8, February 1968 pp 64-60,
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oe | Table 5.—Principal civilian nuclear power reactors | 

a * Co Electrical * Initial 
-. Reactor Location capacity, criti- | . | | . oo a kilowatts © _eality 

Operable: 7 | oo SS . 
. Shippingport Atomic Power Station_._...... Shippingport, Pa._________. 90,000 1957 
. Dresden Nuclear Power Station__-......_.__. Morris, T]._--_--22.-____ 200,000 . 1959 

- Yankee Nuclear Power Station__-___.__.__._.. Rowe, Mass..............-. 175,000 . 1960 
Big Rock Point Nuclear Power Plant__._.... Big.Rock Point, Mich._____- 70,400 1962 

- Elk River Reactor__-_-.2-...-.---_--.--.. Elk River, Minn.___...--.-. - 22,000 = ~~ 1962 a 
: ‘Indian Point Unit No. 1____._--_.--_.._-__. Indian Point, N.Y._-___-.... 270,000 1962 

: Humboldt Bay Power Plant_______.......__. Humboldt Bay, Calif.__.___. 68,500 1963 — 
.Piqua Nuclear Power Facility._-........... Piqua, Ohio._...i.-..._..... .. 11,400 - 1963 

». Carolinas-Virginia Tube Reactor............ Parr, 8.C..-..----L--______ 17,000 1963 _ | 
Enrico Fermi Atomic Power Plant__._.._.__. Lagoona Beach, Mich._.--~- 60,900 1963 
Boiling Nuclear Superheat Reactor_..._.... Puente Higuera, P.R...+.~-. 16,500 1964 

| Pathfinder Atomic Power Plant______...-.. Sioux Falls, S. Dak.__------ 58,500 1964 

Total operable capacity._.___-_-----.--.. _------------------ ie 1,060,200 ee | 
. Under construction : —_—_— 

Peach Bottom Atomic Power Station__._.__._. Peach Bottom, Pa.__.___._. 40,000 1966 
La Crosse Boiling Water Reactor___........ Genoa, Wis..__.-__._.._-- 50,000 1966 

. _ San Onofre Nuclear Generating Station..... San Clemente, Calif.___o.__ 375,000 . 1966. 
Connecticut Yankee Atomic Power Station.. Haddam Neck, Conn.______. 462,000 1967 
Jersey Central Power & Light Co........-.. Toms River, N.J....._._-__. . 515,000 1967" 
Washington Public Power Supply System... Hanford, Wash.___.-___.-.. | 800,000 - 1967 a 
Nine Mile Point Plant.-------------------.. Oswego, N.Y.-~.-=--------. 500,000. 1968 . 

. Total under construction_____--_---_____ wenn nnnn een 2,742,000 aw wenenen 
Planned : . an ———_—___ _ 

- ‘Malibu Nuclear Plant_.....--..._-._____-. Corral Canyon, Calif._.___-. 462,000 ' 1969 
- Dresden Nuclear Power Station No. 2_-..... Morris, Il._-------------~- 715,000 - 1969 . 

Brookwood, Rochester Gas & Electric Co.__. Ontario, N.Y.-------------. 420,000 | 1969 - 
- ' Millstone Point Nuclear Plant_-...-._._.... Waterford, Conn.___--_-_-- 549,200 1969 . 

- Indian Point Unit No. 2____.____.______-__. Indian Point, N.Y...------- 873,000. 1969 - 
Turkey Point Nos. 3 and 4___--__--1-----.. Turkey Point, Fla...._.._-.. 1,304,000 1971 | 

. * Boston Edison Co.____-_--___-1--_---.-... Massachusetts...._...-.--.- 600,000 | 1971 Oo 
Public Service Co. of Colo._...-..-.--...... Platteville, Colo._--.--.-.--. 330,000 1972 - 

. Total planned_____-_-----..---____2____ Won) 5,253,200 | poet SO 

| Grand total____-_-_------_------------. -------------------------- 9,055,400 -------- : 

- Source: Adapted from “Nuclear Reactors Built, Being Built, or Planned in the United States,” 
AEC Division of Technical Information, TID=8200. (18th Rev.)._ | - So 

| also announced it was planning a dual started near Fayetteville, Ark., and was - 
plant to produce 2.5 Mw of electricity and scheduled for completion in 1968. The _ | 

| desalt 1 million gallons of water per day. reactor, with a thermal rating of 20 Mw, 
‘The Hallam Nuclear Power Facility was is being constructed for the Southwest 

not included in table 5. After operating Atomic Energy Associates, a group of 17 : 
well for a time with only minor technical private power utilities associated with Ge- 
difficulties, seven of the stainless-steel cans, sellschaft fiir Kernforschung, a nonprofit 
used for cladding the graphite moderator, corporation of the Federal Republic of 
failed by cracking caused. by longtime Germany, which will make contributions to 
‘stress rupture. The plant was being main- the project for itself and for Euratom. 
tained in a standby condition at the end AEC will contribute, up to a specified 

_ of the year. AEC is no longer pursuing ceiling, toward research and development 
this type of reactor concept, which uses needed in design, operating and maintain- | 
sodium as a coolant and graphite as a_ ing the reactor after completion, and other 
moderator. Work on the Large Seed- experimental work in behalf of AEC re- 
Blanket Reactor, planned cooperatively be- search objectives. The project will study 

~ tween the Department of Water Resources the nuclear characteristics of a fast-breeder 
of California and AEC, was discontinued - reactor which uses a mixture of plutonium 
because of technical problems encountered and uranium oxides for fuel and a sodium 
during research and development. Be-  coolant.6 | 
cause of this, AEC planned to reorient the A breeder reactor and a nuclear-fuel 
seed-blanket development work toward the reprocessing plant were dedicated at the 
design of thermal-breeder reactors. AEC National Reactor Testing Station, 

Construction of the Southwest Experi; ———————— 
tal F Oxid R SEFOR P 5 Pages 113-129 of work cited in footnote 2. 

men ast Oxide Reactor ( ) was 6 Pages 127-128 of work cited in footnote 2.
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, near Idaho Falls, Idaho. The Fuel Cycle ford, Wash: AEC also awarded 28 con- ; 
- | Facility is attached to the Experimental tracts for enriched uranium scrap reproc- — 

| Breeder Reactor No. 2 (EBR-2), and used _ essing, totaling $831,500 to NFS, Nuclear 
= fuel elements from the reactor can be re- Materials and Equipment Corp.; Kerr- 

- ‘processed by remote control after only 15 McGee Corp., formerly Kerr-McGee Oil 
a days of “cooling” of the most intense Industries, Inc.; and General Dynamics © 

, short-lived fission product radioactivity.  Corp.; as an incentive to encourage fuel 
Reclaimed fuel can be refabricated ‘into © processing by private industry. 

| ~ new uranium-alloy elements. EBR-2, de- - Military Reactors.—The nuclear navy _ 
~ signed to generate 20 Mw of electricity, entered its second decade of growth and its ~ 

| - produces more fissionable material than it future is assured, as the advantages of naval 
: consumes. | a _ ship propulsion were thoroughly demon- | 

. Nuclear energy received its share of- strated. By the end of 1965, Congress had | 
consideration at the First International authorized 99 nuclear-powered submarines, 

2 | _ Symposium on Water Desalination, Oc- of which 56 are in operation, including 
Co _ tober 3-9, sponsored bythe Department 34 that are capable of launching Polaris 

: of the Interior in cooperation with the De-. missiles. The first general overhaul of the 
partment of State. The. symposium was _ ship and refueling of all eight reactors on | 

a attended by delegates from 55 nations and the aircraft carrier Enterprise was com- 
- 6 international organizations. The Office pleted.in July 1965. The guided-missile | 

| of Saline Water, Department of the In- destroyer leader Bainbridge and the guided- 
/ | terior, and AEC cooperated in an acceler- missile cruiser Long Beach were opera- 
- ated program to develop and demonstrate _tional most of the year. A second guided- 

ae suitable nuclear-energy sources for desalt- missile destroyer leader, the Truxton, was 
oe ing sea water. | .. launched and a third was authorized by - 

| . The nuclear ship, Savannah, the world’s Congress. — oo Bo 
first nuclear-powered merchant ship, went — Fivé Department of Defense reactors 

. into the regular commercial service of | were operated. These were at Fort Belvoir, - 
+. American Export-Isbrandtsen Lines in Au- Va.; Fort Greeley, Alaska; McMurdo Sta- 

a gust. It is to operate as a cargo vessel - tion, Antarctica; Sundance, Wyo.; and 
| only. The ship had completed 2 years of | National Reactor Testing Station, Idaho. 

_ demonstration voyages and had traveled — Test, Research, and University Reactors. 
eo over 90,000 miles, during which only 33  —A total of 99 test, research, and teaching 

- _. pounds of enriched uranium fuel was con- reactors were operable in 1965, consisting 
sumed. About 17,000 tons of fossil fuel of 4 general irradiation, 5 for safety re- 
would have been required for a conven- search and testing, 48 for general research, : 
tionally powered ship of equal size to travel and 42 at universities used for teaching; 
the same distance. II others were being built and 5 were 

The list of principal producers and fab- _ planned. 
, ricators of uranium fuels, table 6, was little Foreign Reactors.—Four operable cen- 

changed during 1965. Minnesota Mining  tral-station electric-power reactors built for 
& Manufacturing Co. withdrew from the export and subject to U.S. safeguards were 
manufacture of coated uranium particles located at Kahl-am-Main, West Germany 
which are, as yet, used only in space pro- (15.6 Mw); Punta Fiume (Garigliano), 
pulsion experimental reactor systems. Nu- Italy (150 Mw); Tokai-Mura, Japan (12.5 
clear Fuel Services, Inc. (NFS), a sub- Mw) and Trino (SELNI), Italy (240 
sidiary of W. R. Grace & Co., began opera- Mw). Five reactors were being built at 
tions of its new sol-gel facility at Erwin, Chooz, France (210 Mw); Tarapur, India 
Tenn., and construction proceeded rapidly (380 Mw); Gundremmingen, West Ger- 
on its first fuel reprocessing plant at West many (237 Mw); Zorita, Spain (153 
Valley, N.Y. Spent fuel from Government Mw); and Beznau, Switzerland (350 Mw). 
and private sources was placed in storage Reactors were planned for Tsuruga, Japan 
there as early as June 5 and the plant was (310 Mw); Roopur, Pakistan (70 Mw); 
expected to start operations early in 1966. and Santa Maria la Garona, Spain (440 
Heretofore, fuel processing was done only Mw). A total of 50 test, general research, 
at AEC plants. AEC gave NFS acontract and teaching reactors were operable, 5 
to recover plutonium from 1,820 pounds were being built, and 1 was planned. A 
of uranium-plutonium scrap stored at Han- _pressurized-water propulsion reactor was
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‘Table 6.—Principal producers of uranium materials and fabricators of uranium fuels — | 

7 a | - . | Metal, Fabricators | 
Company and principal location oxides, and Coated of uranium 

co oe . '  eompounds particles fuels . 

Aerojet General Nucleonics, San Ramon, Calif.___..________ _oo poe x 
Allis-Chalmers Manufacturing Co., Greendale, Wis.....--_-. --------.. ---------- x 

. Atomics International, Canoga Park, Calif...---------.----. ui... ~--------- x 
- The Babcock & Wilcox Co., Lynchburg, Va._------------.-. -.-------. -2-------- x 

Battelle Memorial Institute, Columbus, Ohio_---------.----.) 2-2...) ~--------- x . 
The Carborundum Co., Niagara Falls, N.Y.--.-----------.-. .22L lee Lee x 
‘Combustion Engineering, Windsor, Conn._..--..------------ ---------.  ---------- x - 
Coors Porcelain Co., Golden, Colo.___-----------------Lee eee = --- x 
Diamond Alkali Co., Painesville, Ohio__.-------------.----. ---------- x -----------~ 

: General Dynamics Corp., San Diego, Calif._...----.-._---__-_.. wonenennd x x 
' General Electric Co., San Jose, Calif._._._-__.-------------_- >. rn een x . 

Kerr McGee Corp., Cushing, Okla.._-.____-----------.-------. Dn 
‘Martin Marietta Corp., Baltimore, Md._.-2-------------.--. .-..---.--\ ---------- x . 

- Metals & Controls Inc., Attleboro, Mass..........2...------.  ~----eeeee | eee x. 
National Carbon Co., Lawrenceburg, Tenn.___-------_-----. ---------._ >, 

' National Lead Co., Albany, N.Y. --------.----..-----.----- x eee xX 
Nuclear Fuel Services, Inc., Erwin, Tenn.._---..--.--__--~- x x 
Nuclear Materials & Equipment Corp., Apollo, Pa._.________ x x - xX : 

_ Nuclear Metals, Inc., Concord, Mass._--.__----------------.  ---------.  -----.---- xX . 
Sylvania Electric Products, Inec., Hicksville, N.Y.----------_  ---------.  ---------- x 

. United Nuclear Corp., New Haven, Conn... -.-.---_______ x x x ; 
Westinghouse Electric Corp., Pittsburgh, Pa._-------------_. ---------- ---------- x 

Source: ‘AEC 1965 Report on the Nuclear Industry, pp. 24, 27. - a 

operable in HMS Dreadnought. ‘Development was continued on the ap- : 
Radioisotopes.—AEC continued to with- plications of thermal energy from radioiso- . 

draw from isotope production in favor of | tope decay as small power sources for space, 7 
| private industry; nevertheless, AEC is still terrestrial, and marine purposes. Pu238, 

| the principle domestic producer, and dur- Po210, Sr90, Cm242, Cm244, Pm147, and 
ing the first 11 months of 1965 produced e144 were the leading isotopes in this field. | , 
a total of 1.1 million curies of distributed AEC published a photograph of a 10-gram — 
radioisotopes from the Oak Ridge National _ pellet of Cm?42 which showed it to be in- 
Laboratory. This was a 95-percent in- candescent while resting on a cool surface.8 
crease over the same period in 1964. An The Systems for Nuclear Auxiliary Power 

_ additional shipment of 670,766 curies of (SNAP) program continued to develop 
Co69 was made from the Savannah River compact, lightweight nuclear devices utiliz- 
Laboratory to the Brookhaven National ing both fission heat (reactors) and isotopic 
Laboratory for use in the High Intensity heat to produce electricity. SNAP-3, gen- . | 
Radiation Development Laboratory. In. erating 2.7 watts, completed 414 years in 
1965, AEC announced its withdrawal from orbit aboard a navigational satellite, dur- | 
the routine production and distribution of ing which it traveled over 500 million miles | 
Sb125, Ca45, Fe59, Se75, Sn118, Zn65, and and signaled clearly and regularly to track- 
S85, . | : ing stations around the world. Four other 

Research was continued on the many SNAP projects on space power, generating 
applications of isotopes to process radia- from -20 to 50 watts, were under develop- 
tion.7 Among these, the program on ment. | 
wood-plastic materials was significantly ex- Ten land and sea units operated in navi- 

| panded. Wood is impregnated with a gational buoys and weather station. Among 
liquid monomer and then irradiated with these, the Navy Oceanographic and Mete- 

Co? gamma rays. This. polymerizes the orological Automatic Device (NOMAD) 
plastic molecules, producing a solid wood- with a SNAP-7D, 60-watt unit, completed 
plastic composite which is harder, stronger, its second year of operation and still func- 
and tougher than the original wood, yet tioned well, despite an encounter with 
retains its original beauty. Radiation pres- . 
ervation of food continued to show promise —__7 U.S. Atomic Energy Commission. ' Isotopes 

° eqs ge in Industry, en in e Industria se oO 
for ultimate commercialization. Four AEC Radioisotopes and Ionizing Radiation, September 
research irradiators and the Marine Prod- 1965. us pert. of Commerce, Clearinghouse 

. : : or Federal Scientific and Technical Information, ucts Development Irradiator contributed to NYO-3337-16, September 1965, 184 pp. 

this program. - 8Page 230 of work cited in footnote 2.
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| Table 7.—Principal industrial producers of watt generator, was operated from June — 
oe radioisotopes to October and was removed then for 

| —_ Ficthod of production analytical testing. It operated two beacons 
| | ———______________._. and a foghorn. a 
a + Gyelotron _ Reactor A unique use for radioisotopes was de- 

Abbott Laboratories_._..... X x _scribed.2 To study the transport and dis- 
| ane Baboock & w ileox Co._- manage x - persion of bed-material in streams, sand. 

General Electric Co... eee (i‘é R labeled with radioactive Ir!9?. was released : 
New England a . from a line source on the bed of the river. 

. Nuclear Corp._--..--~--- X. x : 
: Nuclear Science& : _ The movement of the tracer particles was 

| Engineering Corp._--_--- x xX _ measured by monitoring the streambed with 
Union Carbide Corp.....-.-. -----.--..s_- X .. Ae . 
U.S. Nuclear Corp.__.____. X x — a. sled-mounted scintillation detector. Core 

, Western New York Nuclear x samples were also monitored. It was con-— 
mR esearen wenter mercer scoo-----_ cluded that the method was both experi-_ 
Source: AEC 1965 Report on the Nuclear mentally feasible and safe. : . 

Industry, p. 66. . a 

| - a | Depleted Uranium.—Depleted uranium 
| Hurricane Hilda in October. Anchored —that which contains less than the natural 

. in water 2 miles deep 300 miles south of abundance (0.71 percent) of the U235 
, ~ New Orleans NOMAD transmitted mete- isotope—continued to accumulate, although _ 

orological data for forecasting weather a slightly rising trend was noted in 1965 © 
changes in the Gulf of Mexico and was in its use as counterweights in movable | 

| developed by the Navy as a forerunner of a__ control surfaces of aircraft and as a shield- — 
: worldwide network of unattended weather ing material against gamma and X-rays. 

stations. a From 2 to 500 pounds may be used in the 
| | A 7.5 SNAP-—7E thermoelectric genera- wings of an aircraft, depending on its 

tor has remained unattended since July type. Gamma-ray projectors were used in 
: | 1964, and has faultlessly powered a sound making radiographic inspection of pipe- 

| transducer. It was implanted in water 3 lines, using Ir192 as a 100-curie source. 
miles deep about 750 miles east of Jack- Shielding in some of these instruments was 
sonville, Fla.. and was used as a naviga- provided with about 30 pounds of depleted 
tional device. Other devices that con- uranium. Depleted uranium, used in steel 
tinued in operation included a navigational alloys, as coloring agents in ceramic glazes 

| buoy and a lighthouse in Chesapeake Bay. and glasses, and in a score of minor chemi- | 
A navigational aid 80 miles southwest of cal and specialty uses, remained ‘little | 
Morgan City, La., using a SNAP-—7F, 60- changed and small in quantity. 

| PRICES AND SPECIFICATIONS | | | 

Uranium. Ore and Concentrate.——Ura- per pound of contained U:Os, and this 
nium ore prices were based on contracts be- price was continued in the new stretchout 
tween mines and mills and were not gen- contracts through the calendar year. For 
erally disclosed. Most mills stated that all UsOs delivered in 1969-70, AEC ex- 

prices for purchased ore were similar to pected to pay between $5.50 and $6.00 
the terms of AEC Circular 5 which expired per pound. In the fiscal year ending June 
in 1962. This stipulated a base price 30, 1965, AEC cost per pound of UsOs 
ranging from $1.50 per pound of UsOs on from Canada was $8.73 and from the Re- 
ore grade of 0.10 percent to $3.50 per public of South Africa it was $11.08. 
pound on ore containing 0.20 percent UsOs Uranium Metal.—Normal (natural) ura- 
or better; in addition, premiums were al- nium metal was quoted at $18 per pound 
lowed for ores over 0.25 percent UsOs and periodically in American Metal Market, 

for quantity and development allowances. unchanged from 1964. Prices for 25 per- 
The average value of uranium ore, based cent U235 were quoted nominally at $9 

on data supplied to the Bureau of Mines to $11 per gram. Prices for depleted ura- 
was about $4.05 per pound of UsOs on ore 
that averaged around 0.25 percent Us:Os. ® Sayre, W. W., and D. W. Hubbell. Trans- 

_The domestic contract price for specifica york and, Dupersion of Labeled Bad, Materia 
tion-grade concentrates continued to be $8 Paper 433-C, 1965, 48 pp.
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nium, delivered by AEC in the form of U235 content for 0.010, 0.050, and 0.90 | 
uranium hexafluoride (UFe), were un-  weight-fraction material, respectively. New | 
changed and ranged from $2.50 per kilo- specifications were announced which in- . 
gram (kg) of contained metal for material creased the minimum weight percent of , 
containing less than 0.38 percent U235 to UF. from 99.0 to 99.5 and defined the 
$22.60 per kg for uranium containing 0.7 maximum limits of other impurities.1° 

| percent U235, A new value for normal The AEC established new guaranteed © Oo 
UF. was set by AEC at $23.46 per kg of | purchase prices for privately owned plu- — 
uranium, based on the official change of |tonium and for uranium enriched in the 
the U235 assay assigned to normal uranium isotope U233,. Whether nitrate, dioxide, 
of 0.711 percent instead of the former as- or metal, the price was set at $10 per gram 
signed value of 0.7115 percent. _ of the contained Pu239 and Pu?4l, Similar 

| forms for uranium enriched in U233 were 
Special Nuclear Materials.—Base charges priced at $14 per gram of the contained 

by AEC for enriched uranium as UFe re- isotope U?33. These prices pertain only 
mained unchanged since July 1962 and to Pu and. U2?33 produced in a reactor _ 

| varied with the degree of enrichment from licensed under the Atomic Energy Act and | 
$4.77, $9.59, and $12.01 per gram of delivered to AEC before January 1, 1971. | 

| | FOREIGN TRADE | . 

| No uranium ores or concentrates were France, went by airfreight in November. 
exported. Uranium and thorium com-_ The full core, valued at about $11.6 mil- 
pounds and alloys were classified into bas- _lion, will consist of about 88,000 pounds 
ket categories. Exports of compounds were of uranium varying from 2.95 to 3.90 per- 
made to 19 countries and totaled 132,665 cent U235, : | | 

pounds valued at $264,607 ; metal and By the close of 1965, about 30 shipments | 
alloys went to 13 countries and totaled £ t reactor fuel from abroad had been 

4,783 pounds valued at $230,405. In ad- ° . th AEC Savannah Ri d Idah 
dition, under terms of the Atomic Energy | sent to fe avannan Miver ane sean 

we | i - chemical processing plants. During the 
Act, AEC distributed 19,470. pounds of  _. 14 new ports were cleared for ver- , 
U235, 583 pounds of Pu, and: 3.74 pounds | year, oe mew P . . Pe 

: . . mitting shipments of irradiated fuels, rais- | 
of U233 to foreign nations having Agree-_ . ° 

a . . ing to 35 the number of domestic ports | 
ments of Cooperation with the United allowing such shipments | | | 
States. The President had determined that —_ s uP " | 
330,000 pounds of U235, 1,195 pounds of - Domestic imports of uranium concentrate 
Pu, and 99 pounds of U233 should be made __ totaled 2,650 tons of contained UsOs or 
available for international .cooperation. 20.2 percent of total AEC procurement, 

_ AEC commitments have reached over two- compared with 31 percent in 1964; 1,930 
thirds of this total availability. tons came from Republic of South Africa, | 

Total value, as of mid-1965, of all special and 720 tons came from Canada. These a 
nuclear and other materials distributed by imports were based on contracts made dur- : 
AEC through sale, lease, and deferred ing the early stages of the procurement 
payment sales, increased to $141.7 million, program. Uncompleted balances of about 
and yielded $84.6 million in dollar revenues 1,330 and 720 tons, respectively, from 
to the United States. A shipment of en- South Africa and Canada, expire in 1966. 
riched uranium, a portion of the first fuel No uranium ores or unwrought, wrought, 

| core of the SENA power reactor at Chooz, waste, and scrap uranium were imported. 

WORLD REVIEW | 

Australia.—An Australian mineral-ex- lead discovery of Mount Isa Mines and the 
ploration company, Mineral Resources Pty. Gove bauxite deposit and was an aborigine 
Ltd., was acquired by Western Nuclear, 

Inc., along with exclusive exploration rights 10 Federal Register. Uranium Hexafluoride 
to about 5.5 million acres in Arnhem Land. Charges and Specifications. V. 30, No. 230, 
The area lies between the McArthur River i968, 0 ings. p. 1482; V. 30, No. 282, Dee. 2,
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| Table 8.—Free world production of uranium oxide (U,0;) by countries+ 
| oe . (Short tons) | | 

| Country 1961 (1962 = 1968 1964 1965 P 2 
Argentina...._..--.--.--..-.---..----- ©6. 4 en) ? 37 40 
Australia °_...--------~--- ee, 1,400 1,300 1,200 420 370 
Ganads,-—-—---n--~--~---—- nan nanan ne 0,68) 8,430 ? 8,352 79,285 4,308 

inland ©. ~~~. wane a ~~. a 
France___.---------------.-..--.--.--...——- 1,619 1,978 1,987 | 1,833 1,800 
Gabon..-.~--.------- 428 514 582 . §86 600 
Malagesy-—-------~---------~~-~--=-----—- 129 A 123 . 169 170 
ortugal.____..-- ---- w= a 

South Africa, Republic of_.....---.-..---.. | 5,468 5,024 4,532 4,445 2,942 

weden ©_..-- 2 eee . 
United States__-_--__-.--_---_.--2- 17,399 17,010 —:14,218 11,847 10,442 

Free world total © 8_....--...-------- 36,300 34,600 += 31,100 «= 26,700 +=. 20,800 

| e Estimate. ? Preliminary. * Revised. | . oe, 
1 Uranium is also believed to be produced in Czechoslovakia, East Germany, Hungary, U.S.S.R., 

and other Soviet-oriented countries, but production data are not available, and no estimates for 
these countries pave, been made. Estimates of production for these Soviet-oriented countries range 
rom 10,000 to 20, tons per year. — . 

2 Compiled from data available April 1966. So 
. 3Uranium is also known to have been produced in Colombia, India, Italy, Japan, and West 

Germany, but production data are not available; no estimate for these countries has been included. 
in the world total. . . - . 

reserve which was opened for prospecting and 900 tons per year with the Beaverlodge 
in 1963.11 | | mine in Saskatchewan beginning January 

Australian scientists have been deeply 1967 and extending through June 1970. 
| interested in Project Plowshare, the U.S. All contracts specify a price of $4.90 per 

AEC program for developing nuclear ex- -pound of U:Os. Stanrock Uranium Mines, 
plosives. A possible site for a new deep- ‘Ltd., the third remaining producer in the _ 
water harbor, excavated with nuclear ex- | Elliot Lake area, expected to complete 
plosives is on the Robe River in northwest- its contract early in 1966. Stanrock re- 
ern Australia. The area contains valuable COVers most of its uranium by a bacterial 
iron ore which is being developed for ex- leaching method which is also used by the 
port, initially to Japan. As a large arid Rio Algom mine, Eldorado continued a — 

line, the successful and practical develop- ™ent program at its Beaverlodge property 
| ment of harbor-building with nuclear ex- and estimated its reserves at 1.5. million 

plosives would be of great economic assist- tons of ore grading 0.21 percent UsOs. 
ance to Australia.12 French Government interests attempted 

Canada.—The 1965 Annual Report of to negotiate a purchase contract with 

Eldorado Mining & Refining Ltd., which Vanadian 0, annum producers ior om 
is a government-owned corporation respon- ations faile 1 whe Ganada i ‘ot ton 
sible for the administration of government ‘ef me en Manada insisted on 
contracts for the sale of uranium, among satisiactory guarantees that the uranium 

3 ° 

other duties, stated that sales of uranium yo Te used for. peaceful Pot as onl Y: 
for export was 7,059,466 pounds valued at to tie aD a laree tart of the! no ves at 
$55,128,622, a 37-percent drop in quantity the curren ‘ly d © a ed pric cir reserves a 
and a 28-percent reduction in value from An ny Cep ‘t P net WR-1 
1964. This quantity was only 23 percent went tC onerath es Now, ab ( me 
and its value was only 17 percent of that ~ into operation in November at the 
for the peak year of 1959 Whiteshell Nuclear Research Establishment 

To ease unemployment and maintain a u Engineering and Mining Journal. Western 

viable uranium industry, Eldorado, acting Duclear ieee oe Bea V. 166, No. 10, 
for the Canadian Government, entered into for Mining Journal piondon). Nuclear Blasting 
a stockpile agreement with three mines: No. 6769, May 14, 1965, p. 378, 
Rio Algom Mines, Ltd., for 300 tons per um Northern Miner (Toronto, Canada). Urani- 
year, and Denison Mines, Ltd., for 1,500 piling No. 25, Sept. 9, 965, D3. or rok 
tons per year, both in the Elliot Lake area radon oihern Miner j{Toronto, Canada) . nee 

sues ng nge Plans ui and whose contracts are to run for 5 years, serves. No, 15, sec. 1, July 1, 1965, pp. 1, 7.
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| of Atomic Energy of Canada Ltd. in Mani- Canadian producers. However, French of- | 
toba. It has a natural-uranium core mod- _ficials refused to agree to inspections that 

_ erated with heavy water and cooled by an would guarantee that the uranium would 
organic fluid (hydrogenated terphenyl). be used for peaceful purposes only. Paris 2 
Its thermal capacity is 40 Mw, but it will officials stated that such guarantees had 
be used only as a research tool, and the not been demanded by Canada of the 
U.S. AEC will rent half the facilities for United States and Great Britain, and that 
engineering tests on heavy-water moderated inspection was valueless because of the 
and organic-cooled reactors. | relative abundance of uranium. Since 

China.—Uranium output was reported France had ample supplies for its military 
as being 2,500 tons of ore per day, part of needs, they stated, it was obvious that the | 

: which was partially processed in Hunan Canadian supplies would be for peaceful 
province. The concentrates then were sent purposes.17 A report prepared by the con- 
to Czechoslovakia where half the uranium — sultative Commission on the Production of 
was retained as a processing charge. Ura- Nuclear Power concluded that French nu- 
nium deposits were discovered north and _ clear power should grow so that by 1975 
south of Chiu Lien Shan in the Man Ling about half of new power commissioned | 
Mountains. Production was reported from would be nuclear.18 Near the end of 
the Mao Shan, Chu Shan, and Hsia 1965, both Australian and Republic of 
Chuang mines, the first two in Kiangsi and South Africa mining officials announced 

| the third in Kwangtung.15 : that French representatives had discussed _ 
Czechoslovakia.—The first Czech nuclear _ the possibilities of uranium production con- 

power station at Bohunice was started in tracts with them. | | ) 

1958 and is expected to produce power by EDF adopted a new nomenclature for its 
1968. It will initially consist of one 150- nuclear power plants. EDF-1, 2, and 3 7 

: Mw gas-cooled heavy-water moderated re- became Chinon-1, 2, and 3, respectively; 
actor, although provision was made for the and EDF-—4 became St. Laurent-1. Chin- — 
future. construction of a second unit. Ex- on-1 (82 Mw) and Chinon-2 (250 Mw) 
cept for some consultancy with U.S.S.R. operated throughout 1965. Chinon-3 | 
experts, the project is being built entirely (480 Mw), the Chooz (266 Mw) joint : 

by Czech industry. Future stations, upto Franco-Belgian project Société d’Energie : 
7 four in number, were being planned for Nucléaire Franco-Belge, and EL-—4 (80 

completion in 1970. Mw) were well underway for possible op- 
Egypt.—After 7 years of nuclear devel- eration in 1966. St. Laurent-1 (480 Mw) 7 

opment, the successful extraction of high- was scheduled to go critical in 1967, and 
grade uranium from deposits in the eastern St, Laurent—2 (1,000 Mw) was scheduled | | 

| deserts was announced. Geologists have for 1969. Plans were also announced for 
| also discovered new radioactive deposits two new reactors: Bugey-1 (500 Mw), 

in an area 50 miles long between Damiette formerly called EDF-5, and Bugey-2 

and Port Said bordering the Mediter- (1,000 Mw). Two additional units were 
ranean.16 allowed for under the Fifth National Plan 7 

Finland.—Plans for a nuclear power and these could be at Bugey or in the | 
plant at Kotka ranging between 300 and Loire estuary.19 

500 Mw were announced. The EL-4 being built near Morlaix 
France.—Electricité de Fr ance (EDF), jointly by Commissariat 4 l’Energie Atom- . 

the State-owned electric utility network, 1S. ique (CEA, the French AEC) and EDF is 

finding it difficult to meet a rising demand . | } 
for power. Paris officials are concerned 15 Mining Journal (London). China’s Uranium 
about future uranium supplies in spite of Oren eee NO lela al oe ¥v. 
France’s known potential of about 50,000 92, No. 2, February 1965, p. 68. | | 

tons. They have recommended long-term Mining Journal Landon): "Uranus Mings in 
contracts with foreign producers in addi- 17EuroNuclear (London). Uranium Worry. 
tion to increasing prospecting activity both v2 No. 1. anuary 1966, Pine o leap F or. 
home and abroad. By 1985, the annual Inspection. v. 2, No. 6, Sune 1966, D. 267. h 
nuclear installation rate was estimated to uclear Engineering ndon). renc , 
be 3,000 to 4,000 Mw. An attempt was Tagan Bnergy Policy. V. 10, No. 106, March 
made to negotiate a 25-year contract for  Nucleonics. _ Vintage Year Forecast for 

, the purchase of 50,000 tons of U:Os with 1960. p. 2B Poliey. V- 28, No- 10 October
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a prototype heavy-water-moderated gas- quirements of uranium. The Federal Re- | 

cooled power reactor which will operate on public of Germany estimated that installed | 

natural uranium.2° , nuclear capacity for that country would | 

The first French atomic submarine had be 1,500 Mw in 1970, 15,000 in 1980, | 

‘reached the planning state following de- and over 70,000 in 2000.28 | 

velopment work by CEA at Cadarache and The Karlsruhe Reactor Center worked 

should be ready for launching in 1967 and on a high-temperature gas-cooled pebble- 

for combat duty in 1969. CEA received a__ bed reactor in which the fuel is in the form 

| 220-pound shipment of plutonium from of graphite-encased spheres. This included 

AEC, the largest sent abroad, for use in the construction of a 15-Mw prototype re- 

fast-reactor research at Cadarache. Fuel actor (AVR) at Julich. The coating of 

elements and control-rod followers fabri- fuel particles with pyrolytic carbon follows _ 

cated from uranium enriched at Oak Ridge, the patterns set at Peach Bottom (Pa.) 

Tenn., were shipped for the first core of and the Dragon project in Erigland. The 

the Euratom SENA power project at fuel spheres in AVR are 60 millimeters in 

Chooz. This is the third large power re- diameter and the thorium-uranium ratio is __ 

actor in Europe to be fueled by the United 5:1. A further design study was in prog- 

States and the second under the U.S.-_ ress in cooperation with Euratom of a 

Euratom joint program. Euratom pur- full scale (about 200 Mw) prototype of a 

chased the fuel under a long-term supply thorium high-temperature reactor on the 

contract. Deliveries will continue into AVR principle.?* | 

1966 and will aggregate almost 44 tons of © India.—The Trombay plant of the In- 

: uranium containing from 2.95 to 3.35 per- dian Atomic Energy Establishment began 
cent U235. extracting plutonium early in 1965, using 

| _ Germany, West.—The 15-Mw boiling- spent fuel from the Canada-India 40-Mw 
| water reactor at Kahl provided valuable reactor. India’s intention to build three 

operating experience and engineering data more of the Canadian Candu reactors was 
| throughout 1965. A 250-Mw reactor at announced at the Japan Industrial Forum. 

Gundremmingen, scheduled for operation One would be a 400-Mw twin reactor at 

in 1966, will be Germany’s first full-scale Kalpakkam in Madras State and the other 

7 nuclear station. Construction continued would be a 200-Mw station at Rajasthan. 

on a second 240-Mw reactor at Lingen, These are hopefully to be completed by 
and site work for the third and largest (282 1971 and, with the 380-Mw American 

: Mw) pressurized-water reactor at Obrig- boiling-water reactor being built at Tara- 
heim was started early in 1965.21  Allge- pur, north of Bombay, will give India over 

' meine Elektricitaets Gesellschaft of Frank- 1,000 Mw of installed nuclear-power ca- 
furt, the major German electrical equipment pacity, the target for the first 5-year eco- 

manufacturer active in reactor construction, nomic-development plan. The 1971-75 

contracted with Susquehanna-Western, Inc., target was set at an additional 1,800 Mw 
Falls City, Tex., to supply 475,000 pounds of installed capacity.25 _ 
of UsOs in concentrates. The concentrate Israel—A U.S.-Israeli joint effort to 

was to be shipped to AEC in exchange for qevelop a large-scale sea water desalting — 
an amount of enriched uranium suitable plant may result in the use of a nuclear 
for fuel elements for the Lingen reactor.?2 reactor, and a combination power and — 

_ The Second Congress of Forum Atom-  water-conversion plant was discussed, which 
ique Europeen (FORATOM), an organi- would produce 200 Mw and 100 million 
zation of the atomic industry associations 
of the six Euratom countries, was held in 2 Carle, R., and R. Gibrat. EL-4 and the 
Frankfurt in September and was attended hen ene oF a ey ib oa eer ane 
by 923 delegates from 22 countries. Much 21 Nuclear Engineering (London). V. 10, No. 

technology was discussed in papers, but it 33 Meee rine 2a Mining Journal. U.S.-West | 
was also pointed out that nuclear nation- German Uranium Agreement. V. 166, No. 9, 

alism and local patriotis m prevented full SB aesNuclen a London). Second Foratom 
cooperation in the scientific, economic, and Kongress. V. 2, No. 10, October 1965, pp. 477- 

other peaceful uses of nuclear energy in eo Nuclear Engineering (London). The Pebble- 
urope. Several speakers referred to the Bed Reactor. V. 10, No. 112, September 1965, 

waste of duplicated effort. Another pre- PP, 317-360. | 
occupation concerned the long-term re-  igg5 uoeonics Week V- & No. 40, Oct. 7
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gallons of desalted water per day. Esti- and a 500-Mw unit in Catalonia for com- | 
| mates of the water cost range from 15 to pletion by 1972. The Catalonia plant will a 

40 cents per thousand gallons. Israel be jointly owned by three Spanish utilities 
__ would like the plant to be in operation in’ and the French EDF. Spain will use 75 

the early 1970’s.26 percent of the power, and the remainder | 
Italy.—Italy was classed as an important will go to France along a 380-kilovolt 

market for nuclear power expansion. Water power line.32 | 
power has been the basis of her industrial Sweden.— Production started at the Ran- | 

" development but additional hydroelectric stad uranium mill which has a planned 
power sites are scarce. Thermal power capacity of about 135 tons of UsOs per | 

| production is rising steeply but coal and year. Raw material is uranium-bearing oil — 
| oil must be imported.. These economic shale, and reserves have a total uranium | 

_ facts led to the planning, as early as 1957, content of about 1 million tons. By United 
of the Latina 200-Mw, the SENN or Gari- States and Canadian standards the ore is 
gliano 160-Mw, and the Enrico Fermi 300- low grade, assaying only 300. grams— : 
Mw nuclear stations. Garigliano was shut about two-thirds pound—of uranium per 

_ down most of 1965 for a scheduled main- ton. The 12-foot bed of shale is covered | 
tenance program in which stainless-steel with 40 feet of overburden, which is 
Cladding was replaced with Zircaloy.2? stripped with a dragline.33 | 

: Japan.—Uranium ore deposits contain- The Central Operating Management, the : 
ing from 0.1 to 0.2 percent UsOs were joint organization for the Swedish State 
discovered in Western Japan. The 150- Power Board and private and municipal 

| Mw Tokai Mura power reactor of Japan electricity generator groups, expected that 
Atomic Power Co. went critical in May nuclear power would become competitive 
(1965. It is of the Magnox type developed in Sweden after 1970 and that two com- , 
in England where the fuel elements were mercial installations would be started be- ae 
constructed and where they will be re- fore 1975. Sweden’s first nuclear-power | 

_ processed. The company was considering station, the Agesta reactor, in a suburb of | 
a 300-Mw plant of the light-water type Stockholm, went critical in 1963. It is a 
based on bids tendered by U.S. manufac- _ pressurized, heavy-water-moderated reactor 
turers.28 7 | of 65 Mw of thermal power and is used 
- Pakistan.—Canadian General Electric for both electric power and space heating. | 
Co., Ltd., Toronto, Canada, signed an The second reactor, a boiling heavy-water 

| agreement to build a 137-Mw heavy-water type being built near Marviken as a de- | 
plant of the Candu type.?9 velopment project, is expected to have a | 

Spain.— Geological formations that may capacity of about 200 Mw. The private 
| yield uranium have been found in several power producers Atomkraftkonsortiet 

provinces and prospecting in these areas (AKK) was considering a 400-Mw plant 
may begin in the near future. The Span- in Simpevarp.34 | 
ish Atomic Energy Commission planned Switzerland.—At the end of 1965, four | 
another milling plant, possibly in Ciudad nuclear-power projects were in an ad- 

. Rodrigo, in addition to the plant in Andu- — Enginesring News-Record. US. Israel 
jar. Spain ranks sixth among the world’s ginay 100 mgd Desalter. V_ ‘174, No. 7, Feb. 18, . 
uranium producing countries and is sec- 1965, P. 50. Al do. Special Report from South- 

ond after Fr ance in West Europe with ern Europe. Nuclear Eng, v. 10, No. 110, July 
respect to uranium resources. A contract 1965, pp. 262 268. maki Jevan'’s’ Nuclear 
was concluded between Union Electrica pyture Nuclear Eng.. v.10, No. 111, August 
Madrilefia and Westinghouse Electric Corp. 1965, pp. 288-289. ; 
for the construction of Spain’s first nuclear vachh gS Ne, ee 1966. na 2 AP 
power plant at Zorita de los Canes. The 3 Bureau of Mines. Mineral Trade Notes. V. 

150-Mw plant is scheduled to begin operat- "a Bovezu of Mines.” Mineral ‘Trade Notes. 
ing in late 1967.30 The reactor will be Vv. 61, No. 3, September 1965, p. 59. : 

fueled with uranium produced in Spain, [Engineering Neys Hesord, Spain Launches 
and enriched in the United States under a_ ». 52. ; 

special barter agreement.31 Other reactors |, . World Mining. tan Oo pre ote Ne 
planned include a 300-Mw unit at Santa 11, October 1965, p. 87. Lend Swedish 

: + + naon). wedals 2 350-Mw anit at Castillon for 1971.72, Nuclear Activities. “V. 10, No. 108, March 196, 

232-748 O-67—63
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vanced stage of consideration.: The Lucens and Wylfa .(1,180 Mw) were in various 
| plant, a federally subsidized experimental stages of completion. Of the 1 0 stations, = 

plant with a Swiss reactor having a capac- 6 were considered as commercial plants, - 
: ity of 7 Mw, was under construction and and each had 2 reactors. The other 4 

_ was expected to be completed in 1966. were prototype and developmental units, 
| Construction was started in 1965 on a 350- and 1, Dounreay has become an irradiation | 

Mw power reactor for Northeast Swiss Co. facility principally.36 | 
-at Beznau and was scheduled for comple- Britain has spent much time and money 
tion by 1969. A 300-Mw plant, Muhle- on reactor development, and most of both 

- berg I on the Aare River, and a 600-Mw have been in developing gas-cooled, graph- | 
' ' plant, Liebstadt on the Rhein River, were  ite-moderated (GCGR) _ reactors. The 

| in the planning stages, to begin construc- latest development of these is known as 
-. tion either in 1966 or 1967. Three other the Advanced Gas-Cooled Reactor (AGR), 

projects were under consideration—Beznau _the first unit of which. will be known as 
: II, Muhleberg II, and one at Geneva.: | yemeencss one a net output ol yen 

oe ow oo - Mw. -Mw prototype as been 
7 USS.R.—Soviet Scientists continued to operating at ‘Windscale’ since 1962. Ac- 

argue the relative merits of big _boiling- cording to the United Kingdom Atomic | 
| ‘water reactors and fast-breeders. It would Ener ey Authority (AEA), the competitive 

not appear that a country rich in coal and ability of AGR over. alternative systems | 

oil TESeTVES, as well as a huge hydropower has been confirmed. Gas-cooled reactors 
potential, would find nuclear energy at- have been demonstrated by eight GCGR at 
tractive. However, the hydropower « is Calder Hall and Chapelcross aggregating 

mainly in. Siberia and most of the popula- 450 Mw and which have produced over 22 
tion is in European | Russia and the — million Mw-hours of electricity in 8 years 

: Ukraine. Furthermore, coal is also distant of operation through 1965. These use 
| from the population centers and oil reserves na tae, al-uranium fuel elemen ts sealed in | 

are widely scattered and often in inhos- cans of magnesium alloy —Magnox—hence 

pitable mars alands. Beloyarsk, . 100-Mw they are known as Magnox reactors. Im- | 
euperheat reactor with some breeding 1 ODD. portant engineering improvements and Te- 

Yo W Pe ’, duced costs have resulted from the building 
Mw unit was being built. . Novovoronezh, of 28 Magnox reactors ranging from 138 | 
a 210-Mw nonsuperheating pressurized- Mw.-to 590 Mw. Two were built abroad— 
water reactor went into operation in 1964, Latina in I taly ‘an d Tokai Mura in Japan. 

and work was underway on a second 365- In AGR the metallic uranium fuel was 

Me Um, Wark proceoded on 2 800-Mw placed by ceramic uranium oxide which 
of the Caspian se It was to b dual- permits higher operating temperature and 

ib f a. s d © a Cua q 3 higher fuel burnup. The canning ma- 
rater d P ie ror eA r re uction an terial selected was stainless steel which per- 
water desalination. these when com- mits a surface temperature up to 750° C. | 
pleted will give the Soviet Union a little Since stainless steel absorbs more. neutrons 

_ over 1,000 Mw of nuclear power capacity.® than Magnox, it has been necessary to en- | 
United Kingdom.—Britain had 10 nu- rich the initial fuel slightly to 1.46 in the 

: clear-powered generation stations with 22 inner region and 1.76 percent U235 in the 
reactors in operation, having a generating outer region. In the Windscale reactor the 
capacity of 3,400 Mw, the greatest of any fuel elements operate at red heat and the | 
country in the world and over three times CO. gas coolant is heated to 600° ‘C, per- 
that of the United States. Three others, mitting steam to be produced at 565° C 
Sizewell (580 Mw), Oldburg (600 Mw) and 2,300 pounds pressure.37 

WORLD RESERVES — 

AEC estimated uranium reserves minable ————————— 

at $8 per pound of UsOs on January 1, yojsWintems Den. Latte, Prom. the, Soviet 
1966, as 61.6 million tons of ore with an 33. 

average grade of 0.235 percent or 148,000 ,.ufras, Ac ©. DPI, as on, radiation 
tons of UsOs. This was a decrease from 1965, pp. 383-387. 
the previous year of 1.4 million tons of UK Nuclear (London). AGR Success in the 

ore and 7,000 tons of UsOs. Moore, R. V.— Gas-Cooled Reactor Development



oe Table 9.—Free-world estimated resources of uranium 

(Thousand short tons) — | . 

Price range per pound of UsOs $5 to $10 : $10 to $15 «$15 to $30 | a 

Reasonably Possible Reasonably Possible Reasonably Possible 
Country | assured additional assured additional . assured additional 

| . resources resources resources | resources resources ‘resources 

United States: 

Conventional deposits._____--__-.-_.-.-.-.~.----~.----- ae. 175 325 100 200 100 140 
Byproduct of phosphate operations____._-----_---__-.-_-~----_--- 20 _--~ 50 ~~ 70 300 

Total___.-._---.---------------- eee 195 825 | 150 200 170 440 
Canada____--__--_-____-_---- eee 210 290 130 170 | 100 200 
Argentina___--~_--__-__--------------~---~------------------~------ 5 ~ 15 5 — 12 ---- NA 

Europe: ; 
Denmark (Greenland)_.._.--..---.-- ee NA NA 5B — NA NA NA 
France..__-------~--------~----------~----.---- 37 28002 5 10 NA NA ct 
Portugal____-_---_-_.-. 1 eee 7 " 38 | NA — 6 NA 10 
Spain________----.--..-------------2-----s-ss ee ee i NA  ~—~«*NA 40 NA 250 . 
Sweden____._-___--_------_--_-------------------..-----------. NA | NA 850. B60 150 200 A. 
Other 1______----___---- ee 5 20—« 6 NA NA NA cG 

Total____.-_----------- ee 60 NA 866 NA NA NA 
! A ET A EAD 

Africa : - a 7 | 
Angola (Portugal) ---_....-----..------.-.-------..------.--.- NA | NA NA 15 NA NA | 
Gabon._____...--.----------.--------_--- ee. OR NA . NA NA | NA NA 
Morocco_.._~--.----~-~.---------~---------~------------------ 6 NA | —11 NA 8. NA 
Republic of the Congo (Léopoldville)__.____________...-_..--_.-. 6. NA NA NA NA NA 
Republic of South Africa____....____--_----.------..----------~-. 140 . NA NA NA NA NA . 

Total_____._-.--.--..----.--------- ~~ ee. 157 NA 11 NA NA . NA 

India._.....------- eee NA NA . 16 NA NA NA 
Japan____.----- ee NA NA 3 NA NA NA 
Australia_____..-----.---- e+ 15 NA 3 NA 1 NA 

Total_______-_-______--____-__------------ ee. 642 NA 684 — NA NA NA 

NA Not available. ) 
1 Italy, Spain, Turkey, West Germany, and Yugoslavia. | | . 

Source: European Nuclear Energy Agency “World Uranium and Thorium Resources.” Organization for Economic Co-Operation and Development, Paris, 
France, August 1965, 22 pp. . | | 

| | OS oe % 
/ ow
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| Early in 1965, the Steering Committee nomically exploitable in the given price 
of the European Nuclear Energy Agency range. The general tendency was to un- 
(ENEA) set up a study group of 11 ex- derestimate resources when available data 
perts from 6 countries and the ENEA staff, were meager. _ 

| to establish world estimates of uranium and AEC lied the: esti t h . 
thorium resources which are known to table 9 for the U e i Stat es Usank m 
exist or which can be estimated or inferred. . M ort " ely . “hoe h » rock. 
These were tabulated as in table 9 for each re Indi a ad areey in re osphate neue. 
of a series of price ranges and for two heie rf ks an J “Veta costs fethes th 
degrees of accuracy in each range. “Reason- | crenuly shoul db e hore shov ether th he 
ably assured resources” was defined as ma- fest coh sou Si © is i Te the Ane, ie the 
terial in known deposits of such grade, — rst column. er bed e e. a th, ” | 
quantity, and configuration that it can be second or cigth Ph, © oer ot . er te 

profitably mined and processed under pres- for 1 Or. - d 3 wr otals q er oe 
| ent technology within the given price range. he co inel be ? of he lac © of to 

‘Possible additional resources” refers to ma- fo, | nation £ ess Decause ort the Jack of in- 
terial surmised to occur in unexplored ex- *O7™744ON for many countries. , 
tensions of known deposits, in undiscovered Resources for U.S.S.R., China, and East- | 

_ deposits, known or postulated uranium dis- ern Europe were not considered by the 
tricts, and which is expected to be eco- study group. _ a oe 

. a — - . - TECHNOLOGY - | 

Nuclear Science Abstracts,3® which may deposits, only a few. of which have pro- 
be considered to be a complete index of duced more than 1,000 tons of ore.48 
international. nuclear-research reporting, Wyoming, already extensively covered by 
contained 48,118 items in 1965, compared geological surveys of uranium deposits in 
with 45,203 in 1964 and 42,247 in 1963. previous years, was the subject of additional 

AEC also reported the scope of its funda- in the U.K. Nuclear Eng., v. 10, No. 118, 
mental and basic research programs. October 1965, p. 367. | 

Concise summaries of current atomic-energy 8 U.S. Atomic Energy Commission, Division of | 
. : . Technical Information. Nuclear Science Ab- 

developments continued to be issued in a _gtracts.. V. 19, Nos. 1-24, issued semimonthly, 
series of quarterly Technical Progress Re- 1965, no, PP. SE c oo Fund 

° e ° De mic nergy ommission.. nda- 

views which evaluated the latest findings mental Nuclear Research. December 1965, 388 
in five specific areas of nuclear technology pp. : 
and science.40 ————. Summaries of the USAEC Basic Re- | 

° oe .. search Programs in Metallurgy, Solid State 
The geology of uranium deposits in and Physics, and Ceramics (Fiscal Year 1965). U.S. 

ept. o ommerce, Clearinghouse for era 
ar ound San Juan County, Utah, were de- Scientific and Technical Information, January 
scribed in three publications of the Geo- 1966, 464 Pg AFR 1 Associat 

; ‘ axer, . ‘9 ° e upp, an ssociates 

logical Survey. The first described a 1,000- (Oak Ridge National Laboratory). Isotopes and 
square-mile area around Elk Ridge in the Radiation Technology. V. 2, Nos. 1-4, 1965, 

364 pp. canyon country of southeastern Utah where Cottrell, W. B., W. H. Jordan, and Associates 
exposed sedimentary rocks range in age (Oak Ridge National Laboratory). | Nuclear 

* * afety. V. 6, Nos. 1-4, 1965, 477 pp. from Pennsylvanian to Jurassic and total Dayton, R. W:, E. M Simons, and’ Associates 
about 6,000 feet in thickness. Uranium {Battelle Memorial Institute). Reactor Materials. 

' . 8, Nos. 1—4, ’ pp. 
ore has been produced from two parts of Lawroski, Stephen, and Associates (Argonne 

re area which lies across the north end National Laboratory). Reactor Fuel Processing. 
- 8, Nos. 1—4, , pp. 

° e Monument upwarp. The area on Zinn, W. H., and J. R. Dietrich (Combustion 
the gently dipping west flank of the Monu- Engineering, Inc.). Power Reactor Technology. 
men u wh: uri ° 8, os. 1-3, 1965, 198 pp. 

t upwarp, where buried sandstone "1.7 ovis, RB. Q, St, and R. H. Campbell, 
channel fillings in Triassic rocks are the Geology and Uranium Deposits of Elk Ridge and 
sites of copper-uranium deposits, some con- Vicinity, San Juan County, Utah. Geol. Survey 

oe oats Prof. Paper 474—B, 1965, 69 pp. . 
taining over a million tons of ore, was @Thaden, R. E., A. F. Trites, Jr., and T. L. 
described in the second publication.42 The Finnell. Geology and Ore Deposits of the White 
third publication described massive sand- tah. Geol, “Survey Bull. 1125, 1965, 166 DD. 1€8 
stone beds within the Salt Wash Member Usenet rT. C.,. and F. G. Lesure, | Geology, and 

of the Morrison formation which contain gan Juan County,” Uta Gent, Survey Ball. 
many scattered, small uranium-vanadium 1190, 1965, 102 pp.
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detailed studies. The rocks of the Wind UsQOs and the proved and probable reserve _ | 

: River basin, which contain commercialcon- at July 1964 was estimated to be nearly | 

centrations of uranium, notably the Gas 500,000 tons containing 1.3 million pounds 
Hills uranium district, were described and of U:Os.52 Production began at the Lake 

mapped in detail.44 A similar study was Cinch deposit in the Beaverlodge Camp, 

made of nine different areas in the Willis- | Saskatchewan, in 1957 and ceased in 1960, 
ton Basin which covers an area about 280 when the contract terminated. This was 

: miles long and 195 miles wide extending the highest-grade ore producer in the area. 

between the 49th and 45th parallels and the Uranium mineralization was in pegmatites 

- 102d and 107th meridians in North Da- and veins in faults, shears, and fracture 

kota, South Dakota, and Montana. All zones containing pitchblende.53 | . 

the uranium-rich deposits studied are in the Another publication in the series on ura- 
. ° Pp e e e e. ° e P . ° 

Do unglaciated part of the Missouri River nium mining was issued by the Bureau of 

Plateau, and the uranium occurs principal- Mines. Operation and costs at the Section 

| ly in carbonaceous shale and lignite al- 23 mine of Homestake Sapin Partners, Am- 

though a few uranium-bearing sandstone  brosia Lake district, N. Mex., were de- | 

deposits are known,45 The Cave Hillsarea scribed. This operation was considered 
of Harding County, S. Dak., covering about to be typical of other mines in the highly 

215 square miles, although included in the productive Morrison formation in New a 

Williston Basin paper, was given a still Mexico. Ore bodies are irregularly shaped 
more detailed study, which included sam- and vary in size and rock strength. Four 

ling by surface sections and auger cuttings — WZ | | | 
Pp © y 1 d Th 6 1 8 44 Keefer, William R. Stratigraphy and Geo- 
m five -selecte areas. e samples were logic History of the Uppermost Cretaceous, 
analyzed by chemical, radioactivity meas- Paleocene, and Lower Eocene Rocks, in the Wind 

. . ° iver asin, yoming. eol. urvey ° 

urement, X-ray, and spectographic analy- Paper 495-A, 1965, 77 pp. : | 
ses, and Microscopic examination.46 Van Houten, F ranklyn B. Tertiary Geology . 

. . of the Beaver Rim Area, Fremont and Natrona | 
The seventh chapter of a series on the. Counties, Wyoming. Geol. Survey Bull. 1164, 

| | am. : : _ 1965, 99 pp. 
| geology of uranium-bearing veins was pub-  ““ss Denson, N. M., and J. R. Gill. Uranium- 

lished. A review of the literature shows Bearing Lignite and, Carbonaceous Shale in, the 
: : ‘ ‘$ outhwestern Part of the Williston Basin. Geol. that uranium vein deposits occur in many Survey Prof. Paper 463, 1965, 75 pp. 

structural environments which are similar R ‘« Pipiringos, G. N., Ww. a Chisholm, and 
. Ste . C. Kepferle. eology an ranium. Deposits 

to those for other mineral deposits and that in the Cave Hills Area, Harding County, South 
| in many districts the veins have character-. Dakota. Geol. Survey Prof. Paper 476—A, 1965, 

« ° ; : ’ ° e ° 64 pp. . . . 

istic structural patterns that might aid in 47 Osterwald, Frank W. Structural Control 
prospecting for unknown districts.4¢ Three of Uranium-Bearing Vein Deposits and Districts 

i in j - in the Conterminous Unit tates. Geol. Survey other papers, particularly useful in inter Prof, Paner 455-G, 1965, pp. 121-146. 

preting uranium deposits in sandstone, were ‘ Rosholt, J. No A. i: Butler, E. L. Garner, 

blished.4 an . R. Shields. . Isotopic Fractionation of 
. Pun ished ° Is d ‘bed i ded halli Uranium in Sandstone, Powder River Basin, 

cw minerals describe inclu ed h HI Wyoming, and Slick Rock District, Colorado. 

mondite, a lead uranyl arsenate found in Econ. Geol., v. 60, No. 2, March-April 1965, pp. 

the Black Forest, West Germany,‘ and Rosholt, J. N., M. Tatsumoto, and J. R. 
moctezumite, found at Moctezuma, Sonora, Dooley, J r. Radioactive, Disequilibrium Studies 

Mexico.5° Several unusual uranium de im Sendgtans,, Howden Rive oe Beal 
posits were described, in which the ore oc- __v. fo No. 2 May 1965, Pp. 407-484. Urant 

: * , awe, . C., an . ©. Granger. ranium 

curred as yellow boulders weighing up to. Ore Rolls—An Analysis. Econ. Geol., v. 60, 
143 pounds and in which about 11 urani- No. 2, March-April 1965, a 240-250. N 

° ° ° aienta, urt. allimonaite, a. ew 

um minerals were identified.>1 a Uranium Mineral From the Michael Mine Near , 
The geology of two important Canadian Reichenbach. 65 Mineralogist, v. 50, No. 9, 

: : : ° : eptember » Pp. 3—-1157. 
. uranium mines was described in detail. 2 Gaines, Richard V. Moctezumite, a New 

The Metal Mines Ltd. mined 2.8 million Lead Uranyl Tellurite, Am. Mineralogist, v. 50, 
: . . o. 9, September 1965, pp. 1158-1163. 

tons of ore in Faraday township, Hastings 51 Gross, Eugene B. A Unique Occurrence of 

County, Ontario, containing over 6 million Uranium | Minerals, Marshall Pass, Saguache 

; ounty, Colorado. Am. Mineralogist, v. 50, Nos. 

Se A ae Me PE Pe in ta . e deposits are in a pegmatite zone 52 Bullis, A. R. Geology o etal Mines . 

i i . : (Bancroft Division). Canadian Min. and Met. 

