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Foreword

The Federal Government, through the Minerals Yearbook and its predeces-
sor volumes, has reported annually on mineral industry activities for 96
years. This edition discusses the performance of the worldwide mineral
industry during 1977. In addition to statistical data, the volumes provide
background information to assist in interpreting the year’s developments.
Content of the individual volumes follows:

Volume I, Metals and Minerals, contains chapters on virtually all metallic
and nonmetallic mineral commodities important to the domestic economy. In
addition, it includes a general review chapter on the mineral industries, a
chapter on mining and quarrying trends, and a statistical summary. )

Volume II, Area Reports: Domestic, contains chapters on the mineral
industry of each of the 50 States, the U.S. island possessions in the Pacific
Ocean and the Caribbean Sea, and the Commonwealth of Puerto Rico. This
volume also has a statistical summary, identical to that in Volume L.

Volume III, Area Reports: International, contains the latest available -
mineral data on more than 130 foreign countries and discusses the importance
of minerals to the economies of these nations. A separate chapter reviews the
international minerals industry in general and its relationship to the world
economy.

The ﬂureau of Mines continually strives to improve the value of its
publications to its users. Therefore, the constructive comments and sugges-
tions of readers of the Yearbook will be welcomed.

Director
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Review of the Mineral
Industries

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

The performance of the U.S. economy in
1977 was similar to that in 1976 which, in
turn, had been a considerable improvement
over 1974-75. In 1977 real gross national
product (GNP) showed a similar, but some-
what slower, growth pattern compared with
1976. Real GNP increased sharply in the
first quarter of the year followed by smaller
increases for the remaining three quarters.
With only two exceptions, the monthly
unemployment rate declined or remained
steady throughout 1977, falling to a low for
the year in December. The inflation rate in
1977 was slightly higher than in 1976, but
the rate still remained far below that of
1974-75.

Total U.S. output as measured by GNP in
current dollars rose 10.8% in 1977. Real
GNP in constant 1972 dollars increased
4.9%, and inflation, as measured by the
implicit price deflator, rose 5.6%. In real
terms, gross private domestic investment
for residential structures increased 19.3%
in 1977, only slightly below the 22.9% rise
in 1976; State and local government expend-
itures increased 1.1% in 1977; and person-
al consumption expenditures for services
rose 4.5%.

The unemployment rate continued to
decline for the second straight year, falling
to 7% in 1977 compared with 7.7% in 1976.
The unemployment rate, except for Feb-
ruary and August, declined or remained
steady throughout the year. Therefore, the
drop in the unemployment rate during 1977
was more than the 7% yearly average
might otherwise indicate because the De-
cember rate of 6.4% was the low for the
year.

The Consumer Price Index (CPI) rose
6.5% in 19717, slightly above the 5.8% in-
crease in 1976. Food prices rose 6.8% in
1977, (about double the growth in 1976).

Prices of all nonfood commodities increased
5.4%. The Wholesale Price Index rose 6.1%
in 1977 compared with 4.6% in 1976. Farm
products and processed foods and feed in-
creased 3.1% (farm products alone increas-
ed 0.7%) and industrial commodities rose
T7%. As previously stated, in 1977 the implic-
it price deflator increased 5.6%.

In 1977, as in recent years, the Federal
Reserve Board (FRB) followed a monetary
policy with the objective of promoting finan-
cial conditions that would further economic
growth. In carrying out this policy, the FRB
tried to avoid excessive expansion of money
and credit that would tend to increase
inflationary pressures. The money supply
M1, defined as currency plus demand de-
posits, rose 8.0% in 1977, up from 6.2% in
1976. M2, defined as M1 plus time and
savings deposits, grew 9.83% in 1977, down
from 11.4% in 1976.

Fiscal policy in 1977 was intended to
increase the growth in real output through
additional Federal spendmg and tax cuts,
thereby resulting in reduced unemploy-
ment. Owing to the time lag before the
fiscal policy of the new Administration was
implemented, the new measures had no
effect until the beginning of the summer.
Thus for the first quarter of 1977, fiscal
policy was contractive because of slow
growth in Federal spending coupled with a
sharp increase in revenues. Fiscal policy
was more expansive for the balance of the
year, however, as expenditures returned to
their usual growth levels and the stimula-
tive measures started taking effect. The
stimulus package enacted included approv-
al of public works, public service employ-
ment, and other employment and training

programs as well as passage of the Tax
Reduction and Slmphﬁcatlon Act of 1977 in
late May, one provision of which was an

1
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increase in the personal standard de-
duction.

U.S. imports exceeded exports by $26.5
billion in 1977. Exports of manufactured
goods were $3.6 billion higher than imports
of manufactures. The trade balance deficit
was largely attributable to $44.4 billion
worth of petroleum imports. The value of
crude nonfuel mineral imports was $3.0
billion and that of exports was $1.1 billion.

In 1977, the Federal Government con-
tinued some activities and initiated others
that affected the mineral sector. The Gov-
ernment continued in its efforts to control
inflation. Mineral-related legislation en-
acted in 1977 was in areas such as public
lands, the environment, water resources,
taxation, health and safety, and import
duties.

The research program of the Bureau of
Mines in 1977 was designed to promote the
effective utilization of our mineral re-
sources, insuring adequate mineral supplies
without objectionable environmental, so-

cial, and economic effects. In August 1977,
the Department of Energy (DOE) was
established and the Bureau functions of
coal production technology, fuel data col-
lection and analysis, and coal preparation
research were transferred to DOE effective
October 1, 1977.

The mining industry in 1977 continued to
face relatively high inflation coupled with
rising operating costs. Metal mining firms,
in addition, had to contend with labor and
market problems. The value of metal pro-
duction declined in 1977, largely as a result
of strike activity in both the copper and iron
ore industries and depressed copper prices
for much of the year.

The world economy showed little growth
in real GNP after the first quarter of 1977.
Progress was made in controlling inflation,
but rates remained high by historical stand-
ards. In many countries, unemployment
rates were higher than they had been at the
trough of the 1974-75 recession.

SOURCES AND USES

ALL MINERALS

Production.—In 1977 the production of
domestic raw minerals, excluding fuels, rose
almost 5% in value compared with 1976, to
$17.5 billion. The production value of met-
als declined 4.5% to $5.8 billion, but this
was more than offset by a 10.2% rise in
nonmetals to $11.7 billion. In constant 1967
dollars, the value of total raw nonfuel
mineral output increased less than 1% to
$8.6 billion, metals declined 8.9%, and
nonmetals rose 5.8%. Returning to a cur-
rent dollar basis, crude nonfuel mineral
exports increased 10.2% to $1.1 billion, and
raw nonfuel mineral imports rose 4.3% to
$3.0 billion.

The Bureau of Mines indexes of physical
volume of nonfuel mineral production
(1967=100) were mixed in 1977 compared
with 1976. The overall index rose 0.7% to
115.8 index points in 1977. The index for the
average of all metals declined 9% and the
index for the average of all nonmetallic
minerals rose 5.8%. Within the metals
group, the ferrous metals index dropped
21%, the largest decline of any production
index, and the index for all nonferrous
metals declined 2.7%. The base metal index
decreased 6.0%, the index for monetary
metals rose 8.7%, and the other nonferrous

metals index increased 11.8%. As compo-

nents of the nonmetals sector, the con-
struction index rose 6.1%, the index for
chemicals increased 5.2%, and the index for
other nonmetals rose 3.0%.

The FRB index of industrial production
(1967=100) was 137.1 points for all indus-
tries in 1977, an increase of 5.6% compared
with 1976. The average index for all mining
rose 3.2% to 117.8 index points. The metal
mining index declined significantly, by
14.2% to 105.4 index points. The stone and
earth minerals index rose 5.6% to 124.9
points. The average index for crude oil and
natural gas extraction increased 5.4% to
118 index points and the bituminous coal
production index rose 0.8%, reaching 120.8
index points.

The FRB production index for all mining
by month was 112.8 index points in Jan-
uary. The all mining index vacillated dur-
ing most of 1977, reaching a high of 122.8
points in June and finishing in December at
113.4 points, only a little above where it had
started the year. The coal index was 95.3
points in January and, despite a few in-
termediate declines, reached a high of 141.4
points in October. It decreased only slightly
to 140.6 points in November, but then fell
sharply to 74.6 points in December, re-
flecting the United Mine Workers coal
strike. The oil and gas extraction index was
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112 index points in January and, similar to
all mining, reached a high of 121.3 points in
June. It closed in December at 118.4 points.
The metal mining index was 130.6 in Jan-
uary, reached a high of 133.8 points in
March, declined to a low of 70 in August,
and then increased for the remainder of
1977, closing at 104.3 in December. The
stone and earth mineral index was 121.6 in
January, vacillated during most of 1977,
climbing to a high of 128.1 in October, and
finished at 126.5 points in December.

The net supply for selected nonfuel mine-
rals was almost equally divided between
increases and decreases in 1977. This pat-
tern held true for the ferrous metals. Iron
ore showed the largest decline in the fer-
rous category, falling 24.6%. Pig iron
decreased 6.1%, but steel rose 2%. Other
declines were: Cobalt, 20.5%; manganese
ore, 13.7%; and nickel, 9.4%. Ferrous metal
increases in descending order were tung-
sten at 23.8%, chromite at 16.6%, and
molybdenum at 11.1%. The pattern was
similarly mixed for the nonferrous metals.
Gold showed the largest decline of any
mineral, resulting in a negative net supply,
which means that stocks (in this case Gov-
ernment stocks) were drawn down. Cad-
mium decreased 17.5%, followed by zinc at
8.4%, and mercury at 7.2%. Copper, tita-
nium concentrate and slag, and platinum-

group metals decreased in the range of 3.4%
to 8.9%. Most nonmetallic minerals increas-
ed in net supply in 1977, led by mica which
rose 25%, the largest increase of any mine-
ral. Other nonmetallic mineral increases in
descending order were: Barite, 14.3%; gyp-
sum, 13.4%; marketable potash, 9.1%;
fluorspar, 5.4%; talc and pyrophyllite, 4%;
and sulfur, 1.7%. Asbestos, phosphate rock,
and salt declined 7.4%, 5.6%, and 1.5%,
respectively.

Stocks and Government Stockpiles.—
Yearend stocks of crude nonfuel minerals at
primary producers as illustrated by Bureau
of Mines indexes (1967=100) showed a mix-
ed pattern in 1977 compared with 1976. The
overall index declined 0.7%, the crude me-
tals index increased 2.9%, and the crude
nonmetals index decreased 3.1%. Within
the metals sector, the iron ore index rose
0.9%, the other ferrous index declined 3.3%,
and the nonferrous index rose 36.6%. Stocks
at mineral manufacturer, consumer, and
dealer locations at yearend as illustrated by
Bureau indexes declined for all but one
category in 1977. The overall index for
manufacturers’ stocks declined 3.1%, the
metals index decreased 3%, and the nonme-
tals index dropped 8.3%. Within the metals
sector, the iron index decreased 19.8%, the
largest decline of any processed mineral
stock, the other ferrous index dropped
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12.6%, the base nonferrous index rose
10.5%, and the other nonferrous index re-
mained unchanged.

The seasonally adjusted book value of
product inventories rose for two of the three
selected mineral processing industries dur-
ing 1977. Stone, clay, and glass products
rose 6.6% to $4,469 million as of December
31, 19717. Total primary metals inventories
increased slightly, 0.2% to $17,370 million.
Within this category, product inventories of
blast furnaces and steel mills declined 3.9%
to $9,782 million and those of all other
primary metals rose 6.1% to $7,588 million.
The total seasonally adjusted book value of
inventories for selected nonfuel mineral
processing industries increased 1.5% to
$21,839 million.

Strategic and critical minerals in the U.S.
stockpile as of yearend 1977 that had high
market values included antimony, bauxite,
chromium, cobalt, industrial diamond,
fluorspar, lead, manganese, platinum-group
metals, silver, tin, titanium, tungsten, and
zinc.

Exports.—The total value of selected
minerals and mineral products, excluding
fuels, exported declined 1.9% in 1977, com-
pared with the corresponding 1976. figure.
Largely responsible for the decrease were
declines in all but two of the iron and steel
export components, with scrap showing the
greatest percentage decline at 35.0%. Crude
and scrap nonferrous metal exports rose in
value for all categories, with thorium ores
and concentrates increasing the most at
170%. Sulfur and unroasted iron pyrites
showed the largest percentage change,
21.0%, and showed the only decline among
the crude nonmetallic mineral exports.
Chemical export values were evenly divided
between advances and declines. Percentage
changes for the three manufactured nonme-
tallic minerals were small with two showing
higher export values. Exports of most man-
ufactured metals rose in value, with “oth-
er” base metals increasing by $37.7 million
or about 24%. Copper was one of the two
manufactured metal exports that fell in
value, declining $86.1 million or about 31%.

The geographical distribution pattern,
based on value, for the majority of selected
mineral exports was similar in 1977 to that
in 1976. Some notable exceptions follow.
The distribution of U.S. exports of iron and
steel scrap shifted away from noncentrally
planned Europe, which declined from 48%
to 31%, to noncentrally planned Asia,
which rose from 34% to 54%. In the case of

uranium and thorium ores and concen-
trates, the share of exports to noncentrally
planned Europe continued to decrease, de-
clining from 86% to 55% while that to
North America continued to rise, increasing
from 14% to 45%. The distribution of ex-
ports of lime, cement, and fabricated build-
ing materials except glass and clay began
shifting away from both North America,
which declined from 61% to 50%, and
noncentrally planned Europe, which declin-
ed from 20% to 12%, to noncentrally plan-
ned Asia, which increased from 11% to
32%. The share of exports of iron and steel
ingots and other primary forms shifted
away from both North America, which de-
clined from 56% to 37%, and noncentrally
planned Europe, which declined from 15%
to 5%, to both South America, which in-
creased from 17% to 33%, and noncentrally .
planned Asia, which rose from 11% to 24%.
The change in the pattern of iron and steel
hoop and strip exports was a shift away
from noncentrally planned Europe, which
decreased from 48% to 26%, and to both
North America, which rose from 32% to
43%, and South America, which rose from
9% to 17%. The share of zinc and zinc alloy
exports to noncentrally planned Europe
declined from 47% to 24% and those to
North America increased from 31% to 49%.
The distribution of exports of uranium and
thorium and their alloys shifted away from
North America, which decreased from 59%
to 45%, to noncentrally planned Asia,
which rose from 4% to 27%.

Imports.—The total value of selected
minerals and mineral products, excluding
fuels, imported in 1977 increased 11.5%. A
significant rise in value of nonfuel mineral
imports was largely attributable to in-
creases in all iron and steel categories
except pig iron, shot, ferroalloys, and iron
ore and concentrates. All crude nonmetallic
mineral imports rose in value, with crude
fertilizers showing the greatest percentage
gain at 76.4%, largely reflecting a relatively
low base figure. Among the crude and scrap
metals, thorium ores and concentrates
showed the only gain — more than double
that of 1976, but remaining under $1 mil-
lion. Chemical imports were evenly divided
between advances and declines and imports
of the three manufactured nonmetallic
minerals increased, with clay and refracto-
ry construction materials rising the most by
55%. Import values for all but one manu-
factured metal rose in 1977. Lead and its
alloys were 2 1/2 times as large while zinc
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and its alloys declined about 25%.

The general geographic distribution pat-
tern for most nonfuel mineral imports,
based on value, was similar in 1977 to that
in 1976. There were, however, some notable
exceptions. The distribution of U.S. imports
of crude phosphate and apatite shifted away
from North America, which declined from
989% to 45%, to the African continent,
which rose from zero to 55%. The change in
the pattern of imports of copper ores and
concentrates was a shift away from North
America, which declined from 68% to 43%,
to noncentrally planned Asia, which in-
creased from 21% to 43%. The distribution
of imports of nickel waste and scrap shifted
away from North America, which declined
from 71% to 52%, to Western Europe,
which rose from 25% to 46%. The share of
imports of lead waste and scrap shifted
away from South America, which declined
from 44% to zero, to both Western Europe,
which increased from zero to 32%, and
North America, which rose from 37% to
68%. The distribution of imports of zinc
waste and scrap shifted away from North
America, which declined from 80% to 25%,
to Western Europe, which increased from
19% to 74%. The change in the pattern of
columbium imports. was a shift away from
South America, which decreased from 39%
to-17%, to several other areas, the largest
increase of which was for North America
which rose from 32% to 44%. The share of
imports of tin waste and scrap shifted away
from Western Europe, which declined from
82% to 2%, primarily to both South Ameri-
ca which rose from zero to 47%, and non-
centrally planned Asia which rose from zero
t0 26%.

Consumption.—In 1977, consumption of
major mineral products was about evenly
divided between those that increased and
those .that decreased compared with 1976
consumption which increased for most pro-
ducts over the previous year. Ferrous me-
tals displayed a mixed pattern. Steel show-
ed the largest increase at 11.4% and colum-
bium the largest decrease at 20.4%. Vana-
dium  consumption dropped 18%; man-
ganese ore, 15.1%; iron ore, 8.1%; nickel,
4.9%; and chromite, 0.6%. Other ferrous
metal increases were: Molybdenum, 8.1%;
tungsten, 6.2%; and cobalt, 0.6%. About
two-thirds of the selected nonferrous metals
showed decreases in consumption. Silver for
comage fell 'sharply, declining 93.1%. Cad-
mium consumption decreased 24.5% and
both silver for industry and arts and pri-
mary antimony declined 9.9%. Other non-
ferrous metal decreases were: Titanium,
8.6%; mercury, 5.6%; tin, 3.2%; zinc, 1.9%;
and platinum-group metals, 0.7%. Among
nonferrous metals that rose, uramum (U0,
for enrichment) showed the largest increase
at 20.6%, followed by refined copper at
9.7%, Aluminum at 7%, lead at 6.2%, and
gold for industry and arts at 4.5%. Two-
thirds of the selected nonmetallic minerals.
showed increases in consumption in 1977.
Talc rose 23.6%, the largest nonmetallic
increase, followed by barite which rose
14.5%. Phosphate rock, cement, and gyp-
sum increased from 10.4% to 13.4%. Other
increases were: Potash, 8.4%; sulfur, 6.5%;
stone, 5.9%; clays, 2%; and sand and gravel,
1.5%. Among those nonmetallics that de-
clined were mica at 17.4%, fluorspar at
8.7%, asbestos at 7.4%, lime and salt
decreased 1.4% and 1.3%, respectively.

EMPLOYMENT AND PRODUCTIVITY

Employment —Employment increased in
all-selected mining and mineral manufac-
turing industries except for metal mining,
primary nonferrous metals, and mining ma-
chinery in 1977. All mining, including fuels
employment rose 3.9%, and within this
group nonmetallic mining, except fuels em-
ployment increased 1.7%, and metal mining
declined 3.2%. In the metal mining cate-
gory, iron ores employment dropped 20.8%
and copper ores decreased 3.0%.

All manufacturing employment increased
3.4% in 1977. Within manufacturing, blast
furnaces and steel mills employment rose
negligibly, primary nonferrous metals
decreased 2.1%, chemical and fertilizer

minerals rose 0.4%, and hydraulic cement
rose 0.3%.

Hours and Earnings.—Average hourly
earnings increased 7.4% to $6.94 for all
mining, including fuels, in 1977. Hours
worked for all mining increased 2.4% re-
sulting in weekly earnings 10.0% higher
than those in 1976. For metal mining, aver-
age hourly earnings rose 8.3% to $7.32.
Weekly hours rose 1.7% in metal mining
and weekly earmings increased 10.1%.
Within the metal mining industry, hourly
earnings rose 6.5% for the iron ore indust-
ry, but weekly hours declined less than 1%.
Copper ore average hourly earnings in-
creased 6.8%, but because weekly hours
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decreased 3.0%, weekly earnings rose only
3.6%. In the nonmetallic minerals, except
fuels category, hourly earnings increased
8.0% and coupled with an increase in hours
worked of about 1%, resulted in an increase
in weekly earnings of 9.0%.

For all manufacturing, the average hour-
ly earnings increased 8.6% to $5.67, weekly
hours rose 0.5%, and weekly earnings were
9.2% above those in 1976. Blast furnaces
and steel mills again showed the highest
hourly wages and shortest workweek of the
manufacturing industries considered. Hour-
ly earnings in this industry increased 10.3%
to $8.59 and hours worked rose a slight
0.5% resulting in an increase in weekly
earnings of 10.8%. In the primary nonfer-
rous metals industry, hourly earnings in-
creased 11.7%, weekly hours declined 0.5%,
and resultant weekly earnings rose 11.1%.
Hydraulic cement showed an increase in
hourly earnings of 8.8%, a rise in weekly
hours of 1.2%, and an increase in weekly
earnings of 10.1%.

Wages and Salaries.—Total wages and
salaries grew to $983.6 billion in 1977, an
increase of 10.5% which was almost the
same as the previous year’s increase. In the
mining sector the increase was 15% to $14
billion, and in the manufacturing sector
total wages rose 12% to $266.3 billion.
Average earnings per full-time employee in
all industries for 1977 increased 6.6% to
$12,372. Average earnings per employee for
both mining and manufacturing rose slight-
ly over 8% to $17,352 and $13,892, re-
spectively.

Labor Turnover Rates.—The accession
rate (hires and rehires) for all manufac-
turing rose 2.6% in 1977. Of the selected
mineral industries, copper ores experienced
the largest decline at 41.2% in 1977, after

showing the largest increase in 1976. There
was a 3.7% decline in the iron ores acces-
sion rate, and for metal mining as a whole
there was a 9.4% decline. The accession rate
dropped 12.5% for blast furnaces and steel
mills, 28.0% for primary nonferrous metals,
and 13.3% for hydraulic cement. )

All of the selected mineral industries
showed either increases or no change in
total separation rates and the manufac-
turing sector showed no change. The separ-
ation rate rose 40.7% for iron ores, 22.2%
for copper ores, and 24.1% for metal mining
as a whole. Primary nonferrous metals,
blast furnaces and steel mills, and hydrau-
lic cement separation rates declined by
5.6%, 3.2%, and 3.7%, respectively.

The layoff rate rose for all but one of the
selected mineral industries in 1977. Iron
ores showed the largest layoff increase,
rising 110%; copper ores rose 27.2%; and
metal mining as a whole climbed 50%. In

-the manufacturing sector, the layoff rate

for primary nonferrous metals showed no
change, for blast furnaces and steel mills it
declined 11.1%, and for hydraulic cement it
fell 17.6%.

Productivity.—Indexes of labor pro-
ductivity for copper and iron all declined in
1977. Indexes for copper ore output per
employee decreased 7.2%; per production
worker, 4.5%; and per production worker-
hour, 4.9%. For recoverable copper metal,
the corresponding indexes declined 4.5%,
5.5%, and 1.8%, respectively. Indexes of
iron ore output per employee decreased
11.8%; per production worker, 5.7%; and
per production worker-hour, 5.0%. For us-
able iron ore mined, the output per employ-
ee fell 13.1%, output per production worker
declined 6.4%, and output per production
worker-hour declined 6.5%.

PRICES AND COSTS

Index of Average Unit Mine Value.—
The index of average unit mine value
(1967=100) is designed to reflect the unit
values of mine production. All but two of
the component indexes showed increases in
1977. The overall average unit mine value
index increased slightly over 5%, with the
metals index rising 7.2% and the nonmetals
index increasing 4.2%. The ferrous metals
index and the other nonferrous metals in-
dex each rose 10.5%. The index for all
nonferrous metals increased 2.9%, the base
nonferrous metals index declined 1.5%, and
the monetary metals index rose 13%, the

largest increase of any category. Within the
nonmetals category, the construction index
rose 7.3%, the chemical index declined
5.3%, and the other nonmetals index rose
4.9%.

Index of Implicit Unit Value.—The index
of implicit unit value (1967=100) is design-
ed to reflect the unit values of the minerals
included in the index of the physical volume
of mineral production. The implicit unit
value index in 1977 yields results similar to
those of the average unit mine value index
which is to be expected since both show
changes in the relative prices of commodi-
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ties. The overall average of the implicit unit
value index for nonfuel minerals rose about
49 to 202.6 index points. The metals index
increased less than 5% and the nonmetals
index rose about 4%. Within the metals
group, the ferrous metals index increased
9.4% and the nonferrous metals index rose
3.8%. The base nonferrous metals index
declined less than 1%, the monetary metals
index rose 11.3%, and the other nonferrous
metals index rose 14.9%, the largest in-
crease of any index. Within the nonmetals
category, the construction index rose 7.2%,
the chemical index declined 4.0%, and the
other nonmetals index rose 4.3%.

Prices.—In 1977 wholesale price indexes
for selected metals and minerals showed a
similar pattern to that in 1976 with most
indexes increasing. The index for all com-
modities rose 6.0% to 194.2 index points and
the index for all commodities other than
farm and food increased 7% to 195.1 points.
The metals and metal products index rose
6.6% to 209 index points. Within this cate-
gory, those indexes showing large changes
(10% or more) were: Lead, pig, common, up
33.5%; aluminum, primary, buyers, up
16.4%; and iron and steel scrap, down
10.8%. The nonmetallic mineral products
index incr 7.5% to 200.4 index points.
Within this category, those indexes showing
large changes were: Gypsum products, up
18.8%; insulation materials, up 10.8%; and
phosphate rock, down 12%.

Principal Metal Mining Expenses.—The
index of principal metal mining expenses
(1967=100) was up sharply in 1977, increas-
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ing 11.2% to 218 index points. The fuel
component continued to show the largest
increase, rising 13.5% to 302 index points.
The other components showed the following
increases in descending order, electrical
energy, 12% to 233 index points; labor,
11.2% to 218 points; and supplies, 7.4% to
202 points. Supplies was the only compo-
nent increasing less than the overall index.

Costs.—Iron ore and copper indexes of
relative costs and productivity (1967=100)
increased in 1977, with one exception. All
three iron ore indexes showed increases:
The index of labor costs per unit of output
rose 13.4%, the index of value of product
per production-worker-period increased 1%,
and the index of labor costs per dollar of
product rose 4.5%. For copper, the index of
labor costs per unit of output rose 8.4%, the
index of value of product per production-
worker-period declined 4.9%, and the index
of labor costs per dollar of product increased
12.3%.

Price indexes for mining construction and
materials handling machinery and equip-
ment (1967=100) showed increases in 1977
similar to those in 1976. The index for
mixers, pavers, spreaders, etc. rose about
9%; the indexes for mining machinery and
equipment, and tractors other than farm
each rose 8%; and the indexes for con-
struction machinery and equipment, and
scrapers and graders each increased about
7%. The index for power cranes, excavators,
and equipment showed the smallest in-
crease at 6%.
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Figure 4.—Index of labor cost per dollar of product.
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INCOME AND INVESTMENT

National Income Generated.—National
income originating in all industries increas-
ed 11.5% to $1,555 billion in 1977. Income
originating in the mining sector rose 14.4%
to $23.2 billion. Income in nonmetallic
minerals, except fuels, remained at $2.3
billion; and that in metal mining rose 8.8%
to $2.1 billion. Income originating in the
manufacturing sector increased 12.7% to
$408.9 billion.

Profits and Dividends.—The annual av-
erage profit rate on shareholders’ equity for
all manufacturing industries rose a negli-
gible amount to 14.2% in 1977. All but one
of the selected mineral manufacturing in-
dustries showed declining profit rates. The
primary metals profit rate decreased by 3.6
percentage points to 4.9%, a significant
decline. Largely contributing to this decline
was the sharp drop in the iron and steel
profit rate which decreased by 5.5 percent-
age points to 3.5%. Nonferrous metals, on
the other hand, decreased a negligible
amount to a rate of 7.2%. The profit rate for
stone, clay, and glass products increased by
1.5 percentage points to 13.4% and that for
chemicals and allied products fell a negli-
gible amount to 15.1%.

Total dividends for all manufacturing
increased 17.1% to $26,650 million. While
total dividends rose for all selected mineral
manufacturing industries, the metals show-
ed only small gains. Total dividends for
primary metals increased 3.4% to $1,226
million, with iron and steel increasing 3.8%
to $802 million, and nonferrous metals ris-
ing 2.2% to $423 million. Stone, clay, and
glass products dividends rose 17.5% to $517
million and dividends for chemicals and
allied products increased 16.2% to $3,643
million.

The total number of industrial and com-
mercial failures in 1977 was significantly
less than in 1976 which, in turn, was signifi-
cantly less than in 1975. Current liabilities
associated with these failures rose slightly
in 1977 over those in 1976. The number of
failures declined 17.8% to 7,919 and their
liabilities rose 3.3% to $3.1 billion. Failures
in the mining sector declined from 37 in
1976 to 30 in 1977 and corresponding cur-
rent liabilities dropped from $106 million in
1976 to $42 million in 1977, a 60% decline.
In the manufacturing sector, the number of
failures declined for the second year in a
row, falling 15.4%, but their current liabili-
ties rose 20%.

New Plant and Equipment.—Expendi-
tures for new plant and equipment rose for
the mining (including fuels) industry and
for all but one of the selected mineral
manufacturing industries in 1977. Expendi-
tures by firms in the mining industry in-
creased 12.5% to $4.5 billion; those by all
manufacturing firms rose 14.6% to $60.16
billion. Petroleum industry expenditures
jumped 19.4% to $13.87 billion. Expendi-
tures by the stone, clay, and glass products
industry rose 15.7% to $1.99 billion; those
by the primary nonferrous industry increas-
ed 3.7% to $2.24 billion; those by the chemi-
cals and allied products industry rose 2.2%
to $6.83 billion; and those by the primary
iron and steel industry declined 9.7% to
$3.44 billion. .

Plant and equipment expenditures of
foreign affiliates of U.S. companies declined
11.8% for mining and smelting, and increas-
ed 9.5% for manufacturing in 1977. Canada
accounted for nearly half the total mining
and smelting expenditures of $808 million,
despite Canada’s 20% decline. Most of the
remaining mining and smelting expendi-
tures were in the all other areas category
which increased 50%, while those in Latin
America declined 61.5%. Manufacturing in-
vestments totaled $12,561 million in 1977.
Investments in Europe rose 6.7% and conti-
nued to account for more than half of the
total. Manufacturing investments in Cana-
da increased 21.4% and those in the all
other areas category rose 16.8%.

Issues of Mining Securities.—Gross pro-
ceeds from all corporate primary security
offerings in 1977 were $52.1 billion in 1977,
a negligible decline from those of 1976. The
share of these proceeds from each type of
security offering changed little from 1976,
with bonds at 77%, common stock at 16%,
and preferred stock at 7%. Proceeds from
offerings in the extractive industries conti-
nued to increase sharply in 1977, rising 51%
to $2.7 billion. Fifty percent were from
bonds, 49% from common stock, and 1%
from preferred stock. In manufacturing,
proceeds from offerings decreased 11% to
$13.8 billion. These were distributed as
follows: Bonds, 91%; common stock, 5%;
and preferred stock, 4%.

Foreign Investment.—Direct private in-
vestment by U.S. companies in foreign min-
ing was $7.1 billion in 1977, the same as in
1976. Two-thirds of these investments conti-
nued to be made in the developed countries
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which in 1977 amounted to $4.8 billion; two-
thirds of the developed countries’ share, or
$3.2 billion, was invested in Canada; slight-
ly over one-fourth, or $1.3 billion, was in-
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vested in Australia. Seventy percent of the
$2.3 billion investment in developing coun-
tries, or $1.6 billion, was invested in Latin
America.

TRANSPORTATION

The total quantity of major nonfuel mine-
rals and mineral products transported by
rail and domestic waterways (excludes im-
ports and exports) in 1976 (latest data avail-
able) was 682 million short tons. Minerals
and mineral products excluding fuels
accounted for almost one-third of all com-
modities transported by rail and one-fourth
of those transported by water. Sixty-four
percent of minerals excluding fuels were
transported by rail.

The quantity of nonfuel minerals trans-
ported by rail was 435.6 million short tons.
Of this total, 51% consisted of five commodi-
ties: Iron ores and concentrates, phosphate

rock, steel works and rolling mill products,
sand and gravel, and crushed stone. These
five largest commodities and the majority of
other nonfuel minerals declined; all but one
of the commodities that gained in 1976
showed relatively low tonnage.

The nonfuel minerals tonnage carried by
water was 246.5 million short tons. Three
commodities—iron ores and concentrates,
sand and gravel, and limestone flux—
accounted for two-thirds of this tonnage.
Despite the slight decline in the overall
tonnage, those commodities that increased
in volume out numbered those that declined
by almost two to one.

RESEARCH ACTIVITIES

Bureau of Mines.—The Bureau of Mines
research program emphasizes efficient use
of our mineral resources to insure adequate
mineral supplies without objectionable en-
vironmental, social, and economic effects.
The Bureau conducts scientific and engi-
neering investigations to improve the recov-
ery of minerals from domestic deposits, to
improve the economics of recycling scrap
mineral materials, to achieve more efficient
utilization of mineral products by extending
their lifespan, and to find industrial uses for
mineral wastes and thus improve the envi-
ronment. Bureau research concentrated on
the following areas: Mining (including
health and safety and explosives), metallur-
gy, secondary resource recovery and pollu-
tion abatement, economics, and helium. In
August 1977, the Bureau functions of coal
production technology, fuel data collection
and analysis, and coal preparation research
were transferred to the newly created De-
partment of Energy.

Bureau of Mines funding obligations for
mining and mineral research and develop-
ment were $101.9 million during fiscal year
19717, a 22.4% decline from 1976. Funds for
applied research fell by one-third to $48.3
million. Basic research funds were five
times as large in 1977 as in 1976, reaching
$4 million. Funds for development declined
14.5% to $49.6 million. For fiscal year 1978,
obligations were estimated at $114.0 mil-
lion, an increase of 11.9%. Fiscal year 1978

funds were estimated to increase 0.2% to
$48.4 million for applied research, to rise
115% to $8.6 million for basic research, and
to increase 14.9% to $57.0 million for devel-
opment.

Bureau of Mines funding obligations for
total research decreased 29% to $52.3 mil-
lion during fiscal year 1977. Funds for
engineering sciences declined 35% to $44 .
million, those for physical sciences rose
106% to $3.7 million, those for mathemati-
cal sciences increased 3% to $1.65 million,
and those for environmental sciences in-
creased 21% to $2.9 million. Obligations for
total research during fiscal year 1978 were
estimated to rise 9.0% .to $57.0 million.
Funds for engineering sciences were esti-
mated to decline 3.9% to $42.3 million,
those for physical sciences were estimated
to drop 54% to $3.5 million, those for
mathematical sciences were estimated to
increase 75.8% to $2.9 million, and those for
environmental sciences were estimated to
increase 141.4% to $7.0 million.

Economic Analysis.—In 1977 the Bureau
of Mines economic research program conti-
nued the study of economic conditions af-
fecting the mineral industries and, in turn,
the effect of the mineral sector on the
national and international economies. The
purpose of the research was to provide
decisionmakers with information and up-to-
date analyses of the economic situation,
alternative courses of action, and the im-
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pact of choosing any of the alternatives. The
economic analysis program attempted to
create general methodology necessary for
such analysis as well as information rele-
vant to problem solving in the field of
mineral economics. Major long-term re-
search projects included the study and fore-
casting of demand, supply, and productivity;
international trade; mineral taxation; fi-
nancial analysis; a weekly price report on
major minerals; input-output analysis;
mineral transportation; mining and land
use; waste recycling; and measures of the
role of minerals in the U.S. economy. Some
of the short-term projects undertaken in
1977 were the following: Review of a
macroeconomic model prepared for an in-
teragency stockpile study; review of a Mas-
sachusetts Institute of Technology report on
ocean mining; analysis comparing revenues
accruing to the Federal Government under
a proposed coal lease with those that would
accrue under provisions of the Coal Leasing
Act Amendments; economic analysis of
tungsten in response to a request from the
Department of State; estimate of linear and
quadratic functional relationship of steel
shipments to population; analysis of do-
mestic coal transport costs; reports of cold
weather impacts on domestic minerals
transport; completion of a final report on
the Bureau of Mines information system
using copper as a prototype commodity; in
conjunction with the Law of the Sea Confer-
ence in New York, supplied background
data on forecasting and provided additional
analysis on future nickel demand; prepared
data and background information for the
Federal Energy Administration on the sta-
tus of price controls on minerals and mine-

ral fuels; participated in a Conference on
Commodity Supply Policies sponsored by
the Experimental Technology Incentive
Program (ETIP), Department of Commerce
and then summarized and forwarded the
Bureau’s comments to ETIP; estimated a
statistical linear function relating world
phosphate rock production to world popul-
ation; and evaluated contract proposals re-
lated to the development of an operational
summary index for measuring both the
critical nature of minerals to the United
States, and the U.S. vulnerability to re-
ductions in minerals availability.
Helium.—The Bureau of Mines conducts
a helium program under the Helium Act of
1960 to stimulate individual enterprise in
production and distribution; encourage con-
servation; and to continue research on all
phases of production, transportation, and
use.
The atmosphere contains an unlimited
supply of helium, but recovery is currently
feasible economically only from natural gas,
primarily fuel gas. The Bureau extracted
444 million cubic feet of helium from natu-
ral gas at its Keyes, Okla. plant in 1977.
Unsold helium is transported by pipeline to
underground storage at the Bureau’s Cliff-
side field near Amarillo, Tex. At yearend
1977, storage of helium plus helium cortain-
ed in natural gas amounted to 43.5 billion
cubic feet. Mixtures of stored helium and
native gas produced from Cliffside are
transported by pipeline to the Bureau’s
Exell, Tex. plant for processing. The Bureau
has contracts with several firms for which it
stores and redelivers privately produced
helium.

LEGISLATION AND GOVERNMENT PROGRAMS

In December 1977, as a result of previous
communication with Members of Congress,
President Carter directed that an inter-
agency nonfuel mineral policy review be
undertaken. The President appointed Secre-
tary of the Interior Cecil Andrus as Chair-
man of the Cabinet-level committee created
to conduct this review. The study was di-
rected to address problems of domestic and
international supply and demand among
nonfuel minerals, examine Federal actions
affecting the health of the U.S. mining
industry, and submit policy options and
recommendations to the President.

Legislation affecting the mineral sector
and approved during the First Session of

the 95th Congress covered areas such as
tazes, energy, the environment, water, pub-
lic lands, health and safety, surface mining,
and import duties. Some of the more impor-
tant laws passed are described below.

The Tax Reduction and Simplification
Act (Public Law 95-30) has several provi-
sions affecting the minerals sector as well
as business in general, such as extending
through yearend 1978 the reduction in the
corporate tax rate on the first $50,000 of
taxable income, providing for highly com-
plex new jobs credit in 1977-78, and reduc-
ing exclusion of income for individuals
working abroad to $15,000. Public Law 95-2
authorized the President to allocate gas
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supplies to any interstate pipeline where
needed to serve residential consumers,
small commercial consumers, or end-users
that are vital to health, safety, or the
protection of property. Among Public Law
05-217’s amendments to the Federal Water
Pollution Control Act were the following:
Specified best management practices for
discharge of dredged or fill material into
navigable waters; set July 1, 1984 as time
limit for industrial point sources to install
best available control technology for certain
pollutants, and as late as July 1, 1987 for
other pollutants. Amendments to the Clean
Air Act (Public Law 95-95) affecting the
mineral industry included the following:
Authorized issuance to primary nonferrous

smelters requiring the use of continuous

and supplemental controls for sulfur diox-
ide emissions unless such controls would be
so costly as to necessitate permanent or
prolonged shutdown of operations; estab-
lished penalties from noncomplying station-
ary sources of pollution equal to economic
benefit of noncompliance; required the En-
vironmental Protection Agency (EPA) to
review available information on radioactive
pollutants, cadmium, arsenic, and poly-
cyclic organic matter and determine
whether emissions will cause or contribute
to air pollution which may reasonably be
anticipated to endanger public health, and

if so, EPA must promulgate standards.
Public Law 95-164 transferred the Mining
Enforcement and Safety Administration
from the Department of the Interior to the
Department of Labor, renaming it the Mine
Safety and Health Administration; made an
amended version of the Coal Health and
Safety Act applicable to all mining. Public
Law 9591 established the Department of
Energy. Among the functions transferred to
DOE were some of the Secretary of the
Interior dealing with Federal land leases,
including establishment of production rates
for those leases, and the Bureau of Mines
functions of coal production technology, fuel
data collection and analysis, and coal pre-
paration research. The Surface Mining Con-
trol and Reclamation Act of 1977 (Public
Law 95-87) was primarily concerned with
surface coal mines, but could be applied to
the reclamation of abandoned metal and
nonmetal mines and also provided for the
study of the regulation of metal and nonme-
tal surface mines. Public Law 95-12 amend-
ed the United Nations Participation Act of
1945 to halt the importation of Rhodesian
chromium. Public Law 95-37 extended for 2
years, until September 30, 1979, the Defense
Production Act. A listing of mineral-related
Federal legislation signed into law during
1977 follows:

Public Mineral-related Federal legislation in 1977 e
ENERGY

95-2 To authorize the President to declare a temporary gas emergency, and to make allocations Feb. 2
toward meeting requirements for high-| riority uses.

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

ENVIRONMENTAL QUALITY
95-95 The Clean Air Act Amendments of 1977. Aug.7
95-217 The Clean Water Act of 1977. Dec. 27
WATER RESOURCES

95-41 To d the Water R Planning Act of 1965. June 6

95-84 To fund the Saline Water Conservation grogram and other water research programs for Aug.2
fiscal years 1978-79.

95-96 To appropriate for public works for water and power development and energy research for Aug.7
iscal year 1978.

PUBLIC LANDS AND LAND USE

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

95-87 To establish an Office of Strip Mining Reclamation and Enforcement in the Department of Aug. 3
the Interior for administering r;n related thereto.

95-150 To dprovide fora studx' of certain (in Montana) to determine their suitability for Nov. 1
esignation as wilderness areas.

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

95-192 To further the conservation, pr and t of the Nation’s land, water, and Nov. 18

related resources.
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Pl.‘.‘:gc Mineral-related Federal legislation in 1977 s]'?l;:eed
OTHER
95-12 To halt the importation of Rhodesian chr through d t of the United Nations Mar. 18
Participation Act of 1945.

95-30 The Tax uctlon and Slmph.ﬁeehon Act. May 23
95-37 To extend the D Act2 yea.rs to September 30, 1979. Junel
95-161 To auspend the import duty on syntheti -ate until June 30, Nov.8
95-164 mote health and safety in the mining mdu.stry Nov.9
95-212 gmd State cooperative pr under the End: ed Species Act through fiscal years Dec. 19

The acquisition cost of strategic and criti-
cal materials in the national stockpile as of
December 31, 1977, was $2.5 billion with a
market value of $7.1 billion. The acquisition
cost of materials in the supplemental stock-
pile was $1.1 billion with a market value of
$1.9 billion. Corresponding Defense Pro-
duction Act (DPA) stockpile figures were
$0.2 billion and $0.1 billion, respectively.
The total acquisition cost of these materials
was $3.7 billion with a current market
value of $9.2 billion. During fiscal year 1977

(October 1976-September 1977), disposals
from the national and supplemental stock-
piles totaled $66.6 million. Disposals from
the DPA inventory and other inventories
were $7.1 million and $2.7 million, re-
spectively, bringing grand total disposals to
$76.4 million. Commodities with the great-
est sales value included tin at $26 million,
tungsten ores and concentrates at $32.7
million (including both the national and
supplemental stockpiles and DPA invento-
ry), and industrial diamonds at $6.0 million.

WORLD REVIEW

World Economy.—The economies of the
major industrial countries—Canada
France, the Federal Republic of Germany,
Italy, Japan, and the United Kingdom—
virtually stagnated after the first quarter of
1977. Growth in real GNP for these coun-
tries averaged an estimated 3% in 1977, and
for most other countries in the Organization
for Economic Cooperation and Development
(OECD), growth rates were even lower.
Progress was made in controlling inflation
in five of the six major foreign industrial
countries, although rates remained high by
historical standards. Unemployment rates
in many countries were higher than they
had been at the trough of the 1974-75
recession. The volume of trade worldwide
was estimated to have increased only 4% in
1977.

Real GNP in 1977 increased 5.1% for
Japan, 2.7% for Canada, and 2.4% for the
Federal Republic of Germany. Real gross
domestic product rose 8% in France, 1.7%
in Italy, and 0.1% in the United Kingdom.
Contributing to the small increase in de-
mand was slow growth in business fixed
investment, with the possible exception of
Canada. The low growth in real economic
activity was due in part to restrictive po-
licies that were adopted by a number of
countries as a means of lowering inflation.

Consumer prices rose at a slower rate in
1977 than in 1976 for all of the countries
except Canada. In Italy and Japan the
inflation rate dropped 6 or more percentage
points, while in France, the Federal Repub-
lic of Germany, and the United Kingdom,
the decline in inflation was less, but never-
theless significant. Canada, which had low
inflation in 1976 relative to other major
countries, experienced an inflation rate of
almost 10% in 1977.

World Production.—The United Nations
(UN) indexes of world mineral industry
production (1970=100) for the extractive
industries increased 4 index points to 124 in
1977. The metal mining index remained
unchanged at 106 index points. Indexes for
the mineral processing industries showed
increases of 2 points to 123 for base metals
and 7 points to 142 for nonmetallic mineral
products. Overall industrial production as
measured by the UN index increased 7
points to 142 in 1977.

World Trade.—The value of world export
trade in all commodities increased 13.4% to
$988.8 billion in 1976 (latest data available).
The value of mineral commodities entering
world trade rose 13.5% to $287.8 billion.
Internationally traded metals increased
4.6% in value to $81.9 billion; iron and steel
showed the only decrease of any mineral
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category, declining 2.4% to $44.7 billion;
nonferrous metals rose 18.8% to $21.5 bil-
lion; and all ores, concentrates, and scrap
increased 9.7% to $15.8 billion. Crude
nonmetal exports rose 1.6% in value to $6.3
billion. The value of mineral fuels entering
world trade increased 18% to $199.6 billion.

World Prices.—Mineral commodity ex-
port price indexes (1970=100) were higher
in 1977 for all sectors. Metal ores rose by 5
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" index points to 214, fuels by 58 points to 674,
and all crude minerals by 44 index points to
554. Total minerals export prices rose 4.3%
in developed areas and 9.2% in developing
areas. Nonferrous base metal prices increas-
ed 6.6% in developed areas and 5.8% in
developing areas.

1Economist, Division of Economic Analysis.

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

(Million dollars)
Mineral group 1971 1972 1973 1974 1975 1976 1977
VALUE OF PRODUCTION , '

All minerals, except fuels __________ 9461 10,124 11,775 14,140 T14,761 716702 175
Metals ___________________ 3,403 3, 4,362 5,501 5,191 6,086 5,81
Nonmetals — _ _______________ 6,058 6,482 7,413 8639 . 79,570 10,616 ~ 11,701

VALUE OF PRODUCTION, IN CONSTANT 1967 DOLLARS!
All minerals, except fuels __________ 8388 8,623 9,289 9,051 8,007 8574 8,643
etals ___ __ __ ______ 2,742 2,861 3,070 2,956 2,640 2,912 2,652
Nonmetals __ _______________ 5,646 5,162 6,219 6,095 5367 5662 5,991
VALUE OF EXPORTS
All minerals, except fuels __________ 418 399 533 876 1,117 1,022 1,126
tals ___________________ 192 247 253 343 372 380 464
Nonmetals __ _______________ 226 152 280 533 745 642 662
VALUE OF IMPORTS
All minerals, except fuels __________ 1,620 1,634 1,849 72916 2,833 2844 2,966
etals ___________________ 1,047 988 1,081 1,758 1,618 = 1, 1,513
Nonmetals __ _______________ 573 646 768 1,158 1,215 TL287 1,453
Revised.
1Current values are deflated by indexes of implicit unit value (1967=100) shown in a later table.
Note: Detailed commodity data are shown in later tables of this chapter and in the Statistical S -y chapter.
Table 2.—Indexes of the physical volume of nonfuel mineral production
(1967=100)
Mineral group 1971 1972 1973 1974 1975 1976 19777
1104 1159 124.3 121.2 107.2 1150 1158
1223 1215 136.8 1304 117.5 129.8 1180
96.9 98.4 116.0 1083 6.2 99.8 78.8
143.0 151.1 153.6 1484 134 1540 149.8
151.0 162.8 166.5 159.3 1427 158.0 1485
110.6 102.7 945 86.9 86.2 85.1 92.5
1155 1126 114.8 1228 1192 1752 195.8
105.2 111.0 119.0 1172 1%% .6 114.9
106.2 1117 120.8 1152 z 105.0 1114
101.9 108.7 1122 1213 2.2 1173 1234
105.4 1122 1227 1286 %9:4 1234 1271
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Table 3.—Industrial production indexes of the Federal Reserve Board,
for selected sectors

(1967=100)
Selected sectors 1972 1973 1974 1975 1976 1977

Totalindex _______ ____ ______________ 119.7 129.8 129.3 117.8 129.8 137.1
Durable manufacturing _ _ ________________ 113.7 127.1 125.7 109.3 140.9 129.5
Mining, includingfuels __________________ 113.1 114.7 1153 112.8 1142 117.8
Anthracite _ _ ________________________ 55.3 54.9 50.9 50.1 51.9 50.8
Bituminouscoal ______ 108.1 106.8 108.7 116.0 119.9 120.8
Oil and gas extraction _ _ 113.6 113.7 1144 1133 112.0 118.0
Crudeoil __________ 107.3 1044 T99.7 T94.9 92.2 92.4
Naturalgas _ ________ r125.3 1259 r120.7 T111.0 109.5 110.4
Oil and gas drilling ____________________ 129.6 146.5 189.3 222.8 230.1 2793
Metal mining r118.8 r130.2 T125.6 1158 122.8 105.4

Ironore ___________ 95.1 112.6 1104 1054 1054 4,
Nonferrous ores 139.9 146.0 139.2 125.1 1383 1333
Copper ore 171.0 179.8 167.0 147.0 167.2 158.1
Lead, zinc ores 117.3 1139 120.2 111.0 108.5 103.3
Stone and earth minerals _________________ r113.2 £119.2 r121.5 107.0 1183 1249
Clay, gluss stone products ____ R r120.8 1335 r133.1 1179 137.1 1249
Cement ___ - ___________ ——m 117.9 125.9 115.6 98.3 103.0 1121
Structul'al clayproducts _ _ _ ______________ 108.4 120.7 115.7 99.5 111.6 1144
Inorganic chemicals,nec _________________ 107.8 11038 1126 1129 1236 " 1265
Fertilizer materials _ _ _ _ ________ 1183 1219 129.9 125.3 133.3 1426
ERDA? nuclear materials 973 107.5 104.0 1354 160.1 153.8
121 r126.7 T123.1 96.4 108.9 110.2
107.0 122.9 121.6 96.8 105.6 102.1
101.8 115.6 109.5 91.5 98.5 92.7
________ 105.5 120.6 119.9 94.7 104.4 103.7
Coke and products __ 93.5 .6 95.3 7 90.1 83.0
Equipment steel 99.4 110.8 1135 99.8 111.8 113.2
Construction steel 85.7 101.1 104.6 71.8 1.5 68.3
Iron and steel foundries 107.1 r120.1 r113.0 r91.9 1025 108.0
Nonferrous metals and products ____ ________ 121.1 134.5 129.0 975 1159 122.4
nonferrousmetals _ _ _ ___________ 129.2 136.3 136.9 111.8 123.0 124.3
Copper — _ 160.7 160.5 139.3 123.0 138.1 127.7
Aluminum __________ 125.8 138.6 150.1 118.8 129.7 138.3
Secondary nonferrous 128.2 1423 139.4 115.3 1425 1485
Nonferrous products _ _ _ ___ 126.3 142.8 131.0 94.4 123.2 130.1
Copper mill products ___ 122.6 133.0 113.7 82.4 1123 1111
Aluminum mill products _ 143.7 168.9 164.3 1135 145.5 158.2
Nonferrous foundries 100.9 1108 96.7 7.3 99.5 106.2
Building and mini quip t 121.0 136.5 159.7 168.3 1717 202.5

'Energy R h and Devel t Administration.

Source: Board of Governors of the Federal Reserve System, Industrial Production, 1976 Revision; Statistical Release,
Dec. 14, 1977 and Oct. 17, 1
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Table 4.—Industrial production indexes of the Federal Reserve Board,
for mining industries

(1967=100, seasonally adjusted)

including Metal Iron Nonferrous Copper I‘;‘;‘:’ Stone,
fuels mining ore ores ores ores minerals

114.2 122.8 105.4 1383 167.2 108.5 118.3
113.2 116.8 113.2 126.6 1494 109.2 117.1
113.6 121.1 1182 129.5 151.2 114.3 119.9
113.8 121.6 112.0 1314 154.8 113.2 119.3
112.6 1124 134.7 159.2 111.1 117.5
1138 121.6 7.7 136.5 164.2 111.6 116.7
114.6 120.6 102.5 1325 154.6 108.3 116.5
112.7 124.2 93.1 147.2 180.8 104.5 116.5
114.0 124.5 97.9 153.6 194.3 102.4 118.8
115,56 123.2 98.1 146.1 181.3 105.4 119.2
116.1 126.1 105.2 147.6 184.0 104.4 200.0
115.3 124.5 114.1 140.2 170.5 108.2 120.8
1154 126.8 119.5 138.4 167.9 109.1 118.0
117.8 105.4 74.3 133.3 158.1 103.3 1249
112.8 130.6 121.3 145.0 182.7 101.6 121.6
116.3 1285 123.3 138.4 169.6 110.2 124.9
120.6 133.8 121.0 146.2 184.1 109.6 126.1
119.2 126.1 113.0 140.6 172.0 111.6 124.0
119.5 120.5 90.4 1421 176.1 103.8 123.0

.8 121.3 98.1 138.6 165.6 104.7 122.5

119.8 101.9 89.0 104.4 103.3 2 126.7
115.4 70.0 23.7 1217 1339 105.3 125.0
118.0 71.4 23.5 120.9 135.1 98.0 126.7
119.6 0 244 132.1 153.7 . 128.1
118.8 84.8 28.9 133.2 156.2 103.2 127.2
1134 104.3 75.6 130.3 151.2 106.1 126.5
Source: Board of Governors of the Federal Reserve System. Industrial Production Ind 1976, September 1977;

Statistical Release, Feb. 15, Oct. 15, Dec. 15, 1978.
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Table 5.—U.S. net supply, and world production of selected mineral products

. World
U.S. mine Us. .
C dity, mineral measured pro- scorl: Exports  Imports net m'r';_e
duction P supply d\?cti o
Iron ore, thousand long tons:

1975_ 78,900 - 2,500 46,700 123,100 887,389
80,000 —— 2,900 44,400 121,500 881,028
55,800 - 2,100 37,900 91,600 840,000
79,700 - 60 500 80,140 528,298
86,800 —_ 58 400 87,142 551,193
81,500 __ 51 400 81,849 542,696

1116,600 _ 4,000 12,500 125,100 710,106
1128,000 _ 3,700 15,000 139,300 747,103
1125,300 _— 3,100 19,900 142,100 741,648
2418 _— 3184 1,252 1,486 9,071
r2311 . 3209 1,275 1,377 9,492
2517 - 3248 1,336 1,605 10,804
23173 _ 884 3,304 5,593 34,000
23,349 —_ 876 8244 . 10,717 31,197
274 - 446 8,774 8,402 32,611
2624 _— 205 1,574 1,993 27,175
2681 _— 128 1,317 1,870 27,153
2821 - 138 931 1,614 24,267
105,980 - 62,611 2,567 45,936 176,713
113,233 . 62,474 2,093 52,852 191,736
122,408 - 65, 1666 1,976 58,718 205,921
17 8 530 161 156 891

416 6 T 547 188 163 905

414 6 539 167 148 852
5,588 _ €1,316 6,570 10,842 84,508
5,830 _ €1,729 5,301 9,402 91,767
6,008 - €1,284 6,919 11,643 93,630
63,879 283 440 550 4,272 13,387
64,251 341 484 749 4,857 13,771
64,539 413 411 836 5377 15,049
886 16,020 340 18,706 35,272 77,114
283 17,657 341 21,770 39,369 76,576

610 26,540 742 13,335 39,743 78, 977
2,193 _— 198 2,618 4,613 516,793
2,256 _— 252 3,411 5415 518,180
2,204 - 118 2,570 4,656 518,898
1,413 369 10 271 2,043 8,386
1,606 419 18 470 2477 8,258
1,504 452 24 437 2,369 9,094
1,052 2,696 3,496 2,662 2914 38,476
1,048 2,504 3,531 2,656 2,673 39,089
1,100 2,454 8,671 4,454 -663 38,966
621 564 71 146 1,260 3,783
610 622 53 236 1,415 8,677
592 702 95 364 1,563 3,759

7 8 Q) 44 59 252

23 3 81 44 69 240

28 7 81 29 63 199

19 270 660 1,820 1,449 5,714

6 215 512 2,667 2,376 5,979

6 195 427 2 510 2,284 6,386

34,938 49,600 32,626 66,540 118,452 297,882
34,328 50,200 14,596 72,700 142,632 304,899
38,166 47,900 22,394 79,147 142,819 325,475

% 16 34 51 69 6222
6 16 32 51 1 6228
o7 19 35 54 5 6231

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

—Continued
US.mine 4 us.  World
Commodity, mineral content measured pro- scrap Exports Imports net pro-
duction supply duction
- 3 559 1,273 4,447
—— 5 622 1,269 4,909
__ 23 609 1,225 4,903
i 7 525 1,064 6,448
95 4 812 1,388 6,358
91 Q] 700 1,241 6,683
— 36 539 602 4,563
- 47 658 726 5,623
- 37 607 672 5,879
- 57 634 1,895 5,419
—_ 41 905 2,098 5,666
- 50 955 2,399 5,892
—_ 1 1,050 1,426 4,986
. 5 895 1,501 4,932
_ 7 976 1,582 5,158
_ (] 5448 15124 65279
- 284 6,231 17,927 69,175
__ 143 7,074 20,321 72,164
- 6,055 8,325 136,854 227,936
- 8,465 4,598 136,847  1240,298
- 8,768 3,897 171,009 1283282
— 11 Q) 33 107
- 9 ()] 36 107
- 13 Y] 34 116
_ 779 3,797 5,519 21,352
—_ 945 4,594 6,049 26,876
- 932 5,076 6,601 28,550
_ 1,332 3,215 43,593 178,207
43,801 - 1,007 4,352 47,146 185,324
42,922 - 1,008 4,529 46,443 187,292
11,259 - 1,352 1,897 11,804 749,877
10,707 — 1,270 1,727 11,164 49,741
10,558 — 1,178 1,977 11,357 51,671
965 _- 158 23 830 5,366
1,062 - 212 20 870 5,946
1,205 . 322 22 905 6,331
1Production.
2Deliveries from stockpile. No production.
SIncludes reexports.
'Mine shipments.
5Gross weight.
®Refinery or smelter production.
7Less than 1/2 unit.
SMarketable production.

®Phosphate rock is not in mineral content, but instead is marketable phosphate rock.

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

(Million dollars, seasonally adjusted)
. ) Unfilled orders,
Shipments Net new orders end of period
ponm,  Other i Other  poie,  Other
and primary and primary and primary
steelmills  TetalS  geciming  metals  geaimily  metals
35,260 36,767 39,913 38,729 9,884 4,960
47,424 24 49,036 48,197 13,751 6,947
40,210 38,749 35,779 36,013 . 5,455
45,137 43,689 45,846 44,200 9,993 6,011
49,960 48,424 51,820 49,252 11,873 6,787
3,457 3,523 4,064 3,933 10,580 6,078
3,831 3,943 4,068 3,906 10,939 6,102
4,539 * 4,304 4,343 10,977 6,145
4,348 3,906 ,998 10,851 6,039
4, 4,277 5,089 3,990 11,696 5,977
4,735 4, 3,945 4,014 11,171 6,034
3,88 3,601 4,316 3,995 11, 6,103
4,154 3,837 4,382 4,194 11,347 6,287
4,350 4,194 4,513 4,179 11,489 6,398
4,197 4,157 4,140 3,954 11, 6,348
4,102 3,992 4,747 4,154 11,837 6,475
4,047 3,909 4,356 4,592 11,873 6,787
Source: U.S. Department of C ce, B of Ex ic Anal Survey of Current Business. V. 58, No. 3, March
1978, pp. S5-S7.
Table 7.—Indexes of mineral stocks held at yearend
(1967=100)
Mineral group 1971 1972 1973 1974 1975 1976 1977
CRUDE MINERAL STOCKS HELD BY PRODUCERS
Crude minerals, exceptfuels' __ __ ___ _____________ 148 141 110 98 126 141 140
Metalores _ __ _______ ___ ______ 147 143 95 76 91 102 105
Ironore _ ______ __ __ __ _ 136 113 84 73 95 108 - 109
Otherferrous ___ __ ___ __ _________________ 275 428 208 130 104 90 87
Nonferrous __ . ________________ 101 78 63 53 55 (8 97
Nonmetal crude minerals _ _ __ __________________ 149 138 129 125 1711 191 185
MINERAL STOCKS HELD BY MANUFACTURERS, CONSUMERS, AND DEALERS!
Minerals, exceptfuels _______ ____ _____________ 115 108 98 116 131 130 126
Metals ________ ___ 117 108 98 117 134 132 128
Iron _____ _ 99 88 79 79 93 101 81
Otherferrous ___________________________ 135 135 99 102 132 111 97
Basenonferrous _ _ _ __ ___ _____ _____________ 114 99 89 131 158 152 168
Other nonferrous _ _ _ _ _ __ __ ___ __ 130 126 117 140 155 148 148
Nonmetals _ _ _ _____ . ______________________ 88 94 91 100 91 84 ki

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

Note: The data include various grades of minerals and stages of processing, if available and where applicable, for a
representative number of minerals only.
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Téble 8.—Stocks of selected products at end of period

Stone, Blast fur- Other Iron ore Refined Producers’ Slab
clay, glass nacesand  primary at-mines, n lead, ore, zinc at
products steel mills  metals yﬁids’ doc(lics copper bullion? smelter
ousan
Million dollars! long tons) Thousand short tons
2,813 4,672 4,684 59.9 157 158 208
3,721 5,747 6,114 57.7 374 187 229
3,848 8,483 7,044 69.1 538 191 75.7
4,194 10,179 7,150 75.0 651 181 88.8
4,469 9,782 7,588 59.4 649 185 65.8
January __ 4,248 10,148 7,049 13.5 647 170 90.5
February _ _ 4,234 10,154 7,122 72.2 668 173 84.2
March ___ 4,142 10,232 7,091 70.1 666 162 58.9
April ____ 4,193 10,215 7,117 68.5 662 . 163 67.9
May _ ____ 4,258 10,444 7,140 67.7 679 158 78.9
June ____ 4,251 10,500 7,145 68.5 683 157 71.3
July _ ____ 4,321 10,591 7,228 69.7 656 163 749
August ___ 4,314 10,519 7,240 67.2 598 183 64.7
September _ 4,348 10,323 7,317 65.9 582 193 59.7
October _ _ _ 4,415 10,355 7,429 63.5 577 190 60.3
November _ 4,562 10,100 7,481 60.7 614 188 65.3
December _ 4,469 9,782 7,588 59.4 649 185 65.8

!Months are seasonally adjusted.
2Also lead in process. All data in lead content.

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Business. February 1974, 1975;

March 1976, 1977, 1978.

Table 9.—Value of U.S. exports and fmports of selected mineral products

(Million dollars)
Products by SITC code® Exports Imports
(Nos. 271-689) 1975 1976 1977 1975 1976 1977
Fertilizers,crude ______________________ 464.0 329.2 364.3 27.7 12.7 224
Stone, sandandgravel _____ ______________ 37.8 46.6 47.5 27.0 28.9 32.7
Sulfur and unroasted iron pyrites _ _____ ______ 69.7 60.4 477 71.0 59.6 65.3
Natural abrasives and industrial diamond _ _ _ _ _ _ _ 58.5 62.7 72.1 54.5 63.0 83.3
Other crude minerals _____ _ _____________ 261.6 293.3 319.3 262.1 301.9 312.1
Iron ore, concentrates ___________________ 60.1 82.2 62.8 860.5 980.3 950.8
Nonferrous base metal ore, concentrates _ _ _ __ __ _ 240.2 260.0 3324 772.6 . 892.6 847.3
Nonferrous metalscrap __ __ ______________ 222.0 238.9 267.3 160.7 221.2 180.3
Silver, platinum-group metal ore, concentrate _ _ _ _ 52.3 445 55.9 1344 109.1 59.3
Uranium and thorium ores, concentrate? _ _ _ __ __ 18 24.4 65.9 5 4 9
Inorganic chemicals, elements, oxides _ __ _ __ ___ 608.2 643.9 630.5 7249 804.4 1,011.9
Other inorganic chemicals __ ______________ 337.8 365.7 4153 107.3 128.7 140.1
Radioactive materials® _______-___________ 315.2 466.7 550.1 195.5 659.1 506.0
Tar, chemicals from coal, petroleum, gas _ _ _ _ _ _ __ 59.3 74.8 71.6 14.1 11.4 11.0
Lime, cement, fabricated building materials _ _ __ _ _ 55.7 54.7 52.7 116.7 1139 157.0
Clay, refractory construction materials _ _____ __ 136.3 138.3 142.8 66.2 81.6 126.5
Other mineral manufactures _ _ _ _ _ __________ 166.1 203.0 217.2 83.2 974 119.2
Iron and steel:
Scrap ____________________________ 179.3 634.5 4127 31.8 42.8 46.8
Pig, shot, ferroalloys _____ ______________ 73.8 73.2 52.9 557.0 535.7 5217.8
Ingot _ ______ " __________ 63.3 46.6 427 69.5 52.8 61.8
Bar, rod, angle, section . 181.0 153.2 140.5 941.5 863.6 1,143.5
Plateandsheet ___ _____ __ 328.3 3375 272.0 1,727.5 1,915.1 1,1435
Hoopandstrip - ______________________ 62.3 100.8 70.4 67.4 124 85.4
Rails and track construction material . _ _ __ __ __ 70.6 61.6 394 29.7 19.0 40.7
Wire, exceptwirerod _ _ ___ ______________ 25.3 36.2 39.8 231.6 214.1 287.2
Tube, pipe, fittings _ _____ ______________ 1,4119 776.5 677.0 1,040.2 819.8 973.9
Rough cast, forgings _____ ______________ 240.6 3185 325.8 30.9 21.0 21.7
Silver, platinum-group metals _ _ _ _ __________ 222.9 96.7 91.1 5177 559.5 565.6
Metals and their alloys:
Copper 332.6 281.7 195.6 418.6 776.8 807.6
i 117.9 158.1 161.2 464.3 526.3 543.4
433.2 466.4 480.3 410.6 549.9 762.5
12.0 5.3 84 475 63.5 157.9
17.3 11.2 8.0 283.9 502.9 373.5
12.3 4.6 8.7 315.7 329.7 458.5
2 1 1 @ 1 3

See footnotes at end of table.
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Table 9.—Value of U.S. exports and imports of selected mineral products —Continued

(Million dollars)
Products by SITC code? Exports Imports
(Nos. ¥71-689) 1975 1976 1977 1975 1976 1977
Metals and their alloys —Continued
Otherbasemetals __ ___________________ 164.0 1585 196.2 122.0 185.5 2135
Total ___________________________ 7,695 7,110 6938 10986 12617 12,847

!Standard International Trade Classification.
2Starting with 1977, uranium data are included in radioactive materials, instead of with thorium ores.
3Less than 1/2 unit.

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

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

(Million dollars)
Products by SITC code* America Europe . ica  Oceani
(Nos. 771.685) North  South _ West  East  ~on  Africa

Fertilizers,crude _-_____________ 73.8 19.7 124.2 36.1 1105 [¢] A
Stone,sand and gravel ___ _________ 87.1 15 46 @ 3.7 0.2 0.3
Sulfur and unroasted iron pyrites __ _ _ _ 13 45 40.6 Q) ) ® 13
Natural abrasives and industrial diamond 8.7 2.6 474 1 10.1 8 25
Other crude minerals _ __ _________ 87.0 20.1 132.6 1.2 65.2 58 75
Iron ore, concentrates ____________ 62.6 Q] (¢ — 1 ® —
Nonferrous base metal ore, concentrate _ 20.9 174 2289 10.5 52.0 1.2 14
Nonferrous metalscrap __ _________ 394 10.3 89.8 8 125.8 8 4
Uranium and thorium ores, concentrate _ 29.7 . 36.2 - . —— .
i ic chemical el ts, oxides _ _ _ 187.8 122.6 113.7 9.1 120.1 38.7 384
Other inorganic chemicals _________ 150.6 62.5 96.7 1.2 72.0 15.1 14.6
Radioactive materials ____________ 125 25 337.3 3 195.2 3 18
Tar, chemicals from coal, petroleum, gas _ 85 3.9 486 ® 8.2 6 19
Lime, t, fabricated building material 264 2.1 6.1 2 16.8 T 4
Clay, refractory construction material _ _ 4.1 21.4 19.5 35 144 64 35
Other mineral manufactures _ ___ ____ 88.6 139 59.0 2.3 416 5.7 6.2
49.6 8.5 126.5 9 2220 43 9
29.6 59 64 6 6.8 q 2.8
16.0 14.2 2.3 A 10.1 1 (9
733 354 13.1 5 13.0 2.7 26
119.0 45.3 374 9.0 443 12.8 43
30.5 119 185 4 49 1.8 23
214 111 8 (@) 5.6 5 1
Wire, except insulated electric ______ 18.1 2.2 73 () 2.7 9.2 2
Tube, pipe, fittings _____________ 224.8 74.0 93.2 24.7 180.7 69.4 9.8
Ro forgings ____________ 292.7 44 213 N 43 3 2.0
Silver, platinum-group metals ___ ____ 10.5 1.8 29.3 ® 489 Q) .6

Metals and their alloys:
Copper _ _ _ _ ___ _____________ 63.3 10.0 95.3 32 20.1 23 13
Nickel _ ____ ________________ 41.7 1.7 101.5 1 7.2 .6 23
Aluminum __________________ 203.1 62.2 129.2 18 56.0 16.5 6.2
34 S 30 @ 11 1 1
39 q 19 ® 9 4 3
5.1 2.2 N —— .6 ® .1
Uranium, thorium _____________ 1 ® ® . ® __ ®
Otherbasemetals _ __ ___________ 374 16.4 98.5 26 354 24 34

1Standard International Trade Classification.
3Less than 1/2 unit.

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

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

(Million dollars)
Products by SITC code! America Europe . ; ;
(Nos. 27130-56130) North South West East Asia Africa . Oceania
grude phosgha'e and apatite ________ 2.7 ® o1 __ __ 34 -
um and gypsum cement __ _ ____ _ 218 P .1 I 0.2 ~_ .
Smr ______________________ 63.8 09 1 - 3 . =
Emery, pumice, corundum _________ 1 (©) 32 — 1 2 -
Graphite, natural _ _ _____________ 18 1 11 0.6 16 12 =
® - 114 ® 2.0 (¢ 0.2
24.6 2 18 . (@) - -
1314 - A 19 §) 12.1 ol
) 5 ® _ 12 1 ——
338 Q) 124 o 5 13.7 -
36 55 5.6 _= 13 23 -
4 _ 1.0 . a1 — S
Ironandsteelscrap __ . __________ 134.1 - 47 - 2 - __
Ores and concentrates:
695.5 215.2 4.0 11 ® 36.1 5.8
20.7 43 Q) - 20.7 Q] 2.8
2421 75.6 4 —— ® 44.0 3
224 34 —— = - - 8.9
324 4.6 3 - 13 __ 1.0
— 60.4 - = 4 —
Manganese 33 119 __ — —— 39.8 17
Chrome, ore only S 3 20.3 1.1 8.6 25.9 —
Tungsten ___________________ 21.7 185 24 . 6.6 14 11
tal lybd d o 16 14 18 - 9 1.6 4
Titanium _-_________________ 25 18 1.6 - - - 112
Zirconium, oreonly _ _ __ _________ 2 __ __ . - [G)] 11.2
Antimony oresand needles _ ___ ____ 32 1.6 1 _ —— 24 =
Beryllium ___________________ e 3 * . ® — )
Columbium __ ____ ____________ 30 1.2 3 - 6 13 e
Platinum-group metals® __________ 95 1.0 7.3 . _— 3 4
Uranium, thorium _____________ —— - . —— 4 _ 5
‘Waste and scrap:
Copper _ _ o ____ 30.0 () 1.8 - 4 - -
Nickel ______ _______________ 34 * 3.0 - .1 - ®
Aluminum ____ 284 3 74 21.0 Q) — e
Magnesium ___ _ 2 __ 32 - 2 2 *
______________________ 12 —— 6 - (@] - -
Zine __________ . 5 ® 16 - (G — -
Tin 2 4 (@) - 2 ¢]
Mercury, exceptalloys _ — __________ a . 1.0 3 __ 1.1 9]
Alumina ____________________ 111.2 544 228 . 12 . 318.8
Potassic fertilizer _ ______________ 13473 3 838 14 8.1 — -
1Standard International Trade Classification.
2] ess than 1/2 unit.
3Also includes scrap and waste.
Note: Eastern Europe includes Albania, Bulgaria, Czechoslovakia, German Democraticr%public, Estonia, Hungary,
Latvia, Lithuania, Poland, R ia, the U.S.S.R., and Yugoslavia. Not shown are imports (in millions) of $5.3 from

centrally planned Asian countries, consisting of tungsten ores, $4.3; graphite, $0.7; and columbium ores, $0.4

Source: U.S. Department of Commerce, Bureau of the Census.
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Table 12.—U.S. consumption of selected mineral products, and projections of

consumption to year 2000
C dity, mineral d 1978 1974 1975 1976 1977 2000

Ironore__________ thousand ‘short tons__ 92,500 90,800 77,200 79,900 73,400 129,000
Steel 142,500 138,400 104,100 115,000 128,100 188,000
1,387 1,447 881 1,006 1,000 1,240
9,371 9,431 6,394 8,241 8,289 20,200
5,598 7,193 4,231 6,003 4,717 23,600

Manganese ore (35% or more Mn)
thousand short tons__ 2,140 1,880 1,819 1,601 1,359 2,130
Molybdenum ________ thousand pounds__ 57,049 63,476 51,743 50,448 54,557 188,000
5 Nickel __________ thousand short tons__ 198 208 146 163 156 580
) Tungsten__ __ _______ thousand pounds__ 15,386 16,298 14,012 16,107 17,100 58,000
Vanadium _ _____________ _short tons__ 8,549 8,453 7,858 9,779 8,019 33,000
Aluminum_ _______ tl d short tons__ 5,825 5,428 3,904 5,118 5,472 20,000
Antl.mony, primary ________ —short tons__ 20,613 18,041 12,987 15,337 13,823 48,000
__________________ do_ 6,267 6,050 3,368 5,932 4,480 12,700
Co) r, reﬁned _____ thousand short tons__ 2,437 2,194 1,535 1,992 2,185 5,100
Gold (industry, arts) _ th d troy - 6,729 4,651 3,993 4,648 4,859 8,500
Lead ___________ thousand short tons__ 1,541 1,599 1,297 1,490 1,582 2,330
Mercury _ flasks_ 54,283 59,479 50,838 764,870 61,259 102,000

Platinum-group metals

thousand troy ounces _ 1,834 1,981 1,309 1,603 1,592 3,058
Silver (mdustry arts) __nulhon troy ounces__ 196 176 158 171 154 310
i Silver ( —— d troy - 920 1,017 2,740 1,315 91 NA
& Tn _ o ____ thousand metric tons__ 76 66 56 63 61 62
"ﬂ Titani ate _ d short tons__ 1,366 1,402 1,127 1,264 1,155 1,414
o Uranium, UsOs’ _short tons_ _ 6,900 8,000 8,100 10,700 12,900 68,000
%{- Zi thousand short tons__ 1,932 1,673 1,232 1,537 1,508 2,200
% Asbestos ________________%__ do____ 883 846 608 726 672 1,038
_____________________ 1,820 1,835 1,952 2,139 2,449 NA
i million short wns. 90 83 70 T4 82 130
it thousand short tons_ _ 64,814 61,087 49,388 752,389 53,468 174,000
© Fluorspar —_________________ do___ 1,352 1,525 1,245 1,273 1,162 NA
million short tons_ _ 21,156 19,291 15,124 17,927 20,321 37,900
Mica __ o __ thousand pounds_ _ 6,443 7,160 5,369 5,569 4,592 NA
Lime ___________ thousand short tons_ _ 21,090 21,606 19,133 20,229 19,947 43,120
Phosphate rock? ___ thousand metric tons__ 28,328 31,491 31022 31,131 34,365 50,600
Potash __________ thousand short tons__ 9,641 10,538 8,671 10,517 11,406 12,000
Salt ______ do____ 46,508 49,373 42913 41,536 46,933 136,400
Sand and gravel _ _ __ _ million short tons__ 984 979 789 885 898 1,150
Stone _ _ _ _ __ ___ do-___ 1,060 1,044 901 902 955 1,600
Sulfuor_ ___________ thousand long tons_ _ 10,235 10,818 10,603 10,768 11,478 30,000
Tale____________ thousand short tons__ 1,189 1,064 931 901 1,114 NA

Rovicod NA Not ahl,

i 1For enrichment.
2Phosphate rock is not in mi 1 but instead is marketable phosphate rock.
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Allemployees __ __ __ _________________
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Manufacturing

Allemployees _ _ _____________________
Hydraulic cement

mployees _ _ _ _ __ __ _______________

Sand and gravel
Production workers _ __________________

ployees __ _ ____________________

Accessions

Chemical, fertilizer minerals

y hours
Allemployees _ _ ____ _________________

Hourlyearnings __ ___________________
See footnotes at end of table.

All em

Separations __

New hires ___

Production workers _ _ . _______________
Separations __

Weekl,

Accessions _ ___ ____ _________________
Separations _ _ __ _ _ __________________

All e
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Table 13.—Employment, turnover rates, hours, and earnings
in selected industries —Continued

(Employment in thousands, turnover per hundred)

1972 1973 1974 1975 1976 1977
Hydraulic cement —Continued
Newhires ___ ________._____________ 1.2 13 1.2 a 9 11
Quits __ ___ 6 T a 4 5 6
Layoffs __ _ __ ___ o __ 5 3 9 3.1 1.7 14
Weekly hours _ ___ ___ ____________ 41.9 42.4 42.3 41.6 41.9 42.4
Hourly earnings . ____________________ $5.15 $5.51 $5.92 $6.36 $7.24 $7.88
Blast furnaces and steel mills
4883 519.0 5214 468.7 469.0 469.6
390.4 4174 4183 3679 369.2 368.4
3.1 2.5 2.0 28 3.2 2.8
2.2 2.2 2.3 4.1 31 3.0
9 1.7 11 3 N K
6 9 a 2 3 4
yo! i 4 N 2.9 18 1.6
Weeklyhours ____ . _____________ 40.4 41.5 41.2 39.4 40.1 40.3
Hourlyearnings _____________________ $5.16 $5.61 $6.41 $7.13 $1.79 $8.59
Primary nonferrous metals
Allemployees _ _ _ __ 62.6 66.3 718 66.3 66.2 64.8
Production workers __ _ ____________ - 49.6 52.3 56.5 51.1 51.3 49.7
Accessions _ _ __ __ _______________ - 2.1 2.2 2.2 14 2.5 18
Separations _ . __________________ - 2.1 21 19 2.9 18 17
Newhires ___ __________________ - 12 1.7 19 6 1.2 11
its e - 9 1.0 1.0 5 6 6
Layoffs _ _ ___ ______ .. - 5 3 3 17 5 5
Weeklyhours _ . _________________ - 419 42.1 42.1 40.9 41.9 41.7
Hourly earnings $4.59 $4.97 $5.62 $6.25 $6.86 $7.66
All employees 215 30.0 33.6 29.3 30.7 323
Production workers 22.5 244 21.3 23.2 248 26.0
Weekly hours ____ 42.0 42.2 42.5 41.3 418 414
Hourly earnings _ _ $4.95 $5.38 $6.06 $6.64 $7.26 $8.23
23.6 24.9 215 31.8 34.1 33.8
15.5 16.2 182 21.1 22.0 21.7
41.2 41.5 42.4 41.2 39.8 40.5
$4.22 $4.56 $4.93 $5.45 $5.86 $6.42

Note: All data were revised to 1977 benchmark levels and recoded to the 1972 Standard Industrial Classification as
explained in the October 1978 issue of “Employment and Earnings.” Hours and earnings data are for production workers.
Son'_lee?tegoriesforsandandgravel, hemical, fertilizer mi ls, primary alumi and minin hinery are not
available.

Source: U.S. Dej ent of Labor, Bureau of Labor Statistics. Employment and Earnings, United States, 1972-78,
Bulletin 1312-11 (M).

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

1972 1978 1974 1975 1976 1977

National income by industry:
industries _ _ __ ____________ billions._ _ $957 $1,073 $1,152  T$1,245 ’$1}894 $1,556
Manufacturing —_ . ______ do____ 252 284 298 812 368 09
Mining, including fuels ____ _____ millions._ _ 8,700 10,149 15,589 T18,149 20,267 23,179
Metal mining __ _ . ________ do___ 1,073 1,489 1,596 1,635 1,900 2,067
Nonmetallic minerals, except fuels _ ___do____ 1,671 1,883 2,074 2,211 72,261 2,340
Total and salaries paid:
All industries 8 701.2 764.1 805.9 890.1 983.6
Manufacturing - _ F175.2 T196.2 2114 211.0 r237.5 266.3
Mining, including fuel 6,625 T 8827 10,823  '12,200 14,056
Metal mini; 1,012 1,196 1,317 1,462 1,566
Nonmetallic minerals, except fue! 1,101 1,218 1,349 " 1,512 1,649
Average annual earnings:
ies _ e~ 8,760 9,290 9,991 10,835 11,602 12,372
Manufacturing — 9,449 10,027 10,847 11,903 '12,838 13,892
Mining, including fuels _ _ __ __ ________ __ 10,790 11,683 12905 14,765  T16,053 17,352
Metal mining _ ___ ________ . 10,675 11,500 12,458 14,161 15,720 17,022
Nonmetallic minerals, except fuels . 9,919 10,591 11,482 12,325 13,381 = 14,598
TRevised

Source: U.S. Department of Commerce, Bureau of Economic Analysis. Survey of Current Businees, July 1976-78.
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Table 15.—Indexes of mining expenses, and productivity in copper and iron ore mining
(1967=100)

Category of exp or productivity 1972 1973 1974 1975 1976 19777

168 189 198 218
172 190 196 218
157 177 188
208 245 266 302
163 193 208
(bpl}:r (recoverable metal):
bor costs per unitofoutput _ ___________ 138 154 190 202 190 206
Labor costs per dollar of product _ _ _________ 104 100 95 121 106 119
Product value per production-worker period _ _ _ _ 136 150 178 160 203 193
Copper ore mined:
remployee ______________________ 124 127 121 124 139 129
Per production worker _ _ _ _ 119 121 117 123 134 128
Per production worker-hour 118 118 118 129 143 136
Recoverable copper metal mined:
Per employee ____._____ 107 105 92 92 110 105
Per production worker _ _ _ _ 104 100 89 92 110 104
Per production worker-hour 102 97 89 96 113 111
Iron ore (recoverable metal):
Labor costs per unit ofoutput _ __ _________ 115 118 155 180 201 228
Labor costs per dollar of product _ _ _ ________ 109 105 118 109 110 116
Product value per production-worker period _ _ _ _ 126 134 143 177 196 198
Crude iron ore mined:
Peremployee ______________________ 119 127 121 117 119 105
Per productionworker _ _ _ __ ____________ 122 129 122 120 122 115
Per production worker-hour _____________ 124 127 118 117 119 113
Usable iron ore mined:
Peremployee ______________________ 114 120 111 107 107 93
Per productionworker _ _ _______________ 7’ 22 13 109 109 102
Per production worker-hour _____________ 119 T120 109 107 107 100

"Revised.  "Preliminary.

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

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

Mineral group 1971 1972 1973 1974 1975 1976 19777

IMPLICIT UNIT VALUE
128 117.5 126.8 156.7 184.3 194.8 202.6
1241 1273 1421 187.8 196.6 209.0 219.1

.9 6 . 126.6 204 196.6 188.7
115.2 119.8 128.0 145.0 169.5 190.2 198.3
AVERAGE UNIT MINE VALUE

110.8 116.3 124.7 1541 185.7 1971 2072

121.5 125.5 139.6 184.6 206.6 222.0 238.0
1159 120.2 125.5 159.5 207.3 235.6 260.3
127.8 1815 155.5 2128 205.8 206.7 212.7
1299 130.7 151.1 205.7 1815 1915 188.7
108.8 138.1 2223 380.2 373.5 3194 361.1
130.0 131.2 136.7 150.1 211.6 206.2 227.8

106.9 113.0 119.4 1431 178.2 188.1 196.0
1127 120.8 127.2 1472 170.6 1848 1983

86.2 85.2 91.1 1285 204.1 198.0 187.5
115.7 1234 132.5 148.7 172.2 192.0 201.4

bet the given years and base year, 1967. The first index is calculated

Note: These ind price ch
by dividing the Bureau of Mines Index of Value figures (not published) I:{lthe Index of Physical Volume of Mineral

Production. The second index uses an actual or estimated mine value in all cases where a refinery or mill value was
reported in the Bureau survey figures used in the first index. Weights are of the given year in the first index, and of the
base year in the second index.
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Table 17.—Wholesale price indexes of selected products

(1967=100)
Product 1972 1973 1974 1975 1976 1977
All commodities _ . _ _ _ __________________ 119 135 160 175 183 194
Metal, metalproducts _ __ ________________ 124 133 172 186 196 209
Nonmetallic mineral products __ _ __.________ 126 130 153 174 186 200
103 107 123 154 171 186
128 136 179 201 216 230
1 188 3 246 259 231
131 134 169 240
130 134 170 197 209 229
125 129 188 265 262 256
117 135 187 172 182 195
102 151 160 1
110 117 9 154 164 219
123 147 249 270 261 240
103 148 198 128 155 162
Concrete ingredients _ _ __ ________________ 127 131 149 172 187 199
Sand and gravel, crushed stone _____________ 122 125 135 151 161 171
G roducts 115 121 138 144 154 183
122 127 153 186 205
137 137 156 196 213 236
74 "7 124 199 164 160
184 429 375 330
100 106 133 167 167 156
194 218 332 386 369 389
156 167 248 331 347 379
114 127 162 217 287
109 129 223 258 T 308
122 129 163 193 208
101 103 152 207 219 224
159 205 192 271
115 120 147 178 187 194
126 131 152 185 199 214
117 121 144 184 212
126 1 152 184 201 214
124 136 160 196 211 226
126 130 145 161 169 183
127 132 155 188 203 219

7880uroe: U.S. Department of Labor, Bureau of Labor Statistics. Wholesale Prices and Price Indexes, Supplements 1973-

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

Average annual proﬁts after Dividends paid
pey
d tax, on(owne;st)equlty (million dollars)

1975 1976 1977 1975 1976 1977

metals _______________________ 8.6 8.5 49 1,188 1,186 1,226

Iron and steel ___ __ - 109 9.0 35 746 713 802
Nonferrous metals _ _ - 5.0 74 7.2 442 414 423
Stone, clay, al{l‘oducts - - 83 119 134 413 440 517
Chemicals and allied products - 15.2 155 15.1 2,768 38,136 3,643
All manufacturing —_ ___________________ 11.6 139 142 19,968 22,763 26,650

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

Source: Federal Trade Commiss: rly Financial Report for Manufacturing, Mining and Trade Corporations.

