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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:

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 1V, 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.

WALTER R. HiBBARD, JR., Director.
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Review of the Mineral Industries

(Metals and Nonmetals Except Fuels)

By Edward E. Johnson? and Phillip N. Yasnowsky 2
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The U.S. economy boomed in 1965, com-
pleting its fifth consecutive year of expan-
sion. Although the advance was somewhat
irregular, previous records for production,
sales, employment, and income were
topped. During the first few months of
1965, as the: economy recovered from the
depressing effects of the automobile strikes
of late 1964, increases were unusually large.
The gains moderated in early spring, but
were stimulated at midyear by sharply ris-
ing capital outlays, excise tax cuts, in-
creased Social Security payments, and accel-
erated Viet-Nam defense expenditures.

Gross national product (GNP) in cur-
rent dollars rose $49.5 billion or 7.8 per-
cent, to a total of $681.2 billion. In con-
stant dollars (effects of price changes
eliminated), GNP increased 5.9 percent, a
rate considerably higher than the historical
postwar annual average growth of 3.5 per-
cent. Demand increased in most final mar-
kets and was especially strong for business
fixed investment and consumption expendi-
tures. With the exception of construction,
most of the increases in GNP were real,
since prices increased less than 2 percent.

The value of total new structures was a
record $52.7 billion, 8 percent higher than

in 1964; however, this increase almost en-
tirely reflected increased construction cost
rather than increased output. Most of this
increased cost was not for raw materials
inputs, since the price of nonmetallics,
which are used principally by the construc-
tion industry, did not increase. The major
component of construction — residential
building—was the only major component
of private domestic investment that did not
show -a real increase. The 28-billion cur-
rent dollar investment for residential struc-
tures changed little from 1964, but the
constant dollar expenditures were 2 per-
cent lower in 1965.

Expanding economic activity in 1965 led
to both increased employment and reduc-
tion of unemployment. The unemployment
rate tended downward throughout the year,
falling from a high of 5.0 percent in Feb-
ruary to 4.1 percent in December. At year-
end, labor shortages in some occupations
and industries were common.

The domestic nonfuel mining industry
continued to expand in 1965. The Bureau

1 Some fuels are covered in this chapter but
only where specifically indicated and in general
where mining-industry data were not available
for both nonfuels and fuels components.

2 Economist.
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of Mines index of production increased 3.5
percent, with the largest gains made in
monetary and base metals and in chemical
nonmetals.

The net supply of most minerals and
metals increased, because U.S. production
and imports increased. Domestic consump-
tion rose, with molybdenum, manganese
ore, bismuth, aluminum, and zinc showing
the major gains. With the exception of a
few metals, stocks generally declined.

Total nonfuel mining employment in-
creased as a result of a substantial increase
in metal mining employment. There was a
substantial rise in average annual earnings
and in wages and salaries. Wages and sala-
ries in the metal and quarrying and
nonmetallic mining industries increased 8
and 9 percent, respectively. The large
influx of new workers into the metal min-
ing industry contributed to the decline in
labor productivity.

The index of average mine value in-
creased slightly in 1965. The nonferrous
metals index increased 10 percent because
of higher copper, lead, zinc, and mercury
prices. The chemicals index increased, since
prices of numerous chemicals were general-
ly higher, especially for phosphate rock
and potash. Higher wages and lower pro-
ductivity caused the indexes of relative cost
and metal mining to increase.

National income originating in the min-
ing industry increased 8 percent in 1965.
Although total profits were higher, higher
costs have begun to reduce the ratio of
profits to sales.

Total expenditures on new plants and
equipment for the mining industry in-
creased ‘substantially in 1965. The expendi-
tures for new plants and equipment in the
primary nonferrous metals industry in-
creased 42 percent. Because of higher sales
and profits, the mining industry was able
to finance more of their operations from
internally generated funds.

U.S. foreign investment increased, while
world demand continued strong. U.S. for-
eign investment policy was guided by the

U.S. Government’s program of voluntary
restraint designed to improve the U.S. bal-
ance of payments deficit. Higher incomes
from foreign affiliates, greater use of inter-
nal funds, and greater percentage of funds
obtained abroad helped strengthen the U.S.
balance of payments position.

“In an attempt to insure a continuously
advancing mineral industry, Bureau of
Mines obligations of funds for fiscal 1966
were increased 11 percent. The Bureau’s
research is directed at developing the capa-
bility to solve production and consumption
problems before they become critical. In
1965, the Bureau of Mines research made
significant contributions in upgrading low-
grade phosphorous-bearing shales and in
developing an economic process to upgrade
nonmagnetic taconites by using recovered
steel from junked auto bodies.

There were several large disposals of
stockpile material in 1965. Releases from
the Atomic Energy Commission. (AEC) in-
ventory and the establishment of stockpile
objectives for silver were first made in
1965. Stockpile releases were used as a
means to increase supply and restrain
prices. Large amounts of copper, zinc, nick-
el, and mercury were released. The Office
of Minerals Exploration continued to en-
courage exploration to locate new domestic
sources of essential materials by providing
financial assistance. Government assistance
programs continued to be dominated by
gold and silver.

The world economy, stimulated by U.S.
demand, continued to expand, but at a
slower rate than in previous years. World
consumption of aluminum, copper, lead,
and zinc¢ increased. The world stocks of
aluminum and tin declined; copper, lead,
and zinc stocks increased.

Stimulated by the strong demand from
the industrial nations for moye raw materi-
als, world trade increased. Trade patterns
began to shift in response to new sources
of supply, erratic import supply, reduction
of trade barriers, and administratively
higher export prices.

DOMESTIC PRODUCTION

Value of Mineral Production.—The 4.5-
percent increase in the value of U.S. min-
eral production (metals, nonmetals, and
fuels) in current dollars established a

record high and continued the upward
trend which started in 1959. In 1965, met-
als showed the greatest increase, 9.3 per-
cent, largely the result of higher prices and



REVIEW OF THE MINERAL INDUSTRIES 3

greater sales. Gains made by nonmetals
and fuels were 6.3 percent and 3.1 percent,
respectively.

Value of Mineral Production in 1957-59
Constant Dollars.—The value of mineral
production in constant dollars increased 3.8
percent, slightly lower than the current-
dollar equivalents. This indicated a slight
increase in the price of all minerals. The
largest price increases occurred in metals
where the constant dollar value increased
5.2 percent, whereas nonmetals and fuels
showed little evidence of price increases in
1965.

1965 continued to be a good year for
domestic production. As the economy con-
tinued to expand, the greater need for bas-
ic raw materials resulted in the record pro-
duction of many mineral commodities. The
Bureau of Mines index of physical volume
showed an increase of 3.5 percent in 1965,
establishing a new high. The metals index
rose 3.2 percent, featured by a 7.9-percent
increase of the base metals index, a 14.1-
percent increase of the monetary index,
and a 14.3-percent decline of the other
nonferrous metals index. The base metals
increase resulted from higher production
of copper, lead, and zinc; the decline of
the other nonferrous metals index was
mostly due to lower outputs of uranium,
platinum, ilmenite, and zirconium.

The production of nonmetals increased
5.7 percent, with major gains in chemicals.
As a result of substantial production in-
creases for most chemicals, the nonmetals
chemical index increased 13.2 percent.

Volume of Mineral Production.—The Bu-
reau of Mines index of physical volume of
mineral production has been reweighted
using 1957-59 average prices as weights
rather than 1947-49 average prices. The

new relative weights of the index as com-
pared with the old weights are—

Percent of total

194749 1957-59
Metals e __ 9.57 9.01
Ferrous . 3.95 4.46
Nonferrous 5.62 4.55
Base .- 4.43 3.04
Monetary 90 52

Other .29 .99
Nonmetals . 10.78 20.87
Constructi 7.24 16.29
Chemicals 2.81 3.56
13 1.02

79.65 70.12
100.00 100.00

The greatest shift in the relative weights
was between nonmetals and fuels. The rel-
ative weight of nonmetals increased -as a re-
sult of extended coverage, relative price
changes, and greater production. )

The Federal Reserve Board (FRB) min-
ing indexes showed similar upward trends.
Before the Bureau of Mines index was re-
vised, the total FRB mining index moved
similarly to the total Bureau index of min-
ing; but there were often rather large dis-
crepancies between the movements of the
nonmetals sections of the indexes. The
FRB index of nonmetals had a tendency to
change at a faster rate than the Bureau of
Mines nonmetals index. The 1957-59
weight revision, which increased the rela”
tive weight of nonmetals in the Bureau of
Mines nonmetals index, greatly reduced
this disparity.

The FRB index of basic mineral manu-
facturing indicated the following gains in
1965: 6.5 percent for primary metals; 5.6
percent for iron and steel; 10.0 percent for
nonferrous metals and products; and 6.0
percent for clay, glass, and stone products.
Total industrial production in 1965 in-
creased 8.3 percent and reached another
alltime high.

Table 1.—Value of mineral production in the United States by mineral group *

(Millions)

Change
Mineral groups 2 1961 1962 1963 1964 r 1965 in 1965
from 1964
(percent)

Metals and nonmetals except fuels:
Nonmetals____________________________ $3,946 $4,117 $4,318 $4,623 $4,916 +6.3
Metals_______________________________ 1,927 1,937 2,002 2,261 2,472 +9.3
Total _______ ... 5,873 6,054 6,320 6,884 7,388 +7.8
Mineral fuels_____________________________ 12,357 12,784 13,295 13,623 14,045 +3.1
Grand total _________________________ 18,230 18,838 19,615 20,507 21,433 +4.5

r Revised.

1Includes Alaska and Hawaii.

2 For details see table 2 in the chapter “Statistical S

ry” of this vol
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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
$3,930 $1,875 $5,805 $12,296 $18,101
4,129 1,870 5,999 r12,632 r18,631
4,366 1,877 6,243 13,189 r 19,432
4,665 1,973 6,638 18,596 20,234
4,966 2,076 7,042 13,961 21,003

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

Table 3.—lndex¢s of the physical volume of mineral production in the United States,
by groups and subgroups
(1957-59=100)

Al Metals Nonmetals
Year min- Nonferrous Con- Fuels
erals Total Ferrous- Total struc- Chem- Other
Mone- tion ical

Total Base tary Other

116.83 126.0 106.8 115.9 108.6 77.5 97.5 95.3 104.2 108.5 103.
120.0 132.8 107.5 113.7 106.8 88.6 95.4 94.2 99.7

92.8 87.3 98.2 99.5 100.7 93.0 97.5 98.1 95.5 93.9 96.

87.2 79.9 943 86.8 92.6 118.4 107.1 107.6 104.8 106.0 100.
110.8 109.0 112.5 107.5 94.6 137.2 105.8 105.4 107.6 106.0 101
106.4 96.2 116.3 114.3 94.0 134.2 108.3 108.2 110.5 103.4 103.
105.0 90.4 119.3 120.9 95.7 126.8 113.3 113.6 114.2 105.8 106.
105.7 95.8 115.5 120.8 90.8 112.2 119.4 119.6 120.5 111.6 110.
113.9 108.3 119.4 125.8 92.0 114.3 126.9 126.2 132.1 119.0 114.
117.5 110.8 124.0 185.8 105.0 97.9 134.2 131.2 149.6 127.9 117.

wowoHBmOM;

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
(1957-59=100)

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

100.9 110.5 111.9 109.4 98.9 96.5 107.5 106.3 109.8
100.8 110.9 112.6 109.7 104.6 100.6 119.1 111.1 118.3
107.0 112.2 112.3 112.1 113.3 109.6 126.7 117.5 124.3
109.8 118.1 117.4 118.7 129.1 126.5 138.83 126.0 182.3
112.2  124.8 122.6 126.5 137.5 133.6 152.1 133.5 143.3

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. 269; April 1966, p. 589.



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 C“""%"

1964 1965 from 1964 1964 1965 from 1964 1964 1965 from 1964 1964 1965 from 1964

(percent) (percent) (percent) (percent)
January_ _ ___ .. 108.8 111.8 +2.8 114.7 128.3 + 7.6 116.4 126.7 + 8.8 113.5 120.8 + 6.4
February_________ - 108.9 111.8 +2.7 116.4 123.1 + 5.8 118.8 123.4 + 8.9 114.7 122.9 + 7.1
March_._...__.___ -- 108.8 112.6 +3. 117.0 124,38 + 6.2 119.8 124.6 + 4.0 116.0 124.1 + 7.9
April____ - 109.9 113.0 +2.8 118.5 121.4 + 2.4 124.2 125.8 + 1.8 114.8 118.2 + 8.4
ay___. ———— 111.8 ‘114.0 +2.4 117.9 122.9 + 4.2 119.4 121.6 +1.8 116.8 128.9 4 6.1
June___. PR, - 111.4 115.8 +38.5 119.2 124.9 + 4.8 119.2 128.7 + 8.8 119.2 125.8 4+ 5.5
July_____ . ___ 111.7 116.0 +3.8 114.9 126.9 +10.4 107.8 126.4 +17.8 120.2 127.8 + 5.9
August_ ___________________ 112.1 117.0 +4.4 117.6 129.6 +10.2 112.1 130.2 416.1 121.7 129.1 + 6.1
September _ R, 112.2 112.6 + .4 116.0 125.3 + 8.0 111.1 122.4 +10.2 119.6 127.4 + 6.6
October_____ [ 112.0 115.8 +8.4 117.9 121.7 + 8.2 1165.4 116.5 + 1.0 119.7 125.5 + 4.8
November________ 112.8 116.0 +2.8 125.1 125.1 - 126.6 114.2 - 9.8 123.9 133.2 + 7.6
December._.._.____. 112.5 117.9 +4.8 . 180.7 + 6.5 121.8 120.6 - 1.0 123.4 188.2 +12.0
Annual average.__..._ 111.3 r114.4 +2.8 118.1 r124.8 + 5.7 117.4 r122.6 + 4.4 118.7 »126.5 + 6.6

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. 15697; February 1966, p. 257; March 1966, p. 401; May 1966, p. 718.

G961 “NOOTAVIX STVIANIN
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NET SUPPLY

The net supply of most minerals and
metals increased in 1965. As a result of the
general rise in U.S. production and im-
ports, only tungsten ore, cadmium, mer-
cury, ilmenite, uranium concentrate, asbes-
tos, gypsum, and talc showed declines of
net supply.