DO! to OOF percent UsOe and enriched Pn, Nic NGO TO HEE, PB: te at . . sUs, and enri 53 Turek, A. ology o ake Cinc ines, 

1 i Uranium City, Saskatchewan. Canadian Min. 

portions may contain 3 to 4 percent UsOs. sa" Met. Bull. V. 58, No. 634, February 1965, 
Mined ore averaged about 0.11 percent pp. 183-192.
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_ different mining methods are required: Re- trichloride of 8.7 to 13.3 weight-percent _ 
treating room-and-pillar, sublevel slicing uranium. Initial cathode current densities 
(top slicing), horizontal cut-and-fill, and ranged from 300 to 1,500 amperes per 
modified ring-drill method. Mining costs square foot. The current density dropped . 
in 1962 averaged about $6.80 per ton of from the initial value, as the uranium de- 
ore, not including amortization, deprecia- posited in dendritic masses with a large 
tion, or Federal taxes.54 7 , surface area. Electrolysis had to be con- 

Uranium assays from gamma-ray logs of | ducted in an inert (helium) atmosphere, 
_ exploratory drill holes were used to com- and _ consolidation of -the crystals, after 

pute grade and tonnage of ore using both thoroughly washing ‘in dilute acid, was ac- 
. a polygonal method and statistical analysis. complished by arc-melting in an inert at- | 

Statistical analysis of assay data can pro- mosphere.58 7 a : 
vide much more information for mineral- — The oxidation behavior of uranium in 

| deposit evaluation than can conventional carbon dioxide is important in the current __ 
methods of estimating ore reserves from types of British and French gas-cooled nu- 

_ the same data, providing certain require- clear power reactors. Although the urani- 
| ments are met. The effects of stratified um in these reactors is ‘encased in stain- 

sampling, required minimum mining thick- less steel, occasional leaks permit carbon — 
: ness, and increased assay-interval length dioxide to contact the uranium inside. 

| were investigated.55 7 _ Tests showed that the oxide formed by in- 
Union Carbide Corp. utilized big-hole teraction of uranium and carbon dioxide 

rotary drilling to develop two small under- between 350° and 650° CG was protective 
ground mines in the Gas Hills district, initially but then nonuniform oxidation 
Wyo. A service shaft on the Thunderbird and cracking occur, leading to a gradual 
property was drilled as a 60-inch hole 377 —_ acceleration of the oxidation rate. Carbon _ 
feet deep, and it was fitted with a 48- monoxide produced in an initial stage re- 
inch steel casing with a Y-inch wall. A acts to form UO, and C or UCG:.59 In 
second service shaft nearby was drilled investigations aimed at selecting oxidation- — 
48 inches in diameter and cased with a __ resistant uranium-alloy coatings for fuel 
36-inch pipe, and was fitted with ladders, elements in gas-cooled reactors, it was 
landings, and service lines. A similar pair found that UCu; had good possibilities. 
of shafts 435 feet deep was drilled on the In the temperature range 350° to 850° C, 
Rox property about 1,100 feet from the UCus in a COs atmosphere first forms a 
Thunderbird. All shafts were cemented UO.Cu mixture followed by migration of 

: between casing and ground, using a 50-50 the copper to the outer surface.60 
mix of pozzolana and cement. The Rox ~— Nuclear energy is expected to play an 
shaft was drilled in 210 hours and com- important part in water desalination, par- 
pleted in 13 days. It cost $178 per foot ticularly where the relatively low-cost heat 
for the main shaft and about $122 per from large reactor installations can be util- 

| foot for the service shaft.56 . “HYouns, W. E., and D. T. Delicate. Mint 
A study was made in which the historical, you: W; E. and D; T. Delicate, Mining _ technical, and economic data on most of | Homestake-Sapin Partners, McKinley County, 

the world’s big holes drilled from 1927 “rs Sthouier, Genres B. Seaticteal Anglesey through 1965 were tabulated. This in- Gamma-Ray Log Sample Data From a Uranium 
cluded about 170 commercially drilled | Peposit, AM Nines Rope tt Veniniey County, 
holes, 50 access shafts for gas-storage cav- 49 pp. ; . ems, and over 150 holes drilled by AEC ywtatloy, I By and J, A Tevelt | Mining for testing nuclear detonations. These  v. 50, No. 12, December 1965, pp. 37-41. 
holes have ranged from up to 300 inches Study oe qromas. B. Eee Hole pring, 2 
in diameter and 1,600 feet deep to 72 December 1965, pp. 71-75. 
inches in diameter and 4,000 feet deep. refinine Pe, Rope ond TA, Sullivan. apontro- 
Included is an excellent list of references BuMines Dep. of Inv. 6624, 1965, 14 pp. 

on the drilling of big holes.®7 Pure Uraniuin tn Carbon Dro, Mechanism of Uranium metal of improved purity was and 650° C. J. Electrochem. Soc., v. 112, No. 9, prepared on a laboratory scale by electro. Seger igh, on, ip-gut °°" YO refining commercial magnesium-reduced Oxidation of the Uranium-Copper Intermetallic uranium in a molten (860° C) sodium  Compamd UCu, In Carton Dioxide Between S50 chloride electrolyte containing uranium No. 9, September 1965, pp. 1676-1682.
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. _ ized, either in single-purpose or dual-pur- 1965, at which about 250 papers were , 
pose (desalination with power production) presented. ‘The central problem of fusion | 
plants. At the First International Sym-_ research is to excite a deuterium-tritium 
posium on Water Desalination in Wash- mixture to an energy equivalent to well 

| ington, D.C., October 3—9, 97 papers were over 100 million degrees K, and contain : 
delivered while another 28 were submitted it in a highly evacuated vessel without | , 

| for publication. U.S.S.R. representatives touching any walls which would cool it. | 
| presented four papers on a low-capacity. Under these conditions, matter exists in 

~ and a large-scale reactor concept, a paper the plasma state, and deuterium and triti- 
from Britain discussed a dual-purpose unit um will react together to produce helium-4 = 
employing the Advanced Gas-Cooled re- with the release per unit of mass of more | 
actor; and two United States papers dis- energy than that obtained in the fission of | 
cussed the potential of nuclear energy for uranium. The only feasible way devised to | 

_desalting and described a dual-purpose insulate a plasma is in a magnetic trap. 
1,800 megawatt electrical, 150 million gal- Methods of producing plasmas were dis- | 
lons-per-day plant being studied for South- cussed, but many details must be resolved 
ern California.61 | before fusion power becomes feasible.64 A 

A single-purpose desalting plant, based review of progress and problems of thermo- 
on a new concept by AEC, was the subject nuclear power was published.®5 Scientists 
of a design study by Bechtel Corp. The of General Dynamics Corp. who had toured 
nuclear unit consists of a conventional all the Russian fusion research centers, 
water-reactor core at the bottom of a water- stated that the U.S.S.R. was ahead of and | 
filled tank 150 feet deep, encased in a was spending about five times as much as 
steel-lined concrete cylinder extending 100 the United States on research in this field. | 
feet underground and 50 feet above They estimated that technology permitting | 
ground. The water depth provides suffi- controlled nuclear fusion for power genera- | 
cient static head to prevent boiling in the tion probably lies 20 years ahead. 
core at a reactor-coolant outlet tempera- §=£—-H— | 
ture of 270° F. Reactor coolant flows 61 Hitchcock, A. Nuclear Desalination Pros- | 

through three stages of brine heaters in Deets ber ta6b on b8S v. 2, No. 11, 
: series which are located at the bottom of Nucleonies. Desalting Symposium Report. V. 

the reactor structure. The plant will be 23. No. jd: November 1966, genie Purp ose De- 
designed to produce 50 million gallons of salting Plant. V. 6, No. 34, Aug. 26, 1965, pp. _ | 

desalted water per day.6? Single-purpose +S Nucleonies. Desalting Technology—1965. © | 
and dual-purpose reactors and the use of V..23, No. 9, September 1965, pp. 43-55. 

, large-scale nuclear desalting plants for agri- Fuse Niners “y. aa no Of orld 
cultural water were discussed.63 1965, pp. 64-69. , 

The status of controlled thermonudear J Nepean (L oO don Pook at Pigg Physics. 
fusion was discussed at the Second Inter- 1965, pp. 548-549. 

national Atomic Energy Agency (IABA) qa Aoderiek. Uilierd, end arthur, © Ruerk 
Conference on Plasma Physics and Con- nol., No. 45, September 1965, pp. 18-29. _ 

Colkemn Bagdad. oe Secertbet Gig,  Researeh, Missiles and Rockels, v.16, No. 4 
4. 3 3 3 an. 25, 1965, p. 3.
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: | By Gilbert L. DeHuff : a a 

| ~ Vanadium consumption in the United recovery from Colorado plateau ores, which : 
States continued to increase rapidly in remains the principal source of supply. In 
1965; a 33-percent increase was registered addition to production, domestic supply 
over that of 1964. Domestic production was augmented by 1,282 tons of vanadium 

_ also increased and again exceeded con- contained in Atomic Energy Commission : 
sumption. The processing of vanadium- (AEC) stocks of vanadium pentoxide of- | 
bearing intermediate sludges, set aside fered for sale on a sealed-bid basis. De- | 
previously in the course of obtaining ura- velopment of an entirely new and impor- 
nium, contributed to the high output of tant domestic source of vanadium in 
1965. However, the emphasis was other- Arkansas was announced. . 
wise on vanadium rather than uranium oo | 

_ Table 1.—Salient vanadium statistics 
. (Short tons of contained vanadium) co 

1956-60 
(average) 1961 1962 _ 1968 1964 1965 

United States: . 
' Production : 

Ore and concentrate: - . 
Recoverable vanadiumi_._..._.. 3,856 5,343 56,211 F 3,862 4,362 5,226 

Value____________thousands_____ W $19,076 $18,605 * $13,788 $13,061 $18,284 
. Vanadium pentoxide recovered__._._. 3,985 5,817 4,750 3,897 5,049 6,160 

Consumption____._------.--.-- 2,015 2,814 2,906 3,550 4,708 
_ Imports: - 

. Ferrovanadium (gross weight) —-._~- 6 ---- 88 442 466 51 
_ Ore and concentrate__.._-..-----.-. 1 ---- ---- ---- 111 ---- 

Exports: mo 
Ferrovanadium and other vanadium 

alloying materials (gross weight) .. 133 120 201 183 103 220 
Vanadium ores, concentrates, . 

oxides, and vanadates_.2........-. 1,398 2,081 1,021 536 1,231 928 
“World: Production........--_---.-.---------. 5,059 "8,722. 8,264 7,161 * 7,841. 9,150 

¥ Revised. . 
WwW Withheld to avoid disclosing individual company confidential data. . 
1 Measured by receipts of uranium and vanadium ores and concentrates at mills plus vanadium | 

recovered from ferrophosphorus derived from domestic phosphate rock. 

Legislation and Government Programs. from AEC stocks. 

—As the beginning of a long-range pro- In May, after negotiation with four firms 
gram for disposal of excess Government responding to invitation for offers, GSA 
stocks of ; vanadium, General Services Ad- awarded a contract to Vanadium Corpora- 
ministration (GSA) opened bids in Sep- tion of America for conversion of vanadi- 
tember for the sale of 250 short tons of um pentoxide from Government stocks to 
vanadium contained in fused pentoxide, 200 tons of vanadium contained in three 
which had been acquired by AEC during ‘grades of ferrovanadium. The contract 
its uranium purchase program. An award called for payment to be made with other 
of approximately 100 tons was made from Goyernment-owned materials. These con- 
this offering, and 1,182 tons were awarded 
late in December from a second offering 1 Commodity specialist, Division of Minerals. 

993 |
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a - version services had been advertised earlier nadium, consisting of 1,001 tons contained | 
in the year by GSA on a sealed-bid basis, in ferrovanadium plus 6,864 tons contained 
but no acceptable bids were received. _ in vanadium pentoxide. In addition, AEC | 

- | oe held 1,104 tons of vanadium contained in 
As of December 31, 1965, the national vanadium pentoxide compared with 2,386 

. stockpile inventory was 7,865 tons of va- tons held at the beginning of the year. 

| oo _. DOMESTIC PRODUCTION | | 
Vanadium recovery from ferrophospho- - bide Corp., Rifle, Colo.; and Vanadium _ 

7 rus increased in importance, but the greater Corporation of America, Shiprock, N. Mex. 
| part of domestic production continued to Both purchased ores and ores from com- 

7 come from western ores containing vana- pany-owned mines were processed. Inter- 
dium and uranium. The Rifle mine of mediate products —- vanadium-bearing 
Union Carbide Corp. started production sludges, liquors, or tailings—-from other - 

oe in February with vanadium as its princi- uranium mills, or from previously accumu- 
pal product. - | lated stocks, contributed appreciably to | 

The same four mills that recovered va- 1965 production, and there was some re- 
nadium from uranium-vanadium and va- ‘covery from lignite. Kerr-McGee Corp., _ 

_ nadium-uranium ores in 1964 continued Soda Springs, Idaho, and Vitro Chemical | 
} as the producers from these sources in Co., Salt Lake City, Utah, recovered va- 

| 1965: American Metal Climax, Inc., nadium from ferrophosphorus, a byprod- © 
| Grand Junction, Colo.; Mines Develop- uct of the production of elemental phos- 

ment, Inc., Edgemont, 8. Dak.; Union Car- phorus from Idaho phosphate rock. 

Table 2.—Recoverable vanadium of domestic origin produced in the United States, 
| by States : 

: ' (Short tons of contained vanadium) 

State (average) 1961 1962 1963 1964 1965 

Colorado__..-.-.-.----.-.-----..-...... 3,059 4,149 3,742 3,047 3,312 4,017 
Utah_____-- -486 514 525 382 405 387 
Arizona and other States 1____.-______. 311 680 944 r 433 645 822 

Total_-.-___----.--------------.. 3,856 5,343,521 *3,862 4,362 5,226 
° Revised. 
1Includes Idaho, 1961-65; Montana, 1957: New Mexico, 1956-65; North Dakota, 1965; South | 

Dakota, 1960-65 ; Wyoming, 1956-58, 1960-65; Oregon, 1964. 

Table 3.—Mine production and recoverable Table 4.—Production of vanadium 
vanadium of domestic origin produced in | pentoxide in the United States 

the United States 7 | | (Short tons) | 
(Short tons) tN 

Mine pro- Recoverable Year weight V-.O, content 
. 7 1 7 2 a OA 

ear _Suction? vanadium? 1956-60 (average) ..___ ieee (116 
1956-60 (average)... 7,127 3,856 2--------~~ ~~~ + » 10,387 

| 1961 re --nn-- BRR 5.343 1962... 8955 8,483 
1962_.---.--.--- 7,647 5,211 1968__.--.-----.---_--__. 7,847 6,959 
1968__....--.___.___--. 6,047 ¥ 3.862 1964__....... 9775 9,013 
1964.._...._-.-.---7777 «B84 4°362 1965-_----------------- 11,498 10,996 
1965_------- lO 641 5,226 I ete te 

r Revised. , from all the above sources plus small quan- 
_1 Measured by receipts of uranium and vana-_ tities obtained from oil residues, boiler 

dium ores and concentrates at mills, vanadium scrapings, spent catalysts, and other mis- 

2 Recoverable vanadium contained in uranium cellaneous souTCES including that from im- 
and vanadium ores and concentrates received at ported chromium ores as a byproduct of 
miuils, plus vanadium recover rom terropnhos- 7 ; ’ 
phorus derived from domestic phosphate rock. chromium chemical production. 

Vanadium Ferroalloys.—Ferrovanadium 
Data in table 4 include the vanadium was produced in the United States princi- 

pentoxide and metavanadate produced pally by Reading Alloys Co., Inc., Shield-
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alloy Corp., Union Carbide Corp., and Va- Vanadium Metal.—Oregon Metallurgical - 
: nadium Corporation of America. Pro- Corp. and Vanadium Corporation of Amer- - 

duction increases over those of 1964 were ica reported production of vanadium metal. 
registered for ferrovanadium alone, and for Both high-purity metal and the alloying _ 
the total of ferrovanadium and other vana- grade of 90-percent vanadium content 
dium-carbon-iron alloys as well. were. produced. 

: CONSUMPTION AND USES | | : 

| Domestic consumption of vanadium con- catalyst in producing ethylene-propylene 
. tained in ferrovanadium, other vanadium _ synthetic rubbers. | | 

alloys, metal, and chemicals increased 33 . . 
percent from 1964 for all uses, and. in- Table 6.—Vanadium consumed in the | 
creased 36 percent for the manufacture United States in 1965, by uses 8 
of steel. The increase in the use of fer- Te... Short tons Shorttons 
rovanadium (including other vanadium- © —————————__—_—_—___ | 
carbon-iron alloys) for all uses was 41 per- Steet ich -speed...__-----------------. 804 | 
cent. Consumption of vanadium in the Hot-work tool__....._..------.--- 115 

production of both nonferrous alloys and = Suites: 
chemicals continued to climb, but at a Other alloy 1_-.....-.-.-...------ 2,880 | 
slower rate than was the case in 1964. Carbon.----<----------------~--- . 656 
Increased use of vanadium by the steel « Total Steed nnn nnn, 4,058 — 
: * ° ani ° ray and malleable castings__....... mS industry. has been primarily for use IN Nonferrous alloys 2... weet‘ . 
high-strength low-alloy steels, line and oil- - Chemicals_._--..-------------------. 197 

| drill pipe, heavy forgings, and in the pro- | Other To oooanannnannnanannnnnnn nn ann i - 
duction of deep-drawing steels by the con- Grand total_......___......_..... 4,708 a 

tinuous casting process. . . 1 Includes some vanadium used in high-speed 
The new plant of Vanadium Corpora-— or other tool steels not specified by reporting 

tion of America at Cambridge, Ohio, was Oe voally titanium-b u 
° , . rincipaily titanium-base alloys. . 

completed in J anuary, and began to P rO- '3 Principally high-temperature alloys, welding 
duce vanadium oxytrichloride for use as a rods, cutting and wear-resistant materials. 

| Table 5.—Vanadium consumed and in stock in the United States in 1965, 
| by type of material — | | 

(Short tons of vanadium) | 

} : Stocks at con- _ Stocks at con- 
Type of material sumer plants, Consumption sumer plants, | 

-‘Dee. 31, 1964 | Dec. 31, 1965 

Ferrovanadium 1___...-----.....---------- 603 4,042 608 
Oxide.......-....-.-._.----_-----_----..-. 12 127 37 
Ammonium metavanadate....-...-..---~-. 28 175 26 
Other ?___----- 100 364 157 

Total__._-.------------------~------ 743. | 4,708 828 
‘2JIncludes other vanadium-carbon-iron alloys. 
2Consists principally of vanadium-aluminum alloy and relatively small quantities of other 

vanadium alloys and vanadium metal. | 

| | STOCKS a 
Stocks of vanadium as fused oxide, pre- compared with the revised figure of ap- | 

cipitated oxide, metavanadate, metal, al- proximately 2,250 tons at the end of 1964. 
loys, and chemicals, held by producers of Vanadium contained in stocks of inter- 
these items, totaled 1,186 tons at yearend. mediates, sludges, and tailings held by ox- 
This is in addition to the consumers’ in- ide producers is not included in any of 
ventory reported in table 5, and is to be these figures. 

PRICES 

Domestic ore continued to be quoted at pentoxide, nominal. This reflected actual 
31 cents per pound of contained vanadium prices paid with some upward adjustments
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reported for certain ores of relatively high 50 to 55 percent vanadium remained at 
| _ vanadium content. Prices for technical- $2.50 per pound of contained vanadium, 

grade vanadium pentoxide were quoted delivered, until June 1. At that time, 
_ throughout the year at $1.15 per pound of a previously announced price increase by 

contained vanadium pentoxide. Actual Vanadium Corporation of America became 
prices for large lots of fused vanadium effective to $2.65, f.o.b. plant, freight al- 
pentoxide, a technical grade, rose gradu- lowed for 100 pounds or more; Union Car- 

| ally during the year from approximately _bide’s price went to $2.62, f.o.b. producing 
95 cents at the beginning of the year to plant. In October, Vanadium Corpora- 
$1.15 and higher at yearend. Government tion raised its. price to $2.88, basis un- | 
sales of fused oxide from AEC stocks on changed. while Shieldalloy and Reading 

| competitive bidding brought an average Alloys increased their prices to $2.95, de- 
price of $1.128 for 177 tons (100 tons livered. The basis for pricing Carvan was — 

| vanadium content) sold in September, and changed by Union Carbide Corp., effective 
Oo an average price of $1.245 for 2,110 tons June 1, from $2.17 delivered to $2.15 

| (1,182 tons vanadium content) sold late f.o.b. plant, both prices per pound of con- 
in December. Approximately 80 tons in tained vanadium, |. 
the last sale brought $1.375 per pound. The nonductile, 90-percent grade of | 
These sales had certain restrictions regard- vanadium metal, used mainly for alloy 
ing exports. European prices for fused additions, continued to be quoted through- 
oxide were higher than the domestic price out the year at $3.45 per pound in 100- 

oo in 1965. | ae _ pound lots. High-purity ductile metal was 
- The price of ferrovanadium containing priced at $30 to $50 a pound. ~ oo 

. Oo _ FOREIGN TRADE _ | — | 
Beginning January 1, 1965, exports of carbide imports consisted of 690 pounds 

flue dust and other vanadium waste ma- from West Germany, valued at $2,301; 
. terials were no longer reported separately. less than 1 pound of anhydride vanadium 

| | | pentoxide, valued at $119, came from the 
_ There were no imports of ore or con- United Kingdom; and imports of other 
centrate in 1965, and imports of ferrovana- vanadium compounds totaled 194 pounds 
dium were greatly reduced from the levels from the United Kingdom with a valua- | 
of the two preceding years. Vanadium _ tion of $816. | 

| Table 7.—U.S. imports of ferrovanadium, by countries | 

General imports 1 Imports for consumption 2 aE eee eee 
1964 1965 1964 1965 

Country —_—_————_— ————  eeeeeeeeeeeeSeSSSSSSSSSSeSEe 
Gross Gross Gross Gross 

weight Value’ weight Value’ weight Value’ weight Value 
(pounds) (pounds) (pounds) (pounds) 

A 
Austria____...__._-___._. 583,497 $731,655 88,184 $99,875 413,573 $491,058 39,566 $53,468 
Belgium-Luxembourg 3__.. 249,798 . 191,883 13,448 21,065 244,457 183,164 12,350 19,715 Germany, West_._.____._. 44,092 59,353 ---- ---- 66,113 93,769 ---~ ---- Italy__...-.--..--.____._ 11,023 - 11,481 ---- ---- ---- ---— ---~ -n-ne Japan... =. 44,092 50,507 ---- ---~ 65,134 72,660 anne ~--- | $$ 

Total____..___..-__. 232,502 1,044,879 101,682 120,940 789,277 840,651 51,916 73,183 $$$ Ores ee 188 
*Comprises ferrovanadium received in United States: part for immediate consumption and remainder entering bonded warehouses. 
?Comprises ferrovanadium received for immediate consumption plus material withdrawn from bonded warehouses. , 3 Reported figures for both general imports (110,950 pounds at $4,380) and imports for consumption 

for Belgium-Luxembourg for June 1964 are being questioned.
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| Table 8.—U.S. exports of vanadium, by countries 
. (Pounds) 

Ferrovanadium and Vanadium ore, concen- 
other vanadium trates, pentoxide, 

. alloying materials vanadic acid, vanadium 
. containing over oxide, and vanadates 

Destination 6 percent vanadium (except chemically pure 
. (gross weight) grade) (vanadium content) 

. 1964 1965 1964 1965 

North America: 
Canada__-__ tee =—188,189 385,625 44,235 50,863 

- . Honduras____..22 683 a a anne 
Mexico..._..-----.------------------- 44,624 38,604 1,282 ---- 

, Total__....-.----------------------- 178,496 424,229 45,467 50,863 

South America: | . . 
Argentina__..-..~-------- 22 ~--— ---- 280 ~--- 
Brazil____-....------- ---- _ 2,441 anon ---- 
Colombia_........-..----------.--.- ---- ---- 145 (5,541 

1 2,441 425 5,541 

| Europe: . | 
Austria... _--~ ---. 313,689 495,790 
Belgium-Luxembourg-_..__.-..-......-- ~--- --~- ~ 1,379,925 . 106,517 
Czechoslovakia__......_-.---.._~_____ ---- a --- 144,529 
Denmark-_-_~-._-~.--...--2-...----- ---- ---- 2,680 . ---- 

. France... ~~~. ~--- eee -—-- 217,946 — 
Germany, West._.-...-....-.....--..... 7,854 10,457 30,296 190,028 
Ireland. _..2.-2-.....----_ 5,070 an ---- _.-- 
Italy... 2. ---- ee ‘ ---- 370 
Netherlands.._.--_-.--___-_ 7,988 _a-- --- 45,272 

Spain_. ---- ---- 63,840 5,981 
Sweden___..-. 0 ---- a a 117,827 
United Kingdom__.2.__--___.- 6,149 (451 86,634 59,543 © 

- Total___--_- Le. 26,561 10,908 1,877,064 1,383,803 
. Africa: South Africa, Republic of____--~- on ---- eee 148 

Asia: 
India_...-.-----2 ---- 2,000 2,470 . - . 220 
Japan... 601 a 418,264 412,018 
Korea, South... 2. aa _--- ~--- 791 
Pakistan....-_-_--~--- oan —--- a 448 
Philippines__..-.---....-.-- ---- ee + 115,248 ~--- 
Taiwan... ~--- a 2,031 1,761 

Total___-___.--.2 ee. 601 | 2,000 538,013 415,238 
Oceania: Australia___._..____---____ 585 600 224 +603 

Grand total: | 
Quantity—.....-.-...-_-._-.____. 206,248 440,178 2,461,193 1,856,096 
Value___. 2.2 _____. $308,880 $747,399 $3,619,654 $3,540,434 

—_— Ss Oe 

WORLD REVIEW | 

In addition to the production reported that described herein for Canada from oil 
| in table 9, there was some relatively small residues and for Japan from waste acids, 

production of vanadium in 1965, such as for which data are lacking. It is believed 

Table 9.—World production of vanadium in ores and concentrates, by countries 
(Short tons) . 
LL CL A NS 

Country 1961 1962 1963 1964 1965 P 

Argentina... e4 9 rT2 r?2 NA 
Finland___.---.-.0.--. 701 629 771 T 1,084 e 1,100 
South Africa, Republic of......___- 1,422 1,393 F 1,392 1,282 1,519 
South-West Africa (recoverable 

vanadium) __~_-22 1,145 1,019 1,134 F1,111 1,275 
United States (recoverable 
vanadium) _...---...-----_______. 5,348 5,211 T 3,862 4,362 5,226 

Zambia__...-.-.-...--- eee 107 3 ---- ---- <= 
a 

World total ¢...------...____ ¥ 8,722 8,264 r 7,161 T 7,841 9,150 eee 

¢ Estimate, ? Preliminary. °* Revised. NA Not available,
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that there was some recovery of a byprod- The waste acid had a vanadium content 
| uct or secondary nature in West Germany, of 0.2 gram per liter. Principal product 

| and possibly in Sweden and Norway as_ of the waste treatment process was am- 
well. The U.S.S.R. is believed to have monium sulfate for fertilizer. 

| recovered enough vanadium for its own - . | | 
needs, probably from titaniferous magnet- South Africa, Republic of.—In 1965, 
ites for the most part. - there were exported 2,369 tons of fused 

| , | pentoxide and 51 tons of ammonium meta- 
Canada.—Canada’s potential as a vana- vanadate, compared with 3,575. and 67 

dium source began to materialize in Janu- __ tons, respectively, in 1964. Anglo-American 
| ary 1965 with the start of vanadium oxide Corporation of South Africa Ltd. subsidi- 

recovery from oil residues at the Montreal ary, Transvaal Vanadium Co. (Pty) Ltd., 
East Refinery of Canadian Petrofina Ltd. was the only producer. The abnormally 
at a rate of approximately 800 pounds of high 1964 exports reflected shipments from 
vanadium pentoxide per day. This was its previously accumulated stocks. Ruig- 

| Canada’s first commercial vanadium pro- heek Chrome Mines, a subsidiary of Union 
duction, expected to be increased to 1,500 Carbide Corp., acquired the assets of the 
pounds per day in 1966. Vanadium con- inactive Federale Vanadium Mining Co., 

/ tent of the Venezuelan crude oil being and planned to produce vanadium oxide 
processed was 130 parts per million. by. mid-1966.8 Co en 

_Tron-blast-furnace slags, containing 0.075 = # Anglo-American Corporation of South 
to 1 percent vanadium pentoxide, pro- Africa, Ltd., signed a contract with a 

- duced at Sydney, Nova Scotia, from Wa- member of the Davy Ashmore group, a 
bana iron ore was a potential vanadium British firm, for construction of the new 

source, as was the Athabaska tar sands near _ steel and vanadium plant to be built at 
Fort McMurray, Alberta. These tar sands Witbank for Highveld Steel and Vanadium 
were the subject of a $220 million develop- _ Corp. Ltd. (formerly Highveld Develop- 
ment to produce 45,000 barrels of oil:per ment Co., Ltd.). Substantial loan funds 
day starting in September 1967. Coke | were to be provided by a consortium of 
will be one of.the products, to be burned European banks. Vanadium-bearing tita- 
as fuel to supply steam requirements. The  niferous magnetite from the Bushveld com- | 
resulting ash will have a vanadium content plex will be prereduced in coal-fired kilns 
of approximately 4 percent, the equivalent which will feed 50-foot-diameter electric 
of 240 parts per million in the bitumen. furnaces in which titanium will be slagged 

‘Ferrovanadium was produced for export off. The vanadium will then be slagged off 
and domestic consumption by Masterloy special vessels using oxygen and silica. 

Products Ltd., Ottawa, Ontario. The larg- The resulting hot metal w ill be blown fo 
est use for vanadium in Canada in 1964 | steel by the basic oxysen Process. Trial 
was by the iron and steel industry in the 7778 Starte d late in 1965 at the new 

| form of ferrovanadium; 204 tons was con- Mapoch’s mine at Roosenckal, Transvaal, 
sumed with an average vanadium content 40 miles west of Lydenburg. This mine 
of 56 percent. The second largest use was will SUPP ly ore to the project at the rate of 
as a catalyst in the manufacture of sulfuric | million tons per year by October 1967. 
acid by the contact process.” South-West Africa.The Berg Aukas 

Finland.—The U.S.S.R., West Germany, mine of South West Africa Co., Ltd., pro- 

and Sweden were the principal recipients duced 10,930 tons of lead-vanadium con- 
of Finnish vanadium in 1964. There was centrate in 1964 compared with 11,250 
no domestic consumption. Expansion of 5 12 1963. It continued to be the only 
production of iron concentrates in 1966— vanadium producer. Assured ore reserves : 
67 at Otanmiki Oy, the country’s only at the beginning of 1965 were 305,000 tons 

vanadium producer, will result in a 20- analyzing 1.56 percent vanadium pento xide, percent increase in vanadium output. 7.4 percent lead, and 33.1 percent zinc. 

Japan.—Ishihara Sangy 0 Kaisha, Ltd., ? Schneider, V. B. Vanadium—1964. Mineral 
recovered vanadium as ammonium meta- Resources Division, Department of Mines and 

vanadate from waste sulfuric acid obtained Technical Surveys, Ottawa, 1965, 5 pp. 
in the manufacture of titanium dioxide.  ¢9, Nos Meum. estar rr anion Notes. V.
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| | oe TECHNOLOGY 7 
| | Studies of the solubility of carbon in governs the power output, the diaphragm | 

| electrorefined vanadium by the Bureau of _ is the key to the system.12 The vanadium 
Mines determined an approximate weight- metal used analyzed 99.81 percent vana- 
percent of 0.27 at the eutectic temperature dium, 0.019 percent iron, 0.037 percent 
1,650° C. and 0.03 at 700° C. With in- carbon, 0.028 percent nitrogen, and 0.086 : 

, crease of carbon content to the solubility percent oxygen.13 _ : 
limit there was a small increase in tensile Investigations at Oregon State Univer- 

/ strength, hardness, and coefficient of ther- sity, Corvallis, Oreg., showed that vanadium | 
mal expansion. Room temperature elec- pentoxide behaves in a manner similar to 
trical resistivity did not vary. The carbon manganese dioxide as a cathode in elec- . 

, content of commercial calcium-reduced trochemical cells. It was found that mod- 
metal ‘usually falls between 0.05 and 0.3 — erate polarization occurred during cathodic 
weight-percent.4 __ | : discharge. After partial discharge a gradual 

Electrorefined vanadium in the temper- recuperation occurred to a potential that 
ature range of 77° to 273° K was evalu- nearly equalled the previous potential.14 

| ated as to tensile properties and the ef- In studying the low-temperature embrit- , 
7 fects of interstitial impurities.5 In this tlement of high-purity vanadium metal at 

_ range of low temperatures, electrorefined the Ames Laboratory of AEC it was found 
: vanadium possesses low strength and high that a hydrogen concentration of 6 parts 

ductility.6 per million in the temperature range from | 
High-purity vanadium metal of 99.95- 77° to 298° K gave a hydrogen “embrit- 

_ percent purity was prepared by electro-. tlement surface” with characteristics simi- 
| refining commercial vanadium metal in a lar to those exhibited by hydrogen em- 

_ molten sodium bromide, potassium bro-  brittlement of steel.15 The same labora- | 
: mide, and vanadium bromide electrolyte. © Tare oe . Mathews, D. R., and E. A. Rowe. Properties 

she commercla metal ysed for teed was of Vanadium-Carbon Alloys. BuMines Rept. of 
roduce calcium reduction and had a nv. » 1965, 14 pp. , P di Y £ oe ly 99.6 > Mathews, D. R., G. H. Keith, and E. A. 

. vanadium content of approximately . Loria. Effects of Interstitial Impurities on the 
percent. Only iron and oxygen were trans- . Mechanical Properties of Electrorefined Vana- 

. f d h d . a dium at Low Temperatures. BuMines Rept. of erret to the pro uct in quantities eX- Inv. 6637, 1965, 23 pp. 

ceeding 50 parts per million. Very ductile c 8 Loria, BE. Ay GH, Keith, and E. A. Rowe. 
° e orreiation 1e enavior in Kilectrorefine arc-melted ingots, which could be cold- vanadium with Interstitial Impurities. BuMines 

rolled into foil without annealing, were Rept. of Inv, 6716, 1965, 31 Pp. ttoir. Elect 
® uliivan, . «+» an ° . a 1r. ectro- 

prepared from the refined product.* Using refining Vanadium in a Molten Bromide Elec- 
a variety of chloride electrolytes, high- trolyte. BuMines Rept. of Inv. 6631, 1965, 12 

e e pp. . 

purity ductile metal of somewhat lower 8 Sullivan, T. A. Electrorefining Vanadium. 
purity was obtained from feed materials of J. ;Metals, Vs, 17, No. 1, January, 1965, pp. 45-48. 

: : arter, J. P., C. B. Kenahan, an avi 
lower vanadium contents ranging from 80 Schlain. Stress Corrosion Cracking of Vana- to 95 percent vanadium.® dium, Molybdenum, and a Titanium-Vanadium | 

. .- . . Alloy. BuMines Rept. of Inv. 6680, 1965, 18 pp. | 7 ommerciat hagh- purity vanadium metal 1 Deardorff, D. K., £9 I. Copeland, L. L Oden, 
was evaluate or su ibili an - Kato. e Hafnium-Vanadium System. line 4 scepubinty to stress BuMines Rept. of Inv. 6594, 1965. 11 pp. 
corrosive salts.9 The hafnium-vanadium Ferrous Vanadate, and Manganese Molybdate. 

h bj f dy by the B BuMines Rept. of Inv. 6618, 1965, 10. pp. 
system was the subject of study y me bu- 12 Steel. New Methods Turn Heat to Elec- 
reau of Mines because of the possibility of tricity. V. 156, No. 14, Apr. 5, 1965, pp. 66, 
using hafnium-vanadium alloys advanta- i8 Heinrich, Robert R., Carl E. Johnson, and 
geously in atomic reactors.19 Heats of for- Carl. E. oorouthamel. Hydrogen Permeation | 

° uaies. e anadium as a yarogen ectrode mation of ferrous vanadate from the ele- ina Lithium Hydride Cell. J. Electrochem. 
ments and from the oxides were deter- Soc. v. 112, No. 11, November 1965, pp. 1071— 
mined in another investigation.11 Oe Watson, Naola V., and Allen B. Scott. 

i ; . ischarge and Recuperation of the Vanadium 
Studies, at the Argonne Nation al Labora Pentoxide Electrode. J. Electrochem Soc., v. cory of AEC, of a lithium hydride fuel cell 112, Ne. %, September 1965, PP. 888-886. 3 
r i iohe an Fossen, R. H., Jr., T. E. tt, an 

° u se with a reactor suggested that high O. N. Carlson. The Effect of Strain Rate and puny vanadium metal would be the best Temperature on the Duetility of Pure and 
iaphragm material. Because the rate of ydrogenated Vanadium. . s-Common . . . Metals (Amsterdam, Netherlands), v. 9, No. 6, hydrogen diffusion through the diaphragm Dorambes 1965, pp 437-461. rlands), v



| ~ 1000 _ MINERALS YEARBOOK, 1965 : 

tory investigated the effects of nitrogen . tubes by alternately spraying with an aque- 
and carbon on low-temperature embrittle- ous hydrogen peroxide solution and con- . 

| ment of high-purity vanadium.16 - tacting with a high-velocity jet of water.19 | 
At high pressures in the temperature Patents were issued for a number of cata- 

| range 750° to 1,050° C, studies of the lysts and vanadium extractive processes. 
oxidation of vanadium showed that suffi- He Thompeon, R. W., and 0. N:Cazt - 

.. * . * cas ompson, R. W., an . N. Carlson. ect 
cient heat is released on the admission of of Nitrogen and Carbon on the Low-Temperature 
oxygen to produce a self-maintaining burn- Embrittlement of Vanadium. J. Less-Common | 
ing reaction.17 Metals (Amsterdam, Netherlands), v. 9, No. 5, 

° . eae November 1965, pp. 354-361. _ - OO 
f mikilled , ; A patent was issued or a se 7 Price, W. R., and J. Stringer. The Oxida- 

high-strength, low-alloy steel, sold under tion at Vanadium at wgh Temperatures. od . 
ne rT 29 ss s-Common etals msterdam, Nether- 

| the trade name of “V Steels,” containing 4204s), v. 8, No. 3, March 1965, pp. 165-185. 
essentially 0.02 to 0.20 percent vanadium, 18 Melloy, George F., Joseph D. Dennison, Jr., 
0.008 to 0.024 percent nitrogen, 0.60 to and Bernard oe Fischer (assigned to, Bethlehem 
2.00 percent manganese, 0.12 to 0.50 per- Pat ie Tee, Mar. 6 196B ee oo 
cent carbon, and the remainder iron.18 19 Sewell, Richard B H., and James R. Brown 
Another patent covered a process for re- (assigned to Her Majesty the Queen in the right - . : ate of Canada). Process for Removal of Vanadium moving vanadiferous deposits from boiler Deposits. U.S. Pat. 3,173,874, Mar. 16, 1965. - |



| By Timothy C. May | | 

Production of crude vermiculite in the foliated vermiculite sold or used by pro- | 
United States during 1965 was 10 percent ducers was approximately the same as ‘in 
higher than in 1964, and value increased 1964. | | 

23 percent. The quantity and value of ex- = | | 

, | Table 1.—Vermiculite production statistics 8 8 

: a 1956-60 1961 1962 1968 1964 1965 
(average) | — . | 

United States: oe oe ot a oe oO 
Production: | | Bn | oo. - | 

Crude_.__.___~-thousand short tons_. 195 206 205 226 226 249 
Value._.._...._thousand dollars.-_. $2,813 $3,350 $3,293 $3,572 $3,613 $4,460 . 
Average value per ton_.-_.-.---... $14.48 $16.26 - $16.06 $15.81 $15.99 $17.91 

Exfoliated___ thousand short tons- - 156 | 151 - 152 172 177 177 
-- Value__......._thousand dollars.. $9,853 $10,787 $11,152 $13,877 $18,862 $13,424 

Average value per ton____-_-----. $63.16 $71.44 $78.37 $80.68 $78.32 $75.84 . 
World: Production crude-__thousand short tons... 255 283 295 329 843 382 

| DOMESTIC PRODUCTION oe 
Crude Vermiculite.—Three companies in _ plants each; Illinois, Minnesota, South | 

two States reported production in 1965. W. Carolina, and Texas, three plants each; 
R. Grace & Co., Zonolite Division, with Missouri, New Jersey, Oregon, and. Penn- 
operations in Lincoln County, Mont., and  sylvania, two plants each; Alabama, Ari- 
Laurens County, S.C., was the principal zona, Arkansas, Colorado, Georgia, Hawaii, 
producer. American Vermiculite Co., and Kansas, Kentucky, Louisiana, Maryland, 

_ Patterson Vermiculite Co., Laurens County, Massachusetts, Michigan, Montana, Nebras- 

S.C., also were producers. ka, New Mexico, New York, North Caro- 
; | lina, North Dakota, Ohio, Oklahoma, 

Exfoliated Vermiculite——Twenty-four com- Utah, Washington, and Wisconsin, one 
panies with 51 plants, 2 less each than plant each. W. R. Grace & Co., Zonolite 
last year, in 33 States exfoliated vermiculite Division, had 19 plants in 16 States and 
in 1965. California and Florida had four was by far the largest producer. 

CONSUMPTION AND USES | | 
Producers of exfoliated vermiculite re- covering, packing) 31 percent; agriculture 

ported the following end-use percentages: (horticulture, soil conditioning, fertilizer 
Aggregates (concrete, plaster, cement) 48 carrier, litter) 14 percent; and miscella- 
percent; insulation (loose fill, block, pipe neous, 7 percent. | | 

| PRICES : 
The average value of crude, screened, value of the exfoliated product f.o.b. pro- 

and cleaned vermiculite at the mine in 

1965 was $17.91 per short ton. The average =~ 1 Commodity specialist, Division of Minerals. 

- 7—64 | 232-748 O-6 1001
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ducers’ plant was $75.84 per ton. Over a EXMJ Metal and Mineral Markets quot- - 
period of 10 years, 1956-65, the price of ed nominal yearend prices for crude venir. 

, micnlite ¢ lite as follows: Per short ton, f.o.b. 
- crude vermiculite increased 35 percent, and “! . 

. . . Ps oe! mines, Montana and South Carolina, $11.50 
| the price of exfoliated vermiculite rose 20 ,_ $24; and South Africa, cif. Atlantic 

percent. oo ports, $29.55 to $40.15. | 

| WORLD .REVIEW | : OS 

o Canada.—All the crude vermiculite exfo- gan operation of the first large-scale con- 
_liated was imported from the United States centrator to treat Canadian mined vermic- | | 

| and the Republic of South Africa. In 1964, ulite ore. The plant was at Stanleyville, 10 

oo 307,000 cubic yards of exfoliated’ vermicu-§ miles southwest of Perth, Ontario. The 
lite, valued at $2.4 million, was produced. completed plant was designed to produce 

| Five companies exfoliated vermiculite at 300 tons per day.3 . 
the 10 following locations in ie Britis South Africa, Republic of.—Production of 

Columbia-Vancouver (two) ; A berta-Ca “crude vermiculite. in 1965 was 13 percent — . 

gary; Saskatchewan Regina; Manitoba- higher than in 1964. Vermiculite was pro- 
- Winnepeg and St. Boniface; Ontario-Tor- duced by the Transvaal Ore Co., Ltd., at | 

onto and St. Thomas; and Quebec-Lachine .. ppajaborwa. For the first time, information | 
. and Montreal. Loose insulation consumed wa. -not available on exports of crude ver- 

78 percent of the output; plaster accounted — iculite by destination. Total exports were 
for 12 percent; insulating concrete 6 per- _ 2 percent lower in volume than in 1964 | 
cent; - and 4 percent was used for under- and 3 percent lower in value: os 

ground pipe insulation, and for agricul- _ | oF Oe : 
ture. Exfoliated vermiculite is marketed in - De Wilson, Ss. i. Lightweight Aggregates, 1964. _ 

| bags of § and 4 cubic feet and sold at 25 qcoy ik 6 no. - Surveys, Ottawa, Canada, 
to 30 cents per cubic foot.2 _*Canadian Mining Journal (Quebec). Cana- — 

It was reported that Olympus Mines be- Gian Developments. V. 86, No. 6, June 1965, 

Table 2.—Free world production of vermiculite by countries 1: 2 
(Short tons) | | . 

. Country ! 1961 1962 1963 1964 1965P3 

Argentina_____-._.--.------------------------- 18,919 2,962 3,064 74,031 ¢ 4,100 
India___--.-.--------------------------------- 697 tT ATT 746 r 473 806 

. . Kenya_-_...-_--------------------------------- --- 22 101_— r 37 24 
South Africa, Republic of_____------------=----- 71,118 85 , 534 98,758 111,872 126,911 
Sudan___.._-_----_----------.------------------ 55 55 --- --- --- 
Tanzania_____----.--..-------_---+------------ 157 72 30 144 108 
United Arab Republic (Egypt) 2......._.-_----__- 85 313 33 459 639 
United States (sold or used by producers)___...__. 206,637 205,747 226,278 226,299 249 ,352 

Free world total }2___________-__-__-_---- *™ 282,668 «295,182 * 329,010 * 348,315 381 ,940 

e Estimate. p Preliminary. * Revised. 
the Vermiculite is produced in Brazil, but data are not available, and no estimate of production is included in 

e total. 

2 Includes mica. 
’ Compiled mostly from data available July 1966. 

TECHNOLOGY | | 

. Research headed the program of the A micaceous vein in close association 
24th annual meeting of the Vermiculite In- with a massive chromite deposit in the 
stitute of Chicago held at Point Clear, Twin Sisters Mountains, Wash., was found 
Ala., April 24 to 29, 1965. Papers presented to be composed exclusively of vermiculite. 
included one on the development of Cor- The geologic setting, physical properties, 
nel Mix, a synthetic soil in which vermicu- chemical data, differential thermal analysis, 
lite is a major ingredient. The mix is used 
commercially as a medium for germinating 4 Pit and Quarry. Vermiculite Institute, Con- 

° vention Tresses xpanding arkKets. ° ’ and growing vegetable and flower crops.4 No. 12, June 1965, pp. 108-109.
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-. Table 3.—Republic of South Africa: Exports of crude vermiculite by countries 
oy (Short tons) 

*- : : . : : 

a SS Destination . 1963 1964 1965 

Australia. __...---4----------------------2--- eee 2,081 2,932 . 
Belgium__-.--2.------------2--------- eee 794 1,442 
Canada_____---_----.--.----------- eee : 4,839 2,879 
Denmark_-_._..-----.-------------------_-------- eee 1,313 866 
France_-_-___.--.------------------------------ ee 7,413 10 ,343 
Germany, West____.---------------------------__--_-.- 7,599 9 ,922 
Italy__----------- eee 15,721 18 ,289 NA 
Japan_._-..---_-_-------------- 2+ eee 924 1,687 
Netherlands. ____.-___-_------------2----_- ee. 1,647 ~ 1,127 
Spain_____---------------- e+ eeee 1,368 2,287 | 

: Sweden ____..-----.----_---------- eee . 685 587 
United Kingdom. __-~..._-_-_-1--------- 2+ 28 ,308 ' 34,502 
United States. _-___--.--------------- 2 eee 14,337 18,417 
Other countries____.......-_--- 2 eee 3,908 2,574 

. Total___...-.-_---._----------------------- ee 90, 787 107 , 854 105 ,947 
Total value }___-__-_---------------------------. $1,723,865 | $2,026,972 $1,964,385 

. Average value__._.-_..-..----.2 2 - eee $18 .98 $18 .79 $18 .54 
| | 

. NA Not available, . 
1 Converted to U.S. currency at the rate of one rand equals US$1.3948 (1963) US$1.3909 (1964) 

and US$1.3927 (1965). 

Source: Quarterly Information Circular on Minerals for the Republic of South Africa and the Territory of 
South-West Africa. 

| X-ray diffraction analysis, and proposed Results on fusion studies of the mineral 
genesis of the Twin Sisters vermiculite vermiculite, the leaching characteristics of 
were discussed.5 - | | the fused mass, and the volume reduction 

The advantages of using vermiculite in 1a tios are given. The fixation of spent ver- 
concrete mix was mentioned. Requirements Miculite, incinerator ashes, and chemical 

for the components, proportioning, and in- sludges in vitreous matrices was described. | 

stallation of poured-in-place vermiculite The apparatus for studying volatilization 
concrete for roofs and slabs-on-grade, as _ loss was included.10 | 

- they appear in a new American Standard, A patent was issued for the use of exfo- 
are described.¢ . liated vermiculite in the coating of the ex- 

Vermiculite concrete was used as a cush- posed surface of bituminous roofing and 
ioning material in a setup, used for dy- siding material.11 : 

| namic testing of composite members. The Ronee od fine et er | . Oe A patent was granted for the production 
cushioning material was used between the wes 

. . of a flowable, fire-retardant composition 
falling mass and the specimen to shape the . . ae 

. . that includes exfoliated vermiculite as one 
load pulse transmitted to the specimen. A . wae 

gs . Of the materials. The composition is used 
schematic diagram illustrates the beam set- | 

r dynamic 7 TN | 
up fo dy € loads . to. 5 Gaudette, Henri. Magnesium Vermiculite 

The insulating properties of vermiculite, From the Twin Sisters Mountains, Washington. | 
particularly as applied to the insulation of {he emt pMiner.. Voea. ° ois street? 

| industrial chimneys, was covered in a re- s Barron, Le A. Up-to-the Minute preauire. 
. ments for ermiculi ncrete. ag. oO lease published by Mandoval Ltd., London, Standards, v. 36, No. 7, July 1965, pp. 208-211. 

under the management of Rio Tinto-Zinc ? Perry, E. S. Simple Setup for Applying Im- : 
Group and distributors of crude vermicu- pact Loads. Mat. and eres. Standards, v. 5, No. | 
lite. Technical and specification details, as ; 8 Chemical ' Age ( London ). Vermiculite for 

: : : nsulation of Industria imneys. . 98, No. well as sectional drawings illustrate how 2384, Mar. 20, 1965, p. 462. 

vermiculite is used.8 ® Raman, K. V., and M. L. Jackson. Vermic- 
oa ulite Surface Morphology. Clays and Clay 

The surface morphology of vermiculites Minerals, Proc. 12th Nat. Conf., Clays and Clay 
from several sources was studied by elec- Minerals, ic 63. pp. 423-429; The MacMillan Co., 

tron microscopy. Unlike the smooth sur- 10] Rastogi, R. GC. J. D. Sehgal, and K. T. 
s of micas, the vermiculite surfaces Thomas. Investigation of Materials and Methods 

face . e . 1 ° for Fixation of Low and Medium Level Radio- 
show micromorphological structural varia- active Waste in Stable Solid Media. Nuclear 
tions, such as small humps, prominent Sei 7 sibs. v. 19, No. 16, Aug. 31, 1965, Abs. 
crystallographic steps on the basal cleavage 11 Klimboff, M. (assigned to Hlintkote Co. ). 
lanes, marginal rolling of the layers, and Bituminous Roofing and Siding Material Coated P 16) 6 Y with Exfoliated Vermiculite. U.S. Pat. 3,207,619, 

layer buckling.9 Sept. 21, 1965.
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in the manufacture of extra thick shingles metal is then poured around the vermicu- 
on a conventional asphalt roofing ma- lite particles.15 , | 

chine. , A German patent was granted for a 
. British patents were issued for the fol- method that removes oil, benzene, or other 

lowing: A method of making precast light- liquid hydrocarbon from water. The con- 
weight insulating composite structural taminated water is passed through a con- 
blocks!3 and a composition consisting of tainer that is loosely filled with exfoliated 
exfoliated vermiculite, expanded perlite, or | vermiculite or expanded perlite.1¢ 
other low-density silicate which has been =—————— 

ith ‘, id £ ° _ © Walker, R. T., and C. C. Schuetz (assigned 
treated with a fatty acid, for use in pro- to U.S. Gypsum Co.). Fire Resistant Asphalt 
tecting and insulating underground pipes.14 Coating Composition and Shingle. U.S. Pat. 

a 3,180,788, Apr. 27, 1965. 
A French patent was issued on a method 8 Hewitt, F. (assigned to F. & D. M. Hewitt, 

f iculite in th tine j t Ltd.). British Pat. 994,306. June 2, 1965. 
or using vermiculite in the casting ingots “1 'Frey, L. (assigned to Protexulate Ltd.). 

of high-melting metals. The vermiculite is British Fat. 997,795, July i 1965. 1964 
introduced into the mold, and the molten —_* German Pat, 1,167,278, Apr. 2, 1964,



| | W ater | 

| By William H. Kerns * ae 

| - Water supply and demand problems re-_ erative Federal-State water resources re- 
ceived increased domestic and worldwide search and training program. These Federal 
attention in 1965 from the U.S. and other Acts included: - | | 

| country governments, Federal and State 1. The Water Quality Act of 196% 
agencies, industries, associations, and indi- signed into law by President Johnson on | 

| ‘viduals. Although the world as a whole is ‘October 2, established the Federal Water 

— he danger of running short of water, Pollution Control Administration to con- 
u fa ces the Pp re blems of finding or Pro- — solidate enforcement, research, and grant — 
ducing and delivering water to the place, programs for pollution control. The Act 

at the time, in the quality and quantity set up standards of water quality on inter- 

| required, and at the price man is willing state streams and gave States until July 1, Oe 
and able to pay. . oe 1967, to develop satisfactory work-quality 

Expanding population with attendant in- criteria. If the States have not established 
creased food and other material require- acceptable quality criteria by this date, the 
ments and growing industrialization have Federal Government will enforce its own 

_ increased fresh-water demands at an aston- standards. The Act raised the limit of 
| ishing rate. Ironically, the population ex- Public Law 660 grants for sewage treat- 

plosion and rapid industrial development ment plant construction from $600,000 to 
have been the sources of greater amounts $].2 million for each project and enlarged 

of wastes being generated and discharged the budget for such grants from $100 to 
each year. These wastes have increased $150 million per year for 2 years. In addi- 
pollution and contamination of the water tion, the Act authorized $20 million per 

supply, thereby reducing the supply of year for 4 years to subsidize studies and 
usable water. Many rivers and streams demonstrations of storm and _ sanitary 
that for countless decades were capable of sewer separation. 
draining off waste products can no longer - | . 
carry the increased waste load and still an ose he nent esos he eee, act 
remain suitable for human and industrial |. Gommittee on National Water Re. 

use. ce . ae sources in 1961, was signed into law July 
Possible solutions tO the water supply 22, 1965. The Act: provided for the means 

problems in the United States include de- ¢ fy1) collaboration between States and 
veloping new sources of water by tapping the Federal Government in comprehensive - 
the oceans and other natural brines and planning for the best use of our water 

the skies (desalinating sea and brackish and related land resources. The Act estab- 
water and by seeding clouds, respectively), ished a Water Resources Council and pro- 
regulating and redistributing our stream- vided for the formation of river basin com- , 
flow to a greater extent, intensifying pol- missions and for financial assistance to the 

| lution control, and other equally costly states for coordinated planning of water 
measures. and resources development and use. Mem- 

Legislation and Government Programs.— ers of the Council, appointed by the 
The U.S. Congress enacted several major President, are the Secretaries of Agr icul- 
programs to combat water pollution, set up ‘ures the Army; Interior; Health, Educa- 
a Federal-State coordinated program for tion and Welfare; and the Chairman of 
comprehensive water resources planning the Federal Power Commission. Secretary 

and development, and established a coop- 1 Commodity specialist, Division of Minerals. 

| 1005
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- of the Interior Udall was designated as sons, chemicals, and solids which are by- 
chairman. The Act authorized the Presi- products of technology and industry. 
dent, with the concurrence of at least half In addition, a report4 analyzed the eco- the States concerned, to set up river basin omic reasoning needed to gain a full 

commissions for any river basin or group understanding of water resource and pollu- of related basins. The commissions are to tion problems | : 
be financed jointly by the participating 
States and the Federal Government. The A program of water resources research 
New England River Basin Commission was WS outlined for the decade 1967-76, with 
the first commission to be approved by the budgets projected to 1971.5 An approxi- _ 

_ Federal Water Resources Council under ™ate doubling of the present research 
this Act and its formation marked a new flort was recommended by fiscal year 
era in Federal-State cooperation in the de- 19/1 and. expenditures and time schedules 
velopment of the water resources of this W€Te proposed consistent with the appar- | 

, Nation—a relationship needed to assure €Mt priorities. of the various research areas 
adequate water for the future. in terms o Proprems, fo be sored ane . 

TAT : : turns to be expected. In rt 
3. The Federal Water Project Recreation *P _ an pa of the : 

oa q fy . report, the basis for long-range planning of Act of 1965 provided for uniform policies . . : - 
with respect to recreation and fish and the research is outlined; in part 2, the 14 : tte eee } : major problem areas are discussed and rec- | 

. wildlife benefits. and to costs of. Federal. es : el ere 
alti t fects. ommendations for action are given; and 

mulupurpose water resource projects. - in part 3, current programs in 44 research 
| __ 4 The Solid Waste Disposal Act, an subcategories are summarized and_ direc- 

| amendment to the Clean Air Act, provided tional recommendations regarding each 
7 for a national program of research and given for the decade ending in 1976. 

development, including studies of both re- . . 1 | h dfi 
| - ducing the amount of wastes and of recov- Large Twited Nati group ea Yo k st 

ering and using the wastes that accumu- 2¢ the United Nations he D ew OK “of 
late. Included in. these wastes are sewage September 22, then at t hi DC. ° 
sludges and. solid and semisolid industrial State and Interior in Washington, D. the 
waste products. The Act also provided for October 3 for up-to-date reviews . me 
technical and financial assistance to State ‘Status, technology, and “alt and b, lish 
and local governments, and interstate 8 fresh water from salt nal 5 rackis) 
agencies for planning, developing, and con- Water. At the First Internationa Penecon 
ducting solid-waste disposal programs. um on Water Desalination in Washington, 

The Envi al Pollution Panel of D.C., described in more detail in the tech- 
| h P | vente Scie a dvi ton Commit nology section, an announcement was made 

the *resicen s scence visory “0 3 , f of a three-way agreement between the 
| | te rep orted | its poaings on te andy United States, Mexico, and the Interna- 

. i © Th, ofr. ne £ er ee u soutees of tional Atomic Energy Agency to carry out 
cms. ne elects OF pomunon, fe cs a technical and economic study for build- 
pollution, atthe ne nation or action ing a large-scale dual-purpose plant to pro- 

of offi ven. ,. € eto i SLibi, di “h en duce fresh water and electricity for the 
OF eluent Charges to inlubit discharge Of avid region of Lower California and Sonora 

| pom utants to waterways and to the atmos- in Mexico, and California and Arizona in 
phere. 