1st and 4th Quarters 1977, tablemi A 1,B1,D1.
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Table 19.—Failure statistics and liabilities in mining and manufacturing

Industry 1971 1972 1978 1974 1975 1976 1977
Mining, including fuels:
Fn'uagres_‘_din_g___-_A-___; __________ number_ _ 38 44 32 9 26 37 30
Current liabilities_ _ __________________ millions_ _ $15 $12 $24 $10 $9  $106 $42
Manufacturing:
Failures_ _ _ _____________________ thousands_ _ 1.9 15 14 1.5 1.6 13 1.1
Current liabilities____________________ billions_ _ $.7 $8 $.7 $8 $10 810 $1.2
All industries:
ilures_ _______________________ thousands _  10.3 9.6 9.3 99 114 9.6 7.9
Current liabilities_ _ __________________ billions__  $1.9 $20 $23 $31 $44 - $30 $3.1
Source: Dun and Bradstreet, Inc., Business Economics Division. Monthly Failure Report.
Table 20.—Investment in plant and equipment in selected industries
(Billion dollars)
Industr} 1971 1972 1973 1974 1975 1976 1977
All mini‘l:f, including fuels _________ 2.16 2.42 2.74 3.18 3.79 4.00 4.50
All manufacturing ______________ 29.99 31.35 38.01 46.01 41.95 52.48 60.16
Primaryironandsteel ____________ 1.37 1.24 1.38 2.12 3.79 3.81 3.44
Primary nonferrous metals _ ________ 1.08 118 1.67 2.33 2.28 2.16 2.24
Stone, clay and 5]1:185 products _______ .85 1.20 149 144 142 1.72 1.99
Chemicals and allied products _____ __ 344 3.45 4.46 5.69 6.25 6.68 6.83
Petroleum ___________________ 5.85 5.25 5.45 8.00 10.51 11.62 13.87
Source: U.S. Department of C: ce, Bureau of E Analysis. Survey of Current Business, March 1972-78.
Table 21.—Investment in plant and equipment by foreign
affiliates of U.S. companies
(Million dollars)
Industry and year Canada A;aetxi-?ca Europe Other Total
411 477 15 484 1,387
827 209 5 424 1,465
593 147 421 1,167
554 185 11 351 1,101
427 270 314 1,080
534 317 316 1,178
490 192 13 221 916
391 4 11 332 808
1,159 669 3,614 1,081 6,523
1,153 648 4,260 1,045 7,106
1,504 840 4,082 708 7,134
1,814 1,043 5,357 1,033 9,247
2,677 1,217 6,374 1,358 11,626
2,094 1,356 6,500 1,292 11,242
2,165 1,615 6,547 1,140 11,467
2,629 1,615 6,985 1,332 12,561
Source: U.S. Department of C , B of E ic Analysis. Survey of Current Business. September 1976-77.
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Table 22.—Proceeds from primary security offerings

(Million dollars)
Industry and year Bonds P?&f:d Cosmn Total
Extractive, including fuels:
1972 _ 706 3 1,301 2,010
232 10 831 1,073
258 — 123 980
685 75 871 1,631
1,023 140 606 1,771
1,343 1,307 2,674
4,821 202 1,607 6,629
1 107 537 4,885
9,881 115 430 10,426
17,097 1,134 18,767
13,243 344 1,893 15479
12 510 541 724 13, 776
28,896 3,367 9,694 41,957
22,251 3,383 7,800 5
31,567 2,254 4,050 37,871
41,740 3,458 7,426 52,624
41,069 2,789 8,305 52,161
40,050 3,878 8,135 52,062
Note: Proceeds include new issues of securities exceeding $100,000 in value maturing in more than 1 year.
Source: U.S. Securities and Exchange Commission. Statistical Bulletin, v. 37, No. 4, April 1978, pp. 13-14.
Table 23.—Income from, and investment position in forelgn affiliates engaged in
mining and smelting, by geographical area
(Million dollars)
Total income consisting of
Yearend
Selected major areas dligl%:;’s, eR:mmv, nes’(edmf investment .
unincorporated rated position
earnings
680 187 5,790
125 84 2,794
129 58 952
281 40 1,131
Q) 5 50
w 10 94
4 1 25
10 23 83
68 1 412
448 238 6,548
99 150 3,053
189 43 1,055
94 32 1476
w 19 130
6 10 80
-1 w 700
591 338 7,060
126 127 3,200
225 126 1,238
42 1,601
10 14 140
@ -2 5
64 (O] 302
5 4 89
632 180 7,066
160 72 3,212
229 ki 1,255

See footnotes at end of table.
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Table 23.—Inc6me from, and investment position in foreign affiliates engaged in
mining and smelting, by geographical area —Continued

(Million dollars)
Total income consisting of
Trtoront Rein 3 Yearend
Selected major areas dividends, earningsof investment
unincorporated incorporated  Position
earnings affiliates
) 1977 —Continued
New Zealand and South Africa, Republicof _ _________________ 4 12 294
Latin America _____________________"T"T""TTTTTTTC 194 24 1,579
Mexico _____ _— 3 5 97
Other African countri —— 41 w 544
Other Asian and Pacific countries _ ________________""""""" w w 132
W Withheld to avoid disclosi p proprietary data.
Less than 1/2 unit.
Source: U.S. Department of C ce, B of E ic Analysis. Survey of Current Business, August 1976-78.
Table 24.—Mineral freight originating on rail and water carriers
(Million short tons)
i Rail Water
Commodities, except fuels 1974 1975 1976 1974 1975 1976
Bauxite . ___________________________ 6.7 5.2 517 0.6 0.4 0.4
Copperores ____________________ """~ 10.8 6.6 8.4 __ *) *)
Iron ores and concentrates ________________ 103.1 89.6 .7 79.9 69.3 3.6
andzincores _____________________ 2.1 17 19 NA NA NA
eseores _ . ____________________ 11 8 8 1.2 11 9
Otherores _____________ 2.7 25 2.4 a
Steel works, rolling mill products 56.0 41.0 385 11.3 8.7 84
Iron and steel castings _ _ __ ___ 3.0 22 2.1 — - -
Nonferrous metals and primary 74 5.1 58 7 5 7
Other primary metal products _ __ ___________ 4.0 31 31 _ - -
Ironandsteelscrap ____________________ 38.9 28.9 26.2 23 1.6 21
Nonferrousmetalscrap __________________ 4 2.1 2.0 1 ® 2
Abrasivesand asbestos __________________ 323 275 27.2 —— — ——
ent __ _ _ __ _ __ o ___ 177 154 16.2 9.9 83 85
Cay _ __ __ ______________ 33 26 3.0 1.7 15 1.8
Fertilizer _ ____________ ______________ 19.6 18.5 159 6.1 6.0 . 6.6
Gypsum ___________________________ 2.0 1.5 1.7 q 6 1.0
Limestone, agricultural andlime ____________ 8.8 74 62 1 5 N
Limestone,flux _ ______________________ 11.7 9.1 79 36.3 29.1 29.6
Phosphaterock ____________________""" 419 422 39.0 85 94 8.7
Sandandgravel - ______________________ 483 39.8 36.0 76.4 67.9 61.2
Stone, crushed 45.7 38.8 314 — —— —
Sufer________________________ " __ 5.1 48 41 88 81 3.7
Other nonmetallic minerals 11.0 10.2 8.7 71 6.6 6.9
Total _________._________________ 483.6 406.6 3717 2529 2204 216.1
Other d nonfuel s _____ () ® 63.9 @ A 30.4
Grandtotal _______________________ @ Q] 435.6 ® ® 246.5
NA Not available.
1Less than 1/2 unit.
3Not computed prior to 1976.

ST S i, o o A Tt gy S, O Rl e
nif 3 n e A ineers. Wa rne Commerce e Unif art 5.
National Summaries, table 2, 1975-76. v es,
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Table 25.—Metallurgy and materials research funds obligated by fiscal year

(Million dollars)
1976 research 1977 research 1978 research
Federal agency n - - - - -
Basic Applied Basic Applied Basic Applied Total
Department of Defense ___________ 29.7 80.3 33.7 76.2 37.1 79.6 116.8
Energy Research and Development
Administration __ _____________ 40.2 13.2 56.9 15.6 63.2 181 81.3
National Aeronautics and Space
. Administration __ _____________ 7.3 34.7 4.7 62.8 53 103.6 108.9
Bureauof Mines _ ______________ 1 434 1 41.8 1 409 41.0
National Sci Foundation _ _ ______ 16.7 2.1 174 1.2 145 1.2 15.7
De, ent of Commerce _ __ _______ 1.0 1.2 11 13 9 11 2.0
Other ______________________ ) 1 @ 5 * 5 .6
Total® ___ _ _ _ ______________ 95.0 175.5 1139 199.4 121.1 245.1 366.3
1Less than 1/2 unit.
2Data may not add to totals b of independent roundi

S National Sci Foundation. Federal Funds for Research, Development and Other Scientific Activities, Fiscal
g‘%%:s 1976-78, v. 26, Detailed Statistical Tables, Appendices C-D. NSF 77-317, July 1978, tables C-24, C-25, C43, C-44, C-62,

Table 26.—Mining and mineral research and development funds
obligated by Bureau of Mines, by fiscal year

(Million dollars)

1972 1973 1974 1975 1976 T. Qtr. 1977 1978¢

Applied research ________ 32.8 346 249 51.0 725 243 483 484
Basi h 7.8 6.9 5.6 19 8 2 40 8.6
30.2 36.0 35.6 48.7 58.0 20.3 49.6 57.0

40.6 415 30.5 52.9 73.3 24.5 523 51.0

70.8 7.5 66.1 101.6 131.3 48 101.9 1140

28.7 30.5 23.9 417 67.5 23.0 4.0 423

10.5 9.3 53 19 18 5 3.1 3.5

5 6 5 13 1.6 4 1.6 2.9

9 11 8 20 24 6 29 7.0

€Estimate.

Fiscal year 1976: 7/1/75-6/30/76.
Transition t}uarter: 7/1/76-9/30/76.
Fiscal year 1977: 10/1/76-9/30/717.
Fiscal year 1978: 10/1/77-9/30/78.

Table 27.—Strategic and critical materials stockpile at yearend

(Million dollars)
. Acquisition cost Approximate market value
Inventories
1975 1976 1977 1975 1976 1977

National stockpile ___ ___________ 2,554.8 2,479.2 2,501.1 5,258.9 6,013.9 7,121.8
Supplemental stockpile __ _ . ___ 1,095.1 1,076.1 1,058.5 1,947.9 1,899.9 1,893.2
Defense Production Act __ . __ 310.4 297.1 161.3 225.9 246. 1317.

Totalonhand® _ _____________ 3,960.2 3,852.3 3,721.0 7,432.7 8,160.4 9,152.8

Total less unshipped sales _ . __ _ ___ NA NA NA 6,320.3 6,410.1 8,786.4

NA Not available.
1Data may not add to totals b of independent roundi

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

Commodity Quantity Sales value
NATIONAL AND SUPPLEMENTAL STOCKPILE INVENTORIES

Asbestos,amosite_ _ ___ _______________________________ 2 $45,
Cobalt__ __ __ ____ _ e -31,364 -161,215
Diamonds, industrial,bort _________________________________ 2,600,975 5,990,733
Dlamongi tools_ _ _ _ _ 15,?538 64,979
Manganese, Eai(e"’Ed?Ea‘tErh‘ ore______ T T T Tsho 3,368 164,200
Mica, muscovi Ty g_r ___________________________________ 67,337 212,546
Mm,Mm phlogopi tt;s lllxttmgs """""""""""""""""" : %g’% 143,672

phlogopite sphttings _ _ _ _ _ _ _______________________ . __ A

il - B ______________________________________ ,225 726,389
earthsoxide_ _________________________________ 2,574 1,063,790
Tale,steatite__________________________ _ ____________ 527 2,498
Talc, steatite,blockandlump _______________________________ 4 1,075
Thorium nitrate _________ 49,500
Tin . ___ 2,353 25,974,768
Tungsten ores and rates 2,922,679 25,661,434
L S -~ 61433683

72,016 1, SW 744

4,569
540,801 5,229,577
- 7,054,522

8,456,275 2,578,075
1,200 149,319

—— 2,727,394
- 71,215,599

Source: General Services dmm.mtranon, Federal Preparedness Agency. Stockpile Report to the Congress, October
1976-March 1977, April-September 197 P Po

Table 29.—United Nations indexes of mineral industry production

by area of world
(1970=100)
Industry sector and geographical area 1973 1974 1975 1976 1977
EXTRACTIVE INDUSTRIES
104 104 97 101 101
100 100 93 95 94
103 104 95 100 96
104 106 98 90
Eumpeanme'rrad Assocla 3" 112 % 333 o %
e tion’ 119 1 105 95
and New Zealand _ ____ _ 1 102 104 1 110
Developing . _____________ 110 111 108 110 2
Latin America ______________ 109 118 108 17 124
ja o 103 5 97 100 100
Centrally planned (Europe)* ________ 118 119 122 123 124
Wordd __ _ _ o __ 107 108 103 106 106
Total extractive industry: (see note)

Market economy countries _______________ 112 112 106 112 116
1 104 104 101 108 106
105 104 103 104 107
100 95 100
100 97 93 96 97
110 111 102 103 96
136 144 144 144 152
123 125 114 126 131

105 108 102 105 1
Asia 145 148 185 152 156
Centrally planned (Europey* ______________ 118 124 182 138 142
ord __ _ ______ 114 116 114 120 124

See footnotes at end of table.
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Table 29.—United Nations indexes of mineral industry production
by area of world —Continued

(1970=100)
Industry sector and geographical area 1973 1974 1975 1976 1977
PROCESSING INDUSTRIES
Base metals:
Market economy countries _______________ 117 120 102 111 112
Developed® ___ ____________________ 117 118 99 108 107
United StatesandCanada _ _ . __________ 117 115 92 102 103
_____________________ 112 117 100 107 105
Europ E Community® _______ 109 112 93 101 98
pean Free Trade Association® ______ 113 116 102 105 103
Austr: and NewZealand ____________ 1 111 109 105 101
_______________________ 121 136 142 153 161
Lntln America ____________________ 128 145 148 152 162
Comt e uroce )_‘ _______________ 105 121 136 1 169
ntrally planned (Europe)* _ _____________ 1 126 135 146 151
World . _____ __ __ ______ ______ 118 121 112 121 1
N. tallic mineral product:
Market economy countries _ ______________ 122 121 114 124 131
Developed* _______________________ 121 118 1 119 124
Unlted StatesandCanada ___ . _________ 1 120 111 1 133
________________________ 118 118 109 116 119
European Economic Community? __ _____ 116 116 106 118 115
European Free Trade Assocmtwn’ ______ 117 119 103 104 107
i 116 122 123
149 162 176
151 161 170
148 170 1
144 152 159
126 135 142
115 125 130
112 121 126
111 123 129
111 119 122
108 116 118
112 114 116
117 120 121
137 148 157
138 146 150
142 158 173
152 163 175
125 135 142
1Includes nations shown plus Israel, Japan, and the Repubhc of South Africa.
’Be]gl Dx k, France, Ireland, Italy, g, the Netherlands, the United Kingdom, and the Federal
Regubhc of Germany.
Austria, Norway, Portugal, Sweden, and Smtzerland
“Bulgaris, Czechoslovakia, German Democratic Rep H y, Poland, R ia, and the US.S.R.

Note: The world category does not include Albania, the People’s Republic of China, Mongolia, North Korea, and
Vletnam Data for the extractive mdustnes of coal crude petroleum, and natural gas; and for the Ba industries of
and coal p 7 ive subtotal and total ta for these excluded

fuel categories, including all quarterly dnta for 1977 for th:s tab are presented in volume III of the 1977 Yearbook.

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

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

All commodities . ______________ T418.5 T574.6 838.2 872.2 988.8 NA

Total minerals ________________ .T84.6 r124.7 265.0 r253.5 287.8 NA

Totalmetals __________________ 398 '57.8 86.8 8.3 819 NA

Metal ores, concentrates,scrap ____ - 7 11.0 r15.6 144 158 NA

Ironandsteel _____________ "~ 20.1 28.5 46.4 45.8 4.7 NA

Nonferrousmetals ______~__ """ 119 r18.3 r24.8 8.1 215 NA

Total nonmetals, crude ___________ 3.0 3.8 5.8 6. 6.3 NA

Mineralfuels ______________ """ T41.8 ¥63.0 r172.4 T169.1 199.6 NA

INDEXES OF EXPORT PRICES (1970=100)

131 173 473 494 510 554

107 130 175 206 209 214

140 189 577 588 616 674

otal minerals ______________ 118 150 274 301 302 315

Nonferrous base metals _________ 89 119 149 125 137 146
Developing areas:

otal minerals ______________ 136 182 555 571 595 650

Nonferrous base metals _________ 82 127 160 109 121 128

"Revised. NA Not available.
Source: United Nations Monthly Bulletin of Statistics. March 1978, P. 162; and June 1978, pp. 32-34.






Mining and Quarrying Trends
in the Metal and Nonmetal
Industries

By Franklin D. Cooper!

The value of nonfuel raw mineral pro-
duction in the United States for 1977 in-
creased over that of 1976 by 5%, from $16.7
billion to $17.5 billion. Metals declined by
5% from $6.1 billion to $5.8 billion, chiefly
because of strikes in the iron ore industry
and a depressed copper market. Subsidi-
zation of mining industries in some foreign
countries accounted in part for the excess of
copper and some other metals on world
markets. Weak metal markets and contin-
ued slowdowns in the world economy were
the main reasons of the virtual absence of
new mine projects.

Increasing domestic governmental in-
volvement affecting mineral industry activ-
ities, such as pricing controls, public land
withdrawals, and the Surface Mining Con-
trol and Reclamation Act, effective August
3, continued to be controversial and to be
criticized by various segments of the indus-
try.

Large capital outlay and the long lead
time to attain production from a new facil-
ity were also of concern. Because of increas-
ing costs and depletion of higher-grade re-
serves, the mining industry relied heavily
on technology to develop more efficient
mining and processing methods.

The use of raise- and shaft-boring was
popular, compared with former develop-
ment practices, because less completion
time was required. Mine ventilation was
improved and less maintenance was needed
after the boring was completed. Four U.S.
companies produced raise-boring machines,
one of which could produce a 350,000-foot-
pound torque and a 2-million-pound thrust.
One manufacturer patented a “taper-lock”
removable stem to eliminate the replace-

ment of entire boring heads up to 20 feet in
diameter when only the stem is broken.

Although pneumatic drill rigs dominated
in most underground mines, hydraulic per-
cussion drills with one single moving part
gained favor because of faster penetration
and less noise while requiring less energy
and maintenance.

A twin-boom tunneling jumbo equipped
with a dry dust collector met the strict
requirements of environmental inspectors
in an underground limestone mine.

The Bureau’s continuous spiral drill-and-
blast concept, when tested in the White
Pine Copper mine, indicated advance rates
four times that of conventional drill-and-
blast methods.

Explosives manufacturers introduced a
new plastic connector, the Safe-T-Tube, to
prevent premature detonation of detonating
cord. Two new explosives were made avail-
able for underground blasting.

Diesel-powered haulage continued to in-
crease in noncoal underground mines.

A roof-support system using 14- to 18-foot-
long fiberglass beams permitted a contin-
uous mining operation, as demonstrated in
a Pennsylvania mine, to advance 20 feet
farther than with steel beams previously
used. The Bureau of Mines developed an
improved method for anchoring roof bolts,
using a cartridge containing quick-setting
portland-gypsum cement and microencap-
sulated water.

Tungsten-halogen lighting was initially
introduced in underground mines as were
two new designs of roof bolts.

In the surface mining sector, trends in
new equipment were diversified. A 16-cubic-
yard hydraulic-type shovel was being tested
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by Reserve Mining Co. Ten of these units
were reportedly sold to the U.S.S.R. How-
ever, for sizes larger than 11.5 cubic yards,
cable operated shovels, according to opera-
tors’ statistics, tend to be more reliable,
have a longer life, and are cheaper to
operate. A new small walking dragline cap-
able of using a 10- to 16-cubic-yard bucket
on a 140- to 200-foot boom was introduced.
The modular design of the machine permit-
ted it to be assembled in 124 hours, using an
experienced 6-worker crew. Disassembly re-
quired 76 hours by the same crew. A new
front-end-loader weighing system was intro-
duced that recorded single and cumulative
load weights for inventory control and pro-
ductivity measurements. Two new 6-ton-
capacity load-haul-dump (LHD) machines
were introduced. One featured two loading
buckets; the other had a 21,000-pound
breakout force.

Drilling and blasting practices continued
to change because of increasing governmen-
tal regulations limiting noise and surface
vibration. In a joint effort with the Engi-
neering Contractors’ Association of South
Florida, the Bureau of Mines developed an
explosive-loading technique that can elim-
inate the often dangerous “kelly-bar” stem

_ loading method.

More rotary drilling was used in open pits
as higher benches, wider spacing, and large-
diameter holes became more commonplace.

Bulldozers continued to increase in size.
Three new machines were introduced.
Rated horsepower ranged from 620 to 720,
or about 15% higher than for previous
models. One manufacturer introduced a

track-type tractor with  shock-proof
sprockets that support the tractor, above
the track roller frames.

For practical reasons, most U.S. mine
haulage trucks remained below 200-ton ca-
pacity. Reasons usually given were: Over
200-tons, electric-wheel trucks require tires
that are not readily available; the trucks
have high initial and operating costs; and
they require special conditions to realize
maximum efficiency. A new 100-ton rear-
dump truck with an all-hydraulic braking
system was undergoing preproduction test-
ing. The truck was said to be readily teamed
with front-end loaders and loading shovels
currently in use.

In operations handling large tonnages,
the greater depth and steeper grades in
some pits increased the expense of truck
haulage. It was found advantageous in
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Duval Corp.’s Sierrita mine to replace 12
trucks by a $30.6 million conveyor haulage
system. To provide continuous ore flow by
preventing bridging problems in Duval’s
6,540-ton-per-hour system, each of two 60-
inch-diameter gyratory crushers was pro-
vided with a boom-mounted, 20,000-foot-
pound hydraulic hammer delivering 400 to
500 blows per minute.

Growing use of computers was made for
mine planning and production and haulage-
truck assignments.

Progress in beneficiation and processing
was highlighted by; automation of crushing
and grinding circuits, process control using
radioisotopic probes, onstream particle
measurements, 1,000-cubic-foot flotation
cells, new flotation reagents, smaller dimen-
sioned but more efficient thickeners, and
new ion exchange resins for absorption of
precious and noble metals.

One company used a steel reinforced
polyurethane medium to eliminate vibrat-
ing screen blinding.

Because of improved engineering and con-
struction procedures, earth-bottom thick-
eners were increasingly used in porphyry-
copper operations and for countercurrent
decantation.

A spiral, inductive magnetic separation
technique was developed that could produce
a single-stage iron ore concentrate having
the same metal content as normally recov-
ered in two drum-type separators.

The Bureau of Mines developed economic
methods for producing concentrates con-
taining 28% to 31% P.Os at 60% to T0%
recovery from complex western phosphate
rock.

The use of analog loop instrumentation
increased the productivity of a uranium
mill from 1,800 tons per day to 2,700 and a
similar control system monitored the grind-
ing circuit of a lead-zinc mill.

In one plant a controller, in conjunction
with sensors evaluating the reflectance and
scattering of 2,950-nanometer-wave-length
light, kept the moisture content of green
iron ore pellets at the required level.

Autogenous and semiautogenous grinding
units continued to increase in number. A
new mill liner system, with a reputed 15%
to 20% reduction of energy consumption,
was introduced. This system has liners of
square cross section instead of the conven-
tional wave pattern.

Magnitude of the Mining Industry.—The
number of metal and nonmetal mines
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decreased from 15,279 in 1976 to 14,784 in

1977. Eight additional metal mines were .

added and 503 nonmetal mines discontin-
ued operations.

In 1977, 25 of nonfuel mines produced
more than 10 million tons of crude ore, the
same as in 1976. The principal commodities
produced in these mines were copper (11
mines), phosphate rock (7), iron ore (4),
stone (1), sand and gravel (1), and other (1).
Heading the list of metal mines in output of
crude copper ore were the Utah Copper
mine of Kennecott Copper Corp. and the
Sierrita mine of Duval Sierrita Corp. The
Minntac mine of United States Steel Corp.
and the Peter Mitchell mine of Reserve
Mining Co. were the leading iron ore pro-
ducers, while the largest producer of mo-
lybdenum ore was Climax Molybdenum Co.,
a division of AMAX, Inc. The leading pro-
ducers of crude nonmetal ore were three
Florida phosphate rock mines - Suwanee of
Occidental Petroleum Corp., and the Nor-
alyn and Kingsford mines of International
Minerals & Chemicals Corp.

The Utah Copper mine of Kennecott Cop-
per Corp. was the leading metal mine in
total materials handled, followed by the
Sierrita mine of Duval Sierrita Corp. The
Kingsford and Noralyn phosphate mines
were the leading nonmetal mines in total
materials handled.

The 25 leading metal mines, on the basis
of crude ore produced, included copper (11),
iron ore (9), and titanium (2), while phos-
phate rock (17) and stone (7) comprised the
majority of the 25 largest nonmetal crude
ore producers.

Materials Handled.—The U.S. mineral-
producing industry, excluding fuels, han-
dled a total of 4.3 billion tons of crude ore
and waste, a decrease of 2% compared with
that of 1976. Of the total materials handled,
crude ore comprised 64%. In 1977, total
materials handled decreased 300 million
tons for metal mines and increased 200
million tons for nonmetal mines, compared
with those of 1976. The largest decrease in
metals occurred in copper mining; in
nonmetal mining the largest increase was
in phosphate rock.

The amount of waste handled in 1977
totaled 1,520 million tons compared with
1,510 million tons in 1972, and 1,030 million
tons in 1967.

In 1977, more than 100 million tons of
materials were handled in each of 9 States,
compared with 10 States in 1976. Arizona
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was the leading State followed by Florida
and New Mexico. These three States han-
dled 29% of the U.S. total.

Value of Principal Mineral Products.—
The values shown in table 4 represent crude
ore treated or, in the case of some nonme-
tals, crude ore shipped.

The average value for all commodities
including byproducts increased 2% com-
pared with that of 1976. Of the metal
commodities and byproducts, approximate-
ly 60% showed an increase in value and the
average value increased 10%. The metals
showing the greatest increases were silver,
mercury, and lead with zinc showing the
greatest decrease. For the nonmetal com-
modities including byproducts, 56% showed
an increase in average value. The overall
average of the nonmetals increased 5%
compared with that of 1976. Among the
nonmetals, talc, soapstone, and pyrophyl-
lite, pumice, natural sodium carbonate
showed the largest increases in average
value, with barite showing the largest
decrease.

Byproducts were responsible for increas-
ing the average value of all but five of the
metal mine products and all but five of the
nonmetal products, as shown in table 4. The
largest addition to average value by bypro-
ducts occurred in ores of fluorspar, 30%,
and gypsum, 22%.

The value of byproducts in 1977 from
underground metal mine ores averaged 7%
of the total value of ores from which they
were produced, while byproduct value aver-
aged 8% of the total value of surface mined
metal ores. Byproducts from all nonmetal
mines, excluding stone, and sand and grav-
el, contributed about 2% of the total value
of the nonmetal ores.

Ratio of Treated Ore to Marketable
Product.—The number of tons of crude ore
treated to obtain a unit of marketable
product in the metals, varied from a high of
826 for uranium to a low of 0.1 for silver.
For most nonmetals, the ratio generally is
1:1.

Comparison of Production From Sur-
face and Underground Mines.—In 1977,
surface mines produced 94% of the total ore
and accounted for 96% of the total mate-
rials handled by the U.S. mineral industry,
the same as in 1972. The respective figures
for 1967 were 94% and 95%.

Crude iron ore (81%) and copper ore
(47%) comprised 78% of the total crude ores
produced in metal mines. Iron ore and
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copper mining together accounted for 76%
of the total materials moved in 1977 in
surface metal mines.

In nonmetal surface mining, phosphate
rock (20%), sand and gravel (36%), and
crushed and broken stone (39%), accounted
for approximately 95% of all nonmetal
materials handled in 1977.

The production of 9 metallic crude ores
and 18 nonmetal ores came entirely from
surface mines. Underground mines ac-
counted for all production of potassium
salts, and natural sodium carbonate.

Exploration and Development.—Total
reported footage for development work per-
formed in the United States in 1977 increas-
ed 151% while the total reported explor-
ation footage increased 46% compared with
1976. Metal mine exploration work increas-
ed 54% while nonmetal exploration work
decreased 60%.

Metal mining accounted for 84% of the
total development footage and 99% of the
exploration footage. The major portion of
the metals development footage was in
uranium, copper, and zinc. The majority of
the nonmetals development footage was in
phosphate rock and fluorspar.

Exploration drilling and trenching for
uranium, gold, and bauxite accounted for
91% of the metals exploration footage. Exp-
loration drilling and trenching for fluorspar
and phosphate rock accounted for 71% of
the total nonmetals exploration footage.

Of the total reported exploration footage
of 21.2 million feet, the distribution was:
Uranium, 67%; bauxite, 3%; lead, 2%; and
zinc, 2%. Drilling and trenching for copper,
molybdenum, tungsten, iron ore, and silver
totaled 817,000 feet.

Of the total 162 million short tons of ores
and wastes handled in mine development
projects, 92% came from stripping. Of this
total, uranium, 42%; iron ore, 31%; and
copper, 7% accounted for most of the mate-
rials produced in development work. Lead-
ing States on the basis of materials pro-
duced in development work were: Wyoming,
40%; Minnesota, 19%; and Michigan, 11%.

U.S. mineral exploration in 1977 resulted
in only a few announcements of new discov-
eries, some of which resulted from explor-
ation started 8 to 10 years earlier. New
exploration-related equipment resulted
from modifications of the past art rather
than major technological breakthroughs.
Some large mining firms seriously examin-
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ed the cost and usefulness of their explor-
ation programs.

On a regional basis, Alaska, Arizona,
Wisconsin, Michigan, and Maine had the
most active exploration programs during
19717.

Exploration companies spent approxi-
mately $40 million in Alaska. Many of the
more than 13,000 new claims recorded in
the State were in the Delong Mountains of
the Brooks Range.

In the contiguous United States the
southern extension of the “Viburnum trend
”in Missouri, and the Tennessee-Kentucky
zinc district were explored by base metal
mining companies. A significant discovery
of massive sulfide was made near Ashland,
Maine.

West of the Mississippi River, a large
porphyry copper deposit was found at
Francisco Grande, Ariz. A deposit of
porphyry-type molybdenum was found in
southern Utah. Estimates of molybdenite
mineralization near Crested Butte, Colo.,
were raised to 165 million tons. An aero-
magnetic survey of Idaho’s Coeur d’Alene
District indicated the existence of a deeply
buried intrusion east of Mullan. Under-
ground workings were completed to permit
diamond drilling beneath the Twin Buttes
open pit copper mine in Arizona. Fifteen
major shafts totaling 8,100 feet of depth
were completed at a uranium operation
near Uravan, Colo.

Most uranium exploration was designed
to locate lateral and vertical extensions of
ore in Wyoming, Colorado Plateau, Ambro-
sia Lake, and the Texas Coastal Plain.
There was also an intense interest in “por-
phyry” uranium deposits in conglomerates
in the North Central States, in Triassic
basins in the East and Southwest, and in
the Nevada-Oregon intermontane basins.
No major discoveries of interest were re-
ported from these areas.

The largest expenditures for exploration
in 1977 included those by the U.S. Depart-
ment of Energy, Exxon Co. U.S.A., Wyo-
ming Mineral Corp., Gulf Mineral Re-
sources Co., Kerr-McGee Corp., the Tennes-
see Valley Authority, Getty Oil Co., and a
West German consortium. Many smaller
groups spent sums in the $1 to $3 million
range.

Governmental and private industry ex-
ploration programs for uranium explor-
ation amounted to $258 million, but overall
it was not a very productive year.
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No breakthroughs in ore-finding techni-
ques were announced in 1977. Newmont
Mining Corp. advocated the use of a ground
search system, called electromagnetic-pulse
(EMP), for massive sulfide exploration. The
developer of this instrument stated that the
practical limit of the system is near and
that few additional advances can be ex-

Landsat imagery data and its interpre-
tation was used on ore bodies that lie at, or
near, lineament intersections.

Despite its relatively high cost, side-
looking-radar was proven to be useful for
rapid structural interpretations in thickly
forested or deeply weathered terrain.

An improved drill hole logging system,
using neutron-activation analysis, was
announced. Core drilling may be unneces-
sary because sufficient data may be obtain-
ed by lowering the instrument through a
percussion- or rotary-drilled borehole for
quick results onsite.

A process was developed at Stanford Uni-
versity to efficiently sort particles as small
as 1.7 millimeters and to detect fluorescent
minerals. Photometric sorting was used
elsewhere on gold, uranium, and copper
ores.

Major diamond drilling contractors esti-
mated that the average depth of drill holes
for base metals was increasing about 5%
annually.

Many base metals exploration groups
switched emphasis from general explor-
ation to exploration for massive sulfides.

There was some shift to exploration on
private lands, particularly in the Eastern
States in areas not under control of the U.S.
Forest Service.

Explosives.—Apparent consumption of
industrial explosives in the United States
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during 1977 increased 11.4% compared with
that of 1976 to a record high of 3.7 billion
pounds. This is the third successive year
that the total surpassed 3 billion pounds.
Bulk blasting agent consumption rose 15%,
water gels and slurries declined 6.5%, per-
missible explosives rose 9.5%, and other
high explosives declined 7.2% compared
with 1976.

Nearly two-thirds (65.4%) of the total
weight of explosives and blasting agents
was used in coal mining. This total consist-
ed of 95.4% of all permissible explosives and
62.5% of cylindrically packaged blasting
agents and bulk blasting agents consumed.
Quarrying, (33.9%) and construction,
(27.6%) consumed the majority of all other
high explosives. Metal mining used the
majority (48.8%) of the water gels and
slurries.

Seven States, namely Kentucky, Pennsyl-
vania, Alabama, Ohio, Virginia, West Vir-
ginia, and Arizona, consumed 58.8% of all
explosives and blasting agents used in the
United States in 1977.

The apparent differences in 1977 con-
sumption shown in tables 17-18, compared
with prior years, are due to a change in
category classification made by the Insti-
tute of Makers of Explosives (IME). In the
change, processed blasting agents were add-
ed to the cylindrically packaged blasting
agent category and the other processed
blasting agent category now includes only
unprocessed ammonium nitrate.

More detailed explosives information is
published in the annual Explosive issue of
Mineral Industry Surveys, prepared by the
Division of Nonmetallic Minerals, Bureau
of Mines.

1Physical scientist, Division of Ferrous Metals.
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Table 1.—Material handled at surface and underground mines in the

United States, by type
(Million short tons)
Surface Underground All mines!
Typeandyear ™ Cryge 1 Crude y  Crude
‘ore Waste Total ‘ore Waste To@ ore Waste Total
491 1,080 1,570 86 5 91 576 1,080 1,660
574 1,280 1, 82 9 91 655 1,290 1,950
547 1,210 1,760 80 11 91 627 1,220 1,850
5 1,170 1,700 4 13 87 609 1,180 1,790
573 ,250 1,820 3 15 87 646 1,260 1,910
490 1,030 ,530 4 12 87 564 1,050 1,610
2,020 415 2,430 7 5 82 2,100 420 2,520
2,240 418 2,650 82 1 83 2, 419 2,740
418 2,640 82 5 87 2, 423 2,720
1,910 372 2,290 79 6 84 1,990 378 2,370
3 2, 80 6 86 399 2,480
1977 2,120 472 2,590 80 6 86 478 2,680
Total metals and
nonmetals:*

1972 ______ ,500 1,500 4,000 163 10 173 2,670 1,510 4,180

1973 ______ 2,810 1,700 . 4,510 163 11 174 2,970 1,710 4,
974 ______ 2,760 1,630 4,390 162 16 178 2, 1,650 4,570
1975 ___ . __ 2,450 1,540 3,990 153 18 171 2,600 1,560 4,160
1976 ______ 2,570 1,640 4,210 153 21 174 2,720 1,660 4,390
1977 . 2,610 1,510 4,120 155 18 173 2,760 1,520 4,290

1Data may not add to totals shown because of independent rounding.
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Table 5.—Crude ore and total material handled at surface and underground mines

in 1977, by commodity
(Percent)
Crude ore Total material
Commodity Sur- Under- Sur- Under-
face ground face ground
w 1100.0 w 1100.0
100.0 _— 100.0 -
100.0 __ 100.0 .
90.3 9.7 96.8 .2
63.4 36.6 90.0 0
100.0 __ 100.0 =
96.0 4.0 97.6 2.4
Lead 1003 100.0 1000 100.0
Manganiferousore _______________________ X . . _—
Mercury _____________________________ 100.0 _ 100.0 __
Mol um o ___ 39.1 60.9 69.5
Nickel ______________________________ 100.0 - 100.0 .
metals _______________________ 100.0 __ 100.0 .
Silver _____________ o ________ 37.4 62.6 45.1 54.9
Titanium, ilmenite _______________________ 100.0 — 100.0 __
_____________________________ 573 427 46.2 53.8
Urenium _____________________________ 76.5 235 96.2 38
V. jum ___________________________ © 100.0 __ 100.0 —
Zinc _________ __ _ o ____ w 1100.0 w 1100.0
Totalmetals ______________________ 86.8 132 94.6 54
NONMETALS
Aplite _______ __________ __ ____________ 100.0 —— 100.0 __
_____________________________ 1100.0 w 1100.0 w
Barite _______________________________ 1100.0 w 1100.0 w
Boronminerals _________________________ 100.0 — 100.0 -
_______________________________ 984 1.6 98.4 1.6
Diatomite ____________________________ 100.0 . 100.0 -
______________________________ 100.0 —_ 100.0 .
Feldspar _____________________________ 1100.0 w 1100.0
Fluorspar ____________________________ 9.4 90.6 16.0 84.0
et 100.0 . 100.0 -
Graphite _____________________________ 100.0 — 100.0 -
Greensandmarl _________________________ 100.0 — 100.0 —
Gypsum _____________________________ 824 176 89.7 103
ron oxide pigments(crude) __ _ _______________ 100.0 - 100.0 -
Kyanite _____ » 1000 -z 1000 _z
Lithium minerals 100.0 _— 100.0 .
esite ___ 100.0 _ 100.0 __
Mica (scrap) _ 100.0 - 100.0 -
i nes __ 100.0 - 100.0 —_—
Olivine ______ 100.0 - 100.0 -
Perlite ____________________ 100.0 __ 100.0 __
Phosphaterock _________________________ 1100.0 1100.0
Potassiumsalts _________________________ __ 100.0 __ 100.0
e _ oo _____ 100.0 —_ 100.0 —
Salt ________________________ 41 95.9 39 96.1
Sandandgravel _________________________ 100.0 — 100.0 _
g:;lium carbonate (natural) __ ________________ - 100.0 . 100.0
ne:
Crushedandbroken ___________________ 96.7 33 96.7 33
e s - B
c, soapstone, pyrophyllite _________________ g . . .
ipoi  ____ ____________________ 42.6 574 475 52.5
Vermiculite ___________________________ 100.0 —_ 100.0 ——
Wollastonite ___________________________ _- 100.0 __ 100.0
Totalnonmetals ____________________ 96.4 3.6 96.6 3.4
Grandtotal _ ______________________ 944 5.6 959 41

W Withheld to avoid discl

ing pany proprietary data; included with “Underground or Surface.”
Includes surface or underground; the Bureau of Mines is not at liberty to publish separately.
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Table 6.—Crude ore and total material handled at surface and underground

mines in 1977, by State
(Percent)
Crude ore Total material
State Sur- Under- Sur- Under-
face ground face ground
1100 w 1100
100 - 100 —
89 11 96 4
99 1 99 1
99 1 99 1
69 31 73 27
100 - 100 .
100 — 100 .
100 . 100 .
1 1
100 - 100 -
93 1 97 3
97 3 97 3
97 3 97 3
96 4 96 4
92 8 92 8
84 16 84 16
85 15 84 16
1100 w 1100 w
1100 w 1100 w
100 —— 100 .
95 5 96 4
100 . 100 .
100 _ 100 ——
79 21 s 23
99 1 99 1
1100 w 1100 w
99 1 99 1
100 — 100 __
99 1 99 1
69 31 89 11
92 8 92 8
100 . 100 -
100 — 100 ——
96 4 4
97 3 3
100 — 100 ——
94 6 94 6
100 — 100 i
100 —— 100 —_—
1100 w 1100 w
88 12 88 12
99 1 9 1
98 2 99 1
1100 w 1100 w
97 3 97 3
99 1 99 1
86 14 86 14
1100 w 1100 w
62 38 91 9
94 6 96 4
W Withheld to avoid disclosi proprietary data; included with “Surface.”

Includes underground; the Bureau of Mines is not at liberty to publish separately.
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Table 7.—Number of domestic metal and nonmetal mines in 1977, by commodity

and magnitude of crude ore production!

Total Less 1,000 10,000 100,000 1,000,000 More
Commodity. - number than to to to than
4 of 1,000 10,000 100,000 1,000,000 10,000,000 10,000,000
mines tons tons tons tons tons tons
12 - _— 5 7 —— ——
42 2 _— 2 1 20 11
43 25 7 5 4 2 .
32 8 10 11 2 1 .
53 - 3 7 16 23 4
35 16 7 — 7 5 _
5 4 - _ 1 - -
43 24 6 8 5 - -
7 - —_— . 1 6 .
79 60 13 4 2 - .
236 50 99 64 20 3 _—
32 2 4 3 22 1 -
13 1 1 4 3 3 1
632 192 150 113 97 64 16
12 . 5 6 1 - ——
4 - —_— 1 2 1 -
33 1 3 20 9 - ——
3 — . __ 2 1 -
1,075 52 270 620 133 - -
13 . 5 2 6 —— .
20 - 7 8 5 - _—
7 - 3 2 2 o _
69 3 5 17 4 —— -
20 3 4 11 2 . -
12 1 3 6 2 . .
44 . 6 1 12 18 7
8 — _— — 1 7 .
131 26 48 49 8 - .
18 —— 1 2 8 7 _—
7,349 217 1,326 3,574 2,143 8; 1
4,840 446 815 1,696 1,725 157 1
406 190 184 32 - -2 .
49 9 22 17 1 . -
35 9 8 11 6 1 .
14,152 957 2,715 6,075 4,117 279 9
14,784 1,149 2,865 6,188 4,214 343 25
1Excludes wells, ponds, or pumping operations.
2Antimony, beryllium, manganiferous ore, molybdenum, nickel, rare-earth metals, and vanadium.
SEmery, garnet, and tripoli. :
, millstones,

“Aplite, g:&hite, greensand marl, crude iron oxide pigments, kyanite, lithium minerals, magnesite,

olivine, tube-mill liners, vermiculite, and wollastonite.
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Table 8.—Twenty-five leading metal and nonmetal* mines in the United States

in 1977, in order of output of crude ore

51

Mine ' State Operator Commodity m
METALS
Kennecott Co rCo —_~-  Copper ___ Open pit.
Duval Slerntg 'c’:i rp - _P_pfdo —— D?
Viags Coppor Go Coppor’ 22 Do
r Co_ _ _ - pper ___ 3
Climax Molybdenum Co., Molybdenum Caving and
a division of Inc. open pit.
Reserve Mm%Co ______ Ironore ___ Open pit.
Phelps Dodge Corp _ _____ Copper ___ Do.
The Anaconda Company___  ___ _do ___ Do.
Pickands Mather & Co _._ _ Ironore ___ &
Do.
Do.
Do.
De.
Do.
Deo.
Do.
Do.
Do.
Do.
De.
Do.
De.
Dredging.
_____________ Do.
NONMETALS
Occidental Petroleum Corp .  Phosphate ' Open pit.
roc
Inwmanonalczi;lerals & e—do ___ Do.
emical
________ —eweodo ___ Do.
———do ___ Do.
Openpit.
Do.
Continental OilCo ______ ———-do ___ Do.
———do ___ Do.

Mnule Industnes, Inc_____ Stone ____

International Minerals & Potassium
Corp. . salts.
FMCCorp____________ Sodium
Swift Agricultural Phosphate
Chemicals Corp. r%?i:
McDon: Bros,Inc. ___ _ Stone ____
Vulcan rial Co___ __ _ ——

Open pi£

!Brines and materials from wells excepted.
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Table 9.—Twenty-five leading metal and nonmetal’ mines in the United States
in 1977, in order of output of total materials handled

Mine State Operator Commodity Mining
METALS
Open pit.
Do.
Do.
Do.
Do.
Do.
Do.
- Do.
Do.
Do.
ExxonCorp_ __________ Do.
msl‘;im&Minin&Co___ Coppe; o &
ennecott Copper Corp _ _ _ ———do ___ 3
CyprusBagdanf(eZo perCo__ ____do ___ Do.
Rocky Mountain EnergyCo_  Uranium __ Do.
Climax Molybdenum Co., Molybdenum Caving and
a division of AMAX Inc. open pit.
Jackpile-Paquate ____ The Anaconda Company___  Uranium __ Open pit.
Hibbing Taconite __ __ Pickands Mather &Co ____  Ironore ___ Do.
Shirley Basin __ ____ GettyOilCo __ ________ Uranium __ Do.
Erie Commercial ____ Pickands Mather&Co____  Ironore ___ Do.
Minntac _________ United States Steel Corp_ .~  ____do ___ Do.
Metecalf __________ Phelps Dodge Corp __ Copper ___ Do.
Mitchell Pit _______ Reserve MiningCo ______ Ironore ___ Do.
Empire - _________ ClevelandCliffsIronCo ___ ____do ___ Do.
Ruth ___________ Kennecott Copper Corp —__  Copper ___ Do.
NONMETALS
Kingsford ________ Florida ______ International Minerals & Phosihate Open pit.
Chemical Corp. rock.
Noralyn _________ eedo ______ e——do_____________ ———odo ___ Do.
Ft.Green _________ ———do______ Continental OilCo ______ —e—edo ___ Do.
LeeCreek ________ North Carolina _ TexasgulfInc__ ________ —e—odo ___ Do.
PayneCreek _______ Florida ______ Continental OilCo ______ ———do ___ Do.
Haynsworth _______ eedo ______ Brewster Phosphates _ _ _ _ _ ———do ___ Do.
Rockland _________ eeodo ______ United States 1Corp———- ——_.do ___ Do.
Bonny Lake _______ ee—do ______ W.R.Grace&Co _ ______ ———do ___ Do.
Ft.Meade ________ eedo ______ Mobil OilCorp_ — — ______ ———odo ___ Do.
Clear Spring _ ______ —e—do______ International Minerals & ———do ___ Do.
Chemical Corp.
Suwanee _________ ee—do______ Occidental Chemical Co Do.
Lonesome ________ eedo ______ Brewster Phosphates _ Do.
Tampa Agricultural eewdo ______ Gardinier,Inc _____ Do.
Chemical Operations.
Hookers _________ Do.
Nichols __ Do.
Silver City ———-do ___ Do.
Calcite __________ ichi United Stone ____ Open quarry.
Watson __________ i Swift Agricultural Phosihaee Open pit.
Chemicals Corp. rock.
Conda __ ________._ J.R.SimplotCo _ _ ______ ——_do ___ Deo.
Westvaco _ _ . ____ i FMCCorp_ _ —— —______ Sodium Artifici;
carbonate. stopes.
Gay J.R.SimplotCo _ _ ______ 3 Phoslihaw Open pit.
rock.
Thornton _ — —______ General icsCorp ———  Stone ____ Open quarry.
Vernal __________ Utah Stauffer Chemical Co_ __ _ _ Phosphate Do.
rock.
Wooley Valley eemdo —e—do ___ Open pit.
eld ____________ Texas Crushed StoneCo ___  Stone ____ Open quarry.

1Brines and materials from wells excepted.
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Table 12.—Mining methods used in open pit mining in 1977, by commodity

(Percent)
Total material handled
i Preceded Not
Commodity by drilling by arills
and blasting and blasting®
—_ 100
80 20
94 6
100 -
__ 100
91 9
— 100
98 2
__ 100
100 -
16 84
100 -
95 5
2 98
2 98
59 41
50
100 -
17 83
95 5
22 8
100 —_
- 100
__ 100
100 —
84 16
8 92
92 8
- 100
__ 100
87 13
__ 100 -
55 45
100 .
100
29 71
73
63
49 51
4 96
3 97
100 __
— 100
97 3
—_ 100
79 21
100 —_
__ 100
55 45

UIncludes drilling or cutting without blasting, dredgi hanical ion and nonfloat washing, and other
surface mining methods. . E
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Table 13.—Exploration and development activity in the United States in 1977, by method

Metals Nonmetals Total'
Method Percent Percent Percent
Feet of Feet of Feet of
total? total? total?
19,400 0.6 125 @ 19,500 0.5
131,000 3.9 1,310 0.2 132,000 3.3
,000 28.7 629,000 99.8 1,590,000 40.0
,220,000 66.8 . - 2,220,000 56.2
3,330,000 100.0 630,000 100.0 3,960,000 100.0
1,470,000 7.0 196,000 53.8 1,660,000 78
116,000 6 20,000 5.5 136,000 6
13,200,000 63.0 140,000 383 13,300,000 - 62.6
5,330,000 25.5 17,370 2.0 5,330,000 25.1
755,000 3.6 745 2 756,000 3.6
52,900 3 900 2 53, 3
20,900,000 100.0 365,000 100.0 21,200,000 100.0
Grandtotal' ____________ 24,200,000 XX 995,000 XX 25200000 XX
XX Not applicable.
1Data may not add to totals shown b of indep di
on unrounded footage.

3Less than 1/2 of 1%.
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Table 16.—Total material (ore and waste) produced by mine development
in the United States in 1977, by commodity and State

(Thousand short tons)
Shaft Drifting,
and s crosscutting, - 1
winze Raising or Stripping Total
sinking tunneling
COMMODITY
METALS
Coﬂ)er ______________________ 245 100 1,010 10,300 11,600
Gold:
lode . ___ _____ ____________ 1 43 168 795 1,010
Placer_____________________ ® — ® 272 272
Ironore_ _ ____________________ 4 Q) 437 49,300 49,700
_______________________ 2 20 1,790 @ 1,810
Silver _______________________ 1 41 178 606 825
2 S 2 14 242 (@] 258

Uranium _____________________ 57 94 1,930 66,300 68,400

Zinc ________________________ T 41 19 1,330 95 1,490

Other® ______________________ - 29 545 292 866
Total metals' ______________ 352 358 7,620 128,000 136,000

Fl No 2 4 34 40

uorspar _ ___ ________________ __

Gypsum _____________________ —— . . 6,790 6,790

Pg(;’:phafe rock _________________ - . 20 10,200 10,200

08 —— . __ 195 195

Talt soapstone, pyrophyilite _________ - 1 15% 196 {gé

c, soapstone, pyrophyllite ____ _____ -

Other* __ ___ _ _ _ ___ ___________ . ® 5,000 3,300 8,300
Total nonmetals ___________ 2 7 5,240 20,700 25,900
Grandtotal® ______________ 354 365 12,800 149,000 162,000

STATE
_____________________ - - . w W

Alagka ______________________ - — 251 251

Arizona _ _ ____________________ 45 93 912 7,010 8,060

California ____________________ 1 10 70 4,630 4,710

Colorado _ ____________________ 28 53 991 105 1,180

Kaho ____ __ _________________ 3 55 205 4, 4,530

Dlinois __ ____________________ w w w . w

Iowa_______________ _________ —— - - w w

Kentucky ____________________ w . w . w

Louisiana ____________________ . . w —_— w

i . . w __ w
- . 37 17,600 17,500
. - . ,800 30,800
. 3 1,960 - 1,960

1 @ 52 641 694
2 7 255 3,610 3,880
38 57 1,140 2,620 3,850
. 3 127 1,550 1,680
- . w . w
— . - w w
(@] 1 3 59 63
w w w . w
— w w — w
39 4 1,060 66 1,170
__ _ . 4,180 4,180
191 22 347 4,530 5,090
. w w w w
. 1 23 5,990 6,020
. _— w o w
. 6 5,220 60,070 65,300
10 50 423 733 1,210
354 365 12,800 149,000 162,000

W Withheld to avoid disclosing company proprietary data; included with “Undistributed.”

!Data may not add to totals shown because of independent rounding.
3Less than 1/2 unit.

3Antimony, bauxite, beryllium, and molybdenum.
4Asbestos, barite, garnet, mica p), perlite, natural sodium carbx

te, tripoli, and tube-mill liners.
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Table 17.—U.S. industrial consumption of explosives

(Thousand pounds)
Year Coal Metal ang Total mine- Other Total
mining ini imetal ral industry industrial
mining
430,686 493,677 2,136,948 532,841 2,669,789
495,879 643,292 2,316,233 438,713 2,754,946
465,490 551,380 2,203,484 558,806 2,762,290
449,271 493,125 2,594,647 524,380 3,119,027
488,653 493,656 2,781,182 547,347 3,328,529
446,406 522,678 13,062,396 647,354 3,709,750
1Data not comparable to prior years due to change in reporting by the Institute of Makers of Explosives.
Table 18.—U.S. consumption of explosives in the minerals industry
(Thousand pounds)
Year Coal Metal ang Total
_ mining mining nonmetal
mining
PERMISSIBLE EXPLOSIVES
41,996 241 1,083 43,320
41,123 204 1,090 42,417
46,663 225 694 47,582
OTHER HIGH EXPLOSIVES
1975 36,875 25,118 74,796 136,789
96___ 84,521 24,265 : 65,891 124,677
197 34,407 25,174 63,378 122,959
CYLINDRICALLY PACKED BLASTING AGENTS
95 __ _ _ _ ______ 286,608 4,845 28,551 320,004
9% _ _ _ ____________ 269,778 3,471 65,922 339,171
1977 634,283 59,059 189,266 182,608
PACKAGED AND BULK WATER GELS AND SLURRIES
24,118 181,809 73,872 279,799
30,871 205,429 74,176 310,476
42,406 154,704 75,062 272,172
OTHER PROCESSED hLASFING AGENTS AND UNPROCESSED AMMONIUM NITRATE

1,262,654 237,258 314,823 1,814,735

1,422,580 255,284 286,577 1,964,44
1,335,558 207,244 194,278 11,731,075

TOTAL EXPLOSIVES

1,652,251 449,271 493,125 2,594,647
1,798,873 488,653 493,656 2,781,182
2,093,312 446,406 522,678 - 13,062,396

1Data not comparable to prior years due to change in reporting by the Institute of Makers of Explosives.



Statistical Summary

By Staff, Office of Technical Data Services

This chapter summarizes data on crude
mineral production for the United States,
its island possessions, and the Common-
wealth of Puerto Rico. Included also are
tables that show the principal mineral com-
modities exported from and imported into
the United States, and that compare world
and U.S. mineral production. Except for the
mineral fuel commodities, the detailed data
from which these tables were derived are
contained in the individual commodity
chapters of volume I and in the State
chapters of volume II of this edition of the
Minerals Yearbook.

In October 1977, responsibility for the
collection of data on mineral fuels—coal,
petroleum, natural gas, and natural gas
liquids—was transferred to the newly creat-
ed Department of Energy. Although chap-
ters covering these commodities will no
longer appear in Volume I of the Minerals
Yearbook, quantity and value data have
been included in most of these summary
tables to maintain statistical consistency in
State and national value of overall crude
mineral output. This shift in responsibility
has also resulted in changes to the composi-
tion of the ‘“Nonmetals” and “Mineral
Fuels” groups in table 1 and table 2. The
commodities—asphalt and related bitumens

(natural), carbon dioxide (natural), helium,

and peat—have been removed from the
“Mineral Fuels” group, and are now includ-

ed under the “Nonmetals” group. There has
been no change in the components of the
“Metals” group.

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

Because of inadequacies in the statistics
available, some series deviate from the fore-
going definition. In cases of gold, silver,
copper, lead, zinc, and tin, the quantities
are recorded on a mine basis (as the recover-
able content of ore sold or treated). How-
ever, the values assigned to these quantities
are based on the average selling price of
refined metal, not the mine value. Mercury
is measured as recovered metal and valued
at the average New York price for the
metal.

The weight or volume units shown are
those customarily used in the particular
industries producing the commodities. Val-
ues shown are in current dollars, with no
adjustments made to compensate for
changes in the purchasing power of the
dollar. ’
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Table 1.—Value of crude mineral production’ in the United States, by mineral group?

(Million dollars)
Year Metals Nonmetals? Total Mineral fuels? Grand total
1978 __ _______ 4,362 7,476 11,838 24,949 36,787
1974 ___ _______ ’ 5,501 8,687 © 314,187 40,889 355,077
1975 _________ 5,191 9,570 14,761 47,505 62,266
1976 ___________ 6,086 10,616 16,702 52,484 769,186
97 -.5810 11,701 17,511 59,575 77,086
r .
1 Producti ed by mine ship ts, sales, or marketable production (includi ion by producers).

2 The commodltles comprising the Mineral fuels and Nonmetals groups have been revised. See table 2 for the complete
listing of the commodities which now comprise these two groups.
3 Data do not add to total shown b of i

Note: Beginning with 1977, data on mineral fuels supphed by the Department of Energy.
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Table 3.—Minerals produced in the Umted States and principal producing

States in 1977
. Principal producing States :
Mineral in order of quantity Other producing States
METALS AND NONMETALS
Anti oreand rate_ _  Idaho and Mont.
Aplite_ _ _ ___ _ ___ Va.
Asbestos _ ______________ Calif., Vt., Ariz., N.C.
Asphalt (native)_ _ _ _ _______ Tex. ,Utah Ala Mo.
Barite_ ________________ Nev., Mo,, Ark., Ga ———___ Idaho, I1l., Mont., Tenn.
Bauxite_ _ ______________ a., Ga.
Beryllium concentrate_ _ . _ _ _ Utah and 'S. Dak
Boron minerals _ __________ Calif.
Bromine _______________ Ark. and Mich.
Calcium-chloride — _ . _______ Mich. and Calif.
Carbon dioxide (natural) ____ _ N. Mex., Colo., Calif., Utah.
Cement_ ____ . _______ Calif., Tex., Pa., Mich _ ____ Ala., Ariz., Ark., Colo,, Fla,, Ga.,
Hawaii, Idaho, 111, Ind Iowa.Knns
Q-, La', Maine, Md, )
0., Mont., Nebr., Nev., N. Mex.,
N.Y,, N.C., Ohio, Okla., ., 8.C.,
S. Dak., Tenn., Uta.h, Va., Wash.,
W. Va., Wis,, W
_________________ G&,Tex Ohio, NC ______ AllatherStatesexceftAlaskn,RI , Vt.
Utah N. Mex., Mont _ Alaska, Calif., Colo.
Mich., Mo.,Nev.,Oreg Pa,, Tenn,
Wash.
%alif., Nev., Wash., Oreg.
N.C,, Conn., Ga., Calif ____ Ar%., Colo., Maine, Okla., S. Dak.,
'yo.
1L, Ky., Tex., Mont __ ____ Ariz. and Nev.
Idaho and N.Y.
Nev., S. Dak., Utah, Ariz _ __ Alaska, Calif., Colo., Idaho, Mont
- N. Mex., Oreg Tenn "
'ex.
Mich., Tex., Calif., Iowa ___ Ariz., Ark., Colo., Idaho, Ind., Kans.
L&, Mont.,, Nev N. Mex., N. Y.,
Ohio, Okla. S. Dak. Uta.h V&,
Wash., Wyo.
Kans., Okla,, Tex _______ Ariz. and N Mex
Okla. and Mich.
Minn., Mich., Calif., Wyo_ _ _ Colo., Ga., Mo., Mont., Nev.,
NJ NY., P&, Tex, Utah, Wis.
Va. and Ga.
Mo., Idaho, Colo., Utah __ _ _ Ariz., Calif,, Il.., Maine, Mont.,
Nev N. Mex N.Y, Okla., Va Wash., Wis.
Ohio, Pa., Mo., Tex ______ Ala,, Anz., Ark., Cahf., Colo., Conn.,
Fla., Hawaii, Idaho, I1., Ind., Iowa,
Kans., Ky., La., Md., Mass., Mich., Minn,,
Miss., Mont Nebr., Nev NJ
N. Mex., N.Y., N. Dak., Okla., -y
S. Tenn Utah, Va., Wash., W. Va.,
Wis,, Wyo
Lithium minerals_ __ _______ N.C., Nev., Calif.
Magnesite ____ __ - Nev.
Magnesium chloride _ _______ Tex.
Magnesium compounds _ _ _ ___ Mich,, Calif., Fla, NJ ____ Del., Miss., Tex., Utah.
ferousore _ _ _ . __ an NMex,SC
Marl, greensand __________ N.
Mercury _ Nev. and Calif.
Mica,scrap — - ______ N.C,S.C,N.Mex., Ala____ Ariz., Conn., Ga., Pa., S. Dak.
Molybdenum ____________ Colo Anz N. Mex,Utah _— Calif. and Nev.
Nickel __________ Oreg.
Olivine _ ___ ___ _________ N.C. and Wash.
Peat_ __ Mich.,Fla,,Ind., Il. ______ Calif., Colo., Ga., Iowa, Maine, Md.,
Mass,an Mont NJ., N. Mex NY,
N. Dak,, Ohxo, Pa,SC Wash Wis.
Perlite _ ___ N. Mex,, Ariz., Calif., Idaho _ Colo. and Nev.
Phosphaterock _ __ ________ Fla., Tdaho, N.C,, Tenn ____ Calif., Mo., Mont., Utah, Wyo.
Potassiumsalts __ _________ N. Mex,, Calif., Utah.
Pumice _ _______________ Oreg., Nev., Cahf Ariz____ Cololeawau, Igvaho, Mont., N Mex.,
. a.,
Pyrites ore and concentrate____  Tenn,, Colo., Anz
Rare-earth metal concentrate __  Calif. and Fl.
Salt ___ ___ - La., Tex., NY Mich _____ Ala., Ariz., Calif., Colo., Kans., N
N Mex " N. Dak., Ohio, Okla., Utah W.Va.
Sand and gravel _ Calif., Alaska, Tex., Ohio _ _ _ All other States.
Silver (mine)_ _ _ __ Idaho, Ariz., Colo., Mont _ _ _ Alaska, Calif., I, Mich., Mo,
. Nev,, N. Mex., N.Y. Oreg S. Dak.,
Tenn., Utah, Va., Wash.
Sodium carbonate (natural)-_ __  Wyo. and Calif.
Sodium sulfate (natural)_ _ ___ _ Cale Tex., Utah.

Staurolite - _ __ __________ :
Stone _ - Tex Pa,ll,Mo _______ All other States except Del. and N. Dak.
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Table 3.—Minerals produced in the United States and principal producing

States in 1977 —Continued
) Principal produ States :
Mineral pa gglepr o qwmy Other producing States
METALS AND NONMETALS —
Continued
s"'ﬁ"mpsmn pyrophyllite ___ 3?’1?"“1«? t., N.Y Ark,, Calif,, Ga,, Nev., N.C,
c, soa e, pyrop! —— ., Tex, Mont., N.Y _____ ev.,
v Oreg Va., Wash.
Tin __________________ Colo.
Titanium concentrate _ _ ___ __ . NJ,Fla,N.Y.
Tn'l‘unastepon n concentrate _ ______ Calm"iofkh'ArlEI"’ ;e Alasks, Ariz., Idaho, Mont., Oreg., Utah, Wash,
n concentrate _______  Calif., Colo., Nev _ _______ 0, Mon! ash.
N Mex Wyo Utah, Colo _ _ Tex. and Wash.
Coo,Uta.h Idaho ___ N. Mex.
}\qd%xrlt andSC _________ Tex.
Tenn., Mo, N.Y. Colo ____ Ariz, Calif, Idaho, IIL, Maine,
Mont Nev N.J N Mex., Okla Pa,,
tah, Va Wash
Fla.
Ky.,W.Va,Pa, Il ______ Ala,, Alaska, Ariz., Ark., Colo., Ga.,

Natural gas liquids_ _ _ ______

Petroleum,crude _ _________

La,Tex.,Okla,N.Mex ___  Ala, Alaska, Ariz., s

Tex.,La.,N. Mex., Okla ___ A]a.,Alaska,A.rk,_ '.,'Colo.,m,

: W.
Tex., La., Calif., Alaska _ _ __ Ala,

}%'
25,
?

enn. ',Utah,V&,w Va., Wyo. :
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Table 4.—Value of mineral produétion in the United States and
principal minerals produced in 1977

Value Percent L. 5 in ord
State . (thousands) Rank of US. Principal minerals, in order of value
$1,159,952 19 1.50  Coal, petroleum, cement, stone.
,233, 18 1.60 Petroleum, sand and gravel, natural gas, stone.
1,621,256 12 210  Copper, mol; um, , cement.
574,469 25 15  Petroleum, bromine, natural gas, cement.
4,311,824 3 559  Petroleum, cement, natural gas, sand and gravel.
,397,039 15 181  Petroleum, molrbdenum, coal, natural gas.
,708 44 06  Stone, sand and gravel, feldspar, lime.
12,091 50 ®  Sand and gravel, magnesium compounds, clays,
gem stones.
1,618,557 13 209  Phosphate rock, petroleum, stone, cement.
486, 28 .63 Clays, stone, cement, sand and gravel.
39,980 47 05  Stone, cement, sand and gravel, pumice.
252,670 32 33  Phosphate rock, silver, lead, zinc.
1,663,280 10 215  Coal, petroleum, stone, sand and gravel.
697,658 23 91 Coal, cement, stone, petroleum.
33 31  Cement, stone, sand and gravel, gypsum.
1,369,497 16 178  Petroleum, natural gas, natural gas liquid t.
,217, 5 417 Coal, stone, petroleum, natural
10,911,885 2 1416  Natural gas, petroleum, natural gas liquids, sulfur.
43,225 45 06  Sand and gravel, cement, zinc, stone.
186,699 36 24  Coal, stone, cement, sand and ﬂavel.
77,268 43 .10  Stone, sand and gravel, lime, clays.
1,622,547 11 2.10  Petrol iron ore, t, naty
875,603 22 114  Iron ore, sand and gravel, stone, lime.
,234 27 64 Petroleum, nat gas, cement, sand and gravel.
898,372 21 1.16 Lead, cement, stone, iron ore.
691,188 24 90  Petroleum, coal, copper, natural gas.
144,0: 39 18  Petroleum, cement, sand and gravel, stone.
Nevada _______ 270,845 31 35  Copper, gold, sand and gravel, cement.
New Hampehire _ 20,701 48 .03  Sand and gravel, stone, clays, gem stones.
NewdJersey __ - 17,060 40 .15  Stone, sand and gravel, zinc, titanium concentrate.
New Mexico ____ 2,910,804 8 878  Natural gas, petroleum, natural gas liquids, uranium.
New York _____ 461,807 29 60  Cement, stone, salt, sand and gravel.
North Carolina _ _ 231,511 34 30  Stone, phosphate rock, sand and gravel, cement.
North Dakota ___ 272,066 30 85  Petroleum, coal, sand and gravel,natural gas liquids.
Ohio __ ,607,4 14 208  Coal, natural gas, petroleum, stone.
Oklahoma _____ 8,497,447 4 454  Petroleum, natural gas, natural gas liquids, coal.
Oregon _______ 109,132 42 14  Stone, sand and gravel, cement, nickel.
Pennsylvania __ 3,043,964 7 395  Coal, cement, stone, natural gas.
Island ___ 6, 49 .01  Sand and gravel, stone, gem stones.
South Carolina _ _ 144,201 38 18  Cement, stone, clays, sand and gravel.
South Dakota ___ 110,740 41 .14  Gold, cement, stone, sand and gravel.
Tennessee 21,371 26 .68  Coal, stone, zinc, cement.
Texas — - 19,519,631 1 2532  Petroleum, natural gas, natural gas liquids, cement.
Utah ________ ,085,3 20 141  Petroleum, copper, coal, uranium.
Vermont __.____ 41,454 46 05  Stone, asbestos, sand and gravel, talc.
irginia ______ 1,341,686 17 1.74  Coal, stone, lime, cement.
Washington ____ 216,124 35 28  Cement, coal, sand and gravel, stone.
West Virginia ___ 3,208,068 6 416  Coal, natural gas, petroleum, natural gas liquids.
Wisconsin _____ 150,1 37 19  Sand and gravel, stone, iron ore, lime.
Wyoming —_—__ 2,331,349 9 3.02  Petrol coal, sodi pounds, natural gas.
Total _ . _ 77,086,000 - 100.00
1Incomplete total.

3Less than 1/2 unit.
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Table 5.—Value of mineral production per capita and per square mile in 1977, by State

1977 Value of mineral production
State (square tion ('{ﬁﬂ‘ill Per square mile Per capita
ou-

sands) Dollars _ Rank Dollars  Rank
$1,159,952 22,476 15 314 16

1,233,519 2,104 45 3,031
,621,256 ,233 20 706 11
4,469 10,818 18

4,311,824 27,171 12 197
,397, 13,401 21 533 13
X 8,7 30 14 47
12,091 1,017 50 4 50
1,618,557 217,639 11 191 24
,256 8259 - 31 9 32
39,980 6,198 32 45 39
252,670 3,024 41 295 17
1,663, 29,491 9 148 29
697,558 19,221 16 130 30
,208 4,232 38 35
1,369,497 16,648 18 12
3,217,860 79, 3 931\ 8
10,911,885 224,881 1 2,783 3
3,225 1,301 48 42
186,699 117,651 17 45 40
7,268 9,358 1 48
1,622,547 27,871 10 178 26
5,603 10,415 26 21
2,234 10,316 27 206 22
893,372 12,820 22 186 25
691,188 4,698 34 9
44,029 , 1,865 46 92 33
270,845 2,450 43 428 14
20,701 2,225 44 45
117,060 14 19 16 46
2,910,804 23,925 13 2,446 4
3361,807 9,315 4
1,511 4,403 36 42 41
272, 3,850 39 417 15
,607,454 38,995 1 150 28
3,497,447 ‘50,021 6 1,244 7
109,132 1,125 49 46 38
,043,964 67,147 5 258 20
,299 5,189 33 7 49
144,201 4,643 35 50 37
110,740 1,437 47 161 27
521,371 12,342 24 121 31
19,519,631 73,015 4 1,521 6
,085,339 12,781 23 856 10
5 ,31 37 85 34
1,341,686 32,871 8 261 19
216,124 3,169 40 59 36
3,208,068 132,669 2 1,725 5
150,128 2,675 42 32 43
2,331,349 23,810 14 5,742 1
Total® __________ 3,615,055 215,642 177,086,000 21,324 XX 356 XX

XX Not applicable.
Incomplete total.

N:Excct}ud? Washington, D.C., with an area of 67 square miles and a population of 690,000 (which had no mineral
p on).
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Table 7.—Mineral production® in the lslands administered by the United States
(Thousand short tons and thousand dollars)

1974 1975 1976 1977
Area and mineral Quan- Quan- Quan- Quan-
tity Value ity Value tity Value tity Value

217 183 15 15 47 30 1 10
50 122 34 147 30 156 6 31
XX 305 XX 162 XX 186 XX 41
798 1,444 781 1,837 457 1,438 571 1,897
638 3,869 253 1,813 279 2,050 262 2,076

ip ts, sales, or marketable production (includi ption by producers).

Table 8.—Mineral production® in the Commonwealth of Puerto Rico
(Thousand short tons and thousand dollars)
1974 1975 . 1976 1977
Mineral - Quan- Quan- Quan-
“tity Value tity Value tity Value tity Value

Cement _ _ _____—_ 1,881 70,277 1,582 60,968 1,558 66,150 1,367 67,775
Clays - ——————— 291 332 341 440 w W . 212 387
Lime _________— 39 2,923 28 2,231 28 2,513. 40 3,007
Salt _________ - 29 T 624 21 639 27 639 27 639
Sand and gravel _ _ _ _ NA NA NA NA NA NA €12,000 €21,000
Stone _ _____ 14,362 41,640 13,595 47,515 13,404 47,124 12,187 44,281
Total __ - XX 2115796 XX  2111,793 XX  2116,426 XX 137,089

eEstimate. NA Not availabl W Withheld to avoid disclosi ﬁroprietary data. XX Not applicable.

1Production as d by mine shi ts, sales, or marketable production (includi ption by prod 8).

2Total does not include value of items s withheld or not available.



STATISTICAL SUMMARY 97

Table 9.—U.S. exports of principal minerals and products

1976 1977
Mineral . Value . Value
Quantity (thousands) APy (housands)
METALS
Aluminum: .
Ingots, slabs,crude __ ___________ short tons_ _ 152,366 $118,644 97,771 $94,498
________________________ do____ 108,958 63,245 101,663 64,060
Flabeeas b =121 o R B
and forgings . _ . __________ o_ X :
Aluminumsulfate _ _________________ do____ 50,758 1,569 12,019
Other aluminum compounds _ _ _ _ ________ do____ 911,460 166,084 33,623 17, 575
Antlmony, mefals and alloys, cmde ________ do____ 341 853 742 1,219
thousand long tons_ _ 15 1,297 25 2,344
Beryllium __ ____________________ pounds_ - 114,143 1,756 160,505 1,911
Bismuth, metals and alloys 168,488 1514 95,334 637
504 713 236 316
3,411 735 14,887 4,053
oride __ 33,533 2,578 39,552 3,383
Dicalcium phosphate. 32,302 7,612 53,309 9,550
Chrome: :
Ore and concentrates:
Exports _ ___________ thousand short tons_ _ 124 5,609 187 10,105
Reexports _ ____ _______________ do____ 85 5,475 61 4,913
Ferrochrome ___________________ do____ 14 8,785 12 7,268
Cobalt__ _________________ thousand pounds_ _ 3,892 12,427 2,585 11,149
glumbmm metals, alloys, other forms_ _ ____ do____ 67 778 75 1,408
pper:
&e'e concentrate, composition metal, and un-
reﬁned (copper content)_ _ __ _____ short tons_ _ 22,689 19,769 35,953 24,708
________________________ do____ 37,473 37,079 317,892 36,006
Reﬁned copper and semimanufactures _ ___ do__ __ 176,877 313,377 146,004 331,265
Other copper manufactures___ _ _______ do____ 4,928 8,435 6,920 10,923
Copper sulfate or blue vitriol _ _ ________ do____ 2,071 2,935 2,616 3,370
Copper- base alloys — _______________ do____ 110,665 177,270 112,097 167,306
Fen'oaﬁ
Ferrosl.heon ____________________ do____ 12,416 7,449 10,548 6,035
Ferrophosphorus _ _ __ _____ e do___ 1,636 1 2,381 297
Ferroalloys,ns.pf - _ ________ —do____ 6,687 13,121 7,982 8,558
lipiegeleisen ____________________ do____ 5471 901 40 13
Ore and base bullion — troy ounces_ _ 337,517 41,624 395,760 57,477
Bullion, refined _ _ _____ ___________ do_ 8,193,248 833,424 8,275,095 1,055.284
2,913 82,192 2,143 627156
____________________ short tons_ _ 57,480 5,408 51,357 4,266
Iron and steel products (major): .
Semimanufactures_ __ ___ _________ do____ 1,856,573 592,126 1,444,572 525,592
Manufactures and steel mill products _ __ do___ _ 1,814,776 1,870,281 1,653,428 1,758,832
Iron and steel scrap:
- Ferrous scrap, including rerolling materials
thousand short tons_ _ 8,168 636,758 6,211 415,345
Slag_ o ___ short tons_ _ 38,718 1,264 33,376 961
Ieadlead and zinc ores and concentrates _______ do____ 148,787 28,892 128,056 28,753
Pigs, bars, anodes, sheets,etc_ _ _ _______ do____ 5,877 5,320 9,845 8,426
Scrap_______________________'_ do____ 46,883 11,539 85,411 22,442
Magnesium, metal and alloys, scrap, semi-
manufactured forms,nec - __________ do____ 13,444 26,902 28,061 51,848
_______________ do____ 127,971 1,610 188,250 9,221
_________________ do____ 6,789 3,462 6,051 8,391
________________________ do____ 4,654 8,434 2,953 3,208
— T6-pound flasks_ _ 501 306 852 287
_____________________ do____ 12 6 101 36
thousand pounds__ . 62,474 188,536 65,666 245,717
Metals and alloys, crude andscrap ______ do.___ 223 390 332 851
Wire __ __ o do____ 343 3,672 475 6,047
Semimanufactured forms,nec ________ do___ 184 1,584 164 2,441
Powder  __ _ _ _ _ o __ do___ 25 136 151 759
Ni F e{romolybdenum ________________ do___ 3,596 9,447 1,595 4,863
ickel:
Alloys and scra (mcludmg Monel metal),
ots, bars, sheets,etc — _ _______ short tons_ _ 37,748 141,324 29,958 132,093
______________________ do___ 4,442 16,282 4,064 15,674
Nickel-ch elect; t wire ____ do____ 769 5,253 764 X
Semifabricated forms, nec - ____ do____ 4,207 30,736 4,626 36,807

See footnotes at end of table.
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Table 9.—U.S. exports of principal minerals and products —Continued

1976 1977
Mineral . Value : Value
Quantity  Ghousands)  QUAMY  ougands)
METALS —Continued
Platinum:
Ore, concentrate, metal and alloys in ingots,
bars sheets, anodes, other forms, including
___________________ troy ounces_ _ 825,805 $37,868 289,307 $33,076
P um, rhodium, iridium, osmiridium,

ruthenium, and osmium (metal and alloys

mclud.mg scrap) 186,602 14,885 137,324 13,414
Ferrocerium and alloys 60 335 260 1,043
Compounds ___________________ 1,465,364 2,720 1,931,245 6,038

glelllenmm _________________ thousand pounds__ 118 2 131 68 1,145
icon:
Ferrosilicon ___________.______ short tons__ 12,416 7,449 10,548 6,035
Silicon carbide, crude and in grains _ __ _ __ o _ __ 10 6,174 11 7,062
ilver:
)y ates, waste, ing!
tf.ousand troy ounces__ 7,000 28,849 13,400 45,480
Bullion, refined . _________________ do____ 7,596 32,586 8,994 39,165
Tantalum:
Ore, metal, other forms ____ __ thousand pounds_ _ 7426 6,711 587 12,874
_______________________ do____ 219 7,982 234 9,380
Ineot-s. pigs, bars, etc.
________________ metric tons_ _ 540 2,998 545 5,176
Reexports_ __ ________________ o_ ___ 1,798 13,967 4,935 50,175
Tin scrap and other tin-bearing material
tant:xcept tinplatescrap _ __ _ _ ________ do____ 6,927 7,391 NA 9,328
gre a.nd( conl?:;;ne e et short tons_ _ 4,802 477 22,679 743
PO! inc] e titanium
nge scrap) o _____________ do____ 6,144 8,547 3,394 5,643
mill shapes and mill products, n.e.c.
do____ 1,065 15,039 1,050 14,254
Pigmentsandoxides_______________ do____ 20,580 16,229 16,336 12,628
1,729 11,189 1,283 11,400
887 1,903 NA NA
- __ 2 31
Ores and trates (UsOs 1,495,130 24,432 1,929,467 65,913
Metal _____________________ ,108 146 NA NA
Compounds _________________ 369,036 7,232 245,570 2,848
stable) and their NA 2,103 NA 4,627
Radioactive materials 31,474,488 25905 33,605,884 32,862
V. Speclal nuclear materials NA 426,423 NA 1,590
Ore and concentrate, pentoxide,
etc. (vanadium eontent) ___________ pounds_ _ 197,035 742 384,000 1,959
Ferrovanadmm __________________ do____ 2, 421 776 9,180 1,316,000 4,954
or blocks ____________ short tons_ _ 8,513 2,306 237 210
Shee pl'i;a , other formsn.é.c _ __ _ do. o 2,271 2,817 2,681 3,144
Waste, scrap, and ust (zinc content) _____ do_____ ,945 3,535 9,230 3,698
Semifabricated forms,nec___________ d —— 9,320 6,076 6,147 4,618
Zirconium:
Ore and concentrate _ _______ thousand pounds_ _ 18,856 2,784 28,727 2,242
ide . __ __ ___________________ do____ 5,325 6,104 3,704 3846
Metals, alloys, other forms _ __________ do____ 2,304 , 1, 36 828
NONMETALS
Abrasives:
Dust ‘ﬂlil‘(l polv.vder og gmious or sgmiprecious stones,

o thousand carats_ 14,155 35,450 17,272 42,714
Crushing bor 77 182 6 42
Industrial diamonds 639 3,677 376 1,854
Diamond grin 730 4,911 197 5,900
Other natural an: amﬁcml metallic

abrasivesand products ____ _____________ NA 68,979 NA 71,069

Asbestos:
Exports:
Unmanufactured ___________ short tons_ _ 46,317 12,640 37,390 11,701
Prortucm ___________________ o____ NA 60,276 NA 78,350
%nma.nufactured ______________ do____ 606 151 247 30
Products ___________________ do____ NA 296 NA 472

See footnotes at end of table.
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Table 9.—U.S. exports of principal minerals and products —Continued

1976 1977
Mineral Quantity Value o iV alue
NONMETALS —Continued
Barite:
Natural barium sulfate and carbonate _ short tons_ _ 41,063 $2,871 49,551 $3,426
Lithopone ____________ " " do____ 779 937 698
ron:

Boricacid _____________________ do____ 36,492 12,363 35,992 12,931
Sodium borates, refined _ ___________" do. 211,362 49,156 ,470 X
CCf:nent 466,055 26,601 ,906 23,740

ﬁolin or china clay 839 57,649 952 71,907
Fire 296 12,895 07 11,632
Other cl’;ys 1,351 1,409 1,302 71,251
Diatomite _ 149 16,932 152 18,876
Feldspar, leuci 12,289 352 12,404 394
Fluorspar ,923 764 6,642 975
Gem stones:
Diamo: 313 306,098 316 335,991
Pearls NA 581 NA 545
Other NA 30,896 NA 24,050
Graphite 12,236 ,388 13,783 2,662
Gypsum:
Crude, crushed or calcined _ _ thousand short tons__ 284 6,739 143 6,
ufactures,nec ______________ NA 25,855 NA 9,613
Heliom__________ " million cubic feet_ _ 174 ,790 168 10,561
ithium hydroxide _ _________ _ thousand pounds_ _ 534 674 730
Kyanite and allied minerals _________ short tons_ _ 63,329 4,942 38,832 3,417
Lime ______________“"""""""" """ do____ 55,852 2,981 82,954 ,185
esium compounds: 1
esite, dead-burned __ ___________ do____ 71,373 13,466 76,489 16,477
LM, ey cmde, s T i e lumpor,, 1
: do____ 10,121 5,422 12,040 6,336
Mica sheet, waste and scrap, and ground_ _ _ _ pounds_ _ 14,449,150 3,477 18,202,383 38,557
Mica, manufactured _____________ """ do____ 2,481,151 3,776 1,012,977 3,267
Mineral-earth pigments, iron oxide, natural
and manufactured ___ ___________ short tons_ 11,867 11,387 15,529 16,815
Nitrogen compounds (major) _ _ _ thousand short tons_ _ 4,714 449,147 5,103 537,739
Phosphaterock __________ thousand metric tons_ _ ,994 327,410 14,014 362,223
Phosphatic fertilizers:
Superphosphates _________________ do____ 1,210 110,835 1,181 110,534
Ammonium phosphates _____________ do____ 2,182 9,855 2,581 335,
Elemental phosphorus_ _ _________ short tons_ _ ,038 30,387 17,954 20,722
Mixed chemical fertilizers _ thousand metric tons_ _ 219 30,284 177 26,908
Pigments and compounds (lead and zinc):
Lead oxides:
2,620 1,661 NA NA
345 438 NA NA
Pigmentgrade . _ ______________ do____ 4,261 2,587
. 6,771 3,634
Othergrade _________________ do____ 5717 524
Zinc compounds__ ___________ """~ do____ 779 937 435 698
Potash:
Fertilizer___________________ do____ 1,669,691 91,887 1,650,200 90,186
Chemical___________"/""""""""" do____ 60,025 19,422 40,013 18,805
Pu.ltx:ice and pumicite _____________ """ do____ 1,011 271 1,797 516
Crude and refined _______ thousand short tons_ _ 1,007 10,326 1,008 10,881
Shi; ts to ig territories ___ do____ 18 2,230 17 2,205
Sand and gravel:
Sand:
559 1,337 632 1,610
2,553 17,080 2,457 18,707
579 1,099 600 1,198
57 3,636 43 2,801
---------------- do____ 645 47,004 759 52,943
Stone:
el Y BT S Y
imest; d,broken _____ — 5 . ,235 1
Marble and other building and monumental do_ — - NA 2,596 NA 3,476
tone, crushed, ofround, broken ________ do____ 866 7,073 694 6,048
S Manufactures of stone - _____________ do____ NA 2,273 NA 2,242
Crude. ______________ thousand long tons_ _ 1,183 60,226 1,059 47,599
Crushed, ground, flowersof ___________ do_ ___ 3,358 12 4,512
Tale, crudeandground ____________ short tons_ _ 212,344 9,034 322,000 9,166
Total ____________________________ XX 8,484,889 XX 9,171,199

"Revised. NA Not availabl XX Not applicabl
1Adjusted by the Bureau of Mines,
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Table 10.—U.S. imports for consumption of principal minerals and products

1976 1977

Mineral : Value . Value
Quantity (thousands) 9928 (thousands)

575,350 $439,570 670,200 $631,601
85,714 46,166 89,895 63,168
87,560 96,312 75,459 103,736
3,624,367 404,478 4,145,000 512413
Antimony:
Ore (antxmony content) © 10,023 16,911 3,438 6,832
Needle or liquated - _ - —— - ————— 41 129 259 580
Metal . _ - 2,083 4,986 1,722 4,536
Oxide — — — e 11,611 17,029 9,641 15,150
Arsenic:
White (AMO; content) - 4,262 1,528 5,981 1,962
Metallic _ . ————— do. 288 1,735 357 1,381
Bauxite, crude. ___________ 12,548 NA 12,784 NA
Berylliumore __ __ - ————_-——- short to! 1,058 380 746 298
Blsmuth metal and alloys, gross weight ____ pounds__ 2,328,051 14,154 2,013,333 10,238
_____________________ 3411 14,511 2,570 11,680
Flue dust (cadmium content) 246 536 14 4
cium:
Metal __ e po 461,965 475 458,319 706
Chloride - 16,046 480 19,708 1,002
Cesium compounds_ _ _ - ———— ds_ 3,621 147 7,865 329
Chromite: .
Ore and rates
533 - 70,075 538 68,697
Ferrock (Crz0s € 8 150 124,819 134 100,528
Metal e 2 9,142 2 10,893
Cobalt:

Metal ___ 15,129 66,299 16,833 - 91,381
Oxide (grouwelght) 138 513 506 346
Salts and compounds (gross weigh 285 365 246 381

gzlumbzum ore__ - _) _______ 3,968 5,567 3,364 6,771
pper (copper content)
8:e g ooncentra 35,197 49,861 18,007 21,423
X ,878 3,257 12,153
19,388 22,144 9,063 11,843
381,343 ,279 ,865 471,666
19,735 19,231 19,856 20,741
798,524 40,550 107,387 46,541
4,! 2,326 2,884 1
7,646 1,022 5,904 1,059
166,312 9,444 35,319
2,489,679 311,011 4,214,656 638,707
, 3,322 41
_____ 290 1,808 291 2,254
Ironore_ - e thousand long tons_ 44,390 980,348 37,905 956,584
Iron and steel:
fron_ e short tons_ _ T414,663 51,142 372,767 44,916
Iron and steel products (major):
Tronproducts_ _ — —— ———————————— do_.__ 44,877 32,002 55,758 35,895
Steel products — — — - ————_—— do_ - 14,563,278 4,372,464 19,619,662 5,695,171
Scrai _______________ thousand short tons_ _ 496 34,524 601 39,723
IM'{‘.‘inp te e — do___ - 12 596 13 ;T8
Ore, flue dust, matte (lead content) _ __ short tons__ 88,988 29,492 97,862 39,812
Base bullion (lead content) _ _ do_ 2,334 955 8,068 4,244
Pigs and bars (lead content)_ _ - 141,980 60,245 253,608 149,419
Reclaimed scrap, etc. (lead content) 2,644 1,022 3,884 1,935
Sheet, pxpe, ghot _ d 294 495 980 1,516

etalhc and 8CrAP — ———— —m————————— 13,066 19,020 5,599 6,684
Alloys (magnesium content) __ - ———— 1,820 3,604 299 1,073
Sheets, tubing, ribbons, wire, other

forms (magnesmm content) _ —_____—— 21 38 66 219

Manganese:
Ore (35% or more contained manganese)_ ——do____ 649,245 73,627 454,228 56,357
F do_ 417,433 164,698 416,081 155,662
7,082 \ % ,24:
35,536 90 21,961 100
44,415 4,325 28,750 3,263
2,092,623 4,850 2,106,501 5,361
297,554 1}183 2,107,988 1,468
136,108 844 143,458 1,536
679,289 690 491,484 573

See footnotes at end of table.
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Table 10.—U.S. imports for consumption of principal minerals and products —Continued

1976 1977
Mineral P Value P Value
(th ds) (thousands)
METALS —Continued
Nickel: )
Ore 6,706 $272
mgars ts, shot, cathodes d . 111,256 456,398 103,269 451,582
Plates, 3,223 20,348 , 33
SI 33,280 98,178 24,762 78,039
Scra 2,359 ,827 3,175 6,
Pow 10,181 45,267 13,760 67,708
F erromckel 55,721 72,161 80,436 95,275
5,932 21 948 4, 914 17,477
Platmum-group metals:
nwrought:
596 88 6, 1,118
,048 139,378 771,843 125,328
146,773 20,080 7,865 .18,463
18 179 5,045 8,288
. 48,535 1,102,607 59,683
18 342 79,290 31,
75,673 580 53,741 4,639
. 32,195 126,921 16,076
95,653 15,623 44,405 7,495
128,951 ,325 49,070 2,719
1,864 82
Other platinum-group metals _ _ _ _ _ _ _ do____ 14,142 1,963 19,062 2,391
Radium: Radioactive substitutes _ _ _____________ NA ,200 A 15,869
Rare-earth metals:
Ferrocerium, other cerium alloys _ __ _ short tons__ 167 23 262
onazite . _ __ __ _______________ o____ 2,103 431 5,480 900
Metal i dium and yttrium_ _ pounds__ 7 9 91 12
Metal, includingscrap . __ _________ do____ R 148 56
onium perrhenate _____________ do____ . 4,047 1,407 6,411 1,620
Sel and i pounds _ _______ do____ 811,257 12,118 1 9,
Silicon:
Metal (over 96% silicon content) _ _ _ _ _ short tons_ _ 9,630 11,708 26,806 26,158
i Ferrosilicon (silicon content) _ __ _______ do____ 63,681 39,648 75,254 44,371
16,716 70,206 7,071 30,460
,187 ,032 69,450 315,343
4,454 18,823 2,626 10,150
2,557 15,025 024 8,941
203,534 1,745 171,291 3,158
1 25 2
Ore (tincontent) _____________ metric tons_ _ 5,733 38,529 6,724 60,840
Blocks, pigs, grains,etc _____________ do____ - 45,055 325,453 47,774 459, 544
Dross, skimmings, scrap, residue,
2,666 3,550 813 1,816
NA 8,148 NA 3,733
NA 7,391 A 9,328
176 1,195 170 1,448
431,718 18,715 568,307 21,717
281,712 54,849 123,800 24,
3,638 9,752 6,881 15,551
Ferrotntamum and ferrosilicon titanium ___ do____ 899 ,438 1,136 1,
ds and mixtures_ ___________ do____ 70,398 53,806 117, (ﬂ8 87,728
Tu.lgan (tungsten content):
and concentrate _ _______ thousand pounds__ 5,301 28,320 6,919 55,927
_________________ do____ 170 694 315 2,510
____________________ do____ 1,898 11,104 2473 14,255
n and ferrosilicon tungsten ___ do____ 844 5,451 505 4,565
and other uramum-beanng and
808 — do_ - 11,074,298 203,926 7,717,679 88,150
___________ 33,876,908 441,603 23,531,191 413,028
thousand pounds_ NA NA 70 284
lsotopes (stable) and their compounds _ _ _ _______ NA 1,067 NA 1,121
Radio isotopes, elements, etc _ _ _ _thousand curies_ _ 60,302,966 12,200 71,695,692 12, 92
Vanadium (oontent)'
Ferrovanadium__ _________ thousand pounds_ _ 518 2,448 673 3,438
Vanadmm-bearmg materials (vanadium pentoxide
content) _ _ _ _ __ _______________ do____ 10,702 1,721 10,057 8,269

See footnotes at end of table.
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Table 10.—U.S. imports for consumption of priﬁcipal minerals ami products —Continued

1976 1977
Mineral . Value ’ . Value
Quantity (thousands) U8Rty (thougands)
METALS —Continued
Zinc:
Ore (zinccontent) _____________ short tons_ _ 155,803 $50,553 120,457 $37,897
Blocks, pigs,slabs_ _ __ __ ___________ do____ 695,131 482,265 555,147 859,134
Sheets,etc . ___________________ do____ 209 329 205 211
Fume (zmc content) __ _____________ do____ 6,927 2,558 257 516
Wasteandscrap ——____________________ 1,803 516 10,128 2,175
Old, dross,skimmings _ _____________ do____ 12,445 4,884 12,940 5,204
Dust, l‘l¥owtler, flakes _ _ _____________ do____ ) 5,134 7,388 6,277
Manufactures ___ __ ___________________ 96 NA 262
Zirconium:
Ore, including zirconiumsand _ _ _ ___ short tons_ _ 64,643 13,733 65,204 11,401
Metal scrap, and compounds_ __ _ ______ do____ 914 ,153 1,380 10,269
NONMETALS
Abrasives
Dmmonds (industrial) __ ______ thousand carats_ _ 717,047 61,102 22,640 79,122
Other abrasives __ _______ ______________ NA 96,130 NA 113,168
_____________________ short tons_ _ 657,851 142,145 607,022 145,146
ite: :
Crude andground __ _____ thousand short tons__ 918 17,829 974 18,176
Witherite _ _ ________________ short tons_ _ 284 61 518 103
Chemicals _ _ ___________________ do____ 16,913 5,095 24,871 7,362
ron:
i 15 240 111 695
56 14 14,132 5,596
80,247 1,953 51,087 3,695
,1 67,085 ,038 94,005
34,359 1,207 31,212 1,335
4,309 607 4,787 582
11,325 4,329 11,776 4,279
93 17,614 __ __
. = 242 8,115
895,254 56,580 971,355 ,298
75,551 1,011,839 6,411 1,444,537
1,165 55,286 1,563 64,375
NA 112,241 NA 129,192
79,098 6,753 817,556 8,058
6,253 18,285 7,078 22,139
NA 3,471 NA 9, 259
6,482 13,824 6,940 13,881
110 12 53
48,461 1,814 A 1,878
316,442 ,816 370,012 11,192
Ore 68 1 —— .
Compounds ____________________ do____ 48 621 23 419
Mage“zmm compounds:
e magnesite __ _ ______________ do____ 20 2 249 11
Lump, grou.nd caustic-calcined
____________________ 8,194 808 5,788 566
mz:lgnesm, dead-burned, fused
magneslte ead-burned dolomite 88,035 14,518 75,624 12,995
Compounds ____________________ 217,039 2,267 41,878 3,086
Uncut sheet and punch ______ 1,654 941 2,179 988
)« J S, 74,213 205 2,348 112
Manufactures - __ ________________ 3,328 3,193 8,267 3,373
Mineral-earth ts, iron oxide pi;
Ocher, crude and refined _________ 53 11 44 13
Siennas, crude and refined _ 624 122 620 171
Umber, crude and refined _ _ 6,908 561 6,957 591
Vandykebrown__ ____ ___ _________ 739 147 1,052 194
Other natural and refined ___________ 1,231 190 1,102 226
Synthetic____ __________________ 40,547 15,523 48918 19,402
Nepheline syenite:
Crude_ _______________________ 2,112 38 860 17
Ground, crushed,etc_______________ 499,135 8,785 501,696 9,118
Nitrogen compounds (major), i
3,467 296,814 4,738 447,050

See footnotes at end of table.
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Table 10.—U.S. imports for consumption of principal minerals and products —Continued

1976 1977
Mineral : Value . Value
Quantity (thousands) Quantity (thousands)
NONMETALS —Continued
Peat:
Fertilizergrade - _ _ ____________ short tons_ _ 332,433 $28,939 324,058 $30,310
Poultry and stablegrade __ __________ do____ 5,618 553 6,252 612
Phosphate,crude — _ _____________ metric tons__ 42 2,209 158 6,079
Phosphatic materials:
Fertilizer and fertilizer materials
thousand metric tons_ _ 43 6,631 54 5,095
Ammonium Khosphstes used as fertilizers__ do____ 317 44,250 338 39,331
Elemental phosphorous _ _ _ __ ___ _____ d 1 1,604 ® 1,461
_ Other phosphatic materials_ . ________ 4 1,032 6 1,133
nts and salts: R
Lead p ts and d 17,836 9,462 22,316 14,724
Zinc pigments and compounds _ ________ do. 27,969 15,557 30,154 17,332
Potash _________________________ 7,595,246 360,756 8,405,338 392,235
Crude or unmanufactured ___________ 3,344 148 6,291 205
Wholly or partly manufactured ) 78,057 350 247,172 993
factures,ns.pf ____________________ NA 70 NA 133
crystal (Brazilian pebble)_ __ _ __ ___ pounds_ _ 1,148,801 368 1,333,863 780
__________________ thousand short tons__ 4,352 23,476 4,529 26,694
Sand and gravel: -
Glasssand _ ___ _________________ do____ 61 489 35 333
Othersandandgravel ___ ___________ do____ 292 431 351 392
Sodmm compounds
carbonate and bicarbonate _ _ _ ___ do____ 2 155 5 594
Sodiumsulfate __________ - _______ do____ 316 16,111 223 11,230
Stoneand whiting _______________________ NA 46,211 NA 48,581
Strontium:
Mineral _____ ______________ short tons_ _ 35,711 1,486 42,986 1,915
Compounds _ ___________________ do____ 5,375 2,385 1,759 1,021
Sulfur and compounds, sulfur ore and other forms, n.es.
thousand long tons.. 1,727 59,494 1,977 65,154
Talc, unmanufactured - _ _ _ _________ short tons__ 20,071 1,861 22,090 2,094
Total _ _ _ . XX 14,109,153 XX 16,744,111
"Revised. NA Not availabl XX Not applicabl

Includes titanium slag averaging about 70% TiOa, for detail see Titanium chapter.
2Less than 1/2 unit.
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Abrasive Materials

By W. Timothy Adams*

The production of natural abrasives var-
ied in quantity and value compared with
1976. Output of tripoli-type materials was
approximately the same in both quantity
and value. Special silica stone products
decreased in quantity and increased in val-

ue. Garnet production decreased both in
quantity and value. The production of em-
ery increased and the production and value
of manufactured abrasive material was
approximately the same.

