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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 98
years. In the interest of expediting the release of minerals data, this edition of
the Yearbook covers both 1978 and 1979. It discusses the performance of the
worldwide mineral mdustry during 1978 and 1979 and provides background
information to assist in interpreting developments during the years being
reviewed. Content of the individual volumes follows: :

Volume I, Metals and Minerals, contains chapters on virtually all metallic
and nonmetallic mineral commodities important to the U.S. economy. In
addition, it includes a chapter on mining and quarrying trends.

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.

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. Separate chapters review the
international minerals industry in general and its relationship to the world
economy and ocean minerals.

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

Lindsay D. Norman,Director
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Mining and Quarrying Trends
in the Metal and Nonmetal
Industries

By Franklin D. Cooper?

The value of nonfuel mineral raw materi-
als produced in the United States in 1978
was $20 billion. In 1979, total value increas-
ed to an estimated $24 billion, up 20% from
1978.

Of the principal metallic ores produced in
1979, about half showed increased quantita-
tive output and all showed increased value
per ton compared with that of 1978 Most
nonmetallic commodities showed increases
in quantitative output and in average value
per ton.

. Because of its decreasing share of the
world market, the domestic mineral indus-
try’s concerns were the increasing costs of
capital, labor, and energy; withdrawals of
public lands from mining; and the increas-
ing cost of environmental regulations that
tended to deter or delay investment in the
Nation’s capacity for producing essential
minerals.

In 1978, based on a survey of 64 mining
and metals industries by Citibank, the rate
of return on net worth in nonferrous metal
manufacturing ranked 55th, nonmetal min-
ing ranked 61st, and metal mining, 64th.
The combined mining sector returned 3% of
equity. Low profitability of some mining
firms increased the cost of their borrowing
and reduced the availability of funds except
from banks at very high rates.

Pollution control expenditures in 1978 by
the nonferrous metal industry equaled 12%
of its total capital spending.

Legislation and Government Pro-
grams.—A 1979 Bureau of Land Manage-
ment (BLM) inventory of 7,811 separate
land withdrawals in the United States indi-
cated that of the 67.9 million acres with-

drawn, as required by the Federal Land
Policy and Management Act, about 54.2
million acres were closed to mining under
the general laws and 18.9 million acres were
closed to leasing. Some withdrawals covered
both locatable and leasable minerals.

The U.S. Department of the Intenor
(DOID) announced final approval of agree-
ments with Montana, Utah, and Wyoming,
permitting these States to supervise surface
mining and reclamation on Federal lands
within their borders.

DOI relaxed proposed restrictions for
mineral development on 56.6 million acres
of public land in Western States that could
be turned into wilderness areas.

The primary conclusion of an 87-page
report to Congress by the General Account-
ing Office (GAO) issued in late 1979 states
that the cumulative effects of restrictive
and contradictory Government policies and
regulations are discouraging investment in
U.S. mining and mineral processing and are
forcing an increasing reliance on imported
minerals.

Exploration and Development.—A Uni-
versity of Alaska report, issued in 1978,
showed that 26% of the State’s land area
was open to mineral entry under Federal
and State laws. Prospecting was permitted
on 64 million acres of Federal lands and 36
million acres of State lands. New mining
claims filed in 1978 totaled 18,500. Explora-
tion in 1979 employed 1,700 persons and
cost an estimated $75 million.

The uranium industry in 1978 spent $290
million for 52.5 million feet of exploration
drilling in the United States.

The number of major companies report-

1
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mg significant dlscovenes in 1978-79 ac-
cording to the principal metal values found,
were uranium, 13; molybdenum, 2; gold, 1;
silver, 3; copper—mckel 1; zmc-copper, 1;and
lead-zinc-copper, 1.

. Exploration was assisted by the increas-
mg use of hydrostatic core drills, undevia-
ting reaming shells in diamond drilling, a
portable nondestructive analyzer, and dual-
tube core barrels. The Bureau of Mines
supported research on, and development of,
a retractable coring bit. .

Underground Mining. —Several raise bor-
ing: records were made while developing
ventilation and production shafts in salt,
coal, and uranium mines. -

The Bureau of Mines, by contracted or in-

house work, was active in the .following:

Demonstrating . mechanical-impact break-
ers; building a 24-foot-diameter tunnel bor-
er, an air-powered rig for drilling 36-foot
probe holes, an exhaust muffler for old-
model jumbo drills and diesel engines, trail-
ing power cable reels, a low headroom
portable crusher, a fire suppression system,
roof warning devices, -remotely powered
roof supports, communication and surveil-
lance systems, -damage-resistant brattice
and parachute stoppings, and in the testing
of:wooden props having a fire-resistant char
covering, controlled yield rockbolts, lighting
for jumbo drills, tamper-proof cassettes on
personal dust monitors, and fiber-reinforced
concrete cribbing to replace wood.

+The Bureau described five methods for
grounding power systems? and reviewed fire
and smoke detection technology.® Dravo
Corp. prepared a study for the Bureau
titled, “Stope Mechanization in Vein Min-
ing. . )

New equipment introduced by U.S. firms
to reduce costs by increasing productivity
included all-hydraulic long-hole drills for
sublevel caving and stoping, 40-ton payload
trucks for use on 10-foot-high haulageways,
excavators to work in 5.5- to 16-square-foot
tunnels, a 5-man escape hoist, a 50-watt
high-pressure sodium light to replace con-
ventional lighting, and a self-dumping roof-
drill dust collector.

Drills with flat-faced -carbide-button bits
were increasingly used for 4- to 6-inch
blastholes. Hydraulic drilling proved to
have more productivity than pneumatic
drilling.

Approximately 5,000 to 6,000 load-haul-

dump (LHD) units in small hardrock mines
displaced short-distance rail haulage sy-

stems. Rail haulage systems in the largest
mines were equipped with remote-control
locomotives, solid-state controls, silicon rec-,
tifiers and self-dumping cars. Two under-
ground mines used 40-ton trucks for main-
line haulage )

One mine used centrifuges underground
to separate tailing slurry for backﬁllmg
materials. .

The number of. maJor mining eqmpment
units in operation and the number of units
sold annually for nonmetal mining are
shown:

Unitsin . Unitssold
operation annually
Electricmotors _ _ _ ______ 277,645 36,250
Diesel engines_ . _______ 183,595 22,950
Gasoline engines ________ 126,620 15,830
Stationary air compressor __ 14,430 2,175
Portable air compressor __ _ _ 10,174 967
Conveyor belts 4,500 7,885
hers _ ____________ 32,391 3,279
Rotarydrills_ __________ 2,104 345,
Front-end loaders_ _ 28,130 2,830,
Pillowblocks ___ _______ ,000 145,000
Portable washing; crushing, .
and screening plants ____ 2,550 485
Water pumps _____ 24,220 3,760
Vibratmg screens_ _ _ 50,527 7,985.
Tractors _ _ _ ___ _______ 11,245 3,285
On-] h]ghway trucks_ ______ 91,519 11,919
Off-highway trucks__ _____ 47,265 3,325
Pickuptrucks . ________ 56,224 9,627

Source: Austin Powder Newsletter, July 9, 1979.

In Situ Mining.—The production of
uranium-bearing slurries from unconsoli-
dated ore was demonstrated. using a Bu-
reau-developed high- pressure. water jet di-
mensioned for insertion in a borehole. One
company used the jets in 42 wells in Texas.
Three other companies in Texas and anoth-
er in Wyoming also used jets.

In 1978, there were 8 active uranium in
situ operations in Texas and 10 in Wyo-
ming. In situ operatlons accounted for 2%
of the total uranium production.

Andes Engineers International, Inc.,
proposed the creation of voids in a zone to’
be leached by leavmg some drill holes open
so that the ensuing blasted material could
expand.

The Bureau of Mines developed a comput-
er program for predlctlon of fluid flow
during in situ mining.

Surface Mining.—New blasting laws and
noise codes speeded the shift to smaller
diameter drills.

One U.S. firm announced an electric rota-
ry rig capable of angle-drilling 9- to 12-inch
diameter holes. Ingersoll Rand offered two
new Drillmasters for drilling 4.5- to 6.5-inch
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diameter holes 65 feet deep in one pass.

The Trojan Div., International Minerals
and Chemical Corp. (Comsol) introduced a
liquid fuel type blasting agent reportedly
developing twice the explosive-state gas
pressure of AN-FO.

Ten- to 25-cubic-yard electric, cable-crowd
shovels handled most of the materials in
open pits. Two U.S. firms introduced 25- to
28-cubic-yard electric shovels.

Two new makes of hydraulic shovels per-
mitted their dippers to make long, flat
passes in the bank toe.

An automatic fire-protection system, acti-
vated by heat sensors for discharging a dry
chemical, was available for use on bulldoz-
ers.

Also introduced was a new “Auto-BELT”
conveyor scale. Three copper pits in Arizona
used conveyor-belt systems to handle 30,000
to 143,000 tons per day of ore and waste.

Three U.S. firms offered new computer-
controlled systems for open pit materials
handling.

R. A. Hanson Co. mtroduced a 500-ton-
per-hour spreader stacker with a 150-foot
telescoping conveyor.

Mechanical transmissions for trucks were
preferred to electric drives having escalat-
ing capital operating and maintenance
costs. Heavy-duty trucks featured constant-
speed, variable-horsepower diesel engines
instead of constant-horsepower, variable-
speed engines.

The “Phase III” brake system was suc-
cessfully demonstrated on loaded trucks in
Arizona and Canada. An all-hydraulic brak-
ing system was tested on a prototype 100-
ton rear-dump truck. The Bureau designed
a mirror system to enlarge the field of
vision for drivers of large trucks. A new one-
piece rim-and-tire system was announced.

Beneficiation.—Increased attention in
mineral processing was directed to physical
and mechanical aspects rather than chemis-
try and surface phenomena.

Grinding performance was improved by
better preparation of ore feed, by circuit
controls, and by additives that shifted the
electrochemical potentials of metallic
grinding media from active to passive cor-
roding.

One mill used automatic mantle position-
ing, by control of the hydraulic support
pressure, on a tertiary crusher whose
throughput was thereby increased 16%.

Lower capital and operating costs result-
ed from the use of horizontal belt filters as a
substitute or adjunct to thickeners in

a counter-current-decantation CCD circuit.

Towniprene lined flotation cells proved to
be very resistant to abrasive slurries con-
taining any combinations of five reagents.

A new 1275-cubic-foot, mechanical-
pneumatic flotation cell was introduced as
was DAXAD (CP-1), a water-soluble, cati-
onic polymer flocculant.

U.S. patent 4,165,279 was issued for a
flotation cell having upright partition walls,
froth generators below each partition, and
rods of differential buoyancies in each cell
to assure a predetermined froth thickness.

Tailings.—Bureau of Mines studies on
tailings and slimes included: the wet high-
intensity magnetic (WHIM) separation of
nonmagnetic taconite tailings; the use of
trommels to dewater phosphatic-clay
slimes; the usefulness of a temporary stabi-
lizing chemical at an active uranium-
tailings pond; centrifuging of tailings; the
use of a belt filter to produce a relatively
dry solids cake; the production of ceramics
and insulating materials; and the reduction
of radon flux of tailings used for backfill in
underground uranium mines.

A compact, 23-foot-diameter thickener at
a zinc mill increased the tailing concentra-
tion threefold at an 800-gallon-per-minute
flow rate.

New analytical devices available to mill
operators included an optical sorter to dis-
tinguish valuable minerals in waste solids,
a sturdy portable spectrometer, and a
particle-size distribution transmitter.

Leaching.—Oxide copper heap leachlng
continued as in earlier years, and two sul-
fide operations were temporarily shut down
in 1978.

Anamax Mining Co. operated a 10,000-
ton-per-day leaching plant in Arizona
where oxide was contacted with sulfuric
acid, followed by decantation, thickening,
solvent extraction, and electrowinning. Oth-
er companies continued dump and in situ
leaching of oxide copper on a smaller scale.

The Anaconda Company closed its leach-
precipitation operations at the Berkeley pit
and Hecla/El Paso Mining Co. terminated
sulfide roasting and leaching in Arizona.

Leaching research was done using ammo-
nia in the presence of kerosine containing
LIX63, and ammonia containing an organic
sulfur content.

Pilot-scale leaching was done on uranium
ores in Wyoming. The Bureau extracted
low-grade laterite ore and used chlorine-
hydrometallurgy to treat complex sulfide
concentrates and smelter matte, and clays
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to absorb radium and thorium from waste
uranium leach liquors.

Magnitude of the Mining Industry.—
Compared with 1977 there were five fewer
metal mines and 387 fewer nonmetal mines.
Economics apparently were associated with
these decreases primarily because it was
less costly to expand an existing operation
than to develop a new one.

Mines that produced in excess of 10 mil-
lion short tons of crude ore comprised cop-
per (11), iron ore (8), molybdenum (1), phos-
phate rock (6), sand and gravel (1), and
stone (1). Total crude ore output (3.03 billion
tons) and waste (1.59 billion tons) exceeded
the respective 1977 tonnages.

In metal mining, United States Steel
Corp.’s Minntac mine was the leading ore
producer. Crude ore for nine metals and 21
nonmetals came entirely from surface
mines in 24 States without using drilling or
blasting.

Seven metal crude ores and eight nonme-
tal crude ores originated in both surface
and underground mines. All lead and zinc
ores came from underground mines, as did
potassium salts, natural sodium carbonate
(trona), and wollastonite.

Materials Handled.—Both metal and
nonmetal mines handled more total materi-
als in 1978 than in 1977. Crude ore equaled
two-thirds of all materials handled by the
nonfuel mining industry.

In underground metal mines, crude ore
production remained unchanged although
more waste was handled, while in nonmetal
mines ore production was greater and waste
production was significantly lower. Copper
and iron ore mines collectively produced
83% of the crude ore and 72% of the total
materials handled in metal mines.

In the nonmetal sector, phosphate rock,
sand and gravel, and stone operations pro-
duced 94% of the crude ore and handled
59% of the total materials handled. Eleven
States each accounted for at least 100 mil-
lion tons of all materials handled.

Total Value Per Ton of Principal Miner-
al Products.—These values represent crude
ore treated, or in the cases of nonmetals,
crude ore shipped, and in some cases the
total value includes that of byproducts. The
total value for all mineral commodities
increased 8% while that for byproducts

remained unchanged.

Ratio of Treated Ore to Marketable
Product.—The weight of crude ore treated
to obtain one unit of marketable product in
the metals ranged from 980:1 for uranium
t00.1:1.0 for silver. For most of the nonme-
tals, the ratio generally was 1.0:1.0.

Comparison of Products From Surface
and Underground Mines.—As in previous
years, there was little change in the ratio of
crude ore mined and total materials han-
dled in all surface and underground mines.
Surface mines produced 94% of all ores and
handled 96% of the related total materials
handled. In nonmetals, surface mines pro-
duced 96% of the crude ore and handled
97% of all materials moved.

Exploration and Development.—Total
footage drilled for exploration increased in
1978 as did development footage.

Increased activity in uranium in New
Mexico and Wyoming resulted in signifi-
cantly more exploration footage.

Rotary drilling accounted for by far the
largest portion of exploration footage,
which increased significantly for five met-
als and two nonmetals. A slight increase in
diamond drilling was related to three met-
als and phosphate rock. Increased footage
by churn drilling was indicated for lead and
uranium, and silver exploration increased
the footage for percussion drilling. More
trenching was related to copper and lead
exploration.

Development footage in metal mining
was up by one-third compared with that of
the previous year.

Explosives.—Metal mining and quarry-
ing consumed 15% more explosives. Metal
mining, principally in Arizona and New
Mexico, predominately used water gels and
slurries, while quarrying, mostly in Ken-
tucky, Ohio, Pennsylvania, and Illinois, re-
lied heavily on the use of high explosives.

More detailed explosives information
may be found in the Annual Explosives
issue of Mineral Industry Surveys prepared
by the Bureau of Mines.

1Physical scientist, Section of Ferrous Metals.
2Staff—Mining Research. Mine Power Systems
search (In Four Parts) 2. Grounding Research. BuMines IC
8800, 1979, 78 p]
’Gnﬁ'm, R. E. In—Mme Evaluation of Underground Fire
and Smoke Detectors. BuMines IC 8808, 1979, 25 pp
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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?
Type and year Crude Crude Cruds
1 1 e
ore Waste Total ore Waste  Total ore Waste Total
Metals:
1974 _____ 547 1,210 1,760 80 11 91 627 1,220 1,850
1975 _____ 5 1,170 1,700 T4 13 87 609 1,180 1,790
1976 ______ 573 \ 1,820 73 15 87 646 . 1,910
_______ 490 1,030 1,530 4 12 87 1,050 1,610
1978__ _____ 554 995 1,550 4 21 95 628 1,020 1,640
Nonmetals:
1974 ____ 2,220 418 2,640 82 5 87 2,300 423 2,720
1975 _ _____ 1,910 372 2,290 19 6 1,990 378 2,370
1976_ _ _____ ) 393 2, 80 6 86 2,080 399 2,480
1977 ______ 2,120 472 2590 80 6 86 2,200 478 2,68
1978 ______ 2,320 571 2890 87 1 88 2,410 572 2,980
Total metals and
nonmetals:
1974 ______ 2,760 1,630 4390 162 16 178 2,930 1,650 4,570
1975 ____ 2,450 1,540 3,990 153 18 171 2,600 1, 4,160
1976__ _____ 2,570 1,640 4210 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
1978 _ _____ 2,870 1,570 4,440 161 22 183 3,030 o 4,620




MINERALS YEARBOOK, 1978-79

00LY 801 0657 ~- - - 0oLy 801 067 CooooooooToooooTTTTmT T aoumg
009761 €91, 00861 00361 €91 00861 . ~- - CIIToTooTToTTTToTTTmTTT Sj[es Wnisse0q
00019 000°03% 000°T61 M M M 000119 000037 000161 SR, Yoo eyeydsoyq
0901 L01 666 g - (] 0%0'T 101 86 oI aLIeg
01032 L9v, [Uen! - - -~ 0103 L97 (e o IIIIIIIIToTTTITTTTTTTTdunged
00281 0013 009°ST 0892 - 0892 009°ST 0.2 00621 CToIITTooITooI oot unsdAp
Vg, 9L &, 987 9 8av 68 0% 61 CoooIooooTTo Z 7 tedsionyy
089°'T 261 0871 M - M 089°'T 261 1 2 S JTedsplog
01 - OLL, o= - - 0L - o1, ~ TTTTTTTmmmmmmmmmmommmmmmmmoo AL
00856 00067, 00829 078 68 8% 00526 00087, 0056V ..
09T 967, 0997 N N - 09T’ 967 099°% N .-
017’9 (184 0922 M M M 017’9 091y 092 T TTTTTTTTTTTT 8078348y
988 99 618 M o ' 988 99 618 TTTTTTTTTTooomooooooomomoes ySeAISBIqY
STVIAWNON

000°079°T  000°020'T 000839 1000'96  000'T% 00074 000°08¢T 000'e66 000798 T TTTTTTTTTTTTTTTIo £ST8I9W [#10],

007'¥S 00283 00218 0091 00V 00T‘LT 00698 00822 00T%T T TTTTTTTTomTmmmmmmmmmmmmmee £1°U0
0L9'L 021 007’9 0L9'L 013’1 007’9 M M M - TTTTmmTmmT T T ouz,
000228 000908 00991 009'TT 0Lg's 09%°9 000°018 000°008 00g'ot T T TTTTTmTTTTTmTT T winiueL)
090'T 012, L8 010'T 002 908 w o1 30 JusBuny,
008:28 019°¢ 002:63 - o - 00828 o198 00363 T TToTmmmTmTTmmmmo qruouI[] ‘wInIUelL],
0788 0102 0V8'1 088°T 869 08T 0002 018 i J0ATIS
00811 022 089°6 008'TT 0L2'3 086'6 1 1 == . IIIIIoTIoToTTTTTTTTTT oI pes]
000685 000°LL3 000292 08v's 8vy 'g 000'78% 00003 000'253 o ooIoTIooIToTTooTTTTTTTTTTTasouoq
01L2 92, 0972 4 4 . 00,3 i 0973 SR .
00871 009°TT 081°g 0703 ove 00LT 00821 00811 L opo] o0
0000v9  000'8L8 000292 0009 086% 00092 000'709 000'898 000983 !--l---------------HHHH:&&S
00871 005°TT 0687 - - - 00871 00911 088 ~ TTTTTTTTTTooTooooooes xneg

STVIAN
810 alo alo
resog, LN spnip <[®10L Nzepm apnip 2[%10L LY aprip Sympowuzon
ZSouTH [TV punoaBispup) a0BlINg
(5u0) 310ys pussnoyy)

1A}pOUINI0D £Q ‘GLGT UL SIUTW PUNOIBIIPUN PUB FIBLINS 8 PI[PUBY [BHAB—F A[qE,



MINING AND QUARRYING TRENDS:

‘WINTPBUBA PUE ‘UT)} ‘S[€J0W Y}483-218 ‘[9I1U E:novnboﬂ ‘AIn015UI ‘310 SNOIOJY

[oquiAs Aq payeIpuY ST [BY
PUB ‘9}IUOIBR[[OM ‘G)I[NOTULISA ‘SISUI| [[IW-2qN) ‘DUIAT[O ‘SOUOJS[[TUI ‘9jIsauSeur ‘S[eIaUTW WNYII] ‘VjTuey (9pnid) syuewsid %E\w Uoa ‘[Ieul p 13 d

pure [ejow jo A313uenb

Y T uoloq ‘Ady,

:&E pue ‘Joures ‘Krowry,
‘wmiiAIeq ‘Auownuye

L 2

150 q uMOys ]840} 0} Ppe Jou Aew Bja(,

n:o:a._&o uﬁaanm 10 uvn& 'S[[9M WOy [BLISJEW SIPN[IXT
19430, ut papnout ‘ejep Lrejsrdoad Auedwod SuIso[OSTp PIOAR 0 PISYYIIM M 9IBWINSH,

0000297

000065°T

000080°¢ 000681 0083 000191 000°0¥¥'% 000°0L8'T 0000282
0000862 000'2LS 000°01¥°2 002'88 298 008°L8 0000682 000'1L9 0000282
00013 00971 0zr'9 00% 03 288 00902 00971 0709
062 09%'T 0181 99¢ 8 868 009'2 0971 0811
088's 029'To 0027 M - M 088' 029'To 002y
000°0ST‘T 007285 000'020°T 00698 872, 00L°e8 000°021°T 002285 000°0%0°T
005°T1 288 00ZTT 009°TT 288 003°TT - - -
000'L66 - 000:L66 -~ - - 000'266 - 000°266
00381 - 003'8T 00971 - 00971 089°¢ - 083‘s

|||||||||||||||||||||||||||||| 1900
|||||||||||||||| Aydoasd ‘ouoysdeos ‘o8,
lllllllllllllllllllllllll EO—QEOES
||||||||||||||||||| ~usYo0lq pue paysni)
8U0jg
([8ANJ8U) 3)BUO]IBO WINIPOG
|||||||||||||||||||||||| oAl pus pusg
||||||||||||||||||||||||||||||| e



MINERALS YEARBOOK, 1978-79

00674 oSy 00704 0627 89 0827 009°0L oLy 00199 R . %
000282 000691 00889 007'sg 08L°T 00982 000,202 000491 00L'68 T TTTTTTToToToomemmmeoo OQIXOIN MON
008°88 498 00128 L02 ) L0g 001'88 4% 00618 T TTTTTTmoToomomoom—oo-——-ooo Aostop MoN
001'6 89T 0868 - - - 0016 891 0868 B o Cochant) : B
00187 00063 00182 11 8.1 292 00L LY 00873 00623 oo oTTTToooTmm BpBAIN
00212 9g¢, 006:02 M M M 003 12 998 00602 - il )\
00662 OITT 008'82 68V, W 968 005,62 090 T 00782 oo BUBjUOIN
00076 09L L 002,98 006°02 0192 008°31 001'8L 081°g L %:omn:z
00128 0981 008°02 M M M 00123 098°T 00803 I . L Y
000°10% 000,TLT 000083 - - - 000107 000°TLT 000083 S . i
000602 00669 000671 ove'9 08 0199 000302 00669 [ UBSIYOT
00923 Y06, 00,92 - - - 0093 %06 00192 L TTTmTmmTT T T T T syjesnyoussey
00698 082°g 00988 M M M 006 8 0832 009'6 T TTTmTTToTmTmmm oo PuB[AIBy
00981 225, 00881 - - - 00T j444 L QUIBI
00768 0911 00388 0989 - 0989 00068 09T‘T 006'T8 o sueIsmoy
00889 067’8 00879 098, 19 008°L 00709 087'e 0002y CooTITTITTToToTmmm ot Apmuey
00788 0812 00298 0v0'g 81 0208 007’98 0912 00386 T TTTTmTToTmmmmmeemeemeem oo sBsuBy]
009:7¢ 076:2 009'1S 016°T 11 006°1 00428 086'2 00L6Y o BMO[
009,L9 089°¢ 00689 0202 9 0202 009:99 089°¢ 00619 B Lo e §
000 81T 0998 000 L0T 0312 99 0993 - 000011 009'G 00001 L 4. |
007 v 000'98 00761 086°T 688 0991 00729 00,78 00841 T TTTTTTmTmmmmmmmmmmmm— oo oyep|
009°L v6v, 010'L . - - 005:L V6V, 010'L S - - §
004,99 002,01 005799 086'T 88 096'T 00,79 00201 009°vS I o)
000 €19 000°078 00028 ¥L 1 8L 000619 000078 00032 T TTTTTTTTTTTTTTT oo moomom-—eo BpLIolj
0LvI 6 0971 - - -~ O0LV'T 6 09%°1 I o i §
007 61 08L, 00981 . - - 007’61 08L 009°8T I . ot )
000°9L 009:L1 00789 00661 0991 00781 000°99 00091 000'0¥ oo ooTommmmmmmmmmm T T T T TopRIo)
000 182 00T LS 000 PLT 0821 6L 002°T 000082 00028 000'8LT B b1 L0
00689 009 €1 0070% M M M 00669 009'81 00¥'0% o oommommmmmm sesuByIy
000 IS¥ 000°L82 0007123 001°08 0sv'e 00902 000'02¥ 000822 000861 ~ TTTTTTTTTmmmmomTTTmmm oo BuoZLIY
00v'SL £8y, 006'7L (g) (] 00¥'gL 88y 006y, TTTTTTTmTm T m oo mmm— e me oo BysU[Y
009°1S 012’9 008°y M M M 00918 0129 008'ey ~  TTTTTTTTTTTTmmmsssosom—oooee Bureqely
1810, ANFBMN 310 apnI) 2[%10L NTVMN 810 apnin z[810L ANSBM 810 apnay)
ZSOUTW [[y punossiepupn) eoBlINg i
(8u0y 310ys puesnoyy,)

191818 £q ‘861 Ul (3UOJS PuE [34BI3 pue puss SUIPN[OUT) SIUTUI PUNCIFIIPUN pus 308JANS J8 pI[pUBY [BLINB—"C JqB],



MINING AND QUARRYING TRENDS.

'g 91q¥} Ul B)Bp PIJBUILSS SopN[oUu],

‘Jun g/1 ueyy ssog

‘Burpunox juspuasdaput Jo 98NBISQ UMOYS 8]8303 0} PPE JOU ABUI BIE(T,
‘suorjeiado Surdwnd Jo ‘spuod ‘s[[om wIoJy [BLI)BW SIPN[OXH

POIMqQUUSIPU[],, Y3Lm POPRIOUI ‘B3P A130Lid0Id AUBduIod BUISO[OEIP PIOAT 03 POYUNM M

0000297  000°06° 000'080' 000'8T  008'T2 000T91 00007 0000L8T 000087 """ TTTTTTomooooooooo- v £TI0L

008'2 0023 009°2 00L'€ 73 087’ 00128 006'T 00202 TTTTTTTCTTITTTTTTTTITCTTC peguustun
00072z 000'S8T 009'8 006t 099 008°1 000°S02 000'S81 000 < TTTTTITTTITITTIIIoTTIToTIIOC TWOA
00599 008'6 00228 M A M 00599 00£'6 0018 TITIITTITTITTIITTITITTITTTC -umsucomm
000'81 08T'T 00891 0813 12 0112 002'ST 09T'T 00171 TTITTITITTITIIoTIITTIIToE- BusIIA 150
00697 009'ST 00v'sg M M 'y 006:97 00881 007'€e TIoTITTIIIIITIIIIIIIIIII I TunSuisem
00869 0867 00879 0993 £2 079 00999 0067 00L'T9 TITTIoITTIIITTIITTTITTIIIITIIS ornBIA
006' 08T ove'L 902 e 902, 0018 028 0814 . . v )
00229 097'6 008'88 0253 088'T 0LT'T 00/59 001'8 009'18 TIITTITTTITTTIIITIIIIIIITITIIC ye
000922 0088 000°L8T 689, g 988 000'623 00488 D sexe,
000'8 00971 007'89 019'6 0811 0873 00V'SL 008'8T 006'68 TTCTTTTITIITTITITTIITTITT I —eameuus,
0011 189 005'01 M A A 00T'TT 189 00501 TTTTTTTITTTToooTooomomee- ~ej0)eQ YIN0g
006:08 016 006'L2 'y 'y A 006'08 0263 006'43 . | i), AL
008’8 4 08¢’ } == 008's 9z 0828 CITTIITITTTITIITIIIIICIICC pusslepouy
0000001 098 009'6 0s8's 18 008° 00296 0084 00L'88 o - TeeAldsuueq
000'F7 ovl's 006:07 g H g 00077 orL'e 006:07 TTTTITTITTIITIICTITIICITTIC T ueseng
006.:6P 0892 006,07 AL M AL 058y 087 006.0v CooooTTooToooTomomoIoTIItT _BmoysniQ
0002TT 089 000'S01 086° 6_ 046 000'01 0219 00001  TTITTITTIICITCIICIICTICIC oo
0L9°L 78 085’2 - = 029 78 089  CTITIIITIITIICIICIICIICIC wj0Y8Q YHON
00021L  00T'8Y 00€'%9 - - - 000211 001'g7 008V~ TTTTTTTTTToomoomssemooe- ~eurjore) YiIoN



“MINERALS YEARBOOK, 1978-79 ~

2708 e 3708 08 -= av'08 == - == TTTTmmmTmmmeees 77777 (reanjeu) 2jBU0GIE) WINIPOS
62'3 80" . 92’3 o - - 623 80° 92'2 TooTTToTmmmmmm Huuunumuuwmwmu(mlvmmvcam
6781 1873 8T'9T LTI 991 L0°01 979y %0°'g gw o CTToTToTomommmmmmmmmmmmmmmmmm eS
163 - 162 == == - 162 = 16 ToSETTTosmsTemoSo oo m e s sowng
696 L 796 696 L0 296 == - - TOTTTTTTTTTTTTTTToTTTTTT T sj[es winissejoq
68’7 900 8y M - M 687 S0 ¥y 00T TTTTTTTTTTTomTmmmmomee 001 syeydsoyq
£4'81 - 8981 v s iy oL == (1755 2 S A
26 68’ 70'S == - - £6'S 68 ¥0'S TTTTTTTTTToTomommmmmmmmm T (deaos)eot
80'9 er 96'G 79’9 - 99 96'G ST L T wnsdAn
9878 £8'y £9'62 9678 $0'e 09'62 11°08 T 1108 it
206 g1 206 M - M 8801 181 1 Jedsprog
S0°0TT - S0°01T - - = S0°0TT - G00TT " TTTTTTTTTTTooTToTTooooe ajruogey
(A - 0,721 98'sv - 98'e¥ 76°01 == CX 1 se[)
27’6 10 176 - -- == 3’6 10 W6 ~  TTTTTTTTTTTTTToTTmmmmmmmeemmeemes aueg
80°21 o 80°21 M - M 80'31 - 8021  TTTTTTTTTTTTTmmomTmmmmommmmmmmmm 80389GSY
STVLINNON
yo'1L 90T 66'6 ¥8'98 oL'e ¥9'13 316 69° [ 2 I odereny
ov'L3 28'g 89'12 07'L3 78'S 8913 -= - -=  TTTTTTTTTITITITIoTToTTTTTITTTTTes ourz,
LLSY 162 982y 96°G9 6L'L 9L'LS 86'88 - 8688 T TTTTTTTTTTToTToTomTommm—m—mee- wniuel)
6677 60'T 06'8Y 08's¥ eIt LYYV 69'12 = 6912 T T T T TTTTTToTTToTTmommmmemeees usBuny,
291 29’ 06’ = - == 2¢1 29 066 = TTTTTTTTTTToToTomToomoeo- SJIUBIT ‘WNTUBIL],
0L'9L L9t €209 01311 99'63 88 99°61 18% L2 2 S 13A11g
189y yI'6 1928 18'9% 71’6 19'28 == - ST TTTTTTTTTTTTTTTITTToTTTT o oo oTomees pso]
66'8 10 868 09'91 98 7191 788 - ¥v988 = TTTTTTToTTToo TTTTTTTTTToTTTTm 810 uoa]
SLT - SLT - = i g1 = -7 S 1808
1198 881 86'qe 0827 98'1 44114 09'83 23 96'L3 2 TTTTTTTTTTTTTTToTToomsommmoemes °poT oo
L68 Wi 89'L [R4¢] 193¢ CoIres 888 181 20'L TTTTTTTTTTTTTT T oo ho% 0D
98'61$ 6L31$ L0°L$ - == == 98'61$ 6L731$ 7 Quxneg
STVIIN
jonpoad jonpoad npoad
0], ao__mnogn [eaauTw =01 uo«._%o.a iu%.ww& 108, ao—._mo.a W.—%.wm&
fedpoutig 4 fedioutg € redpourig 10
seulw [y punoasaepup) eowvjIng
(uo) 18d enjBA)

8L61 UI §2)83§ PAjIU[) Y} UI PIUTW 5310 PUNOLIIAPUN Ppue o8NS Jo s3onpoId£q pue sjonpoad [erouru jedppurad Jo anfep—p Jqe],



11

MINING AND QUARRYING TRENDS

Lot sy aLe ¥8'18 68 SP6T SL8 0g° 928
66 61" 02’6 9891 8g’ 88'91 008 ar 88'L
90°S 92 08y 6L°LT 8T 36'T 234 T 184
09 S0 sv'e 68'1T 43 LT 0z'e v 91’8
8L8 - 8L8 L9ET - L9eT 9L - 29L
P8'6L U 8T'6L M - M ¥8'6L T 8T'6L
892 a0 99 628 - 62'¢ 892 20 992

“ej8p paystiqndun sepnjouy,
‘8yep A1ejaradoad A ISO[O8TP PIOAB O} PIOYYIM M
|||||||||||||| 1([9A€13 pue pues pue auos
Supny T8 pue sfejou ‘a8eIaAy
|||||||||||||||||||| ([9Ae1S pue pues

PpuB 2u0)s SUTPN[IX3) S[BJOWUOU ‘DFBIAY
|||||||||||| (S[ejoWUOU pUE S[8IoUW ‘afeleAy

||||||||||||||||||| dydoisd ‘auoysdeos ‘orey,

||||||||||||||||||||||||||| uolsusuIi(q

||||||||||||||||||||| ua)01q pue paysni)
BN T



12 MINERALS YEARBOOK, 1978-79

Table 5.—Crude ore and total material handled at surface and underground mines

in 1978, by commodity
- (Percent)
Crude ore Total material
Commodity
Surface Underground Surface Underground
METALS R
Antunony . 100 __ 100
100 = 100 __
100 —— 100 ——
90 10 94 6
46 54 86 - 14
100 . 100 . __
98 2 99 1
o 00 1 109 el
nganiferousore_ _ __ _____________ - -
Mercury ______________________ 100 — 100
Molybdenum 37 63 61 39
Nickel - __________ 100 _— 100 _-
100 —— 100
37 63 52 48
100 - 100 ——
100 —— 100
4 96 4 96
- 62 38 96 4
100 __ 100
—= 100 w 1100
88 12 94 6
100 _— 100 —
1100 w 1100 w
100 __ 100 —
100 _— 100 ——
95 5 3
100 - 100 —
100 - 100 __
1100 w 1100 w
4 96 8 92
100 - 100 -
100 _— 100 -
100 . 100 -
84 16 86 14
100 —— 100 -
100 _— 100 -
100 _— 100 -
100 _ 100 ——
100 - 100 -
100 - 100 -
100 —— 100 __
1100 w 1100 w
Phosphaterock __ ____________ 1100 w 1100 w
Potassiumsalts_ __ ___________ —— 100 - 100
Pumice_ __________________ 100 —— 100
Salt _____________________ 20 80 20 80
Sandandgravel _____________ 100 __ 100
Sodium carbonabe (natural) - 100 - 100
Stone:
Crushedandbroken ____________ 97 3 97 3
Dimension _____________ 1100 w 1100 w
Talc, soapstone, pyrophyllite 76 24 88 12
poli _ ___ ___ _ _ __ _____________ 1100 w 1100 w
Vermlculxbe _____________________ 100 _— 100 -
Wollastonite ___ _________________ w 2100 w 2100
Total nonmetals _ ____________ 96 4 97 3
Grandtotal ________________ 95 5 96 4

W Withheld to avoid disclosing company proprietary data; included with “Surface.”
Includes underground; the Bureau of Mines is not at liberty to publish separately.
2Includes surface; 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 1978, by State
(Percent)
State Crude ore Total material

Surface Underground Surface Underground
Alabama_ ______________________ 1100 w 1100 w
Alaska _ __ _ __ _ _________________ 100 - 100 -
Arizona _______________________ 90 10 93 7
Arkansas ______________________ 1100 w 1100 w
California _ _ . ___ ______________ 99 1 99 1
Colorado_ _ _ _—_________._________ 68 32 T4 26
Connecticut _ _ _ __________________ 100 — 100 .
Delaware _ _ . _______________ 100 . 100 —
Florida_ . _____________________ 100 — 100 —
Georgia _ ___ ___________________ 96 4 97 3
Hawaii________________________ 100 - 100 —
Idaho_ _ _ ______________________ 91 9 96 4
Nlinois . _ _ _ _ __ _________________ 97 3 98 2
Indigna ________ _______________ 97 3 97 3
Towa o ______ 96 4 96 4
Kansas_ _ ______________________ 92 8 92 8
Kentucky _ . ___________________ 86 14 86 14
Louisiana __ ____________________ 83 17 84 16
Maine ________________________ 100 . 100 —_
Maryland - _ ____________________ 1100 w 1100 w
Massachusetts _ - _________________ 100 . 100 —_
Michigan _ _ ____________________ 96 4 97 3
Minnesota_ _ ____________________ 100 —— 100 ——
Mississippi _ ___ ______________.___ 1100 100 w
Missouri ___ ____________________ 79 21 78 22
Montana_ _ _____________________ 99 1 98 2

Nebraska ______________________ 1100 w 1100
Nevada _______________________ 99 1 99 1
New Hampshire - ________________ 100 - 100 —_
Newdersey _ _ ___________________ 99 1 99 1
New Mexico_ _ _ __________________ 63 37 89 11
NewYork ______________________ 94 6 94 6
NorthCarolina_ ____ ______________ 100 . 100 -
NorthDakota_ __ _ ________________ 100 __ 100 -
Ohio _________________________ 96 4 96 4
Oklahoma __ ____________________ 1100 w 1100 w
Oregon________________________ 100 —— 100 -
Pennsylvania_ ___________________ 96 4 96 4

elsland __ __________________ 100 __ 100 N

1100 w 1100 w
1100 w 1100 W
88 12 88 12
100 - 100 —
98 2 96 4
97 3 98 2
96 4 96 4
1100 w 1100 w
West Virginia_ __ _________________ 84 16 85 15
Wisconsin — _ ___ __ _______________ 1100 w 1100 w
Wyoming __ ___ _________________ 60 40 93 7
Total ___ ___ ______________ 95 5 96 4

W Withheld to avoid disclosing company proprietary data; included with “Surface.”
IIncludes 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 1978, by commodity
and magnitude of crude ore production!

Total Less 1,000 10,000 100,000 1, 000 000 More
Commodit: number than to to to than
mmodity of 1,000 10,000 100,000 1 000 000 10, 000 000 10,000,000
mines tons tons tons tons tons
METALS
Copmer ZZTTIIIIIIIIIIE £ 01 3 i gt i
? S .
Golg:
Lode 49 31 5 8 4 1 .
Placer 37 9 18 2 1 -
Iron ore 48 - 3 1 13 17 8
d_ o~ 7 4 2 5 5 -
Silver 45 25 8 T 5 - —_—
itani 7 - . — 2 -z
65 51 9 3 2 —— -
271 43 99 84 43 2 _-
26 1 4 6 15 - _
12 2 __ 3 3 3 1
627 168 141 146 105 47 20
13 2 4 6 1 . -
4 = — 2 1 1 _
30 . 5 14 11 - -
1 __ —_ 1 1 —_—
1,125 55 670 156 - .
13 - 6 5 2 . -
18 1 3 6 3 —— -
7 . 4 1 2 - ——
69 1 6 17 4 1 —_—
16 1 1 17 7 - -
12 - 4 5 3 - —
Phosphaterock . __________ 45 — 4 5 13 17 6
Potassiumsalts _ _ _________ 8 - . - 2 6 -
Pumice _ _ __ ____________ 205 11 97 91 6 — .
Salt —_________________ 31 1 2 5 16 7 -
Sandand gravel _ _ _ ________ 7,259 97 1,206 3,370 2,490 95 1
Sodium carbonate (natural) _ _ _ _ 4 - —_— . —_— 4 -
Stone:
Crushed and broken _ _____ 4,455 218 610 1,697 1,718 211 1
Dimension ____________ 373 106 170 88 9 — -
Talc, soapstone, pyrophyllite _ _ _ 43 4 15 19 5 - -
Other*_ ________________ 32 6 8 10 8 _— -
Total nonmetals _____ __ 13,765 504 2,389 6,018 4,503 343 8
Grandtotal __ ________ 14,392 672 2,530 6,164 4,608 390 28

1Excludes wells, ponds, or pumping operations.

2Antimony, manganiferous ore, mercury, molybdenum, nickel, rare-earth metals, tin, and

3Emery, garnet, and tripoli.

4Aplite, graphite, greensand marl iron oxnde plgment.s (crude), kyanite, lithium minerals, magnesite, millstones,
olivine, tube-mill liners, ver and

1:
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Table 8.—Twenty-five leading metal and nonmetal’ mines in the United States
in 1978, in order of output of crude ore

Commodity

Mine State Operator
METALS
United States Steel Corp _ Ironore ___ Open pit.
Kennecott Copper Corp — — _ Copper __ _ _ Do.
Duval Sierrita Corp ——e—odo ___ Do.
rve MiningCo _ _ _ __ _ Ironore ___ Do.
Plckand(s:(l:iath%o&(!o S é;__do _— &
per Co ______ pper —_ .
PhelpsDocfgeCorp ______ ————do ___ Do.
e Anaconda Company _ _ ———-do ___ Do.
Cleveland-Cliffs Iron Co _ _ _ Ironore ___ Do.
Pickands Mather & Co_ _ _ _ ———-do ___ Do.
Climax Molybdenum Co., Molybdenum Caving and
a division of Amax Inc. open pit.
Cities ServiceCo __ _ ____ Copper ____ Open pit.
9 ltibay Nox_-toélo Co______ ggn ore ___ &
ps Dodge Corp ______ pper __ __ .
Hanna Mini (bn_) ______ Ironore ___ Do.
rus-Bagdad Copper Co_ _ Copper _ _ _ _ Do.
Kevela.nd—%lo)ﬁs roct:)Co__._ Conore e &
ennecott Copper Corp __ _ pper _ _ _ _ .
lpsDodge(?: ______ ———-do ___ Do.
Ana.mamem _____ ————do ___ Do.
Butler Project ___ ___ Minnesota_ _ _ _ _ Hanna MiningCo___ _ ___ Ironore ___ Do.
New Cornelia_ . __ __ _ Arizona ______ Phelps Dodge Corp______ Copper _ _ __ Do.
Inspiration _ ___ ____ ———do ______ Inspiration Consolidated —e—-do ___ Do.
Copper Corp.
Republic__ ________ Michigan _____ Cleveland-Cliffs Iron Co _ _ _ Ironore ___ Do.
lﬂﬁehurst _________ New Jersey - ASARCO Incorporated _ _ _ Titani - Dredging.
NONMETALS
Noralyn _ _________ Florida_ _ _____ International Minerals & Phosihate Open pit.
Chemlcal Corp. rock.
Kingsford _ _ _______ ee—do N o_do ____________ —eedo ___ Do.
Suwannee__ _______ eeedo ______ \Oomdental Petroleum Corp . ———do ___ Do.
Ft.Green _ ________ ———do ______ iamsCo _ _ _ _______ ———do ___ Do.
Ft.Meade _ ________ ———do ______ MobilOilCorp ________ ————do ___ Do.
cite_ . ___ ______ Michigan _____ United States Steel Corp .. Stone __ ___ Open quarry.
PayneCreek ____ ___ Florida_ ______ WilliamsCo _ _________ Phos;l"hate Open pit.
rock.
ClearSpring ______ _ ee—do ______ International Minerals & ———-do ___ Do.
Chemical Corp.
%ynsworth _______ EIEI_l_do ______ é:\er:ac?:ﬁ}(?nyanam&Co___ g___;:lo _— OpeDO.
ornton _________ inois _ __ ____ ne: amics Corp_ _ _ tone _ __ _ _ n quarry.
Feld ____________ Texas_ _ ______ Texas Crushed Stone Co_ ——__do Open pit.
k- North Carolina _ _ Texasgulf,Inc ____ _____ Phos;;(habe Do.
rock.
gtt.o Meade __ _______ ﬂorll;cll; _______ PresanrdinieIgl Iné:o_ ________ v do ___ Ope Do.
meport _ _ _ ___ _ __ ichigan _ ____ ue Isle Corp_ _ _ _ __ _ tone _ _ _ _ _ n quarry.
Hookers __________ Florida_______ W.R.Grace&Co_______ Phosphate Open pit.
rock.
Lonesome _ _ _ . _____ eeedo ______ American Cyana.mld Co___ ———do ___ Do.
Nichols __________ —eedo ______ Mobil Oil Corp ________ ———do ___ Do.
BigFour_ _________ —e—do ______ Borden,Inc __________ —e—-do ___ Do.
d _________ —edo ______ UmtedStatesSbeelCorp - ———do ___ Do.
SilverCity _____.___ —eedo ______ BtecCo h General Chemical ———do ___ Do.
p
International . __ _ _ __ New Mexico_ ___ International Minerals & Potassium Open stopes.
Chemical Corp. salts. .
Granite M —— Arkansas _____ Mclseorge Contractor Co., Stone _ _ ___ Open quarry.
FECHialea_ _______ Florida_ . _____ Rinker Materials Corp_ _ _ _ ———-do _ Do.
Bonny Lake________ —eedo ______ W.R.Grace&Co_______ Phosphate Open pit.
rock.
Westvaco _________ Wyoming _____ FMCCorp — __________ Sodium_ _ _ Artificial
stopes.

Brines and materials from wells excepted.
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Table 9.—Twenty-five leading metal and nonmetal® mines in the United States

in 1978, in order of output of total materials handled’

Mine State Operator Commodity x:é‘;‘;ﬁ
METALS
Phelps Dodge Corp _ _ _ Copper ——__ Open pit.
United States Steel Corp — _ Ironore ___ Do.
Duval Sierrita Corp _ Copper _ — - - Do.
Pickands Mather & Co__ _ _ Ironore —__ Do.
Continental OilCo _ ___ __ Uranium_ _ _ Do.
g{levlelanngdg-Chﬁ's' Colron Co___ Ié':n ore ___ Bg
elps eCorp . ____ pper — _ _ 3
Utah International, Inc _ _ _ Uranium_ _ _ Do.
ExxonCorp - ——__——__ ———do —__ Do.
Pickands Mather & Co_ _ _ _ Ironore —__ Do.
Cities ServiceCo _ _ Copper — ___ Do.
GettyOilCo__ __ ______ Uranium_ _ _ Do.
Eagle Kaiser Steel Corp_ _ _ __ __ Ironore —__ Do.
Mitchell Pit_ Reservem ______ ———do ___ Do.
——_— Cyprus Copper Co_ _ Copper ____ Deo.
Kennecott Copper Corp _ _ _ eedo ___ Do.
New Mexico____ The Anaconda Company _ _ ranium_ _ _ Do.
Arizona ______ Anamax MiningCo _____ Copper _ _ _ _ Do.
Colorado_ _ ____ Climax Molybdenum Co., Molybdenum Caving and
a division of open pit.
Amax, Inc.
New Mexico_ _ __ Kennecott Co%hsr Corp — __ Copper _— ___ Open pit.
Arizona ______ Phelps Dodge Corp _ — __ __ ——e—do ___ Do.
—_do______ AS. , Incorporated _ _ _ ———do ___ Do.
Michigan _____ Cleveland-Cliffs Iron Co _ _ _ Ironore —__ Do.
izona _ __ ___ CopperCo ____ _— Copper Caving.
Wyoming Rocky Mountain Energy Co_ Uranium_ _ _ Open pit.
NONMETALS
Kingsford - _ _____ Florida_ ______ International Minerals & Phos]l)(hate Open pit.
Chemical Corp. rock.
Ft.Green _ _______ ———do ______ WilliamsCo - — ———do ___ - Do.
LeeCreek ________ North Carolina _ _ TexasgulfInc _________ ee—odo ___ Do.
Noralyn__ _ ______ Florida_ ______ International Minerals & ee—do ___ Do.
Chemical Corp.
Suwannee_ _ _ _ . _ eedo Occidental Petroleum Corp. ———do ___ Do.
PayneCreek ______ ee—do ______ WilliamsCo _ _ _ _______ ——e—-do ___ Do.
Haynsworth _ _____ eedo ______ American Cyanamid Co _ _ _ ———do ___ Do.
BigFour___ ______ ——_do ______ Borden,Inc ___ _______ eewdo ___ Do.
Clear Spring _ _ ____ —__-do______ International Minerals & —ewdo ___ Do.
Chemical Corp.
il Oi —e—do ___ Do.
———do ___ Do.
———do ___ Do.
———do ___ Do.
———do ___ Do.
———do ___ Do.
———do ___ Do.
Corp
Nichols __ _______ eeodo ______ Mobil OilCorp __ . _____ ———do ___ Do.
Silver City —__—___ ee—do ______ Fstc%ch General Chemical ———do ___ Do.
P
Boron __________ California _ __ _ _ U.S. Borax & Chemical Corp Bo;lo;n miner- Do.
Calcite_ _ _ ———____ Michigan _____ United States Steel Corp _ _ Stone _ _ ___ Open quarry.
Thornton — — ———___ Illinois — __ ____ General Dynamics Corp — _ ———-do __ Do.
Mabie Canyon _____ Idaho________ Conda Partnership_ _ _ _ _ _ Phosphate Open pit.
roc
Feld ___________ Texas_ __ _____ Texas Crushed Stone Co_ _ _ ne _____ Open quarry.
Wooley Valley _ ____ Idaho________ Stauffer Chemical Co _ _ _ Phos;l)‘hate Open pit.
rock.
Gay - e—do ______ J.R.SimplotCo_ _______ ———do ___ Do.