Along the same line, the proceedings? The White H Resto the Quality of 
. . The White House. storing the Quality o 

of the White House Conference on Natu Our Environment. President’s Science Advisory 
ral Beauty called by the President of the Committee, Rept. of the Environmental Pollution 

: : : : Panel, November 1965, 317 pp. 
United States in Washin gton, D.C., in May 3 White House Conference on Natural Beauty. 
1965, reported the findings and recommen- _ Beauty for America. Proc. of the White House 
dations of 15 conference panels on as many pont. 6s We De Washington, D.C., May 
subjects considered to produce new ideas 4 Herfindahl, O. G., and A. V. Kneese. Quality 

i t of the Environment. An Economic Approach to 
and approaches for enhancing the beau Y Some Problems in Using Land, Water, and Air. 
of America. Many of the panels considered Resources for the Future, Inc. Washington, 

i e roducts D.C., 1965, 96 pp. 
methods for controlling waste P ° . 5 Executive Office of the President, Office of 
that are menacing the world we live in,  geience and Technology. A Ten-Year Program 

r enjoyment, and our health, and blight- of Federal Water Resources Research. Fed. | 
ou JOY : . 8 . Council for Sci. and Tech., Committee on Water ing our water, air, and land with the pol- Resources Res., February 1966, 88 pp.
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ee the ‘United States. The study would ex- requesting $3 million in matching funds 
plore basic desalination processes, and or nearly three times the $1 million avail- a 
types of fuel for the plant. Agreement was able in fiscal year 1966. Sixty-two of these | 
also reached in substance at the symposium 99 projects were funded with the $1 mil- 

| which was expected to result in an under- lion available and work was begun on the 
| taking by the Saudi Arabian Government projects. As authorized by the Act, the 

to construct a water desalting and electric first annual report to Congress was pub- | ter as : P Sr Pp 
power plant at Jidda, Saudi Arabia. The _lished,¢ summarizing the activities : and - 
Department of the Interior was to contrib- progress of the OWRR for the fiscal year 

. ute the design for the desalting portion of | ending June 30, 1965. 
_ the dual-purpose plant which was expected To promote the exchange of scientific _ 

| to produce 5 million gallons of fresh water information in the water resources re- . 
, er day and 36 megawatts of electric power. search field, OWRR contracted with the per day megawatts of electric pow 3 | ee and to cost the Saudi Arabian Govern- . Science Information Exchange (SIE) of 7 

_ Ment approximately $14 million. the Smithsonian Institution to prepare 
The Bechtel Corp. completed a 1-year "catalogs indexing water resource research a 

study of the technical and economic feasi- Projects.’ In volume 1, part 1 of the cata- 
bility of a large-scale combination electric 108, 1,545 Federally-supported water re- — 
and water desalting plant and submitted Sources research projects were listed and 
it to the Metropolitan Water District of 1 part 2, 501 non-Federally supported wa- | | Southern California, the Department of ‘€% Tesource research projects were listed. 
the Interior's Office of Saline Water, and Furthermore, the projects were listed by - 
the Atomic Energy Commission. Financial Jot categories, and multiple indexes 
assistance for the study, now under re- WEF. provided to make the publications : 
view, was provided by the two Federal pasncularly eis hed me he OWwRR had 
Government agencies. * te Peni publshe 2 a “ot a : oy: as its main purposes the description in | 
Age nt 1960 Publis Lax ae ano arseares capsule form of the roles of various Fed- 

| C ior: Off ) > . W _, eral agencies and other groups in the area 
Re ares Re the Intenor © a anted of water quality, delineation of the most | 
esource Research  ( . )+ exp ks Urgent research problems, and consider- 

| and coordinated the p ublic 0 ves ation of ways to advance water research. 
programs and water research efforts in “rhe Office of Saline Water (OSW) con- 1965. Federal-State cooperative water re- . . : } 

es | tinued its research and development pro- search centers or institutes were estab- grams toward lowering the cost of pro- 
lished and were operated in each of the 50 ducing fresh water from saline water un- 

States and the Commonwealth of Puerto ‘der an imnetus of sunhstantially increased 
Rico. Each State center or institute was fun ds provided by Congress. Progress re- 

charge d ve conducting eee rents ot views on selected OSW programs are given 
ithe , "basi 64 orati - © E r both in the technology section of this report and 
Gabe & asic oF practica’ nature, © , in the OSW report for 1965 to be pub- dealing with water and resources related lished in 1966 

to water’ and to provide for the training Several projects related to water were of scientists through /4such research, inves- . | . ar wie ns continued by the Bureau of Mines, such as tigations, and experiments. Section 100 of flood-control, deep-well pumping, and | 

the Act authorized an annual allotment drainage-alleviation in the anthracite coal of Federal funds to each of the 51 centers. 
For fiscal year 1966 ending June 30, 1966, 6U.S. Department of the Interior, Office of 
the allotment for each center was $87,500; Water Resources Research. Cooperative Water 

. * Resources Research and Training, 1965 Annual for fiscal year 1967 the funding was the Report. December 1965, 148 Pp. ' 

same as for fiscal year 1966. Section 101 U.S, Department, of the, Iniarior, Oflee, of of the Act authorized matching funds for search Catalog. V. 1, Part 1. Federally Sup- 
water resources research projects at the ported s6e dat De Wroeress. ' OR ee 
centers. For these projects the centers were Supported Research in Progress, OWRR-1/2, 
required to match Federal funds dollar for September 1965, 149 pp. ats . McKee, Jack Edward. Report on Guidelines dollar with State or non-Federal funds  ¢o, Investigations Into the Quality Aspects of 
available to them. Ninety-nine projects ater Resources Research. US. Department of 
were submitted by 26 of the 51 centers, January 1966,22 pp. sere
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fields. These programs implemented Fed- hydrology studies to develop methods, tech- 
eral and State anti-stream-pollution activi- niques, instruments, and engineering prin- 

a ties, assisted in conserving natural re- ciples for defining mine drainage problems 
sources, and enhanced the economy of the prior to development of underground 
anthracite-producing region. Acid-mine mines and for controlling the drainage of 

| drainage control research projects in bitu- water in mines. = = _ | oe 
minous coal mines were continued in co- ‘Through its Industrial Water Labora- 

operative studies with the Ohio River tory, the Bureau of Mines continued to —__ 
_. Valley Water Sanitation and with the Fed- provide consulting boiler-water service _ 

| _ eral Water Pollution Control Administra- {9 requesting Federal agencies operating | 

tion, — | oe heating and power plants; 13,317 water and 
- The Bureau of Mines continued to co- condensate samples were analyzed from = 

operate with other government agencies about 10,000 boilers. These analyses were 
in preparing comprehensive water devel- helpful in spotting and correcting corro-  — 
opment plans for U.S. river basins. The sion problems in boilers and condensate 

= Bureau continued its fundamental mine return lines at government installations. — 

so oO _ DOMESTIC SUPPLY  —s_ 

Water supply for the Nation and tor ewan; (2) a large area in central and 
: specific areas is based largely on the east-central United States; and (3) Quebec 

weather and precipitation. Rainfall in 1965 and eastern Ontario. Drought conditions 
| was below normal or deficient in the persisted, however, in the southern part of — 

| Northeast, South, and Southeast except for the Northeast. Changes in ground water 
localized wet areas in east-central Texas, levels as measured in observation wells 

Georgia, and the Carolinas. Also deficient during the year were about equally divided 
| was the Pacific Northwest coast where the between rises and declines. A large area 

spring was dry and the same pattern con- where essentially all the levels rose ex- 
tinued into the fall season. Between the tended generally from New York and Penin- 

| dry areas to the northwest and southeast sylvania west through the Great Lakes, Cen- 
was a broad belt of above-normal precipi- tral, and Midwestern States to and including 

: tation extending from southern California eastern Nevada. In the remainder of the | 
and Arizona, northeastward to the cen- country there seemed to be a random pat- 
tral and northern Great Plains, and the tern of rises or declines. Great Lake levels, 

western Great Lakes. Record rains in except for Lake Superior, continued to be | 

_ southern California and Arizona and near- well below the 105-year average but were 
record annual totals in the Lake Superior generally improved over last year’s levels. 
areas highlighted these wet regions in 1965. The greatest deficiencies occurred from 
This alternation of dry and wet belts ap- October to January, when levels of Lake 
peared to have been part of the world- Michigan-Huron were 3 feet below aver- 
wide system of weather anomalies during age; Lake Ontario, 1.5 to 2.3 feet below 
1965. | average; and Lake Erie, 1.6 feet below 
Annual runoff, a convenient measure of average. Levels of Lake Superior (regu- 

the water supply potential or manageable lated) were close to average.® 
| supply was greater for the water year of Reports on the mineral and water re- 

1965—October 1, 1964, to September 30, sources of New Mexico and Washington 

1965—than for the comparable water year were published as Committee Prints for 
of 1964. Runoff was excessive in large the Committee on Interior and Insular 

areas in the West, in parts of the western Affairs, U.S. Senate, 89th Congress, in 
Great Lakes and midcontinent regions and 1965. These reports followed the format 
in the Northeast. The year began with a of the first such report for Montana m0 

. . 1963, which was used as a guide for re- 
dominant pattern of deficient streamflow 
and ended with three large areas of ex- ® Geological Survey (in collaboration with Can- 

cessive streamflow: (1) parts or all of the #7.,P°Retoucces)°” Water ‘Resourees Reviews 
11 States in the West and the Provinces of Nov. 1, 1965. Part 2—Summary for the 12 

British Columbia, Alberta, and Saskatch- M20nths, Oct. 1, 1964 to Sept. 30, 1965. Nov. 1,
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ports for Alaska, Colorado, Idaho, Nevada, damage to adjacent supplies of fresh wa- 
South Dakota, and Utah published in 1964, ter. Locally, water is being desalinized for 
and gave detailed data for the water situ- municipal systems and military installa- 
ation in each State, surface and ground tions and for boiler feed or other indus- 
water supply, utilization and storage, wa- trial uses. The growing interest in saline 
terpower, and selected references. | water indicated a need for greater under- 

_. The first ofa series of annual bibli- standing of its occurrence underground, 
ographies on hydrology was published by such as amounts available, geologic habitat. | 
the U.S. Geological Survey.19 Hydrology, chemical characteristics, and relations to 
for purposes of this bibliography,.is de- supplies of fresh water. Because of this 

- fined as the science that relates to the increased interest, a report was published 7 

waters of the earth, their occurrence, dis- - listing selected references and cross indexes | 
tribution, movement, and chemical and  p_ saline ground-water resources in the 

: physical properties. This bibliography lists [jnited States.11 | 
references to books, journal articles, and An atlas on the water resources of the - 

| other publications in the field of hydrol- Appal oo, _ 
ogy published in the United States dur- ppalachian region, Pennsylvania to Ala 

: ing 1963. bama, was released by the Geological Sur- | 

Requirements for more and more water vey.1? The atlas summarized. many aspects 
create supply problems in many parts of Of the surface and ground water resources 
the United States. Industry has turned to f 342 counties of the Appalachian region. 
saline water to meet some of its require- Although acid mine drainage is a problem 
ments, especially to meet cooling-water and in this area, good water was shown to be . 
process-water needs in areas where saline generally abundant and offered a potential 

water is obtainable readily and where the base for expanded industry and _ recrea- 
used water can be disposed of without tion in the region. : : 

| CONSUMPTION AND USES | 

Total withdrawal of water was esti- A survey of water use in industry was 
mated to exceed 340 billion gallons daily conducted by the National Association of 
(bgd) , compared with 135 bgd in 1940 and Manufacturers and the Chamber of Com- 
40 bgd in 1900. Based on a total water merce of the United States in cooperation 
supply of 1,200 bgd—the average runoff with the National ‘Technical Task Commit- 
of all streams—the withdrawal was nearly tee on Industrial Wastes. The results of 
30 percent of the potential supply. the nationwide study were _ published,13 , 

Not all of the water withdrawn is con- long with the evaluation of the data and 
sumed because much of it is returned to 4 discussion of the entire spectrum of 
the streams or ground and can be reused Water; irrigation, health considerations, 

over and over again if steps are taken to food control, aquatic life, water for mu- 
maintain its quality. Consumption of wa- nicipalities, and water use by industries. | 
ter for. various uses ranges from 50 to 60 The report is a valuable record of indus- 
percent of the water withdrawn for irri- Ty’s use of water and constitutes a guide- 
gation to 1 percent for steam-electric pow- Post for future planning. ‘The findings 
er cooling. In 1960, including water con- ‘Show that substantial quantities of water 
veyance losses but excluding water used fe being conserved by industry as a re- 
for waterpower, 40 percent. of the total = ————— | 

| water withdrawal was used for irrigation, pile Bibles phy’ ° Pty dnolony Deike u com: 

51 percent for self-supplied industrial States, 1968. Geol. Survey Water-Supply Paper 

users, and the remaining 9 percent for Se eth OE PP elected References on Saline 
rural and municipal (public supplies) | Ground-Water Resources of the United States. 

domestic users. Data for 1965 are being ~ Schnelder, William Ho, and) others. Water 
compiled by the Geological. Survey for a esources of the Appalachian Region, Pennsyl- 

_publication similar to Circular 456, “Esti- ve eetons Atlee WAGs 196e” in tn 

mated Use of Water in the United States, (,° National Association of Manufacturers and 
1960.” Water in Industry. January 1965, 81 pp. |
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sult of re-use practices and that industry A reporti7 on: water ~ utilization and 
returns to the streams 93 percent of the conservation by petroleum refineries in 

| water withdrawn. Two of every 3 gallons California indicated that fresh water in- 
of water withdrawn by industry are used take by the State’s oil refining industry 
for cooling purposes and normally do not will increase from 84 million gallons per 
require treatment before discharge. Indus- day (mgd) in 1963 to 128 mgd in 1975. 

| try withdraws large quantities of sea water Water is chiefly used for cooling, followed | 
and brackish water, thus helping to con- by steam generation, processing, sanitation, 
serve fresh water supplies. and fire fighting. Many of the refineries 

; A report on a study of the water require-  27€ accomplishing effective: conservation | 
| } . : a: of water by (1) minimum intake of wa- _ ments for the mineral industry and indus- . “1a, | trial operations closely related to mineral "Of the lowest quality possible; (2) 

ma d opera Ne M, ate blished optimum recirculation; (3) effective treat- 
procuction in New : CXICO Was Pp udiis e ment of effluent before discharge; and (4) . 
by the Bureau of Mines.14 Most of the in- substitution of air cooling for water cool- 

| formation on source, quantity, distribu- ing. However, these steps may not be 
tion, cost, and treatment of water was ob- enough to assure adequate future water 
tained in interviews with company repre- supplies for this industry. 
sentatives. Water systems at 46 operations According to the U.S. Atomic Energy 
were illustrated by schematic waterflow dia- | Commission (AEC) = annual __sreport,18 | 
grams. The study revealed that the New | heavy water (D,O) sales to U.S. customers _ 

| Mexico mineral industry in 1962 used totaled 8,292 pounds in 1965, a slight in- : 
about 16 billion gallons of new water and crease over 1964 sales. Foreign sales dur- 

| reused 152 billion gallons, a total usage of ing the year were approximately 27.4 tons 
. 168 billion gallons. Consumption amounted — and leases, principally to Canada for the 

to 7.6 billion gallons. The value-of min- first Candu reactor at Douglas Point in 
eral product was $42 per 1,000 gallons of Omtario, were 186 tons. It was reported new water intake and $88 per 1,000 gal- that heavy water requirements in the next 

lons consumed. Projections indicated that _ decade were exp ected to increase substan- 
“17 tially because of increased emphasis in ad- the total demand for new water will in- | 

eaqe . vanced converter reactors such as _ the crease from 16 billion gallons in 1962 to . 94 bili il in 1980 d 36 billic heavy water-moderated, organic-cooled re- 
mon galtons in an mon actors which are under development in gallons in 2000. The report concluded the United States. 

that water—already relatively scarce in | . : . . Wok . Data from a report19 on water use in arid New Mexico—will be needed in vast- - . | | 1 | ities by th f th manufacturing in United States are shown 
y greater quantities y the turn of fhe in table 1. Total water intake in 1964 
century to sustain the mineral industry, increased 16 percent above that of 1959, 
which now brings in the bulk of that gross water used (including water intake 
State’s yearly income. This study was pat- and water recirculated or reused) in- 
terned after the one for Arizona pub- creased 17 percent, and water discharged 
lished in 1963. Similar studies were con- increased 15 percent. | , 
tinued in 1965 for Nevada, Montana, and , | : 
Wyoming. it Gilkey, M. M., and Ronald B. Stotelmeyer. 

° ater Requirements an ses in New Mexico 
Results of 4 national survey of water Mineral Industries. BuMines Inf. Cire. 8276, use in the mineral industry in 1962, along 1965, 113 pp. | ith lysis of the d d * ae % Kaufman, Alvin, and Mildred Nadler. Water with analysis of the data and projections Use in the Mineral Industry. BuMines Inf. Cire. 

for future needs o ineral i 5, 1966, 58 pp. . s of the miner industry ** Buttermore, Paul M. Water Use in the Pe- were published. One reporti5 covered the troleum and Natural Gas Industries. BuMines ‘ : ‘ . Inf. Cire. 8284, 1966, 36 pp. water use in the entire mineral industry, 17 Edgerton, Curt D. Jr. Water Utilization 
and a second reportié covered only the and | Conservation by Petroleum Refineries in 

° alifornia. BuMines Inf. Cire. 8270, 1965, 24 pp. water use in the petroleum and natural # U.S. Atomie Energy Commission. Major 
gas industries and specifically the water Activities in the Atomic Energy Programs, Jan- . ll drill d uary—December 1965. January 1966, p. 76. use In we ruling, secondary-recovery the US. Department of Commerce. Bureau of operations f e Census. ater Use in Manufacturing: 1964. P . or petroleum, and natural Bas Preliminary Rept. MC 683 (P)-10, March 1966, processing plants. 11 pp.



Table 1.—Quantity of water used and discharged by manufacturing establishments, _ 
by industry group and selected industry: 1959 and 1964 : | 

; Be (Billion gallons) S| | 

Industry code 1959 . so 1964 pP 

Main Subcode Industry groups (total) and Gross Water No. of Gross» Water No. of 
code (sub- subgroups (subtotal) Water water dis- employees Water water dis- employees 
(total) total) : intake . used! charged (thousand) intake -used } charged (thousand) | 

19 — Ordnance and accessories........----------.------ 12 37 10 208 138 48 12 189 
20 — Food and kindred products............----------- 624 1,298 577 618 - . 760 1,280 689 626 
21 — Tobacco manufactures_..____.-.-.-.------------- 3 44 2 43 3 19 2 81 
22 — Textile mill products_..._.._..--.-...---.---.--- 185. 182 . 120 378 4148 ~~ =811- 135 353 
24 — Lumber and wood products__--.-.-.------------- 140 184 126 eee) 151 217. 123 66 
25 — Furniture and fixtures_._...._-.-.-.-...-.---..--- 3 4 2 ‘$l 3. 4 3 85 
26 —— Paper and allied products_........-.-----.------- 1,937 6 ,046 1,824 282 = -2,072 6,088 1,947 250 
28 — Chemicals and allied products_......_--..---.---- 3,240 5,225 8,061 434 3 , 897. 7,614 . 8,670 498 
29 — Petroleum and coal products__.....-.--.--------- 1,319 5,780 1,204 —— 142 1,397 6,159 1,818 1,006 
—_ 2911 Petroleum refining. _.........-...--.-------- 1,311 5, 767 1,199 135 1,888 6,146 1,309 112 
380 ‘<= Rubber and plastics products 2. ......-...---.---- 127 218 119 212 - 163 | 336 ~ 155 210 = 
81 — Leather and leather products._........-----.--.-- 12 14 12 (26 16 18 15 26 > 
82 — Stone, clay, and glass products___..-.-.---.-..--- 251 412 264 821 248 886 _ 219 218 bel 
83 — Primary metal industries_........--.------------- 8,702 5,678 8,551 852 =—s 4, B77. 6,779 4,812 — - 818 an 
_ 881 Steel rolling and finishing_.....--.----------- 3,238 4,840 8,119. 540 4,051 5 , 806 8,810 © 522 
— 8332 Iron and steel foundries__........-.---------- 42, 60 87 94 28 45 25 87 
—_— 833 Primary nonferrous metal.........-.-.-.----- (’) (3) (8) (8) 385 704 © 370 ° «AQ . 
— 885 Nonferrous rolling and drawing_.-.....------- 92 161 87 134 83 167 79 - 118 
_ 886 - Nonferrous foundries._............-....-.-.. () (8) (8) — 8 19 8 17 
_ 3389 - Primary metal industries ?.__.......-.---.--- 4 14 6 . 26 20 : 34 18 27 
84 — Fabricated metal products__...-.-..------------- 44 71 41 816 57 ~128 ~- 58 258 
85 — Machinery, except electrical.........-...--...-.-- 171 251 165 514 157 © 287 ' 149 5382 
86 — Electrical machinery. ..._.....-...--..-----.-.- 93 159 | 88 567 103 261 88 . 750 . 

—. 87 — Transportation equipment.__.......-.-.---..-... 260 522 VA!) 1,285 247 6638 237 — 1,208 
. 88 — Instruments and related products...........-..-.- 23 60 22 - 158 - 30. 80 27 194 . 

89 — Miscellaneous manufacturing........----------.-- 14 20 13 45 13 22 “17 48 

_ _ United States, total 4........-.--2--2..-2-. = 12,181 26 ,257 11,445 6,560 - 14,055 30,645 18,171 6,414 

P Preliminary. . . | . - 
1 Includes water intake and water recirculated or reused. . . 
2 Not elsewhere classified. . . 
* Figures did not meet publication standard. } : oo | : - 
4 Figures for 1964 exclude, and figures for 1959 include, establishments classified in Major Groups 28 and 27. In 1959, such establishments had total water intake of 28 

billion gallons, gross water use of 58 billion gallons, discharge of 22 billion gallons of water, and employment of 152,000 persons. ee ; 

Source: Bureau of the Census. . so o 

BO =
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PRICES , a | 
Prices paid for water varied widely, de- lons of purchased water were 2, 12.5, 15, 

pending on the area and type of use. The and 46 cents and $2.14. The cost of power 
typical consumer falls into one of three and maintenance, at six operations, for re- 
classes: residential, commercial, and in- circulation of water ranged from 0.5 cent — 

| dustrial. The home owner may pay from to 3 cents and averaged 1.8 cents per 1,000 
| 20 to 75 cents per 1,000 gallons, but the gallons. Of the 13 operators reporting 

national average is 35 cents or 2 cents per treatment costs for new water, 4 reported 
_. day per person. The range of prices for’ “negligible” cost and 9 reported figures 

| irrigation water is. much greater—from 1 ranging from 3 to 50 cents per 1,000 gal- 
| cent per 1,000 gallons where streamflow is _lons. The average at these 13 plants was _ 

- ample, up to 20 cents or more; however, 18.8 cents per 1,000 gallons of new water | 
water delivered to the farmer generally treated. | oe 

| ranges from 0.5 cent to 5 cents per 1,000 A preliminary report of a study made __ 
gallons. Costs for water in substantial by Bechtel Corp. under the joint sponsor- 
quantities for industrial use, including ship of the Department of the Interior, 

oe pumping, treatment, and distribution range the Atomic Energy Commission, and_ the 
| from 1 cent to 15 cents per 1,000 gallons. Metropolitan Water District of Southern 
oe The cost of producing fresh water from California concluded that a large-scale dual 

_ Saline water remained at $1 to $1.50 p er purpose nuclear-powered plant producing 1,000 gallons, compared with $4 to $5 in 150 million gall dav of fresh wat 
_ 1952 when the Office of Saline Water pro- muton. gations. per Cay of fresh water gram began. from sea water and 1,800 megawatts of 

The cost for self-supplied new water at electricity would be feasible. In addition, 
- 21 mineral industry operations in New Mex- the report concluded that the cost of the 

| _ ico, as reported20 by the Bureau of Mines, fresh water would be from 22 to 30 cents” 
_ ranged from 1 cent to 20 cents and aver- per 1,000 gallons, An artificial island off 

| _ aged 8 cents per 1,000 gallons. At five the coast of Southern California was pro- 
operations, the prices paid per 1,000 gal- posed as the site for the plant. | | 

| WORLD REVIEW | 

Brazil_—Jupia Dam, on Brazil’s Parana collecting basin, it has the advantage that 
River, is the largest earthmoving job ever ample amounts of water are received most 7 
tackled by dam builders in South America’ of the time; however, it also has the dis- | 

. and the largest single hydroelectric project advantage that on occasion the province 
there. It is the first of two dams that make must cope with excessive amounts of water 
up the Urubupunga project, which will during flood periods. 
add 4.8 million kilowatts (kw) to Brazilian Germany, West——West Germany’s largest 

| power capacity. When completed in mid- reservoir project of the century went into 
1967, the $266 million dam will impound a service and was expected to alleviate a crit- 
reservoir covering an area of 87,000 acres  jcaj water supply situation in the Ruhr’ 
and contain 24.9 million acre-feet of water, District—the world’s most highly concen- 
of which 6 million acre-feet will be usable.21 trated industrial region. With 5 million 

Canada.—The fresh-water supply situa- persons, less than 10 percent of West Ger- 
tion in Canada was appraised 22 and the many’s population, the Ruhr now accounts 
future of Manitoba’s water resources was for nearly 40 percent of the nation’s indus- 
forecasted.23 The thesis was presented that , 
Canada’s fresh water should be held in 2 Work cited in footnote 14. 
trust for future generations of Canadians D 24 Engineering News-Record. Parana ariver 
and that if Canada is to prosper as a na-  gronower Vy. “175. No. 5. July 29. 1965, po. 
tion, its water cannot be sold nor should 22-25. 
export possibilities even be considered until _,, od a anda ya ae eater: 
a great deal more is known about Canada’s _ 1965, pp. 19-22. oa 
present water Tesources and future water Water Recsarees. Eng. J. (Montecal, Canada” requirements. Because Manitoba is a water Vv. 48, No. 10, October 1965, pp. 35-39.
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trial output. Supplying this region with contaminated water, and produces bacteria- | 
sufficient water has been a problem since free water for human consumption.27 
the late 19th century, especially after World Sudan.—The Sudan, like many other un- _ 

War Ii when Ruhr industry and popula- derdeveloped countries, rests its economic 

Thi both expences eae grown. future on the successful exploitation of its 
| 1s project involved the buuding of the water. The Sudan’s prime source of wealth 

Bigge Valley Reservoir that took 8 years to and largest export is Egyptian-type, long- 
construct and when filled will have a capac- staple cotton. Without more water for ir- 

| ity ot 113,000 acre-feet, which is nearly rigation, the country can not expect to ex- | 

| voirs now serving the Rubr.4 this expansion rests on Roseires Dam, a 
Israel.—Local in dustries will supply a 10-mile-long earth and concrete structure 

: . across the Blue Nile basi i 
large part of the equipment required for Rapids, scheduled for com fetion ‘te 1966. 
the proposed dual-purpose desalting and Whe n complete d and fille i the dam will | 

power generating plant scheduled for con- store 2.6 million acre feet of water, which a 
struction near Ashdod in Israel. The proj- will double the Sudan's water storage ca- | 
ect is expected to provide 100 million cubic pacity and will ultimat ely add 210,000 kw | 
meters of desalinated water annually and £ electri . ‘the 8 k | 

| to have a rated output of 200 megawatts in oF ceetric capacity to the, 0,000 kw now / Output OF <u : _ available for public supply.28 . 7 | 
excess of the power required for desalting.25 USSR—The T ited | 

‘ peo. kl. . . . .- » De ote e.iass new ni re : 

_ Prelimmary reports indicated that a | that the USSR. is c nei dering. a con- | 

| cae din the lee of ater had pect in struction of two 3,500-megawatt (thermal) | 

Senne eee rar RL graphite-uraniom nuclear power reac . . | near Zhdanov (Donbas), which. together 
ccpression that could comin nee ie aes _ would provide 1,200 megawatts of electricity | 

‘al treat P t 2 d . a 8 and convert 1 to 1.5 million cubic meters of 

special trea men Oo Fecuce minera” coi- — Azov Sea water to fresh water daily. : 
tent.. Jerusalem’s Mayor Rouhi. al-Khatib ted Arab R . E 

intended to seek financial assistance from _, United Arab Republic (Egypt).—The Egyp- 
the central government to develop this po- eee Dae that ais aDuilding the 

tential new water supply which could result lee. ae . . across t 1 ile eoen 

in a major turning point in the municipal- es south of Cairo was I year ahead o 
«aa? schedule at the close of the year but faced. | ity’s development. , . . : 

oo the most crucial problem—the job of mak- 

Japan.—The Water Resources Develop- ing granular riverbed material under the 
ment Corp., a quasi-government agency dam leakproof, or reasonably so. Leakproof- 

organized in 1962 to cope with Tokyo’s ail- ing the riverbead involves injecting grout | 

most traditional water shortage, spent $97 in quantities and to depths beyond experi- — 
million for new water supply projects dur- ence anywhere. Completion of the dam 7 
ing the year and earmarked $435 million was scheduled for July 1967.29 _ co 
for water development projects for the city United Kingdom.—aAfter July 1 it be- 

_ over the next 5 years. Even at the present came illegal to abstract water from virtu- 
rate of construction, the corporation ex- ally all private sources in England and 

pects that the threat of water soriage will Wales without an annual license. This was _ 
hang over the city until 1970 when the = —H~—~——— : 
capacity of new facilities will exceed the 24 Engineering News-Record. Reservoir Will 

maximum possible daily demand for the aid. the Tparsty Ruhr. V. 174, No. 5, Feb. 4, 
first time since the end of World War II.26 25 Bureau of Mines. Mineral Trade Notes. V. 

. 60, No. 5, May 1965, p. 47. 

South Africa, Republic of.—With drought Shortens aren aes oe Re No. ie Sent Ne. 
sapping South Africa’s water supplies, new = 1965, pp. 156-158. a 

devices for purifying water were being ex- icq p70, African, Digest (Petorin, South Af 
amined with keener interest than ever. The V.,12, No. 45, Nov. 12, 1965, DB. 18. Mile-Lo : 

. : Engineering ews-Record. en-Mile-Long 
latest such device, which was demonstrated Dam Will Reinforce Sudan’s Cottonpicking Econ- 
and was to be marketed, was a mobile omy. V. 174, No. 22, June eo: 1965, pp. 38-40, 45. 

. li57 : . Bowman, aldo G. swan Dam’s Cruci 
water sterilizing apparatus that Pp urifi es con Phase: Grouting. Eng. News-Record, v. 175, No. 
taminated water, even cesspool or bilharzia- 24, Dec. 9, 1965, pp. 48-65.
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| _ one of the most important provisions of sponsibilities of the authorities include 
the Water Resources Act, 1963, which gave control of pollution, fisheries, navigation, 
the Minister of Housing and Local Govern- land drainage, and flood prevention, to- 
ment wide powers in the formulation of a gether with the new function of conserva- 
national policy on water. The broad re- tion and development of water resources. 

| a TECHNOLOGY - 

The Office of Saline Water (OSW) con- _ sion plants of 50 million gallons per day 
a tinued research and development seeking and _ larger. | | 

to lower the cost of producing fresh water Taking shape on drawing boards was a 

from saline or brackish water. Progress re- water desalting plant designed by Fluor 
ports on basic research, process develop- Corp. that will be the largest in the United. . 
ment, and demonstration plant projects States. The $3.8 million flash-distillation 

oo will be given in the OSW Annual Report unit was scheduled to begin operating near 

. 1966. All of the basic research was cone Ral, vt it By late 1996, producing 2.62 oe Oe _“Dasic 1 - million gallons per day. of fresh water. An 
| | ducted under contract with other Federal additional unit will be installed ‘at the site 

agencies, and with universities, private or- at a later date. The Florida Keys cur- 

_-.  Ganizations, and industrial firms. Most of © rently obtains water by a 130-mile-long U.S. 
the pilot plants for process development or Navy aqueduct from Florida City. This — 

| applied research activities were under con- system can deliver 6 million gallons per 
| struction and operation at the OSW Re- day, but the Florida Keys Aqueduct Com- _ 

search and Development Test Station at mission expects that the water needs for __ 
| Wrightsville Beach. N.C. _ the Florida Keys will reach 10 million gal- 

. The five OSW demonstration plants were _lons per day by 1982. oe = 

designe’, pat ane operated oo eed Separation of mineral constituents from 
_ aca tO Comonsirate the reliability, €ngl- sea water and other saline waters was 
Hale ef ne eevee and economic poten-  investigated.32 The conclusions were that | 

| SStvolonprvaes “‘Dots sbuined fyi, te mineral of rent economic po one operati Pp of the plants ere being tential in oe water, excluding the primary 
| _t- . . product—fresh water, were salt (sodium 

evaluated to form the basis for the design “de : . 
of larger and more efficient plants. A h a chioride) , weeercn and potash. one oe jer al _prants. A hand- water desalination plant producing 50 mil- 
book provided reference aids to engineers lion gallons per day of fresh water and 

| and cesigners engaged an sane Water a operating at a brine concentration factor of , rsion to fresh water30 and a bibliogra ) 
of saline water conversion literature was 5 to 1 Would also produce 20 percent of | aviled 81 the U.S. annual salt requirements, 25 per- 

: Th, D. eth ; th cent of the magnesia, but only 1 percent 
; Pamet n the raterior ane € of the potash. | 
an Diego Ga . 2 . . 

g0 as ectric Co reac! ed an Only a few basic heavy inorganic chem- 
_ agreement in September to establish the . . . 

. : . icals are possible as chemical products 
San Diego Desalting Test Station on prop- f . wae 

. : rom effluent brines from desalination erty made available by the company at its | 7 . : } plants and these products must be com- South Bay powerplant in San Diego Coun- vas 
. . . petitively produced and marketable. Most 

ty Calif. The State of California through . . 
. of the potential products are widely pro- 
its Department of Water Resources and . 

. . . i . duced and even more widely used. An 
the city of San Diego will participate in integrated water-chemical production plant the project and assistance may also be 6r P P 

ephone Co, and Western Salt Co. ‘The test SeingSivRebi" Want ibe Taeron, OMe oO. estern Sa O. e tes almmne ater. aline ater onversion ngi- 

station will provide a location for the con- "°¢ting Data Book. July 1965, 239 pp. 
: . Schamus, J. J. Bibliography of Saline Water 

| struction and test operation of modules and Conversion Literature. U.S. Dept. of Interior, 
: : : : ce of Saline Water. Res. and Dev. Progress equipment components which will provide pot 4 46, September 1965, 374 pp. 

the technical data that must be developed 3 Salutsky, Murrell L. Research on Mineral 
: : + : . By-Products From Saline Water. Res. and Dev. 

to provide the engineering basis for the de-  pioeress Rept. 137, Office of Saline Water, Jely 
sign and construction of sea water conver- 1965, 105 pp.
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was shown to have some attractive fea- the underground workings. Project plans — | 
tures.33 7 _ for saving the mines and the anthracite 

The First Intérnational Symposium on  TeServe call for filling the abandoned pits 

Water Desalination, announced by the 224 grading the surface to provide better 
President of the United States in August Unoff. : | 

: _ 1964, sponsored by the U.S. Department of | Pennsylvania’s Department of Mines 
| the Interior in cooperation with the U.S. tested a truck-mounted plant for treating 
_ Department of State, was held in Washing- acid mine water.35 The mobile plant, 
o ton, D.C., from October 3 to 9, 1965. Ap- which utilized lime to control acidity of : 

. proximately 1,500 official country delegates, mine drainage, was used to develop water 
: observers, special guests, and general at- treatment methods at five locations along : 

tendants, representing 65 countries and 5 Pennsylvania streams. Results of the tests 
continents, participated in the symposium. were not published. ° OS 

About 96 papers were presented on water Research scientists at Indiana University a 
desalination technology by representatives erified that cast overburdens resulting : 
from at least 20 countries. The United ¢.., coal mining operations served a use- 
States gave 53 papers; U.S.S.R. 9; Israel 5; gy purpose by acting as reservoirs for 

United Kingdom and West Germany 4 ground water.36 During a drought in 1964, 
each; Scotland and Japan, 3 each; and _ streams and lakes in a mined area in south- 

_ the remaining countries gave one or two Western Indiana maintained good levels 

papers each. | while nearby streams were dry. One mine 
In conjunction with the symposium, the nearby operated a closed circuit coal prepa- 

First International Water Desalination Ex- ration plant which got makeup water of | 
‘position was held in Washington, D.C. good quality from local lakes in the mined | 
This exposition supplemented the papers area. SO _ 
and discussions of the symposium in a dra- —_—_ [fn a search for cheaper sewage treatment 
matic and meaningful fashion and enabled methods, the Bureau of Mines evaluated 

, the participants to see firsthand what in-  cgal and coal-derived materials as organic | 
dustry and government had done in trans- contaminant absorbents for sewage plant - 

‘lating theory and experience into hardware effluents. Conventional sewage plant prac- 
for water desalination. tice of biological treatment followed by re- 

_ Acid water drainage from coal mines con- moval of organic matter by activated carbon | 
tributes to river and stream pollution. To | was_.found to be satisfactory, but initial 
assist the coal industry with this problem and regeneration costs for activated car- 
the Bureau of Mines continued research bon are relatively high. Coal was reported | 
on various aspects of acid water drainage to be attractive for this application because 
and related subjects. Ultimate objective of it is relatively low in cost and wouid not 
this work was to develop methods for re- have to be regenerated after use because 
ducing or eliminating stream contamina- both the coal and absorbed wastes could 

-. tion from this source and to promote wa- be profitably burned as fuel.37 An an- | 
ter conservation. The Bureau directed ma- | mouncement was made that. a $617,000 con- 
jor attention to an acid mine drainage tract between the Office of Coal Research 
control demonstration project in the bitu- We MelInenny, Ww. F iP. EB Machi 
minous coal fields. Further work also was (The Dee ay, mical Go., Freeport, Tex.). The | 
conducted to evaluate the economic and Utilization of By-Products and Related Effects 

practical potential on mine sealing, mine gh the, Geet of Bosainated Water. Seminar on 
flooding control, and mine water neutral- tions Headquarters, New York, Oct. 1, 1965, 36 
ization.34 PP. , 

- # Bureau of Mines Staff. Bureau of Mines Re- 
_ A mine-water control project, financed search and fGen ane 1968 on 9 Gor 1964. 
jointly by the Department of the Interior 35 Maneval, David R., and H. Beecher Charm- 

and the Commonwealth of Pennsylvania, bury. enti Mine Water Nos. age ant: 
to prevent flooding anthracite reserves in  ¢9_7}. 

1 36 an underground complex near Tower City, sential of Surface Mined Goal Uands. Min. Cone. Pa., was started. The mines lie beneath jy ¥51, No. 11, November 1965, pp. 40-46. | 
abandoned strip pits. After heavy rain and * Bureau, of Mines Staff Bureau of Mines Be 
snow, water funnels through the pits into Bimines Inf. Cire. 8277, 1966, pp. 98, 99. :
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_ -of the Department. of the Interior and water recovery was 21/4 cents per 1,000 gal- 
Rand Corp. of Cleveland had been signed lons of water treated, or 23 cents per ton 
for the construction of a pilot plant using of dry refuse solids handled. It was con-— 
coal. filters to purify municipal sewage cluded that by using gravitational thick- 
wastes now being discharged into the Po- _eners, water was recovered at a very reason- : 
tomac River. | . able price, stream pollution was prevented, 

At the Meramec Mining Co. Pea Ridge and a closed water circuit was achieved 

mine 75 miles southwest of St. Louis, Mo., requiring a minimum of makeup water. 
| a water settler was installed when it was © The National Aeronautics and Space Ad- 

a realized that mining the magnetite ore re- ministration (NASA) drilled the second- 
sulted in abrasive solids in the mine water deepest disposal well in the United States 

| that would cause rapid pump wear and at its Michoud plant in New Orleans, La., 
oO fill the sumps with settled sludge. It was where the gigantic Saturn launch vehicles 
2 _. Yeported that the settling system did a for the Apollo program were being as- 
- good job and justified the cost of con-  sembled. It is reported to be the only well 
a ‘struction.38 : | that discharges into a water-sand stratum. 

7 A summarization was published39 on the Some 400,000 gallons per day of waste 
methods available for the treatment of cleaning solutions and rinse water from | 

| _ . liquid and gaseous effluents, and methods cleansing of Saturn components was being 
and processes ‘that have been used or pro-' injected in the disposal well. The cleaning 

posed to recover valuable products from agents include chromate as well as various 
plant wastes and to abate water pollution. acids and alkalis and could not be dis- 

Water recovered for reuse was reported to. charged to a nearby industrial canal be- 

be ultimately the major valuable product cause the chromates would harm oyster 
| because of increasing water supply and wa- beds in the bay. Studies showed that the 

ter treatment costs and mounting charges easiest and cheapest alternative for disposal — 
| for using municipal sewage facilities. — of waste was in a deep well. Chemical and 

In the past, in the treatment of mining mineral industrial companies can profit by __ 
- wastes, attention was concentrated on pH the reported experiences of NASA, the first 

- control and on the removal of oil and _ to discharge their waste materials into a 

other visible and nuisance pollutants. Few sand _ strata.42 a : 

7 mines. had availed themselves of biological The demand for fuller use of water re- 
| methods for treating their wastes. An up- sources dictated increased performance by 

surge of interest in the use of these meth- waste treatment processes and the develop- 
ods has been shown to solve a number of ment of strong interest concerning the 
the oil industry's disposal problems. Re-  jemoval of constituents passed by _biologi- 
cent studies established | the usefulness of cal processes. The means were reported43 | 

these methods in achieving satisfactory re-  t4 be available to design units that will 
duction in the biochemical oxygen demand closely reproduce laboratory performance 

| (BOD) and in the phenols, residual oils, in the field, and that the scope of the 
and other organics of the refinery waste chemical treatment has been expanded by _ 
liquors. : The various methods and results the advent of a host of organic polymer 
of biological treatment available for deal- coagulants. 
ing with aqueous mining wastes were re- | 

ported.40 88 Monroe, H. K. Design of a Mine Water 
A study of the design and operation of Settler at foes, ees Eng., v. 17, No. 12, 

thickening equipment for closed-water cir- 39 Rickles, Robert N. Waste Recovery and Pol- 
cuits in coal preparation plants indicated seen on togn a. Ghem. | Eng., v. 72, No. 20, 

that they were justified from two stand- 49 Sherwood, Peter W. Treatment of Waste 
points: economical operation and preven- Liquors. Min. Mag. (London), v. 112, No. 5, 
tion of stream pollution.41 From this sur- May Dale” pp. 304-300. : ale, L. A., and D. A. Dahlstrom. Design 
vey of 14 operating plants using thickeners and Operation oft Thickening Equipment for 

for water recovery and refuse solid concen- Plants. Trans. Soc. Min. "Eng., v. 982, ‘No. 2, 
tration, it was apparent that the gravita- June. 11988, pp, 141-149. ine to Whip Well 
tional thickener represented a dependable woes, ‘V. 96, No. 15, Apr. 10, 1965, pp. 113, i. 
device for these two purposes. Chemical * Parsons, William A. Chemical Treatment 
flocculants were required. Average cost of i,,s¢ "28% and Tee tad westes: Nat. Time
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| Record: zinc consumption / and smelter The quoted price of Prime Western 7 
| output highlighted an active year for the grade zinc, East St. Louis market, remained | 

domestic zinc industry. Consumption in ex- at 14.5 cents per pound throughout the | 
: cess of new supplies reduced the stock level year. - | us oo | : 
| at producers to a 14-year low by April, — Legislation and Government Programs.— Oe 

: leading to emergency releases from the The International Lead-Zinc Study Group | 
Government stockpile. | . met in Tokyo during the first week in No- . 
The record smelter . production “was vember. For 1965, it was estimated that . : 

1,078,000 tons, and in response to the de- free world consumption would attain a | 

a mand for smelter feed, mine production record level of 3.7 million short tons al- 

increased 6 percent to 611,000 tons, the though the rate of growth was the lowest 
largest quantity since 1952. Producer stocks 11 7 years. Including net imports from the 
dropped from 31,000 to 29,000 tons while Soviet bloc countries and sales from the 

consumer stocks rose from 108,000 to U.S. Government stockpile, new supplies 
152,000 tons during the year. were indicated to exceed consumption by 

| Import quotas, established in 1958, were  2bout 140,000 tons, easing the tight supply 
terminated during the latter part of the CoMdition. A study on consumption by the 
year. General imports of 428,000 tons for Special Working Group was authorized for 
ores and concentrates and 153,000 tons for Publication as soon as publishing arrange- 
metal were the largest since 1962 and 1959, ™ents could be made. | 
respectively. Exports of slab zinc decreased U.S. import quotas were terminated by 
from 26,500 to 5,900 tons, the lowest since Presidential proclamation, effective October 

1958. a 22 for ores and concentrates and November 

Government stockpiles were reduced by 21 for metal. The action was guided by a 
193,000 tons to a yearend total of 1.31 mil- Tariff Commission report submitted June 8 

lion tons. 1 Commodity specialist, Division of Minerals. - 

232-748 O-67—65 | | | 1017
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Table 1.—Salient zinc statistics _ 

| 1956-60 oe | , 
. (average) 1961 1962 1963 1964 1965 

‘United States: | | So | | 
Production: . . 

Domestic ores, recoverable content oe | 
_ short.tons.. 469,361 464,390 505,491 529,254 574,858 611,153 

. Value__------------------thousands._ $113,201 _ $106,848 $116,413 $122,533 $156,308 $178, 284 

| Slab zinc: / a . | 
From domestic ores_.-..---short tons... 407,714 413,282 448,095 474,007 531,967. 551, 215 
From foreign ores..-..-.-------do--.. 462,053 433,513 431,300» 418,577 422,117 += 443, 187 

. From scrap_...-..---.---------do.-.._ 68,552 55, 237 58, 880 60,303 71,596 83,619 . 

a | Total__..-.-----------------do____ 933,319 902,082 938,275 952,887 1,025, 680 1,078,021 | 
Secondary zine!___._..-.---------------- 200,664 183,357 203,800 208,715 227,713 271,694 

8 Exports of slab zinc__...---.-------short tons._. 21, 689 50, 055 36,102 33,853 26,515 5,939 
-Imports (general): - . 

_ Ores (zinc content)..-_.------------do_._.. 494,089 415,700 467,398 372,769 357,145 | 428,040 
. Slab zinc.-...---------------------do__.. 197,383 127,562 »=—-:141,957 =: 144,757 =: 118,340 =: 152, 990 

; Stocks, December 31: a: Pe oe I 
a At producer plants__....-..--------do.-.. 149,764. 146,887 144,746. 47,910 31,178 28, 622 

| At consumer plants.......:..-------do--.. 92,276 97,155 79,934. «97,475 108,411 151,873 | 
Consumption: os hoes _ - . . . . He " . 

a Slab zinc._..----------------------do__-_ 929,364 931,213. 1,031,821- 1,105,113 1,207,268. 1,354,092. — 
. All classes___.......---------------do____ 1,226,811 1,207,469 1,333,311 1,414,216 1,535,751 1,742,067. 

' Price, Prime Western, East St. Louis | : _ — oe Co | 
cents per pound. _ 11.92 = 11.55 11.63 12.01 13.57 14.50 

‘World: . a, 7 - _ a - | 

Production: | So ca Oo 
Mine..--....-----------------short tons__ 3,476,000 3,845,000 3,950,000 4,075,000 4,425,000 4,750,000 

re Smelter....-...-------------------do___. 2,601,000 3,580,000 3,755,000 3,830,000 4,110,000 4,240,000 . 
Price: Prime Western, London.cents per pound.- = 10.39 «9.78 8. 43 9.60 14.74 14. 12 

r Revised. | | . | | 
1 Excludes redistilled slab zinc. oe : 

oe on the condition of the lead and zinc in- tons to domestic producers, importers, and 
: dustries with particular reference to the other purchasers for domestic consumption. _ 

| operation of the quota system, in effect Of the 50,000 tons authorized. for direct 

: since October 1958. So government’ use, approximately 2,000 tons 
The program to stabilize the mining of _ were released to the Bureau of the Mint 

lead and zinc by small producers initiated for coinage purposes and 1,077 tons were 

by Public Law 87-347, providing supple- released to the Department of Defense. 
| mental payments for. eligible production eo | 

when the market price is less than 14.5 in bli c a ee Soa novemner 4, 
cents per pound, was extended under Pub- authorize Tenease 0 2 tons of zinc 

| lic Law 89-238 to January 1, 1971. The from the national Stockpile ‘for disposal to 

extension restricted payments for a calen- industry. In accordance with this authori- 
dar year to 1,200 tons of lead and 1,200 zation GSA, during November and De- 

tons of zinc for a qualified producer and to cember, sold 69,175 tons to domestic pro- 
a yearly total of $2.5 million for the pro- ducers, importers, and other purchasers for 
gram. No payments were made during 1965 domestic consumption. | | 

since the market price equaled the stabili- = § There was 1,028,627 tons of zinc in the 
zation price. national (strategic) stockpile and 284,241 

Public Law 89-9, enacted April 2, au- tons in the supplementary stockpile at the 
thorized release of zinc from the national end of the year. The conventional war 

stockpile in the amount of 150,000 tons for stockpile objective for zinc, as revised in 
disposal to industry and 50,000 tons for di- 1963 by the Office of Emergency Planning 
rect government use. In accordance with (OEP), was zero. Studies continued by 
the authorization, General Services Ad- OEP to determine stockpile needs to meet 
ministration (GSA), from April through the requirements of general nuclear war, 
August, sold essentially all of the 150,000 including reconstruction.
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Figure 1—Trends in the zinc industry in the United States. 

DOMESTIC PRODUCTION 

| MINE PRODUCTION - The sources of zinc production, classified 
| Mines in the United States produced accorune to types of ore, in 188 were O32 

611,200 tons of recoverable zinc, an increase percent. rom zinc Ores, ‘0 percent trom 
of 6 percent over that of 1964 and the lead-zinc ores; 1.1 percent from lead ore; 

highest annual output since 1952. States 4-5 percent from copper-lead, copper-zinc, 
east of the Mississippi River produced 54 and copper-lead-zinc ores; and 5.6 percent 
percent of the total output; Western States from all other classifications. Details of this 

42 percent; and West Central States 4 per- breakdown are in table 3 of the chapter on 
cent. lead in this volume.
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_ Table 2.—Mine production of recoverable zinc in the United States, by States _ | 
a . (Short tons) oe Oo 

| 1956-60 | — 
State (average)... 1961 1962 1963 1964 1965 

: Arizona —...--~--------- 32,281 ~ 29,585 32,888 25,419 24,690 21,757 
Arkansas ..-----~-~-~-- 20 a) 211 eee memes | ater 
California .---..-------- 2,322 304 - 322 . 101 143 225 7 

. Colorado ~----.----~----- 38,209 42,647 43,351 48,109 53,682 53,870 
Idaho _...----~-----+---- 49,923 . 58,295 62,865 | 63,267 ~  §9,298 58,034 . 

- Illinois ~--_..----------- 25,506 26,795 27,413 20,337 13,800 18,314 
_ Kansas ~--------------- 10,416 2,446 3,943 3,508 4,665 . 6,508 

- Kentucky ~-.----------. | 811 1,147 | 1,172 1,461 2,063 5,654 
Missouri ~~~-.-------~-- 2,121 5,847 2,792 321 1,501 4,312 
Montana —...-..-------. | 38,935 10,262 87,678 32,941 29,059 33,786 

- Nevada -----=-L.------- 2,702 453 281 571 582 8,858 
New Jersey --.-------.. . 3,561 112 15,309 32,738 32,926 38,297 
New Mexico ~.---------- 19,026 22,900 22,015 . 12,938 | 29,833. 36,460 
New York ~--------~~--: 57,322 54,763 53,654 53,495 60,754 69,880 
North Carolina ~-._..--. @®) ----~~ re 18 ---2-- --1--- 
Oklahoma -~=.---------__- 10,223. . $8,148 -10,013 13,245 12,159. 12,715 
Oregon ~~ ~u2-~.-------- --- ne 3 -~----— 3 Ww WwW 
Pennsylvania —~-.-..----- 8,255 23,428 24,308 27,389 30,754 27,685. 
Tennessee -......-._._.. © 68,908 | 81,734 71,548 95,847 115,943 122,387 —. 
Texas —..--------.----... 9 -~---- ~----— ---+~-- eee ------ ------ 
Utah ~~--~~----~--_--- 39,780 37,239 34,313 36,1797 81,428 29,747 | 

. Virginia ~~---.-------~_ 20,193 - 29,163 26,479 23,988 21,004 20,491 
Washington ~-----~----. 21,367 ~ 20,217 21,644 ~ 22,270 24,296 22,2380 
Wisconsin ~...-.------.-~ 17,530 — . 13,865 18,292 15,114 - 26,2738 26,993 

| | Total -----------. 469,361 464,390 505,491 529,254 574,858 611,153 

W Withheld to avoid disclosing individual company confidential data; not included in total. . 
1 Less than 14 unit. os oO . 

| The 25 ‘leading zinc-producing mines in pated due to adverse. ground: conditions 
the United States, listed in table 4, yielded but full production of 90,000 tons per | 
75 percent of the total domestic output. month was expected to be achieved by July | 
The four leading mines supplied 24 per- 1966. The New Jersey Zinc Co. operated its 

| cent, and the first eight contributed 40 per- Jefferson City and Flat Gap mines and the sy 
cent. a _ _United States Steel Corp., Tennessee Coal 

a Tennessee maintained its rank as the *& Iron Division, operated its Zinc Mine 
leading producing State with output in- Works mine and mill during the year. The nd 

| creasing 6 percent to a record 122,400 tons, COpper-zinc mines of Tennessee Copper Co. 
- about one-fifth of domestic zinc mine out- contributed a substantial quantity of zinc 

| put. American Zinc, Lead and Smelting Co. 9utput to the State total. : | 
_ operated its Coy, Grasselli, Mascot No. 2, New York output of recoverable zinc in- 

North Friends Station, and Young mines. creased 15 percent to a record 69,900 tons. 
Development of the New Market mine and St. Joseph Lead Co., the only zinc producer 
mill, a joint venture between American in the State, operated its Balmat and Ed- 
Zinc, Lead and Smelting Co. and Tri-State Wards mines without interruption on a 6- 
Zinc Co., Inc., has been slower than antici- day-week basis. Contributing to the record 

| production was the completion, in the sec- 
. . ond quarter, of an expansion and moderni- 

Table 3.—Mine production of recoverable = zation program at the Edwards mine and 
zinc in the United States, by months mill.2 

. Month 1964 1965 Idaho remained the leading mine pro- 
 —__ ducer in the Western States although out- 

January ---.-.-------.-.--. 48,548 50,063 ut decli February so sles 442459 48,360 Pp Cc ined 2 percent to 58,000 tons. ‘The 

March ______________-_..._ 47,774 54.887 Bunker Hill Co. reported 24,050 tons of 

April --------------------- 46,387 53,186 zinc in concentrate recovered from milling 
May --.--..-.-.----------. 46,285 48,698 . : 
June __.___________.___---_ 45,199 51,694 240,200 tons of ore from its Star Unit 

July ---------------------- 48,149" 48,166 +~=s mines and 16,885 tons of zinc in concen- 
August -..--.-.-.-...--.... 48,736 50,780 e117: 
September _______.---__--_. 46,250 51.466 trate from milling 366,800 tons of ore from 

. October ~-_.---..---------. 52,447 51,673 ——_—_——— 
November ----------------. 48,668 51,574 2St. Joseph Lead Co. Annual Report. 1965, 
December -.---.---.------. 51,956 50,106 = p. 4. 

LR 3 2 

Total __.....____---_ 574,858 611,153. une Bunker Hill Co. Annual Report. 1965,
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its Bunker Hill mine The Page mine of | United Park City Mines Co., Mayflower 
American Smelting and Refining Coompany mine of Hecla Mining Co., the Ophir mine 
produced 130,000 tons of ore from which of USSR&M Co., and the Burgin mine of 

11,034 tons of zinc plus quantities of lead Kennecott Copper Corp. At the Mayflower . 
and silver were recovered? | mine, 4,164 tons of contained zinc in con- | 

— In Colorado, zinc production increased centrates were recovered from milling — 
2 slightly to 53,900 tons. Leading zinc pro- 113,000 tons of ore averaging 4.33 percent 

ducing mines were the Eagle of The New ~  Jead, 3.90 percent zinc, 0.75 percent copper, _ 

| Jersey Zinc Co., the Idarado of Idarado and 4.27 ounces of silver per ton. | 

Mining Co., the Emperius of Emperius Pennsylvania output of zinc decreased 10 
Mining Co., the Sunnyside of Standard percent to 27,600 tons, the smallest quan-— . 

Metals Corp.,.and the Keystone mine oper- tity since 1962. The only operating mine 7 

ated by McFarland and Hullinger. The was the Friedensville of The New Jersey 
Idarado mine produced 375,000 tons of ore Zinc. Co. | | : 

: grading 3.85 percent zinc, 2.64 percent lead, Zinc output in Wisconsin increased 3 | 

0.63 percent copper, and 1.59 ounces of percent to 27,000 tons, the highest produc- 
silver per ton. Reserves were increased by tion since 1927. The Eagle-Picher Co., and 

213,000 tons to 3,777,000 tons at yearend.5 the American Zinc, Lead and Smelting Co. | 
Camp Bird Colorado, Inc., a subsidiary of operated mines and mills throughout the | 
Federal Resources Corp., resumed opera- year. The Mifflin Mining Co. closed its 
tions at its mill in September, treating jill for repairs ‘in November and the 

| silver-lead-zinc development ore from the Grimes Mining Co. terminated production | 

Camp Bird and Revenue mines. : at its Burnham mine in November. In 
Zinc production in New Jersey waS May, the Ivey Construction Co. began 

88,300 tons, the highest output since 1953. operating its new flotation mill with ore — 

: The only operating mine was the Sterling from the nearby Graysville mine. The New | 
of The New Jersey Zinc Co. | Jersey Zinc Co. announced plans to reopen 

Production in New Mexico increased by its mine near Elmo and to construct a 

22 percent to 36,500 tons, the highest out- 800-ton-capacity mill with operations 

put since 1952. Leading zinc producers ~ scheduled by the end of 1966. . 

were the Hanover mine of The New Jersey In Washington, zinc mine output de- | 

- Zinc Co.; Kearney mine of American Zinc, creased 8 percent to 22,200 tons, the lowest 

Lead and Smelting Co.; Linchburg mine of level since 1962. The Pend Oreille mine, 
The New Jersey Zinc Co. leased to L. A. Pend Oreille Mines and Metals Co., yielded | 

Patten and Associates; Oswaldo mine of 13,713 tons of zinc in concentrate and 4,028 

Kennecott Copper Corp. leased to The tons of lead in concentrate from 640,600 a 
New Jersey Zinc Co.; and the Princess tons of ore mined and milled.” - 

mine of United States Smelting, Refining American Smelting and Refining Company 

and Mining Co. (USSR&M Co.) under con- operated their Van ‘stone mine during the 

_ tract to Frank M. Van Cleave. year. American Zinc, Lead and Smelting . 

In Montana, production of 33,800 tons (Co. continued development of their Cal- 
was the largest since 1962. Most of the out- houn property with initial production - | 

- put was by The Anaconda Company from scheduled for early 1966 at a rate of about | 
| mines near Butte and from a slag-fuming 1,000 tons of ore per day. _ 

operation at East Helena. The largest pro- Arizona mine output declined for the 
ducing mines were the Anselmo ane third year to 21,800 tons, the lowest level 
Badger State, which employed both block- since 1955. The Iron King mine of Shat- : 
caving and cut-and-fill mining methods. tuck Denn Mining Corp. continued to be 

In Utah, zinc production decreased 1 the largest zinc producer in- the State. 
percent to 27,700 tons, the lowest level Other zinc-producing properties in the 
since 1925. The United States and Lark | 

mine of USSR&M Co. was the leading zinc 4 American Smelting and Refining Company. 
producer despite a strike from May 4 to Annual Report. 1965, p. 13. 
July 22. A shortage of skilled miners also 1968 ewnnont Mining Corp. Annual Report. 

. adversely affected output, partially offset by ¢Hecla Mining Co. Annual Report. 1965, 

higher ore grade. Other substantial pro- 24 PP. ; ; . 
ducers were the United Park City mines of pop tt® ise oe me Metals Co. Annual |



Table 4.—Twenty-five leading zinc-producing mines‘ in the United States in 1965, in order of output oo N 

Rank Mine State County. Operator. . a Source of zinc 
eee eee LL ere ee eee engineer 

1 Balmat -_._---------------- New York ----. St. Lawrence ---_-------- St. Joseph Lead Co-_-~~.--.__________-.-..-___-.-_. Lead-zine ore. 2 Sterling Hill -____-_--.-.... New Jersey ---. Sussex. -.-.-.--..----..-._ The New Jersey Ziric Co.._____..-------.------__--_ Zine ore. - : 
8 Young -.-...-...._.-.._-.... Tennessee -..... Jefferson -~.-.--..-.--..... American Zine Company of Tennessee__._.__._______ Do. oe 
4 Friedensville _._._-_._.._.__._-__ Pennsylvania -._ Lehigh -~--.--.....--...... The New Jersey Zine Co __-_..-___-_____ Do. 
5 Butte Hill Zinc Mines -.-____ Montana ...... Silver Bow -~.---.-.--.... The Anaconda Company ____2....._..._.__________ Do. 
6 Eagle ---_----------------- Colorado -----. Eagle ~------------------. The New Jersey Zinc Co-__-_~---_2...._________-__- Do. | | 
q Star-Morning Unit -........ Idaho -.....-.. Shoshone -~.~~---.---.._. Hecla Mining Co__---_--.-.----- ee Lead-zine ore. oo. 
8  Austinville and Ivanhoe ---_ Virginia ------. Wythe ~-----------..----. The New Jersey Zine Co_____.-----..--...._._-__-___ . Do. oo 9 Zine Mine Works -.-------. Tennessee ----_ Jefferson -.-------------- United States Steel Corp_-.-.-..........____._-_-_-_ Zine ore. | : 10 Jefferson City -..-...-.--.. --------do-.--.. -.-.--do---..-.-..-...--. The New Jersey Zine Co...._.._____._______. - Do. — . 11 Edwards ~.-.-...--..-----. New York ..-.. St. Lawrence -.....-..... St. Joseph Lead Cou .._.___._.-_____.___ Do. - 

12 Bunker Hill --.--.-........ Idaho ~.....-.. Shoshone -......-.--...... The Bunker Hill Co ---._-..-.-.-__.-________ Lead-zine ore. _ 18 Iron King -....------------ Arizona ---..--. Yavapai ----------------- Shattuck Denn Mining Corp......._..______________- Do: oe z 
14 Mascot No. 2 ...----------. Tennessee -.-.. Knox -.-..-.-------.----. American Zinc Company of Tennessee__.........._.. Zine ore. . 8 
15 New Market ~-.----.--..-. ----.--.do....... Jefferson ~.....-....--.--. New Market Zine Co.-....-.---.--..----- ee Do. = 
16 Pend Oreille ~...--..-.---. Washington -.. Pend Oreille -.....-.----- Pend Oreille Mines and Metals Co........._.....-.-.Lead-zinc .ore. 
17 Flat Gap -.---.--------.--. Tennessee --.... Hancock ~-.---..--------- The New Jersey Zine Co........--..--.----------.-. Zine ore. . : 
18 =U. S. and Lark ---.------. Utah --..-...-. Salt Lake --.....--.--.--- United States Smelting, Refining and Mining Co...-. Lead-zinc, lead ores. . | 19 Idarado --------......----- Colorado -.---. Ouray and San Miguel -.  Idarado Mining Co...-_._...-.......-......--.-..... Copper-lead-zine ore. 
20 Page ....--...------------- Idaho ~-------- Shoshone -.--..---------- American Smelting and Refining Company -..--_-_-. Lead-zine ore. | = 
21 Copperhill ~.-.............. Tennessee --... Polk -~-.-.....---.-.------ Tennessee Copper Co_ ..-.-............--..____.._.. Copper-zine ore. . > 22 Shullsburg -~~--..---.------. Wisconsin -..... Lafayette -----.---------- The Eagle-Picher Co.......-._-.......-.......__---. Zine ore. _ : 

. 28 Van Stone ~....-.--.-----. Washington -.. Stevens -.---.-.---------- American Smelting and Refining Company_-_...._...- Do. | . _@ 
24 Hanover -------------...... New Mexico --. Grant ------...---..-.--- The New Jersey Zine Co..........._....------_-_.-_ Do. Co 8 | | 
25 Princess ---------.-------- -------d0.-...-. -...--d0.-....------------ United States Smelting, Refining and Mining Co_.._ Do. ” oe 

, : . . LL TL ALLA ALLEY . : 
1 Excludes old slag dumps. . . o 

| is 
: Or
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State included the Old Dick and Copper . significant interruption to operation by la- — — 

| Queen mines of Cyprus Mines Corp. bor: strikes during the year. Production at | 

oo ‘Virginia zinc mine production ‘decreased 2 number of smelters was curtailed due to | 

for the fourth year to 20,500 tons, the low- 4 shortage of available concentrates relative 

est output since 1960. ‘The New Jersey to the demand for slab zinc. es 
| Zinc Co. operated the Austinville and. According to company annual reports, . 

Ivanhoe mines throughout the year. | . American Zinc, Lead and Smelting Co. was © 7 
‘In the Tri-State District of Oklahoma,  imstalling new electric smelting and casting _ oe 

| Kansas, and Missouri, production increased facilities at its Monsanto electrolytic plant. | 

to 19,200 tons, the highest level since 1957. The production record at the Josephtown : 
- -The Oklahoma portion of the district ac- Plant of St. Joseph Lead Co. resulted more | 

counted. for 66 percent of the production from improvement in operating techniques | 
and Kansas produced the remainder. The than from other factors, as new productive 
southwest Missouri portion of the district facilities planned and under construction’ 
last reported production in 1957. : | will not. be operative until mid—1966. ‘The - 

Zine out ut from Illinois reversed a 3- Bunker Hill Co. has embarked on the larg- | 

ear decline with a substantial increase to est expansion program in its history with a — | 
poe 3 300 t ir d fi ‘th by- scheduled $13 million expenditure at their oe 

| 8,000 fons. Increased Muorspar win oy electrolytic zinc plant during the next 3 a 
>. product zinc production from three. mine eas at | 

oat . aor years. Initially, the expanded plant will be 
_ operators in southern Illinois accounted for ane of produci bout 110,000 t of | | 

most of. the increased zinc output. In .. P P "a OO a? tr ° | 

northern Illinois, the Eagle-Picher Co. con- _ oreseh i nai . ee aB0 nu “ase day a 
tinued operation of the Graham mine and _ P ifuri PaCy Ne on pen eay - a boa a | ulfuric acid plant will be.-built to supple- | 

_. reopened the Blackjack manne tt March. ment the existing acid plant. oo 
Kentucky produced a record 5,700 tons — r | Coy | 

of ‘zinc. Production was: from the Hutson Slab Zine.—D omestic smelters achieved a 7 

-. gine mine of The Eagle-Picher Co. and as record 598 of hae zinc, ty 40,000°t the 
; a ty ‘ct frar ting _ earlier record by nearly 20,000. tons. ae 

_ 2 byproduct from fuorspar mining opera Included in the 1,078,000 tons of slab zinc 
- | : , . output was molten zinc, used directly in co 

- Mine production of 4,300 tons of zinc alloying operations. Of the total, 994,400 
: from Missouri, all as a byproduct from tons was primary metal and 83,600 ° tons 

| lead mining in southeast Missouri, was the was redistilled secondary zinc. Primary out- 
largest output since 1961. oe _ put was 55 percent from domestic ores and | 

| In Nevada, reactivated base-metal mines, 45 percent from foreign ores; 41 percent = 
7 including the Pan-American mine, resulted was electrolytic and 59 percent was dis- oe 

| in a nearly sevenfold increase in zinc out- tilled slab zinc. Of the 83,600 tons of redis- | : 

: put to 3,900 tons. ee tilled secondary slab zinc, primary smelters . 

_ Jn Maine, exploration and development Produced 84 percent and the remainder 7 
of copper-zinc deposits in Hancock County WS obtained from secondary smelters. oo 7: 
was conducted by Black Hawk Mining In 1965, Special High Grade was the 
Corp., a subsidiary of Denison Mines Ltd., principal grade produced, furnishing 44 
and Callahan Mining Co. A mineralized percent of the total. Prime Western grade 
area in Washington County containing zinc constituted 35 percent, and all other grades | 
and other metals was diamond-drilled by the remaining 21 percent. 
Dolsan Mines, Ltd. Pennsylvania was the leading producing 

| State, with Texas ranking second and 

_ SMELTER AND REFINERY PRODUCTION Oklahoma third. The slab zinc output of : 

The zinc smelting and refining industry Pennsylvania, West Virginia, an dq Oklaho- 
operated 13 primary and 8 secondary re- ma was produced by the distillation proc- 

duction plants producing slab zinc. Pro- 88: the output of Montana and Idaho by 
ducers of slab zinc also made zinc com- the electrolytic process. Part of the Illinois 

pounds, alloys, zinc dust, and rolled zinc. and Texas slab output was distilled and 

A 1-month closure of the National Zinc Pt Was electrolytic. . 
Co. smelter at Bartlesville, Okla., from Primary Smelters and Electrolytic Plants.— 
March 7 to April 7, was the only Primary reduction plants processed roasted .
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| zinc ores and concentrates, zinc fume from Slag-Fuming Plants.—Many lead. smelters . 
7 _ Waelz kilns. and slag-fuming plants, other recover a zinc-fume product’ from lead. 