Table 1.—Salient abrasives statistics in the United States

Kind 1973 1974 1975 1976 1977
Natural abrasives (domestic) sold or used
by producers:
Tripoli(crude) _ _ _________ short tons_ _ 101,519 85,121 80,562 124,281 125,661
Value___________ thousands_ _ $929 $623 $565 $776 $777
Special silica stone products? _ _ short tons_ _ 3,466 3,134 2,953 2,696 2,200
Value thousands_ _ $667 $717 $1,061 $1,404 $3,236
Garnet __ ____ —— short tons_ _ 22,77 ,684 17,204 24,565 20,022
Value__ ousands_ _ $2,380 $2,551 $1,690 €$2,740 €$2,234
Emery_______ _ short tons_ _ 2,884 2,520 3,487 w w
Value 0 - w w w w
Artificial abrasives® _ ____, ______ short tons_ _ 3645,813 3730,405 3528,307 3620,328 640,723
Value ________________ thousands_ _  3$108,808 3$175,678  33141,580 $176,064 $186,654
Foreign trade (natural and artificial abrasives):
Exports (value) __ ________ do__ $82,969 $115,508 $102,849 $113,199 $121,579
Reexports (value) _ _____ ___ do_ _ $29,413 $29,829 $28,362 $29,285 $35,363
Imports for consumption (value) do_ _ $136,655 $142,974 $121,863 $157,740 $192,870

®Estimate. Revised. W Withheld to avoid disclosing company proprietary data.

1

Includes grinding

tube-mill liners, and whetstones.

2Production of silicon carbide and aluminum oxide (the United States and Canada); shipments of metallic abrasives

(the United States).
3Includes production of alumi gir

oride (the United States and Canada).

FOREIGN TRADE

Imports of abrasive materials were 23%
more in value than in 1976, and exports
plus reexports increased in value 10%. Net
imports, the excess of imports over exports
and reexports, were $35.3 million. The vol-
ume and value of all abrasive materials ex-
ported varied.

Industrial diamond imports totaled 22.6
million carats of loose material valued at
$79.7 million, an increase of 33% in quan-
tity and 29% in value from those of 1976.
The exports of industrial diamond, loose,
were 17.7 million carats, an increase of
19%, and the value was $44.6 million, an
increase of 13%. Reexports of industrial

diamond, loose, were 8.9 million carats, an
increase of 26%, and the value was $35.0
million, an increase of 21%. The diamond
content in diamond wheels, exported and
reexported, was 830,166 carats, an increase
of 11%, and the declared value was $6.1
million for an increase of 22% in value. The
imports of diamond wheels are listed by
number and value; the value in 1977 in-
creased to $1,882,000 from $1,302,000 in
1976.

The 1977 imports of industrial diamond
from Ireland were 7.6 million carats valued
at $17.7 million, for an increase of 29% in
quantity and 27% in value over those of
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1976. The share of imports from Ireland was  million carats valued at $12.9 million and
849 of the total quantity and 22% of the natural diamond was 8.6 million carats
value. Of the industrial imported bort, pow- valued at $18.4 million.

der, and dust, synthetic diamond was 6.4

Table 2.—U.S. exports of abrasive materials, by kind

(Thousands)
1976 1977
Kind n
Quantity Value Quantity Value
NATURAL ABRASIVES
Dust and powder of natural and synthetic precious or semi-
precious stores, including di d dust and powder _ __ carats_ _ 14,155  $35,450 17,272 $42,714
Crushing bort, except dust and powder _ _ _ - ———————— do__ 77 182 6 42
Industrial diamond_ _ _ _ - do__ 639 3,677 3176 1,854
Emery, natural corundum, other natural abrasives,
DL — o e — e m e —— = pounds_ _ 33,619 6,189 38,803 8,147
MANUFACTURED ABRASIVES .
Artificial corundum (fused alumi oxide) — - ———— do__ 43,682 14,820 39,361 13,226
Silicon carbide, crudeoringrains _ _ _ -~ ———— do_ _ 20,212 6,174 22,441 7,062
Carbide abrasives,n.e.¢ - — ——— - —————————————————— do_._ 1,919 5,331 2,074 4,513
Grinding and polishi heels and stones:
Diamond — — — —— — -~ e —— carats_ _ 730 4,911 797 5,900
Pulpstones_ _ - —————————— === pounds_ _ 1,109 657 1,545 966
Polishing stones, whetstones, oilstones,
hones, similarstone _ _ _ - ————————— = do_ _ 739 1,222 660 1,303
Wheels and stones, n.e.¢ — - —— — ————————————————— do__ 5,027 13,759 5268. 14,526
Abrasive paper and cloth, coated with natural or artificial
abrasivematerials _ _ _— _ — - ———— reams_ _ 436 17,051 536 17,017
Coated abrasives,n.e.c —— - — - - ————————————————— === NA 3,176 NA 4,309
Total — - o — = XX 113,199 XX 121,579
NA Not available. XX Not applicable.
Table 3.—U. S. reexports of abrasive materials, by kind
(Thousands)
1976 1977
Kind - -
Quantity Value Quantity Value
NATURAL ABRASIVES
Dust and powder of natural and synthetic precious or semi-
precious stones, including di d dust and powder _ _ _carats__ 302 $744 464 $1,372
Crushing bort, except dust and powder _ _ _ — _do____ 356 2,108 320 1,758

Industrial diamond_ _ _ _ - ———— —do_——— 2,438 26,027 3,132 31,839

Emery, natural corundum, other natural abr:

NecC ———ceme— == 2 6 - -
MANUFACTURED ABRASIVES
Artificial corundum (fused alumi oxide) _ __do____ 129 38 - -
Silicon carbide, crude or in grains _ _do____ () 2 __ __
Carbide abrasives,n.e.c - - — - - ———— - ———————— _do____ 1 90 5 34
Grinding and polishing wheels and stones:
Diamond - — — — — - —— e ——— 19 122 33 235
Wheels and stones, n.e.c_ _ — — — —— ———————— 30 51 16 60
Abrasive paper and cloth, coated with natural or art
abrasive materi 1 47 ™ 5
Coated abrasives,n.e.C — - ——— ——————————-~ NA 50 NA 60
Total - e — e ————————— XX 29,285 XX 35,363

NA Not available. XX Not applicable.
1] ess than 1/2 unit.
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Table 4.—U. S. imports for consumption of abrasive materials
(natural and artificial), by kind

Fine-grained, porous, silica materials are
grouped together because they have similar
properties and end uses. Production of
crude tripoli (table 1) increased 1% in
quantity and had the same value. Processed
tripoli sold or used (table 5) increased 2% in
quantity and 14% in value. The uses for
processed tripoli in 1977 were 61% for
abrasives and 37% for fillers compared with
60% and 35%, respectively, in 1976.

Tripoli producers in 1975 were Malvern
Minerals Co., Garland County, Ark., which
produced crude and finished material; Mid-
western Minerals Corp., Ottawa County,
Okla., which produced crude and finished

material; and American Tripoli Co., Div. of

(Thousands)
197
Kind 6 1977
Quantity Value Quantity Value
Corundum,crude _ _ _ _ ___________________ short tons_ _ $230 2 $241
+ Emery, flint, rottenstone, tripoli, .
crudeorcrushed _________________________ 5 379 9 363
Silicon carbide, crude _ _____ 89 21,191 93 25,339
Aluminum onde, erude _ ____ __ __________.____ 174 37,628 180 42,740
Other crude artificial abrasives 1 198 3 112
Abrasives, ground pulvenzed or refined:
Rottenstoneand tripoi _ __ _________________ do____ ® 1 o ()
Siliconcarbide _________________________ do____ 1 1,356 3 2,731
Aluminumoxide _ __ _____________________ do____ 5 2,059 3 1,889
Emety, eorundum, flint, garnet, other, including
P, artlﬁl il th t_e;l;l_s_il_ﬁy-_‘p;;tl— ________ do____ 1 162 3 1,752
apers, cloths, of er mal wholly or ly
coated with natural or artificial abrasives _______________ @ 24,492 (§) 21,952
Hones, hetst: stones _______ number_ _ 207 1 203 182
e wheels and millst, ’
Burrstones manufactured or bound up into
millstones ________________________ short tons_ _ . — - Q] 2
Solid natuml stonewheels _ __ ______________ number_ _ 10 18 8 32
_____________________________ do____ 41 1,302 55 1,882
Abraswe wheels bonded withresins_ ____________ do____ 3,270 1 3,556
Other _ __ __ ___ _ _ _ _ (&) 2,255 (@) 2,729
Articles not especmlly provided for:
Emeryorgarnet _ ____ __________________ () 25 () 36
Natural corundum or artificial abrasive materials _ _ _ @ 418 A 345
Other _ __ _ __ __ o __ ® 352 Q] 685
Diamond: .
Diamonddies _ _ _ ___ ___________.________ number_ _ 12 508 16 580
ingbort _ _ __ _ _ __ __ ________________ carats_ _ 186 402 260 592
Other industrial diamond _ . _ ________________ do____ 4,484 31,344 6,263 40,822
Miners’diamond _ _ _ __ ___________________ do____ 1,119 5,591 1,342 6,986
Dustandpowder _ __ _ _ __ _________________ do____ 11,258 23,765 14,775 30, 722
Total _ _ __ o ___ XX 157,740 XX 192,870
TRevised. XX Not apphcable
1Less than 1/2 unit.
2Quantity not reported.
TRIPOLI

The Carborundum Co., which produced
crude in Ottawa County, Okla., and finish-
ed material in Newton County, Mo. Illinois
Minerals Co. and Tammsco, Inc., both in
Alexander County, Ill, produced amor-
phous silica. Keystone Filler and Mfg. Co.,
in Northumberland County, Pa., mined and
processed rottenstone.

Prices quoted in Engineering and Mining
Journal, December 1977, for tripoli and
amorphous silica were as follows:

Tripoli, paper bags, carload lots, f.0.b., in
e Bies
ite, Elco, INL: Air floated through

200mesh ___________________ 2.30
Rose and cream, Seneca, Mo. and

Rogers, Ark.:

Onceground ___ ______________ 2.90

Doubleground _ _ ______________ 2.90

Airfloat _________________ —— 3.15
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Table 5.—Processed tripoli? sold or used by producers
in the United States, by use?

Use 1973 1974 1975 1976 1977
55,420 50615 38815 68874 170,631
$2,233 $2:951  S1518  $2525  $2,805
32,407 33361 27630 40247 42,599

1,158 §1346  $1.205  $Lsll  $2.212
2,105 2025 1739 5,000 7689
$62 $66 360 $175 $119
89,932 86,000 68184 114121 115919
$3,453 665  $2.783  $4511  $5136

1ncludes amorphous silica and Pennsylvania rottenstone.
2Partly estimated.

3Data may not add to totals shown b of ind dent

1

r

SPECIAL SILICATE STONE PRODUCTS

Special silica stone products produced in
1977 included oilstones from Arkansas,
whetstones from Arkansas and Indiana,
grindstones from Ohio, grinding pebbles
and deburring media from Minnesota and
Wisconsin, and tube-mill liners from Minne-
sota.

Producers of oilstones and whetstones in
Garland County, Ark., were John O.
Glassford; Hiram A. Smith, Inc.; Arkansas
Abrasives, Inc.; and Norton Pike Division of
Norton Co. Whetstones were produced by
Milroy and Smith in Hot Springs County,
Ark., and by K & K Mines, Inc, in Pike
County, Ark. Hindostan Whetstone Co. op-
erated a plant in Lawrence County, Ind., to
finish stone obtained from a quarry in
Orange County, Ind. Cleveland Quarries Co.
produced grindstones at its Amherst quar-

ry, Lorrain County, Ohio. Jasper Stone Co.
produced grinding media, rough and round-
ed, from its quarry in Rock County, Minn.,
and Baraboo Quartzite Co., Inc. produced
deburring media at its quarry in Sauk
County, Wis.

Table 6.—Special silica stone products
sold or used in the United States*

Quantity Value
Year (short (thou-
tons) sands)
3,466 $667
3,134 717
2,953 1,061
2,696 1,404
2,200 ,236
Includes grinding pebbles, grindst: ilst tube-

mill liners, and whetstones.

NATURAL SILICATE ABRASIVES

Garnet.—Sales of domestic garnet
decreased 18% in quantity and value in
1977. Three producers were active in 19756—
—two in Idaho and one in New York.
Barton Mines Corp., Warren County, N.Y.,
sold garnet for use in coated abrasives, glass
grinding and polishing, and metal lapping.
Emerald Creek Garnet Milling Co. and
Idaho Garnet Abrasive Co., both in Bene-
wah County, Idaho, reported their garnet
was used in sandblasting, water filtration,
as a filler in rubber products, and as an
additive in decoration.

The Peampaludo rutile deposit, situated
in the Liguria region around Genoa, Italy
also contains approximately 30% garnet.
Early testing work suggests that a grade of
garnet suitable for sandblasting can be
recovered by magnetic separation at an
early stage in the recovery process.?

The use of garnet in tire treads has been
approved by the States of Oregon, Washing-
ton, Minnesota, and Michigan. One pound
of garnet is added to 10 pounds of rubber
tread compound used on winter tires for
trucks and automobiles. Patents are held by
the Garnetread Co. a Portland, Oreg. based
firm. Approximately 100 tons of Idaho gar-
net was used in 1976-77.3

Table 7.—Abrasive garnet sold or used by
producers in the United States

Quantity Value
Year (short (thou-
tons) sands)

22,712 $2,380

24,684 2,551

17,204 1,690

24,565 €2,740

20,022 €2,234
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NATURAL ALUMINA ABRASIVES

Corundum.—No domestic corundum was
produced in 1977. Requirements for domes-
tic consumption were met by imports main-
ly from the Republic of South Africa. A
small quantity of corundum was imported
from India. Total imports were 2,160 tons at
a declared value of $240,683.

Prices quoted in Engineering and Mining
Journal, December 1977, for crystal corun-
dum, per short ton of crude, c.i.f. U.S. ports,
were $150 to $160.

Emery.—Two producers of emery were
active in 1977: De Luca Emery Mine, Inc.
and Emeri Crete, Inc., both near Peekskill
in Westchester County, N.Y. Domestic em-
ery was used mostly in aggregates as a

nonslip additive for floors, pavements, and
stair treads. The minor use for domestic
emery was in abrasive materials for coated
abrasives and tumbling or deburring media.
World production data for emery are
principally for Greece and Turkey. In 1976,
production of emery in Greece was estimat-
ed to be 7,165 tons. Production of emery in
Turkey in 1976 was reported as 71,500 tons.
No value was placed on the production in
either country. )
Prices quoted in Industrial Minerals, No.
123, December 1977, for emery, per metric
ton, cif. main European port, were as
follows, in dollars: Coarse grain, $135 to
$144; medium and fine grain, $144 to $162.

Table 8.—Natural corundum: World production, by country

(Short tons)
Country® 1975 1976 19777
India — 343 582 €590
South Africa, Republicof _ _ _ _ __ __ _ ___________________________ 266 157 152
USSR® o 8,300 8,300 8,800
Ureguay _ . 460 420 €420
Total_ _ _ _ _ o ____ 9,369 9,459 9,962
®Estimate. PPreliminary. "Revised.

In addition to the countries listed, Southern Rhodesia presumably continued to produce natural corundum at a
significant level (several thousand tons annually), and both Argentina and Kenya may have produced minor quantities of
this commodity, but output is not reported and available information is inadequate for the formulation of reliable

estimates of output levels.

INDUSTRIAL DIAMOND

Domestic production of synthetic indus-
trial diamond in 1977 was estimated to be
80.8 million carats, an increase of 5.5 mil-
lion carats over that of 1976. Secondary
production, comprising salvage from used
diamond tools and from wet and dry
diamond-containing wastes, was estimated
to be 2.7 million carats from a consumption
canvass by the Department of Commerce.

The Government stockpile inventory as of
December 31, 1977, was 28.4 million carats
of crushing bort and 20.0 million carats of
stones. The objective for crushing bort was
15.0 million carats and 5.6 million carats of
stones. Excesses are 13.4 million carats and
14.4 million carats, respectively. Available
for disposal from prior enabling legislation
were 4.7 million carats of bort. The invento-
ry of small diamond dies was 25,478 of
which the objective was 0 and 25,473 was
excess.

State officials in Colorado have confirmed
the discovery of diamond in a north-to-south
belt straddling the Colorado-Wyoming bor-
der extending southward to Fort Collins
and to areas west of Boulder. All diamonds
found so far are very small which limits
them to industrial use. The value of the
deposit cannot be estimated until a 13-cubic-
yard sample of diamond-bearing ore is
mined and assayed.*

The United States is the largest consumer
of industrial diamond stones and is totally
dependent on foreign sources. At this time
supplies from Angola are disrupted. Sup-
plies from the Territory of South-West Afri-
ca, Zaire, and other areas also are in poten-
tial danger of disruption. Qutput of indus-
trial stones is largely dependent on the
output of gem diamond, which is limited by
economic and other factors not directly
related to the diamond for industrial stones.
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World reserves are not expected to be suffi-
cient to meet world demand for industrial
stones through the year 2000.

Exports and reexports of industrial dia-
mond dust and powder, which included
synthetics, were 17.7 million carats valued
at $44.1 million. Crushing bort, except dust
and powder, exports and reexports were
325,239 carats valued at $1.8 million. Ex-
ports and reexports of stones were 3.5 mil-
lion carats valued at $33.7 million. The total
of exports and reexports of dust and powder,
bort, and stones was 21.6 million carats
valued at $79.6 million.

Table 9.—U.S. imports for consumption
of industrial diamond
(excluding diamond dies)

(Thousand carats and thousand dollars)

. Year Quantity Value
1976 o ___ 14,291 53,383
1976 _ o ____ 17,047 61,102
1977 o ___ 2,640 79,122

WORLD REVIEW

Central African Empire.—Data recently
released by the Director-General of Mines
and Geology indicate that diamond output
. continued to decrease. Total diamond pro-
duction was 286,000 carats in 1976 and
barely half of the 524,000 carats mined as
recently as 1972. Part of the decline in
diamonds mined is due to legal difficulties
between the leading alluvial diamond

mining company, Société Centrafricaine.

d’Exploitation Diamantifere (SCED) and
the Government. Operations relating .to
SCED status under the investment-and tax
code led to a temporary suspension of min-
ing in 1976.

Sierra Leone.—The difficulties exper-
ienced by the diamond mining industry in
197576 with 732,000 and 481,000 carats
produced, respectively, were expected to
continue to 1977 with an anticipated pro-
duction of 450,000 carats. Small producers
in the alluvial diamond mining scheme are
reputed to have fared better in 1976.
Smuggling to Liberia declined due to the
Government cutting the export duty on
larger stones from 71% to 21%, thus mak-
ing smuggling to Liberia uneconomic.®

South Africa, Republic of.—DeBeers
Consolidated Mines Dutoilspan and Bult-
fontein mines, which contributed over
369,000 carats to the total 1976 Kimberly
output of over 1 million carats, have been

MINERALS YEARBOOK, 1977

closed by flooding. Workers - have been
transferred to the DeBeers and Wisselton
mines in the Kimberly division. The .com-
pany did not estimate how long it would
take to revive production from the affected
mines, but divisional production of stones is
expected to be maintained.’

U.S.S.R.—According to the Belgian trade
magazine Diamant, Russalmaz NV of
Antwerp, described as the most important
Soviet sales office for cut diamonds in Eu-
rope, is setting up a new department to
purchase industrial diamonds on the
Antwerp market. These stones are destined
exclusively for the Soviet diamond industry. -
The goods in question are presumably tool
and die stones and, if confirmed, would
appear to indicate a demand in excess of
supply from the Yakut mines and also that
manufactured polycrystalline diamond tool
elements cannot meet technological re-
quirement in certain demanding require-
ments.®

Zaire.—Société Miniere de BaKwanga
(MIBA) is Zaire’s principal producer of in-
dustrial diamond. The average export value
of MIBA production has been between $3 to
$4 per carat. MIBA is suffering from many
of the same supply problems of other Zair-
ian firms: Shortages of fuel, food, and spare
parts. It also has suffered a cash squeeze
that has prevented it from making normal
investments to maintain and upgrade capi-
tal equipment. As a result, MIBA pro-
duction and exports are approximately 15%
below its export quota of 13.5 million
carats.?

TECHNOLOGY

Tighter machining tolerances than ever
are needed for a wide variety of parts. These
include mirrors with complex shapes, com-
puter memory discs, ordnance parts, gra-
vure printing rolls, hydraulic pumps, and
plastic lenses. For such parts, the single
crystal diamond can give contour tolerances
to 10 microinches per inch and surface
finishes down to 1 or 2 microinches. Dia-
mond machining to those tolerances gives
an optical surface in a fraction of the time
of conventional lapping and grinding tech-
niques. The single crystal diamond, used in
an ultraprecise machine tool is the quickest
way to cut nonferrous metals to tight toler- .
ances. The special machines required for
diamond turning are made by two compa-
nies: Moore Special Tool Co., Inc., Bridge-
port, Conn., and Pneumo Precision Inc.,
Keene, N.H.1°
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Table 11.—Diamond (natural): World production, by coun‘t.ryl

(Thousand carats)
1975 1976 1977°
Count;
id Gem Indu  pogl  Gem [N pora  Gem IMUS gy
Africa:
Angola ___________ 743 248 r991 255 85 340 265 88 353
Botswana _________ r359  r2,038 2,397 358 2,026 2,384 404 2,287 2,691
Centtal African Empire _ 220 119 339 172 114 286 182 119 301
___________ 233 2,095 2,328 228 2,055 2,283 230 2,070 €2,300
Gumea' __________ 25 55 80 25 55 80 25 55 80
IvoryCoast _ _ _ __ ____ 84 125 209 24 36 60 26 39 €65
Lesotho ___________ 21 23 21 24 25 6 22 €28
Liberia ___________ T 3244 r3162 3406 3176 3144 3320 163 163 326
Sierra Leone ________ 293 439 732 192 289 481 180 270 €450
South Africa,
Republic of:

remier mine __ __ 509 1,527 2,036 458 1,375 1,833 502 1,508 2,010

Other DeBeers
?lropertles _____ 2,518 2,061 4,579 2,549 2,086 4,635 2,796 2,287 5,083
_________ 408 272 680 333 c o222 555 564 376 940
otal ________ 3,435 3,860 7,295 3,340 3,683 7,023 3,862 4,171 8,033

South-West Africa,

Territoryof __ _____ 1,660 g8 1,748 1,609 85 1,694 1,901 100 2,001
Tanzania _ _________ 224 224 448 219 219 438 187 188 €375
Zaire _ __ _ ________ 395 12,415 12,810 591 11,230 11,821 561 10,652 11,213

Other areas:
Brazil ____________ 131 131 262 38 38 76 100 100 €200
Guyana __ _________ 8 13 21 6 8 14 7 10 17
India ____________ 17 3 20 17 3 20 19 3 €22
Indonesia® _________ 3 2 15 3 . 12 15 3 12 15
USSR ___________ 1,950 7,750 9,700 2,000 7,900 9,900 2,100 8,200 10,300
Venezuela _________ 239 821 1,060 190 643 833 160 - 540 700

World total _______ r10,264 30,600 40,864 9,444 28,629 38,073 10,381 29,089 39,470
®Estimate. PPreliminary. "Revised

1Total (gem plus industrial) diamond output for each country is actual
estimate by footnote. In contrast, the detailed-separate reporting of gem
estimates in the case of every country except Lesotho (1975-76), Liberia (1977), Venezuela (1975-76), and
Zaire (1W5) where soumes give both total ouf Fut and detail. The estimated distribution of total output between gem and
ial d several countries, based on unofficial information of varying reliability.

Bureau of

al in the case of
in Lesotho;

ind
’Exportsof‘ ‘a.' inati lud
SExports.

“All company output from the Re

reported except where indicated to be an
iamond and industrial diamond represents

stone imported for cutting and subsequently reexported.
ublic of South Africa except for that credited to the Premier mine; also excludes

company output from the Territory of South-West Africa and Botswana.

Polycrystalline diamond layers bonded to
tungsten carbide may provide better bit-
cutting edges. Drill bits with composite
inserts have been successfully tested in
several wells as well as in the laboratory.
Composite inserts exhibit high impact and
abrasion resistance while out-drilling con-
ventional cone bits. The new inserts consist
of a diamond layer 0.02 inch thick bonded to
a cemented tungsten carbide substrate 0.11
inch thick. The blank is brazed to tungsten
carbide as an insert or press-fitted into
specially designed bits. The diamond layer
is polycrystalline. Numerous, tiny, random-
ly oriented diamond crystals in the upper
layer are bonded to each other and to the
substrate. During drilling the diamond will
not fracture as a natural single diamond
stone may, but rather will chip in small
discrete amounts limited by the random
orientation of the individual grains. By
microfracturing, more of the diamond crys-

tals in the polycrystalline layer are exposed
so that a fresh cutting edge is always
forward. The diamond composite blanks
have been deemed commercial by the man-
ufacturer, but are not applicable to all
drilling situations. Very hard, abrasive
formations are not drilled economically by
the new material; however, penetration
rates in soft, medium, and medium-hard
formations can be increased dramatically
under certain conditions.™ ¢

Many different diamond synthesis tech-
niques are known. The most widely practi-
cal method of producing industrial diamond
on a commercial scale involves the rear-
rangement of the graphite lattice into the
diamond lattice through the catalytic action
of a suitable metal solvent with the simulta-
neous application of ultrahigh pressure and
temperature. Current techniques of synthe-
sis and theories on the mechanism of
synthesis are reviewed.?
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Improvements in diamond anvils for
high-pressure studies have opened areas of
application for research in solid-state phys-
ics, geophysics, mineralogy, and chemistry.
Further development of diamond anvil
technique has brought about significant
advances in these areas. Current technolo-
gy, present state-of-the-art, and possible im-
provements and areas of application are
viewed.'s

The high refractive index of diamond
(average 2.417) is exploited in an advanced
far-infrared spectrometer system for organ-
ic chemical and other research analysis.
The instrument in which diamond micro-
meter-size powders are used as filters is
described as a complete far infrared
spectrometer consisting of a Michelson in-
terferometer with stabilized arc source,
multisample reflectance and transmittance
module with multiposition filter holder, and
a 3-millimeter diamond-windowed Golay de-
tector, plus associated electronics for plot-
ting and recording. The use of diamond
results in an improvement of throughput in
the interferometer by a factor of 2.1¢

Titanium alloys are used for manufactur-
ing aircraft and space vehicle components
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essential to the safety of the craft and
subject to severe dynamics and static loads
in addition to shock loads at high tempera-
tures. High-speed steels containing a high
percentage of cobolt and tools tipped with
K2(-grade carbide have been found suitable
for the machining of titanium alloy. The use
of natural diamond tools is restricted be-
cause of the limited size of the cutting edge
and poor shock resistance when used for
interrupted cutting. The use of polycrystal-
line diamond as a cutting tool material
makes possible substantial improvements
in production techniques involving the ma-
chining of titanium alloys.!*

Heavy metals and acids are used exten-
sively in the production processes of dia-
mond polishing and processing plants. The
handling and disposal of the materials
represent a potential health hazard. Prob-
lems associated with the handling of toxic
wastes are described.'¢

Abstracts relative to properties of dia-
mond-hard materials, machines, and pa-
tents were published monthly in the Indust-
rial Diamond Review. Each issue, January
to December 1977, contained from 11 to 25
pages of abstracts and patent information.

ARTIFICIAL ABRASIVES

Five firms produced crude fused alumi-
num oxide in the United States and Canada
in 1977. Operators of plants in both coun-
tries were: The Carborundum Co., Div. of
Kennecott Copper Corp., Norton Co., and
General Abrasive Co., Div. of Dresser In-
dustries, Inc. The Exolon Co. and Unicorn
Abrasives of Canada, Ltd., Div. of Fusion du
Saquenay (Simonds Canada Abrasive Co.
Ltd.) operated plants in Canada. The pro-
duction of white, high-purity material was
26,967 tons and production of regular mate-
rial was 158,775 tons. Of the combined
output of white and regular material, 13%
was used for nonabrasive applications prin-
cipally in the manufacture of refractories.
The production was 63% of the rated ca-
pacity of the furnaces used to produce fused
aluminum oxide. Stocks were reported as
15,140 tons for December 31, 1977.

One firm, General Abrasive Co., Div. of
U.S. Industries, produced fused alumina
zirconia abrasive in the United States and
in Canada; and three firms, The Carborun-
dum Co., Norton Co., and Exolon Co., oper-
ated plants in Canada. All production was

reportedly used for abrasive applications.
The output was 59% of the capacity of the
furnaces assigned to the production of fused
alumina zirconia. Stocks were reported as
212 tons for December 31, 1976.

Six firms in the United States and Cana-
da produced silicon carbide in 1976. The
Carborundum Co. operated plants in both
countries. Electro-Refractories & Abrasives
Canada, Ltd.; Exolon Co.; Norton Co.; and
General Abrasive Co., Div. of Dresser In-
dustries, operated in Canada. These five
companies produced crude for abrasive, re-
fractory, and other nonabrasive uses. Satel-
lite Alloy Corp. operated in the United
States and produced crude for nonabrasive
applications. Production by the six firms
was virtually at capacity and 31% was
reportedly used for abrasive applications.
Nonabrasive use was 69% of the output and
was mostly for refractory and metallurgical
applications. Stocks were reported as 8,888
tons for December 31, 1976.

In the Stockpile Report to the Congress
by the General Services Administration, the
inventory of crude fused aluminum oxide in
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Table 12.—Producers of metallic abrasives in 1977
Company Location I;;ogzac: ;:‘i‘;t
AbbottBallCo ____________________ West Hartford,Conn _ _____________ Steel.
Abrasive Materials,Inc _______________ Hillsdale,Mich _________________ Steel and stainless
5 steel cut wire.
AbrasiveMetalsCo_ _ ________________ Pittsburgh,Pa _ _________________
The Carborundum Co., Pangborn Div _ _ _ _ __ _ Butler,Pa_____________________
Cleveland Metal AbrasiveCo . _ _ __ _______ Birmingham, Ala
Do Cleveland,Ohio __ _______________
Soringolle, N¥ -
T e, N.Y _
Tgledo, Ohio ___ -
Mt.Pleasant,Pa _________________
Adrian,Mich _ _ _________________

MetalBlast,Jnc __ __________________

National Metal AbrasiveCo __ __ ________ eeedo Steel.

Pellets,Inc - __ ____________________ Tonowanda, NY_ _ _______________ Steel and stainless
steel cut wire.

Steel Abrasives,Inc _________________ Hamilton,Ohio _ ________________ Chilled and
annealed iron.

Wheelabrator-FryeIne _______________ Mishakawa,Ind _ __ ______________ Steel.

calendar year 1977 was reduced to 248,868
tons, with 73,544 tons uncommitted excess;
the stock of aluminum oxide grain was
unchanged at 50,905 tons with the goal
increased to 75,000 tons; and the stock of
silicon carbide crude was 80,619 tons with
the goal increased to 306,628 tons.

Metallic abrasives were produced by 13
firms in the United States in 1976. Steel
shot and grit comprised 85% of the total
quantity sold or used; chilled iron shot and
grit, 12%; and annealed iron shot and grit,
3%. The amounts from Michigan were 28%
of the total sold or used, the highest of the
producing States. Ohio, Pennsylvania, In-
diana, Virginia, Alabama, Wisconsin, and
Connecticut followed in quantity sold or
used. Three companies recycled material:
Copperweld Steel Co. of Glassport, Pa.; In-
dusteel Corp. of Pittsburgh, Pa.; and Kohler
Co. of Sheboygan, Wis.

TECHNOLOGY

The Carborundum Co. will add 16,000
tons of new capacity for silicon carbide by
early 1978. Process improvements are
claimed to double the tonnage produced per
square foot of building space. The expansion
will include new and significantly larger
furnaces and transformers. A materials
handling system with vacuum equipment
will minimize pollution. The Carborundum
Co. claims to be the world’s largest manu-
facturer of silicon carbide.'”

A new plant to produce 27,560 short tons
per year of silicon carbide will be built near
Hennepin, Ill, by Electroschmelzwerk
Kempten Gmbh of Munich, Germany a
subsidiary of Wacker-Chemie. Construction

of the facility has started and is scheduled
to come onstream in 1979.18

The Carborundum Co. began construction
of a research and development and pilot
production facility devoted exclusively to
alpha-phase silicon carbide. Primary focus
of the new facility will be the development
of ceramic parts to replace ductile metals in
turbines and diesel engines where metal
alloys have reached their temperature lim-
its. Other applications include heat ex-
changers and other types of vehicular en-
gines. The process consists of mixing a
powder of alpha-phase silicon carbide with a
plastic resin, injecting it into a mold by
techniques long used in the plastics indus-
try, then firing it in an electric furnace at
2,000°C or more to burn out the plastic and
sinter the part. The final density of the part
is more than 98% of its theoretical maxi-
mum, with an average grain size of 7
micrometers and no open porosity. Volume
shrinkage is about 40%, but final dimen-
sions are within 1% to 2% of the -final
desired value. The strength of the material
is essentially constant up to 1,650°C, the
maximum limit of the testing equipment.
The average size of the powder is 0.4 mi-
crometer and Carborundum is reported to
have built a production facility for this
material.??

Fans, spouts, feed screws, sprockets, and
other high-temperature furnace componets
are fabricated from recrystallized silicon
carbide by Industrial Ceramics Div., Norton
Co. Parts fabricated are said to feature high
strength, lightweight, high thermal shock
resistance, corrosion resistance, and high
thermal conductivity. Applications at
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temperatures up to 1,550°C are predicted in
heat-treating, annealing, powder metallur-
gy sintering, brazing, and forging.?

A solid-reductant, direct-reduction pro-
cess can accommodate a wide variety of iron
ores or pellets, reductants or fuels while
turning out product of high quality. The
Kimglor-Metor reduction unit consists of a
vertical-shaft furnace surrounding six sili-
con carbide reactors that reduce the iron
ore or pellets in the presence of a solid
reductant at about 1,050°C. The system
features low capital and operating costs and
it is intended for small-producer markets.*

Cylindrical brushes made of nylon fibers
impregnated with silicon carbide grain are
being used to clean carbon and rust deposits
from steel mesh conveyor belts used in
glassware annealing lehrs.?

1Physical scientist, Division of Nonmetallic Minerals.
"'le})dlisztnal Minerals. Italian Rutile. No. 117, June 1977,
P
’Pentanch, P. Garnets in Tires Promoted as Stud
e O Portland, Oreg. Nov. 8, 1977,
Sec A, p. 9

“Mini Engmeermg Industry Newswatch. V. 29, No. 6,
June 197
Magazme Panorama. V. 136, No. 5, May 1977,

mmg3 Journal. Sierra Leone. Problems for Mining. V.
228 No. 7392, Apr. 22, 1977, P 304.
"Mmmg Journal. Prod Kimberly Flooding. V.
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289, No. 7403, July 8, 1977, p. 31.

SIndustrial Diamond Review. News. December 1977, p.
26.

8U.S. Consulate, Lubumbashi, Zaire. State Department
Airgram, A-5, Feb. 17, 1977, p. 10.
67"‘{'(!’ron Age. Technology. V. 221, No. 23, June 6, 1977, pp.

110il and Gas Journal. Diamond Composites Used in
New Bits. V. 75, No. 16, Apr. 18, 1977, pp. 71-72.

12Wedlake, R. J. Diamond Synthesis. Industrial Dia-
mond Review, June 1977, pp. 196-199.

13Holzapfel, W. B., W. Dieterick, and R. Keller. Diamond
Anvil Techniques in High Pressure Physics. Industrial
Diamond Review, June 1977, pp. 201-203.

Industrial Diamond Review. A Novel Use of Diamond
Micron Powders for Far Infra-red Filters. May 1977, p. 157.

15Bex, P. A. Syndite for the Machining of Titanium
Qll’lloys. Industrial Diamond Review, August 1977, pp. 276-

18Meiger, G. Health and Environmental Protection in a
Diamond Polishing Factory. Industrial Diamond Review,
October 1977, p. 348.

9;"Chemi¢:a.l Marketing Reporter. V. 211, No. 8, Feb. 21,

1977, p. 5.

18American Metal Market and Metalworking News.
Silicon Carbide Plant in Illinois Being Built by Germany’s
EKV86N07Jan11 1978p8

1%Chemical and E ing Technology, Car-
borundum Plans Silicon Carbide R&D Faclhty V 55 No.
41 Oct. 10, 1977, p. 36.

20Metal Progress. New Products. Ceramic Furnace Fix-
tures3 Handle High Temperatures. V. 111, No. 5, May 1977,
p. 103.

21Chemical Engineering. Process Technology Sponge-
Iron Process Combines Flexibility, Low Costs. V. 84, No. 9,
Apr. 25, 1977, pp. 78-79.

22The Glass Industry. Belt Cleaning Brush Switch Im-
proves Annealing Operation. V. 58, No. 10, October 1977,
p.31.

Table 13.—Crude artificial abrasives produced in the United States and Canada
(Thousand short tons and thousand dollars)

Kind 1973 1974 1975 1976 1977
Silicon carbide® __ _ _____________________. 162 163 134 159 192
Valwe __ _ ____ _ _ ___ _ _ _______________ $25,471 $33,872 $31,842 $45,953 $53,814
Aluminum oxide (abrasive grade)* _____________ 196 241 141 1 185
Valve _____________________________ $27,339 $40,906 $28,368 $43,356 $48,819
Aluminum zirconiumoxide _ __ _______________ 22 25 17 20 20
Value _ ____________________________ $6,223 $9,839 $8,506 $11,383 $11,281
Metallic abrasives® ___ _ ___________________ 266 301 236 250 243
Value _________ . _________________ $49,775 $91,061 $72,864 $75,372 $72,740
Total _ _ _ _ __ __ __ _ _ ______________ 646 730 528 620 641
Valwe __ __ ___________________ $108,808 $175,678 $141,580 $176,064 $186,654

1Figures include material used for refractories and other nonabrasive purposes.

3Shipments for U.S. plants only.
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Table 14.—Production, shipments, and annual capacities of metallic abrasives in the

United States, by product
Manufactured Sold or used Annual
Year and product Quantity Value Quantity  Value  capacity’
produ (short (thou- (short (thou- (short
tons) sands) tons) sands) tons)

1976:
Chilledironshotandgrit __ ____________ 26,556 $5,433 34,025 $8,015 124,550
Annealed ironshotandgrit ____________ 21,109 4,598 21,688 5,699 52,540
Steel shotandgrit ____ ______________ 188,717 48,125 193,300 61,054 320,670
Other® _________ . __ 798 451 851 604 2,140
Total . _ _ _ __ _ __ ________________ 237,180 58,607 249,864 75,372 499,900

1977:
Chilledironshotandgrit - _ ____________ 22,633 4,481 28,934 6,238 86,600
Annealed ironshotandgrit ____________ 1,372 1,244 8,308 1,940 25,600
Steel shotandgrit —_ ___ _____________ 191,316 49,215 205,612 64,282 305,100
Other® _ _ _ 27 140 8 280 -
Total - _ _ o ______ 221,248 55,080 242,932 72,740 417,300
1The total quantity of the various types of metallic abrasives that a plant could have produced during the year,
working thme%—hour shifts per day, 7 days per week, allowing for usual interrupti and i d te fuel, labor,

and transportation.

2Includes cut wire shot.



Aluminum

By John W. Stamper! and Christine M. Moore?

Domestic primary aluminum production
was 7% above that in 1976. Demand as
measured by net shipments of aluminum
ingot and mill products to domestic indus-
try increased 5% compared with the 1976
level. Exports decreased 15% from the 1976
level, and imports of crude and semicrude
aluminum including scrap increased 12%.
Domestic primary aluminum production ca-
pacity remained at 5.2 million tons in 1977.

World production of primary aluminum

increased 9% during 1977, but world pro-
duction capacity increased only 2.5%. Pow-
er interruptions caused production cutbacks
during the year in the United States as well
as in Ghana, the Netherlands, and Taiwan.

Legislation and Government Pro-
grams.— There were no shipments of alu-
minum from Government inventories dur-
ing 1977. Stocks held at yearend totaled
1,687 short tons.

Table 1.—Salient aluminum statistics
(Thousand short tons and thousand dollars)

1973 1974 1975 1976 1977
United States:
i production ____ ______________ 4,903 3,879 , 4,251 4,539
Valve - __ . _______ o __ $3,005,640 $2,976,427 '$3,785,397  $4,683,949
Price: Ingot, average cents per poun 34.1 39.8 4.6 51.6
Secondary recovery _ _ _ _________ 993 980 1,155 1,271
Exports (crude and semicrude) 56 524 440 484 411
Imports for consumption (crude and semicrude; 614 629 550 749 836
Alumi industry ship te! _ 6,873 6,394 4,555 5,956 6,315
Consumption, apparent _ ___ ____________ 5,825 5,428 3,907 5,113 5,472
World: Production _____________________ 13,364 14,516 18,387 13,771 15,049
"Revised.
1To domestic industry.
DOMESTIC PRODUCTION

Primary.—Primary aluminum pro-
duction was 4,538,710 short tons, compared
with 4,251,395 tons in 1976. Production
capacity of domestic primary aluminum
remained at 5,193,000 tons during 1977.

Operating levels at several smelters were
reduced due to weather-caused electrical
power shortages. Three potlines of the
Aluminum Company of America (Alcoa)
smelter at Evansville, Ind., were shut down

when the coal distribution system froze.
One potline at the Alcoa smelter at Alcoa,
Tenn., was shut down due to a drought
caused power reduction by the Tennessee
Valley Authority. Reynolds Metals Co. shut
down one 25,000-ton-per-year potline at its
Jones Mills, Ark., smelter due to natural
gas shortages.

A prolonged drought forced the Bonnevil-
le Power Administration to withdraw inter-
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ruptible power used by its commercial cus-
tomers, and Alcoa shut down a 23,000-ton-
per-year potline at its Vancouver, Wash.,
smelter. The Anaconda Aluminum Co. facil-
ity at Columbia Falls, Mont., cut production
by 27,000 tons per year. The Kaiser Alumi-
num & Chemical Corp. (Kaiser) primary
smelter at Mead, Wash., stopped production
in two potlines. Other primary aluminum
smelters affected included Intalco Alumi-
num Corp. at Ferndale, Wash., and Martin
Marietta Aluminum Inc., at The Dalles,
Oreg., and Goldendale, Wash.

Alumaz, Inc., owned 50% by AMAX, Inc.,
45% by Mitsui & Co. Ltd.,, and 5% by
Nippon Steel Corp., announced plans to
build a 197,000-ton-per-year primary alu-
minum smelter in Berkley County, S.C. The
$400 million facility would use alumina
from Australia, and power would be sup-
plied by the South Carolina Public Service
Authority. Construction was scheduled to
start in 1978.

Alumax began construction of a third
88,000-ton-per-year potline at the Eastalco
Aluminum Co. smelter at Frederick, Md.
The expansion, scheduled for completion in
1980, would increase capacity of the plant to
264,000 tons per year.

Anaconda Aluminum Co. announced
plans to expand its Sebree, Ky., smelter by
60,000 tons per year to 180,000 tons per year
by 1979.

Kaiser completed construction of a $32
million dry-scrubbing air pollution control
facility at its Chalmette, La., primary alu-
minum smelter.

Reynolds announced plans to utilize alter-
nate energy sources during the year at its
125,000-ton-per-year primary smelter at
Jones Mills, Ark., in order to reduce the
burden on electric utility companies during
peak periods and to reduce the plant re-
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quirements for natural gas during periods
of high consumer demand for natural gas.
The plan was to be implemented by late
1978. .

Alcan Aluminium Ltd., withdrew its offer
to purchase the Revere Copper & Brass Inc.
smelter and sheet mill facility at Scottsboro,
Ala.

Under a jointly sponsored contract, Alcoa
arid the U.S. Energy Research and Develop-
ment Administration (ERDA) agreed
to build a $5 million pilot plant near
Pittsburgh, Pa., to develop a process to
produce an aluminum-silicon alloy by direct
reduction. The process would use low-grade
aluminum-bearing ores and would reduce
energy consumption in the aluminum re-
duction process by using coal.

Secondary.—Aluminum recovery from
purchased scrap, calculated from reports to
the Bureau of Mines, was 1,271,226 tons,
10% higher than the quantity recovered in
1976. The Bureau estimated that full cover-
age of the industry would indicate a total
consumption of purchased aluminum-based
scrap of 1,854,000 tons in 1977. On this
basis, aluminum recovery would total
1,494,000 tons, and total metallic recovery
would be 1,605,000 tons.

Alcoa extended its contract to purchase
aluminum scrap from the Ames, Iowa, mu-
nicipal resource-recovery facility. Alcoa also
announced plans to double the recovery
capacity of its Alcoa, Tenn., aluminum can
reclamation center. Completion was sched-
uled for 1979. Apex International Alloys,
Inc., a subsidiary of Alumax, closed its
Carson, Calif.,, secondary smelter. Kaiser
began an aluminum can reclamation oper-
ation at Edison, N.J. Reynolds announced
plans to expand the capacity of its Sheffield,
Ala., secondary smelter to 100,000 tons per
year. -

Table 2.—Consumption of and recovery from purchased new
and old aluminum scrap in 1977*

(Short tons)
Class o ot Calculated recovery
Aluminum Metallic
Secondarysmelters _ _ _____________________ 841,258 665,505 717,423
Primaryproducers _______________________ 425,733 366,965 393,168
Fabricators ___________________________ 137,720 120,344 128,638
Foundries ____________________________ 105,387 90,545 96,985
Chemical producers ___ . __________________ 58,117 . 25,780 26,678
Total ______ _ _ ___________________ 1,568,215 1,269,139 1,362,892
Estimated full industry coverage ______________ 1,854,000 1,494,000 1,605,000

!Excludes recovery from other than aluminum-base scrap.
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Table 3.—Aluminum recovered from purchased scrap processed in the
United States, by kind of scrap and form of recevery

(Short tons)
1976 1977 ) Form of recovery 1976 1977

- Unalloyed _______________ 1,685 1,743
1813907  2857,651  Aluminum alloys __ — 1,080,300 1,218,100
83 84  Inbrass and bronze 77 90
238 260  Inzinc-base alloys __ 1,308 1,389

140 249 In magnesium alloys
Dissipative forms® _ _ _________ 71,202 49,337
814,368 858,244 Total _ - _______ 1,156,018 1,271,226

339,209  2411,488
65 47

1,070 1,129

306 318

340,650 412,982

Grandtotal _ __________ 1,155,018 1,271,226

1Alumi alloys d from aluminum-base scrap in 1976, mcluding all constituents, were 868,301 tons from
newscrapand370 llawnsfromoldscrapmdsweatedpng, totalofl,zss, 14 tons.
6?7 ed from scrap in 1977, mcludmg all constituents, were 915,205 tons from
newgcrapandu'l tonafromoldmpandmatedpxg atntalof1362,
ingot

ming 85% t msuchmgot.
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Table 4.—Stocks, receipts, and consumption of purchased new and old aluminum scrap
and sweated pig in the United States in 19771

(Short tons)
Class of consumer and type of scrap ?at:clisr r ecI:f;tsz Co::is:;n P gg lésl
Secondary smelters:
New scrap:
e — wE o mEm o omm sm
" Borings and turni - ) \ ;s . )
¥oil __ _______________ 142 1,895 1,604 433
Dross and skimmings _ 9,954 127,687 128,766 8,875
L 868 22,933 23,502 299
Totalnewscrap _______________________ 32,788 568,341 559,847 41,282
Olg:sﬂ:a i heet, clippi 11,185 135,875 135,777 11,283
8 .chppmngs _ _ _______________ —— > ) 3 5
Alumm% cans ppines 509 18,249 15,925 2,833
Other® ________ _ ___________________ 4,363 32,643 32,871 4,135
Totaloldscrap . _______________________ 16,057 186,767 184,573 18,251
Sweatedpig - _________________________ 29,539 86,110 96,838 18,811
Totalallclasses ______________________ 78,384 841,218 841,258 78,344
Primary producers, foundries, fabricators,
chemical plants:
New scrap:
and clippings 45,467 379,877 373,481 51,863
i ' 214 17,385 17,202
1,167 6,032 5,653 1,546
530 47,906 47,915 521
1,595 68,120 66,909 2,806
Totalnewscrap _ ______________________ 48,973 519,320 511,160 57,133
OICastmgs,d asting: sheet, clippi 1,533 58,140 58,322 1,351
> CL1P] 5 ) 5 .
Aluminum cans_ _ fl_n"i _______ 5,544 122,277 116,737 11,084
Other® ___________________ 385 24,013 22,066 2,332
Total old scrap 7,462 204,430 197,125 14,767
Sweated pig 1,232 18,268 18,672 828 .
Totalallclasses _ _ ____________________ 57,667 742,018 726,957 72,728
Total of all scrap consumed:
New scrap:
Solids and clippings _ 60,093 654,224 640,291 74,026
Borings and turnings _ 7,412 158,864 156,367 9,909
Foil ___________ - 1,309 7,927 7,257 1,979
Dross and skimmings - 10,484 175,593 176,681 9,396
Other __________ _ 2,463 91,053 90,411 3,105
Totalnewscrap _______________________ 81,761 1,087,661 1,071,007 98,415
Old scrap:
Castings, sheet, clippings _ __________________ 12,718 194,015 194,099 12,634
Alumi pper radiators 3,881 18,278 18,998 3,161
Aluminum cans 6,053 140,526 132,662 13,917
Other _______ ___ __ __ ____________ 867 38,378 35,939 3,306
Total old scrap _ 23,519 391,197 381,698 33,018
Sweated pig 30,771 104,378 115,510 19,639
Total all classes 136,051 1,583,236 1,568,215 151,072
TRevised.

Includes imported scrap. According to the reporting companies 8.46% of total receipts of aluminum-base scrap, or
133,875 short tons, was received on toll arr t
2Includes inventory adjustment.
Includes data on alumi

diat,
I 8.

'PP€!
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Table 5.—Production and shipments of secondary aluminum alloys
by independent smelters

(Short tons)
1976 1977
Production  Net ship t Prod Net sh t
Die-cast alloys:
13% Si, 360, etc. (0.6% Cu, maximum) _______ 73,323 71,535 82,325 83,580
San380 and vamtxons ___________________ 375,383 372,804 413,364 416,661
95/5 Ar-e&, 356 etc (0 6% Cu, maximum) ______ 20,045 20,202 24,487 24,306
No. 12 and variations __._______________ 8,179 8,219 A4
No. 319 and variations _ _ _ - 44,053 43,642 48,674 49,761
F-132 alloy and variations _ - 15,163 15,047 15,771 15,778
Al-Mgalloys —________ - 1,260 1,154 1,355 1,249
AlZnalloys _______________________ 14,675 15,022 18,328 17,671
Al-Si alloys 0.6% t02.0% Cu) __ __________ ,272 4,129 4,548 4,748
Al-Cu alloys (1.5% Si, maximum) __________ 3,970 3,830 3,050 ‘3,315
AlSi-Cu-Nialloys ___________________ w w 3,573 3,673
Other ___ ___ __ ____ __ o _______ 2,893 2,899 ,684 3,616
‘Wrought alloys: Extrusionbillets _ __ _________ 59,254 59,245 87,979 g
Destructive and other uses: Steel deoxidation:
Grades 1,2, 3,and 4 29,486 28,450 27,7114 28,524
Miscellaneous:
Pure(970%Al) cm ol 1,685 2,250 W w
d 2,763 2,952 2,548 2,574
20,675 20,213 28,933 29,309
677,079 671,593 766,333 712,265
23,140 - 26,403 -
38,243 —— 40,239 -
3,685 — 4,712 -
612,011 - 694,979 -

W Withheld to avoid disclos

PN T P |

in “Miscell "’ and “Other categories.’

roprietary data;
ncludes data withheld (other die-cast alloys, “No. 12 and variations,” “Other sand and permanent mold,” “ Pure

(97.0% Al),” “Other miscellaneous”).

2No allowance made for melt-loss of primary aluminum and alloying ingredients.

CONSUMPTION

The Bureau of Mines estimate of appar-
ent aluminum consumption in end products
such as automobiles, cans, air conditioning
equipment, and residential siding, as shown
in table 6, increased 7% from 5,113,000 tons
(revised) in 1976 to 5,472,000 tons in 1977.

Domestic consumption as measured by
net shipments of aluminum ingot and mill
products to domestic industry was 6% high-
er in 1977 than in 1976. Shipments to the
building and construction industry, the
largest user of aluminum, increased 5% to
1,539,000 tons. Transportation applications
were the second largest use of aluminum,
increasing 18% from the level in 1976 to

1,448,000 tons. Shipments to the containers
and packaging industry increased 8%, and
shipments to electrical markets increased
2% compared with those of 1976.

The average quantity of aluminum used
in 1977 model automobiles was about 100
pounds per unit compared with 87 pounds
per unit in 1976. Estimates indicated that
approximately 114 pounds would be re-
quired per unit in 1978 models.

It was estimated that approximately 750
tons of aluminum was used in solar energy
collector plates in 1977 and that aluminum
consumption by this industry could reach
10,000 tons in 1980.
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Table 6.—Apparent aluminum supply and consumption in the Umted States

(Thousand short tons)
1973 1974 1975 1976 1977
Primary production ______________________ 4,629 4,903 3,879 4,251 4,539
in stocks:!
uminumindustry _________.__________ +248 -395 -421 T4+179 -23
Government _________________________ +1730 +511 +2 +9 __
Imports _______ e 614 629 550 749 836
recovery:
Newscrap __________________________ 977 978 899 1,062 1,074
Oldscrap . _________________________ 265 304 337 409 581
Totalsupply _______________________ 7,363 6,930 5,246 76,659 6,957
Lesstotalexports ________________________ 561 524 440 484 411
Aﬁmt aluminum supply available
domestic mamtfactunng ________________ 6,802 6,406 4,806 6,175 6,546
Apperent consumption® ___________________ 5,825 5,428 3,907 5,113 5472
TRevised.
Positive figure mchcates a decrease in stocks; negative figure indicates an mcrease in stocks.
’Metalhc recovery from purchased, tolled, or imported new and old al scrap ded for full industry
",, lumi suppl, ilable for domesti facturing less recovery from purchased new scrap (a measure
of ption in factur -!.a endp

Table 7.—Distribution of end use shipments of aluminum products

LONOOO 0=

1976 1977
Industry tity Percent S:um Percent
(thousand of ousand of
short tons) total

r23.0 1,539 23.

9.3 1,448 21!

20.2 1,389 20.!

10.3 668 10.

8.1 531 7.

7.1 460 6.

48 298 4.

T6 -18 -.
93.4 6,315 94.6
6.6 363 5.4
Total _ __ _ __ _ _________________ 6,374 100.0 6,678 100.0

Source: The Aluminum Association, Inc.
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Table 8.—Net shipments of aluminum wrought! and cast products by producers

(Short tons)
1976 1977
Wrought ucts:
Sugt lgl:dw foil __ _ 3,178,127 8,423,149
Rolleddand continuous-cast rod and bar; wire - 492,652 467,623
1,070,683 1,197,998
66,187 60,561
50,108 60,644
_____________________________________________ 4,857,757 5,209,975
______________________________________________ 109,824 113,373
_______________________ 188,678 219,633
_______________________ 605,240 652,292
_______________________ 18,848 19,178
_______________________ 922,590 1,004,476
_________________________________________ 5,780,347 6,214,451

INet slnpments derived by subtracting the sum of prod ’ domestic receipts of each mill shape from the domestic
industry’s gross shipment of that shape.

Source: U.S. Department of Commerce.

Table 9.—Distribution of wrought products

(Percent)
1976 1977
Sheet, plate, foil:
on-heat-treatable __ _ __ _ __ .- _ ___________ 544 53.8
Heat-treatable ____________________________________________ 3.1 4.1
___________________________________________________ 79 17
Rolled and oontmuou&cast rod and bar; wire:
Rod, bar,wire _ _ _ __ __ _ __ ‘8.7 2.3
Cable and msulat.ed wire _ _ 6.4 6.7
Extruded products: .
andbar _______ __ T 8
Pxpe andtubing _ _ __ _ _ __ _ 2.0 1.8
Shapes' _ _ . 174 183
Tubing:
_________________ 1.0 1.0
Welded non-heat-treatable? 1.0 1.1
Powder, fla.ke, paste _________ 14 1.2
Forgings (including impacts) _ __ _ 1.0 1.2
Total _ s 100.0 100.0

Includes a small amount of rolled structural shapes.
2Includes a small amount of heat-treatable welded tube.

Source: U.S. Department of Commerce.

STOCKS

Metal inventories held at reduction and Domestic Commerce (BDC) increased slight-
other processing plants as reported by the ly from 2,815,324 short tons at yearend 1976
U.S. Department of Commerce, Bureau of . to 2,842,718 tons at yearend 1977.

PRICES

The price of 99.5% pure aluminum ingot pound on March 28. On July 5, the price
as quoted by the American Metal Market quoted was increased 2.0 cents per pound to
was increased from 48.0 cents per pound at 53.0 cents per pound where it remained at
the beginning of the year to 51.0 cents per yearend.
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The range of prices of smelters’ secondary
aluminum ingot as quoted in the American
Metal Market rose from 47.0 to 57.0 cents
per pound at the beginning of the year to
50.0 to 64.0 cents per pound at yearend. The
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price of secondary scrap increased from a-
range of 22.5 to 30.0 cents per pound on
January 2 to 27.5 to 36.0 cents per pound at
yearend.

FOREIGN TRADE

Exports of crude and semicrude alumi-
num including scrap decreased 15% during
1977. Major recipients of ingot shipments
were Canada (22%) and Venezuela (10%).
Japan imported 52% of U.S. scrap ship-
ments, and Canada received 18%. Exports
of plates, sheets, and bars were received by
Canada (46%) and the United Kingdom
(13%).

Imports of crude and semicrude alumi-
num including scrap increased 12% from
748,624 tons in 1976 to 835,554 tons in 1977.
Canada was the major source of metal and
alloy imports; supplying 75%. Imports of
metal from Ghana were 16% of the total.
Imports of scrap increased 5% from those of
the previous year, and principal sources
were Canada (47%) and the U.S.S.R. (36%).

Table 10.—U.S. exports of aluminum, by class

1976 1977
Cl. Quantity Value Quantity Value -
as (short (thou- (short (thou-
tons) sands) tons) sands)
Crude and semicrude:
Ingots, slabs,crude _ _ _____________________ 152,366 $118,644 97,771 $94,498
Scrap _________ L SR 108,958 63,245 101,663 64,060
Plates, sheets,bars,etc ____________________ 203,843 261,759 190,118 284,199
Castingsandforgings _ ____________________ 5,611 21,232 6,895 27,432
Semifabricated forms,nec __________________ 12,937 31,016 14,509 33,840
Total . _ _ _ _ _ __ _________________ 483,715 495,896 410,956 504,029
Manufactures:
Foilandleaf ___________________________ 14,785 31,921 13,174 29,475
Powdersandflakes _ _ _____________________ 8,440 11,445 3,615 4,883
Wireandcable _________________________ 26,419 32,576 23,279 32,695
Total . __ ____ _ ____ ___________ 49,644 75,942 40,068 67,053
Grandtotal _________________________ 533,359 571,838 451,024 - 571,082
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Table 12.—U.S. imports for consuﬁption of aluminum, by class

1976 1977

Class Quanti Value Quantity Value

(short:ty (thou- (short (thou-

tons) sands) tons) sands)

Crude and semicrude:

575,350 $439,570 670,200 $631,601
8, 10,166 7,681 10,994
67,042 69,884 57,697 77,205
. 14, 9,586 13,644
480 1,699 495 1,893
85,714 46,166 89,895 63,168
748,624 582,048 835,554 - 798,505
4,924 14,395 4,882 16,432
*) 114 *) 109
285 501 707 860
928 1,180 1,249 1,706
6,137 16,190 6,838 19,107
754,761 * 598,238 842,392 817,612

. 11976—Aluminum Ieaf not over 30. 25 % uare inches in area, 1,401,194 leaves, and aluminum leaf over 30.25 square
inches in area, 42,803,390 square inches; alummumleafnotover%%squaremchesmamwaal1217861eavesand
alummum leaf over 30.25 square mches in area was 76,728,151 square inches.
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WORLD REVIEW

World production of primary aluminum
in 1977 increased 9% from the 1976 level.
Stocks of primary aluminum held by mem-
bers of the International Primary Alumi-
num Institute (IPAI), which represents the
bulk of inventories held outside the central-
ly controlled economies, increased 8% from
yearend 1976.

World primary aluminum production ca-
pacity increased 2.5% from the 1976 level to
17.8 million tons. Significant capacity ex-
pansions were completed in Argentina,
Australia, the People’s Republic of China,
the U.S.SR,, India, Turkey, and Venezuela.
Plans for additional capacity in 15 countries
were being considered during the year.

Argentina.—Aluminio Argentino S.A.
(Aluar) increased the capacity of its Puerto
Madryn primary aluminum smelter to
154,000 tons per year.

Australia.—Alcan Australia Ltd. an-
nounced plans to expand its Kurri-Kurri
smelter by 25,000 tons per year to 75,000
tons per year. The new potline was schedul-
ed to come onstream in 1979.

Comalco Aluminium (Bell Bay) Ltd. com-
missioned half of the fourth potline at its
Bell Bay, Tasmania, smelter. The capacity
of the facility at yearend was 123,000 tons
per year. :

Brazil.—Cia. Vale do Rio Doce (CVRD)
continued planning for an 88,000-ton-per-
year primary aluminum smelter at Santa
Cruz, near Rio de Janeiro. Construction of
the $270 million project was scheduled to
begin in early 1978. Alumina would initially
be supplied from Australia and the Eurallu-
mina S.p.A. refinery in Italy. Reynolds Me-
tals Co. was expected to supply technology
for the facility.

Nippon Amazon Aluminium Co. (NAL-
CO0), a consortium of 32 Japanese firms, was
formed to help finance the Alunorte, S.A.,
800,000-ton-per-year alumina refinery and
the Albras S.A. 320,000-ton-per-year pri-
mary aluminum smelter at Belem. Mitsui
Aluminium Industry Co. reportedly would
supply technical assistance for the smelter,
which was scheduled to begin production in
1982.

Pechiney Ugine Kuhlmann reportedly
would provide technical assistance for an
88,000-ton-per-year primary aluminum re-
duction facility at Pernambuco. Cost of the
smelter was estimated at $240 million.

Companhia Brasileira de Aluminio (CBA)

announced that production at its Sorocaba
aluminum smelter would increase to 88,000
tons per year in 1978 when a $120 million
expansion was completed. The facility was
scheduled to be expanded to 132,000 tons
per year by 1982.

Canada.—Alcan Aluminium Ltd. an-
nounced plans to build a 63,000-ton-per-year
primary aluminum smelter at La Baie,
Quebec. The $200 million facility was sched-
uled to come onstream in 1981. Alumina
would be supplied by Alcan’s plant at Arvi-
da, Quebec. Two potlines, each with a ca-
pacity of 63,000 tons per year, may be added
later.

Kaiser reportedly began studies for a
primary smelter at Whitehorse, Yukon Ter-
ritory. The project was contingent on the
development of additional hydroelectric
facilities. The 180,000-ton-per-year smelter
was tentatively scheduled to start pro-
duction in 1985.

Costa Rica.—The Government of Costa
Rica sought participation by several Jap-
anese and United States firms in an inte-
grated aluminum project. Reportedly
included in the plans were a 600,000-kilo-
watt hydroelectric power station, a 660,000-
ton-per-year alumina refinery, and a
330,000-ton-per-year aluminum smelter.

Dubai.—Dubai Aluminium Co. (Dubal)
signed an agreement with Alcoa of Austra-
lia Ltd. to purchase 200,000 tons of alumina
per year over a 10-year period. Dubal plan-
ned to build a 150,000-ton-per-year primary
smelter at Jebel Ali, which was scheduled to
come onstream in 1979. Expansion to
200,000 tons per year in the early 1980’s was
planned. Nissho-Iwai Co., Ltd. withdrew
from the project, and Alcan reportedly was
interested in becoming a partner.

Egypt.—An agreement was reached for
the U.S.S.R. to supply alumina to the Nag
Hamadi primary aluminum smelter. Ex-
pansion of the smelter to 166,000 tons per
year was planned.

France.—Pechiney Ugine Kuhlmann
announced plans to expand the production
capacity of its Lannemezan primary alu-
minum smelter to 91,000 tons per year and
to expand the St. Jean de Maurienne facil-
ity to 120,000 tons per year by early 1981.

Germany, Federal Republic of.— Plans
to expand its Innwerke, Toging, smelter to
78,000 tons per year were announced by
Vereinigte Aluminium-Werke A.G. (VAW).
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The $85 million project was scheduled to be
completed in 1981.

Ghana.—A power failure shut down three
of the Volta Aluminium Co.’s five potlines
at its 220,000-ton-per-year primary alumi-
num smelter at Tema.

India.—The Government-owned Bharat
Aluminium Co. increased the production
capacity of its Korba primary smelter to
83,000 tons per year. Hindustan Aluminium
Co., owned by the Indian Government (78%)
and Kaiser (27%), increased the capacity of
its Renukoot facility to 110,000 tons per
year.

Iran.—Iranian Aluminium Co. continued
plans to expand its 55,000-ton-per-year pri-
mary aluminum smelter at Arak to 132,000
tons per year by 1980. Alcan Aluminium
Ltd. undertook a feasibility study for an
aluminum smelter to be located at Qeshm
or Bandar Abbas. The 300,000-ton-per-year
facility reportedly would use alumina from
India and natural gas as a power source.

Italy.—The Italian aluminum industry
reorganized into two large groups, one
group would handle primary aluminum
production and the other would handle the
manufacture of semifinished products.

Japan.—Stocks of primary aluminum
held by producers increased from about
108,000 tons at yearend 1976 to 318,000 tons
at yearend 1977. The production rate at
yearend was 71.83% of the rated capacity of
1,616,000 tons per year.

Sumikei Aluminium Co. began pro-
duction at its Sakata primary smelter. Pri-
mary aluminum production was scheduled
to reach 90,000 tons per year by 1979. The
firm is a subsidiary of Sumitomo Light
Metal Industries Ltd.

Nippon Light Metal Co. Ltd. scrapped 132
pots at its Kambara primary smelter, re-
ducing capacity by 8,000 tons per year to
116,000 tons per year.

Libya.—Plans continued for a $900 mil-
lion primary aluminum smelter in Libya to
be built with Yugoslav assistance. Energoin-
vest, Jadral, and Progress-Invest were re-
portedly considering the project, which
would include a thermal powerplant and a
petroleum coke facility. Alumina would be
supplied by Yugoslavia.

Malaysia.—Reynolds Metals agreed to
study two proposals for primary aluminum
smelters. In Sarawak State, plans reported-
ly included a 110,000-ton-per-year smelter
and hydroelectric facilities at Bintulu. The
$300 million smelter would use alumina
from Western Australia. Sabah State in-
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vited Reynolds to undertake a feasibility
study for a primary smelter and a hydro-
electric plant at Labuan.

Netherlands.—An explosion and fire at
the Holland Aluminium N.V. primary alu-
minum smelter at Delfzijl shut down the
196,000-ton-per-year facility for 6 weeks.

New Zealand.—New Zealand Aluminium
Smelters Ltd. agreed to pay a 400% price
increase for power. The 165,000-ton-per-year
Bluff smelter was owned 50% by Comalco
Ltd., 25% by Showa Denko K.K., and 25%
by Sumitomo Chemical Co. Ltd.

Norway.—A/S Ardal og Sunndal Verk
(ASV) completed modernization of its Ardal
primary aluminum facility, increasing the
capacity by 15,000 tons per year to 184,000
tons per year.

Lista Aluminiumverk A/S announced
plans to add a fourth 25,000-ton-per-year
potline at its Lista, Farsund, facility. Gov-
ernment approval was pending for addi-
tional hydroelectric power. The plant is
owned by Alcoa (50%) and Elkem Spigerver-
ket A/S (50%).

Norsk Hydro A/S applied to the Govern-
ment for additional power in order to in-
crease the capacity of its Karmoy smelter to
185,000 tons per year. Construction of the
$90 million expansion was scheduled to
start in 1978 with production startup sched-
uled for 1980.

Taiwan.—A typhoon caused power inter-
ruptions that severely damaged the Tai-
wan Aluminium Corp.’s older smelter at
Kaohsiung. Production startup was slowed
at the new 60,000-ton-per-year smelter.

Trinidad.—The Government of Trinidad
announced plans to build a 75,000-ton-per-
year aluminum smelter without the par-
ticipation of Guyana and Jamaica.

Turkey.—The capacity of the primary
aluminum smelter at Seydisehir was re-
portedly increased to 96,000 tons per year.

Venezuela.—Aluminio del Caroni S.A.
(Alcasa) completed the expansion of its
smelter at Ciudad Guayana to 182,000 tons
per year.

New Venalum, comprised of 'Corpora-
cion Venezolana de Guayana (80%), and a
Japanese consortium consisting of Showa
Denko K.K., Sumitomo Metal Mining Co.,
Mitsubishi Metal Corp., Marubeni Corp.,
and Kobe Steel Ltd., agreed to distribute the
production. The Japanese consortium would
receive up to 165,000 tons of the annual
production of 810,000 tons when the project
is completed. Startup of the first 77,000-ton-
i);;—grear potline was scheduled for early
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Yugoslavia.—Startup of Energoinvest’s would use alumina produced at the site.
primary aluminum smelter at Mostar in Plans were announced to expand the
Bosnia Hercegovina was scheduled for 1980. Sibenik smelter to 110,000 tons per year by
The 92,000-ton-per-year facility, which was 1981. The German Democratic Republic re-
designed by Pechiney Ugine Kuhlmann, portedly agreed to finance the project.

Table 14.—Aluminum: World production,’ by country

(Thousand short tons)
1975 1976 1977°

978 1,060
44 47 47
3,879 4,251 4,539
b4 48 €45
134 153 €185
T46 49 264
64 51 €52
98 98 101

48 44
422 424 429
6! 65 65
747 768 818
150 148 €140
i 78 79
68 72 82
210 228 €287
282 266
656 658 693
113 114 €115
228 230
232 232 233
85 91 90

87 86
1,690 1,760 1,810
369 85
183 218 218
‘57 64 61

2 65
158 162 169
86 86
128 135 134
220 220 280
184 234 203
34 23
1,117 1,013 1,310
19 19

31 28
18 41 35
236 256 273
120 154 160
13,387 13,771 15,049

i . PPreliminary. "Revised. =~ NA Not available.
1Qutput of primary unalloyed ingot unless otherwise specified.

rts.
S ot
cludes primary 2
SIncludes production of superpuritg‘,aluminum (99.99% Al), mﬂy included in the reported total unalloyed ingot

production, as follows, in short tons: 1975—38,274; 1976—4,251; 1
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Table 15.—Aluminum: World capacity, by country*

(Thousand short tons)
Country 1975 1976 1977
1,175 1,175 1,175
50 50 50
5,021 5,193 5,193
40 66 154
140 187 198
3 .18 3
55 55 132
102 101 101
72 72 12
‘France 448 452 452
German Democratic Republic _ . __ __ ____________________ 88 94 94
Gemany Federal Republicof _ ___ ___ ____________________ 832 841 841
160 160 160
69 69 69
84 84 84
340 321 321
293 293 293
33 768 780
122 122 122
132 132 132
238 240 240
95 94 94
105 104 104
2,140 2,555 2,695
399 403 403
221 199 199
61 61 61
110 110 110
169 220 220
88 88 88
132 132 132
270 270 300
289 330 363
55 55 55
1,492 1,627 1,616
20 20 20
42 M i
66 66 96
254 256 274
123 165 165
16,398 17,380 17,808

1Detailed information on the individual al
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TECHNOLOGY

Developmental research on a new process
that promises to reduce the amount of
energy needed to produce aluminum was
- begun under a cost-sharing agreement
between the Department of Energy (DOE)
and Alcoa. The DOE share under the agree-
ment was expected to be approximately $3
million, with Alcoa contributing about $2
million. The agreement called for con-
structing a small-scale pilot unit to explore
the feasibility of making aluminum-silicon
alloy from ores by a direct reduction process

similar to that used in blast furnaces in the
iron and steel industry. This process does
not require the use of electricity in contrast
to the conventional (Hall-Heroult) alu-
minum-making method.

According to DOE, ores containing alu-
minum mixed with a coal-derived fuel are
heated in a closed furnace, producing ferro-
silicon (used in the steel industry), and an
aluminum-silicon alloy. Carbon monoxide
(CO) is a byproduct. DOE indicated that
successful application in commercial-scale
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production depended upon experience gain-
ed from the unit and subsequent units to
be built at the Alcoa Laboratories near
Pittsburgh. The project was expected to
take 5 to 7 years to complete. If the process
appears commercially feasible, it would be
made available to others. :

Demand for aluminum-silicon alloy by
the auto industry is expected to grow be-
cause this material offers an important
means of reducing overall weight, and thus,
fuel consumption of passenger cars and
trucks. A commercially-pure form of
aluminum can also be obtained from the
aluminumssilicon alloy, according to DOE,
using technology being developed by Alcoa
as a part of the agreement.

The byproduct, carbon monoxide, re-
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portedly is an important part of the energy
economics of the new process because it has
value as a fuel or as a chemical feedstock.

In addition to the potential energy sav-
ings, the new process is based on coal, an
abundant and domestically available fuel
source; a high proportion of lower-grade
aluminum ores, which are abundant in the
United States, can be used; and the capital
needed for aluminum plant construction
was expected to be reduced.

Alcoa also continued to develop its new
process for electrolytically producing alu-
minum metal in a chloride bath, at a
semicommercial facility at Palestine, Tex.

Physical scientist, Division of Nonferrous Metals.
2Mineral specialist, Division of Nonferrous Metals.



Antimony

By John A. Rathjen!

With the exception of domestic mine pro-
duction, exports, and secondary virtually all
phases of the antimony industry registered
decreases in 1977. Reported consumption of
primary antimony dropped 1,514 tons to a
total of 13,823 tons during the year. Sec-
ondary smelter production totaled 30,601
tons, up from 19,799 tons produced in 1976.
Imports of antimony in all forms declined
39% to 13,335 tons during 1977. The most
noticeable shortfall was in ores and concen-
trates, which dropped from 10,023 tons of
contained antimony in 1976 to 3,438 tons in
1977. This severe cutback was attributed to
the phaseout and closing of NL Industries,
Inc’s smelter at Laredo, Tex., and the
continued pattern of importing crude anti-
mony oxide as an alternate to smelting ore
domestically.

Domestic mine production of antimony in
1977 rose to 610 tons from 283 tons in 1976
and reflected termination of a year-long

strike at the Sunshine mine in Kellogg,
Idaho.

Legislation and Government Pro-
grams.—Government stocks of antimony
remained at 40,728 tons. On October 1, 1976,
the Federal Preparedness Agency (FPA) of
the General Services Administration (GSA)
established a new goal for antimony of
20,130 tons. This action created a surplus.of
20,570 tons, but Congressional approval is
required for disposal. Antimony remained
on the list of commodities eligible for exp-
loration assistance under the program
administered by the Office of Miner-
als Exploration (OME). However, funds for
exploration projects have not been request-
ed from Congress since fiscal year 1974.

Federal income tax laws under the Tax
Reform Act of 1969 provided a percentage
depletion allowance of 229 for domestic
production and 14% for U.S. production
from foreign sources.

Table 1.—Salient antimony statistics

. (Short tons)
1973 1974 1975 1976 1977
United States:
Production
‘Mine ____________ . 545 661 886 283 610
Smelter* _ _ _ _ _ ____ . 17,206 16,657 12,189 14,618 12,827
Secondary ___ . _______________________ 24,062 23,570 7,964 9,799 30,601
Exports of metal and alloys ____________________ 515 871 340 341 742
Imports for p timony t) o 21,265 22,119 18,706 21,770 13,335
Consumption® _ _ _ _________________________ ,613 18,041 12,987 15,337 13,823
Price: New York, average cents per pound ___________ . 181.76 76.58 65.26 178.00
World: Production __ _ ____ ____________________ 76,920 79,113 77,114 16,576 78,977
"Revised.
Includes primary antimony t of ant. ] lead pr d at primary lead refineries.
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DOMESTIC PRODUCTION

MINE PRODUCTION

Domestic mine production of primary an-
timony in 1977 was 610 tons, an increase of
327 tons from the total mined in 1976.
Primary antimony was produced at two
domestic mines. The Sunshine mine, oper-
ated by the Sunshine Mining Co. in the
Coeur d’Alene district of Idaho, produced
446 tons, an increase of 313 tons over the
1976 total. The increase was attributed to a
return to work after a prolonged strike
which ended in March 1977. Antimony was
produced at the Sunshine operations as a
byproduct of the treatment of tetrahedrite,
a complex silver-copper-antimony sulfide,
one of the principal ore minerals in the
Kellogg area.

The United States Antimony Corp.

(USAC), at Thompson Falls, Mont., also
increased production to 164 tons in 1977,
compared with 150 tons in 1976. The up-
turn, late in the year, was credited to an
improvement of mining techniques and
power distribution along -with improved
materials handling. Stibnite, the most com-
mon of the antimony minerals, was the

primary source of antimony from the
Babbitt, Bardot, and Black Jack mines,
operated by USAC at Thompson Falls.

Antimony is also produced as a byproduct
in smelting of primary lead from domestic
concentrates. Antimonial lead produced in
this process during 1977 was 598 tons, a
68% increase compared with 1976 output.
Two primary lead refiners reported pro-
duction in 1977.

Table 2.—Antimony mine production and shipments in the United States

(Short tons)
Anti y Antimony
Year concentrate ™ Produced _ Shipped
1978 e 2,468 545 494
1974 _ T L. 3217 661 593
1975 _ 4505 886 966
1976 _ _ . 1111 283 310
1977 _ 3,496 610 534
SMELTER PRODUCTION The Chemetron Corp. moved its antimony

Primary.—Production of primary antimo-
ny products in 1977 was 12,827 tons, a
decline of 12% from the output recorded in
1976. With the exception of residues, all of
the categories were lower than in 1976. The
largest decline was in production of antimo-
ny metal, which totaled 1,877 tons, a drop of
89% from 1976. This reduction was attrib-
uted to the closing of the antimony smelter
at Laredo, Tex., which was operated by NL
Industries. The lack of proper raw material,
obsolescence, and reduced demand for anti-
mony metal were factors that contributed to
closing the plant. Antimony metal was also
produced at the Kellogg works of the Sun-
shine Mining Co. for consumption in the
battery industry.

The pattern of antimony oxide production
changed slightly as two new plants were
brought onstream. McGean Chemical Co.
Inc. started up a new plant near Cleveland,
Ohio, which was to be capable of producing
antimony trioxide from ores and concen-
trates, metal, and imported crude oxide.

oxide facilities to LaPorte, Tex., from Cleve-
land, Ohio. Harshaw Chemical Co. con-
tinued production of antimony oxide at
Gloucester City, N.J., and M&T Chemicals
Inc. produced oxide at Baltimore, Md.
ASARCO Incorporated had a small pro-
duction of antimony oxide at its Perth
Amboy, N.J. plant, although it was an-
nounced that this plant was being closed.

Sodium antimonate, which is used in the
glass industry for color television tubes, was
produced at Thompson Falls, Mont., by
USAC.

ASARCO continued work on a new anti-
mony smelter at El Paso, Tex. The plant
will treat byproduct antimony from the
Coeur mine in Idaho and should be fully
operational in 1978.

Secondary.—Production of antimony
from secondary sources increased 10,802
tons to a total of 30,601 tons in 1977. Of this,
26,580 tons, or 87% of the total metal, was
recovered by treating battery scrap. Other
items such as cable sheathing, drosses, old
bearings, and type metal provided the bal-
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ance of secondary production. As the auto- ondary lead smelters. New refining techno-
motive industry continued its shift to logy was being studied that should make
maintenance-free (MF) batteries there was this recycled metal available in the future.
a buildup of residual antimony at the sec-

Table 3.—Primary antimony produced in the United States

(Short tons of antimony content)
Class of material produced X
Year Byproduct
Metal  Oxide  Sulfide  Residues antimonial O
lead
1978 2,859 11,273 92 1,839 1,143 17,206
94 3,030 10,445 54 2,066 1,062 16,657
95 _ - 3,254 7,890 - 595 450 12,189
197 o __ 3,102 10,628 - 191 697 14,618
97 1,877 9,907 - 277 766 12,827

Table 4.—Byproduct antimonial lead produced at primary lead refineries in the

United States
(Short tons)
Antimony content
Gross From From
Year weight  domestic foreign From n Total
ores? ores scrap Quantity Percent
15,455 731 412 24 1,167 7.6
12,513 658 404 35 1,097 8.8
6,029 268 182 117 567 94
6,743 355 342 33 730 10.8
1,557 598 168 134 900 119

ncludes primary residues and a small quantity of antimony ore.
Includes foreign base bullion and small quantities of foreign antimony ore.

Table 5.—Secondary antimony produced in the United States, by kind of scrap and form
of recovery

(Short tons of antimony content)

Kind of scrap 1976 1977 Form of recovery 1976 1977
New scrap: In antimonial lead® _ _ _ __ _________ 16,498 26,580
Lead-base _ ______________ 2,116 4,037 Inotherleadalloys - _____________ 3,24 4,013
Tin-base _ __ _____________ . 26 24 In tin-| alloys . _ ____________ 1 8
Total _ 2,142 4,061 Total . ___ _______________ 19,799 30,601
' Value (millions) _ _ __________ $65.4 $108.9
Old scrap:
Lead&ase _______________ 17,642 26,526
Tin-base . ________ 15 14
Total _ 17,657 26,540
Grandtotal __ ___________ 19,799 30,601
‘lpcludu 38 tons of antimony recovered in anti ial lead from dary at primary plants in 1976 and 134

tons in 1977.
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CONSUMPTION AND USES

Domestic consumption of primary anti-
mony in 1977 dropped 1,514 tons to a total of
13,823 tons. A decline in use for metal and
nonmetal products was partially offset by a
gain in consumption of antimony trioxide as
a flame retardant.

Antimony metal used in manufacture of
starting-lighting-ignition (SLI) batteries for
the automotive industry continued a decline
that began several years ago with the intro-
duction of MF batteries. Increased use of
antimony in ammunition, solder, and type
metal was not sufficient to compensate for
the loss in batteries, and the total consump-
tion of antimony metal in 1977 was 3,847
tons, a drop of 1,053 tons from the 1976
consumption.

Nonmetal products totaled 4,211 tons in
19717, 674 tons less than in 1976. All of the
use patterns were down with the exception
of consumption in plastics, which increased
226 tons during the year. Use of antimony
in plastics was increasing because of its
dual ability to react as a mordant or stabil-
izer in conjunction with attendant flame-
retardant properties.

Antimony oxide consumed directly as a
flame retardant increased 213 tons to a
total of 5,765 tons in 1977. Use in plastics,
adhesives, and rubber cumulatively was 320
tons higher than in 1976, but the increase
was tempered by less consumption in pig-
ments, textiles, and paper, which together
used 107 tons less than in 1976.