With a few exceptions, there were no
radical changes in the relative shares of the
components of supply from 1964 to 1965.
Reliance upon foreign sources for mercury
and uranium declined considerably; there
was a substantial increase in domestic ship-
ments of uranium and in secondary pro-
duction of mercury. The secondary produc-
tion included 29,753 flasks which were

disposed of from the AEC inventory by the
General Services Administration. Moderate
changes were evident in copper, nickel,
tungsten, and potash.

Canada and Mexico continued to be the
major sources of mineral imports. How-
ever, the United States remained heavily
dependent upon South America for cop-
per, tin, and tungsten. Imports of mercury,
magnesia, natural abrasives, and talc came
mainly from Europe, and Oceania con-
tinued to be the principal foreign supplier
of thorium, titanium, zirconium, and ura-
nium. Asia supplied the major share of mi-
ca and Africa furnished almost half of the
imports of chrome and antimony.

CONSUMPTION

Patterns.—Domestic consumption of most
minerals and mineral products rose above
the 1964 totals; some exceptions were iron
ore, titanium concentrates, uranium, and
asbestos. Substantial gains were made by
some commodities in each of the three ma-
jor sections. Because 1965 was a year of
rapid economic expansion, many of the
percentage increases between 1964 and 1965
were higher than the projected average an-
nual growth rate.

For the ferrous metals group the largest
rises were a 2l-percent increase in molyb-
denum and a 28-percent increase in man-
ganese ore. Iron ore consumption declined,
but consumption for the remainder of the
ferrous group made notable gains.

Consumption of nonferrous metals in-
creased substantially; however, that of ti-
tanium concentrates and uranium declined.
The largest percentage increases were for
bismuth, aluminum, and zinc which in-
creased 36, 16, and 13 percent, respectively.

The consumption of each nonmetal
shown in table 8 increased more than 4
percent with the exception of asbestos and
cement. The consumption of asbestos de-
clined 2 percent, while the consumption of
cement increased slightly more than 1 per-

cent. Notable increases in the consumption
of nonmetals were as follows: Phosphate
rock, 18 percent; salt, 9 percent; crushed
stone, 8 percent; and potash, 7 percent.

Estimated 1975 Consumption.—The pro-
jections for U.S. consumption of major
mineral products in 1975 were made by
using a postwar period trend analysis be-
tween commodity consumption and asso-
ciated economic and related factors such as
population, labor force, and construction
activity.

The projected consumption figures for
1975 must not be regarded as predictions
and will change when assumptions about
future economic activities change. In 1965,
the estimates for projected 1975 consump-
tion of sulfur and copper were increased
because the current consumption patterns
for these industries indicated that a revi-
sion was necessary.

Shipments and Orders.—In 1965, ship-
ments of all primary metals increased. Net
new orders for the primary metals and
blast furnace industries declined, while
new orders for all other primary metals
industries increased. Unfilled orders at
yearend for primary metals and blast fur-
naces declined, but unfilled orders for
other primary metals increased.



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

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 ¢ Cha:lxgg4 shipments 2 production 3 Imports 4
———————————— from
1964 1965 (percent) 1964 1965 1964 19656 1964 1965 1964 1966
Ferrous ores, scrap, and metal:
Iron (equivalent) 5______ 118,686 125,927 +6 46 44 630 631 24 25 4 4
Manganese (conten 997 1,244 +25 4 4 - 796 796 1 2
Chromite (Cr2Os content)__________________________ 643 82 +6 - - - - 100 100 (8) (8)
Cobalt (content)___ 912,691 015,495 +23 w w 1] 101 99 99 (8) (8)
Molybdenum (contes 87,706 52,0563 +38 100 100 V- - (8) (8) 42 83
Nickel (content)__.________ r 163 192 +18 r10 9 r11 6 79 85 ) )
Tungsten ore and concentra r6,079 5,831 —4 72 65 - - r28 35 1 (®)
Other metallic ores, scrap, and metals:
Copper (content) _ r1,666 1,706 +2 r 63 66 r24 25 r13 9 r16 17
Lead (content) r1,161 ,220 +5 r24 25 46 47 29 29 1 1
Zinc (recoverable conten 1,016 1,185 +17 r 55 51 7 7 r38 42 3 (2
Aluminum (equivalent) 12 2,809 3,182 +13 10 10 4 5 86 86 10 8
Tin (content)_____.________ r 48,836 57,546 +19 - 27 25 73 75 5 4
Antimony (recoverable cont: r40,211 40,901 +2 4 4 54 59 742 786 2 ()
Beryl ore (BeO content) 59 857 +44 w W - - 100 100 (8) (3)
Cadmium (content) 14 r 5,745 5,095 -11 84 2 (18) (15) 66 68 rl 1
Magnesium (content) r 77,656 79,693 +8 r1685 16 83 r18 2 3 117 18
Mercury. r 78,884 73,975 —6 18 24 3 56 52 20 r8 9
Platinum-group metals_ “thousand troy ounces. - r 897 ,208 +385 r4 8 r1712 178 r84 89 ri4 8
Titanium concentrate:
Ilmenite and slag (TiO: content) 606 —6 r 82 82 - - r18 18 - --
Rutile (TiOz content) _ _____.._ 142 +27 w - - 91 100 2
Uranium concentrate (UsOg conten 13,092 —24 69 80 - - 81 2 -- --
Nonmetals:
Asbestos, 795 -2 12 14 - - 88 86 188 185
Barite, crude.. 1,664 +9 58 54 - - 42 46 - -
Bromine (bro 276 +16 (1) (1) () ) () (1) () )
Clays. oo 54,848 +4 100 . -- - (8) (8) 2
Fluorspa 1,048 +16 r24 23 - - r76 7 (3)
Gypsum, crude____ 15,918 -5 63 63 - - 87 87 (8) ®)
ica (except scr: lg __________ -thousand pounds.. 13,998 +29 2 5 - - 98 96 5 5
Phosphate rock (P:Os content)._ __thousand long tons.__ 6,028 +18 99 99 - - 1 1 26 26
Potash (K20 equivalent)_.___ 8,891 7 80 73 - - 20 27 16 16
Salt (common)_____________. r33,290 36,409 +9 93 94 - -- 7 6 2 2
Sulfur, all forms (content) 19_ r 7.086 7,964 +12 r 82 85 - - r18 15 r21 26
Talc and allied minerals_____. 789 —4 97 98 -- - 3 2 8 8
Crushed and broken stone._ .. 1721, 563 776,481 +8 100 100 .- - (8) (8) (8) 8)
Sand and gravel - ___ ... r 868,692 908,743 +5 100 100 -- - (8) (®) () (8)

r Revised.

W Withheld to avoid disclosing individual company confidential data. Figure is not included in net and gross supply.

1 Net supply is sum of primary shipments, secondary production, and imports minus exports. Gross supply xs total before subtraction of exports.

2 Primary shipments are mine shipments or mine sales (including consumption by producers) plus byprod

+.

more nearly repre-

Shi
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.

G961 ‘NOOTAVIX STVIININ



¢—L9-O 8¥L-CtC

3 From old scrap only.

4 Imports for consumption except where otherwise indicated; scrap is excluded wherever possible in both imports and exports, but all other sources of
minerals through refined or roughly comparable stage are included pt when dity description indicates earlier stage. Exports of foreign merchan-
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.

7 General imports; corresponding exports are of both domestic and foreign merchandise.

8 Less than 1§ unit.

? Sum of secondary production and imports only.

10 Consumption of purchased scrap.

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

13 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.

13 Bagsed on recovery from all forms as byproducts from domestic and foreign sources.

M Primary shipments are calculated as a percentage of total primary production of metal, because part of the domestic primary output is recovered from
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.

Secondary statistics are included in the primary statistics to avoid disclosing company data.

16 Primary production of metal.

17 Recovery from old and new scrap.

18 Reexports included.

¥ Includes sulfur content of pyrites production.
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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!
27 13(1)00 ghosphates crude and apatite. gg - o 13 - - -
2732100 ypsum -- - -- - -
2743000 Sulfur_. 100 - Q] O] - . -
2752400  Natural 1 ® 94 2 3 ® -
gr6z2201 Graphite, natural ... 35 - 28 14 28 - -

2762520} Magnesia, refractory, caustic-
2762540 } calcined, and erude_ . ________ 2 - 83 14 ® 1 -
763000 Salt_______ . 93 - 2 - 5 - -
2764010
2764020
2764080 5 Asbestos...____.-—--oooooooo 86 ® 1 - 1B 0 ®
2764050
5765210
276%20 E Mica, including serap_ - __._.__ ® 26 1 67 6 - -
765250
65420 Fluorspar oo 75 - 22 3 @) - --
2768300  Barite, crude. 49 20 22 1 8 - -
2768500 Tale oo oo 7 - 79 14 - - ®
10000 Iron ore and concentrates__ 60 35 ® ® 5 2) -
2820000 Iron and steel scrap. 82 - 14 1 8 @) -
2831110 Copper- . ---cecomeceooo 6 84 - 1 8 1 -
Soaa0a0) Bauxite ... 77 23 - - - - .-
2834000 Lead ores and concentrates______ 35 28 - ® 18 19 -
2835000 Zine ores and concentrates__ - 73 19 ® ® 7 1 --
2836000 Tin ores and concentrates________ - 100 - - - - --
gg&gﬁg Manganese ores and concentrates_ 3 49 @ 6 42 -- --
120
ggggiég ; Chrome ores_.____ ... ____._.____ - - - 34 47 - 19
2839200 Tungsten ores and concentrates._ _ 19 52 1 10 8 10 -
2839310 Tantalum, molybdenum, and va-
nadium ores and concentrates. . 9 25 10 8 47 1 -
259930 Titanium ores.........-oooo.- 17 . . - . 83 -
2839340  Zirconium ores____________ - 2 - Q] - - 98 _-
2839810 Antimony ores and needles 15 36 ) 4 45 - -
2839820 Beryllium ores and concentrates__ - 18 4 26 33 19 _—
2839830 Columbium ores and concentrates_ 48 - 3 . 49 - _-
2840200 Copper waste and scrap_________ 38 57 1 2 1 -
2840300 Nickel waste and scrap__________ 56 ® 43 1 - ® -
2840400 Aluminum waste and scrap 41 (0] 21 25 ® 1 12
2840500 Magnesium waste and scrap._____ 53 40 4 1 -
2840600 Lead waste and serap.___.__._____ 97 [©) @) 2 - 1 --
2840700 Zinc waste and scrap.._ - 100 - . - - -- -
2840900 Tin waste and scrap 100 - O] ® - - -
2850000 Platinum group metals, ores, con-
centrates, and waste__________ 47 1 25 ® 13 14 --
2860000 Uranium and thorium ores and
concentrates__.______________ - 3 - 35 3 59 -
5132500 Mercury, including waste and
5136580 L2 o JR 7 5 88 @ -- -- --
5136550} Aluminga .o 26 15 2 30 27 - -

1U.S.S.R., Bulgaria, East Germany, Albania, Czechoslovakia, Hungary, Poland, Rumania, China,

North Korea North Viet-Nam.
2 Less than 14 unit.

STOCKS

Indexes of Stocks.”—The Bureau of
Mines index of yearend primary producers
stocks declined more than 3 percent in
1965. The 13-percent decrease in the
nonmetals index more than offset the 12-
percent gain in the metals index. The in-
dex of stocks of iron ore increased 18 per-
cent, however other ferrous and nonferrous

stock indexes declined in response to the
generally declining stocks of tungsten, mer-
cury, bauxite, and titanium concentrates.
The decline in the nonmetals index was
caused by the 23-percent decline of sulfur
stocks.

3 Johnson, Edward E. Index Numbers for
the Mineral Industries. BuMines Inf. Circ. 8275,
1965, 85 pp.



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

Average annual Projected average
Commodity 1964 1965 growth rate 1976 annual growth
1947-64 projection rate 1964-76
(percent) (percent)
Ferrous:
IrOom Ore. o -e oo ciceiccceccccacaana thousand long tons._ . 182,828 125,861 +0.6 164,000 +2.0
Pigiron_______ ---thousand short tons. _ 86,882 88,9456 +1.2 104,800 +1.8
Steel ingot1_______ d 127,000 131,000 +1.2 158,000 2.0
Ferrous scrap_ ... oo oo, 84,626 90,859 +.7 105,800 +2.0
Chromite ores (gross weight):
Metallurgical grade.. ... 832 907 +4.0 1,760 +7.0
Refractory grade. : 430 457 4.6 570 +2.6
Chemical grade_____________.____ r 189 217 +1.7 236 +2.1
Manganese ore (35 percent or more Mn). do. 2,242 2,866 +1.4 8,090 +8.0
Molybdenum (contained Mo)....._._.._. 56,409 68,112 +5.0 87,800 +4.1
Tungsten (W content). ... ..o ceecceeceae d 12,311 13,868 +3.8 16,870 +2.9
Nonferrous:
38,216 8,786 +7.8 5,980 +5.8
Bauxite, dry equivalent. 12,546 13,534 +9.8 27,560 +7.4
Antimony, primary. 15,889 16,919 -1.9 27,860 +5.8
Bismuth_______. --thousand pounds. . 2,160 , 3 4+1.56 2,440 +1.1
Copper, primary an housand short tons._ _ r1,969 2,089 =+.1 r 2,300 r 41.5
Leatf, primary and secondary._ ..o cccecoooooo- do.... r1,202 1,241 -.2 1,610 +2.7
Zinc, all classes_ ... do..._. 1,536 1,742 4.9 2,150 +8.1
Mercury. o ccecmcm——————— 76-pound flasks_. 82,608 76,454 +3.3 104,000 +2.1
Platinum-group metals____........ ---thousand troy ounces. . 1,140 1,187 +6.9 2,670 +7.7
Silver, industry and the arts_ _ _ ... ___ do..._ r 128,000 187,000 444 156,000 +2.0
Titanium, ilmenite including Ti slag (est. TiO: content).._short tons_ . 602,921 588,485 +5.1 1,220,500 +6.6
Uranlisum (U30g content) s do.... 11,847 10,442 5 8.5 ¢ 8,900-14,000 —2.6to +1.6
Nonmetals:
Asbestos 2. e eeeeeeeas thousand short tons. . 818 796 +.7 870 +.6
Cement ) e cc————eeee million barrels. . 877 882 +8.8 660 +5.2
Clays 2. e -thousand short tons. . r 52,947 556,092 +2.1 66,740 +2.1
Lime 7T e do.... r 16,089 16,794 +5.2 27,860 +4.9
Phosphate rock 2 ---thousand long tons. . 16,646 19,5623 +4.7 27,200 +4.6
Potash (K10 content) 2. __ --thousand short tons. . r 8,164 8,891 +6.3 2 +6.4
Salt 2 cmcmmmm ;e ——————— do.... r 88,290 86,409 +4.4 58,950 +4.56
Sand and gravel 7. _ - --million short tons. . 868 908 8 44.8 1,800 +46.8
Stone, crushed .. lieao_. do.... 723 778 +8.8 1,500 +6.9
Sulfur, all forms 2. ___ e thousand long tons._ r 7,260 7,959 +2.7 r 12,500 r 45.8

r Revised.