_ primary zinc-bearing materials, and zinc-. blast-furnace slags containing about 7 to13 
_  basescrap 9° ©. | ot percent zinc. Such slags. were treated to ex- 

oo _ Capacity for slab zinc production at the tact zinc and remaining lead by the fol- 
| _ primary zinc plants at yearend was. report- lowing companies in 1965: 

| _ed to be 1,211,850 tons. Electrolytic. plants . Comba Plant location,’ 
| reported 3,246 of their 4,230 electrolytic = =8§  COMany _ Ptant tocation .._ , 

. cells in use .at the end of the year and an American Smelting oo : 
: _ output of 408,100 tons (80 percent of the and Refining a, 

~ 511,500 tons of capacity) .. The horizontal- Gompany ________Selby, Calif. oe, | retort plants reported 33,244 of their 39,436 re —. Do El Paso,-Tex. - 
retorts in use during .1965. The remaining a ee a. - 
ee | ° eae The Anaconda a 

| _ primary smelters were continuous-distilling. .~ Compan Bast Helena. Mont. 
, vertical-retort plants..Combined horizontal-: er pany aT 3 we 

| and vertical-retort production of 656,600 § The Bunker Hill Co.Kellogg, Idaho 
_ tons was 93 percent of the reported 1965 = International Smelt- I 

oe capacity of 700,350 tons. -... Ps ing & Refining Co._Tooele, Utah . ~ OO 

- ‘Table 5,—Primary and redistilled secondary slab zinc produced in the United States - 
a . , , _ (Short tons) en oo : 

oO So 1956-60 a 
a a me (average) «1961. 19621968 96K 96 

. Primary: _ Be Oe | oo a ae 
. From domestic ores -. 407,714 .- 413,282 448,095 474,007 =: 531,967 551,216 | 

_ From foreign ores -. 462,053 433,513 431,300 418,577 «422,117 448,187 

a ‘Total __-..--__---. 869,767 846,795. 879,395 892,584 «954,084 + =—s-«994,402 
‘Redistilled secondary ----. 63,552 55,237 58,880  — 60,303 ~ 71,596 . 83,619 

a | Total (excludes zinc — ee : — oe 
. recovered by . — . i | et S ee 

" remelting) -.---. 983,319 902,082 988,275 952,887 ‘1,025,680 1,078,021 

Table 6.—Distilled and electrolytic zinc, primary and secondary, produced in the = 
ee | _ United States, by methods of reduction. a Se os 

Oo a . . (Short tons) - a po / 

| re 1956-60 , 
a Method of reduction (average) 1961 . 1962 1963 1964 1965— . 

| Electrolytic primary -___..-.-----_ 349,888 824,899 | 354,188 358,098 389,383 408,128 
- Distilled ~~-~---------_---..-_.-.._ 520,379 522,396 525,257 534,491 564,701 586,274 
Redistilled secondary: . . ee oe Oo 

At primary smelters -...__._... 31,638 35,319 41,732 47,214. |. 57,546 70,306. 
At secondary smelters ---.---__ 31,914 19,918 17,148 13,089 - 14,050 18,313 

Total ~------..-.-.--=------. 933,319 § 902,032 938,275 952,887 _ 1,025,680 1,078,021 

‘Table 7.—Distilled and electrolytic zmc, primary and secondary, produced in the 
: United States, by grades | . | 

. ‘(Short tons) . 

1956-60 . 
| Grade (average) 1961 1962 1963 1964 1965 

Special High Grade ~-.-.__-...-.-.-_. 339,552 | 353,466 392,901 411,254 468,748 479,736 
High Grade ~--------.---_--_-_--.. 108,953 89,496. 94,185 104,301 112,056 112,451 
Intermediate ~-..---..-..-.....-__.... 24,535 15,368 14,101 18,372 19,050 17,985 
Brass Special _-.--..--.----.-....__. 84,247 69,681 75,951 98,190 81,034 86,695 
Select _--------._---__------_--__-_ 1,267 ------ —_—«:180 3,909 326 309 

, Prime Western ~..--...._-_-.---... 374,765 374,021 361,007 316,861 344,466 380,845 

Total ~.-.-_-_-_---.-.--.-.-. 933,319 $02,032 938,275 | 952,887 1,025,680 1,078,021
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a These five plants treated 628,800 tons of primary smelters and most sal ammoniac | 

hot and 118,700 tons of cold lead slag plus skimmings were processed at chemical : 

8,000 tons of crude ore and zinc residues, plants. — oe . | | 

all of which yielded 131,100 tons of oxide Details of the zinc recovered in process- 
fume, containing 87,000 tons of recoverable ing copper-base scrap may be obtained in | 

- . gine. Corresponding figures for 1964 were the secondary copper and brass section of | | 

731,200 tons of feed materials, 130,500 tons the chapter on copper of this volume. a a 
| of fume,.and 93,400 tons of recoverable | | | | 

: zinc. : | BYPRODUCT SULFURIC ACID : 

a Secondary Zinc Smelters.—Zinc-base scrap Sulfur dioxide gases produced in roasting 
7 (principally skimmings and drosses, die- zinc sulfide concentrate at primary zinc 

. cast alloys, old zinc, engravers’ plates, new plants were processed to yield 961,591 tons a 

| clippings, and chemical residues) was of sulfuric acid. At several plants, elemen- _ - 
| smelted chiefly at secondary smelters, al- tal sulfur was burned to produce addition- | 

| though about one-third was reduced at al quantities of sulfuric acid. - 

: Table 8.—Primary slab zinc produced in the United States, by States where smelted / 
a (Short tons) 

a oe | 1956-60 a ) a 
. State (average) 1961 1962 1963 1964 1965 a - 

Arkansas __.-.------------------- 17,234 12,342 14,446 11,148 ___---- a | - 
Idaho —~_-.--.---.~~i----~...-....- 58,945 | 74,736 76,756 81,296 91,761 91,000 . 
INinois? 1 --------------------_ 97,164 78,814 99,055 . 108,971 114,866 114,181 
Montana -...----~----------------. 156,124 111,223 129,144 118,090 125,334 143,927 
Oklahoma ~..-...--.--------------. 151,982 164,319 147,384 142,707 150,856 =: 154,187 a 

7 Pennsylvania and West Virginia -. 216,315 214,308 234,088 248,584 262,981 278,870 . 
_ Texas anion nn noone === === 177,003 =: 191,053 178,572 =: 181,793 208,786 212,287 

a Total. ..-.--..---_...-...... 869,767. 846,795 879,395 892,584 954,084 994,402 
_ Value. (thousand). ~--------. $209,594 $193,916 $201,783 $206,187 $260,274. $290,763 

* Includes production for Missouri for 1956, 1957, and 1960. Oo O - — | 

| Table 9.—Primary slab zinc plants, by group capacity in the United States in 1965 — 

- a . Slab zine 
a Type of plant. _ Plant location capacity | 

| a (short tons) . 

_ ‘Electrolytic plants: oe . | | 

* American Smelting and Refining Company -..-.. Corpus Christi, Tex__~ a 
American Zine Co. of Illinois ......---.-_--..-_._.. Monsanto, Tll ~_---_--_ 
The Anaconda Company? -...------------------. Anaconda, Mont ~~~ 511,500 

Do 2 --------.-- Great Falls, Mont ---- | | | 
The Bunker Hill Co ~----.---~------~---------..-. Kellogg, Idaho ~--~--.- 

Horizontal-retort plants: ; . - 
American Smelting and Refining Company -..-.. Amarillo, Tex ~...._.. 
American Zine Co. of Illinois ~-.._.-.-.-.....-..... Dumas Tex —-~.-_-~... 
Blackwell. Zine Co., Division of American Metal Blackwell, Okla ------ |. 

Climax, Inc. . 
The Eagle-Picher Co ~.--.--.--..-__.............. Henryetta, Okla ~~. ~- 
Matthiessen & Hegeler Zinc Co? ~.-.-..-..._..... LaSalle, Il] --._-_.-___ 
National Zine Co ~...-.-----------..-.-..-....._. Bartlesville, Okla ~---- 700,350 

Vertical-retort plants: 
Matthiessen & Hegeler Zinc Co —---...-.._...._._._.. Meadowbrook, W. Va-_ | — 

' The New Jersey Zine Co -....-..---.--......_..... Depue, Tl ~---------~-~- 
Do. ---_.___.._. Palmerton, Pa ~----.- 

- St. Joseph Lead Co? ~_._._--._..--._-.-......--.. Herculaneum, Mo ---- 
Do_—_ «= Josephtown, Pa ------ 

1 Plant not operated in 1965. | . 
2 Plant closed July 1, 1961. 
3 Electrothermic slag-fuming unit, yielding a slab zine product.



. 1026 MINERALS YEARBOOK, 1965 

‘Table 10.—Secondary slab zinc plants, by group capacity in the United States in 1965 

- Slab zinc 
Company . Plant location ' eapacity — 

Co — oe (short tons). 

‘American Smelting and Refining Company -....._..... Beckemeyer, Ill ~---_ } _ 
Dove e+e -----------.-. Sand Springs, Okla -.- . a 

— Dow .----.---------------------.-------------. Trenton, N.J ---.--.- oe a 
American Zinc Co. of Illinois _..-...-..._._.._._..__..._.. Hillsboro, Tl] ~~~... . 

mo Apex Smelting Co —.---.--.-------.--.-------------. Chicago, Tll ~.-.--..-- - 
. Arco Die Cast Metals Co ~..--------------.---------. Detroit, Mich ~-..----- 

W. J. Bullock, Ine ~-~----=---.--~--.---_--_...----._ Fairfield, Ala ~---.-.._ 53,000 : 
General Smelting Co —-------.--.--.-....._.-..__.-... Bristol, Pa .-..---.__- . 
Gulf Reduction Co ~--..------.---------------------. Houston, Tex -----.-- - - 
H. Kramer Co ~__--~--~~--~---.---.-..-.--.__--_-_.. El Segundo, Calif -... | - . 
Pacific Smelting Co ~--..--.----------..--_-.---.-._. Torrance, Calif --....- | 

. Sandoval Zine Co ~--.-.-.-----.---------------------. Sandovall, Ill ~---.--- oo 
- Superior Zine Corp —-----2_--2--.-------_________--..._ Bristol, Pa ~---------- | | : 4 . 

Wheeling Steel Corp --.....-----------.---.-.-_-.----. Martins Ferry, Ohio-- ; oe 

. 1 Plant closed May 1964. > . - ae a . 

Table 11.—Stocks and consumption of new and old zinc scrap in the United States in 1965 

(Short tons) ; 

. Consumption .- 
_ . Stocks —————_——_—_—_—__—_——_——————__ Stocks 

Class of consumer and typeof scrap Jan. 11 Receipts New ~~ Old ~ Dec. 31 
. scrap scrap Total 

Smelters and distillers: , ” I 
New clippings ~-.~.....---.~-- 86 * 1,866 41,8388 © uu. 1,338 -114. | 

. Old zine we 488 + 4,554. one 4,417 4,417 625 . 
oO _Engravers’ plates ~.....--_____ 211 3,295... w= 3,284 3,284 222. 

_ . Skimmings and ashes --_---... -. 7,430 79,748 173,776 ------ ' 13,776 13,402 
«Sal skimmings ~-.------------- 273. 180 275 nae 275 18" 

_. Die-cast skimmings ~-----.----._.1,237 3,087 83,1582 © see 8,152 1,122 
 -Galvanizers’ dross .-....:..-.-..- 7,670 - 65,319 67,741 weelee 67,741 | §,248 

~ Dieeastings ~.---2.--...-...... 2,840 .. 44,568 ----__ ~=48,170.-—=—s«48,,170 3,738 
-  .Rod and die scrap -..--..-...._ 1,030 1,707 ~----- 2,462 2,462 | 295 

Five dust .-------------------- 1,711 7,492 (8,853 ------ 8,853 _ _. 350 
_ Chemical residues ......-.-.... . 920 (8,144 8,555 ------ — 8,555 — 609 

Total -..-----..------...--.. 23,396 | 219,410 163,690  .—s-_- 558,333 217,023 25,783 

Chemical plants, foundries and 
other manufacturers: | - - 
New clippings —...--.-.--...-. ~----~ | 6 5 ennwee a 1 
Old zine ~-_-----_.--~----.---- q 9 ~----- 8 8 8 
Engravers’ plates -.-..--..-_.._ ------ 33 ------ 33 33 ------ 
Skimmings and ashes -..-...-. 1,402 10,689 10,245 ~----- 10,245 — 1,846 
Sal skimmings ....-.-..-.---.. 6,829 9,036 11,798 - ~.-.-- 11,793 4,072 
Die-cast skimmings ~-....-...._ -~---- ------ ~----- ~----- ~----- ------ 

oe Galvanizers’ dross -...-----.-_. ~--.-- Waa ------ aoe ~----- ------ 
Diecastings ~-..-....---------_ 27 1,957 a 838 838 1,146 — 
Rod and die scrap —.-...-.-.. 14 53 ------ 65 65 i. 2 
Flue dust _--_--_----_--_-_____ 23 58 63 ceeeee 68-8 
Chemical residues ~..-..---__-- 718 24,360 24,085 ------ 24,085. 993 . 

Total -....--_._-.-_.--.._... 9,020 46,196 46,191 944 47,135 8,081 

All classes of consumers: : 
New clippings ~.--._-__.------- 86 1,372 1,848 ~----- 1,343 115 
Old zine ~~ ~~. 495 4,563 ~---- 4,425 4,425 . 633 
Engravers’ plates ~......_...-- 211 3,328 wane 3,317 3,317 222 
Skimmings and ashes --.-.---. 8,832 90,437 84,021 ------ 84,021 15,248 
Sal skimmings ~-..-.--.--.---. 7,102 9,216 12,068 wooo 12,068 4,250 
Die-cast skimmings ~..._--..-. 1,237 3,037 3,152 ~----- 3,152 1,122 
Galvanizers’ dross ~.....-..-_. 7,670 65,319 67,741 ~-- ++ 67,741 5,248 
Diecastings ~--..--._--........_ 2,367 46,525 a 44,008 44,008 4,884 
Rod and die scrap --.--..----._ 1,044 1,760 ~----- 2,527 2,527 277 
Flue dust ~------....----.-.-._ 1,734 7,545 8,916 ~----- 8,916 . 863 
Chemical residues __..-_..---... 1,638 32,504 32,640 ------ 32,640 1,502 

Total _....-...-...--.---._... 32,416 265,606 209,881 54,277 264,158 - 33,864 

1 Figures partly revised.



Be ING 1027. - 

| Table 12.—Production of zinc products from zinc-base scrap in the United States pe 
—_ a a (Short tons) ee - . 7 : 

a | 1956-60 oe | 
os Product _ (average) 1961 1962 . 1963 1964 1965 

Redistilled slab zine ..-----.-.-..___.--.. 63,552 155,237 158,880 60,303 = 71,596 83,619 
Zine dust -------------__--.----..----.. 25,039 22,878 24,863 23,749 29,742 33,512 
Remelt spelter -..-----.-.------..-.--.. 5,828 4,260 3,540 3,740 3,646 5,324 
Remelt die-cast slab ~----_-__-_-._._.--_ 11,482 9,548 .10,834 10,168 8,934 14,760 
Zine-die and diecasting alloys ..2-.--... 5,927. 5,894 5,531 5,894 . 5,116 5,468 
Galvanizing stocks ~..-......-...__-_-__ 265 117 369 611 1,684 | 1,450 
Rolled zine ~~-~-.--2-2 481 19 14 4 -.--- ----- 
Secondary zine in chemical products =... 34,946 35,639 36,331 35,210 36,130 47,997 . 

1 Includes redistilled slab made from remelt die-cast slab. _ | 

Table 13.—Zinc recovered from scrap processed in the United States, by kind of | | 
. scrap and form of recovery | 

. _ (Short tons) . 

| Kind of scrap. 1964 1965 Form of recovery 1964 1965 a 

New scrap: . As metal: a : 
- Zine-base ~...-.-...--_--.. 124,842 140,871 By distillation: 

Copper-base ~--.-.--.--.. 102,913 127,276 Slab zinc? --_._.-__.__ 70,681 81,670 
Aluminum-base -.--.---.. 2,866 2,916 — . Zine dust ----.--.._.___ 29,296 32,976 | 
Magnesium-base ~~... ___ 209 292 By remelting ----.._----.. 5,178 ~—_ 6,611 | 

, Total ----------------- 230,330 271,355 Total ----------------- 105,155 121,257 — | 

Old scrap: os In zine-base alloys pone eee - 18,073 18,934 
. Zine-base ~..-_.----._--_-_.. 38,875 48,603 In brass and bronze --....... 187,619 158,063 . 
Copper-base --.-.---.--.- 31,716 34,777 In aluminum-base alloys ---.. 5,997 6,613 

-.Aluminum-base -----.--.. 2,882 3,524 In magnesium-base alloys —-.- 420 500 . 
Magnesium-base ---...-.. — 141 105 In chemical products: 

a —_——_ Zine oxide (lead-free) _.. 18,722 27,232 
—  Potal ---.2------------ = «68,064 =: 82,009 Zine sulfate ~-..--._.____ 6,206 9,059. . 

—— ‘Zine chloride ~----...._... 10,968 | 11,405 
_ Grand total -.-----.--.. 298,394 353,364 Miscellaneous ------.-----_ 284 301 

. Total ----------_----.. 198,289 282,107. : 

, oo | | | Grand total _____.__-.. 298,394 358,364 oo 
7 Includes zine content of redistilled slab made from remelt die-cast slab. . - 

ZINC DUST Table 14.—Zinc dust produced in the 
| : : United States : 
Zinc dust data included in the tables are +S SSSSSSSSSCSssSSSSSSSSSSSSSSSSSSSSSSSFFFSSSSSSSSSSS 

restricted to commercial grades that com- Short Value 
ply with close specifications as to percent- Year tons Total Average 
age of unoxidized metal, evenness of grad- pean a 
ing, and fineness of particles; they do not 9. ES—SsS—S—C—COFSSSS 
include blue powder. Zinc content of the 1956-60 (average) 28,964 $8,889,551 $0.153 

_ dust produced ranged from 94.99 to 99.75 1961 ------------- 34,772 10,570,688 = .152 
. 1962 -..-------... 40,978 12,539,268 158 

percent, averaging 98.43 percent. Produc- 963 ~~ ~~-~—s«40,362 +12,592.944 156 
tion of zinc dust increased for the third 1964 ___-__-____.. 45,979 15,724,818  .171 
successive year to a record 52,000 tons. 1965 ------------- 51,958 19,328,376 —.186 

| | CONSUMPTION AND USES 

Both slab and total zinc consumed were used, 54 percent was Special High Grade, 
at record levels. In the consumption of slab 27 percent Prime Western, and the remain- | 
zinc, all major product categories except ing 19 percent all other grades. Galvaniz- 
brass products increased with a record at- ing used mostly Prime Western grade 
tained for the third consecutive year for while brass and bronze products consumed 
zinc-base alloys and for the second consecu- mostly the higher grades of zinc. Of the 
tive year for galvanizing. 638,000 tons of slab zinc used in zinc-base 

Of the 1.35 million tons of slab zinc alloys, 99 percent was Special High Grade.
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Rolling mills used 45,900 tons. of slab uses. The rolled-zinc industry, however, 
- ginc and remelted and rerolled 17,000 tons classified these alloys as rolled zinc. — - 

: of metallic scrap produced in fabricating . Net output of salable rolled zinc in- 
. plants operated in connection with the . creased 4 percent to 44,700 tons. Stocks of 

‘rolling mills. In addition, a small quantity rolled zinc at the mills declined to 1,600 _ 
of purchased ‘scrap (new clippings and old tons by yearend. Besides shipments of 

| zinc) was melted and rolled. Small quanti- 23,500 tons of rolled zinc, the rolling mills 
. ties of alloying metals were added for some consumed 38,400 tons of rolled zinc in 

oe Table 15.—Consumption of zinc in the United States | a 
| (Short tons) Oo 

| a 1956-60 Be _ os oo 
. i: (average) 1961 -. 1962 . 1963 ~ 1964 1965 | 

Slab zine ----~~-.--.--------- 929,363 931;213 1,031,821 1,105,118 1,207,268 1,354,092 
Ores (recoverable zinc content) _ 102,989 197,251 - §1101,582 1104,705 1105,948  1122,892 
Secondary (recoverable zinc - . . ° 

content)? ~------------~---.- 194,459 | 179,005 199,908 204,398 222,535 265,083 

Total ..---_--.---------. 1,226,811 1,207,469 1,333,811 1,414,216 1,585,751 1,742,067 

| 1 Includes ore used directly in galvanizing. _ | a 
: _ ? Excludes redistilled slab and remelt zinc. | | . | 

| . Table 16.—Slab zinc consumption in the United States, by industry use oe 

| mT : (Short toms) - | 
| | : ~- 1956-60 a a 7 Re | 

. / Industry and product (average) 1961 1962 1963 1964 1965. 

Galvanizing: : a | | 
Sheet and strip -----..-.-- 187,576 211,300 213,970 288,919 257,328 270,826 

. 4 Wire and wire rope ~.---_- 37,181 37,608 38,203 39,466 42,793 43,884 
Tubes and pipe ~----.----- 68,114 564,957 54,003 56,563 62,166 63,224 

sO _ Fittings .----.--------..--- 9,804 6,540 8,039 1,787 8,802 8,641 
| | Other --.------------------ 81,475 = 171,672) = 174,855 = 177,552 «185,247 = 1 95,846 

Total ~---..----__-..---- 384,150 382,077 388,570 420,287 — 456,336 482,421 

Brass products: . no | 
Sheet, strip, and plate_____- 52,630 60,018 61,210 61,462 64,701 - 58,864 
Rod and wire —--...--..--- 35,190 41,018 41,875 43,517 47,246 45,510 

. Tube ~----~--_----.-~----- 11,108 10,168 10,627 10,786 10,402 10,030 
Castings and billets _--.__~- 5,249 4,061 4,923 3,969 - 3,258 . 8,050 

_ Copper-base ingots ~.....-- 8,253 12,874 10,884 7,784 8,565 7,402 
Other copper-base products_ 784 384 286 719 923 ~ 1,992 

Total one n nnn ne nee nne nn 113,214 128,523 129,805 128,237 135,095 126,848 

Zine-base alloy: 

Die casting alloy ~-..-_.__- 347,382 337,227 419,042 462,543 517,354 629,809 
Dies and rod alloy ~.---_-~- 6,411 1,629 850 720 «604 535 
Slush and sand casting alloy 2,423 2,910 3,716 5,856 6,624 7,626 

Total _._.-_-_-_-_----__- 356,216 341,766 423,608 . 468,619 524,582 637,970 
Rolled zine ~-.-----..__-.---_- 42,178 41,204 42,233 42,166 44,181 45,882 
Zine oxide ~...---_..--------~- 17,352 18,137 18,517 16,037 19,991 25,781 

Other uses: 

Wet batteries ~......-.--_- 1,184 1,058 1,183 1,216 1,168 1,188 ~ 
Desilverizing lead ~_..-.--~- 2,548 2,630 2,302 2,095 2,393 2,444 
Light-metal alloys ~..----~- 4,198 4,347 4,920 5,660 4,769 8,124 
Other ? ___._.___-____-_---~- 8,324 11,471 = 20,733 20,796 18,753 23,434 

Total ~..--..--_-----_-~- 16,254 19,506 29,088 29,767 27,083 35,190 

Grand total .-..._-----_- 929,364. 931,213 1,031,821 1,105,118 1,207,268 1,354,092 

1Includes 30,954 tons used in job galvanizing in 1961, 34,871 tons in 1962, 39,228 tons in 1963, 
44,354 tons in 1964, and 51,011 tons in 1965. 

2Includes zinc used in making zine dust, bronze powder, alloys, chemicals, castings, and 
miscellaneous uses not elsewhere mentioned.
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Table 17.—Slab zinc consumption in the United States in 1965, by grades and industry use 
(Short tons) : 

Special = = gts . . . 

Industry. High ‘High Inter- Brass _— Select Prime Remelt Total - 
_ Grade Grade mediate Special Western 

- Galvanizing ~-- 27,517 34,601 1,880 104,821 1,066 308,454 4,082 482,421 

Brass and a oe . . 

bronze —--.-. 26,247 67,425 264 3,771 1,918 _ 25,720 1,503 126,848 

Zinc-base alloys. 631,748 2,788 99 --+--- . 6 ' 1,618 1,712 637,970 . 

Rolled zine ..-_ 22,187 10,360 5,344 7,945 ------ | AB -----~ 45,882 

. Zine oxide -..-. 7,035 4 ---.-- ------ ~~. 18,742 ------ 25,781 

Other -..------ 15,981 1,629 252 10,117 a 6,721 490 35,190 

otal —-.~ 730,715 116,807 7,839 126,654 2,989 361,301 7,787 1,354,092 

. Table 18.—Rolled zinc produced and quantity available for consumption in the United States 7 

- 1964 | 1965 | 
: rr 

—— . ~ Value — | Value 

oo Short Average Short Average. 

a tons Total per tons Total per |. 

. . Do pound — pound 
i 

Production: 1 | . . | re . 

- Photoengraving plate ~--.---~- (?). (7) (7) 12,320 $5,779,667. . $0.234 .. : 

Other plate? ~..------...----- WwW WwW WwW Ww w iW. 

a Sheet 3 ___--__---------------- 15,588 $7,929,548 — $0.255 Ww OW. Ww - 
Strip and foil -.----.-.------- 25,580 11,269,831 § .220 28,712 12,944,086 | .225 

Rod and wire --.------------- WwW W WwW WwW . Ww. WwW a 

Total rolled zine ~-.-------.. 42,964 20,201,411. -235 44,724 21,125,010 236. | | 

_ Imports —----..------------------~ L774 526,990 149 1,381 453,000 164 « 

Exports ~.....----.--------------. _ 6,569 » 3,978,434 303 5,120 3,051,000 298 

Available for consumption_.:-----. 38,819 ------s- ---- 41,197 ~------- ---- 

Value of slab zine (all grades)..--_ ~---- _--ee ne 13860 9 ----- ene 46 

Value added by rolling ----.-------  ----- ~------ .099 . ~~. ~--a-- ee -090 

eee ee ee eR rr 

W Withheld to avoid disclosing individual company confidential data. . oo - 

. 1 Figures represent net production. In addition, 14,550 tons in 1964 and 17,028 tons in 1965 were 

rerolled from scrap originating in fabricating plants operating in connection with zine rolling mills. _ im 

oo 2. Included in sheet category in 1964. . _ . | 

3In 1964 material 0.1 inch or thicker was.classed as plate and material less than 0.1 inch thick 

was classed as sheet. In 1965 material 0.875 inch or thicker was classed as other plate and material 

less than 0.375 inch thick was classed as sheet. | . os. 

manufacturing 21,400 tons of semifabricat- Connecticut again ranked first in con- | : 

ed and finished products. — suming slab zinc in brass making, followed | 

Rolled zinc was produced in the form of by Illinois and Michigan. | 

sheet, strip, ribbon, plate, rod, and wire. Michigan led in the consumption of slab | 

Its major domestic use was for dry-cell bat- zinc in making zinc-base alloys. Other large 

| tery cases and similar cases for radio ©on- consuming States were Illinois, Ohio, New , 
_ densers and tube shields. Photoengraving York, and Indiana. . 

plates, weatherstripping, roof flashing, and 
sehold electric fuses were other uses. | 

househ ctrte Tuses Were ‘ Ses ZINC PIGMENTS AND COMPOUNDS | 

CONSUMPTION OF SLAB ZINC BY Production.—Output of zinc pigments 

_ GEOGRAPHIC AREAS and compounds, excluding lithopone, in- 

Ohio, Pennsylvania, Indiana, and Illinois creased i, the highest level ad f oe 

accounted for 58 percent of the slab zinc Most of the increase was accounted tor by 
used in galvanizing. The iron and steel in- record outputs of lead-free zinc oxide and 

dustry used zinc to galvanize steel sheets, zinc sulfate. Increases of 3 percent for zinc 

wire, tube, pipe, cable, chain, bolts, rail- chloride and leaded zinc oxide also con- 

way-signal equipment, building and pole- tributed to the advance for all zinc pig- 

line hardware, and other items. ments.
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Table 19.—Slab zinc consumption in the United States in 1965, by industries and States 
: : Co (Short tons) oo | oo | 

. State po Galvanizers Brass mills! Die casters? Other? Total | 
. . ' . . a eS 7 > : 

. Alabama -~....---------.2--------... — 40,952 wi. a WwW «42,576 Arizona -..---.--------------------. = W | -----— ao---8 Ww - ws. oe Arkansas -----~ ~~~ —o ee ---- WwW Ww 
. California -~-----------.---___-.-... 33,825 2,502 10,700 . 618 47,645 Colorado wns------ ++ WwW WwW . WwW -. WwW 3,693 Connecticut ~--~---.-.---_-.-______. 3,580 39,391 - WwW OW 46,084 | - Delaware ~--~----~-----~------- WwW: WwW WwW > OW WwW Florida —-------------------------.. 2,572 ------ - WwW eee WwW _ Georgia ---------------------- UW ------ Ww ------ | WwW . . Hawaii rn rn on ww en Ww. eee ene w ee -++--— sO ‘ WwW , Idaho —~-.-------- ee, ee Ww... WwW WwW Illinois ~~. ~~ 47,865 18,441 89,385 -W 178,052 ' Indiana ~~~ ~.0~--~-~-- 64,656 WwW 54,457 WwW 146,176 Iowa —----.----~--~---~---~-- 2. 825 See ~----— WwW WwW Kansas ~~ 1s wn-eec Ww ee WwW 

Kentucky ee ee ee ee ee W - W ~-- mw WwW 16,334 Louisiana ~~ ~~~ 1917 - 9 we | eee WwW WwW Maine -~-~--~-~------------ WwW ~----- ~----— -----. | WwW Maryland ~~.~-~-~--------____-___ WwW WwW -----~ W 32,632 Massachusetts --.---...--...--...... 3,833 WwW -----~- . WwW 8,174 Michigan ~~~ --~--~--~----..______ 4,724 = 12,853. 170,310 WwW 189,798 Minnesota .~~~----------- 2,231 ---~-. ~----- ------ 2,231 . ‘Mississippi -----.---.----_--_---__. WwW ~--+-- ------ ~---~~ Ww ' Missouri ----.------- 6,728 - WwW 7,583 WwW 17,723 Nebraska .~---...----------.--.-____ WwW WwW ~----- WwW 1,766 New Hampshire ~~~. ------2--0-- Ww . ------ —---nk Ww New Jersey --.------------.-......_ 3,764 ; 6,140 — W- 8,042 WwW New York --------------2-..-__-__. 5,893 7,497 71,712 --- W 93,156 | North Carolina ~....----2___ |) Ww weeene Ww : - Ohio ~-.-~--~~-- ee 94,728 WwW 99,578 1,257 WwW Oklahoma -~~~~2--0----- 3,643 | ete OW. Ww 8,078 - Oregon --~~~-- 2 499 WwW . WwW WwW 600 Pennsylvania ~-_.-.---.-.-..-...____ 70,443 _ — Wo 22,151 W - ~—=s: 18 4,725 Rhode Island -_--___-______ 553° Ww eee WwW 583. - Tennessee ~~ 864 eee WwW - WwW 2,692 Texas -.~----.-------..---___--____. 14,487 W WwW —_ WwW 50,263 
Utah ee ie et ee ee ew ew ee eee wee , WwW . WwW eee eee * Ww . Virginia -.220022- 2 356 .. W. WwW WwW 1,396 Washington -___.--.~----____ 1,165 eee ----- _ WwW 2,266 . West Virginia ..-.---_..-_u. 18,468 WwW | hee WwW . 15,395 Wisconsin ___--_-----. 1,722 . 7 WwW - WwW WwW - 17,128 Undistributed .-.-....-- 58,551 | 38,521 110,382 101,447 287,139 

. Totalf ~--- Le 478,839 ~ 125,345 ~ 686,258 . 106,363 1,346,305 
: , 

1 . ‘ ‘ - W_ Withheld to avoid disclosing individual company confidential data; included with “‘Undistributed.” 1 Includes brass mills, brass ‘ingot makers, and brass foundries. 
. 2 Includes producers of zinc-base alloy for diecastings, stamping dies, and rods. ; 3 Includes slab zine used in rolled zinc products and in zinc oxide. 

* Excludes remelt zinc. 
7 

_ Table 20.—Production and shipments of zinc pigments and compounds! in the United States 
O
e
 

1964 1965 
aE 

Shipments Shipments , 

Value ? Produc- . Value? 
Produc- ———____—_——_ tion Short ——————— 

Pigment or tion Short (short tons 
. compound (short tons Aver- tons) Aver- 

tons) Total age per . Total age per 
ton ton 

 — — 

Zine oxide? __...__ 168,805 174,308 $41,970,758 $241 187,829 186,570 $48,751,733 $261 
Leaded zine oxide? 12,237 13,613 3,246,038 238 12,554 11,850 3,736,226 315 
Zinc chloride, 50° B*4 50,977 49,624 WwW WwW 52,6385 54,296 WwW Ww 
Zinc sulfate ____..__ 46,314 46,606 7,021,601 151 53,104 50,544 7,840,682 145 

eee 

W_ Withheld to avoid disclosing individual company confidential data. . 
1 Excludes lithopone; figure withheld to avoid disclosing individual company confidential data. 
2 Value at plant, exclusive of container. . ; 
3 Zine oxide containing 5 percent or more lead is classed as leaded zinc oxide. . 
* Includes zine chloride equivalent of zinc ammonium chloride and chromated zinc chloride.



Pigments and compounds were made Leaded zinc oxide was made from ores; | 7 
from various zinc-bearing materials includ- zinc chloride was made from slab zinc and _ . 

: ing ore, slab zinc, scrap, and residues. secondary zinc materials; and zinc sulfate a 
Plants producing zinc pigments and com- was made from ores and secondary materi- | oo 

_ pounds numbered 16 for zinc oxide, 8 for als. oe a . 
zinc sulfate, 8 for zinc chloride, and 1 for Leaded zinc oxide was produced in sev- 

' lithopone, eral grades, classified according to lead con- 

_ Lead-free zinc oxide was made by several tent. The more than 5 to.35 percent grade a 
_ processes; 67 percent was ‘made from ores constituted most of the production. Rela- | 7 

and residues by the American process, 20 — tively small quantities of grades 5 percent 

percent from metal by the French process, or less, more than 35 to 50 percent, and Ce 
and 18 percent from scrap residues and more than 50 percent were produced. : 

__ secondary materials by other processes. © Lithopone, a coprecipitate of zinc sulfide _ | 

. : / po KJ \Zine oxide Kn ee Do 

oS Ve os . . 

Oo oy a 

r | | 
 &§ _ | CO \/ - \Lithopone ; a | | 

ge oe 7 a / 
5 80; | \ \ a | 

oe oe /\, . oo Azinc chloride lo. so , , . | y ~ | 

/ \ iY /\ Kh v\ | | , lL OL \ /N\N 7 | 

| " / . ' 3 ov V7 “Sse, | 

40 . . | \ . SL | 7 

, a Leaded zinc oy \ TS 

- nc sulfate See oe 

0 ) 
1940 «1945 1950 1955 1960 1965 

| _ Figure 2.—Trends in shipments of zinc pigments. |
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and barium sulfate, was produced “but Lithopone was ‘uséd principally in paint, 

figures are withheld to avoid: disclosing in- varnish and lacquer,. chemicals, paper, rub- oe 
_ dividual company confidential data. © ber, and floor coverings. = 7 

| . ee hiv f ‘The principal uses of zine chloride were 
_Consumption and Uses.—Shipments of  ¢,, battery making, galvanizing, vulcaniz- _ | lead-free zinc oxide were 186,600 tons, 4 ing fiber, preserving wood, and refining oil, 

percent more’ than in 1964 with most of a5 well as for fungicides, solder, and_tin- 
the increase in shipment to the rubber in-— ning fluxes. | | 

_ dustry. The quantity received by the rub- The chief uses of zinc sulfate were in 
_ ber, paint, and ceramic industries account- rayon and. agriculture. Other usés were in | 

| ed for 77 percent of the total shipped. glue manufacture, flotation reagents, rub- | 
ee The paint industry received 92 percent ber, and medicine. - a - _ of the 11,900 tons of leaded zinc oxide — Prices.—Prices for. French process, lead-. | 

| shipped. a free zinc oxides advanced 0.50 cent in =~ 

_ Table 21.—Zinc content of zinc. pigments ’ and compounds produced by domestic - oS | a oo | manufacturers, by sources - | —— oe 
- (Short tons) | a oo 

. oo 1964 . a oe 196B 

Zinc in pigments and com- Total Zinc in pigments and com-_ . Total - So . pounds produeed from— zine in pounds produced from— = zincin OT) i. —_ pic- 7 Pigment or ' Ore - 'Sec- ments Ore: . Sec- ments — . — ‘compound —————————._ Slab ondary and —————————— Slab ondary and " : -  Domes-  For- zine mate- -com-~ Domes- For-. zinc mate-  com- 
Co. tic eign rial pounds tic. eign. _.. Yial .: pounds | 

Zine oxide ----._ 70,728 18,487 19,991 26,1386 130,342 80,399 19,054 25,782 24,688 149,918 a . Leaded zinc | _ . ce a a oxide -------- 4,714 2,780 ----- --__- 7,494 4,942 2,854 lt 7,7960 

Total _... 75,442 16,267 19,991 26,136 137,836 85,341 21,908 25,782 24,688 157,714 ne Zine chioride?_. --.-. ~___._ Ww . W 12,815  w2le LLL WwW WwW 12,740 °. - ; Zine sulfate ___ Ww W .«.---- 6,206 14,921 : W: W .-.-. 9,059 17,925 So 

W_ Withheld to avoid disclosing individual company confidential data. a — OO 1 Exchdes zine sulfide and lithopone; figures withheld to avoid. disclosing individual company .- confidential data. . On | oo pO 
7 Includes zinc content of zinc ammonium chloride and chromated zinc chloride. _ . — 

‘Table 22.—Distribution of zinc oxide and ‘leaded zinc oxide shipments, by industries te 
: . (Short tons) a Oo 

| : 1956-60 | os 
Industry (average) 1961 1962 . 1963 _ 1964 . 1965 , 

Zine oxide: . 7 : 
Rubber ~..._------_--...--.... 77,001 71,584 80,247 82,776 93,568 103,057 Paints ~------.-----..-...__.. 32,748 30,405 31,381 34,382 - 31,176 30,249 | Ceramics ~~-_-...---_.--_-____  .9,608 10,058 11,092 9,381 “9,447 10,009 Chemicals ~~ -_~_.-_---_-__.___ NA NA -NA NA NA’ 11,365 Agriculture ~----_-..--..--.__ NA NA NA NA -NA 977 
Photocopying ~__-__...________ NA NA NA NA | NA WwW Coated fabrics and textiles1__... 3,571 1,185 202 Ww Ww WwW Floor covering --_..-..--._-__._ 1,286 1,174 457 WwW 438 | . 363 Other and unspecified _..._..__. 24,081 30,852 31,470 35,732 39,674 30,550 we engeeeees 

Total ~-.-------__---_____-__. 148,245 145,208 154,849 162,271 174,303 186,570 
—CCCQqqQQqQQaoaoaoaoaoaoaoaoaoaoaoaoeeoeoeoeeoey__ 

Leaded zine oxide: . 
Paints wn--2--- 22,428 16,533 14,959 14,899 13,124 10,951 ubber ~~~ 
Other and unspecified _________ 889 1,474 735 574 489 899 eee 

Total --------_----...--__._. 23,812 18,007 15,694 15,473 18,613 11,850 $e Oe eee 
W Withheld to avoid disclosing individual company confidential data, included with “Other.” 
NA Not available. 
* Figures for 1959-62 for rayon withheld to avoid disclosing individual company confidential data.
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a Table 23.—Distribution of zinc sulfate shipments, by industries _ _ 
| . Oo . (Short tons) | os 

a Ce 7 Rayon . Agriculture - —s- Other Total | oe 

/ - Year ._—... Gross Dry Gross Dry Gross Dry Gross Dry - 
OF , _,. . weight basis weight basis weight basis weight basis ~ 

| "1956-60 (average)-.- 20,514 18,362 7,595. 6,588 5,695 «= «4,881 = 33,804 + —-29,776 | : 
1961 ~..--+------..-. 12,284 11,007 - 5,673 © 5,086 10,934 _ 9,926 28,891. . 26,019 

oo 1962 ~..-----------~- Ww W 8,544 1,818 22,687 — 20,359 31,231 27,672 
: 1968 ------_--------- W W 10,785 9,407 29,3826 23,674 40,111 33,081 OS 

1964 _._-------_-_-. 18,066 —§ 16,103 11,248 9,807 17,292 11,231 46,606 37,141 Oo . 
1965 ~...--.-------.. 21,204 18,886. 14,331 12,449 — 15,009 10,637 50,544 41,972 a 

- W Withheld to avoid disclosing individual company confidential data, included with “Other.” 

| March to a yearend quotation in cents per ~ half the 1964 level and were the lowest” : - 
pound in carlots, freight allowed, of 17.00 since 1962, j= = | TL , | 

_. cents for Green Seal grade and 17.25 cents _—_ Substantial increases in imports of zinc = 
_ for White Seal grade. American process, oxide and zinc sulfate accounted for most 

lead-free zinc oxide, leaded zinc oxide of of the 42-percent gain for imports of. all 
the 35-percent grade, and leaded zinc oxide — zinc pigments and compounds. Mexico and an 

: ‘of the 50-percent grade were quoted at Canada supplied 55 and 34 percent, respec- 
14.75, 15.75, and 16.00 cents, respectively, tively, of the zinc oxide imports. Zinc sul- - 

_ throughout the year. : . _., fate imports were provided 50 percent | 

, Zinc chloride (50° Baumé) was quoted . from Mexico, 34 percent from Belgium- — Oo 

: at 5.55 cents per pound throughout the Luxembourg, and 14 percent from West oe 
| year. Zinc stilfate (monohydrate, 36 per- Germany. — re | 

~  €ent) in less than carlots was-quoted at © eee ae 
_. 9.50 cents per pound until March 29 when. . ‘Table 24.—U.S. exports. of zinc pigments = 

-it- increased to 10.25 cents where it re- | — Taed AE ae : : - | 1964 1965 
mained for the balance. of the year. | —_—— 

a SB so Malues 2s Values. Se 
| Foreign. Trade.—Exports of zinc oxide in-. Kind Short (thou- Short  .(thou-_ 
a _ : Bee ut - tons sands) tons © sands) . 
, creased 9 percent with shipments to 43 9 — HW 

: countries. Canada, Turkey, and Colombia inc oxide --- 2,435 $707 2,660 $818 : 
7 : 5 Lith --- 1,184 

received 31, 17, and 14 percent of the total, mmnopene I , 

respectively. Lithopone exports declined to __—-«_—sTotal’ --" 3,619 = 899 8,269 1,005 — 

| Table 25.—U.S. imports for consumption of zinc pigments and compounds | 

a, Kind Wate > Value 
| a _- Short tons (thousands) Short tons (thousands) 

| Zine oxide --------------------------------. 8,708 _*$1,704 11,596 $2,819 | oo 
Zine sulfide ~.-.....-.-------.---......--- 893 -- 123 392 120 

- Lithopone ...---22-2- 172 21 196 ' 84 |. 
. Zine chloride ~..--.--.-----.--.--.-------. 1,200 —-: 188 1,099 ' 186 

Zine sulfate ~-.--.---_---------------...-. 1,245 -° 123-7, 2,817 305 | 
Zine cyanide ~~... ~-...-.-..._--------- 59 os AQ. - ~ 60 46 - 
Zine compounds, n.s.p-f. ~~--—------+------ ‘658 188 - 1,577 - ATZ . 

Total -__--------------------2------ 12,4802, 889 19,781 8,482 

a | STOCKS en 
Producer Stocks.—Stocks of slab zinc at consumer plants of 108,400 tons at the start 

producer plants were 31,200 tons at the be- of the year were drawn down about 25,000 
ginning of the year, declined to a low of tons by the end. of April, followed by a 
about 20,000 tons at the end of April, then rapid buildup to a record yearend level of 
increased to 28,600 tons by yearend. This 151,900 tons. Sales of zinc from the Govern- — 
was the lowest yearend stocks recorded ment stockpile was an important factor in 
since 1951. reversing the downward trend of industrial 

Consumer Stocks.—Stocks of slab zinc at stocks during the early part of the year. 

232-748 O-67—66
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: Table 26.—Stocks of zinc at zinc-reduction plants in the United States, Dec. 31 | | 
| . (Short. tons) oe a | 

| 1961 = (ssd1962———s«é968 -1964— 96K 

At primary reduction plants ---_ 143,494 = «142,059 <“s‘éié46,374° = 830,680" 27,685 . 
ee _ At secondary distilling plants-_--___ 3,393 2,687 | 1,586 498 987 

es! | Total -------------------- 146,887 «144,746 = 47,910 81,178 «28,622 7 

a Oo Table 27.—Consumer stocks of slab zinc at plants, Dec. 31, by industries: | 

ns - Date _. Galva-. Brass Zinc die- . rolling Oxide Other Total 3 
| - a a nizers mills’ casters? mills plants ee co 

Dee. 81,1964 ---------w----- 56,110 7 10,488 585,540. 3,585 282 + 2,506 * 108,411 - 
Dee. 81, 1965 ----------L---- 80,750 19,752 42,999. 4,588 444 8,840 151,878 

no _ Includes brass mills, brass ingot makers, and foundries. | os ee 
'- 2 Inelvides producers of zinc-base alloy for diecastings, stamping dies, and rods. SF _ 

_ . + 3 Stocks on Dec. 31, 1964, and Dec. 31, 1965, include 436 and 419 tons, respectively, of remelt spelter. . 

| Prime Western grade zinc was quoted § During 1965, the quoted price for new 
| _ throughout 1965 at 14.5 cents per pound clippings ranged from 9.25 to 11.25 cents 

oe | ane at 15.6 cents delivered price. bli hed 3 |. per pound, averaging 10.50 cents. For old) 
A foreign. producer -price, established in | zinc, the quotation ranged from 5.75 to. | 

__-:1964, was the equivalent of 13.75 cents per 78 _ d averaged 718 cents” : 

. pound throughout the year. Prices on the 7“ cents: and” average 9 cents per | 
. _ London:.Metal Exchange fluctuated. in a pound. — ; | a 

a _ arrow range around the producer price. | a , Oe : : 

oo Table 28.—Average monthly quoted prices of 60-percent zinc ‘concentrate at Joplin, | 
and common zinc (prompt delivery or spot), East St. Louis and London* — - 

co | .  60-percent —__ | ~ . 60-percent a a | 
: ‘zine con- Metallic zinc (cents zinc con- ' Metallic zinc (cents 

. - ; - eentrates - per pound) centrates per pound) | 
Month in the Jop- ————_—_——————— in the Jop- ——__—__—_—__—___.. 

lin region East St. | lin region EastSt. . ~— 
_ (per ton) Louis London??? (per ton) Louis London ?:3 

| January __---------------.-----. $80.00 13.05 11.98 $92.00 —«-:14.50 14.62 
. February ---~-------......---.-. 80.00 13,00 12.27 . 92.00 14.50 14.53 © 

_ March ~~ ..- ~~ -------------- 380.00 13.00 12.57. 92.00 14.50 14.33 
April ~--------------~---..--.... 81.64 13.34 13.55 92.00 14.50 14.33 
May ~..--------.---------------. 84.00 13.50 15.56 92.00 14.50 14.69 
June ~----~-----~------------.-. 84.00 13.50. 16.20 92.00 | 14.50 14.26 
July -_.-----.--_-..-------.---. 84.00 13.50 17.47 92.00 14.50 14.08 
August. --..--------.----------. 84.00 13.50 15.53 92.00 14.50. 13.78 

. September ~....--..------------. 84.00 13.50 - 15.08 92.00 14.50 ' 13.59. 
October ----..---.-.-------..--. 87.64 13.98 15.05 92.00 14.50 13.96 
November ~--.--------..----.-.. 92.00 14.50 15.51 92.00 14.50 13.55 
December ~_.......--.-----.----. 92.00 14.50 15.56 92.00 14.50 13.74 

Average for year -..__._-__.. 84.44 13.57 14.74 92.00 14.50 14.12 

1 Joplin: Metal Statistics, 1966. East St. Louis: Metal Statistics, 1966. London: E&MJ Metal 
and Mineral Markets. 

2 Conversion of English quotations into U.S. money based on average rates of exchange recorded 
by Federal Reserve Board. 

3 Average of daily mean of bid and asked quotations at morning session of London Metal Exchange.
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| On Table 29.—Average price received by. producers of zinc, by grades 
. oe — (Cents per pounds) 

| , Grade 1961 1962 «1968 1964 1965 
| Special High Grade --------.---------------- 11.58 11.48 «11.66 ‘14.17. 15.05 a 

High Grade _---.----..--.------------------. 11.42. 11.47 11.61 13.64. 14.55 | 
: _ Intermediate ~..--.-.------------------~~---- 12.12 . 11.84 - 11.79 14.08 ' 14.70 

' Brass Special ~----------.-.-...-----~---~---= 11.52 11.76 | ‘11.80 . 18.90 | 14.62 . .. 
; Select .-.- ~~. ee 11.60 12.88 © 11.29 13.55 14.88 

” Prime Western ~~..-~~~.---~-------~--------- 11.32 11.45 11.35 | 12.97 14.16 
All Grades ~--------~-~---------------------- 11.45 11.47 11.55 18.64 | 14.62 
Prime Western; spot quotation at St. Louis’... 11.55 11.63 — 12.01 13.57 | 14.50 oo, 

: 1Metal Statisties, 1966. 8 8 © | oe 

SO - s FOREIGN TRADE) — sit re 

Exports.—Exports of slab zinc decreased Imports.—Termination of import quotas, 

| from 26,500 to 5,900 tons, the lowest level effective October 22 for ores and November | 

since 1958. The Republic of Korea received 21 for metal, resulted in a marked increase | 
| 31 percent, India 31 percent, and Brazil 13 in imports during the last quarter of the | 

percent of total exports. © _ year. For the full year, general imports at 

| “Table 30.—U.S. exports of slab and sheet zinc, by countries oo | 
. . . (Short tons) = - . 

. vo, | a ‘Slabs, pigs, - > - - Sheets, plates, strips, —_ 
Destination . . and blocks - or other forms, n.e.s. 

| 1962 1968 =—-:1964. «1965 1962 «= 1968. . «1964 —:1965. 

North America: | - . . 
, Canada —-.1-----.-.---. 495 - 337 53 211 1,512 1,541 2,652 2,144 

_ Mexico ~---------.---- | 1 w-- - 216. 1 21 25 23 19 
Other ~~ ~~~ ~~~. 16 16 51 20 80 60 88 108 

— Total -..------------ 512 353 820 282 1,618 1,626 2,768 2,271 

- South America: oS 
Argentina _~..-..._--__ _-- __- 51 ~~—S (3) 36 48. 80  . 18 

| - Brazil ...----.---..-.-- 262° 128 --- 789 12 15 25 42 

ve _ . Chile 222-89 - 163 331 — 172 : 43 35 42 60 

_ Colombia -------------. --- 668 565 . 23. 213 - 37 53 33 
° Venezuela —----~---~-_-. a i 18 02=— (825 100 119 - 86. «i111 92 

Other -..------------ » 110 1 o-oo 4 84 12 ~=—-28 aT 
 Potal _----------2-- 418 968 1,278 1,088 © 447 ~ 288 289 292 . | 

| Europe: a a 
- + Belgium-Luxembourg ~-. --- --- --- --- 20 | 34 34 12 . 

‘Denmark —-~--..---—--- --- ~—- 86 | oH 164 230 180 14 . 
. Germany, West ~---.--- 2 14 224 2 _. 82 59 1,172 1,572 
‘Italy 2220-2 --—. oo -—- --- 29 118 124 t:) 

Netherlands ~~... --4 --- --- --- 127 128 186 59 
Sweden ~~... -——- 2 23)— ame --. --- 2381 227 - 215 29 
Switzerland —~_._..-..---_ --- -.- --- oe 221 205 152 5 

United Kingdom ------_ . 112. -_-_—_ 4,887 “1. 242 261 254 ~—s«-:168 
Other ~~~. --_--_--._. 7383 --- 736 | 52 228 369 601 | 1838 | 

. | Total _------------—- 847 14 «5, 852 55 1,294 1,621 -2,918 2,140. 

Africa: . : 
- South Africa, oe 

‘Republic of .....---.. a ---. --- 62 80 .- .89 104 114 
Other ~~ -..-----=----- 106_—; 78 448 49 3 6 32 3 

Total _......-._._._...._ 106 78 448 111 83 95 . 186 117 | 

Asia: . 
India ~....._.__...--_... 32,625 30,155 18,066 1,822 19 16 28 10 

' Japan 2-2 1 147 662 31 --- — 2 1 
Korea, South —--...---- 903 1,969 1,900 1,858 1 8 81 --- 

Philippines ~-.....-..~ 10 “- 6 938 225 37 31 60 33 
Other ~~_----------..-- 680 163 2,056 517 40 86 255 105 

Total _......___..__-_. 34,219 32,440 18,622 4,453 97 141 426 149 
Oceania ~~~ ~---.-.--.----- -- == --- a 13 40 37  ~=6151 

Grand total _...___.._. 86,102 38,858 26,515 5,939 8,547 3,756 6,569 . 65,120
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| Table 31.—U.S. exports of zinc, by classes sy —— . 

- . Sheets, plates, . 
. . Zine ore, Slabs, pigs, _ strips, or Zine scrap -Semifabri- 

. concentrates or blocks other forms, and dross“ cated forms, Zinc dust | 
. ; (zine content) n.e.s. (zine content) n.e.c. . : 

oo Year oe Value ~.. Value ; ‘Value _ Value. . Value Value ; 
; Short (thou- Short (thou- Short (thou- Short (thou- Short (thou- Short (thou- 

a : ' tons sands) tons sands) tons sands). tons sands) tons sands) tons sands) 

(average) --. 175 $88 21,689 $5,303 3,884 $2,754 9,847 $1,056. 3,175 $579 557 $190 
, 1961 -...-..-._ 1,670 124 50,055 11,196. 3,219 2,271 5,900 871 3,036 1,317 717 224 

” 1962 ~-----_--_ 136 46 36,102 8,050 3,547 2,391 7,940 956 1,613 1,254 676 240 
— 19638 “17 6 33,853 7,506 3,756 2,742 1,794 . 589 1,532. 1,163 759 261 

1964 39 12 26,515 7,240. 6,569 3,978 6,448 1,379 5,666 2,451 1,828 542 
1965 ~-..--..-- NA NA 65,989 1,765 5,120 3,051 5,617 1,153 2,764 1,981 NA NA 

NA Not available beginning Jan. 1, 1965. nn | | | 

(imports for immediate consumption plus percent zinc, amounted to 5,090 tons con- 
| _ entries into bonded warehouses) were the taining 4,705 tons of zinc. Oo 

largest since 1962. for ores and since 1959 _ ‘Tariff.—Duties on unmanufactured zinc 
. | for metal. | | 7 . oe . eg | | £ zinc £ h in th and zinc containing materials remained un- 

| Imports of zinc ume, not shown in t e changed and were as follows: Slab zinc, 0.7 —. tables, were reported by the Bureau of the . cents per pound: zine or d con | 
Census to have been 22,775 tons containing S per pound; zinc ores anc concen 

| 17,043 tons of dutiable zinc. Mexico was ‘ates, 0.67 cents per pound; zinc fume, | 
the source for nearly all the fume. Also, 9.67 cents per pound; zinc scrap, 0.75 cents 
imports of materials not elsewhere per pound; and zinc dust, 0.7 cents per 

| _ ‘specified, with a content of more than 10 pound. — oO 

| a | . WORLD REVIEW | | 

a - NORTH AMERICA other company mines, 29 percent from ores _ 
| ; ; _ and concentrates purchased from Pine 

Canada.—Mine production increased 25 Point Mines Ltd., and 11 percent from 7 
ae percent to a record 911,400 tons of zinc i- other purchased ores and concentratés, Ex- - 

concentrates, further establishing Canada’s | traction of ore from company properties 
| position as the world’s. largest producer of _ was 2,301,000 tons at the Sullivan mine, 

__ unc. The increase was largely attributed to 956,000 tons from the Bluebell lead-zinc 
: commencement of mining at the Pine mine, and 416,000 tons from the H. B. 

| Point mine in the Northwest Territories, mine. Ore reserves at company mines trib- : 

the Cupra mine in Quebec, and the Will- utary to the Trail smelter (Sullivan, Blue- 
echo mine in Ontario; also the first full bell, and H. B.) at September 30 totaled 
year of operation at the Brunswick No. 12 739 million tons containing 8.3 million 
mine in New Brunswick and at the Lake tongs of lead and zinc. Full scale production 
Dufault mine in Quebec. Slab zinc output was attained late in the year at the North- 
also increased to a record 358,600 tons with west Territory lead-zinc mine of Pine 

the three electrolytic zinc plants of Consol- point Mines Ltd. (78 percent owned by 
| idated Mining & Smelting Co. of Canada COMINCO). The ore reserve at this prop- 

Ltd. (COMINCO), Hudson Bay Mining erty was 21.5 million tons averaging 7.2 
and Smelting Co. Ltd., and Canadian Elec- percent zinc and 4.0 percent lead.9 
trolytic Zinc Ltd., operating throughout According to the annual report of 

the year.8 i, ; Reeves MacDonald Mines Ltd., the com- 
COMINCO’s zinc metal production was a pany mined and milled 409,500 tons of ore 

record 213,082 tons and in December  4¢ its Remac, British Columbia, mine and 
achieved output equivalent to the newly Ss 
expanded annual plant capacit f 232,000 8 Fraser, D. B. Zinc and Lead. Miner. Res. 

P Th . pia . A yo a : Division, Dept. of Mines and Tech. Surveys 
tons. e combined zinc-lead production (Ottawa, Canada), Miner. Inf. Bull. MR-81, 
derived approximately 48 percent from the 1966, p. 33. 

PE 1h Y F £ ® Consolidated Mining & Smelting Co. of 
companys Sullivan mine, 12 percent from Canada, Ltd. Annual Report. 1965, 20 pp.
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| able 32.—U.S. imports of zinc,: by countries _ | 
. (Short tons) . 

| BS 1956-60 : 
Country (average) 1961 — 1962 1963 1964 1965 

| Ores (zine content):! a | . . | 

North America: ae - 

Canada ___..------------------- 152,657 119,118 192,423 184,803 156,385 201,353 

; Guatemala —~-...---~------~----- 6,660 13,870 2,511 © 1,430 3 4 

a Honduras wenn een 2,491 6,851 7,048 | 8,234 7,709 6,786 

Mexico ~-----.----------------- 188,438 186,174 165,005 138,185 103,879 117,354 

. Other ~~-~--.---...--..-------+-- 572 — oo --- --- —_- 

, otal _.__.--------.---_---.. 345,813 326,008 366,987 282,152. 267,976 $25,497 - 

. South America: a . 
Argentina ~-.----------~-------- ~ $5 -—— --- ee 10,518 a . 

| Bolivia .~.-----..--...--.-.---.-- 5,200 572 ~=~=— 11,791 4,395 3,540 4,093 | . 

| Chile _-__--------------.------- 646. (2) 518 _-- 1,741 a | 
Peru ..--.----------~--------- 97,462 74,869 177,501 73,788 62,864 73,721 

Other ~..-.-.-.~--~-~---------=- 93 53 13 8 --. --- 

Total _--..----..----.-----.-. 103,456 74,994 79,823 78,191 78,663 77,814 

Europe: ce . . 

- Germany, West .------.-------- 1,152 11. --- --- --- 1,341 

—.  Ytaly -------------------------- 2,953 --. a _—— -_-. --- 

Spain ~--.--.-..-----.--------- . 17,078 woe a -- — 

. Other ~ -~-------.----~---~-~~--- 1,423 109 19 Lee --—-— -—- 

Total poe eee eee cee e--- 12,606 120 19 ~~ ol 1,841 

Africa: - FS 
South Africa, Republic of ...-._. 15,281 7,551 9,589 8,614 | 6,086 11,267 

- Other ~-.-- ~~. 750 2 --- a 1,118 9,445 

| . ‘Total ...------.--.----------- 16,031 7,558 9,589 ~- 8,614 °° 7,204 20,712 

. Asia: . a SO . - . . . 

: Philippines -_------------------ 1,804 8,208 24° 9 7 <9 7 
‘Other —~-.--.-----.-~-----~----- ' 82 a Oe eee 79 57 cee 

. -  fotal _-.------------....----. _ 1,386 3,208 24 88 64 9 

Oceania: Australia -.-..---.------. 14,747 3,822 10,956 38,724 . 8,238 . 2,667 : 

; Grand total: Ores _..-..----.---- 494,039 | 415,700 467,398 372,769 357,145 428,040 

Blocks, pigs, or slabs: | | : 7 = : 

North America: 
Canada ._.-__-..--------------. 95,379 71,628 72,825 73,817 75,712 88,554 

Mexico ~-.--.--.--_----+-------- 16,445 8,598 12,834 13,219 12,791 12,787 

Total _...--._-..-----....---. 111,824 80,226 85,159 87,036 88,503 101,341 

South America: Peru —-.---------- 11,825 7,519 | 7,615 . 4,594 7,569 10,323 . 

Europe: 
. 

_ Belgium-Luxembourg ----------- 20,3238 12,854 28,282 21,904 r 5,557 8,889 

Germany, West ~..------~------ 5,893 779 1,162 6,103 265 230 

Italy —.-..--.----------------- 8,128 1,820 992 907 --- 2,129 

Spain  -.....----------~-------- --- 6,756 2,572 6,270 2,723 1,768 

United Kingdom —~--.------~---- 850 (?) --- 1,183 682. --- 

Yugoslavia —-..-.------~-------- 5,071 3,198 3,310 1,185 441 887 

Other —..---.----------.------. 4,133 561 640 440 Yr 1,275 694 
‘ . . i 

— —— — en eal . 

Total _.....-.------------.--. 44,898 25,968 81,908 37,992 10,943 14,597 

eee eee 

Africa: 
Congo (Leopoldville) -.--..----. 18,776 11,420. 10,882 9,590 10,878 12,614 

Rhodesia and Malawi -..------- 2,826 1,400 4,643 — 1,982 62 --- 

. + 

Total _..._.-.--.-------...-.. 21,602 12,820 15,525 11,572 10,940 12,614 

Asia: Japan ~--~-~-~-.-----.------- 1,962 --- --- --- --- 12,995 

Oceania: Australia -..------------- 5,772 1,029 1,750 583 385 1,120 

Grand total: Blocks, pigs, or slabs 197,888 127,562 141,957 144,757 118,340 152,990 

a 

r Revised. 

1 Zine content less certain allowable deductions for processing losses, effective Sept. 1, 1963. 

2 Less than % unit. .
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Table 33.—U.S. imports for consumption of zinc, by classes | . 