Table 6.—Industrial consumption of primary antimony in the United States

(Short tons of antimony content)
Class of material consumed
Year Ore and Byproduct
concen- Metal Oxide Sulfide Residues  antimonial Total
trate lead
1978 _ 582 5,824 10,970 255 1,839 1,143 20,613
1974 _____ 1,032 4,362 9,457 62 2,066 1,062 18,041
1975 369 4,229 7,311 33 595 450 12,987
1976 640 3,375 10,397 37 191 697 15,337
1977 _ 160 2,625 . 9,959 36 - 217 766 13,823
STOCKS

Yearend industry stocks of antimony
dropped sharply in 1977 to 8,591 tons, as
compared with 15,070 tons at the close of
1976. All categories registered a downturn
with the exception of antimonial oxides and
antimonial residues where a nominal gain
of 41 tons was reported. The largest short-
fall was in holdings of ore and concentrate,
which dropped to 1,869 tons, a decline of

6,030 tons from the total inventory at year-
end. This sharp reduction in raw material
stocks was attributed to the continuing shift
from smelting antimony domestically to the
purchase of semifinished products from a-
broad. The growing dependence on second-
ary lead smelters as a source .of antimony
was also a factor in reduction of primary
raw material inventories in 1977.
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Table 7.—Industrial consumption of primary antimony in the United States, by class of
material produced

(Short tons of antimony content)

Product 1973 1974 1975 1976 1977
Metal products
munition _______________________ 122 121 239 63 138
Antimonial lead ___ e 8,027 1,251 4,568 3,861 2,936
Bearing metal and bearings _____________ 527 476 402 405 265
Cablecovering _ ______ ______________ 12 16 23 19 16
ings _ _____ ________ ___________ 65 31 18 24 13
Collapsible tubesand foil _______________ 12 18 9 23 16
Sheetandpipe _____________________ 97 69 60 14 56
Solder _ _ _ ——— 191 205 133 188 220
metal —— 134 107 15 79 83
Other ___ I, 104 135 120 164 104
Total _ _ _ __ _ _ ___________________ 9,291 8,429 5,647 4,900 3,847
Nonmetal products:
Ammunition primers 18 11 14 13 13
Fireworks ________ 5 11 10 12 9
Ceramics and glass _ _ _ 1,917 1,384 989 1,260 1,547
i nts _ _ __ _ _ __________._ 644 460 321 415 400
Plasties - _________________________ 2,920 1,431 1,091 1,277 1,503
Rubberproducts ____________________ 693 664 458 578 473
Other _____________ __ _ __________ 2,219 1,268 658 1,330 266
Total _ ___ _____ ___ __ ____________ 8,416 5,229 3,541 4,885 4,211
Flame retardant:!
Plastics . _ ___ __ _ _______ ___________ 2,711 2,501 3,777 3,972
-Pi%:nts _________________________ 172 92 183 149
Rubber _______ __ __ _______________ 2,906 252 172 199 219
Adhesives _ _______________________ 231 126 141 246
Textiles - _ _ _ _ _ __ ______ ____________ 980 748 1,055 997
Paper __ __ _ _ __ _ _ _ _______________ 37 160 197 182
Total _ __ __ _ 2,906 4,383 3,799 5,552 5,765
Grandtotal ______________________ 20,613 18,041 12,987 15,337 13,823
Flameproofing chemicals and compounds shown separately by use starting in 1974.
Table 8.—Industry stocks of primary antimony in the United States, December 31
(Short tons of antimony content)
Stocks 1973 1974 1975 1976 1977
Oreandconcentrate __ __________________ 5,585 6,275 8,364 7,899 1,869
Metal ____ ___ _____ __________ 1,540 809 1,380 1,662 1,
Oxide - ____________________________ 2,074 3,732 3,886 4,560 4,576
Sulfide - __________________________ 31 35 32 31 24
Residues and slags _____________________ 526 549 921 475 516
Antimoniallead" ______________________ 322 294 374 443 247
Total _ _ o ____ 10,078 11,694 14,957 15,070 8,591

Inventories from primary sources at primary lead refineries only.

PRICES

The New York price for RMM brand
99.5% antimony metal remained firm at
$1.78 per pound through 1977. This quot-
ation was calculated from a base price of
$1.75 per pound f.o.b. the NL Industries
smelter at Laredo, Tex., with a freight
differential of 3 cents per pound for New

York delivery. The New York dealer price
for foreign metal was quoted in a range of
$1.00 to $1.55 per pound in January but
dropped steadily through the year to $1.10
to $1.15 per pound in December. The decline
was attributed primarily to a drop in de-
mand for antimony metal in the automotive



140

storage battery industry. The industry quot-
ation for antimony trioxide was $1.80 per
pound in January and remained firm until
August 3, when Harshaw Chemical Co.
reduced its antimony trioxide price by 16
cents per pound to a new base price of $1.64
per pound. The Metals Week quotation for
antimony trioxide was published in a range
of $1.64 to $1.80 per pound where it remain-
ed for the balance of the year. The Eu-
ropean Market quotation for lump ore, on a
60% antimony basis, dropped from a range
of $25.50 to $27.50 per metric ton unit, c.if.,
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during the first half of 1977, to a range of
$17.50 to $20, same basis, for the remainder
of the year.

Table 9.—Antimony price ranges in 1977

- - e
Type of antimony per pound
Domesticmetal® ________________ $1.75-$1.78
Foreignmetal® _________________ 1.00- 1.55
Antimony trioxide® ______________ 1.64- 1.80

1RMM brand, f.o.b., Laredo, Tex.
2Duty-paid delivery, New York.
3Quoted in Metals Week.

FOREIGN TRADE

Impdrts of antimony in all forms totaled
13,335 tons (metal content), a decline of 39%
from the 1976 total. The largest loss was in

the category of ores and concentrates,
which dropped to 3,438 tons in 1977 as
compared with 10,023 tons received in 1976.

Table 10.—U.S. imports for consumption of antimony, by country

1976 1977
Country Quantity Value Quantity Value
(short tons)  (thousands) (short tons) (thousands)
392 $611 55 $146
236 743 666 2,081
1 1 50
14 110 291
209 613 483 1,137
1 16 5] 15
22 70 __ -
44 131 __ -
1 30 —_ __
213 443 222 405
e - 51 104
- __ 214 443
41 108 43 85
99 284 __ __
230 462 90
551 1,532 111 269
2,124 5,115 1,981 5,116
350 965 376 1,110
110 293 744 1,99737
1,288 3,441 391 1,211
1,464 4198 1,300 - 3,858
22 69 8 214
20 53 73 184
597 1,638 228 641
50 143 22 76
6,005 1,504 4,693 1,405
Switzerland Q) (¢ 20 83
Taiwan _ _ e 82 218 11 34
United Kingdom — __ - ——— e 1,623 4,507 1,685 4,305
Total _— e 11,611 17,029 9,641 15,150

Includes needle or liquated (value in thousands): 1976-Be!

jum-Luxembourg 18 tons ($53), the United Kingdom 23

tons ($76); 1977—Belgium-Luxembourg 25 tons ($66), the Republic of South Africa 214 tons ($443), the United Kingdom 20

tons ($71).
3] ess than 1/2 unit.
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The decline was attributed to closing of the
NL Industries smelter at Laredo, Tex., and
a continuing changeover to importation of
crude antimony oxide in lieu of smelting
foreign ores domestically. Imports of anti-
mony oxide were 9,641 tons (gross weight), a
decline of 1,970 tons from the 1976 level.
Metal imports including liquated totaled
1,981 tons during 1977 and were 143 tons
under the 1976 level.

Three countries supplied 80% of antimo-
ny oxide imports during 1977: The Republic
of South Africa, 4,693 tons (includes crude
antimony oxide imported for further refin-
ing); the United Kingdom, 1,685 tons; and
France, 1,300 tons. A sharp drop in receipts
from the People’s Republic of China was
partially offset by increased shipments from
Bolivia, the Federal Republic of Germany,
and Italy. Receipts of antimony ores and
concentrates in 1977 were 3,438 tons (metal
content), a 66% decline from the 1976 total.
All of the principal suppliers recorded lower
imports. The Republic of South Africa, with
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959 tons, reflected a 78% drop from the 1976
total; Bolivia at 757 tons (including Bolivian
antimony shipped via Antofagasta, Chile)
was 68% lower; Mexico, 869 tons, was down
43%; and Canada, 823 tons, was 25% lower
than in 1976.

Total imports of refined metal dropped
143 tons to 1,981 tons in 1977. A sharp
decline in receipts from Belgium-Lux-
embourg, Mexico, the United Kingdom,.and
Yugoslavia, which cumulatively shipped
1,033 tons less in 1977 than in 1976, was
partially offset by a combined increase in
receipts of 1,259 tons from Bolivia (includes
Bolivian antimony shipped via Antofagasta,
Chile) and the People’s Republic of China.

Exports of antimony, metal, alloys, and
scrap totaled 742 tons in 1977, a rise of 401
tons over shipments in 1976. The largest
customers were the United Kingdom, 244
tons, 33%; Bulgaria, 123 tons, 17%; Japan,
78 tons, 11%; India, 70 tons, 9%; and Cana-
da, 68 tons, 9%. The balance was shipped in
small parcels to 15 additional countries. .

Table 11.—U.S. imports for consumption of antimony ore, by country

1976 1977
Gross Antimon, Gross Antimony
Country weight oontenty X:Iue ‘weight content X:};":
(short (short %‘;‘) (short (short sands)
tons) tons) san tons) tons)
Bolivia _ ______________ 3,179 1,992 $3,820 499 312 $675
_______________ 1,756 1,091 1,949 1,267 823 1,701
________________ 11 411 804 68'; 442 9%
Chma.P le’s Republic of — _ — — —
Cria, Feople’s Ropublicof - - 219 a ;}3 70 24 26
G bema]n _____________ —— __ ——
ua _______________ 6,625 1,513 2,458 3,869 869 1,493
South Afnca, Republicof _ ___ 7,4?? 4,442 7,372 1,642 959 1 982
Tortal ______________ 20,945 10,023 16,911 8,042 3,438 6,832
Table 12.—U.S. imports for consumption of antimony
Antimony ore Needle or liquated Antimony metal! Antimony oxide
Gross Antimony Gross Gross Val Gross Val
Year ight content Value  goight  value  oight Ue  weight ue
Thort  (short tha  (@hort ~(hol  (ghort  (how  (ehort  (thow
tons) tons) tons) tons) tons) '
1976 _______ 20,736 .8.320 $14,535 74 $255 2,112 $5,677 9,908 $12,588
1976 . ___ ,945 10,023 16911 41 129 2,083 4,986 11,611 17,029
1977 _______ 8,042 3,438 6,832 259 580 1,722 4,536 9,641 15,150

1Does not include alloy containing 83% or more antimony.
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Table 13.—Antimony: World production (content of ore
- unless otherwise indicated), by country

(Short tons)
Country 1975 - 1976 19777
North America:
Canada®?® ____ ______ _________________________.__ 2,020 2,535 2,340
Guatemala_ _ ___ __ __ ___________ . _______________ 944 1,235 €1,250
Honduras ___ _______________ __ _________________ 114 129 ki
Mexico® _ _ _ _ ol 3,458 2,806 €3,000
United States® _ ___ _ ____ _ ____ ______________:i_____ 88 283 610
South America:
Argentina . _____________________________
ivia _____________TTTTOTTTTTTTITTTIOTITIIIIIT 413,136 516,873 516,707
Brazil ____ _ - __ __ - 39 €40
Peru (recoverable) _ _ __ _ _ __ _ _ _ __ _ _ _ _ _ 305 665 €670
Europe:
Austria (recoverable) ________________________________ 561 588 564
Czechoslovakia® 770 770 830
Greece 237 243 __
1,113 1,112 909
88 168 357
-8,300 8,500 8,700
2,406 2,228 - €2,300
66 66 €66
1,160 1,560 1,553
Rhodesia,Southern® _ _ _ ____________.______-_-_______ 330 . 330 330
As.South Africa, Republicof - _ __ __ _ ___ - _______ ___________ 17,553 11,890 12,930
ia: :
Burma ______ . 306 524 ) 734
China, People’s Republic of _ _ o __ 13,000 13,000 13,000
Korea, Republicof _ _ _ __ ___ _ _________ _______________ 44 11 __
Malaysia (Sarawak). _ _ ______ _____________.__________ 275 275 €275
Pakistan® __ _ _ __ _ __ _ _ o ______ . 144 43 €45
Thailand _ _ _ _ __ _ 3,454 4,047 5,238
Turkey _ _ 4,010 4,771 €4,900 .
Oceania: Australia® _ _ _ _ __ __ _ _ _ _ _ __ _ _ _ o ____.__ 2,431 1,883 €1,550
Total . _ _ _ _ _ _ _ 7,114 76,576 ° 78,977
®Estimate. PPreliminary. Revised

1Partly estimated on the basis of reported value of total production.
2Antimony content of ores for export plus antimony content of antlmonml lead and other smelter products.

Tad,

3Production from antimony mines; asmall

t produced as a byproduct of domestic lead ores.

4Production by COMIBOL plus exports by medium and small mines and so-called “other producers

5Total national production.

ates, lead

8Antimony content of antimony

rates, and zinc concentrates.

WORLD REVIEW

World mine production of antimony in
1977 increased slightly to 78,977 tons. The
principal producers continued at levels con-
sistent with former years with minor
declines more than offset by increased pro-
duction from developing countries. Bolivia
continued as the world’s largest producer in
1977 with a total of 16,707 tons. The Peo-
ple’s Republic of China and the Republic of
South Africa retained strong positions as
suppliers of antimony to the world market,
with an estimated combined production of
about 25,930 tons.

Australia.—Production of antimony in
Australia in 1977 was estimated at 1,550
tons, a decline of 333 tons from output in
19717. Increased production by Vam Ltd. at
its Hillgrove mines near Armidale in New
South Wales was offset by disappointing
results at the Blue Spec antimony-gold

mine near Nullagine in the Pilbara region
of Western Australia. The Blue Spec mine,
which reopened in 1976, was to be operated
at recovery levels of 80% for antimony and
75% for gold. In actual practice the factors
were only 59.7% for antimony and 44.7%
for gold; as a result the project has been
declared uneconomical, and it was - an-
nounced that the mine would be closed
early in 1978.

Vam Ltd. was planning a substantial
increase in antimony production with the
opening of a fourth mine, Garibaldi, in New
South Wales. Proven ore reserves are 23,000
tons assaying up to 5% antimony, and there
are 100,000 tons of inferred reserves. -

Bolivia.—Bolivia continued as the world’s
largest antimony producer in 1977 with a
total output of 16,707 tons. Much of the
production was utilized at the new smelter
operated by Empresa Nacional de Fun-
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diciones (ENAF), where metal and oxide

were produced for export. Metal production
assayed in a .range of 99.5% to 99.6%
antimony, and trioxide was 99.85% pure.
Concentrates and cobbed ore not consumed
at the smelter were exported to traditional
markets including the Umted States, Eu-
rope,and Japan. -

Canada.—Two companies continued as
the principal producers of antimony metal
in Canada. Cominco Ltd. at its lead smelter
and refinery at Trail, British Columbia, and
~ Brunswick Mining and Smelting Corp. at

its lead smelter near Belledune, New
Brunswick, produced byproduct antimonial
- lead in their refining operations.

Antimony was mined and concentrated in
Canada by Consolidated Durham Mines and
Resources Ltd. at its Lake George property
- near Fredrickton, New Brunswick. The
main ore is stibnite, which is upgraded to a
premium grade 66% antimony concentrate
with less than 0.50% arsenic and lead

combined. The concentrates were shipped to’

Europe and the United States.

. Con-Am Resources Ltd. announced a
three-phase study of its antimony prospect
in the Wheaton River district of the Yukon
Territory. Previous investigations have in-
dicated a reserve of 175,000 tons of 3% to
5% stibnite. Reconstruction of access roads
and adits prior to additional core drlllmg
and metallurglcal testing will be the main
thrust of the ongoing study.

China, People’s Republic of. —China
maintained its - position as the world’s
second-ranking producer with an estimated
13,000 tons in 1977. A review of internation-
al commerce and activity at the Canton
Fair seemed to indicate a production level
somewhat lower than these current esti-
mates. ‘China’s reserves of antimony ore,
which are believed to contain an excess of 2
million tons of metal, are the largest known
world resource. Most of the deposits are in
southwestern Hunan Province with other
occurrences reported in the Provinces of
Kweichow, Kwangsi, Kwangtung, and Yun-

an. :

South Africa, Republic .of.—The third-
ranking world producer of antimony in 1977
‘was the Republic of South -Africa with

12,930 tons. A single company, Consolidated .

Murchison Limited, which operated in the

Letaba district of the Transvaal, produced

all of the antimony mined and treated
during the year. A number of separate
deposits - were mined along the Murchi-
son Range, of which the Gravelotte sec-

tion proved to be the most productive.

Antimony was produced as a concentrate
and in the form of high-grade cobbed ore.
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The major portibn of the company’s pro-
duction was exported and sold in Europe

~and North America. Prior to export, a

significant percentage of the antimony con-
centrate was treated by Antimony Products -
(Proprietary) Ltd. for the production of.
crude antimony oxide.

Research and exploration programs con-
tinued throughout the year in an effort to
improve gold recovery and expand the cur-

" rent reserve at the mine.

Thailand.—Thailand was the fifth largest
world producer of antimony in 1977 with .
5,238 tons of metal content mined duririg
the year. Antimony was produced in the
north, central, and southern regions of
Thailand. There were many small pro-
ducers, and mining was frequently intermit-
tent, reflecting the price of metal in the
world market. The largest producing -
Provinces in the north were Phrae and
Lampang, minor quantities came from

"Chiang Rai, Chiang Mai Tak, Lamphum,

and Sukhothai. In the central area ore was
produced in the Provinces of Kanchana
Bari, Chanthaburi, Rayong, and Rat Buri,
and in the south, there was production in
Nakhon Si Thammarat, and Surat Thani
Provinces.

Yugoslavia.—~The Rajiceva Gora antimo-
ny mine and mill on Kopaonik Mountain in
Serbia, operated by Rudarsko Topionicki
Bazen Zajaca (RTB-Zajaca), started regular
production following 12 months of trial
production. Output should reach 300,000
tons of ore by 1979. Reserves of antimony
ores at Rajiceva Gora were estimated to be
between 10 and 15 million tons. The grade
of the ore was not made public.

Exploration in the general area of Ruje-
vac, in Serbia, has led to the discovery of
important reserves of lead, zinc, and' anti-
mony ores. Development of a new mine was
to start during 1979. In the vicinity of Kriva
Palanka, Serbia, exploration for bentonite
by geologists of Bentomak, a local producer
of bentonite, have led to discovery of anti-
mony ore. During exploration work, about
13,000 tons of ore was produced; it was
considered that the deposit could justify
construction of a mine and mill.

A decision to build Yugoslavia’s first anti-
mony oxide plant, of 400 tons per year
capacity, was taken by RTB-Zajaca. The
location of the facility was not. announced,
but it was believed it would be at Zajaca,
where the only Yugoslav antimony smelter
was in operation.

1Mineral specialist, Division of Nonferrous Metals.






Asbestos

By R. A. Clifton!

Shipments of asbestos (mostly chrysotile)
in 1977 from mines in the United States
decreased 11% from those in 1976. Imports
were 8% lower than those in 1976 because
U.S. demand continued to lag well below
the peak year of 1973.

Canadian production in 1977 was 8%

lower than that for 1976, and shipments
from Canada to the United States were 6%
less than those in 1976. Imports from the
U.S.S.R. were 1% of total U.S. imports, and
those from the Republic of South Africa
accounted for 4%.

Table 1.—Salith asbestos statistics

1973 1974 1975 1976 1977
United States:
Production (sales) _ _ _ _______ short tons_ _ 150,036 109,091 98,654 114,842 101,704
Value _____________ thousands_ _ $16,288 $13,759 $14,220 $23,693 $25,267
Extports and reexports (unmanu-
actured) — _ _ ___________ short tons_ _ 66,442 61,723 36,447 46,923 37,637
Value _____________ ousands_ _ $9,342 $9,192 $10,667 $12,791 $11,731
Exports and reexports of asbestos
products(value) - __ __________ do____ $40,777 $60,396 $60,776 $60,572 $78,822
Imtports for consumption (unmanu-
factured) _ _ ____________ short tons. _ 792,473 766,164 538,553 657,851 607,022
Value - ___________ thousands_ _ $98914  $123,822  $111,011 $142,145  $145,146
Released from stockpile
(unmanufactured) ________ short tons_ _ 6,761 28,851 6,877 552 207
Consumption, apparent! _ ____ ____ do____ 882,908 845,825 607,637 726,322 671,543
World: Production _ _ _______________ do.___ 4613717 4,582,320 4,562,624 5623211 5,878,829
M d by ity produced, plus imports, plus stockpile releases, minus exports.
Legislation and Government Pro- rials that contain respirable free-form

grams.—Again, no date was set by the
Occupational Safety and Health Admin-
istration (OSHA) for the public hearings
mandatory for the proposed revisions to its
asbestos standard for manufacturing. The
proposal for a permissible-exposure level of
0.5 fibers per cubic centimeter (0.5f/cc) is
well into its third year without the hear-
ings.

On March 18, 1977, President Carter
signed Public Law 95-12. This act repealed
the Byrd Amendment, which had exempted
strategic minerals from the economic
sanctions in force against Southern Rhode-
sia. .
The Consumer Products Safety Commis-
sion (CPSC) banned all consumer patching
compounds and artificial emberizing mate-

asbestos. The ban on emberizing materials
became effective December 15, 1977, and
that on patching compounds becomes ef-
fective January 16, 1978, for all such com-
pounds manufactured after that date.

On November 10, 1977, the Environmen-
tal Protection Agency (EPA) gave advance
notice of intention to propose an asbestos
standard for the production and use of
crushed stone.

Under a new State law, all California
firms manufacturing asbestos products or
using asbestos in their processes had to
register that fact prior to September 1, 1977.

As shown in table 2, there was little
change in stockpile inventories in 1977.
Crocidolite was sold from the stockpile at
$301 per ton.

145



146

MINERALS YEARBOOK, 1977

Table 2.—Stockpile goals and :
Government inventories as of December 31

(Short tons)
St‘;le‘ Total inventories  Sales of
e
Ly 1976 1977 19T
Amosite ____ 26,291 42,623 42,416 207
Chrysotile ___ __ 110,960 110,960 __
Crocidolite _ _ _ —— 2,474 2,474 __
Total ____ __ 756,057 55,850 207
"Revised

‘Adiuste;l figure, Federal Preparedness Agency.

Environmental Impact.—Isolating the
impact of environmental considerations on
the demand for asbestos is difficult because
of the many interacting variables. It is
demonstrable, however, that in the past,
asbestos consumption has risen with rising
construction activity and declined with
each decrease in construction activity. This
is shown in figure 1, and is true for the 9
years preceding 1977. The sudden diver-

gence in that year of the paths of new
construction and asbestos consumption is
quite likely the result of lessened demand
brought on by the environmental problems
associated with asbestos. Indications are
that future asbestos consumption in the
United States may have a nongrowth pat-
tern, and that environmental consider-
ations will be a causative factor.

DOMESTIC PRODUCTION

Mines in the United States shipped 11%
less asbestos in 1977 than in 1976. Value
was 7% higher than in 1976. Four States
produced asbestos: California was the lead-
er, with 74%, followed by Vermont, Arizo-
na, and North Carolina. Total output was
101,704 tons valued at $25,267,000.

Output from the copperopolis mine made
Calaveras Asbestos Corp. California’s lead-
ing producer. At yearend, two mines were
also active on the Joaquin Ridge near Coal-
inga. Atlas Asbestos Corp. worked its Santa
Cruz mine in Fresno County and Union
Carbide Corp. operated its Santa Rita mine
in San Benito County, both on the ridge.

The Vermont Asbestos Group’s Lowell
mine in Orleans County, Vt., is no longer

the mine with the highest production of
asbestos in the United States. Its output
was less than that of the Calaveras Corp.
mine. The Lowell mine is owned and oper-
ated by an employee group which, though
successful in its operation, is considering
selling it.

Arizona production in 1977 was below the
1976 level. The Jaquays Mining Corp. in
Gila County had the only active asbestos
mine in the State.

Powhatan Mining Co.’s mine in North
Carolina was active, and a few tons of
anthophyllite was mined and shipped in
1977. U.S. asbestos producers and mine sites
follow:

State and company asbestos.
Arizona: Jaquays Mining Corp _ _ __ ____ Chrysotile.
California:
Atlas Asbestos Corp . — . _ ______ Do.
Calaveras Asbestos Corp _ __ ____ Do.
Union Carbide Corp . _ _ _ ______ Do

North Carolina: Powhatan MiningCo __ _
Vermont: Vermont Asbestos Group

Anthophyllite.
Chrysotile.
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CONSUMPTION AND USES

The end use data on asbestos fiber as
reported by respondents to the Bureau of
Mines questionnaire remain difficult to
analyze. Patterns of use that may be indica-
tive of trends are not apparent. The data
may represent a major market readjust-
ment that started with the economic reces-
sion and Canadian strike in 1975 and was
complicated by the environmental picture,
or the lack of clarity may be due to incon-
sistency of reporting. If the former is true,
then the readjustment period is still taking
place. Three-fourths of the end uses show-
ed increases in asbestos consumption; the
others decreased. The asbestos used in
asbestos cement pipe increased 14% and
that in asbestos cement sheet, 92%. Further

flooring products, which represent 23%,
were the largest end uses of asbestos.
Friction products totaled 14%, and roofing
products, the 1976 leader, was fourth at 9%.
Other major asbestos-using end products
were asbestos cement sheet (6%), coatings
and compounds (5%), packing and gaskets,
as well as paper (4%), insulation (3%),
plastics and textiles (1% each), and other
end uses (6%).

The following, from a Canadian trade
publication, indicates the amount of as-
bestos used in some of the end products and
its contribution to the cost of the article:?

A -
increases were in flooring products (36%), Product Weight-  ieate
packing and gaskets (38%), thermal insu- percent l:)efrg:tt
lation (150%), electrical insulation, (61%),

- coatings and compounds (80%), and textiles Asbestos waterproofing products and

(31%). The asbestos used in roofing products  pyomemione oided~~~~~~  tyay %
in 1977 was reported at just 25% of that in  Friction material (woven) _ ______ 70 30
1976, ashestos used in plastics was only 37%  ppenes oies ot yarm) - £ 40
of the 1976 level, and in paper, 79%. ﬁgbeems inished sheets — _ ______ m%g 4345)

Asbestos cement pipe, which represented Ambestos ot dies S-S oTTTTTC  gag o
24% of the total asbestos consumption, and

PRICES

Quoted prices for Quebec asbestos, all
chrysotile, were raised 14% during 1977.
The last rise was effective on July 1, 1977.
British Columbia asbestos chrysotile prices
rose 12.8% on that date.

Prices for Vermont chrysotile asbestos
rose 4% on January 1, 1977. Arizona prices
did not increase during 1977. The latest
prices are still those that went into effect on
July 1, 1976, and quotations, f.o.b. Globe,
are shown below:

Grade Description Per short ton
Groupl __ Crude ___________ $3,000
Group 2 __ —eedo________ 1,800
(A}AA 5" fq_,}f_do TR 1,300

roup 3 __ onferrous filtering
and spinning _ ____ $750- 840
Group4 __ Nonferrous plastic and
filtering ________ 750- 840
Group 7 __ White shorts _ ____ __ 100- 200

As of January 1, 1977, Vermont chrysotile
ashestos, f.o.b. Morrisville, was priced as
follows:

Grade Description Pel;osll:ort
_________ r 77
S5Dthrough5R = ____do ________ $314- 369
_________ aste _________ 228
7D through 7T _ _ orts _________ 95- 182
________ Floats (shorts) ___ _ 82
8 horts _________ 62
Hooker No.1 __  Packaged u} 50-pound
woven polyvin,
et 1110
Hooker No.2 __  Packaged in 100-
pound woven
polyvinyl bags _ _ _ 555

Quotations for Canadian (Quebec) chryso-
tile, f.0.b. mine, as of July 1, 1977, follow:
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Grade Description Per;[l:ort Grade Description Pex;:;wrt
Groupl __  Crude ________ Can$3,300-Can$4,000 CLINTON MINE
Group2__. ___.do _______ ,800- 2,175
Group3 __ Spmnms fiber ___ 850- L700 cp_____ Asbestoscement fiber ____  Can$730
Group 4 _ _ Asbestos-cement ‘ CT _____ d 650
fiber ________ 530- 700 ey TTTC 420
group g - {";aper fiber _____ 315- 400 o7 _____ 320
roup 6 _ _ aste, stuc::(:, fi . 245 25
Group 7 __ Refuse or shorts _ _ 90- 200

Prices for chrysotile asbestos from British
Columbia and the Yukon Territory, Cana-
da, effective July 1, 1977, f.o.b. Vancouver,
follow:

African asbestos producers privately
negotiate sales, thereby ruling out market
quotations. The following tabulation shows
the average value per short ton of South

- African imports, regardless of grade, calcu-

lated from U.S. Department of Commerce
data:

Grade Description Pex:&ort
Type 1973 1974 1975 1976 1977
— oo MR oo
} rocidolite _ _ _ _
Gl Crude ________ Can$3621  Chrysotile ____ 234 282 940 235 440
1600
1,050 .
%g The increased demand for and the short-
¢70 age of most types of asbestos, and the
580 increased mining costs resulted in price
420 . . -
390 increases in almost. all categories. Other
price rises were expected early in 1978.
FOREIGN TRADE

There was a 23% increase from 1976 to
1977 in the value of exports of asbestos
products manufactured in the United
States. The number of articles exported
increased.

Major groupings of exported products and
their share of the total value were textiles
and yarns, 22%; friction products, packing
and gaskets, and asbestos-cement products,
17% each; insulation products, 5%; and
other products, 22% (table 4).

In 1977, 62% of the cost of imported

asbestos was recovered by exporting and
reexporting fibers and products.

In 1977, the United States imported 90%
of its asbestos consumption. This was slight-
ly below the 1976 percentage. Canada pro-
vided more than 94% of the imports, the
Republic of South Africa provided 4%, the
U.S.S.R. provided 1%, and four other coun-
tries provided the remainder. Chrysotile,
with 98%, dominated the imported types.
The dollar value of imported fibers was 2%
higher than that in 1976.

Table 4.—Countries importing U.S. asbestos products in 1977, by type

(Thousand dollars)
Seederal’
eral . Aus- United
Canada Repl}bli c Mexico tralia Kingdom Other Total
of
Friction products _ _ _ ______ 10,436 927 62 121 153 3,398 15,097
Packing andgaskets _ _____ _ 3,602 266 552 469 326 9,725 14,940
Asbestos-cement products _ _ _ _ 1,934 1,825 32 58 54 11,782 15,685
Textilesandyarn_________ 4,282 1,767 4,939 718 16 8,200 20,068
Insulation products _ ___ ___ 1,103 13 40 49 3,373 4,671
Other - _ ______________ 2,458 5,148 498 273 726 10,487 19,590
Total __ __ _________ 23,815 9,946 6,176 1,679 1,470 46,965 90,051
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Table 5.—U.S. exports and reexports of asbestos and asbestos products

1976 1977
Products Quan- Value Quan- Value
tity (thousands) tity (thousands)
EXPORTS
v Crude and pics inmng: i d inni
e an and nonspinning
fibers ® — short tons__ 21,470 $7,179 17,906 $7,433
de ,847 ,461 19,484 4,268
46,317 12,640 37,390 11,701
2,460 11,330 3,784 14,940
6,239 11,536 6,381 12,968
1,007,551 1,660 1,110,280 2,129
1,522 7,907 8,782 11,323
10,610 3,547 7,206 2,484
15,151 6,326 24,454 13,201
NA 898 NA 1,312
NA 4,819 NA 4,671
NA ,253 NA 15,322
XX 60,276 XX 78,350
REEXPORTS
Unmanufactured: )

606 151 __ —
__ —— 247 30
606 151 247 30
4 19 12 126
221 251 197 197
28,143 23 720 7
— —— 8 35
12 3 . —
_ __ NA 107
XX 296 XX 472

NA Not available.

XX Not applicable.

Table 6.—U.S. imports for consumption of asbestos from specified countries, by grade

(Short tons)
1976 1977
Grade Re ublic o Republic
Canad of South uthern Canad of South Southern
‘Africa Rhodesia ica Rhodesia
tile:

de _ _ _ ______________ 635 1,745 3,451 134 3,810 2,451
inning fibers ___________ 5,812 61 247 6,685 3,764 __
other _______________ 611, 1068 6,557 - 561,985 2,360 345
Cmc;dohte (blue) ____________ — 10,177 . 71 11,968 _—
_________________ 20 X —— 1 582 —_
Total __ __ ____________ 617,595 20,094 3,698 568,876 2,796
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Table 7.—U.S. imports for consumption of asbestos (unmanufactured), by class
and country
Crude (includ- -
ing blue fiber) Textile fiber All other Total

Year and country ti Value Quantity Value Quantnty Value Quantity Value

anty (thou- (short (thou- (short (thou- (short (thou-

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

1976
Australia _____________ 99 $46 . __ __ _— 99 $46
Canada ______________ 655 272 5,872 $4,613 611,068 $121,977 617,595 126,862
Germany, Federal Republic of __ . — — 1,909 383 1,909 383
Hong Kong —___________ __ __ - - 2 Q] 2. (@]
______________ 378 209 __ __ 1,091 146 1,469 355
Rhodesm, Southern ______ 3,451 2,099 247 208 __ __ 3,698 2,307
South Africa, Repubhc of ___ 13,476 6,932 61 38 6,557 2,616 20,094 9,686
USSR ______________ __ __ __ —_— 12,421 2,324 12,421 2,324
United Kingdom ________ 564 282 __ - __ __ 564 282
Total ____________ 18,623 9,840 6,180 4,859 633,048 127,446 ‘ 657,851 142,145
1977
Canada ______________ 206 90 6,685 6,224 561,985 124,940 568,876 131,254
Mexico ______________ __ _— __ 3,61 139 3,615 139
Rhodesia, Southern ______ 2,451 2,368 __ __ 345 199 2,796 2,567
Sout]h Afnca, Repubhc of ___ 16,360 7,721 3,764 309 2,360 1,273 22,484 9,303
Sweden ______________ - _— - - 1 O] 1 (O]
Taiwan ______________ . . —_ —_ 312 7 312 7
USSR . ______ - - 2,190 443 6,748 1,433 8,938 1,876
Total ____________ 19,017 10,179 12,639 6,976 575366 127,991 607,022 145,146
Less than 1/2 unit.
WORLD REVIEW

Industrial Minerals magazine discussed
the asbestos market, the recession, and
environmental factors by describing the
‘“uniqueness” of a mineral that maintains a
reasonably strong demand in spite of an
intensive campaign to either ban or limit its
use at a time of industrial recession.?

The world market for asbestos is appar-
ently in a period of transition away from
the older, longer established trends. Canada
has been supplanted as the world’s number
one producer and the United States as the
number one consumer; the Soviet Union
enjoys premiership in both areas.

Consumption growth rates in the more
developed countries are, at least for now, on
the decline, but consumption is increasing
in developing countries. This is indicated by
the 8% reduction in U.S. consumption and
12% reduction in British imports, but world
production rose 4.5% from 1976 to 1977.

There is even the possibility that there
are trend changes among the grades of
choice in the marketplace. During much of
1977, there were inventories of the spinning
grades available from producers; during
part of that time, shorts (grade 7) were also
available. Demand for the cement grades,
however, continued to exceed supply
throughout the world.

Australia.—Although production for the
year ended June 1977 more than doubled
the record high set in 1972, the future of the
Woodsreef Mines Ltd. mine at Barraba,
New South Wales, still does not seem as-
sured. New on-site reserves of fibers have
been found, and the Baryugil property re-
mains promising, but the receivership has
not been vacated.

Canada.—The eight companies that pro-
duce and ship asbestos in Canada reported a
7% decrease in shipments to the United
States and Western Europe. The Canadian
Government established an emission stand-
ard of 2 fibers per cubic centimeter of air for
air surrounding crushing, drying, milling,
and storage operations of the asbestos
mining industry. The standard will become
effective on December 31, 1978.

In Quebec, the Provincial government’s
interest in the asbestos industry was greatly
clarified by the end of 1977. Instead of the
industrywide takeover reported earlier,
only one company (Asbestos Corp. Ltd.) is
now targeted for acquisition by the new
$Can250,000,000 crown corporation, Société
Nationale de I’Amiante, being proposed in
the legislature. Asbestos Corp. Ltd., with
35% of the Province’s production capacity,
is not a willing seller. Improvement of the
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industry’s health and safety standards re-
mains a goal of the Government, as does job
creation, by having more provincial manu-
facturing of asbestos -containing products.

In this regard, a study financed by the
Quebec Asbestos Mining Association isolat-
ed five product areas as the most promising
for local manufacturing: Molded friction
products, asbestos-cement pipe, asbestos-
cement sheet, asbestos papers, and asbestos
flooring felts. Details of the second phase of
the study were unavailable at yearend, but
the study was not expected to promise much
hope of achieving the Government’s goal of
20% of Quebec fibers being used in local
manufacture.

United Asbestos Inc. was placed in de-
fault by its bondholders and bank in March,
and the mine at Midlothian, Ontario, clos-
ed. At yearend, Woodsreef Minerals, Ltd.,
was studying the property relative to acqui-
sition, and was doing some testing at its
facility in Australia.

Asbestos Corp. Ltd. closed its Normandie
mine in September, reserves were de-
pleted.

Canadian Johns-Manville Co., Ltd., at
first reconsidered, then reinstituted its
announced plan to spend $77 million over
the next 5 years for facility development at
its Jeffrey mine in Asbestos, Quebec.

Carey-Canadian Mines Ltd. completed a
$3 million air purification plant for its
230,000-ton-per-year-capacity mill. The com-
pany employed 550 people at its open pit
mine and mill.

Cassiar Asbestos Corp. Ltd. announced
formation of its own marketing department,
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Creek deposit in northern British Columbia.

Among the asbestos properties either un-
dergoing exploration or awaiting develop-
ment or financing decisions are Abitibi
Asbestos Mining Co. Ltd. and its property at
Amos, Quebec; Great Northern Pulp and
Paper Group Ltd. and its Daffodil property
in Deloro Township, Ontario; Hollinger
Mines Ltd. and its discovery in Newton
Township near Timmins, Ontario; McAdam
Mining Corp. Ltd. and its own chrysotile
property at Roberge Lake, McCorkill Town-
ship, near Chibougamau, Quebec, and a
joint exploration with Campbell Chibou-
gamau Mines Ltd. on its discovery at
McKenzie Bay, Roy Township, Quebec; and
Pathfinder Resources Ltd. and its 750-acre
Lili property in Cleveland Township, Que-
bec.

Greece.—In January 1977, Cerro Corp.
sold its rights in the Zindanion asbestos
mines near Kozani to the Government’s
Hellenic Industrial Development Bank
(ETVA). The bank’s own company, Asbestos
Mines of Northern Greece, Mining Society
Anonyme, will carry out the Government’s
priority for development of the mine. In
November, the company applied formally to
the Government for a $68 million invest-
ment to establish a 100,000-ton-per-year
asbestos plant. A Canadian consulting firm
has been retained as technical advisor for
plant construction, and at yearend, the firm
was conducting site-selection tests.

Japan.—An article discussed the role of
asbestos in Japanese industry.¢ As seen in
the following tabulation, Japan, like the
United States, is largely dependent on

closure in 1978 of its Clinton mine, and foreign sources for its asbestos.
resumption of exploration of its Kutcho
Short tons
1972 1973 1974 1975 1976
13,088 7,489 4,654 4,184 6,988
107,083 130,637 123,994 62,443 130,773
90,932 101,782 112,621 90,567 87,676
37,379 42,284 58,933 ,681 49,293
17 __ 30 1,258 11,974
4,173 7,179 5,782 4,086 9,157
11,546 27,329 14,297 4,204 3,947
45 69 1,265 1,092 2,084
861 - _ - ——
485 —— 1,820 —_— -
Total _ _ _ _ _ _ _ _ __________________ 252,521 309,280 318,742 229,331 294,854
Exports _____________________________ 688 163 1,958 3,202
Apparent consumption ___________________ 264,921 316,536 323,233 231,557 298,640

!Measured by quantity produced, plus imports, minus exports.
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The source countries are of interest, with
the exception of 1975, the major suppliers
share of the Japanese market has not
varied widely in several years. In 1975, the
year of the Canadian strike, Canada’s share
dropped from a nominal 45%-50% of the
market to 27%; the U.S.S.R. rose from a
nominal 14%-17% share to an alltime high
of 29%. The Republic of South Africa’s
share is normally about 30% of the market,
and the United States captures 2% to 3%.
Canada, the Republic of South Africa, and
the U.S.SR. had more than 90% of the
market in 1976.

Usage of asbestos in Japan differs signifi-
cantly from that in the United States, and is
undergoing changes. It is reported that
currently, asbestos-cement sheet uses
between 50% and 60% of the total consump-
tion of asbestos. This is down from 66% of
the 1973 level of consumption. In 1973, 88%
of the consumption went into asbestos-
cement products. Two reports of product
composition seem noteworthy: One. states

that a few thousand tons of reprocessed

asbestos is used each year in asbestos-
cement sheets; this is the only report of
asbestos recycling use. The other reports
that the chrysotile-to-crocidolite ratio in
asbestos-cement pressure pipe is always 1:1,
which is a higher than normal usage of
crocidolite.

Kenya.—Under contract to the Kenyan
Government, a joint Kenyan-Austrian team
is geologically surveying and mapping a
20,000-square-mile area near Taita-Taveta
which is known to have reserves of asbestos
and other minerals.

Oman.—Exploration of an asbestos dis-
covery in the northern mountains near
Saham continued. The Government hopes
to use the fibers in its new 36,000-ton-per-
year-capacity asbestos-cement pipe factory.

South Africa, Republic of.—Although
the South African asbestos industry is
experiencing larger yearend inventories
than anticipated, its growth continued. The
inventories forced some layoffs in both am-
osite and crocidolite production personnel.
The asbestos production-machinery indus-
try received a 1-million-Rand order for a
milling plant in Turkey. South Africa re-
mains firmly in third place among the
world’s asbestos producers.

Swaziland.—Havelock Asbestos Mines
Ltd. announced that, without further adja-
cent ore body acquisition, its reserves would
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be exhausted by 1988. The fact that the
Swaziland Government is a 40% partner
with Turner and Newall Ltd. in the venture
may prove helpful.

United Kingdom.—Imports of asbestos
into the United Kingdom were 12% less in
1977 than in 1976, and it was a general
rather than patterned, decrease. Each sup-
plying country lost some market. The major
supplying countries were Canada, with
69%; Swaziland, with 12%; the Republic of
South Africa, with 11%; Cyprus, with 6%;
and Italy, with 1%. The Asbestos Advisory
Committee (ACA) issued the following in-
terim recommendation for exposure to
asbestos: 0.2 fiber per cubic centimeter of
air for exposure to crocidolite measured
over a 10-minute period; and 2.0 fibers per
cubic centimeter for other types of asbestos
when averaged over a 4-hour period.

U.S.S.R.—The following tabulation is
based on planned production data supplied
by the Johns-Manville Corp. after some of
its officers visited and consulted with Soviet
officials during the summer of 1977:

Comal Thousand short tons
1976 1981 1986

Uralasbest:
Groups 1-6 _______ 1,700 1,700 1,700
GroupT_________ 500 500 500
Dzhetygara ________ 725 850 850
Tuvaasbest_ _ _______ 100 250 250
Kiembayev_ _ _______ - 275 550
Total _______ 3,025 3,575 3,850

The Molodezhyy asbestos deposit complex
was designed in 1974 for construction when
the western section of the Baykal-Amur
railway is built.

The following, also based on data from
Johns-Manville, shows expected U.S.S.R.
export distribution, in thousand short tons:

Market
Eastern Total
Yer i S0OW exports
976 ____ 275 325 600
1981 ____ 375 375 750
1986 ____ 500 450 950

Of real interest is that of the planned
825,000-ton increase in production by 1986;
less than half is scheduled for export, and
only 125,000 tons of the increase is destined
for market economy countries.
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Table 8.—Asbestos: World production, by country

(Short tons)
- Country* 1975 1976 19777
North America:
Canada (shipments) __ ________________________ 1,163,6;3 1,693,2541) 1,700,000
Umted States (sold or used by producers)_ _ __ ________. _ 98,654 114,842 101,704
South America:
Argentina _____ ___________________________ 1,238 980
Brazil __________ ______________________ 81,547 102,187 €105,000
Europe:
Bulgaria _________________________________ 24,251 €22,000 22,000
Finland® _________________________________ 3,073 __ .
Waly ___ _ ____ _____________________ 162,034 181,649 €170,000
USSR®__ ____ __ ,000 2,520,000 2,710,000
Y via o ____ 13,451 14,330 9,994
Africa:
Bgypt _ _ _____ _ L ____ 528 1,208 €1,210
Rhodesia, Southern® __ __ ______________________ 180,000 180,000 ,000
South Afnca, Repubhc of o ____ 391,001 407,679 419,059
Swazl]and ________________________________ 45,436 46,128 X
165,000 190,000 220,000
39,015 38,050 €38,600
21,999 24965 - 22,375
5,084 8,491 €8,800
4,790 5,249 6,812
1,915 940 €660
— 16 €16
17,081 10,557 €11,000
52,825 60,689 60,627
4,562,624 5,623,211 5,878,829

®Estimate. PPreliminary. Revised.
In addition to the countries listed, Czechoslovakia, North Korea, mfld Rom?ma also prod}lce asbestos but output is not
d 01

oﬁiecll:lly reported, and available general information is
’Includes asbestos flour.

P

TECHNOLOGY

Environmental Research.—At least
three papers in 1977 commented on the lack
of specificity in the light optical method of
identifying asbestos.®* Because this method
is the only one in present OSHA and MESA
(Mining Enforcement and Safety Admin-
istration) regulations for use in the working
environment, enforcement of the regula-
tions is difficult. The National Institute for
Occupational Safety and Health (NIOSH)
document, for example, states, “This tech-
nique is not specific for asbestos fibers or
any other fiber type.” These papers demon-
strate the need for further research in this
area. The Rohl document proposes another
method of identification, using electron mi-
croscopy to count all fibers, including the
very short fibers, but acknowledges that the
scientific community does not yet know
anything of the biological activity of short
chrysotile fiber.® Another paper reporting
on such research describes both the trans-

mission electron microscope (TEM) and the
scanning electron microscope (SEM) as
equally capable of counting asbestos fibers
in circumstances where specificity is not
required.”

There has been much research aimed at
producing asbestos-dust-monitoring equip-
ment for the workplace, and some sophisti-
cated instruments have been developed by
at least four companies. One, using beta ray
attenuation, has been selected by the Que-
bec Asbestos Mining Association for both
site and personal monitoring. These instru-
ments are also nonspecific for asbestos, and
are not useful for identifying asbestos
among other particulate matter.

In a health-related matter, a National
Academy of Sciences (NAS) publication
states that, “. . . evidence of the toxicity of
ingested particles of asbestos minerals is
not conclusive. Further research is neces-
sary to resolve this problem.”® While the
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foregoing report was being written, a U.S.
Army group was writing another, demon-
strating that if the fibers in Lake Superior
were asbestos, and if they represented a
health hazard, the standard U.S. Army
Water Purification Equipment (ERDLater
Unit) could be used to completely remove
them.®* The process is interesting: A posi-
tively charged cationic polyelectrolyte is
added to the water. The electrolyte neutral-
izes the negatively charged single particles,
which then aggregate or‘bridge” on the
long chain polymer. The resulting larger
aggregates are easily filtered out when
passed through diatomite.

The effort to isolate the health effects of
the various types of asbestos continued. It
was made difficult by the fact that most
asbestos workers in the manufacturing seg-
ment of the industry were probably exposed
to two or more types if they worked in that
environment long enough to have passed
the long “latent” stage of the asbestos-
related diseases. The importance of this
work lies in the fact that some evidence
clearly indicates that at least crocidolite is
much more dangerous than chrysotile.
Some interesting evidence comes from the
Journal of Occupational Medicine, in which
a 30-year historical cohort mortality study
was made of workers exposed only to chry-
sotile asbestos.’® The data demonstrate a
favorable mortality experience, and the
author concludes that the study suggests
that the hazard of chrysotile in asbestos-
products manufacturing is minimal and
that the study is consistent with what is
known of the relative dangers of crocidolite,
amosite, and chrysotile; with chrysotile
being the least dangerous.

Substitutes.—Although synthesis re-
search on asbestos is still being done, envi-
ronmental problems involving asbestos
have aroused interest and research into
finding substitutes. A comprehensive
research paper in a leading journal re-
emphasized that no economic route to
asbestos synthesis has been found.!* The
high temperatures (300° to 400° C), hydro-
thermal pressure, and long time (up to 30
days) for synthesis of submicroscopic chrys-
otile demonstrate the impracticality, so far,
of this approach.

Industrial Minerals magazine, in a mid-
year comment, hypothesized that due to the
essential nature of asbestos-containing pro-
ducts, limitation on asbestos usage would be
possible only when acceptable alternatives
exist.’? The appearance of true alternatives

MINERALS YEARBOOK, 1977

in some areas, such as alkali-resistant glass
fiber for reinforcing cement, is acknowledg-
ed, but they are said to have a long way to
go on both technical and economic grounds.
In August, Turner and Newall Ltd. of the
United Kingdom announced a new research
unit with a first-year budget of $1.3 million
for the sole purpose of accelerating the
development of asbestos substitutes.

DuPont Co. announced plans for a multi-
million dollar Nafion intermediates plant at
Fayetteville, N.C., to start production of
four intermediate materials necessary to
the production of its Nafion perfluorosulfo-
nic acid copolymers. Films of these copoly-
mers are finding increasing use as asbestos
replacements in chlorine-caustic diaphragm
cells. Japan’s planned replacement of all of
its mercury cells with asbestos or membra-
ne diaphragms by March 1978 may be
delayed by 2 to 3 years owing to the need to
evaluate fully the technologic and economic
feasibility.

Some uses of alkali-resistant glass fiber
being proposed as an asbestos substitute
were discussed in an article in The Glass
Industry.* The two advantages cited were
higher impact strength and shatter resist-
ance, plus the lack of known health hazard.
Limitations of cost, fiber strength, durabil-
ity, and incompatibility with asbestos-
cement machinery were not discussed. A
later announcement by the British firm,
Stelmo International Ltd., of three installa-
tions being built in Iran may overcome one
of these, at least partially. Stelmo claims
that the plants are fully automated and
can produce glass-fiber-reinforced cement
sheets at high speed. A West German design
team developed an experimental structure
having a load-bearing hyperbolic paraboloid
roof in which glass fibers replace the
reinforcing steel.™

Cape Board and Panels Ltd., a subsidiary
of Cape Asbestos Fibers Ltd., developed a
new fire-resistant, noncombustible, insu-
lating board comparable to its Asbestolux,
but containing no asbestos. Details are
sketchy, but probably cellulose fibers and
vermiculite in a calcium silicate binder may
be major ingredients.

General.—The Quebec Natural Resources
Department announced a new method of
extracting magnesium from asbestos tail-
ings. However, query of the researchers
revealed that although the work looked
promising, the announcement was prema-
ture.



ASBESTOS

Asbestos is among the minerals amenable
to the photometric sorting technique devel-
oped by Rio Tinto Zinc Ltd. This method
uses electroni¢ processing of reflectance
measurements to actuate air jets, thereby
deflecting selected pieces of ore to another
conveyor.

Asbestos cement is the material of choice
in building hyperbolic cooling towers. It was
used in building Europe’s largest towers at
the Gosgen nuclear power station in the
Federal Republic of Germany. This 499-foot-
high tower can reduce the temperature by
14° C of 114,000 cubic meters of water per
hour at the station’s rated output.

Asbestos-cement pressure pipe was also
the material of choice to carry the cooling
water necessary for underground transport-
ation of power at a 380-kilovolt range from a
West Berlin power station to substations
around the city.

1Physical tist, Division of N tallic Mmerals
2Bulletin of the Quel Asbestos Mining A

V. 2, No. 2, February 1978, p. 7.
3Industrial Minerals. Asbestos—Now and To Come.
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No. 119, August 1977, p.

“Harbin, P. The Industnal Minerals of Japan, Part I
Ind. Mmer No. 119, August 1977, pp. 15-39.

SNational Bureau of Standards A report on the Fiber
Content of Elghty Industrial Talc S d From
and Using the Procedures of the Occupatxonal Safety and

Health A istration. May 1977, 1?
Rohl, A. N, A. M. Langer, and I Sell.koff Environ-
mental Asbestos Pollution Related to Use of ed

Quarri
Serpentine Rock. Science, v. 196, No. 4299, June 17, 1977,
pp 1319-1322.
Zumwalde, R. D, and J. Dement. Review and
Evaluation of Analytical Methods for Environmental
Studies of Fibrous Particulate Exposures. NIOSH Rept. 77-
204, May 1977, 66 pp.
6Second work cited in footnote 5.
7Gerber, R. M., and R. C. Rossi. Evaluation of Electron
M:croscopy for Process Control in the Asbestos Induatrg
Aerospace Corp. Rept. EPA-600/2-77-059, February 197

45 ‘pp
tional Acad i Drinking Water and
Health. Summary Rept 197'7 65 pp.
9Schmitt, R. P., D. C. Lindston, and T. F. Shannon.
Decontaminating Lake Superior of Asbestos Flbers Envi-
Z%nzixggtal Sci. and Technol,, v. 11, No. 5, May 1977, pp.
10Weiss, W. Mortality of a Cohort Exposed to Chrysotile
Asbestos. Occupational Medicine, v. 19, No. 11, November
1977 pp. 737-740.
11¥ada, K., and K. Iishi. Growth and Microstructure of
Synthetic Chrysonle Am. Mineral, v. 62, Nos. 9-10,
SePtember-October 1971, pp. 958-965.
2Work cited in footnote 3.
13Jones, J. Glass Fiber Reinforced Cement. Glass Ind.,
v. 58 No. 6 June 1977, pp. 26-28.
14Engineering News—Reoord Glass Fiber Reinforces Self-
Supporting Concrete Roof. V. 198, No. 17, Apr. 28, 1977.







Barite

By Stanley K. Haines®

Domestic production of barite reached an
alltime high of 1.49 million tons in 1977, an
increase of 21% over that of 1976. Nevada,
with production of 1.16 million tons, was the
leading producing State. Other principal
producmg States were Arkansas and Mis-
souri. Imports of crude barite continued to

increase, reaching 955,000 tons in 1977. Oil-
and gas-well drilling activity remained high
and pushed total consumption of crushed
and ground barite to 2.57 million tons, also
a record high. Of the total crushed and
ground barite, 91% was consumed in dril-
ling muds.

Table 1.—Salient barite and barium-chemical statistics
(Thousand short tons and thousand dollars)

1978 1974 1975 1976 1977
Uth:d;. States:
anary (sold or used by producers) ________ 1,104 1,106 1,318 1,234 1,494
_________________________ $16,688 $16,822 $21,200 $28,689 $30,264
68 61 41 50
30 ue $2,884 $2,518 $2,871 $2,871 $3,436
716 729 634 905 955
alue $7,596 $8,680 $8,541 $17,677 $18,055
Crushed and ground {80ld or used by producers) _ 1,571 1,637 1,807 2,204 2,593
Value _ __ ___ . _______ 54,473 $64,394 $73,075 $93,283 $110,409
Barium chemlcals (sold or used by producers) _ ___ 62 ’ 43 52 56
Value ____________ $13,899 $15,751 $15556  7$19,698 $23,151
World: Production _ __ ___________________ 4,94 5,1 5,419 5,666 5,892
"Revised.
DOMESTIC PRODUCTION

U.S. production increased 21% in quan-
tity and 5% in value to 1,494,000 tons of
primary barite valued at $30,264,000. This
output was 13% higher than the previous
record set in 1975. Primary barite is the
first marketable product, and includes
crude or run-of-mine barite, flotation con-
centrates, and other beneficiated material
such as washer, jig, or magnetic separation
concentrates.

Barite was produced at 30 mines: 13 in
Nevada, 9 in Missouri, 2 each in Arkansas
and Georgia, and 1 each in Idaho, Illinois,

Montana, and Tennessee. Nevada remained
the leading producing State with 78% of the
total quantity and 61% of the total value.
The other producing States in descending
order of production were Missouri, Arkan-
sas, Georgia, Montana, Illinois, Idaho, and
Tennessee.

Run-of-mine barite sold or used by pro-
ducers represented 38% of total production,
down from 48% in 1976; other beneficated
material was 57% compared with 44% in
1976; and flotation concentrate was 5%
compared with 8% in 1976.
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The leading producers of domestic barite
for use in well drilling were (in alphabetical
order) Baroid Div., NL Industries, Inc., with
mines in Arkansas, Missouri, and Nevada;
Dresser Minerals Div., Dresser Industries,
Inc., with mines in Missouri, and Nevada;
IMCO Services Div., Halliburton Co., with
mines in Nevada; and Minerals Div., Mil-
chem, Inc., with mines in Missouri and
Nevada.

Barite for chemical, glass, and filler uses
was sold by C. R. Wood Co., Inc.; Dresser
Minerals Div., Dresser Industries, Inc.; In-
dustrial Chemical Div., FMC Corp.; IMCO
Services Div., Halliburton Co.; New River-
side Ochre Co.; De Lore Products, Industrial
Chemicals Div., NL Industries, Inc.; Paga
Mining Co.; Minerals, Pigments, and Metals
Div., Pfizer, Inc.; and Standard Slag, Inc.

Imported ‘and/or domestic barite was
ground at 41 plants in 12 States. Texas with
eight plants and Louisiana with seven had
the heaviest concentration of grinding
plants, due to the availability of port facili-
ties for imported barite and the close prox-
imity to areas of high drilling activity.
Other States with grinding plants were
Missouri, with six operations; Nevada and
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Utah, five each; Arkansas, California, and
Georgia, two each; and Alaska, Illinois,
Montana, and Tennessee, one each.

In May 1977, IMCO Services dedicated a
new barite beneficiation plant near Battle
Mountain, Nev. The plant has a capacity of
225,000 tons per year of drilling-mud-grade
barite. Ore comes from the Mountain
Springs mine of FMC Corp. The benefi-
ciation plant is the first in the United
States to include three distinct concentra-
tion techniques-jigging, tabling, and flota-
tion.

IMCO also initiated its mining plan for
the Clipper mine and associated jigging
plant south of Battle Mountain, Nev. The
ore was mined by a contractor and fed
through a plant containing three Bendelari
three-cell jigs. The capacity of the Clipper
plant is 150,000 tons per year. The barite
will be ground in the grinding plant at
Battle Mountain, Nev., or at Houston, Tex.

Tom Norris, Inc., operating under con-
tract to NL Baroid, completed assembly of a
jigging plant at NL Baroid’s Rossi mine
outside of Battle Mountain, Nev. The two
Bendelari jigs provide an upgraded feed for
the flotation plant 30 miles away.?

Table 2.—Barite sold or used by producers in the United States, by State
(Thousand short tons and thousand dollars)

1976 1977
State - T
Quantity Value Quantity Value
Missouri _ ________________ 124 3,860 117 4,061
Nevada _ _________________ 900 18,379 1,158 18,329
Other States' ______________ 210 6,451 219 7,874
Total ___ __ _ _ _________ 1,234 228,689 1,494 30,264
'Includes Arkansas, Georgia, Idaho, Illmox.s, Montana, snd Tennessee
?Data do not add to total shown b

CONSUMPTION AND USES

Total consumption of barite in 1977
reached a record high of 2,592,000 tons, an
increase of 18% over that of 1976. Barite for
use as a weighting agent in oil- and gas-well
drilling fluids continued as the dominant
end use, accounting for 92% of total con-
sumption or 2,372,000 tons. This was an

increase of 19% over 1976, and corresponds
closely with the increase of 18% in total
drilling footage from 181.7 million feet in
1976 to 215.0 million feet in 1977. The
average depth drilled was 4,626 feet in 1977,
with an average of 22 pounds of barite
consumed per foot of drilling.
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Barite for use in barium chemicals in-
creased 4% to 81,000 tons in 1977. The
largest increase in consumption was in the
end use for other filler, from 14,000 tons in
1976 to 31,000 tons in 1977. Paint usage of
barite remained about the same as in 1976,
at 50,000. Other uses declined 22% to 59,000
tons and included filler in rubber and plas-
tics; flux, oxidizer, and decolorizer in glass
manufacture; and miscellaneous uses such
as ballast for ships, heavy concrete aggre-
gate, and other unspecified uses.

The data in table 3 are mainly for ground
barite, but include the relatively small
quantity of crushed barite used primarily in
the barium-chemical industry. In 1977, ap-
parent consumption was less than reported
consumption. The heavy demands for dril-
ling mud caused most producers to ship all
the barite they could produce plus draw
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down any stocks.

Barite is the principal raw material used
in the productien of barium chemicals. Pro-
ducers of barium chemicals in 1977 were J.
T. Baker Chemical Co., Phillipsburg, N.J.;
Chemical Products Corp., Cartersville, Ga.;
Industrial Chemical Div., FMC Corp., Mod-
esto, Calif.; Mallinckrodt, Inc., St. Louis,
Mo.; and Chemical Div., Sherwin-Williams
Co., Coffeyville, Kans. Sherwin-Williams
also produced lithopone. Total production of
barium chemicals increased 8%. Sales of
barium carbonate increased 2% to 35,700
tons in 1977. The average value was $300.73
per ton in 1977 compared with $138.82 per
ton in 1976. Barium carbonate was used in
the manufacture of television picture tubes
(for screen control), in brick and tile, in
barium ferrite manufacture, and for many
other purposes.

Table 3.—Crushed and ground barite sold, by use*

(Thousand short tons)
1976 1977

Use? ...~ Percent : Percent

Quantity of total Quantity of total
Barium chemicals® _ _ _ __ _______________________ 78 4 81 3

Filler or extender:

Paint . ___ _ _ _ _ __ o ____ 50 2 50 2
Rubber __ _ ____ _ ___ _ . _ w —— w -
Otherfiller _______ _ ___ ___ __ __ ____________ 14 1 31 1
Welldrilling _ . __ ____________________________ 1,986 90 2,372 92
Otheruses _ _ __ __ _ __ __ o ____ 76 3 59 2
Total __ _ _ _ o _____ 2,204 100 2,593 100

W Withheld to avoid disclosing company proprietary data; included with “Other uses.”

Includes imported barite.

2Uses reported by producers of ground and crushed barite, except for barium chemicals.

3Quantities reported by consumers.

Table 4.—Barium chemicals produced and sold by producers in the United States in 1977*

Producti Sold by producers
. . lon
Barium chemical Plants? (short tons) __ Quantity Value
. (short tons)  (thousands)

Barium carbonate __ ________________________ 4 35,300 35,700 $10,736
Bariumchloride ___________________________ 3 w w w
Barium hydroxide _ __ _______________________ 3 w w w
Black ash 2 w w w
Blanc fixe 1 w w w
Other barium chemicals 4 29,600 20,400 12,415

Total _ _ __ _ _ o ____ 6 64,900 56,100 23,151

W Withheld to avoid disclosi

ta; included with “Other ban\un chemi

y da
10nly data reported by barium-chemical plants that

barite are i

2A plant producing more than one product is counted only once.



162

MINERALS YEARBOOK, 1977

PRICES

Prices for barite remained constant, ac-
cording to the Engineering and Mining
Journal. The prices listed in table 5 are
from trade publications; they serve as a
general guide but do not necessarily reflect
actual transactions.

The average value per ton of crude barite
was $20.26, a decrease of $2.99 per ton from

that of 1976. The drop in average value may
be partially  attributed to the continued
increase in production of Nevada barite,
which is cheaper to mine and process than
ore of other areas. The average value per
ton of crushed and ground barite was
$42.60, compared with $42.56 in 1976.

Table 5.—Barite price quotations in 1977

Price
Item short ton!
Barite:?

Chenmical, filler, glass grades, f.0.b. shipping point, carload lots:

Handpicked, 95% BaSO4, notover 1% Fe _ _ __ _ ___ __ _______ ______________ $46.50- $55.00

Magnetic or flotation, 96% BaSO4, notover 0.5% Fe _ _ _ __ _ __ ____ ____________ 60.00- 70.00

Water-ground, 99.5% BaSO4, 325 mesh, 50-poundbags _ _ _ __ __ ________________ 60.00- 80.00
Drilling-mud grade:

Ground, 83%-93% BaSQs, 3%-12% Fe, specific gravity 4.20-4.30, f.o.b. shipping point,

carloadlots  ——— - ______________ T ______ 71.00- 78.00
Crude, mported specific gravity 4.20-4.30, cif.Gulfports _ _ ___ . _______________ 19.00- 28.00
Barium chemcals

Barium carbonate:

Precip., bulk, carload lots, freight equalized  _ _ . __ ____ ___________________ 250.00- 275.00

Electronics grade, bags,samebasis _ __ _ _______________________________ 255.00
Barium chloride:

Purified cryst., 400 pound drums, at works (perpound) — _ _ __ __ __ ______________ 1.24

Technical cryst., bags, carload lotsworks __ ________________T"TTTTTTTTTTC 300.00

Anhydrous, rg:gs carload lots, samebasis _ _ __ _ __________________________ 400.00
Bal?gll’n)gmdmgn d der, 250- dd 1,250+ d lots (| d) 25

ra osis grade, powder, und drums, 1,250-pound lots (per pound) _____ .

Barium sulgde (black ash) drums, carload lots, works _ _ _ 115.00- 150.00

1Unless otherwise noted.

2Engineering and Mining Journal. V. 178, No. 12, December 1977, pp. 46-47.
3Chemical Marketing Reporter. V. 218, No. 26, Dec. 26, 1977, p. 27.

FOREIGN TRADE

Exports of barite increased 21% to about
50,000 tons in 1977. The average value of
the exports was $69.34 per ton. Canada
remained the leading recipient of these
exports with 31,000 tons. Barite, primarily
ground material, was shipped principally
from the following customs districts: Seat-
tle, Wash. (38%); Laredo, Tex. (19%); De-
troit, Mich. (10%); New Orleans, La. (10%);
and Great Falls, Mont. (10%).

Imports of crude barite increased 6% to
955,000 short tons valued at $18.91 per ton.
The principal source countries and the aver-
age values per ton were Peru, $17.68; Ire-
land, $12.60; and Mexico, $17.69.

Most of the crude barite imported was
drilling-mud-grade and entered the United
States through the following customs
districts: New Orleans, La. (47%); Laredo,
Tex. (18%); Galveston, Tex. (17%); Houston,
Tex. (11%); and Port Arthur, Tex. (7%).

Ground barite imports increased to 19,000
tons valued at $121,000 in 1977. Mexico was
the leading source country. Imports of natu-
ral ground witherite were 1,036,000 pounds
valued at $102,600 in 1977. These data are
open to question since there has been no
reported production of witherite since 1969.
These imports, mainly from the Federal
Republic of Germany, were probably preci-
pitated (manufactured) barium carbonate.

Imports of barium chemicals increased
47% to 25,000 tons in 1977. Barium car-
bonate and blanc fixe, the major compounds
imported increased 186% and 10%, re-
spectively. The leading source country for
lithopone, hydroxide, carbonate, and blanc
fixe was the Federal Republic of Germany.
The People’s Republic of China was the
leading source for chloride and nitrate.

The large increase in imports of barium
carbonate was the indirect result of the



BARITE

closing of Kaiser Industries’ strontium car-
bonate plant in Canada. The FMC Corp.
chemicals plant at Modesto, Calif., increas-
ed strontium carbonate production to meet
the demand resulting from Kaiser’s shut-
down. Since barium and strontium chemi-
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cals are made with the same equipment,
FMC cut back on production of barium
carbonate. U.S. consumers found the Fed-
eral Republic of Germany ready to supply
their needs through exports to the United
States.

Table 6.—U.S. exports of natural barium sulfate and carbonate

1976 1977
Count; Quantity Value Quantity Value
i (short (thou- (short (thou-
tons) sands) tons) sands)
97 $4 394 $19
20 __ -
— . 500 44
287 2 146 é?
26,382 1,875 31,485 1,782
. - 33 1
212 _- .
34 1 - _
—_ 28 1
123 17 —_ —
— —— 51 11
57 3 - -
9,064 543 —
—_ —_ 40 2
600 53 — —
—— — 66 3
39 2 - -
49 24 27 4
—— —— 148 6
704 32 10,782 1,021
L 14 1 88 4
. - 204 16
- 638 67
351 2‘17 1,101 88
174 11 33 1
130 6 79 6
44 2 ——
52 2 147 6
2,500 220 2,500 220
125 13 199 28
—— —— 262 24
41,063 2,871 49,551 3,426

Table 7.—U.S. exports of lithopone

Quantity Value
Year (short (thou-
tons) sands) -
1,833 $1,060
719 937
435 698
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Table 8.—U.S. imports for consuinption of barite, by country
(Thousand short tons and thousand dollars)

Count 1976 1977
un!
‘ry Quantity Value Quantity Value
Crude barite:
62 861 78 1,429
Chile 12 283 21 7170
France 21 1,079 - _—
German Democratic Republic _ _ -~ Q) 1 — _
Germany, Federal Republicof ______ P, 4 L —— ——
reece 17 385 17 242
199 2,328 211 2,659
__ __ 3 42
106 1,605 115 2,034
101 3,078 74 2,339
18 , 561 . __
210 3,246 267 4,721
. - 75 1,266
149 4,173 88 2,553
Total _ e 905 17,677 955 18,055
- * 1
1 7 ® 2
@ 2 ® 1
(O] * Q] 1
MexiCo — - — e 13 . 143 19 116
Total — e e 13 152 19 121

1 ess than 1/2 unit.

Table 9.—U.S. imports for consumption of barium chemicals

Blanc fixe . .
. e Barium Barium
Lithopone plprecipitated chloride hydroxide
Y
ol Quan yaue W vae P vae YEY value
Gy, thow g Ghow  ggy  (thow (ehat  (thou-
tons) sands) tons) sands) tons) sands) tons sands)
15 $6 5,443 $2,047 1,199 $358 2,595 $1,492
69 25 7,971 2,643 3,425 690 2,422 1,090
65 27 8,729 3,069 5,384 1,170 2,448 1,222
. : Barium carbonate Other barium
Barium nitrate precipitated compounds
Quantity Value Quantity Value Quantity Value
(short (thou- (short (thou- (short (thou-
tons) sands) tons) sands) tons) sands)
593 $233 681 $111 411 $196
520 122 2,420 423 86 102
899 197 6,911 1,391 395 286

Table 10.—U.S. imports for consumption of crude, unground, and crushed or ground

witherite
Crude, unground Crushed or ground
Year Quantity Value Quantity Value
(short tons) (thousands) (short tons) (thousands)
1 (@] 84 $44
6 $5 278 56
—— . 518 103

1ess than 1/2 unit.
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WORLD REVIEW

World barite production for 1977 increas-
ed 4% to 5.9 million tons. U.S. production
was 25.4% of the world total.

Japan.—Barite ore reserves were esti-
mated at 8 million tons of 24% BaS0,. The
principal producers were Dowa Industry
Co., with mines at Fukazawa and Kosaka
and a total capacity of 5,000 short tons per
month, and Sakoi Chemical, with a mine in
Hokkaido and a capacity of 1,100 short tons
per month. Most of the domestic production
was used for well drilling, with the remain-
der used for barium chemicals. Japan also
imported between 11,000 and 22,000 tons of
barite from the People’s Republic of China,
Thailand, and India.¢

India.—Mining commenced on a barite
deposit located near Mangampet in the
Cuddapah District of Andhra Pradesh; re-
serves were estimated at over 55 million
tons. Andhra Pradesh Mining Corp. shipped
12,000 tons to Abu Dhabi during the year.s -

Iran.—IMCO Services formed a new com-
pany, Doreen/IMCO, to develop a barite
mine near Keshan, 155 miles south of Teh-
ran. The processing plant is expected to
have an annual capacity of 120,000 tons per
year or 30% of Iran’s requirements.¢

Ireland.—Shetlands Barytes Co. Ltd. set
up a barite grinding plant with a capacity of
40,000 tons per year. The plant was set up in
Shetlands due to its function as a major
supply point for North Sea drilling activity.”

IMCO Services began operation of a jig-
ging plant near Sligo to be operated by its
Sligo Bay Barytes Co. subsidiary. The
$600,000 plant will have an annual capacity
of 50,000 tons and the product will be
drilling-grade barite.®

Thailand.—Most of Thailand’s barite pro-
duction came from three Provinces, Chiang

Mai in the north, Nakhon S. Thammarat in
the south, and Loei in the northeast. In the
north (435 miles from Bangkok), reserves of
6 million tons have been delineated. Pro-
duction over the last 2 years has been
depressed by the decline in drilling in
Southeast Asia. About one-half of Thai-
land’s barite is exported, with the majority
going to Singapore and Indonesia.®

Endeavor Resources Ltd. of Australia sold
its barite interests to NL Industries for
about $1.1 million. Plans for a 120,000-ton-
per-year barite operation were announced
by Pand S Barite Mining Co. The opera-
tion is to be in Nakhon Si Thammarat
Province.

U.S.S.R.—Barite production reached a-
bout 495,000 tons in 1977, about 60% of
domestic consumption. Imports were chiefly
from North Korea, Yugoslavia, and Bul-
garia. Georgia, Kazakhstan, and West Sibe-
ria continued to be the principal source
areas of barite. Construction continued on a
45,000-ton-per-year complex at Khaishi in
Svanetia, Georgia.!*

!Physical scientist, Division of Nonmetallic Minerals.

2Jackson, D. New Plants Move IMCO Services Into
Front Ranks of Nevada Barite Producers. Engineering and
Mining Journal, v. 178, No. 7, July 1977, pp. 73-75.

3White, L. Nevada Barite Output Up Sharply in 70’s.
Eng'llgﬁrslgg and Mining Journal, v. 178, No. 6, June 1977,
Pp. -1o8.

“Harben, P. The Industrial Minerals of Japan, Part 2.
Industrial Minerals, No. 119, August 1977, p. 3£'an

5Seshardi, G. R. India. Min. Ann. Rev., June 1978, p. 4317.

€Mining ineering. Industry Newswatch. V. 29, No. 7,
July 1977, p. 18.

“Industrial Minerals (London). No. 117, June 1977, p. 14.

SEngineering and M.u:ung Journal. Exploration
¥504un up—1In Europe. V. 178, No. 10, October 1977, p.

°Industrial Minerals (London). The Industrial Minerals
of Thailand. No. 117, June 1977, pp. 15-16, 21.

*Mining Annual Review. Thailand. June 1978, p. 454.
57;‘Mining Annual Review. US.S.R. June 1978, pp. 576-



166 MINERALS YEARBOOK, 1977

Table 11.—Barite: World production, by country

(Thousand short tons)
Country? 1975 1976 19777
90 111 €139
331 298 €309
1,318 1,234 1,494
43 45 46
59 56 €55
7 19 €22
3 €3
€255 365 €310
é) @) @
8 8
101 165 €165
German Democratic Republic® 34 34
Germany, Federal Republic of 278 289 €320
96 48 43
325 356 €330
235 197 150
59 89 €94
3 @ 1
128 128 130
85 €85 €90
380 440 495
56 55 55
67 62 €65
75 rery €72
1 (W) 1
@ ) )
151 152 €154
1 2 3
Y] ) ®
r16 26 18
6 6 €6
17 15 17
275 300 330
193 215 347
161 €190 €190
41 59 62
130 132 130
1 7 13
5 10 €14
4 4 6
285 167 €110
73 208 45
26 12 13
Total - prmmmm————————— e '5,419 5,666 5,892

®Egtimate. PPreliminary. "Revised.

1].n addition to the countnu listed, Bulgaria and Southern Rhodesia also produce barite, but available information is
te to make reliabl tes of output levels.

251d or used by producers.

3Less than 1/2 unit.

“Barite concentrates.

5Year beginning March 21 of that stated.




Bauxite and Alumina

By Horace F. Kurtz!

World bauxite production rose 6% and
reached a record high level of over 81
million long tons in 1977. Producers in
Australia and Jamaica provided most of the
increase over the previous year. The pro-
duction of alumina (aluminum oxide), the
intermediate product between bauxite and
aluminum metal, also was a new record,
totaling over 32 million short tons in 1977.
The increases in the output of bauxite and
alumina . largely reflected a continued
growth in world demand for primary alu-
minum, the principal end use of these
commodities.

In the United States, bauxite production
increased slightly to nearly 2 million long
tons. Alumina production rose about 4% to
6.65 million short tons, while imports of

alumina increased 14% to over 4 million
tons. Imports provided about 88% of the
bauxite used by domestic alumina produc-
ers and 38% of the new supply (production
plus imports) of alumina.

. Legislation and Government Pro-
grams.—The Federal Preparedness Agency,
General Services Administration (GSA),
stockpile inventories at the end of 1977
included about 14.2 million long tons of
metal-grade bauxite (excluding excess that
had been sold), 173,000 tons of calcined
refractory-grade bauxite, and no alumina.
Stockpile goals at yearend were 0.5 million
long tons of metal-grade bauxite, 2.1 million
tons of refractory-grade bauxite, and 11.5
million short tons of alumina.

Table 1.—Salient bauxite statistics
(Thousand long tons and thousand dollars)

1973 1974 1975 1976 1977
United States:

Production, crude ore (dry equivalent) _________ 1,879 1,949 1,772 1,958 1,981
Value o ____ $26,635 $25,663 $25,083 $26,645 $28,018
. Exports (as shipped) 12 16 19 15 25
Imports for consumption * _ _ ______________ 13,403 14,976 11,529 12,548 12,784

C tior quivalent) ______________ 16,650 16,904 12,388 13,817 .
World: Production ____ ___________________ 69,244 78,362 73,610 76,602 81,102

"Revised.
]&l) 104

d bauxite. Includes bauxite imported into the Virgin Islands.

DOMESTIC PRODUCTION

Bauxite production in the United States
increased 1% to 1.98 million long tons (dry
basis) in 1977. Output increased in all three
producing States, Alabama, Arkansas, and
Georgia. Arkansas again produced 85% of
the total. All of the bauxite was mined at
open pit operations, as the only under-
ground mine active in recent years did not
produce in 1977.

In Arkansas, bauxite was mined by Alum-
inum Co. of America (Alcoa), American
Cyanamid Co., and Reynolds Mining Corp.
in Saline County, and by Reynolds in Pulas-
ki County. American Cyanamid calcined
bauxite at its plant at Benton, Ark., and
Porocel Corp. (owned by Engelhard Mine-
rals & Chemicals Corp.) produced activated
bauxite at its Berger plant.
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In Alabama, the second largest producing
State, bauxite was mined in the Eufaula
district, Barbour and Henry Counties, by
Abbeville Lime Co., A. P. Green Refracto-
ries Co. (U.S. Gypsum Co.), Harbison-
Walker Refractories Co. (a division of Dress-
er Industries, Inc.), Mullite Co. of America
(C-E Minerals Div. of Combustion Engi-
neering Inc.), and Wilson-Snead Mining Co.
(NL Industries, Inc.). Drying or calcining
plants were operated by A. P. Green,
Harbison-Walker, and Wilson-Snead.

Bauxite was mined in Sumter County,
Ga., by American Cyanamid and Mullite
Co. of America. Both companies operated
processing plants near Andersonville, Ga.

The production of alumina (excluding
aluminates) at the eight Bayer-process alu-
mina plants in the United States and the
one plant in the U.S. Virgin Islands increas-
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ed about 4% to an estimated 6.87 million
short tons (6.65 million tons calcined alumi-
na equivalent) in 1977. The total production
included an estimated 6.15 million tons of
calcined alumina, 620,000 tons of commer-
cial alumina trihydrate, and 100,000 tons of
tabular, activated, and other alumina.

Shipments of alumina by producers total-
ed an estimated 6.79 million tons (6.57
million tons calcined equivalent) and were
valued at $970 million. Calcined alumina
shipments to primary aluminum plants to-
taled 5.8 million tons, or 88% of the calcined
equivalent of total shipments. The chemical
industry, including producers of aluminum
fluoride fluxes for aluminum plants, receiv-
ed over half of the remaining tonnage,
largely as hydrate. Other shipments of alu-
mina went mainly to producers of abrasives,
ceramics, and refractories.

Table 2.—Mine production of bauxite and shipments from mines and processing
plants to consumers in the United States

(Thousand long tons and thousand dollars)

Sate and Mine production y‘Sh‘P‘P"“;slz;"t‘sn;m“ and .
and year
Dry As Dry
Crude equivalent Value! shipped  equivalent Value!
1975:
Alabama and Georgia _ _ __ ____ 302 230 2,127 175 236 6,117
rkanses _______________ 1,862 1,543 22,956 1,883 1,599 25,412
Total®> __ _ _____________ 2,164 1,772 25,083 2,058 1,836 31,529
1976:
Alabama and Georgia _ _ __ . ___ 369 291 2,165 135 214 8,909
_______________ 2,013 1,667 24,481 2,036 1,728 27,580
Total® ________________ 2,382 1,958 26,645 2,170 1941 736489
1977:
Alabamaand Georgia _ _ __ ____ 381 305 3,166 103 185 8,006
_______________ 2,016 1,676 24,851 1,933 1,657 26,532
Total® __ __ ____________ 2,397 1,981 28,018 2,036 1,843 34,588
TRevised.

1Computed from values assigned by producer; and from eetlmates of the Bureau of Mines.

2Data may not add to totals shown b

Table 3.—Recovery of dried, calcined,
and activated bauxite in the

United States
(Thousand long tons)
Total processed
Crude bauxite recovered!
Year ore As

treated re- uiv-

covered lent
1976 _ __ ______ 360 172 284
9T . 412 167 289

!Dried, calcined, and activated bauxite.

Table 4.—Percent of domestic bauxite
shipments, by silica content

SiOz (Percent) 1978 1974 1975 1976 1977
Lessthan8 _____ 6 2 4 6 2
From8to15 ____ 61 72 62 50 54
More than 15 ___ 33 26 34 4 44




BAUXITE AND ALUMINA 169

Table 5.—Production and shipments of alumina in the United States

(Thousand short tons)
Total
Calcined Other
Year B . 1 As prod ry Calcined
alumina alumina or:hipped equivalent
6,834 734 7,568 7,344
7,059 753 7,812 7,589
5,223 624 5,847 5,660
5,900 700 6,600 6,400
6,150 720 6,870 6,650
6,822 738 37,561 7,335
7,051 745 7,796 7,575
5,232 628 5,860 5,671
5,900 700 6,600 6,400
6,070 720 6,790 6,570
‘Tnhydraoe activated, tabular, and other aluminas. Exclud Icium and sodium aluminates.
2Includes only the end product if one type of alumina was produced and used to make another type of alumina.
3Data do not add to total shown because of independent rounding.
Table 6.—Capacities of domestic alumina plants, December 31, 1977*
(Thousand short tons per year)
Company and plant Capacity
Aluminum Co. of America:
Bauxite, Ark _ _ _ _ _ _ 375
Mobile, Ala ___ _ ___ ____ 990
Point Comfort, Tex _ __ __ _ _ _ _ _ _ _ __ __ ____ __ _ _ 1,335
7 2,700
Martin Marietta Aluminum, Inc.: St.Croix, V.I _ _ _ _ _ _ _ _ _ _ _ _ _ _ 520
Kaiser Aluminum & Chemical Corp.:
Baton Rouge, 1,025
Gramercy, 800
Total 1,825
Ormet Corp.: Burnside, La  _ __ __ __ __ __ ___ __ ___ __ _ L ____ 600
Reynolds Metals Co.:
Hurricane Creek, Ark _ _ _ _ _ _ _ _ _ 840
Corpus Christi, Tex _ _ _ _ _ _ _ _ __ _ 1,385
Total _ _ 2,225
Grandtotal _______ ______ _ _ 2 __ 17,870
1C. ty may vary dep upon the te used.
CONSUMPTION AND USES

The consumption of bauxite in the United
States (including the U.S. Virgin Islands)
increased nearly 0.5 million long dry tons or
about 3% in 1977. Consumption rose in each
of the major bauxite consuming industries.
About 88% of the bauxite used during the
year came from foreign countries.

The production of alumina in various
forms required 13.3 million long dry tons of
bauxite or 93% of the total bauxite con-
sumption. An estimated average of 2.01 long
tons (dry basis) of bauxite was used to
produce 1 short ton (calcined basis) of alu-
mina. The two alumina plants in Arkansas

used mainly bauxite mined in Arkansas,
and the other seven alumina plants used
only imported ore.

The refractories industry reported con-
sumption of bauxite totaling 426,000 tons
(dry weight basis), an increase of 6% over
the previous year. (Data may exclude some
bauxite blended with clay by producers and
not reported as bauxite consumption.) Near-
ly all of the bauxite consumed in refracto-
ries was used in the calcined form, which
weighs about 65% of the dry equivalent
weight. Imports comprised 79% of the baux-
ite used in refractories. Refractory manu-
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facturers reported receipts of about 90,000
tons (dry basis) of domestic bauxite and
825,000 tons of foreign ore. About 94% of
the imported ore came from Guyana and
nearly all of the remainder came from
Surinam. The trends in domestic consump-
tion and availability of refractory raw mate-
rials were reviewed.?

Five compames consumed 1mported cal-
cined bauxite in the manufacture of artifi-
cial abrasives. Over 60% of the bauxite
received by thesé companies came from
Surinam. Australia and Guinea provided
most of the remainder. Data on consump-
tion by the abrasives industry include baux-
ite fused and crushed in Canada because
much of the fused product is made into
abrasive wheels and coated products in the
United States. About 10% to 15% of this
material is used for nonabrasive applica-

Table 7.—Bauxite consumed in the
United States by industry

(Thousand long tons, dry equivalent)

Year and industry Domestic Foreign Total®
1976:
umina ________ 1,652 11,254 12,905
Abrasive® _______ __ 260 260
Chemical ________ 367 3184 184
Refractory _______ 87 314 401
Other __________ w 67
Total® 2 _______ 1,806 12,012 13,817
1977:
Alumina ________ 1,589 11,750 13,339
Abrasive® _______ . 270 270
Chemical ________ 359 3205 195
Refractory _______ 88 338 426
Other __________ w 69
Total? ________ 1,736 12,563 14,299
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tions, principally refractories.

Bauxite consumption in the chemicals
industry increased 6% to 195,000 tons in
1977. Guyana and the United States were
the principal sources of bauxite for this
industry. The production of commercial
aluminum sulfate in the United States,
according to the Bureau of the Census,
decreased from 1.23 million short tons (rev-
ised) in 1976 to 1.16 million tons (prelimi-
nary) in 1977.

Other consumers of bauxite, in descend-
ing order of magnitude, included the ce-
ment, oil and gas, steel, and ferroalloys
industries, and municipal waterworks.

Thirty-one U.S. primary aluminum
plants consumed 8,701,000 short tons of
calcined alumina, 7% more than the
8,117,000 tons consumed in 1976. Alumina
consumption data for other uses were not
available. A significant quantity was used
to make aluminum fluoride and synthetic
cryolite, which is also used in the pro-
duction of primary aluminum.

Table 8.—Crude and processed bauxite

W Withheld to avoid dmclosmg company proprietary

data; included with “Chemical.”

‘ana may not add to totals shown because of indepen-
dent rounding.

2Includes tion by Canadian abrasive industry.

3Includes other uses.

consumed in the United States
(Thousand long tons, dry equivalent)
Domestic  Foreign
Type . origin origin Total®
1976:
Crude and dried _ _ _ 1,669 11,433 13,102
Calcined and
activated _____ 137 578 715
Total ________ 1,806 112,012 13817
1977:
Crude aFd dried ___ 1,602 11,950 13,552
activated _____ 134 613 47
Total ________ 1,736 12,563 14,299

1Data may not add to totals shown because of mdepen
dent rounding.
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Table 9.—Production and shipments of selg%ed aluminum salts in the United States,
inl

(Thousand short tons and thousand dollars)

Total shipments
: Number Produc- including interplant
tem producing tion transfers
plants Quantity Value
Aluminum sulfate:

Commercial (17% Al203) __ 67 1,230 1,157 84,843

Municipal (17% Al203) __ _ 2 w XX XX

Iron-free (17% Al2Os) ____ 18 174 156 8,461
Aluminum chloride:

Liquid32°Bé) _ _ __ _________________ 5 w w w

(32°Bé)

Anhydrous (100% AICls) _ _____________ 6 35 29 20,483
Aluminum fluoride, technical _ __ __ ________ 4 132 133 50,238
Aluminum hydroxide, trihydrate

(100% Al2093H20) _ - 6 488 w w
Other i i pounds' _______ XX XX XX 40,162
XX Not applicable.

W Wlthheld to avoid d:sclosm? o;mpany propnetary data.
ight

hydroxide, cryolite, and alums.

mSguree: Da;ta are bas‘ng upon Bureau of the Census report Form MA-28E.1, Annual Report on Shipments and
P fion of 1 > bon,

STOCKS

Bauxite inventories in the United States
increased about 2% to a total of 20.9 million
long dry tons during 1977. Most of the
increase was attributed to a buildup of
bauxite stocks at alumina plants. Invento-
ries at domestic bauxite producers rose
100,000 tons. GSA reports indicated that
Government stockpiles were reduced over
200,000 tons during the year.

Government stockpiles at the end of 1977
consisted of 8,859,000 tons of Jamaica-type

Table 10.—Stocks of baucxite in the
United States!

(Thousand long tons, dry equivalent)

bauxite, 5,719,000 tons of Surinam-type
bauxite, and 175,000 tons (270,000 tons, dry
basis) of calcined refractory-grade bauxite.
About 420,000 tons of the Surinam-type
bauxite had been sold and was reported as
excess.

Total inventories of calcined and other
forms of alumina at plants producing alumi-
na and primary aluminum metal increased
from 1.44 million short tons (revised) to 1.67
million tons by the end of the year. The
Government held no stocks of alumina ex-
cept in the form of abrasive grain and crude
fused aluminum oxide. These stockpiles
were reduced 3% to 312,000 short tons.

Dec.31, Dec.3l, . N
Sector 1976 1977 Table 11.—Stocks of alumina in the
- N United States * .
Conmmerss T T naks sl (Thousand short tons,calcined equivalent)
Government _ _ __ __________ 15,066 14,849
- Sector Dec. 31, Dec.31,
Total® ____ __________ 20,428 20,879 19767 1977
TRevised. Producers® ________________ 175 250
act:Dogdes:lnc :r.:tll foreign bauxite; crude, dried, calcined, ~Primary aluminum plants ______ 1,263 1,423
val
3Includes bauxite stockpiled by the U.S. Government Total —_ _________ 1438 1673
during World War II and purchased by Reynolds Metals
Co. ®Estimate. "Revised.
3Data may not add to totals shown b of indep 1Exclud 8 stocks other than those at pri-
dent rounding. mary aluminum plants.
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PRICES

Prices on most of the bauxite and alumi-
na produced throughout the world are not
quoted because the large tonnages used by
the aluminum industry are usually obtain-
ed from affiliated companies or purchased
under long-term negotiated contracts.

The Bureau of Mines estimated the aver-
age value of crude domestic shipments in
1971, f.0.b. mine or plant, at $11.60 per long
ton. The average value of shipments of
domestic calcined bauxite was estimated at
$69 per ton. The Bureau’s estimates of the
value of shipments were based on incom-
plete data supplied by producers. Bauxite
values among producers varied widely be-
cause of differences in grade.