1Brines and materials from wells excepted.
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Table 12.—Mining methods used in open pit mining in 1978, by commodity

(Percent)
Total material handled
Commodity Preceded Not preceded
by drilling by drilling
and blasting and blasting®
METALS
Bauxite_ __ __ ________ _ o ____ 82 18
Cos) S S, 94 6
Gold:
e 100 __
Placer - ____ __ _ ____ __________ - 100
Ironore__________________________ 87 13
Manganiferousore - _ _________________ 52 48
Mercury _ _ __ ___ ________ __________ 10 90
Molybdenum _ _____________________ 100 —_
Nickel ______________ . _____ 18 82
Rare-earthmetals ___________________ 100 e
Silver - __ _ _ _ __ __ __ o ____ 100 __
Tin 100 ——
Txtamum, ilmenite . __________________ 3 ‘97
_________________________ 1 99
Uranium _________________________ 54 46
Vanadium _ _______________________ 50 50
Zinc ' _ o 100 -
NONMETALS

Aplite_ _ __ __ ___ ___ _ o ___ 18 82

Asbestos _ _ _ _ ____ _____ __ _ 99
ite_ 26 24
Boronminerals _______ __________________________ 100 .
_____________ . 100
Diatomite _______________ _____ . 100
Emery __ _ . ___ __ __ _ 100 __
Feldspar _ __ _______ ______ 16
Fluorspar __ _ . _ o 3 27
Garnet __ __ _ ____ __ 84 16
Graphite _ _ __ __ __ _____ - 100
reensandmarl __ - ___ _______________________.____ —_ 100
Gypsum __ _ _______________ 64 36
Iron oxnde pigments(crude) _ _ __ _ _____________________ __ 100
yanite_ _ __ _ __ __ _ _ 100 ——
Lithiumminerals_ _ ___ ___________________________ 100 -

esite _ _ _ __ 100
Mica (sctap) _______________________________ 45 55

illstones _ _ ______ _________ 92
Olivine _ _ _ _ _ _ _ _ _ _ 59 41
Perlite ___ __ __________ 38 62
Phosphate rock - 4 96
rmce __________________________________ 4 96
____________________________________ 1 99
Sand andgravel__ __ __ ___ __ _ ______ - 100

Stone:

. 98 2
- 100
97 3
99 1
- 100
53 47

ncludes drilling or cutting without blasting, dredging, mechanical excavation and nonfloat washing, and other
surface mining methods.
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Table 13.—Exploration and development activity in the United States in 1978, by method

Metals Nonmetals Total!
Method Percent Percent Percent
Feet of Feet of Feet of
total? total® total?
DEVELOPMENT
Shaft and winze sinking _ __ _______ 11,700 0.3 1,160 6.7 12, 0.3
Raising . _______________ - '101,000 2.5 3,350 19.3 104,000 2.6
Drifting, crosscutting, or tunneling 801,000 20.0 ,800 4.0 814, 20.2
Solutionmining __ _____________ 3,090,000 7.2 __ . 3,090,000 76.9
Total' ________________ 4,010,000 100.0 17,300 100.0 4,020,000 100.0
EXPLORATION
Diamonddrilling ______________ 1,710,000 1.5 202,000 410 1,910,000 8.1
Churndrilling___ _____________ 382,000 1.7 15, 3.2 397,000 1.7
illi 18,900,000 81.9 272,000 55.2 19,100,000 814
Percussion ing 1,260,000 55 __ —_— 1,260,000 5.4
Other drilling 756,000 33 3,000 6 759,000 3.2
Trenching __________________ 44,400 2 250 1 44,600 2
Total® ________________ 23,000,000 100.0 493,000 100.0 23,500,000 100.0
Grandtotal® ____________ 217,000,000 XX 510,000 XX 27,500,000 XX
XX Not applicable.
1Data may not add to totals shown b of independent roundi

2Based on unrounded footage.
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MINING AND QUARRYING TRENDS

—Total material (ore and waste) produced by mine development

in the United States in 1978, by commodity and State

25

(Thousand short tons)
Shaft and Drifting,
winze cwsscol;ttmg, Stripping Total'
tunneling

COMMODITY
83 1,390 8,290 63,000 72,800
2 43 143 6,430 6,620
- - 2 211
— __ 400 81,300 81,700
Lead 1 14 1,760 1 1,780
Tungsie ; % 108 10 Vg

) | P
Uranium__ . _____ 145 100 1,820 107,000 109,000
Zine . _ 13 18 1,090 4 1,120
Other* _ __ ______________ —_ 13 365 2,280 2,650
Total metals® _________ 250 1,640 14,300 262,000 278,000
NONMETALS
Fluorspar _ _ _ _____________ ® 8 48 20 76
Phosphaterock __ _ _ _ ________ —— — 14 8,240 8,260
Talc, soapstone, pyrophyllite _ _ _ _ _ - 1 1 418 414
Other* ___ _ ______________ 5 18 4 3,150 3,170
Total nonmetals® __ _____ 5 26 67 11,800 11,900
Grandtotal® __________ 255 1,666 14,400 274,000 290,000
STATE

. - —— w w
- —_ _ 167 167
1,380 7,830 7,990 17,200
— — — w w
5 7 56 3,180 3,240
3 23 975 2 1,000
@ 52 162 4,650 4,870
w w w w
- — w __ w
— - 26 27,200 21,200
—— — —— 54,100 54,100
—— 4 2,070 - 2,080
e 2 37 78
6 5 80 10,300 10,400
34 97 1,120 53,700 55,000
—_— 5 56 279 340
. __ —— 132 132
® w 2 ® 2
- w w — w
— w W - w
13 11 968 4 995
1 - ®) 36,700 36,700
158 10 709 3,800 4,680
- w w w w
. 5 5 6,140 6,150
- 17 161 64,500 64,700
5 43 150 880 1,080
255 1,660 14,400 274,000 290,000

W Withheld to avoid disclosing company propnet.ary dnta, mcluded with “Undistributed.”

1Data may not add to totals shown

2Antimony, bauxite, beryllium, mercury, molybdenum. and rare-earth metals.

3Less than 1/2 unit.
4 Asbestos, boron minerals, garnet, gypsum, iron oxide pigments (crude), p

salts, p

and tripoli.
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Table 17.—U.S. industrial consumption of explosives

(Thousand pounds)
. i Construction .
1 Coal Metal Ny el “workand © Total
. xear ining ining setal industry other industrial
mining . ; purposes

465,490 551,380 2,203,484 558,806 2,762,290
449,271 493,126 2,594,647 524,380 3,119,027
488,653 493,656 2,781,182 547,347 3,328,529

- 446,406 522,678 3,062,396 647,354 - 8,709,750
1574,213 1604,955 3,347,798 1 2581,391 3,929,189

1Some quantities of this use are included with “All other purposes” to avoid disclosing company proprietary data..
2Includes some quantities from coal mining, metal mining, quarrying and nonmetal mining, and construction work.

ExNi)te; Data for 1977 and 1978 are not comparable to prior years due to change in reporting by the Institute of Makers of
plosives. - - - . S S

Table 18.—U.S. consumption of explosives in the minerals industry -

(Thousand poundsj . ) ; )

ear Coal Metal Qe  Total

mining mining nonmetal 3 T

mining :
PERMISSIBLE EXPLOSIVES
38,332 192 11,237 39,761
41,996 . 241 1,083 43,320
41,123 204 1,090 42417
46,663 225 694 47,682
38,530 . 208 618 39,356
OTHER HIGH EXPLOSIVES
26,301 21,733 99,364 153,398
36,875 25,118 74,796 136,789
34,521 24,265 65,891 124,677
34,407 -+ 25174 63,378 122,959
21,741 25,400 59,974 113,115
WATER GELS AND SLURRIES

94 160,198 75,837 258,239
1915 _____ ___________ 24,118 181,809 73,872 279,799
9% _______ _________ 30,871 205,429 74,176 310,476
o 42,406 154,704 ,062 272,172

o __ 63,494 234,470 89,322 s

AMMONIUM NITRATE: FUEL-MIXED AND UNPROCESSED
1914 ____________ 1,099,777 217,367 374,942 1,752,086
19765 _____ e 1,549,262 242,103 343,374 2,134,739
we_ ___ 1,692,358 , 352,499 ‘2,303,612
W 1,969,836 266,303 383,544 2,619,683
98 2,038,865 314,135 455,041 2,808,041
TOTAL

1,186,614 465,490 551,380 2,203,484
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 T 3,062,3
2,168,630 574,213 604,955 3,347,798




Abrasive

Materials

By G. David Baskin!

Changes in the 1978 quantity and value of
the sales of various natural abrasives, com-
pared with the data for 1977, were of a
mixed nature. Output of tripoli-type materi-
als and garnet increased in both tonnage
and value. Emery production also increas-
ed. But special silica stone product sales
decreased in both tonnage and value, and
the reported quantity and value of sales of

manufactured abrasive material also de-
creased for 1978.

In 1979 output of tripoli-type materials
and special silica stone products decreased
in both tonnage and value when compared
with the previous year. The tonnage and
value of sales of garnet and manufactured
abrasives increased when compared to 1978
data.

Table 1.—Salient abrasives statistics in the United States

1979

Kind 1975 1976 1977 1978
Natural abrasives (domestic) sold or used
by producers:
Tripoli(crude) _ __ ________ short tons_ _ 80,562 124,281 125,661 138,311 €1217,878
Value __ _________ thousands_ _ $565 $776 $777 $849 €$831
Special silica stone products! __short tons_ _ 2,953 2,696 2,200 €2,175 €1,944
Value thousands_ _ $1,061 $1,404 $3,236 €$2,630 €$1,714
short tons_ 17,204 24,565 20,022 22,058 23,303
_ —thousands_ $1,690 e$2 740 €$2,234 €$2,570 €$2,831
short tons_ 3,487 w w w w
thousands w w w w W
short tons_ 528,307 620,328 640,723 550,877 712,733
thousands__  $141,580  $176,064 $186,654 $172,554 $230,024
Foreign trade (natural and artificial abrasives):
Exports(value) . _ _ _____________ $102,849 $113,199  $121,579 $138,659 $185,587
Reexports (value) $28,362 $29, $35,363 $41,016 $92,838
Imports for consumption (value) __ ___ do__  $121,863 '$157,232  '$192,870 $231,720 $270,556
®Estimate. "Revxsed W Withheld to avoid discl proprietary data.

tube-mill lmers, and whetstones.

‘Includes gnndmg p gr ilst
prot production of silicon carbide and oxide and shi ts of metallic abrasives by U.S.
aIncludes U.S. and Canadian production of al oxide.
FOREIGN TRADE

The 1978 import values of abrasive mate-
rials were 20% more than the 1977 import
values, while the 1979 values increased 17%
over the previous year. U.S. exports plus
reexports, not including metallic abrasives,
increased in value 14% in 1978 and 55% in
1979. Net imports, the excess of imports
over exports and reexports, not including
metallic abrasives, were valued at $57.5
million in 1978 and $0.6 million in 1979.

Industrial diamond imports into the
United States in 1978 totaled 22.2 million

carats of loose material valued at $87.8
million, a decrease of 2% in quantity and an
increase of 11% in value, compared with
imports for 1977 and not including diamond
dies. In 1979 imports of industrial diamond
totaled 25.3 million carats valued at $110.9
million, an increase of 14% in quantity and
26% in value, compared with the previous
year. The exports of industrial diamond,
loose, totaled 19.1 million carats in 1978, an
increase of 8%; their value was $51.2 mil-
lion, 15% more than the value for 1977. In

27
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1979, exports of industrial diamond totaled
28 million carats, an increase of 47% when
compared with the previous year; the value
increased 58% to $78.5 million. Reexports of
industrial diamond, loose, decreased 15% to
3.3 million carats in 1978, but the value of
these reexports increased 15% to $40.2 mil-
lion. Reexports in 1979 decreased 24% in
quantity, compared with 1978 reexports,
but the value increased 3% to $41.4 million.
In 1978, the diamond content in diamond
wheels, exported and reexported, was
718,416 carats, a decrease of 13%; the de-
clared value was $6.0 million, a decrease of
2% from the value declared for 1977. In
1979, diamond content in wheels, exported
and reexported, was 589,000 carats, an 18%
decrease compared with 1978 quantities; the
value increased 10% to $6.6 million. Im-
ports of diamond wheels increased in value
in 1978 to $3,558,000 from the 1977 value of
$1,882,000. The 1979 value of diamond
wheel imports increased 87% to $6,638,000.

MINERALS YEARBOOK, 1978-79

The 1978 imports of industrial diamond
from Ireland totaled 7.9 million carats,
valued at $17.9 million, an increase of 4% in
quantity and 1% in value over 1977 im-
ports. Ireland’s share of U.S. imperts in
1978 was 36% of the total quantity and 20%
of the total value. In 1979, imports of
industrial diamond from Ireland totaled 9.6
million carats, valued at $20.5 million, an
increase of 22% in quantity and 15% in
value. Ireland’s share of U.S. imports in
1979 was 38% of the total quantity and 18%
of the total value (excluding diamond dies).
Of the imported bort and powder in 1978,
7.4 million carats were synthetic diamond
valued at $14.0 million, and 7.6 million
carats were natural diamond valued at
$18.9 million. In 1979, synthetic powder and
dust totaled 12.9 million carats valued at
$23 million while natural bort and powder
totaled 5.9 million carats valued at $15.2
million.

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

(Thousands)
1977 1978 1979
Kind Quan- Quan- Quan-
tity Value tity Value tity Value
NATURAL ABRASIVES
Dust and powder of natural and synthetic
precious or semiprecious stones,
including di d dust and powder _ _ ___ __ carats__ 17,2712  $42,714 18857  $49,098 27,297  $70,902
Crushing bort, except dust and powder_ _ ____ ____ do__ 6 —_ __ __ __
Industrialdiamond _ __ __________________ do__ 376 1,854 289 2,124 683 1,572
Emery, natural corundum, other natural
abrasives,n.e.c_ _ _ ___ ______________ pounds__ 38,803 8,147 19,067 890 9,627 1,776
MANUFACTURED ABRASIVES
Artificial cor (fused alumi oxide) _ _____ do__ 39,361 13,226 32,233 13,671 39,986 19,754
Silicon carbide, crudeoringrains_ __ _ _________ do__ 22441 7,062 24,150 8,080 20,410 9,410
Carbide abrasives,nec_ __ ________________ do_ _ 2,074 4,513 558 752 388 987
Other refined abrasives _ _ _ ___ _ . ___________ do_ _ NA NA 27,785 6,057 28,206 6,569
Grinding and polishing wheels and stones:
Diamond_ _ . ________________ carats_ _ 797 5,900 694 5,759 567 6,401
Pulpstones _ __ __________________ pounds__ 1,545 966 O] Q] ™ O]
Polishing stones, whetstones, oilstones,
hones, similarstone_ _ _ _ _ _________ number_ _ 660 1,303 868 1,908 668 1,791
Wheels and stones,nec —___ _ ________ pounds_ _ 5,268 14,526 6,763 17,264 6,560 21,083
Abrasive paper and cloth, coated with
natural or artificial abrasive materials __ __ _ reams_ _ 536 17,017 217,223 27,622 218,608 30,864
Coated abrasives,n.ec ________________ pounds_ _ NA 4,309 NA NA NA NA
Grit and shot, including wire pellets _ _ _______ do____ NA NA 33,674 5434 44,395 8,478
Total . ___ _ o _____ XX 121,579 XX 138,659 XX 185,587
NA Not available. XX Not applicable.

Included in “Wheels and stones, n.e.c.”
2Quantities for 1978-79 ed in p
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Table 3.—U.S. reexports of abrasive materials, by kind

(Thousands)
1977 1978 1979
Kind Quan- Quan- Quan-
tity Value tity Value tity Value
NATURAL ABRASIVES
Dust and powder of natural and synthetic
recious or semiprecious stones, N :
including diamond dust and powder _ _ ___ __ carats_ _ 464 $1,372 624 $2,006 472 $1,914
Crushing bort, except dust and powder_ _ _ ___ __ do____ 320 , . _ - __
Industrial diamond __ __ ___ ____________ do____ 3132 31,839 2,666 38,205 2,055 39,753
Emery, natural corundum, other natural )
abrasives,nec____________________ pounds__ _— __ 97 13 214 49,966
MANUFACTURED ABRASIVES
Artificial corundum (fused aluminum oxide) _ . __do____ __ _ @ 3 - -
Silicon carbide, crudeoringrains_ _ _________| do____ - __ 138 25 - __
Carbide abrasives,n.e.c - _ _______________ do____ 5 34 —— - - -
Grinding and polishi heels and stones:
Diamond ______________________ carats_ _ 33 235 24 196 22 237
Wheels and stones,nec? ____________ pounds_ _ 16 60 36 90 8 147
Abrasive paper and cloth, coated with
natural or artificial abrasive materials,
including coated abrasives,n.ec _ ________ reams_ _ ™ 5 32738 478 3348 821
Coated abrasives,nec __ _ . __________________ NA 60 - __ . ——
Total . __ __ _ _ _ __ o ____ XX 35,363 XX 41,016 XX 92,838

NA Not available. XX Not applicable.

Less than 1/2 unit.

2[ncludes value of hones, whetstones, oilstones, polishing stones, and quantity and value of other abrasive wheels.
3Quantities for 1978-79 measured in pounds.

Table 4.—U.S. imports for consumption of abrasive materials
(natural and artificial), by kind

(Thousands)
1977 1978 1979
Kind Quan- Quan- Quan-
tity Va!ue tity Value tity Value
Corundum,crude_ _ _ _ __ __ __________ short tons_ _ 2 $241 @ $58 5 $435
Emery, flint, rottenstone, tripoli,
crudeorcrushed_ _ __________________ 9 363 10 611 7 584
Silicon carbide, crude _ _ 93 25,339 107 30,091 97 30,111
Aluminum oxide,crude _ _ __ _ _____ - 180 42,740 195 45,653 211 49,843
Other crude artificial abrasives 3 2 506 3 795
Abrasives, ground grains, pulverized or refined:
Rottenstone and tripoli do____ ® @) @ 3 4 1
Silicon carbide ____________ - 3 2,731 1 6,807 6 7,480
Aluminumoxide - _ __ _______________ d 3 1,889 5 3,509 8 5,310
Emery, corundum, flint, garnet, other,
including artificial abrasives _ _ _ _______ do____ 3 1,752 4 3,104 4 3,781
Papers, cloths, other materials wholly or partly
coated with natural or artificial abrasives ___ __ ____ Q] 27,952 ® 38,185 ® 42,117
Hones, whetstones, oilstones, and polishing stones
number_ _ 203 182 831 627 423 518
Abrasive wheels and millstones:
Burrstones manufactured or bound up into
millstones_ _ _________________ short tons_ _ ® 2 Q) () @ 3
Solid natural stone wheels _ __ _ __ _____ number_ _ 8 32 23 19 41 70
jiamond_ _ _ __ _ __ _ _______________ do____ 55 1,882 130 3,558 103 4,192
Abrasive wheels bonded with resins _ ______ do____ 1 8,556 32,851 4796 33,906 6,131
Other__ __ (] 2,729 ® 4,460 A 5,506
Atrticles not especially provided for:
Emeryorgarnet _ _ __ __ __________________ Q) 36 @ 44 @ 53
Natural corundum or artificial abrasive
materials _ __________________________ A 345 () 522 (@] 710
Other_________ (©] 685 Q] 800 @ 1,166
Diamond, natural and synthetic:
ond dies _ 16 580 11 606 11 756

Crushing bort 260 592 177 455 58 219
Other industrial diamond 6,263 40,822 5,919 49,018 6,062 65,612
Miners’ diamond _ _ _ __ _ 1,342 6,986 1,276 5,797 1,033 8,087
Dust and powder _ ___ __ 14,775 30,722 14,811 32,491 18,172 37,016
Total _ _ _ _ XX 192,870 XX 231,720 XX 270,556

TRevised. XX Not applicable. '

1Less than 1/2 unit.

2Quantity not reported.

3Quantities for 1978-79 measured in pounds.
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TRIPOLI

Finegrained, porous silica materials are
grouped together under the category tripoli
because they have similar properties and
end uses. Production of crude tripoli (table
1) increased 10% in quantity and 9% in
value in 1978. Processed tripoli sold or used
(table 5) decreased 1% in quantity and
increased 17% in value. Of the processed
tripoli, 66% was used for abrasives in 1978
and 32% was used for fillers, compared with
61% and 37%, respectively, for these uses in
1977.

Tripoli producers in 1978 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
The Carborundum Co., which produced
crude in Ottawa County, Okla., and finished
material in Newton County, Mo. Illinois
Minerals Co. and Tammsco, Inc., both in
Alexander County, Ill, produced amor-
phous (microcrystalline) silica. Keystone
Filler and Manufacturing Co., in Northum-
berland County, Pa., mined and processed
rottenstone (decomposed fine-grained sili-
ceous limestone or shale).

Prices quoted in Engineering and Mining
Journal, December 1978 and December
1979, for tripoli and amorphous silica were
as follows:

1978 1979
Tripoli, T carload lots, f.0.b., in cents per pound:
powﬁatg’e E?c?l’ll.: Air floated through200mesh____________________ 2.30 2.55
R d cream, S Mo., and Rogers, Ark.:
Once ground 2.90 2.90
2.90 2.90
Aiir fl 3.15 315
$35.00-$46.00 $51.00
36.00- 47.00 52.00
37.00- 48.00 53.00
41.00- 52.00 55.50
39.50- 50.50 57.00
67.50 72.50
91.50 98.50
99.50 106.50
124.00 131.00
Table 5.—Processed tripoli’ sold or used by producers
in the United States, by use?
Use 1974 1975 1976 1977 1978 1979°
Abrasives _____________ short tons_ _ 50,615 38,815 68,874 70,631 75,574 78,600
_____________ thousands_ $2,251 $1,518 $2,525 $2,805 ,709 $3,718
Filler _ ______________ short tons__ 33,361 217,630 40,247 42,599 36,505 36,409
Value __ ___________ thousands_ _ 1,346 $1,205 $1,811 $2,212 $2,220 $2,511
Other _______________ short tons_ 2,025 1,739 5,000 2,689 e26190 1,000
Value _____________ thousands_ _ $66 $60 $175 $119 $97 $50
Total®_ __________ short tons_ 86,000 68,184 114,121 115,919 114,269 116,009
Value® _______ thousands_. $3,665 $2,783 $4,511 $5,136 $6,026 $6,279
“Estimate.
Includes amorphous silica and Pennsylvania rottenstone.
2Partly estimated.

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

SPECIAL SILICA STONE PRODUCTS

Special silica stone products produced in
1978-79 included oilstones-whetstones from
Arkansas and Indiana, grindstones from

Ohio, grinding pebbles from Minnesota and
deburring media from Ohio and Wisconsin,
and tube-mill liners from Minnesota.
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Producers of oilstones-whetstones in Gar-
land County, Ark., were John O. Glassford;
Hiram A. Smith, Inc. (closed in 1979); Ar-
kansas Abrasives, Inc.; and Norton Pike
Div. of Norton Co. Hindostan Whetstone Co.
operated 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.

31

"l‘able 6.—Special silica stone products sold

or used in the United States!

Quantity Value
Year ‘(short (thou-
- tons) . sands)
3134 - $117
2,953 . 1,061
2,696 1,404
2,200 3,236
2,175 2,630
1944 - 1,714

eEstlmﬁ N
IIncludes grmdlng bbl indst: oilst tube-

mill liners, and whetstones. :

NATURAL SILICATE ABRASIVES

Garnet.—The United States accounts for
about 85% of the world’s garnet production;
the rest comes primarily from India, the
U.S.SR., and Australia. Sales of domestic
garnet 1ncreased 10% in quantity and 15%
in value in 1978, compared with 1977 sales.
In 1979, sales increased 6% in quantity and
10% in value, compared with 1978 sales.
Four producers were active—two in Idaho,
one in New York, and one in Maine. 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 decorative concrete. Industrial

Garnet Extractives began garnet produc-
tion of almandine garnet near Rangeley,
Maine. The company expects production to
reach 10,000 tons per year, with its main
markets in abrasives, water filtration, and
production of high-density concrete.

The United States is the largest consumer
of garnet, although Japan, the United King-
dom, France, the Federal Republic of Ger-
many, and Italy are also large importers
and consumers, With garnet now higher in
cost than in previous years, some users are
replacing it with synthetic abrasives, but
synthetics are not being used in high-
quality cabinet work. Some garnet produc-
ers expect the product’s future growth to be
outside the abrasives industry, particularly
in water filtration applications.?

Table 7.—Abrasive garnet sold or used by

producers in the United States

tity Value

. Year (short (thou-

: tons) sands)
24,684  $2,551

17,204 1,690

24,565 €2,740

20,022 €2,234

22,058 €2,570
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NATURAL ALUMINA ABRASIVES

Corundum.—No domestic corundum was
produced in 1978-79. Requirements for do-
mestic consumption were met by imports,
primarily from Nigeria and the Republic of
South Africa. Small quantities of corundum
were imported from Canada, Switzerland,
and India. In 1978, imports totaled 486 tons
at a declared value of $57,973. In 1979,
imports totaled 4,867 short tons valued at
$434,964.

Prices quoted in Engineering and Mining
Journal, December 1978 and December
1979, for crystal corundum, per short ton of
crude, cif. U.S. ports, were $150 to $160.

Emery.—Two producers of emery were
active in 1978: De Luca Emery Mine, Inc.,
and John Leardi Emery Mine, both near
Peekskill in Westchester County, N. Y.
Domestic emery was used mostly in aggre-
gates as a nonslip additive for floors, pave-
ments, and stair treads. The minor use for
domestic emery was in abrasive materials

for coated abrasives and tumbling or debur-
ring media.

World production data available for em-
ery are principally for Greece and Turkey,
the primary producers. In 1978, production
of emery in Greece was estimated to be
8,960 tons; production in 1979 was approx-
imately 7,200 tons. Turkey’s emery produc-
tion in 1977 was reported as 72,226 tons. No
value was computed for production in either
country. Emery reserves in Turkey are
estimated to total 10 million tons.

Prices quoted for emery in Industrial
Minerals, No. 135, December 1978, were as
follows, in dollars per metric ton, c.i.f. main
European port: Coarse grain, $143 to $152;
medium and fine grain, $152 to $171. Prices
quoted in Industrial Minerals, No. 147,
December 1979, were as follows: Coarse
grain, $165 to $176; medium and fine grain,
$176 to $198.

Table 8.—Natural corundum: World production by country

(Short tons)
Country?! 1976 1977 ' 1978P 1979¢
India ______________ _ ________________ 526 T €],440 1,186 1,200
Kenya________________ __ __ ________________ 15 g =
South Africa, Republicof . __ ____________________ r156 152 2 72
USSR® __ _ _ o ____ 8,300 8,800 9,400 9,400
Ureguay ___ _____ __ __ _ ___ __ ___ _____________ 420 464 ‘247 250
Total  _ _ _ __ o __ 9,417 10,856 10,853 10,922
®Estimate.  PPreliminary. Revised.

1In addition to the countries hsted Southern Rhodesm presumably continued to produce natural corundum at a

significant level (several th Ily), and Arg
but output is not reported and avmlable information is

1

a may have Produced minor quantities of this commodity,
te for for tion of reliable estimates of output level.

INDUSTRIAL DIAMOND

Domestic production of synthetic indus-
trial diamond in 1978 was estimated at 28.7
million carats, an increase of 2.9 million
carats over revised estimates for 1977. Pro-
duction for 1979 was estimated at 42 million
carats. Secondary production, or salvage
from used diamond tools and from wet and
dry diamond-containing wastes, was esti-
mated at 3.0 million carats annually, using
data from a consumption canvass conducted
by the U.S. Department of Commerce.

The Government stockpile inventory as of
December 31, 1979, included 24.0 million
carats of crushing bort and 20.0 million
carats of stones. Stockpile goals were 15.0
million carats for crushing bort and 5.6

million carats for stones, so excesses are 9.0
million carats and 14.4 million carats, re-
spectively. Bort available for disposal under
prior enabling legislation totaled 0.4 million
carats. The inventory of small diamond dies
was 25,473; the objective was 0; and 25,473
was excess.

The United States is the largest consumer
of industrial diamond stones and is totaly
dependent on foreign sources. Due to politi-
cal instability, supplies from Zaire and oth-
er areas are in potential danger of disrupt-
ion. Output of industrial stones is largely
dependent on the output of gem diamond,
which is limited by economic and other
factors not directly related to the demand
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for industrial stones. World reserves are
only marginally sufficient to meet world
demand for industrial stones through 2000;
therefore, increased use of polycrystalline
diamond compacts and other synthetic
products will be necessary to be certain that
the demand will be met.

Exports and reexports (1979 data in pa-
rentheses) of industrial diamond dust and
powder, including synthetics, totaled 19.5
(27.8) million carats valued at $51.1 (§72.8)
million. Exports and reexports of stones and
crushing bort totaled 3.0 (2.7) million carats
valued. at $40.3 ($47.3) million. The total of
exports and reexports of dust and powder,
bort, and stones was 22.4 (30.5) million
carats valued at $91.4 ($120.1) million.

Domestic exploration for diamonds is un-
derway. More than 90 kimberlite occur-
rences are known in the Colorado-Wyoming
State Line District and the Iron Mountain
District of Wyoming. Microdiamonds have
been recovered from some of the State-Line
diatremes; however, the occurrences have

33

not been thoroughly sampled for a determi-
nation of their economic grade. Early-phase
exploration is being conducted in Wyoming
under an assessment permit granted to
Cominco American Inc. by the State of
Wyoming and the Rocky Mountain Energy
Co.3 ‘

Since the start of investigations in Wyo-
ming, there has been renewed interest in
prospecting other kimberlitic instrusives in
Montana, Arizona, and Kentucky. There
have been no diamonds reported from these
localities.

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

(Thousand carats and thousand dollars)

Year Quantity Value
1976 _ o __ 17,047 61,102
1977 22,640 79,122
1978 22,190 87,762

25325 110,934
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WORLD REVIEW

Australia.—Diamond exploration in the
Kimberley region of Western Australia
stirred much excitement during 1978-79.
More than 5,500 claims of 120 hectares each
were staked by 20 to 30 exploration groups
representing 45 to 50 different companies.
The most promising results were shown by
the Ashton Joint Venture, which is manag-
ed by a subsidiary of Conzinc Riotinto of
Australia Ltd. Of the 28 kimberlite pipes
located, bulk sampling of several yielded
more than 14,400 stones. The largest stone
found weighed 7.0 carats. Some reports
estimate that 50% of the stones were of gem
quality. Ashton’s Argyle prospect, near
Kununurra, is the most likely to become a
mine ‘in the near future. Initial samples
indicate very high grades of 94 carats per
100 metric tons from the AK.1 kimberlite
pipe and 796 carats per 100 metric tons
from the alluvial gravel.* The claims will
not be firmly evaluated until 1980, when
more extensive bulk sampling and sample
processing is scheduled for completion.s ¢

Botswana.—The Jwaneng mine now
being developed will reportedly add 6 mil-
lion carats to the annual diamond produc-
tion of Botswana by 1985, making that
country one of the world’s major producers,
ranking behind Zaire and the U.S.S.R. Lo-
cated in the Kalahari Desert, the mine is a
joint project of the Botswana Government
and De Beers Consolidated Mines Ltd. The
Government has negotiated for 77.5% of the
profits.”

Central African Empire.—Diamond pro-
duction in 1978 was 284,240 carats; of this
amount, 30% were of industrial quality.
Total production decreased 4.4% from the
1977 level, and higher prices resulted in a
49% increase in the value of production to
$35 million.® An Israeli-Iranian-Swiss group
obtained a 30,000-square-kilometer conces-
sion for diamond exploration and evalua-
tion; but the project dissolved when political
instability increased in Iran.®

Rhodesia, Southern.—Pilot plant testing
of a diamond deposit near Beitbridge is
underway. The prospect belongs to De
Beers.1®

South Africa, Republic of.—Diamond
production in 1978 is estimated at 7.7 mil-
lion carats, with 4.1 million carats being of
industrial quality. This estimate represents
a 1% increase in total production over that
of 19717.

De Beers continued plans to increase
diamond production from all its mining
interests to over 20 million carats by the

mid-1980’s.* In the Republic of South Afri-
ca, De Beers’ plans include increasing ore
production and plant capacity and improv-
ing diamond-recovery techniques. Marked
improvement in recovery methods in the
last 10 years has led to the retreatment of
old mine dumps in and around Kimberley.
This retreatment is intended to extend the
life of the older underground mines, some of
which were previously expected to be ex-
hausted before 1990.12

The company announced an agreement
with the Government for further develop-
ment of the Premier mine, which has pro-
duced over 78 million carats, including 280
stones weighing over 100 carats each. The
mine will be extended below a 75-meter-
thick barren gabbro sill that cuts across the
kimberlite pipe at the 400-meter level. The
kimberlite below the sill is expected to yield
14 million tons of ore at a grade of 72 carats
per 100 tons.3 1

In northwestern Cape Province, the
Koingnaas mine (De Beers) began produc-
tion planned to total 540,000 carats per year
with an apparent operating life of 15 years.
The alluvial deposit there will yield small
stones averaging 0.25 carat or less. Discov-
ered in 1962, the deposit could not be
economically mined until recently, when
diamond prices increased sharply and mar-
ket conditions improved for small stones.

The Finsch mine (De Beers) also in Cape
Province, is scheduled to increase its ore
production approximately 40% to 420,000
tons per month. In addition, plans are to
increase capacity at the treatment plant
and to substantially improve diamond re-
covery. On the basis of a 6-day working
week, it is anticipated that the new capacity
will allow for an increase in the mine’s
present diamond production of 2.4 million
carats per year. Production is expected to
increase by about 1 million carats per
year.’® Industrial diamond recoveries pre-
sently amount to about 85% of the mine’s
total diamond production.

An expansion program has begun that is
projected to increase production capacity of
De Beers-Sibeka (Sibeka is a Belgian compa-
ny) synthetic industrial diamond to more
than 60 million carats annually. This pro-
duction would equal 60% of the synthetic
diamond in the 1978 market. The three-
phase program, which includes plants in
the Republic of South Africa, Ireland, and
Sweden, is scheduled for completion in
1980.1

U.S.S.R.—Diamond exports, estimated at
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$750 million in 1978, are the fourth largest
source of hard currency for the U.S.SR.t
An estimated 10.6 million carats were
mined in 1978; 80% of this amount was of
industrial quality.
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Zaire.—Total diamond production in 1978
was 11,250,000 carats; 95% to 97% of this
total was of industrial quality. Production
was unchanged from that of the previous
year.

TECHNOLOGY

An improved method for bonding synthet-
ic diamond-cutting elements to drill bits has
been developed by Sandia Laboratories, Al-
buquerque, N. Mex. The diffusion-bonding
technique involves attaching the cutters to
a tungsten-carbide stud or directly to a bit
body. Polycrystalline compact cutters and
studs are coated with nickel, locked togeth-
er, and placed in a thin-walled steel can
filled with a pressure-transfer medium
(graphite). The evacuated, sealed can is
placed in an autoclave and subjected to
pressures of 30,000 pounds per square inch
(psi) at 1,202° F for 4 hours. Under these
conditions, the metallization layers flow
and the surface impurities diffuse into the
nickel, creating a uniform, high-quality
weld. The resulting bonds have shear
strengths of 60,000 to 80,000 psi. Field tests
are planned to test the bonds using igneous
formations and shale. The work is funded
by the U.S. Department of Energy’s Divi-
sion of Fossil Fuels Extraction.?®

'Lamage, Ltd., of Canada, has developed a
new design for an exploratory diamond-
drilling core bit using synthetic diamonds.
The new bit, made of numerous small seg-
ments spaced to allow flushing of cuttings,
performs well in both hard and soft forma-
tions with penetration rates of 11 to 36
centimeters per minute. Advantages claim-
ed for the new design include: Lower cost
per foot and lower investment; fewer bit
types required; lower pressures used in
drilling, resulting in less hole deviation, less
wear on bearings and equipment, and lower
fuel consumption; and the advantage of the
bit staying down the hole longer, resulting
in fewer round trips for the drill string.?

A flexible, throw-away diamond abrasive
pad invented by D. H. Prowse and Co. Ltd.,
is designed to expedite and lower the cost of
finishing contoured surfaces, notably in the

ophthalmic industry’s lens production oper-
ations. The new electroplated diamond
product can reduce the time required for
prefinishing and polishing by at least 50%
and can outlast its conventional abrasive
counterpart by 1,000 times.?

Wheel Trueing Tool Co. of Columbia,
S. C., has developed a process for impreg-
nating mining tool bits with industrial dia-
monds in a way that reduces diamond costs
but requires technical exactitude in metal-
lurgy. The company can use synthetic dia-
monds for impregnation in powdered metal;
in some cases, synthetics perform better
and are less expensive than natural dia-
monds.??

Diamond SA of Lausanne, Switzerland,
has developed a new technique for the
economic manufacture of profiled polycrys-
talline diamond cutting tools. With the new
technique it is possible to produce straight
edges, radii, angles, and combinations of
these to suit the desired tool geometry. The
polycrystalline diamond material shows sig-
nificant advantages over conventional tool-
ing materials especially when machining
aluminum; magnesium and its alloys; non-
ferrous metals containing silicon; nonfer-
rous metals such as copper, brass, bronze,
and zinc and its alloys; ceramics; porcelain;
reinforced and nonreinforced plastics; rub-
ber; and, for certain applications, gold, plat-
inum, and silver. Monocrystalline diamond
tools are still required for turning and
milling operations designed to produce a
gloss or polished finish.zs

Abstracts were published relative to the
properties of diamond, hard materials,
machines, and patents on a monthly basis
in the Industrial Diamond Review. Each
issue, from January to December 1978 and
1979, contains 11 to 25 pages of abstracts
and patent information.
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ARTIFICIAL ABRASIVES

Five firms produced crude fused alumi-
num oxide in the United States and Canada
in 1978. Operators with plants in both
countries were: The Carborundum Co., Div.
of Kennecott Copper Corp.; Norton Co.; and
General Abrasive Co., Div. of Dresser Indus-
tries, Inc. The Exolon Co. and Unicorn
Abrasives of Canada, Ltd., Div. of Fusion du
Saguenay (Simonds Canada Abrasive Co.
Ltd.), operated plants in Canada. The re-
ported 1978 production of white, high-purity
material was 27,955 tons and production of
regular material was 114,153 tons. Of the
combined output of white and regular mate-
rial, 10% was used for nonabrasive applica-
tions, principally in the manufacture of
refractories. Stocks reported totaled 19,552
tons as of December 31, 1978. The estimated
1979 production of white, high-purity mate-
rial was 45,560 tons; production of regular
material was 179,391 tons. Approximately
8% of total production was used for non-
abrasive applications. The estimated pro-
duction was 95% of the rated capacity of
U.S. and Canadian plants. Stocks reported
totaled 15,323 tons as of December 31, 1979.

One firm, General Abrasive Co., Div. of
Dresser Industries Inc., produced fused
alumina-zirconia abrasive in the United
States and in Canada; and three firms,
Carborundum, Norton, and Exolon, operat-
ed plants in Canada. All production was
reportedly used for abrasive applications. In
1978, output was 88% of the capacity of the
furnaces that were used for production of
fused alumina-zirconia. Stocks reported to-
taled 1,436 tons as of December 31, 1978. In
1979, estimated output was 95% of capacity.
Stocks reported totaled 4,283 tons as of
December 31, 1979.

Six firms in the United States and Cana-
da produced silicon carbide in 1978. In 1979,
a seventh company, ESK Inc., began pro-
duction in Hennepin, Ill. The Carborundum
Co., operating plants in both countries,
decided to close its Jacksboro, Tenn., plant.
The main reason for the closure was the

escalating cost of energy in the area.** In
Canada, plants were operated by Electro-
Refractories & Abrasives Canada, Ltd.; Ex-
olon; Norton; and General Abrasive Co.
These companies produced crude for abra-
sive uses and for refractory and other non-
abrasive uses. Satellite Alloy Corp. operated
in the United States and produced crude for
nonabrasive applications. Production re-
ported in 1978 by the six firms was 78% of
capacity, and 27% of the output was re-
portedly used for abrasive applications.
Nonabrasive use accounted for the remain-
ing 78% of output. Most of the nonabrasive
uses of crude were in refractory and metal-
lurgical applications. Stocks totaled 7,255
tons as of December 31, 1978, accord-
ing to reports. In 1979, production report-
ed was 95% of capacity. Of the total output,
approximately 35% was used in abrasive
applications. Stocks totaled 5,857 tons as of
December 31, 1979. »

In the Stockpile Report to the Congress
by the General Services Administration, the
inventory of crude fused aluminum oxide in
calendar year 1979 was 249,864 tons; 73,901
tons was uncommitted excess. The stock of
aluminum oxide grain decreased slightly to
50,786 tons; the goal was 75,000 tons. The
stock of silicon carbide crude was 80,537
tons, and the goal was unchanged at 306,628
tons.

Metallic abrasives were produced by 12
firms in the United States in 1979. Steel
shot and grit comprised 90% of the total
quantity sold or used; chilled iron shot and
grit, 7%; and annealed iron shot and grit,
2%. Pennslyvania supplied 24% of the total
sold or used. Other large suppliers operated
in Ohio, Michigan, Indiana, Virginia, Ala-
bama, Connecticut, and New York. Three
companies recycled metallic abrasives:
Copperweld Steel Co. of Glassport, Pa.; In-
dusteel Corp. of Pittsburgh, Pa.; and Kohler
Co. of Sheboygan, Wis.

TECHNOLOGY

A fused abrasive grain developed by Corn-
ing Glass Works of Corning, N. Y., has less
tendency to chip and lower rates of attri-
tious wear than conventional fused alu-
mina-zirconia abrasives. It consists of

crystalline phases of corundum and zirconia
with an average crystallite size smaller
than 300 micrometers. Fused raw material
is formed into grain of appropriate particle
sizes for use in grinding wheels and coated
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abrasive products.?

Cutting tool inserts are being manufac-
tured from hot-pressed silicon nitride. In
this new application the high strength,
resistance to thermal shock, and good high-
temperature properties of the material al-
low positive-rake cutting geometry and
higher cutting speeds on hard, abrasive
metals.?

Qacts

1Physical sci of Ni tallic Mi Al
2Harben, P. Abrasives—Taking the Rough With the
Smooth. Ind. Miner., No. 134, November 1978, pp. 49-73.
3Hausel, W. D. Explorauon for Dmmond -Bearing Kim-
berlite. Wyoming Geol 1 Feb-
ruary 1979, p. 4 (Abstract).
41‘World Mining. Australia. V. 33, No. 3, March 1980, p.
SIndustrial Minerals. Australian Diamond Prospects,
The Story So Far. No. 137, February 1979, pp. 17-27.
6——. No. 146, November 1979, p. 9.
7Business Week. No. 2581, Apr. 16 1979, p. 46.
‘Mmngoumal V. 292, No. 7491, Mar. 16, 1979, p. 208.
9——. V. 290, No. 7451, June 9, 1978, p. 438.
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l"'Mm Journal. V. 290, No. 7450, June 2, 1978, p. 414.
1ByS. Consulate, Johannesburg, ;ubhc 'of South Afri-
ca. State Department Airgram A-17, Feb. 23, 1979, pp. 34-

35.
Indiaqua, Industrial Diamond Quarterly. No. 19,
19‘78/%831) 3541. . 5 o, N
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tem r 1978 p- 346.
“Coal and Gold Base Mines. V. 26, No. 8, August 1978,

Pp. 5.
"Page 11 of work cited in footnote 14.
“Busmm Week. No. 2530, Apr. 17, 1978, p. 48.
Engineering. V. 89 No &February 1979, p. 27.
"’The Northern Miner. V. 64, No. 14, June 15, 19'18 p.
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Throwaway Diamond. May 1978, pp. l 168.
0 22American Metal Market. V. 87, No. 5, Jan. 8, 1979, p.

”Industnal Diamond Review. Syndite Profile Tools.
December 1979, p. 442.

"Industrml Mmerals Company News. No, 147, Decem-
ber 1979, p. 66.

“Page 184 of work cited in footnote 21.

26Materials Wlth Silicon Nit-
ride. V. 90, Nolin&ber 979,p 1

Table 12.—Producers of metallic abrasives in 1978-79

: Product shot
Company Location and/or grit
AbbottBallCo ____________________ West Hartford,Conn _ _____________ Cut wire.
Abrasive Materials,Inc _ ______________ e,Mich _________________ Steel and stainless
steel cut wire.
AbrasiveMetalsCo _________________ Pittsburgh,Pa_ ___________ ______ Chilled iron and
annealed iron.
The Carborundum Co., Pangborn Div_ _ _ _ ___ Butler,Pa ____________________ Steel.
Cleveland Metal AbrasiveCo____________  Birmingham, Ala ________________ Do.
Do ___ Howell, Mu:h.1 __________________ Chilled iron.
Do_ _ Spri e, NY__ . Do.
Do_.__ ___ Toledo,Ohio _ _ _ ________________ Steel.
1Co ___ __ ___ ___________ Mt.Pleasant,Pa_________________ Do.
Ervin Industries,Inc_ ________________ ian,Mich __________________ Chxl.le|il iron and
steel.
Globe Steel Abraslve COm Mansfield, Ohio _ ________________ Steel.
Metal Blast,Inc____________________ Cleveland,Ohio _ _ _______________ Chilled and
annealed iron.
National Metal AbrasiveCo ____________ ___do______________________ Steel.
Steel Abrasives, Inc Hamﬂton, Ohio _ ________________ Chilled and
annealed iron.
‘Wheelabrator-Frye Inc __ Mishawaka,Ind _________________ Steel.
_______________ Bedford County,Va_ _ _____________ Do,
1Plant closed in 1979.

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

Kind 1974 1975 1976 1977 1978 1979
Silicon carbide! __ _ _ _______________ 163 134 159 192 182 €196
we __ _ _ __ $33,872 $31,842 $45,953 $53,814 $51,371 e$626702
Alummum oxide (abrasive grade)' _ _ _ _ _ ___ 141 191 185 14 225
_______________________ $40,906 $28,368 $43,356 $48,819 $46,633 €$67,511
Alummum-nrcomum oxide . __________ 25 17 20 20 23 28
_______________________ $9,839 $8,506 $11,383 $11,281 $14,668 $14,893
Metalhc abrasxves’ _________________ 301 236 250 243 204 264
Valwe . __ ____ ________________ $91,061 $72,864 $75,372 $72,740 $59,882 $84,918
Total __ ___ _ ___ ___ _________ 730 528 620 640 551 713
Value _________________ $175,678  $141,580 $176,064 $186,654 $172,554 €$230,024

®Estimate.

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

2Shipments 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’
ear and produ (short (thou- (short (thou- (short
tons) sands) tons) sands) tons)
1977:
Chilled iron shot and grit . _____________ 22,533  $4,481 28,934 $6,238 86,600
Annealed iron shot and grit ____________ 7,312 1,244 8,308 1,940 25,600
Steel shotandgrit —___ ______________ 191,316 49215 205,612 64,282 305,100
Other* _________________________ 27 140 78 280 __
Total _________________________ 221,248 55,080 242,932 72,740
1978:
Chilled iron shot and grit __ ____________ 20,504 4,243 24,273 5,665 62,500
Annealed iron shot and g gnt ____________ 7,248 1,368 8,016 1,867 41,210
Steel shotandgrit ________________ 243252 70,968 170,576 50,669 314,700
Other® _________________________ 635 874 1,680 495
Total - _______________________ 271,639 77,453 203,701 59,881 XX
1979:
Chilled iron shot andgrit ______________ 18,766 4,870 19,299 3,172 50,000
Annealed iron shot and grit . __________ 6,170 2,197 6,309 2,698 25,000
Steel shot and grit® 232475 65,631 238,190 78,329 295,400
Other® _________________________ 290 582 337 719 1,200
Total _________________________ 257,701 173,280 264,135 84,918 XX

Estimate. XX Not applicable.

1Total quantity of the various types of metallic abrasives that a plant could have produced dunng the year, workmg
three 8-hour per day, 7 days per week, allowing for usual interrup and assuming q fuel, labor, an
transportation.

2Includes cut wire shot.







Aluminum

By Horace F. Kurtz! and Christine M. Moore?

Primary aluminum production in the
United States established a record high
level of over 5 million short tons in 1979. An
increasing trend in annual production from
the low level of the 1970’s, set in 1975,
continued through 1978 and 1979, despite
plant shutdowns resulting from electric
power shortages. Annual demand,.-as mea-
sured by net shipments of aluminum ingot
and mill products to domestic industry, was
6.8 million tons in 1978 and in 1979, near
the 6.9-million-ton record level of 1973. Net
imports of aluminum, including scrap, fell
from 560,000 tons in 1978 to 67,000 tons in

1979 as total exports rose to a record high
level.

World production of aluminum increased
steadily from 15 million tons in 1977 to
nearly 16 million tons in 1979. Notable
changes during the 2-year period, in addi-
tion to the recovery of U.S. production,
included significant production from new
facilities in Venezuela and the shutting
down of capacity in Japan. Announcements
of plans for new production capacity in-
dicated that major expansion will occur in
Australia in the first half of the 1980’s.

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

1975 1976 1977 1978 1979
United States:
Primary production_ _ _ _ _______________ 4,251 4,639 4,804 5,023
Pri Vlnl;e --------------- 3 33.785.4349% 34.683.5%42 $5,191£432 $6.130,53§§
ice: Ingot, ave: cents per pound _ X S X .
Secondary recov?ge_ ——— _?f ______ 1,156 1,271 1,323 1,401
Exports (crude and semicrude) 440 484 411 520 113
Imports for consumption (crude and semicrude) _ _ 550 749 836 1,080 840
Alumi industry shi ts! 4,555 5,956 6,119 6,830 6,805
Consumption, apparent _ . _ _____________ 3,907 5, 5,492 6,045 5,895
World: Production _ 13,387 13,787 15,093 15,510 15,979

TRevised.
170 domestic industry.
Legislation and Government Pro-

grams.—The Tokyo Round of trade negotia-
tions was completed in 1979, resulting in
new tariff agreements among the developed
nations of the world. The agreements,
which affected aluminum tariffs, placed
most nations in a “most-favored-nation”
status and provided for declining rates to be
phased in, or staged, over an 8-year period.
The initial rates, beginning January 1,

1980, included the following: Unwrought
aluminum (in coils), 3.1% ad valorem;
unwrought aluminum (other than alumi-
num silicon alloys), 0.8 cent per pound;
wrought aluminum (bars, plates, sheets,
strip), 3% ad valorem.

Government stockpiles of aluminum re-
mained at less than 2,000 tons throughout
1978 and 1979.

43
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DOMESTIC PRODUCTION

Primary.—Domestic primary aluminum
production totaled 4,803,762 short tons in
1978 and 5,023,098 tons in 1979. Production
capacity increased from 5,193,000 tons at
yearend 1977 to 5,282,000 tons at yearend
1979.

A strike by coal miners in the first
quarter of 1978 forced several primary alu-
minum producers to reduce production tem-
porarily. Noranda Aluminum Inc. shut
down its 140,000-ton-per-year smelter at
New Madrid, Mo., for approximately 1
month. Eastalco Aluminum Co. cut produc-
tion by 30% at its Frederick, Md., primary
aluminum smelter. Anaconda Aluminum
Co. cut production at its Sebree, Ky., plant
by about 10%. The Aluminum Co. of Ameri-
ca (Alcoa) shut down half of one potline at
its Evansville, Ind., smelter until April
1979.

Alcoa stopped primary aluminum produc-
tion at its Point Comfort, Tex., smelter in
April 1978 due to the high cost of energy.
Production was resumed in May 1979 be-
cause of increased demand for aluminum,
and by yearend four of seven potlines were
in operation.

Reynolds Metals Co. resumed production
at its Corpus Christi, Tex., primary alumi-
num smelter in May 1979 and reached full
capacity production at the facility by year-
end.

Anaconda Aluminum Co. began produc-
tion of primary aluminum in June 1979 in a
new 60,000-ton-per-year potline at its Se-
bree, Ky., smelter. The expansion increased
the capacity of the facility to 180,000 tons
per year.

The Bonneville Power Administration
(BPA) began a 25% curtailment of inter-
ruptible power on July 1, 1979, affecting
three of the six primary aluminum produc-
ing companies in the Pacific Northwest. By
yearend, announced cutbacks totaled
167,300 tons per year of capacity. Alcoa shut
down 34,500 tons per year of capacity at
Vancouver, Wash., and 42,000 tons per year
at Wenatchee, Wash. Reynolds reduced pro-
duction at Troutdale, Oreg., and Longview,
Wash,, by a total of 40,800 tons per year,
and Kaiser Aluminum & Chemical Corp.
slowed production by a total of 50,000 tons
per year at its Mead, Wash., and Tacoma,
Wash., smelters. In addition to the reduced
operating rates resulting from the power
shortage in the Northwest, the Anaconda

smelter at Columbia Falls, Mont., operated
at only 86% of capacity, as a modernization
program was underway during the last half
of 1979.