. - , Sheets, plates, 
Ore (zinc content)! Blocks, pigs,and _ strips, and other 

_ | : De slabs ae forms 

| . | Value nO ‘Value ~ Value 
Year Short . (thou- Short — (thou- Short  _(thou- 

. ; tons —_—s sands) tons — sands) tons sands) 

_ 1956-60 (average) ~-....--..._. 497,313 $53,009 196,926 $45,662 ' 788 $263 - 
1961 ~------ ~~... -------... 357,653. 31,920 125,186 | 27,540 1,183 354 
1962 ~---------..--.-----.--... 387,321 81,817 135,995 . 28,478 1,303 365 
1963 --------.--.-.--.--.-----. 371,919 30,757 132,332 27,942 —=s-_- 1,582 413 
1964 ~-.-----.~-~--.~--------. 311,485 35,831 - 134,118 31,898 1,774 527 
1965 -----------.-..--_--.----._ 402,986 | 58,829 | 153,957 42,605 1,381 | 453 | 

. Old and — _ Dross and DO | 7 
worn out - skimmings Zine dust | a 

Oo —. Total 
oo Value Value Value value? 

. _ - Short (thou- Short (thou- Short  (thou- 
tons sands) — tons sands) tons _ sands) 

1956-60 (average) ~-...-.__-__- 187° $28 714 $97 69 $15 $99,074 | 
. 1961 ~-.-..------~----.------~- 303 32 1,107 146 86 28 60,020 

1962 ~--.---~----------.------- | 861 120 | 1,907 286 909 207 61,273 
1963 ~~ .-------------_--_--.-.._ 1,461 231 1,415 215 2,608 589 60,147 . 
1964 ~-..--------~-------.---~- 1,274 227 2,501 425 3,269 797 69,705 . 
1965 ..----------.------.----. 1,576 337 8,125 667 244 57 =: 97,948 

1 Zine content less certain allowable deductions for processing losses, effective September 1, 1963. 
?In addition, manufactures of zine were imported as follows: 1956-60 (average) $518,060; 

1961, $787,496; 1962, $1,138,940; 1968, $978,619; 1964, $1,388,891 (revised); 1965, $962,369. 

produced concentrates. containing 13,669 ing 4.5 percent zinc. The electrolytic plant 
| tons of zinc plus values in lead, silver, and at Flin Flon treated 111,965 tons of zinc’ 

a cadmium. Development during the year concentrate, 47,970 tons of zinc fume and 
consisted of 6,114 feet of drifts, 2,436 feet stack dust from the copper smelter, and 
of raises, and 26,353 feet of diamond and 6,446 tons of purchased materials to 

. long hole drilling. ” produce 71,435 tons of slab zinc.11 | 
Sheep Creek Mines Ltd., Windermere, Willroy Mines Ltd., at its Manitouwadge, 

_ British Columbia, reported production at Ontario, operation milled 294,000 tons of 
the Mineral King property for the year ore from its operation and 283,300 tons of 
ending May 31, 1965, to have been 169,000 custom ore from Willecho Mines Ltd. The 
tons of ore grading 4.08 percent zinc and mill feed averaged 4.21 percent zinc, 0.69 
1.65 percent lead. Milling yielded 10,513 percent copper, 0.23 percent lead, and 1.75 
tons of 55.3 percent zinc concentrate plus ounces of silver per ton and yielded con- 
recovered lead and silver. Reserves at the centrates which contained 21,695 tons of 

_ end of the year totaled 266,000 tons of ore, zinc. Development included drifting 1,388 
compared with 351,000 tons at the start of feet for a total completed drift length of 
the year.10 4,774 feet towards the Big Nama Creek ore 
Hudson Bay Mining and Smelting Co. body. The ore reserve at yearend at the 

Ltd., operated its zinc-copper-lead mines Willroy mine was 760,000 tons, averaging 
along the Manitoba-Saskatchewan bounda- 2.56 percent zinc, 1.40 percent copper, and 
ry. The mill treated 1,640,000 tons of ore— 0.92 ounces of silver per ton.12 
53.3 percent from the Flin Flon mine and Noranda Mines Ltd., operated the Geco 
the balance from the Chisel Lake, Stall mine at Manitouwadge, Ontario, during 
Lake, Coronation, and Schist Lake mines— 1965, Production was at the rate of 3,634 
which yielded 113,435 tons of 47.1 percent tons per day averaging 4.26 percent zinc, 
zinc concentrates plus copper and lead con- 1.97 percent copper, and 2.17 ounces of 
centrates. IThe Coronation mine was closed  —~— | 
in August due to depletion of reserves. Ex- 1965 ue Creek Mines, Ltd. Annual Report. 
ploration disclosed more ore than was it Hudson "Bay Mining and Smelting Co. Ltd. 
mined during the year and proven reserves Anapual Report. 1965, BP 9-12. 196 
at yearend totaled 16.8 million tons averag- pp 1-3.) ne 14. Annual Report. 1966,
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. ~“ Table 34.—U.S. imports for consumption of zinc, by countries = 
| (Short 'tons) | 

7 : . . 1956-60 | oo , 
. | _ Country (average) 1961 1962 1963 1964 = 1965 

| Ores (zine content) :1 a - ° eS ae 
North America: So : . oe _ : 

Canada —-_--------------.-----. 160,606 110,812 135,480 181,125 117,866 202,004 
. Guatemala -—.-_-.-------------. . 6,292 1,244 8,375 3,692 6 4 

' Honduras _-~~-.---.----------. _1,741 ' 1,574 4,154 8,613 6,374 8,246 

Mexico .--..-....-.------------ 189,426 140,057 189,374 138,419 105,059 104,939 

. Other ~------~.---------~-~--~.- 621 - (7) (?) --- --- ane 

| - Potal __---------------------- 358,586 - 259,187 287,338 281,849 229,805 315,193 | 

| South America: . oo , Poe 

Argentina —--.-..----.--.------ 32 --= --- ---. 12,442 . 10 

- Bolivia -----.-----------------= | 4,700 1,018 -. 681 3,492. . 2,084 . 2,932 

Chile ...---.--------e-e---eeee 907 TC 324 -—— --- 

Peru _~.--.-.---.--..---------~-. 100,187 69,473 75,333 67,113 57,076 ..60,619 , 

| . Other ----------~-------------- 50 | 81 22 30 --~ eee 

| Total _----------------------- 105,876 70,579 76,252 70,959 71,602 «63,561 | 

Europe:  — : . —_ . - : | | =. 

Germany, West .-..---.--------, 1,460 | | 12 1 —— -_-. 1,341 
Italy -------------------------- 2,834 2,189 695 —_ __ __- : 
Spain —----------------..-.-... 4,776 8,122 947 mee ee 

| Other __----------------------- 888 ee __- 7 

- Total ---------------------» 9,958 10,828 1,648 — -- 1,841. 

South Africa, Republic of-_..... 11,402 —— 6,218 10,891 11,438 6,384 . 11,425 | a 

. Other ~-1-2-----------+--------) 359 - - 9 11 766 1,118 | 8,084 . 

Total Lua aennnnennennenmenets (14,761 6,227 = 10,402 12,204. 7,502. 19,509 | 

— Asiar - | Ot oe 
‘Philippines ~--.----------~-.-~- 511 4,426 2,663. 43° 16 25 , 

- Other —.----------------------- °.44.— 6). 59 28 —- 

— otal _.---------------------- 555.4442 2,668 102, 44 25 
Oceania: Australia _...........---__ 10,582 .- 6,895 9,028 . 6,805. 2,982. ©3307 | 

Grand total: Ores. -------------- 497,313. 357,653 387,321 371,919 811,435 402,936 | 

: - Blocks, pigs, or slabs: oe | . BS 
North America: : . 

Canada _____.--.--------------. - 95,850 . 71,628 = 72,850 73,817 75,762 88,585 

Mexico —-.-..-..-------------.. 16,363 8,527. 12,384 12,619 12,794 12,787 

Total _.-...--.--.------=-2--. 111,713 | 80,155 85,184 86,436 88,556 101,372 

South America: Peru —-..-.------- 11,825 7,582 7,615 1,574 7,519 10,356 

Europe: " ee . 

| Belgium-Luxembourg ~..-------- 20,371 12,380 16,829 16,070 14,668 9,101. 

. Germany, West ~--------------- 5,669 1,431 1,889 1,585 2,989 248 

Ttaly ---.---.---.--.--..------. 8,144 1,820 992 907 --- 2,129 

Spain --.-----....----------.-- 562 - 4,560 . 2,429 4,666 4,993 3,230 

United Kingdom —-..-----.---...___ 850 (?) --- 623 575 336 

Yugoslavia —...----._----------. 5,021 | 3,277 2,750 1,564 909 887 oS 

Other —-.-------.---.--------.. 3,526 A417 642 302 1,999 826 

| Total ......--.--.---..-.-.--. 44,143 23,885 25,531 25,717 26,083 —§ 16,757 a 

Africa: = . . 

Congo (Leopoldville) -.....-.--. 18,776 11,420 10,882 — 9,590 10,878 12,614 

Rhodesia and Malawi ---------- 2,716 1,107 5,033 2,305 697 --- . 

Other ~..-----------~--..-.---- 59 8 --- --- ee 

Total ~-....-...-.-----------. 21,551 12,5385 15,915 11,895. 11,575 12,614 : 

Asia: Japan —-.--...-.-..--------- _ 1,967 --- --- --- --- 11,092 

Oceania: Australia -.....---------. 5,727 1,029 1,750 710 - 385 1,766 

Grand total: Blocks, pigs, or slabs 196,926 125,186 135,995 132,382 184,118 153,957 " 

no 

1 Zine content less certain allowable deductions for processing losses, effective Sept. 1, 1963. 

2 Less than 14 unit. |
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Table 35.—World mine production of zinc (content of ore) recoverable where indicated, 
On - by countries}? | . 

. _ (Short tons) a : 
en eee ene A CATAL Tae ACCC CCA AA eA PSs pres 

Country ? 1961 1962 1963 1964 1965 P 2 

- North America: . . a . , 
Be Canada —..---.-~....--..--.-.. 448,099 | 501,937 497,180 729,939 911,432 

Greenland e@ .-..---~-.-~~-- Le 8,800 4,400 -. --_ ee mee 
Guatemala 4 —..-...-.--.-...--__: ® 8,737 - 899 ~—._-..1,289 <<. _ 988 

oo . Honduras ~.-..-.-----------.--- ° 7,324 ¥ 7,258 5 8,234 F 9,445 12,265 
Mexico ~...-..--------------.... 296,492 - 276,830 - 264,854 . * 259,708  —«-: 247,883 
United States * -..-------.---... 464,890. 505,491 | 529,254 574,858 611,153 

Total ~-.------.--~------_.-.~'? 1,228,842 ° 1,296,315 1,300,311. * 1,573,950 1,783,671 

South America: . 
Argentina ----.--.-..-.--.--.-.. 35,502 F 34,689. = ¥*31,677  * 25,257 33,000. 

* Bolivia (exports) -----.--....... 5,878 4,021 5,124 10,755 15,088 
Brazil ....00------- --- ae --- ee 8,787 . 

~ Chile ----22-------ee eee 1D 547 557 | r 1,108 1,225 
Colombia @ ~-~-..--.-.--....-.... 1,400 — 800 100 110 55 

| Peru ~-.------------------------ 4191,658 ~© 4178,889- 4216,892 "260,873 = 285,930 | 

. . Total cee ste = 284,617 ~—s- * : 218,346 F 253,850  ¥* 298,103 341,085 

Europe: . ae - 
- Austria 4 ~~~ 6,651 9,264 7,816 8,004 7,609 

Bulgaria ~~ ---...----.--.-..-____ 81,500 88,700 ~— 81,180 r 86,300 — © 86,200 
Finland —-.--.---------.-.--.-_._-* §1,175 -  §7,509 73,142 69,436 - 76,070 
France -.--~.22...--- se 17,284 15,7385 20,060 #£=*§* 18,564 23,4138 
Germany: | | So ~ 

East © ~..-----.-.------.----..  —s-7,700 |. ¥ 7,700 r 7,700 r 7,700 8,800 
. West ~~. ---------_----...-..... ™ 184,495 | ° 124,843 Yr 119,213 T 122,699 128,199. 

Greece -~.-.------. ~~ 19,342 _. 18,939 20,062 7 14,185 . 14,000 
_ ° Hungary -- 2-2-2 2,400  — 2,500 2,900 r 3,200 — e 3,200 

Treland ~~~. 2--2 - 184 ee ee 7 1,584 
Italy -----------...------_. 150,315 ¥ 144,430 117,979 ® 122,720 127,363 

— . °.. Norway -2..-----2--- - 10,285 12,566 ~ 18,669 13,062 |. © 18,600 o 
-. Poland’ 2. 153,857 159,961 162,150 166,669 - ~~. 208,707. 

Portugal ~---------2---e- eee a 12 ‘190 1,049 3,256 
Spain ~------.--~----------_- 96,983 86,554 101,118 . 97,509 42,378 

. Sweden ~~. ----- = 87,558 90,227 F 104,015 F 85,209 . € 85,200 
U.SS.R. &4 -22 440,000 450,000 450,000 450,000 . 454,000. 

, Yugoslavia 2-2 66,009 67,367 ¥ 97,317 F101,193 | 101,213 

Total &? .__- 1,326,000 * 1,334,000 Ff 1,378,000 F 1,367,000 1,380,000 

Africa: . . . . 
°° Algeria. 2-2 46448 46,215 Fr 39,700. . 38,9382 42,334 

Congo, Republic of (Brazzaville) _. - 1,411 786. 786 5,578 — © 7,600 
Congo, Republic. of the - 7 

(Léopoldville) ~~ --2.-.----__ 109,828 105,580 114,139 116,338 181,845 = 
Moroceo ~~~ 44,951 $7,942 36,418 ® 46,678 56,458 

. South-West Africa‘4 ~..._.._____ 14,905. 25,201 36,715 35,312 33,049 
Tunisia .-.-..-...---_-_-_ 4,596 4,727 4,809 r 3,681 4,499 
Zambia —-.----.-.-.--__________ 45,084 ' 45,084 - 42,100 r 51,800 66,100 

Total --------.---.--.-._--.__ 267,223 265,485 ¥ 274,667 F 298,319 341,885 

Asia: . 7 
- Burma -..--~-- el 7,865 °9,036— Y 8,865 r 8,438 - 8,579 

China, Mainland e _..-...-______ 110,000 110,000 - 110,000 110,000 110,000 
India ~-~~~-------_ 5,622 _ 6,099 ~ 6,460 6,520 5,861 
Tran® ~W oe 14,880 8,270 e 11,000 F 15,400 ' © 15,400 
Japan w--+---- ee) =—sd185,474 = 212,174 218,209 F 238,602 243,469 

orea: 
North e 2. uu —s«100,000 100,000 110,000 110,000 115,000 
South ~~~--.- 496 463 - 1,245 _ 2,800 7,844 

Philippines ....___..-___________ 8,652 4,916 4,291 2,855 2,270 
Thailand ¢ _-/_-_.-____________ 990 1,045 © 940 1,520 2,825 
Turkey --_--_--.---~-_---_.-.-- 9,127 6,801 5,044 ? 6,268 7,700 

Total © ~~. ---_- ii... —- 438,000 459,000 476,000 F 502,000 518,000 
Oceania: Australia --..........._.._. 348,496 378,036 F 393,647 ¥ 385,953 387,087 

World total © ~...-.-._.__.______ * 3,845,000 *° 3,950,000 4,075,000 * 4,425,000 4,750,000 
e Estimate. P Preliminary. '* Revised. 
1 Data derived in part from the International Lead and Zine Study Group Monthly Bulletin, 

. Yearbook of the American Bureau of Metal Statistics, The United Nations Statistical Yearbook, 
the Statistical Summary of the Mineral Industry (Overseas Geological Surveys, London), and 
Metal Statistics (Metallgesellschaft) Germany. 

3 Czechoslovakia and Rumania also produce zinc, but production data are not available; no 
estimates are included in totals. 

3 Compiled mostly from data available August 1966. 
* Recoverable. . . 
5 United States imports. 
* Year ended March 20 of year following that stated.
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s So Table 36.—World smelter production of zinc by countries? . 
— ae ee, . (Short tons) -- . . SO OS 

Country — ss —iéiC (<;SsidSC(<t;‘é‘iaS:SCS*“‘éi:SOC*«*d TC 
North America: : DO . . a ot : : oe 

, _ Canada --.--.-------------....-. 268,007 —=_-280,158 284,021 337,728 358,599 OG 
- /  Mexico* 2 -----.------------- 67,119 ~ 62,730 * 62,557: 65,506 64,712 

- United States ---.----..-_._--.. 846,795 879,395 892,584 954,084 994,402 

' - ‘Total ------------------------ 1,171,921 1,222,283 1,289,162 «1,857,818 ‘1,417,718 - 

South America: a | | | - 7 os a | . 
Argentina ~-.-.-.-.--.----..-... 15,873 18,487 21,716 24,471 | 26,015 | 

, - Brazil ~------~-----_~---..--.- -.- eee --- ee © BB 
. Peru -_------------------------- 35,006 86,309 *61,248 | 768,016 . . 69,384 | 

Oo Total --_--------------------- 50,879 54,796 - * 82,964 © *92,487 95,484 Oo 

Europe: — ‘ — . a pT : . 7 
. Austria --------------------.---- 18,802, «18,825 | 18,074 14,215 (14,455 | 

Belgium® -_-----._-__..--...... 270,670 227,248 , 227,487 245,308 264,334 . 
- Bulgaria ~---.--=L---.--------. = 2.4,885 57,017 ~~. 61,800 64,595 65,036 | 

France (including dust) ~------~ 183,918 | 186,471 F 186,392 r 209,706 ~ 211,680 - 
. Germany: . _ i a . oO . a 

East @ o--s.---------.-..-... ~ 1,100 © .° 5,500 11,000 11,000 11,000 , 
- West -----.-----.--------.-__ 155,373 143,127 115,969 117,988 118,724 a 

oO Hungary —----------------------.__ 1,800 . 1,700 = F1,700 ~ 741,500. e 1,500 
‘Italy ------------2------------- 87,647: F 86,056 . ? 82,332 - ¥ 80,483 89,175. . 

Netherlands ~.-...-------____..- 43,643. 40,839 39,421 F 41,559 44,997 . 
Norway -~--------..----------.._ 51,287 49,576 | 51,419 . F 63,304 61,749 dS 

; ‘Poland ~-~---~--~..--....------- 200,633 r 199,408 = 199,739 _ 206,022 209,880 SO 
Spain —....----.-...--.-.__-___- 67,865 = 68,981. 71,353 r 71,023 60,074 7: 
U.S.S.R.e ~--------------_-----.- 470,000 515,000. -615,000 ~ 510,000 515,000 . a 

CO United Kingdom =__-.--..~-.- =. 104,031 | 108,949 110,911 .. 122,896 117,742 |... - 
7 ' Yugoslavia ...--...--.-----.-.... 40,640 48,3825 46,566 49,066 60,778 -- ‘ 

| "Total e? _____-_____-__-------- 1,706,000 1,747,000 * 1,734,000 * 1,798,000 1,882,000 oe 

Africa: oo ee 
- Congo, Republic of the .. = oe I : 

| (Léopoldville) ----....--..--_.. 62,788 61,759 - 58,418 61,237 62,853. oe 
Zambia ---~--------------------_ * 34,248 44,576 ..., 54,510 51,491 52,887 | 

Total -..-.-----..------------ "97,031 106,385 —° 112,628 112,728 115,240 

. China, mainland (refined)¢ -.--.._ 100,000 © 100,000 100,000 100,000 100,000 oe 
Japan ----2---2.2---2-----.--.. 234,168 ==—s-270,402. =: 291,882 = * : 366,576 377,088. 

. Korea, North e wre mre semen een ee 65,000 ; 65,000 us 70,000 * 75,000 : 80,000 : . 

( . Motale ui. ------------_ 399,000 «485,000 © 461,000 += * 542,000 ~—55 7,000 - a 
'  . Qeeania: Australia ................. 155,388  _188,079. 201,350 ¥ 207,795 - (222,867 oo 

. World totale __.---.------_-_ 3,580,000 3,755,000 «3,880,000 “* 4,110,000 4,240,000" i 

e Estimate. P Preliminary. * Revised.. CO one : . 
_ 4Czechoslovakia and Rumania also produce zinc, but production. data are not available; no esti- : 
mates are included in the totals... - 2 a | - 

| 2 Data derived in ‘part from the International Lead. and Zine Study Group Monthly Bulletin, 
Yearbook of the American Bureau of Metal Statistics, the United Nations Monthly Bulletin and 
Statistical Yearbook, Statistical Summary of the Mineral Industry (Overseas Geological Surveys, 
London), and Metal Statistics (Metallgesellschaft) Germany. - mo, | 

3? Compiled mostly from data available August 1966. . 
*In addition, other zinc-bearing materials were as follows: 1961, 1,992; 1962, 1,890: 1963, 3,400; 

1964, 3,839; and 1965, 7,241. - a 
5 Includes production from reclaimed. scrap. | 

silver per ton. Exploration added 956,000 of 53.3 percent zinc concentrate. The ‘ore 
tons of ore to a yearend total reserve of reserve at yearend was estimated at 2 mil- 
23.8 million tons averaging 4.78 percent lion tons averaging 2.35 percent zinc.14 Ac- 
zinc, 2.17 percent copper, and 2.32 ounces cording to its annual report for the year 
of silver per ton.13 | ending Aug. 31, 1965, Solbec Copper Mines 

In Quebec, Quemont Mining Corp. Ltd., mined and milled 497,000 tons of ore 

Ltd., milled 657,000 tons of ore grading = 1s Noranda Mines Ltd. Annual Report. 1965, 
2.29 percent zinc plus values in copper, Pp. 6. | | 

° o e M4 i i e e silver, gold, and pyrite, yielding 21,262 tons 1966 ee nt Mining Corp. Ltd. Annual Report.
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yielding concentrates containing 16,407 tons — wick: No. 12 mine and was constructing a 

a of zinc plus values in copper, lead, gold second concentrator with a daily ore capac- 

and. silver. The reserve at yearend was ity of 2,250 tons to treat ore from the open | 

- 603,000 tons averaging 4.92 percent zinc, pit No. 6 mine being developed for opera-— 

— 1.56 percent copper, 0.80 percent lead, and tion early in 1966. A subsidiary company, 

ee 1.68 ounces of silver per ton. Cupra Mines the East Coast Smelting and Chemical Co. 

| Ltd., began shipment of ore to the nearby continued construction of a lead-zinc Impe- 

Solbec Copper Mines Ltd., mill during Sep- rial Smelting Furnace scheduled for | 

: tember and continued mine development completion in 1966.20 | a 

: | towards an annual rate objective of 300,000 In Newfoundland, Buchans Mining Co. | 

: tons, Ore reserves to a depth of 2,522 feet Ltd., milled 366,000 tons of ore yielding 
- totaled 1.3 million tons with an average 115,945 tons of copper, lead, and zinc con- 

a grade of 4.0 percent copper, 5.2 percent centrates.21 _ : ; | 

_ zinc plus values in lead and silver.15 Sullico) a | 
Mines Ltd., mined and milled 993,000 tons _ Honduras.—Phase II of a major expan- 

| of copper-zinc ore yielding concentrates 10M. program at the El Mochito. mine, ~ 

. containing 531 tons of zinc. All reserves. completed in July, increased productive ca- 

| have been drilled and blasted and the min- _Pacity by 25 percent to 500 tons of ore per | 

ing operations remaining are to extract as day. Phase Ill of the program, scheduled 

| much of the broken ore as possible* for completion in 1966, will increase min- - 

oo Normetal Mining Corp. Ltd., mined and img and milling capacity to 750 tons per 
oo - milled at the rate of 961 tons of ore per | day. In 1965, the mill treated a record | 

- calendar day yielding concentrates contain- 174,000 tons of lead-zinc-silver ore which — 
- ing 24984 tons of zinc plus quantities of yielded concentrates containing 10,927 tons oe 

oo copper, gold, and silver.17- of zinc. The ore reserve at yearend was 
: UE : oe eo 1.03: million tons with an average grade of | 

me _ In: the Mattagami Lake district of Que- 7.67 percent zinc, 7.59 percent lead, and 7 
— bec, Mattagami Lake Mines Ltd.,. milled 18.6 ounces of silver per ton.22 CO 

| 1,406,000 tons of ore averaging 11.7 percent . ; oe ; 
‘zinc and 0.7 percent copper to produce Mexico.— The single condenser horizontal 

7 294,822 tons of 522 percent zinc concen- “inc retort plant of Zincamex, S.A., at Sal- 

| trate. The reserve at the end of the year illo, Coahuila, placed in operation in 
| was 19.5 million tons containing 10.6 per- 1964, is described in a journal article.2 

cent zinc and 0.7 percent copper.18 Orchan In July, American Smelting and Refining — 

| - Mines Ltd., milled 369,000 tons of ore aver- . Co. (Asarco ) sold 51 percent of its Mexi- 
_ . aging 13.34 percent zinc and 1.25 percent can operating subsidiary, Compania Min- | 

copper, yielding concentrates containing ero Asarco, S.A. The sale was to a group of 

- 43,293 tons of zinc. Ore reserves at yearend Mexican industrialists who subsequently  . 

- were 28 million tons containing 10.99 per- made substantial ownership available to 
-. . cent zinc and 1.26 percent. copper. Concen- the Mexican public through listing the 

7 trates from both mills were shipped to the | new company, known as Asarco Mexicana, 

_. zine reduction plant of Canadian Electroly-  S.A., on the Mexican stock exchange. The. 
tic Zinc Ltd., at Valleyfield, Quebec, which | sale accomplished the revision in ownership — 

| produced nearly 74,000 tons of slab zinc, an required by. the Mexican Mining Law of 

average of about 200 tons per day. An ex- Wom Mn Lid. A t Repor 

| pansion program, scheduled for completion 26 Sonne At ee tid. Ae nal Report.” Pane 
during the second half of 1966, will in-  p. 21. | 
crease capacity to 400 tons per day.19 | > * Noranda Mines Ltd. Annual Report. 1965, 

Other Quebec producers of zinc included 1965 em Lake Mines Ltd. Annual Report. 

Coniagas Mines, Manitou-Barvue Mines, 19 Noranda Mines Ltd. Annual Report. 1965, 

and Lake Dufault Mines. 2d Fraser, D. B. Zine and Lead. Miner. Res. 

In the Atlantic Provinces, Heath Stecle have Gare Mines” and Tech. aa s bet, 
Mines Ltd., mined and milled zinc-lead- D. 25. merican Smelting and Refining Co. Annual 

| copper ore from its mine near“ Bathurst, Report. 1965, p. 13. 
New Brunswick, at a rate of 750 tons per Anneal Reo ene gap duras Rosario Mining Co. 
day. Brunswick Mining & Smelting Corp. P 23 Engineering ; and Mining Journal. a byte | 

a Ltd., operated its zinc-lead-copper Bruns- 1965. pp. 85-87. 0° 66, No. 7, July
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_. 1961 to qualify for certain tax and mining centrates of its own mines. In addition, — 
. _ concession benefits. Asarco will continue to. 78,819 tons of zinc in concentrates were 

| provide comprehensive technical and ad- produced for export. Cerro’s La Aroya elec- . 
| ‘Ministrative services to the Mexican com-  trolytic zinc plant capacity will increase | 

_ pany and to market the exportable prod- from 67,500 .to 80,000 tons a year by 
ucts.24 | “ | | : mid—1966 upon completion of a turbulent- 

In July, American Metal Climax, Inc., ayer roaster. A further increase to ap- a 
sold its remaining 49 percent interest in Proximately 85,000 tons per year is expect- : | 
Metalurgica Mexicana Pefioles, S.A., to the ed early in 1967 when a 50-ton-per-day | 
Mexican group that originally acquired a pilot plant is placed in operation for re- | | 
51 percent share of the company in 1961.25 covery of. metals contained in zinc leach | According to the ‘annual report of San residue. Experience with the pilot plant | 

Francisco Mines of Mexico Ltd., for the Will facilitate the design and construction | 
year ending June 30, 1965, a total of of a much larger commercial facility.29 

917,000 tons of ore. was milled from the Cia. Minerales Santander, Inc., a St. Jo- - 

. company’s San Francisco and Clarines ‘Seph Lead Co. subsidiary, produced a 
mines and produced 100,100 tons of 5624 record 54,717 tons of zinc concentrate at its 

_ percent zinc concentrate plus values in Open pit lead-zinc-silver mine in the Peru- 
lead, copper, silver, and gold. Ore reserves Vian Andes. Preparations were underway 
at the end of the fiscal year were 5.8 mil- for a gradual transition to underground 

_ lion tons averaging 7.40 percent zinc, 5.09 ™ining.80 Other zinc producers included 
percent lead, and 0.52 percent copper. Cia. Minera Atacocha, S.A., The Chavin 

Compania Fresnillo, S.A. (49 percent Mines, Corp. Cia. des Mines de. Huaron, : 
owned by the Fresnillo Co.), operated 1a. Minera Milpo, | S. » NOrmeTR kere 
lead-zinc-silver producing units at Fresnillo Mining Co., and Volcan Mines Co. | | 
in Zacatecas, at Naica in Chihuahua, and ' EUROPE a 
at Zimapan in Hidalgo. In the year ending ~ - 7 

_ June 30, 1965, the company milled a total — Finland.—The Vihanti mine continued as | 
of 1,136,000 tons of ore yielding 41,780 tons the leading zinc producer in Finland, . 

| of zinc in salable metal. Ore reserves at yielding 83,462 tons of 55.3 percent zinc — 
yearend at the . Fresnillo and Naica units concentrate from 538,000 tons of ore. The 

_ totaled 4.6 million tons containing 4.7 per- Pvhasalmi aig -. roduced 
_ cent zinc, 4.9 percent lead, and 5.1 ounces yoasalmi — copperzing — mine __ produce of silver per ton26 _ 44,419 tons of 54.5 percent. zinc concen- ee 

trates from.716,000 tons of ore. . 4 

: | SOUTH AMERICA Ireland.—Irish Base Metals Ltd:, a sub- | 
| : _ sidiary of Northgate Exploration Ltd., be- 

_ Argentina.—Cia. Minera Aguilar, S.A..a gan production from their lead-zinc-silver 
subsidiary of St. Joseph Lead Co., con- mineral deposit at Tynagh during the last 
tinued operation of a lead-zinc-silver mine quarter of 1965. The mill capacity of 2,000 - 
in the Province of Jujuy in northern Ar- tons per day will not be attained for a 
gentina and through affiliated companies umber of months due to problems asso- 
operated a zinc smelter and_ electrolytic iated with treating the complex ore. Ini- oe 
zinc plant. All of the zinc produced was ciate wi . a8 P ° | marketed in Argentina, and Aguilar has tial production will be from a sulfide ore . 
embarked on an expansion program to in- | Zone accessible to open pit mining methods 
crease output a minimum of 50 percent by and calculated to contain 3.2 million tons 

1968.27 of ore averaging 8.43 percent lead, 7.15 

Brazil.—The Brazilian Department of 2% American Smelting and Refining Company. 
_ Mineral Production conducted exploration. Annual Report. 1965, p. 14. : 

for zinc at the Januaria and Vazante de- 65 is Metal Climax, Inc. Annual Report. 
posits in Minas Gerais. Reserves of zinc at > Fresnillo Co. Annual Report. 1965, pp. 8-9. 
these and other locations in Brazil appear Dee Joseph Lead Co. Annual Report. 1965, 
adequate to establish production.28 — % Canadian Mining Journal. V. 86, No. 11, 

November 1965, p. 28. 
Peru.—Cerro de Pasco Corp. produced a erro Corp. Annual Report. 1966, D. 45 65 

record 67,590 tons of slab zinc from con- 7°" %0%¢PB Lead Co. Annual Report. ,
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percent zinc, 0.5 percent copper, and °3.02_ oe : AFRICA oe 

ounces of silver per ton. A surface oxidized va Se os 

zone contains 2.1 million tons of ore and a Alpena A at Peroent inenease bon he 7 

| sulfide zone planned for underground min- (OF zing carbonare concennae - 
. . nillion té Sparked b Ouarsenis mine near Algiers was more 
ing contains 3.5 million tons. Sp arkee ©Y than offset by smaller output of zinc 

the new Tynagh development, there is estl- sulfide concentrate from the El Abed and 
oo mated to be 15 to 20 firms active Im €X- Oued Zounder mines near the Moroccan | 

ploring for base metal deposits in Ireland.31' border. A new deposit discovered at the El 

| - Ttaly—Mineraria ¢ Metallurgica di Per- ‘Abed mine during 1964, expected to ex: 
 tusola was enlarging its Salafossa lead-zinc tend the life of the operation by 10 to 15 

mill to double the productive monthl years, was under: development during 1965 - 
| an j P . Y and scheduled for mining in 1966.36 © | 

capacity to 4,000 tons of lead plus zinc con- . : ae oe 

Co centrates. The company’s Crotone electroly- Congo (Léopoldville)—Union Minitre du 

| tic zinc plant was being enlarged to a | Haut-Katanga’s — Kipushi _ concentrator 
planned 40,000-ton annual capacity by milled 1,280,000 tons of copper-zinc ore to 
1968.32 : _ produce 228,600 tons of 58.4 percent zinc | 

sO | , concentrates. A subsidiary of the company, 
- Poland.—Zinc metal and oxide output Société Generalé Industrielle et Chimique 

| was planned to be doubled during 1966-70. du. Katanga, roasted 152,100 tons of the 
. ~ Construction of the zinc works in the Tar- Zinc concentrate, producing sulfuric acid 

nowakie Gory area, claimed to be the larg- and 126,100 tons of roasted concentrate. 

est nonferrous metal plant in Europe, was During the year, 106,600 tons of roasted 
nearing completion.33 : | concentrate was sold to Société Metallur- 

oO : | _ gique du Katanga (Metalkat) for reduction 
| | Portugal.—The Terramonte lead and zinc to zinc and 90,600 tons of raw and roasted 

- mines have been reopened following pur- concentrates were delivered for export. Me- 
| chase of the mining concession by.a group — talkat produced 63,861 tons of electrolytic | 

_ of Canadian, Belgian, and American inves- zInCc.37 | | 

| tors. Portuguese Government officials ex- South-West Africa—-Tsumeb Corp. Ltd., _ 
| | pect the output to be large enough to inthe year ending June 30, 1965, mined | 

_ make Portugal self-sufficient in zinc.34 and milled, at the ‘Tsumeb property, 
. aa 812,000 tons of complex copper-lead-zinc 

: Spain.—Ground failure at Spain s largest _ sulfide and oxide ore averaging 3.90 per- | 
zinc mine, the Asturianas de Minas Amelia cent zinc. Zinc contained in concentrates 
near Reocin, caused closure of the mine sold and taken into account, was 10,200 

| from early in January until past midyear. tons compared with 9,000 tons in 1964.38 

-Sweden.—According to the company’s an- Zambia.—The Zambia Broken Hill De- 
nual report, mines of the Boliden Mining velopment Co. Ltd. (Rhodesia Broken Hill 

Co., Ltd., yielded 94,500 tons of zinc con- Development Co. Ltd., prior to April 3, 
centrate containing 51,700 tons of zinc. A 1965), operated the Broken Hill mine and 

. slag fuming plant treating copper-furnace treated 232,000 tons of the ore in the | 
| slag completed its first full year of opera- heavy-medium plant which yielded 138,000 | 

tion and produced 25,100 tons of zinc tons of sink product. The flotation plant 
fume. treated 137,900 tons of the sink product 

United Kingdom.—The Imperial Smelting "Northern Miner (Toronto, Canada). V. 381, 
. . ct. ’ > Pp. ° 

Corp. Ltd., achieved a record slab zinc out- # World Mining. V. 18, No. 6, June 1965, 
. op. BR. 

put at the Avonmouth plant but an indus ® Mining Journal (London). V. 265, No. 6802, 
trial dispute at the Swansea plant resulted Dec. 31, 1965, p. 483. 
in a decline of 4 percent to 117,526 tons go None May Dee aw Trade Notes. V. 
for the corporation’s total production. ot The Rio Tinto-Zine Corp. Ltd. Annual Re- 
Work began on construction of a new fur- . 2 US. Himbassy, Algiers, > Algeria. Dept. of 

: : irgra —461, . 22, 1966. 
nace at Avonmouth for operation in 1968 37 Union Miniare du Haut-Katanga. Annual 
with a capacity 60 percent larger than the Report. 1965, 47 pp. 
S f 3 % Newmont Mining Corp. Annual Report. wansea furnace.35 1965, p. 6.
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plus 9,500 tons of mixed fines and silicate OCEANIA | | 
ore, yielding 39,043 tons of zinc concentrate Australia,—The Broken “wu district of : 

averaging 56.8" percent zinc. The leach New South Wales continued to. be the 
plant . treated roasted zinc concentrate, leading Australian zinc-producing ‘area. 
flotation plant tailing, and zinc silicate ore, Mining companies operating and ranked in 

totaling 93,000 tons averaging 38.4 percent order of their output were: New. Broken 
zinc. Leach solution was processed in the Hill. Consolidated Ltd.; The ‘Zinc Corp. 

| electrolytic plant to yield 29,692 tons of _Ltd.; North Broken Hill Ltd.; and Broken | 
slab zinc. The Imperial-type vertical fur- Hill South Ltd. Combined output was | 
nace treated 141,600 tons of sintered mill 2,805,000 tons of zinc-lead-silver ore, yield- 
fines, slags, residues, and other material to ing 545,000 tons of zinc concentrate averag- | | 
produce 26,458 tons of slab zinc. The re- ing 53.1 Percent zinc. 8 | ; 
serve of ore at yearend was 5.1 million tons I Sulphide wor Py. Lid., operated its 

. : mperial smelting-type furnace. a e 
Bra ae 0-4 percent zine and 28 pereent Creek, New South Wales. Output increased. 

} | | 15 percent for slab zinc to 61,900 tons but 
| | | oe | | decreased 5 percent to 24,900 tons for lead a 

| ASIA ~* pulllion.43 | 
Burma.—The Burma Corp., a joint ven- Mount Isa Mines Ltd., during the fiscal | 

ture between the Government of Burma Y¢@r ended June 30, 1965, milled. 775,000 7 
and the Burma Mines Ltd., London, was 2" of silver-lead-zinc ore and produced | 

. a . 23,237 tons of zinc in concentrates. A labor 
nationalized January 18 and renamed the . . . ) 
People’s Bawdwin Industry. Their Bawd- strike commencing late in 1964 was settled 

| : P ow . ry we February 17 and operations were back to 

win lead-zinc-silver mine was closed in  pormal by June 1965. Construction projects 
1963. A recent study financed by the Unit- 5 expand capacity to 16,000 tons of ore 
ed Nations Special Fund and the Burmese per day were also suspended during: the: : 

| Government disclosed reserves for at least strike and completion of the program will | 
20 years of operation at twice the previous be delayed.44 . 

: production rate.40 : Oo The Electrolytic Zinc Co. of Australasia. 
. _ - og ae eet») itd. produced a record 155,400 tons of : 

India.—Cominco-Binani Zinc Ltd., a joint slab sinc at its Risdon, Tasmania, electroly- . 

venture of Metal Corporation of India i, plant during the fiscal year ending June 
Ltd., and the Consolidated Mining & 39, 1965 (154,100 tons in 1964). The com- 
Smelting Co. of Canada Ltd., continued pany’s mining-milling operations in the . 

| construction of a 22,000-ton-per-year elec- Read-Rosebery district milled 322,000 tons 
trolytic zinc plant near Cochin in Kerala of ore yielding 117,800 tons of zinc, Iead, 
State. Although general economic condi- and copper concentrates.45 
tions in India have caused some delays, —S The Zanbi | i Devel t Co 
completion is still anticipated in 1966.41 | Ltd. fe Zam Me ee Men eat pp. 710. ° 

_# Mining Journal (London). 1965 Mining An- — 
_Thailand.—The Thai Government plans nual Review. p. 254. . | 

oe . . oL The Consolidated Mining & Smelting Co. of 
to invite bids from companies, with at Canada Ltd. Annual Report. 1965, p. 9. 

least 50 percent of their assets held by 62. paren of oe pis Trade Notes. V. 
Thais, for a mining and smelting operation 48 The Rio Tinto-Zinc Corp. Ltd. Annual Re- 

based on an oxidized zinc dep osit in Tak Pon Mount "Isa Mines, Ltd. Annual Report. 1965, 
province. Reserves are estimated at 3.8 mil- 28 PP. I dustri itd Annual Report. 1966 
lion tons averaging 35 percent zinc.42 pp. 4-5. ENTE NE en por’: ° 

| TECHNOLOGY se 

A comprehensive coverage of zinc tech- Zinc Development Association (London) 
nology reported in the scientific and tech- and the American Zinc: Institute. 
nical press is included in the 1,368 items The International Lead-Zinc Research 7 
contained in the monthly issues of the 1965 Organization (ILZRO) sponsored about 56 
Zinc Abstracts, jointly published by the projects in 1965 to develop fundamental
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knowledge or particular applications of condenser to separate the zinc into one 
zinc or zinc containing materials. Progress fraction containing most of the lead, iron, 
reports of these projects are released bian- and indium impurities and into another | 

| nually by means of the ILZRO Research fraction containing most of the cadmium.52 

Digest. | a Patents have been granted for a pressure 

Results of several research investigations caching Process to Nenit a from ie ton 
| were. published by the Bureau of Mines4é CUC heteohtiee zinc ferrite,53 and also for 

an d Geol ogi cal Survey.47 an € ectro ytic process to produce ZINC con- 

| - J . taining less than five parts per million of 
| Representative of the many published  j.4q 54 - 

| ‘Tesults of research were papers on geochem- Zinc electroplating of small parts in a 
ical exploration of zinc containing depos- semi-automated plant was described.55 An 
1ts,48 the relationship of certain elements — anodizing process has been developed to— 
associated with sphalerite as a guide to UN- improve corrosion resistance, abrasion re- 
dertsanding the genesis of mineral depos- sistance, and to add color for marketability 

_— its,49 and geological studies of mineral dis- 6 zinc and zinc alloy products.56 A patent 
| tricts containing important zinc reserves5° = was granted for a continuous process to 

oe - Articles on extractive metallurgy. de- produce a dull-finish zinc coating on steel 
scribed a mathematical model related to strip by first hot-dip galvanizing, and then | 

| varying plant operating practices in the heating the steel by electromagnetic induc- 
slag fuming practice,51 and a two-stage zinc _tion.57 oe | 

: Adami, L. H., and E. G. King. Heats of Cole, and J. I. Tooms. Geobotany and Geo- 
Formation of Anhydrous Sulfates of Cadmium, chemistry in Mineral Exploration in the Dugald . 

| Cobalt, Copper, Nickel, and Zinc. BuMines Rept. River Area, Conclurry District, Australia. Bull. 
of Inv. 6617, 1965, 10 pp. | Inst. Min. and Met. (London), v. 74, No. 705, 

Boyle, James R., and Lloyd Williams. Mining pt. 11, August 1965, pp. 695—799. 
‘Methods ‘and Practices at the Young Mine, # Williams, K. L. Determination of the Iron 
American. Zine Co. of Tennessee, Jefferson Content of Sphalerite. Econ. Geol., v. 60, No. 8, — 
County, Tenn. BuMines Inf. Circ. 8269, 1965, December 1965, pp. 1740-1747. 
27 pp. oo Wright, Harold D., Walther M. Barnard, and 

Dunham, J. T., L..E. D. Pease, Jr., and P. G. Joseph B. Halbig. Solid Solution in the Systems 
Barnard. Thermal Expansion Anisotropy and ZnS-ZnSe and PbS-PbSe at 300° and Above. 
Preferred Orientation in Rolled Zine Alloys Con- Am. Miner., v. 50, No. 10, October 1965, pp.. 
taining Copper and Titanium. BuMines Rept. 1802-1815. . - 
of Inv. 6690, 1965, 16 pp. 50 Derry, D. R., G. R. Clark, and N. Gillatt. 

Merrill, C. C., and R. S. Lang. Experimental The Northgate Base-Metal Deposit at Tynagh, 
Caustic Leaching of Oxidized Zine Ores and County Galway, Ireland. Econ. Geol., v. 60, 
Minerals and the Recovery of Zinc From Leach No. 6, September-October 1965, pp. 1218-1237. 
Solution. BuMines Rept. of Inv. 6576, 1965, Hoagland, Alan D., William T. Hill, and 
23 pp. | . Robert E. Fulweiler. Genesis of the Ordovician 

Pankratz, L. B., and E. G. King. High-Tem- Zine Deposits in East Tennessee. Econ. Geol., 
perature Heat Contents and Entropies of Two v. 60, No. 4, June-July 1965, pp. 693-714. 
Zine Sulfides and Four Solid Solutions of Zinc ‘Petersen, Ulrich. Regional Geology and Major 
and Iron Sulfides. BuMines Rept. of Inv. 6708, Ore Deposits of Central Peru. Econ. Geol., v. 
1965, 8 pp. 60, No. 3, May 1965, pp. 407-476. 

Spagnola, J. D. Hydrogen Reduction of Galena | 5tQuarm, T. A. A. The Slag Fuming Process. 
and Sphalerite. BuMines Rept. of Inv. 6662, Min. Mag. (London), v. 1138, No. 2, August 
1965, 17 pp. 1965, pp. 114-115, 117, 119, 121, 123. 

; Weller, W. W. Low-Temperature Heat Capa- 33 Clifton, V. E. The Condensation in Stages 
cities and Entropies at 298.15° K of Anhydrous of Metal From Vertical Zine Retorts. Bull. Inst. . 
Sulfates of Cobalt, Copper, Nickel and Zine. Min. and Met. (London), v. 74, pt. 13, No. 707, 
BuMines Rept. of Inv. 6669, 1965, 6 pp. October 1965, pp. 861-867. 

47 Creasey, S. C. Geology of the San Manuel 53 Veltman, Herbert O. K., Edward Whayman, 
Area, Pinal County, Ariz. Geol. Survey Prof. Curzon John Haigh, and Ralph Watt Pickering 
Paper 471, 1965, 64 pp. (assigned to Sherritt Gordon Mines Ltd. Toron- 

Dings, McC. G., and D. H. Whitebread. Geo- to, Ontario, Canada). Process for the Recovery 
logy and Ore Deposits of the Metaline Zinc-Lead of Zinc From Zine Plant Residues. U.S. Pat. 
District, Pend Oreille County, Wash. Geol. Sur- 3,193,382, July 6, 1965. 
vey Prof. Paper 489, 1965, 109 pp. 34 Seacciati, Giovanni (assigned to Montevec- 
Mullens, T. E. Geology of the Cuba City, New chio Societa Italiana del Piombo e dello Zinco, 

Diggings, and Shullsburg Quadrangles, Wiscon- Milan, Italy). Process for the Electrolytic Pro- 
sin and Illinois. Geol. Survey Bull. 1123—H, 1965, duction of Hyperpure Zinc. U.S. Pat. 3,200,055, 
pp. 437-531. Aug. 10, 1965. 

Roberts, R. J., and D. C. Arnold. Ore Deposits _ 55 Metallurgia (Manchester, England). Pro- 
of the Antler Peak Quadrangle, Humboldt and grammed Barrel Plating. V. 72, No. 429, July 
Lander Counties, Nev. Geol. Survey Prof. Paper 1965, pp. 13-16. 
459-B, 1965, pp. B1-B94. % Radtke, Schrade F. Anodizing Protects and 

Stevens, T. A., and J. C. Ratte. Geology Decorates Zine Surfaces. Materials in Design 
and Structural Control of Ore Deposition in the Eng., v. 62, No. 4, October 1965, pp. 116-118. 
Creede District, San Juan Mountains, Colo. 57 Wright, Wilbert H. (assigned to National 
Geol. Survey Prof. Paper 487, 1965, 90 pp. Steel Corp.). Method for Galvanizing Steel. 

# Nicolls, O. W., D. M. J. Provan, M. M. U.S. Pat. 3,190,768, June 22, 1965.
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An electron-microscope study has been mations in sphalerite crystals,65 flotability 

made on the aging of an aluminum-25 per- of crushed zinc oxide pellets as affected by | 
cent zinc’ alloy at temperatures in the several doping agents,6¢ and a technique | 

| range of 100 to 200° C.58 Research was re- for producing large zinc crystals.” 
ported on effects of additions of aluminum, Richards R | 
cadmium, and silicon to counteract the ad- Electron Microstope Stage or ae jest wood. sp 
verse corrosion effect of iron in zinc used composition of an Aluminum-25 Percent .Zine 

-. for galvanic anodes.59 A patent was granted Faly’ 1986, DD. soe ag. (London), v. 98, pt. 11, | 
for a sacrificial zinc anode comprised of a _ Mic Southin, R. ooo Observations 771 the | 
core of zinc alloyed with 0.03 to 4.0 per- Metals (London), v.93, po 12, Acgust 1965, 

_ cent of iron, nickel, or cobalt bonded to | pp. 428-431. SC 

the main zine body.s0 Lean Pao enna nd qian 25, Mae; 
Research on solubility of zinc sulfide in Mining & Smelting Co. of Canada, Ltd., Mon- | 

| basic media and NH,Cl at varying pressure | sone, sta ee : ee Zine Anode. U.S. Pat. | 
and temperature led to determination of St Laudise, R. A., E. D. Kolb, and J. P. De- 

- suitable conditions for improved growth of Of Shh eorite ee anal Solubility and | Gnd‘ a _ cubic zinc sulfide crystals.61 A patent was — eer APA 1065, Dp. 882 801. rican Fie , 
- granted on a process for blending proper ead and Smelting Co, St Louis, Mo). ‘Zine | 

proportions of nodular and acicular-shaped Oxide Blends and Processes for Producing Zinc 
zinc oxides, then adding sulfuric acid and ya Cees aa ane, 3, 1965. a . 
potassium dichromate to form zinc chro- Robert A. Laudise (assigned to Bell Telephone Ss 

_ mate.62 Another patent was granted for a gaboratories, mnt grew. Sr nig rothermal - 
: method of growing zinc oxide crystals from 3,201,209, Aug. 17,1965. = © " 

a zinc oxide crystal seed and a mass of 5, Gorrosion of Stainless Stele by Zine Vapor, 
nutrient zinc oxide in an aqueous medium _‘ Trans. AIME, v. 2383 (Met. Soc.), 1965, pp. _ ce 
containing lithium ions. and certain metal 108 Kootsu, Hiroshi, and Ichiro Sunagawa. Oo 
hydroxides.63 Surface Structures of Sphalerite Crystals. Am. | 

In a study of container materials for ate Ger, Nos. 7 and 8, July-August 1865, | 
processing spent atomic reactor fuel mate- Majumdar, A. J., and Rustum Roy. P-T | 
rials, it was determined that types 405 and | Mepend ence of the Meer ites Wurtzite anyer- 
440C stainless steel offer better resistance to J Wy tusust 1966, PP. 1121-1126. ti | he | 
attack by zinc vapor than do the 300-series ~— Fiotation ‘Behavior of “Zine Oxide. Trans. Soc. | 

_ steels which suffer attack by nickel leach- Min. (one. v. 282, No. 3, September 1965, pp. | 

ing.64 | | . | 6? Beingessner, Cc. J.. and W. C. Winegard. 
| Basic research includes investigations of A Simple Solid-State Technique for . Producing a 

surface structure and polymorphic transfor- 558° ine, tals. J ives phetals (London) me
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irconium and Hafnium © 

By John G. Parker ' | eS | 

Three domestic zircon placer operations. Atomic Energy Commission (AEC), as of — 
: were reduced to two.during the year, one June 30, 1965, had an inventory of 2,375 oe 

in Florida and the other in Georgia, and tons of equivalent zirconium sponge and 
total production and sales decreased slight- 44 tons of equivalent hafnium crystal bar. 
ly. Australian production increased more —- | _ oe | 
than 20 percent. Imports of zircon, most- Table 1.—Salient zirconium and hafnium 
ly from Australia, increased almost 33 per- statistics in the United States | 
cent. Output of zirconium sponge from - (Short tons) 
two domestic companies was only 60 per- OOOO | 
cent of that in 1964; production of hafni- ee 1964-1965 
um oxide, sponge, and chunklets also was ~ ©. 0.0.0... oe 
much lower. Zircon: . , 

cee . Production_..-.-...--.-- WwW Ww 
Legislation and Government Programs. Imports.....-...-...... 44,413 58,873 | 

—General Services Administration (GSA) Goheumption 2272777772 20'820 «38500 
sold 199 short tons of zircon concentrate, Stocks, yearend, dealers 

the last of this nonobjective material con- and consumers 1~...---. 39,515 . 42,900 
tained in the national stockpile; a small Zirconium oxide: oO 
quantity of baddeleyite also was sold. recon ocke OO 4,200 

The sale of zircon concentrate of Aus- yearend $__...-..-.--- 1,084. 1,090 | 
tralian origin lowered the stocks held by §©=——————______- oO 

| GSA to 18,237 tons of zirconium-bearing . ‘Revised. W Withheld to avoid disclosing 
. . . . individual company confidential data. 

materials, including 16,514 tons of bad- 1 Excludes foundries. | 

deleyite and 1,723 tons of material con- 5 Fs¢iNGes that used in metel snanufacture and 
taining <J.J percent zirconium oxide. lhe the equivalent zirconia content of refractories. 

, . DOMESTIC PRODUCTION 

The Trail Ridge mine at Starke, operat- Data were compiled by a Bureau of 
ed by E. I. du Pont de Nemours & Cea., Mines resource office on West Coast zircon 
Inc., remained as the principal producer deposits, which are mostly marginal to sub- 
of zircon from Florida beach sands. Two marginal. Mining of these deposits will 
companies, Titanium Alloy Manufacturing depend upon development of new or ex- 
Division, National Lead Co., and The panded markets for zircon and on a sub- 

_ Florida Minerals Co., ceased operations stantial need for coproduct heavy min- 
near Jacksonville and at Vero Beach, re-_ erals.? | 
spectively. Humphreys Mining Co., opera- Although Reactive Metals, Inc., Ashta- 
tor of the Skinner mine owned by National bula, Ohio, produced a substantial quan- 
Lead near Jacksonville, began producing tity of zirconium chunklets, output of this 
zircon and titanium minerals at a new metal form was much less than in 1964. 

plant on Du Pont’s property at Folkston, This company produced no zirconium 

Ga. Overall production at the three oper- TGommodity specialist, Division of Mi ; 
ations in Florida and the one in Georgia ° Kauffman. A. J. de. “and Dean C. Holt. 
dropped 3 percent, sales decreased 4 per- Zircon: A Review, ae Emphasis on West 
cent, and value of sales, 5 percent. Cire. 8268, 1965, 69 ». mesa 

232-748 O-67—67 1049
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| ‘sponge; thus, the only large sponge metal Hafnium crystal bar, produced by Foote 
producers were Wah Chang Corp., Albany, and NUMEC, was slightly over 50 percent _ 

| Oreg.; and Carborundum Metals Climax, that of 1964. 

. Inc. (CMC), Parkersburg, W. Va. and Zirconium oxide output, excluding that 
: Akron, N.Y. The latter firm, successor sed in metal production and that used by 

| to Carborundum Metals Co. The cormed the large refractory companies, was about 
| as a jointly-held company of The Carbor- 4,100 tons, an increase of 17 percent over 

una ~ o. and hnax. Molybdenum Co. the corrected 1964 total; about 3,500 tons. 
Oo ichigan, a subsidiary oO erican Titanium Alloy Manufacturing Division; 
Metal Climax, Inc. Sponge production Norton Co., Huntsville, Ala.; and Zirco- 

: from Wah Chang and the Parkersburg nium Corporation of America (ZIRCOA 
plant of CMC was slightly over 60 percent —§oJon, Ohio, produced most of this ma | 

| or the ma ouput ee oe ane terial; smaller quantities were made by 
| eactive Metals mace hainium oxide an Tizon Chemical Corp., Flemington, N.J., 

. Inc. (CMC), Parkersburg, W. Va., and -and Foote Mineral ch: ue 

OO hafnium ‘sponge and chunklets; the oxide Production of zircon- ‘and zirconia-re- 
| | Was. 10 percent, and the metal was only a fractories rose over 36 percent to about 

. little over 30 percent of what they were 57 609 tons, containing about 13,200 tons __ 
| the Previous year. Hafnium ingot produc- equivalent zirconia. The-five largest pro- 

Hen from Reactive Metals and CMC was ducers of these refractories are Corhart — 
: about 40 percent that of 1964. Scrap, Refractories Co., at its plants in Buck- 

| residues, and other material generated shannon, W. Va., Corning, N.Y., and Louis- 
these operations were only a little over 20 ville, Ky.; The Chas. Taylor Sons Co. 

percent those generated the previous year. Gi ncinnati, Ohio, and South Shore, Ky.: 
: Zirconium ingots were produced from Harbison-Carborundum Corp., Falconer, 

_ Sponge or chunklets at CMC, Akron, N.Y. ; N.Y.; Walsh Refractories Corp., St. Louis, 
Reactive Metals, Niles, Ohio; . Harvey Mo.; and A. P. Green Fire Brick Co., 

| Aluminum, Inc., Torrance, Calif.; and Remmey Division, Philadelphia. Pa. Other 
| Wah Chang. Production of ingot decreased firms include Harbison-Walker Refractories 

36 percent to 617 tons. . Co., Mount Union, Pa.; H. K. Porter Co., 
Zirconium powder, totaling about 25 Inc., Refractories Division, St. Louis, Mo.; 

tons, was produced by GMC; Wah Chang ; Titanium Alloy Manufacturing Division; 
| Foote Mineral Co., Exton, Pa.; and Nu- and ZIRCOA. Eight domestic refractory 

clear Materials & Equipment Corp. (NU- companies produced zircon brick; 6, zir- 
MEC),. Ap ollo, Pa. Some hydride was conia brick ; 11, zircon crucibles; and 7, | 
made by Titanium Alloy Manufacturing zirconia crucibles. 
Division, National Lead Co., Niagara Falls, . . " ae 
N.Y. Of 272 tons of scrap generated by Zirconium compounds such as sulfate, 
processors, 195 tons was reused. The out- 2¢etate, chloride, carbonate, nitrate, hy- 

| put of miscellaneous zirconium metal items, rate, and various zirconates were made by 
“mostly as fabricated and mill products, ex- Tizon Chemical Corp. and Titanium Alloy 
ceeded 500. tons. . Manufacturing Division. 

Gross weight production of zirconium- Millers of zircon concentrates, for chem- — 
bearing alloys rose 56 percent. The prin- ical and ceramic opacifier applications, in- 
cipal producers of these materials were cluded Titanium Alloy Manufacturing Di- 
Union Carbide Corp., Alloy, W. Va., and vision; M&T Chemicals Inc., Andrews, 
Niagara Falls, N.Y.; Vanadium Corpora- S.C.; Howmet Corp., Minerals Division, 
tion of America, Cambridge, Ohio; and formerly Frank Samuel & Co., Camden, 
Ventron Corp., formerly Metal Hydrides, N.J.; and Continental Mineral Processing - 
Inc., Beverly, Mass. Co., Sharonville, Ohio. | 

CONSUMPTION AND USES — 

As in the past, the major use of zircon almost two-thirds of their concentrates for 
was in foundry sand. Some domestic ultimate foundry use. An increasing ap- 
mineral Gealers ship all thelr zircon com soothe Refractories Institute Product Direc. 

centrates to foundries or foundry supply ory of the Refractories Industry in the Uni 
houses; other dealers estimate they sell Sab 1965. Pittsburgh, Pa., October 1965,
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_ plication was in foundry mold facings. butadiene, a synthetic rubber. Applied in . | 
However, climbing costs of zircon led to colloidal form to film, it increased the ad- 
the belief that chromite sand and silica hesion of the light-sensitive emulsion. es 

. might be used more widely as substitutes. Zirconium diboride jackets on thermo- | 
| Investment shell casting used a new, grad- couples in open hearth furnaces assisted | 

ed zircon which could be recovered eco- continuous temperature measurements by | 
- nomically. Because of the uniform low permitting temperature control automation, 

expansion of zircon throughout the shell, eliminating overheating, and accelerating , 
large, smooth, precision forms could be melting. : | 
produced with this method. | In lesser or developing uses, a dichro- | 

Consumption of zircon concentrate and mate liquor employing zirconic acid was a a 
milled zircon for other purposes consisted of superior leather-tanning agent. Zirconium | 
about 27,800 tons, an increase of 17 per- and cobalt salts. were components of a | 
cent, for refractory, ceramics, abrasive,and rapid, paint-drying agent. Addition of 
chemical production and about 7,700 tons, small quantities of zirconium oxychloride , | 
an increase of 32 percent, for the manu- or zirconium nitrate reduced the caking - 
facture of metal and alloys. _ tendency of sodium chloride. Zirconates, — 

Zircon bricks were the most common of usually of barium, cadmium, calcium, lead, | 
| _ the refractory items containing the various lithium, or magnesium, were combined 

7 zirconium materials. Available figures with certain titanates in dielectric, refrac- 
show that the equivalent of more than 1.2. tory ceramic materials, such as capacitors © | 

| million 9-inch bricks of zircon and zir-- and insulators.  —’ ne : : 

. conia, as brick and shapes made predom- Metallurgical applications included add- its 
. inantly from these materials, was shipped ing various quantities of zirconium to al- 
- in 1965. Quantity rose 31 percent over loys to improve corrosion resistance, refine | 

_ that of 1964.4 The approximate weight grain size, and distribute sulfide inclusions 
of zircon in a 9-inch brick is 12 pounds; evenly. In magnesium alloys it formed | 
that of stabilized zirconia is 16 pounds. iron and silicon compounds which were 

Zircon and zirconia refractories of high — precipitated to the crucible bottom and a 

density and low porosity were used in eliminated with the slag. Corrosion-re- 
glass-melting furnaces. Fabricated zirconia, sistant zirconium metal linings were used 

used in refractory shapes, is usually con- in centrifugal pumps built to process food 
verted to the stable cubic phase by adding and chemicals. | a 7 7 

a small quantity of calcium oxide or mag- In nuclear technology, Zircaloy contin- 
nesium oxide during fusion. - ued as the most used zirconium alloy in 

As an opacifier, zirconium oxide and cladding uranium fuel assemblies and as a | 
silicate (zircon) were used in glazes, en- pressure tube structural material because | 
amels, and other ceramic treatment where of its low thermal-neutron cross section | 

they control texture, promote crazing re- and high-temperature water corrosion re- 
. sistance, and increase color stability and sistance. Also, zirconium hydride was 

reflectance. Zircon was used also in some used as a moderator in a nuclear fuel ele- 

types of spark plug porcelains. | ment. This had particular application in | 
Stabilized zirconium oxide forms tough, SNAP-10A, the auxiliary power reactor 

dense, thermal shock-resistant die nibs, or orbited in the spring. High-purity haf- 
inserts, which were used in extruding fer- nium, with its high thermal-neutron cross 
rous metals and copper alloys such as brass. section, continued to have value as an 

The low thermal conductivity, specific absorber in control rods for certain nuclear 
heat, and low coefficient of friction of zir- power reactors. 
conia permit use of lower extrusion pres- Fine zirconium powders, with a relatively 
sures. Zirconia was a component of a long-burning life balanced with specific 
composite, radiation-cooled heat shield be- force, were developed as a rocket fuel com- 
ing developed for superorbital vehicles, ponent. Zirconium and hafnium micro- 

and prefired zirconia nozzles were used in spheres, with free-flowing characteristics, 
metal pouring and continuous casting. —_—___ 

In the field of catalysts zirconia, alone *U.S. Department of Commerce, Bureau of 
. . : : the Census. Refractories. Current Ind. Repts., 

or combined with other oxide carriers, was Summary for 1964, Ser. M32C(64)-5, Aug. 5, 

used to crack crude oils, to hydrogenate | (Sey 2 poi Sea eee . 1965, Que 
hydrocarbons, and to assist in producing 1965, Ser. M32C(65)-4, Mar. 10, 1966, 3 pp.
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| _ were said to have application in flame ing a fast, intense light. © © © 
spray and powder metallurgy techniques. - Hafnium-clad tantalum, capable of with- 

| Pure zirconium wool was used as filler - standing temperatures up to 4,000° F, was 
in flashbulbs, readily. igniting and provid- used on rocket nozzles... a - 

a | STOCKS re 
| Zircon concentrates and milled zircon about 3 percent to 27;700 tons. Yearend 

held by dealers and millers at yearend were stocks of zirconium oxide stored by con- 
| 15,200 tons, an almost 20 percent increase sumers, excluding those held by metal mak- 

over the 1964 tonnage; those of principal ers. and the equivalent zirconia content of 
consumers except foundries increased only _ refractories, were 1,090 tons. Oe 

| a PRICES | 
- : Zircon concentrate, zirconium oxide, and various forms of zirconium and hafnium 

— metal were quoted as follows: | oe 7 

Oo oo | a | : : a Price 

—  Zarcon: Pe oe , oe, Co | | 

| Domestic, containing 66 percent ZrOsz, f.o.b. Starke, Fla., : | oo so 
Oo per short ton 1___-_.-----_-__--__-_--_--_---------------- - $47.25 : 

- Source not indicated, containing 66 percent .ZrO2z, Camden, N.J., wo 
| _..-. per short ton, bulk, after August 23 1 ----2_-_----_-_- ee » 59.50 

-... Imported, sand, containing. 65 percent ZrOse, c.i.f. Atlantic ports, | . 
| per long ton, in bags 1___-__-_______- eee ~ 61.00 © 

| _- Domestic, granular, 1- to 5-ton lots, from works, | | | FN 
. per pounds, in bags?__________-___2_-___ 03625 . 

| | After Nov. 29, 1965 38_.____-______ .04875 | 
an Zirconium oxide: 23 os. | : : ne 

‘Various purities and physical forms, in lot sizes to carloads, , 
| per pound, usually in bags_______________________ .33 to 1.50 

Zirconium: # oO | : Oe 

a | Reactor grade sponge, lots: over 100 pounds, per pound_________-_ 5.25 
After May $_------------------ +--+ : 6.25 

| - 1,000 pounds, per pound, after November 29_________-___ 5.75 
- | Strip, hot and cold rolled, per pound, all year___.____.___.__.____ 11.00 to 18.00 

_ Plate, per pound__-_________-__--___________--__-_______.___. 11.00 to 16.00 
- After November 29, per pound, nominal___________________ | 10.00 

Bars, forged or hot rolled, per pound__________________________ 11.00 to 15.00 
| After November 29, per pound, nominal_______.____-»_________ 12.00 | 

. Hafnium: | | 
Sponge, per pound________________________-- 75.00 
Bar and plate, rolled, per pound_____________________________- 138.00 

1 E&MJ Metal and Mineral Markets. V. 36, Nos. 1-52, January-December 1965. 
N Oil, Paint, and Drug Reporter. V. 187, Nos. 1-26, Jan. 4-June 28, 1965; v. 188, Nos. 1-21, July 5- 

3" "'Y. 188, Nos. 22-26, Nov. 20-Dee. 27, 1965. 
4Steel. V. 156, Nos. 1-17, Jan. 4—April 26, 1965; v. 156, Nos. 18-26, May 3-June 28, 1965; v. 157, 

Nos. 1-26, July 5-Dec. 27, 1965; v. 157, Nos. 22-26, Nov. 29-Dec. 27, 1965. 
> American Metal Market. V. 72, Nos. 1-248, January-December 1965. 