The value of imported bauxite consumed
at alumina plants in the United States was
believed to have increased in 1977, but
sufficient company data were not available
to determine an average value. Engineering
and Mining Journal published the following

prices on super-calcined, refractory-grade
bauxite imported from Guyana, car lots, per
metric ton:

January- March-
February November December
0.b.
F Bgltxmore, Md _ $117.28 $135.27 $138.42
Mobile, Ala __ _ 117.28 135.77 138.42

The estimated average value of domestic
shipments of calcined alumina was $139 per
short ton in 1977, compared with $128
(revised) in 1976. The average value of
imported alumina (including small quanti-
ties of hydrate), as reported by the Bureau
of the Census, was $124 per ton at port of
shipment and $131 per ton at U.S. ports
(c.if). Exports of alumina from the United
States and the Virgin Islands averaged $149
per ton.

Table 12.—Average value of U.S. imports of crude and dried bauxite in 1977*

(Per long ton)
) Port of shipment Delivered to U.S. ports
Country” (fas. (cif)

Dominican Republic _ _ _ _____________ $29.62 $34.23
Guinea 20.27- 28.15
Guyana 22.69 33.45
Haiti ______ 26.67 30.66
Jamaica 27.95 30.95
Surinam 23.18 32.11
Other . _______________________ 9.93 14,

Weightedaverage _______________ 25.73 30.74

!Not adjusted for moisture content.
2Excludes bauxite imported into the U.S. Virgin Islands.

Source: Based on data reported to U S. Customs Service and compiled by the Bureau of the Census, U.S. Department of

Commerce.

Table 13.—Market quotations on alumina and aluminum compounds
(Per short ton, in bags, carlots, freight equalized)

) Compound Dec. 31,1976 Jan. 2, 1978
Alumina, caleined _____________________________________ $158 $207
Alumina, hydrated, heavy ________________________________ 118 130
Alumma, activated, granulsr, works __________________________ 320-360 320

i sulfate, 17% Al0s) ________________ 121 129
Alummum sulfate, iron- free dry 17% AlgOa) _____________________ 140 140

Source: Chemical Marketing Reporter.

FOREIGN TRADE

Exports from the United States classified
as “bauxite and concentrates of aluminum

excluding alumina” totaled 25,000 long tons
in 1977 and were valued at $2.34 million.
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Canada received 65% of the total.

Alumina exports declined 18% to 944,000
short tons, including 37,000 tons of alumin-
um hydroxide. The total also included ship-
ments of 326,000 tons of alumina to the
U.S.S.R. and 38,000 tons to Norway from
the alumina plant in the U.S. Virgin Is-
lands. Most of the other exports were ship-
ments from domestic alumina plants on the
gulf coast to aluminum plants in Ghana,
Mexico, and Canada.

Aluminum sulfate exports fell sharply
from 51,000 short tons in 1976 to 12,000
tons, valued at $900,000, in 1977. About
7,000 tons were shipped to Canada. Exports
of artificial corundum or fused aluminum
oxide decreased about 2,000 tons to 20,000
tons, valued at $13.2 million. Canada, the
largest recipient among 55 countries, receiv-
ed 9,000 tons. Exports classified as “other
aluminum compounds” declined 7,000 tons
to 34,000 tons, valued at $17.6 million. Much
of the tonnage in this category was believed
to be aluminum fluoride and synthetic cry-
olite shipped to other countries for use as a
flux in making primary aluminum. About
9,000 tons was shipped to Ghana, 8,000 tons
to Surinam, 5,000 tons to Canada, and 4,000
tons to Venezuela.

The United States imposed no duties on
imports of bauxite, alumina, or aluminum
hydroxide in 1977. All duties on these com-
modities were suspended in 1971.

Imports of crude, partially dried, and
dried bauxite into the United States and the
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U.S. Virgin Islands increased 2% to 12.8
million long tons in 1977. Receipts from
Surinam increased over 300,000 tons and
showed the largest gain among supplying
countries. Jamaica again provided nearly
half (49%) of the total. Imports from Guinea
provided 23% of the total, Surinam provid-
ed 15%, and Haiti, the Dominican Republic,
and Guyana provided most of the remain-
der.

Calcined bauxite imports decreased 23%
to 238,000 long calcined tons. Most of this
tonnage was refractory-grade bauxite from
Guyana. Additional calcined bauxite was
imported into Canada for manufacture into
crude fused aluminum oxide, much of which
was subsequently used in abrasive and re-
fractory products in the United States. This
bauxite was imported into Canada princi-
pally from Surinam but also from Austra-
lia, Guinea, and other countries.

Alumina imports, including small quanti-
ties of aluminum hydroxide, increased 14%
to a record high level of 4.15 million short
tons, valued at $512 million at the port of
shipment ($544 million, c.i.f). Imports in- .
creased from all three of the principal
supplying countries, Australia, Jamaica,
and Surinam. Shipments from Australia,
largely to aluminum plants in the Pacific
Northwest, provided 69% of the total im-
ports. Imports of crude aluminum oxide
abrasive, virtually all of which came from
Canada, totalled 180,000 short tons in 1977,
compared with 174,000 tons in 1976.

Table 14.—U.S. exports of alumina,! by country
(Thousand short tons and thousand dollars)

Country 1975 1976 1977

Quantity Value Quantity Value Quantity Value
Australia____________________ 2 896 2 862 2 157
e ———— 1 % Y 5 158

razu _ 3 ¢
Canada 217 30,350 314 47,912 80 17,929
2 556 4 1,329 4 1,851
4 2,565 4 3,091 4 3,679
156 15,112 243 29,410 237 ,183
) 4 ,329 2 2,879 2 2,765
131 16,483 124 17,407 136 20,947
Netherlands _ ____ _____________ 1 543 1 7217 1 818
Norway _ _ _ _ _________________ 164 19,961 48 5,390 38 4,255
Poland —_ ___________________ G] 21 28 3,248 . __
Sweden _____________________ 1 442 29 3,420 60 8,027
USSR _____________________ 158 16,935 272 26,808 357 ,208
United Kingdom _______________ 4 2,181 6 2,509 5 2,198
¥ene¢\:lg ___________________ 123 3,%% 73 9,503 2 1,363
ugoslavia _ _ _ ________________ \ - __ - __
er _ o __ 10 5,535 5 3,973 10 6,576
Total __ __________________ 1,029 134,073 1,158 159,918 944 141,016
'Includes exports of aluminum hydroxide: 1975—24,000 tons, 1976—35,000 tons, 1977—37,000 tons; includes alumina

exported from the U.S. Virgin Islands to foreign countries: 1975—263,000 tons, 1976—309,000 tons, 1977— 364,000 tons.

2Less than 1/2 unit.
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Table 15.—U.S. imports for consumption of bauxite, crude and dried, by country*

(Thousand long tons)

Country 1975 1976 1977
Australia_______ o 93 __ Q]
742 509 574
26 __ 56
2,598 3,016 2,981
295 635 374
495 606 - 578
5,396 6,185 6,254
27 53 79
1,857 1,544 1,888
__ () (@)
11,529 12,548 12,784

‘Inc%gges bauxite imported into the U.S. Virgin Islands from foreign countries: 1975—939,000 tons, 1976—902,000 tons,
2Less than 1/2 unit.
3Dry equivalent of shipments to the United States.

Table 16.—U.S. imports for consumption of bauxite (calcined), by country
(Thousand long tons and thousand dollars)

Count: 1975 1976 1977
un

v Quantity Value!  Quantity Value! Quantity  Value *
China, People’s Republicof _ __ _______ 14 350 11 861 __ __
Guyana _ ____ 255 22,585 263 22,546 216 21,635
Surinam _____________________ 64 ) 2, 291 33 1,790 21 1,755
Trinidad and Tobago? _ _ ___________ 15 1,463 () 25 _— _—
Other — (&) 3 2 176 1 54

Total ___ _ _ 348 26,692 309 25,398 238 . 23,444

1Value at" ign port of shi t as iled by U.S. B of the Census.

2Shi ts probably originated in Guyana or Surinam.

3Less than 1/2 unit.

Table 17.—U.S. imports for consumption of alumina,’ by country
(Thousand short tons and thousand dollars)

1975 1976 1977
Country . - -
Quantity Value? Quantity Value? Quantity Value?
Australia ____________________ 2,154 201,748 2,751 284,497 2,855 318,7
Canada 21 3,289 14 2,504 23
11 14,563 10 13,734 9 ,539
4 2,126 6 3,485 28 6,995
22 1,651 13 839 59 6,610
29 2,673 __ __ __ _
779 96,609 616 79,526 693 106,889
® 22 ) 91 57 6,813
487 46,969 210 18,699 421 47,750
&) 389 4 1,103 @ 7917
Total ___ _ o _____ 3,507 370,039 3,624 404,478 4,145 512,413

Includes small quantities of aluminum hydroxide; excludes shipments from the U.S Vu'gm Islands to the United
States: 1975—131,000 tons ($16,410,000), 1976—165 000 tons ($19,394,000), 1977—104,862 tons ($17,492,940).

2Value at foreign port of shipment as compiled by U.S. Bureau of the Census.

3Less than 1/2 unit.

WORLD REVIEW

The total bauxite production of the 27 long tons in 1977. Australia was by far the
producing countries throughout the world largest producer, accounting for about 32%
rose an estimated 6% to over 81 million of the world total. Australia increased out-
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put by nearly 2 million tons, Jamaica by
over 1 million tons, and Indonesia and
Greece by about 0.5 million tons each.
France was the only country that showed a
large decline in production. The bauxite
industries of the Caribbean and northern
South American countries were included in
a review of mining activities in this area.

World production of alumina gained an
estimated 10% to 32.4 million short tons.
The largest increase occurred in Canada
where production had been curtailed by
strikes in 1976. Major increases were also
recorded in Australia, Jamaica, and Japan
in 1977. Australia and the United States
together produced 43% of the world total.
World alumina capacity did not change
significantly during the year.

At its annual ministerial meeting, the
International Bauxite Association, an or-
ganization of 11 bauxite exporting coun-
tries, recommended a minimum c.if. price
of $24 per metric ton ($24.39 per long ton)
for “base-grade” bauxite in the North Am-
erican market for 1978.

Australia.—Comalco Ltd., Nabalco Pty.
Ltd.,, and Alcoa of Australia (W.A) Ltd.,
accounted for virtually all of the bauxite
and alumina produced in Australia, the
world’s largest producer of both commodi-
ties.

Comalco, owned by Kaiser Aluminum &
Chemical Corp. (45%), Conzinc Riotinto of
Australia, Ltd. (45%), and the public (10%),
produced 9.9 million long tons of bauxite at
its mines in the Weipa area of the Cape
York Peninsula in Queensland. The mining
and processing procedures and facilities at
Weipa were described. An expansion of
bauxite production capacity to over 11 mil-
lion tons was underway in 1977. Bauxite
shipments during the year totaled about 9.3
million tons, of which 52% went to the
affiliated alumina plant of Queensland Alu-
mina Ltd. at Gladstone, 19% to Japan, and
29% to Italy and other countries. The pro-
duction of calcined bauxite, largely for the
abrasives industry, declined marginally in
1977. Alumina production by Queensland
Alumina reached a record level of 2.34
million short tons.

Nabalco, owned by Swiss Aluminium Ltd.
(Alusuisse) (70%) and Gove Alumina Ltd.
(30%), produced bauxite at Gove, Northern
Territory, both for export and for conver-
sion to alumina at its adjacent plant. Baux-
ite production totaled about 5.1 million long
tons, and alumina production exceeded the
nominal capacity of 1.1 million short tons
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by 10%. The company decided to alter its
alumina plant by 1980 to produce the sandy
type rather than the floury type of alumina
and to increase nominal capacity to 1.2
million tons.

Alcoa of Australia, owned by Aluminum
Co. of America (51%) and three Australian
mining companies (49%), mined bauxite in
the Darling Range of Western Australia.
All of the bauxite production was used in
Alcoa’s two alumina plants, located at Kwi-
nana and Pinjarro, which had a combined
annual capacity of about 3.75 million short
tons. Alcoa withdrew from a proposed con-
sortium to build an alumina plant at Wa-
gerup, south of Pinjarra, and was expected
to proceed with construction of a new plant
at that location without other partners.

The consortium from which Alcoa
withdrew as a potential partner, planned to
proceed with its project, relocating the
plant site to Worsley, Western Australia,
and was reportedly seeking additional parti-
cipants to join Reynolds Metals Co. and
Alwest Pty. Ltd., owned by Dampier Mining
Co. Ltd. and News Ltd. The proposed alumi-
na plant would have an annual capacity of
0.9 to 1.1 million tons and would cost an
estimated $650 million.

Alumaxz, Inc., was reported to be engaged
in feasibility studies for the development of
bauxite deposits on leases it held in the
Mitchell Plateau area of Western Australia.
The possibilities of a bauxite-alumina com-
plex and the production of refractory-grade
bauxite were reportedly under investi-
gation.

Brazil.—Construction continued at the
Trombetas River bauxite project of Min-
eracdo Rio do Norte S.A., and bauxite ship-
ments were scheduled to begin early in
1979. The joint venture was to have an
initial annual production capacity of 3.3
million long tons, and increases to 5 million
tons and possibly 10 million tons were being
considered. At yearend Rio do Norte was
owned by Cia. Vale do Rio Doce (CVRD),
46%; Alcan Aluminium Ltd., 19%; Cia.
Brasileira de Aluminio S.A., 10%; Reynolds
Metals Co. 5%; and four European alumi-
num companies, 5% each. Rio Tinto Zinc
(RTZ) sold its 5% interest in the venture to
CVRD during the year. Construction of an
alumina plant of 880,000 short tons capacity
at the Trombetas shipping port has been
proposed.

RTZ’s Mineracdo Vera Cruz Ltda. was
conducting exploration and feasibility
studies on its large bauxite deposit in the
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Paragominas area south of Belém during
1977. The Government approved an agree-
ment for CVRD to purchase a 36% interest
in Mineracdo Vera Cruz. Ethyl Corp. was
reported to have sold its bauxite-kaolin
concession in the Jari area of Amapa to
Gulf & Western Industries, Inc. The bauxite
at this site was reportedly less extensive
than originally believed. Bauxite occur-
rences in the Amazon Basin were de-
scribed.®

Cia. Mineira de Aluminio, owned 50% by
Alcoa, undertook an expansion of its inte-
grated facilities at Pogos de Caldas, Minas
Gerais, including an increase of 44,000 tons
in the annual capacity of its alumina plant
to a total capacity of 198,000 tons.

The Alunorte project, a proposal to
construct an 880,000-ton-per-year alumina
plant near Belém, was scheduled for initial
production in 1982. Alunorte will be owned
by CVRD, 60%, and 32 Japanese companies,
40%. The refinery was expected to use
either Paragominas bauxite supplied by
Vera Cruz or Trombetas bauxite supplied
by Rio do Norte.

France.—Bauxite production in France
declined for the fifth consecutive year and
totaled less than 2 million long tons in 1977,
the first time since 1963. Bauxite deposits
and mining techniques in France were
described.® -

Greece.—Nucleonics Hellas S.A. an-
nounced the discovery of a gibbsitic bauxite
deposit in the Florina area of northern
Greece. The deposit was believed to contain
100 million tons, and proved reserves were
reported at 25 million tons. Greek bauxite
export quotas for 1978 were increased 26%
to 2.9 million tons.

Guinea.—Guinea Bauxite Co. (CBG) was
the largest of three bauxite producers in
Guinea and produced 7.1 million long tons
in 1977. CBG was owned by the Government
of Guinea (49%) and Halco (51%), a consor-
tium of aluminum producers owned by Al-
coa (27%), Alcan (27%), Martin Marietta
Aluminum, Inc. (20%), Pechiney Ugine
Kuhlmann Group (PUK) (10%), Vereinigte
Aluminium-Werke AG (VAW) (10%), and
Alumetal S.p.A. (6%). CBG’s mining oper-
ations at Sangaredi and the transportation
and processing of bauxite from this mine
were described in the literature.”

Friguia, also owned by the Government of
Guinea (49%) and a consortium of alumi-
num producers, Frialco, (51%), produced
bauxite entirely for its alumina plant locat-
ed at Kimbo, the only alumina plant in
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Africa. Frialco was owned by Noranda
Mines Ltd. (838.5%), PUK (36.5%), British
Aluminium Co., Ltd. (10%), Alusuisse
(10%), and VAW (5%).

The third bauxite producer was the Kin-
dia Bauxite Office (OBK), owned by the
Government of Guinea and operated with
the U.S,S.R. assistance. Production was be-
lieved to have been about 2.5 million tons,
most of which was exported to the U.S.S.R.
The Government and the U.S.S.R. signed a
protocol in January for increased assistance
by the U.S.S.R. in the exploration of bauxite
deposits in Guinea. More intensive explor-
ation was to be carried out in the Kindia,
Gaoual, Pata, and Labé regions.

Alusuisse reported that prospecting had
been completed for a feasibility study on the
development of the Ayékoyé bauxite depo-
sits, located near the CBG concession. The
study was for a proposed large bauxite-
alumina complex to be constructed by a
joint venture of the Governments of Guin-
ea, Egypt, Iraq, Kuwait, Libya, Saudi Arab-
ia, and the United Arab Emirates.

Guyana.—The Government-owned baux-
ite producing companies, Guyana Bauxite
Co. Ltd. (Guybau) and Berbice Mining En-
terprise (Bermine), were merged into one
company, Guyana Mining Enterprise, Ltd.
(Guymine), which will operate as a subsid-
iary of the Government-owned Bauxite In-
dustry Development Co. Ltd. (BIDCO). A
paper was presented describing the pro-
duction of specialty grades of bauxite in
Guyana, the world’s largest producer of
refractory-grade bauxite.®

India.—The Government of India was
considering the construction of two export
oriented  660,000-ton-per-year  alumina
plants to be located on India’s east coast.
The plants would be based on huge bauxite
deposits still being explored in the States of
Orissa and Andhra Pradesh. It was reported
that the U.S.S.R. had agreed to prepare a
feasibility study for bauxite mining and an
alumina plant in Andhra Pradesh and indi-
cated its desire to take half of the plant’s
output in return for financing. A feasibility
study for construction of an alumina-
aluminum complex in Orissa was expected
to be awarded to one of the major interna-
tional aluminum companies. This project
was expected to have excess alumina avail-
able for export even if an aluminum smelter
is constructed.

Ireland.—In November, Alcan Alumi-
nium Ltd., Billiton B.V. (a company within
the Royal-Dutch Shell group), and The An-
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aconda Company announced agreement to
construct an 880,000-short-ton-per-year alu-
mina plant on Aughinish Island in the
Shannon River estuary, County Limerick.
The plant will be operated by Aughinish
Alumina Ltd., 40% of which will be owned
by Alcan, 35% by Billiton, and 25% by
Anaconda. This project was launched in
1974 by Alcan with different partners but
deferred in 1975 because of the world reces-
sion.

Construction of the plant was to begin in
1978, and production was expected to start
in 1982. The plant will employ approximate-
ly 800 people and will be based on the use of
imported bauxite, probably from Guinea
and Brazil. The total cost of construction
was estimated to be in excess of $500 mil-
lion. It will be possible to expand alumina
capacity at this location up to a maximum
of 2.6 million tons per year.

Jamaica.—Bauxite and alumina were
produced by affiliates of five North Amer-
ican aluminum companies, Alcan, Alcoa,
Anaconda, Kaiser, and Reynolds. In addi-
tion to the bauxite produced to supply the
four alumina plants operated during the
year, Jamaican bauxite was exported to the
United States by Alcoa, Kaiser, and Rey-
nolds. Total bauxite exports increased 1%
to 6.25 million long tons (dry basis) in 1977.
Exports of alumina increased 25% to 2.24
million short tons. An agreement was sign-
ed by the Government of Jamaica to sell 1.1
million short tons of alumina to Venezuela
over a 7-year period beginning in mid-1978.
Reportedly, the Government will purchase
the alumina from Alcan.

The Government established the bauxite
production levy rate for 1977 at 7.5% of the
average realized price of aluminum ingot. A
base levy, which assumed a price of 51 cents
per pound for primary aluminum, was set
at $17.79 per ton of bauxite. The past use of
Jamaican bauxite lands and current gov-
ernment land use policies were reviewed.?

Kaiser and the Jamaican Government
signed an agreement in February to form a
bauxite mining partnership under terms
similar to those reached in a preliminary
agreement in 1974. The Government was to
purchase 51% of the mining assets of Kaiser
Bauxite Co. at book value over a 10-year
period, and a new mining company, Kaiser
Jamaica Bauxite Co., was to be created.
Kaiser also agreed to sell to the Govern-
ment all of its bauxite land and other lands
not needed for plant operations. In return,
Kaiser was assured of mining leases to
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provide a 40-year supply of bauxite for its
two alumina plants in Louisiana and an
initial production levy rate of 7.5%, with
provisions for adjustments of that rate. In
April, Reynolds and the Government signed
a similar agreement, under which the Gov-
ernment would purchase all of Reynolds
land holdings and a 51% interest in the
mining assets of Reynolds Jamaica Mines
Ltd. Reynolds was also assured of a 40-year
supply of bauxite and an initial production
levy of 7.5%. The new joint mining venture
was to be called Jamaica Reynolds Bauxite
Partners.

Total production at the Ewarton and
Kirkvine alumina plants, owned by Alcan
Jamaica Ltd., increased 5% to 887,000 short
tons. Talks between the Government and
Alcan regarding ownership of land and
bauxite reserves and Government particip-
ation in Alcan’s equity continued during
1977.

The bauxite mine and alumina plant of
Revere Jamaica Alumina, Ltd., have re-
mained closed since August 1975. In a suit
filed by Revere against the Government, a
Jamaican Court ruled that the bauxite pro-
duction levy imposed on Revere was valid
but that no levy was payable for a year
(1976) in which there was no production.°
The Overseas Private Investment Corp.
(OPIC), a U.S. Government insurance agen-
cy, reportedly denied a claim by Revere for
expropriation compensation regarding its
facilities in Jamaica. However, Revere con-
tinued to press its claim through arbitration
proceedings, asserting that the Jamaican
production levy was in effect expropriation.

Japan.—Japan was completely dependent
on imports for its supply of aluminum raw
materials and was the world’s second lar-
gest importer of bauxite. Bauxite receipts
in 1977 totaled 5,284,000 long tons, of
which 38,423,000 tons came from Australia,
1,189,000 tons from Indonesia, 513,000 tons
from Malaysia, and 109,000 tons from Guya-
na and other countries. An additional
1,027,000 short tons of alumina was import-
ed for use in making aluminum. Virtually
all of the alumina came from Australia.
During the year, Nippon Light Metal Co.,
Ltd. was converting its alumina plant at
Tomakomai from the production of floury-
type alumina to sandy-type alumina.

Solomon Islands.—A feasibility study
was completed on the development of a
bauxite-alumina complex in the Solomon
Islands based on bauxite resources of 50 to
60 million tons on Rennell and Wagina
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Islands. A request by Mitsui Mining and
Smelting Co. Ltd., that the project be defer-
red was rejected by the Government, and
the future of the project was uncertain.
Mitsui was to have had a 50% interest in
the project, and Pacific Aluminium Ltd., a
subsidiary of Conzinc Riotinto of Australla,
Ltd., and the Government would each have
had a 25% interest.
Surinam.—Metallurgical and special
grades of bauxite were mined by Surinam
Aluminum Co. (Suralco), an Alcoa subsid-
iary, in the Moengo area of eastern Surin-
am and by Suralco and N.V. Billiton Mij.
Suriname in the Paranam area. Suralco
also produced alumina and aluminum and
converted bauxite to alumina for Billiton.
Exports of bauxite from Surinam totaled
2.17 million long tons in 1977, an increase of
about 10% from the previous year. Over
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90% of the bauxite exported was shipped to
the United States, and most of the remain-
der was shipped to Canada and Europe.
Alumina exports increased 4% to 1.22 mil-
lion short tons. About 53% of the exports of
alumina was shipped to Europe, and 37%
was shipped to the United States.
Yugoslavia.—Reports indicated that Yu-
goslavia planned to double its production of
bauxite to about 4 million long tons per
year and to increase alumina production to
about 1.8 million short tons by 1980. In
1977, alumina plants - were under con-
struction at Obrovac, Croatia, and Zvornik,
Bosnia-Hercegovina. Production at the
330,000-ton-per-year plant at Obrovac was
not expected to begin until 1978, although it
had been previously scheduled for an ear-
lier date. The plant at Zvornik, which will
have a designed annual capacity of 660,000

Table 18.—Bauxite: World production, by country

(Thousand long tons)
Country 1975 1976 19777
North America:

Domlmean Repubhc‘ 2 142 508 632
514 650 579
11,388 10,149 11,253
1,772 1,958 1, 981
954 983 €985
3,200 2,640 2,690
4,850 €4,540 4, 730
2,523 2,293 1,996
1 ¥©) .
2,958 2,511 2,936
2,844 2,872 2,901
32 24 34
767 876 886
11 13 14
4,300 4,400 4,500
2,270 2,001 2,012
: 314 263 240
8,273 11,137 €11,140

Mozambique _ __ _ ___ . ________ 5 5
Rhodesia, Southern® __ __ __ _____ __ __ ______ 2 2 2
Sierraleone —__ 705 650 740
China, People’s Republicof® __________________________ 970 970 1,180
India — o 1,253 1,425 1,487
Indonesia _ 977 925 1,435
Malaysia _ 692 650 606
Pakistan __ ___ - ©® ®
Turkey __ 621 454 €480
Oceania: Australia ___________________________ 20,672 23,703 25,658
Total _ _ _ 13,610 76,602 81,102

€Estimate. PPreliminary. "Revised.

1Dry bauxite equivalent of crude ore.

2Shipments.

3Dry bauxite equivalent of ore pr d by drying plant.

“Bauxite processed for conversion to alumina in Jamaica plus exports of kiln-dried ore.

SIncludes bauxite identified as “usable for fabrication of alumina” as follows in short tons: 1975, 2,311; 1976, 2,214;
1977, not available.

®Less than 1/2 unit.

"In addltlon to the bauxlte reporteg‘;tn the body of the table, the U S. S R. Pproc d uc pheline syenite concentrates and

ted ate pro yenite was as in th
ong tnns 19’15 3,350; 19’76 3,440; 1977, 3,540; and esti

; 45 was as foll d lo

590; 1976 590 1977, 590. Nephehne syemte grades 25% to 30% alumina and alunite ore grades 16% to 18%
alumina. These commodities can be converted to a bauxite equivalent by using factors of 1 ton of nepheline syenite

concentrate equals 0.55 ton bauxite and 1 ton of alunite equals 0.34 ton bauxite.
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Table 19.—Alumina: World production,’ by country

(Thousand short tons)
Country? 1975 1976 19777
North America:
_______________________________________ 1,250 550 1,200
Jamaicad o o 2,489 1,787 2,244
UnitedStates _ __ e 5,660 ‘G 400 6,650
South America:
e ®oow W
GUYANA _ e
inam _ e 1,265 1,146 1,290
Europe: X
Czechoslovakia® _ _ _ ___________________ 110 100 110
France _____ ___ _______ 1,206 1,124 1,192
German Democratic Republic 49 1
Germany, Federal Republic of 1:‘374 1,470 €1,540
Greece ___ - 506 495 5!
______________________ 834 832
Italy® _____ 820 830 830
Romania _ _ - ________________ 440 440 €440
United Kingdom ______ _____ ___ . ____ 91 106 €110
USSR® e 2,600 2,800 %900
Y via 312 2 530
Afnea. Guinea ___ ____ e 709 617 €660
Chma. People’s Republicof® __________________________ 500 500
________________________________________ 371 €430
Japen ________________________________________ 1,725 1,556 1,967
Talwan __ 51 53 K
Turkey _ e 90 154 €200
Oceania: Australia __ _____ ______________ . ___ 75,654 6,841 7,341
L 28,748 29,482 32,412

‘Ektimate l’Preli.u'xirmry TRevised.
Icined alumi eqmvalentofwtalalummaproducuon

’In addmon to the countries listed, A ria produces alumina (fused aluminum oxide), but output is entirely for
Output totaled 31, 110 shorttonsm 1973; production data for 1975-77 are not available.

Table 20.—World annual alumina capacity

(Thousand short tons, yearend)
Country 1975 1976 1977

1,387 1,387
3,365 3,365 3,365
7,805 7,805 7,870
365 430 430
390 390
1,490 1,490 1,490
110 110 110
1,460 1, 1,440
70 70 70
1,916 1,906 1,906
551 551 551
€800 851 - 871
1,014 1,014 1,014

550 550
110 138 143
3,500 3,500 3,750
683 683 683
T2 772 T2

400 500
725 749 . 752
2,709 2,904 2,904
84 84 154
220 220 220
7,385 7,430 7,535
Total _ _ _ 737,861 38,339 38,957
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tons, was also expected to come onstream in
1978.

Venezuela.—Corporacion Venezolana de
Guayana (CVG), a Government regional
development agency, announced the discov-
ery of a major bauxite deposit near Los
Pijiguaos, south of the Orinoco River, in the
Cedeiio district in the Guayana area of
Bolivar State. Exploration had confirmed 50
million tons of trihydrate-type bauxite of
over 50% Al;Os, and the total tonnage in
this area was believed to be on the order of
500 million tons. The ore contains 6% to
10% .SiO. but averages only 2% to 2.5%
reactive SiQ.. Mining at a rate of 2 to 3
million tons per year was expected to begin

MINERALS YEARBOOK, 1977

about 1983.

Interamericana de Alamina, C.A. (IN-
TERALUMINA) was incorporated in Octo-
ber 1977, to produce alumina at a new 1.1-
million-short-ton-per-year plant to be con-
structed at Ciudad Guayana, on the Orinoco
River. Interalumina is owned by CVG
(85%), Alusuisse (7.5%), and Billiton Inter-
national Metals B.V. (7.5%). Ground break-
ing for the plant was scheduled for 1978,
and production from the first unit was
scheduled for 1981. The plant, which will
cost an estimated $680 million, was ex-
pected to use imported bauxite initially and
Venezuelan bauxite when production at the
Los Pijiguaos deposits comes onstream.

TECHNOLOGY

A report prepared for the U.S. Environ-
mental Protection Agency concerning the
use of mud wastes generated in the domes-
tic production of alumina concluded that
there was no possibility for utilizing the
muds that could significantly reduce the
need for impoundment in the near future.n
The report recommended further research
on mud dewatering, utilization, and meth-
ods of impoundment.

The Federal Bureau of Mines continued
its research program on the recovery of
alumina from clay, anorthosite, and other
raw materials abundant in the United
States. The most promising technologies for
extracting alumina were being tested and
developed in small pilot plants, or mini-
plants, at the Bureau’s Boulder City (Nev.)
Metallurgy Engineering Laboratory. Addi-
tional research in support of this effort was
being conducted at other Bureau research
centers. The miniplant program was initia-
ted to evaluate the various processes on a
comparative basis and to obtain cost and
engineering data for the design and oper-
ation of large-scale demonstration plants.
Six companies were participating with the
Bureau in the miniplant project on a coop-
erative cost-sharing basis. In 1977, the maj-
or emphasis of the miniplant program was
on the hydrochloric acid process for recove-
ring alumina from clay, and test runs of
several sections of this miniplant were
completed.!?

The first task of a three-part, $1.6 million
contract awarded by the Bureau to Kaiser
Engineers in 1976 was completed. Six raw
material/process technology alternatives
were evaluated for their potential commer-
cial success as a source of alumina from a
domestic nonbauxitic material. The Bureau
selected two processes for a more detailed

analysis in the second task of the contract.
The third task will be the design of a 25-ton-
per-day pilot plant based on the most pro-
mising process. Contracts totaling $0.3 mil-
lion also were awarded to Colorado School
of Mines Research Institute and to PEDCO
Environmental, Inc., for studies on the envi-
ronmental factors involved in metallurgical
processes utilizing domestic resources in the
production of alumina.

The Energy Research and Development
Administration (ERDA) announced that it
would participate with Alcoa in jointly-
funded research to develop a direct re-
duction process to make aluminum-sili-
con alloy from low-grade aluminum raw
materials.’®* The process, which would also
produce ferrosilicon, would use coal rather
than electricity as its source of energy.
ERDA, together with Iowa State Universi-
ty, was also investigating processes to re-
cover alumina from fly ash generated at
coal-burning powerplants.¢

The possibilities of an integrated alumi-
num industry based on the kaolinitic clays
of Georgia were examined.'> Processes to
recover alumina from alunite were also
discussed.*® ’

!Industry economist, Division of Nonferrous Metals.

*Hicks, J. C. Refractory Raw Materials: Status of Sup-
ply. Am. Ceram. Soc. Bull,, v. 56, No. 9, September 1977,
pp. 774-780.

3Engineering and Mining Journal. The Caribbean: New
Faces in a Mixed Mining Scene. V. 178, No. 11, November
1977, pp. 49-198.

“Roberts, R. H. Bauxite Mining-Weipa 1967-1977. Soc.
Min. Eng., AIME, Fall Meeting, Oct. 19-21, 1977, Preprint
77-H-328, 40 pp.

*Dennen, W. H., and H. A. Norton. Geology and Geo-
chemistry of Bauxite Deposits in the Lower Amazon Basin.
Econ. Geol., v. 72, January-February 1977, pp. 82-89.

Greig, E. W. Trombetas and Other Amazon Bauxites,
IBilrga;iI:.MAIME Ann. Meeting, Mar. 6-10, 1977, Preprint 77-

-92, 34 pp.
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‘Deschamps, J M. Bauxite Mining at Les Baux de

Provence, France. Soc. Min. Eng E, Fall Meeting,
Oct. 19-21, 1977, Prepnnt 77-H-392, 12 pp.
e. Mining Bauxite in ce. V. 138, No.

6, June 1978, pp. 546-553
Hoppe, R. W. Sangaredi Pit in Guinea Carves Up a Rich
Depostt of Solid Bauxite. Eng. and Min. J., v. 178, No. 6,
June 1977 pp. 138-140.
aredi—An African Plateau of Bauxite. Eng.
ande J, v. 178, No. 8, August 1977, pp. 83-90.

SLachmansingh, S. V., and G. A. Nooten. The Oocur-
renee and uction of Specialty Grades of Bauxite
-3y1 e Ann. Meeting, Mar. 6-10, 1977, Preprint 77-
Pp.

’Lyew -Ayee, P. A. Special Paper, Optimal Utilization of
Bauxite Lands in Jamaica, Policies and Strategies. LB.A.
Quarterly Review, v. 3, No. 2, Dec. 31, 1977, pp. 27-32.

1%Smith, C. J Opmlon in Suit No. C. L. 1976/2.004. In

e S May 30, 1977, 41 pp.

11pgrekh, B K and W. M. Goldberger An Assessment
of Technology for Possible Utilization of Bayer Process
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Muds. U.S. Environmental Protection Agency Technol.
Series. EPA-600/2-76-301, December 1976, 143 pp.

12Poppleton, H. D., and D. L. Sawyer. Hydrochloric Acid
Leaching of Calcined Kaolin to Produce Alumina. Proc.
106th Ann. Meeting, Atlanta, Ga., Mar. 6-10, 1977.
Light Metals, v. 2, 1977 Mpp 103-114.

sAmerican Metal Market. ERDA to Join Alcoa in
Striving for Coal-Fueled Aluminum Smelting., V. 85, No.
178, Sept. 7, 1977, pp. 12, 17.

“Energy Research and Development Admininstration.
ERDA Coal Waste Recovery Process Could Help Meet U.S.
Aluminum Needs. Information from ERDA, Weekly An-
nouncements, v. 2 No 39, Oct 8, 19‘76 lp

Envir d T . V. 11, No. 9,
September 1977, p. 846.

sHusted, J. E. An Integrated Aluminum Industry for
the Southeast—Concerns and Outlook. Min. Cong. J., v. 63,
No. 9, September 1971, g/]l) 28-33.

"16 ethods to Produce Alumina From
Aluni Proc 06h AIME Ann. Meeting, Atlanta, Ga.,
Mar. 6—10 1977. Light Metals, v. 2, 1977, pp. 49-58.







Beryllium

By Benjamin Petkof*

Bertrandite mined in Utah was the major
source of beryllium used in the United
States and was a significant part of the
world beryllium mineral supply. A minor
amount of beryl was produced domestically.
Consumption of beryllium -ore increased,
imports declined, and exports of berylhum
materials increased.

Legislation and Government Pro-
grams.—Strategic stockpile goals issued
October 1, 1976 by the Federal Pre-
paredness Agency of the General Services
Administration remained unchanged dur-

ing 1977. There were no releases of beryl-
lium materials from the strategic stockpile
during the year.

Public hearings were held in August and
September by the Occupational Safety and
Health Administration (OSHA) of the U.S.
Department of Labor on proposed beryllium
occupational safety and health standards as
published in the Federal Register, October
17, 1975. Additional written statements
were accepted for the record until De-
cember 12, 1977. )

Table 1.—Salient beryllium mineral statistics

1973 1974 1975 1976 1977
U"g:d Sltates ly 11% BeO:
roximate
rl:nppgs from mmzs ________________ short tons_ _ w w A4 w w
__________________________ do____ 1,586 1,368 1,479 1,058 746
Consumpnon‘ ______________________ do__ 8,695 9,279 4,850 3,740 4,165
Price, approximate, per unit BeO, imported .
cobbed beryl at port of exportation _ _ _ ___________ $30 $30 r$32 $36 $40
Bertrandlte ore: Utah, low-grade, shipped from
________________________ short tons_ _ w w w w w
World productlon ofberyl . _ . __ do____ 3,963 3,469 3,290 2,675 2,656
TRevised. W Withheld to avoid d ng individual y confidential
'Includes bertrandlte ore, which was calculated as equivalent to beryl 11% BeO.
DOMESTIC PRODUCTION

Brush Wel]lman, Inc. (Brush) at its Spor
Mountain operation in Millard County,
Utah, was the only major domestic producer
of beryllium concentrates. The company
mined bertrandite for processing into beryl-
lium hydroxide. A small quantity of beryl
production was reported in South Dakota.

Brush converted its ore to beryllium hy-

droxide at a facility north of Delta, Utah,
and shipped the hydroxide to its facility at
Elmore, Ohio for conversion into various -
beryllium products.

During 1977 Brush closed its Elmore,
Ohio beryl-processing plant and completed
construction and startup of a facility to
process imported beryl ore at its Delta,
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Utah location. In addition, Brush announc-
nounced that it expected to recover ura-
nium oxide as a byproduct from its beryl-
lium extraction operations.

Kawecki-Berylco Industries, Inc. (KBI)
produced beryllium metal, alloys, and oxide
at its plants in Hazelton and Reading, Pa.
from imported beryl ore that was converted
to beryllium hydroxide.

Domestic production of beryllium metal
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and beryllium oxide declined significantly
from that of the previous year. Beryllium-
copper master alloy production declined
slightly. Production of beryllia ceramic and
beryllium-copper master alloy was expected
to increase to meet the future demands of
the electrical and electronic industries. Im-
proved production of metal will occur with
the inception of new space and nuclear

energy programs specifying the use of beryl-
lium metal.

CONSUMPTION AND USES

The domestic beryllium industry consum-
ed beryllium ore equivalent to 4,165 tons of
beryl containing a nominal 11% BeO, an
increase of 11% from that of 1976.

Beryllium metal, with its high stiffness-
to-weight ratio and excellent thermal pro-
perties was used in items such as inertial
navigation systems, satellite structures,
space optics, nuclear devices, and military
aircraft brakes.

Products utilizing beryllium-copper alloys
accounted for the greatest quantity of beryl-
lium consumption. These alloys were used

by the business machine, appliance, trans-
portation, and communications industries.
Beryllium-copper alloys were also widely
used in electrical and electronic systems for
connectors,- sockets, switches, and temp-
erature- and pressuresensing devices to
provide reliability and long service life.

Beryllium oxide ceramics were used in
lasers, microwave tubes, and semicon-
ductors, primarily for heat dissipation. Be-
ryllia was used as a substrate in various
electronic devices and equipment.

STOCKS

Consumer stocks of beryllium minerals
containing nominal 11% BeO totaled 3,557
tons at yearend 1977, a 10% decrease from

those of 1976. Dealer stocks of beryl were
not reported.

PRICES AND SPECIFICATIONS

Metals Week quoted the price of imported
beryl at $40 to $42 per short-ton unit of
contained BeO throughout the year. At
yearend, American Metal Market quoted
the following prices for beryllium materials:
Vacuum cast ingot, $109 per pound; metal
beads (1,000-pound lots), $86.50 per pound;
metal powder (5,000-pound lots), $96 per
pound; metal rod, $166.90 per pound;

beryllium-copper master alloy, $78 per
pound of contained beryllium; beryllium-
copper casting alloy, $2.75 to $3.15 per
pound; beryllium copper in strip, rod, bar
and wire, $4.31 per pound; beryllium-
aluminum alloy ingot (100,000-pound lots) ,
$78 per pound; and beryllium oxide powder,
$26 per pound. All beryllium metal quot-
ations were for 97% purity metal.

FOREIGN TRADE

Exports of wrought and unwrought beryl-
lium alloys and of waste and scrap increas-
ed 41% in quantity over those of 1976. Total
value of exports increased 9%, but average
value declined from $15.38 per pound to
$11.91 per pound. On the basis of quantity,
53% of total material exported went to
Japan, 28% to Canada, and 8% to France.

Beryl ore imports decreased 29% in
quantity and 22% in value from those of

1976. The average value of imported mate-
rial was $399 per ton compared with $359
per ton in 1976. Major sources of imports
were Brazil (63%) and Argentina (24%). In
addition, 9,174 pounds of wrought, un-
wrought, and waste and scrap beryllium
metal valued at $35,598 were imported pri-
marily from Mexico and the United King-
dom.
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Table 2.—U.S. exports of beryllium alloys, wrought or unwrought, and waste and scrap*

1976 1977
Count. . Value : Value
i Quantity (thou- ¢ untcllg (thou-
sands) po sands)
. 967 $21
— 97 3
$1 __ .
2 549 5
63 44,472 28
325 13414 571
9% 855 65
49 % 1
—_ 832 4
256 84,410 624
61 4,000 9
63 1,356 38
89 30 11
742 1,912 521
6 855 10
1,756 160,505 1,911
; beryllium rods, sheets, and wire.
Table 3.—U.S. imports for consumption of beryl, by customs district and country
1976 1977
Customs distri t; Quanti Value Quanti Value
e ct and country (shortty (thou- (shorl'.':y (thou-
tons) sands) tons) sands)
__ 66 $22
108 $38 15 3
11 3 ——
512 201 370 162
103 35 - ——
120 46 - -
66 ‘14 —— ——
97 34 32 12
4“ K __ ——
1,056 380 492 203
- . 111 38
- - 99 42
- - 22 6
__ _— 22 9
- —— 254 95
2 (@] —— __
1,058 380 146 298
1Less than 1/2 unit.
WORLD REVIEW

In 1977, world production of beryl contin-
ued its downward trend of recent years.
Only one major producing nation had any
significant increase in production. Pro-
duction in all other producing nations re-
mained at the same level or declined.

The capability to mine and process low-

grade bertrandite ore has maintained the
position of the United States as a significant
source of commercial beryllium minerals.
In addition, the United States and the
U.S.S.R. are the major consumers of world
beryllium mineral production.
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Table 4.—Beryl: World production, by country
(Short tons)
1975 1976 1977°
35 —
303 123 €110
770 500 470
17 19 °15
9 €10 €10
23 — —
70 70 70
20 70 60
3 3 1
60 60 50
1,760 1,820 1,870
W w w
220 - -
3,290 2,675 2,656
®Estimate. PPreliminary. "Revised. W Withheld to avoid disclosing individual fidential data.

1In addition to the eountne.s hsted, Bohvm and the 'l‘erntory of quth -West Africa (N amlbm) may also have produced

1, but available information is

tozero.

tes of output levels.

TECHNOLOGY

Studies relatmg to the formation of beryl-
lium deposits in western Utah have been
reviewed to develop favorable indicators of
the presence of epithermal beryllium and
associated deposits.?

A method was devised for manufacturing
a thin-walled beryllium metal structure.
The process required beryllium powder that
was mixed with a minor quantity of silicon
powder. The mix was plasma-sprayed on to
a substrate, removed, exposed to a wet
atmosphere to pick up moisture, placed in a
sizing die with a coefficient of expansion
similar to that of beryllium, out-gassed in a
vacuum at high temperature, and finally
sintered in an inert atmosphere.®

A method to measure beryllium concen-

trations in particulate matter using chela-
tion gas chromatography was developed.
This technique was used to observe beryl-
lium levels in suspended particulate matter
in ambient air conditions over rural, subur-
ban, and industrial environments. A de-
scription of experimental data and techm-
ques was presented.*

1Physical sclenhst, Division of Nonferrous Meta.ls
2Lindsey, D. Epithermal Beryllium
Water-Laid Tuff, Westem Utah. Econ. Geol., v 72 1977
Pp. 219-232.
*Hovis, V. M. Jr,, and W. G. Northcutt, Jr. (asslgnedto
the US. Ener%y ch and D
tion). Method for Fabncatmg Beryllium Structures US
Pat. 4,011, 076 Mar. 8, I
“Ross, W.D, ,d. L. Pyle, ‘and R. E. Sievers. Analysis for
Beryllmm in Ambient Air Particulates by Gas Chromato-
grag y. Environmental Sci. & Technol,, v. 11, No. 5, May
pp. 467471.




Bismuth

By James F. Carlin, Jr.!

Exports of bismuth increased during the
year; domestic consumption, domestic pro-
duction, and imports of bismuth all declined
in 1977. Consumption was 2.4 million
pounds, the same as that of 1976 Exports
increased to 95,334 pounds, a gain of 39%
over the 1976 level. Imports declined 14% to
2.0 million pounds. The decline was
attributed to reduced demand. The domestic
producer price for bismuth continued its

downward trend of recent years: The price
held firm at $7.50 for the first half of the
year, but by September had fallen to $4.50
per pound where it remained through
December. World bismuth mine production
was 8.8 million pounds, an increase of 4%
over that of 1976. The general pattern of
production was unchanged from that of
1976.

Table 1.—Salient bismuth statistics

(Pounds)
1973 1974 1975 1976 1977

United States :

Consumption __ __ ______________ 2,906,219 2,283,978 1,406,021 - - 2,410,584 2,379,635

Exports” __ _ _ _ L _____ 151,053 329,926 128,893 68,488 95,334

Imports, general ________________ 2,683,671 1,893,744 1,331,173 2,328,051 2,013,333

Price: New York, average per pound (ton

lote)  _ _ _________________ $4.92 $8.41 $7.72 $7.50 $6.01

Stocks Dec. 31: Consumer _ _ _ _ _______ 540,756 596,757 451,250 483,810 436,092
World: Production®_ ________________ 8,205,000 10,631,000 8,776,000 8,532,000 8,844,000

TRevised.

Includes bismuth, bismuth alloys, and waste and scrap.

3Excludes the United States.

Legislation and Government Pro- for exploration assistance under the pro-

grams.—Government stocks of bismuth
remained at 2,081,298 pounds, including
567,186 pounds in the national stockpile
and 1,514,112 pounds in the supplemental
stockpile. On October 7, 1977, the stockpile
goals were reaffirmed by the President,
including the goal of 771,000 pounds for
bismuth. No action was taken to dispose of
the 1,310,298 pounds of excess. Bismuth
remained on the list of commodities eligible

gram administered by the U.S. Geological
Survey’s Office of Minerals Exploration.
However, no funds were available in 1977
for exploration projects, and none has been
available since fiscal year 1974.

Federal income tax laws under the Tax
Reform Act of 1969 provided a percentage
depletion allowance of 22% for domestic
production and 14% for U.S. companies
producing from foreign sources.
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DOMESTIC PRODUCTION

Bismuth was produced almost entirely
from the treatment of lead ores and bullion
of both foreign and domestic origin. A single
primary refinery operated by ASARCO Inc.
at Omaha, Nebr., accounted for all pri-
mary U.S. production. A small quantity of

bismuth was also recovered by recycling
secondary material at the United Refining
and Smelting Co., Franklin Park, Ill. U.S.
refinery production statistics are withheld
to avoid disclosing company confidential
data.

CONSUMPTION AND USES

Consumption of bismuth in the United
States during 1977 was 2.4 million pounds,
the same as the quantity consumed in 1976.
Consumption in most categories was about

the same as that of 1976. Fusible alloys
registered an increase of 18%, to 611,219
pounds. Experimental uses declined to 601
pounds from 8,756 pounds in 1976.

Table 2.—Bismuth metal consumed in the United States, by use

(Pounds)

Use 1976 1977
518,648 611,219
455,940 461,573
20,263 18,617
1,391,663 1,274,510
8,7 601
15,314 13,115
2,410,584 2,379,635

Includes industrial and laboratory chemicals and cosmetics.

STOCKS

Consumer stocks at yearend totaled
436,092 pounds, a decline of 47,718 pounds

during the year. No data are available on
producer or dealer stocks.

PRICES

The domestic producer price for refined
bismuth was $7.50 per pound at the begin-
ning of 1977 and declined in several stages,
ending the year at $4.50 per pound. Dealer

quotations started the year at $4.65 to $4.80
per pound and ended the year at $2.70 to
$2.80 per pound. Price weakness was evi-
dent throughout the year.

FOREIGN TRADE

Exports of bismuth in all forms rose to
95,334 pounds, an increase of 26,846 pounds
over the 1976 figure. During 1977, bismuth
was exported to 13 countries, with 5 coun-
tries receiving 95% of the total shipments.

The principal recipients were the Nether-
lands (47,479 pounds), Canada (17,648
pounds), the United Kingdom (11,657
pounds), India (9,686 pounds), and Belgium-
Luxembourg (4,247 pounds).
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Table 3.—U.S. exports of bismuth!

Gross
Year weight Value
(pounds)

194 _______________ 329,926  $1,520,105
19752 __ _ ___________ 128,893 635,717
19762 __ ____________ 68,488 513,660
197 95,334 636,506

ncludes bismuth, bi h alloys, and waste and scrap.

2Adjusted by the Bureau of Mines.

General imports of metallic bismuth in
1977 totaled 2.0 million pounds, down
314,718 pounds compared with those of
1976. The imports were from Peru (81%),
the United Kingdom and the Federal Re-
public of Germany (12% each), Chile (Boliv-
ia) (10%), Japan and Mexico (9% each), the

Republic of Korea (8%), Belgium-Luxem-
bourg (7%), and Canada (2%). Chile does not
produce bismuth in any form; however,
official U.S. statistics report Bolivian
bismuth shipped, via a Chilean port, as
originating in the intermediate nation.

Table 4.—U.S. general imports' of metallic bismuth, by country

1976 1977
Country Quantity Value Quantity Value
(pounds) (th 19) (pound; (+h

Belgium-Luxembourg ___ . _____________ 151,690 $790 137,606 $687
Canada _ __________________________ 100,983 612 20,020 124
Chile __ _____ _____________________ 107,364 694 208,792 1,296
Germany, Federal Republic of 288,028 2,152 243,465 1,635
India ____________________________ , 299 . -
Italy _ __ ___ __ _______________ 2,203 12 __ .
Japan __ __________________________ 278,995 1,634 187,948 946
Korea, Republic of 177,666 970 156,784 499
Mexico —________ 248,120 1,509 182,175 843
Peru___________ 569,078 3,261 632,368 2,766
United Kingdom _____________________ 307,818 2,037 244,175 1,442
Yugoslavia_ _ ___ ____________________ 41,106 184 . __

Total _ __ ___ _ _ _________________ 2,328,051 14,154 2,013,333 10,238

1General imports and imports for consumption were the same in 1976 and 1977.

WORLD REVIEW

World production of bismuth in 1977 was
essentially the same as in 1976. This was
attributable primarily to the lack of full
economic recovery throughout the world,
especially in Europe and Japan. All of the
major bismuth-producing countries pro-
duced at levels comparable with those in
1976.

Australia.—Mine production of bismuth
in Australia rose nominally, from 1.4 mil-
lion pounds in 1976 to 1.5 million pounds in
19717. Production continued to be less than
maximum since copper mining by Peko-
Wallsend Ltd. at Tennant Creek in the
Northern Territory remained dormant. The
main source of bismuth in Australia was a
gold-bismuth bullion from the Mount Isa
mine in Queensland, which was shipped
through northern Europe for gold recovery;

the residue was then shipped forward to the
United Kingdom for bismuth recovery and
refining. Small amounts of bismuth were
also shipped from Australia as byproducts
in lead ores and concentrates; however, the
bismuth assays were too low to be account-
able for production purposes.
Bolivia.—Bolivian production of bismuth
in 1977 was 1.4 million pounds, virtually the
same output as in 1976. Most of the bismuth
was either mined directly from high-grade
deposits or produced from complex copper-
tin ores. The new Corporacién Minera de
Bolivia (COMIBOL) refinery at Quechisla,
Potosi, continued its production of high-
purity refined bismuth. Bolivia’s output
ranks it among the top five countries in
world bismuth production.
Canada.—Bismuth metal was produced
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by two companies in Canada. The bismuth
section of the Belledune plant of Brunswick
Mining & Smelting Corp. Ltd. was largely
inactive during 1977 due to the declining
price of bismuth. Bismuth was also pro-
duced by Cominco Ltd. at its lead-zinc plant
in Trail, British Columbia. Most bismuth
produced in Canada came from Canadian
ores, with small amounts derived from im-
ported ores. Under a new agreement with
Sullivan Mining Group, Billiton Explor-
ation Canada will conduct an extensive
feasibility study of the Sullivan-owned
tungsten-bismuth-molybdenum project in
the Mount Pleasant area of southern New
Brunswick.

Mexico.—Production of bismuth in Mexi-
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co was 1.3 million pounds, up slightly from
the 1976 output. The two companies that
produced bismuth were Industrial Minera
Mexico, S.A., at its Chihuahua, Chihuahua
plant, and Met Mex Peifioles, S.A., which in
1977 moved its bismuth production from
Monterrey to its new lead refinery in Tor-
reon, Coahuila.

Peru.—Bismuth production in Peru con-
tinued at a sieady level, totaling 1.3 million
pounds in 1977. Bismuth was produced at
the Oroya works, managed by Centromin-
Peru, and marketed worldwide by Minero
Peru Comercial.

1Physical scientist, Division of Nonferrous Metals.

Table 5.—Bismuth: World mine production, by country

(Thousand pounds)
Country! 1975 1976 1977°
Argentina (inore) ___________ _________________ r __ .
Australia (in concentrates) __ ____ _________________ 1,861 1,398 1,455
Bolivia — —— oo 21,348 1,349 ©1,350
Canada _ _ _ _ __ e 345 286 310
China, People’s Republic of (inore)® - _________________ 550 550 550
France(metal) . _ _ _ __ ___ __ 123 139 €145
Germany, Federal Republic of (inore)® ________________ 23 23 23
Japan (metal) _____ __________________________ 71,436 1,501 €1,523
Korea, Republicof (metal) _____ _____________ - 249 384 €400
Mexico® _ _ _ _______________ - 1,003 1,228 €1,260
Mozambique® _ _ __________ - 9 P ——
Peru® ________ -z 1,354 1,149 1,300
Romania (in ore)® _ - 180 180 180
Sweden (inore)® _ _ _ _ _ _ ___ __________ —— 33 33 33
Uganda@inoref® __ . _ o~ 9 10 7
USS.R. (metal)® _ _ _ _ __ 130 130 145
United States _ _ _ _ w w w
Yugoslavia _ - __ ___ 122 172 163
Total _ _ . 8,776 8,532 8,844
€Estimate. PPreliminary. 'Revised. W Withheld to avoid disclosing individual company confidential data; not
included in total.

1In addition to the countries listed, Brazil, Bulgaria, German Democratic R?pybli}!, anq the Territoryuof S:;lth:W&st

Africa (Namibia) are believed to produce bismuth, but available information is

estimates of output levels.

for for

2Production by COMIBOL plus exports by medium and small mines.
3Bismuth content of refined metal, bullion, and alloys produced indigenously, plus recoverable bismuth content of
domestic ores and concentrates exported for processing.



Boron

By Sandra T. Absalom!

U.S. production and sales of boron mine-
rals increased dramatically in 1977, attain-
ing an alltime high of 1.5 million tons
valued at $236 million. Unprecedented mar-
kets for energy-saving materials, spurred by
rising fuel prices and the national energy
conservation program, were responsible for
the strong demand for borates in insulation
products and glass-fiber-reinforced plastics.
Production of borate minerals and com-
pounds approached capacity levels of the
major producers; with respect to boric acid,
insufficient domestic capacity to satisfy the
demand of the cellulosic insulation industry
resulted in a significant quantity of imports
for the first time in history.

Fiberglass insulation (glass wool) mate-
rials constituted the largest end use for
borates, representing more than one-fifth of
the total U.S. consumption of 121,090 short
tons of boron content. Cellulosic insulation

(paper wool) consumed another 15%, and
textile-grade glass fibers and borosilicate
glasses accounted for 12% each. While the
three classifications of glasses have histor-
ically accounted for about half of the an-
nual borate consumption, use of borates as
flame retardants for cellulosic materials
became a major end use in 1977.

California was the domestic source of
borate minerals, mostly in the form of
sodium borate, but also as calcium borate
and sodium-calcium borates. Imports from
Turkey of calcium borate (colemanite), pri-
marily for textile-grade fiberglass manu-
facture, nearly doubled in 1977. Although
domestic markets for borates were extreme-
ly active, the United States provided most
of the domestic supply while maintaining
its position as the primary source of sodium
borate products and boric acid to foreign
markets.

Table 1.—Salient boron minerals and compounds statistics in the United States
(Thousand short tons and thousand dollars)

1973

1974 1975 1976 1977

Sold or used by producers:
Quantity:

Gross weight ____________________
Boron oxide, content_ _
Boron, content _ __ _

1,225
664

1,246 1,469
630 735

228
$236,163

1,185 1,172
619 603
196
$184,852

193 188
$128,306 $158,772

51

28 30
$1,560 $1,953 $3,695
()]
$59

21
$852

™ A 14
$3 $149 $14 $5,596

Less than 1/2 unit.

DOMESTIC PRODUCTION

Production and sales (including exports)
of boron-containing minerals and com-
pounds increased 18% in tonnage and 28%

in value in 1977. Kern County, Calif., pro-
vided about three-quarters of the supply
and San Bernardino and Inyo Counties
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provided the balance. Boric acid sold or used
by U.S. producers increased to 158,500 short
tons valued at $42.4 million, compared with
130,000 tons valued at $30.5 million in 1976.

At Boron, in Kern County, the open pit
tincal-kernite mine and adjacent refining
plant of U.S. Borax and Chemical Corp., a
member of the RTZ Group of London, Eng-
land, continued to be the primary world
supplier of sodium borates. U.S. Borax min-
ed daily as much as 12,000 tons of ore, from
which it processed at the Boron refinery
‘crude and refined hydrated sodium borates
and their anhydrous derivatives, and anhy-
drous boric acid. At a plant located at
Wilmington, Calif., U.S. Borax produced
boric acid and a variety of specialty chemi-
cals. Toward yearend 1977, the company
began production of a boric acid-sodium
sulfate chemical .in the temporarily idle
anhydrous boric acid plant at Boron. This
product was produced for the cellulosic
insulation industry. Future production will
depend upon continued strong demand for
flame-retardant chemicals in cellulose.

During the year, the U.S. Borax project to

" expand productive capacity for sodium bo-
rates was redirected to the proposed con-
struction of a new boric acid facility at
Boron. Due for completion in 1980, the $74
million facility will have double the capaci-
ty of the existing Wilmington plant, which
eventually will phase out production of
technical-grade boric acid.

Despite the redirection of its expansion
program, U.S. Borax increased output and
sales of all primary borate products in 1977.
Output of refined decahydrate, pentahy-
drate, and anhydrous borax increased 41%
and accounted for over one-half of the
company’s total sales. Production and sales
of crude sodium borates, Rasorite 46 (a
pentahydrate) and its anhydrous derivative,
for foreign markets increased 2% over the
1976 figure. In the past, the crude products
represented almost one-half of U.S. Borax’s
output and sales; however, the substantial
increase in refined sodium borate products
in 1977 had the effect of reducing this
proportion to slightly more than one-third.

The previously planned 25% expansion of
boric acid capacity at Wilmington was
achieved in 1977 despite engineering prob-
lems in the 50-year-old plant, which is also
used for the manufacture of borate soap
products, herbicides, and other high-quality
specialty chemicals. In addition, the Wil-
mington facilities served as a warehouse
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and overseas shipping point for bulk ship-
ments. A large percentage of U.S. Borax’s
exports were shipped to Europe via the
warehouse and distribution facility at Bot-
lek, Rotterdam, Netherlands. RTZ Borax,
Ltd., another member of the RTZ Group,
maintains this facility.

U.S. Borax operated a plant and ware-
housing facility at Burlington, Iowa, for
compounding, packaging, and distributing
household soaps and other consumer pro-
ducts to the Eastern and Midwestern Unit-
ed States. The combined capacity of U.S.
Borax operations in 1977 exceeded 600,000
short tons of boric oxide (B:Os) equivalent
(about 187,000 tons of contained boron).

Kerr-McGee Corp. operated the Trona
and Westend plants at Searles Lake, San
Bernardino County to produce sodium bo-
rates and boric acid from the mineral-rich
lake brines. Coproducts included potassium
compounds, lithium carbonate, soda ash,
and salt cake. Combined capacities of the
two plants normally approach 130,000 tons
of B.O; equivalent per year; however, in
response to the expansive market for boric
acid during 1977, Kerr-McGee adjusted its
products ratio, effectively increasing output
of boric acid by 26% while decreasing out-
put of refined sodium borates by 18%. As a
result, total output and sales were 8%
below the 1976 level. Kerr-McGee’s market-
able supply of borax pentahydrate, which is
used to produce boric acid, was most af-

" fected by the adjustment; output and sales

of this compound decreased 65%.

At the Trona plant, Kerr-McGee utilized
its differential evaporative process, with
annual capacity of 100,000 equivalent tons
of B,0s, to produce pentahydrate, decahy-
drate, and anhydrous borax, and boric acid.
Solvent-extraction capacity to produce addi-
tional boric acid from weak lake brines and
recycled plant liquors was expanded during
the year. Production of borates by the
carbonation process at the Westend plant
was formerly limited to 25,000 tons of B,Os
capacity in the form of sodium borates, but
during the latter part of 1977 equipment for
boric acid production was installed. Kerr-
McGee predicted that overall capacity for
boric acid at both plants would soon double
that of 1976, contingent upon continued
growth of the market.

American Borate Corp., the third U.S.
producer, increased sales of colemanite (cal-
cium borate) and ulexite-probertite (two
similar sodium-calcium borates mined and
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sold as one) by 36% and 31%, respectively.
The company’s two deposits, each composed
of various proportions of the three minerals,
are located within the Death Valley Na-
tional Monument, Inyo County. By yearend,
both open pits were nearly depleted of
economic-grade ore, and American Borate
was attempting to extend the ore supply
until development of the Billie underground
mine is completed. Methods of extension
involved stockpiling of mined ore and re-
ducing the average B,O; content of the final
products below that of previous years. Cole-
manite was processed at the company’s
washing and calcining plant at Lathrop
Wells, Nev. The average B,Os content of
shipments, destined primarily for textile-
grade fiberglass manufacturers, was 35%,
compared with an average of 48% B,0; in
1976. Ulexite-probertite ore was ground,
screened, and blended to an average B,O;
content of 27% at the storage and shipping
facilities at Dunn, Calif., then transported
by rail to customers. In 1977, most ship-
ments went to manufacturers of fiberglass
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insulation and cellulosic insulation.

Two significant developments concerning
American Borate were announced in 1977.
The parent company, Texas United Corp.,
entered a joint venture with Owens-Corning
Fiberglas Corp. to develop and mine the
Billie ore body. This mine, due to become
operational in 1979, is unique because the
entrance shaft, positioned outside the Death
Valley National Monument, will provide
subsurface access to the colemanite-ulexite-
probertite deposit located within the Monu-
ment boundary. In a related development,
American Borate announced the signing of
a contract to build a 100,000-ton-per-year
froth-flotation plant (adjacent to the exist-
ing facilities at Lathrop Wells, Nev.) to
process colemanite. Experimental studies
were conducted at the Colorado School of
Mines and construction of the plant was to
begin early in 1978. The flotation process
shows promise to virtually eliminate the
need for the energy-intensive, less efficient
calcining operation.

CONSUMPTION AND USES

In terms of boron content, about half of
the total U.S. output of boron minerals and
compounds was consumed domestically in
1977. This ratio of domestic consumption to
‘production was similar to that of 1976. U.S.
consumption, including imports of cole-
manite and boric acid, amounted to 121,090
short tons of equivalent boron, compared
with 93,550 tons in 1976. The increase in
domestic consumption of 29% was supplied
by a significant rise in imports as well as
the record output of the major U.S. pro-
ducer.

Because 1977 was one of the most dynam-
ic years in the history of the boron minerals
industry, the Bureau of Mines initiated a
survey to collect data on U.S. consumption
of boron minerals and compounds. Canvass
forms were sent to producers to obtain
comparative . data for 1976 and 1977 on
domestic shipments by end use. Response
was 100%. Tables 2 and 3 present the
results of the survey.

The spectacular market for thermal in-
sulation increased demand by 18% for bo-
rates (mostly as borax pentahydrate and
ulexite-probertite) in the manufacture of
fiberglass insulation. Consumption of a va-
riety of borates in cellulosic insulation, the
second largest category in 1977, increased
232%. In addition, use of borates as flame

retardants in other cellulose products (par-
ticle board and cotton batting) and in paints
and plastics increased 42%.

The prevailing practice of combining bo-
ric acid and borax to impart flame retar-
dance to cellulosic insulation, which is pro-
duced mainly from shredded newspapers,
created such unusually heavy demand for
boric acid that the domestic producers, U.S.
Borax, Kerr-McGee, and Stauffer Chemical
Co., were unable to supply industry require-
ments. Despite the U.S. producers’ record
output and sales of 158,500 tons valued at
$42.4 million, imports of boric acid went
from 56 tons in 1976 to 14,182 tons in 1977,
and import prices tripled those of the U.S.
producers.

In the furor over supplies for cellulosic
insulation, the fact was sometimes overlook-
ed that boric acid had long-established ap-
plication in other major industries in the
United States and abroad. Using 1975 as an
example of the pattern of U.S. consumption
of boric acid before cellulosic insulation
became dominant, borosilicate glasses
accounted for about 19% of total boric acid
sales to U.S. consumers; textile-grade glass
fibers consumed about 23%; ceramics, 13%;
agricultural uses, 8%; metallurgical uses,
3%; soaps and detergents, 1%; and nuclear
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applications, 1%. About 6% of boric acid
was consumed in cellulosic insulation in
1975; whereas in 1976 and 1977, this per-
centage increased to at least 21% and 33%,
respectively.

According to the results of the Bureau of
Mines end use survey, 45,310 tons (H;BOs
content) of boric acid was used in cellulosic
insulation in 1977. The survey also indicat-
ed that another 20,750 tons was sold to
distributors, and more than likely a large
percentage of this boric acid ultimately
went to cellulosic insulation manufacturers.
Assuming this possibility, use of boric acid
in cellulosic insulation may have approach-
ed half of the total U.S. consumption of
boric acid of 137,310 tons.

Those manufacturers who were unable to
obtain enough boric acid or were unwilling
to pay the open-market price dealt with the
situation in various ways. Some companies
extended their boric acid by adding other
boron compounds to their products. Exam-
ples of these extenders (collectively totaling
10,350 tons of boron content) were the
minerals ulexite-probertite, and the refined
compounds borax pentahydrate, borax deca-
hydrate, anhydrous borax, and a boric acid-
sodium sulfate combination chemical. Con-
sumption of borax pentahydrate, the most
common constituent of insulation in addi-
tion to boric acid, amounted to 52,900 tons
(Na;B,0,*5H.O content). Other nonboron

chemicals were reportedly used either as

extenders or as substitutes, but the appar-
ent inadequacy of substitute chemicals to
retard flammability of cellulose brought the
entire industry under the scrutiny of Fede-
ral and State regulatory agencies, the U.S.
Congress, and consumer advocate groups.
Furthermore, some of these chemicals ap-
peared to exacerbate problems of potential
corrosiveness, moisture accumulation, and
fungal growth.

A third major growth market for borates,
textile-grade glass fibers, represented an
increase of 37% (in equivalent boron) in
consumption of colemanite, boric acid, and
anhydrous boric acid. These high-tensile-
strength fibers are used to reinforce light-
weight plastic materials in a variety of
products. In its effort to facilitate fuel
economy through manufacture of lighter
weight vehicles, the automobile industry,
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one of the most promising markets for
reinforced plastics, was turning to these
composite materials as substitutes for the
metal structural parts used in the past.

Although borosilicate glasses have always
been a substantial end use category, con-
sumption of borates (colemanite, anhydrous
borax, borax decahydrate and pentahy-
drate, boric acid, and anhydrous boric acid)
in their manufacture did not increase at a
rate comparable to that of the other major
borate markets. Consumption in 1977 was
2% greater than consumption in 1976;
however, a related application of borates, in
porcelain enamels, frits, and ceramic glazes,
increased 17%.

Boron compounds in cleaning and bleach-
ing increased 4% over the 1976 tonnage of
equivalent boron. More than one quarter of
these compounds were used to produce so-
dium perborate detergents. Consumption of
boron compounds increased 49% in the
manufacture of biological growth control
chemicals for use in algicides and water
treatment, fertilizers, herbicides, and in-
secticides. Boron compounds were consum-
ed in metallurgical processes as fluxes, as
shielding slag in the nonferrous metallurgi-
cal industry, and as components in plating
baths in the electroplating industry. Small
amounts of boron and ferroboron were con-
stituents of certain nonferrous alloys and of
specialty steels, respectively. Compared to
the 1976 consumption in metallurgical ap-
plications, equivalent boron tonnage de-
creased 18%. Consumption of borates in
nuclear applications decreased 25%.

Many important but small-percentage
end uses for borates and boron-containing
chemical derivatives comprised a diverse
miscellaneous category that increased by
12% in 1977. According to the Bureau of
Mines end use survey of the boron minerals
producers, another group of borate com-
pounds that were sold to chemical distribu-
tors was enlarged by 33%. Their ultimate
end use was unknown.

Having rebounded in 1977 from the pre-
ceding years of reduced activity, markets
for boron are projected to show continued
strength in the near term. Growth in de-
mand will be most significant with respect
to insulation products and textile-grade
glass fibers.



Table 2.—U.S. consumption of boron minerals and compounds, 1976 and 1977

BORON

(Short tons of equivalent boron and short tons of equivalent boron oxide)*
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1976 1977
End use
B B20s B B20s

Fiberglass msulatlon ________________________________ 21,595 69,440 25,400 81,670

Fire retardants:
Cellulosnc msulatwn’ _____________________________ 5,610 17,730 18,280 58,775
Othe ___-______2 _____________________________ ,350 X 1,920 6,180
Textlle-grade assfibers® __ ___________________________ 10,970 35,275 14,990 48,190
Borosilicate glg.asses _________________________________ 14,460 46,505 14,720 47,340
Soapsanddetergents _ ______________________________ 13,150 42,270 13,700 44,035
Enamels, frits,andglazes _ _ ___ ________________________ 4,435 14,260 5,170 16,630
Agriculture ___ ___ __ __ _____________ . __ 3,480 11,185 5,190 16,680
Metallargy_ _____________________________________ 1,810 5,810 1,300 4,190
Nuclear applications . _ _ __ ___________________________ 240 85 180 590
Miscellaneoususes _ _ __ _____________________________ 8,180 26,290 9,140 29,380
Sold to distributors, end use unknown _ _ _ __________________ 8,370 26,910 11,100 85,700
Totalconsumption _ _ ____________________________ 93,550 300,800 121,090 389,360

Data were collected on the basis of B203 equivalent; boron equivalents were calculated.

2Includes imports.

Table 3.—U.S. consumption of boric acid,

1976 and 1977
(Short tons HsBO; content)
End use 1976 1977
Fire retardants:
Cellulosxc insulation ________ 20,640 145,310
Other __ ____ ___________ ,940 6,570
extll&grade glassfibers _______ 19,680 23,980
Borosilicateglasses _ _ _ ___ _____ 12,950 12,250
urgy - — o __ , 2,030
" Soaps and detergents ___ ______ 790 1,355
Enamels, frits, and glazes __ _ ___ _ 1,210 980
Nuclear applications _ __ __ _____ 1,010 730
iculture ______ 1 100
Fiberglass insulation _ . __
Miscellaneous uses _ _ 18,340 23,255
Sold to distributors,
end use unknown _ ____ _____ 16,400 20,750
Total consumption _ __ _ ____ 97,640 137,310
1Includes imports.

PRICES

U.S. borate mineral and chemical ship-
ments had an average value of $322 per
short ton of B:0; in 1977, compared with
$293 in 1976. Prices of borate compounds
were increased at least 7% (depending upon
the product) at the beginning of the year.
U.S. producers raised boric acid prices
about 7% in February, 8% to 9% in July,
and, in one instance, another 6% in Octo-
ber. Open-market prices for boric acid sky-
rocketed as the year progressed, first dou-
bling then tripling the producers’ prices.

Figures quoted in table 4 are per short

ton of product in carlots, f.o.b. U.S. plant or
port. Other conditions of final preparation,
transportation, quantities, and qualities are
subject to negotiation and/or somewhat
different price quotations.

General inflationary pressure plus the
continued accelerating cost of energy for
industrial purposes in California prompted
the domestic producers to announce an
increase in the price of refined borate com-
pounds (including boric acid) of about 15%,
to take effect in January 1978.
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Table 4.—Borate prices per short ton, 1977
Product Dec. 31, 1977

Borax, technical, anhydrous, 99%, bulk, carlots, works 1$266
Borax, technical, granular, pentahydrate, 99-1/2%, bulk, carlots, works 1117.50
Borax, technical, granular, decahydrate, 99-1/2%, bulk, carlots, works 197.50
Boric acid, technical, granular, 99.9%, bulk, carlots, works _ _ _ _____ 2$265-281
Boric acid, technical, granular, 99.9%, bags, carlots,works _ _ __ __ _____________________ 2301-317
Boric acid, anhydrous, 96.0% B20s, bulk, carlots, works _ _ _ ___ __ _____________________ 3559
Colemanite, American Borate Corp., calcined and screened, minus 70 mesh,

35% B10s, fob. railcars, Dunn, Calif ___ ______ __ __________ . ____ 4140
Colemanite, Turkish, 44%-46% B20s, crude, lump, f.0.b. railcars, U.S. east coast port _ _ _ _ _______ 5140
Ulexite-probertite, American Borate Corp., screened, minus 7 mesh, 29% B30s3, f.0.b. railcars, Dunn, .55

1Chemical Marketing Reporter. V. 213, No. 27, Jan. 2, 1978, p. 51.
2,1

2Chemical Marketing Reporter. V. 213, No. 27: Jan. 2, 1978, p. 19.
3U.S. Borax & Chemical Corp.
4American Borate Corp.
SPhilipp Brothers.
FOREIGN TRADE

U.S. exports of boric acid decreased to
35,992 short tons valued at $12.9 million in
1977, compared with 36,492 tons valued at
$12.4 million in 1976. Exports of refined

sodium borates increased 26% in tonnage

and 31% in value to 265,470 tons valued at
$64.6 million. Exports of crude sodium bo-
rates (mostly Rasorite 46 of 48% B.O; con-
tent) increased slightly over 1976 exports.
Because there is only one producer of crude
sodium borates, the Bureau of the Census
does not publish export data on these pro-
ducts.

Table 5 presents a detailed breakdown of

the reported exports in 1977. Although data -

for countries outside of Western Europe are
considered accurate, the large quantity of
refined sodium borate exports to the Ne-
therlands tends to distort the data for other
European countries. The Netherlands is
actually a major transshipment point for
Europe rather than the final destination. A
more meaningful tabulation, including U.S.

exports of crude sodium borates, would
indicate (in decreasing order) that France,
the Federal Republic of Germany, the
United Kingdom, Belgium, Spain, and Italy
consumed greater tonnages of borates than
did the Netherlands.

The United States imported from Turkey
51,087 short tons of commercial-grade cole-
manite (calcium borate) valued at $3.7 mil-
lion. It was used principally for textile-
grade fiberglass manufacture. This was an
increase of 69% in quantity and 90% in
value over the 1976 imports of 30,247 tons
valued at $1.95 million.

U.S. imports of boric acid were significant
for the first time in 1977; 14,132 short tons
valued at $5.6 million was imported from 14
countries. Virtually all of these imports
went to the cellulosic insulation industry.
Four countries provided 87% of the supply:
Turkey, Italy, France, and the U.S.S.R.
Table 6 presents comparative figures on
boric acid imports for 1976 and 1977.
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Table 5.—U.S. exports of boric acid and sodium borates, in 1977

Boric acid Sodium borates
(HsBO3 content) (refined)
Destination Quantity - -

y Value Quantity Value
(short (thou- (short (thou-
tons) sands) tons) sands)

2,5§348 $982 6,927 $1,54§
3,016 1,375 15,589 3,753
4,137 1,052 49,241 8,205
420 143
__ . 1,102 168
538 196 1,348
13 6 136 41
12 3 231 113
4 3 809
5 2 296 67
18 8 476 221
1,581 602 60
— —— 83 11
72
212 89 38,190 881
38 15 1,546
- 772 249
106 46 198 37
1 189 11
12,130 4,584 47,196 11,749
X 9 12,312 ,937
. = 16
5 39
3,660 1,104 23,006 4,263
2,087 49,530 15,566
105 4 150
412 158 3,150 1,105

158 48 ——

130 62 274 46

23 13

588 167 1,407 381
286 1
364 136 2,448 787

36 15 _ ~

50 16 322 29

__ . 98 15

583 211 4,612 1,055
278 129 964 200
73 22 34,343 10,246

198 . 73 225 71
308 113 1,872 436
41 18 159 48
35,992 12,931 265,470 64,634

Table 6.—U.S. imports for consumption of boric acid, by country
(Short tons H;BO; content and thousand dollars’)

Exporting so 1976 1977
PO Quantity  Value Quantity Value

- . 85 342
— — 232 102
56 4 - 48 24
el . 55 24
- - 2,677 974
- - 162 88
. —— 3,000 1,471
- - 107 60
. - 60 26
- —— 110 52
- . 194 99

— 5,135 1,744

. 118 61
- __ 1,449 529
56 14 14,132 5,596

1U.S. Customs declared values.
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WORLD REVIEW

Argentina.—Argentina, the foremost pro-
ducer of boron minerals in South America,
revised reported output and exports in
1976 to 88,900 short tons and 10,400 tons,
respectively.? Boroquimica Samicaf, an RTZ
Borax Ltd. subsidiary, provided most of the
output in recent years from its Tincalayu
mine in the Salar del Hombre Muerto basin
in the Salta region of northwest Argentina.
Additional production came from the Com-

pafiia Productora de Boratos. In 1977, a

third company, Minera Simon Grandinetti
Asociados S.A., was planning mining and
processing facilities to extract ulexite from
Laguna Guayatayoc, located 13,000 feet
above sea level and about 160 miles from
the Boroquimica Samicaf operation.® Prob-
able and possible reserves in this subsurface
deposit were estimated at 620,000 tons of
ulexite with 30% to 35% B.Os content. The
proposed plant may employ flotation techni-
ques. Facilities for producing boric acid also
may be constructed at the mine. site. Cur-
rent boric acid capacity in Argentina is
estimated at 2,000 to 3,000 short tons per
year.

Chile.—Productos Quimicos Pareschi
Limitada (Proquipal) produced borates and
boric acid from the Minera Ascotan ulexite
deposit. In 1977, Proquipal was planning to
build a new boric acid plant near Antofaga-

sta as part of a joint venture with Trans .

Boron Ltd.¢ In exchange for technology,
plant financing, and access to the U.S.
market, Proquipal will sell 33,000 tons of
boric acid to Trans Boron Ltd. All of this
boric acid is destined for the United States,
with shipments to begin early in 1978.

China, People’s Republic of.—Although
little is known about the industry, it is
believed that China produced a sufficient
amount of borate minerals for domestic
consumption with some available for ex-
port. Japan reported 374 tons of boric acid
imports from China in 1977.5 China also
exported 55 tons of boric acid to the United
States.

Europe.—Several European countries im-
ported colemanite from Turkey and sodium
borates from the United States to produce
boric acid and other borate chemicals. An-
nual boric acid capacities were estimated as
follows: France (Borax Francais S.A),
42,000 tons; Italy (Sta. Chimica Lardarello
S.p.A)), 30,000 tons; Spain (La Productora de

Borax y Articulos Quimicos S.A.), 11,000
tons; the United Kingdom (Borax Consoli-
dated Ltd.), 11,000 tons.

Peru.—Ulexite was mined by two compa-
nies in Arequipa (southern Peru) for local
use in glass manufacture. Annual capacity
of Boratos del Peru S.A. was 33,000 tons,
and capacity of Boroquimica S.A. is pro-
jected to reach 33,000 tons in 1978.¢

Turkey.—The Turkish boron minerals in-
dustry, dominated by the mines, washing
concentrators, and refineries of Etibank
(the Turkish Government mining corpor-
ation responsible for all State mining activi-
ties) was second only to the U.S. boron
minerals industry. In 1977, output was esti-
mated to have increased about 20% to 1.2
rhillion tons.” Etibank’s annual productive
capacity for colemanite concentrates of 40%
to 47% B:0; content was 496,000 tons;
capacity for tincal concentrate of 34% B.Os
was 440,000 tons. Facilities at Bandirma-
Edincik to process concentrated ore into
refined borates had capacities of 61,000 tons
of borax decahydrate; 11,000 tons of borax
pentahydrate; 27,500 tons of boric acid; and
22,000 tons of sodium perborate. An expan-
sion to 38,600 tons of boric acid capacity was
scheduled for early 1978.

Completion of the new 110,000-ton-per-
year boric acid plant, planned for 1979, was
reported to be a year behind schedule.® The
delay was attributed to a shortage of fin-
ancing to purchase plant equipment. Cost of
the project was estimated around $20 mil-
lion.

Construction of facilities to produce so-
dium borates at Kirka has also been delay-
ed. Plans for the modern refinery include
annual capacities of 200,000 tons of crude
borax pentahydrate; 55,000 tons of crude
anhydrous borax; 10,000 tons of refined
anhydrous borax; and 19,000 tons of refined
borax decahydrate.

It was reported that project studies are
underway for annual production of 150,000
tons of washed colemanite ore of low arsenic
content from the Bigadic area.® In addition,
modern handling facilities for boron exports
are scheduled to be completed at the port of
Bandirma by 1979. A total of 5,000 tons of
crude and refined products will be stored in
covered silos and 50,000 tons of ore will be
stored as open stockpile.

U.S.S.R.—The U.S.S.R. announced plans
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to commission a new facility for the pro-
duction of 23,000 tons per year of sodium
perborate and 10,000 tons per year of anhy-
drous borax by 1980.1° In 1977, for the first
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time, the United States imported boric acid
from the U.S.S.R. Japan reported imports of
578 short tons of Soviet borax and 1,786
short tons of boric acid.**

TECHNOLOGY

During 1977, boron minerals producers
were engaged in technological research to
improve the efficiency of their operations.
U.S. Borax continued research to utilize
offgrade and difficult-to-process ores in its
refining system. American Borate’s re-
search into froth flotation of colemanite had
advanced to an announcement of plans to
construct a 100,000-ton-per-year flotation
plant in 1978. Kerr-McGee was investigat-
ing techniques of brine enrichment to en-
hance borate extraction.

With the switch by industry and utilities
to firing boilers with coal instead of oil,
several chemical producers have developed
proprietary formulations to combat slag
accumulation in boiler bottoms and scale
buildup in boiler tubes.’? One type of addi-
tive, Coaltrol R, is described as a proprie-
tary combination of inorganic and organic
boron-containing chemicals. It was develop-
ed by Apollo Chemical Co. to lower the
fusion point of coal. Unlike oil, coals contain
alkali metals and iron, silica, and alumina,
which along with the ash resulting from
combustion are left behind to foul the boiler
system and reduce its efficiency, usually to
the point of eventual shut down. Addition of
chemicals to either lower the fusion point or
raise it (depending upon the type of coal and
boiler system) appears to be an effective
means for improving boiler efficiency.

Although still in its infancy, research on
use of the tunahle laser is expected to have
considerable impact on the chemical in-
dustry.'® Promising applications include the
production of rare isotopes, synthesis of
specialty chemicals, and use in ultrasensi-
tive analytical instruments. Among the
thousands of materials potentially amen-
able to laser chemistry, the most promising
initial targets will be substances that are
presently very expensive to produce. Fore-
most among these is the isotope boron-10,
which costs about $3,000 per pound.** With
respect to the synthesis of specialty chemi-
cals, U.S. Government scientists at the Los
Alamos Scientific Laboratory (New Mexico)
have produced essentially pure dichlorobo-
rane. In the past, synthesis of this chemical
(once considered to have potential as a

rocket fuel) by heating boron trichloride
and hydrogen produced many useless bypro-
ducts. The University of Alabama is also
studying the laser synthesis of boranes and
related compounds, which have numerous
potential applications, but are currently
prohibited from widespread use by their
high cost.

The trend to greater use of fiberglass-
reinforced plastics has promoted research
into effective ways to strengthen these com-
posite materials beyond their former limit-
ations. The result has been a better under-
standing of the strengthening mechanism,
which has led to increased strengthening
ability of glass fibers embedded in a poly-
mer.”® Through improved techniques to in-
crease.fiber length, control fiber orienta-
tion, and raise fiber content, the same fibers
that doubled or tripled plastic strength in
the past now have potential to increase
plastic strength by at least a factor of 10.
Until recently, glass content of 20% to 30%
by weight was typical of most fiberglass-
reinforced plastics; however, newly devel-
oped techniques allow for glass content of
70% or more. Considered a significant engi-
neering achievement among plastics formu-
lators, the capability to add high concentra-
tions of glass reinforcement has one disad-
vantage in that raw materials costs, includ-
ing costs of boron compounds, may increase
as much as 35%.

U.S. military aviation researchers have
experienced considerable success in devel-
oping lightweight advanced composite
materials for structural components of air-
planes and helicopters.’* Composites are a
mixture of two or more materials that exist
in continuous and discontinuous phases and
that provide a material with properties
different from the sum of the continuous
properties. The most recent filamentary
reinforcements are boron fibers and graph-
ite fibers. When used as reinforcements in
epoxy, other plastic matrices, or in some
metals such as aluminum, these fibers offer
remarkable advances in both strength and
stiffness, compared on a weight basis to
metals or glass-fiber-reinforced plastics. An-
other advantage is the simultaneous fab-
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rication of the composite material and the
structural part, which eliminates several
steps in the traditional manufacturing pro-
cess. In a related development, Avco Corp.’s
Specialty Materials Division, a ma_]or manu-
facturer of boron filaments for use in aero-
space vehicles and sporting goods, announc-
ed plans to reduce manufacturing costs of
boron filament and boron tape preimpreg-
nated with epoxy by substituting a carbon
substrate for tungsten.”
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Bromine

By Russell J. Foster!

Domestic producers sold or used nearly
434 million pounds of elemental bromine in
1977, a decrease of 6% from that of 1976.
Demand for the industry’s primary product,
ethylene dibromide, as a leaded-gasoline
additive was down, but sales of the com-
pound for agricultural use improved. Con-
sumption of other bromine-containing com-
pounds declined. The total value of bromine

and bromine compounds sold by producers

was $203 million.

Bromine capacity in Arkansas continued
to grow as a producer completed an expan-
sion of its bromine production facilities.
Several Federal agencies were evaluating
some bromine compounds that could pos-
sibly be hazardous to consumers and
workers.

DOMESTIC PRODUCTION

The amount of elemental bromine sold or
used by domestic producers in 1977 declined
6% to 434 million pounds. Sales of bromine
compounds by producers were down 7%.
Producers’ sales of methyl bromide rose 6%,
but the quantities of ethylene dibromide
and other bromine compounds sold decreas-
ed 6% and 10%, respectively. The total
value of elemental bromine and bromine
compounds sold dropped $13 million. The
unit value of elemental bromine declined,
but the average price of manufactured com-
pounds was essentially unchanged.

Six companies operated nine bromine-
producing plants in two States, Arkansas
and Michigan. Three of these companies
combined sold or used 88% of the U S. total.

The Governor’s Brine Study Commission
in Arkansas proposed legislation covering
unitization and royalty payments. The bill
was referred to a joint interim committee of

the Arkansas legislature.

Great Lakes Chemical Corp. brought ad-
ditional brine production and bromine ex-
traction facilities onstream at Marysville,
Ark., and acquired Drug Research, Inc., a
Michigan-based firm which produces bro-
minated chemicals primarily for swimming
pool sanitation. Great Lakes’ new research
and development laboratories were com-
pleted at West Lafayette, Ind.2

Emery Industries, Inc., signed an agree-
ment with Dead Sea Bromine Co., Ltd., of
Israel to market certain nonagricultural
bromine compounds in the United States. A
jointly owned U.S. plant for the manu-
facture of bromine derivatives is being con-
sidered. Dead Sea Bromine will continue to
market some bromine products in the
United States through its subsidiary,
Ameribrom.?
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Table 1.—Elemental bromine sold as such or used in the preparation of bromine
‘compounds by primary producers in the United States

(Th d pounds and th d dollars)
1976 1977
Quantity” Value® Quantity Value

Sod _ _ _ ________________________ 57,405 12,859 59,036 12,763
Used - _______ _________________ 402,655 99,488 374,782 86,915

Total® _ _ - _ _ _ o ____ 460,061 112,348 433,818 99,678

"Revised.