1 Production.

2 Apparent consumption.

3 Growth rate 1951-1964.

4 Growth rate 1947-1963.

5 Growth rate 1956-1964. .

¢ Faulkner and McVey, U.S. Atomic Energy Commission. Fuel Resources and Availability for Civilian Nuclear Power for 1964-2000, table 4. See 1963
Review Chapter.

7 Sold or used.

8 Growth rate 1954-1964.
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Table 9.—Shipments, net new orders and yearend unfilled orders for selected mineral processing industries

(Millions)
Shipments ! Net new orders ! Unfilled orders at end of period

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
$31,659 $17,881 $14,278 $33,107 $18,816 $14,291 $5,129 $3,501 $1,628
84,016 18,264 15,752 82,619 16,790 15,829 8,761 2,057 1,704
85,3825 19,033 16,292 35,508 19,104 16,404 3,980 2,120 1,810
38,832 21,236 17,596 r 41,308 r 23,808 r 18,005 6,559 4,311 2,248
41,910 22,916 18,994 41,017 21,878 19,639 5,646 2,730 2,916
8,455 1,976 1,479 3,739 2,232 1,507 6,656 4,387 2,269
3,456 1,979 1,477 3,802 2,291 1,511 7,078 4,769 2,314
8,629 2,086 1,543 8,593 2,018 1,676 7,068 4,720 2,338
8,796 2,245 1,661 3,456 1,876 1,580 6,683 4,851 2,332
8,435 1,836 1,600 3,286 1,632 1,654 6,569 4,148 2,421
3,389 1,820 1,669 3,454 1,816 1,638 6,637 4,144 2,498
8,782 2,170 1,612 8,493 1,851 1,642 6,848 3,826 2,523
3,708 2,106 1,603 8,119 1,466 1,654 5,760 8,185 2,676
3,287 1,652 1,585 2,908 1,276 1,632 5,431 2,809 2,622
3,204 1,608 1,596 8,148 1,451 1,697 5,876 2,658 2,722
3,335 1,681 1,654 3,392 1,635 1,757 5,482 2,606 2,826
8,470 1,730 1,740 8,684 1,854 1,830 5,646 2,730 2,916

r Revised.

1 Monthly 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 8-1,

October 1963, pp. 81-87, 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.

¢l
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The index of yearend stocks held by
mineral manufacturers, consumers, and
dealers did not change from 1964.

The nonmetals segment of the index de-
clined 11 percent, largely because of the
substantial decline in cement and importer
stocks of fluorspar.

Value of Inventories—The value of sea-
sonally adjusted inventories held by firms

in the primary metals industry was 4 per-
cent higher than in December 1964. The
blast furnace and steel mill inventories de-
creased 1 percent, while the value of other
primary metals inventories increased 11
percent. Inventories of stone, clay, and
glass products increased more than 2 per-
cent.

Table 10.—~Index of stocks of mineral manufacturers, consumers, and dealers at yearend
(1957-59=100)

Metals
Total tal
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
1963_.._____ 95 93 91 85 97 96 r128
........ r89 r 87 85 72 88 r97 r130
1965_.______ 89 88 84 72 92 96 116
1 Excludes fuels.
T Revised.
Table 11.—Index of stocks of crude minerals at mines or in hands of primary
producers at yearend
(1957-59=100)
Metals
Metals Nonmetals
Yearend and Other
nonmetals ! Total Iron ore ferrous Nonferrous
121 134 r 147 63 r168 115
124 147 r165 73 149 113
r122 r141 r157 69 r 153 113
r114 r133 r153 44 r 147 r105
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,
month clay, and Blast furnaces, Other primary
glass products steel mills metals Total
$1,468 ss 691 $2,286 $5,977
,492 8,528 2,345 5,873
1,544 3.533 2,385 5,918
1,587 3,707 2,4 6,111
1,626 3,678 2,671 6,349
1,595 8,744 2,417 6,161
1,595 8,717 ,436 6,153
1,693 3,618 2,453 6,071
1,606 ,427 2,473 ,900
1,620 8,531 ,465 5,996
1,628 8,597 2,477 6,074
1,600 ,631 ,532 ,163
1,618 3,576 2,566 6,142
1,614 3,633 2,591 6,224
1,640 3,669 2,606 6,275
1,634 8,658 2,608 6,261

Sources: TU.S.
Inventories, and orders:

ment of Commerce, Office of Business Economics. Survey of Current Business. V. 45,

Department of Commerce, Bureau of the Manufacture:
1947-1963. Revised, series M 8-1, October 1963, pp. 62-67. U.S. Depart-

Census. rs’ Shipments,

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-
fuel minerals in 1965 resulted in mining
firms substantially increasing employment
in order to increase output. The gains
" made in nonfuel mining, however, were
offset by employment losses in the mineral
fuels industries so that total mining em-
ployment for the year declined slightly.
Percentage changes in average total em-
ployment are shown below:

: Percent
All industri -+3.9
Mining (including fuels) .- —.1
Metals and nonfuel minerals___ 3.6
Metal mining ceeeecceomeeeeee —+4.9
Nonmetal mining and
quarrying “+2.7
Coal mining —3.5
Crude petroleum and natural
gas —2.4
Minerals manufacturing? . _.___ +4.3

1Based upon categories listed under mineral
manufacturing in table 13

Employment in selected mineral manu-
facturing groups increased 4.3 percent,
slightly more than the average for all in-
dustries. Of the selected mineral manufac-
turing industries, only hydraulic cement
employed fewer workers in 1965 than in
1964. This decline was the result of ad-
vancing technology wherein new or re-
placement plants require less labor for the
same or increased productivity.

Hours and Earnings.—Average weekly
hours of production workers in the nonfuel
mining industry rose slightly in 1965, and
hourly and weekly earnings increased 3.4
and 4.7 percent, respectively. As a result of
increased hours, the percentage increase for
weekly earnings was higher than that for
hourly earnings. Similar trends were expe-
rienced in the mineral manufacturing in-
dustries except for the declines in weekly
hours worked by cement, blast furnace,
and steel and rolling mill employees.

Labor Turnover Rates.—Accession rates
for metal mining, generally lower than
those for all manufacturing, remained sta-
ble in 1965. However, there was a very
slight increase in accession in copper ore
mining. Separation rates in all metal min-
ing increased slightly with the largest in-
crease in iron ore mining. The layoff rate
for all metal mining was unchanged at 0.7
layoffs per 100 employees. Accession, sepa-

ration, and layoff rates for 1965 for the
mineral manufacturing industries were
mixed. The most significant changes were
in the layoff rates for blast furnaces and
steel and rolling mills which increased 160
percent and the nonferrous smelting and
refining layoff rate which declined over 50
percent. In manufacturing, accession rates
were slightly higher, separation rates re-
mained constant, and layoff rates declined.

Wages and Salaries.—Wages and salaries
in the mining industry, including fuels,
continued the upward trend begun in
1961. However, the 4.8-percent increase in
1965 was below the 7.4- and 7.8-percent
gains reported for all industries and manu-
facturing, respectively. Wages and salaries
in the metal mining industry increased 8
percent, from $568 to $613 million. This
was surpassed by the quarrying and
nonmetallic mining industry which in-
creased 9 percent, from $720 to $785 mil-
lion.

Average annual earnings of full-time em-
ployees in mining rose 4 percent and re-
mained slightly higher than earnings in all
industries and manufacturing.

Productivity.—The most recent productiv-
ity indexes available are those for 1964.
These indexes indicate substantial produc-
tivity increases for copper and iron ore
mining; productivity increases were a re-
sult of fewer employees producing a larger
output.

The productivity indexes may be used as
an indicator of the shift in the average
grade of ore mined. For example, in 1964
the percentage increase in productivity of
recoverable copper mined was less than
that of copper ore, and the percentage in-
crease in usable iron ore mined was greater
than that of crude iron ore mined. These
facts implied a decline in the average
grade of copper ore mined and an increase
in the average grade of iron ore mined.

Preliminary data not shown here give
every indication that productivity of cop-
per and iron ore mining will decline in
1965. Both industries were forced to hire
large numbers of new workers and, in both
industries, the marginal output of these
new workers was low.
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Table 13.—Total employment in selected nonfuel mineral industries

(Thousands)
Mining
Year Nonmetal Metal
Total ining an
quarrying Totalt Iron Copper
207.2 119.8 87.4 26.9 29.0
200.4 118.1 82.8 25.2 28.5
r196.7 r117.0 r79.7 r24.1 27.7
r196.1 r116.7 r79.4 r24.7 r27.1
203. 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
35.8 40.2 526.5 66.6
36.8 89.8 522.8 68.1
r38.2 38.9 r 520.0 r68.4
r37.7 38.7 r 567.2 r69.2
38.3 38.8 584.5 72.1

T 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. 13123, 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 1
Total 2 Iron ores
Year
Weekly Weekly Weekly
Hourly Hourly Hourly

Earnings Hours earnings Eamings Hours earnings Earnings Hours earnings
42.9 $2.57 113.44 41. $2.74 $115.50 38.5 $3.00
43.2 2.56 117.45 41.5 2.83 122.19 39.8 8.07
43.2 r2.61 118.66 41.2 2.88 120.04 39.1 3.07
r43.6 r2.67 rl122.54 rd1.4 r2.96 125.83 40.2 3.13
44.0 2.76 127.71 41.6 3.07 129.24 40.9 3.16

Metal mining—Continued Mineral manufacturing

Quarrying and tallic
mining Fertilizers, complete and
Copper ores mixing only
$119.03 43.6 $2.73 100.09 43.9 $2.28 $80.94 42.6 $1.90
120.70 42.8 2.82 105.43 44.3 2.38 84.12 42.7 1.97
124.56 43.1 2.89 r108.88 r44.6 r2.43 r90.67 43.8 r2.07
130.42 42.9 3.04 r111.85 r45.1 r2.48 r93.74 43.4 r2.16
136.71 43.4 8.16 117.46 45.7 2.57 96.57 43.5 2.22
Mineral facturing—Ci d

Blast furnaces, steel and

Nonferrous smelting and

Cement, hydraulic rolling mills refining
40.5 $2.63 $123.84 38.7 $3.20 $110.16 40.8 $2.70
41.0 2.76 128.81 39.0 3.29 114.95 41.2 2.79
41.2 2.83 134.40 40.0 3.36 118.14 41.6 2.84
41.4 2.93 140.15 41.1 3.41 r120.22 41.6 r2.89
41.2 3.02 141.86 41.0 8.46 124.44 41.9 2.97

r Revised.

! 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.

V. 12, No. 9, March 1966, table C-2. U.S. Department of Labor,
Employment and Earnings Statistics for the United States 1909-65, Bull. 1312-8, December 1965.

Employment and Earnings,
Bureau of Labor Statistics.
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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 8.9 3.8 3.2 2.4 3.1 3.4 2.2
4.0 2.9 2.9 2.8 3.2 2.7 2.7
4.3 2.6 2.3 2.5 3.2 2.7 2.8
3.9 3.5 2.8 2.1 3.1 2.7 2.1
3.9 3.0 1.8 2.1 r2.9 2.3 2.5
4.0 2.7 3.0 2.2 3.1 2.5 2.5
1.8 2.4 1.7 .8 r1.1 1.8 .5
1.7 2.0 .5 r .7 7 1.3 .3
1.4 1.6 1.3 .8 T 1.3 .4

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. US. Department of Labor, Bureau of Labor Statistics.
Employment and Earnings Statlstlcs 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
1963-64 1964-65

1963 1964 1965

Wage and salaries, millions:

All industries, total_______________ $311,095 5333 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
Avﬁerﬁagres earnings per full-time employee,

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.
V. 46, No. 7, July 1966, pp. 30-31.

Table 17.—Labor-productivity indexes for copper- and iron-ore mining
(1957-59=100)

Copper, crude ore Iron, crude ore
mined per— mined per—
Year
Production Production
worker Man-hour worker Man-hour

97.1 94.3 101.7 99.8
116.9 108.2 122.7 116.3
117.4 110.6 138.4 135.2
125.8 120.7 154.6 146.1
126.2 120.3 164.9 158.7
137.7 131.9 171.4 160.6

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

Production Production

worker Man-hour worker Man-hour
8.4 95.6 106.1 103.9

112.9 104.5 112.0 106.2
115.6 109.0 115.1 112.4
124.1 119.1 123.6 116.9
126.0 120.1 126.3 121.5
133.7 128.0 13 124.6

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
average mine value of all minerals, includ-
ing fuels, rose slightly in 1965. The index
of total metals increased 4 percent owing
to the 7-percent increase in the nonferrous
metals index. As in 1964, higher copper,
lead, zinc, and mercury prices were respon-
sible for this increase. An increase in the
average mine value of chemical raw mate-
rials compensated for the decline in the
average mine value of construction materi-
als, keeping the total nonmetals index sta-
ble. The gain made in the chemicals group
was attributed to increased prices for phos-
phate rock and potassium salts.

The index of average mine value was
reweighted using 1957-59 weights. The
commodity coverage of the revised index is
comparable to the Bureau of Mines index
of physical volume. The more recent
weighting period and comparability with
the index of production should make the
new index a more useful tool.