Late in the year, the price of zircon in dropped to £28 to £30 late in November. 
barrels dropped from $0.01 to $0.0025 per Zirconium oxide, shown as calcined opaci- 
pound more than that in bags; prices for fier, was delivered in London at £350 
milled zircon were $0.0025 less per pound _ per long ton. | 
than were those for granular zircon. There was a very slight decrease in the 

_ European prices of zircon sand contain- unit value of domestic zircon sold in 1965. 
ing 66 to 67 percent ZrOez climbed from —~—————. 
£1914 to £31 per long ton, c.if., but Jan 1 196 De at 9968 Nos. 4960-5060,
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: - FOREIGN TRADE | | | 

Exports.—U.S. companies exported 1,761 zirconium totaling 36,866 pounds valued : 
: tons of zirconium ore and concentrate at $175,432 was imported from the United | 

valued at $286,571 to 14 countries, al- Kingdom; unwrought zirconium alloys, 
most one-half by weight and over one- imported almost exclusively from Japan, 

: third by value to Canada with most of the totaled 60,175 pounds worth $6,658, 
remainder to Mexico, Chile, Japan, Argen- France shipped 110,231 pounds of ferrozir- 

tina, Peru, and Colombia. Unwrought conium valued at $23,675 to the United 
zirconium and zirconium alloys plus waste States. Zirconium oxide, totaling 25,105 
and scrap, totaling 103,967 pounds worth pounds worth $17,045, was received almost | 
$720,433, were shipped to 10 countries, entirely from the United Kingdom al- 
principally the United Kingdom. Exports though a very small quantity of high-priced | 
of semifabricated zirconium and alloys, to material was received from Switzerland. 
18 countries, totaled 109,359 pounds worth | Other zirconium compounds, totaling 811,- 
$1,212,371. Of these Canada received 53 346 pounds valued at $106,910, were re- 
percent valued at over $625,000 and the ceived from five countries. Almost 70 per- 
United Kingdom received 23 percent cent of this quantity was sent from Japan 
worth over $315,000; other less important | and over 25 percent from the United King- 
recipients included Japan, West Germany, dom. Imports from Canada, Austria, and 

| and France. : | West Germany of unwrought hafnium | 
| oe | : | metal, waste, and scrap totaled 332 pounds e 

Imports.—Shipments of zircon concen- worth $3,717. The small quantity from a 
_ trate to the United States increased nearly West Germany carried 57 percent of the 

one-third over those of 1964. Unwrought total value for the category. | 

| Table 2.—U.S. imports for consumption of zircon, by countries / 
| | : | | (Short tons) oy a mo 

. Country . 1956-60 — 1961 ' 1962 1963 1964 . 1965 — 
. . (average) | . | 

Argentina.......-.---..-- ----- aance wane ~---- 40 eee 
Australia. ..-.-..-.-.-.- - 834,804 31,225 27,001 50,004 42,903 57,744 

7 Austria.___..---.------- oa ween mene dl (nenee noele . 
. Brazil ti... ee : 66 4 -a-<- a ----- nae 

Canada ?_____.---_-_--- 69 ae 1 24 848 1,027 | 
Nigeria-...-.-.--------. . . BB4 ee 544 981 622 a | 
South Africa, Republic of- ' 683 2,576 3,026 1,523 ~an-- canoe 
United Kingdom ?_-~.-_--- 67 ~---- ----- ----- nene- 102 . 

Total: a aa 
Quantity - — .-- 36,243 33,805 30,872 52,543 44,413 58,873 
Value_.....--: $1,030,555 $873,376 $844,939 $1,715,878 $1,184,021 $1,689,936 

1 Concentrate from Brazil includes some baddeleyite. . . 
- 2 Believed to be country of shipment rather than country of origin. 

| WORLD REVIEW . | 

| Australia.—Shipments of zircon concen- to the United States and the United King- 
trate for the first three quarters of 1965 dom.6 Early in the year the largest single 
totaled 169,648 tons having an average bulk cargo of its type, including 4,000 tons 

| value at separation plant of $23.21 per of zircon and over three times as much 

ton. The. States of New South Wales and rutile, was shipped to North America. 
Queensland in eastern Australia shipped 89 Several publications were issued present- 
percent of the concentrate, Western Aus- ing detailed information on Australian 
tralia, the remainder. Exports for January and other companies mining heavy mineral 
through September totaled 163,053 tons 
having a f.o.b. unit value of $29.74. Al- 6 Bureau of Mineral Resources, Geology and | 

most 90 percent of the exports were to six Geophysicy (Gnnberin,, Australis) Oust 
countries, including over 20 percent each Quarter, 1965. Jan. 14, 1966,
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Table 3.—Free world production of zirconium concentrates by countries — 
(Short tons) - . oo. . 

_ Country — 1961 1962 1963 1964 . 1965p! - 
. . . . : 

gp 

Australia. _-..__..._--.----.--------- —- 152,836 149,904 . 7207,011 202,762 — 251,150 
Brazil ?_........-------------------- 7,405 2,642 . 392 1569 NA 
India__..__......-.---.----.~+------- e10 NA NA NA NA 
Malagasy Republic. _-.._..-..-------- - 353 390 428 6564 709 
Malaysia (zircon exports).....-------- 63 «67 1289 165 651 _ 
Nigeria_.......-----.--------------- 833 ----- 886 ----- _---- 

| Senegal_.._......------------------- 5,939 2,575 3,383 611 NA 
South Africa, Republic of......-.-.--- 7,607 7,581 2,648 ~wa-- ----- 
United Arab Republic (Egypt) ----...-- 105 188 44 NA NA 
United States. ...--...-..----------- — WwW W WwW “ W - ww. 

e Hstimate. P Preliminary. * Revised. NA Not available. . -. | 
W Withheld to avoid disclosing individual company confidential data.. . . 
1 Compiled from data available April 1966. — . 
2 Chiefly baddeleyite. | oo . : | 

-sands.7 Two companies expanded or rose to 9,100 tons in fiscal year 1965. In | 
planned expansion of production on North this time the company shipped 13,126 tons 

| Stradbroke Island near Brisbane, Queens- from Bunbury. | 

| land. The zircon reserve on the Cudgen Brazil—The Directorate of — Internal | 
: “RZ” property on the island was believed Revenue published a schedule effective for 

a to be about 700,000 tons. A dry separa- the first half of 1965, showing assessed 
| tion plant that is being built at Hexham, unit values for computing the Brazilian ' 

: near Newcastle, New South Wales, will mineral commodity tax. A 10-percent tax 
have an initial capacity of 27,500 tons ~—_ was imposed on zirconium ores, baddeleyite 
zircon, and is scheduled for completion or $17.65 per short ton, and zircon (cal- | 

a late in 1965. This plant will process con-  qasite) valued at 19,200 cruzeiros per’ 
— centrates from leases, at ‘Big Swan Bay metric ton or $9.41 per short ton. Subse- - 

where a new concentrating plant com- quently the National Nuclear Energy Com- 

| menced operations in the fall. The opera- mission established a 600-ton export quota ) 
; tor, Associated Minerals Consolidated, fo, concentrates of baddeleyite and calda- 

Ltd., announced Gold Fields group sales .4. | 
of 70,687 tons of zircon, about 3 percent a _ 
more than in the fiscal year 1964; zircon F rane re _ French npareau de Re- 
products from three separation plants to- Cherches Geéologique et Miniére was re- 

. taled 63,115 tons, about 2. percent greater Ported to have investigated zirconium-ti- 
than in fiscal year 1964.8 In Western Aus- ‘nium 9 deposits in Brittany and Nor- 
tralia output of zircon concentrate from ™andy.?. 
the mining and wet separation plant at © Senegal.—North of Dakar, beach sands 
Yoganup and the dry separation plant at were estimated to contain 600,000 tons of 
Capel operated by Westralian Oil N.L.  zircon.10 | 

TECHNOLOGY | 
The zir ° . . e ° e e , 

f . sIkalin hafnium ratio in ZITCONS 7 Metal Bulletin (London). Beach Sand Min- . rom Calc-alkaline igneous rocks was found _ erais. Special Issue, November 1965, 48 pp. 
to decrease with the color index, to be N.S.W. Rutile Mining Company Pty. Ltd. The 

. . . Australian Mineral Sands, Brisbane, Australia, lowest in nepheline syenites of the alka- Jog. 
line series, and, in rocks of the same com- ' wet ated, Minerals Consolidated, Ltd. Thir- 

. position, was more variable in near-surface ip oe nnual Report, Sydney, Australia, 1965, 
varieties than in the deep-seated types.11 * Mining Journal (London). V. 265, No. 6782, Nat 1 gl d bv j t Aug. 18, 1965, pp. 114-115. a 

aturai g1asses _ Cause y ; impac were 10Metal Bulletin (London). No. 4999; May 
shown to contain baddeleyite and silica 21, 1965, D. ar id. d Michel Delal ° ° . - essex, onald, an icne eialioye. 
formed by high-temperature fusion of zir- (Hafnium and Yttrium Contents of Zircons). con-bearing rocks.12 Schweizerische Mineralogische und Petrograph- 

ische Mitteilungen (Zurich, Switzerland), v. 45, | No. 1, 1965, pp. 294-315 (in French). 
Gravity and magnetic methods used for A. El Goresy, Ahmed. Baddeleyite and its pt . . . . nificance in Impac asses. . s. Res., separating zircon from iron-bearing sands y. 70, No. 14, July 15, 1965, pp. 3453-3456,
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| were described.13 A milling technique In Bureau studies on phase equilibria, 
: was developed for obtaining a greater it was found that the hafnium-vanadium - 

_  opacifying value from a given quantity of | system had one cubic intermetallic com- : 
; zircon with particles 10 microns and less. pound and a eutectic point at 1,395° C | 
‘ It entailed separating the material, usually and 20 weight-percent vanadium;22 the | : 

- centrifugally, into three grain-size fractions, average zirconium value at various sam- oo 
the coarsest being about 35 percent of the pling temperatures in part of the magnes- | 
original batch and the other two finer ium-zirconium liquidus ranged from. less 

_ fractions with particles from 0.1 to 3 mi- than 1 weight-percent below 900° C to 
crone - livided 4 nearly 3 weight-percent at about 1,400° C.23 ; 

. Finely divided zirconium oxide was re- -ray techniques, including high-tempera- | 
covered from solid zirconyl nitrate by cal- ture diffractometry and single crystal meth- 

-  cination.15.. Research was continued on _ ods,.and differential thermal analysis were | 

developing an economical process for mak- _used in studying the monoclinic to tetrag- _ 
. ing pure zirconium starting with the caus- onal inversion of zirconium dioxide ;24 it | 

tic fritting of zircon sand. Caustic frits—_ believed that the high-temperature phase, __ 
a mixture of sodium zirconate and sodium metastable tetragonal zirconia, could not 

| silicate prepared by heating zircon sand exist at room temperature if .a critical 
| with caustic soda—were washed with water crystallite size of about 300 angstroms was | 

- to remove soluble sodium silicate and hy- exceeded zirconia single-crystal whiskers | 
_ drolyze the zirconate to impure hydrous were shown to grow best from oxide dis- | 

zirconium oxide. The washed frit was Shannon, W. T. W Kitt, and T. Maz h n . 
. , W. T., W. Kitt, and T. Marshall. 

_ converted to pure zir conyl compounds by Separation of Ilmenite and Zircon From Wai- 
any one of seven different methods.16 - kato North Head Iron. Sands. New Zealand J. 

| Very high-purity zirconia and. hafnia Sel. oa Clinton), v. 8, No. 2, June 1965, pp. | 
powders, with average particle sizes of 100— A 4 Costain, Thomas , S., jBiliott ae eycinbere, - 

O . . : rtnhur i. Luley, and Ra hk. Vanielson (as- — 200 angstroms, were prepared continuously | signed to American Can Co.). Finely Milled 7 
by heating their alkoxides at 325° to 450° - Zircon for Opacifying Glazes.. U.S. Pat. 3,- | 

| C. At room temperature the zirconia’ “"sKtimaszowski, Irvin C. (assi ‘ | 5 ki, : gned to Pitts- 
powder is cubic, but is transformed com- burgh Plate Glass Co.). Process for Preparing 

pletely to monoclinic above 400° C and is 6 1965. )xides. U.S. Pat. 3,198,846, July 

. densified at lower temperatures than is win Choi, Hyung Suv. Preparation of Fure 
7 ° : ° ircony. ompoun rom ircon austic rit. , ee spectrographic-grade (99.9 Canadian, Min and Met. Bull. ‘Montreal cane 

ercent) zirconia. . . a), v. 58, No. 634, February » PP. —198. 
P I mic research. refracto oxides 17 Mazdiyasni, K. S., C. T. Lyneh, and J. S. 
; n cera Ml es ’ ry “09 Smith. Preparation of Ultra-High-Purity Sub- 
including zirconia, were flame sprayed as micron Refractory Oxides. J. Am. Ceram. Soc., 
a protection against zinc deposited on me- veram. Abs., v. 48, No. 7, July 21, 1965, PP- | 
tallic parts.18 An abrasive material, of c ws Ornite, Martin x. (assigned to Blaw-Knox 

: ° one . iv. O.). rreventing Cc oO e ic Furnace 

high impact-str ength and containing @ mix Parts by Condensed Low-Melting Metals. U.S. ° 
ture of a eutectic of alpha-alumina and Pat. 221 96,086, ey, 20, 186s. as LR 
= * . ° ° arshall, Douglas + an teven J. Ro- zirconia as well as their crystals averaging —.chuk (assigned to Norton Co.). Fused Alumina- | 
no greater than 300 microns, was pre- Zirconia Abrasives. U.S. Pat. 3,181,939, May 4, 7 

19 - * 1965. . 

pared.19  Dead-burned magnesite and ““s)’Good, William R., and Ben Davies (as- 
finely divided zircon were used in a refrac- signed to Harbison- Walker Refractories Co.) . 

. : : olume Stable Refractory an ethod o ak- 
tory batch mixture suitable for making a jo "gine. U.S. Pat. 8,192,059, June 29, 1965. 
fired, volume stable, refractory shape. r 21 Johnson, Arnold R., a. Neothorin | Spot 

: 1: : : est for Zirconium an afnium. . em. Spaced deposits of stabilized zirconia Were aucation, v. 42, No. 8 August 1965, p. 439, 
distributed through the forsterite matrix, 22 Deardorff, D. K., M. L. Copeland, L. L. 

: : Qden, and H. Kato. The Hafnium-Vanadium 
which was the reaction product between System. BuMines Rept. of Inv. 6594, 1965, 
MgO in the magnesite and SiO2 in the 11 pp. } | 
zircon.29 3 Crosby, R. L., and K. A. Fowler. Deter- 

. . . . . mination of a Part of the Magnesium-Zirco- 
Zirconium and hafnium were identified nium Liquidus. BuMines Rept. of Inv. 6673,. 

; ; : t1 1965, 19 pp. 
and differentiated by a simpl €, sensitive % Grain, Clark F., and Ronald C. Garvie. ; 
test which, in the absence of iron, prefer- Mechanism of the, Monoclinic to, Tetragonal 

i i j Transformation of Zirconium Dixoide. BuMines 

Gertain anions, which form masking com, PeBaoh t% 681%, 1966, 18 pp. - ’ - > Garvie, Rona ° e Occurrence 0 e- 
i i i i tastable Tetragonal Zirconia as a Crystallite plexes with zirconium and hafnium, should Sine Effect. J Phys. Chem, v.69, No.4, April 

not be present. 1965, pp. 1288-1243.
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| solved in molten baths of Na2B.O; and ~ driding, deformation and fracture, and ef- | 
- LiCl at temperatures less than 1,100° C;?6 fects of irradiation, tomposition variation, _ 

and metallurgists used the high-tempera- and heat treatment on zirconium and its . 
ture X-ray technique to obtain a new value _alloys.34 The failure of a Zircaloy-2 to _ | 

| for the temperature of transformation of _ stainless steel braze in ‘corrosion testing, 
a the alpha to the beta phase in high-purity investigated by electron beam microprobe, alpha. to phase in high-p . 1 beam micropr¢ 

| crystal bar. hafnium.?? | "was attributed to the diffusion of iron inte 
In equilibrium studies on the hafnium- the zirconium alloy and to the very low 

carbon binary system, it was determined chromium content of the transition zone. __ 
: that hafnium carbide was the only inter- This method was used also in identifying 

mediate phase observable and, from melt- and measuring the phases. present and 
_ing point data, it was found that the most examining the. corroded surfaces of Zir- 

_ refractory composition was at 47.5 atomic- _caloy test speciments.35 - Impact, burst, — 7 
| percent carbon where the carbide melted and delayed-failure. tests and. yield-point 

at 3,830° C.28 _ | _ Studies: were used on specimens of some , 
7 In ternary systems containing zirconium zirconium alloys to determine effects of 

- and hydrogen, hafnium affected the hy- certain factors in deformation processes on 
_.  driding characteristics of zirconium in five ductility3@ 2 ss 

respects. Two of the single phase regions, .. A newly-. developed alloy containing | 
alpha and gamma, were stabilized; decom-. minor quantities of columbium, chromium, 
position-pressures in the multiphase region and tin with zirconium, showed improved ~ | 

: 1 Ipha and beta fields were ——————_ . Oe oo - between the (alp a a le _- d 6 Johnson, Robert C., and John K. Alley. 
raised; the eutectol hk dreee nb moved Growth and Properties of Zirconia and Titania 

igh temperatures; hydrogen absorption iskers From Fus alt Baths. ines 
we. a ced: and a split eco osition Rept. of Inv. 6667, 1965, 15 pp. a 
Was Tedu FT SP . P 27 Romans, P. A., O. G. Paasche, and H. Kato. 

7 at the eutectoidal point in part of the The, Transformation a ere aot Hafnium. 
; Ai 29. Fy - Less-Common etals (Amsterdam, Nether- | | ey was iniroduced’ | ive | phases _ lands), v. 8, No. 3, March 1965, pp. 213-215. 

were ‘determine in a ternary system 3 tee _ Sara, R. V. The Hafnium-Carbon System. oe rived from hydrided zirconium-hafnium — Trans. Met. Soc. AIME, v. 233, No. 9, Septem- | 
alloys. The phases are as follows: face- Eee rp Me cna 3 Alfred Bersés “Th 

. : . _ ~ alz, e + an o req perger. e centered cubic and tetragonal, orthorhom- Zirconium-Hafnium-Hydrogen System at Pres- 
bic lambda, and two hexagonal. One of sures Less Than 1 Atm: Part 1A Thermochem- , 

_ the latter was found in the gamma region Se rote ed a ON One Am > V. 233, No. 
derived from the “ow-temPerature metal , 30 Katz, 9. aM and J. Alfred Berger. pine | 

‘other. designated theta Zirconium-Hafnium-Hydrogen System at Pres- allotrope h d me me ? d S . f sures Less Than 1 Atm: Part II—A Structural 
| occurs in the alpha plus gamma regions 0 Investigation. Trans. Met. Soc. AIME, v. 233, 

one alloy.39 No. 5, May 1965, pp. 1014-1021. oo. 
: tid; ; 31 Sale, F..R., and R. A.J. Shelton. Studies 

In a series of studie s the rate of effusion in the Chemical Metallurgy of the Titanium | of zirconium tetraiodide was measured and Group Metals. I. The Vapour Pressure Over 
a new sublimation temperature estimated, Solid Zirconium Tetraiodide. II. The Prepara- : . se ge > tion. and Characterisation of Zirconium Tri- 
zirconium triiodide was reduced under pres- iodide and Zirconium Diiodide. II. The Dis- 

i ; i dui i i proportionation of Zirconium Triiodide. J. Less- 
sure with zircomum from liquid zirconium Common Metals (Amsterdam, Netherlands), v. 
tetraiodide, and the triiodide subsequently 9, No. 1, July 1965, pp. 54-69. 
disproportionated to the diiodide via an - ‘Kroll, WwW. J. A Contribution to the History 
: : 31 oO uctile Titanium an irconium. . SS- 
interm ediate phase. |: Common Metals (Amsterdam, Netherlands), v. The eminent metallurgist, W. J. Kroll, 8, No. 6, June 1965, pp. 361-367. 
discussed developments leading to the re- ; 83 Schriempf, J Basic Studies of the Metal- 

. . . : : lic State e erma onductivity o af- duction of zirconium chloride to ductile nium). Rept. of NRL Progress, July 1965, pp. 
zirconium.?2 Scientists at the Naval Re- 32-33; PB 168228. 

initiated low-tempera- % The Electrochemical Society, Inc. Extended 
search Laboratory init di P Abstracts of Electrothermics and Metallurgy Di- 
ture thermal conductivity studies on zone- — vision (Pres. at Buffalo, N.Y., Oct. 10-14, 1965). 
refined hafnium.33 Research was contin- V-. 3, No. 2, 1965, 142 pp. 

ntain; ; ‘ ; 3 Landis, F. P., R. W. Merchant, and P. D. 
ued on alloys containing zirconium, either Zemany. The Electron Beam Microprobe as a 
as a main component as in the Zircaloys Tool in Materials Engineering. Mat, Res, Stand- 

: ; iti ards, v. 5. No. 5, May » Pp. 219-229. or as an important though minor constitu 8 Ostberg, Gustaf. Some Obscrentiows on the 
ent of other base alloys. Papers presented Ductility of Zirconium Alloys, With Special 

; 1 Reference to the ect of Hydrogen. J. Inst. 0 at the fall meeting of the Electrochemical Metals (London), v.08 pt 7, March i196 po. 

Society were concerned with corrosion, hy- 993930,
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| corrosion resistance characteristics.37 Wid- ding and fabricating of rocket-engine com- | 
_ manstatten markings characterize one of ponents.46 Superconductive wires of co- — 

two distinct phases, 6”, in quenched zir- lumbium and zirconium were used in the | 
conium alloys. Hardening of the alloy outer two of three coils of a magnet with |. 
is due largely to the other phase, omega, a field of 67,000 gauss tested at Argonne 
which forms from the beta phase during National Laboratory. These supermagnets 
quenching and during isothermal aging are compact and operate more economical- | 

: below 500° C.38 Powder metallurgy tech- ly than do conventional electromagnets, —_ 
niques were used in strengthening Zirca- and with their powerful fields could con- 
loy-2 by mechanically dispersing inert Y:O3 tain hot gas plasmas or serve as shielding oo 
particles of less than 3 microns in size in against radiation.47 On 
a hydride reactor-grade mill scrap, with the §—————_— 7 | 
dispersant contributing significant increases __™ Bertea, Octavian, James R. Gross, and Stan- 
. . ley R. Seagle (assigned to National Distillers — 
in yield strengths at temperatures up tO and Chemical Corp.). Corrosion Resistant Zir- 

: 650° C and reducing the creep rate. Oxy- conium Base Alloys Containing Cb, Cr, and Sn. , 
gen contamination, responsible for most of _ U-S- Pat- 3,205,070, Sept. 7, 1965. ce 

i . 33 Cometto, D. J., G. L. Houze,. Jr., and R. F. 
the strengthening, poses a serious tech- Hehemann. - The Omega franstormation in Zir- 

. 1 39 conium-Niobium (Columbium oys. rans. . 
nological problem. . . Met. Soc. AIME, v. 233, No. 1, January 1965, | 

Methods were described for making cop- _ pp. 30-89. | we 
r- ickel- ini small 39 Antony, K. C., and H. H. Klepfer. Dis- - - Per and meke’ base alloys containing smal’ persion-Strengthened Zireonium Alloys: J. Less- 

1 1m); 7 S te det Common Metals (Amsterdam, Netherlands), v. : : 
shown for using alizarin re to deter- » No. 1, » Pp. : : - 
4 : : antitati : . 40 Freche, John C., Thomas J. Riley, and Wil- : 
mune 2 irconium quantitatively in copper liam J. Waters (assigned to National Aero- 
zirconium alloys;41 and pretest solution nauties 1 and Space, Administration). ocvickel- 

neali ° - ase oy. »». Pat. 3,167, » Jan. . 26, . 
annealing, at temp eratures up to 1,700 C, Pels, Alan R., and Herman F. Petsch (as- 
was found to improve creep properties in signed to National Distillers and Chemical 

| an alloy of columbium with 1 percent zir- Corp.) rire ne Peed Making | 2 ie 
conium.** Hafnium, in quantities up to 13 1965. Ce : 

12 percent, was found suitable for use in niu Cook Fintan Aa ton oe tireo- | 
. a molybdenum cast alloy,43 and a super- (Manchester, England), v. 71, No. 428, January 

i i 1 - ins’ 1965, pp. 51-52. - plastic zirconium alloy handling almost as @ MxGoy, H.'E. Creep Properties of the Nb | 
easily as hot plastic or glass was devel- 1% Zr Alloy. J. Lese-Common Metals (Am- | 

-oped.44 Ce _ sterdam, Netherlands), v. 8, No. 1, January 
a oe eee 1965, pp. 20-35. 
A gel produced by mixing initially a. 48 Semchyshen, Marion (assigned to American 

water-soluble salt, such as zirconium sul- Metal Climax, Inc.). Moly bdenum-Hafnium Alloy | 
fate, with an alkali metal silicate, such as "4 Steel. Superplasticity : Metals Draw Almost oe 

NazSiOs, was processed further to a con- 98 Easily as Hot Flastic. V. 156, No. 24, June | 
: tent of 10 percent ZrOz and 90 percent 45 Plank, Lharles J., Edward J. Rosinski,, and 

; i it signi - Robert B. Smith (assigned to Socony Mobil Oi 
Si0:. As a cracking catalyst it significant . Co., Inc.). Silica-Zirconia Cracking Catalyst for 
ly increased gasoline production up to a Hydrocarbons. U.S. Pat. 3,193,492, July 6, 

45 ive. 1965. 
pH of 9.9. . The’ prospective’ aerospace 46 Metal Bulletin (London). No. 5050, Nov. 
use of hafnium was spurred by Govern- 93, 1965, p. 25. ral 

i 47 Materials in Design Engineering. Powerfu 
ment contract research on the processing Magnet Possible Thanks to New Materials. ov. 

of hafnium-tantalum alloys and the clad- 61, No. 5, May 1965, pp. 169, 172.
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Se a ARSENIC* | SO | | 
_. Domestic Production—Domestic pro- sheepdips, dyestuffs, and wood preserva- 7 

duction of white arsenic, AssOs, was de- tives. Arsenic acid is used to deésicate 
_ rived entirely as a byproduct of smelting cotton plants to remove leaves for mechani- 

arsenic-containing copper ores by The Ana- cal picking of the cotton. .About 4,000 
conda Company at Anaconda, Mont., and tons of the acid is used annually. Mono- 

_ American Smelting and Refining Company and di-sodium methyl arsenates are used | 
at Tacoma, Wash. The Anaconda Com- to control Johnson grass in cotton fields. 

_ pany discontinued production of white ar- The use of arsenic compounds is increasing 
senic in 1965. Arsenic metal was not pro- rapidly for weed killing; about 8,000 tons : 
duced. : Z . | of these arsenates are used annually. Ar- ae 

Consumption and Uses.—Most of the  ‘enilic acid is used in chicken feed. - 
| white arsenic produced in 1965 was con- Apparent consumption of white arsenic 

sumed in manufacturing lead and calcium decreased 2 percent compared with that | 
: arsenate insecticides. _ of 1964. . ; . — Arsenic compounds also were used in Stocks.—Stocks of white arsenic declined 

weed killers, glass manufacture, cattle and 14 Percent while shipments increased 45 — percent, and total new supply (production 
Table 1.—Consumption of arsenic wood and imports for consumption) was about 

preservatives in the United States 600 tons less than in 1964. | | 
(Short tons) Prices.—The price of both crude and 

——_--____________—____ refined white arsenic was increased 0.3 | 
Consumption of wood cent per pound on January 4 by the Amer- : 

| preservatives ican Smelting and Refining Co.2 Bulk | 
carloads of crude, minimum 95 percent 

_ Year Wepnan salts Othe White arsenic, increased to 3.2 cents per 
sodium pound and barrelled carloads went up to | 

arsenate) 4.8 cents per pound, f.o.b., Tacoma, Wash., 
| 1963 1.721 1.308 and Laredo, Tex. The price of refined 

1964___...... 1227777777 1'970 1.646 White arsenic in bulk carload quantities 
1965 P_---.------------.- 1,656 1,853 was raised to 4.1 cents per pound and bar- 

= relled carload lots went up to 5.7 cents 
P Preliminary. —_—___—- 

1 Prepared by Arnold M. Lansche. 
Source: U.S. Department of Agriculture, Forest 2 American Metal Market. V. 72, No. 1, Jan. 

Service. 4, 1965, p. 22. 
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per pound, f.o.b., Laredo, Tex. These majority of the metal imported; Canada 

, prices were maintained for the rest of the provided 190 pounds; West Germany, 11 

year. The price of lead arsenate in 50- pounds; and Switzerland, 13 pounds. Ar- 

pound bags began in 1965 at 27 cents per senic sulfide compounds came from Bel- 

—— pound and the quote was increased on gium-Luxembourg, 26 tons, and West Ger-  —— 

| | August 16 to 29 cents per pound and re- many, 20 tons. The United Kingdom _ 

— - mained at this price through December 31. supplied 154 tons of sodium arsenate; Aus- 

Lead arsenate in 1-pound bags opened the tralia, 10 tons of sheepdip; and other arse- 

year at 36 cents per pound, the price was nic compounds came from Canada, 2 

quoted in the Oil, Paint and Drug Reporter pounds; France, 20 pounds; and the Unit-. 

on August 16 at 41.cents per pound and ‘ed Kingdom, 3 pounds. 

remained at this price for the rest of the World Review.—Southern Rhodesta.— 

| year. | | The arsenic oxide refining plant that was 

| The London price, quoted from the _ being built at Que Que in connection with 

Metal Bulletin, for white arsenic in 1965 the Government-owned gold ore roasting 

oo, was £40 to £45 per long ton (5 to 5.63. plant was completed in 1964. 

cents per pound), unchanged from 1964, Technology.—Patents were issued on a 

for 98 percent minimum. Arsenic metal composition . of arsenic-bearing material | 

on the London market opened the year at which was claimed to decrease the rate of 

| £400 per long ton or 50 cents per pound; _ corrosion of ferrous metal. when applied ;3 

7 on. January 8 the quotation was increased a process for preparing arsenic acid com- 

- to £425 (53.125 cents); and on July 6 pounds;* the removal of arsenic contam- 

| the price was again raised to £445 (55.625 ——————__; | | | 
. . ; 4 ‘ 3 Creech, Barnard C., Lawrence V. Collings. . 

cents) and remained at this price for the _ and Paul Shapiro (assigned to Sinclair Research _ 

| rest of the year. - , | Ine., diew York). chaueous Ammoniacal Solu- 

Forei — it tion Containing a Complex Arsenic Compound. — 

_ Foreign Trade.—No exports of white  ]°¢ pot, 3,168,392, Feb. 2, 1965. a 
arsenic were reported. : : 7  Moyerman, Robert M. and Philip i Ehman 

: - 899 - of. a) i assign to the Ansu ompany, Marinette 

i | A total of 360,829 pounds of arsenie Wis.). _Manufacture of Arsenic Acids. U.S. 

| metal was imported. Sweden supplied the pat. 3,173,937, Mar. 16, 1965. ) 

a Table 2.—U.S.' imports for consumption of white arsenic (As.O; content), by countries | 

: | 7 196 | 1964 1965 
: Country - _ 

Oo Short tons Value Short tons Value Short tons Value — 

Canada...-...---------------- 2 $264 85 $4,486 --..----------.-----=- 
ce France......--.--------------- 2,116 130,781 3,480 | 231,022 - 3,447 $238 ,333 oO 

Mexico..._.-.--.-------------- 10,641 811 ,643 11 ,860 937 ,986 10 ,288 888 ,761 

oe Sweden. .-...-.----.---------- 1,800 115 ,767 2 ,847 208 ,804 1,691 . 135,835 

USSR... 02 oe oon ene nnn e ee eee beeen eens 13 1,080 99 8,091 

| Total........--..------- 14,559 1,058,455 18,185 1,383,378 15,525 1,271,020 
oe 

| Table 3.—U.S. exports and imports of arsenicals, by classes 
(Pounds) 

a 

Class 1956-60 1961 1962 1963 1964 1965 
(average) 

I 

Exports: 
Calcium arsenate..._.. 1,018,919 669 ,932 942 ,399 186,577 1,537,484 (*) 

Lead arsenate-.__.... 1,833,269 928,797 1,422,795 802,664 1,871,803 (*) 

Imports for consumption: 
White arsenic (As2O3 

content)_-.--.-..-. 23,316,620 38,966,394 31,515,599 29,117,679 36.370,155 31,049,571 

Metallic arsenic. .-_.- 103 ,385 132 ,389 229 ,439 337 ,582 307 ,885 360 ,829 

Sulfide___.....-...-- 65,113 55,116 66 ,160 35 ,824 55,116 92 358 

Sheepdip--....------ 50 ,994 ___--------- 14,765 19 ,656 19 ,686 20 ,470 

Calcium arsenate-. - -- 12,800 ____..-----------------------------------------------2---7-- 

Sodium arsenate------ 218 ,745 211 ,034 255 ,466 272 ,946 321 ,290 308 ,980 

nN
 

1 Beginning Jan. 1, 1965, no longer separately classified.
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Table 4.—Free world production of white arsenic, by countries 1 
(Short tons) | 

Country . 1961 1962 1963 — 1964 1965 Pp 2 

‘Brazil___...-----------------------------------. 64 164 | 323 _>® 207 282 

Canada__..-.--------------------------------- | _ 7210 80 94 ¥ 162 150 

France____._---------------------------------- 710,357 7,477 *11,668 * 12,563 311,436 

Germany, West (exports)---..---.--.------------ r 154 75 62 r 42 78 

Japan......----------------------------------- 1 ,047 1,011 904 t 550 e 600 

Mexico 4____._._.-__-.------------------------ "18,418 *16,352 114,666 * 16,380 15,188 

Peru__....-----------------------+---------+---- ' 388 572 683. r 685 550. | 

Portugal........--.--.------------------------- 330 634 622 t 410 5 440 . 

Rhodesia, Southern__....---.----------------------------- 1 ,207 605 ' 206 e 70 . 

Spain_......--.-.------------------------------ 343 . 234 r161 © 158 130 

Sweden___.-.....---..---.---------------------- 12,153 6,842 +*16,369 * 19,809 © 20,000 | 

Free world total ®........--.-------------- 59,000 49,600 61,000 64,500 68 ,000 

e Estimate. P Preliminary. r Revised. _ an - 
1 Arsenic may be produced in Argentina, Austria, China, Czechoslovakia, East Germany, Finland, Hungary, 

a U.S.S.R. (estimated range 5,600), United Kingdom, and Yugcslavia, but there is too little information to esti- oo 
- mate production. Estimate included in world total for Belgium and United States. U.S. figure withheld to | 

avoid disclosing individual company confidential data. . a 
2 Compiled mostly from data available May 1966. : . . , 

3 Exports. 7 . 
4 Including black arsenic. . . - 

5 Estimated equivalent recoverable arsenic trioxide content of concentrates produced. oO | 7 

: inant from platinum-alumina catalytic com-._ tion in liquid-liquid extraction ;? a phosphor | 
7 posites;> the production of high-purity composition;® and a process for separating _ 

: AsCls using AsO; and HC1;® the use of arsenic from ores and catalyst compositions a 

nickel arsenides to promote phase separa- using gaseous H2S, steam, and inert gases.9 

| Oo CESIUM AND RUBIDIUM ?° , | 

The consumption of cesium and rubidi- Cesium continued to be of interest for __ 
| um source materials, each, were larger in high-velocity propellant for rocketry and no 

1965 than in 1964, but the tonnages con- — also for the generation of electrical energy. . 

tinued to be small. : _ In April, a space vehicle reportedly con- 

Domestic Production.—Four firms proc- taining a nuclear reactor weighing about : 

essed pollucite to cesium products, and two 250 pounds, a cesium ion engine weighing 
of these firms processed rubidium source about 2 pounds, 1 pound of cesium, and © 

materials to rubidium products. American various other equipment were put into orbit 

Potash & Chemical Corp., Trona, Calif.. by an Atlas-Agena rocket for flight tests. 

produced cesium compounds. Penn Rare =—-————— 

Metals Inc., Division of Kawecki Chemical ° : Gleim, William K. T. (assigned to yaiversal 
: il Products Company, Des Plaines, IIl.). e- 

Co. , Revere, Pa., produced cesium and moval of Arsenic Contaminant From Platinum- 

rubidium metals and compounds. The Alumina Catalytic Composites. U.S. Pat. 3,177,- 
. . : _ 158, Apr. 6, 1965. 

Dow Chemical Co., Midland, Mich., pro 6 Cobel, George B., and William R. Fronk 

duced cesium metal. MSA Research Coprp., (assigned to The Der, Chemical C2.» Midland, 
: Mich.). Process of Producing High-Purity Arse- 

Callery, Pa., produced cesium metal and nic Trichloride From a Slurry of As2O3. U.S. 
rubidium compounds. Pat. 3,194,631, July 18, 1965. 

d . £ . 1 d 7Collopy, Thomas Joseph, John Herbert Muel- 

Productions of cesium metal and com- jer, and Wendell Sims Miller (assigned to the 

pounds and rubidium metal were much U.S. Atomic Energy Commission). Use of Nick- 
] ‘n 1965 th in 1964. Th t el Arsenides and Nickel to Promote Phase Sepa- 

arger 1n than in e output ration in Liquid-Liquid Extraction. U.S. Pat. 
of rubidium compounds was much smaller 3,202,476, Aug. 24, 1965. c 4 Don E. Har 
° : ° upbarao, eswarapu » an on ° = 

in 1965 than in 1964. P roduction data yison (assigned to Westinghouse Electric Corp., 

are withheld to avoid disclosing company Pittsburgh, Pa.). Arsenate and Phosphate Phos- 
dential inf ti phors. U.S. Pat. 3,210,289, Oct. 5, 1965. 

conhdential information. _§ Espinosa... Mariano | Hernandez. Vaquero, (as- 

i — i signed to Empresa Naciona alvo Sotelo de 

Consumption and Uses. Pollucite a nd Combrestilles Liquidos y Lubricantes, St., Ma- 

rubidium source material consumptions rid, Spain). Process for the Removal of Arse- 

were larger in 1965 in contrast to 1964, Die OF, Teen. Compounds. U.S. Pat. 3,220,796, 

but the tonnages were small. 10 Prepared by Donald E. Hilertsen.
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| In space, the nuclear- reactor supplied § Rhodesia, Southern—Pollucite outputs 
_ thermoelectric power for storage batteries by Bikita Minerals Ltd., during 1959-64 . 

which supplied electricity to operate var- were reported as follows: 1959—2 tons, 
ious instruments and the ion engine using valued at $504; 1960—5 tons, valued at 
cesium as a propellant. ~ $1,680; 1961—10 tons, valued at $2,800; 

- Two lightweight cesium-operated atomic 196220 tons, valued at $5,107; 1963— 
clocks were airborne to 11 countries to pre- no output; and 1964—26 tons, valued at 
cisely synchronize clocks at 22 timekeeping $6,376, based on R£1 equals U.S. $2.80.13 
centers. oo Technology.—Bureau of Mines metal- 

| . Some applications reported for cesium lurgists continued studies on the extraction 
chemicals were cesium monobromide and of cesium and rubidium from pollucite. 
cesium monoiodide for optical crystals, ce- Petroleum researchers developed methods | 
sium monoiodide for phosphors, cesium hy- to detect less than 0.01 milligram per liter 

a droxide for alkaline storage battery elec- of cesium and/or rubidium in oilfield brine 
trolyte and. desulfurization of heavy oil, or water.14 mn , | 

| cesium nitrate for microwave reflector, ce- _ Atomic Energy Commission research on - 

an sium fluoride for fluorination catalyst, and cesium and rubidium included studies on — 
_. cesium chloride and cesium monobromide _ the heat transfer properties, solvent extrac- 

, for. the production of electrolytic cesium tion, and toxicity of radioactive cesium.15 
: metal. a The National Aeronautics and Space _ 

| | Sometimes rubidium and some of its Administration (NASA) continued its in- | 
: compounds can be used as alternatives for terest in cesium for possible space applica- , 

- cesium and its compounds. 7 tions as heat transfer medium: and as work- 
_ A rubidium magnetometer proved to be ing fluid in electric propulsion and space . 

| | useful in archeological exploration.12 _ power systems. Briefly, various studies 
Foreign Trade.—Data on the exports of were continued on determining some of 

| cesium and rubidium metals and their com- _the properties of cesium liquid or vapor, _ 
, pounds were not available for publication. investigating the chemical compatibility of 

Import figures on cesium metal were not cesium with certain alloys, testing space 
available for publication. Imports for con- | flight cesium-filled thermionic power con- 
sumption of cesium chloride were 384 Who SO 

f - 11 Electronic News. Airborn Atomic Clocks. | pounds, valued at $12,591, from West 59 mime Stations Seachneon At 10, No. 480, Germany, and 27 pounds, valued at $2,072, Mar. 22, 1965, p. 91. 
Inj : 12 Breiner, Sheldon. The Rubidium Magnetom- 

from the United Kingdom. Imports of eter in Archeological Exploration. Science, v. other cesium compounds were 431 pounds 150, No. 3693, Oct. 8, 1965, pp. 185-193. 
_ _ 48 Metal Bulletin (London). Bikita’s Pollucite valued at $13,641, from West Germany, 4,7 Metal Bulletin (Rondon). Bikita’s Po and 22 pounds valued at $557, from Unit- Onn Collins, cc Gene. Methods, of | Analyzing 

i idi ; ilfie aters: Cesium an ubidium. u- ed Kingdom. No rubidium was imported. Mines Rept. of Inv. 6641, 1965, 18 pp. 

of 5.5 tons of pollucite valued at $876 was uciear Energy Research 1965. upplementa . . . R t to the A 1 Cc - D exported in 1964, all to the United States. Comber 1965, 338 DD. Report to TORE Tess * 

Table 5.—Prices of cesium and rubidium and some of their salts 
TTT sing 

1 to 277 1 to9 10 to 99 100 to 999 1000 pounds 
Item grams pounds pounds pounds and more 

(per gram) (per pound) (per pound) (per pound) (per pound) 
meee 
Cesium, 99.6 percent-__........--..--. $0.70-$1.80 | $250-$275 $200-$225 $150-$175 $100 
Cesium, 99.98 percent__....-.__.__--- .90— 2.00 300-— 325 250— 275 190— 220. 125 
Cesium salts, technical grade: 

Carbonate and chloride._..._._..  .21- .27 32 30 __.---- eee 
Fluoride._.._-_.-....----- + ---- .26- .32 40 38 _----------.-.--------- 
Hydroxide.____._..22- 2 2 el eee -.30— .36 45 43 _.-_-.--..-------------- 

Rubidium, 99.5 percent___.._.__.____ .70- 1.80 275— 300 200- 250 150- 175 100 
Rubidium, 99.8 percent.._.._......-. .90- 2.00 325- 375 250- 315 190-— 220 125 
Rubidium salts, technical grade: 

Carbonate_-._........--.--.----. .27- .81 41 39 _.-.-.-- oe nee 
Chloride__......-.--.-....-.-...  .83- .40 47 45 ow eee ee- 
Fluoride_-.....-2--2.-2.-2-.-.--.. .48- .53 60 58 -.--.----.-------------- 
Hydroxide_-_.-.-..-.--.-2-----. =. 56-62 67 65 --..-.------------------ 

eee 

Source: Penn Rare Metals Division, Kawecki Chemical Co.
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verters, and ground-testing experimental and a comprehensive brief digest on cesium | 

models of cesium ion engines: requiring compounds 17 were published. — 7 
| long-time operation for space voyages. Patents were issued on methods to pro- 

A book on the occurrences, properties, duce cesium,18 high-purity cesium,!9 and 

and chemistry of cesium and rubidium1® cesium compounds.?° | 

| | GALLIUM 7 Se | 

Intraplant consumption of gallium metal Japan—tThe Nippon Light Metal Co. 
was down 87 percent in 1965 compared plans to produce gallium on a commercial | 

| with 1964, whereas shipments showed a __ basis from bauxite. 
large increase. | - | | | : 

Domestic Production. — Production of Table 6. Mamxet prices of geittom from 

| gallium metal increased 21 percent com- auxl ° Por gram _ a | 

| pared with 1964; the rise was attributed _ eer gram : 

principally to increased activity in the | percent of purit a 

semiconductor electronic field. Gallium Quantity _ ony OF Pary | 

metal. was produced .by the Aluminum | 
. . 99.9 . : . 

| Company of America’s plant at Bauxite, _ | | 9 99.999 99.9999 | 

| Ark., and by The Eagle-Picher Co. Miami Up to 999 grams.......... $1.40 $1.80 $1.70 

plant near Quapaw, Okla. The Eagle- 1,000 to 4,999 grams... -.- 1.20 1-30 1.50 | . 
: a Wi : 5, to 24, grams._.... l. 15 1.35 . 

_ Picher Co. also produced gallium oxide, (72728000 grams-....... 195 1,00 ‘1.20 
gallium trichloride, and the alloy gallium _ | } 
arsenide. Production data are company | | | a OC , 

: confidential. . _--'‘Technology.—The Bureau of Mines con- 

a Consumption and Uses.—Shipments of tinued studies of extracting germanium and 

gallium metal increased 50 percent in 1965 gallium from flue dust and of supercon- 

compared with 1964. Gallium was used ducting alloys which contain gallium. oo : 

| in. selenium rectifiers, glass-joint sealing _ National Aeronautics and Space Admin- 

materials, intermetallic semiconductors,  Stration Technical Brief 69-1 0007 de- 

solid lubricants in low temperature and scribes thermocompression bonding ofa gold 

high-vacuum: environments, thermometers, Wire to a gallium-arsenide wafer to pro- | 

devices that convert electricity to light, duce a surface barrier | diode with good 

| minor. backing, and analysis of uranium conduction characteristics and recovery | 

to increase the sensitivity of the deter- times in fractions of a nanosecond. Tech- 

mination. | 7 nical Brief 65-—-10020 describes a device 

| Statistics on shipments are company con- 3° Perel’man, F. M. Rubidium and Caesium. | 

fidential. | Pergamon Press, Ltd., (Macmillan Co.), New 

° es . - York, 1965, 144 pp. 
Prices.—Market prices per gram of vari- c 17 Kirk, Raymond E., end Donald B Othmer. 

DIS- i ite vesium—Cesium Compounds. mceyclopedia o 

ous-grade gallium from bauxite source s Chemical Technology. Interscience Publishers 

were the same as in 1964 and are givenin (Division of John Wiley & Sons), New York, 
table 6. , v. 4, 2d ed., 1964, pp. 855-867. 

. 18 Berthold, Cornelius E. (assigned to San 
Foreign Trade.—General imports of gal- Antonio Chemicals, Ine., Delaware). Process | 

: 
Ww n ereor. ode 

lium totaled 2,240 pounds, valued at more pa, 3.407.598, Sept. 21, 1966. 

than $106,000. France supplied 26 pounds, Blue, Robert D.. and Robert, Moolenaar (28- 
. sign e Dow emica 0., idland, 

valued at $4,384; West Germany !55 wich’). Cesium Production. U.S. Pat. 8,201,229, 
pounds, valued at $15,267; Japan 2 Aug. 17, 1966. la E., David J.C ; a 

. ; orner, ona. * avi - Urouse, Jr., an 

pounds, valued at $975; Switzerland 314 = cit BR.’ Brown (assigned to the U.S. Atomic 
pounds, valued at $79,402; and the United Energy Commission). Extraction of Cesium 

Kingdom 1,719 pounds, value unknown. From, fqueoss Peay ety tie Phenols. U.S. 

World Review.—Czechoslovakia. — Pro- 19 Moolenaar, Robert 5. Robert S. Karpiuk, 
+ ar - ' and Marsha . Neipert (assign e Dow 

duction of pure gallium was begun at the Chemical Go., Midland, Mich.). Production of 
Spolana plant in Kaznejov near Plzen. High-Purity Cesium. U.S. Pat. 3,164,461, Jan. 

1 ; 5, 1965. It was also reported that a plant is being 2 Perthold, Cornelius E. (assigned to San 

built to: produce gallium in bulk quantities. Antonio Chemicals, Inc., Delaware). Process for 

I Preparing Cesium Compoun om . Cesium 

Gallium output was a byproduct from a ,T'''js. Pat. 8,207,571, Sept. 21, 1965. 
process used to obtain germanium. 2 Prepared by Arnold M. Lansche.
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. that increases the useful incoherent-light by the Czochralski and the horizontal _ 
output of light emitting diodes made of — gradient freeze methods.24 oe 
allium arsenide. , : . aye _ 

° Reports were published on the homoge- A P atent was. issued on a gallium ar- : 
| . senide semiconductor tunnel diode de- nous vapor phase transport of tellurium OR - 

doped. gallium arsenide-phosphide using °°” | oe | 
- water vapor;*2 a vapor-growth process for _.Epitaxial heterojunctions of gallium ar- 

| preparation of single crystal gallium arse- senide-gallium antimonide and indium ar- 
nide;28 and observation by anomalous  senide-gallium antimonide were prepared 
transmission of. X-rays of imperfections in and their electrical and electro-optical 

| single crystals of gallium arsenide grown properties were investigated.26 | 

| ~ GERMANIUM 27 | : | 

Domestic production of germanium from _fineries devoted essentially to reprocessing 
- ° primary source materials in 1965 was ap- scrap. | : 

: | proximately double the low production ~ The manufacturing residues and sludges | 
. level indicated for 1964, as factory sales returned to the refineries for treatment. 

| of semiconductor devices continued to in- ‘average 70 percent of the refined germani- 
: crease and producer inventories of metal ym entering the manufacturing cycle and | 

. and reprocessing scrap reached reasonable result from processes of etching, slicing, 
_ alignment with demand. The germanium = and lapping of the crystal. This material 

share of the increase in semiconductor out- js returned to the refineries for processing | 
put was, however, substantially less than by Jéaching and chemical purification to 
that indicated for silicon and the intense germanium dioxide and reduction to metal. 
competition of silicon in the electronics - Consumption and Uses.—The only sig- 

| frel d resulted ma downward Pressure On nificant use of germanium is in the elec- 
_ Price of domestically produced dioxide and tronics industry as semiconductors. Sin- 

| metal and a subs tantial reduction im the gle junction diodes comprise the largest 
quoted price of imported materials. Im- element. and transistors the remainder. 
ports of germanium as metal, dioxide, and Factory sales of single-junction diodes util- 

_ Scrap increase d significantly in quantity izing germanium increased some 35 per-" 
but declined in value per pound. cent in volume in comparison with 1964 

| Domestic Production. — Production of and germanium transistors increased 16. 
refined germanium was estimated at 90,000 percent. The gain in factory sales of sin- : 
pounds, of which 30,000 pounds was re- _ gle-junction diodes including germanium | 

| fined from: new germanium feed materials and silicon was 48 percent and for transis- 
and 60,000 pounds from reprocessing man- — tors, 49 percent and indicates the major 
ufacturing scrap. Refinery operations con- gain in silicon utilization, especially in 
tinued well below capacity and mostly on transistor use. The unit values of both 
an intermittent basis in balance with manu- germanium and silicon devices were lower | 
facturers requirements. A substantial in- than in 1964. | 
ventory of germanium enriched segregates —_—___-_ 
was indicated as available at refineries for _ pith re oF ee Ease Transport and 
conversion to germanium dioxide and to Vapor. J. Electrochem. Soc., v. 112, No. 2, 
metal. Plants operated by The Eagle- February 1965, pp. 192-196. 

Picher Co., Miami, Okla., and American y nLeqiherdt, HR. | Synthosin of GaAs. by Zinc Co., Fairmont, IIl., utilized domesti- _v. 112, No. 2, February 1965, pp. 237-240. 
cally produced feed materials and reproc- %*Jungbluth, E. D. X-ray Diffraction Topo- 

. graphs of Imperfections in Gallium Arsenide by essed manufacturing scrap. The Carteret, Anomalous Transmission of X-rays. J. Electro- 
N.J., refinery of American Metal Climax, chem. Soc., v. 112, No. 6, June 1965, pp. 580-583. 

Inc, and the Towanda, Pa., plant of Fal Hulk M. (assigned tg General lotic 
Sylvania Electric Products, Inc., utilized q@uctor Devices. U.S.. Pat. 3,200,017, Aug. 10, 
imported feed materials and manufactur- 190 ediker, R. H., S. Stopek. and E. D. Hink- 
ing scrap. Kawecki Chemical Co., Revere, ley. Electrical and Electro-Optical Properties of 
Pa., and United Minerals and Chemical 0. 988 (Mek Sone) age eee rans. AIME, 
Corp., New Brunswick, Pa., operate re- 2 Prepared by Donald E. Moulds.
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Germanium dioxide is used in manufac- 1,166 pounds in 1964. France supplied 

| ture of special-type glasses and luminescent 2,250 pounds or 54 percent, followed by | 

, materials. The infrared transparency of the United Kingdom, Netherlands, and 

either monocrystalline or polycrystalline Italy. - CO Do, : 

| germanium and high index of refraction is © World Review.—Belgium.—Société Gén- | 
utilized for construction of lenses, prisms, érale Métallurgique de Hoboken and the 

: and filters in infrared optical systems. Société Vieille-Montagne de Balen operated 

Germanium compounds for use in deposi- refineries relying on germanium in concen- 

tion of epitaxial layers to achieve a wide trates and germanium dioxide produced | 

- range of semiconductor requirements are as a byproduct of copper-zinc ores of Un- ; 

used in semiconductor manufacture. Other ion Miniére du Haut-Katanga in the Re- . 