In 1978, the South Carolina Department
of Health and Environmental Control ap-
proved permits for the construction of
a 197,000-ton-per-year primary aluminum
smelter to be built by Alumax, Inc., in
Berkley County. Startup of the $400 million
facility was scheduled for 1980. Alumax
stopped construction of a third potline at
the Eastalco smelter when Potomac Edison
Power Co. informed the company that it
would be unable to provide the power re-
quired by the expansion.

Martin Marietta Corp. announced plans
to expand its Goldendale, Wash., primary
aluminum smelter by 65,000 tons per year
to 177,000 tons per year. The project, esti-
mated to cost $125 million, was scheduled
for completion in 1981.

Kaiser Aluminum announced plans to
install 10 prototype reduction cells at two
primary aluminum smelters in an effort to
improve energy efficiency and lower emis-
sions. Construction of the cells was sched-
uled to start by yearend 1979, and produc-
tion startup was planned for mid-1981.
Should the cells prove efficient, further
moderniization | of | the | Chalmette, La., and

Tacoma, {; Wash., | primary /. aluminum

A

smelters would be considered.

Alcoa reportedly encountered corrosion
problems at its Palestine, Tex., experimen-
tal aluminum production facility. Produc-
tion at the 15,000-ton-per-year facility was
cut by half until the problems could be
resolved.

The Tennessee Valley Authority increas-
ed the rates charged for power supplied
to industrial customers to 23 mills per
kilowatt-hour, effective July 2, 1978. Pri-
mary aluminum producers affected by the
price increase included Alcoa, Consolidated
Aluminum Co., Revere Copper & Brass,
Inc., and Reynolds. BPA also announced a
price increase for power supplied to indus-
trial customers, including six primary alu-
minum producers. The average cost per
kilowatt-hour for aluminum production in
the Pacific Northwest was expected to in-
crease from about 3.2 mills per kilowatt-
hour to 8.7 mills per kilowatt-hour, effective
December 1979.

Secondary.—Reynolds began expansion
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of its Bellwood, Va., aluminum can and
scrap recycling facilities in 1978. Alcoa and
Reynolds set up facilities in Michigan to
collect aluminum and steel cans which
would be recycled at plants in Indiana and
Tennessee.

Wabash Alloys Inc. began expansion of its
secondary smelting capacity in 1979 to
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150,000 tons per year. Howmet Aluminum
Co. built a 37,500-ton-per-year secondary
smelter at Rockwall, Tex., which was sched-
uled to begin operations during 1980. Sec-
ondary smelters operated by Kripke-
Tuschman Industries Inc. at Toledo, Ohio,
and by Huron Steel Corp. at Trenton, Miss.,
were shut down in 1978.

Table 2.—Consumption of and recovery from purchased new énd old aluminum scrap!

(Short tons)
Calculated recovery
CI C tion
ass i Aluminum Metallic
1978
Secondarysmelters _ ______________________ 882,697 700,827 755,153
Primary producers ___ ____ _______ _________ 437,360 375,763 402,407
Fabricators _ ___ __ __ ____________________ 155,035 135,298 144,664
Foundries _ ____________________________ 101,850 87,442 93,902
Chemical producers _ _ _ _ __ _ _ ___ ___ _________ 39,572 21,578 22,078
Total _____ _ _ _ _ _ _ _________________ 1,616,514 1,320,908 1,418,204
Estimated full industry coverage _ _ _ ___ _________ 1,911,000 1,554,000 1,673,000
1979

Secondarysmelters _ _ _ ___ ____ _____________ 922,159 136,277 798,458
Primary producers _ __ _ __ _ ____ ____________ 442,262 378,734 405,661
Fabricators _ . _ __ _______ ________________ 190,354 167,187 178,669
Foundries __ __ _________________________ 104,323 89,394 96,203
Chemical producers _ _ _ _ ___ _ ___ ____________ 45,933 27,664 28,171
Total _ __ _ _ _ o _____ 1,705,031 1,399,256 1,502,162
Estimated full industry coverage _ _ _ __ _ __ _______ 2,020,000 1,654,000 1,777,000

1Excludes recovery from other than aluminum-base scrap.

Table 3.—Aluminum recovered from purchased scrap processed in the
United States, by kind of scrap and form of recovery
(Short tons)
Kind of scrap 1977 1978 1979 Form of recovery 1977 1978 1979
New scrap: Unalloyed __ _____ 1,743 216 2,176
Aluminum-base ____ 1857,651 2871,633 3920,994 Aluminum alloys ___ 1,218,100 1,271,537 1,342,013
Copper-base_ __ _ __ _ 102 517 95  Inbrassand bronze _ r108 116 184
Zinc-base _ _______ 260 243 253 In zinc-base ﬂ.ll:i's - 1,389 974 1,017
Magnesium-base _ _ _ _ 249 312 327 In magnesium alloys _ 567 646 616
Dissipative forms* _ _ 49,337 49,155 55,067
Total__ _______ 858,262 872,245 921,669 Total ___ __ 1,271,244 1,322,644 1,401,073
Old scrap:

Aluminum-base ____ 411,488 2449275 3478,262

Copper-base_ _ _ _ ___ 47 59 89

inc-base ________ 1,129 731 764

Magnesium-base _ _ _ _ 318 334 289

Total _________ 412,982 450,399 479,404

Grand'total ______ 1,271,244 1,322,644 1,401,073

"Revised.

!Aluminum alloys recovered from aluminum-base scrap in 1977, including all constituents, were 915,205 tons from new
scrap and 447,687 tons from old scrap and sweated pig, a total of 1,362,892 tons.

ZAluminum alloys recovered from aluminum-base scrap in 1978, including all constituents, were 930,285 tons from new
scrap and 487,919 tons from old scrap and sweated pig, a total of 1,418,204 tons.

®Aluminum alloys recovered from aluminum-base scrap in 1979, including all constituents, were 982,899 tons from new
scrap and 519,263 tons from old scrap and sweated pig, a total of 1,502,162 tons.

4Includes recovery in deoxidizing ingot ing 85% al

in such ingot.
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Table 4.—Stocks, receipts, and consumptlon of purchased new and old alummum scrap
and sweated pig in the United States in 19781 ‘

(Short wns)
Class of consumer and type of scrap = ﬁi;o;‘ckls ) -récI:?;ts’ Cox:?:;np- ‘ m :
Secondary smelters: :

New scrap:

Solids and clippings — - - — —— -~ 22,163 296,490 296,661 21,992
Boringsand turnings _ ____________________ w w W W
Foil - _ _ - 433 1,962 2,083 312
Dross and skimmings _ _ ___________________ 8,875 117,402 115,582 10,695
Other® __ _ _ _ o 9,811 169,880 170,213 9,478

"Total newscrap _ 41,282 585,734 584,539 42477

Old scrap:

Castmgs sheet, clippings 11,283 151,657 145,770 17,170
Aluminum cans 2, 833 27,350 27,197 - 2,986
Other* _ __ _ __ ol 4,135 31,773 33,592 2,316
Totaloldscrap _ _ . ___ _________—__ 18,251 210,780 206,559 22,472
Sweatedpig - _ o 18,811 85,919 91,599 13,131
Totalallclasses _ _ ____ ___________ ——— 78,344 882,433 882,697 78,080
Primary producers, foundries, fabricators, .
chemical plants .

New scrap: :
Solids and clippings - _ — - - - 51,863 371,805 396,477 .. 27,191
Boringsand turnings _ _ _ . __ _ .- _____._ w w - W w
Foil __ o oo 1,546 4,909 5,390 1,065 -
Dross and skimmings _ _ __ - __ ______________ 521 27,678 217,682 517
Other® _ _ _ = 3,203 57,537 58,339 . 2,401

Total newscrap — . ________________—__ 57,133 461,929 487,888 31,174

0ld scrap: = -
Castings, sheet, clippings _ _ _ _ 1,351 55,531 55,480 1,402
Aluminumeans _ _ 11,084 142,403 139,970 13,517
Other* _ _ _ _ 2,332 26,693 26,773 - 2,252
Totaloldscrap _ _ . ___________ 14,767 224,627 222,223 17,111
Sweatedpig — -~ — 828 24,140 23706 . 1,262
Totalall classes _ _ _ _ ___ __ _____________ 72,728 710,696 733,817 49,607

Total of all scrap consumed:

New scrap: . .
Solids and clippings — — -~~~ 74,026 668,295 693,138 49,183
Boringsand turnings _____________________ 9,909 166,794 167,145 9,558,
Foil ____ 1,979 6,871 7,473 1,377
Drossand 9,396 145,080 - 143,264 11,212
Other 3,105 . 60,623 - 61,407 2,321

98,415 1,047,663 1,072,427 73,651

Old scra

Castmgs, sheet, chppmgs . 12,634 207,188 201,250 18,572

r 3,161 16,479 17,886 )
Alummum cans —_____ 13,917 169,753 167,167 16,503
Other_ __________ 3,306 41,987 42,479 2,814
Total old scrap _ _ _ _ 33,018 435,407 428,782 39,643
Sweated pig — - -~ —_ -~ —— 19,639 110,059 115,305 14,393
Totalallclasses . __ ___________________ 151,072 1,593,129 1,616,514 127,687

‘W Withheld to avoid disclosing company proprietary data.
Includes imported scrap. According to the reporting compames 10% of total receipts of alumi base scrap, or
160,388 short tons, was received on toll arrangements.
2[ncludes inventory adjustment.
’Includes data on borings and tummgs
1

1

"

data on al PP S,




ALUMINUM ‘ 47

Table 5;—Stoé'ks, receipts, and consumption of purchased new and old aluminum scrap
and sweated pig in the United States in 1979

(Short tons)
Stocks Net Consum Stocks
Class of consumer and type of scrap Jan. 1 receipts? tion P Dec. 81
Secondary smelters: .
New scrap:
Solids and clippings _ 21,992 302,049 307,474 16,567
Borings and turnings 9,286 173,104 173,071 9,319
Foil : w w w w
i 10,695 100,016 104,524 6,187
504 . 20,356 20,303 557
Totalnewscrap _ ______________________ 42,477 595,525 605,372 32,630
’OlCastld scx:anpgs: heet, clippi 17,170 180,153 182,363 14,960
, 8i 1p] - 5 > 2 3
Aluminum cans _ —p:!f _____________ 2, 27,979 28,771 2,194
Other® ___________________ """~ 2,316 33,058 32,940 2,434
Totaloldscrap ________________________ 22,472 241,190 244,074 19,588
Sweatedpig ______________ __________ """~ 13,131 67,786 72,713 8,204
. Totalallclasses _ _____________________ 78,080 904,501 922,159 60,422
Primary prod foundries, fabricat )
chemical plants:
New scrap: : .
By Eoam o am op
rings an . g
Foil ________ TES_ _________ w w w
Dross and skimmings 517 28,319 28,158 678
‘ Ot_her’ e _ 3,194 53,156 51,926 4,424
Totalnewscrap — . ___________________ 31,174 510,798 518,979 ‘ 22,993
0l zerep: sheet, cli 1,402 58,535 58,239 1,698
Castings, sheet, clippings ___._______________ Y X , X
A.lummgsinum cans _ _pigf ___________________ 13,517 151,882 151,191 4,208
Other* ______________________________ 2,252 27,974 27,134 2,492
Total oldscrap_ _____________________ 17171 238,391 237,164 18,398
Sweatedpig ____________________"""""""" 1,262 27,648 26,729 2,181
Totalall classes _ _ ____________________ 49,607 776,837 782,872 43,572
Total of all scrap consumed:
New scrap:
B, WwooME BR
rings and tu; - . X ;5 )
oil __________ - 1,377 ,450 8,125 1,702
Dross and skimmings _ - 11,212 ,335 132,682 6,865
____________ - 2,321 65,062 64,104 3,279
Totalnewscrap _ _ __ ___________________ 73,651 1,106,323 1,124,351 55,623
Old scrap:
Castings, sheet, clippings 18,572 238,688 240,602 16,658
Alumi pper radiat: ) 19,158 19,169 1,743
. Aluminum cans _ 16,503 179,861 179,962 16,402
© Other___-_____ 2,814 41,874 41,505 3,183
- Total old scrap 39,643 479,581 481,238 37,986
Sweated pig ___. _ 14,393 95,434 99,442 10,385
Total all classes 127,687 1,681,338 . 1,705,031 103,994

W Withheld to avoid disclosing company proprietary data.

Includes imported scrap. According to the reporting companies 8.45% of total ipts of aluminum-base scrap, or
142,122 short tons, was ived on toll ar t

2Includes inventory adjustment.

SIncludes data on foil.

4Includes data on alumi pper rad
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Table 6.—Production and shipmeiits of secondary aluminum alloys

by independent smelters
(Short tons)
1977 1978 1979
. Net ship- . Net ship- : Net shij
Production ments Production ments Production en tsp-
Die-cast allogs:
13% Si, 360, etc. (0.6% Cu, maxi-
mum)_ __ 82,325 83,580 108,646 107,787 98,867 100,267
380 and variations _ __ ______ 413,364 416,661 424,296 426,745 453,555 452,575
Sand and anent mold:
95/5 i, 356, etc. (0.6% Cu,
maximum) ____ ________ 24,487 24,306 28,143 28,777 26,818 26,854
No. 12 and variations _ . __ w w w w W
No. 319 and variations_ _ _ ____ 48,674 49,761 54,305 53,401 ,099 55,731
F-132 alloy and variations_ 15,771 15,778 17,877 - 18,007 21,317 1,238
Al-Mg alloys_ _ _ _ ,355 1,249 1,993 1,765 1,854 2,213
Al-Zn alloys __ _ 18,328 17,671 12,223 12,889 7,929 1,742
Al-Si alloys (0.6% 4,548 4,748 8,005 7,843 6,161 6,152
Al-Cu allt])gs (1.5% 3,050 3,315 2,199 2,093 3,216 3,213
Al-Si-Cu-Ni alloys 3,573 3,673 3,336 3,442 3,794 3,850
Other . __ 3,684 3,616 4,451 4,513 8,392 8,473
Wrought alloys: Extrusion billets _ _ 87,979 7,500 91,727 90,893 101,982 101,446
Destructive and other uses: Steel
deoxidation:
Grades1,2,3,and4 ________ 129,776 30,659 37,237 317,066 39,095 39,611
Miscellaneous:
Pure(97.0%AD ___ ________ w W 216 592 2,176 2,172
Aluminum-base hardeners _ _ _ _ 2,548 2,574 2,563 2,314 3,422 3,631
e 26,871 27,174 23,044 22,429 10,386 10,626
Total _ 766,333 772,265 820,261 820,556 845,063 845,794
Less consumption of materials other
an':‘;l:l i 26,403 32,076 38,613
luminum , . . , _—
Primary sil 40, —_— 49,868 _— 48,834 -
Other 4,712 - 4,000 - 4,338 -
Net metallic recovery from alumi-
num scrap and sweated pig con-
sumed in production of secondary
aluminum ingot?_ _ _________ 694,979 - 734,317 —— 753,278 .
TRevised. W Withheld to avoid disclosing company proprietary data; 1977-78 included in “Miscell " and
“QOther categories;” 1979 included in “Other Sand and Permanent Mold.”

Includes data withheld (Other die cast alloys, No. 12 and variations (1977 and 1978 only), Pure (97.0% Al) (1977 only),

and Other miscellaneous).

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

CONSUMPTION

The apparent consumption of aluminum
in end products such as automobiles, cans,
and residential siding, as estimated by the
Bureau of Mines and shown in table 7,
reached a record high level of over 6 million
tons in 1978 and declined slightly in 1979.

Net shipments of aluminum ingot and
mill products to domestic manufacturers of
end products rose to about 6.8 million tons
in 1978 and leveled off in 1979. Shipments to
all major industry segments in 1978 increas-
ed over those of 1977. In 1979, containers
and packaging replaced building and con-
struction as the largest market for alumi-
num. Shipments to the containers and
packaging industry and the electrical indus-

try showed the greatest growth during the
2-year period.

An analysis of energy savings in the use
of aluminum in automobiles was published.®
The estimated average consumption of alu-
minum in automobiles rose from 87 pounds
per unit in 1976 models to 118 pounds per
unit in 1979 models. Usage in 1985 models
has been forecast at 200 pounds per unit.

The use of aluminum by the aerospace
industry was estimated at 125,000 tons in
19784 Consumption of aluminum by this
industry, largely commercial and military
air transport, was expected to reach 250,000
tons in 1980.
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Table 7.—Apparent aluminum supply and consumption in the United States

(Thousand short tons)
1975 1976 1977 1978 1979
Primary production _______________________ 3,879 4,251 4,539 4,804 5,023
Change in stocks:!
Aluminumindustry . ____________________ 421 1149 r3 +106 +191
Government _____________________ +2 +9 . __ .
él;lc%o ______________________________ 550 749 836 1,080 840
ndary recovery:2

Newscrap_ . __ __ ____ ____________ 899 1,062 1,074 1,098 1,163
Odscrap _ _ —_—________ ______________ 337 409 531 575 614
Totalsupply - - _____ 5,246 6,629 76,977 1,663 7,831
Lesstotalexports _ _ __ ____________________ 440 484 411 520 18

Appal‘e 1 2 Nahl. :
for domestic manufactﬁgng _________________ 4,806 76,145 6,566 7,143 7,058
Apparent consumption 3 _ _ __________________ 3,907 75,083 5,492 6,045 5,895

TRevised.
1Positive figure indicates a decrease in stocks; negative figure indicates an increase in stocks.

etallic recovery from purchased, tolled, or imported new and old al scrap expanded for full industry
coverage.
f’Appareq§ aluminum supply avaiéable for domestic manufacturing less recovery from purchased new scrap (a measure
o p in factured end products)
Table 8.—Distribution of end use shipments of aluminum products
1977 1978 1979°
Industry tity Percent Sl;lantity Percent tity Percent
(thousand of (thousand of (thousand of
short tons) total short tons) total short tons)
Building and construction 1,499 23.1 1,604 22.3 1,526 20.9
Transportation _ ___ _____ 1,439 r22.2 1,544 214 1,512 20.7
Containers and packaging _ 1,389 r21.5 1,571 21.8 1,612 220
Electrical ___________ T662 102 736 102 19 106
Consumer durables_ __ __ 526 81 575 8.0 504 6.9
'y and equip t 455 7.0 494 6.9 467 64
Othermarkets _____________ 292 45
306 4.2 405 55
Statistical adjustment _ ________ 143 r.2.2
Total to domestic users _ _ _ __ 6,119 T94.4 6,830 948 6,805 93.0
Exports_ _ ________________ 363 5.6 374 5.2 512 7.0
Total - __ __ ___________ 76,482 100.0 7,204 100.0 7317 100.0
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Table 9.—Net shipments of aluminum wrought! and cast products by producers

(Short tons)
1977 1978 1979
Wrought products: o . ‘
Sheet, plate, foil . __ ____ _____________________ 73,423,024 3,642,651 3,602,560
- Rolled and continuous-cast rod and bar; wire _ _________ 467,431 582,831 618,080
Extruded rod, bar, pipe, tube, shapes, drawn and welded :
tubing and rolled structural sha _______________ 1,197,998 1,311,354 1,263,261
Powder, ﬂake, paste _______________________.__ 60,561 67,970 62,782
F g impacts) ____________________ ) , 73,770
Total _________________ EE S *5,209,658 5,673,009 5,620,453
Castings: :
Sad______ ____ ___ ____ ‘113,373 120,767 148,026
Permanentmold _ _ _________________________ 219,633 218,171 221,644
Die __ _ __ . 652,292 642,185 613,395
Other _____ __ __ ___ _ o __ 19,178 21, 7,591
Total oL 1,004,476 1,002,460 995,656
Grand total S 76,214,134 6,675,469 6,616,109
"Revised.

INet slupments derived by subtracting the sum of producers’ domestic receipts of each mlll shape from the domestic

industry’s gross shipment of that shape.
Source: U.S, Department of Commerce.

‘Table 10.—Distribution of wrought products

(Percent)
1977 1978 1979
Sheet, plate, foil:
on-heat-treatable __ ____ _____ ___-____________________ 53.8 52.1 51.3
4.1 45 49
1.7 19 79
23 3.1 3.5
6.7 1.1 15
8 1.0 9
1.8 1.6 14
183 18.6 18.6
1.0 9 9
1.1 1.0 q
1.2 1.2 11
1.2 1.2 1.3
100.0 100.0 100.0

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

Source: U.S. Department of Commerce.

STOCKS

Metal inventories held at reduction and 2,853,178 tons (revised) at yearend 1977 to
other processing plants as reported by the 2,746,978 tons at yearend 1978 and to
Bureau of Industrial Economics, U.S. De- 2,555,920 tons at yearend 1979.

partment of Commerce, declined from
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'PRICES

The price of 99.5% pure aluminum ingot

as quoted by the American Metal Market
was increased from 53.0 cents per pound at
the beginning of 1978 to a range of 55.5 to

517.5 cents per pound at yearend. By yearend

1979, the price had been increased to a
range of 66.0 to 66.5 cents per pound. -

The range of prices of smelters’ secondary
aluminum mgot as quoted in the American
Metal Market in 1978 was increased from
50.0 to 64.0 cents per pound at the begin-

ning of the year to 58.0 to 70.5 cents per
pound at yearend. By yearend 1979, the
range had been increased to 71.0 to 83.0
cents per pound. The price of aluminum-
base scrap ranged from 27,5 to 86.0 cents
per pound at the beginning of 1978 and 29.5
to 35.5 cents per pound by yearend. At
yearend 1979, the price of aluminum-base
scrap ranged from 37.0 to 49.0 cents per
pound.

FOREIGN TRADE

- Exports of crude and semicrude alumi--
num increased in 1978 and 1979, with ex-
ports of scrap accounting for the largest
increases in both years. Canada, Japan, and
Mezxico remained major recipients of the
shipments, but Venezuela, Brazil, and the

Republic of Korea increa,sedJ their imports

from the United States during the 2-year

“period.

Imports of crude and semicrude alumi-
num, including scrap, increased 29% in
1978, but declined to about the 1977 level in
1979. The largest change in both years was
in receipts of metal and alloys from Canada.

Table ll.—U.S._ exports of aluminulil; by class »

1978 1979
Cl Quantity - Value Quantity . Value
a5 short, (thou: (short. (thou-
tons) . sands) tons) sands)
Crude and semicrude: -
Ingots, slabs,crude _ __ _ __ _ ________________ 126,617 $134,483 200,650 $264,296
Serap _ 194,508 . 140,756 307,080 290,316
Plates, sheets,bars,etc_____________________ 186,895 321,557 248,027 501,850
andforgings_ _ _ ___________________ NA 88,445 7,404 35,671
ricated forms,nec __ ________________ 11,861 37,352 10,224 38,236
Total - _ __ ___ _ . __ 519,881 722,593 773,385 1,130,369
Manufactures: ) .
Foilandleaf _ _______ ___________________ 62,435 30,148 25,171 45419
Powdersandflakes _ __ _ ___________________ 7,292 11,147 7,182 12,979
Wireandcable. ___ ___ ___ ____________.____ 51,593 73,842 11,248 24,137
Total __ _ ____ __ _ 121;320 . 115,137 43,601 82,535
Grandtotal . __ __ ____________________ 641,201 837,730 816,986 1,212,904

NA Not available.
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Table 13.—U.S. imports for consumption of aluminum, by class

1978 1979

Class Quantity Value Quantity Value

(short (thou- (short (thou-

tons) sands) tons) ¢ ‘nds)

Crude and semicrude:

Metalsand alloys,crude _ ___________________ 757,092 $745,255 570,634 $645 769
Circlesanddisks_ - _____________________ 10,236 16,813 10,765 19, 929
Plates, sheets,etc.,nec - . __________________ 207,502 296,492 168,710 289 671
Rodsandbars ____________Z°°°TTTTTTTTC 11,641 16,345 20,867 31,020
Pipes, tubes,ete _________________________ 1,129 2,058 674 2,690
Serap e __ 92,153 68,056 68,316 59,430
Total _ _ o 1,079,753 1,145,019 839,966 1,048,509
60,725 33,984 8,963 34,906
(O] 130 (¢)] 112
318 520 1,680 3,224
1,345 2,650 1,563 3,077
Total — — _ 62,388 37,284 12,206 41,319
Grandtotal . _____ . _________________ 1,142,141 1,182,303 852,172 1,089,828

11978—Aluminum leaf not over 30251 uare inches in area, 1,793,020 leaves, and aluminum leaf over 30.25 square

inches in area, 59,135,928 sq
aluminum leaf over 30.25 square inches in area, 152,758,208 square inches.

leaf not over 30.25 square inches in area, 1,164,331 leaves, and
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WORLD REVIEW

World primary aluminum capacity in-
creased in 1978 and 1979. New primary
aluminum smelters began production in
Dubai, Spain, and Venezuela during that
period. During 1979, significant expansion
plans by several companies in Australia
were announced.

Stocks of primary aluminum held by
members of the International Primary Alu-
minum Institute’ (IPAI), which represent
the bulk of inventories held outside the
centrally controlled economies, decreased
10% during 1978 and an additional 15%
during 1979.

The London Metal Exchange began trad-
ing aluminum futures on October 2, 1978.
Aluminum trading contracts were based on
25-metric-ton lots of minimum 99.5% pure
aluminum ingot.

Algeria.—A 10-year contract was signed
for Jamaica to supply 165,000 tons per year
of alumina to a planned 135,000-ton-per-
year primary aluminum smelter to be built
at M’sila.

Argentina.—The hydroelectric facilities
at Futaleufu were completed in 1978, Alu-
minio Argentino (ALUAR) announced plans
to increase primary aluminum production
at its Puerto Madryn smelter from 55,000
tons per year to 154,000 tons per year, the
rated capacity of the plant, by 1980.

Australia.—Alcoa of Australia Pty. Ltd.
announced plans to add a third potline at its
Point Henry primary aluminum smelter.
The $110 million expansion, scheduled to
begin production in late 1980, would in-
crease production capacity to 182,000 tons
per year. Alcoa also announced plans to
build a 132,000-ton-per-year smelter at Port-
land, Victoria. The $350 million facility was
scheduled to start up in 1983.

Comalco Pty. Ltd. announced plans to
begin construction in 1979 of a two-potline,
225,000-ton-per-year primary aluminum
smelter at Gladstone, Queensland. The $678
million facility would use Sumitomo Alumi-
num Smelting Co. technology. Startup was
scheduled for mid-1982.

Alumax, Inc., undertook a feasibility
study for a $605 million primary aluminum
smelter to be built at Farley, New South
Wales. Production at the 260,000-ton-per-
year facility was scheduled for 1984. Partici-
pation in the project by Broken Hill Propri-
etary was announced.

Alcan Australia Ltd. announced plans to

expand its Kurri Kurri alumina reduction
facility to 99,000 tons per year by 1981 and
to 150,000 tons per year by late 1982. Alcan
Queensland Pty. Ltd. undertook a feasibili-
ty study for a 110,000-ton-per-year smelter
to be built near Gladstone. Startup of the
facility, to be expanded later to 275,000 tons
per year, was scheduled for 1983.

Aluminium Pechiney Australia Pty. Ltd.
was formed to build a 120,000-ton-per-year
primary aluminum smelter at Hunter Val-
ley, New South Wales. The $570 million
facility was scheduled to begin production
in 1983 and would be expanded to 240,000
tons per year by 1985. Gove Alumina Ltd.
and the Australian Mutual Providence Soci-
ety planned to participate in the project.

Bahrain.—Plans were announced by Alu-
minium Bahrain Co. (Alba) to expand its
primary aluminum smelter capacity to
187,000 tons per year. Construction was
scheduled to start in 1979 with completion
scheduled for 1981. The Government of
Saudi Arabia purchased a 20% share in
Alba from the Government of Bahrain.
Other shareholders in the company includ-
ed the Government of Bahrain (58%), Kai-
ser Aluminum and Chemical Co. (17%), and
Breton Investments (5%).

Brazil—A group of 11 French and 4
Brazilian firms signed contracts to supply
equipment, materials, and services for the
Tucurui hydroelectric project. The power
facilities, estimated to cost $2.5 billion,
would supply the 350,000-ton-per-year Al-
bras primary aluminum smelter.

Vale do Sul Aluminio S. A. (Valesul)
began construction of an 88,000-ton-per-
year primary aluminum smelter at Santa
Cruz, Rio de Janeiro. Cia. International de
Engenharia was awarded the contract to
construct the $370 million facility, which
was scheduled to come onstream in 1981.
Valesul is owned 60% by Cia Vale do Rio
Doce, 35% by Shell Brasil S. A., and 5% by
Reynolds International Inc.

Companhia Mineira de Aluminio began
construction of a third potline at its Pogos
de Caldas, Minas Gerais, primary alumi-
num smelter. Startup in 1979 increased the
facility’s capacity to 99,000 tons per year.

Alcan Aluminio do Brasil, S. A, an-
nounced plans to expand its Aratu pri-
mary aluminum smelter by 33,000 tons per
year. The additional capacity, which will
use the Sumitomo Séderberg process, was
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scheduled for completion in 1981.

Aluminio de Nordeste (Alune) was estab-
lished to build an 110,000-ton-per-year pri-
mary aluminum smelter near Recife. The
$400 million facility would use alumina
from the Alunorte alumina refinery near
Belém upon its completion.

Cameroon.—Cie. Camerounaise de I’Alu-
minium, owned 58% by Pechiney Ugine
Kuhlmann and 42% by the Government of
Cameroon, announced plans to increase the
capacity of the Edea primary aluminum
smelter from 46,000 tons per year to 88,000
tons per year by 1981.

Canada.—Alcan Aluminium Ltd. began
construction of a 189,000-ton-per-year pri-
mary aluminum smelter at Ville de La
Baie, Quebec. The first of three potlines was
scheduled to come onstream in 1980. Power
for the $200 million plant would be supplied
by hydroelectric facilities owned by Alcan.

Expiration of a labor contract forced the
closing of three Alcan Quebec smelters in
June 1979, and the company subsequently
declared force majeure on ingot supply
commitments. A new, 3-year contract was
signed September 4, 1979.

Alcan announced plans to double the
generating capacity of its Kemano, British
Columbia, hydroelectric facility.

China, mainland.—Nippon Light Metal
Co., C. Itoh & Co., and Toko Bussan Co. Ltd.
reportedly signed a contract to build an
88,000-ton-per-year primary aluminum
smelter in Kishu Province. Startup was
scheduled for 1981.

The Government of China was also plan-
ning a 660,000-ton-per-year primary alumi-
num smelter in Kwangsi Province. The
facility would use power from the proposed
Lungnan hydroelectric power station.

Germany, Federal Republic of.—Alcan
Aluminium-Werke G.m.b.H. purchased the
48,000-ton-per-year Gebruder Giulini pri-
mary aluminum smelter at Ludwigshafen
for $12.1 million.

Ghana.—A power failure in May 1978 cut
production by 80% at the Volta Aluminium
Co. Ltd. primary aluminum smelter at
Tema. The facility resumed full capacity
production in November 1979.

Guinea.—A feasibility study was under-
taken for an integrated aluminum smelting
complex by Swiss Aluminium Ltd. for the
Governments of Guinea, Egypt, Saudi Arab-
ia, Kuwait, Iraq, Libya, and the United
Arab Emirates. The project, to be located in
Guinea, would include development of
bauxite deposits, an alumina refinery, and a
primary aluminum smelter.
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Hungary.—Plans were under consider-
ation for a 110,000-ton-per-year primary
aluminum smelter to be built near Inota. -

India.—Bharat Aluminium Co. complet-
ed the third and fourth 25,000-ton-per-year
potlines at its smelter at Korba, Madhya
Pradesh. Production was delayed due to
power shortages. .

The Government of Uttar Pradesh ap-
proved plans of Hindustan Aluminium
Corp., Inc., to build a captive power plant to
insure power supplies to its primary alumi-
num smelter at Renukoot.

Kaiser Aluminum & Chemical Corp. sold
its 27% equity in Hindustan Aluminium
Corp., Inc. to the Government of India.

Pechiney Ugine Kuhlmann and Bharat
Aluminium Co. signed a letter of intent to
undertake a feasibility study for a 660,000-
to 880,000-ton-per-year alumina refinery
and a 176,000-ton-per-year primary alumi-
num smelter to be built in Orissa.

Indonesia.—Construction was begun on
the 248,000-ton-per-year P. T. Inalum pri-
mary aluminum smelter at Asahan during
1979. Production startup was scheduled for
1982.

Japan.—The Industrial Structural Coun-
cil of the Ministry of International Trade
and Industry recommended the freezing of
about 585,000 tons per year of aluminum
production capacity until 1983. At the end
of that period, a decision would be made
either to permanently scrap the facilities or
to restart the potlines. In line with this
program, companies froze 455,000 tons per
year of capacity and scrapped an additional
155,000 tons per year of production facili-
ties.

Gove Alumina Pty. Ltd. agreed to supply
Sumikei Aluminum Industries Ltd. 660,000
tons of alumina over a 12-year period start-
ing in 1980 for use at its Sakata primary
aluminum smelter.

Malaysia.—Pechiney Ugine Kuhlmann
and Hyundai Heavy Industries undertook a
feasibility study for a primary aluminum
smelter at Labuan, Sabah. Reynolds Metals
Co. began a feasibility study for a 110,000-
ton-per-year primary aluminum smelter to
be built as a joint venture with the Sarawak
State Government. Reportedly, the $720
million facility would initially be based on
power derived from natural gas from the
Bintulu gasfield but would eventually use

‘hydroelectric power.

Mexico.—The Mexican Government de-
cided to postpone indefinitely the 165,000-
ton-per-year primary aluminum smelter
planned as a joint venture with the Ja-
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maican Government. Alumina was to have
been supplied by Jamaica.

Norway.—A/S Ardal og Sunndal Verk
announced plans to expand its primary
aluminum smelter at Hoyanger from 33,000
tons per year to 48,000 tons per year by
yearend 1981. Alcan Aluminium Ltd. sold
its remaining 25% interest in Ardal og
Sunndal Verk to the Government of Nor-
“way for $70 million.

Norsk Hydro A/S announced plans to
increase the production capacity of its
smelter at Karmoy from 121,000 tons per
~year to 173,000 tons per year. Plans for a
new smelter at Glomfjord were canceled
due to high energy costs.

Philippines.—Reynolds Metals Co., the

Aluminium Co. of the Philippines, and the
Government of the Philippines began dis-
cussions on the construction of a primary
aluminum smelter on one of the southern
islands of the archipelago.
" Poland.—The Government of Poland
‘announced plans to expand the Huta Alu-
miniowa primary aluminum smelter from
66,000 tons per year to 154,000 tons per year
over a 5-year period.

Spain.—Construction of the 198,000-ton-
per-year primary aluminum smelter at San
Cipriano by Aluminio Espanol S. A. was
completed, and production started January
9, 1979.

Sweden.—Alcan Aluminium Ltd. sold its
21% share in Granges Essem AB to Granges
AB. Granges Aluminium AB, a wholly own-
ed subsidiary of Granges Essem AB, oper-
ates a 93,000-ton-per-year aluminum smelt-
er at Sundsvall.

. Trinidad/Tobago.—Southwire Co. under-
took a feasibility study for a 198,000-ton-
per-year primary aluminum smelter in
Trinidad.
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United Arab Emirates.—Production at
the 149,000-ton-per-year primary aluminum
smelter in Dubai commenced in November
1979. Dubai Aluminium Co. was owned 80%
by the Government of Dubai and 20% by
Alusmelter Holdings, a company formed by
Alcan (U. K.) Ltd. and Southwire Co.

United Kingdom.—Reynolds Metals Co.
sold its interest in British Aluminium Co.
for $86 million. Tube Investments Ltd. in-
creased its share in British Aluminium to
58%. British Aluminium Co. announced
plans to modernize its primary aluminum
smelter at Lochaber. Capacity at the facility
would be increased to 41,000 tons per year
by the program, which was scheduled for
completion in 1981.

Venezuela.—Venezolano de Aluminio
(Venalum), a joint venture of the Govern-
ment agency Corporation Venezolano de
Guayana and six Japanese firms, began
production at the 310,000-ton-per-year pri-
mary aluminum smelter at Ciudad Guyana.
Full capacity production was scheduled for
1981.

Yugoslavia.—Construction of a third pot-
line at the Sibenik primary aluminum
smelter was started in 1978. The expansion
will increase production capacity by 50,000
tons per year to 132,000 tons per year.
Planning for a new primary aluminum
smelter in Mostar continued.

Zaire.—Swiss Aluminium Ltd. (Alusuisse)
and the Government of Zaire signed a
cooperation agreement to build a 165,000-
ton-per-year primary aluminum smelter
near Banana. Alusuisse would design the
$555 million facility, which was scheduled
to start up in the mid-1980’s.” Alumina
would be supplied by the Nabalco Pty. Ltd.
alumina refinery at Gove, Australia.
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Table 15.—Aluminum: World production,* by country

(Thousand short tons)
Continent and country 1976 1977 1978° 1979
698 1,073 1,156 2935
47 47 47 2
4,251 4,539 4,804 25,023
48 55 59 100
153 184 205 2264
51 353 63 268
51 48 83 2230
98 101 101 2102
T40 40 40 40
___________ - 424 441 431 2436
German Democratic Republic® _______ 65 72 72 70
Germany, Federal Republicof _ _ ______ 768 818 815 2818
Greece — —________________ 148 143 159 2155
8 79 79 80
72 82 81 280
228 287 295 2297
282 266 288 2282
681 693 705 2742
114 115 110 2106
228 230 235 240
232 233 234 2286
91 91 87 290
86 88 291
1,760 1,810 1,840 1,900
United Kingdom 369 386 382 2396
. .Yugoslavia ___________________ 218 218 216 . 2209
rica:
64 61 46 248
65 98 111 110
162 169 125 2186
86 86 89 291
135 134 135 2139
220 280 330
28 33 55 262
231 197 236 2233
34 23 28 15
1,013 1,310 1,166 21,114
1 20
y 39 57 35 35
United Arab Emirates: Dubai —— —— — 10
ia:
Australia ____________________ 256 273 290 2297
NewZealand _ _ ________________ 154 160 167 2171
Total _ _ _ ___ ___ ___________ 138,787 15,093 15,510 15,979
®Estimate. "Preliminary. "Revised.
1Qutput of primary unalloyed ingot unless otherwise specified.
'Reported figure.
SExports.
“Includes secondary unalloyed ingot.
SIncludes primary alloyed ingot.

8Production of superpure aluminum (99.99% Al) is reported as follows, in short tons: 1976-4,251; 1977-5,138; 1978-4,448;
1979-4,238. Apparently this production is included in the reported total for unalloyed ingot production.
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Table 16.—Aluminum: World capacity, by country*

(Thousand short tons)
Country 1976 1977 1978 1979
North America:
1,175 1,175 1,175 1,175
50 50 50 50
5,193 5,193 5,197 5,282
66 154 154 154
187 198 . 251 295
73 73 73 73
55 132 209 441
101 101 101 101
Czechoslovakia _ ___________________________ 72 72 72 72
France 452 452 452 474
94 94 94 94
841 841 841 841
160 160 160 160
Hungary _ 101 101 101 “101
Iceland _ _ 84 84 ‘84 95
Italy __________ ____ __ _ ____________ 321 321 315 353
Netherlands 293 293 293 . 293
Norway 58 169 712 12
Poland 122 122 127 127
mania 220 220 220 220
Spain _________________ . ____________ 240 240 439 439
Sweden 94 94 94 9
Switzerland 104 104 104 104
USSR ____ ___ o __ 2,675 2,695 3,035 3,230
UnitedKingdom ___________________________ 403 403 403 403
Yugoslavia_______________________________ 199 199 226 275
Africa:
61 68 68 68
110 110 110 110
220 220 220 220
88 88 88 88
132 132 132 132
Mainland _ __ ____ ______________________ 270 300 300 300
Taiwan ____________ _____ _ ____________ i 1 83 83
India _________________ _________________ 330 335 390 390
Iran _____________ _ _ _ _ _ o _______ 55 55 55 55
dJapan__________________________________ 1,627 1,745 1,803 1,764
Korea, Republic of 20 20 20 20
Turkey _ ______ ______ ____ ____ ____________ 66 66 66 66
United Arab Emirates, Dubai_ _ _ _ ________________ __ __ __ 149
Oceania:
Australia_ _______________________________ 256 274 274 309
NewZeland _____________________________ 165 165 165 165
Total ___ _ ________________________ 17,610 17,995 18,816 19,637
TRevised.

1Detailed information on the individual aluminum reduction plants is available in a 2-part report which can be
obtained from Chief, Division of Finance, Bureau of Mines, Bldg. 20, Federal Center, Denver, Colo. 80225. Part I of
“Primary Alumimum Plants, Worldwide,” details location, ownership, and Production capacity for 1978-85, and sources of
energy and aluminum raw materials for foreign and domestic primary i plants, including those in centrally
pl d ies. Part II, izes production capacities for 1978-85 by smelter and country.
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TECHNOLOGY

The sources of impurities in primary
aluminum metal were traced from bauxite
(the ore) through alumina (an intermediate
aluminum raw material made from bauxite
in the Bayer process) and the electrode
materials and fluoride compounds used in
electrolytic reduction of the alumina in the
Hall-Heroult process.®? Unlike some other
metals, the quality of aluminum metal can-
not be improved significantly except
through elaborate means, and it is neces-
sary to prepare a very-high-purity alumina
and to use electrode materials and fluorine
compounds of very high purity, in order to
produce a high-quality primary metal.

A review of fluorine consumption trends
in the aluminum industry indicated a con-
tinuing decline in the use of fluorine per ton
of primary aluminum produced.6 In the
Hall-Heroult process fluorine is lost primar-
ily in the fumes emitted from the electro-
Iytic cell and by absorption into the carbon
cathode or cell lining. Because high concen-
trations of fluorine are harmful, fumes
emitted from the cell must be controlled.
This factor, coupled with development of
economically viable processes to recover
and recycle the fluorine emitted from the
cell, is a principal reason for the decline in
the unit use of fluorine. The use of prebaked
cathode block construction versus mono-
lithic cathode construction also has led to
declining unit consumption of fluorine be-
cause the prebaked cathodes last longer.

Spent carbon cathode linings of both
types pose special disposal problems be-
cause of the fluorine content and nature of
other constituents in the linings. As a conse-
quence methods for recycling the used pot
linings have been developed to varying
degrees. A review of the processes being
developed concluded that leaching of the
spent lining with hot water, followed by
removal of the dissolved fluorine com-
pounds with calcium chloride treatment,
and screening of the remaining solids to be
used to make new cathodes, offered a prom-
ising method.”

Emission guidelines and compliance
times for State environmental protection
agencies to use in establishing standards of

performance to control fluoride emissions
from existing primary aluminum plants
were published in a final guideline
document.®

A report on recycling scrap metal, includ-
ing aluminum, presented data on energy
requirements for the major steps in scrap
processing and identified areas for research
and development.® Technical and economic
information on recycling aluminum scrap
was compiled by the Aluminum Association
to aid and encourage both business and
municipalities in implementing recycling
programs.®

One of the main sources of the old alu-
minum-base scrap recycled in the United
States is automotive scrap. The use of alu-
minum metal in automobiles has increased
through the years, and as a result of the
need to meet improved mileage stand-
ards in the future, aluminum use in auto-
mobiles is expected to continue to increase.
A large part of the aluminum from automo-
tive scrap is believed to be recovered by
hand-sorting methods, but with the develop-
ment of the relatively recent practice of
shredding whole automobiles, a need to
develop methods to recover aluminum from
the other metals in the shredded product
has become important. The technology for
recovering aluminum from such material
was reviewed.!!

1Industry economist, Section of Nonferrous Metals.

2Mineral specialist, Section of Nonferrous Metals.

S3Aluminum Association. Use of Aluminum in Auto-
mobiles—Effect on the Energy Dilemma. Washington,
D.C., April 1980, 23 pp.

4Metals Week. Aerospace Industry Bounces Back as Big
Bléyer of Aluminum. V. 49, No. 52, Dec. 25,1978, p. 1.

Grevenbroich, V. S. The Source of Impurities in Pri-
marly-sAluminum. Aluminium, v. 54, No. 10, October 1978,
pp. 1-3.

®Bruno, G. D. Fluorine Consumption Trends of the
Aluminum Industry-1978. Min. Eng., v. 30, No. 11, Novem-
ber 1978, pp. 1562-1564.

7Lu, B. F., and T. R. Shelley. Aluminum Cathode
Recovery. J. Metals, v. 30, No. 9, September 1978, pp. 21-27.

8U.S. Environmental Protection Agency. Primary Alu-
minum: Guidelines for Control of Fluoride Emissions From
Existing Primary Aluminum Plants. EPA-450/2-78-049b,
December 1979, 343 pp.

®Kusik, C. L., and C. B. Kenahan. Energy Use Patterns
for Metal Recycling. BuMines IC 8781, 1978, 182 pp.

1Aluminum Association. Aluminum Recycling Case-
book. Washington, D.C., March 1979, 63 pp.

11Dale, K. H. Recovery and Recycling of Automotive
é\él-tixlninum. Recycling Today, v. 16, No. 6, June 1978, pp.






Antimony

By T. John Rowiand, Jr.,tand V. A. Cammarota, Jr.?

The consumption of antimony declined in
1978 and 1979 from that of 1977. For the
fifth consecutive year, the use of antimony
metal as a hardening agent in battery grid
alloys decreased. Technological changes in
the types of alloys used in automotive bat-
teries have drastically reduced the use of
antimony as a hardener for battery grids in
recent years.

The traditional practice of pricing anti-
mony metal on the basis of RMM and Lone
Star brands, which were produced at NL
Industries, Inc.’s, Laredo, Tex., smelter, was
discontinued in April 1978 owing to the
closing of the plant and depletion of residu-
al stocks. Effective April 17, 1978, a new
quotation was established on the basis of
refined antimony in alloy. The new price,
$1.75 per pound, represented the published

prices of the two largest alloy producers, NL
Industries and RSR Corp. This price was
maintained through early 1979, when it was
increased to $2 per pound, remaining at
that level through the year. )

Domestic mine production was at normal
levels in 1978 and 1979, but metal produc-
tion increased substantially in 1979 over
that of 1978 because of the reactivation of
the smelter in Laredo, Tex. Imports were up
significantly in 1978 and 1979 over those of
1977, mainly because of higher imports of
concentrate and antimony oxide.

Legislation and Government Pro-
grams.—At yearend 1979 the General Ser-
vices Administration reported that Govern-
ment stocks of antimony totaled 40,727 tons.
The Government stockpile goal remained at
20,130 tons.

Table 1.—Salient antimony statistics

(Short tons)
1975 1976 1977 1978 1979
United States:
Production:
ine - _ . _ L 886 283 610 798 722
Smelter* _ _ ______ 12,189 14,618 12,827 14,110 15,062
ndary _ . e ,964 19,799 30,601 26,456 NA
Exports of metaland alloys _ .. _______ 340 341 742 556 485
Imports for ption (anti y ) e 18,706 21,770 13,335 17,511 22,125
Consumption® _ _ _ _ ____ _ ___ o ___ 12,987 15,337 13,823 13,152 11,758
Stocks, primary antimony, all classes,
(antimony content), Dec. 31 _ _ _ _ _____________ 14,957 15,070 8,591 8,201 7,144
Price: New York, average centsperpound _ _ _________ 176.58 165.26 17800 217500  2196.00
World: Production _ - 7,114 5,292 72,483 12,122 79,381
"Revised. NA Not availabl
}Includes primary antimony content of anti 1 lead produced at primary lead refineries.
2Antimony price in alloy, cents per pound.
DOMESTIC PRODUCTION

MINE PRODUCTION

Domestic mine production of primary an-
timony in 1979 by two companies was down
from that of 1978. The United States Anti-

mony Corp. (USAC) produced antimony
from the stibnite mined at the Babitt, Bar-
dot, and Black Jack mines at Thompson
Falls, Mont. In 1979, USAC increased pété—
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duiction of antimony to 299 tons, compared
with 207 tons in 1978. The Sunshine Mining
Co. operated the Sunshine mine in the
Coeur d’Alene district of Idaho and produc-
ed 423 tons of antimony, a decrease of 168
tons from the 1978 output. Antimony was
produced as a byproduct of the treatment of
tetrahedrite, a complex silver-copper-
antimony sulfide, one of the principal ore
minerals in the Kellogg, Idaho, area. In
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June 1979, a 19% stock interest in Sunshine
Holdings Corp. was sold to Arab Investors
Group SA, a Luxembourg corporation.

Antimony was also produced as a bypro-
duct in smelting primary lead from domes-
tic concentrates. The total antimony supply
from domestic mines was 1,337 tons in 1978
and 930 tons in 1979. Two primary lead
refiners reported production in 1978 and
1979.

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

(Short tons)
¥ Antimony Antimony

e concentrate " Produced _ Shipped

. 4,505 886 966
e T TTITTTTTT 1,111 283 310
w__ T TToTTTTITIIIT 3,496 610 534
w8 ___ T TIToTTTooTToTTITTTo 4,231 798 863
we_________ T TTTTTTTITTTT 3,294 722 701
SMELTER PRODUCTION M&T Chemicals Inc., Baltimore, Md.; and

Primary.—Production of primary anti-
mony products in 1979 was the highest since
1974. Metal production increased after 2
years of decline, and the production of
antimony oxide remained strong. The pro-
duction of metal more than doubled in 1978
with the reopening of the expanded Laredo,
Tex., smelter which Anzon America Inc.
bought from NL Industries. ASARCO Incor-
porated produced and sold a small amount
of metal in 1979 from its new smelter in El
Paso, Tex., but mechanical problems pre-
cluded full-scale operation. ASARCO began
full production at its Omaha, Nebr., anti-
mony oxide plant in early 1979. The plant,
built at a cost of approximately $2.2 million,
has a rated capacity of 225 tons of antimony
oxide per month and utilizes an enclosed
and automated process.

The major producers of antimony oxide
were Harshaw Chemical Co., Gloucester
City, N.J.; Chemetron Corp., La Porte, Tex.;

McGean Chemical Co., Inc., Cleveland,
Ohio. Producers of antimony metal included
Sunshine Mining Co., Kellogg, Idaho, and
USAC at Thompson Falls, Mont., which also
produced sodium antimonate.

Secondary.—Production of antimony
from secondary sources decreased in 1978
from that of 1977. Data were not available
for 1979. Secondary smelters recovered
22,371 tons, primary smelters recovered 73
tons, and manufacturers and foundries re-
covered the remaining 4,012 tons. Old scrap,
predominantly battery plates, was the
source of most of the secondary output; new
scrap, mostly in the form of drosses and
residues from various sources, supplied the
remainder. The antimony content of scrap
is usually recovered and consumed as anti-
monial lead with removal or addition of
antimony as required in the refining stage
to meet specifications for various antimo-
nial lead alloys.