Index of Implicit Unit Value.—The index
of implicit unit value which measures the
price change implied by the Bureau of
Mines indexes of volume and value in-
creased less than 1 percent. Since 1960, the
index of implicit unit value for nonmetals
has been relatively stable while the index
for metals has continually increased. In
1965, the index of implicit unit value for
metals increased 4 percent. These indexes
increase when the quantity of production
rises less than the value of production. In
1965, the tendency toward lower productiv-
ity and higher commodity prices was re-
sponsible for the 8- and 10-percent in-
creases in the ferrous and nonferrous base
metals indexes.

Prices.—While most prices of processed
mineral commodities rose moderately, the
nonferrous metals and nonferrous scrap
showed significant price increases. Slab
zinc, copper ingot, and pig lead prices rose
7, 10, and 18 percent, respectively, and
nonferrous scrap prices rose 19.6 percent.

Prices of most nonmetallic mineral prod-
ucts were slightly higher in 1965. The only
significant declines were for insulation ma-
terials and gypsum products. The major
price increases occurred in phosphate rock
and phosphates, more than 5 percent, as

demand for these products in the rapidly
expanding fertilizer industry remained
high. Upward price pressures on phosphate
rock and phosphates were caused by the
higher cost of inputs.

Costs.—Price indexes of cost items shown
in table 21 increased. The average prices of
machinery and equipment used in mining
increased slightly more than 2 percent in
1965, but the price index for portable air
compressors increased more than 9 percent.
The percentage change from 1964 for ma-
jor machinery and equipment items fol-
lows:

Percent change

from 196}

Mining machinery and equipment +2.5
Power cranes, draglines, shovels,

ete. —+1.7
Tractors other than farm —______ —+2.5
Construction machinery and

equipment ___________________ 2.6
Portable air compressors —————___ 9.4

Prices of cost items shown in table 22
were mixed. The price of most items in-
creased moderately, but prices of coal and
explosives declined.

Relative Labor Cost.—The labor cost per
pound of recoverable copper increased 9.1
percent, the value of recoverable copper
per man-hour increased 3.5 percent, and
the labor cost per dollar of recoverable
copper was unchanged. A combination of
higher hourly earnings and lower produc-
tivity rates caused the labor cost per pound
of recoverable copper to increase, but did
not adversely affect the value of recover-
able copper per man-hour. The value of
recoverable copper per man-hour remained
constant, since copper price increases more
than offset higher labor cost and lower
productivity.

Also, as a result of increased wages and
lower productivity, the labor cost per
pound of recoverable iron ore increased 3.5
percent; but the value of recoverable iron
ore per man-hour declined 2.4 percent.
The labor cost per dollar of recoverable
iron ore increased 3.2 percent because
wages increased, productivity declined, and
the price of iron ore remained constant.

Index of Principal Metal Mining Expenses.
—The 4-percent increase in the index of
principal metal mining expenses, the first
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since 1961, was due largely to higher labor
costs. Labor costs increased more than 5
percent in 1965. The cost of fuels and sup-
plies increased moderately, while electric

energy cost was constant. This index ex-
cludes capital cost and contract work ex-
penses; consequently, it does not represent
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)

Metals Nonmetals
All Nonferrous
Year min- Fer- Con- Chem- Fuels
erals Total rous Mone- Total strue- ical Other
Total Base tary Other tion
93.2 129.1 141.7 94.4 105.2 97.5 97.2 99.0 96.7 93.9
98.3 104.1 104.9 98.8 103.6 99.4 99.0 101.0 101.0 101.6
100.6 94.4 91.0 100.6 101.8 99.4 99.3 99.7 99.3 99.8
102.2 101.8 104.0 100.8 95.6 101.1 101.6 98.9 99.5 98.1
102.2 104.4 109.3 101.5 91.2 102.5 103.2 100.0 100.8 98.3
105.3 98.4 101.1 103.9 88.9 102.1 102.4 101.4 100.4 98.7
104.8 100.8 102.3 111.8 92.7 101.8 102.4 99.4 100.0 99.0
107.6 103.2 103.7 120.0 95.8 101.2 101.7 98.1 102.8 98.4
110.9 109.7 112.5 120.5 98.6 101.9 101.9 101.2 103.5 98.0
112.0 117.1 123.2 120.5 99.8 101.5 101.2 102.7 103.0 97.8
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

101.1 102.8 103.9 103.7 103.4 101.2 97.6 100.4 99.8 101.7 106.5 100.5
101.6 103.6 103.5r106.4 106.2 108.2 99.7 99.7 99.2 100.4 110.1r101.2
101.4 r106.8 107.7 r108.4 106.5r116.6 r109.6 98.9 98.0 99.1r114.9 100.8
102.0 114.6 111.9 116.5 114.7 117.6 119.6 99.1 97.9 101.3 116.1 100.2
102.9 119.1 112.1 126.3 126.2 116.3 123.1 99.0 97.8 102.1 117.8 100.6

P Preliminary. T Revised.

INCOME

National Income  Originated.—Income
originating in the mining industry in-
creased 8 percent in 1965. Nonmetallic in-
creased 13 percent and metal mining 16
percent. These increases were considerably
above that for total mining; hence the rel-
ative share of total mining income origi-
nating from these two sectors was some-
what larger.

Profits and Dividends.—The percent in-
crease in the annual profit rate on stock-
holders’ equity (after corporate income
taxes) for all manufacturing was close to
last year’s rate, but the rates for primary
iron and steel, stone, clay, and glass prod-
ucts, and chemicals were somewhat lower.
Although the absolute amount of profits

was at an alltime high, profits are not in-
creasing in proportion to sales. As the min-
ing industries strived to satisfy tremendous
demand, they often operated at greater
than optimal costs. Dividends paid by the
minerals processing industry increased in
1965. The dividends of primary nonferrous
metals increased at a rate greater than all
manufacturing, but those of primary iron
and steel, stone, clay, and glass products,
and chemicals lagged behind manufactur-
ing.

The number of failures in mining com-
panies, including fuels, increased in 1963
although current liabilities of mining fail-
ures declined $15 million.
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Table 20.—Price indexes for selected metals and mineral commodities

(1957-59=100)
Annual average Percent
Commodity h

1964 1965 from 1964

Metals and metal products 102.8 105.7 +2.8
Iron and steel 100.5 101.4 .9
Ironore._.._...__. 90.6 90.5 —.1
Iron and steel scrap____. 9.3 81.6 +2.9
Semifinished steel product 103.5 103.3 —.2
Finished steel products________ 102.8 103.3 +.5
Foundry and forge shop products 104.7 106.1 +41.3
Pig iron and ferroalloys r77.7 80.2 +38.2
Nonferrous metals_ 105.9 115.2 +8.8
Primary metal refinery s 111.2 119.6 +7.6
Aluminum ingot______ 94.6 97.7 +3.3
Copper, ingot, electrol; 110.6 121.2 +9.6
Lead, pig, common_____ 104. 128.2 +17.8
Zinc, slab, prime western 121.7 130.0 +6.8
Nonferrous serap-__ - __ 117.3 140.3 +19.6
Nonmetallic mineral products 101.5 101.7 +.2
Concrete in; ients__.______ 102.8 103.2 +.4
Sand, gravel, and crushed 104.8 105.5 +.7
Concrete {Jroduc(:s_ . 100.9 101.5 +.6
Structural clay products. - £104.2 105.1 +.9
ypsum products_ _____ - 108.2 104.0 -3.9
Other nonmetallic mineral - 101.5 101.3 —.2
Building lime - 110.3 113.1 +2.5
Insulation material - 90.9 88.3 —-2.9
Asbestos cement shin, 111.0 113.3 +2.1
100.0 99.9 —.1

97.1 98.9 +1.9

Fertilizer materi - 100.1 103.5 +3.4
94.1 96.8 +2.9

110.4 116.0 +5.1

128.9 138.1 +7.1
118.9 117.8 +3.4
111.1 115. +3.5
117.8 121.0 +3.2
01.2 102.5 +1.3
100.5 02. +2.0

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
Con- Power  Special- .
struction Mining  Oilfield  cranes, ized Con- Mixers, Trac-
hi hi hi drag- con- Portable  Scrap-  tractors  pavers, tors,
Year eryand eryand eryand  lines, struction aircom- ersand airtools, spread- other
equip-  equip- tools hovels, hil p graders  hand- ers, ete. than
ment ment ete. ery held farm

107.5 107.8 101.8 105.4 107.8 114.1 104.4 113.5 108.4 108.0
107.8 108.4 103.2 106.1 107.4 113.7 105.3 113.5 110.3 108. 5

109.6 109.1 102. 6 108. 8 108.1 115.1 108.5 113.5 112.1 110.8
112.4 r110.5 r104.3 111.8 108.5 117.6 110.8 (1) 116.3 114.7
115.3 113.3 104.7 113.7 110.3 128.7 114.2 (O] 119.8 117.6
r Revised.
1 Series discontinued.

Source: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Pricesand Price Statistics. January 1966,
PD. 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. oo 107. 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 chemieals___________ 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 +2.4 112 .4 115.3 +2.6
r Revised.
Source: U.S. Department of Labor, Bureau of Labor Statistics. Monthly Labor Review. V. 89,

No. 8, March 1966, pp. 360-361;
February 1965, p. 10, and January 1966, p. 12.

No. 4, April 1966, pp. 474-475.

Wholesale Price Statistics,

INVESTMENT

New Plant and Equipment.—Total ex-
penditures on new plant and equipment
increased from $44.9 in 1964 to $52.0 bil-
lion in 1965. A large portion of this 16-per-
cent increase resulted from larger than ex-
pected sales which necessitated additions to
the capacity of many industries.

In 1965 expenditures for new plant and
equipment in the mining industry in-
creased $110 million or 9.2 percent—a rate
somewhat lower than that for all indus-
tries, manufacturing, and selected manufac-
turing industries. The primary nonferrous
metals industry experienced rapid acceler-
ation of demand in 1965, causing increased
use of capacity. Consequently, the largest
percentage increase for new plant and
equipment was the 42-percent increase
made by the primary nonferrous metals in-
dustry.

Issues of Mining Securities.—The extrac-
tive industries (including fuels) supplied 2
percent of the new corporate securities
offered for sale in 1965. These securities
consisted of 71 percent bonds and 29 per-
cent common stock and were consistent
with offerings of previous years.

Total gross proceeeds from extraction se-
curities offered in 1965 decreased $79 mil-
lion or 19 percent, whereas all corporate
offerings increased 15 percent and manu-
facturing 78 percent. Although offering
fewer securities in 1965, the extractive in-
dustries were able to satisfy increased capi-
tal requirements. The healthy state of the
extractive industry made it possible to rely
more on internally generated funds or on
loans from financial institutions for needed
financing.

Foreign Investment.—The value of direct
private investment in foreign mining and
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Table 23.—Indexes of relative labor costs, copper and iron ore mining !
(1957-59=100)

Labor costs ger pound ‘Value of recoverable Labor costs per dollar
¥ of recoverable metal metal per man-hour of recoverable metal
ear

Copper Iron ore Copper Iron ore Copper Iron ore

105 97 113 114 101 96

98 96 126 112 93 100

100 92 127 115 94 97

99 187 142 r123 89 r 93

108 90 147 120 89 96

P Preliminary. r Revised.
:Comput;d fn}m data found in U.S. Department of Labor, Employment and Earnings and
holesal rice Ind

Table 24.—Indexes of principal metal mining expenses *
(1957-59=100)

Electrical
Total Labor Supplies Fuels energy
101 100 101 101 103
99 96 101 100 103
98 95 102 100 102
r96 r92 102 97 101
100 97 108 99 101

r Revised. P Preliminary.

! Indexes constructed using the following weights derived from the 1958 Census of Mineral
Industries: Labor, 59.37; 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

Income, millions Chan%e

Industry from 1964

1963 1964 1965 (percent)
$5,954 $5,950 $6,432 +8.1
785 883 1,025 +16.1
ng. . 1,212 1,284 1,861 +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________________________________ 143,839 155,078 170,408 +9.9

- Chemieals and allied products____________ 10,402 11,212 12,8382 +10.
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___________________________________ 481,927 517,281 559,020 +8.1

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Busi-
ness. V. 46, No. 7, July 1966.
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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)
All manufacturing t___ . _______ 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

1 Except newspapers.

Source: Federal Trade Commission, Securities and Exchange Commission. Quarterly Financial
Report for Manufacturing Corporations. 1st Quarter 1965 and 4th Quarter 1965, tables 4, 8.

Table 27.—Industrial and commercial failures. and liabilities

Industry 1963 1964 1965
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_ __ .
Current liabilities___ - .-~ thousands._ _

14,374 13,501 13,514
$1,852,593 $1,829,223 $1,321,666

1 Including 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

in 1964. Canada gained $131 million and

Australia $30 million. Data for direct pri-
vate investment in 1965 are not available.

US. foreign investment in 1964 should
be noted in relation to the U.S. Govern-
ment program of voluntary restraint to im-
prove the U.S. balance of payments deficit.
In the mining and smelting industries, net
capital outflow was $88 million as com-
pared to $65 million in 1963; but increased
income from foreign affiliates was one of
the major elements of strength in the bal-
ance of payments. Assisted by higher prices
for metals and minerals, 1964 earnings of
affiliates in mining and smelting rose by
over $145 million and reached $505 mil-
lion. Of that total, $399 million was re-
turned to the United States compared with
$293 million in 1963.

The 1965 foreign plant and equipment
expenditure of U.S. mining and smelting
firms was $584 million, 39 percent more

than the 1964 expenditure of $420 million.
As a result of increased activity in the de-
velopment of bauxite properties in Austra-
lia and iron ore production in Canada and
Australia, most of the increased U.S. in-
vestments in 1965 were in those countries.