: germanium compounds such as germanates _ public of the Congo (Léopoldville). 

and tetrahalides are available. Italy—Monteponi e Montevecchio So- 

| - Prices.—Price quotations, cents per  cieti per Azioni produces germanium from 

gram, for the various grades, in lots of 10 _lead-zinc ores of the Sardinian mines. Ca- 

kilograms, delivered to buyer works as pacity is rated at 5,000 kilos annually but 

listed by the American Metal Market at output has been on the order of 25 per- 

the opening of 1965 was as follows: cent of capacity. 
Gents Japan.—Five companies reprocess germa- 

|  pergram ium scrap and also refine germanium : 
‘First reduction _----------_ 25.20 eioxide imported principally from Belgium. , 
‘Intrinsic quality __....______. 27.00 onsumption of germanium in electronic - 

: 4 y : - devices has steadily risen ee 
Single crystal _-_--_--------_ 56.00 | | ty visen. 
Dioxide high purity 15.10 South-West Africa.—The Tsumeb Corp. 

rae Ltd., in recent years, has become the 
The above quotations continued un- world’s largest source of germanium. As- | 

changed to mid-September when the quota- __ sociated with the copper-lead-zinc ores of | 
tion basis was changed to dollars per kilo- the Tsumeb mine, the germanium is_re- | 

gram and, following a price reduction an- _covered in the smelting of copper and lead 
nounced by African Metals Corp., agents in the. form of germanium enriched resi- : 
for a major foreign producer, the quota- dues and refined to germanium dioxide. | 
tion for intrinsic quality metal indicated The capacity of the germanium plant is 
a spread from $233 to $261.25 per kilo reported to be 15,000 kilograms annually. 
in 10-kilo lots and dioxide was similarly Germanium contained in blister copper is 
quoted at $130 to $143.25. African Metals — exported principally to West Germany for | 
Corp. announced a second reduction ef- refining, and germanium in zinc concen- 
fective in mid-October and the American trates and as dioxide is exported to the 

. Metal Market quotation subsequently in- United States and Belgium for processing. 

dicated a spread of $209 to $261.25 for Republic of the Congo (Léopoldville).— 
metal and $112 to $143.25 for dioxide. The copper-zinc ores of the Prince Léo- 
This quotation continued throughout the pold mine of Union Miniére du Haut- 

remainder of the year. Katanga contain small amounts of germa- 
' Foreign Trade.—Imports of germanium nium that accompanies the copper con- 
dioxide increased from 936 pounds in 1964  centrate. Part of the germanium is sub- 
to 3,152 pounds, valued at $133,800. The sequently recovered as a concentrate by 
valuation per pound in 1965 was $44 in magnetic separation and in the treatment 
comparison with the average of $50 per of flue dust recovered at the Lubumbashi 
pound in 1964. West Germany supplied copper smelter. The recovered germanium 
94 percent and Belgium-Luxembourg the _ bearing materials are exported to Belgium 
remainder. Imports of metal totaled 83  ffor refining. Production reached a peak 
pounds in comparison with 78 pounds in of 25,000 kilograms in 1960 but output in 
1964 and the United Kingdom supplied recent years has been approximately one- 
60 pounds; Belgium-Luxembourg 21 half that of the record year amounting to 
pounds; and West Germany 2 pounds. 14,638 kilograms of germanium in 1965. 
Value per pound of metal averaged $159 Technology.—A_ significant portion of 
in 1964 and $98 in 1965. The import of | research and development activity in ger- 
scrap tripled in 1965 with 4,196 pounds, manium was devoted to engineering im- 
gross weight, received in comparison with provement in semiconductor reliability and 

232-748 O-67—68
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capability at very high voltage and very The history of investigations and develop- 
high frequency. The importance of the ments in the field of organogermanium oe 
maximum volt-per-second capability in de- chemistry during the period 1959-64 was | 

_ termining the volt-ampere and power-gain summarized in a book prepared primarily | 
performance with ultra-high frequency has _for students.33 a ee 
been recognized only recently, and. research U.S. patents were issued for a process 
is being conducted to determine all the of purification of liquid halogenated com- 
factors that may. be significant in deter- pounds of semiconductor elements 34 and | 
mining the basic limitations of semicon- for producing refined silicon and germani- . 
ductor devices. Germanium units appear um by a dual cell electrolytic method.25 __ | to be evolving into two broad types: High _ | | | : | 
performance, low-cost units for audio, ra- °8 Boddy, P. J., and W. H. Brattain. Residual 

; ioh- ; icati high- Surface Recombination on Germanium Anodes. dio, and high fidelity applications it d 8 J. Electrochem. Soc., v. 112, No. 10, October voltage, high-peak power capability units 1965, PD 1053-1054. - 0. mi 
isi ignition and computer ap- Haq, K. E. Deposition of Germanium Films . for television ignition a ad . P : po by Sputtering. J. Electrochem. Soc., v. 112, . plications. Microelectronic circuitry re- No, 5, May 1965, pp. 500-502. | 

v1 or military and space applica- Krischer, Christof C., and Robert A. Oster- _ quirements i h y d mn 7 P i f young. The Effect of Cathodic Prepolarization tions have further stressec the need tor on Capacity Curves: of Germanium Electrodes. | technology improvements in performance, dager chem. Soe., v. 112, No. 9, September | aes . , PD. . | | , reliability, size, weight, and cost. . Story, Joseph B. Mechanism of Anodic Ger- __ | oO, Surface protection of germanium devices manium Oxide Film Formation. J. Electrochem. 
a is an-area of special concern in semicon- SOC. v. 112, No. 11, November 1965, pp. 1107- 

ductor application. Simple. environmental ® Steel. GM-Toughens Skins on Germanium | | 
conditions such as humidity result in var- tavices. V. 156, No. 21, May 24, 1965, pp. 137- 

| iable sensitivity and performance. Exten- °° Electronic News. Innovations in Ge Transis- | 
| _Sive research on the electrochemical be- tors Introduced by Motorola Division. V. 10, No. : 

_ havior of oxide films on germanium was A ented George Ty Itas and Donald C. Shook. | . 28 } co 4ransistor Screening Procedure Using Leak- rep orted, and a process for surface pac age Current Measurements. J. of Res. of | fication was developed to. convert the com- NBS, C ; {Engineering and Instrumentation, AG 
: vaniwyY. . 4, INO. 4, October-December 1965, pp. 319~330. mon oxide film on germanium to an ex 82 Dismukes, J. P., and L. Ekstrom. Homo- tremely stable tetragonal form of germani- geneous Solidification. of Ge-8i Alloys. grans. *avidea 29 a : : . ME, v. 233: et. Soc.), 1965, pp. 672-680. um dioxide.?? A new fabrication tech %Rijkens, F., and G. J. M. Van der Kerk. - nique for surface passivated. germanium investigations in the field of orzanogermanium : ' ; : emistry. rganisch Chemisch Instituut T.N.- transistors using annular construction and O., (Netherlands). 1964, p. 162. Chem. and 

| selective metal-etch was also reported.! Ind. (London), No. 28, July 10, 1965, p. 1253. 
The results of a study on the-relationship ., Gauguin, Roland, and Georges Nury (as- . ° signed to Pechiney, Compagnie de Produits | of current leakage to aging behavior of Chimiques et. Electrometallurgiques, Paris, germanium alloy transistors was -pub- France). Process for.the Purification of Halo- : 31 . generated Volatile Compounds of Germanium and | lished. The recent discovery of the low __ Silicon. us: Pat. 8,216,785, Nov. 9, 1965. a 

ivi jum-sili ———— (assign to Pechiney, Compagnie de | thermal conductivity of germanium. silicon Produits Chimiques et Eleetrometalhrmaucs - 
alloys. has revealed that these alloys have Paris, France). Purification of Halogenated De- 
high efficiencies for thermoelectric-power Byoeives OF culicon, and Germanium. U.S. Pat. 
generation and a method for the prepara- "35 Monnier, Robert, and Diawar Barakat (as-_ 

i signed to The General Trustee Co., Inc., Geneva, on oe remogenous samples of ues. 2 wet Switzerland). Dual Cell Refining of Silicon and itive measurements was described.“ Germanium. U.S. Pat. 3,219,561, Nov. 23, 1965.
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; INDIUM 86 | | 
Domestic Production.— Indium metal was described.4° Published papers describe | 

: and chloride were produced at the Perth the constitution diagrams, solid solution 
Amboy, NJ., plant of American Smelting — relationships, and other physical properties 

_ and Refining Company, and the metal was determined for indium and indium con- 
also produced at the Great Falls, Mont.,. taining compounds and alloys.41 . | 

plant of The Anaconda Company for the “"S Prepared by H a J. Schroed 
. . | _— repared by Haro - Schroeder. . 

first time since 1960. The source material 8? Beau, Raymond (assigned to Societe Anon- | 
for indium production was certain smelter yme ” prroduits Semi-Conducteurs, Paris, 

: . : rance). Process for the Manufacture of Indium 
flue dusts and residues in which the trace of High Purity. U.S. Pat. 3,180,812, Apr. 27, 
quantities of indium occurring in.zinc min- ay 3 D. LH ik W 

; orderoy, D. J. H., an . - K. Honey- 
erals were concentr ated. combe. The Deformation Behaviour of Age-Hard- 
Uses.—Indium was used in electronic ened Copper-Indium Alloys.. J. Inst. Metals 
at . oo. (London), v. 98, Pt. 12, August 1965, pp. 432- 

_ devices in a variety of ways, such as sol- 437, | oo 

dering lead wires to germanium transistors; ., Straumanis, M. E., and S. M. Riad. Solubil- 
: dify; . ity Limit of Indium in Silver and Thermal-Ex- 

a proper ty-mo 1 ying component of the in- pansion Coefficients of the Solid Solutions. . 
termetallic semiconductor used for germa- qrans. AIME, v. 233 (Met. Soc.), 1965, pp. 964- 
nium transistors ; utilization of the mag- 2% Braun, Japanell D. (assigned to Monsanto | 

_netorestrictive and photodetective proper- Research Corp., St. Louis, Mo.). Sn-—Pb-In—Zn 

ties of indium arsenide and indium anti- $9s@326 Des oa, ines ors US. Pate 
monide; and an injection laser using indi- ti Grobin, Allen W- Ur (assigned x? Interna- 

° . iona usiness achines orp., ew ork). , 

um phosphide as a semiconductor. _ - Superconductive Solder. “U.S. Pat, 3,194,303, Mey 
| A significant use of indium was in sleeve- 18, | 1966. G L 1G. J. Wils M 

. os ‘ . rieger, G. L., an . J. Wilson. Measur- 
type bearings to promote resistance to COr- ing Surface Cleanliness by Indium Adhesion. | 
rosion and wear. Indium was also used in Mat. Res. and Standards, v. 5, No. 7, July 1965, 

: ° pp. — o- . oo 

solders, glass-sealing alloys, and dental al- 4 Bllinger, F. H., C. C. Land, and K. A. John- 
loys. - Som The intone Indios ‘Sram. Tee e : oye Mii, v. et. Soc.), » pp. 1252-1258. 
Prices.—Gr eater demand for indium, Grierson, R., and R. N. Parkins. Yield 

particularly for electronic. uses, resulted in Strength of Polycrystalline InsBi and Meals. 

price advances of 15 cents and 20 cents | i004. #, vs 283. (Met. Soc.), tai . 
' per troy ounce, effective May 3 and Oc- I Harris, I. Ri, and G. y- Raynor. Rare Earth 

. ° : ntermeadiate ases. e ess-Lommon e Ss 
tober 5, respectively. The new quotes were (Amsterdam, Netherlands), v. 9, No. 1, July 

- $2.75 per troy ounce for 30 to 90 troy 1965, PP. 719. G Metals ( Amsterd 
* . 2 ° -gourna: ess-LOoOMmon e s msterdqam, 

ounces for stick shapes;.in ingot shapes Netherlands). Densities of Some Indium Solid 
prices were $2.30 per troy ounce for 100 Solutions. | ve 8, ‘No. 5, May 1965, pp, 354-857. | 

. . , arkovac, - an ° ovrecekK. — udies oO 

ounce lots and $2 per troy ounce for 10,- the Electrochemical Kinetics of Indium. J. - 
000 and up lots.. Electrochem. Soc., v. 112, No. 5, May 1965, pp. 

_ 520-524. . 
Technology.—A patent was granted on Pankratz, L. B. High-Temperature Heat Con- 

‘ 7 4 rity indi tents an ntropies o allium osphide, In- 
a method of preparing high purity indium =f" Bhosphide. and Indium Sulfide. BuMines 
by dissolution in acid, removal of impuri- Rept. of Inv. 6592, 1965, 7 pp. | 

: is OF Visco, R. E. The Indous Ion: An Interme- 
ties, and recovery by electrolysis.“" == aigte in the Bloctrochemical Oxidation of In- 

Articles were published on the properties dium. Metal. J. Electrochem. Soc., v. 112, No. 
age os , September » Pp. —937. 

of indium containing alloys.38 P atents Woolley, J. C. Solid Solution in the GeTe- — 
were granted for solders containing indium Inte System. ; J; Blestrochem. Soc., v. 112, No. 

i . 39 » september » Pp... . 
aS an important constituent. Woolley, To. Ek. W. Williams, and R. Gag- 

sndi ' non. ross Substitution in InAs. - Electro- Research on the use of indium adhesion rhea, Soo vy dia No iL, November 1965, pp. 

to measure surface cleanliness of metals 1119-3114.
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oo, RADIUM * 

No primary radium has been produced regulatory authority. Radium salts or ra- - 
| in this country for many years, but some don, however, were still important in sealed : | 

secondary radium was reprocessed in 1965. radiation sources used for the therapeutic | 
_ Artificially produced radioisotopes have treatment of cancer. Other radioisotopes 

- been substituted for radium in many uses, used in radiotherapy included cobalt 60, 

_ but radium continued to be important in iridium 192, and cesium 137. If necessary, 
| radiotherapeutic applications. The plac- these isotopes can be prepared with a high- 

ing of radium exports in a basket tariff er specific activity than radium. Cesium 
classification expressed in value only added 137 recently has become popular because 
to the difficulty of obtaining information its half life (30 years) is more acceptable 
on international trade. in radium com- for clinical applications than cobalt 60 
pounds and radioisotopes. oo with a half life of 5.25 years. Cobalt 60, 

Legislation and Government Regulations. cesium 137, iridium 192, and thulium 170 
-  ==The U.S. Atomic Energy Commission were used in industrial radiography. In 

(AEC) exercises no direct control over the many cases, antimony. 124, americium 241, 
ss Possession and use of radium, which is a plutonium 239, and polonium 210 were. 

| naturally occuring radio element. In 1965 used as activators in small neutron sources — 
at least 29 States, under radiological health which formerly were made mostly from 

_ programs, inspected radium users and eith- _radium-beryllium combinations. Beta-radi- a 
er licensed or registered its possession and _ ation emitters such as hydrogen 3 (tritium) 

- use. The Food and Drug Administration and krypton 85 activated phosphors in self- 
promulgated regulations under the Food, luminous light sources. which were superior | 

: Drug, and Cosmetic Act which set forth to those containing radium, being more 
conditions under which radioactive mate- easily visible, less destructive to the phos- —_ 
vials, such as radium 226, may be used _ phor, and less hazardous to use than the ; 

. _ safely in food handling and processing. A  alpha-emitting radium. Alpha-radiation 
U.S.-European Radiation Protection Gom- emitting americium and polonium were | 
mittee undertook a study of maximum ac- used in place of alpha- and. gamma-emit- | 

tivity limits for radium 226 and two other ting radium in devices designed to elimi- | 
| radioisotopes used in luminescent paints nate static electricity in manufacturing — 

for timepiece dials. _-processes. | : re 

: Domestic Production,—The small de- Prices.—During the year Steel, The 
mand for radium salts is met by primary | . . 

radium shipped from Belgium or secondary Met alworking Weekly, ceased quoting 
. . prices of $16.00 to $21.50 per milligram 

_ radium reprocessed by one domestic com- f h £ ori dium in i 
pany. Radium salts were distributed by a me vole ne 0 ate and radium in its 
Radium Chemical Co., Inc., New York, for ** ts, usually as sulfate and sometimes as 
the Belgian company, Union Miniére du the bromide. Small gram quantities of re- 
Haut-Katanga, which processed primary processed, aes pure material were said to. 

radium from Congolese ores. Canadian e available at much lower PFICes. 
Radium & Uranium Division, Canrad Pre- Foreign Trade.—Imports of radium salts 
cision Industries, Inc., New York, main- were from Belgium, 83 percent by weight 
tained a small refinery for reclaiming sec- and 84 percent by value; Canada, 15 per- 
ondary radium. United States Radium cent by weight and 14 percent by value; 
Corp., Morristown, N.J., was concerned and the United Kingdom, 2 percent by 
primarily with luminescent radioisotopes weight and 2 percent by value. Imports 
but handled some radium. A. Bruce Ed- decreased 12 percent in quantity and 8 
wards, Haverford, Pa., continued as the percent in value from those of 1964. Ex- 

| agent for Atomic Energy of Canada Ltd., ports of radium, including radium com- 
which held radium stocks. pounds, radium sources, and radon (ra- 

Consumption and Uses.—In most appli- dium emanation), were recorded by value 
cations formerly reserved for radium salts, only under a new statistical classification 
radioisotopes from nuclear reactors received which includes both stable isotopes and 
increased attention despite the need to ob- _ radioisotopes. 
tain a license for their use from the AEC 

or from the various States having such 42 Prepared by John G. Parker.
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- Technology.—Biogeochemical halos of dioxide (MnOz) sorbed radium quantita- 
radium were used as the basis for pros- tively from solutions; finely ground pyro- 

| pecting for uranium deposits by radio- lusite with 63 percent MnOz also was used © 
' metric methods. Both unburned and ashed for this purpose.45 / 7 . 
_plant samples were used in determining oe | . - 

- _ alpha activity, indicating the concentra- Excerpts of discussions at a September 
tion; the accuracy of the technique was 1964 meeting on management of radium | | 
verified by uranometric survey, gamma- and radium substitutes for medical uses 
logging, and exploration drilling.43 | were published by the Public Health Serv- 
-Barite, synthetic zeolite, and clinoptilite ice.46 The need for tighter controls, peri- 

| (natural zeolite) were included in anum-_ odic leak-testing of radium sources, and 
ber of inorganic ion-exchange materials proper storage procedures was shown.47 
used to absorb radium from simulated Types of radium sources, suggestions for | 

a lime-neutralized uranium-mill waste solu- initial and periodical testing for external 
tions. The materials were satisfactory for contamination of: the sources, and their — 
thousands of bed volumes of aqueous feed custody and storage were discussed.48 A | 
passing through the ion-exchange column.44 new ‘type safe designed principally for | 
Sawdust containing amorphous manganese _ storage of radium needles was described.49 

_ OO ~  SCANDIUM 5° - ; | : 

_ Domestic Production.—Scandium metal © The stable isotope, Sc#5, the only one 
and compounds were produced as a by- found in nature, will form Sc46 when ir- 

| product from uranium plant sludge and radiated in a nuclear reactor. Se*6, with 
tungsten (wolframite) concentrates and a half-life of 84.2 days, is highly radioac- . 
from euxenite and thortveitite imported tive, emitting both beta and gamma ra- ne 
from Switzerland and Norway, respectively. diation. It was produced at the Oak | 
Production was higher than in 1964, and Ridge National Laboratory of the AEC and 
sales were made in gram lots up to 10- was used for oil-well logging. ‘The isotope, 
pound lots. The principal producers or contained in small plastic spheres, ‘is , 

a refiners of scandium were Atomergic Chem- pumped with water into the perimeter wells 
etals Co., Division of Gallard-Schlesinger ——————— | ee: 

| Chemical Manufacturing Corp., Carle  priminentis biokhimitnekibn pone ieee 
Place, Long Island, N.Y.; Electronic Space zhdenii_urana v odnom iz raionov Sovetskogo 
Products, Inc., Los Angeles, Calif.; King Solus {Blogeochemical Prospecting for Uranium 

_ Products, Arlington, N.J.; Research Chem- Rudnoi Geofiziki (Moscow, U.S.S.R.), v. 5, 1965, | 
icals, Division of Nuclear Corporation of Rte Arnold, W. D., and D. J. Crouse. Radium 
America, Phoenix, Ariz.; Semi-Elements, Removal From Uranium Mill Effluents With In- . 
Inc., Saxonburg, Pa.; and United Minerals orl Developme ee Nos rhe ee ee 
and Chemical Corp., New York, N.Y. 335-387. ina, A. P. B. P. Zhagi av.c | 
Other firms that fabr icated or reworked Bakhurov.  Udalenic radiia iz zhidkikh otkhodov 
scandium material for resale included Dres- _sorbtsiei na dvuokisi margantsa [Separation of | 
ser Products, Inc., Great Barrington, Mass. ; od Atoumnain Wrerein Monon eR 
and Semi-Alloys, Inc., Mount Vernon, N.Y. _ v. 18, No. 5, May 1965, pp. 487-491. 

. . Public Health Service. Division of Radiolog- Uses.—Scandium was used mainly for  jeal Health. Medical Uses of Radium and Ra- 
research work to find some general indus- dium Substitutes. No. 999-RH-16, July 1965, 

trial applications. Studies continued on ‘7 Gerusky, Thomas M., Joel O. Lubenau, Rob- 

alloys of scandium with aluminum, tung- git Rontant, and top Zichen Survey of Radian 
eo. mopybdenum, and Te he Health Reports, v. 80, No. 1, January 1965, pp. 
violet light on scandium doped with euro- ° . . 

pium yields a bright red fluorescence while Radium Accidents and Enersencies, ches in | 

FE ore at, etiam Sm 8 Hae atti atid Che cre » Springfield, ll., 1965, pp. 179-189. 
in color-television and cathode-ray tubes, E webster, Edward Ww Guilford D.. Schulz, find 
Scandium. products were used by various Employing Gas Sterilization. "Aw. Je Roentgen. 
Government research facilities for several ol., Radium. Therapy Nuclear Medicine, v. 93, 
classified projects. Feary 1866 by Oho te. Baroch. __
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| of an oilfield. By probing with radiation The scandium-loaded solvent was easily | 
detectors, permeable strata were located stripped with hydrochloric acid solution rs, permeable strat c acid: ; 
and sealed off where necessary... - - which then had to be purified by a com- : } ty | oe" ; P , 

| Prices——Scandium oxide, 99.9 percent, bination of ion exchange, solvent. extrac- | 

| was quoted by Research Chemicals at $3.86 tion, and chemical precipitation to sepa-_ 
| per gram in lots of 250 to 454 ‘grams, ‘rate such impurities as uranium, iron, tho- 

| about 16 percent less than in 1964. Lesser rium, and titanium. From initial materials 

| quantities were, per gram, $4.05 for 100 containing 0.058 and 0.14 percent scandi- 

to 249 grams, $4.90 for 25 to 100 grams, Um, 4 product analyzing from 99.6 to 99.9 

‘and $5.70 for 2 to 24 grams. The com- 5¢2Os was prepared with extractions of 87 

pany first introduced scandium foil and [0 97 percent of the scandium.53 7 
sheet ranging from 0.003 to 0.060 inch in _—s—iIt ‘is practically impossible to separate 
thickness; prices varied from $18.00 to scandium by any single method. Residues 

| $70.50 per square inch, based on a theo- from decomposition of wolframite concen- | 0.50 per sq po ! 
, retical weight of 0.0499 gram per square trates containing 0.3 to 0.4 percent scan- | g 8 p q p 

4 inch for each 0.001 inch thickness. Scan- dium and slags from tin smelting contain- 7 
dium metal prices were little changed from _ing 0.05 to 0.6 percent Sc2Os, were leached 

: . : o- .P . : 

oO 1964, , | with. strong mineral acids, usually hydro- 
an Koch-Light Laboratories Ltd., Bucking-  chloric acid. The solution was extracted . 

oe hamshire, England, boosted the purity of with freshly prepared alkyl hydrogen phos- 
its scandium oxide from 99.8 to 99.999 phate (0.85 molar) in kerosine, mixing | 

-. percent and priced it at $98 per 10 the aqueous and organic phases for 2 to . 
: grams.51 ns a 5 minutes. The organic phase was washed 
- ‘Technology.—In a study of the hyper- several times with hydrochloric and sulfuric | 

| basic massifs of the Ural Mountains, it acid solutions to remove most of the im- | 
. . 3 ae e ; 

| owas: found that all. the principal rock- ee merals. t see, scandium ee then a 
- forming minerals in pyroxenites are carriers Tee h racted (s ted h ) d ‘func te ad A , 

of scandium, but the main concentrations with concentrate yoromuonce acie. 
were in diopside and hornblende. The white precipitate of scandium a uoride 

. ~SceOs contents of the diopsides investigated formed which was contaminated with only . 
ranged from 0.01 to 0.02 percent and of small amounts of impurities, mainly thor * | 
hornblende from 0.005 to 0.015 percent. U™ and iron in the case of the wolframite , 
The Sc:Os content of olivine and mag- residues, and calcium, iron, titanium, and 

netite was very low, below 0.001 percent. 7Fconum (less t han I percent) in the case | 
' Various methods for extracting the scandi- of the tin-smelting slags. | i 

um were tried, using acid, bisulfate, and | Ion exchange equilibria between the cat- 

caustic fusion for decomposing the py- on exchange resin, Amberlite IR-120,. and - | 
| roxenites. Caustic fusion at 500° to 600° an aqueous solution containing a small 

C gave the best decomposition, and the concentration of scandium ions were meas- 

hydroxide residue was filtered, washed free ured.5° | 
of alkali, and dissolved in 18 percent hy- Several scandium alloys containing man- 

crochlonc acid. 4 Carbonate atte hi of "61 Chemical Week. New Chemicals. V. 96, 
this so ution pro uce a precipitate which, No. 9, Feb. 27, 1965, p. 12. 

after roasting to oxide, contained 5.1 per- y. eomissarova, L. Nea; F Borisenko,, and 
° e a 11. OSSIDIItTY O olatin = 

cent Sc:Os, and represented 81.2 percent gium From Pyroxenite. J. Appl. Chem. of the 
recovery.°2 U.S.S.R., (English transl. of Zhurnal Prikladnoi 

. . Khimii [Journal of Applied Chemistry]), v. 38, 
Tron sludges produced in some uranium No. 2, February 1965, Pp. Bad 247. R t 

: se oss, J. R., an . H. Schack. Recovery o 
, plants and wolframite concentrates are im, Seandium From Uranium Plant Iron Sludge and 

portant potential sources of scandium. From Wolframite Concentrates. BuMines Rept. 
_ : Inv. 6580, 1965, 22 pp. 

Laboratory scale techniques were developed 54 Navtanovich, M. L., A. S. Chernyak, and 
in which the scandium was solubilized in yu. z. Sutyrin. The Selective Extraction of 
: ; i ' : Scandium Wit yl Hydrogen Phosphates. J. 

inorganic acid, sulfuric acid being the most AO" Ghem. of the U.S.8.R., (English transl. of | 
economical. After reducing the iron to the Zhurnal Prikladnoi Khimii [Journal of Applied 

ferrous state with sulfur dioxide, the scan- Yhemistry]), v. 38, No. 2, February 1965, pp. 
dium was extracted by solvent extraction  Tateda, Akira, The Cation Exchange : Inyes- 

j ; tigation of Scandium Acetate and Sulfa ys- 
using either the alkyl phosphates or the tems. Bull. Chem. Soc. Japan (Tokyo, Japan), 
primary amine, JM—T, in kerosine solvent. vy. 38, February 1965, pp. 165-171.
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ganese, iron, cobalt, nickel, copper, and. were tabulated.5? The structural analysis 
beryllium were investigated. It was found was used to establish the existence of the 
that scandium forms the same compounds ternary compounds ScCoAl and ScNiAI.58 
as zirconium and hafnium, probably be- Calorimetric data for the dissolution of 
cause of the close values of the atomic radii © SceOs and ScCls in hydrochloric acid solu- 
of these three metals.56 Structure data on tion were used to evaluate the standard __ 
ScMg, ScAl, ScGa, ScIns, ScSi, and ScGe heat of formation of crystalline ScCls.59 | 

| Oo _ SELENIUM © | | 
~~ Production of selenium decreased 42 per- and a small quantity was used as an agent | 
cent and shipments increased 28 percent. — in chromium-plating solutions to improve 
There was an increase in the use of selen- _ the quality of chromium plate. 
ium in manufacture of rectifiers. The demand for ferroselenium was com- | 

Total Government-owned inventories on mensurate with shipments. 
December 31 were 403,702 pounds, 85 per- Stocks.—Stocks of selenium reached a 
cent of the objective. Inventories showed record high at producers’ plants in the first - 
97,100 pounds in the national strategic quarter of the year when they were re- 
stockpile, none in the CCC stockpile, and _ ported to be 1,324,700 pounds. - Stocks de- 
306,602 pounds in the supplemental stock- clined 23 percent during the remainder of 

pile. . , oe the year. = - sO | | 

porting scleniuen nrcduction knee Prices.—Selenium was quoted at $4.50 
eo a em gh ; ? per pound for the- commercial grade and 
and stocks were American Metal Climax, _ Per Pour a § a : 
Inc., Carteret, N.J.; American Smelting B 56 Giadyshevskii, E. L, P. J. Kripyakevich, Yue 

. . . ° uzma, an e ° ro 3OV. nary om- 
and Refining Company, Baltimor e, Md.; Sounds of Scandium With Transition Metals and | : 
International Smelting & Refining Co., Beryllium. u3®: Dept, of Commerce, Clearing- | 

" : ° ° ouse tfror era cientine ang iecnnical Ine 

_ Perth Amboy, N.J.; Kawecki Chemical formation, JPRS 28849, 1965, pp. 199-200 (Eng- 
~  (Co., Boyertown, Pa.; and Kennecott Cop- lish transl,). D. Honke. W: Jeitschko. and°O 

. : arthe, D., D. Honke;, W. Jeitschko, and. O. 
per Corp ”? Magna, Utah. Kawecki Chem- Schob. Structure Data of New Intermetallic 
ical is a manufacturing chemical company. Compounds. Naturwissenschaften (Berlin, Ger- 
The other four companies produced sele- Bah) v- 52, No. 7, April 1965, p. 155 (in 

| nium as a byproduct of: the electrolytic 88 Teslyuk, M. Y., and V. §. Protasov. [Crys- 
oe refining of copper oo . tal Structure of Ternary Compounds ScCoAl and 

s ° per. . - _ SeNiAI.] Dopovidi Akad. Nauk Ukr. RSR (Pro- | 
Consumption and Uses.—Selenium was ceedings of the Academy of Sciences of the 

used in electronic applications, xerography, aaveinian SSR), No. 5, 1965, p. 599 (in Ukrain- 
photoluminescent products, photoconductor 59 Stuve, J.M. Heat of Formation of Scan- 
cells, glass, rubber, alloy steel, as a cata- dium girichloride: BuMines Rept. Inv. 6705, 

| lyst in the processing of organic materials, 60 Prepared by Arnold M. Lansche. __ | 

SO Table 7.—Salient selenium statistics =o 8 _ 
. _ (Thousand pounds of contained selenium) a oo | : 

1956-60 1961 — 1962 1963 1964 =—s:1965. 
(average) | - 

United States: Se - 
Production 4.__.__.-- 837 1 ,022 999 _ . 928 - 929 - 540 
Shipments to a . . 

consumers. - = ..---- 743 - 787 741 679 646 824 | 
Imports for. . — 

| consumption... -... 190 117 . 159 339 293 251 
Consumption, 

apparent ?__._._._. 933 - 904 . 900 1,018 939 1,075 
Stock, Dec. 31, | | : 

producers-........- — 401 §15 — 7738 1,022 — 1,305 - 1,021 
Price per pound, 

commercial grade... $7.60-$9.70 $5.75-$6.25 $5.75-$6.25 $4.50-$5.75 $4.50-$6.00 $4.50-$6.00 
World: Production._....  .—s_- 11,726 - 2,097 2,095 2,033 2,100 1,740 

¥ Revised. OO 
1 Includes small quantity of secondary selenium for 1956-61. . . 
2 Measured by shipments plus imports.
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| - Table 8.—Free world production of selenium by countries | 

- - (Pounds) = - an 

Country 1961 1962 1963 1964 1965 Pp} 

Australiae..............------------- 3,000 3,500 3,500 8,500. = 4,000 
Belgium-Luxembourg (exports) ----- -- -- 51,808 29 ,542 §4 ,013. ® 87 ,082 — 93 ,084 

. Canada_..-...-.-.------------------ 430 ,612 487 ,066 468 ,772 ® 465 ,746 504,109 

Finland. .....---.------------------- 13,296. . 11,797 15,417 14,500 12,577 

Japan_.__........-.------------------ 300,262 309,314 313,494  _* 325,926 e 350 ,000 

~ Mexico__...-.-..-------------------- -§ ,642 ~. 6,953 6,336 — F9,345 © e 9,000 

Peru_____._.__---.------------------ 16 ,305 18 ,382 19,790 | 16,797 18,964 

Sweden__.....-.-.------------------ 213 ,846 154 ,322 ¥ 156 ,527 r 181 ,540 2141 ,094 . 

United States....-------------------- 1,022,000 999,000 . 928,000 929 ,000 - §40,000 

Yugoslavis._._....---.--------------._1,872 3,986 4,120. 8,439 e 7,000 

Zambia (formerly Northern Rhodesia) - - 88,292  *71,453 _ 62,891 © 57 ,631 e 60,000 

. ‘World total__._--.----.-------- 7 2,097,000 * 2,095,000 r 2,033,000 * 2,100,000 1,740,000 — 

eEstimate.  » Preliminary.  _* Revised. _ | oo | 7 
1 Compiled mostly from data available June 1966. . . . 

ce 2 Exports. ce a — - | | , 

$6 per pound for the high-purity grade. and other selenium compounds imported , 

_ _Ultra-high-purity selenium (99.999-++ per- from Canada totaled. 17,691 pounds and ~ 

| cent) sold for $13 to $20 per pound; on from Japan 605 pounds. 

: the basis of contained selenium, ferroseleni- pg as fey 
| : : ? - World Review.—World production of 

| um was quoted at $4.50 per pound on Jan- selenium decreased 17 percent compared __ 
uary 1 and on June 7 the price was in- senium | decreas /percen mpare 
oy | with 1964. | | 

_. . ereased to $5.0 - Bes 

: | Foreign Trade.—Imports of selenium Technology.—Patents were issued on a 

metal totaled 217,547 pounds ; Ganada sup- _ process for recovering selenium from an ore 

plied 190,979 pounds, West Germany 6,/94 containing uranium ;61 a method of depos- | 

| pounds, Japan 10,638 pounds, Peru 4,136 ~ iting lead selenide from a bath of ‘sele- 

: pounds, and the United Kingdom, 5,000 nourea, lead acetate, and potassium tri- 

pounds. Imports of selenium dioxide came _iodide;6 and a process for producing: crys- 

from Canada—8,369 pounds; West Ger- talline selenium oxide-and tellurium oxide 

many—6,600 pounds; and the United from a material containing elemental sul- 7 

_ Kingdom—100 pounds. Selenium salts fur, selenium, and tellurium.63 | : 

- — TELLURIUM © a | 

| The price of commercial grade tellurium new plant under construction at the Utah 

was unchanged at $6 per pound forthe 4th Copper Division, Garfield, Utah. : | 

consecutive year. — Consumption and Uses.—Tellurium was | 

Domestic Production. The primary used in the manufacture of free-machining 

source of tellurium was as a byproduct of © steels, tellurium-copper alloys, ceramics, 

electrolytic copper refining and lead re- chemicals, thermoelectric devices, and in 

fining. A small quantity was recovered the rubber industry. Shipments of ferro- 

from scrap. / tellurium were insignificant. 

- Companies that reported production, Stocks.—Stocks of tellurium at pro- 

shipments, and stocks were American Metal ducers’ plants increased 31 percent. 

Climax, Inc., Carteret, N.J.; American _ 61 Hart, James L. (assigned to Phillips Pe- 

Smelting and Refining Company, Balti- troleum Co., Bartlesville, Okla.), Flocculation of 

more, Md.; International Smelting & Re- Selenium Ais peste Medium. U.S. Pat. 

fining Co., Perth Amboy, N.J.; Penn Rare 2 62 Johnson, Thomas H. olgsrigned | to Santa 
; . arbara Researc enter, Goleta, Calif.). Solu- 

Metals, Inc., Revere, Pa.; Phelps Dodge tions and Methods for Depositing Lead Selenide. . 

Refining Corp., New York; and United US. Pat. 3,178,312, Apr. 13, 1966. 9150 M 
: : 143 ( anagase, Kenjiro (not assigned), u- 

States Smelting, Refining, and Mining Co., koyama, Fukumamachi, Munakatagun, Fukuoka- 

East Chicago, Ind. Kennecott Copper ken, Japan. Production of Selenium Oxide, Tel 

: ; - urium Oxide or Mixture ereof. ». Pa 
Corp. expects to begin producing com $179,497, Apr. 20, 1965. 

mercial grade tellurium late in 1966 at a 64 Prepared by Arnold M. Lansche.
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co : - .. ‘Table 9.—Salient tellurium statistics . : Oo | 

2 (Phousand pounds of contained tellurium) - - 

| oe | 1956-60 1961 1962 1963 1964 . 1965 
(average) 

| United States: . a | oe 
' Production, primary and secondary. - -- - - - 209 205 264 201 145 195° | 

Shipments to consumers_.._...-..--.---- 216 231 233. +1384 °&#®4122 146 
Stocks, Dec. 31, producers._..._.-..----- . 121 _ 64 87 141 162 212 — 

- Imports_---.-----.---.--------2----- te 8 7 NA -NA 2 6 18 
Price per pound, commercial grade__--_.. $1.86-$2.45 $4.00-$5.25 $6.00 $6.00 $6.00 $6.00 

World: Production- ~~ _._---.-------------- 269 | 375 §=©3960=—_- 3818 277) 387 

| t Revised. NA Not available. | BT 7 

Prices. — Commercial-grade « tellurium tion of tellurium unwrought metal, waste;  —_- | 
(99.7 percent) was quoted at $6 per pound — and scrap totaled 18,127 pounds, valued_ 
for the entire year. The following prices at $113,788. Canada supplied 13,875 
were in effect during the year: For 99.99 pounds ($92,224); Peru, 4,200 pounds 
percent grade, $11 to $15 per pound and ($20,550); and the United Kingdom, 52 

| for 99.999 percent grade, $21 to. $30 per pounds ($1,014). - 
pound, depending on quantity. The price 7 So, | - o 
of ferrotellurium was $4 to $5 per pound World Review.—World production . of - 
of material. = __ : tellurium was 22 percent more than in © 

Foreign Trade.—Imports for consump- 1964. . | / | | 

ae Table 10.—Free world production of tellurium by countries - , 
—. (Pounds) oe | pee 

, | Country 1961 1962 1968 1964. =. = 1965 1 

“Canada_____-----------------------. 77,609 58,7285 76,842  * 77,782 86 ,264 we 
Japan..__.....-.----...----.---.---- 16,486 23 ,168 18 ,256 7,573 20 ,126 
Peru____-.---..--------------------- 76,279 50 ,472. 26 ,634 46 ,757 36 ,045 
United States........--....---.----.- 205,000 264,000. © 201,000 145 ,000 "195',000 ” 

Free world total!__-_......-.-. 375,400 396 ,400 317,700 ‘277,100 337 ,400 | 

P Preliminary. __ * Revised. | | | 
1 Compiled mostiy from data available June 1966. 7 

Technology.—A phase study of the Nb- and is composed of about 30 percent sele- | 
Se, Nb-Te, Ta-Se, and Ta-Te systems was nium, 48 percent tellurium, and 22 percent 

~ reported.65 These dichalcogenides are of nickel. | 
interest to thermoelectricity, superconduc- Equilibrium phase relations in the min- 

tivity, and lubrication. : eralogically important gold-silver-tellurium 7 
A radiochemical method was developed system were determined at 290° C, 335° 

for the determination of trace quantities of | . . . a6 ——_______. . 
telluri um in nickel alloys. oe The paper 6 Revolinsky, E., B. E. Brown, D. J. Beernt- 
describes the sample irradiation process, sen, and C. H. Armitage. The Selenide and 

1 1 i Telluride Systems of Niobium and Tantalum. separation of the radiochemicals produced, J. Less Common Metals (Amsterdam, ‘Nether- 
and quantitative measurement of the radio- _ ands), v. 8, No. 1, January 1965, pp. 63-72. 

Vi i ID - 66 Morris, D. F. C., and N. Hill. Radiochemical 
ac livity : of tellurium precipitated as tellu Methods for the Determination of Trace Ele- 
rium dioxide. ments in Nickel Alloys. Pt. 1, Determination 

A new species of mineral containing of Tellurium. Metallurgia, Vv. 71, No. 424, Feb- 

. . . . ruary 1965, pp. 99-102. 
selenium, tellurium, and nickel was dis- 6? Hakli, T. A., Y. Vuorelainen, and Th. G. 

i } 67 i Sahama. Kitkaite (NiTeSe), a New Mineral 
covered in Finland The mineral, named From Kuusamo, Northeast Finland. Am. Miner., 
kitkaite, has the chemical formula NiTeSe  y. 50, Nos. 5 and 6, May-June 1965, pp. 581-686.
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~.s 6G, and 356° C, and alterations in the as- | CdTe and ZnTe melts were studied with 
_ . semblages were studied from about 50° C special attention directed toward their — 

| to about 800° C.68 | —_ electrical conductivity and viscosity.69 | 

| | 7 oo | a _ THALLIUM “° | | oe 7 | 

_ », Domestic Production.—American Smelt- _ Patents were granted for the use of thalli- | 
: ing and Refining Company, at its Denver, um as an activator or catalyst for certain —_ 

| Colo., plant, was the only domestic pro-.' photoconductive processes.72 In another 
| ducer of thallium.and thallium sulfate. =—ipatent, a thallium compound was employed | 

Uses.—The largest use of thallium was as a catalyst for producing spinnable poly- 
as the sulfate, a poisonous rodenticide and _ esters.?3 - | 

| insecticide. Thallium has a significant use. ————-_—_-__ SO 7 
' in electronics, such as for thallium-acti- | Ag. Cabri, ious F- qybase Relations. in the Au- 

oe vated sodium iodide crystals in photomulti- cance. eon. Geol. and the Bull. of the Soc. of 
plier tubes. Other uses of thallium were | Econ. Geol. v. 60, No. 8, December 1965, pp. 

_ in low-melting alloys, in optical glass, and ® Glazov, V. M., and S. N. Chizhevskaya. 
in. glass seals for the protection of elec- Study of the Physico-Chemical Properties of. 

ti nic c omponents. Fo, . Zine and Cadmium Telluride Melts. Dokl. Akad. . 
| ronic comp . . Nauk. S.S.S.R. [Proceedings of the Academy of 

| A significant development concerning Sciences of the U.S.S.R.], v. 154, No. 1, 1964, : 
| _ thallium was the action taken, effective ON Met. Abs. (London), v. 32, No. 5, 

- - August 1, by the U.S. Department of Ag- m prepared by, Harold J; Schroeder. . The 
. . : ° or. obinson, P. M., an . B. Bever. The 

| riculture, under authority of the . Federal Heats of Formation of the Intermetallic Com- 
Insecticide, Fungicide, and Pesticide Act, — pounds in InBi, IncBi, and TIBiz. Trans. AIME, 

. a ° of . : v. 233 et. Soc.), 1965, pp. 1908-1909. 
_ |. in prohibiting the private use of thallium 72 Mueller, Fritz W. H., and Curt B. Roth (as- 7 

. ‘products in control of insect and rodent _ signed to {General Aniline & fim Corp., New | 
to myling. oo . ‘+, York). -Photopolymerization o inyl Monomers 

pests. The ruling, publishe dj uly 3 in by Means of Thallium Compounds as Catalysts. 
the Federal Register, permits the use of U.S. Pat. 3,201,255, Aug. 17, 1965. a 

. he cts onl oy - Wachtel, Anselm (assigned to Westinghouse 
these products only by qualified personnel py ctrie Corp., Hast Pittsburgh, Pa.). Thallium. 
in Federal, State, or local governments, Activated Zine Sulfide Phosphor. U.S. Pat. 

ice. i i 3,210,290, Oct. 5, . _ Price.—The price of thallium metal was 7 Advani, Ram. (assigned to Firma Hans J. - 
aoe $7.50 per pound. . Zimmer ee ren eee Frankfurt am Main, . 

. . Te 1 — he: ion: est Germany). Preparation of Spinnable Poly- 7 Be ogy-—The heat of formation for vers Using ‘Thallium Catalysts, U.S. Pat. 
- ‘1Bie was included in reported research. 8,220,982, Nov. 30, 1965. . }
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| a | _. GREENSAND> 
, Domestic production of greensand (glau- duction for the 5-year period 1961-65 was 

conite) increased 15 percent in quantity 4,306 tons valued at $200,200. The ma- | 
| and 13 percent in value compared with terial was marketed for use as a soil con- : 

that of 1964. Since only two firms were  ditioner and a water softener. ' 
in operation, statistics on production and | | 

sales for the year are not reported in order An article of mineralogical interest was 
to avoid disclosure of individual company published concerning the New Zealand 
confidental data. The average annual pro-  glauconites.?__ CO | 

| - MEERSCHAUM? > a | 
Since the meerschaum pipe industry be- smoking . pipes. Statistics on ‘finished oe 

gan over 200 years ago, the nearly singular meerschaum products are not compiled by ; 
use of meerschaum has been for the manu- the Bureau of Mines. | 
facture of smokers’ articles, such as pipes Rich meerschaum deposits near Eskise- 

and cigar and cigarette holder Ss. Consum- hir, Turkey, have been the primary source 
ers of meerschaum (the mineral sepiolite) of the world’s supply of this material since 
in the. United States continued to rely on the middle of the nineteenth century. Dur- . 
imports for all their raw material in 1965. ing the past 10 years, however, deposits in : 
There has been no reported domestic pro- France, Somali Republic, and Tanzania 

duction since 1914. 7 | have been developed. Production from 
_ Meerschaum imports for consumption in Tanzania-Kenya exceeded that of Turkey _ 
1965 totaled 39,407 pounds valued at in 1957. The meerschaum: mined from 
$27,695. These figures represent an in- deposits near El Bur in the Mudugh re- _ 
crease of 35 percent in quantity but a de- gion of thé Somali Republic was previous- | 
crease of 25 percent in value compared to ly consumed locally, but some of: this ma- . 

_ 1964 totals. The principal supplier was terial entered the world market in 1965. 
Turkey with 93 percent; the Somali Re- —TProured by Richard W. Lewi 

_ public, 5 percent, and France, 2 percent, ee OY NBT ENS WIS 
provided the rest. | Pellets "in “New Zealand “Glauconites: Amer, 

Additional quantities of meerschaum aero 1nO6. Nos. 7 and 8, July-August 1966, _ 
were imported as finished articles, mainly 3 Prepared by R. C. Briggs. | 
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| | ~ QUARTZ CRYSTAL a 

ELECTRONIC-GRADE 4 OO | 

Raw quartz crystal consumption de- The Bureau of Mines received reports 
creased 8 percent from last year although in 1965 from 40 crystal cutters, represent- P mB of pres 
the consumption of manufactured quartz ing 41 consumers in 16 states. Finished : 
e p e ° e e e , e 

increased substantially. Finished crystal piezoelectric units were produced by 38 
| unit production decreased very slightly. of the consumers; the others produced only 

Domestic Production.—No domestic pro- semifinished blanks. Twenty consumers in — 

duction of atual clectoniegrade quarts Stats used 90 percent of the tal raw 
was reported in 1965. At yearend produc- ey ese ws 7 . 

_ tion of manufactured quartz for electronic retained hy percent the cading nom 
use was reported by six companies: Amer- . : ayes an 
. ¢ sumption. Massachusetts, Illinois, Mis- 
ican Hydrothermal, Inc., Groton, Mass.; souri. and Kansas followed in the order . P. R. Hoffman Co., Carlisle, Pa.; Sawyer liste d | | | 

: nesearch es Inc., aaaake, Ohio; Sixty producers, in 20 States, fabricated 
j -Kinetic Corp., . Tuscon IZ. 5 . . .? ? 

: os Fleet C t 4 Ne on; ny > piezoelectric units. Of these, 23 worked 
a ranscom Miectronics, inc., Newport, K. t.; from partially processed quartz crystal 

and: Western Electric 0 Inc., Noh ane blanks and did not consume raw quartz 
over, Mass.. Sawyer Research Products a " ee 

7 tr ? rted ler of bout 50.000 ds crystal. Forty-five plants in nine States 
nc., reported sales of about 50, pounds plied 87 t of the total output of 

/ of manufactured quartz. The Western ‘SUPP ICG O/ Percent oF the total output o 
| Electric Co. continued to produce quartz finished crystal units. Production con- 

for its own use and the use of its affiliated sisted of 8 2 percent oscillator plates, and 
| ‘companies. | | } the remainder consisted of filter plates, 
. _ P " | | , telephone resonator plates, transducer crys- 
- Consumption and Uses.—Raw quartz tals, and miscellaneous items. | Filter plate 

crystal consumption for the production of production rose slightly. Resonator plate 
a piezoelectric units decreased almost 29,000 production remained essentially unchanged. 

pounds from the previous year. Manu-  Prices.—The price patterns of electronic- 
factured quartz crystal continued its steady prade quartz crystal and lasca remained - 

increase, and 50,647 pounds were con- unchanged from those of previous years. 
| _ sumed, an increase of almost 45 percent Foreign Trade.—Imports of electronic 

over that of 1964. Almost 18° million and optical-grade quartz crystal valued in 
pnished quartz crystal units were produced a. cece of $0.50 per pound reached 323,530 | 

, rome eo Pounds th, f Taw the pounds valued at $913,081, an increase of — 
| ry surmee Curing me year. © 22 percent in quantity and 72 percent in 

yield of finished quartz crystal from manu- value. The average value was $2.82 per 
_ factured quartz 1s at least three times great- pound. Brazil continued its position as 

er than the yield from natural quartz | | | 

crystal, | 4 Prepared by Benjamin Petkof. a | 

Table 1.—Salient electronic- and optical-grade quartz crystal statistics 

1956-60 1961 1962 1963 1964 1965 
(average) 

Imports of electronic- and optical-grade 
quartz crystal !_thousand pounds. --- 454 854 325 282 r 264 324 

Value__.____.....-thousands. --_ $655 $762 $731 $447 . T $532 $913 
Consumption of raw electronic-grade 

quartz crystal ?.thousand pounds. --- 188 216 291 325 344 315 
Production, piezoelectric units, 

number °__.___...__._thousands---- 6,444 9,822 11,787 13,614 17,920 17,832 

T Revised. 
$0.60 ers through 1963 are mostly Brazilian pebble valued at $0.35 or more per pound; 1964—65— 

e per pound. 

2 For 1956 and subsequent years, data include some reworked scrap quartz crystal. 
3 For 1957-65 includes finished crystal units produced from reprocessed blanks, from raw quartz 

previously reported as consumption; and from imported blanks; 1957-62 and 1964-65.
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the world’s major producer and provided World War II. News of the find attracted a 
almost 96 percent of U.S. imports. The many people to the area for both mining : 
remainder came from Argentina, Japan, and supplying goods and services to the 

: Canada, and the United Kingdom. Quartz influx of people. : | : 
- erystal imports valued at less than $0.50 |§ Technology.—Acoustical and growth a 

per pound totaled 858,223 pounds valued properties of rapidly grown manufactured ~ : 
at $170,258. Most of the material came quartz can be affected by chemical addi- m 
from Brazil. This material, which is gen- tives. Lithium salts increased the “Q” | 

| erally known as lasca, was used for the (the reciprocal of the damping factor in . 
manufacture of fused quartz and as feed elastic vibration) of the manufactured ma- 
material for the production of manufac- terial. Doping growing crystals with lithi- 
tured quartz crystal. um has permitted acceptable quartz crystals 

Exports of raw quartz, both natural and to be grown more rapidly.5 7 
| manufactured, reached 106,701 pounds The strength of manufactured quartz | 

_ and was valued at $968,907." About 93 crystal decreases when the crystal is raised | 
percent of all exports went to Japan, Can- to high temperatures. Plastic deformation 
ada, United Kingdom, Sweden, France, can be produced without causing fracture | 
West Germany, Yugoslavia, and Israel. because the contained water has hydrolyzed | : 
World Review.— Brazil.—in March the silicon-oxygen bonds. The silanol 

quartz crystal was discovered at Crystalina, groups formed become mobile by increas- - | 
Goids State, south of Brasilia. ‘The area ing the temperature to 400° C and align | 
had been previously known to have quartz themselves in dislocation under. the influ- 
crystal deposits and was worked during ence of a small applied shear stress.é | 

, | |  STAUROLITE 7 cS ce | 

=) Staurolite, a complex silicate of iron and ing ilmenite from Clay. County sand, re- 
: aluminum that finds application as sand covered staurolite as one of the byproducts. 

blast abrasive and as an ingredient in  Staurolite sold for abrasives in 1965 was 
| some portland cement formulations, was 54 percent less in tonnage and 53 percent 

produced in 1965 only in Florida. The  less-in value than the quantity sold for. 
_ Highland and Trail Ridge plarits of E. I. the same purpose in 1964. 

du Pont de Nemours & Co., Inc., separat- . OC | | | 

| | | 7 STRONTIUMS = ——— | | 

: For the sixth consecutive year there was received. —_ | , 
no reported domestic production of stronti- Domestic Production.—No domestic pro- | 
um minerals. Imports for consumption duction of strontium minerals was reported | 
of strontium minerals dropped sharply com- in 1965. This marks the sixth consecutive | 
pared with 1964 totals. The United King- year that all strontium minerals needed 

_ dom and Mexico continued as the leading to meet U.S. requirements came from for- 
foreign suppliers of celestite, although im- eign sources. Celestite was the principal — 

. ports from Spain were reported for the first strontium mineral imported. Companies 
time since 1949. There were no significant importing celestite and. converting it to 
new uses for strontium or strontium com- various strontium compounds included E. 
pounds reported during 1965. I. du Pont de Nemours & Co., Inc., Gras- 

Legislation and Government Programs.  selli, N.J.; Foote Mineral Co., Exton, Pa. ; 
—The General Services Administration and FMC Corp., Modesto, Calif. 
(GSA) again offered for sale about 12,500 King Laboratories, Inc., Syracuse, N.Y., . 
short tons of nonstockpile-grade celestite continued as the only domestic producer 
through bids opened on April 29, 1965. ——————— | 

This ore, with a $180. content of about 93," Hallman: Albert A. and Devid_ W. Rudd 
percent, was offered on an “as is” basis Eng., v. 9, No.1, January 1965, pp. a7. te 
from the GSA warehouse in Point Pleasant, riggs, -. i. and J. D. Blacic. Quartz: 

W. Va. Most of the material (9,632 cue y 1d) No S658) Jom ah 1962 oe Sone 
tons) came from Spain and the remainder 295. 
from Mexico. No acceptable bids were 8 prepared py q Robert, Wells. |
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| _. ‘Table 2.—U.S. imports for consumption of strontium minerals,1 by countries | 

ee Se ~ Country | a os — a 
. Oo . | Short tons Value Short tons | Value 

Italy__.._...-_-_------------------ = 16 $4,200 «6 C&S 1,425 , 
a Mexico....-----------2--22-- 0002000 5,278 66,824 3,224 44,108 

: pain__._.___..__-------------+---------------- 0 ----sspeee +77 =z ' , 

United Kingdom_-.----------------------------- 16,323 435,474 4,882 140,125 

0  Potal..----------------------2----------- 21,617 506,498 9,741 221,127 

1 Strontianite or mineral strontium carbonate and celestite or mineral strontium sulfate. 

of strontium metal. They produced only World Review.—Estimated free world 

a minor quantity and consumed most of production of strontium minerals during 

-. it themselves. - ; | 1965. was considerably less than that- of 

-- Consumption and Uses.—The largest 1964. The United | Kingdom was. once 

oo quantities of strontium are consumed as ~ again the free world’s principal producer 

- compounds. Strontium carbonate and- with Mexico a close second. . ‘The United 

‘strontium nitrate’ are the principal com- States continued as the leadi ng consumer | 

a pounds manufactured from imported ‘cel- of strontium minerals while the small re- 

estite and-sold by producers. The ability quirements of most other countries were _ | 

| of strontium to impart a brilliant crimson satisfied by importation of prepared stron- : 

_ - color to a flame is the reason its salts are tium compounds and products. oe | 

an used primarily in pyrotechnics, flares, and Technology.—Most of the reported tech- 

fireworks. Strontium salts were also used | nological advances centered around uses | 

oo in ceramics, greases, medicines, plastics, of strontium and strontium compounds : 

| | and zinc refining. | rather than the mining or processing of 

: ‘Strontium metal was used largely in get- strontium minerals. A me thod of handling 

ter alloys to remove traces of gas from strontium 90 ‘was described ma newly 
| : issued patent. The method involves mix- _ 

vacuum tubes and as a scavenger in metal-. . 0 d 
lurgy | ing a strontium 9 compound, selecte 

— " oo from the group of strontium 90 oxide and | 

| | Prices.—Prices of various strontium com- strontium 90 carbonate, with lithium fluo- | 

pounds, as quoted throughout the year in ride and melting the mixture. Above a | 

| Oil, Paint and Drug Reporter, have re- melting temperature of 800° C the com- 

- mained unchanged since 1955 and were ponents react. The reaction product is 

| - the same as those quoted in previous Min- cooled and dissolved in mineral acid.9 

: erals Yearbooks. . _ Another patent was granted for a proc- 

Foreign Trade—The quantity of stron- ess to purify strontium solutions by ion ex- 

7 - tium minerals imported during 1965 was change. By this veted the aoe ton 

considerably less than the comparable 1964 values can be extracted? Irom a so ution 
figure. Total value of strontium imports that also contains lanthanide rare-earth _ 

dropped in proportion to quantity because metal values, calcium, sodium, cesium, iron, 

the average unit value was nearly the same. lead, ruthenium, zirconium, and niobium 

Although the United Kingdom continued values. After adjusting the pH of ane 

as the principal foreign supplier, quantity so void. a “ ue between F d 4 he 

and value of celestite imports from that W°4*-4C complexing agent added to the 
country declined 70 and 68 percent, re- solution forms complexes with all metal 

3 « . 

spectively, from those of the previous year. values except calcium and strontium. The 
Imports of celestite from Spain were re- solution is then passed over a cation ex- 

ported for the first time since 1949. Italy change resin wien absorbs me sion 
supplied the only imported strontium car- 7” strontium while the complexed meta 
bonate. Other strontium compounds im- values remain in solution. Calcium and 

ported included 5,000 pounds of strontium A Amos, Lawrence Cc. (assigned to the Us. 

1 : - tomic Energy Commission). trontium Com- 

nitrate , nd 2,426 pounds of organic stron position and Process of Making It. U.S. Pat. 
tium salts all from West Germany. 3,165,475, Jan. 12, 1965,
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strontium values are recovered from the using strontium 90 as the power source. 
--resin.10 | It is reported that small power sources of | 

The first generator in Britain powered this type can last for 10 years or more 

by a radio isotope was developed by the without refueling and require little main- 
| United Kingdom Atomic Energy Authority tenance. oo | 

WOLLASTONITE 22 _— 

_ Sales of wollastonite in 1965, mostly for tile mixtures.14 A description was pub- 
the manufacture of ceramics, especially lished of a Mexican establishment that 
wall tile, floor tile, and glazes, were 2 per- currently turns out about 200,000 floor 

| cent less than in 1964. Although a new and wall tile per day. The operating com- 
: producer, American Non-Metallics, Inc., pany, whose formulations combine wollas- | 

of Sherman Oaks, Calif., reported sale tonite mined in Mexico with clay and talc — | 
: of a minor quantity of wollastonite to tile imported from the United States, plans 

makers, virtually the entire domestic supply soon to double its present plant capacity 
of this material suitable for ceramics use and to install a fast-firing kiln system.15 
came from the Willsboro mine of Cabot —— Wollastonite was an ingredient in two | 

_ Minerals Division of Cabot Corp. in Essex special paint formulations covered by re- 
County, N.Y. Also in New York, a small cent patents.16 A Canadian patent was 
quantity of wollastonite was mined by given for a nonshrinking and nonharden- _ 
Adirondack Development Corp. for experl- ing bituminous adhesive mixture of which — 
mental use. Other domestic production wollastonite is an essential component.17 | 
was limited to that of a finer-grained ma- Also patented in 1965 was an application 
terial quarried by two companies in Cali- of wollastonite in the forming of cores for 
fornia for building stone. oo aluminum alloy casting.18 

Prices quoted for wollastonite in Oil, 0 Wheslwright, EJ, J. A. Bray FP. Rob. 
. ° : eelwright, E. J., J. A. Bray, F. P. Ro 

Paint and Drug Reporter without change erts, and R. L. Moore (assigned to the U.S. 
from October 1960 through December Atomic Energy Commission). Purification of 

1965 were as follows: Fine, paint-grade, Strontium qeolutions RY sgn Exchange. U.S. — o 
. bags, carlots, works, $41 per ton; less than _11 Metal Bulletin (London). Bismuth Tellu- - 

carlots, ex warehouse, $51 per ton; medi- ride Potential. No. 4997, May 14, 1965, p. 26. 
um, paint-grade, bags, carlots, works, $29 . Erepared by J. Robert Wells. ves N | : 

: : arpenter, Scott. ollastonite, Yes, No, or 
ihe per ton; less than carlots, ex warehouse, Maybe! Ceramic News, v. 14, No. 4, April 1965, 

$39 per ton. : pp. 8-9. : : 
Technology.—A journal article listing 14 Svec, J. J. Why the Tile Industry is Going 

7 d f dditi f llastonit to Fast Firing. Ceramic Industry, v. 85, No. 2, : advantages from addition of wollastonite August 1965, pp. 66-58, 72-73. 
to ceramic body mixtures stated that “For 15.Svec, J. J. Ladrillera Monterrey Produces 

. : 5144 Million Tile per Month. Ceramic Industry, both the whitewares and the wall tile v.85, No. 6, December 1965, pp. £6 96. | | 
producer .. . a pure grade of wollastonite 16 Vukasovich, M. S., H. L. Johns, and E. a 
1 | ; | ; | 1 ; Wainer (assigned to Horizons, Ine., Cleveland, | is an essential ingredient if rapid firing is Qiioy (cating Composition US, Pat Si6he to be successful.” In this same connection 439, Jan. 26, 1965. 

i i igh- Vugasovich, M. S., H. L. Johns, and E. Wainer 
the author cited P roduction of nist (assigned to Horizons, Inc., Cleveland, Ohio.) 
strength unglazed biscuit tile with hing Coating. Composition. U.S.. Pat. 3,179,527, Apr. 
17 minutes of firing time.13 The thir , . | 

. . 17 Morrow, F. C., and L. F. B ble (assigned 
Cabot-Ferro Seminar, held at Lake Placid, to Gulf “States Asphalt Con Inc.). e (assigned 

i i 1 1 at. ,228, ay 25, 1965. 
N.Y., dealt esp ecially with kilns designed 18 Ingles, T. A. (assigned to Doulton & Co., 
for rapid firing of wollastonite-containing Lta.). British Pat. 1,005,136, Sept. 22, 1965.
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- INDEX 

e The index consists of two parts: A com- Readers seeking information on mine 

e modity index andacompany index. Because production for States, Territories, or posses- 
e nearly all commodity chapters in Minerals _ sions should refer to tables in the Statistical 
7 Yearbook, volume I, follow a standard Summary chapter, starting on page 95. 

™ ° . o.e 

: outline (Introductory Summary, Domestic These tables show the commodities produced 
° Production, Consumption and Uses, Stocks, in each area, thus guiding the reader to the 

Prices (and specifications), Foreign Trade, appropriate commodity chapters. For com- 
World Review, World Reserves, and Tech- plete area information, however, the reader 

nology), references to such data have been _ should refer to volume III. 
: omitted under the various headings. 

: Commodity Index 
i. 