Table 3.—Primary antimony produced in the United States
(Short tons of antimony content)

Class of material produced
Year Byproduct Total
Metal Oxide Residues  antimonial ©
lead
3,254 7,890 595 450 12,189
3702 10628 101 697 14618
1877 9,907 21 766 2,821
1108 12117 184 701 14110
2642 12141 i 279 15,062
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Table 4.—Byproduct antimonial lead produced at primary lead refineries in the

United States
(Short tons)
Antimony content
Gross From From Total
Year weight  domestic foreign From - 2
ores! ores scrap Quantity Percent
6,029 268 182 117 567 94
6743 355 342 33 730 10.8
7557 598 168 134 900 119
5518 539 162 82 783 14:2
37750 71 20 299 80
1Includes primary residues and a small quantlty of mtmony ore
2Includes foreign base bullion and small tities of foreig; y 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 1978 Form of recovery 1978
New scrap: In antimonial lead* ______________ 21,620
leadbase _ __ __________.______ 4,032  Inotherlead alloys ______________ 4,818
Tin-base - ____________________ 36 Intin-basealloys - _____________ 18
Total . _ ___ ________________ 4,068 Total _ _ _ 26,456
ol Value (millions) . _ _________ $92.6
scrap:
diase ____________________ 22,371
Tinbase - _ ___________________ 17
Total . _ _ __ __ ___ _ ___________ 22,388
Grandtotal __ _ _______________ 26,456

1Includes 73 tons of antimony recovered in anti

ial lead from dary

at primary plants in 1978,

CONSUMPTION AND USES

Domestic consumption of primary anti-
mony in 1979 declined for the third consecu-
tive year. The use of antimonial lead in the
manufacture of starting-lighting-ignition
batteries for the automotive industry re-
mained a major outlet, but development of
maintenance-free batteries has resulted in a
decline in the use of antimony metal in
recent years. The lead-calcium-tin alloy in
the maintenance-free battery systems uses
no antimony. A reduction of 10% in battery
shipments in 1979 compared with those of
1978 contributed to lower antimony usage.
Antimonial lead alloys were used for solder,
ammunition, chemical pumps and pipes,
roofing sheets, communication equipment,
and antifriction bearings.

The use of antimony in nonmetal prod-

ucts declined in 1979 from that in 1978. Its
use in ceramics and glass has generally
declined in recent years, but its use in
plastics has increased substantially since
1975. Nonmetallic antimony was used in
plastics both as a stabilizer and as a flame
retardant. Antimony was used as a decolor-
ing and refining agent in some forms of
glass such as special optical glasses.

The use of antimony oxide as a flame
retardant continued to grow in 1979. The
use in plastics and textiles as a flame
retardant was the major outlet. When fab-
rics treated with antimony oxide in an
organic solvent are ignited, the flames ac-
companying the initial combustion are re-
stricted or extinguished by the products of
combustion.
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Table 6.—Industrial consumption of primary antimony in the United States
(Short tons of antimony content)

S : P Classofméteriavloonsumed».v )
Year .: Ore and G . B ) Byproduct L
L concen- Metal Oxide Sulfide - Residues ' antimonial Total
* trate . i . lead .
369 4,229 7811 33 - 595° T 480 - 12987
640 3,375 10,397 31 191 oo, 697 *.-15,337-
i ~ 160 2,625 - .9959 36 277 766 .. 138
131 2,709 - 9,399 * 28 : 184 701 0 18152
1 - 9528 L8 oo .29 1LTER

Table 7 —Industnal consumptlon of primary antimony i m ‘the Umbed States, by class of
material produced

(Short tons of antimony content) |

Product : = 1975 1976. 1977 1978 . 1979,
Metal products o v ‘ ‘ * '
Ammunition - ______o_____ oo - 239 63 188 -, 133 253
Antlmonmltl;iad v 4,233 3,2% . 2,222 . 2,2%2; l,ggg B
Beanngme ang beanngs____'____-____, P - B EUTL Y9 T
Cablecovering____________ et 23 . 19 . 16 . et
_________________________ 18 24 13 v 15 30
Collapsible tubes and foil __._____________ 9 23 16 17 24
Sheet and pipe 4 56
Solder_ . _ __ _ __ _ __ _ . _ 133 188 220 206 199
________________________ 15 79 83 81 37
______ 120 164 104 113 99
5,647 4,900 3,847 3,736 2,213
Nonmetalprodu ; o . ) . . . e .
Ammunition pruners __________________ 14 13- v 1’ 13+ 23
works_ . P : L 10 - = 12 L9t B g
1,260 1,547 1,259 1,127
415 410
1,277 1,503 1,456 1,580
578 473 182
1,330 266 165 140
4,885 4,211 | 3,562 3,457
3,171 3972 4,063 4,262
149 33 35
199 219 196 146.
141 246 298 2
1,055 997 1,143
197 182 274
5,552 5,765 5,854 6,083
15,337 13,823 13,152 11,753

Table 8.—Industry stocks of primary antimony in the United States, December 31
(Short tons of antimony content)

Stocks 1975 1976 1977 1978 1979
Oreandconcentrate __ __ __ ______________ 8,364 7,899 1,869 1,610 1,757
tal 1,380 1,662 1,359 1,119 1,184
3,886 4,560 4,576 4,906 3,398
32 31 24 19 17
921 475 516 457 730
374 443 247 90 58
Total _ o _____ 14,957 15,070 8,591 8,201 7,144

Inventories from primary sources at primary lead refineries only.
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PRICES

In April 1978, Metals Week discontinued
the Lone Star and RMM price quotations
and began reporting a new price category of
antimony in alloy. The price of antimony in
alloy was established at $1.75 per pound
and remained at that level through Febru-
ary 1979. In March, the price was increased
to $2 to $2.02 per pound, where it remained
to yearend. The industry price quotation for
antimony trioxide was in the range of $1.64
to $1.80 per pound throughout 1978, but fell
to $1.50 in February 1979. In mid-1979, the

to $1.60 through the first 5 months of 1979,
but declined to $1.45 to $1.50 in the last 4
months of the year. The European market
quotation for lump ore, on a 60% antimony
basis, was $16 to $18 per metric ton unit for
the first 9 months of 1978, but began rising
during the fourth quarter and closed at
$18.50 to $19.80. Quotations generally rose
in 1979 to $23 to $24.75 by yearend.

Table 9.—Antimony price ranges

Pri d
price was increased to $1.65, reflecting ris- Type of antimony mseeperm:ms
ing costs of raw materials. The New York
dealer price for antimony metal, quoted in  Domesticmetal® _______ $1.75 $1.96
January 1978 at $1.05 to $1.10 per pound, homemonoxds? TII10  16i1%0  1s0180
gradually increased to a high in 1978 of — —
$1.25 to $1.35 by November, but finished the  spesed ot antimony Ry,
year at $1.23 to $1.28. The price rose to §1.58  *Quoted in Metals Week.

FOREIGN TRADE

Total imports of antimony (antimony con-
tent) in 1979 increased compared with those
of 1978. Most of the increase was due to
higher imports of antimony concentrates
and oxide, both of which have increased
since 1977.

Imports of antimony metal from main-
land China rose in 1978 and 1979 over those
of 1977, making China a major supplier.
The Republic of South Africa was the larg-
est single source for imports of antimony
oxide in 1978 and 1979, followed by the
United Kingdom, France, and mainland
China in 1978, and mainland China, France,
and the United Kindom in 1979.

Imports of ore and concentrate in 1979

increased significantly over the levels of
1977 and 1978. Compared with imports in
1977, Bolivia, Canada, Chile, and Mexico
provided larger quantities of antimony ore,
but the Republic of South Africa supplied
much less than in the past years.

Belgium-Luxembourg, mainland China,
and the United Kingdom emerged as the
leading sources of needle and sulfide anti-
mony for the United States in 1978. The
Republic of South Africa, which was the
leading source of antimony needle and sul-
fide in 1977 with 83% of the total, supplied
none in 1978, and mainland China supplied
none in 1979.
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Table 10.—U.S. imports for consumption of antimony, by country

1978 1979
Count; Quantity Value Quantity Value
24 (short (thou- (short (thou-
tons) sands) tons) sands)
Antimony metal, mclud.mg needle or liquated
(antimony content):!
Belgium-Luxembourg 187 $409 357 $1,005
Bolivia ________________________ 849 829 672 1,581
Burma ______________________.__ —— - 1 2
Canada ___________________ 3 55 23 162
Chile ________________ 173 326 11 28
Mainland ______________________________ 2,186 4,209 1,360 3,369
Taiwan___________ 331 634 3 (@]
Dominican Republic —_ —— 55 146
Germany, Federal Republicof ___________________ ® 12 ®@ 27
Hong Kong 28 61
Malaysia ___ A ) 3
Mexico ____ 640 967 406 410
Peru____ 99 146 30
]}aain __________________________________ 100 207 50
nited Kingdom 12 37 (@) 4
Yugoslavia 99 188 7 201
Total __________ __ _______________ 4,179 8,019 3,040 7,100
Antimony oxide:
lglum-Luxembourg ________________________ 708 1,889 462 1,268
__________________________________ 515 1,119 979 2,163
Canada _________________________________ 21 62 38 45
China:
Mainland ______________________________ 1,214 2,925 1,846 4,351
'l‘a.iwa.n ________________________________ 22 52 42
_________________________________ 2,214 5,846 1,734 4,328
Germa.ny, Federal Republic of 20 23 4 7
tal _____________________________ 355 834 141 370
____________________________ 334 631 124 298
South Africa, Republic of 3,033 993 7,268 2,194
Switzerland ____________________ __ —_ 19 122
United Kingdom ___________________________ 2,231 4,429 1,022 2,680
Total __ ___ __ _ __ _ __ _________________ 10,667 18,803 13,679 17,921
Includes needle or liquated (value in th ): 1978-Bel; bourg 19 tons ($55), Canada® ($1), mainland
China 22tons ($33), the Umbed ngdom 10 tons ($31)‘ 1979—Belg1um Luxembourg 18 tons ($90).
2Less than 1/2 unit.
Table 11.—U.S. imports for consumption of antimony ore, by country
1978 1979
Country Gross Antimony Value Gross Antimony Value
weight content weight content
(short tons)  (short tons) (thousands) (short tons)  (short tons) (thousands)
Bolivia___ ____________ 2,421 1,550 $1,806 2,716 1,694 $2,464
Canada ______________ 2,474 1,583 2,267 2,732 1,716 2,924
Chile_ _______________ 576 376 504 1,636 1,067 1,944
China, mainland _ ____ ___ _ 40 28 59 . —— ——
Colombia _____________ 66 47 47 35 16 28
Denmark _____________ — - — 40 10 38
Honduras __ ___________ 6 2 2 6 2 8
Mexico_ . _ . _________ 2,620 1,018 5,725 1,613 1,911
Peru ________________ 19 29 35 57
South Africa, Republic of_ _ _ _ 450 442 1,247 733 1,245
Thailand _____________ - — 857 459 hiud
United Kingdom __ _______ - - 449 212 223
Uruguay _____________ _— - 265 175 241
Total _____________ 8,672 6,174 15,745 7,782 11,860
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Table 12.—U.S. imports for consumption of antimony

Antimony ore Needle or liquated Antimony metal® Antimony oxide

Gross Antimon; Gross Gross Gross
Year weight - cont;c-,\m;y (\zglue weight Xﬁlue weight Xﬁlue weight Xﬂ}:ﬁ
(short (short °d:') (short %‘;') (short %';') (short 40
tons) tons) san tons) ~ san tons)  san tons)
8,042 3,438 $6,832 259 $580 1,722 $4,536 9,641  $15,150
8,672 4,495 6,174 52 121 4,127 7,897 10,667 18,803
15,745 7,732 11,860 28 90 3,022 1,100 13,679 17,921

1Does not include alloy containing 83% or more antimony.

Table 13.—Antimony: World mine production (content of ore unless otherwise
indicated), by country

(Short tons)
Continent and country 1976 1977 1978° 1979
2,535 3,500 3,300 3,300
1,235 1,012 254 250
129 7 €110 110
2,806 2,974 2,708 2,700
283 610 798 4722
2 —— —- __
18,756 13,660 13,968 414,351
39 370 279 280
665 907 987 990
588 564 561 600
314 €330 €330 330
243 __ __ __
1i112 891 1,026 1,000
287 543 519 540
8,500 8,700 8,700 9,000
2,228 2,478 3,040 3,100
© ©) . __
1,560 1,553 2,437 2,300
330 330 280 280
11,793 12,715 10,024 412,958
7516 551 683 700
13,000 13,000 14,000 17,000
11 —— 22 _—
216 488 535
61 104 115 120
4,047 2,705 3,167 3,200
1,890 2,118 €2,610 2,700
2,086 2,303 1,669 2,300
15,292 72,483 72,122 79,381
®Estimat PPreli TRevised.
1Partly estunated on the basm of reported value of total productwn
2Autlmony content of ores for export plus anti of ial lead and other smelter products produced.
3Production from anti y mines; excludes a small t produced as a byproduct of domestic lead ores.
“Reported figure.

sTotal national production. (Previous year 's data represented production by COMIBOL plus exports by medium and
small mines and so-called “other producers.”)
SRevised to zero.
" 7Anti t of anti y ore and rates, lead concentrates, and lead and zinc middlings.

WORLD REVIEW

Antimony was produced from ores and as Japanese antimony producers increased
a smelter byproduct in about 25 countries. production of antimony oxide but reduced
Australia, mainland China, and the Repub- production of antimony metal. The only
lic of South Africa showed the greatest antimony metal refinery in India closed in
increase in production in 1979. In 1978, 1977. In Belgium, Metallurgie Hoboken-
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Overpelt, S.A., began construction in 1978
on a new plant to recover antimony oxide
from lead smelter residues. In mainland
China a new mine designed to produce 3,000
tons of antimony in its first stage of develop-
ment was opened in the Hochih area of
Guangxi Province in 1979.

Australia.—Antimony was produced by
Vam Litd. at its Hillgrove mines near Armi-
dale in New South Wales. The Blue Spec
gold-antimony mine in Nullagine, Western
Australia, closed in January 1979, and the
equipment was sold.

Bolivia.—Bolivia remained the world’s
largest producer of antimony in 1978 and
1979. Bolivian antimony reserves were esti-
mated to be approximately 400,000 tons at
yearend 1978. Empresa Nacional de Fun-
diciones (ENAF) continued to produce met-
al and oxide for export. ENAF operated its
Vinto refinery at about 75% of capacity in
1979 because of low prices for antimony.
Bolivian concentrates and cobbed ore were
exported to the United States, Europe, and
Japan.

Canada.—Antimony metal was produced
in Canada as a byproduct of lead smelting
and refining. Cominco Ltd. operated a
smelter and refinery at Trail, British Co-
lumbia, where antimony was recovered in
the form of antimonial lead. Brunswick
Mining and Smelting Corp. produced anti-
mony metal at its lead smelter near Belle-
dune, New Brunswick.

Consolidated Durham Mines and Re-
sources Ltd. mined and concentrated anti-
mony near Fredrickton, New Brunswick.
The principal ore mined was stibnite. Con-
centrates averaging 66% antimony were
exported mainly to Europe, but smaller
amounts were shipped to the United States.

In British Columbia, Placer Development
Ltd. and Equity Silver Mines Ltd. began
construction of a mine and mill at the Sam
Goosly silver-copper deposit. After startup
in mid-1980, antimony production was ex-
pected to be 1,870 tons per year.

South Africa, Republic of.—Antimony
concentrates were produced from the Ath-
ens, Gravelotte, Monarch, Mulati, United
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Jack, Weigel, and Free State mines of Con-
solidated Murchison Ltd. (CML). The mines
are located on the northern Transvaal’s
“Antimony Line” in the Swaziland schists
of the Murchison Range, where stibnite and
other sulfides associated with gold exist in
large quantities. Antimony was produced as
a concentrate and as a high-grade cobbed
ore. Most of CML'’s production was shipped
to Europe and North America. Antimony
Products (Pty.), Ltd. (APL), continued to
produce crude antimony oxide for export
using CML concentrates. APL’s capacity in
early 1978 was 7.2 million pounds per year
of crude antimony oxide. Due to increased
demand for antimony oxide, the company
began installation of two new kilns in 1979
for converting the sulfide to oxide.

Thailand.—Antimony was produced in
the north, central, and southern regions.
The major producing Provinces were Phrae
and Lampang in the North region, Kancho-
na Buri, Chanthaburi, Rayung, and Rat
Buri in the central area, and Nakhon Si
Thammarat and Surat Thani in the south.
Antlmony was exported mainly to Malay-
sia, Taiwan, Japan, India, North Amenca,
Europe, and South Korea.

Turkey.—The major producing mine, the
Turhal, is situated near Tokat in central
Anatolia. Substantial reserves are located
in the Balikesir-Kutahya and Aydin re-
gions. The Turkish Mineral Research and
Exploration Institute (MIA) reported that
reserves of antimony ore were 2.4 million
tons in 1977.

Yugoslavia.—Rudarsko Topionicki Bazen
Zajaca (RTB-Zajaca) operated the Rajiceva
Gora antimony mine and mill on Kopaonik
Mountain in Serbia. Reserves of antimony
ore at Rajiceva Gora were estimated to be
10 to 15 million tons. The mine was ex-
pected to reach full ore production of ap-
proximately 300,000 tons per year by 1980.
A new lead refinery under construction at
Trepca will provide increased production of
antimony byproduct.

‘Physlcal scientist, Section of Nonferrous Metals.
?:lgerwsory phy ction of Nonferrous




Asbestos

‘ByR. A. Clifton!

Shipments of asbestos (mostly chrysotile)
in 1978 from mines in the United States
increased minimally from those in 1977.
There was another small increase in 1979.
Imports in 1978 were 4% higher than those
in 1977, but decreased 10% in 1979.

U.S. apparent consumption rose 2% in
1978, but declined 9% in 1979. Canadian
production in 1978 was 6% lower than that

for 1977, but regained the 6% in 1979.
Shipments from Canada to the United
States rose 7% during 1978, but dropped 1%
in 1979. Imports from Canada were 95% of
total U.S. imports, and those from the
Republic of South Africa accounted for 4%;
these figures were 97% and 3%, respective-
ly, in 1979.

Table 1.—Salient asbestos statistics

1979

1975 1976 1977 1978
United States: )
Production (sales) _________ metric tons_ _ 89,489 104,873 92,256 93,097 93,354
Value_ ___ __________ thousands__ $14,220 $23,693 $25,267 $27,987 $28,925
Extports a.nd reexports (unmanu- .
_____________ metric tons_ _ 33,061 - 42,564 34,896 45,380 45,850
Value ______________ thousan: $10,667 $12,791 $12,075 $20,533 $24,165
Exports and reexports of asbestos
products(value) _____________ do____ $60,776 $60,572 $62,665 $119,915 $130,906
Imfports for consumption (unmanu- - .
_____________ metric tons_ _ 488,521 596,737 550,693 570,020 513,084
______________ thousands_ _  $111,011 $142,145  $145146 ©  $154,351 $135,211
Released from stockpile
(unmanufactured) - _ __ _ - __ metric tons_ _ 6,238 501 188 —_ P
Consumption, apparent! _ ________ do____ 551,188 658,847 609,157 618,706 560,588
World: Production_ _ _ _______________ do____ 4138756 75,086,071 '5220,639 5,153,868 - 5,277,591

"Revised.
"Measured by quantity prod

Legislation and Government Pro-
grams.—No date was set by the Occupation-
al Safety and Health Administration
(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 has been pending for 5
years until the hearings are scheduled.

On January 10, 1978, the Supreme Court
dismissed an indictment against a Michigan
wrecking company accused of violating the
Environmental Protection Agency’s (EPA)
asbestos regulation. The high court ruled
that the regulation was not an “emission
standard” because it had no numerical
limit, but rather a work practice.

d, plus imports, plus stockpile releases, minus exports.

On April 26, 1978, Joseph A. Califano,
Secretary of the Department of Health,
Education and Welfare (HEW) initiated a
government asbestos warning program.:
Two major steps were announced: Iséuance
of an advisory letter to 400,000 physicians, -
and startup of a public information cam--
paign aimed at workers and others possibly
exposed to asbestos.

On April 28, 1978, EPA published in the
Federal Register the procedures it will fol-
low in promulgating a hazardous waste
control system. Asbestos will be included
among the hazardous materials covered un-
der authority of the Resource Conservation
and Recovery Act of 1976 amendment to the
Solid Waste Disposal Act.
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Asbestos was one of the 12 minerals
selected for in-depth study as part of the
presidentially directed Nonfuel Minerals
Policy Study started in 1978.

At the direction of the President, the
heads of the Consumer Products Safety
Commission (CPSC), the Food and Drug
Administration (FDA), OSHA, and EPA in
August formed the Interagency Regulatory
Liaison Group (IRLG) to insure that areas of
shared interest and responsibility would be
considered jointly. In the initial document
issued by the group in 1978, asbestos was
among the 24 hazardous materials of inter-
est to a majority of members. Among other
things it said, “..it appears that all four
agencies have an interest in cooperation in
the following areas: Standard definitions of
asbestos/asbestiform, importance of size
and shape of asbestos fibers, analytical
methodologies used in asbestos determina-
tions, use of asbestos, substitutes for asbes-
tos, labeling requirements, asbestos remov-
al and disposal techniques and procedures,
levels of environmental contamination, lev-
els of human exposure, human body burden
levels, and economic impact statements de-
veloped for regulatory purposes and for
monitoring activities.”

Effective December 18, 1978, the Mine
Safety and Health Administration (MSHA)
began enforcing its new asbestos exposure
regulation. The new regulation replacing
the five-fiber level reads, “The 8-hour time-
weighted average airborne concentration of
asbestos dust to which employees are ex-
posed shall not exceed 2 fibers per milliliter
greater than 5 microns in length, as deter-
mined by the membrane filter method at
400 to 450 magnification (4-millimeter objec-
tive) phase contrast illumination.”

In the Federal Register of December 4,
1978, the Department of Transportation
(DOT) issued its final rule on asbestos trans-
portation. Effective April 30, 1979, the areas
of principal impact on the industry pertain
to containers, designation, and incidence
reports. This was modified in the March 29,
1978, Federal Register and again in the
August 16, 1979, issue.

On March 16, 1979, EPA announced its
voluntary program to provide technical as-
sistance to school officials for the preven-
tion of exposure of children to asbestos. In
the Federal Register of July 13, 1979, EPA
announced a regulatory program to run
parallel to the voluntary program.

On October 17, 1979, both EPA and CPSC
published Advanced Notices of Proposed
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Rulemakings in the Federal Register. CPSC
proposed initially the elimination of all
nonessential uses of asbestos in consumer
products which might release the fibers.
EPA’s regulatory approach would involve a
“life cycle” method of assessing risk.

On December 17, 1979, in separate no-
tices, both the CPSC and EPA extended the
comment period on the proposed rules cited
above. EPA also stated: “Should EPA’s
evaluation of human health risks and eco-
nomic impacts determine that all but essen-
tial uses of asbestos present unreasonable
risk, a possible regulatory strategy may be
to ban the manufacture, processing, distri-
bution in commerce, and import of asbestos
for all nonessential asbestos uses at some
fixed date in the future.” EPA is seeking
comment on this overall regulatory ap-
proach and on an appropriate date for
instituting a general use ban. Effective
dates presently under evaluation range
from 1985 to 1995.

H.R. 1524, Asbestos School Hazard Detec-
tion and Control Act of 1979, passed the
House but not the Senate. It included this
definition of asbestos: “Asbestos and asbes-
tos material are defined in Section 10 to
include materials composed entirely or in
part of chrysotile, amosite, or crocidolite,
and when they occur in fibrous habit, trem-
olite, anthophyllite, and actinolite.”

Environmental Impact.—News coverage
of asbestos health problems continued dur-
ing 1978-79, and litigation increased. The
number of law suits grew from 159 new
cases in 1976, to 362 new ones in 1977, and
through September 15, 1978, 530 new ones
were filed, or a prorated 700-plus for the
year. One $20 million suit was settled in
Texas, with nearly $6 million coming from
the U.S. Government. A $1 billion suit was
filed in California.

The West Australian Government has
decided to close down and evacuate the 150-
resident town of Wittenoom because of con-
tinuing risk from airborne asbestos dust.
There is apparently a very high incidence of
mesothelioma and other similar diseases
among present and former residents of the
area in which crocidolite asbestos was
mined from 1938 to 1968. In 1979, the
residents were offered purchase of their
property, A$750 removal expenses, and
A$100 travel grant per person.

Dr. E. Cuyler Hammond, vice president
for epidemiology of the American Cancer
Society, presented a paper at a spring 1978
meeting of the New York Academy of Sci-
ences in which he said that researchers
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failed to find any unusual incidence of
cancer among people who lived near an
asbestos factory 30 to 40 years ago. The
research team included Dr. Irving J.
Selikoff and others from the Cancer Society
and Mt. Sinai Hospital. The team did a 10-
year study of residents of a Paterson, N.J.,
area, which was the site of an asbestos
plant, and another control area several
miles away.

On October 24, 1979, the United King-
dom’s Health and Safety Commission pub-
lished a final two-volume report of the
Advisory Committee on Asbestos. The 41
recommendations were the result of 8 years
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of study. The committee (1) reported that
there was no quantitative evidence of a risk
to the general public from exposure to
asbestos dust; (2) placed no prohibition on
the use of asbestos (with the exception of
blue asbestos), expressing the view that
control of any useful but hazardous materi-
al would be preferable to the ultimate
sanction of prohibition; (8) recommended
the consideration of alternatives and the
replacement of asbestos, providing the al-
ternative was significantly less hazardous,
and (4) pointed out that this was an area in
which one should proceed with caution.

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

(Metric tons)
Stockpile Total inventories Sales of
goals 1977 1978 1979 1979

Amosite ____________________ 23,851 38,587 38,587 38,587 —-
Chrysotile _ ______________"""" __ 19,940 9,940 9,940 __
Crocidolite_ __ ________________ __ 2,163 2,163 2,163 __

Total ____________________ __ 750,690 50,690 50,690 -

TRevised.

DOMESTIC PRODUCTION

Mines in the United States shipped about
1% more asbestos in 1978 than in 1977, and
had another slight increase in 1979. Value
increased both years. Four States produced
asbestos: California was the leader, with
69% in 1978 and 74% in 1979, followed by
Vermont, Arizona, and North Carolina
(1978 only). Total output was 93,097 tons
valued at $27,987,000 in 1978, and 93,354
tons valued at $28,925,000 in 1979.

Calaveras Asbestos Corp. was California’s
and the Nation’s leading producer from its
Copperopolis mine. Two other mines were
also active in California on the Joaquin
Ridge near Coalinga, 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
under the management that led to the
employees’ acquisition. The management is
headed by a local contractor, Howard A.

Manosh who now controls a majority of the
shares. The company remains second ir: the
country in production. Intensive recent ex-
ploration has revealed reserves of sufficient
magnitude to promise another 12 years of
production.

Arizona production in 1978 was below the
1977 level, and remained low in 1979. 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 somewhat active in 1978.
Some anthophyllite was mined and shipped,
but there was no activity in 1979.

The Alaska Asbestos Co., jointly owned by
General Crude Oil Co. (an International
Paper Co. subsidiary), McIntyre Mines, Ltd.,
and Tanana Asbestos Corp. have an active
program of drilling and engineering feasi-
bility tests underway at the Eagle property
owned by Doyon, Ltd. The work is being
done by WGM, Inc. for a 5% interest. U.S.
asbestos producers and mine sites follow:
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State and company County Mine - - ;I;yb’;&fs

Arizona: Jaquays Mining Corp— — — - — Chrysotile.
California:

Atlas Asbestos Corp_ _ — — Do.

Calaveras Asbestos Corp Do.

Union Carbide Corp_ _ _ __ _____ . Do.
North Carolina: Powhatan Mining Co _ _ Anthophyllite.
Vermont; Vermont Asbestos Group_ _ _ _ _ Chrysotile.

Employment in U:S. asbestos mines and - 1978 and 1979.
mills averaged about 500 persons during

CONSUMPTION AND USES

The end use data on asbestos as reported products, insulation, friction products, coat-
by respondents to the Bureau of Mines ings and compounds, and textiles. Other
questionnaire are difficult to analyze. Pat- major decreases in 1979 were in packing
terns of use that may be indicative of trends and gaskets and in friction products.
are not apparent. Compared with 1977 lev- Asbestos-cement pipe, which represented
els, 5% of the end uses in 1978 showed 385% of the total asbestos consumption in
decreases in asbestos consumption; in 1979, 1978 and 38% in 1979, and flooring prod-
609% showed decreases. The asbestos used in  ucts, which represented 20% and 21%, re-
asbestos-cement pipe increased in 1978, but  spectively, were the largest end uses of
decreased slightly in 1979. Use in asbestos- ~ asbestos.
cement sheet decreased in 1978 and 1979. The sources of supply of U.S. asbestos in
Further decreases in 1978 were in flooring 1978 are shown in Figure 1.
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Figure 1.—U.S. sources of asbestos, 1969-1978.
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PRICES

Quoted prices for Quebec asbestos, all
chrysotile, rose 5.6% during 1978 and 7.1%
in 1979. The last rise was effective on July 1,
1979. British Columbia asbestos chrysotile
prices rose 4.0% in 1978 and 6.5% in 1979.

Prices for Vermont chrysotile asbestos
rose 5.0% on January 1, 1978, and 16% on
January 1, 1979. Arizona prices did not
increase during 1978 or 1979. The latest
prices are still those that went into effect on
July 1, 1976, and quotations, f.o.b. Globe,

The latest prices for chrysotile asbestos
from British Columbia, Canada, effective
January 1, 1979, f.0.b. Vancouver, follow:

are shown below: Per
Grade Description metric
ton
Grade Description Per metric ton CASSIAR MINE
—_— de - _ _________ ,30
Groupy == Ordegooooo- o o1 _____ Crade —_____________ Can$3,991
AAA____ T 1,433 AAA____ Nonferrous spinning fiber _ _ 2,205
Group3 __  Nonferrous filtering $827- 926 AA_____ 1,764
and spinning ___ __ A 1,157
Group 4 _ _ Nonferrous plastlc and 827- 926 AC_____ 1,058
G 7 filtering - 20 ﬁSK _____ Z%
roup 7 _ _ White shorts__ _ _ __ _ 110- 2 AX-TTTo 739
AY _____ 518
‘ . AzZZTTTC 375
Asof January 1, 1979, Vermont chrysotile
asbestos, f.o.b. Morrisville, was priced as CLINTON MINE
follows: CP_____ Asbestos-cement fiber_ _ _ _ _ Can$838
CT _____ _do 750
CY _____ 518
Grade Description Per ;::tnc CZ _____ ———do_ 375
$651
504
428
3(1,3 African asbestos producers privately ne-
—— 119 ~gotiate sales, thereby ruling out market
R NoT 1538 quotations. The following tabulation shows
Hooker No. 2 __ 172 the average value per metric ton of South

Quotations for Canadian (Quebec) chryso-
tile, f.0.b. mine, as of July 1, 1979, follow:

African imports, regardless of grade, calcu-
lated from 1979 U.S. Department of Com-
merce data:

P Per metric
Grade Description ton

Group?2 _ _ Crude _______ Can$2,530 Type 1975 1976 1977 1978 1979
Group3 __ Spinning fiber __  Can$1,128- 1,770
Group4 _ _ Asbestos-cement 757- 1,114  Amosite _ _ _ _ $435 $508 $589  $569  $577

fiber . _____ Crocidolite_ _ _ 471 571 582 624 686
Group5 _ _ Paper fiber ___ _ 428- 639  Chrysotile___ 1,036 259 485 451 679
Group6 _ _ Pa‘per and shingle 364- 388
Group7 __ _ Shorts _______ 125- 240

FOREIGN TRADE

There was an increase in the value of
asbestos and asbestos products exported
from the United States in 1978 over that in
1977 and a further increase in 1979. Most of
the 1978 gain was accounted for by the 73%
increase in the value of the unmanufac-
tured asbestos, which had a 31% rise in

tonnage. There was a dramatic increase in
the value, in U.S. dollars, per metric ton
from $345 to $455 in 1978, but the 1979
average was $527. The fiber share of the
export dollar rose from 16% in 1977 to 24%
in 1978, and was 16% in 1979.
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Table 4.—Countries importing U.S. asbestos fibers and products, by type and country

(Thousand dollars)
1978 1979
Unmanu- Manu- Unmanu- Manu-
factured factured Total factured factured Total
fibers products fibers products

Australia _____________ 536 2,606 3,142 429 2,778 3,207
Canada ______________ 2,354 46,909 49,263 2,508 53,761 56,269
Colombia _____________ 227 3,187 3,414 364 X 3,688
Germany, Federal Republic of _ 1,563 7,072 8,635 924 4,009 4,933
Japan _ 3,861 2,714 6,575 . .4,686 2,950 7,636
Mexico_ _ __ 5,107 4,932 10,039 4,931 6,430 11,361
Netherlands 104 3,013 3,117 126 2,712 2,838
Saudi Arabia _ 119 12,501 12,620 596 11,448 12,044
United Kingdom 320 2,655 2,975 387 3,217 3,604
Venezuela_ _ _ 105 3,967 4,072 193 4,078 4,271
her ____ 5,931 29,285 35,216 8,250 33,356 41,606
Total __ _________ 20,227 118,841 139,068 23,394 128,063 151,457

In 1978, the United States recovered 51% was well below the 62% realized in 1977. In
of the cost of imported asbestos by exporting 1979, the value of exports and reexports
and reexporting fibers and products. This exceeded the value of asbestos imports.

Table 5.—U.S. exports and reexports of asbestos and asbestos products

1977 1978 1979
Products _ Value Value ~ Value
" Quan (thou- Quam  po, Quan (thou-
tity sands) Uty sands) tity sands)
EXPORTS

Unmanufactured:
Crudes, fibers, and stucco _ _ _ _ ___ metric tons_ _ 16,244 $7,433 22,153 $8,371 31,635 $12,868
Sandandrefuse _________________ do____ 17,676 4,268 18,666 4,719 10,501 3,642
Asbestosfibers - . ________________ do____ _— i 3,597 7,137 2,559 6,784
Total ___ __ _ . ___ ___________ do____ 33,920 11,701 44,416 20,227 44,695 23,294

Products:

Shinglesand clapboard _ _ _ _ _________ do____ 6,537 2,484 10,652 5,256 7,323 3,875
Other articles of asbestos_ _ _ _ _ _______ do____ Q) Q) 14,340 11,700 17,758 13,301
Gaskets _ _____________________ do____ Q) ® 3,911 4,510 4,203 4,556
Packingandseals _ _______________ do____ @) @) 2,396 11,520 2,405 14,497
Insulation_ _ _ _ ____ _____________ do____ NA 4,671 NA 5,193 NA 4,524
Other articles,n.s.p.f __ ____________ do____ o) @ NA 24,876 NA 22,806
Brake linings and disc brake pads __ ____ do____ @) @ NA 44,696 NA 55,270
Clutch facings and linings _ __ __ __ __ number_ . 1,110,280 2,129 NA 11,090 NA 9,334
Total _ ____ ______________________ XX XX XX 118,841 XX 128,163

Unmanufactured:
Crudes and fibers 908 364 896 296 1,039 851
Sand and refuse 68 10 68 10 116 20
Total ______ __ ______________ 976 374 964 306 1,155 871

Products:

Gaskets _ _____________________ do____ Q) * NA 37 . -
Packingandseals __ ______________ do____ Q) (@) NA 20 4 109
Insulation_ ___ _________________ do____ NA NA NA 1 . ——
Other articles,ns.pf - _____________ do____ 0] ) NA 103 NA 68
Brake linings and disc brake pads ___ _ _ _ do____ 179 197 NA 683 NA 2,492
Clutch facings and linings _ _ __ ____ _ number_ _ 662 7 NA 230 NA 52
Other articles of asbestos_ _ _ __ . _ _ metric tons_ _ ) () - . NA 22
Total ______ _____________________ XX XX XX 1,074 XX 2,743

NA Not available. XX Not applicable.
1TSUS numbers and grouping changed in 1978; no comparable data available for 1977.
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Canada remains the largest user of U.S.
asbestos and products. Thirty-six percent of
the value realized from these products in
1978 came from there. In 1979, Canada
purchased 37% of the U.S. fibers and prod-
ucts sold abroad. Saudi Arabia was second
in receiving U.S. asbestos and products.
This country provided 9% of the U.S. export
dollars in 1978 and 8% in 1979.

Other major buyers of U.S. asbestos and
products were Mexico, the Federal Republic
of Germany, Japan, Venezuela, and the
United Kingdom, Australia, Colombia, and
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the Netherlands.

Canada provided 95% of the asbestos
fiber imported into the United States in
1978 and 97% in 1979. The Republic of
South Africa provided 4% of the imports in
1978 and 3% in 1979. Included was all of the
amosite and crocidolite and most of the
crudes imported. Several countries provided
the remainder. Chrysotile again dominated
the imported types with 97% of the total for
both years. The dollar value of imported
fiber in 1978 was above that of 1977, but in
1979 it was below that of 1978.

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

(Metric tons)
Republic v
Southern
Grade Canada .. of South A
Africa Rhodesia
1977: )

Chrysotile:
Crude _ _ __ - ______ 122 3,456 2,224
Spinning fibers _ ___ _ _______________ 6,065 3,415 —
Allother __ __________ . _____ . 509,833 2,141 313
Crocxdolxte Glue) - _ o ___ 64 10,857 -
Amosite _ _ _ __ _____________________ 1 528 —_
Total __ _ _ 516,085 20,397 2,537
38 5,219 -
7,292 50 .
535,754 1,753 -
131 16,734 .
Amosite _ __ _ ___ ________ . __________ 18 1,152 —_
Total _ _ __ ___ o ____ 543,233 24,908 ——

1979: Ch '

rysotile:
Crude _ ____ o _____ 138 3178 .
lSﬁ]inning fibers __ __ ________________ 8,070 . -
her _ __ ___ o ________________ 487,499 2,235 ' -
Crocidolite (blue) - — _ __ ________________ __ 13,618 .
Amosite - __ __ 461 ——
Total _ o ____ 495,707 16,692 -




ASBESTOS ' 79

Table 7.—U.S. imports for consumption of asbestos (unmanufactured), by class

B and country )
Crude (includ- : i
ing blue fiber) Textile fiber All other Total
Year and country ' ‘Quanti Value i Value Quantity - Value tity Value
(metrif:y " (thou- nnetx-xf:y (thou- (metrif:y (thou- metric  (thou-
tons) sands) tons) sands) tons) sands) tons) -sands)
1977 '
Canada ______________ 187 $90 6,065 $6,224 509,833 $124,940 516,085 $131,254
Mexico_ ______________ __ . —— —_ 3,280 139 3,280 139
Rhodesia, Southern _ _ _ __ __ 2,224 2,368 = __ 313 199 2,537 2,567
South Africa, Republic of_ _ _ _ 14,842 1 3,415 309 2,141 1,273 20,398 9,303
Swedén : - __ Lo 1 () 1 [©)
i - __ - 283 7. 283 7
- 1,987 443 6,122 1,433 8,109 1,876
10,179 11,467 6976 521,973 127,991 550,693 145,146
105 7,292 6,491 535754 133,146 543,233 139,742
— - —_ 39 17 17
32 — —— 164 21 547
__ _ - 183 10 183 10
12,919 50 41 1,753 1,205 24,908 14,165
- . - 20 8 20 8
- - - 1,010 324 1,010 324
- - . 44 29 29
wvia ____________ . __ __ __ 36 3 36 3
Total __________.__ 23,675 13,056 7,342 6,582 539,008 134,763 570,020 154,351
1979 .

Australia - ____________ - —— —= . 36 4 36 4
Austria ____ __________ —_ - __ __ 4 4
o ____ 138 28 8,070 7,008 487499 116,577 . 495707 123,613
Germany, Federal Republic of —_ - _— — 21 42 21 42
India________________ - - - 222 62 222 62
Ttaly _______________ 16 4 - - 15 4 31 8
Mexico_______________ __ - - - 22 5 22 5
Norway - _____________ —_ - —_— - 44 7 4 7
Romania _____________ = . - - 20 4 20 4
South Africa, Republic of _ __ _ 13,996 9,568 - _- 2,696 1,785 16,692 11,303

South-West Africa,

Territory of (Namibia) _ __ _ 209 143 . - —_ - 209 143
Spain _______________ - - - - 20 4 20 4
dni Kingdom_ _ _______ - _— . —— 20 4 20 4
Yemen, People’s Democratic

publicof __ _________ _ - - __ 20 8 20 8
Total ____________ 14,359 9,743 8,070 7,008 490,655 118460 513,084 135211
Less than 1/2 unit.
WORLD REVIEW

A 1978 article in Industrial Minerals said
that the market for mineral fibers is grow-
ing rapidly except for asbestos.? The con-
stant search for asbestos substitutes was
mentioned along with the legislative re-
strictions on its use, which effectively re-
duce the economic reasons for asbestos use.

The review of the 1978 world market in a
Canadian trade journal attributed a 7.5%

decrease in world production mainly to
reduced shipments from the U.S.S.R. and
the Republic of South Africa.* The same
article predicted a 1% to 2% growth in
demand over the next few years, with the
growth coming mainly from the developing
countries. These data on world production
are shown in Figure 2.
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Canada
25%
U.S.S.R.
(Includes Grade 7)
50% South Africa
(Includes Rhodesia)
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\ \————— United States 1.7%
South America 1.7%
Other 0.6%

Figure 2.—World asbestos production, 1978.
(Data from work cited in footnote 3.)
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Australia.—The Woodsreef Mines, Ltd.,
asbestos mine gained a respite from its
financial problems when, at the recom-
mendation of the Australian Industries As-
sistance Commission, the Cabinet extended
a A$1.4 million grant. The grant is condi-
tional on one of A$2 million from the New
South Wales Government. Woodsreef Mines
and its parent company, Woodsreef Miner-
als Corp. of Canada, are marketing a new
wet milling process. A prototype mill has
been proposed for February 1980 startup.

Canada.—Although Quebec shipments to
over 80 countries rose 2.7% in 1978 over
those in 1977, Canadian total production
declined 6% during that year, only to rise
nearly 9% in 1979. Cassiar Asbestos Corp.’s
8-month strike in British Columbia and the
closure of their Yukon mine were contribu-
ting factors to the 1978 decline. The values
received for Canadian fibers also decreased
in 1978 from Can$520 million to Can$509
million. In 1979 the asbestos sold for
Can$641 million. The average received per
metric ton was Can$363 in 1977, Can$379 in
1978, and Can$427 in 1979.

The Quebec Asbestos Mining Association
(QAMA) officially changed its name to
L’Association des Mines D’Amiante du Que-
bec (AMAQ).

At yearend 1979, the second bill passed by
the Quebec National Assembly allowing
expropriation of the 54.6% of Asbestos
Corp. owned by the U.S. firm General Dy-
namics had not been exercised. There was
an injunction by the Quebec Court of Ap-
peals against it and an appeal before the
Supreme Court of Canada by General Dy-
namics. The Quebec Government wants to
obtain this property to incorporate it into
its Société National de I’Amiante.

Exploration continued at the Abitibi as-
bestos project near Amos in northwestern
Quebec. Brinco, Ltd., the majority owner,
and others including Asarco, Inc., are con-
tinuing talks that could lead to a Can$400
million facility to produce 226,800 metric
tons per year.

Asbestos Corp. is still making plans for
the Penhale property underground below
the closed Normandie property, and is eval-
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uating the possibility of going underground
at the Asbestos Hill property on the Ungava
Peninsula. The corporation announced a
Can$122 million expansion and moderniz-
ation program to be accomplished by 1984.

Cassiar Asbestos Corp. closed its Clinton
mine in the Yukon during August of 1978
owing to depletion of reserves. There was a
3-month strike at its Cassiar pit in British
Columbia beginning in September. The
White Pass and Yukon Railway—for 80
years the only overland link between White
Horse, Yukon, and Skagway, Alaska—may
have to close because of the loss of its
principal client, Cassiar’s Clinton mine.

Johns-Manville Canada, Inc., is the new
name of the former Canadian Johns-
Manville, Ltd. The 1978 measurements of
its Jeffrey pit at Asbestos, Quebec, showed
it to be 1.98 kilometers east to west, 1.83
kilometers north to south, and 308 meters
deep.

United Asbestos, Inc., has ended its re-
ceivership by repaying some debts and ar-
ranging a loan to cover the rest. Work on
reopening the mine and mill at Midlothian,
Ontario, is expected to be delayed by winter
weather, postponing the reopening until the
summer of 1980.

Greece.—Construction started in April of
1978 on the Zidani asbestos mine and mill
near Kozani. Completion of the 100,000-ton-
per-year chrysotile facility is scheduled for
July 1980. There is a possibility of Arabian
investment in the mine. Initial financing is
by the Government’s Hellenic Industrial
Development Bank (ETVA) and manage-
ment, by a company under its control.

Japan.—Examination of Japanese im-
ports of asbestos for a recent 3-year period,
shown in the following table, reveals a
small decrease (8%) in 1977 and a major one
(22%) in 1978. The reasons are not appar-
ent. Canada remains the largest source,
with the Republic of South Africa second. It
appeared that the U.S.S.R. was getting
ready to claim a large share of this market
when its share rose to 24% in 1977, but the
large drop to just 8% in 1978 leaves this
premise in doubt.

Country of oriat 1976 1977 1978
v Metrictons  Percent Metric tons Percent Metric tons Percent
Canada_ __ _____________ 144,150 44 119,551 40 111,000 47
South Africa, Republicof - _ ___ ,645 30 82,181 27 80,873 34
SSR ___ 54,335 17 1,109 24 17,811 8
United States _ _ _ _ ________ 10,094 8 9,247 3 1,784 5
ustralia ______________ 4,351 1 9,503 3 7,346 3
Other_ _ _______________ 15,771 5 9,045 3 ,087 3
Total______________ 325,346 100 300,636 100 234,901 100
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Mexico.—Among the major investments
announced by Industrias Penoles was the
$44 million Pegaso asbestos plant in Oaxaca
State. Johns-Manville Corp. will have a
40% equity in the joint venture.

South Africa, Republic of.—The asbestos
industry of this nation had a mixed but
generally down year in 1978 based on pre-
liminary (10-month) data. Amosite produc-
tion dropped more than 40% to about 40,000
tons; chrysotile, more than 30% to about
77,000 tons; and Cape Blue. crocidolite,
about 30% to 140,000 tons. Transvaal Blue
crocidolite production rose nearly 67% to
about 150 tons. No anthophyllite was pro-
duced. The total value of exported asbestos
decreased over 17% from 1977 to 1978, but
that sold locally increased by 33%.

Cape Industries, Ltd., complebed the ex-
pansion and modenz.atlon of the mining and
milling facilities at Pomfret in 1978. The
new R10 million mill can produce 70,000
tons per year of fiber, and the mine has
been expanded to produce sufficient ore for
this. The future of their older Koegas mine
is in doubt, and will be decided by the new
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owners, Transvaal Consolidated Land and
Exploration, Ltd. (TCL). This company now
owns all of the asbestos mines acquired by
Cape Industries since it started mining in
the Republic of South Africa in 1893.

In 1979, the South Africa Geological Sur-
vey rev1sed its asbestos reserve estimate up
to 22 million tons, an increase of over 180%.

Sudan.—Johns-Manville. Corp. has been.
awarded two asbestos exploration conces-
sions. Only one, in Qala-el-Nahl near. the
Ethiopian border is believed to have com-
mercial possibilities. Other partners in the
venture are the Sudan Textile Industry
(Sudanese Government-owned) and the Gulf
International Group of Kuwait. It is hoped
that a $120 million facility yielding 100,000
tons per year will result with the Sudanese
Government getting 49% of the profits.

Turkey.—A recent estimate put Turkey's.
asbestos reserves at nearly 5 million tons, .

United Kingdom.—Imports of  asbestos
into the United Kingdom in 1978 were only
93% of those in 1977. Most of .the decrease
was in fiber from Swaziland, which went
from 12% to 1% of the total. Canada and

Table 8.—Asbestos World production, by country

(Metric tons)
Country! 1976 1977 1978° 1979°
Canada (shipments)_______________ 1,586,09% 1,517,360 1,421,808 - 21,501,000
United States (sold or used by producers) _ _ 104,873 92,256 93,097 * 293,351
South America: : :
Argentina ____________________ 889 686 697 - 100
Brazl _________ . __ 92,703 92,773 122,815 120,000
Europe: .
Bulgaria®_____________________ T 500 500 500
Raly _ _______________ 7164,788 149,327 135,402 130,000
USSR® _______ o ____ 2,290,000 72,400,000 2,435,000 " 2,470,000-
Yugoslavia _ ___________________ 12,830 9,036 10,360 10,500 -
Africa:
_______________________ 1,096 478 349 350
______________ 165,000 200,000 225,000 250,000
SouthAfnea.Repubhc of ___T_TTTTTC 369,840 380,164 257,325 2249187
A‘gwmlnnd’ ____________________ 41,847 38,046 36,951 38,000
i 13,260 €13,000 €13,000 4,000
¥150,000 200,000 250,000 250,000
673 2,031 2,000
34,518 36,684 ,342 36,000
24,119 22,177 19,100 20,000
7,703 6,719 6,720 8,000
4,7(15§ ,182 13,616 14,000
9,941 3975 13,372 10,000
60,642 50,601 62,383 70,000
75,086,071 5,226,639 5,153,868 5,277,591
®Estimate. PPreliminary. .
In addition to the countries listed, Cmchoslovakm, North Korea, and R ia also p bestos, but output is not
dequate for the formulat of liabl imates of output

ol:fcll:lly reported, and available general information is
els. .

2Reported figure.

3Exports.
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the Republic of South Africa furnished 93%
of the imports in 1978. Late in 1979, the
United Kingdom Advisory Committee on
Asbestos published its third and final re-
port. The report recommended a ‘“‘control
limit” for human exposure at the level of 1
fiber per milliliter of air for chrysotile, 0.5
fiber for amosite, 0.1 fiber for crocidolite,
and a statutory ban on the importation of
crocidolite.

U.S.S.R.—Work began in 1978 on the
Kiyembay asbestos mining and enrichment
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combine, and production started in' 1979.
This facility ‘in Orenburg, Oblast, has a
design capacity of 250,000 tons per year of
fiber. The new V. 1. Lenin combine in the
Tuva A.S.S.R. commenced production in
1979, and probably produced 120,000 tons in
that year.

Yugoslavia.—With the investment of
about Din300 million in new facilities, the
asbestos mine at Bosansko Petrovo Selo,
Bosnia-Hercegovina, raised its fiber output
from 5,000 to 26,000 tons per year.

TECHNOLOGY

In 1978 and 1979, as in the previous few
years, the majority of the research con-
nected with asbestos had to do with health
effects. Only preliminary results are avail-
able from the National Institute of Environ-
mental Health Sciences (NIEHS) study on
the carcinogenicity of ingested asbestos.
These suggest that ingested asbestos is less
dangerous than inhaled asbestos.

A speécial committee on asbestosis of the
Quebec Workmen’s Compensation Board
studied the medical files of 6,785 workers
employed by the asbestos mining companies
during the 15 months preceding December.
381, 1976. The committee reported asbestosis
in varying degrees in 161 workers, or 2.37%.
AMAQ, in further analyzing the data, said
that the incidence of asbestosis is related to
exposure, and that the workers who had it
had worked for decades under the more
primitive asbestos extraction processes that
prevailed earlier. AMAQ concluded that
new technology and industrial hygiene pro-
grams are resulting in generally improved
health conditions.

In an article in Nature magazine, re-
searchers demonstrated a probable reason
why cigarette smoking and asbestos expo-
sure are synergistic in promoting lung
cancer.* They report that a carcinogen
found in cigarette smoke, benzo(a)pyrene, is
readily adsorbed on asbestos. It remains
there in the more soluble and more danger-
ous “structured” form, rather than linking
with other molecules in the “structureless,”
less soluble “‘excimer”’ form.

In April of 1978, Battelle Institute was
given an EPA grant to evaluate sealants to
inhibit asbestos fibers from entering the
atmosphere, and in May of that year Mt.
Sinai Medical School’s Environmental
Health Laboratory had finished a project
for NIEHS that demonstrated that water-
based vinyl polymer coatings would ef-

fectively inhibit asbestos fibers from enter-
ing the atmosphere from walls and ceilings.

An article in an international publica-
tion describes in detail the durability of
asbestos-cement pipe.® Sewer pipe laid in
Dieppe, France, in 1932 and dug up in 1975,
had lost 2 millimeters of wall thickness
along the inside bottom, showed no traces of
wear or chemical attack on the outside, and
still exceeded current standards. Pressure
pipe used in the Graz, Austria, water sy-
stem between 1933 and 1973 increased in
strength and safety during that periods due
to a combination of factors. Forty-two-year
old pressure pipe recovered in Heilbronn,
Germany, was unimpaired and strength
values exceeded current standards. -

Substitutes.—The environmental prob-
lems associated with asbestos continue to
exert pressure from the marketplace for
substitutes. A recent article looked at the
whole mineral fiber picture; included with
asbestos was rockwool, fiberglass, and
alumino-silicate fibers.¢ The article conclud-
ed that the mineral fiber market (with the
exception of asbestos) is growing rapidly,
and that asbestos was losing some of its
asbestos-cement market to the alkali-
resistant glass fibers and alternative prod-
ucts such as glass-fiber-reinforced plastics.
The article included a table illustrating the
growth of mineral fiber production in Eu-
rope that showed a 13% growth from 1975
to 1976.