Expenditures by foreign affiliates of U.S.
mining and smelting firms were $1,044 mil-
lion in 1964. The affiliates relied principal-
ly on internally generated funds—net in-
come and cash flows from depreciation and
depletion, which accounted for $936 mil-
lion of the $1,044 million expenditure. The
most significant changes in the 1964 sources
of funds were the large decrease in the
amount of funds obtained from the United
States and the increased amount of funds
obtained from other countries. During 1964
funds obtained from the United States de-
clined. The total negative outflow of U.S.
funds was probably the result of repay-
ments of foreign loans or transfers of funds
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 e $1.04 $1.19 $1.30
Manufacturing_ ___________ : 15.69 18.58 22.45
Primary iron and steel..____ 1.24 1.69 1.98
Primary nonferrous metals_.__. .41 .48 .68
Stone, clay, and glass products._ .61 .68 .78
Chemieals .__________________ 1.61 1.97 2.59
Petroleum. ___ _________ e 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 *

Total corporate Manufacturing Extractive 2

Type of security
Millions Percent Millions Percent Millions Percent

$13,720 85.8 $4,712 87.0 $243 71.1
725 4.5 112 2.1 - JR
1,547 9.7 593 10.9 99 28.9
15,992 100.0 5,417 100.0 342 100.0

! 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.

2Including fuels.

gource: U.S. Securities and Exchange Commission. Statistical Bulletin. V. 25, No. 4, April
1966, p. 9.

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

major industry.
(Millions)
1963 r 1964 r 19651
Area and country Mining Manu- Mining Manu- Mining Manu-
an Il’e;r 0= fac- and l;:gg‘ fac- and I;:ﬁ:g_ fac-

smelting '*"™  turing smelting turing smelting turing
Canada__ __________._____ $195 $375 $535 $220 $385 $769 $248 $377  $1,081
Latin American Republies. 75 245 271 72 272 363 102 309 399
Other Western Hemisphere 34 62 87 . 54 55 39 54 59 21
Europe. 5 642 1,107 3 643 1,293 7 728 1,787
Africa______ 58 164 24 41 268 63 46 287 92
Middle East I 125 5 - 114 9 - 208 b
Far East___ 2 172 131 1 164 205 1 238 258
Oceania__ - 29 64 141 29 65 242 126 88 274
International — 40 —— - 100 —— - 66 -
Grand total________ 898 1,889 2,251 420 2,066 2,983 584 2,350 3,821

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.



Table 31.—Direct private investments of the United States in foreign mining and smelting industries in 1964 »

(Millions)
Mining and smelting All industries
Country and areas Net Undistributed Net Undistributed
Value capital earnings of Earnings! Income ? Value capital earnings of Earnings! Income ?
outflow subsidiaries outflow subsidiaries

Canada. . - oo mememaeee e $1,671 $46 $77 $191 $114  $13,820 $250 $498 $1,104 $634
Latin America, total. _ - 1,098 -8 10 184 172 ,982 156 219 1,104 900
Mexico - 128 5 ] 17 12 1,085 94 84 92 61
Panama_ _ - 19 - ®) ® - 663 25 31 3 43
Brazil _ .. - 34 * O] *) *) 994 —44 58 58 5
Chile..... - 499 -5 1 61 60 788 9 12 80 3
Peru._.._. - 241 1 ®) 53 54 460 10 2 83 7
Europe...___. - 56 2 -1 3 5 12,067 1,842 410 1,112 654
Africa, total - 356 2 6 38 32 ,629 185 40 34 301
South Africa, Republic of. - 68 1 4 20 15 467 17 38 87 46
FarEast.____ ... __._._._.. - 81 ®) I 3 1 1,731 146 47 191 148
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

All other countries 5___ oo 252 39 3 76 3 4,582 282 124 1,121 1,045
Total all areas 8 7_ _ __ oo 8,564 88 102 505 399 44,343 2,376 1,417 5,118 3,741

P Preliminary.

1 Earnings is the sum of the U.S. share in net earnings of subsidiaries and branch profits.
2 Income is the sum of dividends, interest, and branch profits.

3 Less than unit. i
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.

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 45, No. 9, September 1965, pp. 24-25.
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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
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
i 234 278 —28 14 =72 31 15 33 80 101 98 329 364 337
4 3 3 7 ) -1 ® 1 2 5 9 12 10
68 80 28 44 15 61 18 65 26 22 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 14 unit.

Source: U.S. Department of Commerce, Office of Business Economics. Survey of Current Business. V. 45, No. 11, November

1965, p. 15.

FOREIGN TRADE

Value.—The 1965 crude and processed
nonfuel mineral imports rose 24 percent
over the 1964 figure. Values of imported
metal ores and scrap increased 14 percent,
while those .of crude nonmetallic minerals
remained constant. Imports of processed
nonmetallic minerals increased 9 percent.

Imports for consumption of numerous
manufactured metals showed substantial
increases.

The value of nonfuel minerals exports
rose 3 percent. Crude nonmetallics, which
increased 33 percent, helped offset the loss
of crude metals and scrap which declined
13 percent. The general trend for imports
and exports was substantially higher for

RESEARCH AND

Obligations of funds by the Bureau of
Mines for research and development dur-
ing fiscal year 1966 increased 11 percent
from $27.2 million to $30.3 million in an
effort to insure a continuously advancing
mineral industry by developing compre-
hensive research capabilities able to solve
production and consumption problems as
they arise. The Bureau’s obligations for bas-
ic and applied research during fiscal years
1965 and 1966 were $24.1 and $26.3 mil-
lion, respectively. During fiscal 1966, the
Bureau of Mines obligated expenditures of
$6.2 million for metallurgy and material
research.

232-748 O-67—3

imports and just slightly higher for ex-
ports.

Tariffs.—In 1965 the U.S. Tariff Com-
mission reported the results of investiga-
tions concerning alleged injury to the US.
minerals and processing industries by for-
eign imports to the United States at less
than fair value. It was determined that ti-
tanium dioxide imports from West Ger-
many and Japan are not injuring and are
not likely to injure the domestic industry.

A Presidential proclamation lifted the
import controls on lead and zinc ores and
concentrates effective on October 22, 1965,
and the quotas on lead and zinc metals on
November 21, 1965.

DEVELOPMENT

Most of the funds for metallurgical re-
search went towards making domestic low-
grade ores competitive with foreign ores
and satisfying the demand for materials to
be used at high temperatures, in corrosive
environments, or under other adverse con-
ditions. The most significant achievements
of the Bureau’s metallurgy research in 1965
were the development of a process for the
economic production of phosphate concen-
trates from low-grade phosphorous-bearing
shales, the development of long-fiber syn-
thetic chrysotile asbestos, and the perfec-
tion of a process which uses the scrap steel
contained in old auto bodies to upgrade
low-grade nonmagnetic taconites.



Table 33.—Uses of funds of direct foreign investment by United States mining and smelting industries
(Millions)

92

Property, plant,
and equipment Inventories Receivables Other assets ! Income paid out

Total uses

1962 1968 1964 1962 1963 1964 1962 1963 1964 1962 1963 1964 1962 1968 1964

1962 1963 1964

$245 $195  $220 $20 $-—-12 $-20 (¥ $19 $39 $26 $60 $96 $98 $85 $164
95 12 6 3 9 10 10 34 16

$389  $847 $499

109 6 $26 22 170 224 170 829 864 337

5 3 (O -1 1 2 1 2 -2 (9 @) 5 7 4 9 12 10

94 89 n 20 5 16 15 15 21 () 5 34 50 38 56 179 162 198
438 898 420 45 -3 6 42 45 72 68 81 152 323 864 394 906 876 1,044

1Includes miscellaneous uses.
2 Less than 14 unit.

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

Table 34.—Value of selected minerals and mineral products imported and exported by the
United States in 1965, by commodity groups and commodities *

G961 ‘NOOHIVIX STVIININ

(Thousands)
Exports of
SITC Commodity Imports for domestic
No. . cC ption merchandise
Metals (crude and scrap):
663 Iron ore and concentrates $443,807 $80,418
282 Iron and steel scrap._.___ 8,236 197,459
283 Ore and concentrates of no: 415,221 68,475
284 Nonferrous metal serap. .- oo oo 62,048 85,927
286 Ores and concentrates of uranium and thorium._ 189 9
TOtaN . - e m e — e mm——————————— 929,501 432,858
Chemicals:
Inor%?nic chemicals:
518 lements, oxides, and halogen salts 114,503 167,412
614 Other inorganic chemicals___._._______ 42,787 100,670
516 Radioactive and associated materials_ . . . e ccaccccccmemcemc—m——————— 61,894 42,470

218,684 800,562




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 ironorsteel .______________________________ - 85,348 84,993
678 Iron and steel bars, rods, angles, shapes, and sections. - 877,156 79,272
674 Universals, plates and sheets of iron or steel_________ - 471,989 183,996
675 Hoops and strips of iron or steel .___._____ e - ,740 83,
676 Rails and railway track construction material of iron or steel.__ - 2,008 13,286
677 Iron and steel wire (excluding wirerod)._. ... ___________ - 78,888 15,200
678 Tubes, pipes, and fillings of iron or steel.______________________ . - 143,990 159,895
679 Iron and steel castings and forgings, unworked, not elsewhere specified _ - ,367 36,5609
681 Silver, platinum, and other metals of the platinum group._..______ - 69,152 13,203
682 - 377,874 292,769
683 - 206,899 30,802
684 - 264,340 158,901
685 - 61,270 ,T14
686 - 43,717 6,747
687 - 167,448 10,946
688 Uranium and thorium and their alloys___.________ - 51 230
689 Miscellaneous nonferrous base metals employed in metalturgy . ________________ - """""TommmmmmmmmmmmmmmT 47,396 85,969
Lot o e 2,469,551 1,181,895
Minerals, nonmetallic (crude):
271 Fertilizers, erude___.____________________ - 3,139 67,424
278 Stone, sand and gravel _ _ __________ - 17,609 18,402
274 Sulfur and unroasted iron pyrites________ - 26,885 65,324
275 Natural abrasives (including industrial diamonds) - 56,897 1240
276 Other erude minerals. ... _________________ . lIIITTTTTTTmTTTTTTITTT 129,929 68,531
Tobal o 234,409 236,921
Minerals, nonmetallic (manufactured):
661 Lime, cement, and fabricated building materials except glass and clay materials 87,117 12,864
662 Clay, construction materials, and refractory materials__ - 33,790 51,097
663 Mineral manufactures, not elsewhere specified_____ 16,566 60,280
Total . 87,478 124,241
Grand total . .o 3,989,618 2,275,467

! 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.

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.
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Table 35.—Bureau of Mines obligations for
mining and mineral research and development
(Thousands)

Applied Basic

Fiscal Develop-

year research research  ment Total
1962______ $16,210 $4,045 $6,715  $26,970
963 ______ 17,752 3,385 8,335 29,472
1964 1 ____ 18,905 4,138 2,550 25,593
19651 ____ 19,733 4,355 3,118 27,206
19661 ___ 21,675 4,630 4,006 30,311
e Estimate.

1Data not strictly comparable with those for
previous years because definitions of research
and development were changed.

Additional funds were received in fiscal
1966 from a new appropriation for re-
search on solid-waste disposal problems.
The projects selected for concentrated
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investigations were either those which pre-
liminary research indicated a high proba-
bility of success or those which would con-
tribute most directly to alleviating the
social and economic problems caused by
solid waste accumulation.

Table 36.—Bureau of Mines obligation for
total research, by field of science

(Thousands)
Fiscal years
1964 r1965 1966

Engineering sciences.. $15,141 $15,702 $17,410
Physical sciences_____ 7,105 7,558 .
Mathematical sciences 797 828 901

Total research. 23,043 24,088 26,305

T Revised. e Estimate.

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

(Thousands)
Fiscal year 1965 Fiscal year 1966 ¢
Federal agency Basic Applied Total Basic Applied Total
research research research research research research
Department of Defense__ __........__ $15,566 $72,907 $88,478 $17,862 $78,573 $96,435
Atomic Energy Commission__________ 10,844 13,936 24,780 11,338 13,222 24,560
National Aeronautics and Space Admin-
istration_____ ... 13,361 8,572 16,933 13,416 3,459 16,875
Bureau of Mines_ . __________________ e 5,347 5,347 o 6,195 6,195
National Science Foundation 1,728 . 1,728 2,260 . ,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
e Estimate.

Source: National Science Foundation.

LEGISLATION AND GOVERNMENT PROGRAMS

Defense Production Act (DPA).4—The De-
fense Production Act was extended for 2
years from June 30, 1964, to June 30, 1966.
By December 31, 1965, $2,119.4 million of
the total $2,208.5 million borrowing au-
thority had been spent; this left $89.1 mil-
lion available for new purchases. Some of
this $89.1 million had been previously allo-
cated but not spent.

National (Strategic) Stockpile Program.5—
The Office of Emergency Planning (OEP)
continued the supply-requirements study
for nuclear war and reconstruction. The
results of this study will provide a basis for
initiating action toward the subsequent de-
velopment of nuclear war stockpile objec-
tives. OEP for the first time established a
stockpile objective for silver of 165 million
fine troy ounces based upon needs for a
conventional war. OEP determined that

the silver objective would be fulfilled by
earmarking the objective amount in the
Treasury stocks. OEP has made available
to the Treasury excess stockpile materials
that could be substituted for silver in the
subsidiary coinage program. The total
stockpile objective is $4.0 billion; $3.7 bil-
lion of this total had been achieved as of
December 31, 1965.

OEP prepared new basic data on crude
fused aluminum oxide and on three grades
of bauxite: abrasive, chemical, and refrac-
tory. At yearend, these data were awaiting

4 Executive Office of the President, Office of
Emergency Planning and General Services Ad-
ministration. Report on Borrowing Authority.
June 30, 1965, 78 pp. .

5 Executive Office of the President, Office of
Emergency Planning. Stockpile Report to the
Congress. January-June 1965, 21 pp. and July-
December 1965, 28 pp.
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review by the Interdepartmental Materials
Advisory Committee.

On October 28, 1965, the Director of the
Office of Emergency Planning issued Emer-
gency Defense Mobilization order 8600.1,
“Provision for the Release of Strategic Ma-
terials From National Stockpile and De-
fense Production Act Inventories by the
Office of Emergency Planning Regional Di-
rectors in the Event of Enemy Attack
Upon the United States.”