1Data may not add to totals shown b of independent roundi

Table 2.—Bromine compounds sold by

primary producers in the United States

(Th d pounds and th d dollars)
19767 1977
Quantity Quantity
Gross Bromine Value Gross Bromine Value
weight content , weight content
Eth, leﬁe dibromide ___________ 298,752 254,149 77,286 279,581 237,840 75,061
Methylbromide _ _ ____________ 31,032 26,120 13,773 32,930 21,7117 15,701
Other compounds® ____________ 138,417 97,191 112,007 125,066 86,650 99,200
Total?_ _________________ 468,201 377,459 203,067 437,576 352,206 189,962

TRevised.
Includes hydrobromic acid, hettabtomoblsphenol -A, ethyl a.mmomum, sodium, potassium, and other bromides.
of i

2Data may not add to totals shown b

Table 3.—Bromine-producing plants in the United States

State and company County Plant Pmdso l\ll::;on
Arkansas
’ Arkansas Chemicals, Inc ________ Union ____________ ElDorado ______ Well brines
The Dow Chemical Co __________ Columbia __________ Magnolia ______ Do.
EthylCorp ______ ___________ ee—do ___________ ———do _______ Do.
Great Lakes Chemical Corp _ _ _ _ ___ Union ____________ ElDorado ______ Do.
Do __________________ ———do ___________ Marysville _____ Do.
Velsicol Chemical Corp _________ ——_do ___________ ElDorado _ _____ Do.
Michigan:
The Dow ChemicalCo __________ Mason ____________ Ludington _____ Do.
Do o _____ Midland . _ _________ Midland _______ Do.
Morton Chemical Co ___________ Manistee __________ Manistee ______ Do.
CONSUMPTION AND USES

Total demand for ethylene dibromide de-
clined in 1977, primarily because reduced
requirements for lead in gasoline necessi-
tated a corresponding reduction in lead-
scavenging additives. The decline was
tempered by increased consumption of the
compound as an .agricultural fumigant
brought about by the removal of 1,2-
dibromo-3-chloropropane from the market-
place. Ethylene dibromide accounted for
55% of bromine sold or used by domestic
producers. Results of National Cancer Insti-
tute (NCI) carcinogenicity studies have

prompted the Environmental Protection
Agency (EPA) to examine ethylene dibro-
mide under the rebuttable presumption
against registration process. However, pre-
liminary EPA studies have recognized its
importance, since elimination could result
in losses to grain and other crops, increased
pest control costs to farmers for substitute
pesticides, and restricted movement of cer-
tain fruits and vegetables in interstate and
overseas commerce.* The Occupational
Safety and Health Administration (OSHA)
issued guidelines recommending that work-
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er exposure in air be limited to the lowest
possible concentration.s EPA was also con-
sidering adding ethylene dibromide and 37
other compounds to a proposed list of 23
hazardous pesticides that can only be ap-
plied by trained applicators.¢

Among the 23 substances on the original
list was methyl bromide. Consumption of
this fumigant was up in 1977. Methyl bro-
mide’s share of bromine sold or used by
producers was 6%. Total demand for other
bromine compounds, which represented
20% of the total sold or used by producers,
declined, although consumption of certain
flame retardants, calcium bromide, and
other compounds increased.

Preliminary NCI data released in Feb-
ruary showed that tris(2,3-dibromopro-
pyDphosphate, a flame retardant used in
textiles including children’s sleepwear, was
a carcinogen.” The Consumer Products Safe-
ty Commission (CPSC), after placing an
initial ban on the sale and manufacture of
“tris”-treated garments, banned tris and all
treated fabric, yarn, and fiber in May.5
However, a U.S. District Court in South
Carolina prohibited CPSC from enforcing
the ban.* CPSC has since voted to propose
rules to eliminate the portion of the child-
ren’s sleepwear standards that necessitated
the use of flame retardants.°

In August EPA announced that it would
regulate the flame retardant polybromin-
ated biphenyl under the Toxic Substances
Control Act, by prohibiting its use as a fire
retardant, requiring new uses to come un-
der review, and applying quality-control
limitations to manufacture for export.!!
Results of a continuing study by a New
York medical team on the health effects of
polybrominated biphenyl on Michigan resi-
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dents indicated that the duration of expo-
sure to the compound was as important as
the intensity. However, tentative findings
of the Michigan Public Health Department
showed no significant pattern of immuno-
logical problems related to exposure
levels.»2

The agricultural fumigant 1,2-dibromo-3-
chloropropane was suspected of causing
sterility in male chemical workers at Occi-
dental Chemical Co.’s pesticides plant in
Lathrop, Calif.,, and at the facilities of the
two major producers of the compound, The
Dow Chemical Co. and Shell Chemical Co.1
The State of California prohibited the use or
manufacture of pesticides containing the
compound.** Emergency temporary worker
exposure limits were announced by OSHA
in September, and stringent permanent ex-
posure limits were proposed in November.
In addition, the Food and Drug Administra-
tion began monitoring foods for residues.!s
EPA ordered a halt to all sales and use of
the compound in late October, but may
allow limited utilization if producers agree
to the application of the compound only by
trained personnel.’s Tests conducted by Dow
at yearend indicated that the sterility may
be reversible.1”

Monsanto Co. announced that results of
the first year of a 2-year study om vinyl
bromide showed that no danger to its plant
workers existed at present exposure levels.
Although a statistical increase in cancer
was observed among rats inhaling 1,250 and
250 parts per million (ppm) vinyl bromide,
no adverse effects occurred at levels of 100
and 50 ppm. Monsanto’s plant exposure
standard is 1 ppm, with actual exposure
levels far less. Other firms sponsoring the
study are The Dow Chemical Co., Dow-
Badische Co., and Ethyl Corp.1s

PRICES

The average price of bulk elemental bro-
mine, f.o.b. plant, as reported by producers
in 1977 was 21.62 cents per pound, down 3%

from the 1976 average price of 22.40 cents
per pound. Quoted prices for bromine and

selected compounds at yearend follow:
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Value per pound
Product (cents)

Bromine, purified:

Carlots, truckloads, delivered __ _ _ _ - ————— - - - ————=— === 75

Drums, carlots, truckloads, delivered east of the Rocky Mountains® __ _ _ - ————— 55-62

Bulk tank car, tank trucks (45,000-pound minimum), delivered east of the Rocky Mountains® __ _ 25-30
Ammonium bromide, national formulary (N.F.), granular, drums, carlots, truckloads, freight T

P T

Bromochloromethane, drums, carlots, f.o.b. Midland _ ____ 98

Bromoform, pharmaceutical grade, 5-gallon drums, fob.works _ _ _ _ _ _ __ 270
Ethyl bromide, technical, 98%, drums, carlots, freight allowed, Bast _ _ - 61.5
Etl:f'lene dibromide, drums, carlots, freight equalized _ __ __ - ————— 37
Hydrobromicacid, 48%, drums, carlots, truckloads, f.o.b. works _ _ _ ____ 3941
Hydrofen bromide, anhydrous, cylinders, 30,000 pounds, f.o.b. works_ _ ___ 65
Methyl bromide, distilled, tanks, 140,000-pound minimum, frei ht allowed _ _ 41
Potassium bromate, granular, powdered, 200-pound drums, carlots, f.0.b. works - 106
Potassium bromide, N.F., granular, drums, carlots, f.o.b. works _ _ _ -~ ————————————- 67
Sodium bromide, 99% granular, 400-pound drums, freight, f.0.b. works _ e 65

1Delivered prices for drums and bulk shipped west of the Rockies, 1 cent per
pound higher for 30,000-pound minimum and 2 cents per pound higher for 15,

und higher. Bulk truck prices 1 cent per
-pound minimum. Price f.o.b. Midland

and Ludington, Mich., freight equalized, 1 cent per pound lower.
Source: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 213, No. 26, Dec. 26, 1977,

pp. 26-37.

FOREIGN TRADE

The quantity of elemental bromine and
bromine contained in compounds that was
exported by domestic bromine producers
declined 11% in 1977 to 59 million pounds,
and represented 14% of total bromine sold
or used. The amount of exported elemental
bromine rose 21%, but exports of bromine
compounds were down 13%. The value of all
bromine exports decreased 6%.

Bromine imports amounted to less than
0.2% of domestic consumption. About 95%

of U.S. bromine imports were shipped from
Israel. )

The U.S. Treasury Department initiated
a countervailing duty investigation into im-
ports of bromine from Israel. A petition
filed in July by Velsicol Chemical Corp.
alleged that the Government of Israel made
benefits available to Israeli manufacturers
and exporters of bromine and bromine com-
pounds which may constitute bounties or
grants under U.S. law.?®

Table 4.—U.S. exports of bromine and bromine compounds
(Thousand pounds and thousand dollars)

Elemental bromine Bromine compounds
Year G Con-

Quantity  Value oSS tained Value

. weight  promine
1975 _ o e 3,635 1,037 72,395 61,598 25,791
1976 _ o e 4,435 944 74,063 62,589 29,244
1977 e 5,379 1,096 64,381 54,061 21,278

WORLD REVIEW

The United States continued as the world
leader in bromine production with about
two-thirds of the total. Other principal
bromine-producing nations included Israel,
the United Kingdom, France, the USSR,
and Japan.

Canada.—The Department of Fisheries
and the Environment has banned the im-
port, manufacture, and use of polybromin-
ated biphenyl fire retardants.?

Israel.—Dead Sea Bromine Co., Ltd., com-
missioned a 110-ton-per-day chlorine plant
at Sodom which will provide an assured
supply of chlorine for existing and future
bromine production. Present bromine ca-
pacity of 44,000 tons per year at the Sodom
plant should reach 66,000 tons per year by
yearend 1978, with further additions ex-
pected. A new bromine-compounds plant,
due onstream at Ramat Hovev in 1978, will
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consist of three single-product units—
methyl bromide, tetrabromobisphenol-A,
and inorganic bromides—plus several
smaller multipurpose plants. Production of
compounds will increase export value and
reduce the transportation and distribution
problems associated with the corrosive
nature of elemental bromine.?!
Japan.—Daikin Kogyo Co. brought a tri-
fluorobromomethane plant onstream based
on Produits Chimiques Ugine Kuhlmann
technology. The compound is used as a
fire-extinguishing fluid for high-value
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applications.??

Netherlands.—A bromine-derivatives
plant constructed by Dead Sea Bromine Co.,
Ltd., of Israel came onstream at Terneuzen
in October.2

United Kingdom.—ISC Chemicals, Ltd.,
brought a new plant onstream for the pro-
duction of brominated diphenyl oxides,
which are used as flame retardants in
plastics.? Steetley Chemicals, Ltd., acquired
a sodium and potassium bromides and bro-
mates plant located at Gillingham from
Akzo Chemie (UK) Ltd.>

Table 5.—Bromine: World production, by country

(Thousand pounds)
Country! 1975 1976 1977°

France ______ ___ _ __________ ___ o ________ 86,971 33,466 €35,000
Germany, Federal Republicof _____ _____ ____________ 9,414 9,158 €9,000
India® ______ ___ __ _ o _______ 600 620
Israel __ _ __ _ _ _ 39,700 46,100 69,445
Italy® _ _ 1,471 1,500 €1,500
Japan® _____________ o ________ 24,900 25,400 26,500
Spain _ _ _ _ _ 838 €880 900
USSR _________ 28,000 30,000 33,000
United Kingdom ________________________________._____ 62,391 65,918 66,000
United States® ________________ ___ __ __________________ 407,163 460,061 433,818

Total __ _ _ _ _ o ___ 611,454 673,083 675,783

®Estimate. PPreliminary.  "Revised

y. 8
In addition to the countries listed, several other nations produce bromine, but output data are not reported and
available general information is inadequate for formulation of reliable estimates of output levels.
2Figure for 1975 is from official Italian sources; figures for 1976 and 1977 are U.S. Bureau of Mines estimates. Officially

1,512.
3Sold or used by producers.

rted figures for years prior to 1975 are as follows, in thousand pounds: 1971—11,515; 1972—9,965; 1973—3,073; 1974—

TECHNOLOGY

Bromine chloride could be an alternative
to chlorine for disinfecting secondary waste
water treatment plant effluent because of
its greater effectiveness and lower toxicity.
The rate of hydrolysis is faster than for
either bromine or chlorine alone. Bromine
chloride reacts with ammonia in waste
water to form bromamines which are supe-
rior to corresponding chloramines in terms
of bactericidal and viricidal activity.* Envi-
ronmental officials of the State of Virginia
and Ethyl Corp. were conducting tests with
bromine chloride and chlorine at a Newport
News sewage treatment plant to compare
their effectiveness as well as the toxicity of
treated effluent on fish.?”

The Dow Chemical Co. introduced 2,2-di-
bromo-nitrilopropionamide as a fast-acting,
broad-spectrum, industrial antimicrobial
for water-cooling towers, paper mills, and

aqueous metalworking fluids. The liquid
rapidly decomposes in water to produce
ammonia, carbon dioxide, and bromide
ions.?

Researchers at the University of Illinois
have found that perfluorooctyl bromide can
effectively coat the gastrointestinal tract,
temporarily blocking food absorption. In
conjunction with a program of diet and
exercise, the chemical may provide treat-
ment for obesity. Apparently none of the
perfluorooctyl bromide is absorbed into the
bloodstream, but further tests are needed to
determine the safety of the compound and
whether it accumulates in any of the body
tissues.?®

!Physical scientist, Division of Nonmetallic Minerals.
2Chemical Marketing Reporter. Bromine Chemical Firm
%ught by Great Lakes. V. 211, No. 25, June 20, 1977, pp. 7,

Kampen, E. Prog’rlms Report From Great Lakes Chemi-
cal Corp. Oct. 28, 1977, 2 pp.
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3Chemical Marketing Reporter. Emery, Dead Sea Grou
Sign a Marketing Pact. V. 211, No. 11, Mar. 14, 1977, pp. 3,

4Chemical Marketing Reporter. EDB Review Ordered by
Environmental Unit; Risks, Benefits Assessed. V. 212, No.
25, Dec. 19, 1977, pp. 5, 53,

Chemical Week. EPA Says: “Prove It!” V. 121, No. 25,
Dec. 21, 1977, p. 17.

5Chemical & Engineering News. OSHA Issues Guide-
lines on EDB Exposure. V. 55, No. 51, Dec. 19, 1977, p. 13.

éChemical & Engineering News. EPA Progoses List of
Hazardous Pesticides. V. 55, No. 37, Sept. 12, 1977, p. 8

7Chemical Marketing Reporter. Tris Ban Demanded by
EDF. V. 211, No. 7, Feb. 14, 1977, pp. 3, 53.

8Chemical & Engineering News. Concentrates. Govern-
ment. V. 55, No. 19, May 9, 1977, p. 7.
6 ;gqh;mic&l Week. Tris Ban Nullified. V. 121, No. 1, July

3 s P 14

19Chemical Marketing Reporter. CPSC Votes Rule for
Child Sleepwear. V. 212, No. 12, Sept. 19, 1977, p. 68.

11Chemical Week. PBB Effects Cited. V. 121, No. 6, Aug.
10,1977, p. 20.

12Chemical Week. Two Views on PBB. V. 121, No. 22,
Nov. 30, 1977, p. 22

13Chemical & Engineering News. More Tests Link
DBCP to Worker Sterility. V. 55, No. 36, Sept. 5, 1977, pp.

5-6.

Chemical Week. Workers Found Sterile. V. 121, No. 6,
Au%. 10, 1977, p. 21.

14Chemical Week. More DBCP Problems. V. 121, No. 8,
Aug 24,1977, p. 20.

15Chemical Marketing Reporter. OSHA Sets Workplace
Rules for DBCP Worker Exposure. V. 212, No. 19, Nov. 7,
1977, pp. 7, 31.

Chemical Week. Crackdown on DBCP. V. 121, No. 11,
Sept. 14, 1977, p. 19.
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Cadmium

By John M. Lucas!

Domestic cadmium metal production
posted a minor decline from that of 1976.
. Although apparent consumption in 1977
exceeded the quantity consumed during the
recession year of 1975, it was less than that
consumed in 1976. Shipments of metal re-
ported by producers were below those of
1976, but, far above those of 1975.

Six companies operating seven plants pro-
duced all of the domestic cadmium. Canada
continued as the major source of zinc con-
centrates from which cadmium was ex-
tracted as a byproduct. The producer price
of cadmium remained at $3.00 per pound
until December, at which time it was re-
duced to $2.25 to $2.50.

Legislation and Government Pro-
grams.—The Environmental Protection Ag-
ency (EPA) issued interim final pretreat-
ment standard (effective July 12, 1977) cov-
ering effluent discharges into publicly own-
ed treatment works operating within the
electroplating point source category. Short-
ly after issuing the new regulations, which
did not specifically address cadmium, the
EPA began considering the inclusion of six
other metals, including cadmium.

In October, the EPA issued a.notice of
rebuttable presumption against the reg-
istration of pesticide products containing
cadmium. Cadmium is one of 20 substances
that the EPA is investigating to determine
whether the evidence of health risk is
sufficient to revoke registration of pesti-
cides containing these substances. Pesti-
cides containing cadmium have been used
for several years to control moles and plant
diseases affecting residential lawns and golf
courses. Producers of registered cadmium
pestlcldes were notified to submit evidence
in rebuttal of the presumption prior to
December 12, 1977.

On October 22, pursuant to provisions of
the Federal Clean Air Act Amendments of
1977, the EPA initiated inquiries into the
health effects of cadmium, arsenic, and
polycyclic organic compounds in the am-
bient air.

The national stockpile goal of 12,351 tons
of cadmium established in 1976 by the
Federal Preparedness Agency (FPA) was
reaffirmed by the President on October 7.
The inventory of stockpile metal was 3,163
tons on December 31, 1977. ‘

Table 1.—Salient cadmium statistics

1973 1974 1975 1976 1977

United States:

Production? ___________________ short tons__ 3,751 3,333 2,193 2,256 2,204

Shlpmenﬁs by producers® ______________ do_ _ 4,304 3,250 818 2,984 2,025

____________________ thousands__  $23,891 $21,405 $4,166  $10,498 $7,072

Exports ______________________ short tons_ _ 153 31 198 252 118

Imports for consumption, metal __________ do____ 1,948 1,985 2,618 3,411 2,570

Apparent consumption __ _ ____________ do____ 6,267 6,050 3,368 5,932 4,480

Price: Averageperpound® __________________ $3.64 $4.09 $3.36 $2.66 $2.96
World: Production _ . _____________ short tons_ _ 18,925 19,041 16,793 18,180 18,898

TRevised.

1Primary and dary cadmium metal. Includes equivalent metal content of ponge used directly in
production of compounds.

’Includes metal consumed at producer plants.
ted price for cadmium sticks and balls in lots of 1 to 5 tons.

ageq
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DOMESTIC PRODUCTION

Total domestic production of cadmium
metal during 1977 was 2,204 tons, slightly
below the 2,256 tons produced in 1976.
Metal production was 631 tons in the first
quarter, then declined to 428 tons in the
third quarter. Production of cadmium
during the fourth quarter rebounded to 583
tons following the September settlement of
the nearly 5-month labor strike at The
Bunker Hill Co. smelter.

For every ton of slab zinc produced during
the year, an average of 9.8 pounds of cad-
mium metal was recovered. In 1976, the
recovery rate averaged about 7 pounds of
metal per ton of zinc compared with 10
pounds in 1975 and 12 pounds in 1974. Prior
to 1973, an average of 10 to 12 pounds of
cadmium was produced for every ton of slab
zinc. This decline in cadmium metal recov-
ery may reflect a growing tendency by
producers to make more cadmium com-
pounds at the expense of metal production

as well as a combination of possible factors
such as a greater percentage recovery of
zinc as compared with cadmium and an
overall decrease in the cadmium content of
the ores and concentrates.

Cadmium sulfide production (including
cadmium sulfoselenide and lithopone) was
12% below the production level of 1976.

Production of other cadmium compounds
(cadmium content), which includes both
electroplating salts and cadmium oxide,
declined about 14% from production levels
of the previous year. However compared
with 1974, production of other compounds
has increased nearly ninefold. Cadmium
oxide was produced at two primary-metal-
producing plants. Data on cadmium oxide
production are not published to avoid
disclosing individual company confidential
data.

Table 3.—Cadmium sulfide* produced in

the United States
Table 2.—Primary cadmium producers in (Short tons)
the United States in 1977
Quantity
Company Plant location Year (cadmium content)

AMAX ZincCo.Inc_ ______ Sauget, Ill. 1,412
ASARCOInc __________ Corpus Christi, Tex. 1,085

Do ___ Denver, Colo. 987
The Bunker HillCo _ _____ Kellogg, Idaho 804
National ZincCo __ _ ____ Bartlesville, Okla. 704
New Jersey ZincCo ______ Palmerton, Pa.
St.JoeZincCo _ . ___ Monaca, Pa. Includ d lithopone and cad Ifosel

ide.
CONSUMPTION AND USES

The apparent consumption of cadmium
was 4,480 tons, 24% less than that of 1976.
Over 95% of the consumption of cadmium
was accounted for under five principal use
categories: Plating, pigments, alloys, bat-
teries, and plastic stabilizers. Electrically or
mechanically plated hardware used in
transportation vehicles and fixed electrical
and mechanical equipment was estimated
to have consumed between 40% and 45% of

the apparent consumption. Red, orange,
yellow, and maroon pigments formulated
from cadmium compounds consumed an
estimated 15% of the supply. The balance
was consumed in nickel-cadmium batteries,
special-purpose alloys, and compounds em-
ployed to impart heat and light stability to
some plastics, particularly polyvinylchlo-
ride.
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Table 4—Supply and apparent
consumption of cadmium
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(Short tons)

1976 1977
2,841 2,387
2,256 2,204
3,411 2,570
63 __
Totalsupply ___________ 8,571 7,161
ports _ _ _ _ _ ___ __________ 252 118
Stocks—end _______________ 2,387 2,563
Apparent consumption? _ __ _ 5,932 4,480

Total supply minus exports and yearend stocks.

STOCKS

Inventories of metal held by producers at
the end of 1977 were 1,553 tons, 13% over
those held at the close of 1976. Compound
manufacturers’ stocks of cadmium com-

pounds rose 15% above those held at year-
end 1976. Inventories of metal held by
distributors were essentially unchanged
from those reported at the end of 1976.
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Figure 1.—Trends in production, consumption, yearend stocks,

exports, imports, and

average price of cadmium metal in the United States.
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Table 5.—Industry stocks, December 31

(Short tons)
1976 1977

Cadmium Cadmiumin Cadmium Cadmium in

metal compounds metal compounds

Metal producers . _ . __ _____ ____ 1,369 w 1,553 W

Compound manufacturers __ __ __ _______________ 163 547 79 630

Distributors - _ _______ __ ____ 279 29 281 20

Total _____________ R, 1,811 576 1,913 650

W Withheld to avoid disclosing individual y confidential data; included with “C d fe rs.”

PRICES

Despite continued weakening demand
and expanding inventories, the producer
price of cadmium remained unchanged at
$3 per pound throughout most of the year.
On December 1, National Zinc Co. reduced
its quoted price for cadmium by $0.50, to
$2.50 per pound. On December 7, Bunker
Hill lowered its price to $2.25 per pound. On

the following day, ASARCO Inc., aligned its.

quote at the $2.50 per pound level establish-

ed earlier by National Zinc. For the remain-
der of the year, all domestic cadmium pro-
ducers were quoting prices in a range of
$2.25 to $2.50 per pound. Dealer prices for
cadmium remained firm throughout most of
the first quarter at $2.90 to $2.95 per pound.
In late March, the price began to weaken,
and by yearend it had declined to $1.85-
$1.95 per pound.

FOREIGN TRADE

Exports of cadmium metal and scrap
decreased sharply to 118 tons compared
with 252 tons exported during 1976. The
principal recipients during 1977 were the
Federal Republic of Germany (37%),
Belgium-Luxembourg (33%), and Canada
(13%).

Cadmium metal imports for consumption
were received from 16 countries. Canada
continued to be the principal source of

mium-bearing flue dust was imported from
Canada. No imports of flue dust were re-
ceived from Mexico, which shipped 246 tons
to the United States in 1976. '

Table 6.—U.S. exports of cadmium metal
and cadmium in alloys, dross, flue dust,
residues, and scrap

imports with 18%; followed by Australia Year hantity e
and Mexico (17% each), Yugoslavia (14%),
Belgium-Luxembourg (10%), Finland and {g’;g ——————————————— égg $,?§g
the Netherlands (5% each), and the Repub- 197" __""__""""°" 118 316
lic of Korea (4%). Fourteen tons of cad-
Table 7.—U.S. imports for consumption’ of cadmium metal and
cadmium flue dust, by country
1976 1977
Country Quantity Value Quantity Value
(short tons) (thousands) (short tons) (thousands)
Cadmium metal:
Australia_ — —_ — e 421 $2,003 448 $2,353
Belgium-Luxembourg 279 1,330 246 1,322
Canada? __ __ . ————__ 1,052 5,361 472 2,519
i 43 237 131 580
130 533 13 74
133 576 44 217
40 187 6 20
32 146 __ __
110 478 105 462
393 1,696 436 2,202
52 220 121 581
95 419 89 399
39 173 63 271
- —— 22 98

See footnotes at end of table. -
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Table 7.—U.S. imports for consumption’ of cadmium metal and
cadmium flue dust, by country —Continued

1976 1977
Country Quantity Value Quanti Value
(short tons) (thousands) (short totnys) (thousands)
Cadmium metal —Continued

USSR_________________________ 2193 28133 - __
United Kingdom _____________ 11 65 - 6 $25
Yugoslavia_____________"""" 322 611 351 483
Zaire _________________TT"TT"T7— 66 343 317 . 4
_________________________ 3,411 14,511 2,570 11,680

Flue dust (cadmium content): 4
_________________________ - __ 1 4
Mexico . _______________T°""T""""~ 246 536 —_ ——
Total ______ __ _ ________________ 246 536 14 4
Grandtotal _____________________ 3,657 15,047 2,584 11,684

!General imports and imports for consumption were the same in 1976 and 1977.

?Includes waste and scrap (gross weight).

WORLD REVIEW

Total world smelter production of refined
cadmium was 18,898 short tons. This repre-
sented an increase of 4% above production
levels achieved during 1976. The four larg-
est cadmium producers were the U.S.S.R.

and Japan (16% each), the United States
(12%), and the Federal Republic of Ger-
many (8%). Apparent U.S. consumption of
cadmium amounted to nearly 24% of the
total world production.

Table 8.—Cadmium: World smelter production, by country*

(Short tons)
Country 1975 1976 1977°
North America:

1,448 1,321
2,256 2,204
783 €800
192 €200
32 €26
1,296 1,574
250 250
470 579
586 €605
22 22
1,405 €1,470
480 466
T439 340
89 106
T390 440
110 110
271 332
3,000 3,050
209 326
300 330

91
293 176
8 4
120 120
37 40
2,756 3,048
130 130
17 733
18,180 18,898

®Estil relimi A i
This table givere unwrouglit metal production fro!n ?fres, concentrates, lﬂue dustsj, and other materials of both domestic

and imported origin. Sources generally do not ind
known,

this has been indicated by footnote. Data derived in
of Metal Statistics, London) and from Metal Statistics (published by Me
4 S ¢ A tes, an

y metal (r
part from World Metal Statistics (published by World
llschaft Aktnengeeel]schaf{
/or flue dusts intz]g::l other countries, but these materials are

from scrap) is included or not; where
ureau
am

fore, such output is not recorded in this table to avoid

Main). Cadmium is p: d in ores, trates,
exported for treatment elsewhere to recover cad metal; th
double counting.

2Includes secondary.

3Qutput of Tsumeb éorp. for calendar years.



212

MINERALS YEARBOOK, 1977

TECHNOLOGY

In February, the First International Cad-
mium Conference was convened in San
Francisco, Calif., to review technological,
occupational health, and marketing aspects
of cadmium; over 50 papers on cadmium
were presented.? During the first week of
October, the Government-Industry Work-
shop on Alternatives for Cadmium Electro-
plating and Metal Finishing was held at the
National Bureau of Standards, Gaithers-
burg, Md. Representatives from both Gov-
ernment and industry appraised various
anticorrosive coatings and processes such as
zinc and aluminum coatings, mechanical-
plating techniques, and several relatively
new electroless organic coatings.

Research focusing on cadmium in the
environment and its possible effects upon
human health continued to be an important
area of investigation. The accumulation and
distribution of heavy metals, including lead,
zinc, and cadmium, were studied in the soil
profile at two sites, which had been irrigat-
ed for an extended period of time with
treated wastewater and sludge-injected
wastewater. No serious contamination of
the soils by heavy metals was found in
either area.® Another study noted that
although biological accumulations of cad-
mium are found in many living organisms,
most of the dissipated cadmium eventually
becomes fixed in soil, sediment, and ocean
sinks.*

The results of a sampling program con-
ducted around and below several copper
and zinc mills and smelters in high runoff
regions detected up t00.1% cadmium in the
suspended sediments of some streams used
for irrigation and drinking water. The re-
port recommended techniques for control
and treatment of contaminated wastewater
destined for discharge into these streams.®
Samples of polished and unpolished rice
were analyzed for zinc and cadmium, and
the results indicated that polishing brings
about a loss of zinc, an essential dietary
trace element, but no loss of cadmium. In
countries where rice is a major food staple,
uncontrolled cadmium may be taken up by
the rice and result in excessive absorption
of the metal.®

The degree of toxicity of metal oxide
fumes generated by various materials dur-
ing different welding and brazing processes
was evaluated. The threshold limit value
(TLV) for cadmium was found to be 0.05
milligram per cubic meter of air. The con-
trol of airborne pollutants. and the use of
special breathing and ventilating apparatus
were also discussed.” A systematic study
of factors such as acid strength and tem-
perature that may influence the leaching
of cadmium from solid acrylonitrile-buta-
diene-polystyrene (ABS) plastic toys con-
taining cadmium selenide or sulfide pig-
ments has been undertaken in the Neth-
erlands.®

Photovoltaic solar cells using cadmium
compounds received much attention during
the year. The use of cadmium sulfide may
lead to lower cost solar cells that could be a
competitive energy source within a few
years.® Pressuresintered electrodes of cad-
mium selenide, subsequently, doped with
cadmium vapor have demonstrated solar
energy conversion efficiencies approaching
three-fourths of those of single crystal speci-
mens in sunlight experiments. Expanded
use of these polycrystalline electrodes may
result in a substantial cost advantage over
single crystal electrodes.’

A new process developed in the United
Kingdom for producing a grid alloy for
maintenance-free batteries employs a lead
matrix in which a cadmium-tin eutectic
phase has been dispersed. The recommend-
ed levels of cadmium and tin are 0.6% to
0.8% by weight.! Electric automobiles pow-
ered by nickel-cadmium batteries are being
developed as a semipublic rent-a-car net-
work to serve the downtown area of Amster-
dam, Netherlands. The batteries in the
small two seat, three-wheeled vehicles can
be quickly recharged at strategically lo-
cated stations.!? ‘

Cadmium telluride probes are being em-
ployed clinically to diagnose venous throm-
bosis of the leg and to detect concealed
dental infections in patients scheduled for
cardiovascular and orthopedic surgery.**

A new liquid barium-cadmium-zinc heat
stabilizer is expected to find application in
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flexible automotive plastics such as poly-
vinylchloride. The stabilizer is reported to
provide protection to rolled and extruded
plastic sheet against color change for up to 2
weeks of testing at 175°F (79°C).1¢

Developments in cadmium technology are
abstracted in Cadmium Abstracts, a bi-
monthly publication available from the
Zinc Institute Inc., 292 Madison Ave., New
York 10017.

1Physical scientist, Division of Nonferrous Metals.

?Metal Bulletin Limited (London, England). Proceed-
ings, First International Cadmium Conference. San
Francisco, Jan. 31 - Feb.2, 1977. January 1978,

265 pp.
3Sidle, R. C., J. E. Hook, and L. T. Kardos. Accumulation
of Heavy Metals in Soils From Extended Wastewater
Irrigation. J. Water Pollution Control, v. 49, No. 2,
February 1977, pp. 311-318.
“Environmental Protection A . Multimedi
Cadmium. EPA 600 6-77 032, September 1977, 156 pp.

M,
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SEnvi tal Protection A . Heavy Metal Pollu-
tion From Spillage at Ore Smelters and Mills. EPA 600
2771171, 1977, 125 pp.

®Masironi R., S. R. Koirtyohann, and J. O. Pierce. Zinc,

Copper, Cad and Chromium In Polished and Unpol-
ished Rice. Sci. Total Environment (Holland), v. 7, No. 1,

January 1977, pp. 27-48.

"Moreton, J. Fume Hazards in Welding, Brazing &
Soldering. Metal Construction. Brit. Welding J. (United
Kingdom), v. 9, No. 1, January 1977, pp. 33-34.

SFowles, G. W. A. The Leaching of Cadmium From
Plastic Toys. Sci. Total Environment (Holland), v. 7, No. 3,
May 1977, pp. 207-216. -

ond, A. L. The S ion Comes
207Solar. Science, v. 197, No. 4302, July 29, 1977, pp. 445-

47.

1°Miller, B., A. Heller, M. Robbins, S. Menzies, K. D.
Chang, and J. Thomson, Jr. Solar Conversion Efficiency of
Pressure Sintered Cadmium Selenide Liquid Junction
Cells. J. Electrochem. Soc., v. 124, No. 7, July 1977, pp.
1019-1021.

!1Tjn International. V. 50, No. 10, October 1977, p. 374.

12Bell, L. Electric Automatic. Ind. Design. V. 24, No. 2,
March-April 1977, pp. 50-51.

3Entine, G., D. A. Garcia, and D. E. Tow. (Review of
Cadmium Telluride Medical Applications). Revue De
Physique Applique (France), v.’12, No. 2, 1977, pp. 354-359.

4Modern Plastics. V. 54, No. 9, September 1977, p. 61.
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Calcium and Calcium
Compounds

By J. W. Pressler!

Calcium metal was manufactured by one
company in Connecticut. Calcium chloride

Synthetic calcium chloride was manufac-
tured by one company in New York and

was produced by two companies in Califor- twocompanies in Washington.
nia and three companies in Michigan.
DOMESTIC PRODUCTION
Pfizer Inc. produced calcium metal at production.

Canaan, Conn., by an aluminothermic pro-
cess, in which high-purity quicklime and
aluminum powder are briquetted and heat-
ed in vacuum retorts; at a temperature of
1,170° C, calcium vaporizes and is collected
at the other end of the retort, which has a
water-cooled condenser section.

National Chloride Co. of America and
Leslie Salt Co. produced calcium chloride
from wells in San Bernardino County, Cal-
if.; average output increased 6%. The Dow
Chemical Co., Velsicol Chemical Corp., and
Wilkinson Chemical Corp. recovered cal-
cium chloride from brine in Gratiot, Lapeer,
Mason, and Midland Counties, Mich.; aver-
age output increased 10%. Total production
of natural calcium chloride was 710,000
tons, an increase of 9% compared with 1976

The Dow Chemical Co. announced that it
intended to build a new plant at Ludington,
Mich., which will be completed late in 1978.
It will include the production of calcium
chloride pellets.?

Allied Chemical Corp. recovered synthe-
tic calcium chloride as a byproduct of soda
ash at Syracuse, N.Y.; Reichold Chemicals,
Inc., recovered synthetic calcium chloride
as a byproduct of pentachlorophenol manu-
facture at Tacoma, Wash.; and Hooker
Chemicals & Plastics Corp. manufactured
calcium chloride at Tacoma using limestone
and hydrochloric acid. Total output of
synthetic calcium chloride was 257,000 tons,
an increase of 4% compared with that of
1976.

CONSUMPTION AND USES

Calcium metal was used as a reducing
agent to separate refractory metals such as
tantalum, uranium, and zirconium from
their oxides; to form alloys with metals such
as aluminum, lead, and silicon; as a desul-
furizer and deoxidizer in steel refining; in
the manufacture of calcium hydride used in
the production of chromium, titanium, and
zirconium in the Hydromet process; and as

an aid in removing bismuth from lead in
refining. Some minor, but interesting, uses
were in the preparation of vitamin B, and as
a cathode coating in some types of photo
tubes.

A high growth rate was forecast for the
use of calcium in the battery sector, particu-
larly in the maintenance-free lead-calcium

215
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(0.1% Ca) automotive storage battery. As
with nickel-cadmium batteries, the lead
batteries were completely sealed, and re-
placement of the electrolyte is not neces-
sary. They were sold particularly on their
merit of being of long life. Demand in the
United States continued strong throughout
the year.

In addition to the use of calcium in the
refining of steel, beneficial effects were
reported in steel manufacture, in which
calcium was used largely as an additive to
high-tensile steels, such as those used in oil
pipelines, although research has pointed to
possibilities of using calcium additives in

MINERALS YEARBOOK, 1977

other high-quality steels.

The principal use of calcium chloride was
to melt snow and icé from roads, streets,
bridges, and pavements. Calcium chloride is
more effective at lower temperatures than
rock salt and is mainly used in the northern
and eastern States. Because of its consider-
ably higher price, it is used in conjunction
with rock salt for maximum effectiveness
and economy. It was also used to stabilize
the surface of roads and driveways for dust
control and as a set-accelerator for concrete.
Demand continued strong throughout the
year for liquid, pellet, and flake forms of
calcium chloride.

PRICES AND SPECIFICATIONS

The price of calcium metal crowns in-
creased from $1.83 per pound to $1.49 per
pound on January 17, 1977, and maintained
that level throughout the year. The price of
calcium-silicon alloy remained at 51 cents
per pound in 1977. Published prices and

CaCl,, or as a concentrated liquid averaging
about 40% CaCl,. The price of calcium
chloride increased 10% during the year,
although published prices did not indicate
this. Published prices and specifications at

specifications at yearend were as follows: yearend were as follows:
Value
V;:;le per ton?
pound
Ci f‘hk l::l;hllf’nde,l {:ade, 1% to 80%,
Calcium metal, 1-ton lots, 50-poun ’ e, carload, works _ __________ $55-$65
Calcium chloride, hql.ud 409’ to 45%,
10 by 18 iniches, Ca+Mg .5%, Mg 0. 7% - $1.49 car or tanktrack, wor;s __________ 2. 24

Calcium-silicon alloy, 82% calcium, carload lots,
f.o.b. shippingpoint _ __ _____________ 51

Source: Metals Week. V. 49, No. 1, Jan. 2, 1978, p. 4.

Calcium metal is usually sold in the form
of crowns, broken pieces, or billets, shipped
in 55-gallon metal containers with a max-
imum of 300 pounds, and gasketed to pro-
vide an airtight condition, with argon
atmosphere provided if desired. The value
for imported calcium metal in 1977 ranged
from $0.63 to $1.61 per pound, and averaged
$1.54 per pound for the year. This did not
include the assessed tariff, which was either
7.5% ad valorem for preferential status, or
25% ad valorem for statutory status.

Calcium chloride is usually sold either as
solid flake or pellet averaging about 75%

1Differences between high and low price are accounted
for by differences in quantity, quality, and location.

Source: Chemical Marketing Reporter. V. 213, No. 27,
Jan. 2, 1978, p. 51.

As reported by producers on an f.o.b.
warehouse basis, with conversions of all
products to a 75% CaCl. basis, the average
value in 1977 for natural calcium chloride
was $63.41 per ton; the average value for
synthetic calcium chloride was $68.74 per
ton. Combining natural and synthetic pro-
ducts, the average value of solid 75% CaCl,
for the year was $72.62 per ton, and the
average value of liquid 40% CaCl: was
$26.88 per ton.

FOREIGN TRADE

Exports of dicalcium phosphate were
53,309 tons valued at $9,550,000, compared
with 32,302 tons valued at $6,460,000 in
1976; leading destinations were Canada,
Mexico, Taiwan, and Thailand. Exports of
calcium chloride, mainly to Canada and
Mexico, were 39,552 tons valued at

$3,383,000, compared with 33,533 tons val-
ued at $2,578,000 in 1976. Exports of precip-
itated calcium carbonate, mainly to Canada
and Mexico, totaled 14,887 tons valued at
$4,053,000, compared with 3,411 tons valued
at $735,000 in 1976.

Total imports of calcium and calcium



CALCIUM AND CALCIUM COMPOUNDS

compounds were 207,000 tons valued at
$19.4 million. Imports of calcium metal
from Canada, the U.S.S.R., and France were
229 tons valued at $705,600. Imports of
calcium chloride, mainly from Canada were
19,708 tons valued at $1.0 million. Imports
of other calcium compounds, mainly from
Norway, Turkey, Canada, the United King-
dom, and France totaled 187,000 tons,
valued at $17.7 million.

Imports of other calcium compounds
" included 80,619 tons of calcium nitrate,
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mainly from Norway; 51,087 tons of calcium
borate from Turkey; 32,473 tons of chalk
whiting, mainly from France; 8,127 tons of
precipitated calcium carbonate, mainly
from the United Kingdom and Japan; 5,994
tons of calcium carbide from Canada; 1,708
tons of calcium cyanamide, mainly from
Canada; 1,146 tons of calcium cyanide,
mainly from Canada; and 5,820 tons of
other compounds, mainly from the United
Kingdom, West Germany, and Canada.

Table 1.—U.S. imports for consumption of calcium and calcium chloride, by year

Calcium Calcium chloride
Year ti ti
(poundg Value! (s?:ou:tn tone) Value'

110,407 $77,864 7,357 ’ $317,007
109,252 120,883 3,599 155,727
70,128 71,684 12,021 ,158
461,965 475,119 16,046 480,259
458,319 05, 19,708 1,002,386

thetefore, excluding U.S. import

1U.S. Customs import value, generally ng value country, and
duties, freight, insurance, and other charges mcun'ed in s!nppmg mercﬁndue to the United States.

Table 2.—U.S. imports for consumption of
calcium chloride in 1977, by country

Country

Quanti
(Ghorttony  Value!

17 $3,401

19671 979381

@ 262

18 19,087

1 255

319,708 1,002,386

Customs unport value. See detailed explanation in

us.
footnote 1 of table 1.
3L ess than 1/2 unit.

3Data do not add to total shown because of independent

rounding.

WORLD REVIEW

Canada.—Chromasco Corp. Ltd. produced
calcium metal at its Haley smelter near
Renfrew, Ontario. Canada continued to lead
all other countries in the production of
calcium metal, producing about 1.1 million
pounds per year, with most of it exported to
the United States, Mexico, and European
countries. About 216 tons valued at $691,000
was exported to the United States.

Allied Chemical Canada, Ltd., completed
a 42% expansion of flake calcium chloride
conversion capacity at its Solvay soda ash
plant at Amherstburg, Ontario. Canada was
the leading source of U.S. imports of cal-
cium chloride.

France.—Planet Wattohm S.A., a sub-
sidiary of Compagnie de Mokta, produced
calcium metal by the Pidgeon process.
About 2 tons valued at $14,000 was exported
to the United States.

Japan.—Production of calcium silicide in
Japan was 5,635 tons in 1975 and 4,297 tons
in 19763

U.S.S.R.—Some calcium metal was pro-
duced in the U.S.S.R. Only 11 tons of Soviet
calcium metal valued at $16,070 was ex-
ported to the United States. This was a
major decrease compared with the 65 tons
exported in 1976.
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TECHNOLOGY

Demand is accelerating rapidly for cal- -

cium bromide. It is usually mixed 50-50 with
calcium chloride and water to form a high-
density brine solution (specific gravity 12 to
15 pounds per gallon), and used as a packer
and completion fluid for completing oil and
gas wells and filling the annulus between
casing and tubing. This solids-free fluid is
especially applicable in high-pressure oil
and gas wells, and where formation sensi-
tivity to mud damage is common. It is
reported that this fluid is relatively noncor-
rosive and of low ecological impact.+

The use of calcium carbide and calcium
alloys in steel refining had an increased
growth demand. The injection of calcium
carbide directly into the torpedo ladle was
practiced by at least two companies in the
United States during the year. Several
different calcium-bearing alloys were man-

ufactured by U.S. ferroalloy producers for
deoxidizing, desulfurizing, and refining of
specialty steels in the ladle. Calcium-
barium-silicon, calcium silicide, and other
metallic alloy formulations were used in the
form of wire or pellets. The choice of which
to use was often made on the basis of price
and technical ease of using the material.

1physical scientist, Division of Nonmetallic Minerals.

3State Journal (Lansing, Mich.). Sept. 13, 1977, p. 3.

SRoskill Information Service Ltd. (London). Roskill’s
Letter From Japan. RLJ No. 18, October 1977, p. 6.

Pfizer, Inc. Private communication, May 18, 1978.

4Great Lakes Chemical Corp. Progress Report for Nine
Months Ending Sept. 30, 1977. Oct. 28, 1977, 2 pp.

Dow Chemical Co., Dowell Div. (Tulsa, Okla.). Heviwater
Completion Fluid. Brochure No. DWL 1734, August 1973,
10 pp.
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By Earl G. Hoover!

Shipments of portland cement including
cement imported and distributed by domes-
tic producers from plants in the Unit-
ed States and Puerto Rico in 1977 were
77,850,000 tons, 8% greater than in 1976,
and the highest since 1974. However, ship-
ments were 11% below the record of 86.6
million tons in 1973. When compared with
the 5 year average, 197276, shipments in
1977 were 0.5% above the average. Total
mill value was $2.8 billion and reflected a
unit value increase of $2.50 per ton over
that of 1976. '

In 19717, the cement industry contended
with severe winter weather conditions in
the first quarter along with high energy and
labor costs throughout the year. But with
rebounding construction, cement demand
rose sufficiently to allow a moderate in-
crease of 7% in the average price of cement.
In contrast, the increase in average price
between 1975 and 1976 was 9%, with a
corresponding increase in shipments of 6%.
Price increases in the Eastern United
States have not offset escalating costs suffi-
ciently to provide the return on investment
required to justify the enormous capital
demands necessary for major new plant
construction. However, in the Western
United States, record sales and earnings
were reported for several companies. De-
mand for cement outstripped production
capability by midyear resulting in cement
shortages, principally in California and Ne-
vada. Shifting population from Eastern and
North Central States to Western, South-
west, and Southeast States augurs well for
continued strong profit potential in the high
growth Sunbelt areas and very likely in-
creased new plant construction in these
regions.

According to the U.S. Department of
Commerce, new private housing units
started in 1977 totaled 1.99 million — an
increase of 28% over 1976. Southern and
Western geographic regions combined had a

total of 1.32 million new units started,
reflecting the increasing migration toward
the Sunbelt. Private construction of nonre-
sidential buildings, and public utilities were
up; however, public construction of build-
ings and highways was down.

Energy, taxation, and environmental
matters were major concerns, since profits,
although up in 1977, were inadequate to
attract capital for construction of new
plants. New construction costs per annual
ton of capacity now exceeds $100, Com-
pounding the problem is that since the early
1960’s cement’s return of investment has
failed to reach double digit levels, and 15%
is required as viable. The net result was
that only 565,000 tons of net capacity addi-
tions were completed in 1977.2

Some companies were hard-pressed to
finance programs of continued upgrading,
added pollution controls, and conversion to
alternate fuel.

For several years the U.S. cement indus-
try has been in a state of upheaval, as
witnessed by plant closings, moderniz-
ations, bankruptcies, acquisitions by foreign
interests and domestic conglomerates, and
retreats from diversification, and 1977 was
characteristic of this trend.

As in every year since 1973, energy con-
tinued to be a major concern. In 1977, the
Federal Energy Administration (FEA)
announced that the cement industry must
reduce by 15.7% its energy consumption per
ton of production by January 1, 1980. As a
result of this action, renovation and mod-
ernization projects planned for the future
will be aimed at increasing energy efficien-
cy. The Portland Cement Association (PCA),
using FEA’s own projections of 1980 product
demand and the final energy-efficiency tar-
get promulgated June 9, estimated that 65
new preheater kilns would be required, of
which only 13 are now planned or under
construction.®

Cement technologists gave major empha- |
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sis in 1977 to energy saving measures.
Among these measures was the increased
use of insulating firebrick as an aid to
better heat conditioning of the cement load,
thus permitting kiln production to increase
with no increase in fuel consumption. Many
companies also were accurately controlling
the chemical, physical, and mineralogical
properties and obtaining higher energy effi-
ciencies as a result. Energy savings in wet
process kilns focused on reducing the mois-
ture content by using slurry thinners.

Conversions of plants to burn coal as a
primary or backup fuel, conversion from
wet- to dry-process operations, and the in-
stallation of preheaters were major items of
planned or actual capital expenditure. More
companies announced plans to develop
their own coal reserves and mining facili-
ties.

Regulations and costs of compliance with
pollution control were significant areas of
concern for cement producers in 1977. Dur-
ing the year, clean air act amendments
were signed that will prohibit new station-
ary sources from emitting sulfur dioxide
and particulates beyond specific increments
above baseline concentrations. Complex
permit procedures will be applied to any
source emitting more than 100 tons per year
of sulfur dioxide and particulates or 250
tons per year of any other pollutant. States
must meet primary ambient standards by
the end of 1982; where these are impossible
to meet, revised plans must then be sub-
mitted for compliance by 1987.5

Several cement companies announced
plans or awarded contracts to install dust
collection systems. Collection efficiences
were designed to remove 99.9% of particu-
lates from exhaust gases, alkali bypass sys-
tems, and raw material processing oper-
ations.

Pollution control equipment consisted of
both glass bag collectors and electrostatic
precipitators. Of the 222 kilns in wet-
process plants, 44 were equipped with bag-
house collectors and 198 with precipitators.
The remaining 184 dry-process kilns were
equipped with 95 baghouse collectors and 74
precipitators. An advantage of using bag-
house collectors is the elimination of a tall
and widely visible stack from which steam
plumes emanate.

Vigorous enforcement of particulate
emissions by regional pollution control
districts caused problems for a number of
cement producers. Most notable was the
announcement that the Bay Area Air Pollu-
tion Control district was seeking a condi-
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tional abatement order requiring shutdown
of Kaiser Cement & Gypsum Corp.’s largest
cement plant, located at Permanente,
Calif.s

Technology to find new ways to give
cement plants more capacity and efficiency
for less money was the theme at several
seminars held during the year. The 13th
International Cement Seminar presented
the latest in concepts, methods, and practi-
cal plant experience geared towards achiev-
ing production efficiencies. Process technol-
ogy made a major step forward when the
PCA formed a manufacturing process com-
mittee to work with manufacturers of ce-
ment plant original equipment and with
consulting engineers to improve cement
manufacturing technology and to reduce
production costs. During the Institute of
Electrical and Electronics Engineers, Inc.,
1977 Cement Industry Conference (19th)
emphasis was on drive motors, general
practices and process equipment, automa-
tion, and power distribution.

The PCA presented safety trophy awards
to 20 cement plants that operated injury-
free in 1977. Medusa Cement Co., Mani-
towoc, Wis., received its 30th award for 31
years without a disabling injury.

Statistical data in some tables are arrang-
ed by State or groups of States to form
cement districts. A cement district may
represent a group of States, a portion of a
State, or in some cases, will correspond to a
State. The States of California, New York,
and Pennsylvania have been divided to
provide additional marketing information.
Divisions for these States are as follows:

California, Northern.—Points north and
west of San Luis Obispo and Kern Counties
and the western borders of Inyo and Mono
Counties.

California, Southern.—All other counties
in California.

New York, Western.—All counties west of
a dividing line following the eastern bound-
aries of St. Lawrence, Lewis, Oneida, Mad-
ison, Chenango, and Broome Counties.

New York, Eastern.—All counties east of
the above dividing line.

New York, Metroplitan.—The five coun-
ties of New York City (Bronx, Kings, New
York, Queens, and Richmond) plus West-
chester, Rockland, Suffolk, and Nassau
Counties.

Pennsylvania, Eastern.—All counties east
of the eastern boundaries of Potter, Clin-
ton, Centre, Huntingdon, and Franklin
Counties.
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Pennsylvania, Western.—All other coun-
ties in Pennsylvania.

The Department of the Treasury began
an investigation for the purpose of deter-
mining whether or not imports of portland
hydraulic cement from Canada are being
sold at less than fair value within the
meaning of the Antidumping Act of 1921.
Sales at less than fair value generally occur
when the prices of the portland cement sold
for exportation are less than the prices in
the home market.”

A citizens group filed in the U.S. district
court a suit to halt air pollution from the
Missouri Portland Co.’s St. Louis, Mo. plant.
Among the pollutants cited in the suit are
smoke, ashes, grime, fumes, vapors, odors,
gases, dirt, dust, noise, and chemical ele-
ments.

Legislation and Government Pro-
grams.—The Mining Enforcement and Safe-
ty Administration (MESA) announced plans
to step up enforcement procedures at metal
and nonmetal mines and plants. As a
consequence inspections increased signifi-
cantly in the last part of 1977. It also
announced that all self-propelled equip-
ment be fitted or retrofitted with rollover
protective structures and seatbelts. Signed
“into law during 1977 was the Federal Mine
and Safety Act of 1977. The Act among
other provisions officially transfered MESA
from the U.S. Department of the Interior to
the U.S. Department of Labor, provides for
strong penalties for safety violations, in-
creased worker participation in the enforce-
ment process and requires formal training
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prior to actual employment in mines or
quarries. The accident frequency rates at
cement operations in 1977 were as follows:

MESA accident frequency rates for cement

operations, 1977
. Total
Activity Number employed
Mills _________________ 153 18,383
ies _______________ 119 2,293
nderground mines _ _ ______ 2 69
Total ______________ 274 20,745
. Frequen
Fatal accidents Number rate Yy
Mills _________________ 3 0.08
fes __ _ ____________ 1 22
Total - ____________ 4 10
Nonfatal injuries

Mills _________________ 532 14.85
arries _______________ 204 44.06
nderground _ _____ ______ 1 6.29
Total ______________ 737 18.15

Nondisabling injuries
Mills ______ h_n_g _“:J _______ 397 11.08
ies _ ______________ 145 31.32
nderground ______ ______ 31 194.84
Total ______________ 573 14.11

The National Institute of Occupational
Safety and Health (NIOSH) presented pre-
liminary details for a morbidity study of
cement plant workers. The study is to be a
cooperative effort with member companies
of the PCA.

Table 1.—Salient cement statistics
(Thousand short tons and thousand dollars)

1973. 1974 1975 1976 1977

United States:! - )

Production® _ _ ____________ 85,513 80,917 68,139 72,950 78,647

Shipments from mills? 3_ _ _____ 88, 81, 69,102 73,668 80,247

ue?3¢ ___________ - $1,975,409 $2,150,659 $2,159,160 $2,510,100 $2,932,403

Average value per ton 2 3 ¢ $22. $26. $31.25 $34.07 .54

Stocks, Dec. 31 at mills? _ _ 5,512 7,467 . 6,930 7,154 6,041

Exports__————______ 268 199 417 343 236

Imports for consumption _ _ 6,647 5,702 3,637 3,074 3,989

Consumption, apparent>® ____ _ 90,679 82,862 70,062 74,136 81,537
World: uction _ __ _________ 713,769 715,183 173,989 810,656 P856,939

PPreliminary. "Revised.

1Excludes Puerto Rico.

?Portland and masonry cement only.

3Includes imported t shipped by d tic prod

“Value received, f.o.b. mill, excluding cost of i

5Quantity shipped, plus imports, minus exports.

8Adjusted to eliminate duplicati of imported clinker and t shipped by d " " facturers.
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DOMESTIC PRODUCTION

During 1977, 1 State agency and 57 com-
panies operated 163 plants in 40 States and
Puerto Rico to manufacture one or more
kinds of hydraulic cement.

PORTLAND CEMENT

Manufacturers in the United States and
Puerto Rico produced 71,987,000 tons of
clinker and imported 1,613,000 tons of
foreign clinker to grind 76,340,000 tons of
portland cement. Domestic producers ship-
ped 77,850,000 tons of portland cement
which included 969,000 tons of imported
cement. Stocks at mills decreased by
1,081,000 tons. An additional 880,000 tons of
portland cement was imported and shipped
or used by others not producing cement in
the United States and Puerto Rico.

Clinker Production Capacity.—Twenty-
eight companies had multiplant operations
ranging from 2 to 14 plants. No single
company accounted for more than 6.0% of
the Nation’s total clinker production capac-
ity. Five companies provided 26% of the
total clinker production capacity, while 10
accounted for 46%, and the 20 had 72% of
the total capacity. The 10 largest companies
in terms of clinker production capacity
were: Ideal Basic Industries, Inc.; Lone Star
Industries, Inc.; General Portland, Inc;
Martin Marietta Cement Corp.; Amcord,
Inc.; Marquette Cement Manufacturing Co.;
Medusa Cement Co.; Kaiser Cement & Gyp-
sum Corp.; National Gypsum Co.; and Uni-
versal Atlas Cement Div. of the United
States Steel Corp.

At yearend, 403 kilns located at 157
plants were being operated by 52 companies
and 1 State agency in 40 States in the
United States and Puerto Rico. Estimated
24-hour daily clinker production capacity
was 285,000 tons. An average of 56 days
downtime was reported for kiln mainte-
nance and replacing refractory brick. Based
on 309 days of operation, the annual clinker
production capability of the industry was
88.2 million tons. The industry operated at
81.6% of its apparent capacity, 1.7% better
than in 1976. Average annual clinker ca-
pacity of each kiln in the United States was
219,000 tons, that of each plant was 562,000
tons, and for each producing company,
1,604,000 tons. Average kiln capacity rang-
ed between the smallest 100 tons per day to
the largest 4,000 per day.

Clinker was produced by wet-process
kilns at 91 plants and by dry-process kilns

at 60 plants; 6 plants had both processes in
operation. Dry-process kilns with preheat-
ers, are the dominant systems replacing
many older wet-process facilities. Dry pro-
cess kilns, preheaters, and flash calciners
have attracted wide appeal in new plant
design because of their higher operating
efficiency and lower fuel consumption. By
yearend, 35 suspension and 17 grate pre-
heaters were in operation in 30 plants. A
total of 13.6 million tons of clinker were
produced by using preheater-equipped
kilns.

Clinker Grinding Capacity.—Clinker
grinding mills were associated with 163
clinker producing plants, 6 of which pro-
duced white cement. Additionally, 12 plants
operated grinding mills only on imported,
purchased, or interplant transfers of clink-
er; 4 of these produced only masonry ce-
ment, 1 plant ground both portland and
masonry cement, and 1 ground only calcium
aluminate cement. Based on the fineness
necessary to grind types I and II cements,
and making allowances for downtime re-
quired for maintenance, the cement indus-
try in the United States and Puerto Rico
had an estimated grinding capacity of 103.9
million tons of cement annually.

New and Planned Plant Installations.—
One new plant started up in 1977. In May,
Citadel- Cement Corp. started up its new
750,000-ton-per-year cement plant in Demo-
polis, Ala. The plant is a dry-process system -
with preheater and kiln gas bypass capabil-
ity. Design, construction, and startup was
handled by Lafarge Consultants, Ltd., Mon-
treal, Canada.

Two plants were under construction.
They included the new Nazareth, Pa., plant
of Coplay Cement Manufacturing Co., (sub-
sidiary of Eurochem Inc. of Société des
Ciments Francais). Construction costs are
expected to be about $55 million for the 1.1-
million-ton-per-year cement plant. It will be
coal-fired, and reportedly will be the largest
size single, four-stage preheater kiln in the
United States. The Polysius kiln has a
diameter of 17 feet, is 276 feet long, and is
equipped with a planetary cooler. Kiln feed
will be ground in a roller mill. This facility
will replace 11 older, smaller kilns.

The other plant being constructed was by
Oregon Portland Cement Co. near Durkee,
Oreg. A $37 million contract was awarded
in late 1977 to Hoffman Construction Co. to
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build a 500,000-ton-per-year cement plant
designed by F. L. Smidth & Co. This plant
will be coal-fired and incorporates a four-
stage cyclone preheater. Startup was sched-
uled for early 1979. It will replace a 200,000-
ton-per-year plant at Lime, Oreg.

Five companies announced plans to
construct new plants. General Portland
Inc., will build in New Braunfels, Tex., an
$80 million, 800,000-ton-per-year, coal-fired,
dry-process with preheater system. The new
plant is expected to be completed in 1980,
and will replace the Houston, Tex. plant
shutdown in April 1977. Ideal Basic Indus-
tries, Inc., announced the construction of a
1.5-million-ton-per-year plant at Theodore,
Ala. Total cost is projected at $175 million
and will be designed and built by Brown &
Root. Included in the cost is $20 million
worth of pollution control construction. The
plant will also have the largest dry-process,
suspension preheater system constructed in
a single-stage in the United States. Also
included as a cost item is the development
of a new limestone quarry in Monroe Coun-
ty, Ala., approximately 110 miles from the
new plant. Raw materials, including coal
from Indiana, will be transported to the
plant by barge on the Alabama River. When
the plant is -completed in 1981, it will
replace the closed Baton Rouge, La. plant
and ultimately the Mobile, Ala. operation.
Lehigh Portland Cement Co. (Heidelberg
Cement, Inc., a subsidiary of Portland Ze-
mentwerke Heidelberg A.G.) announced
that a new plant costing $25 million with an
annual capacity of 500,000 tons, is planned
for Mason City, Iowa. It will be coal-fired
and will replace six old kilns currently in
operation at their Mason City, Iowa plant.
Marquette Cement Manufacturing Co.,
(subsidiary of Gulf & Western Industries,
Inc.) is planning to construct at Cape Girar-
deau, Mo.,.a new plant costing about $85
million with a design capacity of 1 million
tons per year. Kaiser Engineers Inc. will
manage the construction of the planned
coal-fired operation scheduled for comple-
tion in 1980. Once the new plant is opera-
tional it will replace older capacities at
Cowan, Tenn., and Rockmart, Ga. Site se-
lection was determined to utilize low-cost
river barge transportation. Martin Marietta
Cement Corp. retained Kaiser Engineers
Inc., and Lafarge Consultants, Ltd., of
Montreal, Canada, to submit separate de-
signs for an $80 million plant for Daven-
port, Iowa. The design companies are to
focus on dry-process plant size within the
expenditures announced.
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Plant Closures.—One plant closure and
one shutdown involving three kilns was
announced in 1977. General Portland Inc.,
premanently closed its Houston, Tex. plant
in April partly because of a court order
requiring a reduction of capacity to be in
compliance with environmental regulations
and partly because of production inefficien-

cy.

Louisville Cement Co., abandoned the
operation of three old kilns at its Bessemer,
Pa. plant. The kilns, installed in 1919, were
cost intensive and the capital investment
required to improve efficiency and bring
them into compliance with air pollution
control regulations were prohibitive. There
was no production from the kilns in 1977.

Plant Modernizations, Expansions, and
Terminals.—During 1977, seven plants
‘underwent modernization. Ash Grove Ce-
ment Co. at its Louisville, Neb. plant rebuilt
the 700-ton-per-hour raw materials portal
scraper reclaimer. IFE Systems Inc., Ridge-
wood, N.J., was the contractor for the pro-
ject that was completed in late 1977. '

Ideal Basic Industries, Inc. began a $24
million modernization program at its Boet-
tcher Co. plant involving a grate preheater
kiln designed to use kerogen in the lime-
stone as part of its energy requirement.
Kerogen; a solid, bituminous mineraloid
substance that yields oil when the rock
undergoes calcination, is estimated to be in
sufficient quantity and quality to provide
25% of the fuel needed for burning clinker.
Other energy improvements include a re-
duction of 80% in electric power over the
present usage. Projected overall energy sav-
ings will make Boettcher one of the most
energy-efficient plants in the world. Startup
is expected in early 1979.

Kaiser Cement & Gypsum Corp. an-
nounced plans to modernize its Perma-
nente, Calif. plant. The plans call for a one-
step replacement of all six wet-processing
kilns with a single 1.6-million-ton-per-year
dry-process, preheater, precalciner kiln that
will be coal-fired.

Lone Star Industries, Inc., at its Santa
Cruz, Calif. plant will spend $30 million
modernizing and rebuilding. The work con-
sists of the installation of a single preheater
rotary kiln and cooler, a new self-contained
roller mill, and electrostatic precipitators.
Completion date is set for 1979.

Martin Marietta Cement Corp. plans to
install a new raw mill, dust collectors, and
kiln ends at its Roberta, Ala. plant.

Medusa Cement Co. will spend $50 mil-
lion modernizing its Charlevoix, Mich.,,
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plant. Plans include conversion from wet- to
dry-process with a resultant 33% fuel re-
duction, installation of a flash calciner-
preheater, and new dust collection equip-
ment. Completion is scheduled for spring
1980.

National Cement Co., Inc., (subsidiary of
S.A. des Ciments Vicat) during 1977 carried
out an extensive rehabilitation, moderni-
zation, and expansion program at its Rag-
land, Ala. plant. Cement production con-
tinued with minimal interruption during
the construction phase. Capacity will be
increased from 1,500 to 2,000 tons per day.

Construction projects designed to expand
plant cement capacity were either planned
or started at four plants in 1977.

California Portland Cement Co. plans to
spend $40 to $50 million expanding its
Mojave, Calif. plant. Expected completion of
the project is 1980-81.

Northwestern States Portland Cement
Co. will spend $24 million on a new 500-foot-
kiln, finish mill and rod mill. The new kiln
will add 850 tons per day to its Mason City,
Iowa plant, and result in a 37% increase in
capacity.

Southwestern Portland Cement Co. (sub-
sidiary of Southdown, Inc.), announced that
it will expand its Odessa, Tex. plant with
construction to start in the second quarter
of 1978.

New or improved cement distribution ter-
minals were included in capital expendi-
tures at four locations in 1977.

Arkansas Cement Corp. built a 750 ton
bulk cement terminal in Shreveport, La.

California Portland Cement Co. put into
operation its new French Camp, Calif., dis-
tribution terminal in the second half of
1977.

Dundee Cement Co. (subsidiary of Holder-
bank Management & Consulting Ltd. (Cana-
da), completed a new distribution terminal
and transfer station at Waverly, Ohio. At
its Minneapolis, Minn. terminal, Dundee
installed a cyclonaire pneumatic barge un-
loading system with a rated unloading cap-
ability of 350 tons per hour.

Plant Energy Conversions and Efficien-
¢y Improvements.—In 1977, six plants were
either converted or construction start-
ed to burn coal; they include the Alpha
Portland Industries Inc. plant at Orange,
Tex.; the Arkansas Cement Corp.’s Fore-
man, Ark. plant, The Flintkote Co.’s plants
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at Redding, Calif. and San Andreas, Calif,,
and Gifford-Hill Portland Cement Co.
plants at Midlothian, Tex. and Harleyville,
S.C.

With the increased trend toward coal-
fired kilns, many companies have either
taken options, entered long-term leases, or
acquired coal properties. At least two ce-
ment companies followed that trend in
1977. California Portland Cement Co. indi-
cated it may exercise an option to buy a 960-
acre coal lease. In 1977, Keystone Portland
Cement Co., acquired coal reserves in west-
ern Pennsylvania to meet all of its fuel
requirements for 10 years. Mining began in
late 1977.

Fuel efficiency improvement along with
conversions to coal will continue as high
priority profit improvement projects. In
19717, Ideal Basic Industries, Inc., began a
fuel efficiency improvement project at its
Knoxville, Tenn. plant. Under a contract_
awarded to Fuller Co., a SF-130 suspension
preheater and flash calciner, a 12- by 165-
foot-kiln, and a 610S - 821S-breaker-1027TH
clinker cooler. The SF process increases
calcination from the usual 40% to about
90% by the addition of a stationary flash
furnace between the suspension preheater
and kiln. The new system will replace four
wet-process kilns.

Corporate Changes.—Aetna Cement
Corp. (subsidiary of Lake Ontario Cement,

.Ltd.) acquired Martin Marietta Cement’s

Essexville, Mich. plant at a cost of $7
million. The plant will operate as a grinding
and storage facility for clinker from Lake
Ontario Cement’s Picton, Ontario, Canada
plant. Clinker is shipped across Lake Huron
in self-unloading bulk carriers. Prior to the
purchase of the plant, Lake Ontario Cement
had been supplying Martin Marietta with
clinker under a 4-year contract scheduled to
expire in 1979.

In May, Lone Star Industries, Inc., and
Canada Cement Lafarge, Ltd., agreed to
equally divide the jointly owned Citadel
Cement Corp. Under the division, Lone Star
owns and operates the Roanoke, Va. plant
and Canada Cement Lafarge, Ltd. takes
over the Birmingham and Demopolis, Ala.
plants.

Lone Star Industries, Inc., announced
that a newly formed affiliate, Lone Star
Florida, Inc., made an offer to purchase the
operating assets of Maule Industries—
including its cement plant at Pennsuco, Fla.
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Table 2.—Portland cement shipped by producers in the United States, by district® 2
(Thousand short tons and thousand dollars)

1976 1977
District
Quantity Value I;z:rt:ie Quantity Value ’;:?;ie
New York and Maine ______________ 3,723 102,686 $27.58 3,745 108,094 $28.86
Pennsylvania, eastern — __ ___________ 4,045 125,671 . 4,111 132,013 32.12
Pennsylvania, western_ __ ___________ 1,945 59,498 30.59 2,051 64,429 31.41
Maryland and West Virginia - _ ________ 1,818 54,642 30.06 1,939 65,972 34.02
Ohio_ _ __ 2,130 65,656 30.82 1,970 65,899 33.45
Michigan _ 4,931 145,381 29.48 5,582 166,803 29.88
Ind Kentucky, Wi in _________ 3,328 98,773 29.68 3,153 98,087 31.11
Tllinois _ 1,632 53,5624 32.80 1,823 61,849 33.93
Tennessee _ _ _ _ 1,256 43,495 34.63 1,522 52,894 34.75
Virginia, North Carolina,

uth Carolina — . _________ 2,546 83,381 32.75 2,790 89,903 32.22
ia_ 930 30,085 32.35 1,192 317,711 31.64
Florida ______ _________________ 1,949 67,832 34.80 2,540 87,561 3447
Alabama _ __ ___________ . ___ ,1 70,365 3297 2,351 79,302 33.73
Louisiana and Mississippi - — - — - 1,508 52,388 34.74 1,610 58,224 36.16

South Dakota and Nebraska _ _ ________ 1,473 52,506 35.65 1,399 54,944 39.
Towa . - e ,438 ,107 35.32 2,645 99,383 317.57
Missouri _ 4,353 142,976 32.85 4,654 155,945 33.51
NSAS _ _ o e 2,005 ,478 33.16 2,020 72,815 36.05
Oklahoma and Arkansas _ _ _ . ____ 2,551 86,695 33.98 2,863 102,367 35.76
TeXas — - — e e 7,388 271,066 36.69 8,482 331,758 39.11
Wyoming, Montana, Idaho _ __ ________ 1,086 39,188 36.08 1,131 46,918 41.48
Colorado, Arizona, Utah, New Mexico _ . _ 3,612 134,279 37.18 4,021 167,841 41.74
Washington _ . __ . ________ 1,238 48,669 39.31 1,462 5,281 44.65
Oregon and Nevada 920 ,667 40.94 86 39,071 45.06
California, northern 2,357 92,016 39.04 2,774 121,659 43.86
California, southern . 5539 . 201,630 36.40 6,496 284,526 43.80
Hawaii __ oo 328 17,747 54.11 320 16,315 50.98
PuertoRico __ 1,558 66,150 42.46 1,367 67,775 49.58
U.S. total or average® 4 _______ 70,721 2,396,552 33.89 76,881 2,795,338 36.36
Foreign imports® _ _ __ _____________ 1,201 38,843 32.34 969 35,348 36.48
Total or average __ . ___ 71,922 2,435,395 33.86 77,850 2,830,687 36.36

ncludes data for white cement facilities (seven in 1976 and six in 1977): Texas (three in 1976, two in 1977);
Pennsﬁ:'ania (two); one each in California and Wisconsin. Includes data for grinding plants (six) as follows: Wisconsin

(two); Michigan (two); and one each in Florida and New York.
2Includes Puerto Rico.
3Data may not add to totals shown b ofind dent roundi .

4Includes cement produced from imported clinker.
5Cement imported and distributed by domestic producers only.
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- Table 5.—Daily clinker capacity, December 31!
Short tons Number _ Total P?rt(c)et;xlt
. pacity o
per 24-hour period Plants Kilns® (short tons) capacity
1976:
7 8 2,891 10
37 70 32,067 114
47 116 68,375 24.4
29 81 57,117 20.3
14 44 34,831 12.4
23 86 85,755 30.5
157 405 281,036 100.0
1977:
8 2,841 1.0
37 67 30,089 10.5
45 113 66,981 235
32 92 65,389 229
14 34 32,168 113
23 89 87,919 30.8
157 403 285,387 100.0

ncludes Puerto Rico.
2Includes white-cement-producing facilities.
3Total number in operation at plants.

Table 6.—Raw materials used in producing portland cement in the United States:

(Thousand short tons)
Raw materials 1976 1977

Calcareous:
Limestone (includ ite and marble) 81,342 81,470
20,1 25,124
2,390 2,076
7,009 6,859
3,655 3,950
Other (includes staurolite, bauxite, al 187 200

Siliceous:
Sand e ____ 1,985 2,107
Sandstoneandquartz __ _____ _______________________________ 707 603
g:;rous: Iron ore, pyrites, millscale, and other iron-bearing material __ __ _ __ _____ _ 825 870
er:
Gfpsumandanhydrite e 3,658 3,930
Blast furnaceslag ____ ____________________________________ 435 464
Flyash___ e 264 353
Ot{mer, neC 8 39
Total . _ _ e _ 122,624 128,045
Includes Puerto Rico.

MASONRY CEMENT

Shipments of masonry cement were
3,764,000 tons in 1977, an increase of 14%
over the previous year, but still 9% less
than the record shipments of 1973. The unit
price averaged over the Nation was $45.03
per ton, 6% higher than in 1976. Total value
of masonry cement shipments increased to
$169 million, nearly 20% above the value of
1976 shipments. By yearend, 107 plants
manufactured masonry cement in the Unit-

ed States. Four plants producing masonry
cement exclusively were, Cheney Lime &
Cement Co., Allgood, Ala.; G. W. Corson,
Inc., Plymouth Meeting, Pa.; Campbell-
Grove Div. of The Flintkote Co., Frederick,
Md,; and Riverton Corp., Riverton, Va. Ma-
sonry cement was not produced in some
parts of the country because many of the
masons preferred to use portland cement
and add clay or lime on the job as needed for
the necessary plasticity.
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Table 7.—Masonry cement shipped by producers in the United States, by district* 2
(Thousand short tons and thousand dollars)

1976 1977
District Ave
. rage . Average
Quantity  Value per ton Quantity Value per ton
New York and Maine _ 86 2,828 2.88 85 2,973 $34.98
Pennsylvania, eastern _ 240 11,58 48.25 2 13,286 51.90
Pennsylvania, western _ 139 5,322 38.29 155 6,64
Maryland and West Virgin 124 4,317 34.81 141 5,221 37.03
155 7,28 47.02° 186 8,875 4772
218 8,370 38.39 246 9,761 39.68
22,377 39.96 620 26,287 42.40
175 X 31.01 195 7,878 40.40
Virginia, North Carolina, South Carolina 300 13,863 46.21 359 17,873 49.79
Georgm and Florida 176 8,177 46.46 257 x 48.01
______ 314 13,671 43.54 345 14,255 41.32
Loumana. Mississippi,

South Dakota, Nebraska 84 3,536 42.10 92 3,883 4221
Towa _ _ 76 4,143 54.51 86 5,052 58.74
Missouri 76 A 35.76 82 , 40.07

___________ 72 3,281 45.57 79 3,742 47.37
124 5,015 40.44 143 6,139 4293
____________ 213 10,596 49.75 254 13,095 51.56
Wyommg, Montana, Idaho _ 9 406 45.11 10 3 53.30
Colorndo, Arizona, Utah New Mexi 106 4,507 42.52 141 6,769 48.01
n, Oregon, Nevada _____ _
Cahfornm, northem —— 8 430 53.75 9 605 67.22
California, southern
ii 11 663 60.27 10 607 60.70
S. 3,266 139,564 42.73 3,753 169,101 45.07
Foreign imports* _____ _____________ 38 1,291 33.97 11 390 35.45
Totaloraverage ____________ 3,304 140,855 42.63 3,764 169,491 45.03
1Does not includ tities produced on the job by masons.
’Includes Puerto Rico.
3Data may not add to totals shown b of i dent r

“Cement imported and distributed by domestic producers only. Source of imports withheld to avoid disclosing company
proprietary data.

Table 8.—Masonry cement production and stocks in the Umted States, by district?

(Thousand short tons)
1976 1977
- Plants Plants
District gctive Produc- f{"ﬁl‘ﬁ: tiu:tive P:;oduc- E:‘ﬂ‘ﬁ:
luring tion luring ion
year Dec. 31 year Dec. 31
New York and Maine 5 82 3 86 11
Pennsylvania, eastern 9 246 36 9 250 30
Maryiand and West Vi 3 w3 S R
and West Virginia _____________
Ohio _ __________ rglf ______________ 4 157 15 4 184 14
Michigan ___ ______ __ ______________ 5 214 72 5 248 71
Indi Illinois," tucky, Wisconsin __ __ ___ 7 53 7 623 59
Tennessee _ __ _ _ __ _ _ __———_________ 5 195 22 5 211 21
Vnrguna North Carolina, South Carolina _____ 5 301 20 5 351 15
GeorgiaandFlorida _ ____ . _________ 5 167 217 5 239
Alabama _ ____ ____________________ 1 312 27 6 339 23
Louisiana, Mississippi, South Dakota, Nebraska _ 6 66 8 5 80 7
fowa - __ 3 T4 13 3 82 9
Missouri ________ _____ - ______ 4 70 4 88 12
Kansas _ 5 70 18 5 70 8
Oklahoma and Arkansas __ _ . ______ 5 126 1 5 143 8
e N iy (. S T .
Wyoming, Montana,ldaho _ __ ___________
%’l'ora:'ln(f Arizona, Utah New Mexico —______ 6 103 8 6 141 8
o et o o _IIIITIIIIT Lo 6 1 " 9 1
California, southern _ __ __ _____________
waii 2 10 2 2 10 2
PuertoRico _ __ — —— —— . -
Total __ _ 11 33,268 395 107 33,720 365
Includes Puerto Rico.
2Includes imported cement.

SIncludes 2,597 tons produced from clinker, and 671 tons produced from cement (1976); 2,947 tons produced from
clinker, and 773 tons produced from cement (1977).



230

ALUMINOUS CEMENT

Aluminous cement, also known as cal-
cium aluminate cement, high-alumina ce-
ment, and “Ciment Fondu,” is a nonport-
land hydraulic cement produced at three

MINERALS YEARBOOK, 1977

plants in the United States: United States
Steel Corp., Universal Atlas Cement Div.,
Buffington, Ind.; Lone Star Lafarge Inc.,
Chesapeake, Va.; and Aluminum Co. of
America at Bauxite, Ark.

ENERGY

The largest single cost in cement manu-
facture is the cost of energy which accounts
for about a third of the industries total
production costs. Cement manufacture ac-
cording to the U.S. Department of Commer-
ce is one of the six most energy-intensive
industries as rated by the energy necessary
to produce a ton of product.

In the Federal Regulations of June 9,
19717, the FEA published its final industrial
energy-efficiency targets for the 10 most
energy-intensive industries. The target
established for the portland cement indus-
try (SIC 32) is a 15.7% reduction in energy
by January 1, 1980. The industry comment-
ed that there is not sufficient time to
complete the massive new construction and
process conversion programs required in
the final target. In addition, the capital
requirement is far beyond the industry’s
financial resources.

According to a report submitted to the
U.S. Department of Energy by the PCA, the
United States portland cement industry
used 7.9% less energy per ton of cement
manufactured in 1977 than in 1972.

The report showed that coal or coke was
used as the primary fuel for 65% of total
1977 output, compared with 38% in 1972,
the base year for the Federal Government’s
voluntary industrial energy conservation
program. Natural gas consumption was
56% under 1972 levels and petroleum usage
fell 31% in the same period.

The " allindustry average energy con-
sumption in 1977 was 6.27 million British
thermal units (BTU) per ton of production,
ranging from 12.90 to 3.38 million Btu’s per
ton. Electric power consumption rose 2%
from the base period, reflecting increased
power requirements for operating pollution-
control and coal-handling equipment.

In 1977, the industry used 11.5 million
tons of coal, 8.1 million barrels of oil, 97.2

billion cubic feet of natural gas, and 10.0
billion kilowatt-hours of electricity in the
production of 72.0 million tons of clinker
and 76.3 million tons of finished portland
cement. In comparison, during the base
year of 1972, the industry used 7.3 million
tons of coal, 12.2 million barrels of oil, 223.0
billion cubic feet of natural gas, and 10.6
billion kilowatt-hours of electricity to pro-
duce 77.4 million tons of clinker and 80.7
million tons of finished portland cement.

Increased usage of energy-saving pre-
heater systems has become a standard fea-
ture in both new plant installations and
modernization projects. There were 34 sus-
pension preheaters and 13 traveling grate
preheaters. Kilns utilizing suspension pre-
heaters used an average of 4.77 million
Btu’s per ton, those with traveling grate
preheaters used an average of 5.86 million
Btu’s, and kilns without preheaters used an
average of 6.95 million Btu’s.

Conversions from the more energy-

Jintensive wet-process plant to dry-process is

another approach being used by the indus-
try to cut energy costs. Of the 157 plants
active in 1977, 91 were wet-process, 60 dry-
process, and 6 utilized both wet- and dry-
process. In contrast with 1972, out of 170
plants, 107 were wet-process and 63 were
dry-process. Average energy consumption
for wet-process plants in 1977 was 6.49
million Btu’s per ton, while for dry-process
it was 5.11 million Btu’s per ton.

Pozzolanic additives are another means of
conserving energy but use of these additives
is not widespread, representing less than
0.5% of the total portland cement ship-
ments. Of the 367,000 tons of pozzolanic
cement shipped in 1977, almost 74% was
manufactured west of the Mississippi River.

Energy conservation will continue as a
major focus for cutting production costs.
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Table 9.—Clinker produced in the United States, by kind of fuel®

Clinker produced Fuel consumed
Plants . il
Year and fuel r tit, Coal? Natural gas
:zg;eg (thousand P?rcent (thousand (lelf)gl;sl?:: (thousand
vyear short tons) short tons) rrels cubic feet)
1976:
38 316,447 24.0 3,173 __ _—
7 32,497 3.6 . 2,322 __
12 34,304 6.3 __ _ 26,617,431
i 21 9,487 13.8 1,920 1,026 __
Coal and naturalgas __ __ 42 16,708 244 2,492 __ 45,568,090
Oil and naturalgas _____ 21 13,069 19.1 __ 3,928 53,376,632
Coal, oil, naturalgas ____ 14 6,067 8.8 1,103 330 6,657,355
Total ___________ 161 68,579 100.0 9,288 7,606 132,219,508
1977: -
Coal ______________ 35 317,523 243 3,912 - .
oil _______________ 7 32,743 3.8 - 2,468 ——
Naturalgas __________ 10 32,127 3.8 —— __ 16,553,865
Coalandoil _______ - 22 9,617 134 2,112 602 __
Coal and naturalgas ___ _ 42 17,239 239 3,126 __ 38,529,813
Oil and naturar}’fas R, 15 8,494 11.8 __ 3,625 28,136,572
Coal, oil, naturalgas _ ___ 26 13,643 19.0 2,340 1,414 13,983,078
Total ___________ 157 471,987 100.0 11,490 8,109 97,203,328
Includes Puerto Rico.
9’,’77 ludes 96.5% bitumi and 3.5% petrol coke in 1976; and 97.9% bituminous, and 2.1% petroleum coke in
1

SAverage consumption of fuel per ton of clinker produced as follows: 1976-coal, 0.22940 ton; oil, 0.930 barrel; and
natural gas, 6,184 cubic feet; 1977-coal, 0.22325 ton 011 0. 900 barrel and natural gas, 6 070 cubic feet.
4Data do not add to total shown b of i t r

Table 10.—Clinker produced and fuel consumed by the portland cement industry in the

United States, by process!
Clinker produced Fuel consumed
Plants Coal © o oil

Yearandp active  JUAME,  Percent (thous:nd thousand  N&rral g2

d;::;'.g short tons) of total short tons) 435,:;}3‘ cubic feet)
93 37,980 55.4 5,050 5,508 88,107,261
61 26 720 39.0 3,947 1, 34 35,245,967

7 3, 879 5.6 291 751 ,866,
161 68,579 100.0 9,288 7,606 132,219,508
1977:
Wet ___________ 91 39,308 54.6 6,494 5,860 62,705,475
Dry _________ 60 28 987 403 4,698 592 25,656,621
Both _________ 6 3 692 5.1 298 657 8,841,232
. Total ___________ 157 71,987 100.0 11,490 8,109 97,203,328
Includes Puerto Rico.

2Includes 96.5% bitumi and 3.5% petrol coke in 1976; and 97.9% bituminous, and 2.1% petroleum coke in
977.
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TRANSPORTATION

Bulk and bagged portland cement in the
United States was transported by highways,
railways, and waterways. Trucks were the
dominant carrier, hauling 87.5% of the
total 77,850,000 tons, followed by rail with
10.6%, and barge at 1.6%. Since 1972, truck
deliveries have increased from 82.6%, rail
shipments have declined from 158%, and
waterway shipments have remained about
the same.

In May, the National Association of Ce-
ment Shippers met primarily for the pur-
pose of analyzing the present and future
role of railroads in the transportation of
cement. Several railroad executives partici-
pated and were optimistic for the future.

Areas of interest included intermodal ser-
vice, rail costing, communications, rail car
availability, and rail car innovations. Form-
ing the basis for these discussions was a
report prepared by Reebie Associates titled
Bulk Cement Transportation. This study
was undertaken by the association for the
purpose of determining whether to partici-
pate in formal proceedings involving trans-
portation rates and services. A second ob-
jective was to determine whether action
could be taken to reduce overall bulk ce-
ment distribution costs. Another goal was to
improve transportation efficiency of the
inbound fuel and raw materials used by the
cement industry.

Table 12.—Shipments of portland cement from mills in the United States, in bulk and in
containers, by type of carrier!

(Thousand short tons)
Shi ts to ultimate
Shipments from - From term{nal From plant
Year and type plant to terminal to consumer to consumer Total
of carrier Shlpt-s
In In In men
In In In
con- con- con-
bulk tainers bulk tainers bulk tainers
1976:

Railroad _______ 8,054 204 746 22 7,259 254 8,281
Truck —________ 1,282 151 16,389 977 40,077 4,808 62,251
Barge and boat_ _ _ _ 7,333 15 464 - 609 __ 1,073
Unspecified? __ _ __ 260 —_ 204 . 102 10 316

Total _______ 16,929 370 17,803 999 48,047 5,072 3471,922

1977:

Railroad _______ 8,080 360 1,324 37 6,665 250 8,276
Truck —________ 1,430 94 17,336 1,041 45,081 4,698 68,156
Barge and boat_ _ _ _ 8,421 12 107 - 820 330 1,257
Unspecified ___ _ _ 59 1 . - 150 9 159

Total _ . _____ 17,990 467 18,767 1,078 52,716 5,287 3 477,850

ncludes Puerto Rico.
2Includes cement used at plant.

3Bulk shipments were 92.0% (65,850 tons), and container (bag) shipments were 8.0% (6,071 tons) for 1976. Bulk
shiPments were 91.8% (71,483 tons), and container (bag) shipments were 8.2% (6,365 tons) for 1977.
d dent 3;

Data may not add to totals shown b of p
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Table 13.—Cement shipments, by destination and origin’

(Thousand short tons)
Portland cement? Masonry cement
1976 1977 1976 1977
1,376 1,400 117 137
134 120 w w
1,111 1,477 w
885 929 69 il
2,734 3,246 . V]
California, southern ___ _____________ 4,569 5,289 __ 2
Colorado ______ 1,197 1,407 30 38
Connecticut® _ 568 648 14 13
Delaware® _ ________________ 142 149 7 8
District of Columbia® 196 155 8 8
Florida ____ 3,347 3,831 222 283
Georgia _ - -~ 1,614 2,074 166 187
Hawaii ___ -~ 328 308 10 10
Idaho __ __ 511
Tinois — — — - — 3,760 3,622 117 133
ndiana _ _ _ e 1,700 1, 116 122
TIowa —— e 1,800 1,758 32 33
________________________ 1,229 1, 33
Kentucky _ ___— 1,046 1,157 118 127
Louisiana __ ___ 2,486 2,524 79 93
€ e 308 259 11 10
Maryland _ __ 1,188 1,254 101 114
Massachusetts® 811 859 35 36
Michigan 2,596 2,681 139 158
Minnesota 155, 1,654 50
Mississippi 946 66 4
issouri 1,723 1,781 50 54
Montana 335 350 4
Nebraska _ _ 1,029 1,002 18 20
Nevada 359 511 ® *
New Hampshire® 236 264 13 12
New Jersey® _ e 1,366 1,335 54 56
NewMexicO _ oo 543 619 16 17
New York,eastern ___ ___ - 745 483 26 28
New York, western _ __ _ - —— 872 887 43 47
New York, metropolitan® _____________ 866 876 32 24
North Carolina 1,459 1,537 220 250
North Dakota® 412 429 10 10
Ohio - _____ 2,804 3,199 188 223
Oklahoma _____ 1,262 1,594 61 1
Ol o o e 794 1
Pennsylvania, eastern 1,756 1,861 75 s
Pennsylvania, western 1,102 1,085 91 103
PuertoRico - - - 1,433 1,368 * -
RhodeIsland® 142 139 5 5
SouthCarolina _ _ _ 782 853 119 135
SouthDakota _ 313 369 10 11
Tennessee _ - — — - e 1,309 1,467 172 187
TeX8S — - - mem—mmmm——m—m——— 6,469 7,877 194 240
Utah - - - e 920 900 2 2
Vermont® _ _ _ _ 109 131 5 6
Virginia — - — e 1,599 1,624 182 205
Washington _ __ 1,168 1,355 9 10
West Virginia — - - - ——— 579 573 51 59
Wisconsin _ _ _ - —— e 1,602 1,739 67 78
Wyoming — — - - 418 389 5 5
Total United States __ _ __ —————————_ 72,583 78,608 3,266 3,699
Foreign countries® _ _ __ - 250 122 63 91
Total shipments _ _ _ _ - ——————— 72,833 78,730 3,329 3,790
Origin:
United States® _ ____ - —— 69,171 75,514 3,266 3,753
PuertoRico _ _ - - 1,550 1,367 - —
Foreign:”
Domestic producers _ - — - ——————— 1,201 969 38 11
Others - — - - —— 911 880 25 26
Total shipments _ _ - —————— 72,833 78,730 3,329 3,790

W Withheld to avoid disclosing company proprietary data; included with “Foreign countries.”

1Includes cement produced from imported clinker and imported t shipped by d tic producers, Canadian
cement manufacturers, and other importers. Includes Puerto Bico.

2Excludescement (1976—397; 1977—458) used in the manufacture of prepared masonry cement.

3Has no cement-producing plants.

4Less than 500 short tons.