There were two different approaches to
using polypropylene fibers as asbestos sub-
stitutes. Shell International Chemical Corp.
announced their fibers “Carifil” that has
mineral additives such as clays, chalks,
barium sulfate, titanium dioxide or diato-
mites partially imbedded in the surface of
the branched fibers. Shell hopes to capture
some of the asbestos building product mar-
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ket. A research team at Surrey University
in the United Kingdom claims that its
polypropylene-reinforced cement invention
produces a material as strong and durable
as asbestos-cement products and economi-
cally comparable. However, the material
cannot be made on conventional asbestos-
cement machinery.

Rockwool - International AJS of Denmark
has developed an alkali-resistant inorganic
fiber reportedly excellent reinforcing prop-
erties. PPG-Corp. has developed a texturiz-
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ed glass fiber for which it claims improved
breaking strength and better retention of
strength under heat than asbestos textiles.

Qaets

1Physical sci of N tallic Minerals.

?Industrial Minerals (London). Mineral Fibres—A Re-
view. No. 133, October 1978, pp. 19-31.

3Bulletin, L’Association des Mines D’Amiante du Que-
bec, v. 3, No. 1, January/February 1979, p. 5.

4Lakowicz, J. R. and J. L. Hyden, Nature. V. 275,
September/October 1978, p. 446.

SInternational Asbestos Cement Review. Asbestos Ce-
me);t1 %nduits After Forty Years. V. 23, No. 7, July 1978,
pp. (1-ia.

SWork cited in footnote 2.




Barite

By David E. Morse!

Domestic production of barite declined to
1.94 million tons in 1979 after a record-
setting 2.11 million tons in 1978. Nevada
continued to lead all States with a reported
production of 1.79 million tons of barite in
1978 and 1.78 million tons in 1979. Other
principal producing States in 1979 were
Missouri and Georgia. Imports of crude
barite continued to increase, reaching 1.29

million tons in 1978 and 1.49 million tons in
1979. The principal use for barite, as a
weighting agent in oil- and gas-well drilling
muds, accounted for 92% of total U.S. con-
sumption in 1978 and 94% in 1979. Oil- and
gas-well drilling increased 5.3% to a record
238.6 million feet in 1979; barite used by the
drilling industry increased to 2.84 million
tons breaking the record set in 1978.

Table 1.—Salient barite and barium-chemical statistics
(Thousand short tons and thousand dollars)

1975 1976 1977 1978 1979
United States:
Barite: :
Primary (sold or used by producers) _ ____ ____ 1,318 1,234 1,494 2,112 P1,987
Valwe_ _________________________ $21,200 $28,689 *$30,264 $43,981 P$48,024
57 41 50 : 39 109
$2,871 $2,871 $3,436 $2,724 $10,861
634 90. 955 1,291 1,489
$8,541 1$24,849 1$25,787 1840,525 1$64,072
Crushed and ground (sold or used by producers)_ _ 1,807 2,2 2,598 2,702 X
Valwe _______________“ """~ 73,075 $93,283  $110,409  $123,433 $168,096
Barium chemicals (sold or used by producers) __ _ _ 43 . 56 55 © 50
we__ ___________________ $15,556 $19,698 $23,151 $24,018 $26,063
World: Production____________""""""""""" 5,419 5,736 76,392 7,511 €7,610
Estimate. ~PPreliminary. Revised:
'C.if. values reported. Customs values were reported in prior years.
DOMESTIC PRODUCTION

In 1979, primary barite production was
reported from 32 mines: 16 in Nevada, 7 in
Missouri, 2 each in Georgia, Illinois, and
Tennessee, and 1 each in Arkansas, Mon-
tana, and New Mexico. New Mexico showed
production for the first time since 1965.
Nevada continued to be the leading produc-
ing State in both 1978 and 1979. The other
producing States in descending order of
production in 1979 were Arkansas, Missou-
ri, Georgia, Montana, Illinois, Tennessee,
and New Mexico. There was some barite
mined in Alaska, but the sole producer
declined to report production.

The term “primary barite” is the first
marketable product, and includes crude or
run-of-mine barite, flotation concentrates,
and other beneficiated material such as
washer, jig, or magnetic separation concen-
trates. Run-of-mine barite sold or used by
producers represented 51% of total produc-
tion in 1978 compared with 67% of the 1979
production total; other beneficiated mate-
rial made up 45% of the total in 1978
compared with 29% of the 1979 total; flota-
tion concentrate represented 4% of total
production in 1978-79.

The leading producers of domestic barite
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in 1979 were (in alphabetical order) Baroid
Div., NL Industries, Inc., with mines in
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., Milchem, Inc., with mines in
Missouri and Nevada.

Domestic and/or imported barite was
ground at 41 plants in 11 States during
1979. Texas (eight plants), Louisiana (six
plants), and Nevada (five plants) each pro-
duced over 700,000 tons of ground barite in
1979; total ground barite production in
these three States was 2.48 million tons. No
other State produced over 150,000 tons of
ground barite in 1979. Other States with
grinding plants in 1979 were Missouri with
six operations, Utah with five; California
with three; Arkansas, Georgia, and Illinois,
two each; and Montana and Tennessee, one
each. - \

In 1978, a joint drilling program con-
ducted by New Riverside Ochre Co. a:ql
Paga Mining Co., both of Centerville, Ga.,
delineated additional ore reserves on a
jointly held property in northwestern Geor-

gia.

In 1978, Milchem conducted a drilling
program at its Fancy Hill property in
Montgomery County, Ark. Work was con-
ducted in 1979 to bring the mine and mill
onstream by late 1980. Production during
the estimated 11-year lifetime of the mine
was projected at about 460,000 tons per year
of ore, which ‘would yield approximately
200,000 tons per year of finished product.

NL Baroid was in the process of preparing
its Sun Valley mine on the Old Soldier
property in Blaine County, Idaho, for pro-
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duction. Startup had been reported in late
1979 but no shipments were made during
the year. The mine was scheduled to ship
approximately 30,000 tons of barite in its
first year of operation. By the time a con-
centration plant is completed near Hailey,
Idaho (1982), NL Baroid plans to ship
100,000 tons of crude ore and finished prod-
ucts annually.

In Nevada, Dresser Minerals was expand-
ing production capacity of its Greystone
mine in 1979 and IMCO increased produc-
tion from the Clipper mine after completing
an extensive stripping program in 1978.
Chromalloy American Inc., doubled the ca-
pacity of its Dry Creek jig plant north of
Wells.

New grinding plants and additions to
existing facilities were built and under con-
struction in 1979. Concentrated Mud Chem-
icals Inc., completed a two-mill grinding
facility at Corpus Christi, Tex. IMCO was
expanding the capacity of its Houma, La.,
and Brownsville, Tex. plants. Milchem add-
ed a new mill to its New Orleans, La., plant
and started construction on new grinding
plants at Clifton, Okla., and Galveston, Tex.
0il Base, Inc., a subsidiary of Hughes Tool
Co., planned to complete a new grinding
plant at Houma, La., in 1980. NL Baroid
expanded its New Orleans, La,, grinding
plant and rehabilitated its Blackwell, Mo.,
jigging-washing facility. NL Baroid had
expanded the capacity of its Corpus Christi
grinding plant in 1978.

In 1978, a Bureau of Mines report: was
released that includes 19 tables of data that
show domestic barite production, consump-
tion, and imports and also world barite
output for the years 1880 to 1976.2

Table 2.—Barite sold or used by producers in the United States, by State
(Thousand short tons and thousand dollars)

State 1977 1978 1979
Quantity Value Quantity Value Quantity Value
Missouri - — - - — 117 4,061 121 4,661 89 3,679
Nevada — - — e — = 1,158 18,329 1,788 30,034 113734 34,320
OtherStates! _ _ e ——— 219 7,874 202 9,286 114 P10,025
Total _ - — = 1,494 30,264 22,112 43,981 li1,937 P48,024

1Includes Arkansas, Georgia, Idaho, Illinois, Montana, New Pﬁ{exico, and Tennessee.

2Data do not add to total shown b of i
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Table 3.—Crushed and ground barite sold, by State .
. (Thousand short tons and thousand‘ dollars)

. 1978 , ] L1919
tate 5 .
S Numberof  Quantity  Value Numberof . Quantity: ~ Value.
Louisiana ________________ 6 841 .37,581- . 6 - 847 48,076
Missouri 6 163 12,504 6 139 | 6,931
5 500 14,241 5 728 20,843
8 830 - 39,971 -8 +905." ¢ ... 55,834
5 144 ,056. . 5 143 ... 11,465
8 225 15,074 11 256 24,
Total® ____________.___ 38 2,702 123,433 “ 41 t 3,01? ) 168,096
Includes Ark California, Georgia; Illinois, Mont and T
2Data may not add to totals shown b of indpendent rounding
CONSUMPTION AND USES E

Total- sales of crushed and ground barite
continued at record high levels in both 1978
and 1979. Barite for use as a weighting
agent in oil- and gas-well drilling fluids
continued to be the largest end use, account-
ing for 92% of total sales volume in 1978
and 94% of total sales volume in 1979. Total
oil- and gas-well drilling footage increased
7.5% to 226.6 million feet in 1978 compared
with the 210.8 million feet drilled in 1977.
An additional increase of 5.8% to a record
238.7 million feet was reported in 1979. An
average of 22 pounds of barite per foot of
drilling was consumed in 1978; the 1979
average increased to 23 pounds per foot of
drilling.

Sales of barite for all other uses declined
in 1979 compared with 1978. Sales of bari-
um chemicals declined in both 1978 and
1979. The data in table 4 are mainly for

ground - barite, but include the relatively.
small quantity of crushed barite that is
primarily used by the barium-chemical in-
dustry. Other uses of ground barite (exclud-
ing well-drilling) included filler in paint,
plastics, paper, and. rubber; flux, oxidizer,
and decolorizer in glass manufacture; and
miscellaneous uses such as heavy concrete.
aggregate, foundry uses, and other unspeci-
fied uses. ’ '

The most important barium chemical pro-
duced in 1978-79 was precipitated barium,
carbonate, which was a raw material - for
producing many, other barium compounds:.
It was also used in brick and tile manufac-
ture, television tubes, barium ferrite. manu-
facture, and for many other purposes. -The
average value of .barium carbonate was
approximately $322 ‘per ton in 1978 and
$382 per ton in 1979. .

Table 4.—Crushed and ground barite sold, by use!
(Thousand short tons and thousand dollars)

1979

Use? 1977 1978
Quantity Value Quantity Value Quantity Value
81 3,645 86 5,363 74 6,124
w w 36 829 w w
50 7,206 61 10,247 37 6,201
w w o ) ® @®
31 4,193 38 4,719 27 . . 2738
2,372 91,448 2474 102151 2,843 152,096
59 3,917 6 125 37 937
Total ______________________ 2,598 110,409 2,702 123,433 3,019 . 168,09
W Withheld to avoid disclosing company proprietary data; included with “Other uses.” ) S
Includes imported barite,

2Uses reported by producers of ground and crushed barite, except for barium chemicals.

SWithheld to avoid discl

y proprietary data; i
of independent

“Data may not add to totals shown b

luded with “Other filler.”

r
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Table 5.—Barium chemicals produced and sold by producers in the United States in 1978

and 1979*
1978 1979
Bari pemical Pro- Sold by producers Pro- Sold by producers

rium chemi Plant?  duction " Quantity  Value  Plants? d“lcltw“ Quantity Value

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

tons) tons) sands) tons) tons) sands)
Barium carbonate _ 4 36,000 35,000 $11,266 4 31,240 31,450 $12,039
Barium chloride _ 3 w w w 3 w w w
Barium hydroxide 3 w w w 3 w w w
Blackash _ - 2 w w w 2 w w w
Blanc fixe _ _ - 1 w w w 1 w w w

Other barium chem-

jcals -~ 4 28,400 20,100 12,752 4 23,750 18,600 14,024
Total _____ 6 64,400 55,100 24,018 6 54,990 50,050 26,063

W Withheld to avoid disclosing company proprietary data; included with “Other barium chemicals.”
10nly data reported by barium-chemical plants that barite are included. Partially esti d
2A plant producing more than one product is counted only once.

Table 6.—U.S. hydrocarbon well-drilling and barite consumption

Barite used for Wells drilled (th ds)! S ful Averagedepth Average barite
(
Year well drilling - wells per we r well
. (thousand short tons)  Oil Gas Dryholes Total  (percent) (feet) " (short tons)
1960 _ 920 2223 5.13 18.19 4555 60.1 4,217 20.20
1961 _ 942 2141 5.46 17.38  44.256 60.7 4,285 21.29
1962 _ 934 21.73 5.35 17.08  44.16 61.3 4,408 21.15
1963 _ 907  20.14 4.57 1676 4147 59.6 4,405 21.87
1964 _ 931 1991 4.69 17.69 4229 58.2 ,431 22.01
1965 _ 987  18.07 4.48 1623 3877 58.2 4,510 25.46
1966 _ 1,022  16.78 4.38 1523  36.38 58.1 4,478 28.09
1967 _ 965 1533 3.66 1325 3223 58.9 4,385 29.94
1968 _ 14.33 3.46 12.81  30.60 58.1 4,738 32.88
1969 _ 1,285 1437 4.08 1374 3219 513 4,881 38.
1970 _ 1,119  13.02 3.84 1126 2812 60.0 4,952 39.79
1971 _ 1,044 1186 3.83 10.16 2585 60.7 40.39
1972 _ 1,183 1131 4.93 11.06  27.29 59.5 4,932 43.35
1973 _ 1,326 9. 6.39 1031  26.59 61.2 5,129 49.87
1974 _ 1,440 1278 7.24 1167 3170 63.2 4,750 4543
1975 _ 1,638 1641 7.58 13.25 37.24 64.4 4 43.98
1976 _ 1,986 17.06 9.09 1362  39.77 65.7 4,571 49.94
1977 _ 2,372 1891 11.38 14.69 4498 67.3 4,687 52.14
1978 _ 2474 1716 1293 16.25  46.93 65.4 4,829 52.12
1979 27763  19.38  14.68 1575 . 49.82 68.4 4,791 55.46
1Includes exploratory and develop t wells; excludes service wells, stratigraphic tests, and core tests.

Source: U.S. Department of Energy, Energy Information Administration.

PRICES

The total reported value of domestically barite from Texas and Louisiana was $46.41
produced barite was $48 million in 1979; the in 1978 and $59.28 in 1979. The prices listed
average value was $24.80 per ton, compared in table 7 are from trade publications; they
with the 1978 average value of $20.83 per serveasa general guide but do not necessar-
ton. The average value per ton of ground ily reflect actual transactions.
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Table 7.—Barite price quotations

Price per short ton®
Item
1978 1979
Barite:?
Chemical, filler, glass grades, f.0.b. shipping point, carlots:
Handpicked, 95% BaSOq, notover 1% Fe_____ _ - $46.50-$55.00 $66.00
Magnetic or flotation, 96% to 98% BaSOs, not over 0.5% Fe __ 60.00- 70.00 60.00--70.00
Water-ground, 95% BaSO4, 325 mesh, 50-poundbags - — — — — - — - - ——————— 80.00- 96.00

Drilling-mud grade:

Dry ground, 83%-93% BaSO04, 3%-12% Fe, specific gravity 4.20-4.30, f.o.b.

80.00-133.00

shipping point, carlots _ _ _ _ ___ _ __ _ 71.00- 78.00 70.00- 90.00
Crude, imported, specific gravity 4.20-4.30, f.o.b.shipping point _ __ 31.00 19.00- 47.00
Barium chemicals:®
Barium carbonate:
Precipitated, bulk, carlots, freight equalized - - 250.00-325.00 4206
Electronics grade, bags, samebasis _ _ _ _ - 335.00 335.00
Barium chloride:
Purified crystals, 400 pound drums, works (perpound) — — _ — _ ________—— 1.24 1.24
Technical crystals, bags, carlotsworks _ _ _ 300.00 300.00
Anhydrous, bags, carlots, samebasis _ - 400.00 400.00
Barium hsydrate: -
Mono, 80-pound bags, carlots, delivered (100 pounds) - _ ___ - ———— 34.25 _-
. Mono, 55-pound bags, carlots, delivered (100 pounds) - — — — — _— 39.50
Barium sulfate:
Blanc fixe, technical grade, bags, carlots _ __ ___ __ _ __________—_—_— 430.00 430.00
USP, X-ray diagnosis grade, powder, 250-pound drums, 1,250-pound lots
(perpound)_ _ e 25 .24-25
Barium sulfide (black ash) drums, carlots,works__ _ _ 115.00-150.00 115.00-150.00

1Unless otherwise noted.

2Engineering and Mining Journal. V. 179, No. 12, December 1978, p. 46, and V. 180, No. 12, December 1979, p. 23.
3Chemical Marketing Reporter. V. 214, No. 26, Dec. 25, 1978, p. 27, and V. 216, No. 21, Dec. 31, 1979, p. 27.

4Changed to per pound price in 1979.

FOREIGN TRADE

Barite exports were 37,000 tons in 1978
and 106,000 tons in 1979. The average ex-
port value per ton was $64.74 in 1978 and
$100.77 in 1979. Canada was the largest
importer of U.S. barite in 1978 with imports
of 17,000 tons and the second largest im-
porter in 1979 with imports of 36,000 tons.
Mexico was the largest importer of U.S.
barite in 1979 with imports of nearly 62,000
tons; Mexican imports were 1,062 tons in
1978.

U.S. imports of crude barite rose to a
record high of 1,489,000 tons in 1979;
1,291,000 tons were imported in 1978. The
average value of these imports was $43.02
per ton (c.i.f.) in 1979 and $31.39 per ton in
1978. The principal source countries and the
average c.if value per ton in 1979 were
Peru, $34.85; China (mainland), $52.75; In-
dia, $47.86; and Ireland, $30.93. China and
India were the two major entrants in the
U.S. barite market in 1978; both countries
have large domestic barite reserves.

Most of the imported crude barite was
drilling-mud-grade and entered the United
States through customs districts along the
gulf coast in 1978-79. This reflects the con-
centration of domestic barite grinding
plants near the gulf and the nearness to the
largest U.S. drilling mud market. The im-
port distribution by district in 1979 was

(1978 in parenthesis): New Orleans, La.,
45% (50%); Houston, Tex., 21% (15%); Gal-
veston, Tex., 17% (19%); Laredo, Tex. (Port
of Brownsville, Tex.), 13% (11%); and Port
Arthur, Tex. (Port of Lake Charles, La.),
3.6% (5%).

Ground barite imports increased to 25,600
tons in 1979 compared with 21,000 tons in
1978 and 9,000 tons in 1977. India, Singa-
pore, and Mexico were the primary suppli-
ers of ground barite in 1979. Imports of
natural ground witherite were 873,022
pounds valued at $137,952 in 1979. These
imports of witherite, mainly from the Fede-
ral Republic of Germany, were probably
precipitated (manufactured) barium carbon-
ate since there has been no reported produc-
tion of witherite since 1969. ’

U.S. imports of barium chemicals increas-
ed to 35,000 tons in 1979 compared with
32,000 tons in 1978. Barium carbonate and
blanc fixe accounted for 59% of the total
imports of barium chemicals and 58% of the
total value of imported barium chemicals in
1979. The Federal Republic of Germany was
the leading source country for lithopone,
blanc fixe, hydroxide, carbonate, and a ma-
jor supplier of the chloride in 1979. China,
France, Italy, and the U.S.S.R. were the
other major U.S. sources of barium chemi-
cals in 1979.
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Table 8.—U.S. exports of natural barium sulfate and carbonate

1977 1978 1979

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

_— . . __ 256 $58

394 $19 155 $37 60 27

- . . . 25 5

— . __ _— 451 59

500 4 __ _ . .

146 15 1,125 55 64 5

600 61 —_ __ . -

31,485 1,782 19,790 1,180 38,348 2,488

33 1 17 2 1,538 152

- - 804 92 . -

__ _ 3 1 - __

28 1 __ __ — .

- . 3,163 198 47 4

51 11 242 44 14 13

__ - 115 9 __ .

__ - 528 47 4,084 438

__ — . - 50 2

40 2 __ - - __

. - 121 6 . __

66 3 171 23 - -

27 4 455 47 20 5

148 6 4 8 __ —_

10,7g§ 1,021 1,694 181 62,181 7,426

204 16 25 1 . .

638 67 1 3 . .

—— 224 20 - -

1,101 88 _ —_ - .

ippi 33 7 303 46 45 4
Seyc elles______________________________ . —— . . 700 100
South Africa, Republicof . ____________________ 79 6 3 14 16 5
Suriname ____ _ _ ____ ___ _ ________________ — — 1,062 111 _— —_
Switzerland _____________________________ __ —— 15 1 . -
Taiwan_ _______________________________ 147 6 __ __ - _—
Trinidad and Tobago 2,500 220 4,411 357 * 1
UnitedKingdom __________________________ . —_ 198 12 824 41
Venezwela________________________ 199 28 4,002 195 117 28
Yugoslavia _______________________ __ —— 41 4 - -
ire _ _ o ______ 262 24 —_ __ . -
Other________________ __ __ _____________ __ __ 22 30 . —
Total ___ ____ ____ _________________ 49,551 3,436 38,694 2,724 2108841 10,861

Less than 1/2 unit.
2Data donot add to total shown because of independent rounding.

Table 9.—U.S. exports of lithopone

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

719 $937

435 698

NA NA

NA NA

NA Not available.
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Table 10.—U.S. imports for consumption of barite, by country
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1977 1978 1979
Country Quantity Value! Quantity Value! Quantity Value!
(short (thou- (short (thou- (short (thou-
’ tons) sands) tons) sands) tons) sands)
Crude barite:
Brazil ________________ __ __ —_ __ 5412 $242
Canada_ _ ______________ 77,887 $2,494 36,449 $1,075 2,185 69
Chile - _______________ 26,802 992 195,377 8,267 142,466 6,826
China:
Mainland _ ____ ________ —_— —_— 50,009 2,034 233,569 12,322
Taiwan_ _ _ _ ___________ . —— — — 1,857 108
France - _ ___ ___________ = _— 6,441 341 —— -
Germany, Federal Republic of _ _ _ - . _ 1 1
________________ 16,800 346 13,228 711 —_
Guatemala__ ____________ . - 1,475 69 2,580 127
India _________________ —— 13,227 552 204 753 9,800
Ireland 21;,417 4,Qég 217,754 5,551 170,444 5,272
115,164 2,263 111,803 2,338 134,569 4,269
73,967 2,492 129,938 4,994 133,346 1,256
267,066 6,647 , 10,252 338,452 11,794
—_ - —_ 1,719 158
74,723 2,187 95,164 2,763 117,932 5,828
__ 11,023 492 - ——
87,762 3,352 7,617 326 - _
—— . 18,204 760 — ——
954,815 25,787 1,290,973 40,525 1,489,285 64,072
Ground barite:
Belgium-Luxembourg _ ______ 6 16 5 6 2
Canada_ _ ______________ 22 5,448 660 990 96
China, mainland __________ —_ - - 21 4
Colombia_ ______________ 262 — - —— -
Germany, Federal Republic of _ _ 1 2 3 24 8
India - ________________ . —— . 11,024 803
Mexico __ __ 9,206 383 17 4,688 2T
orocco _ _ _ _— 3,417 220 __ __
Singapore _ 11,813 82 8,820 1,016
United Kingdom —_ . __ 3
Venezuela —— _— __ 62 6
Total - 9,497 122 21,079 1,687 225,643 22,215
1C.if. value.
2Excludes 4,292 tons valued at $12,000 from Japan believed to be improperly categorized.
Table 11.—U.S. imports for consumption of barium chemicals
Blanc fixe . .
. el Barium Barium
Lithopone bg%ﬁp;‘?ift:ge) chloride hydroxide
Y
o Quan vaye QU™ vame W vawe W value
@hot  Chow  gpg  (how (g Chow gy (thou
tons) sands) tons) sands) tons) sands) tons) sands)
1976 _ ___________ 69 $25 1,971 $2,643 3,425 $690 2,422 $1,090
1977 65 27 8,729 3,069 5,384 1,170 2 448 1,222
1978 _ 142 58 9,424 - 4,160 5,287 1,173 3 138 1,539
1979 _ _ 1,535 662 9 352 4,152 6,839 1,398 3 912 2,009
. . 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)
1976 _ _ ____________ 520 $122 2,420 $423 86 $102
W 899 197 6,911 1,391 395 286
1978 _ _ ___ ______ 468 123 10,712 2,465 2,987 1,186
1979 _ _ _ _________ 517 117 11,596 2,770 1,540 783
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Table 12.—U.S. imports for consumption of crude, unground, and crushed or ground
witherite
Crude, unground Crushed or ground
Year Quanti Val Quantit Val
(short totg,s) (thousands) (short tons) (thousands)

6 $5 - 278 $56
- __ 518 103
— - 1,809 387

5 1 436 105

WORLD REVIEW

World barite production increased 1.7%
to 7.6 million tons in 1979 after an increase
of 17.5% or 1.1 million tons in 1978. U.S.
output was 28.1% and 25.4% of the world
total respectively in 1978 and 1979.

Australia.—Baroid Australia Pty., Ltd.,
began operations in 1978 at its- Davisvale,
Northern Territory mine.?

Bolivia.—NL Baroid brought a new
barite-grinding plant onstream in 19784

Canada.—In February 1978, flooding
closed the Walton barite mine at Pembroke,
Nova Scotia. Barite mining had been con-
ducted at the Walton mine since 1941 and
the ore body had essentially been exhaust-
ed. No plans were announced to dewater the
mine and resume operations.’

In Newfoundland, ASARCO Incorporat-
ed, and Price Co., the joint owners of the
Buchans zinc-lead-copper mine at Red Indi-
an Lake, were phasing out mining oper-
ations. The high-grade massive sulfide ore
body averaged 22% barite which had not
been recovered. Approximately 500,000 tons
of recoverable barite were estimated to be
in the tailing pond and additional barite is
likely present in Red Indian Lake where
tailings had been dumped in the early days
of the operation.® It is probable that the mill
will be converted to the mine’s tailings to
recover barites.?

Germany, Federal Republic of —West
German barite output declined in 1978 ow-
ing to the closure of “Sachtleben” Bergbau
GmbH’s Meggen mine in 1977. The Meggen
mine had produced a total of 7.2 million
tons of barite over its 72-year lifespan. The
Federal Republic of Germany had seven
remaining barite mines most of which were
old, high-cost operations.®

India.—Over 90% of India’s barite out-
put came from the mining areas of the
Cuddapah, Kurnool, Anantpur, Nellare,
and Khaman districts of Andra Pradesh;
the nation’s major barite reserves were also
located in these districts. Total measured
and indicated barite reserves in.India were

estimated at about 180 million short tons;
60 million tons:were measured reserves.
Inferred reserves have been estimated at
another 90 million" tons of ore containing
86% to 90% barium sulfate, with a specific
gravity of 3.8 to 4.0. . .

In 1978, the Indian Government, through
its Minerals and Metals Trading Corp.
(MMTC), set a minimum selling price for
drilling-mud-grade ground barite of $57 per
metric ton, f.o.b. India, and the minimum
for lump material at $37 per metric ton.?
The Indian Government introduced an ex-
port duty of 50 Rupees per metric ton of
barite, effective September 4, 1978. Individ-
ual mine owners were restricted from sell-
ing more than 20% of their lump material
exports to grinding plants in the nations of
the Persian Gulf.1°

Ireland.—Milchem (United States) re-
opened the Lady’s Well barite mine near
Clonakilty, County Cork, in early 1979.:
The mine was dewatered in 1975 and a
diamond-drilling program was completed in
January 1978. The success of the drilling
program prompted the mine’s reopening
with a planned annual capacity of 50,000
tons of barite. Milchem also extracted bar-
ite from the tailings of Northgate Explora-
tion Ltd.’s lead-zinc mine at Tynagh, Coun-
ty Galway. Dresser Minerals operation at
Silvermines, County Tipperary, continued
to be Ireland’s largest barite producer.
IMCO operated the Glencarbury Barytes
mine at Ben Bulben, County Sligo.

Liberia.—In 1978, Seinevin Mining Co., a
firm entirely owned by Liberians, signed a
concession agreement to mine barite in Gibi
territory.

Nigeria.—NL Baroid began production in
its new grinding plant to serve the Nigerian
oil industry and other oil producing nations
on the Gulf of Guinea.

Saudi Arabia.—In 1978, NL Baroid start-
ed up a new barite grinding plant near
Dhahran in eastern Saudi Arabia.

Thailand.—In 1978, barite became Thai-
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land’s third most important mineral prod-
uct, after tin and tungsten. Total barite
production in 1979 reached an alltime high
of 417,000 tons, 37.6% greater than the
output of 1978 and more than three times
the 1977 production level. About 20 barite
mines were operated in Thailand; major
producing areas were Chinag Mai, Nakhan
Si Thammarat, Loei Songkhla, and Tak.
Barite grinding mills were operated by
Jalaprathan Cement Co., Ltd., Sobhu Thai-
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land Co., Ltd., and Thailand Barite Co., Ltd.
(a subsidiary of Dresser Minerals).
Turkey.—Early in 1978, Bostas Barytes
Industry and Trading Co., Ltd., brought its
new 120,000-ton-per-year barite grinding
plant onstream at Antalya. Turkish grind-
mg capacity has increased substantially
since the Government ban on the export of
raw barite which was instituted in late
1974. Seven companies had an estimated
annual barite grinding capacity of 550,000

Table 13.—Barite: World prbduction, by country

(Thousand short tons)
1976 1977 1978 1979¢
_________________________________ 111 129 97 274
________________ . €1 1 4
________________ 298 298 255 300
_____________________________ 1,234 1,494 2,112 P1,937
_______________________________ 45 34 36 40
________________ 35 55 119 120
________________ r23 12 201 200
________________ 4 4 4 4
___________________________________ 365 479 399 ° 480
* ® *) -
8 8
France 165 243 248 250
German Democratic Republic® 34 34 39 40
Germany, Federal Republic of 289 293 186 200
Greece® _ . 43 49 253
Ireland __ ____ _____ ____ 356 411 385 400
Italy 197 165 261 2237
Poland _ . ____ ____ 89 98 100 100
Portugal _ __ _ ____ __ _ __ n 1 1 1
Romania _ Tegy regy 96 97
Spain __ ____________ _ re102 92 €88 100
SSR® _ _ _ 440 500 520 550
United Kingdom ____ _________ 55 55 60 60
Yugoslavia . ________ __ 62 58 58 55
Africa:
Algeria _ __ __ __ _____ 83 53 80 100
_____________ 4 * 1 1
Kenya__.___________ ) ®* ®* *)
Morocco_ _ —_ ________ r142 164 195 2254
South Africa, Republic of _ 2 3 3 23
Swaziland __ ________ (6] - __ .
Tunisia _ 26 18 18 18
Asia:
Afghanistan® _____________________________ €6 14 23
Burma 7 18 39 40
China, mainland® _ _ ___ ______________________ 330 385 440 550
India ________________ 215 7 387 400
Iran ______________ 254 204 220 NA
Japan _ ______ 59 62 82 80
Korea, North® _ _ 130 130 120 120
Korea, Republic of 2
Malaysia _____ 7 12 6 10
Pakistan _____________ ___ 10 19 22 34
Phil_iﬂpinee _____________________ 6 6 6
d 167 130 303 2417
Turkey — 208 158 238 250
Oceania: Australia __ __________________________ r16 13 12 212
Total -~ e *5,136 6,392 7,511 7,610
€Estimate. PPreliminary. "Revised. NA Not available.
lIn addltlon to the countnes listed, Bulgaria and Southern Rhodesia also produce barite, but available information is
i to make tes of output levels.
2Reported figure.
’Sold or used by producers.
4Less than 1/2 unit.
S5Barite concentrates.

€Year beginning March 21 of that stated.
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tons in 1979.

United Kingdom.—Dresser Minerals
acquired two grinding plants, one at Aber-
deen, Scotland, and the other at Surwick,
Shetland Islands.

Yugoslavia.—The Government plans to
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begin development of an opencast barite
mine on Mount Bobija near Ljubovija in
early 1980. A production level of 165,000
tons per year of ore yielding 60,000 tons of
barite is anticipated when the operation is
commissioned in 1983.

TECHNOLOGY

Industrial Minerals published an excel-
lent summary?? of the technology and world
production of industrial minerals utilized in
drilling oil and natural gas production and
exploration wells; the various minerals,
their uses, and markets were included.

A US. Geological Survey report®s con-
cluded that there' may be economic re-
sources of barite in the proposed 98-square-
mile Jarbridge Wilderness Area in Elko
County, Nev. Barite had been mined in 1957
at the Wildcat mine, a few hundred feet
southeast of the study area, and there were
several prospects in the southeastern part
of the area. The report delineated 90,000
tons of resources averaging 90% barite and
indicated that additional exploration could
reveal significant ore-grade material in the
proposed wilderness area.

The Bureau of Mines initiated a project to
devise new methods for recovering barite
from tailings at old mining or milling oper-
ations. This material represents a signifi-
cant, largely unexploited barite resource.
The project, being conducted at the Bu-
reau’s Tuscaloosa (Ala.) Research Center,
also examined the improvement of current
beneficiation techniques.

The Bureau’s Reno (Nev.) Research Cen-
ter was developing new methods to enhance
recovery of rare earths and a marketable
barite byproduct from bastnisite ores. The
ore used for developing the new methods
was taken from Molybdenum Corp. of
America’s mine in Mountain Pass, Calif.
Barite, which makes up about 25 weight-
percent of the ore, is not recovered by
Molybdenum Corp. at the Mountain Pass
facility.

A barite heavy media system developed
by the Bureau of Mines for separating
nonferrous automobile scrap began oper-
ation in 1978 at Prolerized Schiabo New Co.
in Jersey City, N.J. It was a more sophisti-
cated industrial version of the Bureau’s
experimental unit at the Salt Lake City
(Utah) Research Center. The float product
comprised 99% pure aluminum metal; the
sink product, after passing through a
magnetic-separation mode, consisted princi-
pally of copper, brass, die-cast zinc, lead,

and stainless steel.

IMCO developed a method for treating
flotation barite to make it a more desirable
drilling-mud material.** Treatment of flota-
tion barite for use as a drilling mud was
necessary because reagents used in the
flotation process remain on the minus 200-
mesh barite product and cause foaming of
the drilling fluid. IMCO’s treatment uses an
indirect-fired rotary dryer to remove the
reagents from the flotation barite. In 1978,
a production-sized pilot plant was built at
facilities of Avon Mineracao e Industria in
Araxa, Minas Gerais, Brazil, where barite is
recovered as a byproduct of niobium-
columbium extraction. IMCO was designing
and installing similar units in Nevada and
Mexico in 1979. )

Shell International Chemical Co., Ltd.
developed a family of propylene-based, min-
eral impregnated fibers.’>s Mineral addi-
tives, including barium sulfate, in the
branched propylene fibers impart desirable
mineral properties to the fibers. Potential
applications include building products (as a
substitute for asbestos), filters, cable insula-
tion, and battery-plate separators.
1Physical sci Section of Nonmetallic Minerals.

?Haines, S. K, and R. G. Miller. Barite-A Statistical
Summary. BuMines IC 8763, 1978, 25 pp.

3Costelli, A. V. Barite-USS. Producer Prices Stead:
While Import Prices Rise. Eng. and Min. J., v. 180, No. {
March 1979, pp. 120-121.

“Work cited in footnote 2.

SCanadian Mining Journal. Two N.S. (Nova Scotia)
Mines Shut. V. 99, No. 4, April 1978, p. 12.

€Allman, N. J. Output Declines at Asarco’s Buchans
Ul;it.'NOtthem Miner, v. 63, No. 47, Feb. 2,1978,p. 1.

Mining Journal (United Kingdom). Barytes at Bu-
chans? V. 292, No. 7494, Apr. 6, 1979, p. 271.
8U.S. Emb ldorf, Federal Republic of Ger-

y, Du
many. State Department Airgram A-83, Apr. 25, 1978.
lg%nduslt)rial Minerals. Barytes Floor Price. No. 129, June
, p. 10.

Costelli, A. V. Barite-Prices Increase While Output
Holgg Sgtleady Eng. and Min. J., v. 181, No. 3, March 1980,
Pp. 85, 91.

1Work cited in footnote 9.

2Harben, P. W. (ed.). Raw Materials for the Oil Well

Drilling Industry. An “Industrial Minerals” Consumer -

Survey, London, 1978, 144 pp.

3Engineering and Mining Journal. Ongoing Projects. V.
179, No. 7, July 1978, p. 151.

"Cornell, N. Roasting to Recover Flotation-Barite
Waste Product. Eng. and Min. J., v. 179, No. 9, September
1978, pp. 208, 211.

5Chemical Week. Technology Newsletter. V. 123, No.
22, Nov. 29, 1978, p. 43.



Bauxite and Alumina

By Luke H. Baumgardner! ahd Ruth A. Hough?

A sharp decline in bauxite production in
1978 in Australia, the leading world supph-
er, was only partially offset by increases in
Guinea and Jamaica, and total world mine
output was lower than in 1977. Production
increased markedly in 1979 to a new world
record ‘World production of alumina in 1978
was shghtly higher than in 1977 and also
increased in 1979. Domestic productlon of
bauxite and alumina in 1978-79, as in past
years, showed ljttle change.

- Jamaica, Guinea, and Suriname remain-
ed the principal sources of bauxite imported
into ‘the United States in 1978-79. Brazil
became a new supplier of bauxite to the
United States in the fourth quarter of 1979.
Also during 1979; a decline in imports of
calcined refractory-grade bauxite from Guy-
ana caused some concern among domestic
consumers. Australia, Jamaica, and Suri-
name were the principal suppliers of alumi-
na imported by the United States.

‘Note: All quantities in this chapter are

given in metric tons unless otherwise indi-
cated. Metric tons can be converted to long
tons by multiplying by 0.984207 or to short

tons by multiplying by 1.10231.

Legislation and. Government Pro-
grams.—General Services Administration
stockpiles of bauxite remained virtually
unchanged throughout 1978-79, except for
the shipment in 1978 of metal-grade bauxite
which had been sold previously. Inventories
at the end of 1979 included about 14.4
million metric tons of metal-grade bauxite,
and 177,000 tons of calcined refractory-
grade bauxite. Stockpile goals were 0.5 mil-
lion tons of metal-grade bauxite, 2.1 million
tons of refractory-grade bauxite, and 10.5
million tons of alumina. There were no
Government stocks of alumina. )

The Tokyo Round of international trade
negotiations, which resulted in agreements
to reduce certain tariffs, did not affect the
duties on U.S. imports of bauxite and alumi-
na which have been suspended since 1971.

Table 1.—Salient bauxite statistics
_ (Thousand metric tons and thousand dollars)

) 1975 1976 1977 1978 1979
United States

Productxon Crude ore (dry equivalent) _ ___ _ 1,801 1,989 2,013 1,669 1,821
Valwe _________________________ $25,083 $26,645 $21,555 $23,185 $24,875
Exports (asshipped) _ _ _ ______________ 20 1 26 13 15
Imports for oonsumptlon _________ - 11,714 12,749 12,989 13,847 13,780
dry eq t) 12,587 14,039 14,528 14,738 15,697
World: ProJuctxon ____________________ 74,791 77,463 82,374 81,029 86,814

TRevised.

Ry elund Teined h

ite. Includes bauxite imported into the Virgin Islands.

DOMESTIC PRODUCTION

Bauxite mines were operated in Arkansas
in 1978-79 by the Aluminum Co. of America
(Alcoa), American Cyanamid Co., and Rey-
nolds Mining Corp. in Saline County and by
Reynolds in Pulaski County. All production

has been from open pit mines since Rey-
nolds closed the last domestic underground
bauxite mine in 1976. In both 1978 and 1979
American Cyanamid produced calcined
bauxite at its Benton plant, and Porocel
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Corp (subsxdlary of Engelhard Minerals &
Chemicals Corp.) produced activated baux-
ite at its local Berger plant.

Five companies mined bauxite in- Ala-
bama in 1978-79. Mines located in the Eufa-
la district, Barbour and Henry Counties,
were operated by Abbeville Lime Co., A. P.
Green Refractories Co. (United States Gyp-
sum Co.), Harbison-Walker Refractories Co.
(Dresser Industries, Inc.); Mullite Co. of
America (C-E Minerals Div. of Combustion
Engineering Inc.), and Wilson-Snead Min-
ing Co. (NL Industries, Inc.). Late in 1978
Wilson-Snead was purchased by Didier-
Taylor Refractories Corp., and operations at
the mines and plant were continued by the
new owner. Abbeville Lime Co. went out of
business in January 1979. Dried and calcin-
ed bauxite was produced by A. P. Green,
Harbison-Walker, and Wilson-Snead (be-
came Didier-Taylor).

In Sumter County, Ga., bauxite was
mined and dried or calcined by American
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Cyanamid and Mullite Co. of America near
Andersonville.

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 declin-
ed slightly in 1979. The total production
included calcined alumina, commercial alu-
mina trihydrate, and tabular, activated,
and other alumina.

Calcined alumina shipments to primary
aluminum plants totaled an estimated 5.4
million metric tons, or 90% of the calcined
equivalent of total shipments in 1978 and
5.8 million tons or 89% of shipments in
1979. The chemical industry, including pro-
ducers of aluminum fluoride fluxes for alu-
minum plants, received over half of the
remaining tonnage, largely as hydrate.
Other shipments of alumina went mainly to
producers of abrasives, ceramics, and re-
fractories.

'l‘able 2. --Mine production of bauxite and shipments from mines and processing
plants to consumers in the United States

(Thousand metric tons and thousand dollars)

Mine production

Shipments from mines and

T i )!
State and year Bry PAs P Bll;ry
Crude equivalent Value? shipped  equivalent Value?
1977:
Alabama and Georgla _________ 387 310 2,704 105 188 8,151
Arkansas _ . _______________ 2,048 1,703 24,851 1,964 1,684 26,532
Total®_ _____ ____________ 2,436 2,013 21,555 2,069 1,873 34,683
197
‘Alabama and Georgia _ _ _ ______ 288 223 2,083 133 180 8,007
_________________ 1,778 1,446 21,103 1,734 1,483 24,230
Total®_ __ _ __ _ 2,066 1,669 23,185 1,866 1,663 32,237
197!
Alabama and Georgia _ ________ 501 391 4,320 222 286 14,821
rkansas _ _ _ __ _ ___________ 1,685 1,430 20,555 1,695 1,442 24,600
Total _ _ _ _ _ _ _ _ _ ________ 2,186 1,821 24,875 1,917 1,728 39,421
TRevised.
1May exclude some bauxite mixed in clay products.
2Computed from values assigned by pr ] and from estimates of the Bureau of Mines.

3Data may not add to totals s shown b of indep
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Table 3.—Recovery of dried, calcined,
and activated bauxite in the

United States
(Thousand metric tons)
Total processed

Crude bauxite recovered!

Year treated As Dry
recovered ‘equivalent
1977 419 169 294
1978 _______ 379 154 236
1979 ________ 466 235 336

Dried, calcined, and activated bauxite. May exclude
some bauxite mixed in clay products.

Table 4.—Percent of domestic bauxite shipments, by silica content

97

1979

SiO3 (percent) 1975 1976 1977 © 1978
Lessthan8 — ______________________ 4 6 2 2 g
From8tol5 _ _____ ___ ___________ 62 50 54 55 55
Morethan15 ___ ____________________ 4 4 43 44
Table 5.—Production and shipments of alumina in the United States
(Thousand metric tons)
Total®
Calcined Othe:
Year ' Tumiy lumina'  As produced Calcined.
or shipped? equivalent .

Production: -

19795 _ 4,738 566 5,304 . 5,135

1976 _ _ _ o 5,400 600 6,000 5,800

1977 5,580 660 6,230 6,030

1978 _ _ 5,550 580 6,130 5,960

1979 _ _ 5 950 700 6,650 6,450
Shipments: :

197 4,747 (] 5,316 5,145

1976° _ e 5,400 600 6,000 5,800

1977 e 5,510 660 6,160 5,960

19788 _ e 5,620 580 6,200 6,020

1979 _ 5,970 710 6,680 6,480

®Estimate.
1Trihydrate, activated, tabular, and other alumi Exclud lcium and sodi luminat.

2Includes only the end product if one type of a!umma was produced and used to make another type of alumina.

3Data do not add to total shown b of i
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Table 6.—Capacities of domestic alumina plants?
(Thousand metric tons per year)

Company and plant Dgcagﬂt 78 Cap?mlt 79
Aluminum Co. of America:
340 " 325
900 “800
1,210 1,325
Total . _ _ _ _ _ 2,450 2,450
Martin Marietta Aluminum, Inc.: St.Croix, V.I ______________________ 508 508
Kaiser Aluminum & Chemical Corp.:
BatonRouge,La _ ______________________________________ 930 930
Gramercy La _________________________________________ 726 - 726
otal  _ _ 1,656 1,656
Ormet Corp Burnside,La _ __ ________________________________ 544 544
Reynolds Metals Co.:
HurricaneCreek, Ark_ ___________________________________ 650 650
Corpus Christi, Tex __ _________ __ ____ _ ____ _______________ 1,400 1,400
Total . _ _ _ e 2,050 - 2,050
Grandtotal _______________________________________ 1,208 7,208

I1Capacity may vary depending upon the bauxite used.

CONSUMPTION AND USES

The amount of bauxite refined to various
forms of alumina during the 1977-79 period
was close to 93% of total bauxite consump-
tion for each year. The ratio between baux-
ite consumed and alumina produced indi-
cated that an average of approximately 2.26
metric tons (dry basis) of bauxite was re-
quired to produce 1 metric ton (calcined
basis) of alumina. One of the two alumina
plants in Arkansas processed only locally
mined bauxite while the other used a blend
of domestic and foreign ores. The other
seven alumina plants used only imported
bauxite.

Approximately 27% of the total bauxite
consumed by the refractories industry in
1978 came from domestic mines. This in-
creased to 32% in 1979. A small but known
quantity of bauxite blended with clay was
not included in consumption figures.

Data on consumption of bauxite for abra-
sive use, shown in table 7, includes bauxite
that is consumed in Canada to make inter-
mediate abrasive products which are con-
sumed in the United States.

Consumption of bauxite by the chemical
industry recorded significant gains in.both
1978 and 1979. 'Approximately 80% of the
bauxite consumed by the chemical industry
in 197879 was imported./According to the
Bureau of the Census, commercial alumi-
num sulfate production in the United States
increased in 1978.

An estimated 70,000 metric tons of baux-
ite was consumed in 1978-79 by the cement,
oil, and gas industries and municipal water-
works.

In 1978, 31 primary aluminum plants in
the United States consumed 8,303,000 met-
ric tons of calcined alumina, an increase of
5% over consumption in 1977. In 1979, 32
aluminum smelters used 8,793,000 tons of
calcined alumina, an additional increase of
about 6%. Alumina consumption data-for
other uses were not available. A significant
quantity was used to make aluminum fluo-
ride and synthetic cryolite, which is also
used in the production of primary
aluminum.
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Table 7.—Bauxite consumed in the United States by industry
(Thousand metric tons, dry equivalent)

99

Yedr and industry Domestic Foreign Totall
1978:
Alumina _ _ 1,449 12,144 13,593
asi __ 310 310
375 3216 221
146 398 544
w w 70
1,671 13,068 14,738
1,426 13,098 14,524
__ 327 327
370 3255 256
169 351 520
w w 70
1,665 14,032 15,697
W Withheld to avoid disclosing company propnetary data mclnded with “Chemical.”
1Data may not add to totals shown b of i
2Includes consumption by Canadian abrasive mdu.stry
3Includes other uses.
Table 8.—Crude and processed bauxite consumed in the United States
(Thousand metric tons, dry equivalent)
Domestic Foreign
Type origin origin Total'
1,460 12,358 13,818
211 709 920
1,671 13,068 14,738
1,437, 13,354 14,792
228 677 905
1,665 14,032 15,697

1Data may not add to totals shown b of independent roundi
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Table 9.—Production and shipments of selected aluminum salts in the United States
(Thousand metric tons and thousand dollars)

Total shipments
Number ) including interplant
Item producing Production transfers
plants Quantity Value
1977:
Aluminum sulfate:
C cial and pal (17% Al2O3) . _ __ __ 66 1,138 1,052 96,792
Ironfree (17% Al2Os) _ ________________ 15 112 106 7,847
Aluminum chloride:
Liquid and crystal 32°Bé) ______________ 4 19 w w
Anhydrous (100% AICls)_ _ _____ _________ 6 41 25 19,338
Alumi fluoride, technical . _ _ ___________ 5 135 136 75,373
Aluminum hydroxide, trihydrate (100%
Al033Hz0) ______________________ 6 w w W
197(8)ther inorganic aluminum compounds!_ _ _ __ ___ XX XX XX 44,646
Aluminum sulfate:
Cy cial and pal 17% AlzOs) . _ _ __ 66 1,187 1,104 103,840
Ironfree (17% Al2Os) _ ________________ 16 125 111 7,981
Aluminum chloride:
Liquid and crystal (32°Bé) ______________ 4 18 w w
Anhydrous (100% AlCls). _ ______________ 5 62 26 19,877
Alumi fluoride, technical _ _ _ _ __________ 5 138 139 80,954
Aluminum hydroxide, trihydrate (100%
Al203*3H20) ______________________ 6 w w w
Other inorganic aluminum compounds!_ _ _ __ __ _ XX XX XX 42,450
W Withheld to avoid disclosing company proprietary data. XX Not applicable.
!Includes aluminum chloride, liquid and crystal; aluminum hydroxide; sodi 1 te; light al hydroxide;

cryolite and alums.

Source: Data are based upon Bureau of the Census report Form MA-28E.l, Annual Report on Shipments and

Production of Inorganic Chemicals.

STOCKS

Total bauxite inventories in the United
States remained about the same in 1978-79
as they were at yearend 1977. Producers
and processors stocks and Government
stockpiles were drawn down in 1978 and
remained below the 1977 level through
1979. By contrast, consumers inventories
increased in 1978-79.

Government-owned bauxite stockpiles
contained 9,001,000 metric tons of Jamaica-
type ore and 5,385,000 tons of Suriname-
type ore through the end of 1979, unchang-
ed from 1977 quantities. Approximately
426,000 tons of Suriname-type bauxite,

which had been sold previously, was. ship-
ped from ‘the stockpile in 1978. Yearend
Government stockpiles of calcined re-
fractory-grade bauxite were unchanged dur-
ing 1978-79 although the reported total was
revised slightly to 177,401 tons.

Inventories of calcined and other forms of
alumina at plants producing alumina and
primary aluminum metal decreased in 1978
to 1,424,000 metric tons and remained vir-
tually unchanged in 1979. No stocks of
alumina, except as aluminum oxide abra-
sive grain and fused crude, were held in
Government stockpiles in 1978-79.

Table 10.—Stocks of bauxite in the United States*
(Thousand metric tons, dry equivalent)

Sector Dec. 31, 1977 Dec. 31,1978 Dec. 31, 1979
Producersand processors ________________________ 685 556 . 607
Consumers_ _ _______________________________ 7,264 7,806 7,982
Government _ _ ___ ___ ________________________ 15,087 14,661 14,661
Total __ _ _ ___ ______________ 723,036 23,023 283,250
TRevised

1Domestl:c and foreign bauxite; crude, dried, calcined, activated; all grades.
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Table 11.—Stocks of alumina in the United States!
(Thousand metric tons, calcined equivalent)

Sector Dec.31,1977°  Dec. 31,1978 Dec. 31, 1979

Producers® - _ _ _ __ __ o ___ 227 165 143
Primary aluminumplants_ _ . _ __ __________________ 1,291 1,259 1,278
Total _ __ e 21,519 1,424 1,421

®Estimate. "Revised.