& Page Page 

2 Alumina. See Bauxite chapter_.___.......... 221-285 | Copper-___-_-_-___-__---.-.--__---_--_----- 353-888 
. Aluminum -_.__-_.--.---.---.---------------- 165-189 See also the following chapters: 
i See also Bauxite chapter____....._....__._ 221-235 - Cobalt__.___....--..------2-2_-_-__-_ 329-335 
A Aluminum oxide__----.---___-_---.-. 160-162, 223-224 - Gold... -..-.-.----------------------- 483-454 
eo Aluminum salts.......-..--..-----------------. 225 Lead _..-...--.-.-_-.-.--------------- 567-596 
a Amblygonite. See Lithium chapter____....._ 607-610 Nickel_.-._.._...._-..-.---...-_-__.___. 681-694 
é Ammonium compounds. See Nitrogenchapter. 695- Silver___..__.._._._.._-_-_._-.-_-_-_--- 829-850 
uo 707 Zinec.____.--.......----.--.-.-----.- 1017-1047 

7 Amorphous graphite. See Graphite chapter__ 455-461 Corundum..-___.__-_------- eee 151 
\ Amosite asbestos. See Asbestos chapter_..... 201-211 Crocidolite asbestos. See Asbestos chapter... 201-211 

Andalusite. See Kyanite and related minerals Cryolite.._.___.-_ eee 426 
chapter..._-_...-..---_--.22__ -2--_----__ 5638-566 Crystalline graphite. See Graphite chapter__. 455-461 

Antimony-..__...._-_-_.22--- 222 2-_--_-__-_--. 191-200 Diamond (gem). See Gem stones chapter_.._. 427-432 
Apatite._..._.-..- 2-2, 725 Diamond (industrial) ...-..............._._.-. 152-160 
Aplite--.--....---- 2-2 eee ee--------. 400 Diatomite_-_-...-....-.--..-.._.2- .___.___--_ 389-392 
Arsenic_._....------------------------------ 1059-1061 Dolomite. See Stone chapter. -_-_........---.- 863-888 
Asbestos_..-...-..---._- 2-22 eee e-----_ 201-211 Dolomite (dead-burned). 
Ball clay. See Clays chapter_____._-__-______ 309-328 See the following chapters: 
Barite._.__..-_-._-.._-____-2 2 --__--__ 213-219 Lime_-__....__----2---- 22 -____-__---- 597-606 
Barium chemicals. See Barite chapter___.... 213-219 Magnesium compounds. .......--.--. 621-630 
Basalt. See Stone chapter._._____________.__ 863-888 Dumortierite. See Kyanite and related min- 
Bastnaesite. See Rare-earth minerals and metals erals chapter_...........--_-------.---_--_-- 563-566 

- chapter........-------.--.-.----...-........ 767-777. Emerald. See Gem stones chapter___.._._... 427-432 
Bauxite____-_....-----.-----2--------- 221-285 Emery. -_..-----....-.---------_------------. 147, 152 
Bentonite. See Clays chapter_...____________ 309-328 Europium. See Rare-earth minerals and metals 
Beryl. See Beryllium chapter_...._.___.__._. 237-242 chapter_.__........._......--.--__---------. 767-777 
Beryllium --__....__.-_-_ 2. 237-242 Feldspar--...-..__...._.-...__-_____-_--------- 393-399 
Bismuth. --__.--.---_--------------..-_.---.-.- 248-247. Ferroalloys___._.__.__._.____._.___-_---_----- 401-412 
Blast-furnace slag.........._.._.........--_-_- 851-854 Ferroboron 
Borax. See Boron chapter__._..._____.______. 249-256 Ferrocarbon 
Boron and boron compounds. ._.._._...._.__. 249-256 Ferrocarbon-titanium 
Brass. See Copper chapter_.............___._. 353-388 Ferrocerium 
Brimstone-_-___..........-----_--------.-_._-._.. 891 Ferrochromium 
Bromine.---.._...__--..-.--._-----_-____-_-._ 257-260 Ferrocolumbium . 
Bronze. See Copper chapter__.....__.__-____ 353-388 Ferromanganese 

‘ Brown ore. See Iron ore chapter_____........ 475-507 Ferromolybdenum 
& Cadmium and cadmium compounds--_..____. 261-266 Ferronickel 
] Caleareous marl. See Stone chapter..__..__._ 863-888 Ferrophosphorus - 

Calcite.......-.-..- 2 eee ie.) 268 Ferrosilicon 
~ Calcium and calcium compounds____._.__.._. 267-270 Ferrosilicon—boron 

| Cassiterite_--........--- 222 ee _ll.-_--. = (984 Ferrotantalum-columbium 
, Celestite. See Strontium__._._._.._......__ 1077-1078 Ferrotitanium 

. Cement-_.__..-...-.-_-----_-----2-_-- 271-295 Ferrotungsten 
. Cerium. See Rare-earth minerals and metals Ferrovanadium 

chapter._......--..-.--- 2222-22 -__--_-.. 767-777 Ferrosilicon-zirconium 
Cesium __-__...---..--_-__2------ -------- 1061-1063 Ferrozirconium 
China clay. See Clays chapter_....._.._.__.. 309-328 Silicomanganese 
Chromite. See Chromium chapter_.._.-..._. 297-307 Silvery iron 
Chromium. _.-_.....-__.--...2-2222_ 2. -_.-- 297-307 Silvery pig iron ; 
Chrysotile asbestos. See Asbestos chapter__. 201-211 See also separate commodity chapters for 
Cinder (volcanic). See Pumice chapter__--.. 763-766 principal ferroalloy materials. 
Clays_....--.-------------.---....------..--- 309-328 | Fireclay. See Clays chapter_.__....._._____. 309-328 
Cobalt. __--..-.--.----------.-----------2.--. 320-335 Fluorspar______.__-.._-_-___-_-__---.----__--. 413-426 
Colemanite.___......-.-_-_._--.-_..-_..-...__. 249, 252 Fuller’s earth. See Clays chapter._.......... 309-328 
Columbite. See Columbium and Tantalum Gallium____....-__. 2-222 --__-- 1063-1064 

chapter_..__.....---.--.-------.-----.-----. 337-852 Garnet (abrasive)__._...._......---.---.------- 151 
Columbium......_._...--_-_..22-----______. 337-352 Gem stones..._____-.-.----------------------- 427-482 

232-748 O-67—69 1081
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. Page Page 
Germanium. __..__--.---------------------- 1064-1066 Phosphate rock---.-.........-.-...-_._-__-_-__--- 713-733 
Glauconite_-_-..-.----------------------------. 1075 Pig iron. ; 
Gold_.--.------------------------------------ 483-454 See the following chapters: 

See also the following chapters: , Tron and steel_.._..._--....--.__.-... 509-531 
Copper.._.-------------------------.- 353-388 Tron and steel scrap_._._.........----_ 5383-556 
Platinum-group metals._..._...--_.... 735-746 | Platinum-group metals___..__....._.____.____ 735-746 
Silver. ..._--.----------------------_-_. 829-850 | Plutonium. See Uranium chapter_.......... 973-991 

Granite. See Stone chapter__._..---------... 863-888  Pollucite___..-..--_------_-.-...-.........-. 1061-1062 
Graphite. __...-----------------------------.- 455-461 Potash. __-.---------------.-----------.------ 747-761 
Gravel. See Sand and gravel chapter--.-...._. 801-820 Potassium salts. See Potash chapter_........ 747-761 
Greensand __.----------------------------------- 1075 Pumice ..-..--------------------..__..--_._--- 763-766 
Grinding pebbles--_-.-..---------------------.--. 151 Pumicite. See Pumice chapter__....._.__....: 763-766 

Grindstones.......---------------------------.- 151 Pyrites. See Sulfur and pyrites chapter___.. 889-908 ot 
Gypsum.......--..---------------------------- 463-470 | Pyrochlore----.-.--.-.-----------------.- 345, 347-348 “ 
Hafnium. See Zirconium and hafnium chap- ' Pyrophyllite. See Talc, soapstone and pyro- 1s 

ter__.-...-.------------.------------------ 1049-1057 phyllite chapter. ......_-.-..-_-_-_-_--____-__ 909-915 Be 
Hematite. See Iron ore chapter_-------...... 475-507 | Quartz_-----_--.------.-----.---------------... 878 ’ 
Ilmenite. See Titanium chapter. -.-.-..._..... 939-954 Quartz crystal, electronic grade___.._....... 1076-1077 
Indium_-........------------------------------- 1067 Quartzite_____-------.------------------------ 878, 882 
Todine.._...-..---.--------------------------- 471-474 Quicklime. See Lime chapter--_.__-.---...... 597-606 
Iridium. See Platinum-group metals chapter. 735-746 Radium___._-..-....--..------------------- 1068-1069 
Iron ore_._..--------------------------------- 475-507 Rare-earth minerals and metals....----....... 767-777 
Iron and steel_..----------------------------- 509-531 Rhenium .._._....---.---.-------------------- 779-785 
Iron and steel scrap_---.---------------------- 533-556 Rhodium. See Platinum-group metals chapter. 735- 
Iron oxide pigments-------------------------- 557-561 746 
Jade. See Gem stones chapter. ---.-.---..... 427-432 Rubidium--_--.----------__----.------------ 1061-1063 
Kaolin. See Clays chapter_._...........-...- 309-328 | Ruby. See Gem stones chapter___---......-. 427-432 
Kernite..........-...--------------------------- 249 Ruthenium. See Platinum-group metals 
Kyanite and related minerals_---.--------..-- 563-566 chapter _--....--.-----.--------------------- 735-746 
Langbeinite.......----------------------------- | 749 Rutile. See Titanium chapter__.-.......-.-. 939-954 
Lead __.-....--------------------------------- 567-596 Salt_._....---------.------------------------- 787-799 

See also the following chapters: Sand. See Sand and gravel chapter_._.....-. 801-820 
Copper._._..-.----------------------- 353-388 Sand and gravel________.._.__......_---...-.- 801-820 
Silver__.....--__----_---------------- 829-850 | Sandstone. See Stone chapter_-.......-..---- 863-888 
Zine._...-..------------------------ 1017-1047 Sapphire. See Gem stones chapter-_-_-........ 427-432 - 

Lepidolite. See Lithium chapter-...--..--.-- 607-610 | Scandium--------.-.....------------------- 1069-1071 
‘Leucoxene._._.-.--.-------------------------- 940,943 | Scheelite_........_.-.-....--.----------------- 965-968 . 
Lime_-_-_-...------_-__.---__--.---------------- 597-606 | Selenium....-__.....-.-...-.-_--.---------- 1071-1072 
Limestone..___........------------------------- | 277 Sepiolite._........_-.-_-_-_-_-_----------------- 1075 

See also Stone chapter-_._...---.---------- 863-888 Sericite schist_........_...-----..--------------- = gp 
Litharge.............______-.-.-----------.---- 580-582 Shale ..___.--------- eee eee -- 277 
Lithium..___........-.----------------------- 607-610 Sharpening stones__._.........------------------ | 151 
Lithopone__.....-..--..------------------------ 216 Shell. See Stone chapter...........-...-..--- 863-888 
Magnesia. See Magnesium compounds chap- . Silicon__.-.---22- 2-2 eee ---- 821-828 

ter. __...--.---_--.------_--_-_.-._...--_---- 621-630 Silicon alloys. See Ferroalloys chapter_--.... 401-412 
Magnesite. See Magnesium compounds chap- Silicon carbide ..-..__....._._-...----...------ 148-149 

ter...-...._.---.__.__._..-.-_---...-.------- 621-630 | Sillimanite. See Kyanite and related minerals 
Magnesium.____..-..___....----------------- 611-619 chapter_.......-.-.-----..----.------------- 563-566 
Magnesium compounds. .-__.._-...-_----.---- 621-630 Silver____----___- 22 ----- 829-850 
Magnetite. See Iron ore chapter_.._-.--..--- 475-507 See also the following chapters: 
Manganese. ......__._-___--____---_-------.-- 631-645 Copper_-.__...-------._--_----------. 353-388 
Manganiferous ore. See Manganese chapter. 631-645 Gold____..--.---------------.--.-.--- 483-454 
Marble. See Stone chapter__.__.__...------- 863-888 Lead. ...----------------------------- 567-596 
Marl. __--..----- eee ee----- 207 Zinc._._---------------------------- 1017-1047 
Meerschaum..____.__._.-.--------------------- 1075 Slag: Iron-blast furmace...........---...------ 851-854 
Mercury. .____.---..---.-_-.--.-------------- 647-656 Slate. See Stone chapter__....-....-----.--.- 863-888 
Metallic abrasives_............._..._--------- 162-163 Soapstone. See Talc, soapstone and pyrophyllite 
Mica____-__.--.-----_---- eee ------- 657-668 chapter...._.__-_-_..---.-_---.--.-..------- 909-915 
Millstones......---_-..-.-_.2------------------ 151 Sodium and sodium compounds.-...-.....---- 855-861 
Mineral pigments. Spodumene. See Lithium chapter._-....-.-- 607-610 

See the following chapters: Staurolite._.....-.-..-------------------------- 1077 
Tron oxide pigments. -_._._.__--------- 557-561 Steatite................-----_-__-_----.---------- | 912 
Lead__..-....----_--_---_--------- 567-596 Steel. See Iron and steel chapter.-......---.. 509-531 
Titanium___._____2-_-_-_.-____-.-_--- 9389-954 Steel scrap. See Iron and steel scrap chapter. 533-556 
Zin@___...___-_____-_-._-.----_------ 1017-1047 Stone .___....-.-------------------_------- 863-888 

Misch metal. See Rare-earth minerals and Strontium .___-._..__........-.-_-------.----- 1077-1079 
metals chapter__...___.____....-_-__-__----. 767-777 Sulfur and pyrites.........._.-_-_-....._----- 889-908 

Molybdenite. See Molybdenum chapter..... 669-679 Sulfuric acid.-._..._.-.---.-------------- 357, 362, 1025 
Molybdenum___.____._________________.__.-- 669-679 | Taconite. See Iron ore chapter--..-....------ 475-507 
Monazite. Tale_.._._----------_.- eee --- 909-915 

See the following chapters: Tantalite. See Columbium and Tantalum 
Rare-earth minerals and metals_....-. 767-777 chapter..........-.------.----.------------- 337-352 

_ Thorium.__...._....._...------------ 917-922 Tantalum___...--...-.-.--------------------- 337-352 
Mullite. See Kyanite and related minerals Technetium_._.......----.-.----------------- 784-785 

chapter.._.._...___________.______-.--_-.--. 563-566  Tellurium______--_---_--------------------- 1072-1074 
Muscovite._._....__________________.._--__--- 658-659 Thallium____------.--------------------------- 1074 - 
Nepheline syenite.__________.___.___.._.___-- 399400 Thorite. See Thorium chapter_..---_..------ 917-922 
Nickel. -..-._-_.._________.___._________._____. 681-694 Thorium.__.._..----.-----.------------------ 917-922 

See also Cobalt chapter_.........--------- 329-885 = Tin__..___.-.-.-.----------------------------- 923-937 
Nitrogen. __......__..--_-..------------------ 695-707 Titanium________----------------------------- 939-954 
Ofistones. «-  rasncchinn Somponnds asker é 1 Topaz 563 

vine. See Magnesium compounds chapter. 621 TO Gta whantop a 
Osmium. See Platinum-group metals chapter. 735-746 Traprock. See Stone chapter. ...------------ 863-888 

Palladium. See Platinum-group metals Tripoli-__..---------------------------------- 149-150 
chapter_..._.__._________.______.__--.------ 735-746  Trona. See Sodium and sodium compounds 

Pearl. See Gem stones chapter_.........----- 427-432 chapter_-_-_-------------------------------- 855-861 
Perlite......._...._........_.........._....... 709-712 | Tube-mill liners._._.-.._.---------------------- 151 

Phlogopite. See Mica chapter_._....-..----- 657-668 | Tumgsten._........-.-.-.-.------------------- 955-972
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Page Page 

‘Tungsten carbide........-.-...-.----.---------- 164. | Ytturium. See Rare-earth minerals and metals 
Uranium. ----_.__.---_--.------.------------- 973-991 chapter.......-..--.------.-.-.------------. 767-777 

See also Thorium chapter-_._-------------- 917-922 Zine._..------------------------------------ 1017-1047 
Vanadium--...-..------------1--------------- 998-1000 See also the following chapters: 
Vermiculite._..._-.-_-_--...._-_.-----_--.-. 1001-1004 Copper-__.--.-.-_--.----.-..________-. 353-388 
Voleanic cinder. See Pumice chapter_.._..-. 763-766 Gold_...---.---.---------_-_-___-____ 483-454 
Water__.----------------------------------- 1005-1016 | Lead. -.---------1---------.----_-.-_- 567-596 
Wavellite.__.._-------------------------------.. | 427 Silver. ....-------------..--.---_-_._. 829-850 
Witherite____..__-_-----_-------------_--- 213-214,218 | Zircon. See Zirconium and hafnium chap- 
Wolframite. See Tungsten chapter_...--.--- 955-972 ter..-.--.---------------------------_----- 1049-1057 
Wollastonite........_....-.-.-......-----------. 1079 Zirconium and hafnium_-_..-....._..-_..... 1049-1057





Company Index 

Page . Page 
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Copper Refineries Pty. Ltd__.-.----.-...--..-- 386 Electro-Optical Systems, Inc._._........---.._._. 827 
Corhart Refractories Co........-.....-----.---- 1050 Elektrochemische Werke Muenchen A.G__..... 252 
Cornell-Dubilier Electric Co__.-........-.-.-.-. 341 Elektrokemish A/S_........---.._...--__._--_ 180,826 
Coromandel Fertilizer Ltd__.....-..------.---- | 708 Electrolytic Zine Co. of Australasia Ltd.-.-.--- 1045 
Corporacién Minera de Bolivia___ 198, 245, 593, 933, 935 Electrometalurgia del Agueda.._...._....-.---. 936 
Cotter Corp__.--_-_---------------------------- =. 974 Electronic Space Products, Inc__......_....---. 1069 
Cowichan Copper Co. Ltd__._.-__....---------- 379 Elettrografite di Forno Allione SpA_.__.----.-. 457 
Craigmont Mines Ltd..........-...........-__ 57,379 Elettrografite Meridionale SpA__..-.-.-.------. 457 
Crest Exploration Ltd_......--....---.---.----- 37 Electroschmelzwerk Kempten G.m.b.H.-...... 826 
Cros §.A_____-_-.-._-_---- 2 ee eee eeeee--- = 705 Elmat Corporation_..........-.-...--..-..----. 821. 
-Crucible Steel Company of America.__-...-_-- 38, 941 Emerald Creek Garnet Milling Co.-.........-.-. 151 
Crucible Steel of Canada Ltd__-_........-.-.... 347 Emperius Mining Co__._.....--..-.--.------ 578, 1021 
Cudgen R.Z. Pty--_-._-____-------------------. 951 Empresa Minera Unificada, S.A_.-...._....-... 198 
Cupra Mines Ltd_-__-.-__._...-.-.-_-._._..- 378, 1042 Empresa Mineria do Alto Logonha___._........ 348 
Cyanamid International Development Corp., Empresa Nacional del Aluminio, S.A........... 180 
subsidiary of American Cyanamid Co..---_-_ 948 Empresa Salitrera Victoria..............-.-.... 478 

Cyanamid of Canada Ltd__.-_----_-----..--- 701, 730 Endako Mines Ltd__.-_....-------------------- 677 
- Cyprus Mines Corp.-.-.--..- 311, 385, 389, 488, 913, 1023 Engelhard Industries, Inc_......--.....-------. 745 

A/S Dalen Portland Cementfabrik....-........ 291 Engelhard Industries International Ltd__.-.-.. 744 
Dalmine Siderca___..___.-.---.------_-_------- 520 English Steel Corporation.........-.-.-----.... 556 
Dampier Mining Co_____---------------------- 502 Epoxy Products, Inc____.-......-..--.---.--... 839 
Dansk Salt A/S-.--.---------------------------. 794 Erdélchemie, G.m.b.H-___-__--.-----.---------. 702 
Danube Steel Works... __.-.---.---------------- 525 Erie Mining Co_..___-..--.-..--.---------.----. 478 
Davison Chemical Division, W. R. Grace & Co. 718, Escalante Silver Mines, Inc_..-....-..._..._---. 830 

917, 978 Esso Fertilizer Co. .._......-.--.--------------. 708 
Davy Ashmore Ltd. ---.------------------------ 998 Esso Mediterranean, Inc..____.....-..--.--..... 708 
Dawn Mining Co___--.-----------------------. 974 Esso Nederland NV __._____-_---_-..-.---_-_-... 704 
De Beers Consolidated Mines Ltd-_-...-. 157, 480, 431 Esso Pakistan Fertilizer Co. Ltd__..-..._.._-... 704 
Dead Sea Bromine Ltd-_..._----------.-...---.. 259 Esso Research and Engineering Co_._._....-... 505 
Dead Sea Works Ltd__....-------------.------. 758 Esso Standard Fertilizer & Agricultural Chemi- 
Deer Isle Granite Corp.-_-.----.---------------- 865 cal Co___._-...--.--------------------.--..-. 704 
Demerara Bauxite Co. Ltd_-------------------- 281 Ethyl Corp..-......-..-...--_--.---.----. 168, 214, 857 
Denain Anzin Minéraux S.A_.----------------- 421 Ethel-Dow Chemical Co__._----.----.-----.-. 257 
Denison Mines Ltd... _.---__.__.......-__.__ 982, 1023 Etibank_________..--.-...-...___------.__ 258, 306, 386 
Dérives du Titane S.A.__.--_------------------ 49 | Eveleth Taconite Co_.......-.-_------------.--. 478 
Det Norske Nitride A/S_.....------------------ 180 | Exploracionesy Explotaciones MinerasIzabalS.A. 690 
Detrex Chemical Industries, Inc---..__.-----.-._ 650 | Exportadora de Sal, S.A__-_-------------------. 794 
Detroit Lime Co_...----.----.--.-------------- 597 EZ Industries Ltd_....-.-...-.-.-.------...--.. 595 
Dharamis Morarji Chemical Co. Ltd_....---.-. 727 Fabrica Dominincana de Cemento...._........ 289 
Diamantes Tocantins Ltd_----------.-..--...-.__ 985 | Fabrica Nacional de Carburo y Metalurgia..... 641 
Diamond Alkali Co_.._.._._.._._ 272, 278, 650, 856, 979 Fabricacion de Maquinas-S.A_...._....-...-.... 520 
Diamond Cement Corp-.--.------------------- 293 | Fabriques de Produits Chimiques de Thann et de 
Diamond Clay Products Ltd..-.-.-.------.--.. 322 Mulhouse...._._______..._-._-.-._----------.--. 949 
Dickey Exploration Co..._.--.-..-..----.-----. 435 | Falcon Mines Ltd_.__.__._.__....-_-.-.-.-.-... 451 
Distribuidora e Exportadora de Minérios e Falconbridge Nickel Mines Ltd__.......-....- 333, 378, 
Adubos, §8.A_._.----------------------------- 347 491, 681, 688, 689, 690 

Diversified Mines, Inc..........-.-------------. 487 | Fansteel-Hoboken, S.A.......--.-.---------.--. 348 
Dixie Lime & Stone Co.-....._..---.----------- _597 | Fansteel Metallurgical Corp_-_.-. 253, 337, 339, 340,341 
Dolsan Mines Ltd_.-.......-.--.--.------------ 1028 | Farbwerke Hoechst A.G__.-..--..-.--------. 459, 641 
Dominion Bridge Co. Ltd---.....-..-....-...-.__ 519 | Farnam Manufacturing Co., Inc___.--.-..--.--. 659 
Dominion Foundries & Steel Ltd..._. 347, 496, 519, 528 Fatima Mining Co. Lte_....-......2-.---.---.-. 690 
Dominion Magnesium Ltd__--.-.--.-.------- 269, 615 Federal-Radorock-Gas Hills Partners.......-.-. 975 
Dominion Steel and Coal Corp. Ltd_....-----. 519 Federal Resources Corp.__..---------------- 573, 1021 
Domnarfvets Jernverk Co_..___.--.......---.-. 499 Federale Vanadium Mining Co__.__.--.___.-.-. 998 
Domtar Construction Materials Ltd......----. 710 Federation Chemicals Ltd__...._._.._.......... 705 
Dong-Trieu, Société Francaise Immodiliére et Felmont Oil Corp.-_.--...-.--.-.-.----------- 696, 697 
Miniére. .__-.____.--.------------------------ 421 Fel-Tex, Inc_.__.......-_----------------.------- 696 

Dorr-Oliver, Inc_-_...-------.----------------- 43, 819 Ferrobelan Iron Ore Co___.....---.---.----..-- 497 
Dortmund-Ho6rder-Hiittenunion, AG.-....---.. 524 Ferrox Iron Ltd.__._._..._............-------.. 560 
DOSCO Steel Ltd___-..-.-..-.----------------- 519 Fertilizantes de Iberia S.A__.......-----.--.--.. 705 
Eli J. Doumet S.A.L_..-.-.-------------------_ 708  Fertilizantes Valencia S.A__-------------------- 705 
The Dow Chemical Co--__-.-._..--.- 74, 257, 267,471, Fertilizers & Chemicals Travancore Ltd__ 423, 702, 731 

_ 472, 611, 612, 613, 622, 650, 696, 917, 918, 1061 Fertilizer Corporation of India Ltd__.__.._..-... 702 
Dow Chemical of Canada Ltd_-.-.....----...-.__ 919 Fertilizer Fosfatados Mexicanos, S.A.deC.V_.. 727 
Dow Corning Corp_-.__..-.-------------- 821, 822,827  Filrho Mining & Exploration Co., (Pvt.) Ltd... 967 
Dresser Industries, Inc_....-.-.---------------- 218 | First Maritime Mining Corp. Ltd__.-.._...--.-. 380 
Dresser Products, Inc_.._.__.--.__.-_.___--- 768, 1069 First Nitrogen Corp._.....--------------------- 696 
E.I. du Pont de Nemours & Co., Inc_..-... 235,339, Firth Brown, Ltd_-.-.......---..-------------- #2 

423, 696, 857, 918, 920, 940, 941, 952, 1049, 1077 Firth SP Lid oe 
D isons (Pty. wenn eee nee eee eee eee 
undee Cement ©0..---------~-------------- 278, 276 The Flintkote Co______._._____________-. 463, 464, 600 
Dundee Mines Ltd. _..---.--....-.--.----------- 198 he Florida Minerals Go 940, 1049 
Duval Corp. ._.-. 354, 359, 411, 671, 758, 832, 856, 890,892 = Finor Corp........___-.--.-_-.-.---_----------- "1014 
The Eagle-Picher Co____________.-..._-.... 354, 574, FMC Corp...-_---.. 214, 257, 267, 404, 731, 855, 860, 1077 

644, 1021, 1022, 1023, 1025, 1063, 1064 Foote Mineral Co_.._ 45, 192, 607, 633, 693, 748, 1050, 1077 
Earth Energy, Inc....____-.---.--.--____-_-.... 748 Ford Motor Co________------------------------- 819
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Forenade Superfosfatfabriker, A.B...---------- 729 | Harbison-Walker Refractories Co_....-.---.-.-. 222, 

Foseco Canada Ltd_-._..----------------------- #21 306, 313, 563, 621, 622, 627, 1050 

Fosfores Industriales, S.A_...---.-------------- 727 | Hardman & Holden Ltd_---------------------. 253 

Samuel Fox & Co. Ltd___---------------------- 525 Hardy Salt Co_____.-------..------------------ 789 

Frances Creek Iron Mining Corp. Pty. Ltd..... 502 | Harshaw. Chemical Co----.----.--.------.-.--. 192 

Franklin Division of Studebaker Corp-----.---- 958 Harvey Aluminum, Inc_--.-- 225, 231, 232, 612, 941, 1050 

Free State Geduld Mines Ltd_..__-------------- | 452 Hastings Mining and Development Co. Ltd... 378 

Freeport Sulphur Co--_------------------- 890, 892,897 Head Wrightson & Co. Ltd_-----.------------- 506 

Fresnillo Co...........------------------ 592, 848, 1043. Heath Steele Mines Ltd_---------------- 379, 592, 1042 

Friedrich Uhde G.m.b.H_.-..------------------ 729 | Hecla Mining Co-...-.---.-----------.-------.-. 192, . 

Frontier Chemical Co__._--...-..-1------------- | 696 473, 572, 573, 574, 831, 832, 1021, 1022 

Fuji Iron & Steel Co. Ltd_...------------------ 526 | Hellenic Chemical Products & Fertilizers Co... 690 

Fundicion de Estafio Oruro.__._.-.--.--------- 9385 | Henderson Division, Campbell Chibougamau 

Fundidora de Monterrey. ...------------------- 627 Mines Ltd _.___----.------..----------------.. 378 

Gallard-Schlesinger Chemical Manufacturing Hephaetus Mining Co. Ltd_..----------------- 904 

Corp-.------------------------------------ 770, 1069 | Hercules Powder Co---.------------------------- 696 

G. & W. H. Corson Inc_____.------------------_ 273 | Hi Cement Corp. ---.-------------------------- 298 

Gaspé Copper Mines Ltd_-_-_--------- 246,378, 379,677 High Sierra Mining Co_..-.-------------------- 484 

Geco Mines Ltd.....__..-.--------------------- . 878 | Highveld Development Co. Ltd_-----.--.-----. 998 

General Abrasive Co. Inc.....------------------ 563 | Highveld Steel and Vanadium Corp. Ltd_... 501,998 

General Atomic Division, General Dynamics Hill Bros. Chemical Co__.....------------------ 267 

” Corp. ..-------------------------------------- 991 = Hindustan Allied Chemicals Ltd_.-.----------- 708 

General Cement Co., §. A_-..------------------__ 291 | Hindustan Aluminium Corp. Ltd_-_--------- 181, 185 

General Diode Corp. .-..--------------------- 821,822 Hirjina Salt & Chemicals (Pak.) Ltd_.-.-.----. _ 859 

General Dynamics Corp.-..._ 780, 839, 917,978,979,991 P.R. Hoffman Co-_-._-.---------------.-------- 1076 

General Electric Co......------------ 46,340, 341, 431, Hogle-Kearns Co.__..-.-------------- 612, 616, 622, 748 

659, 672, 860, 918, 937, 953, 955, 959,979,980  Hojalata y Lamina, S.A-..-....---------------- 506 

General Mining & Finance Corp. Ltd....-..--. 424 | Hokuetsu Electric Chemical Co--.-.----------- 949 

General Mining Enterprises, S. A-.------------ 626 | Holland-Suco Color Co-_-.-_..---.---------------- 214 

General Motors Corp_-----.-------------------- 707 N. V. Hollandsche Metallurgische Bedrijven, 

General Portland Cement Co..-..-------------- 278 subsidiary of N. V. Billiton Masschappij--.-. 935 

General Refractories Co_-_------------ 322, 625, 626,627 Hollinger Consolidated Gold Mines Ltd_....-. 450 

General Smelting Co__.-..--------------------- 1026 Homestake Mining Co_..--.-- 57, 199, 435, 437, 572, 757 

General Technologies Corp.......-------.------ 44,45 | Homestake Potash Co-_...-.-------------------- 757 

Georgia Coating Clay Co__.-------------------.__ 311 | Homestake-Sapin Partners- --..-------------- 975, 990 

Georgia Marble Co.......-.-.---------------- 394,867 | Homestead Gold Exploration Corp------------- 434 

Georgia-Pacific Corp- -----.-------------------- 650 | Hong-Kong Bauxite Co___--.------------------ 2382 

German Liberian Mining Co___.-....-.---.---. 500 | Hooker Chemical Corp_.----------------------- 404 

Giannini Scientific Corp_-.-.------------------- 958 | Hoskin Manufacturing Co_...-.---------------- 781 

_ Giant Mascot Mines Ltd_....--.------------.-- 689 Howe Sound Co...----------------------------- 940 

Giant Yellowknife Mines Ltd.._......._------. 450 Howmet Corp..------.------------------ 228, 940, 1050 

Gifford-Hill Portland Cement Co_._...-------- 273 | Hudson Bay Mining and Smelting Co. Ltd_.._ 379, 

Glebe Mines Ltd_._..__.-------.------------- 424,593 496, 592, 1036, 1038 

Glen-Gery Brick Co_.........---..-------------_ 322 Hudson Bay Oil and Gas Co. Ltd_.-.---------- 724 

The Glidden Co........------------------ 505, 940,941 Hull and Liverpool Red Oxide Co-_------------- 560 

Gold Mines of Kalgoorlie (Australia) Ltd...-... 58 | Humble Oil Co....-.--------------------------- 890 

The Goldfield Corp... ----------------------- 437,788 | Hummel Chemical Co-------------------------- 192 

Goliath Portland Cement Co. Ltd_.....-.-----. 298 | Humphrey Mining Co.-_--....-------------- 940, 1049 

Goodnews Bay Mining Co.__.........--.------ 736 Humphreys & Glasgow Ltd-_-.-.--------------- 293 

Goodyear Tire and Rubber Co__..------------- 473 | Hunter Engineering Co. ..--------------------- 168 

Gosho Ltd._._.----.-----------------.---------- 859 Huntington Alloy Products Division, The Inter- 

W. R. Grace & Co..._------------.------------ 626, national Nickel Co., Inc..--.----------------- 688 
627, 700, 718, 728, 767, 768, 770, 917, 978,1001 Huntington Fluorspar Mines Ltd-------------- 421 

-Granby Mining Co. Ltd._.....--..------------ 379 | Huron Portland Cement Co_._-_-------------- 273, 278 

Grand Deposit Mining Co_.._....-------------__ 574 | Hiittenwerk Oberhausen A.G___--------------- 506. 

Griingesberg Co. ....------------------------- 499,525 Hydrocarbon Research, Inc_...---.-.---------- 505 

Graphite Products Division, Great Lakes Car- IClI-Comas 8.A.__.---------------------------- 424 

bon Corp.....--------------------------------. 456 ICI (India) Private Ltd_---.------------------- 252 

Great Boulder Gold Mines Ltd_..._.........--. 449 | Idaho Garnet Abrasive Co., division of Sunshine 

Great Lakes Carbon Corp-.-.-.---.-------------- 456 Mining Co._...------------------------------ 151 

Great Lakes Chemical Corp..---------------- 257,672  Idarado Mining Co-.-....-- 487, 572, 578, 882, 1021, 1022 

Great Lakes Steel Corp__......-.--------------- 597 | Ideal Cement Co___----.--.-------------- 273, 276, 464 

Great Northern Railways Co.._.........-.--.-. 35 Ilmenite Minerals Pty. Ltd-------------------- 951 

The Great Western Sugar Co__.......-.-.------ 214 Illinois Minerals Co---.-------.--.-------------- 149 

A. P. Green Fire Brick Co._..-.-------- 563,564,1050 Imperial Chemical Industries Ltd. (ICI) - -.---- 340, 

A. P. Green Refractories Co....-------------- 322,622 _ 424, 468, 703, 705, 826, 859 

Green Valley Chemical Corp....---..---------- 696 | Imperial Chemical Industries of Australia and 

Greenbushes Tin N. L__...-------------------- 349 New Zealand__------.---------------------- 699, 797 

Grimes Mining Co___--....-..---..-.-..-------- 1021 Imperial Metal Industries (Kynoch) Ltd.------ 949 
Griqualand Exploration & Finance Ltd.-.----.__ 207 | Imperial Metal Industries Ltd-_-_--------------- - 340 

Gujarat Mineral Development Corp......---- 232,423 Imperial Oil Enterprises of Canada------------- 505 

Gujarat State Fertiliser Co. Ltd_..._..-.-------- 703 | Imperial Oil Ltd_-.-----.---------------------- 900 

Gulf & Western Industries, Inc....._..-...-.-. 299 Imperial Smelting Corp. Ltd_.------.-...------. 1044 
Gulf Oil Corp__..-.-.------------------------ 697,890 | Imperial Thermal Products Co., subsidiary of 

Gulf Reduction Co____..----.------------------ 1026 Morton International Inc__...--------------- _ 748 

Gulf Sulphur Co__.-__-.-....-...--.--------- 897,904 | Indian Aluminium Co. Ltd_----------------- 181, 185 

Gullbridge Mines Ltd_.........-.--....-------. 380 Indian Copper Corp----..-.-------------<------ 385 

Gypsum Products of America Corp___--------- 463 Indian Creek Division, St. Joseph Lead Co..-- 569 

A/S Hafslund-Karbidfabrikken.._......-----.-- 826 Industria Votorantim Ltd_.---..--------------- 179 

Halco Mining Inc. .____---_..-...-------------. 282 Industrial Air Products Co---.----------------- 697 
Hammersley tron Pty. Ltd_...._--.--.--------. 502 Industria Columbiana de Fertilizantes, S.A-_-- 702 
Hanna Division, Consolidation Coal Co..-..... 57 Industrial Chemicals Division, Mobil Chemical 

The Hanna Furnace Corp.....----------------- 404 CO. eee eee n eee e eee eee ceeeeeeeeeeos-- 404 

The Hanna Mining Co.___...._-_---. 402, 682,685,690 Industrial Comas Ing-----~-------------------- 424 

-Hanna Nickel Smelting Co.._.......----. 403,404,682  Industrial-Export Company-.------------~----- 860 

Harbison-Carborundum Corp............--- 622,1050  Industrias Reunidas Minero-Metalurgicas S.A... 936 
Harbison-Walker-Flir...._...............-.. 627 +‘Inland Cement Co.__-.------------------------ 287
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Page | Page 
Inorganic Chemicals Division, FMC Corp.__ 214,267 Keystone Mines, Inc_.._................._._. 435, 437 
Inspiration Consolidated Copper Co_...._ 357,359,437 | Kilembe Mines Ltd__..__.._...-_-.._---.-----. 384 
Insud-Nuove Iniziative peril Sud SpA......._.. 459 | Kimberlite Searches Ltd__.._....--..---------- 430 
Intaleo Aluminum Corp__..__-.------ 166, 167, 168,228 | King Island Scheelite (1947) Ltd.......--.--.... 965 
Interlake Steel Corp_...-----..---.-----.---.. 404,822 King Laboratories, Inc._..._.__.........---..-. 1077 
International Business Machines Corp_---_.. 298,453 | Kings Mountain Mica Co._______....._........ 398 
International Minerals & Chemical Corp. Kings Mountain Silica, Inc._.--.---...._--.-.-. 398 

(Canada) Ltd_--.-----------.----..--....... 757 | Kmnapsack A.G__...._....................._... 641, 731 
International Minerals & Chemical Corp___..-_ 400, Knob Hill Mines, Inc__...--------2- ee 487 

715,760 Kobe Steel Works Ltd_-__-_-----_..__.._._-_. 500, 526 International Mining Corp_-_.___.._.__._.___ 347, 451 Koch-Light Laboratories Ltd__...-....._.-.-.-. 1070 
The International Nickel Company of Canada Koninklijke Nederlandsche Hoogovens en Staal- 

Ltd. (Inco)-...-..... 49, 332, 375, 681, 687, 688, 690-692 fabrieken N.V_-...-.---- 2-2 --_-_-__---. 524 
International Nickel Ltd_..-.--.......-.------. 691 | Koppers Co., Inc_..__.._______.__.._..-.._..... 168 
The International Nickel Co., Inc___._--_.---.. 682 Korea Tungsten Mining Co. Ltd___._._______ 246, 967 
International Nickel Company (Mond) Ltd..-. 691 Korean Aluminum Industrial Co__._.-.-...-... 186 
International Ore and Fertilizer Corp., subsidi- H. Kramer Co-_----_--.222 2 ee ___-_------ 1026 

ary of Occidental Petroleum Corp__........... 907 Fried. Krupp Huettenwerke____....___,....... 523 
International Salt Co_.-.-..-_._-.-._-____.___. 788, 794 Fried. Krupp Industriebau___-...._.__..._-_. 158, 626 - 
International Smelting & Refining Co______. 574, 736, Kryolit-selksabet Oresund A/S__.-.-.__...__-.. 794 

1024, 1071, 1072 Kyanite Mining Corp______--.----_.-________-. 568 
Interstate Chemical Co__.........--.-.___-..... 471 Kyowa Chemicals Co.........--..-_----....-.. 708 
Inyala Chrome Company (Pvt) Ltd__._----... 305 KZK of Holland.._-__-_-_-----2-2---222-------- 794 
Ion Physics Corp_..-.-.------------------.----. 828 L-D Mines__.________..._..... ss 434, 437 

. Irish Base Metals Ltd__.-_-...._...__.__ 218, 593, 1043 Laboratory for Electronics, Inc_.............--. 458 
Irish Salt Mining Exploratory Co____-.......... 794 Ladish Co__....----------------- eee eee. 94 
Iron Bay Mines Ltd_--_-.--.-----..---.-...-.... 496 | Ladrillera Monterrey, S.A_..................... 918 

_ Iron Ore Company of Canada..._....... 36, 37, 52, 496 Lafarge Cement Co___-..-..--.--------2-_----_ 289 
Ironstone Minerals Pty_---_----.----.....-.---. 500 | Lake Dufault Mines Ltd___.___._...........__. 378 
Ishihara Sangyo Kaisha Ltd_.._-...-._..-...__. 998 Lake Ontario Cement Ltd_....--.-.-....---.... 287 
Ishihara Sangyo Ltd__---.--.-.---..----.-...-. 985 | Lametal Unién_.__.-_.._-.________.__ 520 
Island Cement Corp.....-..-...-............... 293 | Laporte Acids Ltd....--2------- ee eee. = 424 
Ismail Cement Industries Ltd_.................. 298 | Laporte Industries Ltd__...__...._.__.......... 424 
Israel-American Phosphates Co.__.--.....-.--. 727 Lapp Insulator Co__._-.-.--------.-_---------. 288 
Israel Portland Cement Ltd___.---...-...---.-. 292  Laurentide Perlite, Inc_._.--------........-.... 710 
Ivers Mining Co., Inc_...-...---..-..--.------. 484 E.J. Lavino & Co--_-.-_-__-2- eee. 404 
Ivey Construction Co_-...--.-.-----------.---. 1021 Lehigh Portland Cement Co_.____..._...._.... 278 
Jackson Iron & Steel Co_.._---.-.-------------- 404 | Lemhi Minerals Co.-.-__------22-222-22222-2. 917 
Japan Atomic Power Co-..--.-.-.-------------- 985 | O.T. Lempriere & Co_____.---..--2--eee. 985 
Japan, Ine__.._..-__-..-.-.----------------.-.--__ 158 | Lepanto Consolidated Mining Co_.-.----_--.-. 386 
Japan Light Metals Co. Ltd_......._-..._ 181,185,186 Les Silicuims de Chicoutimi-_-.._....._._...._.. 826 
Jaquays Mining Corp._-_..-----.-.---.-.---.-. 202 | Leslie Salt Co__--.---------___..___._.__ 267, 789, 797 
Jedway Iron Ore Ltd_-.-----.--_-.------------- 491 Edward C. Levy Co_____---2-222---2-2---.-. 597 
Jefierson Lake Petrochemicals of Canada Ltd-_ 900 Liberia Mining Co..--......-------___.-------. 500 
Jefferson Lake Sulphur Co-._-.-----.-------- 890,892 Liberian American-Swedish Minerals Co___---. 500 
Jersey Central Power & Light Co___-....-.--.-. 977 Lithium Corporation of America, Inc--.._....._ 238, 
William F. Jobbins Co___..._..-.-------------- = «171 ; 607, 612, 622, 748 
Johns-Manville Co. Ltd_.--..-..----.--..--.-... 207 | Lockheed Aircraft Corp. __.._.....-22- 2... 942 
Johns-Manville Corp..-..-_---------------.-.-. 390 | Lohjan Kalkkitehdas Oy______._.._._._______ 397, 913 
Johnson, Matthey & Co. Ltd...-.-..---.----.-- 958 | Lone Star Cement Corp-_-___--..._..._._ 272, 273, 293 
Jones & Laughlin Steel Corp......... 478, 496, 504,527 | Louisville Cement Co_____-._--.-..-..__..____. 278 
Juntar Nigeria Co____....._--_-.-------------- 349 | Low Moor Alloy Steelworks Ltd..---..-...-... 41 
Kaiser Aluminum & Chemical Corp............ 165- | Lucky Joe Mining Co____-_.-__-_.-_-22- 2... 574 

167, 171, 173, 180-184, 222, 225, 228, 231, 232, 318, Lukens Steel Co._._..__.--__-_.----------_.-. 41, 581 
414, 423, 426, 612, 622, 626, 628, 681, 682. Lummus Co.....-.---------------2------------ 4 

Kaiser Cement & Gypsum Corp-_-_-_._._.. 272,273,293 Luzon Cement Corp..__------_----...-.--_._.. 298 
Kaiser Gypsum Co___.---...------------------- 464. | Lynchburg Foundry Company---._-.-_-.----.. 819 
Kaiser Nickel Co________.__._......_-- e683 Maatschappij tot Exploitatie van Kooksoven- 
Kaiser Refractories 8.A., subsidiary of Kaiser gassen, N.V_.--.----------------------------- 704 
Aluminum & Chemical Corp.................. 626 | Macro Division, Kennametal, Inc._.__.____._ 347, 967 

Kaiser Steel Corp__....-.---.___.-._-_.....-... 478 |. M&R Refractory Metals, Inc__.._-....._--..-. 672 
Kalgoorlie Ltd____.._.___-__..____.-.......-... 449 M&T Chemicals, Inc___.._..._.____ 192, 400, 940, 1050 
Kalium Chemicals Ltd_..-......._._.._.__._./... 757. MacArthur International Minerals Co___.__._. 691 
Kamativi Smelting & Refining Co. Ltd_____.-. 986 Madeni ve Kimyevi Boyalari Fabrikasi Ltd... 219 
Kamativi Tin Mines Ltd__..................... 986 | Madras Aluminium Co. Ltd__--_....____.__. 181, 185 
Kamisho Co_....___.__._.._._..._._-._._....-.-.. 423 Mafatlal Fine Spinning and Manufacturing Co. 
Kashane Exploration Ltd__.-._.----------..--. 691 Ltd-~-.----------------- 2-2 -e ee e------ 428 
Kasei Mizushima Co__....-._.----.-.-.---.---. 703 Mafiuor Corp-.--.----------------------_---.--- 414 
Kawasaki Steel Corp_-..----.-.-----_---- 500, 501,526 © Magma Copper Co._.. 36,354, 359, 437, 600, 671, 678, 832 
Kawecki Chemical Co._-.- 339, 340, 404, 1061, 1064,1071 Magnesium Elektron, Inc._._-_-.----.__-_....- 918 
Kawneer Co., Inc___.-..----.---------.--------. 168 | Magnet Cove Barium Corp. Ltd_.._. 314, 572, 592, 716 
Kelsey-Ferguson Brick Co___.__..-.._.___..-_.. 322 Magnomin, A.G., subsidiary of General Re- 
Kennametal, Inc. ._---.--.....-.---.. 339, 347, 959, 967 fractories Co__.._---.------------------------- 626 
Kennecott Copper Corp.._.--..---.-......----. 37, Makeri Smelting Co. Ltd.---.-----_---2------. 985 

57, 59, 347, 354, 355, 357, 359, 369, 380, 435, 437, | Malaya Industrial & Mining Corp. Ltd._._..-. 298 
572-574, 671, 672, 677, 779, 781, 782, 832, 958, Malayan Cement Ltd ......----_2. 222-2... 298 
1021, 1071, 1072. Mallinckrodt Chemical Works.-____....._ 241, 821,975 
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Salzdetfurth, A.G_.........------------------- 622, 748 Katanga......._...--------------------------- 1044 

Salzgitter Chemie G.m.b.H----.---.----------- 72 — gociété Générale Métallurgique de Hoboken..__ 781, 
Samar Mining Co. Inc---..-------------------- 386 935, 1065 

Samica Corp-.-..------------------------------ 659 société Industrielle d’Acide Phosphorique et 
Sampson Brick Co....-.-..-------------------- 222 d’Engrais.........-.------------------=------- 729 

San Diego Gas & Electric Co.----.------_------ 1014_gooiste Industries Chimiques du Nord de la 
San Diego Mining Co-_.-.--.-.----------------- 574 Gréce......-.----ne-e ee nnneneeenee-eeen------ _ 726 

San Francisco Chemical Co. -.----.--.--------- 17 société Le Nickel_......--..------ 681, 682, 685, 690, 691 
San Francisco Mines of Mexico Ltd-.....--- 847,104 — gociété Metallurgique du Katanga......-------- 1044 
San Manuel Division, Magma Copper Co....--_ 600, Société Miniére et Métallurgique de Larymna 

: ’ Larco §.A..---------------------------------- 6 

San Simeon Keystone, Inc..........------------ 48  goeiété Miniére et Métallurgique de Pefiarroya. 598 
Sandoval Zine Co....-..----------------------- 1026 Société Miniere Gaziello..........-------------- 949 

Sands Developments Ltd.............---------- 817 | Société Octel-Kuhlmann........---------------- _ 259 

Sandvikens Jernverks AB_...........-------- 525,967 Société Vieille-Montagne de Balen....---.------ 1065 

Santee Portland Cement Co...--..------------- 278 Socony Mobil Oil of Canada Ltd_-_...-.------- 904
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Sodium Sulphate Saskatchewan Ltd__.-.----.. 859 Texada Mines Ltd-_-_-_-.-.-----.----------------- 728 

Solar Nitrogen Chemicals, Inc......------------ 697 Texas Gulf Sulphur Co_-.__-_------------------ 375, 

Solar Salt Co__.___--._._--__------------------- 622, 788 716, 749, 847, 856, 890, 892, 897, 900 

Solbec Copper Mines Ltd__.._....----- 378, 1041,1042 Texas Instruments, Inc-....-.-.---------------- 821 

Solvay et Cie_..._......._---..----------------- 859 . Texas Lime Co__.------------------------------ 597 

Solvay Process Division, Allied Chemical Corp. 267 Texmont Mines Ltd-.--.-.-...----------------- 690 
Thomas Somerville Co...-_..------------------ 322 Th. Goldschmidt, A.G-_------------------------ 985 

Sonoma International, Inc_..........-----------__ 648 Thai Smelting & Refining Co--------.-.----- 349, 936- 

Sgr-Norge Aluminium A/S_..-.-------------- 180,185 | Thermal-Kinetic Corp---..-.------..----------- 1076 
South African Iron & Steel Industrial Corp. Thorium Ltd.-...--.--------.------------------ 772 
Ltd.__._.__._..__-._----------------------- 526,936 | The Timken Roller Bearing Co_-..-.---------- 531 

South African Manganese Ltd._............-.-. 642 | Timna Copper Mines Ltd_._-.-------.--------- 385 
South African Minerals Corp. Ltd.......-..-.-. 642 N.V. Titaan Dioxydefabriek.--......-.--------- 948 

South West Africa Co. Ltd_......-... 594, 860, 967,998 . ‘Titan Cement Co---._.__.---------------------. 201 
Southern Materials Co........_...-.----------- 272 Titan Co. A/S, subsidiary of National Lead 

Southern Peru Copper Corp...-----.----------- 381 Co_..---------------------------=----------- 948, 949 
Southwest Potash Corp., division of American Titan G.m.b.H., subsidiary of National Lead 

_ Metal Climax Inc_-_-_._--..-.--------------- 749, 760 Co..-.------------------=------------------ 948, 949 

Southwestern Graphite Co_..-.---------------- 455 Titan Manufacturing Co., Pty. Ltd_---..------ 965 

Southwestern Portland Cement Co...........-. 273 Titania A/S, subsidiary of National Lead Co... 949 
Speer Carbon Co., division of Air Reduction Co. 455 Titanium Alloy Manufacturing Division, Na- - 

Spencer Chemical Division, Gulf Oil Corp_.--.. 697 tional Lead Co-..------------ 404, 917, 940, 1049, 1050 

Spokane National Mines, Inc......---.--------- 830 Titanium Alloy Manufacturing Co. Pty. Ltd... 951 

Sprague Electric Co__.----.-------------------- 341 Titanium & Zirconium Industries Pty. Ltd... 951 

Stahl und Metall Handelsgeselischaft_..._-.-.-- 523 Titanium Metals Corporation of America 

Standard Metals Corp.-...-------------- 572, 578, 1021 (TMCA)....------------------------~-- 612, 941, 953 
Standard Oil Co. of New Jersey.....----------- 505 Titanium Pigment Corp., subsidiary of National 

Stanrock Uranium Mines Ltd_.....--.--------- 982 Lead Co....--.------------------------------- 945 

Stauffer Chemical Co__....-_.-.------------ 222, 249, Tizon Chemical Corp. -._.-.-------------------- 1050 

. 402, 404, 650, 716, 717, 727, 855, 856, 857,945 Toho Titanium Co. Ltd...--------------------- 949 

The Steel Company of Canada Ltd_.....-.--.-. 496, | Toho Zinc Co. Ltd.--.------------------------- 246 
506,519,527 ‘Tokai Gas Co.._..----------------------------- 708 

The Steel Company of Wales Ltd. _._-------- 505, 525 Tokyo Nickel Co.-.--.------------------------- 691 

Steel, Peech & Tozer_.-...-..---------------- 525,531 | Tombill Mines Ltd_....--.--.--------------.--- 758 

Stellite Division, Union Carbide Corp.... 339,340,341 | Tororo Industrial Chemicals & Fertilizers Lid... 349 
Stewarts and Lloyds Ltd_____....-.---------- 499, 525 Tosek Cement Ltd...---.---------------------- 293 

Stora Kopparbergs Bergslags AB_---------.-- 506, 525 Toyo Engineering Co.....---------------------- 359 

Storeys Creek Tin Mining Co., N.L., subsidiary Toyo Gas Chemical Industry Ltd.-.-_--------- 468 

of North Australian Uranium Corp. N.L.---.- 965 Toyo Koatsu Industries Inc. -.--.--------------- 708 

Straits Trading Co. Ltd_._.--..---------------- 935 Toyo Soda Manufacturing Co_.._-------------- 727 

Studebaker Corp_--..--.----------------------- 958 Toyo Stauffer Chemical Co___-.-.-------------- | 727 

Sulawesi Nickel Development Cooperative Co.. 691 Tracerlab Division, Laboratory for Electronics, 

Sullico Mines Ltd., subsidiary of East Sullivan Inc___.--------------------------------------- 453 

Mines Ltd. --...------------------------:- 378, 1042 Transco Inc. ._--------------------------------- 224 

Sulphide Corp., Pty. Ltd_...-.---------- 39, 595, 1045 Transcom Electronics, Inc....------------------ 1076 

Sulphur Export Corp----_--.------------------- 906 Transcontinental Gas Pipeline Corp-.-.--.-.--- 892 

Sumitomo Chemical Co. Ltd---.-.-.-------.---- 186 ‘Transvaal Ore Co. Ltd_.----------------------- 1002 
Sumitomo Kagaku K.K_.__--.--.-------- 181,186,703 | Transvaal Vanadium Co. (Pty.) Ltd., subsid- 
Sumitomo Metal Mining Co. Ltd-------------- 246 iary of Anglo-American Corporation of South 
Sumitomo Shoji Canada Ltd--..--------------- 690 Africa, Ltd....---.--------------------------- 998 
Sumitomo Shoji Kaisha Ltd_-.....--.---------- 502 Travancore Electro-Chemical Industries.....--- 269 
Summit Industries, Inc_-...----.-----------.---_ 657 Travancore Minerals Ltd.....------------------ 949 
Sunshine Mining Co..._.-.-- 151,191, 192, 464, 563, 832 Tri-State Zine Co., Inc. --.--------------------- 1020 

Superior Zinc Corp... ...-.---.---.------------- 1026 Trojan Nickel Mining Co. (Pvt.) Lid..--.-.--- 691 
Surigao Consolidated Mining Co. Inc..-.-..--. 386 | Trout Mining Co-_-..---------------.---------._ 631 
Surinam Aluminum Co._____.----.------ 179,183,231 | Tsumeb Corp. Ltd_---------------- 384, 594, 1044, 1065 
Susquehanna Corp___....-...------------------._ 975 | Tube Investments Ltd_--_-_-.--------------- 181, 525 
Susquehanna- Western Inc_---.--.-------- 717, 975, 984 Tubos de Acero de Mexico, S.A..--.---------- 506, 520 
Svenska Aluminiumkompaniet--_-----.------ 180, 185 Tuloma Gas Products Co___------------------- 696 
Svenska Saltpeterverken A.B..-...------------. 705 | Tumex Corp-.-.----..-.------------------------ 957 
S.W.A. Lithium Mines (Pty.) Ltd_--.-..---- 349,608 § Tungsten Division, Firth Sterling, Inc--..-----. 958 
Swaziland Iron Ore Development Co. Ltd.----. 500 Turner & Newall Ltd__.---.-_--------------- 207, 208 

Swift & Co__........--.------------------------ 727 Turners Asbestos Cement Co. Ltd_.--.-- 207, 211, 292 
Swift Canadian Co, Ltd-..-_..----.-----------.__ 757 Tiirk Boraks Madengilik.-...-:---------------- 258 
Swiss Aluminium Ltd_._._-_---.- 179, 180, 183, 185,233 Turk Maden A.S.---.-------------------------- 306 

Sydney Smelting Co., Pty. Ltd....--.--------- 935 | Ultra Marble, Inc_._.--.--.-------------------; 867 

Syleor Division, Sylvania Electric Products, Union Carbide Canada Ltd_...__.--_-------- 347, 639 

Inc__....-----------------.------------------- 341 | Union Carbide Centro Americana, S.A_.-...--- 689 
Sylvania Electric Products, Inc..-..---_---.--. 341, Union Carbide Corp ._..----------------------- #2, 

a oo. 672, 780, 958, 979, 1064 43, 46, 202, 305, 339, 340, 341, 348, 349, 404, 408, 411, 
Synthetic Mica Co., division of Mycalex Corpo- 412, 455, 457, 633, 639, 641, 768, 822, 861, 878, 934, 

ration of America....--..--------------------- 659 936, 957, 962, 975, 980, 990, 994, 995, 996, 998, 1050 
Taiwan Aluminium Corp_-_...----------------- 181. Union Carbide Philippines Inc._..-.----------. 648 
Taiwan Fertilizer Corp.-.--.-.----------------- 705 | Union Carbide Rhomet (Pvt.) Ltd_..-------- 305, 411 
Tamms Industries Co__....-------------------- 149 Union Corp. Ltd__....--.---------------------- 452 

Tantalite Valley Minerals (Pty.) Ltd_.-------- 349 | Unién Eléctrica Madrilefia_-------------------- 985 
Tars & Chemical Division, Koppers Co., Inc... 168 | Union Miniére du Haut-Katanga._.--.-........ 333, 
The Chas. Taylor Sons Co.__-..------------ 564, 1050 334, 383, 1044, 1065, 1068 

Taylor-Knapp Co-_.__....--.------.---------- 631,632 | Union Sulphur Co-__._-_...--------.------------ 898 
Temescal Metallurgical Corp-._.....------------ 341 | Union Texas Petroleum Division, Allied Chem- 
Leon Tempelsman & Son_.....-.-..------------ 481 ical Corp..----------------------------------- 898 

Tenn-Tex Alloy & Chemical Corp..........---- 404 | United Aircraft Corp---.-.-.------------------- 255 

Tenneco Oil Co___.._.-.----.------------------ 749 | United Clay Mimes Corp..-_------------------- 311 
Tennessee Coal & Iron Division, United States _ United Glass Ltd_....._.----------------------- 817 

Steel Corp_...._.....-..---------------------- 1020 United Gravel Co__.._.-_.-.------------------- 817 
Tennessee Copper Co---.....---------- 359, 1020,1022 United Gypsum Corp. Ltd., subsidiary of Al- 
Tennessee Electro Minerals Co__...---------- 564 scope Consolidated Ltd_........--------------__ 467 

Terra Chemicals International, Inc._.._....-. 696,697. United Keno Hill Mines Ltd_._.--.-.-------- 592, 846
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United Metallurgical Corp._.-_._-......-.---... 341 Warner Co.__..__.___---.-------.-------------- 597 
United Minerals and Chemical Corp_...-.- 1064,1069 | Warren Petroleum Corp-_-....-.------------..-  894- 
United Nuclear Corp_...._---....-_---------- 917,979 | Washington Brick Division, Thomas Somerville 
United Park City Mines Co......... 573, 574, 832, 1021 Co. -..--..-.--------------------------------- 322 
United Refining & Smelting Co._...-..----.-.. 2483 | Water Resources Development Corp......-.... 1018 
United States Borax & Chemical Corp.-_------. 249, Weirton Steel Division, National Steel Corp_... 531 

749, 757, 857 The Wellman Bronze & Aluminum Co.....-... 918 
U.S. Concrete Pipe Company.._.-.....--.-.... 322 | Werner Lake Division, Canadian Faraday Corp. 
U.S. Lime Division, The Flintkote Co..._..-.. 600 Ltd __-._-.-_-.---------_--------------------- 689 
U.S. Nuclear Corp...-....-.-_-_-.-.-._---------. 980 | West Chemical Products, Inc_..---.-.--...-.-.. 471 
United States Radium Corp_.._._._.-_-.----.-. 1068 West Virginia Pulp & Paper Co...........-.... 600 
U.S. Reduction Company_._._...---.-...-.-.-. 171 Westfrob Mines Ltd., subsidiary of Falconbridge 
United States Smelting Lead Refinery, Inc... 243, 574 Nickel Mines Ltd_._....---.-.----.----...... 491 
United States Smelting, Refining and Mining Western Aluminum N. L_--....--.-.--.....-.. 228 

Co_....-..-.---. 485, 487, 578, 574, 832, 1021, 1022, 1072 Western Ammonia Corp --_-....-.----.--..---.-- 696 
The United Steel Companies Ltd.....-....._-. 499 Western Cooperative Fertilizers Ltd.......... 701, 726 
United States Steel Corp__._.._-_-.-._._-_-_- 38, 272, Western Deep Levels Ltd.__-...-..-.-.-....-.. 452 

404, 478, 488, 529, 641, 696, 706, 940, 948, 1020, 1022 Western Electric Co., Inc. -_...-.-.-.----_-.--- 1076 
United States Steel International, Inc., subsid- Western Gravel Co......-.-_-.-----------.-.--- | 709 

iary of United States Steel Corp_.....--.-.-.. 948 Western Gypsum Products Ltd.......-...... 467, 710 
United Steel Works_......-.------------------. 523 Western Industrial Minerals --_.-......-.....--. 563 
United Tanker Corp... ----~------~-p---------5 172 Western Mineral Sands Pty. Ltd...-........... 951 
Universal Atlas Cement Co..__-_-./---.----_ 276,278 Western Mining Corp. Ltd__._..---.-...-..-.--. 502 
Universal-Cyclops Steel Corp__----.------------ 341 Western Mining Division, Kennecott Copper 
Usina Siderargica da Bahia, S.A..-.----.-.----. 523 Corp....-----.----~-------------------- +--+ 57 
Usine d’Aluminium de Martigny, S.A.......... 180 | Western New York Nuclear Research Center, 
Utah Construction & Mining Co__._-.-........ 975 Inc_..-.---.-. ee ---------- 980 
Utah Copper Division, Kennecott Copper Corp. 355, Western Nuclear, Inc.............-.-.--.. 311, 975, 981 

. 831, 1072 Western Pneumatic Tube Co...........-.-.--. 941 
Valley Nitrogen Producers, Inc...-....-...-..-. 696 Western Salt Co....._....--.-....-.------------ 1014 
Vanadium Corporation of America_.._-....-__.. 340, . Western Titanium, N. L._..........-...-.-.--- 951 

402, 404, 408, 634, 822, 975, 993, 994, 995, 996, 1050 Westinghouse Electric Corp......-.-. 827, 942, 979, 985 
Vantec Industries Ltd_...._-.-.--_-.----__.----. 710 Westralian Oil, N. L...--.-..-.-.-.-.--...-. 951, 1054 
V-C Chemical Co., division of Socony Mobil Wheeling Steel Corp_-.--.-.-.--.-------------- 1026 

Oil Co__.__..----.--------------~-------~----- 716, 727 White Pine Copper Co___._.___.--... 56, 355, 359, 832 
Ventron Corp. .-.-.-.-------------------------. 1050 White’s South Africa Portland Cement Co. Ltd. 292 
Vereinigte Aluminium Werke A.G_.__-.- 168, 180, 184 Whittaker Corp........-..-.----..-----.-.----. 255. 
Verenigde Kunstmestfavrieken Mekop-Albatros Wilkinson Chemical Corp.....--------..------- 267 
\_N.V.._-------------------2----~-------------- 704 | Willecho Mines Ltd.._.-.--...-----------------__ 10388 
Vermont Asbestos Mines Division, Ruberoid Williams, Harvey & Co. Ltd___.......-..---- 935, 936 

Co____-___------~------.--------------------- 202 | Willroy Mines Ltd__...-...---..____.---_--- 378, 1038 
Viburnum Division, St. Joseph Lead Co_._-.... 569 R. E. Wilson Mining Co__._.-_-.---.-..--.... 222 

| Vickers Ltd___.-.-.------.--------------------- 292 Wilson-Snead Mining Co.._._-.-.---.-2.------- 222 
' Victor Chemical Division, Stauffer Chemical Windsor Ferroalloys (Pvt.) Ltd_...-......__. 305, 411 

Co____---_--------------------------------- 716,717 | Wintershall A. G_.._.-....--_--.--------------- 760 
Vietscher Magnesit A.G__..-------------------- 625 Wolsingham Steel Company Ltd...-....-----.. 525 
Violamac Mines Ltd_._..._---.---------------- | 382 Woodward Iron Co.....-...-------------------- 404 
Virginia Electric & Power Co_--..------------- 1738 | Wuching Chemical Works___-:...-------------- 702 
Vitrefrax Co..__-.------------------------------ 563 Wyandotte Chemicals Corp__...-----.--------- 267 
Vitro Chemical Co., division of Vitro Corpora- Wycon Chemical Co.._._._-.-__-_---.--------- 696 

tion of America_..--.----------- 767, 768, 770, 917,994 Wong Minerals Ltd___...--_._._-.-.----------- | 951 
Vitro Corporation of America.....------------ 917,974 Yawata Iron and Steel Co. Ltd__........._.__ 504, 526 
Vitro Minerals Corp_-.....----.---------------- 485 | Yuba Consolidated Gold Fields...-.-..--_----. 487 
VOEST Steel Manufacturing Company.-...--. 523 | Yuba Consolidated Industries, Inc..-..-----.-. 736 
Volean Mines Co-_....-------------------------- 1043 | Yukon Antimony Corp---._------------------- 199 
Volkswagenwerk A.G_......---.------------- 615,616 | Yukon Consolidated Gold Corp. Ltd_........-. 450 
VR/Wesson Division, Fansteel Metallurgical Yunnan Tin Corp.......----....--------------- 935 | 

Corp. ._-------------------------------------- 340 | Zaaiplaats Tin Mining Co. Ltd_-...--..-.-----. 936 
Vulcan Materials Co.....--.------------------- 322 | Zambia Broken Hill Development Co. Ltd... 594, 1044 
Wabash Smelting, Inc........--.--------------- 11 | Zeerust Andalusite (Pty.) Ltd_-.-....-.---.-. 566 
Waccamaw Clay Products Co..-----.---------- 322 | Zevcan Lead Smelter & Refinery.........-..... 246 
Wacher Chemie G.m.b.H.---------------------, 826 he Zinc Corp. Ltd.-..-.--------------- 595, 846, 1045 
Wah Chang Corp.-....-..---. 38, 339, 347, 924, 936, 1050 Zi SA 265, 1042 
Walsh Refractories Corp-_-._...------------- 222, 1050 IMcamMex, 6. A.-~----~--------------- 7-27 ’ 
Walvis Bay Mining Co., subsidiary of Consoli- Zirconium Corporation of America---..-----.-- 1050 

dated African Mines Ltd......-......---..--- 642 Zonolite Division, W. R. Grace & Co........... 1001
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