5Direct shipments by producers to foreign countries and U.S. possessions and territories; includes States indicated by
symbol W.

y':lglncludes cement produced from imported clinker by domestic producers (1976—1,024; 1977—1,483).

7Imported cement distributed by d tic prod s, Canadi t facturers, and other importers. Origin of

imports withheld to avoid disclosing company proprietary data.
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Table 15.—Portland cement shipped from plants in the United States, by type*
(Thousand short tons and thousand dollars)

1976 1977
Type . Average . Average
Quantity Value? per ton Quantity  Value? per :)i

General use and moderate heat
(’I'ypes landI) ________________ 66,598 2,222,426 $33.37 71,648 2,569,836 $35.87
h~early-strength (Type m _ 2,217 77,013 34.74 2,699 97,263 36.04
Su fate-reelstmg (Type V) __________Z 279 10,567 37.87 339 14716 4341
______________________ 1,275 46,765 36.68 1,575 61,852 39.27
_______________________ 362 31,359 86.63 368 35,176 95.59
Portl,and slag and portland pozzolan ____ 344 10,760 31.28 367 12,188 33.21
Expansive ____________________ 97 4,243 43.74 95 4,115 43.32
Miscellaneous® _________________ 750 32,262 43.02 759 35,541 46.89
Total or average __________ 71,922 2,435,395 33.86 77,850 2,830,687 36.36

ncludes Puerto Rico.

2Mill value is the actual value of sales to customers, f.o.b. plant, less all di
es from producmg plant to distribution terminal if any, less total cost of

charges to customer, less all freight ch
operating terminal if! any, less cost of pape and pallets
3Includes waterproof cement and low-] heat (Type IV).

and all , less all freight

CONSUMPTION AND USES

Shipments of cement into various States
are considered to be an index of consump-
tion. Portland cement consumption increas-
ed 8% over that of 1976. Domestic producers
shipped 77.9 million tons of portland ce-
ment, which included 1.4 million tons of
imported cement. In addition to the im-
ported cement shipped by domestic manu-
facturers, 880,000 tons of portland cement
was imported and shipped or used by others
not producing cement in the United States
or PuertoRico.

Consumption increased in all but 15
States, the District of Columbia, and Puerto
Rico. The greatest regional reduction in
usage was in the eastern New York area,
down 35%. Maine was the State showing
the largest drop where shipments were
down 16%. Other large decreases in con-
sumption were the District of Columbia,
down 21%; Alaska, down 10%; Wyoming,
down 7%; and Hawaii, down 6%. The larg-
est increase in consumption was in Ne-

vada, where shipments were up by 152,000
tons, a 42% increase over 1976. The second
largest increase was in Arizona, where
366,000 tons more was used than in 1976, a
33% increase. Next in order of increasing
consumption were Georgia, up 460,000 tons
or 29%; Oklahoma up 332,000 tons, a 26%
increase; and Texas up 1,408,000 tons, a
229 increase over 1976.

Ready-mix concrete producers were the
primary consumers of portland cement,
accounting for 66% of the total shipped by
domestic producers. Manufacturers of
concrete products used 14% to make
concrete blocks and pipe, precast, prestress-
ed, and other concrete products. Building
material dealers received 8% of the total
consumed. Highway contractors used 6% of
cement shipped to customers in 1977, while
other contractors used 4% of the total. The
remaining 2% was consumed by various
government agencies and other miscella-
neous users.

PRICES

The average mill value® of all types of
portland cement was $36.36 per ton in 1977,
$2.50 per ton higher than in 1976. The mill
values ranged from a low of $28.86 in New
York and Maine, to highs of $49.58 in
Puerto Rico, and $50.98 in Hawaii.

According to Engineering News—Record
at yearend bulk mill prices ranged from
$28.80 per ton in Louisville, Ky., to $60.20

in Waianae, Hawaii. The highest price in
the continental United States was $58.40 at
Redding, Calif. Bagged cement prices rang-
ed from $1.68 at Louisville, Ky., to $3.25 per
94-pound bag at Waianae, Hawaii. The area
price for bulk cement reached a high of
$82.80 per ton in Anchorage, Alaska. Base
prices for portland cement in carload lots
f.0.b. were reported monthly in Engineering
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News-Record for 20 cities in the United
States. The yearend average for bulk ce-
ment was $44.79 per ton. This compares
with $41.06 per ton at yearend 1976. Bulk
prices in the 20 cities ranged from $33.98
in Philadelphia, Pa., to $62.40 in San
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the commission ruled in February that the
systems violated the antitrust laws.

Table 16.—Average mill value in bulk,
of cement in the United States?

Francisco, Calif. (Per short ton)

The Federal Trade Commission began an
investigation of the portland cement indus- Year Portland m aan
try for possible antitrust violations. A major cement  oment of cement
focus of the investigation is the delivered ,g;q

. . TN - J—— $21.88 $29.43 $22.23
price system, a method which requires the %ggg ______ gtls.gg gg.gg g(ls.zel)
customer to take shipments by tramsport- 1976 7_7_C 3386 42,63 3425
ation provided by the cement company. Ina 1977 - __ 36.36 45.03 36.76
similar investigation of the delivered price ncludes Puerto Rico.
systems used by plywood companies, 2Masonry t made at t plants only.

FOREIGN TRADE

Hydraulic cement exported from the
United States decreased 48.7% in quantity
but only 10.8% in value from those of 1976.
Exported cement was equivalent to 0.3% of
domestic shipments by quantity and 0.8% of
their value. Six countries - Canada, Lee-
ward and Windward Islands, Bahamas,
Mexico, Saudi Arabia, and Guyana - receiv-

ed nearly 89% of the 239,000 tons of cement -

valued at $23.7 million, which was exported
to 95 countries.

Hydraulic cement and clinker imported
into the United States increased 30% in

quantity and 40% in value over those of
1976. Imported cement amounted to 5.2% of
domestic shipments by weight and 3.3% of
the value.

Canada continued to supply the largest
amount of imported cement and clinker,
providing 55% of the total, followed by
Mexico, 16%, Japan, 10%, and Norway,
France, and the United Kingdom, each 5%.

Clinker comprised 40% of the total im-
ports in 1977, compared with 31% in 1976,
83% in 1975, 82% in 1974, and 41% in 1973.
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Table 17.—U.S. exports of hydraulic cement, by country

1975 1976 1977
Count; Quantity Value Quantity Value Quantity Value
i (short (thou- (short (thou- (short (thou-
tons) sands) tons) sands) _tons) sands)
4,671 $147 205 $57 143 $44
212 87 581 151 161 50
1,666 135 1,455 121 12,514 641
391 71 1,167 168 105 31
269 14 110 14 255 16
49 12 72 25 201 36
2,117 185 702 112 72 49
274,236 16,105 218,932 15,995 156,047 13,156
10 10 1,111 66 234 43
22 1 242 54
34,862 788 8,508 361 1,503 286
3 5,534 300 1
Fran 165 43 161 52 158 46
French West Indies. 728 19 290 17 986 25
Germany, Federal Republic of 105 44 404 116 347 115
te: - 578 55 849 89 2,748 221
. 1 3 3,091 159
10 1,973 105 1,445 94
3,061 2,407 336 57 1 69
949 140 640 159 435 141
1,221 184 418 128 188 113
1,075 313 844 276 848 493
63 53 13 323 147
12 1 83 35 69 16
23,498 651 24,148 24,7115 933
1 313 214 1,167
108,503 3,910 127,803 3,625 10,407 2,011
6,791 212 4,057 3
36 50 984 79
14 5 3 1 1,522 98
360 22 72 5 46
9 15 1,746 138 17
3,119 2,165 183 1,888 221
18 313 95
1,540 732 306 5,826 1,792
1 35 180 86 9.
1 59 476 2 395 62
114 63 135 55 1 69
170 51 151 -1 278 104
359 113 214 38 21
62 94 49 16 3,083 306
20 24 29 94
—_ __ 644 34 556
1 426 121 186 7
16,120 589 56,178 1,527 705 281
142 . 101 296 2
74,731 7692 1,370 701 2,453 797

494,132 28,409 466,055 26,601 238,906 223,740

T

Revised.
1Includes U.S. Trust Territory of the Pactﬁc, prevmusly listed separately
2Data do not add to total shown b p
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Table 18.—U.S. imports for consumption of hydraulic and clinker cement, by country

(Thousand short tons and thousand dollars)

1976 1977
Country - -
Quantity Value Quantity Value
Bahames _ ____ ___________ 242 6,195 90 2,562
Belgium-Luxembourg - __ ________________________ 14 750 21 1,143
Canada _ ___ __ ___ __ 1,801 38,833 2,20? 52,%%
178 5,279 196 5,452
(©] 48 ™ 35
6 139 384 5,332
175 3,678 635 16,449
265 4,410 210 -4,462
314 ,630 104 1,974
20 361 —_ __
United Kingdom _______________ 90 1,590 186 3,968
Yugoslavia_ . _ _ ______________ 2 170 3 243
Other _ _ _ _ _ @) 2 ™ 17
Total® _ _ _ _ . 3,107 67,085 4,038 94,005
Less than 1/2 unit.
2Data may not add to totals shown b of ind dent roundi
Table 19.—U.S. imports for consumption of cement
(Thousand short tons and thousand dollars)
Roman, portland Hydraulic White
and other cement nonstaining Total
Year hydraulic cement clinker portland cement
Quantity Value Quantity Value Quantity Value Quantity Value
19715 - 2,474 49,286 1,207 20,218 21 1,116 3,702 70,620
1976 2,122 46,635 962 19,136 23 1,314 3,107 67,085
1977 2,394 62,920 1,613 29,224 31 1,861 4,038 94,005
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Table 20.—U.S. imports for consumption of hydraulic and clinker cement, by customs
district and country

(Thousand short tons and thousand dollars)

Customs district and count; 1976 1971
s dis! and coun
v Quantity Value Quantity Value
Anchorage:
Canada _ ___________________________________ 33 1,105 51 2,014
Japan____________________________________ *) 3 6 157
Total __ _ ___ _ _ _ o _____ 33 1,108 57 2,171
Boston:Canada __ _ ______________________________ __ __ O] 5
Buffalo:
____________________________________ 515 11,260 579 13,112
Germany, Federal Republic of ™ 3 - __
Mexico _ __ __________ . _____ - —— 1 14
515 11,263 580 13,126
- - ® 1
- __ 6 160
- - * 3
__ __ *) 1
— __ 6 165
30 621 8 177
525 10,336 655 13,158
O] *) —_ __
525 10,336 655 13,158
Q) 1 . __
14 605 92 2,569
14 606 92 2,569
. . 5 129
_— __ 30 551
__ __ 28 525
Total. —— _— 63 1,205
GreatFalls:Canada ______________________________ 6 234 6 305
Honoluluw:Japan _ ___ ____________________________ 6 136 __ __
Houston:

. Germany, Federal Republicof _ _ __ __________________ . - Q) 10
Mexico __ _ __ __ ___ o _____ . - 33 755
United Kingdom ______________________________ * 1 63 1,365

B 0] 1 99 2,130
Laredo:Mexico __ _ ______________________________ 1 57 100 3,384
Los Angeles:

Germany, Federal Republicof _ _ ______ ______________ @) 10 Q] 10
Spain _ __ _ __ __ __ o _____ 1 42 1 85
Ylu):koslavia __________________________________ o Q) 55

Total . __ __ _ __ _______________ — 1 52 1 150
Miami:

Bahamas_ __ ___ _____________________________ 46 1,271 63 1,753
Belgxum-Luxembourg ___________________________ 4 205 6 335
Mexico _ _ o ____ 36 874 130 2,644
Norway_ _ _ _ _ o ___ 50 827 . -
Spain _______________TTTTTTTTTTTTTITIIIIIIT 112 1,470 23 281
Total . _ _ _ _ __ _ _ _ _ _ ________________ 248 4,647 222 5,016

. Milwaukee:Canada _ __ ___________________________ 31 766 ™ 2

New Orleans:

Bahamas_ __________________________________ 2 53 . -
Canada - ___ __ _____________________________ (] Q] (] 6
Germany, Federal Republicof _ _____________________ ) 17 __ __
Mexico - _ - __ 73 1,680
UnitedKingdom ______________________________ 90 1,588 21 495

Total _ _ _ _ _ o ___ 92 1,658 94 2,181

See footnotes at end of table.
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Table 20.—U.S. imports for consumption of hydraulic and clinker eement, by customs
district and country —Continued

(Thousand short tons and thousand dollars)

7 7’
Customs district and country - 1976 1977
. Quantity Value Quantity Value
New York City: Norway _ _ _ _ __ _ ____ _________________ 215 3,583 208 3,925
Nogales: Mexico ____ ____________________________ . . 1 40
Norfolk:
Baham: 103 2,339 - -
] 3 —— __
178 5,264 36 2,231
- __ 30 572
16 187 —— -
297 7,793 66 2,803
108 2,618 151 3,770
__ __ (@) 4
108 2,618 151 3,774
102 2,621 116 4,132
(@) 2 __ __
Total _ _ o ____ 102 2,623 116 4,132
Philadelphia: -
Germany, Federal Republicof _ _ . ___________________ Q) 18 * 5
Yugoslavia_ _ _ _ __ ___ _________________________ 2 170 3 188
Total_ _ __ 2 188 3 193
Port Arthur: Mexico - _ _ ____ _______________________ - __ 21 299
Portland, Maine:Canada _ __ _ _ ______________________ 41 1,256 34 1,041
Providence: Canada _________________TTTTTTTTTTIT __ . 1 38
St. Albans
____________________________________ 181 3,820 289 1, 730
Germany, Federal Republicof _ _ _ __ __ _______________ -+ __ @) @)
______________________________________ (@) 1 - .
Japan _____________________________________ * * — __
Norway_ _ _ _ e __ @) ) __ __
Total _ ____ o ______ 181 3,821 289 7,730
San Diego: Mexico _ _ __ __ _________________________ (] 1 19 1,008
San Juan:
Belgium-Luxembourg __ _ _______________________ 10 532 15 800
Colombia . . 5 170
nmark _ _ - __ () 4
Dominican Rep _ __ @) 5
France _ __ __ _ __ _ o _____ @) 15 @ 11
Spain _ _ __ o _____ 23 751 7 500
Total - _ _ o _ 33 1,298 27 1,490
Savannah:
Denmark . __ __ ___ __ __ o _______ O] 1 - __
_____________________________________ 4 43 - __
lﬁxallt:d Kingdom ______________________________ Q) 1 __ -
Total - _ _ o ____ 4 45 - __
Seattle:
ada _ _ e _____ 229 4,192 305 6,547
dJapan_ __ __ _ _ _ _ __ o _____ . - 377 5,175
Mexico _ __ __ ) 6
Total  _ ___ L ____ 229 4,192 682 11,728
T : .

O BARMAMAS 911 2,532 217 809
Belgium- Luxembourg ___________________________ Q) 13 * 7
leix ______________ - - - 160 3,210
Germany, Federal Republic of - __ __ @) 9

124 2,139 130 3,348

Mexico - — o ___

See footnotes at end of table.
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Table 20.—U.S. imports for consumption of hydraulic and clinker cement, by customs
district and country —Continued

(Thousand short tons and thousand dollars)

1976
Customs district and country - 1977
Quantity Value Quantity Value
Tampa —Continued

Norway_________ ______ _ _ _ _ o ____ . __ 2 538
Spain _ _ _____ _______ __ 158 3,137 43 554
Sweden____________________________________ 20 361 - __
United Kingdom _______________. ______________ __ __ 71 1,583

Total . _ _ 393 8,182 - 433 10,058

Grand total® _______ O S, 3,107 67,085 4,038 94,005
1Less than 1/2 unit.
2Data may not add to totals shown b of independ di

WORLD REVIEW

Building industries in many countries
were affected by a recession caused by
political instability, soaring inflation, un-
employment, and economic uncertainty.

Three trends on the cement international
scene during 1977 were the growing number
of nations achieving their own cement self-
sufficiency; the domination of dry-process,
preheater manufacturing technology; and
further moves toward clinker as a major
material of export production.?

Western Europe was the leader among
the main cement producers in the world
according to the European Cement Associa-
tion (CEMBUREAU). Total production for
Western Europe was 227.9 million short
tons, followed by Eastern Europe and the
U.S.S.R. with 222.6 million short tons.
There were 237 companies producing ce-
ment in Western Europe. Italy, the Federal
Republic of Germany, and Spain were the
only countries with more than 20 compa-
nies in operation in 1977. Seven countries
have effective monopolies, Norway, Den-
mark, Sweden, Ireland, Iceland, Lux-
embourg, and the Netherlands.*®

Fuel systems were a major cost item and
concern, and a few countries were heavily
committed to the production of pozzolanic
cement as a means of cutting fuel cost, most
notable were Finland and Luxembourg
where better than 96% of the production
consisted of pozzolanic cement. The most
popular forms of pozzolan used in cement in
Europe are pulverized fuel ash and slag
from blast furnaces.

World cement production rose to 857
million tons, 6% more than the 1976 total.
The largest increase in production was in
the People’s Republic of China where over-
all production averaged 33% above 1976.

Afghanistan.—Fuller Co. heads an Amer-
ican consortium undertaking a $50.5 mil-

lion turnkey cement plant project in the
Kandahar region. The 1,760-short-ton-per-
day plant and associated facilities will be

< the nation’s largest industrial complex.

Completion is scheduled for mid-1979.1

Total production of 150,000 short tons in
1977 was from two plants, the largest one
at Ghori was built in 1964 is rated at 440
short tons per day. The second plant at
Jhabulsaraj has a capacity of about 110
short tons per day.

Production was hampered by the lack of
spare parts to operate one of the two finish
mills which did not function for about 10
months. Czechoslovakia had refused to ship
the parts unless the Ghori Cement man-
agement agreed to reemploy two Czech
experts.'?

Algeria.—An estimated 1.9 million short
tons were produced in 1977. Algeria’s So-
ciété Nationale des Materiaux de Con-
struction (SNMC), the nation’s public con-
struction corporation, had several ongoing
programs for expanding cement capacity.
Self-sufficiency in cement is projected to be

10 million short tons by 1980.

Prospective Engineering Gestion (PEG),
Geneva, is acting as consulting engineer for
two major projects—a 1.1-million-short-ton-
per-year dry-process plant at Zhana and
a 1.1-million-short-ton-per-year dry-process
plant at Beni-SAF.

Kawasaki Heavy Industries Ltd., Japan,
is involved with two programs, one is a
550,000-short-ton-per-year plant at Saida
scheduled for startup in 1978; and the other
at El Asnam, a 1.1-million-short-ton-per-
year plant with suspension preheater set for
completion early in 1979.12

Other projects include a 1.1-million-short-
ton-per-year plant at Constantine and a 1.1-
million-short-ton-per-year operation at Ain
el Kebira.
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Argentina.—The Argentinian cement in-
dustry is entirely in private ownership.
Production during 1977 totaled 6.6 million
short tons.

New construction projects included a
550,000-short-ton-per-year plant to be built
by Juan Minetti S.A. with major equipment
to be supplied by KHD Industrieanlagen
AG Humboldt Wedag. Another announced
project involves an expansion of a plant
owned by Loma Negra Compaiiia Industrial
Argentina, S.A. Expansion will be perform-
ed by Polysius Corp. and consists of adding
a precalciner and preheater.1

Bahamas.—In mid-1977, United States
Steel Corp. closed its wholly owned subsi-
diary, the Bahama Cement Co., in Freeport.
The company announced that it is negotiat-
ing with a European firm to open part of
the plant for use in mineral processing
other than cement. The plant is not for sale.

Reportedly, Bahama Cement closed down
because it had lost $500,000 in its operation
in 1976 and had failed to receive authoriz-
ation from the Price Commission for a 75
cent per 100-pound bag increase. Approxi-
mately, 25,000 tons were produced before
the plant was closed.

Benin.—The Arab Development Bank
has extended an $8 million credit for the
construction of a new cement plant in
Cotonou. In addition, a joint Beninese-
Nigerian cement clinker plant rated
at 500,000 short tons per year is under
construction.s

Bolivia.—Financing for a $48 million ex-
pansion of a cement plant at La Paz was
approved by the Inter-American Develop-
ment Bank. F. L. Smidth & Co. is to supply
the complete 180,000 short tons per year
program for the Sociedad Boliviana de Ce-
mentos, S. A. Facilities will include a rotary
kiln, a four-stage preheater, a plantary
cooler, raw and finish mills, and a electro-
static precipitator. Startup was scheduled
for 1978.17

Brazil.—Camargo Correa Industria S.A.
of Sao Paulo, has contracted with Bendy
Engineering Co., to provide extensive engi-
neering services for a 1.1-million-ton-per-
year precalciner-preheater kiln addition to
the Cimento Portland Eldorado plant at
Apiai, Séo Paulo. The expansion includes
primary crushing, an overland conveyor,
raw and finish mills, and packing-shipping
facilities.s

Pragoinvest reported that the first ce-
ment plant of Czechoslovak Concept using
the dry method is operating successfully at
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Itapetinga in the State of Rioc Grande do
Norte. The plant consists of a raw material
grinding plant equipped with a mechanical
edge mill utilizing waste gases from the
kiln, shaft preheater, rotary kiln, cooler,
impact crusher, and finish mill.»»

Canada.—At the end of 19717, the indus-
try’s total theoretical capacity was about
16.5 million short tons per year. Canada
Cement Lafarge, Ltd., completed an expan-
sion program at its Brookfield, Nova Scotia,
plant which consisted of the installation of
a second kiln, a new finish grinding mill,
and clinker storage facilities.>®

In Ontario, St. Marys Cement Co. increas-
ed the production rate at its Bowmanville
plant by about 50,000 tons per year by
improving the efficiency of the grinding
circuit.

In early 1977, St. Lawrence Cement Co.
announced the purchase of the Hudson,
N.Y., plant of Universal Atlas Cement Div.
of United States Steel Corp., for $8.2 mil-
lion. The plant will be used as a distribution
terminal and grinding plant until business
volumes warrant a modernization program.

In March, Lake Ontario Cement, Ltd.,
purchased the Essexville, Mich. plant of
Martin Marietta Cement Corp. for $7 mil-
lion. Aetna Cement Corp. is the wholly
owned subsidiary that will operate the
plant using clinker output from Lake On-
tario’s Picton, Ontario operation.

Inland Cement Industries Ltd. (subsidiary
of Genstar Ltd.) continued expansion at its
Edmonton, Alberta plant. Equipment and
facility additions include a dry-process kiin,
a clinker grinding mill, and cement silos. At
startup in 1980, the capacity will be about
1.1 million short tons per year.

Canada Cement Lafarge, Ltd., is expand-
ing the Exshaw, Alberta, plant to about
740,000 short tons per year by 1980. Lafarge
Consultants, Ltd., was appointed the engi-
neering consultants for the expansion.

In September, an “Antidumping Proceed-
ing Notice” was published in the Federal
Register.* The notice was to advise the
public that there were reasonable grounds
to suspect that sales of portland cement
from Canada to the United States was at
less than fair value within the meaning of
the Antidumping Act, 1921.

Colombia.—Société des Ciments Fran-
cais, Paris, was awarded a contract with the
ironworks company Acerias Paz del Rio as
consulting engineers for a new cement
plant at Belencito. The plant will have a
capacity of 1,100 short tons per day of
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clinker and obtain blast furnace slags from
the neighboring steel mill. Grinding capaci-
ty will be 2,200 short tons per day.?

Compaiia Colombiana de Clinker open-
ed a new cement plant in Cartagena in
December.? It was originally designed to
produce 660,000 short tons per year but it
will be enlarged to produce 1.1 million short
tons per year, with most of the production
slated for export.

Costa Rica.—Allis-Chalmers Corp., Mil-
waukee, Wis., was awarded a contract by
Corporacion Costarricense de Desarrollo to
build a new cement plant in the Guanacasta
Province.?* Process, equipment, and engi-
neering for the 1,430-short-ton-per-day
plant includes a roller mill, a suspension
preheater, a rotary kiln, a stoker cooler, a
finish grinding mill, plant and process de-
sign, project management, equipment in-
stallation, and operator training.

Czechoslovakia.-Output of a new cement
plant at Turna is 2,200 short tons per day.
Pragoinvest built the completely computer-
controlled operation. The kiln line consists
of a double-flow shaft preheater, a 260-foot-
long, oilfired rotary kiln, and a grate
cooler.?

A new 1.2-million-ton-per-year dry-pro-
cess operation is being constructed at Pra-
hovice. Startup is scheduled for 1979.

Ecuador.—La Cemento Nacional report-
edly started its new 1,800-short-ton-per-day
cement plant at Guayaquil. Allis-Chalmers
supplied the rotary kiln, suspension pre-
heater, stoker cooler, raw grinding mill, and
finish mill.2

Allis-Chalmers was also awarded a con-
tract by Cementos Selvalegre of Quito to
build a new 380,000-short-ton-per-year ce-
ment plant. Major equipment includes a
preheater, a rotary kiln, a stoker cooler,
and raw and finish grinding mills. The
operation is scheduled to be onstream in
1979.>

Egypt.—As a result of extensions to exist-
ing works and new cement plants now being
built or in the planning stage, cement
production in Egypt should increase by 6.2
million short tons in 1981.2

Suez Cement Co., Eastern plant south of
Suez City, is building a new 1.1-million-
short-ton-per-year plant. Fuller Co. is sup-
plying a single preheater-precalciner kiln,
and raw and finish mills. HK. Ferguson
Co., San Francisco, Calif, undertook an
engineering and economic feasibility study,
for a second plant for the Suez Cement Co.
Size and location were not firmed.*

MINERALS YEARBOOK, 1977

Expansions are planned for Tabbin,
Alexandria, Tourah, all are due onstream
in 1979.3°

France.—S.A. des Ciments du Sud-Ouest
converted one wet kiln to dry-process at
Lexos. Design and engineering was by La-
farge Conseils et Etudes. The pyroprocess-
ing system utilizes the RSP calcining sys-
tem developed by Onoda-Kawasaki, Japan,
and consists of a four-stage preheater and
rotary kiln rated at 825 short tons per day.

Ciments Francais is building a 1,980-
short-ton-per-day preheater kiln system at
Bussac. Polysius Corp. is supplying a Dopol
cyclone-type preheater, rotary kiln, plane-
tary coolers, raw mills, and separators.

Ciments d’'Origny is expanding its semi-
wet process. Polysius Corp. is supplying the
precalcining system, rotary kiln, and dryer.
The system is rated at 1,925 short tons per
day.

Ciments Lafarge France at its Hau-
bourdin plant is converting from wet-
process to semidry with pressure filters to
produce filter cake for the preheating grate
Lepol of Polysius. Lafarge Conseils et Et-
udes has been awarded the contract for
design and engineering for a plant schedul-
ed for startup at the end of 1978.

Gabon.—In Gabon’s third 5-year plant for
economic and social development, 1976-80,
mention is made about clinker and cement
plants at Owendo and Franceville.®

Société des Cimente du Gabon awarded a
contract to Creusot-Loire Enterprises and
Lafarge Conseil et Etudes, France, for a new
wet-process plant at N'tuom. The kiln re-
portedly will have a rated daily capacity of
1,100 short tons.®

Greece.—Expansions were announced by
Titan Cement Co. S.A. at its Kamari plant.
F. L. Smidth is supplying a 3,300-short-ton-
per-day rotary kiln equipped with a four-
stage cyclone preheater and a Unax plane-
tary cooler, and raw and finish mills with
air separators. National Cement Co. has a
new 1.65-million-short-ton-per-year plant
program underway next to its dry-process
Volos facility. The operation has the largest
Loesche mill and the largest IHI SF flash
calcining system ever installed outside of
Japan. Fuller Co. is supplying the grinding
mill systems. Halyps Cement Co. S.A.
awarded contracts for equipment for a
1,650-short-ton-per-day expansion at its
Paralia Aspropyrgou plant. Fives-Cail Bab-
cock S.A. is providing the general engi-
neering service and the cyclone preheater
equipped kiln, and Clauduis Peters is pro-
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viding the blending system and grate cooler.
Startup is scheduled for 1979.3¢

New plant construction has been an-
nounced by M.A. Karageorgia S.A. for a 1.1-
million-short-ton-per-year operation at Mes-
sinia. Kaiser Engineers is handling engi-
neering and construction management.ss

Guatemala.—Cementos Novella, SA. will
expand its San Miguel plant by 1,760 short
tons per day. F. L. Smidth & Co. will supply
the complete process equipment and ser-
vices. The expansion will include covered
limestone storage, raw mill grinding .cir-
cuits, a four-stage suspension preheater,
Unax kiln with planetary coolers, and a
dust collection system.

Hungary.—Two new large-capacity, dry-
process cement plants were announced for
Hejocsaba and Belapatfalva. Hejocsaba is
rated at 1.8 million short tons per year and
features two Polysius kilns with Dopol sus-
pension preheaters and planetary coolers.
Belapatfalva will be a 1.8-million-short-ton-
per-year operation equipped with two pre-
heater kilns from the U.S.S.R. Startup is
scheduled for 1978.37

India.—The Cement Machinery Div. of
Larsen & Toubro was awarded seven major
cement plant contracts. In the Northern
Region a 600-short-ton-per-day, dry-process
kiln equipped with a fourstage cyclone
preheater and planetary cooler was being
installed at Rajban for the Cement Corp. of
India Ltd. At Neemuch and Akaltara three
1,200-short-ton-per-day, dry-process units
are being built for the same company, while
at Yerraguntla in the Southern Region a
new raw mill and coal mill are being
installed. :

Also in the Southern Region at the Mai-
har Cement plant of Century Springs and
Manufacturing Co., Ltd., two 1,200-short-
ton-per-day dry-process units are being con-
structed.

At Rajasthan, the J. K. Cements Co. is
expanding its plant by the addition of a
1,200-short-ton-per-day, four-stage preheat-
er, dry-process kiln.s

Indonesia.—The cement industry has
been among the most dynamic industries in
Indonesia over the past 10 years, growing
from 680,000 short tons per year in 1968 to
4.0 million short tons per year in 1977. New
plants will bring the capacity to 5.6 million
short tons by 1979.

A second cement plant is to be built at
Padang by the State-owned P. T. Semen
Padang Co. The 600,000-ton-per-year plant
- is due to come onstream in 1979.3°
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P. T. Semen Gresik is currently expand-
ing the Gresik plant for the third time since
1957. The expansion project includes the
construction of a dry-process plant by
Morrison-Knudsen International. Equip-
ment includes two four-stage preheaters
and two kilns. The expansion will boost
capacity to 1.5 million tons.*

Iran.—Hamadan Cement Co. awarded a
contract for the building of a new 770,000-
short-ton-per-year, dry-process plant at
Hamadan to APCEM Engineering A.G.
Construction of the plant will take about 3
years.# .

Rey Cement Co. is expanding the Rey
plant. Pragoinvest, Czechoslovakia, sup-
plied the 2,200-short-ton-per-day rotary kiln
equipped with a heat exchange unit. Start-
up is scheduled for 1978. :

Fars & Khuzestan Cement Co. is building
a new 3,200-short-ton-per-day plant at Beh-
bahan. Ishikawajima-Harima Heavy In-
dustries Co., Ltd. (IHI) Japan, will supply
the clinker manufacturing and handling
plant which includes a four-stage preheater
and rotary kiln.

Shemal Cement Co. is building a 770,000-
short-ton-per-year plant near Abe-Ali. The
contract was awarded to KHD Industriean-
lagen AG Humboldt Wedag.

Soufian Cement Co. is expanding its plant
near Tabriz. Equipment supplier is F. L.
Smidth and includes a raw mill, air separa-
tors, a rotary kiln with four-stage suspen-
sion preheater, and a planetary cooler. New
added capacity will be 2,200 short tons per
day.

Gharb Cement Inc., will build a new plant
near Kermanshah. KHD Industrieanlagen
AG will supply the equipment for the 2,400-
short-ton-per-day plant.

Gorgan & Mazandaran Cement Corp. has
awarded to KHD Industrieanlagen AG a
contract to supply equipment to a new plant
at Neka. The plant capacity is rated at 2,200
short tons per day with startup in 1979.¢

Iraq.—F. L. Smidth & Co. is constructing
a new plant for the Republic of Iraq at
Kufa. Major equipment includes four rotary
kilns with coolers, four raw mills, and six
packing machines. Each kiln will have an
output of 1,650 short tons per day.

Fives-Cail Babcock reported it had signed
a contract in Iraq for a cement plant with a
capacity of 1,650 short tons per day.

The Badoosh Cement plant in northern
Iraq reportedly put onstream its new Poly-
sius dry-process system rated at 1,650 short
tons per day. The kiln is equipped with a
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counterflow preheater. Included in the ex-
pansion were new, Polysius built, raw and
finish mills.*

Ireland.—Expansion by Cement Ltd., at
its Platin plant, added 1 million tons per
year to its capacity. Major equipment sup-
plied by F. L. Smidth included a rotary kiln
equipped with twin four-stage suspension
preheaters and a planetary cooler.+

Japan.—Aso Cement Co. completed ex-
pansion of its Tagawa plant. Major equip-
ment includes an F. L. Smidth rotary kiln
equipped with twin cyclone preheaters and
a precalciner.*

Korea, Republic of.—Sung Shin Chemi-
cal Co., Ltd., has arranged for Polysius to
expand its Tanyang cement plant. The kiln
has a capacity of 3,300 short tons per day,
and is equipped with a preheater and plane-
tary cooler.*

Ssang Yong Cement Industrial Co., Ltd.,
has awarded Polysius Corp. a contract for
expansion of its Tonghae plant. The 9,200-
short-ton-per-day operation will include two
rotary kilns each equipped with cyclone
preheaters and precalciners, and planetary
coolers.4”

Tong Yang Cement Manufacturing Co.
Ltd. started expansion at its Sam Choh
plant. Fuller Co. is supplying two rotary
kilns with four-stage preheaters and
coolers.*®

Kuwait—The Saudi Arabian Ministry for
Industry and Electricity and Kuwait Ce-
ment Co. have formed a joint venture to
develop a plant close to the Arabian Gulf
Coast that will produce 7,700 short tons per
day of clinker. Prospective Engineering
Gestion has been engaged as consulting
engineer for the project. The plant is sched-
uled to be operational in 1982.4°

Libya.—Fives-Cail Babcock, France, is
supplying the new plant at Homs with a
four-stage cyclone preheater equipped ro-
tary kiln with a grate cooler. The rated
capacity is 8,300 short tons per day.

At Souk el Khamis a new 3,850-short-ton-
per-day plant went onstream. Equipment
supplied by KHD Industrieanlagen AG
included two rotary kilns with preheaters.>

Malaysia.—A  500,000-ton-per-year ce-
ment plant is being developed in Perak by a
joint venture consisting of Phillippine In-
vestment Management Consultants, Ltd,;
Engineering Development Corp.; and L. S.
Diaz and Co.**

Mexico.—Cementos Guadalajara S.A. is
expanding its Ensenada plant; F. L. Smidth
is supplying the rotary kiln equipped with a
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four-stage cyclone preheater.

Cementos Maya S.A. will undertake an
expansion of its Merida plant. Major equip-
ment supplied by F. L. Smidth includes a
1,250-short-ton-per-day kiln equipped with a
two-stage preheater and planetary cooler.

Cementos Mexicanos S.A. will expand its
Monterrey plant with an F. L. Smidth
supplied 1,350-ton-per-day rotary kiln,
equipped with a four-stage cyclone pre-
heater and a planetary cooler.s?

Morocco.—The World Bank is financing
a new cement project for Asment de Tema-
ra at Temara. Fuller Co. has been awarded
the contract to supply equipment and ser-
vices for the 1,700-short-ton-per-day kiln
equipped with suspension preheater and
grate kiln cooler. All equipment is designed
to accommodate the later addition of a flash
calciner. Startup is scheduled for 1978.52

Nepal.—Onoda Engineering and Con-
struction Co. was awarded a contract for
construction of a 275,000-short-ton-per-year .
cement plant with completion scheduled for
1981. The project is financed by the Asian
Development Bank.5*

Nigeria.—Ashaka Cement Co., Ltd,
started up its new two-kiln operation near
Ashaka. Plant capacity is rated at 880,000
short tons per year. The Blue Circle Group,
England, participated as management part-
ners.

Scheduled for startup in 1978 is a new
plant at Yandev. The two kilns are rated at
1,600 short tons per day each. Major equip-
ment was supplied by KHD Industriean-
lagen AG, which included two rotary kilns
equipped with four-stage preheaters, and
two raw grinding mills.>*

Associated Portland Cement Manufactur-
ers Ltd. (APCM), have signed contracts with
Nigeria to export 825,000 short tons of bulk
cement to Nigeria each year for 3 years.*

Norway.—Norcem has decided to add a
second kiln at its Raelingen plant. Con-
struction began in the second half of 1977.

Production was down because of the clos-
ing of one kiln each at the Slemmestad and
Dalen plants. The reason for the shutdown
was that environmental investments re-
quired would remove any economic basis for
continued production from the kilns.

A study concerning the building of a new
cement factory in Nord-Trondelag was un-
dertaken. The proposed plant site was se-
lected for a coast location for transportation
pur .57

Oman.—Kuwait Cement Factory and the
Sultanate of Oman are to setup a new
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company to construct a 1.1-million-short-
ton-per-year cement plant near Muscat.®

Pakistan.—Pakistan’s State Cement
Corp. is expanding the Javedan and Mu-
stehkam Cement factories by another
330,000 short tons per year. Fuller Co.
supplied the rotary kiln with a four-stage
preheater, cooler, and dust collectors for the
Javedan plant. KHD Industrieanlagen will
supply ‘the major equipment for the Mu-
stehkam expansion.’®

Peru.—Cemento Yura S.A. will increase
its production by 1,320 short tons per day
with the installation of Fuller Co. supplied
raw and finish mill, clinker cooler, raw
material homogenizing, and preheater kiln
feed systems.®

Cementos Lima S.A. is expanding its
Atacongo plant by 3,300 short tons per day.
Major equipment includes a precalciner
kiln and grinding mills. Holderbank Man-
agement & Consulting Ltd. (Canada), is
responsible for the engineering.

Cementos Norte Pacasmayo started up its
expanded Pacasmayo plant. Plant capacity
is now 3,300 short tons per year. Fuller Co.
will supply the equipment, which includes
raw and finish open-circuit mills, a rotary
kiln, a preheater with flash calciner, cool-
ers, and dust collectors.®

Poland.—The Gorazdrze Cement plant
went onstream with its expanded operation.
F. L. Smidth supplied two kilns equipped
with a four-stage cyclone preheater. Each
kiln is rated at 3,850 short tons per day.¢*-

Qatar.—The Qatar National Cement Co.
brought online its third kiln, bringing the
output of the plant up to 1,200 short tons
per day. The kiln was supplied by Buhler-
MIAG of the Federal Republic of
Germany.s®

Saudi Arabia.—Against the backdrop of a
projected annual requirement over the next
few years of 11.1 million short tons of
cement for Saudi construction projects,
plans were finalized for the construction of
two large cement plants in the Eastern
Province area. One of the plants is the
Saudi Kuwaiti Cement Manufacturing Co.’s
new 7,700-short-ton-per-day plant on the
Arabian Gulf Coast. PEG (Switzerland) is
consulting engineer for the project schedul-
ed to be operational in 1982. The other is
the Saudi Bahrain Cement Co.’s plant at
Abgeig. THI, Japan, was awarded the con-
tract for construction of the 6,600-short-ton-
per-day plant. Operation is scheduled for
1981. Four kilns will be installed. Holder-
bank Management & Consulting Ltd., is
acting as consultant on the project.®
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Hyundai International Inc., the Repub-
lic of Korea, was awarded a contract to
construct a 1.5-million-short-ton-per-year
cement plant at Jizan for Southern Pro-
vince Cement Works Co. Completion date is
scheduled for 1981.¢

Yanbu Cement Co., Ltd., and KHD In-
dustrieanlagen have signed a contract for
the construction of a new cement works on
the Red Sea near Ra’s Baridi. This new
cement plant will have two kilns with a
total output of 3,300 tons per day of clinker.
It is to go into operation in 1980.¢¢

El Kasseim Cement Co. placed an order
with KHD Industrieanlagen for the erection
of a new 2,200-short-ton-per-day cement
works near Buraydah. Startup is scheduled
for late 1979 or early 1980. The rotary kiln
will be equipped with an inclined-grid
cooler.&”

South Africa, Republic of.—Anglo Alpha
Cement Ltd. expanded its Duffield cement
plant by 2,200 short tons per day with the
installation of a dry-process kiln equipped
with a four-stage cyclone preheater and
planetary cooler supplied by F. L. Smidth.
Holderbank Management & Consulting
Ltd., was consultant for the mechanical and
electrical portions of the system.

Cape Portland Cement Co. installed a
Polysius preheater kiln system rated at
1,600 short tons per day. Included in the
expansion were raw and finish grinding
mills.es

Spain.—Hornos Ibericos S.A. began con-
struction of a 3,600-short-ton-per-day plant
near Almeria. KHD Industrieanlagen AG
Humboldt Wedag, in cooperation with Cent-
union of Madrid, was awarded the turnkey
contract. A large portion of the equipment
will be manufactured in Spain.®®

Sudan.—Maspio Cement Corp. is expand-
ing the Atbara plant by installing an
825-ton-per-day F. L. Smidth rotary kiln
equipped with a single-stage cyclone pre-
heater and planetary cooler.™

Sweden.—Cementa AB is adding 5,200
short tons per day production equipment to
its Slite plant. Polysius Corp. is supplying
the rotary kiln with a precalcining and
cyclone preheater unit. Startup is scheduled
for 1979.n

Taiwan.—Cheng Tai Cement Co. Ltd.
near Taipei completed its expansion, which
consisted of a Fuller Co. rotary kiln with
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a four-stage preheater, a clinker cooler, and
dust collectors.

Chia Hsin Cement Corp., Taipei, is ex-
panding its plant with a Fuller Co. rotary
kiln with a four-stage preheater and a
clinker cooler. Hsin - Hsin Cement Co.
awarded a contract to Polysius Corp., for a
2,400-short-ton-per-day rotary kiln equipped
with a cyclone preheater and precalcining
system, and a traveling grate cooler.”

Tanzania.—Tanzania Saruji Corp. is
building a new plant at Tanga. F. L. Smidth
is supplying the 1,830-short-ton-per-day ro-
tary kiln with a four-stage cyclone preheat-
er and a planetary cooler.

Tanzania Saruji Corp., awarded a con-
tract to F. L. Smidth to supply an 830-short-
ton-per-day rotary kiln equipped with a
four-stage cyclone preheater and planetary
cooler for a new plant at Mbeya.”®

Togo, Ivory Coast, and Ghana.—Les Ci-
ments de I'Afrique de I'Quest (CIMAOQ) is a
regional clinker project formed by three
countries for the purpose of utilizing a high-
quality and abundant limestone deposit lo-
cated near Tabligo, Togo. Clinker from the
plant will be shipped to grinding plants
located in Togo, Ghana, and the Ivory
Coast.™

The plant under construction is a 1.3-
million-short-ton-per-year clinker operation
consisting of a two-kiln, dry-process system.
Blue Circle Consultancy Services Div. is
providing engineering - services for the
new plant scheduled for startup in 1979.
Polysius is supplying the two-rotary kiln
equipped with planetary coolers.™

Turkey.—The Turkish national cement
enterprise (Turkiye Cimento Sanayii (TAS)
has placed an order with the KHD Indust-
rieanlagen AG, Cologne, for the erection of
seven cement plants.

All plants will be dry-process systems
using Hulmboldt preheaters. The plants
will be built according to one concept re-
taining the same plant dimensions. Their
clinker production will average about 1,925
short tons per day.™

The new cement plants will be erected
according to a proven model, in cooperation
with Turkish building contractors. A great
portion of units and structural elements
will be installed by Turkish companies on
the basis of plans from KHD Industriean-
lagen who will supply the essential plant
sections from the Federal Republic of Ger-
many.

By 1980, capacity of the Turkish cement
industry is expected to be approximately
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21.9 million short tons per year. .

Canakkale Cimento Sanayii A.S., Istan-
bul, awarded a contract to Fuller Co. to
supply the process equipment and engi-
neering for a 2,750-short-ton-per-day ce-
ment plant. A rotary kiln with preheater
and clinker cooler are among the major
equipment supplied by Fuller on this pro-
j%ctswhich are expected to be complete by
1978. .

Eskisehir Cimento Fabrikasi completed
an 880-short-ton-per-day expansion at its
Eskisehir plant. Buhler-MIAG supplied a
suspension preheater rotary kiln with grate
cooler.” .

United Arab Emirates.—Gulf Cement Co.
Ltd. of the United Arab Emirates signed a
contract to construct a 1.1-million-short-ton-
per-year cement plant with Ube Industries,
Japan. The project will be a full turnkey
suspension preheater kiln system. The
plant will be located at Ras al Kahaymah,
where limestone is available in large
quantities.”

Union Cement Co. started up its second
770-short-ton-per-day dry-process kiln with
a one-stage preheater cyclone. The system
was ordered from IHI. The company will
add a kiln scheduled to come onstream in
1979. The new kiln will be the first cement
works in the Middle East to employ the
suspension flash calcining kiln system deve-
loped by IHI.

The Emirate of Sharja awarded a con-
tract to Société Fives—Cail Babcock for
a T70-short-ton-per-day dry-process plant
scheduled to be operational in 1978. Equip-
ment included a rotary kiln with planetary -
cooler.™

United Kingdom.—Ketton Portland Ce-
ment Co. started up its new dry-process
kiln, the seventh kiln at its Lincolnshire
site. F. L. Smidth was the main equipment
manufacturer with design under the di-
rection of Ketton’s engineers.

Rugby Portland Cement Co., Ltd., is
adding a Polysius grate preheater coupled
with a F. L. Smidth rotary kiln with plane-
tary preheaters. Operation is scheduled for
1978.50 '

Uruguay.—Administraciéon Nacional de
Combustibles, Alcohol y Portland awarded
a contract to Fuller Co. to build a 550-short-
ton-per-day addition to an existing 440-
short-ton-per-day cement plant in Paysan-
da. Major equipment supplied by Fuller Co.
ATX (Pty) Ltd. of the Republic of South
Africa, are a rotary kiln with a four-stage
preheater and cooler. Startup is scheduled
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for 1978.52

Venezuela.—Cementos Caribe C.A. is
building a new dry-process plant rated for
1.1 million short tons per year at Puerto
Cumarebo. Holderbank Management &
Consulting Ltd. of Canada is providing the
engineering and management. Humboldt
Wedag U.S.A. has been awarded the equip-
ment contract.

Cementos Catatumbo C.A. is building a
new 495,000-short-ton-per-year plant in the
State of Zulia. Lafarge Consultants, Ltd.
(Canada), has contracted for design, pro-
curement, project management, and startup
assistance. The Wedag Div. of Deuty Corp.
(U.S.A.) will supply the major equipment,
including the preheater equipped kiln.

C.A. Vencemos Mara started up its
expanded Maracaibo operation. The new
kiln system added 825 short tons per day
capacity. Major process equipment was sup-
plied by F. L. Smidth and included a wet-
process rotary kiln with a cooler and an
electrostatic precipitator.

C.A. Venezolana de Cementos started pro-
duction of its 950-short-ton-per-day expan-
sion at Pertigalete. F. L. Smidth supplied
the wet-process rotary kiln with planetary
cooler.

Fabrica Nacional de Cementos awarded a
contract to F. L. Smidth for rebuilding one
of the kilns of the Ocumare plant. The one-
stage cyclone kiln will be shortened and an
integral precalcining system will be incor-
porated along with a four-stage preheater.
The improvements will raise production
from 1,100 to 1,760 short tons per day.s?

Vietnam.—Technoimport of Hanoi order-
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ed from Polysius AG, France, a rotary kiln
to be added to the Kien-Luong cement plant
of Cimenterie de Ha Tien. The kiln will
have a capacity of 1.1 million short tons per
year and will go into operation in 1980.
Major equipment includes a precalcining
system, a rotary kiln, and a grinding mill.

Technoimport has contracted with F. L.
Smidth to supply equipment for a new
3,400-short-ton-per-day plant at Hoang
Thach. Major equipment includes four-stage
twin preheaters, a rotary kiln, and a plane-
tary cooler.ss

Yugoslavia.—Beocinska Cement started
up a new 3,300-short-ton-per-day Polysius
precalciner kiln at the Beocin plant. With
the new kiln, total production capacity is
now 2.3 million short tons per year.s

“Salonit ANHOVO” ANHOVO added a
rotary kiln equipped with a heat exchanger.
Pragoinvest of Czechoslovakia supplied
the 2,200-short-ton-per-day kiln and ac-
cessories.ss

Dalmacija Cement awarded a contract to
Polysius to supply its expanding plant at
Paitiyan with a 3,520-short-ton-per-day, dry-
process kiln equipped with a precalcining
preheater. The favorable coastal location of
the plant is to assist both internal supply
and exports to the Middle East.

Fabrika Cementa Novi Popovac is ex-
panding the Popovac plant by adding a
2,200-short-ton-per-day - rotary kiln. Major
equipment is being supplied by F. L. Smidth
and Pragoinvest and includes a rotary kiln
equipped with a-four-stage cyclone preheat—
er, and a planetary cooler. Full capacity is

expected in 1978.36
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Table 21.—Hydraulic cement: World production, by country

(Thousand short tons)
Country 1975 1976 19777
North America:
Bahamas __ _ __ _ _ o T4 299 25
Canada _ ___________________________ 10,985 10,609 10,588
Costa Rica 364 399 439
Cuba _________ T LC 2,296 2,757 ©3,300
Dominican Republic To47 585 961
El Salvador 366 356 408
Guatemala 429 498 543
it e 170 253 293
Honduras 328 245 416
Jamaica __ T447 403 367
Mexico ___ 12,800 13,871 14,580
Nicaragua 195 230 244
Panama _ _ _ e 305 343 365
Trinidad and Tobago — — — 285 265 238
United States (including PuertoRico) _ __ _ 69,721 74,495 80,060
6§023 6,296 6,616
294 243 292
19,221 21,106 20,343
1,118 1,062 1,238
3,407 3,982 3,635
654 679 690
152 171 220
2,097 2,167 2,172
34 €55 49
702 745 752
3,855 3,900 3,457
11 882 882
6,206 6,482 6,606
7,588 ,272 8,558
4,804 4,815 5,146
10,257 10,529 10,754
2,466 2,596 ,545
2,274 2,012 1,887
32,615 32,401 31,677
German Democratic Republic 11,747 12,505 13,334
Germany, Federal Republic of 36,927 37,649 35,454
8,755 9,640 11,667
4,144 4,738 5,093
175 160 153
1,721 1,730 1,759
37,738 ., 40,044 42,113
378 330 320
4,085 3,837 4,295
2,994 2,961 2,572
20,393 21,826 23,479
73,801 4,093 4,736
12,699 13,832 15,295
26,558 127,780 130,859
3,440 X 2,788
,150 : ,022
134,545 136,958 140,000
I'18 619 17,394 17,040
,788 X ,903
rll¥045 1,433 €1,900
720 720 720
262 330 400
4 4 4
3,951 3,706 3‘;590
160 164 165
';134 T °;720 670
989 1,088 1,139
99 €110 €110
T678 1,653 2,756
64 82 57
2 94 104
54 €55 55
2,235 2,334 2,870
310 239 €240
20 40 €44
1,504 1,402 €1,940
41 595 542
396 425 364
South Afnca, Republic of _ 7,910 7,769 7,245
Sud: 238 143 151

See footnotes at end of table.
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Table 21.—Hydraulic cement: World production, by country —Continued

(Thousand short tons)
Country 1975 1976 19777
Africa —Continued
293 266 287
(@)
679 527 631
108 g8
692 T €720 539
498 €424 €420
162 €184 150
186 254 356
203 257 297
Democratic Kampuchea _ __ __ ___________________________ 5 55 55
China, People’s Republicof® _____________________________ 33,100 33,100 44,100
Cyprus _______________________TTTTTTTTTTTTTTIITC 674 1,130 1,184
HongKong . __________________ 7634 843 1,134
India __________________ 17,897 20,596 21,010
Indonesia _ _ _ __ ______________ _ _ __ __ _ 1,187 1,995 2,952
Iran o 5,919 6,834 8,818
Y 2,629 2756 2,800
Israel _ _ e __ 2,413 2,204 2,041
Japan __ _ _ _ o ____ 72,220 75,742 80,621
Jordan ___________ ____ __ __ _ _ _ _ 631 624
Korea,North® _ __ __ ______ __ _ ________________________ 7,700 7,700 7,700
orea, Republicof ___________________________________ 11,165 13,088 15,651
Kuwalt __ __ _ _ __ _ _ o ___ 314 €320 €320
Lebanon ____ ____ _ __ __ __ __ _ _______________ 1,825 1,880 1,499
Malaysia — __ _ __ __ ___ _ _ o ________ 1,594 14917 1,918
Mongolia _ ___ _ ___ _____ ___ o ____ 175 176 €176
Nepal ____________ T TTTTTIIIITTITITIIIIIC T 33 46
i Sy 3,439 3,459 €3,400
Phlhppmes _______________________________________ 4,700 4,957 4,301
___________________________________________ 181 190 €185
Saudi Arabia __ _ __ . 1,240 €1,322 €1,322
Singapore® _ _ _ _ _ _ _ _ _ _ _ _ r1 455 1,490 1,490
Sri ka _ = 433 470 €440
Syria _ _ 1,096 1,224 €1,345
Taiwan _ _ _ _ _ _ _ o ___ 7,491 9,644 11,376
Thailand _ _ __ ____ _ . __ _ _______________ 4,383 4,919 5,600
Turkey _ 11,786 13,649 15,248
Vietnam® ___________________ #7170 770 770
Yemen _ _ __ _ _ _ _ _ o ____ €66 €66 66
Oceania:

Australia _ _ _ __ _ ___ __ ____ _ _ _ _______________________ 5,530 5,580 5,537
Fijilslands . ____________________ 82 76 85
New Caledonia __ __ __ _ _____________ o _____ T64 60 €60
New Zealand ____ _ ___ _ __ _ _ __ _ _ ____________________ 1,184 1,101 1,003
Total _ 773,989 810,656 856,939

®Estimate. PPreliminary. "Revised.

1Excludes natural cement.

2Revised to none. Productlon reported i in prevxous editions of this chapter was derived from imported clinker, which is

produced and includ here in this ch
3Year beginning March 21 of that stated.

TECHNOLOGY

Cement Manufacture.—The PCA formed
a manufacturing process committee to
establish a dialogue on ways to advance
cement technology in the United States and
Canada. Objectives are to recommend ways
to improve cement manufacturing technolo-
gy and efficiency and to reduce production
. costs. This work is to be performed in
cooperation with original equipment and
consulting engineers.®
Dundee Cement Co. presented details on
its contributions toward energy conserva-

tion which includes using waste lubricating
oil as part of the fuel requirements for
kilns; burning chlorinated hydrocarbons
and polychlorinated biphenyls (PCB) in the
kiln, without adverse effects on .air pollu-
tion levels; and using flyash from the
powerplants in the manufacture of a special
pozzolanic cement (Dundee 1-P), which is
recommended for use in concrete for sani-
tary engineering structures in direct con-
tact with sewage (sewage treatment plants
and sewer pipes).®®
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A US. patent covering the firing of
refuse-derived fuels in cement kilns was
issued to the APCM, a British firm with
worldwide cement industry interests. Firing
refuse permits the replacement of at least
15% of conventional fuels in the production
of quality cement clinker. Gordian Asso-
ciates Inc., a New York based subsidiary of
Pullman Inc., is the sole U.S. agent for the
licensing of the APCM process.®®

Asland S.A. Barcelona, Spain, developed
a method to determine the initial (24 hours)
and final (28 days) cement resistances in
less than 6 hours. Standard machinery and
techniques are applied, with the only var-
iation that a water bath heated by three
1,500-watt resistors is used. It has two grids
at different heights allowing water and
steam treatment to be used at the same
time. The mortar used is put into 4 by 4 by
16-cm molds which are covered with a rigid
top. Within the 15 minutes following mixing
completion, the mold is immersed in a
boiling water bath for a maximum of 2
hours and 15 minutes. Half of the speci-
mens so treated are broken within 15 min-
utes after having been taken out of the
bath; they show resistances equivalent to
those obtained after 24 hours in a standard
test.

The other half are put into the autoclave
at 21 atmospheres and 216 C for 15 minutes
to 1 hour and 15 minutes according to the
characteristics of the cement to be tested
(coefficient of fineness, clinker percentages,
etc.); they show resistances equivalent to
those obtained after 28 days in a standard
test. The reproducibility of this method has
been checked over a period of 6 months by
testing the various types of cements a mini-
mum of 10 times, having found standard
deviation and variance coefficient equal
or lower to those obtained by official
methods.*

Siemans AG has developed a system
which allows the operators of its line pro-
cess control computers to do their own
programing. The Simat Cemat System is
operated by a Siemans process computer
830 with peripheral storage. It not only
covers all the tasks of measured-value moni-
toring, binary signal processing, open-loop
control, controller identification, and text
processing, but it also handles the opera-
tor's dialog through function' keys and
graphic, alphanumeric, and curve display
units.

This system permits straightforward
planning by reference to block diagrams,
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and all the program modules can be inter-
connected as desired even while the system
is online. A clear self-documentation facili-
tates the correction and modification -
work.®

The 19th Institute of Electrical and
Electronics Engineers Cement Industry
Technical Conference held in Omaha,
Nebr., in May included presentation of
papers on Automation, Drives and Related
Products, General Practices and Process
Equipment, Maintenance and Safety, and
Power Distribution and Related Products.®?

The Verein Deutscher Zementwerke
(VDZ-Association of German Cement
Works) held its international congress on
the Process Technology of Cement Manu-
facturing in September in Dusseldorf, the
Federal Republic of Germany. The empha-
sis was on the practical aspects of cement
manufacturing. Its objective was to shorten
the innovation period of technologies avail-
able and to indicate trends which are of
significance for technical development. Sub-
jects covered included Raw Materials Quar-
rying and Preparation, Size  Reduction,
Pyro-Processing, Process Control, General
Installations, Environmental Protection
and Energy Utilization, and Influence of
Process Technology on Cement Properties.®

The Pyroclon system is a technology of
clinker burning in a rotary kiln equipped
with a multicyclone raw meal preheater
upstream and a clinker cooler downstream
of the kiln developed by Humboldt. It is of
interest to note that the Pyroclon system
can be very suitably applied in connection
with the conversion of wet-process cement
works to the dry-process.

In this way, with the shortened rotary
kiln, it is possible to attain increases of
300% to 400% in clinker output, while the
specific heat consumption can be reduced by
more than 50%.

Two types of plant design are possible: (1)
Conversion from wet to dry grinding. Here
a portion of the long rotary kiln is modified
to serve as a rotary dryer in which exhaust
gases from the preheater and from the
clinker cooler are utilized for drying the
material. If the raw material has a low
moisture content, utilization of part of the
kiln as a rotary cooler could be considered.
This procedure is applied for dealing with
fairly hard initial materials containing less
than 20% moisture and not suitable for
converting into slurry. (2) The existing wet
preparation process for the raw materials is
retained. The slurry thus produced is fur-
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ther processed by filter presses and a sus-
pension dryer to make it suitable for feed-
ing to a multistage Humboldt preheater.
The rotary kiln, appropriately shortened, is
also retained; other parts thereof can be
modified to serve as coolers. This procedure
is preferable for dealing with soft initial
materials containing more than 20% mois-
ture and suitable for converting into
slurry.» i

Concrete.—The St. Ives, Cambridge-
shire, England, factory, is one of the first in
the world to be especially built for the
production of glass reinforced concrete
(GRC) pipes. Advantages include lighter
weight, no bell end, 30% less trenching, and
40% less bedding.

At the Lakeshore mine near Casa Gran-
de, Ariz., shotcret (a mixture of aggregate,
sand, and cement) is sprayed with a pres-
sure gun onto excavated or exposed rock
surfaces to act as a sealing agent, and is
used as either a secondary or primary
means of ground support. In weak areas,
such as extraction drifts or slusher drifts, a
2- to 3-inch thickness has proved adequate
for temporary support and preventing air
slacking. In declines, maintenance bags,
and production drifts for sublevel caving,
shotcrete as a primary means of support has
proven superior to the point loading
system.®

A new method of monitoring the strength
and safety of high alumina cement (HAC)
concrete beams has been developed by
Acoustic Emission Ltd., a subsidiary of
Cambridge Consultants Ltd.,, and Tekell
Holdings Ltd., England. The company found
from laboratory and site tests on HAC that
listening to the natural -ultrasonic signals
produced by the material under load allows
them to determine its structural integrity
with great accuracy and also to predict its
likelihood of failure.®

A/S Norsk Hydro, in collaboration with
the Norwegian cement producer A/S
Aksjeselskapet Norcem, developed an addi-
tive to concrete which significantly im-
proves its corrosion resistance. Production
and marketing of the additive is under
Norcem’s direction. The additive is highly
effective in an environment where corro-
sion is caused by nitrates.*”

The British Standards Institution strong-
ly recommended that calcium chloride no
longer be used as a quick setting agent for
concrete in which metal strengthening is
embedded due to fears that it hastens metal
corrosion.®®
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An infrared spectroscopic method to de-
tect the presence of those siliceous minerals
which present a danger of alkali-silica
reaction in concrete was developed at the
German State Atomic Research Center, Ju-
lich, the Federal Republic of Germany. This
method allows the number of silanol groups
in siliceous compounds to be directly meas-
ured. It has been established that only the -
amorphous and cryptocrystalline silicas
cause the expansion phenomena in aggre-
gates as a result of their reaction with
alkalies in concrete. All these reactive sili-
cas have a large number of silanol groups at
their internal interfaces.

Miscellaneous.—Trelleborgs Gummifab-
riks AB developed and manufactured a new
loading chute system for cement clinker.
The chute, which is based on a flexible-wear
rubber construction, controls approximate-
ly 1,000 tons per hour of material into ship
holds. It is equipped with a special external
dust air evacuator which has a capacity of
5,000 cubic meters per hour. The loader is
designed to operate at temperatures up to
80°C_ . and-- has - position indicators
that <“govern ;. height - and  angular
variations * to compensate for - ships’
movements.®®

A new and patented design of a cargo
sling which locks a load of cement bags
tightly together and holds them securely for
an entire journey has been developed by
Safex Equipment Ltd., a South Wales subsi-
diary of the “W” Ribbons Holding Group.
The unique locking action of these cargo
slings is claimed to make it virtually impos-
sible for a unitized load of bagged cement to
separate or break down in transit. The
slings are of the “one trip” disposable type,
thus avoiding administrative and opera-
tional problems of ensuring their return

- after shipment. Use of the slings enables

preslinging at the cement plant of 21 110
pound bags of cement at a time.!

Dundee Cement Co. designed and imple-
mented a unique system of unloading ce-
ment barges equipped with roll covers that
can accept return cargo of grain or other
bulk commodities. The system, named
“Docksider,” consists of a nozzle whose
function is to mechanically aerate the ce-
ment and convey it to the suction point.
When in front of the suction opening, the
cement is lifted up through the conveying
pipe and carried to one of two pressure
vessels (reloaders). These pressure vessels
have built in filters to clean the transport
air before it enters the vacuum pump.
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When one reloader is full, the suction is
shifted to the other and the first reloader is
emptied. The application of compressed air
blows the cement through a pipeline to the
selected storage silo. The movement of the
barge and crane is initiated from a pendant-
mounted push-button station from which
the operator can control the unloading from
a convenient location on the barge or from a
platform on the dock.

Although the pneumatic system is not as
flexible as a mechanical system in unload-
ing a wide variety of bulk commodities, no
problems should be encountered when un-
loading materials such as cement, salt, alu-
mina, fertilizers, sand, and grain. Cement
can be unloaded practically in capacities up
to 400 tons per hour by one nozzle. ‘

The U.S. Department of Agriculture,
based on reported findings achieved by
three Georgia farmers, undertook an expe-
riment of adding cement dust to cattle feed.
Tests have shown that cattle gained weight
30% faster than those eating regular ra-
tions of grain and hay.

During the 112-day test at the Depart-
ment’s Beltsville, Md., research center, se-
ven steers fed dust along with their rations
gained about 3 pounds per day, compared
with 2.3 pounds gained by seven animals fed
normal rations. No abnormalities . were
found when the livers and other organs of
the slaughtered cattle which had thrived on
the dust were examined. In addition, the
beef from the animals was of a higher grade
than beef from cattle fed regular rations.

The department said the dust-fed cattle
graded an average of “top choice” while the
other cattle averaged in the “top good”
grade.®

1Physical scientist, Division of Nonmetallic Minerals.

2Grancher, R A. Why Shoot at the Cement Industry?
Rock Prod., v. 80, No. 7, July 1977, pp. 84-86.

3portland Cement Association. The U.S. Cement Indus-
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Chromium

By John L. Morning*

Although domestic producers of chro-
mium alloys operated at about the same
level as in 1976, demand for chromium
alloys increased about 9%. A high level of
ferrochromium imports, primarily from the
Republic of South Africa and Southern
Rhodesia substantially added to supply.

In March, the President signed Public

Law 95-12, which in essence repealed the
Byrd Amendment that allowed the import-
ation of Rhodesian chromium materials be-
ginning in 1972. The new law also prohibits
importation of steel mill products contain-
ing Rhodesian chromium.

World production of chromite exceeded 10
million short tons for the first time.

Table 1.—Salient chromite statistics

(Thousand short tons)
1973 1974 1975 1976 1977
21 18 139 124 187
99 45 85 61
931 1,102 1,252 1,275 1,336
1,387 1,450 881 1,006 1,000
597 573 952 1,009 1,338
7,381 8,244 9,136 9,454 10,804

TRevised.

Legislation and Government Pro-
grams.—On March 18, the President signed
a bill, Public Law 95-12, that amended the
United Nations Participation Act of 1945 to
halt the importation of Rhodesian chro-
mium. This in essence repealed the Byrd
Amendment that was part of a military
procurement bill, Public Law 92-156, that
allowed the importation of strategic an
critical materials from Rhodesia, beginning
in 1972. In addition, the new law prohibits
the importation from any country of ferro-
chromium and of steel mill products con-
taining more than 3% chromium (primarily
stainless steel) that contain Rhodesian chro-
mium. The Department of the Treasury
established a certification and monitoring
system for enforcement of the law.

The Committee of Low-Carbon Ferrochro-
mium Producers in January petitioned the
International Trade Commission (ITC) for
import relief under Section 201 of the Trade
Act of 1974. After holding hearings, the ITC
reported to the President that imports of
low-carbon ferrochromium were not caus-
ing serious injury or the threat thereof to
the domestic industry.

In another trade import action, the Com-
mittee of Producers of High-Carbon Ferro-
chromium in July also petitioned the ITC
for import relief. After hearings were held
in October, the majority of the ITC commis-
sioners in a report to the President held
that high-carbon ferrochromium imports
were a substantial cause of the threat of
serious injury to domestic producers. Early

257
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in 1978, the President determined that pro-
vision of import relief was not in the nation-
al economic interests of the United States.
Although there were no sales of Govern-
ment stockpile excesses of chromium mate-
rials during the year, 198,371 tons of

MINERALS YEARBOOK, 1977

metallurgical-grade chromite, 106,072 tons
of chemical-grade chromite, and 303,264
tons of refractory-grade chromite were de-
livered to purchasers under prior-year sales
contracts.

Table 2.—U.S. Government chromium stockpile material inventories and goals

(Thousand short tons)
Inventory by program, Dec. 31, 1977
Material Goal Natinmal nDe‘fense Supple- Total®
1 + yo o
stockpile o Act stockpile
Chromme chemlcal-grade ________________ 734 242 _ —_ 242
T e A L
romite, re Ty- e -
Ferrochromium, 236 126 - 276 403
Ferrochromium, low-carbon _——— 124 128 - 191 319
Ferrochromium-silicon 69 26 - 33 58
Chromiummetal __ ____ _______________ 10 - - 4 4
1Data may not add to totals shown b of independ di
DOMESTIC PRODUCTION

Domestic mine production of chromite
essentially ceased in 1961 when the last
Government Defense Production Act con-
tract was phased out. A small quantity,
however, was produced in 1976 for export.

Although chromite was not produced

domestically in 1977, the United States
continued to be a substantial chromite con-
sumer in producing chromium ferroalloys
and metal, chromium-containing refracto-
ries, and chromium chemicals. The princi-
pal producers of these products follow:

Company Plant
Metallurgical industry:

Airco Alloys, An‘ Reducnon Co,In¢c _ _ Calvert City, Ky.
Niagara Falls,
Charleston, S. c.

Chromium M.uung & Smelting Corp Woodstock, Tenn.

Foote MineralCo_ _ __ ________ Graham, W. Va.

Interlake,Inc _ _ ____________ Beverly, "Ohio.

Prame Metals and Chemicals,Inc ___________ Prairie, Miss.
t da(K _______________________ Steubenvﬂle, Ohio.
Slnel oy Corp., Division of Metallurg, Inc Newfield, N. J.
Union CarbideCorp — _ _ Niagara Falls, N. Y.
Marietta, Ohio.
Alloy, W. Va.

Refractory industry:
c,Inc _ Maple Grove, Ohio.

Corhart Refractories Co., Inc__ ascagoula, Miss.

Davis Refractories, Inc ____ Jackson, Ohio

General RefractoriesCo __ __ . ____ Baltimore, Md.
Lehi, Utah

Harbison-Walker Refractories (a division of Dresser Industries,Inc.) _______ Hammond, Ind

i Baltimore, Md.

Kaiser Aluminum & ChemicalCorp _ _ __ _____ __________________ Moss Landing,
Columbiana, Ohio.
Plymouth Meeting, Pa.

North American Refractories, Co. d ‘Womelsdorf, Pa.
Baltimore, Md.

Castle Hayne, N. C.
Corpus isti, Tex.
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Table 3.—Production, shipments, and stocks of chromium ferroalloys and chromium

metal
(Short tons)
. Production Shi Producer
Alloy Gross  Chromium menl:.—s stocks,
weight content Dec. 31
1976: .
Low-carbon ferrochromium __ ____________________ 29,386 19,686 33,091 11,394
High-carbon ferrochromium ___________ """ " """~~~ 162,577 105,237 164,088 ,294
Ferrochromium-silicon 55,328 19,776 51,867 16,785
Other* ___________ __________ "~ 19,839 12,909 20,218 4,643
Total _ __ __ _ o ___ 267,130 157,608 269,264 96,116
1977:
Low-carbon ferrochromium ______________________ 24,068 16,135 22,392 12,412
High-carbon ferrochromium _______________ """~~~ 179,606 112,450 193,035 0,802
Ferrochromium-silicon ______________"""""""""~ 53,123 18,897 44,798 23,595
Other' ____________________ """~ 15,865 10,611 16,605 3,234
Total _____ _ _ o ____ 272,662 158,093 276,830 80,043

I‘Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium
oys.

CONSUMPTION AND USES

Domestic consumption of 1 millicn tons of
chromite ore and concentrate, containing
about 290,000 tons of chromium, was 1%
below that of 1976. Of the total chromite
consumed, the metallurgical industry used
57.8%; the refractory industry, 20.8%; and
the chemical industry, 21.4%. The metallur-
gical industry consumed 578,000 tons of
chromite, containing 163,000 tons of chro-
mium, in producing 273,000 tons of chro-
mium alloys and metal. About 43.9% of the
metallurgical ore had a chromium-to-iron
ratio of 3:1 and over, 26.4% had a ratio
between 2:1 and 3:1, and 29.7% had a ratio
of less than 2:1.

Producers of chromite-bearing refracto-
ries consumed 208,000 tons of ore contain-
ing 51,300 tons of chromium. The chemical
industry consumed 214,000 tons of chromite
containing 65,400 tons of chromium, in
producing 157,037 tons of chemicals (sodium
bichromate equivalent).

Chromium has a wide range of applica-
tions in the three consuming industries. In
the metallurgical industry, its principal use
was in stainless steel. Of the total chro-
mium alloys consumed, stainless steel
accounted for 71%, full-alloy steels for 15%,
high-strength low-alloy and electric steels
3%, cast irons 3%, and other uses 8%. Total
chromium alloy consumption increased 9%
over that of 1976.

The refractory industry utilized chro-
mium in the form of chromite for manu-
facturing refractory bricks to line metallur-
gical furnaces. Consumption of chromite for

refractory purposes increased 8% over that
used in 1976.

The chemical industry consumed chro-
mite for manufacturing sodium bichromate
and potassium dichromate which are base
materials for a wide range of chromium
chemicals. Chromite consumption in this
industry increased 8% compared with that
of 1976.

Development of a process to coat titanium
with chromium was expected to find wide-
spread use in the aerospace industry. The
process does not cause embrittlement or
affect strength or fatigue properties of the
titanium. Because the chromium coating
greatly lowers the surface friction of the
titanium, the material was expected to be
usable in a wide range of components where
titanium has been unsuitable.

Chrysler Corp. planned to use a nickel-
chromium-plated, stamped aluminum
bumper on its 1979 R-body cars. Aluminum
alloys were being tested with alloy 7146, a
leading candidate. The bumpers were re-
portedly to have a nickel-chromium plating
of about 0.002 inch, a little thicker than
that on conventional plated steel.

KOLORIN, a trade-named process which
reportedly adds a glowing color but allows
the luster of stainless steel to show through,
was being licensed worldwide including the
United States. It comes in four basic shades;
blue, gold, red, and green. Applications
range from architectural accents to identi-
fication of surgical tools.
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Table 4.—Consumption of chromite and tenor of ore used by primary consumer groups

in the United States
Metallurgical Refractory Chemical X

industry industry industry Total

Gross Gross Gross Gross

Year weight Aavgeer N weight A:;: : weight A:ge: B weight Aavgeer B

(thou- Crs0s (thou- Crz0s (thou- Crz0s (thou- Crz0s

Short (per- short (per- Short (per. ot (per-

tons) cent) tons) cent) tons) cent) tons) cent)
920 48.1 261 35.0 206 453 1,387 45.2°
904 47.0 295 35.2 251 48 1,450 4.2
532 44.6 183 34.5 166 449 881 42.5
597 434 202 35.0 207 448 1,006 420
578 208 36.0 214 44.7 1,000 40.9

Table 5.—U.S. reported consumption of chromium ferroalloys and metal in 1977, by end

use and form
(Short tons, gross weight)
: h‘.’ hFe"?. Oth Total
ferro- C l:O'lnlllm er (o
chromium silicon
3,759 6,401
317 48,141 492 322,842
44,422 , 5,130 !
9,303 2,065 1,798 14,921
3,812 149 17 3
11,684 139 581 13,617
. 180 2,117 1
986 . 326 2,016
1,286 18 2,583 5,198
597 4 53 3,148
318,137 55,451 213,300 453,419
Chromium content - 44,988 194,793 20,571 8,282 268,634
Stocks, Dec. 31,1977 _____ 6,247 66,114 4,717 32,228 79,366

Includes magnetic and nonferrous alloys.
2[ncludes 3,948 tons of chromium metal.
SIncludes 1,041 tons of chromium metal.

STOCKS

Chromite stocks increased 33% over that

of 1976 as imports exceeded consumption. _ :
‘All three consuming industries registered Table 6. Const;lcl:‘r‘ ;zg%lis of chromite,
higher stocks; the metallurgical industry

stocks were up 18%, the chemical industry (Thousand short tons)

138%, and the refractory industry 28%. Industry 1973 1974 1975 1976 1977
Ferrochromium stocks were mixed as con- )

sumer stocks were 13% higher than in 1976, heaciog - B 0 0 T M
while producer stocks were 17% lower. Chemical _———___ 104 64 97 111 264
Stocks of chromium chemicals (sodium bi- Total _______ 597 573 952 1,009 1,338

chromate equivalent) at producing plants
decreased from 16,257 tons in 1976 to 8,897
tons in 1977.
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Table 7.—Consumer stocks of chromium ferroalloys and chromium metal, December 31
(Short tons, gross weight)

Product

1973 1974 1975 1976 1977
Low-carbon ferrochromium __ __ _____________ e 15,802 14,937 10,974 10,100 6,247
ngh-cnrbon ferrochromium ___________________ 24,162 25,280 50,076 52,558 66,114
Ferrochromiumsilicon ______________________ 6,740 10,227 4,418 3,995 4,77
Other* ________ _ __ _ _________________ 1,752 3,303 2,352 3,300 2,228
Total ___ _ ____ _ ___ ___________ 48,456 53,747 67,820 69,948 79,366
all“ ludes ch briquets, ct metal, exothermic chromium additives, and other miscellaneous chromium
0ys.

PRICES

Published prices for Russian and Turkish
chromite in 1977 remained at the same
level as in 1975. Russian chromite was
quoted during the year at $150 per metric
ton, fob. Black Sea ports, while Turkish
chromite was quoted at $132 to $142 per
long ton, f.0.b. Turkish ports. The published

. price of South African Transvaal chromite
began the year at $38 to $46 per long ton,
and moved higher in March to $56 to $61

per ton for the balance of the year.

Despite a strong, but not a record, de-
mand year for chromium alloys, ferrochro-
mium prices decreased under pressure of
large imports of lower-cost foreign material.
However, the quoted price of ferrochro-
mium silicon remained unchanged during
the year. Prices of selected chromium alloys -
and metal as published in Metals Week
follow:

Material -J y D b
Cents per pound of chromium
Domestic charge chromium (50%-55% chromium) _ _____________________ 42.25 40

Imported charge chromium (50%-55% chromium) __ ____________________ 36.5 325
II:ported clkmrge chromium (55%-60% chromium) ______________________ 33722 3332
tic charge chromium ( %70%cnmm1um) o CCoTTTTTToITITo 43 41
Domestic low-carbon ferrochromium (0.025% carbon) ____________________ 90 80
Imported low-carbon ferrochromium (0.05% carbon) _ _ _ _ _____________ """~ 64 57
Domestic low-carbon ferrochyomium (0.05% carbon) _____________________ 85 75
Simplex _________ _ ___ _ o ________ 85 5

Cents per pound of product
Ferrochromium-silicon ______________________________________ 29.45 29.45
Aluminothermic chromium metal ________________________________ 263 263
Electrolytic chromiummetal ~_ _ ___ _______________________ """~ 263 263-279

FOREIGN TRADE

Exports of chromite in 1977 increased
51% in quantity and 80% in value com-
pared with those of 1976. Reexports were
lower, however, decreasing 28% in quantity
and 10% in value. Most export shipments
were to Canada (49%), Sweden (20%), and
the Federal Republic of Germany (20%).
Smaller quantities were shipped to seven
other countries. Reexports were shipped to
four countries: Mexico (70%), Canada (15%),
Spain (12%), and Brazil (3%).

Ferrochromium exports totaled 12,472
tons, valued at $7.3 million, and went to 13
countries. Shipments decreased 8% in

quantity and 17% in value compared with
those of 1976. Canada (59%), the Republic of
Korea (18%), and the Federal Republic of
Germany (13%) were the leading recipients.

Exports of chromium and chromium al-
loys (wrought and unwrought) totaled 579
tons valued at $1.4 million. Of the 34
countries receiving shipments, Canada
accounted for 22%, Jamaica 18%, France
13%, the Federal Republic of Germany 7%,
the United Kingdom 6%, Iran 5%, and
Japan 4%.

Exports of pigment-grade chromium
chemicals totaled 551 tons valued at $1.2
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million. Japan (51%), Canada (23%), and
France (12%) received 86% of the ship-
ments; the balance was dispersed among 22
countries. Exports of nonpigment-grade
chromium chemicals totaled 4,473 tons
valued at $7.4 million. Japan received 23%,
the Republic of Korea 20%, Canada 20%,
and Taiwan 15%. The balance was received
by 36 countries.

Exports of sodium dichromate increased
10% compared with that of 1976, rising to
15,676 tons valued at nearly $8 million.
Canada was the leading recipient with 36%
of the shipments. Other countries receiving
significant shipments were the People’s Re-

public of China (24%), Argentina (13%), the

Republic of Korea (9%), and Colombia (8%).
Thirty other countries received the balance.
Imports of chromite in 1977 increased
nearly 5% in quantity and decreased 2% in
value over those of 1976. The Republic of

_ South Africa supplied 49% of the total,
followed by Finland with 20%. Shipments
from the U.S.S.R. were sharply reduced as
80,000 tons were received, compared with
189,000 tons in 1976. Turkey also exported

less chromite to the United States than in’

* the previous year.
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Record shipments of ferrochromium were
imported during the year as 224,082 tons
were received. Of the low-carbon ferrochro-
mium shipments, Southern Rhodesia sup-
plied 26%, Japan 21%; the Republic of
South Africa 19%, and Sweden 14%. Five
other countries supplied the balance. High-
carbon ferrochromium was received from
the Republic of South Africa (56%), South-
ern Rhodesia (21%), Yugoslavia (12%), and
Brazil (6%). Six other countries supplied the
balance.

Ferrochromium-silicon imports decreased
T4% compared with those of 1976, to 4,140
tons valued at $8.7 million. Southern
Rhodesia supplied 62%, the Republict of
South Africa 36%, and Canada 2%.

Table 8.—U.S. exports and reexports of
chromite ore and concentrates

(Thousand short tons and thousand dollars)

* Exports Reexports
ear Quantity Value Quantity Value
1975 ___ 139 6896 45 2111
1976 CZCICI0C 124 5609 85 5475
T ¢ A 187 10105 61 4913

Table 9.—U.S. imports for consumption of chromite, by grade and country
(Thousand short tons and thousand dollars)

46% or more

Not more than 40% More than 40% but Total
Cr203 less than 46% Cr203 Cr203 -
Count:
id Gross C03 Vil Gross O205 vl Gross . 0205 vl Gross €r20s val
weight fg:; ue weight :2::1-; ue  weight 2::; ue weight O ue
— —_ _— 18 8 1,858 - __ . 18 8 1,858
® (O] 1 —— - - ® @ 1 (O] ® 2
4 1 211 I — = — —— . 4 1 211
120 36 4,437 = . —— 49 35 1,462 169 71 5,899
18 7 845 . . __ — __ __ 18 T 845
i 163 53 5,614 - - __ -8 2 169 166 55 5,783

Southern __ 12 4 369 9 4 379 14 7 650 35 15 1,398
South Africa,

Republicof _ 26 9 732 318 141 9,737 94 44 3,617 438 194 14,086
Sweden _____ 26 4 68 - __ —— __ —_ __ 26 4 68
Turkey _____ 115 44 8,334 31 14 3,161 66 31 17,461 212 89 18,956
USSR _____ 69 27 4,885 —— __ __ - 120 62 16,084 189 89 20,969

Total ____ 553 185 25,496 376 167 15,135 346 181 29,444 1,275 533 70,075

1977:

Albania _____ @) @ 1 25 11 2,488 — —_ _— 25 11 2,489
Colombia _ __ _ 4 1 256 - _- —_ - —_— - 4 1 255
Finland __ 269 71 8,835 —— __ —— __ — _— 269 71 8,835
Greece _____ 3 1 321 —— - - - —_— - 3 1 321
Norway _____ Q) o 1 __ . __ = ® ()] 1
Philippines __ . 166 53 8,202 2 1 103 4 2 265 172 56 8,570
South Africa,

Republicof _ 19 7 1,047 521 231 20,946 119 68 6,538 659 306 28,531
Turkey _____ 41 16 2,952 40 17 3,202 43 20 4,957 124 53 11,111
USSR _____ 30 12 1,900 __ __ __ 50 27 6,684 80 39 8,584

Total _ ___ 532 161 23,514 588 260 26,739 216 117 18,444 1,336 538 68,697

1Less than 1/2 unit.
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Table 10.—U.S. imports for consumption of ferrochromium, by country

Low-carbon ferrochromium High-carbon ferrochromium
(less than 3% carbon) (3% or more carbon)
Year and Gross  Chromium Gross Chromium
country v(v%ight eox}:lbent Xﬁh‘:ﬁ ?iight c:)rlxltent Xi‘lﬂl’:
short (short short short
tons) tons) sands) tons) tons) sands)
937 530 $722 26,896 15,459 $10,126
@) @) 1 ® *
3,426 2,460 3,335 — __ .
3,695 2,667 3,899 1,661 1,075 1,081
- - —— 440 284 142
20 14 20 1,098 707 481
28,986 19,359 23,582 ,849 6,045 5,098
—— __ _ 1,462 816 616
2,857 1,974 2,414 1,156 87 687
8,194 5,785 8,098 39,193 26,561 15,132
11,022 6,829 8,168 75,706 41,380 26,650
3,008 2,218 3,470 — . —
1,109 7 989 . - -
* (@] 1 —— —_ —
496 348 85 21,385 14,193 10,021
63,750 42,961 54,784 178,846 107,307 70,035
— __ __ 10,797 6,072 3,706
—— - - 2 1 7
20 14 20 - —_ -
824 601 713 _ __ ——
2,215 1,617 2,365 1,444 916 975
38 28 38 __ __ —
7,669 5,136 6,738 275 176 163
3,840 - 2,561 3,348 1,328 908 657
9,464 6,692 7,496 40,450 27,036 16,109
6,844 4,187 4,513 106,376 56,807 35,578
—— __ . 1,103 599 463
4,854 3,527 5,321 3,409 2,078 1,496
__ __ __ 23,130 15,254 10,762
35,768 24,363 30,612 188,314 109,847 69,916

Less than 1/2 unit.

Imports of chromium metal (wrought and
unwrought) and waste and scrap, increased
to 2,433 tons valued at $10.9 million, from
2,306 tons valued at $9.1 million in 1976.
The United Kingdom supplied 54% and
Japan 38% of the shipments. Five other
countries supplied the balance.

Chromium carbide imports, totaling 555
tons valued at $3.6 million, increased three-
fold over those of 1976. The Federal Repub-
lic of Germany supplied 81% and the Uni-
ted Kingdom 18%. Four other countries
supplied the balance.

Imports of chromium-containing pig-
ments in 1977 were as follows: Chrome
green, 87 tons; chrome yellow, 2,852 tons;

chromium oxide green, 1,035 tons; molybde-
num orange, 246 tons; strontium chromate,
277 tons; and zinc yellow, 1,626 tons. Total
value of these products was $7.8 million,
27% lower than in 1976. Chrome yellow
accounted for 44% of total value of these
products, followed by zinc yellow with 28%.

Sodium chromate and dichromate im-
ports totaled 113 tons valued at $63,000. The
Republic of South Africa supplied 98% of
the imports. The balance was supplied by
five other countries. Three tons of potas-
sium dichromate valued at $4,700 was im-
ported from the Federal Republic of Ger-
many and Sweden.
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Table 11.—U.S. import duties
Tariff . Rate of duty
classifi- Article Jan. 1,19771
CHROMIUM ORES AND METAL PmDUﬂS ’
601.16 Chromiumore _ __— — — - — — e m e —— Free.
607.30 Ferrochromium, less than 8% carbon _ _ _ 4% ad valorem.
607.31 Ferrochromium, over 3% carbon _ _ __ _ _ _ - 0.625 cent per pound
) ) on chromium content.
632.18 Unwrought chromium other than alloys: Waste and scrap® —_____ -~ 5% ad valorem.
CHROMIUM CHEMICAL AND RELATED PRODUCTS
420.08 Potassium chromate and dichromate _ . ————- 1.1 cents per pound.
420.98 Sodium chromate and dichromate __ __ - ~0.87 cent per pound
42292 Chromium carbide _ _ _ 6% ad valorem.
473.10
73.12
478.14
473.16
473.18
473.19
473.
1Not applicable to centrally pl d

'Dutytemporarilymspendeﬂonwasfemdscmp.

' WORLD REVIEW

Australia.—Chromite occurs as a subsi-
diary mineral in ultrabasic rocks on the

Island of Tasmania, but rarely in sufficient

concentration to warrant mining. Small
deposits of chromiferous gravels of
economic-grade, and lower-grade alluvium
overlie serpentine rocks near Beaconfield
and larger low-grade deposits of alluvial
chromite occur in gravel deposits at Mon-
tagu Swamp. Chromite also ‘occurs at
Adamsfield, Tasmania.

Brazil.—Brazil’s principal chromite re-
sources are located in Bahia. Cia. Ferro
Ligas da Bahia S.A. (Ferbasa), the dominant
chromite producer, was also the sole pro-
ducer of ferrochromium. Ferbasa operates
two mines near Campo Formosa and seven
mines in the Jacurici Valley. Reported mea-
sured and indicated reserves of Ferbasa
total 44 million tons grading 20% Cr.0O;,
including 11 million tons grading 20% Crz0s
measured at Campo Formosa, and 1.7 mil-
lion tons grading 38% Cr,Os measured at
Jacurici Valley.

Canada.—A review of research on Cana-
dian chromite “was published.? The Bird
River chromite deposit in Manitoba is a low-
grade, high-iron chromite, containing over
16 million tons of chromite ranging from
18% to 25% Cr.0s. Research demonstrated
that chromium additives for the steel in-
dustry, chromium metal, and sodium di-
chromate can be produced from Bird River

. chromite concentrate of low chromium con-

tent and low chromium-to-iron ratio.
Greece.—The Hellenia Industrial and Mi-

’ning Investment Co. reportedly was study-
-ing the feasibility of a 33,000-ton-per-year

ferrochromium plant.
India.—In an effort to conserve chromite

- resources for a planned 500,000-ton-per-year

pelletizing plant in Orissa, the Government
placed restrictions on export of low-grade

‘lump -chromite ore and beneficiated chro-

mite concentrate. The Government also
banned exporting chromite containing more
than 40% Cr,0s and less than 12% silica.

Mysore Minerals Ltd., a State-owned com-
pany of the Karnataka State Government
in southern India was studying the feasibil-
ity of a chargechromium smelter in the
Byrapura district with help from Japanese
interests. Feasibility depends on obtaining
power from a neighboring State, since Kar-
nataka is deficient in electrical power. Ac-
cording to reports, chromite resources in
the State total about 550,000 tons of low-
grade chromite. .

The Orissa Government reserved 564
square miles of potential chromium-bearing
areas in Cuttack, Dhenkanal, and Keonjhar
districts for exploration by public sector
organizations. The State has considerable
tonnage of chromite resources, but only 4
million tons of reserves. India’s demand for
chromite was expected to rise threefold
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within the next 10 years. A crash program
by Orissa’s Directorate of Mines in collabor-
‘ation with the Geological Survey of India,
the Mineral Exploration Corp., and Orissa
Mining Corp. was expected to improve In-
dia’s reserve position by the middle 1980’s.
Indonesia.—Reportedly, Japanese and
Indonesian interests joined together to ex-
plore for chromite in Sulawesi, Indonesia.
P.T. Perto (Indonesia) has mining rights in
an 80,000-square-mile area. Initial surveys
indicate chromite deposits containing

200,000 tons of ore grading 83% Cr.0;. If.

sufficient chromite is found in a 2-year
program, a joint venture would be formed
for commercial development.