1Excludes consumers stocks other than those at primédry aluminum plants.
2Data do not add to total shown because of independent rounding.

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,
f.o.b. mine or plant, at $11.10 per metric ton
in 1978 and $11.50 per ton in 1979. The
average value ‘of shipments of domestic
calcined bauxite was estimated at $66 per
ton in 1978 and $85 per ton in 1979. The
Bureau’s estimates of the value of ship-
ments were based on incomplete data sup-
plied by producers. Bauxite values among
producers varied widely because of differ-
ences in grade.

The value of imported bauxite consumed
at alumina plants in the United States was
believed to have increased in 1978-79, 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 1978- A 1979-
July 1979 Deceug:miter 1979
F.ob.
Baltimore, Md _ $138.42 $166.78
.o.b.
Mobile, Ala __ _ 138.42 166.78

The estimated average value of domestic
shipments of calcined alumina was $164
per metric ton in 1978 and $173 per ton in
1979. The average value of imported alumi-
na (including small quantities of hydrate),
as reported by the Bureau of the Census,
was $148 per ton at port of shipment (f.a.s.)
and $157 per ton at U.S. ports (c.i.f.) in 1978
and $162 per ton (f.a.s.) and $172 per ton
(c.if)in 1979.

Table 12.—Average value of U.S. imports of crude and dried bauxite'

(Per metric ton)
1978 1979
Count: Port of Delivered to Port of Delivered to
Ty shipment U.S. ports shipment U.S. ports
(f.as.) (cif) (fas.) (c.if)
To U.S. mainland:
Brazil - $22.51 $31.36
Dominican Republic $30.39 $33 74 3275 35.91
Guinea 21.58 28.92 21.46 28.13
Guyana 21.58 32.62 28.07 . 4247
i ___ 24.02 21.62 26.33 31.35
Jamaica ___ _ 30.91 33.58 28.10 31.29
Sierra Leone _ 12.30 21.66 15.37 25.16
Suriname . 22.70 3141 24.82 34.93
_______________________ 30.77 40.23 18.45 44.28
To U S Vlrgln Islands:
Guinea_ _ ____________________ 13.28 19.72 13.18 19.03
Weighted average _ _ _ __ ____________ 26.34 31.26 25.46 30.70

1Computed from quanmy andealue data r?ported to US. customs service and compiled by the Bureau of the Census,

U.S. Department of Cx ce. re

t of bauxite or differences in methods used by importers

to determine value of individual s}upments
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Table 13.—Market quotations oh

(Per metric ton, in bags,
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alumina and aluminum compounds
carlots, freight equalized)

Compound Jan. 2,1978 Jan. 1, 1979 Dec. 31,1979

calcined' __ __________________________ $228.18 $228.18 $228.18

Alumina, hydrated, heavy__ _______________ 143.30 143.30 143.30

ti , gr ,works __________ 352.74 352.74 352.74

Al sulfate, ial, ground (17% Al203)— 142.20 151.02 160.94

Aluminum sulfate, iron-free, dry (17% Al2O3) _ — _ ___ ______ 154.32 220.46 237.00

Source: Chemical Marketing Reporter.

FOREIGN TRADE

United States exports of bauxite, includ-
ing calcined bauxite, totaled 23,000 metric
tons valued at $2.8 million in 1978 and
24,000 tons valued at $4.7 million in 1979.
Canada received 67% of the total in 1978.
Virtually all of the exports in 1979 went to
either Canada (48%) or Mexico (49%).

Total exports of alumina included ship-
ments from the alumina plant in the
U.S. Virgin Islands of 239,000 tons to the
U.S.S.R. and 93,000 tons to Norway in 1978,
and 153,000 tons to Norway, 69,000 tons to
the USSR, 24,000 tons to Ghana, and
18,000 tons to Venezuela in 1979. Most of
the other exports were shipments from
domestic alumina plants on the gulf coast to
aluminum plants in Canada, Ghana, and
Mexico in 1978, and Canada, Mexico,

and Venezuela in 1979. Exports classified as
“other aluminum compounds” declined in
1978 but increased in 1979. Much of the
tonnage in this category was believed to be
aluminum fluoride and synthetic cryolite
shipped to other countries for use as a flux
in making primary aluminum.

Imports of crude, partially dried, and
dried bauxite into the United States and the
U.S. Virgin Islands increased in 1978 and
remained virtually the same in 1979. The
first large shipments of bauxite from the
new Trombetas bauxite project in the Ama-
zon Basin of Brazil were recorded in the
fourth quarter of 1979. Jamaica continued
to provide almost half of the total in both
years.

Calcined bauxite imports increased in

Table 14.—U.S. exports of alumina,! by country
(Thousand metric tons and thousand dollars)

1977 1978 1979
Quantity Value Quantity Value Quantity Value

1 468 1 387 3 1,754

2 57 1 641 3 1,099

1 872 ()] 366 A 323

5 1,588 1 766 1 863
73 17,929 186 41,456 185 44,954
4 1,852 5 ,723 4 ,558
3 3,680 4 ,031 6 5,867
215 29,183 134 17,966 94 14,295
2 2,765 2 ,627 3 4,592
123 20,917 121 21,994 131 25,691
1 818 2 ,392 2 1,391
35 4,254 93 12,231 204 30,042
(9] 51 3 36 0] 80
55 8,027 28 4,749 2 1,585
324 38,208 239 31,120 70 8,462
4 2,198 5 3,070 5 3,547

2 1,362 46 8,245 128 26,915
7 76,086 10 6,600 8 8,050
857 141,015 878 162,400 849 182,068

TRevised.

ncludes exports of aluminum hydronde 1977—383,800 tons; 1978—44,100 tons; 1979—36,800 tons. Also includes
alumina exported from the U.S. Virgin Islands to fore:gn countries: 1977-—330000 tons; 19’78—332000 tons; 1979—

,000 tons.
2L ess than 1/2 unit.



BAUXITE AND ALUMINA 103

Table 15.—U.S. imports for consumption of bauxite, crude and dried, by country?

(Thousand metric tons)
Country 1977 1978 1979

Australia ____ _ _ _ _ _ __ ®@ 19
Brazil_ _ _ _ _ o — . 168
Domm1can Republic® _ _ _ ____ ___ o ______ 583 628 551
e 57 3 10
Guinea O 3,030 3,363 3,924
Guyama _____ . 380 419 425
Haiti __ 587 588 572
Jamaica®_ _ 6,354 6,448 6,469

Sierra Leone 107
Suriname _______ 1,918 2,259 1,520
Tnmdad and Tobago* _ _ ___ _ ________________ -5 13 _
________________________________________ (&) __ —
Total _ _ e ___ 12,989 13,847 13,780

Includes bauxite imported into the U.S. Virgin Islands from foreign countries: 1977—872,000 tons; 1978—1,033,000
tons; 1979—1,051,000 tons.

2Less than 1/2 unit.

3Dry equivalent of shipments to the United States.

4Shipments probably originated in Guyana or Suriname.

Note: Total U.S. imports of crude and dried bauxite (including U.S. Virgin Islands) as reported by U.S. Bureau of the
Census were: 1977—14,245,746 tons, 1978—15,069,625 tons, 1979—15,291,176 tons.

Table 16.—U.S. imports for consumption of bauxite (calcined), by country*
(Thousand metric tons and thousand dollars)

1977 1978 1979
Quantity Value?! Quantity Value?! Quantity Value!
- __ —— __ 3 241
__ —_ __ _ 24 2,513
220 21,635 220 28,609 190 27,006
21 1,755 31 2,569 50 4, 530
1 54 1 292 A 93
242 23,444 252 31,470 267 34,383
1V alue at foreign port of shipment as reported to U.S. Customs Service.
2] ess than 1/2 unit.
Table 17.—U.S. imports for consumption of aluminat!
by country
(Thousand metric tons and thousand dollars)
1977 1978 1979
Country - - ~
Quantity Value? Quantity Value? Quantity Value®
Australia_ _ _ ______________ 2,590 318,760 2,879 382,017 2,938 433,382
a __________________ 21 4,260 28 6,327 23 5,704
France _ _ _ _______________ 8 13,539 12 19,753 12 21,350
Germany, Federal Republicof _ _ _ _ 25 6,995 7 4,425 11 8,158
Guyana_ . _ _______________ 54 6,610 30 3,171 18 1,539
Jamaica __ _______________ 629 106,889 628 113,313 587 106,120
Japan___ ________________ 51 6,813 @A) 274 1 1,080
Suriname _ _______________ 382 47,750 382 58,650 239 41,245
Other _ _________________ @) 797 1 1,276 8 1,844
Total _ _ _ _ _ ___________ 3,760 512,413 3,967 589,812 3,837 620,422

1Includes aluminum hydroxide; excludes shipments from the U.S. Virgin Islands to the United States: 1977—95,129
tons ($17,492,940); 1978—123,353 tons ($22,619,924); 1979—Not available.

2Value at foreign port of shipment as reported to U.S. Customs Service.

3Less than 1/2 unit.



both 1978 and 1979. Most of these imports
were refractory-grade bauxite from Guy-
ana. Calcined bauxite was imported into
Canada for manufacture into crude fused
aluminum oxide, much of which was subse-
quently exported to the United States for
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ported into Canada principally from Suri-
name but also from Australia, Guinea, and
other countries.

Alumina from Australia, largely to alu-
minum plants in the Pacific Northwest,
continued to provide most of the total im-

use in abrasive and refractory products. In  ports of alumina in 1978-79.
both 1978 and 1979, this bauxite was im-
WORLD REVIEW

World bauxite production from the 28
contributing countries rose significantly to
87.7 million metric tons in 1979 after a
reduced output of 81.0 million tons in 1978.
Australia was, as it has been since 1971, the
leading producer, followed in both 1978 and
1979 by Guinea and Jamaica. Among the
major producers, Brazil, Greece, Yugoslav-
ia, Malaysia, and Australia all increased
bauxite production by more than 10% from
1978 to 1979.

Output of the 25 alumina-producing coun-
tries totaled 29.6 million tons in 1978 and
30.9 million tons in 1979, relatively small
gains over world production in 1977. Only
three countries, Yugoslavia, Taiwan, and
Turkey, achieved alumina production gains
of 10% or more in 1979 over 1978. The
majority of countries had minor changes in
alumina output from 1978 to 1979. How-
ever, Canada and Guyana each registered a
sharp drop in tonnage for 1979.

Australia.—Australia remained the
world leader in the production of bauxite
and alumina. Three companies, Alcoa of
Australia (W.A.) Ltd., Comalco Ltd., and
Nabalco Pty. Ltd., accounted for virtually
all of the bauxite and alumina produced in
Australia during 1978-79.

Bauxite from Alcoa’s Jarrahdale, Del
Park, and Huntly mines was refined at the
company’s Kwinana and Pinjarra alumina
plants located south of Perth in Western
Australia. The combined alumina capacity
of the two plants was 3.6 million tons per
year. In October 1978, Alcoa received ap-
proval from the state to build a new alumi-
na plant at Wagerup, about 120 kilometers
south of Perth. Bauxite ore was to be
supplied from a new mine in the Darling
Range. Construction of this 500,000-ton-per-
year refinery commenced in 1979, and alu-
mina production was scheduled to begin in
1982. Ultimate expansion to 2-million-ton-
per-year capacity, a fourfold increase, was
considered possible.

Reynolds Metals Co. announced the for-
mation of a partnership, Worsley Alumina

Pty. Ltd., for an $A1,000 million bauxite-
alumina project. The alumina plant was to
be located about 130 kilometers southeast of
Perth, Western Australia. Participants in-
clude Reynolds Australia Alumina Ltd.
(40%), Shell Co. of Australia (30%), and
Broken Hill Proprietary Co. Ltd. (20%). An
Australian consortium of three Japan-based
companies, Kobe Steel Ltd., Nissho-Iwai Co.
Ltd., and C. Itoh & Co. Ltd., holds the
remaining 10%. Initial capacity will be 1
million tons of alumina per year, and the
plant will be designed for expansion to 2
million tons at some future date. Produc-
tion was expected to start in the second half
of 1983. Bauxite will be supplied from the
company’s 200-million-ton Mt. Saddleback
deposits northeast of the Worsley plant site.

In northern Western Australia, a major
interest in the 235-million-ton Mitchell Pla-
teau bauxite deposits was offered in mid-
1979 to Conzinc Riotinto of Australia Ltd.
(CRA) by Alumax Bauxite Corp. CRA
agreed to purchase an initial 10% interest
with a 12-month option to acquire an addi-
tional 42.5%. If the purchase option is
exercised, CRA would have a controlling
interest in the project.

After 14 years of progressive annual in-
creases in bauxite production, Comalco’s
Weipa mines on Cape York Peninsula in
Queensland recorded in 1978 an 18% drop
in production to 8.23 million tons. Reduced
output was attributed primarily to a down-
turn in world markets and, to a lesser
degree, by a 3-week strike. For 1979, produc-
tion of bauxite totaled 9.58 million tons, a
16% increase over 1978 production, but still
below the record 10 million tons of 1977.
Shipments of bauxite declined from 9.41
million tons in 1977 to 8.2 million tons in
1978. A 10% increase raised 1979 shipments
to 8.99 million tons. Approximately half of
the Weipa bauxite shipped during this peri-
od was processed at the Queensland Alumi-
na Ltd. (QAL) plant at Gladstone. Abrasive-
grade calcined bauxite produced was
211,000 and 248,000 tons in 1978 and 1979,
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respectively. Alumina production at Glad-
stone, the world’s largest alumina refinery,
totaled 2.215 million tons in 1978 and 2.43
million tons in 1979.

Nabalco, owned 70% by Swiss Aluminium
Ltd. (Alusuisse) and 80% by Gove Alumina,
Ltd., mined bauxite near Gove, Northern
Territory, both for export and to supply
Nabalco’s Gove alumina plant. Bauxite pro-
duction was about 4.9 million tons in 1978
and 5.0 million tons in 1979. Alumina pro-
duction for 1978 and 1979 was 1.09 and 1.05
million tons, respectively. In the fourth
quarter of 1979 the Gove plant was modified
to produce sandy instead of floury alumina
and plant capacity was increased to 1.1
million tons per year.

Brazil.—Bauxite production more than
doubled from 1978 to 1979. The bauxite
mined by Mineracgio Rio do Norte (MRN) in
the Amazon Basin accounted for a major
part of the increased output in 1979. MRN’s
first commercial shipments were made from
the Port of Trombetas in the last quarter of
1979. The weighted average grade was re-
ported to be 50.17% available Al,O; and
3.82% reactive SiO,. Production of bauxite
was expected to exceed 2 million tons in
1980 and rise to the mine’s rated capacity of
3.35 million tons per year by the end of
1982. Santa Patricia Mining Co. (a National
Bulk Carriers subsidiary) was granted a
bauxite mining concession in the Oriximina
area near Trombetas in 1978. Companhia
Vale do Rio Doce (CVRD) and Riofinex (a
Rio Tinto Zinc subsidiary) announced they
had deferred development of the Vera Cruz
bauxite deposits in the Paragominas region.

Companhia Mineira de Aluminio (Alco-
minas) announced in 1979 that it would
increase its Pocos de Caldas alumina plant
capacity by 63,500 tons per year to an
annual capacity of 210,000 tons. Alcan Al-
uminio do Brasil SA also planned an in-
crease in the annual capacity of its Sara-
menha alumina plant from 91,000 tons to
120,000 tons.

China, mainland.—A trial shipment of
16,500 tons of calcined refractory-grade
bauxite was sent to several U.S. refractory
companies in early 1979 (a shipment some
years earlier had reportedly been unaccept-
able). The material was apparently found to
be satisfactory by industry and orders for
an additional 30,000 tons of refractory-
grade bauxite were placed. The Chinese
Government was reportedly interested in
supplying U.S. markets with 100,000 metric
tons annually, or about 25% of the U.S.
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demand. The Chinese Government reported
a large new bauxite discovery in the south-
ern area of Guangzi Zhuang Province and
planned to build a 600,000-ton-per-year alu-
mina refinery and associated reduction
plant.

France.—Three alumina plants, located
at Gardanne, Barasse, and Salindres, were
owned and operated by Pechiney Ugine
Kuhlmann (PUK). Pechiney and Alcan Alu-
minum Ltd. were studying the feasibility of
testing their H-Plus dual-acid process for
producing alumina from clay in a 50,000- to
100,000-ton-per-year plant.

Greece.—Aluminium de Grece SA, 70%
owned by PUK, announced plans to in-
crease its annual alumina capacity by
100,000 metric tons to a total of 600,000 tons
at a reported cost of $100 million. The
additional alumina was to be exported.
Mine expansions, announced or in progress,
were reported for Bauxite Parnasse, Eleusis
Bauxite, and Elikon Bauxite.

Guinea.—Increased production by three
mining companies made Guinea the second
largest bauxite producer in the world in
1978-79. The largest producer was Guinea
Bauxite Co. (CBG), jointly owned by the
Government of Guinea (49%) and Halco
(51%). The latter was a joint venture of
Alcoa (27%), Alcan (27%), Martin Marietta
(20%), PUK (10%), Vereinigte Aluminium-
Werke AG (VAW) (10%), and Montecatini
Edison SPA (6%). CBG produced approxi-
mately 8.1 million tons of bauxite in 1978
and an estimated 8.7 million tons in 1979
from its Sangaredi mine in the Boké region.

The Dabola mine near Kindia was oper-
ated by the Kindia Bauxite Office (OBK), a
state-owned development assisted and fi-
nanced by the Soviet Union. Estimated
bauxite production in 1978 was 2.2 million
tons and in 1979, 1.9 million tons. All
bauxite from this mine was exported to the
USSR.

Fria-Kimbo, the third operating bauxite
mine, was owned jointly by the Government
of Guinea (49%) and Frialco (51%). Frialco’s
partners included Noranda Mines Litd.
(38.5%), PUK (26.5%), British Aluminium
Co., Ltd. (Baco) (10%), Alusuisse (10%), and
VAW (5%). The entire mine output, 1.7
million tons in 1978 and 1.8 million tons in
1979, was refined to alumina in the com-
pany’s Kimbo plant.

Alusuisse was contracted by Société
Guinéo-Arabe D’Alumine et d’Aluminium
(Alugui) to study the feasibility of building
an alumina refinery and reduction plant



106

near Boké to process bauxite from the
Ayékoyé deposits. No firm plans were
announced by the Alugui group which in-
cludes Guinea (50%) and Libya, Egypt, Ku-
wait, Saudi Arabia, and the United Arab
Emirates. Exploration continued in other
bauxite areas including Dabola, Kindia,
Gaoual, Pata, and Labé.

Guyana.—A depressed bauxite and alu-
mina market, the collapse of a conveyor at
the Linden alumina plant, and a series of
labor strikes combined to reduce 1978-79
production below the 1977 output. The
Bausxite Industry Development Co. (Bidco),
a state-owned holding company created to
direct the mining, calcining, and refining
operations at the facilities formerly owned
by Alcan and Reynolds Metals subsidiaries,
was reportedly successful in locating new
markets. A 4-year contract to supply alumi-
na to a new Brazilian primary aluminum
plant was signed in 1978. Annual shipments
of 88,000 tons were to be made from 1981 to
1985. A sales contract was signed in 1979 for
the purchase of 30,000 tons of bauxite by the
German Democratic Republic. The Guyana
Government announced in mid-1978 that
the U.SS.R. would conduct a feasibility
study to increase bauxite production by
600,000 tons per year.

Hungary.—Approximately 83% of the
country’s bauxite was produced from under-
ground mines. The Deaki II mine in the
Bakony Mountains near Nyirad, which
opened late in 1977, continued to produce at
a rate of about 200,000 tons per year. Other
new deposits, including Bito II and Feryofo,
were being developed by the state-owned
Fejer County bauxite mining group in an
attempt to achieve a 3.1- to 3.2-million-ton
annual production target by the end of
1980.2 Development of bauxite deposits asso-
ciated with lignite beds at Nagyegyhaza was
delayed by problems encountered in refin-
ing this ore by the Bayer process.

Ireland.—Financing arrangements for
the 800,000-ton-per-year alumina plant at
Aughinish Island, County Limerick, were
completed in October 1978 and construction
work on the plant continued through 1979.
The plant will be operated by Aughinish
Alumina Ltd., owned jointly by affiliates of
Alcan (40%), Billiton B.V. (35%), and Ana-
conda Aluminum Co. (25%). The plant will
use bauxite from Guinea and Brazil. Pro-
duction was originally scheduled to begin in
1982, but construction has been delayed due
to recurring differences between labor and
management.

MINERALS YEARBOOK, 1978-79

Jamaica.—To stimulate bauxite produc-
tion, Jamaica announced in late 1979 a new
reduced levy which was to be applied to ore
production that exceeded a Government-
determined reference quantity (approxi-
mately 85% of each company’s rated min-
ing capacity).

In 1977 Jamaica finalized agreements to
purchase 51% of the mining assets of both
Kaiser Bauxite Co. and Reynolds Jamaica
Mine Ltd. All bauxite lands held by the two
companies were to be purchased by the
Government with a leaseback arrangement,
assuring each company a 40-year supply of
bauxite reserves. In September 1978 the
Government agreed to purchase 7% of the
bauxite and alumina production assets of
Alcan Jamaica Ltd. All bauxite lands held
by the company were to be purchased by the
Government. In November 1979 Alcoa Min-
erals of Jamaica concluded an agreement to
sell the Government a 6% interest in its
mining and refining assets and 100% of its
mineral lands. The new joint venture was
called Jamalco. Alcan and Alcoa were
granted leases on sufficient bauxite re-
serves to sustain operations. Agreements
had not yet been signed by the end of 1979
with the two remaining bauxite-alumina
companies, Revere Jamaica Alumina, Ltd.,
and Alumina Partners of Jamaica (Alpart).
Alpart is a partnership between Reynolds
(86.5%), Kaiser (36.5%), and Anaconda
(27%). Revere shut down mining and alumi-
na operations in August 1975 after failing to
resolve its differences with the Government
over the bauxite levy. In the fourth quarter
of 1979 Revere was reported to have offered
for sale its mining facility and 200,000-ton-
per-year alumina plant.

Jamaica was active in developing new
markets for its share of alumina produc-
tion. In 1979, sales contracts were reported-
ly signed with Hungary, Algeria, Iraq, and
Venezuela for delivery of 150,000 tons of
alumina to each country over various time
spans. A total of 250,000 tons is to be sold to
the Soviet Union over a period of 5 years. A
tentative plan was proposed to double the
capacity of the Jamalco refinery at Wood-
side to provide alumina to three Norwegian
companies, Norsk Hydro A/S, A/S Ardal og
Sunndal Verk (ASV), and Elkem Spigerver-
ket A/S. Under the plan, the Norwegian
group would acquire an equity interest in
Jamalco.

Spain.—Work continued through 1978-719
on the 800,000-ton-per-year San Ciprian alu-
mina plant under construction on the
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northwest coast of Spain. The refinery is
adjacent to a new reduction plant which
began operation in 1979. The complex is
operated by Alumina Espafiola, SA, a com-
pany owned by Aluminio de Galicia, SA
(45%), and Empresa National del Aluminio,
SA (55%). Alcan Aluminium Ltd. holds a
26.4% interest in the latter company. When
the alumina plant reaches its designed out-
put capacity in 1980, it will consume annu-
ally 1.6 million tons of bauxite supplied
principally from Boké, Guinea. The facility
was planned to permit enlargement to 1.6-
million-ton capacity in the future. At rated
capacity production, Spain’s five aluminum
smelters (including the new San Ciprian
smelter), require about 800,000 tons of alu-
mina annually, the designed output capaci-
ty of the San Ciprian refinery. Thus, Spain
could become self-sufficient in alumina
production.*

Suriname.—Two companies, Billiton Mij.
Suriname (a Royal-Dutch Shell subsidiary)
and Suriname Aluminum Co. (Suralco, an
Alcoa subsidiary), operated mines in the
northeast region. All of Suriname’s alumina
was produced at Suralco’s plant at Para-
nam, using bauxite supplied both by Sural-
co and, under a tolling agreement, by Billi-
ton.

In West Suriname, bauxite deposits in the
Bakhuys Mountains were jointly explored
by Reynolds Suriname Mines (a Reynolds
Metals Co. subsidiary) and the Suriname

Government during the period 1971-74.

After Reynolds sold its interest in the proj-
ect to the Government in 1975, Suriname
proceeded to develop the 280-million-ton
deposit through its now wholly owned com-
pany, Grassalco. A T72-kilometer railroad
was to be completed in 1980, connecting the
Bakhuys mine site with a Corantijn River
port at Apoera. Overall plans for West
Surindme included the 500-megawatt Ka-
balebo Hydroelectric Project which would
eventually provide power for an alumina
refinery and an aluminum plant.

United Kingdom.—Baco, announced
plans to increase by 10% the capacity of its
Burntisland, Scotland, alumina plant. This
would raise the capacity of Britain’s only
alumina producer from 130,000 tons to
143,000 tons per year by 1979. The entire
output of the facility was used for the
production of alumina-based chemicals
rather than for metal production. In the
third quarter of 1978, Reynolds Metals Co.
sold its 48% equity interest in Baco.
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US.S.R.—PUK was constructing a 1-
million-ton-per-year alumina plant for the
Government near Odessa on the Black Sea.
The plant will use imported bauxite and
was expected to be in operation in 1980.
Facilities to produce alumina from non-
bauxite materials reportedly accounted for
an estimated 21% of the alumina produc-
tion in the U.S.S.R. in 19785

Venezuela.—A significant expansion in
1978-79 of Venezuela’s primary aluminum
capacity resulted in sharply increased de-
mand for alumina. Late in 1977, the state-
owned Corporation Venezolana de Guayana
(CVG) announced the formation of Inter-
americana de Alamina, CA (Interalumina)
to build and operate a 1.1-million-ton-per-
year alumina plant at Ciudad Guayana on
the Orinoco River. In 1979 the new com-
pany was restructured, reducing the num-
ber of partners from three to two, with CVG
holding 89% and Alusuisse 11%.

The 1976 discovery of bauxite at Los
Pijiguaos led CVG to create a second com-
pany, CVG Bauxita Venezolana (Bauxivén),
to study and develop the ore deposits. Alus-
uisse was contracted to complete the initial
prospecting and feasibility study, which was
concluded by the end of 1979 after comple-
tion of 21,000 meters of drilling. The initial
proven ore reserve figures were reported to
be 200 million tons of bauxite containing
over 49% Al:O; and less than 8% SiO..
Potential resources were estimated to be in
excess of 500 million tons. Bauxite transpor-
tation from the mine to the alumina plant
at Ciudad Guayana would involve the use of
overland and barge systems for the 775-
kilometer distance. The new Interalumina
plant will be supplied with imported baux-
ite when it begins production in 1982. If
proved economically feasible, bauxite mined
at Los Pijiguaos would gradually replace
the imported ore.

Yugoslavia.—Two new alumina plants
came onstream in the second half of 1978,
and production was gradually increased
through 1979. The Jadral plant at Obrovac
in Croatia was expected to reach its rated
annual capacity of 300,000 tons by 1981. The
Energoinvest plant at Birac near Zvornik,
Bosnia-Herzegovina, had a 600,000-ton-per-
year capacity at the end of 1979. The Titog-
rad refinery was being enlarged from a 1978
annual capacity of 500,000 tons of alumina
to 1 million tons by 1980, and a goal of 1.5
million tons by 1985 was established.®
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Table 18.—Bauxite: World production by country

(Thousand metric tons)
Continent and country 1976 1977 1978° 1979
North America and Caribbean Islands:
Dominican Republic? 2 517 583 568 570
Haiti® 660 588 580 530
Jamaica® _ _ _ 10,312 11,433 11,736 511,574
United States’ 1,989 2,013 1,669 51,821
South America:
Brazil® ¢ 827 1,120 1,160 2,400
Guyana' 2,686 2,731 2,400 2,400
Suriname - 4,587 4,856 5,025 5,000
Europe: - !
France” _ _ _ _ e 2,330 2,059 1,990 2,000
® ® ®) ®)
2,551 2,984 2,630 52,915
2,918 2,949 2,899 3,000
24 35 24 20
680 702 708 708
13 5 €5 10
4,500 4,600 4,600 4,600
2,033 2,044 2,566 53,012
272 244 328 300
11,3%6 11,300 12,000 12,500
2 . . ——
2 2 ~_ __
651 745 €716 720
1,000 1,200 1,400 1,500
1,448 1,511 1,653 1,600
940 1,301 1,008 1,000
660 616 615 700
®) ® 2 1
Turkey _. 461 667 454 350
Oceania: Australia 24,084 26,086 24,293 527,583
™M7,463 82,374 81,029 86,814
®Estimate. PPreliminary. Revised.
1Dry bauxite equivalent of crude ore.
2Shipments.
3Dry bauxite equivalent of ore pr d by drying plant.
4Baurite processed for conversion to alumina in Jamaica plus exports of kiln-dried ore.
5Reported figure.

17‘%imated dry bauxite equivalent of crude ore, calculated from reported crude ore, assuming a moisture content of

TIncludes bauxite identified as “usable for fabrication of alumina” as follows, in thousand metric tons: 1976—2,250;
1977—1,966; 1978—1,875; 1979—(estimate) 1,990.

SLessthan 1/2 unit.

9In addition to the bauxite reported in the body of the table, the U.S.S.R. produces nepheline syenite concentrate and
alunite ore as sources of aluminum. Estimated heline syenite production was as follows, in thousand metric tons:
1976—2,400; 1977-2,500; 1978—2,500; 1979—2,500, and estimated alunite ore production was as follows, in thousand
metric tons: 1976—600; 1977—600; 1978—600; 1979—600. Nepheline syenite -ate grades 25% to 30% alumina and
alunite ore grades 16% to 18% alumina; these commodities may be converted to their bauxite equivalent by using factors
of 1 ton of nepheline syenite concentrate equals 0.55 ton of bauxite and 1 ton of alunite equals 0.34 ton of bauxite.
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Table 19.—Alumina: World production’ by country

(Thousand metric tons)
Continent and country? 1976 1977 1978° 1979
North America:
ada ____ _ 490 1,061 1,054 900
damaica_________________________________ 1,621 2,036 2,142 32,074
UnitedStates®_ ________________________.___ 5,800 76,030 5,960 6,450
South America:
Brazil 303 372 390 410
Guyana 281 271 250 200
Suriname 1,162 1,215 1,316 1,250
Europe:
" Cgechoslovakia®____________________________ 90 95 100 100
France __ __ __ ___________________ 1,020 1,081 1,056 31,075
G Democratic Republi 44 39 38 36
Germany, Federal Repurblic of 1,333 1,454 1,410 1,400
G 450 474 482 3495
732 783 782 800
T 792 809 810
425 T442 449 500
96 99 94 100
2,500 2,600 2,600 2,600
4 499 494 9
560 2 610 660
T400 500 600 650
48 51 51 60
442 €390 480 450
1,411 1,785 1,524 1,500
139 €170 85 140
6,206 6,659 6,776 37,416
26,758 29,460 29,552 30,976

®Estimate.  PPreliminary. Revised.

IFigures presented generally represent calcined alumi ptions are noted individually.

2In_addition to the countries listed, Austria produces alumina (i lumi oxide), but output is entirely for
abrasives production. Output totaled 28,223 metric tons in 1973; production data subsequent to 1973 are not available.

iReported ﬁ‘gure.

Celoi A

d

plus calcined alumi ivalent of alumina hydrate.

q

Table 20.—World annual alumina capacity
(Thousand metric tons, yearend)

Country 1976 1977 1978 1979
North America:
Canada _________________________________ 1,225 1,225 1,225 1,225
Jamaica__ ________ 3,053 3,053 2,824 2,824
United States _______ _ 7,080 7,140 7,208 7,208
South America:
Brazil _________________ 390 390 430 460
Guyana_______________ 354 354 354 354
Suriname_________________ 1,350 1,350 1,350 1,350
rope:

Czechoslovakia __________________ 100 100 100 100
France _______________ - 1,306 1,306 1,320 1,320
German Democratic Republic ______ _ 65 65 65 65
Germany, Federal Republicof _ __________ 1,729 1,729 1,729 1,729
G 500 500 500 500
712 790 790 817
920 920 920 920
540 0
125 130 130 138
3,175 3,400 3,400 3,400

6! 620 1,560 1,
700 700 700 700
T450 500 600 650
75 140 140 140
679 682 675 675
2,634 2,634 2,614 2,614
200 200 200 200
6,740 6,836 7,044 7,044
Total ___ _____ _ ___ ______________ 34,741 35,263 36,418 36,573
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TECHNOLOGY

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 miniplants at the Bureau’s
Boulder City (Nev.) Engineering Laborato-
ry. Additional research in support of this
effort was being conducted at other Bureau
research centers. The miniplant program
was initiated to evaluate the various pro-
cesses on a comparative basis and to obtain
cost and engineering data for the design
and possible operation of a large-scale dem-
onstration plant. Five companies were par-
ticipating with the Bureau in the mini-
plant project on a cooperative cost-sharing
basis. In 1979 the major emphasis of the
miniplant project was on the hydrochloric
acid process for recovering alumina from
clay. Test runs of several sections of this
miniplant were completed.

The second and third tasks of a three-
part, $1.6 million contract awarded by the
Bureau to Kaiser Engineers in 1976 were
completed. The third task was for the de-
sign of a 25-ton-per-day alumina pilot plant
based on the most promising process as
determined from the second task of the
contract.

A contract, awarded by the Bureau to the
Colorado School of Mines Research Insti-
tute for a study on the environmental
factors involved in metallurgical processing
utilizing domestic resources in the produc-
tion of alumina was completed.

1Physical scientist, Section of Nonferrous Metals.

2Statistical assistant, Section of Nonferrous Metals.

3Mining Magazine. Bauxite Mining Developments in
Hungary. V. 138, No. 1, January 1978, p. 11.

4Metal Bulletin Monthly. No. 111, March 1980, pp. 27-31.

SStrishkov, V. V. Mineral Industries of the US.S.R.
Mining Ann. Review, 1979, pp. 569-571.

6The E ics of Alumini First Edition. Roskill
Information Service Ltd., August 1979, p. 29.




Beryllium

By Benjamin Petkof!

-~ During 1978 and 1979 low-grade bertran-
dite ore, mined in Utah, was the only
commercial source of industrial quantities
of domestic beryllium minerals and was a
significant fraction of the world beryllium

mineral supply. Only a minor quantity of
beryl was produced domestically. Consump-
tion and imports of beryllium ore increased,
and exports of beryllium materials decreas-

Tablé 1.—Salient beryllium mineral statistics

. 1975 1976 1977 1978 1979
United States:
Beryllium mineral concentrates:
Shipped from mines! _______________ short tons_ _ w w w w w
Imports__________________ """ do____ 1,479 1,058 746 1,031 1,037
Consumption®_ _________________ """ do____ 4,850 8,740 4,165 5,916 9,518
Price, approximate, per unit BeO, imported
cobbed beryl at port of exportation _ _ _ __ ____ _____ $32 $36 $40 $43 $47
Yearendstocks® ____________________ short tons_ _ 3,546 3,957 3,557 1,346 835
World production of beryl _ _ _ ______ """ """ do____ 3,290 2,553 2,748 3,094 3,082

"Revised. W Withheld to avoid disclosing company proprietary data.
Includes bertrandite ore, which was calculated as equivalent to beryl containing 11% BeO.

Legislation and Government Pro-
grams.—Strategic stockpile goals issued on
October 1, 1976 by the Federal Prepared-
ness Agency of the General Services Admin-
istration remained unchanged during 1978-
79. No beryllium materials were released
from the strategic stockpiles during both

years.

The Occupational Safety and Health Ad-
ministration (OSHA), U.S. Department of
Labor, did not finalize its proposed berylli-
um occupational and health standards, as
published in the Federal Register, October
17, 1975.

DOMESTIC PRODUCTION

Brush Wellman, Inc. (Brush) was the only
major commercial domestic producer of be-
ryllium concentrates in 1978-79. Brush
mined low-grade bertrandite ore at its Spor
Mountain, Utah, operation for processing
into beryllium hydroxide. Reported produc-
tion of beryl was minor in both years.

Brush converted its ore to beryllium hy-
droxide at a facility north of Delta, Utah,
and shipped the hydroxide to its Elmore,
Ohio, facility and elsewhere for conversion
into various beryllium products. Brush also
had the capability to convert imported beryl
to beryllium hydroxide at Delta, Utah. In
October 1979, Brush announced plans to
increase the capacity of its Delta, Utah,

facility to process bertrandite ore.

Kawecki-Berylco Industries, Inc. (KBI) be-
came a wholly owned subsidiary. of the
Cabot Corp. in May 1978. KBI produced
beryllium metal, alloys, and oxide at its
plants in Hazleton and Reading, Pa., from
imported ore that was converted to berylli-
um hydroxide. In 1979, KBI announced that
effective October 1, 1979, the company
would produce only beryllium-copper alloy
and cease the production of beryllium met-
al.

Domestic production -of beryllium metal,
beryllium oxide, and beryllium-copper mas-
ter alloy in 1978-79 increased over that of
1977. 111
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CONSUMPTION AND USES

In 1978-79 the domestic beryllium indus-
try consumed beryllium ore equivalent to
5,916 and 9,518 tons of beryl, respectively,
containing a nominal 11% BeO.

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
temperature- and pressure-sensing devices

to provide reliability and long service life.

Beryllium oxide (beryllia) ceramics were
used in lasers, microwave tubes, and semi-
conductors, primarily for heat dissipation.
Beryllia was used also as a substrate in
various electronic devices and equipment.

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.

STOCKS

Consumer stocks of beryllium minerals
containing 11% BeO totaled 1,346 tons at
yearend 1978, and 835 tons at yearend 1979.
The drawdown of beryllium mineral year-

end stocks reflected increased beryllium
mineral consumption and the low quantity
of beryllium mineral imports.

PRICES AND SPECIFICATIONS

From January 1978 to the end of August
1978, Metals Week quoted the price of
imported beryl at $40 to $42 per short ton
unit of contained BeO. For the remainder of
1978, imported beryl was quoted at $45 to
$50 per short ton unit. At the beginning of
1979, beryl ore price went to $50 to $53 per
short ton unit and remained at that level
throughout 1979.

At yearend 1978, the American Metal
Market quoted the following prices for be-
ryllium materials: Vacuum-cast ingot, $120
per pound; metal beads (1,000-pound lots),
$93 per pound; metal powder (5,000-pound
lots), $103 per pound; beryllium-copper mas-
ter alloy, $67 per pound of contained berylli-
um; beryllium-copper casting alloy, $2.75 to

$3.40 per pound; beryllium-copper in rod,
bar and wire, $4.79 per pound; beryllium-
copper in strip, $4.77 per pound; beryllium-
aluminum alloy ingot (100,000 pound lots),
$83 per pound; and beryllium oxide powder,
$26 per pound. All beryllium metal quota-
tions were for 97%-purity metal.

At the end of 1979, the price quotations
for vacuum-cast ingot, metal beads and
powder, and oxide remained unchanged.
Other beryllium categories were as follows:
Beryllium-copper master alloy, $72.50 per
pound of contained beryllium; beryllium-
copper rod, bar and wire, $5.56 per pound;
beryllium-copper strip, $5.54 per pound;
beryllium-aluminum alloy, $98 per pound.

FOREIGN TRADE

Although the quantity of wrought and
unwrought beryllium alloys and waste and
scrap exports declined in 1978-79, the annu-
al average value of exports increased, indi-
cating that greater quantities of finished
forms of beryllium metal and alloy were
exported.

Beryl was the only beryllium mineral ore
imported. The average value of the import-

ed material rose from $399 per ton in 1977,
to $404 per ton in 1978, and $471 per ton in
1979. In addition, 1,455 pounds of wrought,
unwrought and waste and scrap beryllium
metal valued at $11,226 was imported from
Mexico and France in 1978, and 2,107
pounds valued at $9,182 from Canada and
the United Kingdom in 1979.
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Table 2.—U.S. exports of beryllium alloys, wrought or unwrought, and waste and scrap*

1977 1978 1979
Country Quantity Value Quantit; Value Quantit; Value
(thou- Y (thou- Y (thou-
(pounds) sands) (pounds) sands) (pounds) sands)
Argentina _ _________________________ 967 $21 2 $2 291 $3
Australia _ _ _________________________ 797 3 2,271 2 —— —
Belgmm-Luxembourg ___________________ 549 5 88 1 112 66
________________________ 44,472 28 3,400 245 10,698 211
Ecuador ___________________________ - - 800 1 - —
ElSalvador_ _ _ . _ _________________ i . 33,534 6 __ -
French West Indles —— —— 400 1 __ —
leand 5 4 3 86 19
rance 13,414 571 5471 590 17,370 1,635
Germany, Federal Republicof _ __ ___ 8 65 8,013 169 ,022 195
HongKong _ . _ ____ ___ . ______________ __ _ 1,161 3 2,200 11
ndia___ ___________________________ - . 169 4 25, 8
Israel _ _ ___ ____ __ __ o __ 3 2 491 4 — -
Ttaly o ____ 56 1 150 7 249 6
Jamaica_ _ __________________________ 832 4 _— _— __ —
Japan ______________________ 84,410 624 3,305 4,691 397
Mexico — . _____________ 4,000 9 3,128 19 326 21
Netherlands _ _ _______________ 1,356 38 207 56 1,057 40
NewZealand_ ________________ - - __ - 65 1
Norway . _ . ________________ . - __ - 192 2
Singapore_ _ __ _ _______________ __ __ 222 1 1,367 6
Switzerland __ __ ______________ 30 11 1,570 41 3,939 50
Taiwan _ _____ ______________ —— __ 3 696 9 4,000 15
United Kingdom ______________ 7,912 521 13,597 577 23,915 999
Venezuela ___________________ R . —— __ = 31 1
her __ _ 847 3 = . . —_
Total _ _ ____ ___ ____ _____________ 160,505 1,911 81,679 1,985 72,152 3,686

Consisting of berylliﬁm lumps, single crystals, powder; beryllium-base alloy powder; beryllium rods, sheets, and wire.

Table 3.—U.S. imports for consumption of beryl, by customs district and country

1977 1978 1979
Customs district and uantity Value Quantity Value Quantity Value
ma district and country Q(short (thou- (short (thou- (short (thou-
tons) sands) tons) sands) tons) sands)
Philadelphia district: '

Argentina ________________________ 66 $22 . - = -

Australia 15 3 - —— o —
Bra 370 162 237 $114 187 $94
- _— —_ __ 265 115
. - 553 211 — ——
_ _ . __ 110 iy
32 12 — _— 21 8
9 4 _— _— - __
492 203 790 325 583 294
111 38 69 24 84 40
99 42 144 58 331 141
22 6 - . 22 6
22 9 - - — —
. . 28 10 17 T
254 95 241 92 454 194
746 298 1,031 417 1,087 488

WORLD REVIEW

World beryl production remained low in
1978-79 in response to limited industrial
requirements for beryllium products. Ar-
gentina, Brazil, and the U.S.S.R. were the
major world beryl producers. The United
States retained its position as a significant

producer of commercial beryllium minerals
by mining and processing bertrandite ore in
Utah. The U.S.S.R. and the United States
were the major consumers of beryllium
concentrates.
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Table 4.—Beryl: World production, by country*

(Short tons)

Country 1976 1977 . 1978° 1979°
Argentina__ — o _______ 123 182 219 200
Brazil ___________ 406 496 815 800
Madagascar. 19 €15 12 11
Mozambique _ __ ____ ______________________-_ @) NA NA __
Nepal®________________ T TTTTTTTTTTIIC ot 1 ® -z
70 70 50 50
51 61 64 21
3 3 4 -
60- 50 NA —
1,820 1,870 1,930 2,000
w w
2,553 2,748 3,094 3,082

da’Es‘iimate. PPreliminary. "Revised. NA Not available. =W Withheld to avoid disclosing company proprietary
ta.

tion is

bery], but infor
2Less than 1/2 unit. )
3Fiscal year ending in July of year stated.
4Primarily bertrandite ore.

11 addition to the countries listed, Bolivia and the Territory of South-West Africa (Namibia) may also have produced’’*
ilable i dequate to formulate reliable estimates of output levels. . Lt

TECHNOLOGY

Hazards associated with milling, sawing,

welding, and brazing of beryllium-copper .

alloys were evaluated experimentally. The
study concluded that beryllium-copper al-
loys should be treated as toxic materials
and air samples should be taken for each
fabrication method to determine worker
exposure and effectiveness of workplace
controls.?

An experimental program was conducted
to develop a material-process combina-
tion that would produce a high-quality
beryllium-titanium composite. The result-
ing composite had a proportional limit
equal to or greater than 40,000 pounds per
square inch, an elastic modulus of 28 mil-
lion pounds per square inch, and a density
of 3.32 grams per cubic centimeter.?

Scientific literature was reviewed to as-
sess the biological and environmental ef-
fects of beryllium. The review included a
general summary and discussion of berylli-
um topics such as physical and chemical
properties; occurrence, synthesis and use;
analytical methodology; biological aspects
in micro-organisms, plants, animals, and
humans; distribution, mobility, and persist-
ence in the environment; assessment of
present and potential health and environ-
mental hazards; and standards and govern-
mental regulations. The review cited a large
number of references.*

The beryllium standards proposed by
OSHA and their impact on some end uses
were discussed.>

The use of beryllium oxide and other
substrates for mounting power compo-
nents such as transistors and diodes was

described.® : -

Beryllium-nickel alloy was considered for
the fabrication of connectors that.function’:
above the range of 150°F to 300°F, the limit:
of conventional connectors, because of its. -

high yield strength and high resistence to
stress relaxation above 300°F.”
A brief article described the characteris-
tics and uses of beryllium- nickel alloy.?
Specific uses for beryllium-copper alloys

were discussed along with some description

of the required alloy treatment.® .

The toxic effect of beryllium on potatoeér

and oats was measured when grown in a
beryllium-contained acid soil. The uptake

of beryllium by the plants was also mea- _

sured.?

1Physical scientist, Section of Nonferrous Metals: i

2Senn, T. J. Evaluation of the Hazard Associated with
Fabricating Beryllium-Copper Alloys. Lawrence Liver-
more Lab., Univ. Calif,, Livermore, Calif. UCRL-52258,
May 5, 1977, 45 pp.

3Keith, G. H. Beryllium-Titanium Materials Optimiz-
ation Program. U.S. Navy Dept., Naval Air Systems
Command, Mar. 17, 1978, 8 pp.

“Drury, J. S., C. R. Shriner, E. B. Lewis, E. Towill, and A.
S. Hammons. Reviews of the Environmental Effects of
Pollutants: VI. Beryllium. Information Center Complex,

Information Division, Oak Ridge National Laboratory, ‘-

Oak Ridge, Tenn., May 1978, 198 pp.
5Wetmore, W. C. Proposed Standard Threatens Berylli-

um. Aviation Week and Space Technol., v. 108, No. 18, ~

May 1, 1978, pp. 44-45. )

SNewton, R. C. J, and D. G. Frey. Power
Hybridization—Key to Reducing Avionics Power Supply
Weight and Volume. IEEE, Proc. Nat. Aerospace. Electron
Conf., Dayton, Ohio, May 15-17, 1979, v. 2, pp. 698-703.

“Kuhn, J. B. Connectors for Performance above 300°F.
Insul. Circuits, v. 25, No. 6, June 1979, pp. 19-21.

8Le Ceri, B. H. Beryllium Nickel Strip Gets Better With
Age. Iron Age, v. 221, No. 21, May 22, 1978, pp. 84-85.

°Wikle, K. G. Combating Wear With Be?llium Copper.
Metal Prog., v. 113, No. 6, June 1976, pp. 61-64. -

1%Bohn, H. L., and G. Seekamp. Beryllium Effects on
Potatoes and Oats in Acid Soil. Water Air Soil Pollution, v.
11, No. 3, April 1979, pp. 319-322.




Bismuth

By James F. Carlin, Jr.,' and Robert J. Bascle!

Domestic consumption of bismuth was 2.5
million pounds in 1978 and 2.7 million
pounds in 1979 compared with 2.4 million
pounds in 1977, Imports increased in 1978
because of greater domestic consumption
and lower production. Exports in 1979 were
over four times those of 1978, while imports
declined by 18% because of higher domestic
production. The domestic producer price for
refined bismuth fell from $4.50 per pound to
$2.50 per pound in 1978, but by yearend
1979 was $3 per pound. World bismuth mine
production was 9.7 million pounds in 1978
but fell to 9.4 million pounds in 1979.

Legislation and Government Pro-
grams.—Throughout 1978 and 1979, Gov-
ernment stocks remained at 2,081,298
pounds, including 567,186 pounds in the
national stockpile and 1,514,112 pounds in
the supplemental stockpile. The stockpile
goal of 771,000 pounds for bismuth remain-
ed unchanged, and no action was taken to
dispose of the 1,310,298 pounds of excess.

Federal income tax laws provided a per-
centage - depletion allowance of 22% for
domestic production and 14% for U.S. com-
panies producing from foreign sources.

Table 1.—Salient bismuth statistics

(Pounds)
1975 1976 1977 1978 1979
United States: -
Consumption _____________________ 1,406,021 2,410,584 2,379,635 2,511,876 2,727,153
s _____ 128,893 68,488 95,334 96,346 427,809
Imports,general _________ """ """~~~ 1,331,173 2,328,051 2,013,333 2,657,763 2,167,278
Price: New York, average per pound (ton lots) _ 7.72 $7.50 6.01 $3.38 $3.01
Consumer stocks, Dec.81: _____________ 451,250 483,810 436,092 781,868 629,741
World: Production® ___ ___________ """~ 8,776,000  '8,786,000 9,868,000 9,745,000 9,422,000
TRevised. !
Includes bismuth, bismuth alloys, and waste and scrap.
*Excludes the United States.
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 In-
corporated at Omaha, Nebr., accounted for
all primary production. United Refining

and Smelting Co., Franklin Park, IIl, re-
covered a small quantity of bismuth by
recycling scrap material. Refinery produc-
tion statistics are withheld to avoid dis-
closing company proprietary data.

CONSUMPTION AND USES

A significant increase in bismuth usage in
the metallurgical additive category from
1978 to 1979 was largely attributed to a

continued strong economy, especially in the
various specialized end uses for which mal-
leable iron castings find application.
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Table 2.—Bismuth metal consumed in the United States, by use
(Pounds)
Use 1977 1978 1979

Fusible alloys - _ — — — - - -~ — o — e —————— == 611,219 836,021 721,043
Metallurgical additives 461,573 485,284 703,770
Otheralloys _ — - — — — - 18,617 21,774 22,029
Pharmaceuticals! _ _ 1,274,510 1,149,683 1,248,656
Experimental uses _ _ -~ ————————— 601 558 3,153
Other uses 18,115 18,556 28,502

Total _ — — e —— — 2,379,635 2,511,876 2,727,153

1Includes industrial and laboratory chemicals and cosmetics.

STOCKS

From the beginning of 1978 to the end of

1979, consumer stocks fluctuated but gener-

ally rose, paralleling the general softness in
the price of bismuth during this period.

PRICES

In 1978, ASARCO held its price for bis-
muth at $4.50 per pound through February.
In response to weak demand, the company
lowered the price to $3.50 in March, $3 in
July, and $2.50 in November. Dealer quota-
tions started the year at $2.70 to $2.80 per
pound and ended the year at $1.72 to $1.84
per pound.

In 1979, ASARCO maintained its price at
$2.50 per pound through early May. At that
time, in response to a rising dealer market

price, ASARCO raised its price to $4 per
pound. The market price fell during the
ensuing weeks, and ASARCO cut its price to
$3.50 per pound on June 20. Scant consumer
demand continued to weaken the market
price and on July 24 ASARCO lowered the
price to $3 per pound and held it there for
the rest of the year. Dealer quotations
started the year at $1.72 to $1.84, peaked at
$4.25 to $4.50 in May, and ended the year at
$2.50 to $2.60 per pound. ’

FOREIGN TRADE

The large increases in exports of bismuth
in all forms to the Netherlands and the
United Kingdom in 1979 were attributed to
a heavy demand from Eastern European
countries in the second quarter of that year.