On December 31, 1965, the strategic ma-
terials held in all government inventories
amounted to $8.0 billion at acquisition cost
and $7.8 billion at estimated market value.
Of this total, $5.3 billion at cost was in the
national stockpile, $1.4 billion in the
supplemental stockpile, and $1.3 billion in
the Defense Production Act (DPA) inven-
tory. Of the total materials in government
inventories, $4.7 billion at cost and $4.1
billion at estimated market value are con-
sidered to be in excess of conventional war
stockpile objectives. Over 79 percent of the
market value of the total excess is made up
of 11 materials: aluminum, metallurgical
grade chromite, cobalt, industrial diamond
stones, lead, metallurgical grade manga-
nese, nickel, rubber, tin, tungsten, and
zinc.

During 1965 large quantities of copper,
tin, nickel, zinc, aluminum, lead, molybde-
num, magnesium, and tungsten concen-
trates were disposed of.

Copper, lead, and aluminum were in
short supply and large stockpile releases of
these commodities helped to satisfy de-
mand and to stabilize prices. Although
government sales had a tendency to hold
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certain prices down, the Government made
a substantial profit on many of the dispo-
sals. Total stockpile disposal of mineral
commodities during 1965 was $607 million,
of which $21 million came from the Atom-
ic Energy Commission, $64 million from
the DPA inventory, and $522 million from
the national stockpile.

Barter Program.6—The Commodity Credit
Corporation (CCC) was inactive in the
early part of 1965; consequently, only 3
barter contracts for strategic mineral mate-
rials were negotiated. These amounted to
$6.9 million and were for palladium.and
iodine only. Although refractory grade
chromite was the only material acceptable
for barter offer in 1965, special invitations
were extended for other strategic mineral
materials.

Office of Minerals Exploration (OME).7—
Exploration for new domestic sources of es-
sential mineral commodities continued to
be encouraged by government assistance.
The OME program was still dominated by
gold and silver exploration grants. At year-
end 42 contracts representing a maximum
government participation of :$3.4 million
were in force. Of the contracts, 18 were for
silver, 15 for gold, 4 for mercury, and 1
each for cobalt, nickel, copper, iron ore,
and molybdenum.

¢ Executive Office of the President, Office of
Emergency Planning. Stockpile Report to the
Congress. January—June 1965, 21 pp., and July—
December 1965, 28 pp. U.S. Department of
Agriculture. Foreign Agricultural Service. Office
of Barter and Stockpile. Published record.

7U.S. Department of the Interior, Office of
Minerals Exploration. 14th annual report, June
30, 1965, 9 pp. Also unpublished December 31,
1965, data from the Office of Minerals Explora-
tion.

WORLD REVIEW

World Economy.—Although the world
cconomy in 1965 continued to grow, it was
characterized by a decline in the rate of
growth. The economy of the United States,
unique among the principal industrial
countries, continued to expand at an accel-
crated rate.

World Production.—Free world produc-
tion of principal metals and minerals con-
tinued to increase in 1965. The percentage
of U.S. production plus imports of world
production increased slightly and the es-
tablished historical production-import rela-
tionships were not materially altered.

The United Nations index of world met-
al mining production increased 5.4 percent
over that of 1964. However, the rate of
growth declined in all geographical group-
ings with the exception of Asia which ex-
perienced a gain of 12.4 percent compared
with 3.8 percent in 1964. In Latin America
the growth rate fell to 2.4 percent in 1965,
from 50 percent in 1964. The rates of
growth declined less noticeably in Europe,
Canada, and the United States.

The United Nations index of basic metal
industries increased 6.5 percent, considera-
bly less than the 13.2-percent increase in
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Table 38.—U.S. Government stockpile disposal of mineral commodities, 1965

Sales commitments

Commodity -
) Quantity Sales value
National stockpile inventory:
Antimony._ _ ool short tons_ 1,116 $921,289
Cadmium _ _ - e pounds_ 200 610
COPPer oo ool _short tons_ 383,872 292,915,937
Copper and copper base alloys_. .- do.__ 1 052
Cupronickel ingots_ _ __ pounds._ 732,000 297,286
Lead o ____.__ - _.short tons_ 36,218 11,341,724
Lead castings._ - - oo pounds_ 6,800 6,520
M: ium ingots. _-.short tons 2,650 1,662,891
Mica, punch._ pounds_ 220,230 9,470
Molybdenum _____.___ —eo-do___ 3,019,783 6,121,664
Nickel oxide powder.___ _-do___ 1,014,191 750,381
Nickel, various forms_. _-do___ 78,669,736 60,166,942
Quartz erystals_ _ _ _ e 20,432 383,521
Silicon carbide______ . ______.__.____ _short tons_ 56 4,03
Tale, steatite, block and lump_ _ _ o ____ do___ 17 2,6!
Tantalum (nonspecified form)______ ----pounds_ 25,664 222,716
o YR, --long tons 21,765 83,248,600
Zine. oo __ _short tons 211,453 63,862,381
Zinc engraving plates____. e pounds_ 221,087 33,
Zirconium ores, baddeleyite_ _ ___________________ short dry tons_ 1
Total national stockpile. - ___ . __iooo...io0 oo 521,734,891
Defense Production Act (DPA) inventory:
Aluminum_ _ __ .- short tons_ 55,256 27,274,107
Asbestos, chrysotile__ —e—-do___ 6 937
Bismuth, metal . ____________ . pounds._ 22,901 91,601
Copper_________ _--short tons_ 29,543 20,423,825
jekel e mmmm e pounds 7,739,269 5,883,401
Nickel, cathodes_ ——_-do.__ 4,897,098 3,673,518
Nickel, ferro - - - oo oo m oo oo o 4,800,428 3,620,706
Rare-earth-bearing materials_ __short wet tons 3,010 738,013
Tungsten concentrates_ - __ oo 1,010,196 2,166,742
Total DPA _ o cecccmcecmemmmmmmmee mmeeees 63,872,850
Atomic Energy Commission (AEC) inventory:
MerCUTY - - - oo cc e e ccece e m e m e m e flasks _ 29,751 15,509,780
Vanadium pentoxide_____.__________ short tons vanadium content_ 1,281 5,656,113
Total ABC e ceeceeceeememee mmmmees 21,165,893
Grand total .o emeeeeeemmeeo 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 strafegic and critical materials,
December 31, 1965

Million Acquisition Market!
short tons cost value

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____________._..___ .1 4,026,500 3,893,500
Totalon hand_ - _ .. 49.8 8,032,868,400 7,804,008,700
On order .2 N ,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

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 norinal 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 2 Southeast 3
METAL MINING
119 114 116 r131 114
122 115 117 134 r112
r123 114 r119 132 106
4 129 121 125 137 113
i 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

124 114 127 202 r126
r 128 121 r134 r 209 r124
r136 130 r 140 r 235 r 128
154 149 155 278 142
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

First quarter____________________ 138
Second quarter_ - 155
Third quarter____ - 163
Fourth quarter ____ _ 159

Annual average ______________ 154

124 131 214 143
146 139 220 169
155 146 226 168
148 144 232 164
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.
4 Excluding Albania, Bulgaria,
and the U.S.S.R.

Source:

1964. The United Nations world index of
nonmetallic mineral product industries in-
creased 4 percent in 1965 compared with
10 percent in 1964.

World Consumption.—World consumption
of most major nonferrous metals increased
in 1965, but again at a declining rate. Alu-
minum consumption was an exception be-
cause the 1l-percent gain made in 1965
surpassed the 10-percent gain made in
1964. This increased consumption was pri-
marily a result of rising demand in the
United States. The consumption of copper,
lead, and zinc expanded, but tin consump-
tion decreased slightly. World pig iron pro-
duction (a general indicator of iron ore
consumption) increased by 4.5 percent,

Czechoslovakia, Eastern Germany, Hungary,

United Nations Monthly Bulletin of Statisties.

Poland, Rumania,

V. 20, May 1966, pp. X-XIX.

with Japan and the United States account-
ing for most of the increase.

World Stocks.—Movements in the volume
of world stocks of major nonferrous metals
varied. Aluminum and tin stocks declined
while copper, lead, and zinc stocks in-
creased. The decline in aluminum stocks
was primarily a result of higher U.S. de-
mand and limited use of aluminum as a
substitute for copper. Tin stocks were re-
duced as consumption continued to exceed
production. Tin consumption exceeds out-
put because many of the major producers,
especially in Indonesia and the Congo,
have not been able to overcome certain
technical and political problems which
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 USs. U.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)$ tion) tion) 1965) 1964 r)
Fuels:
Coal e 3,089,465 17 ®» 17 17
Petroleum (crude)_____ thousand barrels__11, 063 ‘154 26 8 34 35
Nonmetals:
Asbestos._ _ _ oo 3 20 23 24
Cement 2___ --_thousand barrels__ 2,544, 723 15 ®) 15 16
Diamonds_ _ .- o-_ thousand carats__ 35 - 45 46
Feldspar___ thousand long tons_ 1,900 33 Q] 33 32
Fluorspar. .- oo ,170 8 26 33 33
GYPSUM _ __ - oo 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 1) 41 40
Potash (K20 equivalent) . __ . .. ___ 14,800 21 13 34 31
Salt? s 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 o 24 24
Ironore.__________ 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)_ . _ 472 3 81 34 34
Platinum group (Pt, Pd, etc.)
thousand troy ounces. _ 2,960 1 1 2 3
Silver_ e do-_._ 251,000 16 22 38 36
Titanium concentrates:
Tlmenite ¢ . .. 2,728 36 6 42 45
Rutile4_ _ ____ .. 243 w 63 w 56
Tungsten concentrate (60 percent tung-
sten dioxide) ... _________ short tons. _ 59,800 13 3 16 17
Vanadium (content of ore and concen-
17 17 short tons__ 9,150 57 - 57 57
Zinc (content of ore and concentrate) . ____ 4,750 13 8 21 20
Metals, smelter basis:
fnum._ .. 7,415 37 8 45 45
I 6,020 24 3 27 27
.- 870,065 25 ® 25 25
............. 2,905 14 8 22 24
-_short tons.. 174,000 47 2 48 49
Steel ingots and castings_ _ _____________ 07,540 26 2 28 28
Tin__ ... thousand long tons__ 194 2 21 22 20
Uranium oxide (U30s) 4._____ short tons. _ 20,800 50 13 63 64
Zine_ ... U, 240 23 4 27 27
r Revised. P Preliminary. W Withheld to avoid disclosing company confidential data.

1 Less than 14 unit.
2 Including Puerto Rico.

3 Year ended June 30 of year stated (United Nations).

4+ World total exclusive of U.S.S.R.

The accumulation of copper stocks in
1965 was encouraged by the high demand
in the industrial nations and the unstable
political conditions which prevailed in
some of the major producing countries.

World Trade.—Free world trade in 1965
continued to increase, stimulated by de-
mand for raw materials from the industrial
countries, principally the United States. In
addition to the growth of trade, there were
indications of a shift in certain established
patterns of trade. The tendency for these

patterns to shift is a result of new sources
of supply, erratic import supply, reduction
of trade barriers, and administratively
higher export prices. These higher prices
may cause the importing country to find
new sources of supply, use a lower cost
substitute if possible, or attempt to recover
more of the basic raw material from pri-
mary or secondary domestic sources.

World Prices.—The export price indexes
of metal ores and total minerals increased
slightly and the primary commodities in-
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Table 42.—World consumption indexes of
major nonferrous metals *

Quantity index, 1961 = 100

Cor dity
1962 1963 1964 1965
Aluminum_____ 112 125 138 153
102 108 121 124
104 108 117 119
101 102 106 105
104 113 123 129

1 Based upon consumption quantities found in
source, excludes centrally planned countries.

Source: United Nations, Trade and Develop-
ment Board, Committee on Commodities. Prepa-
ration of a Summary of the Current Market
Situation in Selected Commodities. UNCTAD
Commodity Survey 1966, May 26, 1966, pp. 44,
46; May 27, 1966, TD 66-1182, p. 42 and TD 66—
1132, pp. 65, 90; May 31, 1966, p. 46.

dex, excluding nonferrous metals, declined.
Releases and threats to release material
from the US. stockpile had a depressing
effect on prices; however, these actions
were not sufficient to counteract the in-
creased demand and price for certain com-
modities.

The United Nations price index of ex-
ports of nonferrous base metals increased
15 percent, reflecting a strong U.S. demand
and the uncertain supply conditions preva-
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lent in several of the major producing
countries. Copper prices increased consider-
ably but aluminum, lead, and zinc prices
remained relatively stable. Iron ore prices
were stabilized by increased production
emanating from new iron ore develop-
ments.

Ocean Freight Rates.—The United Na-
tions index of ocean freight rates increased
13 percent for general cargo, 16 percent for
ores, and remained constant for fertilizers.

Table 43.—World stocks of major nonferrous

metals *
Volume of Index
stocks (previous year =100)

(short tons) 1964 1965
Aluminum 2____ 99,100 98 67
71 95
83 91
109 102
74 88

1 Excludes centrally planned countries.

2U.S. stocks only.

3 Not comparable with previous year.

Source: TUnited Nations Trade and Develop-
ment Board, Committee on Commodities. Prepa-
ration of a summary of the Current Market
Situation in Selected Commodities. UNCTAD
Commodity Survey 1966, TD 66-1182, May 27,
1966, p. 42 and TD 66-1195, May 81, 1966, p. 47.

Table 44.—Price indexes of selected world exports

(1958=100)

Primary Total Metal Nonferrous

commodities ! minerals 2 ores base metals
95 92 100 110
94 92 99 109
100 92 96 110
103 94 104 135
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
(1958=100)
Trip charter freight-rate indexes !
Year
General cargo Ore Fertilizers
118 103 105
98 79 96
120 99 97
124 102 108
131 105 ()
139 125 134
145 122 137
143 122 (2)
140 118 108

1United 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: Unita_i Nations Monthly Bulletin of Statistics. March 1966, special table E, p. XXXII.






Review of Metallurgical Technology

By Kenneth B. Highie ! and Ralph C. Kirby *

Expenditures to advance scientific tech-
nology in general reached an alltime high
in 1965 with some $22.2 billion estimated
to have been allocated by government and
industry. Federal Government expendi-
tures were estimated at $15.4 billion, with
almost 90 percent of the funds devoted to
programs involving defense, atomic energy,
and outer space efforts. With this massive

effort in the United States and a very im-
pressive effort elsewhere in the world,
there is little wonder that many new
metallurgical developments were an-
nounced in the technical press during the
year. No effort has been made to cover
all aspects of the industry, but a few of
the developments are described in this
chapter.