Japan.—The Rare Metals Association
(RMA), formed in 1976 with some assistance
from government funding, was established
as a stockpiling corporation for chromium,
nickel, cobalt, and tungsten. During the
year, RMA acquired nearly 2,900 tons of
ferrochromium.

Mexico.—During 1977, Ferroaleaciones
de Mexico was considering building a ferro-
chromium plant to expand its line of fer-
roalloys.

Pakistan.—The Baluchistan Develop-
ment Authority announced a plan to deve-
lop chromite mines at Muslimbagh in the
Zhob district of Pakistan. Also planned was
a 60-ton-per-day concentrator and a re-
fractory brick manufacturing plant.

Philippines.—Chromite production in the
Philippines was slightly higher in 1977 than
in 1976. Seventy-five percent was
refractory-grade and 25% metallurgical-
grade. Six companies produced refractory-
grade chromite although the traditional
supplier, Consolidated- Mines Ltd., account-
ed for 88% of the output. Twelve companies
produced metallurgical chromite of which
Acoje Mining Co. Inc., a long-time producer,
accounted for 63% of the total.

Philippine chromite producers petitioned
the National Economic and Development
Authority and the Department of Finance
to withdraw or reduce the 20% export tax
on chromite. The producers were backed by
the Philippine Chamber of Mines and the
Philippine Export Council. The tax report-
edly is levied on the difference between
current export prices and world market
prices, and was considered by producers to
hinder expansion plans.

Chromite exploration at Acoje in 1977
strengthened the firm’s reserve position, as
reserves increased from 1.9 million tons to
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2.4 million tons. During the year, 345,000
tons of ore was milled to produce 94,000 tons
of concentrate. Over 100,000 tons of chro-
mite was sold or shipped during the year.
Much of the new equipment ordered under
Acoje’s expansion program was on site and
being installed. A novel slimes retreatment
plant being installed was reportedly the
first of its kind worldwide.

Rhodesia, Southern.—~Anglo American
Corp. reportedly stopped prospecting activi-
ties in Rhodesia owing to the security si-
tuation. About 100 employees were affected.

" In a parallel move, the Department of

Geological Survey also suspended mapping
operations in some areas.

Rio Tinto (Rhodesia) put its North Dyke
chromite mines on-a standby basis, as well
as a pilot ferrochromium smelter. These
developments were attributed to a slow-
down in exports of chromium from Rhode-
sia. Rio Tinto showed a loss on its chromium
operations in 1976 and the first 6 months of
19717.

South Africa, Republic of.—Chromite
production increased significantly during
the year to 3,656,000 tons, an increase of
38% compared with 1976. Forty-five percent
contained less than 44% Cr,0,;, 53%
between 44% and 48% Cr,0s, and the re-
maining 2% over 48% Cr.0;.

The Tubatse ferrochromium plant at
Steelport in the eastern Transvaal, jointly
owned by Union Carbide Corp. and General
Mining and Finance Corp. Ltd. officially
opened in May. The facilities were.
described.® A feature of the plant is the air
pollution control system which reportedly
uses the latest technology so that the plant
can meet the same standards as those of the
United States.

South Africa Armco Steel Corp. (ARMCO)
reportedly purchased substantial mineral
rights to chromite deposits in the Marico
district of the western Transvaal. ARMCO
Broone (Pty), South African subsidiary of
ARMCO, purchased 50% of a farm that was
jointly owned by Vereeniging Refractories
Ltd. and located between the chromite
mines of Marico Minerals Co. and Zeerust
Chrome Mine Ltd. ARMCO also purchased
mineral rights of five other farms in the
district.

Middleburg Steel and Alloys (Pty) Ltd.,
South Africa’s sole producer of low-carbon
ferrochromium, temporarily suspended pro-
duction due to low world demand.

South African Manganese Amcor Ltd.
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(SAMANCOR) reportedly purchased two
chromite properties in the Rustenburg area
formerly owned by Consolidated Chrome
Corp.

Sudan.—Contracts were reportedly sign-
ed between a Japanese group and the Su-
danese Government for a feasibility study of
a ferrochromium industry, based on chro-
mite deposits in the Ingessana Hills area.
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United Arab Emirates.—The Ministry of
Petroleum and Mineral Resources of the
United Arab Emirates awarded a contract
to Hunting Geology and Geophysics Ltd.
(United Kingdom) to investigate mineral
deposits throughout the Emirates. An ear-
lier survey in the six northern Emirates
located deposits of chromite, copper, and
industrial minerals.

Table 12.—Chromite: World production, by country

(Thousand short tons)

1976 19777
875 970
205 210

11 11
35 35

10 15

€1 __
456 655
38 €44
443 387
176 €180
20

244 198
11 €11
12 €13
471 592
670 660
2,656 3,656
24 €30
780 700
2,300 2,400
1 15

2 €2
9,454 10,804

®Estimate.

reported and available information is i for for

PPreliminary. "Revised. NA Not available.
In addition to the countries listed, l}u]gm:iafand North

Korc;a may also produce chromite, but production is not
of reliable esti

tes of output levels.

2Figures represent crude ore output, not marketable production.

3Revised to zero.
4Less than 1/2 unit.

SExports of direct-shipping ore plus production of concentrates.
CE:A' tod PR of 31" t+ahl. T

pr uct (direct

m
run-of-mine ore, which was as follows inpthousand short tons: 1975—1,043; 1976—1025; 1977—(esti

ore plus concentrates) based on reported production of
ted) 911. Revised

estimated for marketable output for prior recent years are as follows in thousand short tons: 1971—875; 1972—575;

1973—475; 1974—600.

TECHNOLOGY

During the year, Bureau of Mines re-
searchers investigated recovery of chro-
mium from laterite processing residues, im-
proved methods for recovering chromite
from low-grade ore, recovery of chromite
from used refractories, recovery of chro-
mium from metallurgical and tanning
wastes, and conservation of chromium
through surface alloying.

An industry-American Society for Testing
and Materials, National Bureau of Stand-
ards (NBS), cooperative analytical program
was completed, leading to the NBS Certifi-

cate of Analysis for Standard Reference
Material 64c, High-Carbon Ferrochromium.
Characterization and certification testing
procedures were described.*

A vacuum carbon reduction of chromium
oxide process to produce chromium metal
was announced by Union Carbide Corp. The
process involves the same technology as the
firm’s proprietary low-carbon ferrochro-
mium Simplex process. The new process
involves mixing chromium oxide and car-
bon prior to compacting the mixture into
briquets. The briquets are then heated in a
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large vacuum furnace. As the carbon reacts
with the oxygen, carbon monoxide gas is
removed from the system, leaving pure
-chromium metal. The new product will be
used to supplement the firm'’s 2,800-ton-per-
year electrolytic chromium metal capacity.
Chromized steel may replace Type 409
stainless steel in automobile usage for cata-
lyst retainers, exhaust pipes, and couplings
and fittings of various converter assemblies.
Chromized steel has a ferritic stainless steel
coating on a special titanium-stabilized car-
bon steel base. Ferrochromium powder is
applied to both surfaces of the base and
then diffused into the steel at high tempera-
ture in a special atmosphere.
A possible substitute for stainless steel by
a diffusion alloying process reportedly gave
ordinary carbon steel the resistance proper-
ties of stainless steel. The process employs a
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liquid lead medium heated to 1,950° F to
transport the alloying material to the sur-
face of the steel where alloying takes place
by diffusion.

The removal of chromium and cyanide
from waste water by the precipitation-
flotation method was investigated and ex-
perimental results were described.® Both
chromium ‘and cyanide were successfully
eliminated.

!Physical scientist, Division of Ferrous Metals.

2Raicevics, D. Methods for Chromium Recovery From
Manitoba Bird River Chromite Deposits. Can. Min. J., v.
98, No. 1, November 1977, Pp. 61-68.

3Coal Gold+Base Minerals of Southern Africa. Rg%id
Poll;;tiglsx Sst’landards Set at Tubatse. V. 25, No. 5, May 1977,
PP. 49, 09, o7.

“Cumbo, J. E., and R. E. Michaelis. Production, Char-
acterization, and Certification of NBS-SRM 64c, High-
Carbon Ferrochromium. Electric Furnace Proc., AIME, v.
35, 1977, pp. 52-56.

®Nakahiro, Y., T. Wakamatsu; and S. Mukai. Study on
the R 1 of Chromi and Cyanide From Waste
Water by the Precipitation-Flotation Method. 12th Inter-
nat. Miner. Process. Cong., Sao Paulo, Brazil, 1977, 30 pp.







Clays

By Sarkis G. Ampian®

Clays in one or more of six classification
categories (kaolin, ball clay, fire clay, ben-
tonite, fuller’s earth, or common clay and
shale) were produced in 47 States and Puer-
to Rico. Clay production was not reported in
Alaska, the District of Columbia, Rhode
Island, or Vermont. The States leading in
output were Georgia, 7.6 million tons; Tex-
as, 3.8 million tons; and Ohio, 3.6 million
tons; followed in order by North Carolina,
Wyoming, Alabama, and California. Geor-
gia also led in total value of clay output
with $288.2 million; Wyoming was second
with $48.4 million. Compared with 1976
figures, clay production increased in 29
States and value increased in 32 States.
Total quantity of clays sold or used by
domestic producers in 1977 was 1% higher;
total value rose 13% to an alltime high.
Increases in value per ton were reported for
all clays in 1977 owing to increased labor,
fuel, and material costs. The energy crisis,
or more specifically, the increasing shortage
and costs of fuels, continued to cause consid-
erable concern among clay producers and

clay product manufacturers. Industrywide
efforts were made both to economize and to
obtain standby fuels. The costs of environ-
mental protection equipment and environ-
mental restrictions and rising capital costs
also continued to adversely affect pro-
duction during 1977.

Production of the specialty clays—kaolin,
ball clay, bentonite, fire clay, and fuller’s
earth—and common clay and shale, all
increased with the exception of fire clay. A
small upturn in construction that increased
demand for building materials (brick, light-
weight aggregate, vitrified clay pipe, clay
floor and wall tile, etc.) was responsible for
the rise in production of common clay and
shale. Production of ball clay increased
12%, bentonite, fuller’s earth, and kaolin
6% each, and common clay and shale in-
creased slightly. Fire clay decreased 12%,
largely because lower steel production rates
brought about by strikes at most iron ore
mines and plants in the Lake Superior
district reduced refractory demand. Al-
though bentonite shipments to the struck

Table 1.—Salient clay and clay products statistics in the United States!
(Thousand short tons and thousand dollars)

1973 1974 1975 1976 1977
Domestic clays sold or used by producers: .
tity ___ ________ 64,351 60,796 49,047 52,389 53,1
\ alwe _________________T°""°" $354,058 $422,542 $424,556 $528,745 $579,170
tity _ _ __________ 2,097 2,451 2,315 2,487 2,561
alue _________________TT77" $79,774 $114,212 $120,298 $151,953 $160,790
Imports for consumption:
e —————————— $1 8'?3 32,1943 $1 933 $1 sﬁ $1 9:1"3
ue o __ 5 5 5 o
Clay refractories, shipments: Value ________ __ 27 $410,153 $409,879 ,471 $465,442
Clay construction products, shipments: Value_ _ __ $772,728 $694,737 $655,779 83,644 $993,508

!Excludes Puerto Rico.

269



270

pelletizing plants were curtailed from
August 1 until settlement during December,
the short-fall in this end use was taken up
by increased demand in other areas, such as
drilling muds and foundry sands. The coal
strike that began at yearend also led to
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reduced fire clay and iron ore pelletizing
demands.

Kaolin in 1977 accounted for only 12% of
the total clay production but for 52% of the
value.

Table 2.—Clay sold or used by producers in the United States in 1977, by State!

(Short tons)
Common . ,
Ball Ben- Fire Fuller’s : Total
State clay tonite anglsal’\,al e clay earth Kaolin Total value
- W 2,079,978 266,634 _— 330,298 22,676,805  2$21,984,807
w 33,322 w w - __ 131,742 668,952
. __ 908,413 - — 79,678 988,09 5,406,935
148 95,269 2,411,653 . —— 68,950 2,576,020 12,178,572
- ,608 34,036 - _— 60,644 24,712,339
- . 5,163 - —— . 95,163 250,023
. - 10,935 - . _— 10,935 6,561
. - 119,411 __ 433,795 27,370 580,576 322,312,987
. - 1,993,1%? __ 576,781 4,983,610 7,553,52v? 288,223,200
. w . W _— W 22,543 92,127
- . 913,837 36,543 w - 4950,380 45,117,809
- __ 1,266,323 1,205 —— —— 1,267,528 2,236,552
. —— 882,505 —— . . 2, 2,460,989
—— W 1,117,433 P - __  %,117433 21,965,100
w - 618,921 96,533 —_— - 15,454 52,499,768
_ _— 401,373 —— —— —— 401,373 784,976
_— ,081 - —— - 98,081 160,427
. 892,859 - —— - 5892,859 52,343,614
_— 149,38 - _— . 149,389 274,856
- 2,007,391 —— - — 2,007,391 * 5,125,835
_— 162,637 —— = w 3162,637 3276,483
340,130 1,142,869 —_ w _— 1,707, 16,030,657
- __ 1,431,734 871,516 w 69,068 42,372,318 416,891,956
— 195,262 28,231 T - - % 3,557,444
- __ 160,571 —— . — 160,571 367,533
— 9,635 w . w w ,518 521,367
- - w __ _— _— w
. - 52,024 16,088 - —_— 68,112 374,248
_— - 69,415 - - 669,415 €112,734
w - 564,369 - - —— 5564,369 51,728,329
—— - 3,022,055 —_— . W 33,022,055 34,989,585
— - w __ - _— w w
— - 2,841,822 725,689 —— - 3,567,511 12,834,544
—_ __ 1015891 - — —_— 1,015,891 1,686,862
. _ 118,916 —— - —— 118,916 192,578
Pennsylvania __ _ _ - __ 1,743,184 561,206 - W 32,304,390 318,074,564
PuertoRico __ . __ - - 271, - - —— 271,99 387,24
South Carolina _ _ _ — __ 1,447,827 . 723,535 42,171,362 418,705,139
South Dakota __ _ _ w 197,440 . — . 2197,440 282,727
Tennessee _ _ _—__ 628,428 w 949,668 — w — 1,681,088 17,784,727
Texas _ - w 39,592 3,585,633 56, w w 3,809,929 16,271,957
Utah _________ - 6,880 222,670 14,134 w w 249,394 28,261
Virginia _______ . —— 889,812 —— - - 889,812 1,293,836
ashington _ _— - 309,346 w —— —— ©309,346 €1,091,008
West Virginia _ _ _ _ _ . 389,041 w - - €389,041 €599,333
Wisconsin __ - —— —_— - - w
Wyoming ______— _- 2761838 203,871 —— _— __ 2,965,709 48,368,571
Undistributed _ _ _ _ 265,651 264,559 230,559 285,296 417,800 206,049 71,043,204 722,549,843
Total ___ 894,227 3,746,487 37,945,031 2,965,607 1,428,326 6,488,558 53,468,236 579,557,961
W Withheld to avoid discl pany proprietary data; included with “Undistributed.”
Includes Puerto Rico.
2Excludes bentonite.
3Excludes kaolin.
4Excludes fuller’s earth.
5Excludes ball clay.
SExcludes fire clay.
I plete total; r inder included with State totals.
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Table 3.—Number of mines from which producers sold or used clay in the United States

in 1977, by State
Ball Ben. oy  Fire  Fuller
n- ¢ er’s :
State clay tonite ani clay earth Kaolin Total
shale

. 1 36 5 - 5. 47
1 4 2 1 . - 8
- - 11 - — 6 17
1 1 53 — — 7 68
_ 2 46 6 . - 54
- - 3 - . . 3
- - 1 - — . 1
__ - 3 - 3 1 7
- —— 28 —— 7 52 87
- . 1 —_— - - 1
. 2 2 1 . 1 6
_ . 18 2 2 —— 22
. —— 23 3 s . 26
— - 15 - — - 15
- 1 18 —— . - 19
. 11 - . 23

— . 13 — - - 13
— __ 6 - - . 6
1 —— 9 = . _— 10
. - 3 — . . 3
. . 9 . —— - 9
— —_ 3 - - 1 4
2 3 18 —_ - 25
= - 19 53 1 8 81
- 4 8 1 . - 13
_— __ 6 — — - 6
— 6 2 . 1 1 10
- — 1 . . 1
- —— 1 3 —_— - 4
- —— 4 —— _— 6
1 - 12 - - = 13
- —— 43 —— - 2 45
= —— 4 —_ - . 4
_— _— 68 24 . . 92
. . 14 - - —— 14
- - 14 —— — . 14
_— . 33 33 . 1 67
. _— 2 — — 2
—— — 34 . 1 13 48
—_ 2 4 —— __ . 6
18 1 17 _— 1 . 37
1 7 81 4 3 1 97
- 2 17 9 2 33
_ . 27 - - __ 27
- —— 11 2 . - 13
. __ 8 4 —_ . 12
- — 1 —_ —_— - 1
__ 55 4 — . _— 59
30 97 767 160 23 102 1,179

DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, BY TYPE OF CLAY

KAOLIN

Domestic production of kaolin in 1977
increased 6%, and the value increased 7%.
The average unit value for all grades of
kaolin in 1977 was $46.82 per ton, $0.65
higher than in 1976. Kaolin was produced at
mines in 14 States. Two States, Georgia
(77%) and South Carolina (11%), accounted
for 88% of the total U.S. production in 1977.
Alabama ranked third; North Carolina,
fourth; and Arkansas, fifth. Qutput in 1977
increased in Alabama, Arkansas, Florida,
Georgia, Minnesota, Missouri, Nevada,
North Carolina, Pennsylvania, South Caro-

lina, and Texas but declined in California,
Idaho, and Utah.

Kaolin is defined as a white, claylike
material approximating the mineral kao-
linite. It has a specific gravity of 2.6 and a
fusion point of 1,785°C. The other kaolin-
group minerals, such as halloysite and
dickite, are encompassed.

In 1977, Thiele Kaolin Co. completed the
expansion of its Reedy Creek plant near
Wrens, Ga., to include production of slurry
kaolin. Anglo-American Clay Corp., a subsi-
diary of English China Clays Co. (ECC), also
completed an enlargement of its Georgia
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flotation facility, which produces high-
brightness coating-quality clays. Anglo-
American also planned to produce calcined
kaolins by scheduling a new Georgia facility
for completion in 1979. A new calciner was
brought onstream by Engelhard Minerals
and Chemicals Corp. at McIntyre, Ga.? Cal-
cined or dehydroxylated kaolins are finding
increasing uses as an extender and replace-
ment for TiO. pigment in paints and in a
kaolin-based petroleum-cracking catalyst.

High-gradient  magnetic = separators
(HGMS) continue making inroads into kao-
lin processing. Georgia Kaolin Co. installed
a second magnet at its American Industrial
Clay Co. facility near Sandersville, Ga., and
ordered another for its Dry Branch, Ga.,
operation. Engelhard Minerals ordered a
second magnet for its McIntyre facility for
late 1978 startup. There are now eight
production magnets installed in the Georgia
kaolin operation and two in England.s

Agreement was also reached in 1977 for
Nord Resources Corp. to buy the Twiggs
County waterwashed paper-grade kaolin op-
eration in Georgia from Cyprus Industrial
Minerals Co.* The sale included plant, land,
building, machinery, equipment, kaolin
leases, and working capital. The sale
excluded the Sandersville, and Jefferson-
ville, Ga., and Aiken, S.C. airfloat oper-
ations of Cyprus.

Four unnamed domestic alumina produc-
ers were reportedly acquiring claims in the
kaolin belt of Georgia, between Macon and
Augusta.’ Exploration and interest were
reported to be on the high-alumina “gray”
kaolins, which are unsuitable for most of
the conventional filler and extender kaolin
uses. :
Exports of kaolin, as reported by the U.S.
Department of Commerce, increased from
839,000 tons valued at $57.6 million in 1976
to 951,670 tons valued at $71.9 million in
1977. The tonnage of kaolin exported in
1977 increased 13%, while the value rose
25% over that shipped in 1976. The unit
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value of kaolin exported was attributed to
both the greater percentage of the higher
quality paper-coating grades shipped and
higher prices.

Kaolin, including calcined, was exported
to 66 countries. The major recipients were
Japan, 33%; Canada and Italy, 16% each;
the Federal Republic of Germany, 10%;
Mexico, 5%; and the remaining countries,
20%. Exports increased to 46 countries and
decreased to 20 countries. Kaolin producers
reported the end use for their exports as
follows: Paper coating, 57%; foundry sand,
23%; rubber, 5%; and others, including
adhesives, ceramics, paint, paper filling,
and plastics, 15%.

Kaolin imports in 1977 decreased from
23,106 tons valued-at-$836,000 in 1976 to
19,663 tons valued at $874,742. The United
Kingdom supplied 95%; Canada, 4%; and
three other countries, 1%.

Kaolin prices quoted in the trade journals
in 1977, remained unchanged from 1976.
Chemical Marketing Reporter, December
26, 1977, quoted prices as follows:

Waterwashed, full; calcmed
bulk carload lots, f.o.b.
Georgia, perton ___________ $145.00-$182.50
Paper-grade, uncalcined, same
per ton:
No.1lcoating ___________ 61.50
No.2coating ___________ 47.00
No.3coating ___________ 43.00- 46.00
Filler, geneml purpose, same
basis,perton _____________ 30.00- 31.00
Delammahed, waterwashed,
uncalcined, paint-grade,
1-micrometer average
same basis, perton __________ 115.00
Dry-ground air- ﬂoated, soft,
National Forsmalasy. powder, 50~~~ 200
atio ‘orm
pound bags, 5, 000~pound lots,
works,perpound ___________ .07
National ormulary colloidal,
150-pound drums, works,
perpound _ ______________ .36

The average unit value reported by do-
mestic kaolin producers was $46.82 per ton,
an increase of $0.65 above the 1976 value.
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Table 4.—Kaolin sold or used by producers in the United States, by State

State 1976 1977
Short tons Value Short tons Value
134,408 $3,601 617 330,298 $13,393,459
48,486 2,160,519 79,678 ,214,770
128,808 5,605,286 68,950 1,357,043
24,550 1,032,759 27,370 w
4,924,648 250,864,949 4,983,610 261,864,326
w w w W
67,519 1,067,600 69,068 1,172,775
W w w w
623,222 13,180,173 723,535 15,178,925
176,119 5,390,466 206,049 ,609,
6,127,760 282,903,369 6,488,558 303,790,634
W Withheld to avoid disclosi proprietary data; included with “Other States.”
ncludes Minnesota, North Carolina, Pennsylvania, Texas, Utah, and data indicated by symbol W.
Table 5.—Kaolin sold or used by producers in the United States, by kind
! 1976 1977
Kind
Short tons Value Short tons Value
1,252,433 $28,642,768 1,401,550 $35,778,431
1,067,931 75,034,960 1,127,980 78,999,878
96,444 27,494,005 420,133 28, 960 143
624,629 6,992,100 776,035 5,446,971
2,786,323 144,739,536 2,762,860 154,605,211
6,127,760 282,903,369 6,488,558 303,790,634
'Includes both low-temperature filler and high-temperature refractory grades.

Table 6.—Calcined kaolin sold or used by producers in the United States in 1977, by kind

State High temperature Low temperature
Short tons Value Short tons Value
443,824 $26,455,984 212,234 $31,212,568
1416,811 118,227,670 255,111 23,103,656
34,316,224

860,635 44,683,654 267,345

1Includes Alabama, Arkansas, and California.
Idaho, Pennsy ia, and Texas.

Table 7.—Georgia kaolin sold or used by producers, by kind

Kind 1976 1977
Short tons Value Short tons Value
Airfloat _ _ . __________________ 746,037 $14,754,411 882,228 $20,709,493
Caleined* ____________________ 787,158 62,089,465 656,058 57,668,552
Delaminated - __ _______________ 396,444 217,494,005 420,133 28,960,143
Unprocessed _ ___ ______________ 256,740 3,852,894 308,087 1,077.116
Waterwashed _________________ 2,738,269 142,674,174 2,717,104 153,449,022
Total ____ ____________ 4,924,648 250,864,949 4,983,610 261,864,326

!Includes both low temperature filler and hightemperature refractory grades.
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Table 9.—South Carolina kaolin sold or used by producers, by kind

Kind 1976 1977
o Short tons Value Short tons Value
445,881 $12,084,315 486,967 $13,736,001
177,341 ,095,858 236,568 1,442,924
Total ________________ 623,222 13,180,173 723,535 15,178,925

Table 10.—South Carolina kaolin sold or used by producers, by kind and use

(Short tons)
Kind and use 1976 1977
Airfloat:

Adhesives __ ________________________________________ 19,329 18,814
Animal feed and pet absorbent __________________ """~ """ """~ 28,542 23,410
Ceramics ___________________________ """~ 12,560 18,409
Fertilizers 9,150 12,170
Fiberglass 53,369 71,139

Paint __________________ __ _____ T TTT” 736 1,
Paperfilling _____________________________ """ """~ 3,287 4,389
Pesticides and related products _ _ ________ _______ """ """~~~ 25,136 16,181
Plasties _______________________________ T 2,247 11,614
Rubber ______________________________ 215,941 237,377
Other refractories® 1,911 6,541
Otheruses® __________________ 6,754 6,023
Exports* ___________________ T~ 66,919 55,256
Total ___ _______ o ______ 445,881 488,967

Unprocessed: Face brick, firebrick, block, and shapes, and high-

umina refractories(1976) _ _ __________________ _______________ 177,341 234,568
Grandtotal _______________________________________ 623,222 723,585

'Includes floor and wall tile (1976), pottery (1977), quarry tile (1977), roofing granules, sanitary ware, and
miscellaneous.

?Includes high-alumina refractories, refractory mortar and cement, foundry sand (1977), refractory grogs and crudes
(1976), and miscellaneous.

;Im]::udes common brick, crockery and other earthenware, drilling mud (1976), linoleum (1976), asphalt and roof tile,
and ink.

“Includes ceramics, pesticides and related products, rubber, and miscellaneous.
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Figure 1. —Kaolin sold or used by domestlc producers for speclfied uses.

BALL CLAY

Production and value reported for do-
mestically mined ball clay in 1977 increased
12% and 21% respectively. Tennessee pro-
vided 70% of.the Nation’s output, followed
in order by Kentucky, Mississippi, Texas,
Maryland, New York,‘ California, and Ari-
zona. Production in Arizona, Tennessee,
and Texas increased over that reported in
1976, but California, Kentucky, Maryland,
Mississippi, and New York production
decreased.

Ball clay is defined as a plastic, white-
firing clay used principally for bonding in
ceramic ware. The clays are of sedimentary

origin and consist mainly of the clay mine-
ral kaolinite and sericite micas.

In 1977, Kentucky-Tennessee Clay Co.,
Inc., Mayfield, Ky., purchased Bell Clay Co.
from NL Industries Inc.” Bell Clay Co., a
ball clay producer, has plants and offices in
Gleason, Tenn., and holdings in Weakley
and other surrounding counties in western
Tennessee. The acquired plants and equip-
ment will be operated by Kentucky-Ten-
nessee, another ball clay producer, in con-
junction with their Gleason operations.

The  average unit value for ball clay
reported by domestic producers rose in 1977
to $20.83 per ton, an increase of $1.60- per
ton. Chemical Marketing Reporter, De-
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cember 27, 1976, listed ball clay prices
unchanged from 1976 as follows:

Domestic, air-floated, bags,

carload lots, Tennessee,
per ton ___________________ $18.00-$22.00
crushed,

repellent, bulk, earload lots

Tennessee, perton _ _ ____ ______ 8.00- 11.25
Imported, air-floated, bags, carload

lots, ‘Atlantic ports, perton _ ______ 70.00
Imported, lump, bulk, Great

perton ______________ 40.50

Ball clay exports in 1977 amounted to
117,333 short tons valued at $2.7 million,

MINERALS YEARBOOK, 1977

compared with 157,000 tons worth $3.6 mil-
lion in 1976. The tonnage and value ex-
ported decreased 25% compared with those
of 1976. Unit value increased $0.32 per ton. -
These shipments were made to 11 countries.
The major recipients were Mexico, 62% and
Canada, 35%; nine countries accounted for
the remaining 3%.

Ball clay imports, from Canada and the
United Kingdom, increased from 10,644
tons valued at $342,000 in 1976 to 11,338
tons valued at $432,340.

Table 12.;Ball clay sold or used by producers in the United States, by type and State

Y dState Airfloat Unprocessed Total
ear an Shorttons _ Value  Shorttons  Value  Shorttons  Value
1976
Tennessee - ————————__— 205777 $6,290,301 217,968  $3,706,073 513,745  $9,996,374
__________________ 54 9,300 15:224 99,900 15773 109,200
Other States _________-__2- 1194409 14,391,663 76944  2907,140 271353 5,298,803
Total ____________ 490,785 10,691,264 310,136 4,713,113 800,871 15,404,377
1977
Tennessee —--———-------- 428610 9,400,964 199818 3,110204 628428 12,511,168
Other States -~ __-_-777777 171,996 14,954,518 203803 21,164,805 265799 6,119,323
Total ____________ 600,606 14,355,482 293621 4,275,009 894,227 18,630,491

‘W Withheld to avoid disclosing company proprietary data; included with “Other States.”

Includes Kentucky, Maryland, and Mississippi.

?Includes Arizona, California, Kentucky, Mississippi, and New York.

Table 13.—Ball clay sold or used by producers in the United States, by kind and use

(Short tons)
1976 1977
Use Air- Un- Air- Un-
float processed Total float processed Total
Adhesives _______________________ 782 . 82 200 - 200
Animalfeed __ ____________________ w . w w — w
Brick, face _ __ _ _____ _ _ __ __________ — w w __ w
ina and dinnerware _ _ ___ ___________ 50,664 — 50,664 w 42,114
Crockery and other earthenware _________ 2,650 1,216 3,866 6,665 —_ 6,665
Drillingmud __ ___ _________________ w - w w —_ w
Electrical porcelain _________________ w w 29,470 13,489 5,781 19,270
Fiberglass and catalysts (il refining) ______ _ - . . ,353 —— 123,353
Firebrick, block,shapes _ _ _____________ —— 5,738 5,738 w w 7,186
Glazes, glass,enamels ________________ w w 2 803 w w 1,332
Grogs and crudes, high-alumina;
mortar and cement refractories w w 20,700 60,181 12,000 72,181
Kiln furniture ____________ w w 7,476 w w 6,400
Paper coating and filling _ __ 9,290 - 9,290 82,091 —_ 82,091
Pesticides and related products _ w —— w __ __ _
Pottery _ _ _ ______________ 174,142 87,110 261,252 113,154 146,453 259,607
Rubber _________________________ __ w w __ W
Sanitaryware . ____________________ 14,624 63,749 78,373 . 74,345 74,345
Sewer pipe . ___ _ _ __ _ ______________ . 465 465 - _ __
Floor andwall _________________ 68,915 22,473 91,388 33,063 17,997 51,060
Quarry ______________________ __ 992 992 —_ - __
Other_______________________ 326 2,494 2,820 3,240 . 3,240
Miscellaneous - . _________________ T17,942 110,486 1127979 105,335 3,146 151,449
Exports _ _ _ ___ __ _________________ 91,400 15,413 106,813 59,835 33,899 93,734
Total . _ _ ___ _ _____________ 490,735 310,136 800,871 600,606 293,621 894,227
'Rewsed W Wlthheld to avmd dlsclosmg company proprietary data; included with “Miscell ”

17,

d with total for each specific use.
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FIRE CLAY

Fire clay sold or used by domestic produc-
ers in 1977 was reported at 2,965,607 tons
valued at $37.0 million. Fire clay is defined
as detrital material, either plastic or rock-
like, containing low percentages of iron
oxide, lime, magnesia, and alkalies to en-
able the material to withstand tempera-
tures of 1,500° C or higher. Fire clay is
basically kaolinite but usually contains
other materials such as diaspore, ball clay,
bauxite clay, and shale. Fire clays common-
ly occur as underclay below coal seams and
thus are generally used for refractories.
Some fire clay was previously reported in
other end uses.

Fire clay production was reported in 1977
from mines in 17 States. The first four
States in rank, Missouri, Ohio, Pennsylva-
nia, and Alabama, accounted for 82% of the
total domestic output.

281
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Exports of fire clay increased from
296,000 tons worth $12.9 million in 1976 to
807,383 tons valued at $11.6 million in 1977.
Fire clay exports increased 4% in tonnage
and decreased 10% in value. The price of
exported fire clay decreased by $5.67 to
$37.89 per ton, indicating a larger percent-
age of standard quality shipped.

Fire clay was exported to 42 countries,
with Canada, the Federal Republic of Ger-
many, and Mexico receiving 36%, 22%, and
17%, respectively. No imports of fire clay
were reported during 1977.

There are no price quotations in domestic
journals for fire clay, but the per-ton value
reported by producers ranged from $3 to
about $50. The reported average unit value
for fire clay produced in the United States
increased 4% from $11.97 per ton in 1976 to
$12.49 in 1977.

Table 14.—F'ire clay sold or used by producers in the United States, by State!

State 1976 1977
Short tons Value Short tons Value
______________________ 372,971 $4,049,077 266,534 $3,024,438
_____________________ 86,189 383,648 . -
29,317 421,722 34,036 188,359
50,883 381,752 36,543 327,363
2,065 ,780 1,205 20,
85,814 580,457 6,533 622,081
,273 11,723,406 871,516 12,529,415
1,266 ,792 730 3,402
11,549 80,712 16,088 114,128
700,078 5,330,220 725,689 6,016,198
838,757 11,928,949 561,206 8,773,523
54,335 X ,097 271,748
4,590 26,889 14,134 81,
305,163 74,925,988 3 5,068,207
Total _ __ ___ _ __________ 3,352,250 40,118,972 2,965,607 317,052,413
TRevised.
1Refractory uses only.
3Includes Idaho, New Mexico, Washington, and West Virginia.
BENTONITE ming, Montana, California, and South

Bentonite production in 1977 increased
6% in tonnage and 14% in value over that
of 1976. A general increase in domestic
consumption, particularly in foundry sand
and drilling mud, and in exports was noted,
along with a large increase in animal feed
and a slight increase in waterproofing and
sealing.

Bentonite was produced in 14 States.
Increased bentonite production was report-
ed for Alabama, Arizona, California, Colora-
do, Idaho, Montana, Nevada, Texas, Utah,
and Wyoming. Production decreased in
Kansas, Mississippi, South Dakota, and
Tennessee.

Generally, the high-swelling or sodium
bentonites are produced chiefly in Wyo-

Dakota. The calcium or low-swelling ben-
tonites are produced in the other States.

Federal Bentonite Div.® started devel-
oping a sodium bentonite property near
Glasgow, Mont.® In another move, Federal
bought certain assets of the Hallett Mine-
rals Co., in particular its Vananda mining,
crushing, and drying operation at Forsyth,
Mont., and its milling facilities at Burnett,
Minn. The Glasgow project, scheduled for
completion in early 1978, will include the
necessary facilities to feed its newly acquir-
ed mill in Minnesota.

American Colloid Co., which operates
bentonite plants at Upton and Lowell in
Wyoming and at Belle Fourche, S.D.,
announced plans for a new 1l-million-ton-
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per-year bentonite operation in Carter
County, Mont.?* In another bentonite-
related move, Gulf Resources and Chemical
Corp. acquired options to purchase Indus-
trial Mineral Ventures, Inc. IMV) of Gold-
en, Colo. The options, at Gulf’s discretion,
were up to 2 years and included a credit
agreement for IMV. IMV has large reserves
of bentonite, sepiolite, saponite, calcium
carbonate, and hectorite in a mixed deposit
on the California-Nevada border. It present-
ly is operating a sepiolite-processing plant
in the area.

Industrywide improvements continued to
be made in environmental controls systems
and in automating, bagging, and handling
procedures. Some experimental work was
also underway exploring the practicality of
switching from oil and gas firing in dryers
to coal burning.

On December 26, 1977, Chemical Market-
ing Reporter. quoted bentonite prices
unchanged. Domestic material, 200-mesh,
bags, carload lots, f.o.b.’mines, was. priced
from $15.50 to $16.00 per ton; and imported
Italian, white, high-gel material, bags, 5-ton
lots, ex-warehouse at $337.60 per ton
($0.1688 per pound). The average unit value
reported by domestic producers for benton-
ite sold or used in 1977 was $17.84, an

MINERALS YEARBOOK, 1977

increase of $1.23 from the $16.61 average of
1976. Per-ton values reported in the various
producing States ranged from $4 to $41, but
the average value reported by the larger
producers was near the Montana average
figure of $17.76.

Bentonite exports in 1977 increased from
787,000 tons in 1976 to 787,767 tons; value
decreased from $50.4 million in 1976 to
$45.8 million in 1977. Although the tonnage
exported increased slightly above that ship-
ped in 1976, the value decreased 9%. This
decrease in value was the result of a de-
crease in the unit value of exported benton-
ite from $64.04 per ton in 1976 to $58.09 per
ton in 1977. This decrease in per-ton value
of exports was attributed to the return to a
larger percentage of the lower cost pelletiz-
ing grades shipped. Exports in recent years
included increasing percentages of higher
cost drilling muds and foundry sands. Do-
mestic bentonite producers were facing in-
creased competition in foreign markets.
Bentonite from the Greek Island of Milos
was being blended with the U.S. clay for
pelletizing Canadian taconite ores on a
large scale.

Bentonite was exported to 84 countries.
The major recipients were Canada, 48%;
the United Kingdom, 12%; the Federal

Table 15.—Bentonite sold or used by producers in the United States, by type and State

State Nonswelling Swelling Total
Short tons Value Short tons Value Short tons Value
1976
Arizona _ _____________ w w w w 27,921 $361,386
California _ _ 28,902 $747,032 58,822 $1,900,980 87,7124 2,648,012
Colorado ___ 1,200 ) w w w w
ississippi — _ 373,457 6,739,559 _ . 313,457 6,739,559
Montana ___ - . 158,695 2,304,871 158,695 2,304,871
Nevada ______________ - . 7,512 174,300 7,512 174,300
n o . —— 1,814 29,024 1,814 29,024
Texas _ _ _ ____________ 39,414 850,344 . . 39,414 850,344
Uteh _______________ —— - 2, 8,000 2,000 8,000
Wyoming _ ____________ - - 2;195,7 97 39,514,743 2,495,797 39,514,743
Other States ___________ 1154,130 12,254,208 198,638 23,929,505 3326,047 35,834,322
Total _________ 597,103 10,603,138 2,923,278 47,861,423 3,520,381 58,464,561
1977 .
Arizona ______________ w i W W 33,322 443,524
California ____________ 33,545 461,290 61,724 2,220,692 95,269 2,681,982
Colorado _ . _________ 850 12,000 w w w W
Mississippi - —_ _________ 340,130 6,388,789 . —— 340,130 6,388,789
Montana _____________ - . 195,262 3,468,329 195,262 ,468,329
Nevada __________ __ __ 9,635 157,950 9,635 157,950
Texas _ __ ________ 39,592 973,981 _— . 39,592 973,981
Utah ___________ 880 12,320 6,000 24,000 6,880 36,320
W{lommg _________ - — 24761,838 47,762,228 2,761,838 417,762,228
Other States 1176,154 13,044,380 120,877 22,306,415 3264,559 34,919,271
Total _________ 591,151 10,892,760 3,155,336 55,939,614 3,746,487 66,832,374

W Withheld to avoid disclosing company proprietary data; included with “Other States.”

ncludes Alabama, Idaho (1977), and data indicated by symbol W.
da

bol W.

:!nclude_s Idaho, Kansas, South Dakota, T

T

and data indicated by sy
luded with totals for specific States.
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Republic of Germany, 6%; the Netherlands,
4%; and others, 30%. Domestic bentonite
producers reported that the end uses of
their exports were iron ore pelletizing, 36%;
foundry sand, 33%; drilling mud, 27%; and
others (including pet absorbent, waterproof-
ing and sealing, and fertilizers), 4%.
Bentonite imports in 1977, including
chemically activated material, totaled 2,514
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tons valued at $362,000, compared with
2,945 tons valued at $466,000 in 1976. The
2,378 tons of chemically activated bentonite
was imported from six countries, with Mexi-
co supplying 49%; Canada, 388%; Japan,
11%; and the Federal Republic of Germany,
France, Brazil, and the United Kingdom the

remaining 2%.

Table 16.—Bentonite sold or used by producers in the United States, by type and use

(Short tons)
1976 1977
Use : Non- . Non- .
swelli Swelling Total swelli Swelling Total
Domestic:
Adhesives__ _____________ w w 1,583 w 4,922 w
imalfeed _____________ - 156,652 156,652 84,704 110,222 194,926
Brick,face ______________ — —_ w
Catalysts (oil refining) 2,208 9 2,217 12,133 —_ 12 133
Cement, portland _ 250 "250 —— 450
Drilling mud _ _ 23,451 950,099 973,550 22,205 1,037,962 1,060, 167
Fertilizers _ __ 9,160 —_— 9,160 ,380 30 2,410
F‘l.}iterilllg,.clanfy;. ifying,
ecolorizing:
Animal oils and mineral
oilsandgreases _______ 32,638 3,969 36,607 72,275 33,037 105,312
Vegetableoils__ ________ 158,334 __ 158,334 65,038 —_ 65,038
Foundrysand ____________ 288,769 357,704 646,473 289,559 571,746 867,305
Gl , glass, enamels ___ ____ _— w w - 120 120
Gypsum products - _________ - 470 470 - 303 303
NKE@], pharmaceutical, .
cosmetic ______________ — 1,533 1,533 — 4,498 4,498
Paint _________________ w 3,570 - 16,516 16,516
Pelletizing (ironore) ________ __ 868, 947 868,947 __ 29,353 629,353
Pesticides and related products _ _ 3,556 3,606 1,740 3,260 5,000
%elt absorbent ____________ N . 35, 418 35,416 5 25,496 25,501
477 . 477 _— . ——
15,470 . 15,470 — . ——
1,052 1,925 32,977 91 _ 91
,402 63,389 65,791 18,589 59,752 78,341
187 13,766 18,800 5,510 103,795 1110,663
567,704 2,454,179 3,021,883 574,229 2,607,462 3,181,691
__ 184,572 184,572 200 150,771 150,971
16,331 153,749 170,080 16,538 - 168,683 185,221
__ 129, 129,596 . 203,501 203,501
13,068 1,182 14,250 184 24,919 25,103
Total ________________ 29,399 469,099 498,498 16,922 547,874 564,796
Grandtotal ____________ 597,103 2,923,278 38,520,381 591,151 3,155,336 3,746,487

WW‘u 1d to avoid discl

b total; der included with total for each specific use.

proprietary data; included with “Miscellaneous.”
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Figure 2.—Bentonite sold or used by domestic producers for specified uses.

FULLER'S EARTH

Production of fuller’s earth in 1977 in-
creased 6% in quantity and 13% in value.
The unit value assigned by domestic pro-
ducers increased $2.42 in 1977 to $41.51 per
ton. This increase in value was due to large
increases in unit value by Florida, Georgia,
Illinois, Mississippi, and South Carolina
producers.

Fuller’s earth production was reported
from operations in 10 States. The two top
producing States, Georgia (40%) and Flori-
da (80%), accounted for 70% of the domestic
production. The other eight States account-
ed for the remaining 30%. All States except
Illinois and Tennessee showed slight gains
in production. Missouri reported production
for 1977 but not 1976.

Fuller’s earth is defined as a nonplastic

clay or claylike material, usually high in
magnesia, which has adequate decolorizing
and purifying properties.

Production from the region that includes
Attapulgus (Decatur County), Ga., and
Quincy (Gadsden County), Fla., is composed
predominantly of the lath-shaped amphi-
bole clay mineral attapulgite. Most of the
fuller’s earth produced in other areas of the
United States contains varieties of mont-
morillonite.

Prices for fuller’s earth were not publicly
quoted in 1977, but the value per ton for
attapulgite reported by producers ranged
from $25 to over $55; montmorillonite
prices ranged from $24 to $46.

The tonnage of fuller’s earth exported to
35 countries increased in 1976 from 42,274
to 45,135 tons. The unit value of exported
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fuller’s earth declined $2.68 to $61.80 per
ton. The major recipients were Canada,
27%; the Netherlands and the United King-
dom, each 24%; and other countries, the
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remaining 25%.

Imports of fuller’s earth in 1977 were 68
tons valued at $5,684 from Canada and the
United Kingdom.

Table 17.—Fuller’s earth sold or used by producers in the United States, by type and State

¥ B Smm Attapulgite Montmorillonite Total
ear an Short tons Value Short tons Value Short tons Value
1976
Florida _ _____________ 412,832  $19,006,753 __ __ 412,832  $19,006,753
______________ 345,249 14,159, 671 176,037  $3,755,858 521,286 17,915,529
Nevada _ _____________ w w — —_ w
tah _______________ — — 2,238 55,950 2,238 55,950
Other States _ _ _ __ ______ 124,140 11,184,481 2381,086 214,276,302 405,226 15,460,783
Total _________ 782,221 34,350,905 559,361 18,088,110 1,341,582 52,439,015
1977
Florida ______________ 433,795 22,055,305 —_ __ 433,795 22,055,305
______________ 397,948 17,051,255 178,783 4,500,344 516,731 21,551,599
Nevada __ ____________ w w — —— w w
tah _____ —_ —_ w w w w
Other States _ ___ _______ 126,719 11,107,773 2391,081 214,579,237 417,800 15,687,010
Total _________ 858,462 40,214,333 569,864 19,079,581 1,428,326 59,293,914
‘W Withheld to avoid discl y proprietary data; included with “Other States.”
ncludes Texas and data indicated by symbol W.
2Includes Illinois, Mississippi, Missouri (1977), South Carolina, T and data indicated by symbol W.

Table 18.—Fuller’s earth sold or used by producers in the United States, by type and use

(Short tons)
1976 1977
Use Atta-  Montmoril- Atta-  Montmoril-
pulgite lonite Total  pulgite  lonite Total
Domestic:
Adhesives ______________ 3,278 - 3,278 7,235 - 7,235
Animalfeed ____________ 202 - 202 251 — 251
Cement, portland __ _______ w 50,244 . — __
Drillingmud _ ___________ 74,824 5478 80,302 98,995 __ 98,995
Fertilizers _____________ 35,652 ,309 44,961 45,600 10,857 56,457
Filtering, clarifying, and
deeolormng mineral oils
___________ 22,674 2,113 24,787 26,226 - 26,226
Medleal phnrmnceutlcal .
cosmetic _____________ 51 _— 51 72 . __ 72
Oll and grease absorbents _ __ _ 210,222 120,954 391,176 271,745 168,352 440,097
2,791 _— A K _— 7,656
ﬁll 150 — 1 3,527 —_— 3,527
154,180 50,839 205,019 137,885 57,295 195,180
,58§ 294,722 422,312 200,8% 196,066 396,869
26,510 4978 121,244 14,300 62,468 76,768
Total _ _ __ __________ 718,127 528,393 1,246,520 814,348 495,038 1,309,386
Exports:
Drillingmud ____________ 457 - 457 958 - 958
Fertilizers _____________ _ ZZ __ 3135 - 3,135
0Oil and grease absorbents _ _ _ _ 31,923 141 32,064 5,906 39,669 45,575
Petabsorbent ___________ 23,218 22,830 46,048 17,603 33, 739 51,342
llaneous _ _ _________ 8,496 17,997 16,493 16,512 1, 418 17,930
Total _ _ . __ 64,094 30,968 95,062 44,114 74,826 118,940
Grandtotal ___________ 782,221 559,361 1,341,582 858,462 569,864 1,428,326
W Withheld to avoid disclosi y proprietary data; included with “Miscell »
b pl 1 inder included with total for each specific use.
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Figure 3.—Fuller’s earth sold or used by domestic producers for specified uses.

COMMON CLAY

Domestic production of common clay and
shale in 1977 totaled 37.9 million tons val-
ued at $93.9 million. Common clay and
shale represented 71% of the quantity and
16% of the value of the total clays in 1977.
Domestic clays and shales are for the most
part used by the producer in fabricating or
manufacturing products. Less than 10% of
the total clay and shale output was sold.
The average unit value for all common clay
and shale produced in the United States
and Puerto Rico in 1977 was $2.48 per short
ton, $0.36 more than in 1976. The range in
unit value reported for the bulk of the
output was from $1 to $6 per ton.

Common clay is defined as a clay or
claylike material which is sufficiently plas-

tic to permit ready mold and vitrification
below 1,100°C. Shale is consolidated sedi-
mentary rock composed chiefly of clay
minerals that has been both laminated and
indurated while buried under other sedi-
ments. These materials are used in the
manufacture of structural clay products,
such as brick and drain tile, portland ce-
ment clinker, and bloated lightweight
aggregate.

In 1977, Susquehanna Brick Products,
Inc., a manufacturer of face brick and other
clay products in the New England area, was
sold to K-F Brick Co. Inc. K-F is owned by
the group that managed the Susquehanna
brick business which included plants in
Connecticut and Massachusetts. In another
acquisition, Clayburn Ltd. of Canada pur-

»
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chased thé manufacturing facilities of Lo-
well Brick Co., Everett, Wash., and will
operate it af Clayburn, Inc.t The physical
assets of the Major Brick Co., Henderson,
Tex., were bought by Henderson Clay Pro-
ducts Inc., also in Henderson, and the Mer-
ry Compames Ine. expanded its Clay Divi-
sion by acquiring Georgia-Carolina Brick
and Tile Co., Augusta, Ga., and Guignard
Brick Works, Lexington, S. C Plans for new
plants, were announced by the Acme Brick
Co. for Oklahoma City, Okla., and by Entra-
da Industries for its Interstate Brick Divi-
sion.

Other expansions and/or modernizations
were announced for 12 of Acme Brick’s 14
plants; Jannock Coprp.’s brickmaking sub-
sidiary, Michigan Brick, Inc., at Corunna,
Mich.; the Palmetto Brick Co. plant in
Cheraw, S.C.; Wheeler Brick Co.’s first tun-
nel kiln in Jonesboro, Ark.; and the diversi-
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fication..of Humboldt Brick and Tile Co.,
Humboldt, Kans., into clay flower pot
manufacturing.

The output of the energy-intensive com-
mon clay and shale industry was hindered
again by shortages of fuel and labor.
Construction rates increased in 1977.
Industrywide attention: was focusmg on
coal, sawdust, and woodchip firing, in the
Northwest -and Southeast, as a possible
escape from the h.lgh cost and shortages of
oil and gas.

Exports of common clay and shale are not
collected by the U.S. Department of Com-
merce. Most countries have local deposits of
either clays or shales that are adequate for
manufacturing structural clay products, ce-
ment clinker, and lightweight aggregates,
and thus have no need to import such
materials.

Table 19.—Common clay and shale sold Sor uéed by producers in the United States, by

tate!
1976 1977
State
Short tons Value Short tons Value
1,781,341 $2,674,718 2,079,973 $5,566,910
0! 1, 235 7155 908,413 1,192,165
1,992,487 4, 928 352 2,411,653 8,138,769
450, ig% 488 926,608 4,523,980
130, 427,080 95,163 250,023
11,241 7,900 10,935 6,561
242,638 632,326 119,411 257,682
2,015,540 4,305,011 1,993,185 4,807,275
1,258,136 2,889,933 913,837 4,790,446
1,262,642 2,287,649 1,266,323 2,216,201
1,016,772 ,244,873 882,505 2,460,989
,063,831 1 % 1,117,433 1,965,100
425 1,814, 618,921 1,877,687
512,572 1,158,137 401,373 784,976
133,617 216,060 98,081 160,427
702,361 1,816,949 892,859 2,343,614
125,934 7,7 149,389 274,856
1,934,334 4,741,192 ,007,391 5,125,835
: 162,637 276,
1,113,723 2,109,552 1,142,869 2,451,899
,256,298 ,123,604 1,431,7 8,189,766
31,660 5,971 28, 85,713
149,275 ,683 160,571 367,533
50,000 250,000 52,024 60,120
5,926 116,086 69,415 112,734
649,543 2,089,523 564,369 1,728,329
2,750,011 4,677,254 8,022,055 4,989,585
,587, 9,373,707 ,841,8; 6,818,346
1,154,656 1,678,247 1,015,891 ,686,86
145,258 6,407 118,916 192,578
1,452,729 4,108,000 1,743,184 4,301,041
W 271, 7,
1,631,062 3,457,856 1,447,827 3,526,214
123,842 31, 197,440 232,7
1,015,924 1,581,536 949,668 1,457,249
3,596,912 7,627,532 ,585,633 10,212,691
,340 440,094 222,670 589,59
862,036 1,210,199 889,812 1,293,836
380,856 1,140,537 309,346 1,091,008
275,138 463, 389,041 599,
201,440 500,460 ,871 606,343
647, 770 1,025,138 230,559 757,408
317,579,632 79,828,378 317,945,031 93,958,135
‘W Withheld to avoid disclosi P proprietary data; included with “Other States.”
lIm:lm‘les Puerto Rico.
ludes Arizona, Hawaii, Idaho, Nevada, New Hampshire, North Dakota, Wi and data indicated by symbol

w.
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CONSUMPTION AND USES

The manufacture of heavy clay products
(building brick, sewer pipe, and drain, roof-
ing, structural, terra cotta, and other tile),
portland cement and clinker, and light-
weight aggregate accounted for 89%, 19%,
and 12%, respectively, of the total domestic
consumption for 1977. In summary, 70% of
all clay produced in 1977 was consumed in
the manufacture of these clay- and shale-
based construction materials. The foregoing
clay tonnage relationships were similar to
those reported for 1976. The utilization of
clays in 1977 for heavy clay products and
portland cement increased 16% and 5%,
respectively, over that reported in 1976.

Heavy Clay Products.—The values re-
ported for shipments of heavy clay products
for 1977 increased 27% to $994 million from
the 1976 value of $784 million. Trends in the
various product categories were less consist-
ent. Thousand-unit counts for building or
common face brick increased 16% in 1977
from that shipped in 1976, shipments of
glazed and unglazed ceramic tile and glazed
brick increased 2%, and clay floor and wall
tile increased 12%. The tonnage of unglazed
structural tile decreased 30%, and vitrified
clay sewer pipe and fittings shipped during
the year increased 4%. The value of these
shipments increased 32% for building brick
and clay and 25% for floor and wall tile.
The value increased 14% for clay sewer pipe
and remained the same for the structural
tiles.

Lightweight Aggregate.—Consumption of
clay and shale in the making of lightweight
aggregate increased in 1977 to 6,256,195
tons. This was a 1% increase from the 6.18
million tons used in 1976. This small rise
was attributed to both an upturn in con-
struction rates and growing uses in newer
markets, such as running tracks, golf
courses, potting, and a host of other horti-
cultural applications.

The tonnage of raw material mentioned
in tables 20 and 23 for lightweight aggre-
gate production refers only to clay and
shale and does not include the quantity of
slate and blast furnace slag similarly used.
In 1977, 491,603 tons of slate was expanded
for lightweight aggregate, a 6% decrease
from the 1976 figure of 523,000 tons. The
amount of slag used for lightweight con-
crete aggregate and in block manufac-
ture decreased 1% from 1,492,000 tons in
1976 to 1,475,345 tons in 1977.

Refractories.—All types of clay were used
in manufacturing refractories. Fire clay,
kaolin, and bentonites accounted for 51%,
18%, and 16%, respectively, of the total
clays used for this purpose. Bentonite was
used primarily as a bonding agent in pro-
prietary foundry formulations. Minor ton-
nages of ball clay, fuller’s earth, and com-
mon clay and shale (the remaining 15%)
were also used, primarily as bonding agents.

The tonnage used for refractories in 1977
increased to 10% of the total clays produc-
ed. This slight increase in the use of clay-
based refractories continued for a sixth
year, a reversal in the downward pattern
set for a number of years. The increase was
due primarily to both the continued expan-
sion in refractory aggregate production and
an upsurge in the manufacturing of more
conventional brick-type refractories. Re-
fractory aggregates are used mostly in plas-
tic, gunning, ramming, and castable mixes.

Filler.—All clays are used to some extent
as fillers in one or more areas of use.
Kaolin, fuller’s earth, and bentonite are the
principal filler clays. Kaolin was used in the
manufacture of a large number of products,
such as paper, rubber, paint, and adhesives.
Fuller’s earth was used primarily in pesti-
cides and fertilizers. Clays in pesticides and
fertilizers are used either as carriers, dil-
uents, or prilling agents. Bentonites were
used mainly in animal feed.

In 1977, 8% of the clay produced was used
in filler applications. Of all the clay used for
these purposes, kaolin accounted for 83%,
fuller’s earth 7%, and bentonite 5%. Ball
clay and common clay and shale accounted
for the remaining 5%. The total amount of
kaolin consumed by this end use category
increased 11%. In the individual kaolin
categories, an increase of over 100% was
recorded for linoleum. Other increases were
gypsum products (86%), fertilizers (17%),
paper coating (14%), plastics (13%), adhe-
sives (11%), and rubber (8%). Total quantity
of fuller’s earth used in insecticides and
fungicides decreased 5%.

Absorbent Uses.—Absorbent uses for
clays, 960,623 tons, consumed 2% of the
total 1977 clay production. Demand for
absorbents in 1977 increased 3% over that
reported for 1976. Fuller’s earth was the
principal clay used in absorbent applica-
tions; 87% of the entire output was consum-
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ed for this purpose. Bentonite was used to a
lesser degree. Demand for clays in pet
absorbent, representing 51% of the 1977
absorbent demand, decreased 7% from that
reported for 1976. Demand for use in floor
absorbents, chiefly to absorb hazardous oily
substances, represented the remaining 49%
of absorbent demand and increased 14%
from the 1976 figure.

Drilling Mud.—Demand for clays in
rotary-drilling muds increased 10% in 1977,
from 1,055,113 tons in 1976 to 1,159,601
tons. This increase in demand, mostly in
exploratory gas well drilling and to a lesser
degree in oil well drilling, was spurred by
the deregulation of “new” gas introduced
into the interstate market after April 6,
1972. Drilling muds consumed 2% of the
entire 1977 clay production. Swelling-type
bentonite is the principal clay used in dril-
ling mud mixes, although fuller’s earth or
nonswelling bentonite is also used to a
limited extent. Bentonite and fuller’s earth
accounted for nearly 100% of the total
amount of clay used for this purpose. Small
amounts of ball clay and kaolin were used
in specialized formulations.

Floor and Wall Tile.—Common clay and
shale, ball clay, kaolin, and fire clay, in
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order of demand, were used in manufac-
turing floor, wall, and quarry tile. This tile
end use category accounted for less than 1%
of the total clay production in 1977. De-
mand in 1977, 395,042 tons, increased 4%
from that shown in 1976.

Pelletizing Iron Ore.—Bentonite is used
as a binder in forming hard iron ore pellets.
Demand decreased in 1977 to 629,353 tons.
This decrease in the use of bentonite for
iron ore pelletizing, reflecting a downturn
in taconite pellet production because of the
iron ore strike, was compounded by inroa
made by cheaper foreign bentonites into a
traditional U.S. clay market and the coal
strike at yearend. Of the total bentonite
produced in 1977, about 22% of the swelling
variety was consumed for this purpose. U.S.
deposits continued to be the major source
for swelling bentonites.

Ceramics.—The total demand for clays in
the manufacture of pottery, sanitary ware,
china and dinnerware, and related products
(excluding clay flower pots) accounted for
2% of the total 1977 clay output. The total
clay demand, principally ball and kao-
lin clays, increased from approximately
1,052,343 tons in 1976 to approximately
1,146,747 tons in 1977.
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Table 21.—Shipments of principal structural clay products in the United States

Products 1973 1974 1975 1976 1977
Unglazed common and face brick:
tity million standard brick_ _ 8,674 6,673 5,864 6,973 8,060
_____________ million dollars__  $451 §376  $358  $461 $607
. thousand short tons_ _ 94 100 88 71 50
_____ million dollars__ $4 $4 $4 $3 $3

_ thousand short tons__ 1,647 1,454 1,190 1,099 1,140
- al;;fm i vermic i s _‘;;-illlion dollars__ $138 $134 $124 $123 $140
ant cerarmc-g ct
?Me, including glazed brick

ity million equivalent_ _ 122 97 9 62 63
__.__d____l _________ i _ ——million dollars__ $13 $13 $11 $10 $11
Cla; ﬂoorandwallt e, inclug u e:
v tity _______ flilg.? _af?’_ -million square feet_ _ 301 273 236 259 291
alue . ____________________ million dollars_ _ $168 $168 $159 $186 $233
Totalvalue' ______________________ do____ $773 $695 $656 $784 $994
1Data may not add to totals shown b of independent roundi:

Table 22.—Common clay and shale used in building brick production in the United States
in 1977, by State

State Short tons Value State Short tons Value
Alabama _____________ 834,120 $1,268,615  Mississippi ____________ 830,263  $1,812,334
i 120,106 210,932  Missouri 222,174 613,1.
510,381 7083, 159,302 310 457
541,041 1,280,980 50,000 250,000

899,518 4 /422,689 208,998 513,701

95,163 249,942 2,422, 3,923,556

10,935 6,561 1,442,046 3,632,812

48 74 432,412 768,286

1,707,856 4,305,270 42,360 60,467

112,552 338,288 1,206,790 3,037,607

350,008 1,121,122  South Carolma __________ 1,087,727 2, 502 595

751,022 1,321,526  South Dakota _ ___ ______ 16,760 9,641

303,289 607,529  Tennessee __.__________ 543,704 795,957

187,384 211,004 Texas ___________.___ 1,747,518 6,078,636

T R T U

and West Virginia _ X ashi n o __ %

Maine, Massadmsetts, Wyoming _ ____________ 62, 676 288,508
New Hampehire _______ 165,663 360,544

Michigan, esota, Total _____________ 18,766,879 45,153,186
Wisconsin ___________ 157,317 896,740

Table 23.—Clay and shale used in lightweight aggregate production in the United States
in 1977, by State and kind

Short tons Total
State Concrete  Structural Highway 2

block concrete  surfacing Other Total value
Alabama and Arkansas _______ 990,468 145,588 5,851 17,525 1,159,432  $3,819,967
ifornia __________ 362,096 228,012 . __ 590,108 3,513,830
Colorado, Florida, Georgia 30,600 20,400 — 351 51,351 ,700
Nlinois, Indiana, fowa _ P, 472,252 128,400 1,900 . 602,552 4,088,516
Kansas, Kentucky, Louisiana 404,390 103,614 73,845 23,287 605,136 1,230,649
Maryland, Massachusetts, Minnesota _ _ _ 664,243 12,970 __ 85,955 713,168 1,524,953
Mississippi ___________________ 116,200 26,700 166,100 . 309,000 632,000
Mmsoun, Nebraska, North Carolina __ _ 311,986 123,200 - 45,028 480,214 1,479,462
Montana ____________________ 7,000 . - . 7,000 11,200
New York ___________________ 144,600 67,400 - 2,500 214,500 992,200
North Dakota, Ohio, Pennsylvania ____ 191,728 15,500 —— 200 207,428 540,431
Oklahoma ___________________ 140,883 80,424 - - 221,307 376,222
South Dakota Utah, Washington _____ 135,972 60,763 . — 196,735 386,305
Tennessee ___________________ 205,728 3,000 __ __ 208 1728 434,959
Tg.xa_s e, 271,067 150,238 159,831 2,672 583,808 1,189,003
Virginia ____________________ 99,040 1,855 — 4,833 105,728 154,362

Total ________________ 4,548,253 1,168,064 407,527 132,351 6,256,195 20,460,759
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Table 24.—Shipments of refractories in the United States, by kind -

Unit of 1976 1977
Product it o
tit: - Value Quan- Value
wentity UL o) tity (thousands)
CLAY REFRACTORIES
Superduty fire clay brick and shapes _ _ _ _ _ 1,000 ?—iaxicht 57,058 $36,342 54,259 $38,863
equivalen
Other fire clay, including semisilica, ———-do___ 184,879 74,306 182,759 77,188
brick and s} , glasshouse pots,
tank blocks, feeder , and upper
structure parts only for glass
H]gh-alumma (50% to0 60% Al203) brick ———do___ 63,337 78,588 68,002 90,168
and shapes made of calcined dia-
spore or bauxite.!
Insulating firebrick and shapes ________ ———do___ 51,787 27,189 59,792 33,046
Ladlebrick_____________"""""""~ ———do___ 197,075 43,668 195,893 46,793
Sleeves, nozzles, runner brick, tuyeres __ _ _ ———do___ 36,209 21,837 35,690 21,704
Hot-top refractories ______ _~__ """~ Short tons _ 22,940 2,645 22,865 3,144
Kiln furniture, radiant heater ele- ———do___ NA 15,659 NA 17,406
ments, potters’ supplies, other .
P haped refractory
items.
Refractory bonding mortars __________ ———do___ 88,645 17,425 98,900 20,225
Plastic ries and ramming ——-do___ 238917 47,632 148,845 24,457
mixes gontaim'.ng up to 87.5%
Al20s.
Castable refractories _ ____ _ ————  _—__do___ 267699 57,708 279,680 63,876
Gunningmixes _________""_"""""~ ———do___ 57,865 10,159 64,597 12,787
Other clay refractory materials sold -—-do___ 282867 15,313 310,507 15,785
in lump or ground form.3 4
Total clay refractories ____________________ XX 448,471 XX 465,442
NONCLAY REFRACTORIES
Silica brick andshapes _____________ 1,000 9-inch 38,669 385,721 29,126 28,254
equivalent
M ite and ite-ch ———do___ 85,106 187,185 89,248 212,611
brick and shapes.
Chrog:seh:nd chrome-magnesite brick ———do___ 13,428 29,455 11,402 30,345
an ;
Sh:rl:ld n%&:ries containing nat- Short tons _ 19,852 24,236 20,449 26,835
Other carbon refractories: Forsterite, 1,000 9-inch 28,582 84,159 29,823 107,117
pyrophyllite, dolomite, dolomite-mag- equivalent
nesite, molten-cast,® other brick
and ah:ﬁfs
Othe‘l‘- m t% kygnitﬁ, sillimanite, or ———do___ 3,716 12,356 3,519 12,815
lusite brick and sh
Other extra-high-alumina (over 60%) —e—do___ 4,205 23,797 6,622 26,543
brick and fused bauxite, fused-alu-
mina, and dense-sintered alumina
shapes.® .
Silicon carbide brick, shapes, and ———do___ 4,639 27,975 3,833 27,906
kiln furniture.
Zircon and zirconia brick and shapes _ _ __ _ ——_do___ 1,828 13,287 1,559 11,522
Refractory bonding mortar __________ " Short tons _ 26,994 8,551 30,600 11,511
Hydmcembwmgles nonclay refractory ———do___ 45,869 19,836 37,659 17,737
ic refracto: ries and ramming mixes ___  ___ _do___ 172,510 50,085 172,789 56,802
Gunningmixes ___________ ___ "~ ——-do___ 325160 62,237 376,619 73,845
Dead-burned 1esia or magnesiteS 7 _ __ ——-do___ 526542 78,137 412,719 71,384
Other nonclay ry material ———do___ 491,32 25,661 499,727 383,984
sold in lump or ground form.?
Total nonclay refractories - _________________ XX 682,628 XX 749,211
Grand total refractories ___________________ XX 1,131,099 XX 1,214,653
P‘I}AI Not a:lt:ilal:le.ﬁls XX Not applicable.
eated short of fusion; volatile materials are thus driven off in the pr of chemical ch. iving stabl
material for refractory use. & more le

ore or less plastic brick and materials which, after the addition of any water needed, are rammed into place.
SMaterials for domestic use as finished refractories, and all exported material,
4Including calcined clay, ground brick, and siliceous and other gunning mixes.
fM::lten cast refractories are made by fusing refractory oxides and pouring the molten material into molds to form

pes.
‘Completely. melted and cooled, then crushed and graded for use in a refractory.
7Includes ship ts to refractory producers for reprocessing in the manufacture of other refractories.
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Table 26.—U.S. imports for consumption of clay in 1977

Quantity Value
Kind (short (thou-
. tons) sands)
Onige gy or oo wheherorsobnafiiet: e 55
?erman , Federal Republicof ______________________"""""""""~ g 2
apan _
Netherlands _____________________~_~“""7T7"TTTTTTTTTTTTTT 232 1
nited Kingdom ______________________ " "7777TTTTTTC 18,684 804
Total® __ __ _ ____ o __ 19,663 875
Fuller’s earth, not beneficiated: United Kingdom__ ___________"""""""""~ 22 2
Fuller’s earth, wholl; beneficiated:
er’s wholly or partly 5 3
Canada 1 (@)
46 3
11 (@]
36 1
88 8
136 19
Common blue and other ball clay,
not beneficiated:
______________________________________________ 551 51
United Kingdom ________________ """ ""TTTTTTTTTTTTTT 5,634 225
. Total . ______________________ bomfiaated """ 6,185 276
Common blue and other ball clay, wholly or partly beneficiated:
UnitedKingdom _______"____~___~_ " __ """ 5,153 156
Clays, n.e.c., not beneficiated:
Germany, Federal Republicof ~___________________________ :i) ;
2 ®
7 4
44 6
321 13
265 51
27 1
1,752 167
2,409 239
73
® 1
57 39
251 98
1,164 129
2
Total® _ ___ 2,378 343
Grandtotal .______________________________ 35,999 1,917
Less than 1/2 unit.
2Data may not add to totals shown b of independent rounding
WORLD REVIEW

Argentina.—The Instituto Tecnologico de
Mineria y Aquas Subterraneas reported the
discovery of kaolin deposits at Los Alamos.!?
The kaolin reserves and quality were not
included in the announcement.

Australia.—A semicommercial pilot plant
for recovering paper-quality kaolin was
scheduled to be operational in 1978.!* The
new plant, owned equally by Western Aus-

tralian Kaolin Co. Pty., Ltd., and Consoli-
dated Goldfields of Australia, is near the
Gabbin kaolin deposit.

Brazil.—A second paper-grade kaolin pro-
Ject using J. M. Huber Corp. technology was
announced.** The first project at Morro do
Felipe in the Territory of Amapa in north-
ern Brazil, operated by Caulim Da Amazon-
ia (a subsidiary of National Bulk Carriers
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and a member of The Ludwig Group), is now
producing normally and is expected to be
approaching its design capacity of over
200,000 short tons per year. The second
project, also in the north, is near the Capim
River, some 170 miles up the Amazon from
Bélem, the capital of Para State. This pro-
ject, operated by Caulim Da Para, a joint
venture between Huber and Construtora
Mendes Junior, was to have a capacity of

280,000 tons per year, of which 200,000 tons .

is coating quality and the remainder is filler
grade. Because of a limited domestic mar-
ket, the bulk of this production is targeted
for export to Japan and Europe. :

Canada.—A  60,000-short-ton-per-year
bentonite-processing plant is to be built by
Avonlea Mineral Industries Ltd., of Wilcox,
Saskatchewan.'* A portion of the $1.4 mil-
lion required for the planned construction
was to be supplied by the Government.

Chad.—The economic reserves of undis-
closed-quality kaolin were announced as
500,000 tons by the Director of Mines and
Geology.

France.—The new chamotte facility, to
produce refractory calcined kaolin and/or
kaolin-bauxite mixtures, at Oriolles was
reported to be fully operational at mid-
year” The new plant is operated by
SARCA, a joint subsidiary of the French
MOKTA group and the Italian SIRMA
group. In a kaolin transaction, the Berrien
deposit in Brittany was acquired by ECC in
association with some of the existing area
producers.’® A subsidiary company, Kaolins
du Finistere S.A., was formed to operate the
deposit and recover a high-quality ceramic-
grade kaolin. The deposit was operated
formerly by a group which included Engel-
hard Minerals and Chemicals Corp. and
marketed mostly a paper-quality clay.

Guyana.—Laboratory tests of cores, on
unknown centers, from several kaolin de-
posits have reportedly proved out “many
millions of tons” of top-quality paper grades
beneath the bauxite deposits.’* Plans
included converting the mined-out bauxite
areas into potential kaolin mines.

Italy.—The Italian bentonite producer,
S.A. Mineraria Isole Pontine (SAMIP),
forced to cease mining on the holiday island
of Ponza, was actively investigating a num-
ber of bentonite and other smectitic clay
deposits in Italy.?* The investigation was
particularly centered in the Nuoro region of
Sardinia.

India.—An extensive kaolin deposit of
unreported quality was discovered in Assam

MINERALS YEARBOOK, 1977

State.* The area is also rich in sillimanite
and glass sands. The Industrial Promo-
tion and Investment Corp. of Orissa Ltd.
(IPICOL), with an eye towards an unnamed
potential export market, was attempting to
induce the private sector to construct a
central washing plant for improving the
recovery and quality of local kaolins.?* Re-
gerves in Orissa State were estimated at 35
million metric tons (88 million short tons),
and the fire clay reserves at 62 million
metric tons (68 million short tons).

Japan.—A wholly owned subsidiary of
ITC Enterprises Ltd., Baltimore, Md., ITC-
Japan Ltd., has taken over Fuji Kaolin Co.,
Ltd.,”* a competing supplier of paper-grade
kaolins. ITC, one of the largest exporters of
U.S. paper-quality kaolins, was also the
Japanese representative for Georgia Kaolin
Co. and the ECC U.S. subsidiary, Anglo-
American Clays Corp.

Nigeria.—High-quality kaolin deposits in
commercial quantities were discovered in
Kaduna State by the Nigerian Mining Corp.
in conjunction with the Federal Institute of
Industrial Research of Oshodi, Japan.*

Pakistan.—The Azad Kashmir State Gov-
ernment approved a 5-million-rupee ex-
penditure on mineral surveys and explora-
tion in two districts of Poonch and Katli.*
The areas are believed to contain clays and
bauxite.

South Africa, Republic of.—The Otavi
Mining Co. was awarded a contract to
supply a wide range of refractory materials,
including clays and chamottes, to Japan.?®

Sudan.—The Government of the South-
ern Region retained Hunting Geology and
Geophysics Ltd. of the United Kingdom to
undertake mineral surveys of 30,000 square
kilometers (18,642 square miles) of the
region.?” This survey follows up an earlier
reconnaissance. Kaolin and other clays
were of primary interest in order to permit
local industrial development.

United Kingdom.—The English China
Clays Group changed the name of its mar-
keting arm from English China Clay Sales
to ECC International.?® In another move
ECC set up its own sales unit in Helsinki,
Finland-ECC International Oy. This was to
permit a closer working relationship with
the Finnish paper industry.

Permission was granted to ECC Ball
Clays, after an appeal, by the Dorset County
Council to mine on the Arne Peninsula of
Dorset.? The appeal was granted subject to
the company meeting stringent environ-
mental conditions on the methods of work-
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Table 27.—Kaolin: World production, by country

(Thousand short tons)
Country! 1975 1976 1977°
North America: !

Mexic0 —— — e 133 9 97

United States? 5,334 6,115 6,469
South Amenca

104 92 98

Brazll (beneﬁmted) 191 231 €230

e e T4 55

Colombia® 138 165 165

R ———— -
Araguay — - - e ——————

Peru _ _ _ - 6 10 . 12

Venezuela 17 11 11
Europe:

i 83 79 82
110 110 220
165 165 165
580 601 €610
20 20 22
830 830 850
462 487 €500
78 72
98 79 77
86 90 90
31 29
92 105 €100
57 56
96 100 100
229 228 €230
2,400 2,400 2
38,549 4,241 €4,245
12 9 13
Q] — 1
— 3 €3
37 31 54
55 50 €45
Kenya ___________________________________ - —— 1
Madagascar _ o~ 5 28 2
Mozambiquee _______________________________ 1 1 1
ria® o 1 1 1

South Africa, Republicof — _ _ __ ___ __ ______________ 63 66 98

Swaziland _ _ _ 3 1 —

Tanzania __ _ 1 €1 °1
Asia:

esh _ 4 2 €1

Hong Kong 2 1 3

259 328 €240

107 114 98

28 32 40

€110 €140 - °145

13 11 6

221 249 250

T421 418 393

19 29 35

e 1 ®)

4 5 €5

23 23

17 18 27

r 38 72 €80

Australia _ _ _ 89 T eg( €90

NewZealand _ . __ 30 €30 €30

Total _ r16,542 18,247 18,795
®Estimate.  PPreliminary. "Revised.

!In addition to the countries listed, the People’s Republic of China, the German D« tic Republi b
Nigeria, Vietnam, Southern Rhodesia and Y via also produced kaolin, but mformatxon is mm{equate to make
reliable estimates of output levels. Costa Rica, la, and M each p ess than 500 tons in each of the
years covered by this table.

2Kaolin sold or used by producers.

SIncludes kaolinitic clay.

“Excludes unwashed kaolin as follows, in thousand short tons: 1975—187; 1976—150 (estimated); 1977—Not availabl
5Less than 1/2 unit.
®Data given are for ceramic and pottery clays.
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Table 28.—Bentonite: World production, by country
(Short tons)
Country! 1975 1976 1977°
°10 €10 _
35,833 61,270 65,228
3229267 3,520,381 3,746,487
127,870 145,850 160,318
128,733 157,871 ©165,000
1,100 1,100 1,100
©28,000 43,591 45,795
22, 122,000 24,000
476,165 345,538 462,363
96, 134,590 ©143,300
308,691 258,648 309,011
55,000 55,000 55,000
69,200 70,000 70,000
83,060 119213 ©120,000
Afm;uée (be ° 39,000 43,000 27,000
ia (bentonite clay) / ! !
Marocso.—omite clayl” - 3,363 4,430 5,299
Mozambique _ _ ________ 1,983 2,533 ©4,000
South Africa, Republic of 41,391 43,654 41,029
Burma 1,008 1088 L5
Cyprus 12,690 1 14,
Iran ______________ "7 TTTTTTTOTTIIIIIOC 55,000 €55,000 ©55,000
3,300 16,500 8,800
44,965 440,000 440,000
144 823 €720
729 2,334 2,512
35,997 23,287 ©28,000
3,693 €3,300 ©3,300
45,783 1,149 1,100
Total . ____ 5311465 5575248 5999,990

In addition to the countries listed, Austria, Canada, the People’s Republic of China, the Federal Republic of Germany,
and the US.SR. are believed to have produced b ite, but output is not reported and available information is
inad te to make reliable estimates of output levels.

2Exports.
:Incguémg bentonite clay.

Table 29.—Fuller’s earth: World production, by country*

(Short tons)
Country® 1975 1976 1977°
Algeria _____________________________________ 24,250 €24,300 €27,600
Argentina ___________________________________ 260 3,454 3,406
Avstralia . _____________________________ """ 20 €22 €22
Raly ________ 71,700 27,402 6,993
Mexico _______________________________"""""~ 42,105 22,165 ,648
Morocco (smectite) ________________________"""""" 26,147 40,530 23,176
akistan __________________________"___""""°" 13,382 17,637 €16,500
Senegal (attapulgite) _____________________________ 18,407 5,100 3,089
United Ki m o 180,779 179,677 178,574
UnitedStates ____________________________""""" 1,189,064 1,341,582 1,428,326
Total - _ _ o _______ 1,572,114 1,661,869 1,755,334
®Estimate. PPreliminary. “Revised.

. 'Excludes centrally planned economy countries, some of which presumably produce fuller’s earth, but for which no
information is available.

2In addition to the countries listed, France, Iran, Japan, and Turkey have reportedly produced fuller’s earth in the
past and may continue to do so, but output is not reported, and available information is inad quate to make reliabl
estimates of output levels.

ing and restoration. The original ruling was
overturned in part because the whiteware
ceramic industry was deemed important to
the national economy, and the manufac-

ture of its products, in particular wall and
floor tiles, depends on continuing supplies
of Dorset whiteware ball clay.
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TECHNOLOGY

The Federal Bureau of Mines and six
aluminum producers (three fewer than in
1976) continued cosponsoring research on
extracting alumina from domestic mate-
rials that are plentiful, which could ease
our dependence on imported metallurgical-
and refractory-grade bauxite. Using mini-
plant facilities at the Boulder City (Nev.)
Metallurgy Engineering Laboratory, and
with support from the eight other Bureau
research centers, researchers were investi-
gating several methods for extracting alu-
mina from clays, anorthosite, alunite, and
dawsonite-bearing oil shales. Each partici-
pating company was contributing $50,000
annually, with the cost to the Bureau aver-
aging $700,000 annually.

The clay-nitric acid miniplant, the first
acid process studied, using calcined kaolin
was successfully completed. The miniplant
study showed that with four stages of count-
ercurrent decantation (CCD), over 90% of
the alumina was recoverable. A patent was
granted describing a solvent extraction pro-
cess for removing iron from a concentrated
aqueous solution, containing about 50 to
56.8 weight-percent of the nitrate.® Current
work was being devoted to the design,
construction, and operation of a kaolin clay-
hydrochloric acid miniplant. This miniplant
has already been operated for several con-
tinuous campaigns of the leaching, solvent
extraction, and solids-liquid separation
sections, mainly to optimize alumina recov-
ery from the leach solutions. Preliminary
data show that recovering over 95% of the
acid-soluble alumina during leaching is pos-
sible with a CCD circuit.

Emphasis was also given during the year
to the gas-sparging crystallization step in
order to optimize recovery of the AlCls.6H.O
crystals in a suitable size range for subse-
quent thermal decomposition in a fluidized
bed to alumina. To date, specially built
rubber-lined equipment has been operated
successfully in the crystallizer. Miniplant
problems, investigated at the other centers
in support, were in the areas of determin-
ing the best materials for construction
(emphasizing corrosion), fluidized-bed de-
composition of the hexahydrate, tests on the
sulfurous acid leaching of clays, lime sinter
processing of anorthosites, reduction roast-
ing of alunite, and disposal of processing
wastes. In addition, three contracts of parti-
cular interest were granted. Two contracts
were for delineating the environmental
factors in recovering alumina from domest-
ic ores.* The other contract provided for a

study comparing six nonbauxitic alumina
processes with the objective of selecting the
two most promising candidate processes for
further study.®* The comparisons covered
both technical and economic aspects of alu-
mina process plants of commercial size in
the United States. The processes considered
were hydrochloric acid-clay (evaporative
and gas-induced crystallization), nitric acid-
clay, sulfurous acid-clay, anorthosite-lime
sinter, and alunite. This was the first
study of a three-part program. The clay-
hydrochloric acid (gas-sparging crystalliza-
tion) and clay-nitric acid processes were
selected by the Bureau of Mines for more
detailed evaluation. Some factors affect-
ing the chlorination of kaolin were dis-
cussed.®

In other clay work, the Bureau continued
to aid State geological surveys and other
Federal agencies in delineating undevel-
oped deposits of ceramic raw materials by
clay testing and evaluation, and by devising
flowsheets to upgrade marginal materials.
Also included within the scope of this pro-
gram was research to develop wear- and
polish-resistant aggregates from materials
such as expanded clays, shales, and slates.
This test program for clay and ceramic raw
materials was described in a Bureau
publication.3*

The outlook for an integrated aluminum-
from-kaolin industry in the Southeast,
principally from Georgia kaolins was
discussed.®* Another method of producing
aluminum from clays was patented during
the year.’¢ In this process the aluminiferous
clay, either kaolin or bauxite, is mixed with
byproduct kaolin-containing sludge” from
papermaking and then calcined to both
carbonize the cellulose fraction and dehy-
drate the clay. The solids are separated by
filtration and chlorinated, and the chloride
is eventually converted to aluminum metal.

A two-part treatise covered the industrial
minerals of Japan. The first part dealt with
the production, reserves, imports, and geo-
logical distribution of the industrial mine-
rals by Prefectures, along with a special
section on raw materials that could be
logically grouped as ceramics and/or
refractories.”” Of particular interest in this
section was a description of the unique
Japanese clay nomenclature and classifica-
tion scheme. The major clay-producing ar-
eas in northern Honshu, Gifu, Mitsuishi,
and the Kyushu and Sikoku Islands, along
with selected operations, were also covered.
The high-alumina materials, such as baux-
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ite, siliimanite, and synthetic mullites, bas-
ic refractory materials, pottery, whiteware,
and the glass industries, were afforded simi-
lar treatment. The second part detailed
construction and chemically oriented mate-
rials.*® The wide range of lightweight aggre-
gates including ‘expanded clays and shales
were included in the construction section.
The section on chemically oriented mate-
rials emphasized the paper and pulp and
paint industries, which are large con-
sumers of high-cost kaolin fillers and exten-
ders. The industrial minerals of the Repub-
lic of South Africa and Thailand were
covered in other articles. The South African
article began with a general introduction
and then profiled some of the major indus-
trial mineral deposits and operations.*® The
fire clay, bentonite, and kaolin deposits
were detailed in a special clay section. The
Thailand article discussed its geology and
enormous potential for producing a wide
variety of industrial minerals including
kaolin.+ )

The properties and uses of sillimanite-
type refractories and their alternatives,
synthetic mullites produced from kaolin
and/or bauxitic mixtures, were discussed in
great detail.** The discussion included the
principal worldwide producers of natural
and synthetic mullitic materials, their pro-
cesses, and typical chemical analyses of
these high-alumina refractories. A special
section elaborated on the factors to consider
before selecting a high-alumina refractory
for a particular job. In another refractory
paper, the present and future worldwide
supply of the major refractory raw mate-
rials, including fire clays and kaolin-based
grog, was correlated with both the techno-
logy of refractories and the consuming
industries.*? The work maintained that as
supplies are exhausted, time, favorable eco-
nomic factors, and new technologies, us-
ing presently uneconomic sources or for
synthesizing substitutes, must be forth-
coming to assure adequate supplies for the
refractories industry in the future.

The geology of Georgia kaolin deposits
and problems associated with their use was
published** This excellent effort consisted
of two sections, a deposit section and a
problem section. The deposit discussion de-
fined the general types of kaolin found—
soft and hard—their occurrences, and
their geological age. The problem section
discussed the lack of convincing proof on
the mode of deposit formation, conflicting
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interpretations of the stratigraphy, the
reasons for the beneficial low iron content,
and finally why the anatase (TiO;) contami-
nant is more abundant in Tertiary than in
Cretaceous kaolin. A map of the kaolin and
bauxite districts in the Coastal Plain of the
Southeastern United States and electron
micrographs of typical Tertiary and Creta-
ceous kaolins were also included. In an
analogous paper, scanning electron micro-
graphs (SEM) were shown for three repre-
sentative types of Georgia kaolin: “Soft”
Cretaceous-age clay, “hard” fine-grained
clay, and “flint kaolin.”** Evidence was
cited claiming the Sparta Granite and a
thick deposit of its overlying saprolite as the
probable rock sources for these kaolins. The
proof consisted of correlating micrographs,
morphology, chemical analyses, and X-ray
difraction data with similar data from the
three distinct kaolin types.

The international pulp and paper indus-
tries, as markets for a wide variety of
industrial minerals, were treated in detail,
in an article highlighting paper develop-
ment, paper properties, and paper manu-
facturing processes along with chemical
and mechanical pulping and pulping
technology.** The chemical and industrial
minerals used in both pulping and manu-
facturing were treated in depth separately.
The entire spectrum of kaolin grades for
filler and coating, their consumption levels,
and use of other mineral pigments, such as
TiO. and talc, were correlated with the
future outlook for paper.

The dehydroxylation phases of kaolinite
from Zettlitz, Czechoslovakia, were investi-
gated by radial electron density distribution
(RED) and X-ray spectroscopy.* Special em-
phasis was devoted to two amorphous or
poorly crystallized transition phases-
metakaolinite (600° to 800° C) and spinel
structure (900° C). This detailed structural
analysis of these transition phases in the
kaolinite-mullite thermal sequence, or any
mullite research, could affect the commer-
cial production of calcined and sintered
kaolins. The calcined grades are used large-
ly as fillers and extenders, whereas the
sintered kaolins are used in refractories.
The paragenesis, composition, and unit cell
dimensions of analyzed mullites either
crystallized from a melt or formed by solid
state reaction were researched.*” The re-
search revealed that the arc-melted mul-
lites contain between 67 to 68 mole-percent
AlOs, whereas solid-state varieties were all
under 63 mole-percent Al,Os;. In addition,
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it was found that the composition was con-
trolled by many factors, the most important
being firing time, initial bulk composition,
the nature, grain size, and efficiency of
mixing of starting materials, and finally,
whether or not corundum or free AlLO,
nucleated.

The phosphate-bonded mullitic or alu-
minosilicate plastic refractories (monoli-
thics), which have captured a large share of
the refractory markets since the early
1950’s because of their ease in installation
and extraordinary mechanical strength in
service, were covered in two papers. The
first paper, on refractory plastics containing
P,0;s with hot modulus-of-rupture (MOR) at
temperatures between 1,500° and 2,500° F,
dealt with only three types of aggregates-
calcined flint clay, calcined bauxite, and
tabular alumina.* It was determined that
the conventional phosphate binders-phos-
phoric acid, liquid aluminum phosphates,
and/or their mixtures-did not play an im-
portant_role in hot MOR’s. The second
paper summarized the progress made since
an earlier classic study in 1950, in which the
alteration of the bond thermally and ap-
plications of phosphate-bonded refractories
were treated.*® This present work, unlike
the earlier study, covered both the acid and
basic refractories-bricks, mortars, ramming
mixes, plastics, and cold-setting castables.>
The mechanisms of bonding and uses for
these refractories were treated, and se-
lected properties were compared with
those of refractories containing nonphos-
phatic bonds. In addition, new and novel
phosphate-bonding chemicals were dis-
cussed. Clay and nonclay binders used in
foundry sands were evaluated in another
report, which attempted to identify defect
characteristics for the different classes of
binders and to evaluate emission pro-
blems.s! The western or swelling ben-
tonites, fine clay binders, and other compet-
ing inorganic and organic materials were
investigated.

Environmental research on heavy metals
indicated that pH has a pronounced effect
on the amounts adsorbed from landfill
leachates by kaolinite and montmorillonite
clay minerals.s* It was concluded that the
principal adsorption mechanism was cation
and anion exchange, and that the mono-
valent species of each element that was
principally adsorped by anion exchange.
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