The imports of metallic bismuth were
mainly from Mexico, the Federal Republic
of Germany, the United Kingdom, Japan,
Belgium-Luxembourg, and Peru in 1978. In
1979, Peru became the major supplier and
the Republic of Korea became a significant
source.

The United States established new tariff
rates for bismuth, with different rates set
for Most Favored Nation (MFN) and Non-

Most Favored Nation (Non-MFN) statuses.
Effective January 1, 1980, the rates were
unwrought metal (No. 632.10), free (MFN)
and 7.5% ad valorem (Non-MFN); alloys
(No. 632.66), 8.6% ad valorem (MFN) and
45% ad valorem (Non-MFN); compounds
(Nos. 418.00 and 423.80), 13.1% ad valorem
(MFN) and 35% ad valorem (Non-MFN).
Effective January 1, 1987, the rates for
MFN status change to unwrought metal,
free; alloys, 5.5% ad valorem; compounds,
7% ad valorem. Tariff rates were published
in Tariff Schedules of the United States
Annotated (1980).
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Table 3.—U.S. exports of bismuth alloys, waste and sérap, by country

(Pounds, gross weight)

1977 1978 1979
Count; : Value . Value . Value
i (Quinta;})’ (thou- (Quantﬁ?; (thou- (Q“‘:f;lté?)’ (thou-
poun sands) \Poun sands) POU! sands)
Argentina __________________________ 1,079 $1 8,850 $66 2,875 $47
1gium-Luxembourg 4,247 17 8,515 5 —_
Brazil _______________ . —_ 627 12 2, 604 7
Canada _ ____ _______________________ 17,648 181 22,927 135 13,853 224
France _ __ __ _______________________ __ - __ —— 550 11
Germany, Federal Republicof _ _____________ 390 3 2,168 39 6,095 14
India_ __ ___ o ______ 9,686 106 1,060 1 4,446 16
Iran _ __ __ L __ _ - 734 2 __ —
Lsrael _____________________________ 200 __ — 1,202 9
_____________________________ 425 8 31,758 136 5414 39
Korea, Republicof __ __ _________________ _ - __ - 3,212 24
Mexico — _ o _____ __ _ 3,375 3 304 2
Netherlands — _ ___ ____________________ 47479 247 84 1 329,340 906
Singapore_ _ _ _ _ ___ ____._______________ 1,141 7 5,741 20 ,146
Spain _ _ _ ____ _____ o _____ _ - 1,100 2 - —_
Sweden . . 359 1 4,400 17
Taiwan __ __ 345 1 3,008 7
United Kingdom  __ ____________________ 11,657 45 1,174 23 45,967 48
Venezuwela __ _____ __ _________________ 767 8 400 3 465 11
Other - ___ _ __ __ __ _ o ____ 615 13 529 7 928 19
Total _ __ _ _ _ __ o ____ 95,334 637 96,346 457 427,809 - ' 1,408
Table 4.—U.S. general imports' of metallic bismuth, by country
1978 1979

Country Quantity Value Quantit; Value

(thou- Y (thou-

(pounds) sands) (pounds) sands)
Belgium-Luxembourg _ _ _ _ _ _ ___ _________________ 344,042 $852 100,112 $74
livia _ _ _ _ o ___ 55,023 173 __ —
Bulgﬂrla ____________________________ __ o 17,950 34
____________________________ 65,644 227 102,591 324
Germany, Federal Republicof __ _____________ 444,852 2,031 170,829 896
Japan _ _ _ _ __ _ __ _ 399,156 913 185,496 392
Korea, Republicof _ _ _ __ _ ___ _____________ 61,547 172 230,781 398
Mexico — _ . __ ____ o ___ 535,306 1,292 604,753 1,266
Netherlands _ _ ________________________ . 10 _ __
SPem _____________________________________ 334,731 819 648,733 1,620
____________________________________ 4 1 — ——
Umted Kingdom __________ ____ . 413,052 1,820 106,033 414
Total _ _ _ _ _ e 2,657,763 8,310 2,167,278 5,418

1General imports and imports for consumption were the same in 1978 and 1979.

WORLD REVIEW

World production of bismuth in 1978 and
1979 dropped successively lower than 1977
levels. This was attributed primarily to
deliberate production reductions by several
major world bismuth producers in response
to the continued decline in the market price
of bismuth. China reported a discovery in
the Miyun area, northeast of Peking, that
contained bismuth and other metals.

Australia.—Australia remained the lead-
ing world producer in 1978 and 1979. The
main source of bismuth was a gold-bis-
muth bullion from the Mount Isa mine in
Queensland, which was shipped to the
United Kingdom for bismuth recovery and
refining. Broken Hill Associated Smelters

Ltd. announced plans to install a plant for
bismuth removal at its Port Pirie lead
smelter.

Bolivia.—The decline in production by
Corporacién Minera de Bolivia (COMIBOL)
was due to lower world bismuth prices and
work disruptions. Most of the bismuth was
mined directly from complex copper-tin
ores. The Quechisla group of mines, oper-
ated by COMIBOL in southern Bolivia,
produced most of the country’s output.
COMIBOL operated the country’s only bis-
muth smelter at Telamayu and the sole
bismuth metal refinery at Quechisla. In
1979, Bolivia signed a contract with a Euro-
pean consortium to build a Kivcet smelter
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and a refinery at Karachipampa which will
produce several metals including bismuth.

Canada.—Bismuth was produced by two
companies in Canada. The bismuth refinery
of the Belledune plant of Brunswick Mining
& Smelting Corp. Ltd. was inactive during
1978 and 1979 owing to depressed bismuth
prices, but this plant did produce a bismuth-
lead alloy. Bismuth metal was produced by
Cominco Ltd. at its lead-zinc plant at Trail,
British Columbia. Most bismuth produced
in Canada came from Canadian ores, with
small amounts derived from imported ores.
In 1979, Billiton Exploration Canada
completed its 2-year feasibility study of
the tungsten-bismuth-molybdenum deposit,
owned by the Sullivan Mining Group. The
deposit was to be mined with Billiton and
Sullivan as equal partners, but there were
no plans to recover the bismuth owing to
weak market conditions.

MINERALS YEARBOOK, 1978-79

Korea, Republic of.—The principal pro-
ducer of bismuth metal in Korea was Korea
Tungsten Mining Co., Ltd., accounting for
more than half the total output. The compa-
ny’s bismuth production was a byproduct of
tungsten mining from the Sangtong mine in
Kangwong Province. The refinery is located
in Daegu.

U.S.S.R.—Bismuth output in the U.S.S.R.
continued its rising trend of recent years.
Production was almost entirely from com-
plex ores such as the tungsten-bismuth-
molybdenum ores of North Caucasus.
Scheelite and cassiterite ores in Kazakh-
stan and Siberia were also processed for
byproduct bismuth. Two copper-bismuth de-
posits were under exploration in Tadzhiki-
stan.

1Physical scientist, Section of Nonferrous Metals.

Table 5.—Bismuth: World mine production, by country*

(Thousand pounds)
Country* 1976 1977 19787 1979
Australia (inconcentrates) . ___ ________________________ 1,650 2,054 2,050 2,100
Bolivia (in concentrates) _____________________________ 1,349 1,508 1,063 1,000
ada® o _____ 286 363 348 400
China, mainland (inore)* _____________________________ 550 550 660 660
Francetmetal)® . __________________________________ 139 115 €130 100
Germany, Federal Republic of (inore)®___ __________________ 24 24 20 20
Japan(metal)® ___________________ ________________ 1,502 1,538 1,355 1,400
Korea, Republicof (metal)®_ __ _________________________ 384 295 269 400
Mexico* __ _ _ _ __ _ o ____ 1,228 1,607 2,156 1,500
Peru___ ___ ____ oo ____ 1,149 1,290 €1,300 1,400
Romania (inore)® _ ________________________________ 180 180 180 180
Sweden(inore)® __________________________________ 33 33 33 30
Uganda(inore)® __ ________________________________ 10 T 2 10
USSR (metal)®® _________________________________ 130 r140 150 160
United StatesGnore) _______________________________ w w w w
Yugoslavia (metal)® ________________________________ 172 164 29 62
3 8786 9,868 9,745 9,422
®Estinate. PPreliminary. "Revised. W Withheld to avoid disclosing company proprietary data.

In addition to the countries listed, Brazil, Bulgaria, the German Democratic Republic, and the Territory of South-West
Africa (Namibia) are believed to have produced bismuth, but available information is inadequate for formulation of
reliable estimates of output levels.

2Refined metal and bullion plus recoverable bismuth content of exported concentrate.

3Although output reported is at the smelter stage of production rather than at the mine stage, and thus could include
metal contained in ores mined in other countries, it is believed that any such production derived from ores from other
countries is not duplicative to any significant extent of mine production reported elsewhere in this table.

“Bismuth content of refined metal, bullion, and alloys produced indigenously, plus recoverable bismuth content of ores
and concentrates exported for processing.



Boron

By Sandra T. Absalom!

U.S. production and sales of boron miner-
als and chemicals climbed to record high
levels in 1978 and 1979. Markets for energy-
saving materials, spurred by rising fuel
prices and the national energy conservation
program, were responsible for the strong
derived demand for borates in insulation
products and glass-fiber-reinforced plastics.
Glass-fiber insulation (glass wool) continued
to be the largest end use for borates, follow-
ed by textile-grade glass fibers, and special
borosilicate glasses. Demand for borates in
cellulosic insulation (paper wool) declined
from its 1977 peak, but began to grow again
in 1979.

California was the domestic source of

boron minerals, which were mostly in the
form of sodium borate, but also as calcium
borate and sodium-calcium borates. Not-
withstanding the fact that most domestic
borate markets were the strongest ever, the
United States continued to provide most of
its own supply while maintaining its posi-
tion as the primary source of sodium borate
products and boric acid to foreign markets.

Supplementary U.S. imports of Turkish
calcium and sodium-calcium borate ores,
primarily for textile-grade and insulation-
grade glass fiber manufacture, respectively,
nearly doubled in 1978, but declined in 1979
when shipments ceased following national-
ization of private Turkish mines.

Table 1.—Salient statistics of boron minerals and compounds in the United States
(Thousand short tons and thousand dollars)

1975 1976 1977 1978 1979
Sold or used by producers:
tity:
Grosstyweight _____________________ 1,172 1,246 1,469 1,554 1,590
Boron oxide (BzOs)content ____________ 603 630 735 718 799
Boroncontent _ ___________________ 188 196 228 242 248
Valwe_ . ____ ____________________ $158,772 $184,852 $236,163 $279,927 $310,211
Exports:
Sodium borates (refined):
3uanti Y 212 211 265 304 332
alue _ ___ _____________________ $42,486 $49,156 $64,634 €$80,000 €$94,000
Boric acid:?
3uantlty _______________________ 34 36 36 46 42
alue ___ _ _ ___ _________________ $11,532 $12,363 $12,931 $22,217 $22,938
28 30 51 394 381
$1,560 $1,953 $3,695 $9,320 $10,946
) * 14 16 8
$59 $14 $5,596 $8,921 $4,267
85 94 121 128 127

®Estimate.

1Comparable quantities of crude sodium borates are exported also; however, export data are not available.

2Includes orthoboric and anhydrous boric acid.

‘:Includes approximately 23,000 tons of ulexite in 1978 and 10,000 tons in 1979.
/2 unit.

5Measured by domestic boron sold or used plus imports.
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DOMESTIC PRODUCTION

Production from Kern County, Calif., pro-
vided over three-quarters of the supply, and
San Bernardino and Inyo Counties provided
the balance. U.S. boric acid production
(which also is centered in California) was
193,000 tons in 1978 and 189,000 tons in
1979, based on the monthly production re-
ports published by the U.S. Department of
Commerce. According to the results of the
Bureau of Mines annual canvass of the
three major boric acid producers, sales to
domestic and foreign customers amounted
to 176,600 tons valued at $57 million in 1978
and 170,600 tons valued at $60 million in
1979.

" 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 pro-
cessed crude and refined hydrated sodium
borates and their anhydrous derivatives,
and anhydrous boric acid at the the Boron
refinery. A second plant at Wilmington, Los
Angeles County, produced boric acid and a
variety of specialty chericals. In 1978, U.S.
Borax began construction of a new boric
acid production plant at Boron. Due for
completion in 1980, the 200,000-ton-per-year
facility is expected to have double the ca-
pacity of the existing Wilmington plant,
which eventually will phase out production
of technical-grade boric acid.

U.S. Borax increased output and sales of
all primary borate products in both 1978
and 1979. Output of refined decahydrate,
pentahydrate, and anhydrous borax for do-
mestic and foreign customers accounted for
about three-fifths of the company’s total
sales. Crude sodium borates—Rasorite
46 (a pentahydrate) and its anhydrous
derivative—were produced for foreign mar-
kets. Boric acid production at the Wilming-
ton plant increased 10% in 1978 and re-
mained at the 1978 level in 1979.

The Wilmington facilities also served as a
warehouse and overseas shipping point for
bulk shipments. A large percentage of U.S.
Borax’s exports were shipped to Europe by
way of a warehouse and distribution facility
at Botlek, near Rotterdam, Netherlands.
RTZ Borax, Ltd., another member of the
RTZ Group, maintains this facility. U.S.

Borax operated a plant and warehousing -

facility at Burlington, Iowa, for compound-
ing, packaging, and distributing household

soaps and other consumer products to the
Eastern and Midwestern United States.

Kerr-McGee Chemical Corp. operated the
Trona and Westend plants at Searles Lake
in San Bernardino County to produce re-
fined sodium borate compounds and boric
acid from the mineral-rich lake brines.
Coproducts included potassium compounds,
soda ash, and salt cake. At the Trona plant,
Kerr-McGee utilized its differential evapo-
rative process to produce boric acid and
pentahydrate, decahydrate, and anhydrous
borax. Additional boric acid was produced
from weak lake brines and recycled plant
liquors by solvent extraction. The carbon-
ation process at the Westend plant produc-
ed sodium borates, some of which were
subsequently used to manufacture boric
acid.

As a result of Kerr-McGee's yearend 1977
installation of boric acid production equip-
ment at Westend, output and sales of boric
acid from both plants combined increased in
1978, while sodium borate sales decreased.
Total output and sales were 11% below the
1977 levels. In 1979, Kerr-McGee readjusted
its products ratio in accordance with per-
ceived changes in demand, so that output
and sales of sodium borates increased while
boric acid production declined.

American Borate Co., another California
producer, decreased sales of colemanite (cal-
cium borate) and ulexite-probertite (two
similar sodium-calcium borates mined and
sold as one). The company’s two open pit
operations, located within the Death Valley
National Monument in Inyo County, were
completed in 1978, but underground extrac-
tion of ore from adits at the floors of each of
the two pits began in 1979. American Bo-
rate was attempting to extend its stockpiled
ore supply by reducing the average B.Os
content of its final products until the new
Billie mine begins large-scale production.

Colemanite, destined primarily for
textile-grade glass-fiber manufacturers, was
processed at the washing and calcining
plant at Lathrop Wells, Nev. During 1978,
American Borate built and began operating
a 100,000-ton-per-year flotation plant (adja-
cent to existing facilities at Lathrop Wells)
to process colemanite. Ulexite-probertite
ore was ground, screened, and blended to
specification at storage and shipping facili-
ties at Dunn, Calif., then transported by rail
to customers. Most shipments went to man-
ufacturers of glass-fiber insulation.
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- Development - of the Billie mine, a joint
venture since 1977 of American Borate’s
parent company, (Texas United Corp.) and
Owens-Corning Fiberglas Corp. (OCF) was
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proceeding more slowly than planned. To-
ward yearend 1979, OCF announced that it
had become the sole owner of the mine and .
other assets of American Borate Co.

CONSUMPTION AND USES

A Bureau of Mines canvass of U.S. pro-
ducers collected data on domestic consump-
tion of boron minerals and compounds.
Tables 2 and 3 present the results of this
survey. U.S. consumption of borates in 1979
was similar to that of 1978 in that insula-
tion products and glass-fiber-reinforced
plastics continued to be the most important
consuming sectors, and total consumption
was essentially unchanged.

The strong market for thermal insulation
increased demand for borates (mostly borax
pentahydrate and ulexite-probertite) in the
manufacture of glass-fiber insulation; how-
ever, consumption decreased for a variety of
boron chemicals and ores used as flame
retardants in cellulosic insulation. This was
the result of a considerable decline in 1978
in consumer demand for cellulosic material
for reinsulating existing homes. In 1979, the
cellulosic insulation industry experienced
renewed vigor, and rising demand for ortho-
boric acid, borax, and ulexite-probertite
forced producers to allocate supplies to
customers. By yearend 1979, boric acid im-
ports, which had become negligible since
early 1978, were again growing rapidly. In
table 3, figures for cellulosic insulation are
somewhat misleading as a reflection of
high-demand periods because of the delay in
receiving shipments (particularly imports)
after placing orders. Peak demand occurred
in 1977 and secondarily in 1979.

The second major growth market for
borates was textile-grade glass fibers. U.S.
produced colemanite, orthoboric acid, anhy-
drous boric acid, and Turkish colemanite
were essential raw materials for manu-

facturing high-tensile-strength glass-fiber
composites for use in a range of products
that include aircraft, automobiles, and
sports equipment. The automobile indus-
try’s program to lower gasoline consump-
tion by reducing vehicle weight has contri-
buted to the rapid growth in demand for
these lightweight composite materials.

Consumption of borates (colemanite, an-
hydrous borax, borax decahydrate and pen-
tahydrate, orthoboric acid, and anhydrous
boric acid) in .the manufacture of special.
borosilicate glasses has remained at a high
level, although growth has been negligible.
Boron compounds in cleaning and bleaching
have been an important but declining con-
sumption sector. About one quarter of these
compounds were used to produce sodium
perborate - ‘detérgents. Boron . compounds
find application in the manufacture of bio-
logical growth control chemicals for use in
water treatment, algicides, fertilizers, her-
bicides, and insecticides. Boron compounds
were also used in metallurgical processes as
fluxes, as shielding slag in the nonferrous
metallurgical industry, and as components
in plating baths in the electroplating indus-
try. Small amounts of boron and ferroboron
were constituents of certain nonferrous al-
loys and of specialty steels, respectively. .

Many important but small-percentage
end uses for borates and boron-containing
chemical derivatives comprised a diverse
miscellaneous category. Another group of
borate compounds were sold to chemical
distributors, and their ultimate end uses
are unknown.
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Table 2.—U.S. consumption of boron minerals and compounds
(Short tons of boron content and short tons of boron oxide content)!
1977 1978 1979
End use
B B203 B B203 B B20s
Glassfiber insulation __________________________ 25,400 81,700 31,100 100,000 31,100 100,000
ref
Cellulosic insulation _ 18,300 58,800 15,600 50,200 15,300 49,100
Other __________ 1,900 6,200 2,000 6,400 1,800 5,
Textl.le-g'rade glass fibers 15,000 48,200 16,900 54,200 18,100 58,300
Borosilicateglasses __ __________________________ 14,700 47,300 14,800 47,700 15,300 49,400
Soaps and detergents ___________________________ 13,700 44, 11,700 37, 1600 12,000 38,700
Enamels, frits, glazes___________________________ 5200 16,600 4,900 15,600 4,900 15,900
Agriculture ________________________________ 5200 16,700 76,300 720,300 5300 17,000
Metallurgy _________________________________ 1,300 4,200 72,000 6,500 1,800 5,900
Nuclear applicatlons ___________________________ 180 590 225 725 140 460
____________________________ 9,100 29,400 10,400 33,600 9,300 29,800
Sold to d.lstrlbutors, enduseunknown ________________ 11,100 35,700 12,400 39 700 12,300 39,500
" Total consumption? ________________________ 121,000 389,000 128,000 413,000 127,000 410,000
TRevised.
Includes imports of boric acid, coleinanite, and ulexmeA
2Data may not add to totals shown b of indep t roundi

Table 3.—U.S. consumption of orthoboric

acid
(Short tons)
End use 1977 1978 1979
Fire retardants:

Cellulosic insulation® ___ 45300 45500 39,800
Other_____________ 6,600 6,000 4,100
Textile-grade glass fibers _ __ 24,000 25,500 32,900
Borosilicate glasses_ _ ___ _ _ 12,200 12,400 10,900
Metallurgy__ __________ 2,000 2,800 2,300
Soaps and detergents _ _ _ _ _ 1,400 500 400
Enamels, frits, glazes ___ _ _ 1,000 1,000 1,200
Nuclear applications__ __ _ _ 700 900 800
Agriculture ____ _______ 100 200 100
Glass-fiber insulation _ __ _ _ _ __ ——
Miscellaneous uses _ _ _ _ _ _ _ 23,300 27,000 24,700

Sold to distributors,
end use unknown _____ _ 20,700 30,200 22,100
Total consumption? _ __ 137,000 152,000 139,000

'Includes imports of 14,132, 16,277, and 7,704 tons in
19717, 1978, and 1979, respectlve y.
2Data may not add to totals shown because of indepen-

dent rounding.

PRICES

General inflationary pressure plus the
continued accelerating cost of energy for
industrial purposes in California prompted
the domestic producers to announce three
price increases for refined sodium borate
compounds and boric acid during 1978-79.
Open market prices for boric acid declined
in 1978 to a range of $500 to $600 per ton as
the shortage situation of 1977 eased, but in

1979, signs of another impending shortage
sent prices once again beyond the $1,000-
per-ton level.

In an effort to channel demand for its
energy-intensive  calcined  colemanite,
American Borate Co. introduced a less cost-
ly flotation-processed product to the market
in 1979.
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Table 4.—Borate prices per short ton!

Price, Dec. 81
rounded
Product dollars)
1978 1979
Borax, technical, anhydrous, 99%, bulk, carlots,works® _ _ _ ____ ______________________ 298 324
Borax, technical, granular, pentahydrate, 99.5%, bulk, carlots, works® _ ___ ________________ 128 167
Borax, technical, granular, decahydrate, 99.5%, bulk, carlots, works® _ ___________________ 109 117
Boric acid, technical, granular, 99.9%, bulk, carlots, works® _ _ ___ __ ___________________ 305-315
Boric acid, technical, granular, 99.9%, bags, carlots,works® __ ________________________ 353-361 361-393
Boric acid, U.S. Borax & Chemical Corp., anhydrous, %% B2Os, bulk, carlots, Boron, Calif__ ______ 643 798
Colemanite, American Borate Co., calcined and screened, minus 70 mesh,

43% B20s, bulk, carlots, Dunn, Calif _ ______________________________________ 189 269
Colemanite, American Borate Co., flotati trate ( Icined), 37% B20s, bulk, carlots, Dunn, 204
Colemanite, Turkish, 44%-46% B20s, crude, lump, f.ob. railcars, U.S. east coast port _ _ _ ________ 215-220 240-246
Ulexite-probertite, American Borate Co., screened, minus 7 mesh, bulk, carlots, Dunn, Calif 3_ _ __ __ 5 55

1US. fob. lant or port prices per short ton of product. Other conditions of final preparation, transportation,
quantities, and qualities not stated are subject to negotiation and/or somewhat different price quotations.
2Chemical Marketing Reporter. V. 215, No. 1, Jan. 1, 1979, p. 47, and V. 216, No. 27, Dec. 31, 1979, p. 27.

323.5% B20s in 1978; 26% B20s in 1979.

FOREIGN TRADE

In 1978, the U.S. Bureau of the Census
discontinued publishing export statistics on
refined sodium borate compounds. Export
data from a Bureau of Mines canvass are
presented in table 5. Although export data
on crude sodium borates (mostly Rasorite 46
of 48% B.Os content) are not published,
they were estimated to be comparable in
volume to the exports of refined products.

U.S. imports from Turkey of commercial-

grade colemanite and ulexite, principally
for textile-grade and insulation-grade glass-
fiber manufacture, nearly doubled in 1978.
During the first 6 months of 1979, imports
had nearly reached the 1978 level when
they suddenly ceased. Difficulties in Turkey
in implementing the nationalization of the
privately owned borate mines were credited
for the interruption of exports to the United
States and other countries.
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Table 5.—U.S. exports of reﬁhed sodium

borate compounds
(Short tons)
1978 1979
8,283 8,291
368 328
,509 7,780
19,525 17,874
,229 67,835
391
4796 15,520
8,456 9,
4,237 2,148
1,773 2,109
137
11 130
483 664
16,407 21,088
2,204 2,144
15,535 16,957
215 349
4,411 4,541
3,638 2,464
1,180 55
166 431
8,685 9,511
53,222 52,607
16,975 12,575
1,414 3,060
25,727 30,387
4411 5,064
105 108
3,315 2,851
45 68
199 248
51 164
1,466 1,480
473
824 1,747
5, 5,269
6,786 6,008
368
1,969 1,128
1607 2,052
11,155 9,737
9 31
1,931 1,800
671
1,311 3,610
303,942 332,308

Includes 25 countries in 1978 and 28 countries in 1979.

Source: U.S. exporters of sodium borates.
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Table 6.—U.S. exports of boric acid*
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1978 1979

Destination Quantity Value Quantity Value
(short tons) (thousands) (short tons)  (thousands)
$3 24 $1
2,705 1,626 1,865 1,205
143 73 395 190
4,238 2,236 2,540 1,532
7,501 2,521 9,833 4,053
3 2 7 7
__ __ 165 94
1,029 551 1,008 588
372 261 516 300
33 24 14 10
23 18 14 12
9 6 39 17
63 9 6 6
—_ — 59 33
19 7 41 26
2,568 1,463 699 358
8 4 21 13
175 104 281 163
264 84 206 109
41 23 41 27
253 109 80 46
130 65 329 176
1 1 3 3
15,102 8,709 13,791 8,267
,385 851 ,628 797
70 45 76 41
4,310 1,299 2,749 1,390
839 539 ,612 1,709
183 93 147 81
471 265 490 269
45 21 104 59
192 134 75 57
175 63 36 27
530 282 476 266
313 120 343 207
335 191 163 122
13 2 —_ __
26 13 39 20
32 16 114 68
214 125 396 268
1 1 2 2
45 8 15 9
184 99 132 71
223 114 260 168
51 30 122 65
46,319 222,217 41,956 22,938

!Includes orthoboric acid and anhydrous boric acld
2Data do not add to total shown b of i t roundi

Source: U.S. Bureau of the Census.
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Table 7.—U.S. imports for consumption of boric acid, by country

Exporting sources

1978

1979

tity

Value!

Quanti

Value!

Quan ity
(shortwns) (thousands) - (short tons) (thousands)

608

$337

276

$150

19 12 159 86

Brezil . ______________ L ___ - - 59 30

e —— & 5 » 000

e . i
China:

Mainland __ ______________ _________________ 41 24 _ -

Taiwan __________________________________ 37 25 . —

___________________________________ 2,117 1,396 491 280

German Democratic Republic 10 8 —— .

Germany, Federal Repu lic of %gi i‘l‘g 9 51

2,594 1,529 1,761 1,041

4 44 _ R

314 179 60 33

417 174 55 26

1,826 1,074 478 266

3,690 1,769 3,658 1,983

62 41 119 55

2,938 1,558 330 164

134 78 119 57

16,277 8,921 7,704 4,267

1U.S. Customs declared values.
2Data may not add to totals shown b

Source: U.S. Bureau of the Census.

WORLD REVIEW

Argentina.—The Argentine Government
enacted a mining law designed to stimulate
both foreign and domestic investment.? Un-
like Chile and Peru, where about half of the
national income comes from mining, Argen-
tina annually produces some 80 minerals
that represent less than one-half percent of
the country’s gross national product. The
unprecedented legislation to provide tax
benefits and investment incentives to min-
ing companies was signed into law in Nov-
ember 1979 after 3 years of controversy over
its drafting. The new law could have signifi-
cant impact on the future growth of the
country’s boron minerals industry and its
major producer, Boroquimica Samicaf,
which is foreign-owned.

Chile.—According to a technical study
prepared by Saline Processes Inc. (a Califor-
nia consulting firm) on potential production
of boric acid and potash from brines of the
Atacama Desert, the most viable operation
appears to be one capable of producing
annually 60,000 tons of boric acid, 850,000
tons of potassium chloride, and up to
275,000 tons of byproduct potassium sul-

-fate.s

India.—RTZ Borax, Ltd. of the United

Kingdom, a 45% shareholder in Borax Mo-

rarji, Ltd. (Bombay), was reportedly selling
its interest to the 25% shareholder Dha-
ramsi Morarji of India.* Borax Morarji, Ltd.,
reported that one of its products, granular
borax, was becoming increasingly scarce.s
The company’s installed capacity for borax
is 18,000 tons per year. Another borax
producer, Southern Borax, Ltd., (Madras)
also has an annual capacity of 18,000 tons.
Past demand for this product has averaged
about 13,000 tons per year.

The price of boric acid in India rose 80%
in 1979 because of supply difficulties arising
from decreased production at a time of
increased demand.®* Demand for boric acid
increased from 1,300 tons in 1977 to 3,300
tons in 1979. A supply squeeze of the prod-
uct occurred after imports of Turkish cole-
manite ceased, and Borax Morarji, India’s
sole boric acid producer, could only utilize
about two-thirds of its annual production
capacity of 3,300 tons. A second boric acid
plant of comparable capac1ty owned by
Southern Borax is not yet in operation.

Peru.—Boratos del Peru S.A,, a privately
owned Peruvian mining concern created in
1971, mines primarily ulexite with lesser
quantities of colemanite and tincal at San
Juan de Tarucane in Arequipa Province.
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Principal markets are the glass and ceram-
ics industries of Peru as well as those of
Brazil, Colombia, Bolivia, and Mexico. The
company also produces sodium borate deriv-
-atives and boric acid.

Turkey.—The Turkish boron minerals in-
dustry, led by Etibank, the State Economic

Enterprise (SEE) responsible for govern-

ment boron mining activities, has been
second only to the U.S. boron minerals
industry in world markets; however, pro-
duction and exports of colemanite and ule-
xite were interrupted in 1979 in a chain of
events leading to nationalization of the
private production of these minerals. The
mines where production was interrupted
produce about one-third of Turkey’s annual
production of boron minerals and nearly all
of the country’s colemanite and ulexite.

In October 1978, the Turkish National
Assembly enacted Law No. 2171, which
authorizes the Council of Ministers to desig-
nate certain SEE’s to expropriate any mine
operated by the private sector that the
Council determines to be essential to the
State.” The law was intended to increase
production or development of key minerals,
especially those that serve as raw mate-
rials for industry. In November 1978, the
Turkish Government published a decree
that authorized Etibank to expropriate pri-
vate boron mineral operations. Boron was
chosen because Turkey hopes to take great-
er advantage of the fact that it is the only
area outside the United States where bo-
rates are being mined in commercially sig-
nificant quantities. Prior to 1979, Turkey
provided more than one-third of the world’s
boron supply (in terms of value), although
this was primarily in crude ore form. Unfor-
tunately, Turkey’s current problems with
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its economy, fuel supplies, and terrorism,®
in general; and the boron nationalization, in
particular, are expected to reduce the po-
tential for successful implementation in the
near term of its mineral development goals.

Although the situation is unclear, the
private producers of boron in Turkey are
reportedly challenging in the courts the
amount of compensation they have been
offered.® According to the requirements of
the law, the value of each mine was to be
assessed by an Appraisal Commission with-
in 4 to 6 months of any Council determina-
tion. The Appraisal Commission must con-
sider the following factors: Any mineral
stocks to be acquired by the State, the
mining license, installations, machinery
and equipment, land rental, and profits
foregone due to breach of contract. The
appraisal may include discoverer’s fees but
may not include the value of mineral re-
serves, which have long been considered to
be Government property. The SEE (in this
instance Etibank) is expected to deposit any
compensation decided upon in a Turkish
national bank within 15 days of an apprais-
al, at which time the Ministry of Energy
and Natural Resources may authorize the
SEE to confiscate the mine.

U.S.S.R.—The Soviet Union awarded a
$72 million contract for construction of a
glass-fiber plant to Woodall-Duckham of
England; TBA-Bishop, an Anglo-American
concern; and Klockner, the West German
group.'® The plant, which will be located at
Polotsk, near Minsk, is scheduled for com-
pletion in 1982. The anticipated capacity
production of about 132,000 short tons per
year would require 25,000 to 40,000 tons of
borates, depending on the particular ores or
compounds used.

Table 8.—Boron minerals: World production, by country

(Thousand short tons)

Country 1976 1977 1978° 1979¢
89 92 75 70
4 5 29 30
25 30 30 30
© 10 20 22 30
Turkey _ __ _ 1,005 1,211 1,455 1,000
United States' _ ______________________________ 1,246 1,469 1,554 1,590
USSR® 200 200 220 220
World total® ___ ________________________ 2,600 3,000 3,400 2,900

CRati

’Mmerals and compounds sold or used by producers.
2Data may not add to totals shown b of independ
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-TECHNOLOGY

The 1979 Nobel Prize in Chemistry was
shared by two organic chemists, one of
which was Herbert C. Brown, who received
the award for his applications of boron
compounds to synthetic organic chemistry.!
Professor Brown, of Purdue University, dis-
covered the hydroboration reaction of dibo-
rane with olefins, which has made organo-
borane compounds available as chemical
intermediates. These versatile reagents find
application in the manufacture of cortisone
and other drugs as well as in a new class of
pesticides. But most important for the fu-
ture, they introduce an exponential in-
crease in the number of pathways available
to a synthetic goal and suggest whole new
areas of organometallic chemistry to ex-
plore. Earlier in his career, Professor Brown
developed the alkali metal borohydrides
that industrial organic chemists have found
to be ideal as reducing agents.

The Bureau of Mines published a Report
of Investigations on work to determine and
compare the viscosity-temperature profiles
of basic oxygen furnace (BOF) slags fluidiz-
ed with fluorspar, colemanite (a calcium
borate mineral), and fused (anhydrous) bo-
ric acid.?? Fluorspar is commonly used as a
flux in the BOF steelmaking process; how-
ever, the potential need to find a fluorspar
substitute has resulted from the steadily
increasing U.S. dependence on imported
fluorspar and problems of air pollution from
volatolized fluorine compounds escaping
during the BOF process. The relative ab-
sence of air pollution problems and the
comparable fluxing capabilities of boron
oxide systems make boron materials a
promising substitute.

The Bureau of Mines also published a
Report of Investigations on methods for
electrodepositing titanium diboride coatings
on other materials in order to provide
improved corrosion- and erosion-resistant
properties.’* Research leading to a patented
process was conducted at the Avondale
Research Center as part of the Bureau’s
goal to minimize requirements for minerals
through conservation and substitution.

Other work on coatings is underway at
Batelle-Columbus Laboratories, where re-
searchers participating in an experimental
program have successfully evaporated a
boron alloy in the presence of ammonia gas
and deposited (at relatively low pressure
and temperature) a coating containing 20%

cubic boron nitride, 25% hexagonal boron
nitride, and 55% iron boride onto a stain-
less-steel substrate.* Because the deposited
coating’s cubic crystalline boron nitride con-
stituent gives the coating high hardness and
good abrasion resistance, its potential for
use on cutting tools is expected to be partic-
ularly attractive. For example, higher cut-
ting rates would be possible, compared with
those of commonly used tungsten carbide.
Also, because a coolant could be used with
boron-nitride-coated tools, better surface
finishes could be obtained than when using
dry tools that have alumina-ceramic coat-
ings with a titanium-compound additive.

Industrial, university, and U.S. Govern-
ment research involving boron compounds
ranged from solar heating and composite
fibers to medicine, communications, and
storage of nuclear wastes. Owens-Illinois,
Inc., began marketing evacuated-tube solar
energy collectors, which are composed of
three concentric borosilicate glass cylin-
ders.’* Although evacuated-tube collectors
are more expensive than conventional flat-
plate rooftop collectors, they can capture
twice as much solar energy per unit area.
Owens-Illinois expects its collector to pene-
trate the industrial process-heat market
and eventually make solar aircondition-
ing commercially attractive.

Aided by Federal grants, the Massachus-
etts Institute of Technology (MIT), collabo-
rated with private firms to develop a pas-
sive solar heating system based on a chemi-
cal heat sink of borax decahydrate, anhy-
drous sodium sulfate, common salt, and
water.’® The chemical core, which is encap-
sulated in precast polymer concrete ceiling
tiles, absorbs reflected solar radiation com-
ing through windows having a Southern
exposure during the day, and releases the
captured energy during the night. Energy
storage and release occur through cycles of
hydration and dehydration of the sodium
sulfate. The borax constituent acts as a
nucleating agent to support uniform crys-
tallization. MIT’s experimental system has
maintained a room temperature that varies
from a high of 73°F in daytime to a low of
65°F at night.

Boron and other exotic reinforcements,
once limited to application in the aerospace
industry, are being used in more mundane
products. Advanced composites of fibrous
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boron, graphite, glass, aramid, and other
strong, lightweight materials have become
important components in a variety of sports
equipment, including skis, boats, bicycles,
golf clubs, tennis rackets, and bows and
arrows.’” The latest developments in com-
posites are various combinations of continu-
ous or chopped filaments in a common
thermo-plastic or thermoset resin matrix.?*
Described as hybrid composites, these mate-
rials have unique features that can be used
to meet diverse and competing design re-
quirements in a more cost-effective way
than either advanced or conventional com-
posites. They can be used advantageously in
products ranging from automobiles and
aerospace hardware to sporting goods and
textile machinery.

Chemists at Duke University have
synthesized boron compounds that appear
to show considerable promise as therapeutic
agents.’® In preliminary animal tests, boron
containing amino acid analogs (in which a
boron atom has replaced a carbon atom)
produced beneficial effects in treating ar-
thritis, high blood-cholesterol levels, and
several types of malignant tumors. No evi-
dence of toxic effects has appeared in any of
the animal tests. This is an important factor
if the compounds are to find eventual use as
drugs for humans.

Researchers in the fiber optics program
at Bell Labs, Murray Hill, N.J., published
their method for preparing high-purity sodi-
um borosilicate glass-fiber for use in optical
communications systems.?® Test results in-
dicated that the multicomponent glass (46%
Si0., 35% B.Os, and 20% Na;0) exhibited
the required quality of low spectral loss.
Made from boric acid, soda ash, and silica,
the glass offers the advantage over conven-
tional high-silica optical fibers of lower
melting and fiber-drawing temperatures.

The boron atom’s ability to capture radio-
active emissions is being applied in research
to contain nuclear wastes. The Abrasives
Systems Group of Carborundum Co. has
formed a team to develop and market boron
carbide shielding for handling, transport-
ing, and containing spent fuel elements
from nuclear power plants.2! The U.S. De-
partment of Energy (DOE) is studying the
efficacy of incorporating radioactive wastes
into a special zinc borosilicate glass.?? For
more than 20 years, DOE and its predeces-
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sor agencies have assumed that long-term
storage of these wastes could best be achiev-
ed by encapsulating them in glass and
storing them in underground salt domes.
However, controversy has arisen from new
findings of researchers in the United States,
Australia, and Sweden.z According to their
reports, radioactive wastes can leak from
their glass containers under attack by heat,
water, and elevated pressures found deep
inside the earth.
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Bromine

By Sandra T. Absalom!

Elemental bromine sold or used by U.S.
producers returned to the rising trend in
annual growth experienced prior to 1977.
Expanding foreign markets and the chang-
ing composition of the domestic market
were the important factors affecting U.S.
production, which was centered in the State
of Arkansas, with additional production in
Michigan.

The primary manufacturers of bromi-
nated compounds operated plants in Arkan-
sas, Michigan, and Texas. One of them,
however, discontinued its Michigan oper-
ation in 1978. Primary producers’ sales of
all types of bromine compounds increased,
although demand for the industry’s major
product, ethylene dibromide, as a leaded-
gasoline additive continued to fall with the
Government-regulated decline in use of
leaded gasoline. As laboratory tests were
completed on several potentially harmful
bromine compounds, Federal regulatory
agencies acted in accordance with signifi-
cant test results.

Legislation and Government Pro-
grams.—The Interagency Regulatory Liai-
son Group (IRLG), which is composed of
Federal regulatory agencies, took an impor-
tant step to coordinate the attack on poten-
tially hazardous chemicals and other sub-
stances. The original member agencies
* (Consumer Product Safety Commission, En-
vironmental Protection Agency, Federal
Drug Administration, and Occupational
Safety and Health Administration) formed
IRLG in 1977 to share individual research,
data, and analyses; avoid duplicative regu-
lations; and attempt to set consistent stand-
ards to control hazards. In 1978, the group
released a list of 24 compounds, or cate-
gories of substances, targeted for special
attention.? Three brominated organic com-
pounds were included on the list: Dibromo-
chloropropane, an insecticide; ethylene di-
bromide, a gasoline additive and pesti-
cide; and polybrominated biphenyls, the

industrial fire retardant that in 1973 was
accidentally mixed with cattle feed in
Michigan. In 1979, IRLG drafted guidelines
for uniform testing among Federal agencies
for five ill effects to humans that could be
caused by potentially harmful chemicals.®
The IRLG goal is to develop a single set of
tests to replace the different tests the agen-
cies now use to determine the same ill
effects. These effects cover acute inhalation,
birth defects, acute oral toxicity, acute eye
irritation, and acute skin effects.

The Occupational Safety and Health Ad-
ministration (OSHA) issued final rules in
1978 for workplace exposure to dibromo-
chloropropane (DBCP).* The compound has
been linked to worker sterility in several
chemical plants and also was labeled a
possible carcinogen by the National Cancer
Institute (NCI).* The final exposure limit of
1 part per billion (ppb) averaged over an 8-
hour workday is 10 times stricter than the
10-ppb emergency temporary standard
ordered by OSHA in 1977. The final stand-
ard also prohibits eye and skin contact with
the agricultural insecticide. Following the
recommendation in 1979 of an administra-
tive law judge, the Environmental Protec-
tion Agency (EPA) banned all applications
of DBCP except in Hawaiian pineapple
groves.® Other agricultural uses of DBCP
will be suspended indefinitely while further
research is conducted.

EPA issued its final rule extending the
compliance deadline for reducing the
amount of lead antiknock compounds in
gasoline.” The rule delays the agency’s dead-
line for a 0.5-gram-per-gallon limit on lead
in gasoline from October 1979 to October
1980; however, refiners must comply with
certain requirements on gasoline produc-
tion to qualify for the extension. Increased
use of low-lead and unleaded gasoline will
reduce domestic consumption of ethylene
dibromide (EDB), which is used primarily as
a scavenger for lead added to gasoline in
antiknock compounds. 131
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OSHA reportedly was considering mak-
ing the workplace standard for EDB more
stringent, and EPA was considering re-
stricting its use as a pesticide.® These pro-
posals followed the announcement by NCI
that EDB proved to be a potent carcinogen
in ingestion tests conducted on rats and
mice.* The Dow Chemical Co. and Ethyl
Corp., producers of EDB, disputed the valid-
ity of the test procedures and the extrapol-
ation of results to humans. They contend
that actual industrial experience does not
agree with the laboratory findings.

NCI reported another bromine chemical
to be an animal carcinogen following 130-
week tests on rats and mice.?* The com-
pound was tris (2,3-dibromopropyl) phos-
phate, the flame retardant that the Con-
sumer Product Safety Commission (CPSC)
banned in 1977 for use in children’s sleep-
wear. The CPSC was involved in several
actions in 1978 concerning tris: It abandon-
ed its attempt to force eight manufacturers
of tris-treated products to repurchase the
millions of dollars of these goods they had
sold.'r CPSC also ruled that it has the
authority to ban exports of tris-treated
apparel.’? This authority, however, was ex-
pected to be challenged in the courts. Fol-
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lowing Congressional passage of a bill to
provide government payments to clothing
manufacturers, retailers, and others in the
apparel industry that had incurred losses as
a result of the tris ban, President Carter
pocket vetoed the legislation.’* Among sev-
eral reasons given for the veto, the Presi-
dent stated that the law would have set an
“unwise precedent” to pay industry’s losses
when a product is used to meet a regulatory
standard and that product is later judged to
be hazardous.

OSHA reportedly was contemplating reg-
ulation of workplace exposure to the chemi-
cal vinyl bromide, based on reports that rats
had developed cancer following low-level
exposure.!*

The State of Michigan issued a report on
a special study of the health effects of small
amounts of polybrominated biphenyls (PBB)
in the bodies of Michigan residents.s Al-
though the State will continue monitoring
the health of the general population for a
10-year period, the initial study concluded
that low-level PBB contamination of an
estimated 90% of residents, which resulted
from accidental introduction of the chemi-
cal into the food chain in 1973, has caused
no adverse health effects.

DOMESTIC PRODUCTION

Six companies operated nine plants to
extract bromine from brines in Arkansas
and Michigan. The producers of elemental
bromine were also the major manufacturers
of bromine compounds, with two additional
plants, one in Texas and one in Michigan;
however, the St. Louis, Mich., plant of
Velsicol Chemical Corp. was closed on Sep-
tember 1, 1978.:¢ The September deadline
was a result of a 1976 settlement made with
the State of Michigan following pollution
problems involving the plant and its prod-

ucts. Negotiations to sell the plant before
the deadline failed when certain conditions
specified by the State Department of Natu-
ral Resources could not be resolved between
Velsicol, the buyers, and the State. In De-
cember, Velsicol announced a $3 million
program for its El Dorado, Ark., bromine
production plant to enable the plant to meet
current and future environmental regu-
lations.” The program was scheduled to be
completed in 1979.

Table 1.—Elemental bromine sold as such or used in the preparation of bromine
compounds by primary U.S. producers

(Million pounds and million dollars)

1977 1978 19797
Quantity Value Quantity Value Quantity Value
Sold _ _ _ o ___ 59.0 12.8 53.2 113 59 13
Used _ - ___ 374.8 86.9 393.4 88.7 443 102
Total __ 433.8 99.7 1446.5 100.0 502 115

PPreliminary.

1Data do not add to total shown because of independent rounding.
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Table 2.—Bromine compounds sold by primary U.S. producers
(Million pounds and million dollars)

i 1977 1978 1979°
Quantity Quantity Quantity
Bro- Bro- : Bro-
Gross mine  Value  Gross mine  Valu®  Gross  mine Value
weight  con- weight  con- weight con- -
: tent . tent tent
Ethylene dibromide_ _ ___ _ 2196 2318 75.1 2592 2205 63.9 288 245 67
Methyl bromide _ _______ 329 21.7 15.7 42.6 35.8 20.9 55 46 28
Other compounds® ______ 125.1 86.7 99.2 1703 1195 1295 228 163 171
Total® __ __________ 4376 3522 1900 4721 3758 2144 - 5N 454 266
PPrelimi; V
Includes hydrobronuc acid, tetrab bisphenol-A, ethyl, calci i di p and other
bromides, plus some methyl bromide exports
2Data may not add to totals shown b of independent di
Table 3.—Bromine-producing plants in the United States
p Production
State and company County Plant source
Arkansas:
Arkansas Chemicals,Inc_ ________ Union _ - __________ ElDorado __ ____ Well brines.
The Dow Chemical Co _ _________ Columbia __________ Magnolia ______ Do.
EthylCorp __ _ ______________ ___do ___________ ——_do _______ Do.
Great Lakes Chemical Corp Union ____________ ElDorado — _____ Do.
Do o ___ eedo ille_ _____ Do.
Velsicol Chemical Corp—— — _______ ee—cdo ElDorado _ _____ Do.
Michigan:
The Dow ChemicalCo __________ Mason ____________ Ludington _ __ ___ Do.
Do ___________ Midland ___________ Midland _______ Do.
Morton Chemical Co istee_ ___ _______ Manistee_ ______ Do.
CONSUMPTION AND USES

Although demand increased for bromine
compounds in general, demand declined for
EDB, which has traditionally been the most
important bromine chemical, as a constitu-
ent in gasoline. This was primarily because
reduced requirements for lead in gasoline
necessitated a corresponding reduction in
lead-scavenging additives. Use of EDB as an
insecticide and soil fumigant continued to
grow, however, owing to its substitution for
another bromine compound (1,2-dibromo-3-
chloropropane or DBCP) after EPA banned
the use of DBCP in certain agricultural
applications.

In view of the decline in traditional mar-
kets for some bromine chemicals, producers
sought to satisfy growing markets for oth-
ers, such as methyl bromide, another agri-
cultural fumigant. Rising sales of a variety
of bromine compounds in the “other com-
pounds” category were attributed in part to
growing demand for certain flame retar-
dants and for calcium bromide.

Calcium bromide is used by the oil- and
gas-well drilling industry for high-density,

solids-free completion, packer, and work-
over fluids. As a result of rapid growth in oil
industry demand, three of the producers of
elemental bromine and its compounds
announced plans to expand capacity in 1979
for producing calcium bromide solutions.!®
The Dow Chemical Co., which in 1978 in-
creased capacity at Midland, Mich., to 84
million pounds, announced a further incre-
mental increase that would bring calcium
bromide capacity to 120 million pounds per
year. Velsicol Chemical Corp.’s plants at
Beaumont, Tex., and El Dorado, Ark., will
have combined annual capacity of about 13
million pounds. Another plant at El Dorado,
Ark., that of Great Lakes Chemical Corp.,
was expected to increase its annual capacity
to almost 100 million pounds.

Expanding in another direction, Great
Lakes purchased in 1978 Tesco Chemicals,
Inc., of Atlanta, Ga., a manufacturer and
distributor of swimming pool sanitation
chemicals and dispensing devices.** The ac-
quisition was expected to enhance the
growth of Great Lakes’ bromine-based
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swimming pool products, which the firm
purchased in 1977. In 1978 Great Lakes also
acquired WIL Research Laboratories of Cin-
cinnati, Ohio. WIL is an independent ani-
mal testing laboratory with clients in the
pharmaceutical, food, cosmetic, and chemi-
cal industries, as well as government
agencies. ’
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The Dow Chemical Co. announced plans
to construct a 30-million-pound-per-year fa-
cility to produce bromine chloride for use in
disinfecting municipal and industrial waste
water.2® The facility, which is to be located
in Houston, Tex., is expected to come on-
stream in 1980 (see Technology).

PRICES

"The industry-wide base price for elemen-
tal bromine in bulk reached 28 cents per
pound by yearend 1979; however, discount
pricing was prevalent. The average price of
bulk elemental bromine, f.o.b. plant, report-

ed by U.S. producers was 21.24 cents per
pound in 1978 and 22.03 cents per pound in
1979. Quoted yearend prices for elemental
bromine and selected compounds follow.

Table 4.—Prices of elemental bromine and selected compounds

Value per pound
(cents

Product December 31

1978 1979

Bromine, purified: X
Carlots, truckloads, delivered _ _ __ _ _ __ __ __ _ __ ___ __ __________________ 75 75
Drums, carlots, truckloads, delivered east of the Rocky Mountains® ___ _ ____________ 55-62 55-69
Bulk tank car, tank trucks (45,000-pound minimum), delivered east of the Rocky Mountains’_  25-30 26.5-28
Ammonium bromide, national formulary (N.F.), granular, drums, carlots, truckloads, freight ” )
equalized __ __ _ __ _ ___ _ _ _ _

Bromochlgromethane, drums, carlots, f.0.b. Midland, Mich _______________________ 98 98
Bromoform, pharmaceutical grade, 5-gallon drums, fob.works_ _ ___________________ 270 0

Ethyl bromide, technical, 98%, drums, carlots, freight allowed, East _ _ __ ______________ 61.5 61.5
Ethylene dibromide, drums, carlots, freight equalized _ _ __ ____ __________________ 37 37
Hydrobromic acid, 48%, drums, carlots, truckloads, fob.works __ __ _____ ___________ 3941 39-41
ll-éyd en bromide, anhydrous, cylinders, extra, 30,000 pounds, f.o.b. works __ - 65 65
[ethyl bromide, distilled, tanks, 140,000-pound minimum, freight allowed _ _ _ - 41 41
Potassium bromate, granular, powdered, 200-pound drums, carlots, f.0.b. works 106 106
Potassium bromide, N.F., granular, drums, carlots, f.o.b. works _ _ _ _ _— _ 67 67
Sodium bromide, 99%, granular, 400-pound drums, freight, f.0.b. works 65 65

1Delivered prices for drums and bulk shipped west of the Rockies, 1 cent per pound higher. Bulk truck prices 1 cent per
pound higher for 30,000-pound minimum and 2 cents per pound higher for 15,000-pound minimum. Price f.0.b. Midland
and Ludington, Mich., freight equalized, 1 cent per pound lower.