Mineral Dressing

An expanding steel industry was one of
the signs of a healthy economy during
1965. Although the reserves of iron min-
erals are considered to be sufficient to sup-
ply the present industry for many years,
extensive efforts continue to be made to
expand the iron' ore resources, as, for ex-
ample, the nonmagnetic Mesabi taconite
deposits. These vast reserves of iron ore
are not being utilized by the Nation’s
steel industry, because the technology for
concentrating the nonmagnetic portion into
a suitable product has not yet been de-
veloped. Magnetic roasting, followed by
low-intensity magnetic separation, has
shown considerable promise, because the
high iron recovery makes the ratio of con-
centration of many of the oxidized ores
more favorable than that obtained from
magnetic taconite. However, the capital
and operating costs are high, and, in many
cases, high-grade concentrate cannot be
made without resorting to flotation of the
magnetic concentrate. Lawyer and Car-
penter reported a process employing a
high-intensity wet magnetic separator.2
Ore from the Lower Cherty horizon of the
taconite formation in Minnesota was
ground to 92 percent minus 150 mesh and,
after the usual dry magnetic separation to
remove a 1 percent magnet product, was
fed to the high-intensity wet magnetic
separator that operated at 1 ton per hour

per pole pair, 40 percent solids, maximum
field, with l4-inch soft iron balls. It pro-
duced concentrate analyzing 61.4 percent
iron and 8.0 percent insoluble, with an
iron recovery of 70 percent. Further
studies are underway to determine if a
flotation step following the magnetic sepa-
ration can further improve the purity of
the product.

Information developed by the Chemical
Engineering Department of the University
of North Dakota from research sponsored
by Great Northern Railways Co. showed
that lignite will satisfy both fuel and re-
ductant requirements in the reduction
roasting of taconites.? The residual car-
bon and fly ash were reported to have
created no problems. A traveling grate
reduction roasting machine was employed
in the test studies. Taconite did not ex-
hibit a tendency to clinker, the reduction
reactions were not slowed by slag forma-
tion, and there was a negligible quantity
of unreacted carbon in the bed. The ther-
mal efficiency of the system with lignite
was as high as with natural gas.

1 Staff metallurgist, Office of the Director of
Metallurgy Research.

2 Lawver, James E., and J. Hall Carpenter.
Wet Magnetic Separation of Oxidized Semitac-
onites. Min. Eng., v. 17, No. 9, September 1965,
pp. 89-91.

3 Gleason, D. S., and D. E. Severson. Lignite
Gasification for Reduction Roasting of Taconites.
J. Metals, v. 17, No. 4, April 1965, pp. 338, 339.
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Two processes have been tested for the
recovery of iron minerals from the plant
tailings of the Iron Ore Co. of Canada’s
plant at Labrador City, Newfoundland.
The first is a magnetic separation technique
in which the magnetics are removed on a
cobber drum and cleaned on.a rougher
drum. This product, after regrind and
3-stage finisher drum treatment, has been
upgraded to a 68 percent iron concentrate.
The second, a flotation technique, involved
desliming the tailing and thickening to
65 percent solids. The reagentized pulp
is treated in an .alkaline "circuit, using
sodium hydroxide for pH control. After
carbonates are floated from silica and iron
in the alkaline circuit, flotation in an acid
circuit recovers a 66 percent iron concen-
trate.

Although the Magma Copper. Co. in-
stalled a molybdenite recovery circuit in
its San Manuel, Ariz., copper plant over
2 years ago, details of the process were not
revealed until this year.4 About 35,000
tons of ore, containing 0.85 percent copper
and 0.025 percent molybdenite are treat-
ed daily. Flotation of the ore, ground to
5 percent plus 65 mesh and 65 percent
minus 200 mesh, produces a copper con-
centrate which contains between 0.8 to 1.0
percent molybdenite. This is thickened
to 40 percent solids and sent to the molyb-
denite plant for separation of the molyb-
denite. Briefly, the process consists of
five basic steps: (1) Conditioning of the
copper concentrate with hydrogen perox-
ide, sulfuric acid, sodium cyanide, and
zinc sulfate; (2) a 2-stage rougher flota-
tion step utilizing stove oil, sodium fer-
rocyanide, and methyl isobutyl carbinol as
reagents; the tailings of this step go to the
copper concentrate thickener . for subse-
quent copper recovery; (3) the reagent in
the first stage cleaning step is sodium
ferrocyanide; (4) in the next cleaning
step sodium hypochlorite and potassium
ferrocyanide are employed; and (5) in the
final cleaning circuit Exfoam 636 and
potassium ferrocyanide are the reagents.
The molybdenite concentrate, containing
over 92.5 percent molybdenite and approx-
imately 1 percent copper, is pumped to
the gold plant for cyanide leaching. Re-
ported advantages over the older sodium
hypochlorite-ferrocyanide  process are:
Continuous operation much more readily
obtainable; effective flotation capacity of
the existing plant increased by 25 percent;

equipment corrosion reduced ; overall oper-
ation simplified leading to a limited
amount of automation; and the general
costs of the total process not increased ma-
terially. :

The results of laboratory efforts to re-
cover -molybdenum from sulfide and oxide
ores found in the vicinity of Questa, N.
Mex. were reported.5 Sodium chlorate-
sulfuric acid solutions were found to have
advantages over other reagents. Leaching
is rapid and efficient, the dissolved molyb-
denum can be recovered by ion exchange
or solvent extraction, and the chlorate
regenerated. Bacterial oxidation of molyb-
denite employing Thiobacillus thiooxidans
and other bacterial strains -were also
investigated.

Pilot plant tests of a Bureau of Mines
segregation process for recovering copper
from low-grade complex ores were ini-
tiated at Colorado School of Mines Re-
search Foundation under joint sponsor-
ship of the Mauritanian Government and
U.S., Canadian, and French mining inter-
ests. The tests are being made to obtain
design data for a projected $16 million
plant to be built in the Republic of Mauri-
tania. The direct-firing process is de-
signed to recover copper and associated
metals from oxide and sulfide minerals
that cannot be processed conventionally.
Lean ores containing 95 percent or more
of quartzite, limestone, sandstone, or limo-
nite rock are crushed and mixed with salt
and coke. The crushed ores are heated
for one half hour at 830°C in a reducing
atmosphere, during which time the oxides
and sulfides are reduced to metal which
segregates into thin metal particles. The
metal can be recovered by conventional
flotation techniques.

Mica is being produced in the western
United States by a fatty acid cationic-
anionic flotation process developed by the
Bureau of Mines.8 The first commercial
plant on the West Coast, located in Mari-
posa County, Calif., treats about 150 tons
per day of mica-bearing schist. Until now,
the principal commercial sources of do-

4+ Burke, Harry K., and Joseph F. Shirley.
San Manuel’s New Process for Molybdenite
Recovery. Min. Eng., v. 17, No. 8, March 1965,
pp. 79-84.

5 Bhappu, R. B., D. H. Reynolds, and R. J.
Roman. Molybdenum Recovery From Sulfide
and Oxide Ores. J. Metals, v. 17, No. 11, No-
vember 1965, pp. 1199-1205.

¢ Browning, J. S., and P. E. Bennett Flota-
tion of California Mica Ore. BuMines Rept.
of Inv. 6668, 1965, 7 pp.
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mestic mica have been several mica-bear-
ing pegmatite deposits in the East.

The world population explosion requires
expansion of the fertilizer industry to sup-
port increased food production. The phos-
phate and potash industries of this coun-
try for several years have been steadily
increasing their production. In the west-
ern segment of the phosphate industry,
lower grade materials are being mined
and acidulated by one company as a
result of improved beneficiation techniques
developed by the Bureau of Mines. In
addition, the industry will soon be able to
treat off-grade phosphate shale that has
been mined and stockpiled in anticipation
of its eventual use. The new process in-
volves roasting the ore to remove organic
carbon, attrition scrubbing, sizing, and
grinding to recover about half of the
phosphate in a high-grade product ready
for acidulation. The fines from the pre-
ceding operations are deslimed and treat-
ed by flotation to recover 25 percent of
the phosphate in the starting shale as a
product comparable in grade to that used
as electric furnace feed to make elemental
phosphorus. Complete industrial accept-
ance of the new process could approxi-
mately double the total reserves of west-
ern phosphate rock.

The use of heavy liquid density gra-
dients for the quantitative mineral analysis
of rocks, ores, slags, and ceramic materials
was described by Muller and Burton?

Specific examples were cited in the ana-
lysis of two pelatite concentrates. How-
ever, it was indicated that the technique,
as presently developed, could be employed
to identify mineral constituents having al-
most identical densities, up to a maximum
density of about 5.0, and whose particle
size was as small as 10 microns. Either
organic or heavy liquids or Clerici solu-
tions may be used.

A newly developed technique which ap-
pears to be gaining more acceptance is
that of the column flotation machine. De-
veloped by Pierre Boutin, the device has
been tried by Iron Ore Co. of Canada
and is undergoing further testing at Ope-
miska Copper Mines. Basically, the de-
sign consists of a tall cylinder about 30
feet high, with conditioned feed entering
about 6 feet from the overflow lip. The
air diffuser is near the column bottom and
slightly above the discharge point. Small
air bubbles course up thorugh the descend-
ing pulp and encounter a downward
stream of wash water admitted slightly
below the overflow line. The flotation
chemistry is the same in either froth or
column flotation. However, the reagent
requirements are apparently drastically re-
duced in column flotation. Crest Explora-
tion, Ltd.,, found that only 0.25 pound
per ton of fatty acid and 0.375 pound
per ton of AC 825 were required to float
their iron minerals in the column, whereas
in the standard flotation cells, 1.0 and 1.5
pounds per ton respectively were required.

Hydrometallurgy

The use of cyanides in the extractive
metallurgy of copper has led to a new
laboratory technique for the recovery of
copper from both sulfide and oxide copper-
bearing minerals.8 Initially the ground
ore is Jeached in alkaline cyanide solutions
at atmospheric temperatures and pressures.
A cyanide ratio of 3.0 grams NaCN equiv-
alent per gram of contained copper ex-
tracted 81.6 percent of the copper in chal-
cocite and 94.2 percent of the copper in
malachite in 15 minutes. Recovery of the
dissolved copper was achieved by addition
of sulfuric acid and sodium sulfide or
sodium bisulfide to precipitate copper sul-
fide. On acidification of the pregnant so-
lutions in the precipitation step, the free
cyanide and the cyanide in the copper
complex are converted to hydrocyanic acid

which is recoverable by air, steam, or inert
gas stripping at ambient or higher tem-
peratures.

Kennecott Copper Corp. patented an
apparatus and process for precipitating
copper from highly dilute acidic solutions 9
such as natural waters from copper mines
and water that has been percolated
through waste dumps. Sponge or pow-
dered iron is employed as the cementation

7 Muller, L. D., and C. J. Burton. The Heavy
Liquid Density Gradient and Its Applications in
Ore Dressing Mineralogy. 31st Technical Ses-
sion of the Eighth Commonwealth Mining and
Metallurgical Congress, Melbourne, Australia,
1965, Preprint No. 49.

8 Lower, George W., and Robert E. Booth.
Recovery of Copper by Cyanidation. Min. Eng.,
v. 17, No. 11, November 1965, pp. 56—60.

® Back, Alexander E., Kenneth E. Fisher, and
John Kocherhans. Process and Apparatus for
the Precipitation of Copper From Dilute Acid
Solutions. U.S. Pat. 8,154,411, March 20, 1962.
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agent. The process is carried out on a
semicontinuous basis, in a conical shaped
vessel. The dilute copper-bearing solution
is fed into the bottom apex of the cone
and allowed to rise to the top, while the
finely divided iron powder settles through
it. Thus, the solution reaching the top or
wide portion of the inverted cone is flow-
ing relatively slowly and is barren of
copper. This solution overflows the top
of the cone and is sent to waste. The
cemented copper particles are removed at
the bottom of the cone and sent as a
slurry to filtration for recovery of copper.

A contact sulfuric acid plant was simu-
lated on a digital computer in a study
for fourth year chemical engineering stu-
dents at McMaster University, Hamilton,
Ontario. The study of the 315 tons per
day plant operated by Canadian Indus-
tries, Ltd., proved the applicability of the
PACER (Process Assembly Case Evalua-
tion Routine) executive program to simu-
lation. Experience gained enabled im-
provement in the program, so that future
plans call for use of PACER in the design
of a larger plant.10

A new process employing cation ex-
change resins for treating waste sulfuric
acid pickle liquor from the steel industry
was announced by Crucible Steel Co. The
resins remove the iron and regenerate the
sulfuric acid. The iron is recovered from
the resin as an iron nitrate solution, which
is processed in an autoclave at above 350°
F with oxygen to precipitate iron oxide
powder. Unlike other ion exchange proc-
esses which merely substituted a self-cre-
ated acid solution disposal problem for
the one generated by the original pickle
liquor, the new process recovers for reuse
the nitric acid used to elute iron from
ion exchange resin. The oxide produced
can be agglomerated for iron and steel
processes, reduced directly to iron powder,
or used in pigments.

Operating details of the first industrial
facility employing hydrochloric acid for
pickling steel strip rather than the stand-
ard sulfuric acid were revealed.!! United
States Steel Corp.’s plant at Gadsden, Ala.,
represents a combination of an Austrian
process for hydrochloric acid tower pick-
ling and an English process for the re-
covery of hydrochloric acid pickle liquor.
The action of the hydrochloric acid in re-
moving scale is exactly the opposite of the
action of sulfuric acid. Hydrochloric acid

dissolves oxides, attacking the parent metal
at a much slower rate. Sulfuric acid, on
the other hand, reacts only slowly with the
oxide but attacks the parent metal, gen-
erating hydrogen which causes the oxide
layer to pop off. This difference makes
the under and over pickling inherent in
sulfuric acid treatment unlikely in a hy-
drochloric line. In addition, the hydro-
chloric acid treatment will remove more
easily rolled-in scale. Many efforts now
appear to be under-way to convert pickling
lines from sulfuric acid to hydrochloric
acid media.

A sulfation roast process for recovering
nickel and cobalt from laterite ores in
Australia was described.12 The complex
mineralogy of the laterite has made it
impossible to concentrate them by conven-
tional mineral dressing processes. The ore
was first ground to minus 100 mesh and
then mixed with concentrated sulfuric acid
(30 percent acid by weight of dry ore);
the moist solids were dried at 400° to
500° C by direct firing and then roasted
in indirectly fired furnaces at a tempera-
ture of 650° to 700° C. During this
roasting, a selective sulfation of the nickel,
cobalt, and manganese is accomplished.
The roasted product is discharged directly
into agitated quench tanks and water
leached for 1% to 1 hour at 70° to 80° C.
After filtration, the clear leach liquor hav-
ing a pH of about 2 and containing 5 to 6
grams per liter nickel, 0.5 grams per liter
cobalt, and 5 to 10 grams per liter iron is
treated with hydrogen sulfide at 120° C
under 30 to 35 pounds per square inch
gage. At the increased pressure, the hydro-
gen sulfide is highly soluble thereby insur-
ing complete precipitation of the valuable
metals. Only a very small amount of iron
and none of the magnesium and manganese
is found in the precipitate, Nickel extrac-
tions of 85 percent and cobalt extraction
of 90 percent were obtained.

Wah Chang Corp. patented a process
for the beneficiation of ilmenite to produce
a rutile-like product of improved char-
acter that is reportedly particularly effec-

10 British Chemical Engineering. Computer
Simulation of an Operating Chemical Plant.
v. 10, No. 11, November 1965, pp. 770-771.

11 Poole, David E. Hydrochloric Acid Pickling
of Steel Strip. J. Metals, v. 17, No. 3, March
1965, pp. 223-224.

12 Zubryckyi, N., J. I. Evans, and V. N.
Mackiw. Preferential Sulfation of Nickel and
Cobalt in Lateritic Ores. J. Metals, v. 17, No.
5, May 1965, pp. 478-486.
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tive, by reason of the minimization of
fines, as feed material for the fluidized bed
chlorination process to produce titanium
tetrachloride. The invention provides for
a two-step leaching process in which the
total hydrochloric acid values utilized do
not exceed about a 20-percent excess over
the stoichiometric amounts required for
dissolution of the undesired acid-soluble
nontitaniferous values in the ores. The
first leach consists of acid from the sec-
ond leach stage of a previous cycle plus
additional fresh concentrated acid to pro-
vide 60 percent of the stoichiometric
amount required to react with the iron
and other acid soluble values other than
TiO: in the ore. The second leach em-
ploys fresh commercial grade hydrochloric
acid for about 50 percent of the remaining
iron and other acid soluble values other
than TiO: in the once-leached product.
Both of the leaching steps proceed under a
pressure of 30 to 35 pounds per square inch
gage and with an operating temperature of
about 105° to 110° C. Under these con-
ditions, each leaching step requires only
about 4 to 6 hours, and the resultant
liquor contains 95 percent or more of the
iron values present in the original ilmenite.
The remaining solids assay over 90 percent

TiO: and have essentially the same par-’

ticle size range as that of the starting
ilmenite ore.

The use of ion exchange resins in the
cadmium recovery process employed at the
Cockle Creek Works of Sulphide Corp.
Pty. Ltd., Sidney, New South Wales, Aus-
tralia, resulted in a major increase in the
recovery and purity of cadmium produced
as a byproduct for the company’s lead-
zinc facility.1® A clarified sulfuric acid
solution of hot gas electrostatic precipita-
tor sludge is fed to a series of two columns
containing Zeocarb 225 cation exchange
resin.  Arsenic, also present in the pre-
cipitator sludge and soluble in sulfuric
acid, does not become attached to the
resin since it is in anionic form. The
loaded resins are washed free of cadmium
by a sodium chloride solution. The strip
liquor is collected in neoprene rubber-
lined tanks, steam heated to 70° C, and
trommeled with zinc rods to precipitate
cadmium sponge. The sponge is collected
and melted under a caustic soda flux to
produce a crude cadmium metal which is
subsequently purified by distillation to a
marketable grade metal.

The application of rare-earth phosphors
in the color TV tube necessitated expand-
ed facilities and new processes for extract-
ing europium and other family members
from their rare-earth minerals. Details of
such a process released during the year was
that employed by the Molybdenum Cor-
poration of America for the processing of
bastnaesite at Mountain Pass, Calif.14 The
ore is concentrated by froth flotation from
an essentially barite, calcite tailing, and
it is acid leached to remove residual cal-
cium. The resulting concentrate, averag-
ing about 75 percent rare-earth oxides, is
the feed material for the rare-earth chlo-
ride process employed at the company’s
plant in York, Pa. Here it is digested in
hydrochloric acid at 200° F for 4 hours.
After this period, the liquors are decanted
from the reaction mass, and the undis-
solved solids subjected to a caustic metath-
esis step to recover any undigested rare
earths. The metathesis cake (rare-earth
hydroxide) is waterwashed and added to
the original mother liquors, neutralizing
the excess hydrochloric acid; the iron,
lead, and excess sulfate content are re-
duced; and thorium is precipitated as
hydroxide. The final solution, after clari-
fication,. is evaporated, yielding a mixed
rare-earth chloride product. Details per-
taining to the specific extraction and sepa-
ration of europium from the mixed rare-
earth chlorides have not been released.

A solvent extraction process was re-
ported to be the key to recovering berylli-
um from minerals found on Topas Moun-
tain, Utah. Laboratory and pilot plant
studies by The Brush Beryllium Co. pro-
duced high-purity BeO from ore contain-
ing 0.5 to 1.5 percent of the oxide. In
the new process, an organophosphate
chelating agent selectively ties up the
beryllium. The clay is first crushed, and
then 10 percent sulfuric acid is added.
The pH is kept at 0.5 to 1.5. The slurry
is separated, with the beryllium-bearing
solution fed into tanks where it is mixed
with the organic phase containing the
organophosphate. The organic phase then
flows into mixing tanks where it is agi-
tated with an alkaline solution which strips

13 Baker, F. H., and J. G. Munro. Cadmium
Recovery by Ion Exchange. J. Metals, v. 17,
No. 3, March 1965, pp. 255-260.

1 Kruesi, Paul R., and George Duker. Pro-
duction of Rare Earth Chloride From Bastnasite.
§T:isMet:als. v. 17, No. 8, August 1965, pp. 847—
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the contained metal. The beryllium in
the alkaline stripping solution is precipi-
tated, washed, and calcined by conven-
tional means to the oxide.

A new technique for the recovery of
palladium and platinum from gold elec-
trolyte that is said to eliminate many of
the drawbacks of the zinc dust cementa-
tion process was developed and placed in
operation by Canadian Copper Refiners,
Ltd.13 Discarded electrolyte from the gold
recovery process is neutralized with caustic
and oxalic acid added to . precipitate the
slight gold content. After a series of
filtration steps, the resulting dark brown
solution is heated with live steam to 180°
F, and powdered sodium formate is slowly
added. When all the palladium and plat-
inum have precipitated, the solution turns
clear white or green.  The black precipi-
tate is collected, dried, and analyzed. It
will average 87.5 percent palladium and
8.0 platinum.

An electrolytic process for the refining
of vanadium products containing as little
as 80 percent vanadium was described by
the Bureau of Mines.18 Laboratory pro-
duction tests were successful in preparing
ductile, 99.6 percent metal from a metal
analyzing 90 percent purity. The molten
salt electrolyte contained lithium posassium

and vanadium chlorides operated at 620°
C and at cathode current densities of 250
to 400 amp per square foot. Hardness
values as low as Rockwell B 21 were
achieved for the pure metal. Metal re-
covery averaged slightly over 80 percent.

Another  electrolytic process described
was for the preparation of uranium and
rare-earth metals from their oxides1? A
cell. was developed for the electrolytic re-
duction of the metal oxide from an elec-
trolyte containing fluorides of lithium,
barium, and the desired metal. Oxide
solubility ranged from 2 to 4 percent in
the fluoride melts used for electrolysis.
Operating temperatures varied from 850°
to 1,300° C depending upon the base
metal. At this temperature, the product
was in the molten state and collected at
the bottom of the cell. By careful design
of the cell, the valuable product could be
tapped periodically, thereby avoiding
shorting out of the electrodes by accumu-
lation of the product and permitting con-
tinuous operation of the cell. Cerium,’
lanthanum, and uranium metals having
purities in excess of 99.8 percent were
obtained. Oxygen impurity values as low
as 10 ppm were noted. The technique
was believed modifiable for preparation of
other reactive metals.

Pyrometallurgy

Cost estimates on changing technology
in the steel industry are now being pub-
lished. An economic evaluation of dif-
ferent types of blast furnace burdens, based
on representative material cost figures and
production results of tests and actual blast
furnace operations, was presented at the
AIME 94th Annual Meeting and subse-
quently published.l8 It was stated that
economics will dictate a continuation of
the shift, already in progress, toward high-
er and higher percentages of pellets in
blast furnace burdens; and that as capital
becomes available to build more pelletizing
capacity, the operations which produce
natural ores, coarse ore, and sinter fines
will gradually be completely phased out of
existence. Exceptions will be those mines
which enjoy a preferred position due to
either high ore quality, low cost of mining,
or a favorable geographic location.

Cost evaluations published on the Kaldo
oxygen steel-making process and the LD
basic oxygen process indicated that their

operating costs were very close; $53.14
per ton against $53.02 per ton, respective-
ly, on the basis of 160 ingot tons of steel
per heat.1® The Kaldo process; developed
in Sweden by Professor Bo Kalling at the
Domnarvet Works of Stora Kopparberg
Corp., was installed in the United States
for the first time at the Sharon Steel
Corp. Roemer Works in Farrell, Pa. The
LD process was developed in Switzerland
and Austria several years after World War
II. Rapid expansion of oxygen steelmak-

15 Elkin, E. M., and P. W. Bennett. Palladium
and Platinum From Gold Electrolyte. J. Metals,
v. 17, No. 3, March 1965, pp. 252-254.

16 Sullivan, T. A. Electrorefining Vanadium.
J. Metals, v. 17, No. 1, January 1965, pp. 45—48.

17 Henrie, T. A. Electrowinning Rare-Earth
and Uranium Metals From Their Oxides. J.
géetals, v. 16, No. 12, December 1964, pp. 978—

18 Graff, Howard M., and Sidney C. Bouwer.
Economics of Raw Materials Preparation for
the Blast Furnace. J. Metals, v. 17, No. 4,
April 1965, pp. 389-394.

19 Dxttman, Frank W. Oxygen Steelmaking
Cost Comparison—Kaldo vs. LD. Metals, v.
17, No. 4, April 19656, pp. 372-379.
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ing in the United States is taking place at
the expense of two older processes, the
basic open hearth and the acid bessemer
process.
the four processes were described by F. W.
Dittman in preparing his evaluations. He
points out the remarkable change which
has taken place in steelmaking that has
had its toll upon the scrap metal industry.
The Kaldo process employs about 44 per-
cent scrap, whereas the LD process re-
quires less than 30 percent. Since his
cost calculations show that the two proc-
esses are competitive under U.S. economic
conditions today, other factors must be
considered in selecting one process over
the other; such as the kinds of steels to be
made, ease of process control, and per-
centage of scrap which should be utilized
in the best overall economic interest of a
given company.

A computerized study of blast furnace
operation and thermal control was reported
at the 23rd Ironmaking Conference.20
Through the use of an IBM 1710 com-
puter, a dynamic model of the blast fur-
nace was first prepared which could be
used for continuous process control, pro-
duction control, and quality control of an
actual blast furnace. The model con-
trolled the process by using heat balance,
quantitative analysis of top gas, tempera-
ture of top gas, and the measurement of
heat loss in lower furnace. Having de-
termined on a theoretical basis how the
blast furnace should react under a given
set of conditions, the model was tied into
two actual blast furnace operations: One
using 100 percent self-fluxing sinter and
the other using a burden of ore and sinter.
The results obtained from the test se-
quence indicated that a Wu factor (the
energy transmitted by the gas to the bur-
den at a temperature above 1,000° C,
after correction for thermal losses) could
be used as the basic indicator for qualita-
tive control of blast furnace operation.

Lukens Steel Co. revealed late in 1964
that it had installed an IBM 1710 com-
puter at its Coatesville, Pa., plant to con-
trol the electric furnaces in the melt
shop.21  The computer acts only as a data
recorder during the charging and melt-
down periods, and the operation of equip-
ment is not fully automatic; the computer
simply tells the furnace operator what to
do, based upon the various input data fed
to the machine from both automatic and
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manual operation. Use is on a round-
the-clock basis for guidance during the
refining period on carbon steel grades.
Eventually, after sufficient data has been
collected, it is believed that the computer
could be employed effectively in schedul-
ing other operations and facilities at
Coatesville.

Changing steelmaking techniques were
reflected by the placing on stream of a
continuous degassing plant, capable of
treating 1 ton of special steel per minute,
at the Low Moor Alloy Steelworks, Ltd.,
Bradford, England. In the continuous de-
gassing process, steel is sucked from a
tundish into a preheated, refractory-lined
vacuum vessel and discharged through a
barometric seal into a second tundish.
During preheating, glass is melted in the
tundish to form the seal. When preheat-
ing is complete, the chamber is evacuated.
As soon as the inlet tundish is full of
metal, it is raised, breaking the steel rup-
ture disc on the inlet pipe. The molten
metal explodes into droplets as it is drawn
into the vacuum chamber. When suffi-
cient metal has been admitted to fill the
outlet pipe and form a shallow pool in
the hearth, the seal on the outlet pipe is
broken. The metal is discharged con-
tinuously into the tundish until all the
available metal has been used. By this
technique 2.5-ton heats of high-chromium
steels were degassed with about 50 percent
hydrogen removal at an operating pressure
of 1.6 to 10.0 torr. About 14 percent
manganese was lost, with no significant
change in oxygen or nitrogen content.

Conversion of old automobile and other
waste metal appliances into a reusable steel
product was the objective of several pro-
grams initiated by the Bureau of Mines.
One research effort involves the incinera-
tion of scrap metal from autos, refrigera-
tors, and other consumer items at con-
trolled high temperatures to remove thin
coatings and low melting point metals.
Once such metals as aluminum, magne-
siu