Sources: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 215, No. 1, Jan. 1, 1979,

pp. 46-55, and V. 216, No. 27, Dec. 31, 1979, pp. 26-35.

FOREIGN TRADE

Increasing producer exports of elemental
bromine and bromine contained in com-
pounds (table 5) were major factors in re-
gaining the sales level that existed prior to
Federal restrictions on domestic uses.

In 1978, about 82% of imported bromine
and bromine compounds (table 6), which
amounted to less than 1% of domestic

consumption, were shipped from Israel, and
11% from the Netherlands; however, in
1979 about 99% of imports were from Israel.
Other bromine compounds imported by the
United States are not easily identified be-
cause they are classified in multiproduct
categories.
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Table 5.—U.S. exports of bromire and bromine compounds by primary producers -
(Thousand pounds and thousand dollars)

Elemental bromine Bromine compounds

Year Gross Con- .
Quantit; Value A tained Value
Y weight bromine
4,400 900 74,100 62,600 29,200
5,400 1,100 64,400 54,100 27,300
6,400 1,300 6,000 7,900 38,500
10,100 2,100 98,300 83,100 37,500
Table 6.—U.S. imports of bromine and bromine compounds
(Th d pounds and th d dollars)
1977 1978 1979
Quantity Value Quantity Value Quantity Value
Elemental bromine_ _ __ _______ ) 517 102 669 102 34 5
Potassium bromide_ __ 89 56 119 84 794 536
Sodium bromide _ _ - 106 60 320 175 2,190 1,056
Ethylene dibromide _ _________ 79 589 102 193 33
Source: U.S. Bureau of the Census.
WORLD REVIEW

The United States, as world leader in
bromine production and consumption, pro-
duces annually about two-thirds of the
world total. Other principal bromine-
producing nations include, in decreasing
order, Israel, the United Kingdom, France,
the U.S.S.R., and Japan.

China, mainland.—The Ginghai Salt
Lake Institute of the Chinese Academy of
Sciences completed an evaluation of the
mineral resource potential of the Tibetan
Plateau.?* Following a general survey of the
multitude of salt lakes in the region, more
than 50 in northern and western Tibet were
examined in more detail. The brines con-
tain high percentages of bromine, sodium,
potassium, boron, magnesium, lithium, ru-
bidium, cesium, uranium and thorium. Chi-
na produces large tonnages of salt by evapo-
ration of sea and inland brines, as well as by
underground mining, and also already ob-
tains bromine, borax, iodine, lithium, pot-
ash, sodium sulfates, and other minerals
from salt lakes at Chaerhan, Yuncheng, and
elsewhere.

Israel.—The Customs Service, U.S. De-
partment of the Treasury, made a final
countervailing duty determination involv-
ing manufacturers and/or exporters of Is-
raeli bromine and brominated compounds.2
The final determination reversed the pre-

liminary determination in which the Israeli
Government was found to have given two
companies benefits considered to be boun-
ties or grants under U.S. law. Although the
final results of the Customs investigation
confirmed that the two firms, Dead Sea
Bromine Co., Ltd. and Bromine Compounds,
Ltd., had indeed received partial rebates of
property taxes and other kinds of aid, these
were considered to be minimal and, there-
fore, not legally classified as bounties or
subsidies. i

The Israeli Government was reportedly
preparing to take the first step to change
the nation’s economic system from one of
socialism to free-enterprise by either selling
outright, or offering shares in as many as
160 Government-owned or Government-
controlled companies.?* One of the largest of
these concerns, Israel Chemicals, Ltd. (ICL),
is the parent organization of numerous
natural resource development and inorgan-
ic chemical firms, including Dead Sea Bro-
mine and Bromine Compounds. Ongoing
expansion of capacity for producing bro-
mine compounds at the new industrial park
at Ramat Hovav may reach 100,000 tons per
year by 1984.2¢ Production of calcium bro-
mide is part of the expansion plan (see
Technology).

Japan.—The Ministry of Health and
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Welfare ban of the use of tris (2,3-dibro-
mopropyl) phosphate as a fire retard-
ant in clothes, soft furnishings, paints,
household adhesives, and shoe polish went
into effect on November 1, 19782 The
ruling was aimed at possible imports of
consumer goods containing tris since the
compound itself is not made in Japan.
Jordan.—The Arab Potash Co., owned by
the Jordanian Government (51%), the Arab
Mining Co. (44%), and the Libyan Govern-
ment. (5%), has reportedly raised $231 mil-
lion to finance the Dead Sea potash pro-
ject.¢ In addition, plans were announced for
expanding the project to construction of
facilities to produce bromine and refractory
magnesia. The bromine project, which is
expected to cost $60 million, will employ
U.S. technology provided by Great Lakes
Chemical Corp. (25% interest). The propos-
ed annual production of 33,000 short tons of
bromine would have potential to rival in
world markets the growing importance of
Israel’s Dead Sea Bromine operation.”
Netherlands.—Broomchemie, the bro-
mine compounds producer that opened a
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new plant at Terneuzen in 1977, was accus- - - -

ed of failure to comply with agreed upon
safety regulations.?® Broomchemie is the
production company of Eurcbroom in The
Hague, which is a subsidiary of the Dead
Sea Bromine Group of Israel. Elemental
bromine from Israel serves as the raw
material for manufacture at Terneuzen of
sodium, potassium, and ammonium bro-
mides, carbon tetrabromide, and other bro-
mine products. Reports that plant. workers
were experiencing symptoms caused by
high bromide concentrations in the work-
place environment prompted a governmen-
tal inquiry that resulted in a fine of $1,200.2°
The environmental inspector’s recommen-
dation for closing the tetrabromobisphenol-
A (TBBA) plant was overruled by provincial
authorities . after Broomchemie installed.
new environmental control equipment.*®
United Kingdom.—Following the lead of
the United States and other countries, the
United Kingdom banned the supply of tris-
treated nightwear for children.s* The ban
will go into effect throughout the European
Community on January 1, 1980.32 -

Tablé7.—Bromine: World production, by comitry

(Thousand pounds)
Country! 1976 1977 1978% . 1979¢ -
France_ . ___ - 33,466 34,326 35000 35000
Germany, Federal Republicof _ __ ____________________ 9,158 8,236 8,583 8,600
600 620 660 600
46,100 69,450 76,170 100,000
71,230 1,300 1,300 1,300
26,500 26,500 26,500 26,000
900 900 - 900 900
765,92 54,500 55,000 55,000
468,000 433,900 446,500 502,000
30,000 33,000 33,000 33,000
682,000 663,000 684,000 762,000

€Estimate. PPreliminary. "Revised.

1n 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.

“2Sold or used by producers.

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

TECHNOLOGY

A new process for producing calcium
bromide directly has been developed by
TAMI, the research arm of Israel Chemicals
Ltd.?s TAMI developers say the method uses
less energy and is more economical than
conventional processes that must produce
elemental bromine first. The direct route
takes advantage of the high bromine con-
tent (up to 10,000 parts per million) of the
Dead Sea. Calcium bromide is selectively

extracted out of sea brine by means of an
undisclosed solvent, which is subsequently
removed, and the calcium bromide is con-
centrated to 52% by evaporation. The com-
pound can be used to make other bromides,
and is finding increased usage in oil-well
drilling muds.

Exxon Research and Engineering demon-
strated a laboratory prototype of a zinc-
bromine battery at the Electric Vehicle
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Expo Il in Philadelphia.>* The battery,
being developed for use in electric vehicles
and for utility load leveling, has a projected
energy density two to three times that of
conventional lead-acid batteries, or 85 watt-
hours per pound. Design estimates place the
cost of the battery at $30 per kilowatt-hour.
Among the advantages of the prototype (a
6-volt, 80-ampere-hour system that has been
under development for 3 years) are oper-
ation at ordinary temperatures and low-cost
components. -

Research into the structure and function
of hemoglobin, the oxygen-carrying mole-
cule in blood, and into what goes wrong
with hemoglobin in sickle cell anemia pa-
tients, has led to investigation of several
types of chemicals that show potential to
treat the disease.’ A research group at
Northwestern University is exploring the
use of a brominated aspirin derivative
(acetyl-3,5-dibromosalicylic acid) that can
enter red blood cells to react with the
hemoglobin inside, and thereby prevent the
cell deformation known as sickling. Al-
though toxicity studies have not yet been
conducted, it is generally believed that de-
rivatives of well-known drugs such as aspi-
rin stand a good chance of being approved
for therapeutic use in humans.

An experimental drug therapy for work-
ers poisoned by the pesticide Kepone ap-
pears to have potential for detoxifying the
systems of persons afflicted with dangerous
levels of other halogenated hydrocarbons.2
Successful preliminary research at Virginia
Medical College using cholestyramine, a
bulky anion-exchange resin, could possibly
be expanded to detoxification studies of
such potential carcinogens as PBB, poly-
chlorinated biphenyls (PCB), mirex, aldrin,
dieldrin, and DDT. Future research would
include studies of the mechanism of haloge-
nated hydrocarbon excretion from the body,
and the safety of using cholestyramine and
similar agents for eliminating these com-
pounds.

Field trials at two waste-water treatment
plants have convinced the Dow Chemical
Co. that bromine chloride has greater effica-
cy in killing bacteria and viruses than
chlorine.” Although more expensive than
chlorine, bromine chloride offers the advan-
tages of use at lower vapor pressures, short-
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er retention time, and avoidance of forma-
tion of chemical compounds that may be
toxic to fish.

!Physical scientist, Section of Nonmetallic Minerals.
2Chemical and Engineering News. Regulators Release
Chemicals Hit List. V. 56, No. 50, Dec. 11, 1978, p. 19.
3Environmental Science and Technology. ES&T Cur-
rents. V. 13, No. 11, November 1979, p. 1325.
“Chemical Week. Strict Limits for DBCP. V. 122, No. 12,
Mar. 22,1978, p. 25.
SChemical Marketing Reporter. NCI Issues a Report on
BCP Carcinogenicity. V. 213, No. 10, Mar. 6, 1978, p- 30.
SThe Wall Street Journal. EPA Halts Most Uses of the
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Cadmium

By John M. Lucas!

Domestic production of cadmium metal in
1978 declined 17% from .the production
level of 1977, and output in 1979 was 4%
higher than in 1978. Shipments of cadmium
in both years increased over those of 1977
but failed to approach the volume reported
during 1976.

Six companies operating seven plants pro-
duced all of the domestic cadmium during
1978. An eighth plant, the new electrolytic
zinc plant of Jersey Miniere Zinc Co., came
onstream at yearend 1978 and began pro-
duction of cadmium in 1979. In December
1979, St. Joe Zinc Co. permanently closed its
zinc smelter at Monaca, Pa., where bypro-
duct cadmium was also produced. Canada
continued as the major source of imported
zinc concentrates from which cadmium was
extracted as a byproduct. The producer
price of cadmium, in a range of $2.25 to
$2.50 per pound, remained unchanged
throughout 1978. By the close of 1979, the
producer price ranged from $2.50 to $3 per
pound.

Legislation and Government Pro-
grams.—In 1978, the Environmental Pro-
tection Agency (EPA) proposed limits on
cadmium in specific categories of solid
waste destined for agricultural application
on lands used for the production of food-
chain crops or-meats for human consump-
tion.2

On July 11, 1978, EPA issued final ef-
fluent limitation guidelines for existing fa-
cilities operating within the ore mining and
dressing point-source category. The regula-
tion defined limits on cadmium and other
substances discharged in effluents originat-
ing from specified types of ore milling and
concentrating operations.®

The proposed approach for implement-
ation of the Toxic Substances Control Act of
1976 was published by EPA on October 26,
1978. EPA proposed to regulate the manu-
facture, distribution, use, or dispersal of
certain substances, including cadmium and

any of its compounds.*

In December 1978, a quality-control
standard suggested by the decorated glass
tumbler industry was, with some modifica-
tion, endorsed by a Federal interagency
regulatory task force consisting of EPA, the
Food and Drug Administration, and the
Consumer Product Safety Commission. In-
dustrial compliance with the voluntary
quality-control program, which defines the
application of cadmium and lead, assures no
significant risk to decorated glassware
users.®

The occupational health and environmen-
tal aspects of cadmium and the require-
ments for additional research were dis-
cussed at the 1978 International Conference
on Cadmium, cosponsored by the National
Institute of Environmental Health Sciences
of the U.S. Department of Health, Educa-
tion, and Welfare and the Karolinska Insti-
tute, Stockholm, Sweden.

Effective October 1979, EPA promulgated
final regulations on the concentration of
cadmium and other pollutants contained in
process waste water from plating operations
and destined for publicly owned treatment
works. The deadline for compliance with
this regulation was set for October 12, 1982.¢

Under the provisions of the Water Pollu-
tion Control Loan Program, the Small Busi-
ness Administration may grant direct loans
or loan guarantees of up to 90% for terms of
up to 30 years to small electroplaters certi-
fied to have been adversely affected by
EPA’s proposed pretreatment standards for
the electroplating point-source category.

In September 1979, EPA issued interim
final criteria for the classification and appli-
cation of cadmium-bearing solid waste to
land used for the production of food-chain
crops.”

The national stockpile goal for cadmium
of 11,204 metric tons remained unchanged
through 1979.% The total inventory at year-
end 1979 was 2,871 tons, with no acquisi-
tions or releases in 1978 or 1979. 139
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Table 1.—Salient cadmium statistics
1975 1976 1977 1978 1979
United States:
Production® _ _ _ _ _ _ ____________ metric tons_ _ 1,990 2,047 1,999 1,653 1,715
Shipments by plf()t:lucel‘s2 _____ do____ 742 2,707 1,837 1,957 2,370
Value ______ __thousands_ _ $4,166 $10,498 $7,072 $5,906 $9,498
Exports _ = _ metric tons_ _ 180 229 107 326 211
Imports for consumption, metal _ ___do____ 2,375 3,094 2,332 2,881 2,572
Apparent consumption_ _ _ _ _ _——do___ 3,055 5,381 3,818 4,510 4,817
Price: Average perpound®_ _ _ _ _______________ $3.36 $2.66 $2.96 $2.45 $2.76
World: Production_ _ _ _ _ _ ___________ metric tons_ _ 15,234 16,773 17,985 16,765 18,280

1Primary ané secondary cadmium metal. Includes equivalent metal content of cadmium sponge used directly in

production of compounds.
2Includes metal consumed at producer plants.

3 Average quoted price for cadmium sticks and balls in lots of 1 to 5 tons.

DOMESTIC PRODUCTION

Domestic cadmium metal production in
1979 increased slightly over that of 1978;
however, production during both years fail-
ed to reach levels achieved during 1976 and
1977.

In mid-December 1979, St. Joe Zinc Co., a
major producer of zinc and byproduct cad-
mium, announced the permanent closure of
its electrothermic zinc smelter at Monaca,
Pa. The company was studying the feasibili-
ty of replacing the Monaca facility with a
new electrolytic smelter at an unspecified
location.

In 1978 recovery of cadmium metal aver-
aged just over 4 kilograms per ton of slab
zinc produced in domestic smelters, compar-
ed with an average of 4.8 kilograms recover-
ed between 1973 and 1977. Recovery of
cadmium in domestic smelters between
1964 and 1973 ranged from 4.2 to 6.3 kilo-
grams per ton of slab zinc.

During 1979 production of cadmium com--

pounds other than cadmium sulfide (cadmi-
um content), which includes both electro-
plating salts and cadmium oxide, increased
over that of 1978. The quantity of cadmium
produced under this category has, with a
few exceptions, registered a steady increase
in recent years. Production in 1979, for
example, was 30 times greater than that of

1971. Cadmium oxide was produced at two

primary-metal-producing plants. Data on
cadmium oxide production are not publish-
ed to avoid disclosing company proprietary
data. The production of cadmium sulfide
(including cadmium sulfoselenide and litho-
pone) during 1979 registered a significant
increase over 1978 production.

Table 2.— Primary cadmium producers in
the United States in 1978 and 1979

Company Plant location
Amax ZincCo.,Inc _______ Sauget, Il1.
ASARCO Incorporated __ _ _ Corpus Christi, Tex.,

and Denver, Colo.

The Bunker HillCo _ . ____ Kellogg, Idaho
Jersey Miniere ZincCo __ __ Clarksville, Tenn.
National ZincCo _ _ _ _ Bartlesville, Okla.
The New Jersey Zinc Co_ _ _ Palmerton, Pa.
St.Joe ZincCo.r ________ Monaca, Pa.

1Closed permanently Dec. 21, 1979.

Table 3.—U.S. production of cadmium
compounds other than cadmium sulfide’

(Metric tons)
Quantity
Year (cadmium
content)
1975 202
1976 _ _ _ 990
1977 695
1978 708
1979 _ 912

Includes plating salts and oxide.

Table 4.—Cadmium sulfide! produced in

the United States
(Metric tons)
Quantity
Year (cadmium content)
1976 895
1976__ _ _ _ 729
97— 639
1978 _ _ 698
1979 - 1,494

_;Includes cadmium lithopone and cadmium sulfosele-
nidae.

CONSUMPTION AND USES

The apparent consumption of cadmium in
1978 was 18% greater than that of 1977, and
in 1979 was 7% greater than that of 1978.

Though actual consumption data are not
gathered by the Bureau of Mines, the distri-
bution of apparent consumption during
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1978 and 1979 was estimated for the follow-
ing principal use categories: Transporta-
tion, coating and plating, batteries, pig-
ments, plastics and synthetic products, and
alloys and other uses. Cadmium consumed
directly in the transportation category,
which included cadmium from each of the
remaining end-use categories, accounted for
an estimated 17% of the total demand.
Electrically or mechanically plated hard-
ware consumed an estimated 34%, while
cadmium used in nickel-cadmium, silver-
cadmium, and mercury-cadmium batteries
was estimated to have consumed 22%. Cad-
mium used in pigments, plastics and syn-
thetic products, and the alloys-and-other
category was estimated to have accounted
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for 18%, 11%, and 3%, respectively of the
total apparent consumption.

Table 5.—Supply and apparent
consumption of cadmium

(Metric tons)
1977 1978 1979
Stocks, Jan.1_______ 2,165 2,571 2,269
Production ________ 1,999 1,653 1,715
Imports, metal _ __ __ _ 2,332 2,881 2,572
Total supply _ __ _ 6,496 7,105 6,556
Exports _ _________ 107 326 211
Stocks, Dec. 31 ___ ___ 2,571 2,269 1,528
Apparent
consumption® _ _ 3,818

4,510 4,817

TRevised.
Total supply minus exports and yearend stocks.

STOCKS

Inventories of cadmium metal held by
metal producers and cadmium metal and
cadmium in compounds held by compound

the quantity of both cadmium metal and
cadmium in compounds held by merchants
and distributors of these products increased

manufacturers generally declined from during the same period.
yearend 1977 to yearend 1979; conversely,
10,000
5
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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 6.—Industry stocks, December 31

(Metric tons)
1977 1978 1979
Cadmium Cadmium Cadmium
Cadmium in Cadmium in Cadmium in
metal com- metal com- metal com-
pounds pounds pounds
Metal producers . _ . _____ 1,452 w 1,152 w 506 w
Compound manufacturers _ _ ___ _____ 2 74 45 58 52 609
Distributors ____ ______________ 255 18 296 18 341 20
Total _ o o 1,779 792 1,493 776 899 629
TRevised. W Withheld to avoid disclosing company proprietary data; included with “Comp d facturers.”

PRICES

The producer price range of $2.25 to $2.50
per pound for cadmium metal established
in December 1977 remained unchanged
throughout 1978. Dealer prices, which were
$1.85 to $1.95 per pound in early 1978,
trended generally upward throughout the
year, closing at $2.13 to $2.23.

During 1979 the producer price for cadmi-
um metal rose to $2.75 to $3.25 per pound by
April, settled at $2.50 per pound from Au-

gust to December, and closed the year at
$2.50 to $3 per pound. Dealer prices during
the year followed a similar upward pattern,
ending at $2.85 to $2.95 per pound.

The announcement in November 1979,
that St. Joe Zinc Co. would close its smelter
reportedly contributed somewhat to the up-
ward price movement exhibited by both
producer and dealer prices toward yearend.

FOREIGN TRADE

Cadmium metal and scrap exports during
1978 registered a significant increase over
those of 1977, while exports for 1979, though
still significant when compared with 1977
exports, declined from those of 1978. Princi-
pal recipient countries during 1978 and
1979 were Belgium-Luxembourg, the Fede-
ral Republic of Germany, the Republic of
Korea, and Canada.

Cadmium metal imports, which have in-
creased since 1972, reached a peak of 2,881
metric tons during 1978 with receipts from
21 countries. In 1979 the imports from 19
countries were lower. During the 2-year
period, Canada continued to be the princi-

pal supplier, followed by Australia, Mexico,
and Belgium-Luxembourg. No cadmium-
bearing flue dusts were imported during the
period.

Table 7.—U.S. exports of cadmium metal
and cadmium in alloys, dross, flue dust,
residues, and scrap

Quantity Value

Year (metric  (thou-

tons) sands)

1977 107 $316
1978 e 326 864
1979 211 550
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Table 8.—U.S. imports for consumption® of cadmium metal, by country

1978 1979
Country Quantity Value Quantity Value
(metric tons) (thousands) (metric tons) (thousands)
Algeria _ _ _ __ __ ____ ________________ 10 $49 — —_
Australia_ _ ________________________ 406 1,736 319 $1,716
Austria - ______ _________ 5 22 - __ —_
Belgium-Luxembourg ___ _______________ 292 1,274 237 1,356
Canada® _ ______ ___________________ 667 3,497 695 3,709
Denmark - _ __ __ __ __ ________________ - 5 23
Finland _ _ _________________________ 82 390 128 710
France _ _ _ __ __ __ __________________ 56 246 100 537
Germany, Federal Republicof _____________ 91 397 20 114
India 8 34 . -
Italy_____ 6 23 . __
Japan 4 18 10 45
Korea, Republicof ____________________ 242 927 200 1,020
Mexico — o _____ 436 1,896 288 1,579
Netherlands - _ _ ___ __ __ ______________ 79 333 103 574
26 107 528
130 550 142 72%
162 629 59 272
48 210 23 135
16 61 23 153
100 407 80 404
Zaire _ __ _ _ _______________________ 35 136 25 167
Total _____ _ - ___ 2,881 12,861 2,572 13,840

1General imports and imports for consumption were the same in 1978 and 1979.

2Includes waste and scrap (gross weight).

WORLD REVIEW

The Korean Zinc Co. dedicated its new
electrolytic zinc plant at Onsan in the
Republic of Korea in November 1978. The
plant has an annual capacity of 50,000 tons
of zinc and 300 tons of cadmium.

On February 6-8, 1979, the Second Inter-
national Cadmium Conference was held in
Cannes, France. The conference was jointly
sponsored by the Cadmium Association of
London, The Cadmium .Council, and the
International Lead-Zinc Research Organiza-
tion, Inc., of New York, and dealt primarily
with the technical, economic, and occupa-

tional health and environmental aspects of
cadmium.

On August 30, 1979, the Government of
Sweden ratified a decision by the Swedish
Product Control Board to impose a partial
ban on the importation and use of cadmium.
Exemptions from the ban, which was due to
become effective in 1980, would be extended
to industries that cannot replace cadmium
with other materials or that can control the
amount of cadmium released into the envi-
ronment.
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Table 9.—Cadmium: World smelter production,’ by country

(Metric tons)
Continent and country 1976 1977 1978° 1979¢
North America: -
Canada (refined)_ _ _ _ _ __ __ _ __________________ 1,314 1,185 964 1,480
United States®_ ____________________________ 2,047 1,999 31,653 31,715
Latin America: )
Mexico(refined) - _ _ _ ___________ . ____________ 710 908 897 990
Peru__ __ _ _ _ L ____ 174 182 €190 220
Europe:
Auwstria - ________________________________ 29 26 33 35
Belgium_________________________________ 1,196 1,434 1,139 1,420
Bulgaria®________.__________ ________.______ 220 200 210 210
Finland . ___________._____________________ 428 521 611 600
France ______ ______ _____________________ 532 790 694 790
German Democratic Republic® _ __________________ 20 20 20 20
Germany, Federal Republicof ___________________ 1,275 1,336 1,182 1,170
Ialy o~ 436 449 383 460
Netherlands® _ _____________________._______ 397 302 402 400
orway _ ____ _ ___ _____ ____ 80 97 120 110
Poland _________________________________ € 750 754 761 766
Romania®_ _______________________________ 100 90 90 90
in __ 246 303 253 230
USSR® ______ o _______ 2,700 2,750 2,800 2,850
UnitedKingdom _________________-__________ 190 295 291 410
Yugoslavia__ _____________________________ €180 189 185 200
Africa:
South-West Africa, Territoryof __________________ g3 80 70 70
Zaire _ _____ __ ____ __ o ___.__ 266 246 186 240
Zambia __ __ ______________ 7 4 €4 4
Asia:
China,mainland®_ __________________________ 100 100 120 120
dia _ o ___ S 34 44 113 180
Japan _ _________ _________ _______________ 2,500 2,844 2,530 2,590
Korea,North® _____________________________ 110 110 110 110
ia: Australia (refined)__ _ _ ___________________ 649 671 754 800
Total - __ 16,773 17,935 16,765 18,280
®Estimate. PPreliminary. "Revised.

1This table gives unwrought metal production from ores, concentrates, flue dusts, and other materials of both domestic
and imported origin. Sources generally do not indicate if secondary metal (recovered from scrap) is included or not; where
known, this has been indicated by footnote. Data derived in part from World Metal Statistics (published by World Bureau
of Metal Statistics, London) and from Metal Statistics (published by Metallgesellschaft Aktiengesellschaft, Frankfurt am
Main). Cadmium is found in ores, concentrates, and/or flue dusts in several other countries, but these materials are
exported for treatment elsewhere to recover cadmium metal; therefore, such output is not recorded in this table to avoid

double counting.
2Includes secondary.
3Final figure.

TECHNOLOGY

A 9-volt, rechargeable, nickel-cadmium
battery was developed utilizing sealed cylin-
drical cell technology. Potential applica-
tions were in calculators and radios. Re-
ported advantages include quick rechar-
ging, long life, high-rate discharge, and no
maintenance.® Cadmium is an essential in-
gredient in electrical contacts that must
resist high temperatures, wear, and seizing.
Recent patents on electrical contacts em-
ploying alloys of cadmium include contacts
resistant to wear and seizing which employ
a sintered silver- cadmium alloy, and high-
current electrical contacts produced by
liquid-phase sintering of cadmium-tungs-
ten-silver alloys.®

Cadmium sulfide, when quenched under a
pressure of nearly 600,000 pounds per
square inch, is partially transformed into a
glassy, metallic, reversibly magnetic phase

that seems to function as a magnetically
controllable superconductor at room tem-
perature. This discovery could lead to the
development of ultrafast solid state comput-
er switches and a broad range of other
electromagnetic devices.!

A new analytical reagent was developed
that is both sensitive and highly selective
for cadmium and does not react with zinc.
By the addition of appropriate masking
agents, the reaction is made specific for
cadmium.’? A method for determining cad-
mium in feces was developed and used to
estimate the average daily cadmium intake
in different age groups in Sweden. It was
observed that smokers had a higher daily
fecal cadmium content than nonsmokers.
Age-related changes in daily fecal cadmium
were also observed.:?

Research directed toward reducing and
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controlling industrial emissions of cadmium
to the environment continued to be an
important area of investigation. A new
method for recovering metals, including
cadmium, from dilute solutions was devel-
oped in England. The process, which uses a
fluidized bed of glass beads 0.0005 millime-
ter in diameter in combination with screen-
like, expanded mesh electrodes, can report-
edly recover metals from dilute solutions
such as electroplating rinse-tank fluids,
where the typical concentrations are 100 to
200 parts per million.* A safe cadmium
emission threshold limit during typical
brazing operations and ways of preventing
toxic fumes of cadmium oxide from reach-
ing workers were developed, and recom-
mendations for safe practice were present-
ed. The safe threshold limit reported for
cadmium oxide is 0.05 milligram per cubic
meter of air measured as cadmium. A booth
developed for safe brazing operations was
described.s

The Bureau of Mines conducted research
aimed at developing economical techniques
for greater recovery of cadmium and other
substances from both liquid and solid indus-
trial process discharge streams. The Bureau
developed a pyrometallurgical method for
recovering metallic cadmium and nickel-
iron residue low in cadmium from scrapped
nickel-cadmium batteries.!¢

Developments in cadmium technology are
abstracted in Cadmium Abstracts, a bi-
monthly publication available through the
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Cadmium Association, 34 Berkley Square,
London W1X 6AJ, England. ‘

Physical scientist, Section of Nonferrous Metals.

2Federal Register. Solid Waste Disposal Facilities. V. 43,
No. 25, Feb. 6, 1978, pp. 4942-4955. -

3Federal Register. Protection of Environment. Part 440,
Ore Mining and Dressing Point Source Category. V. 43,
No. 133, July 11, 1978, pp. 29771-29781.

“Federal Register. Toxic Substances Control. V. 43, No.
208, Oct. 26, 1978, pp. 50140-50147.

SFederal Register. Lead and Cadmium in Decorated
Glass Tumblers. V. 43, No. 242, Dec. 15, 1978, p. 58633.

®Federal Register. Effluent Guidelines and Standards;
Electroplating Point Source Category; Pretreatment
Standards for Existing Sources. V. 44, No. 175, Sept. 7,
1979, pp. 52590-52629.

"Federal Register. Criteria for Classification of Solid
Waste Disposal Facilities and Practices. V. 44, No. 179,
Seg)tA 13, 1979, pp. 53438-53468.

'Quantities in metric tons unless otherwise noted.

Nickel Topics. GE Comes Out With 9-Volt Rechar-
geable Battery. V. 81, No. 1, 1978, pp. 14-15.

1°Kim, H. J., F. J. Reid, and F. J. Scimeca (assigned to
GTE Laboratories, Inc.) Refractory Metal Silver-Cadmium
Alloys. U.S. Pat. 4,088,480, May 9, 1978.

Siemens, A. G. Silver Alloys for Electrical Contacts.
JaPan Kokai 78 30,412, Mar. 22, 1978.

'Homan, C. G., and D. P. Kendall. Magnetic Moment of
Pressure Quenched Cadmium Sulfide. Solid State Commu-
nications (UK), v. 32, September 1979, pp. 521-524.

12Libergott, E. K., C. L. S. Roquette Pinto, and P. L. A.
Aguiar Neto. The Selective Detection of Traces of Cadmi-
um With Benzothiazole Derivative (Pyruvylidine-2-
Hydrazinobenzothiazole). Anal. Chim. Acta. (Netherlands),
v. 101, No. 1, October 1978, pp. 229-230.

3Kjellstrom, T., K. Borg, and B. Lind. Cadmium in
Feces as an Estimator .of Daily Cadmium Intake in
Sweden. Environ. Res., v. 15, No. 2, 1978, pp. 242-251.
44“Chemical Engineering. V. 85, No. 28, Dec. 18, 1978, p.

!5British Association for Brazing and Soldering. Recom-
mendations for the Safe Use of Cadmium-Containing
Filler Metals for Brazing. July 1978, 11 pp.; available from
BNF Metals Technology Center, Grove Laboratories,
Pel:lchworth Road, Wantage, Oxfordshire, 0X129BJ, Eng-

and.

16Wilson, D. A. Recovery of Cadmium From Ni-Cd Scra
Batteries. Proc. 6th Miner. Waste Utilization Symp., U.S.
Bureau of Mines and IIT Research Institute, Chicago, Iil.,
May 2.3, 1978, pp. 420-423.






Calcium and Calcium
Compounds

By J. W. Pressler?

Calcium metal was manufactured by one
company in Connecticut. Calcium chloride
was produced by two companies in Califor-
nia and two companies in Michigan. Syn-

thetic calcium chloride was manufactured
by one company in New York and two
companies in Washington.

DOMESTIC PRODUCTION

Pfizer Inc. produced calcium metal at
Canaan, Conn., by an aluminothermic proc-
ess in which high-purity quicklime and
aluminum powder are briquetted and heat-
ed in vacuum retorts. At 1,170° C, calcium
vaporizes and is collected at the other end of
the retort, which has a water-cooled con-
denser. ‘

National Chloride Co. of America and
Leslie Salt Co. produced calcium chloride
from wells in San Bernardino County, Calif.
Average output increased 20% in 1978, but
decreased 13% in 1979, compared with that
of the previous year. The Dow Chemical Co.,
Velsicol Chemical Corp., and Wilkinson
Chemical Corp. recovered calcium chloride
from brine in Gratiot, Lapeer, Mason, and
Midland Counties, Mich.; however, Velsi-
col’s plant was shut down in 1978. Average
output in Michigan increased 9% in 1978,
but decreased 5% in 1979, compared with

that of the previous year. Total production
of natural calcium chloride in 1978 was
773,000 tons, an increase of 9% compared
with 1977 production; total production in
1979 was 719,700 tons, a decrease of 7%
compared with that of 1978.

Allied Chemical Corp. recovered synthet-
ic 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 syn-
thetic calcium chloride in 1978 was 258,000
tons, a slight increase compared with the
1977 level; in 1979, output was 251,000 tons,
a decrease of 3% compared with the 1978
level.

Table 1.—Production of calcium chloride (75% CaCl. equivalent) in the United States

Natural Synthetic Total
Year Quantity Value Quantity Value Quantity Value
(short tons) (thousands) (short tons) (thousands) (short tons) (thousands)
594,400 $29,047 233,869 $15,137 828,269 1$44,183
648,979 32,889 248,272 14,381 897,251 47,270
710,385 45,048 257,231 17,683 967,616 62,731
773,138 53,868 251,763 21,172 1,030,901 75,040
719,709 51,884 261,052 22,566 980,761 74,450
Data do not add to total shown b of independent roundi
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CONSUMPTION AND USES

Calcium metal was used as a reducing
agent to recover 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 (MF) lead-
calcium (0.1% Ca) automotive storage bat-
tery. As with nickel-cadmium batteries, the
lead batteries were completely sealed, and
replacement 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.

The MF battery continued to consume the
major portion of calcium metal supply, with
Detroit equipping all passenger cars by
yearend 1979.

In addition to its use in the refining of
steel, calcium was used as an additive to
high-tensile steels, such as those used in oil
pipelines. Research has pointed to possibili-
ties of using calcium additives in other high-
quality steels.

The principal use of calcium chloride was
to melt snow and ice from roads, streets,
bridges, and pavements. Calcium chloride is
more effective at lower temperatures than
rock salt and is mainly used in the North-
ern and Eastern States. Because of its
considerably 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 drive-
ways for dust control and as a set-accel-
erator for concrete.

Velsicol Chemical Corp., a subsidiary of
Northwest Industries, was forced to close its
St. Louis, Mich., chemical plant in Septem-
ber 1978 because of environmental pollution
of polybrominated biphenyls. At "least
60,000 tons per year of 78%-equivalent
CaCl, was lost to the marketplace, and
disrupted a market that had price increases
totaling over 14% for that year.

Sales of calcium bromide as a packer and
completion solids-free fluid for oil and gas
wells doubled in the 1978-79 period. The
Dow Chemical Co. expanded its Midland,
Mich., plant capacity in 1979 to 120 million
pounds annually.? A new facility at its
Magnolia, Ark., plant is also being added,
with an annual capacity of 120 million
pounds of calcium bromide, to be completed
in 1981.3

Great Lakes Chemical Corp. of West La-
fayette, Ind., has also increased its calcium
bromide production, and has penetrated the
market appreciably.*

PRICES AND SPECIFICATIONS

The price of calcium metal crowns in-
creased from $1.64 per pound to $1.80 per
pound on October 16, 1978, and to $1.89 per
pound on January 1, 1979, maintaining that
level throughout 1979. The price of calcium-
silicon alloy increased from 51 cents per
pound to 54 cents per pound on April 1,
1978; to 57 cents per pound on October 1,
1978; and to 71 cents per pound on October
1, 1979. Yearend published prices and speci-
fications for 1978 and 1979 were as follows:

Value per
pound
1978 1979
Calcium metal, 1-ton lots, 50-pound
full crowns, 10 by 18 inches,
Ca+Mg99.5%,Mg0.7% — _ _ _____ $1.80 $1.89
Calcium-silicon alloy, 32% calcium,
carload lots, f.0.b. shipping point _ _ _ 57 M

Sources: Metals Week. V. 50, No. 1, Jan. 1, 1979, p. 5; No.
53, Dec. 31,1979, p. 7.



CALCIUM AND CALCIUM COMPOUNDS

Calcium metal is usually sold in the form
of crowns, broken pieces, or billets, shipped
in 55-gallon metal containers with a maxi-
mum of 300 pounds, and gasketed to provide
an airtight condition, with argon atmos-
phere provided if desired. The value for
imported calcium metal in 1978 ranged
from $0.68 to $1.82 per pound, and averaged
$1.66 per pound for the year. In 1979,
comparable values ranged from $0.95 to
$2.07 per pound, and averaged $1.41 per
pound for the year. This did not include the
assessed tariff, which was 7.5% ad valorem
for Most Favored Nation status and 25% ad
valorem for Non-Most Favored Nation sta-
tus.

Calcium chloride is usually sold either as
solid flake or pellet averaging about 75%
CaCl,, or as a concentrated liquid averaging
about 40% CaCl.. The price of calcium
chloride increased 40% for 1978 and 1979,
although published prices did not indicate
this. Yearend published prices and specifi-
cations for 1978 and 1979 were identical, as
follows:

149

Value per ton!
1978 1979
Calcium chloride, regular
-ade, 77% to 80%, flake,
ulk, carload, works _ ___  $67-$70 $67-370
Calcium chloride, liquid,
40% to 45%, tankcar or
tanktruck, works _ _ __ __ 28.25 28.25

Differences between high and low price are accounted
for by differences in quantity, quality, and location.

Sources: Chemical Marketing Reporter. V. 215, N.o. 1,
Jan. 1, 1979, p. 47; v. 216, No. 27, Dec. 31, 1979, p. 31.

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 1978 for natural calcium chloride

" was $69.67 per ton; the average value for

synthetic calcium chloride was $82.14 per
ton. Combining natural and synthetic prod-
ucts, the average value of solid 75% CaCl,
for the year was $79.42 per ton, and the
average value of liquid 40% CaCl. was
$31.91 per ton. Likewise in 1979, the aver-
age value of solid 75% CaCl, for the year
was $89.06, and the average value of liquid
40% CaCl; was $25.89 per ton.

FOREIGN TRADE

‘The following section contains foreign
trade statistics for 1978 and 1979. Those for
1979 are in parentheses.

Exports of calcium phosphates were
129,532 (559,963) tons valued at $19,452,000
($24,114,000), compared with 53,309 tons
valued at $9,550,000 in 1977; leading desti-
nations were Canada, the United Kingdom,
Mexico, and Venezuela (Canada, Mexico,
the United Kingdom, Venezuela, and Thai-
land). Exports of calcium chloride, mainly
to Canada and Mexico, were 45,099 (30,307)
tons valued at $4,539,000 ($5,722,600), com-
pared with 39,552 tons valued at $3,383,000
in 1977. Exports of other calcium com-
pounds, including precipitated calcium car-
bonate, mainly to Canada, the Netherlands,
and Mexico (Mexico, Canada, the Nether-
lands, Saudi Arabia, and the Republic of the
Philippines), totaled 22,519 (20,417) tons
valued at $10,139,000 ($11,874,000), compar-
ed with 14,887 tons valued at $4,053,000 in
1971.

Total imports of calcium and calcium
compounds were 297,400 (323,600) tons val-
ued at $29.3 ($36.2) million. Imports of
calcium metal from Canada, the US.S.R,
and the United Kingdom (the US.S.R,
Canada, and Japan) were 262 (359) tons

valued at $825,000 ($1.0 million). Imports of
calcium chloride, mainly from Canada,
were 42,523 (58,091) tons valued at $2.1
($3.0) million. Imports of other calcium
compounds, mainly from Norway, Turkey,
Canada, the United Kingdom, and France
(Norway, Turkey, France, the Netherlands,
Canada, and the United Kingdom) totaled
254,600 (265,200) tons, valued at $26.4 ($32.1)
million.

Imports of other calcium compounds in-
cluded 99,513 (123,061) tons of calcium ni-
trate, mainly from Norway; 94,053 (81,228)
tons of calcium borate, mainly from Turkey;
33,286 (34,087) tons of chalk whiting, mainly
from France; 10,973 (8,969) tons of precipi-
tated calcium carbonate, mainly from the
United Kingdom, Japan, and France (the
United Kingdom, France, and Japan); 6,611
(7,217) tons of calcium carbide from Canada;
2,017 (1,946) tons of calcium cyanamide,
mainly from Canada; 1,838 (3,599) tons of
calcium hypochlorite, mainly from Japan
and India; and 6,237 (5,062) tons of other
compounds, mainly from the United King-
dom, the Federal Republic of C-+many,
Mexico, and Canada (the United Kingdom,
Canada, and Japan).
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Table 2.—U.S. imports for consumption of calcium and calcium chloride, by year

Calcium Calcium chloride
Year Quantity Quantity
(potinds) Value (short tons) Value!

109,252 $120,883 3,599 $155,727

70,128 77,684 12,021 597,758
461,965 475,119 16,046 480,259
458,319 705,634 19,708 1,002,386
523,835 825,008 42,523 2,101,794
717126 1,015,183 58,091 3,018,443

1{'S. Customs import value, generaily répresenting value in foreign country, and, therefore, excluding U.S. import
duties, freight, insurance, and other charges incurred in shipping merchandise to the United States.

Table 3.—U.S. imports for consumption of calcium chloride, by country

(Short tons)

Count 1978 1979
paid Quantity Value! Quantity Value!
42,198 - $2,010,425 57,993  $2,920,938
1 450 __ __
__ __ 3 4,405
82 46,773 91 86,829
(§)] 643 (@) 934
220 37,888 Q] 450
22 4,360 _Z __
(O] 686 4 2,926
__ __ (@] 305
@) 569 3 1,656
42523 2,101,794 58,091 3,018,443

1U.S. Customs import value. See detailed expl

tion in footnote 1 of table 2.

2Less than 1/2 unit.

WORLD REVIEW

The market economy world annual pro-
duction of calcium metal is estimated to be
between 1,400 and 1,600 short tons. Major
increases in Soviet exports to the United
States in 1979 indicated a magnitude esti-
mate of its production to be 1 million
pounds annually.

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 in 1978, producing about
1,267,000 pounds. Most of it was exported to
the United States (84%), with lesser
amounts to the Republic of South Africa
and Mexico (6% each). About 439,000
pounds valued at $770,000 was exported to
the United States. In 1979, Canada pro-
duced about 1,052,000 pounds of calcium
metal valued at $2,008,000. U.S. imports
from Canada for the year were 296,000
pounds, valued at $613,000, a decrease of
33% compared with the 1978 level.

Canada was the leading source of U.S.
imports of calcium chloride. U.S. imports

more than doubled, from 19,700 tons in 1977
to 42,198 tons in 1978, and increased 37% in
1979 to 57,993 tons.

U.S. exports of calcium chloride to Cana-
da increased from 28,975 tons in 1978 to
30,307 tons in 1979.

France.—Planet Wattohm S.A., a subsid-
iary of Compagnie de Mokta, produced cal-
cium metal by the Pidgeon process. No
metal was exported to the United States in
1978 and 1979. Expansion of MF storage
battery production to Europe is underway,
with General Motors Corp. building a plant
in France. A major portion of the batteries
produced will be exported to other Europe-
an countries for automotive use.

U.S.S.R.—Substantial quantities of calci-
um_metal was produced in the U.S.S.R.
Fifty-five tons of Soviet calcium metal val-
ued at $75,000 was exported to the United
States in 1978, but this increased dramati-
cally in 1979 to 211 tons valued at $402,000,
and represented 59% of all U.S. calcium
metal imports for the year.
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TECHNOLOGY

Increased demand for calcium bromide
high-density, solids-free liquids in the com-
pletion of oil and gas wells was experienced
in 1978 and 1979. Refinements of technology
have emphasized better production tech-
niques in unconsolidated formations, diver-
sification of specific gravity formulations
from 9.1 pounds per gallon (principally
CaCl,) to as high as 19.1 pounds per gallon
(higher percentages of CaBr, and ZnBry),
and recycling of spent liquid for reprocess-
ing and more efficient utilization. Greater
demand was experienced in land-based
wells because of easier control and utili-
zation.®

A heat-storage battery has been devel-
oped by Pipe Systems Inc. (St. Louis, Mo.)
and The Dow Chemical Corp. (Midland,
Mich.), consisting of 30 pounds of calcium
chloride hexahydrate phase-change materi-
al encapsulated in 6-foot-long by 3-1/2-inch-
diameter polyethylene cylinders. Heat is
stored as the latent heat of fusion (82 Btu
per pound) when the salt melts at 81° F,,
and is released when it crystallizes. Accord-
ing to Pipe Systems, 100 rods at $30 each

(under warranty for 10 years and with an
expected lifetime of 20 to 40 years) store
ample heat for an average house.®

W. R. Grace & Co., New York, N.Y., has
developed a new inorganic compound that
can be added to concrete to prevent corro-
sion in bridges. The product, called a Darex
Corrosion Inhibitor, is a compound of calci-
um nitrite and water that is added to the
concrete at the ready-mix plant in propor-
tion of 2% to 4% by weight of the cement.
The compound is said to prevent corrosion
by reacting chemically with the steel that
the concrete contacts. According to Grace,
the compound was developed after 15 years
of research.”

1Physical scientist, Section of Nonmetallic Minerals.

2Chemical & Engineering News. V. 57, No. 4, Jan. 22,
1979, p. 15.
lgflghenéical Marketing Reporter. V. 215, No. 11, Mar. 12,

5 P- 9.

4Great Lakes Chemical Corp. Annual report, 1978, p. 10.

5Dowell Division of The Dow Chemical Co. (Houston,
Tex.). Private communication, Apr. 1, 1980.

6Chemical & Engineering News. V. 57, No. 19, May 7,
1979, p. 15.

7Chemical Week. V. 125, No. 1, July 4, 1979, p. 39.






Cement

By James T. Dikeou!

Portland cement shipments from plants:

in the United States and Puerto Rico, in-
cluding cement imported and distributed by
domestic producers, totaled 83.8 million
tons in 1978 and 83.4 million in 1979.
Shipments in 1979 were 7% higher than
shipments in 1977 but 4% less than the 1973
record high cement shipments of 86.6 mil-
lion tons. Mill value of these shipments
increased to $3.4 and $3.9 billion, respec-
tively, for 1978 and 1979, 21% and 39%
higher, respectively, than that of 1977. This
reflects an increase in the unit value of
$4.35 and $9.88 per ton respectively, for
1978 and 1979, or 12% and 27%, respective-
ly, compared with that of 1977.

Demand for cement during the 2-year
period was strong in most end use sectors.
Housing starts in 1978 remained high, at
about 2 million units, dropping to 1.7 mil-
lion units in 1979. In addition, nonresiden-
tial building exceeded expectations. Total
cement sales in constant dollars rose 13% in
1978 and 17% in 1979 compared with 1977
sales. Much of the increased cement de-
mand was west of the Appalachians. Ce-
ment production capacities in 1978 were not
adequate to meet demand in many parts of
the West and severe shortages were chronic
throughout the year particularly in Wash-
ington, Oregon, California, and Arizona.
Although production of cement for 1979 was
about the same level as in 1978, the short-
ages of the previous year did not occur.
During this 2-year reporting period, produc-
tion was affected by isolated strikes, conver-
sion to coal burning, installation of pollu-
tion control facilities to meet environment-
al regulations, operating difficulties, short-
ages of special railcars, and the inability to
raise capital for expansion of this capital-
intensive industry.

Over the previous 20 years, cement con-
sumption had risen at an average annual
rate of about 2.3%. This is a slightly higher

rate than that of construction as measured
in constant dollars. Contributors to the
higher consumption of portland cement in-
clude concrete slip form pavers for highway
construction; the use of cement for slope
protection in reservoirs; shotcreting for
mine shaft-lining systems; concrete over-
lays on highways and airport runways as a
means of rehabilitation, mainly since 1973;
increased use of concrete rail ties; special
admixtures permitting the manufacture of
higher strength concrete; and wider use of
prestressed and precast structures for in-
dustrial plants, box girders, bridge decks,
and rapid transit systems.

New cement plants being built or mod-
ernized are designed to minimize labor
through the use of automated equipment.
This factor has contributed to labor produc-
tivity gains in the cement industry where
tons-per-employee-hour have risen from 0.9
in 1960 to 2.3 in 1979. During this period,
portland cement manufacturing capacity
increased from 81 million tons to 106 mil-
lion tons in 1979. In contrast the number
employed has dropped from 35,000 to 24,000.

Several new capacities came onstream
including one new plant, four modern-
izations, and expansions and the startup of
a plant that was closed in 1976. Estimates of
the capacity added is about 2 million tons:
However, in general, capacity increases
have been impeded by government legisla-
tion and regulation on both the Federal and
State levels.

Energy continued to be a major concern
in the cement industry. In keeping with a
trend set in motion by the fuel crises of
1974, a number of kilns were converted to
coal as the primary fuel. In addition, sever-
al companies were experimenting with the
burning of industrial wastes, waste oil, and
a variety of combustible materials other
than coal, oil, or natural gas. Another
recent movement has been the acquisition
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i of coal deposits and coal mines by cement
producers. At least five companies
announced plans for the development of
coal reserves and mining facilities.

Civil antitrust suits originally filed in
1976 by the attorney’s general of California,
Arizona, and Colorado against the Portland

:Cement Association and a number of ce-
ment producers alleging a conspiracy to fix,

MINERALS YEARBOOK, 1978-79

maintain, and stabilize cement prices re-
mained very much an issue. Other States
joining the original three include Alabama,
Florida, Kansas, Louisiana, Minnesota, Mis-
souri, Montana, Nebraska, New Mexico,
Oregon, Texas, and Utah. The actions were
scheduled to be heard in the District Court
for the United States for the District of
Arizona in September 1980.

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

1975 1976 1977 1978 1979
United States:!

“* Production® _ _ ____________ 68,139 72,950 78,647 83,986 84,491
Shipments from mills? 3_ 69,1 73,668 80,247 86,557 85,747
Value234 _________ $2,159,160 $2,510,100 $2,932,403 '$3,543,996 $3,991,580
Average value per ton? 3 $31. $34.07 $36.54 $40.94 $46.55
Stocks, Dec. 31 at mills? _ _ 6,930 7,154 6,041 5,320 6,600
Exports _ . __ _.._____ 417 343 236 55 149
Imports for consumption 3,637 3,074 3,989 6,577 9,393
Consumption, apparent® ¢ _____ 70,062 74,136 81,537 87,619 87,799

World: Production”~ _ _ . ________ 773,989 822,418 r872 894 938,095 P957,791

"Prehmmary "Revised.
!Excludes Puerto Rico. ’
2Portland and masonry cement only.

SIncludes imported cement shipped by domestic producers.

" *Value received, f.0.b. mill, excluding cost of containers.
Quantlty shipped, plus imports, minus exports.

Adjusted to eliminate duplication of imported clinker and cement shipped by domestic cement manufacturers

DOMESTIC PRODUCTION

. During 197879, 1 State agency and 57
companies operated 162 plants in 39 States.
An additional two companies operated two
plants in Puerto Rico, manufacturing one or
more kinds of hydraulic cement.

Some -of the tables show statistical data
arranged by State or by groups of States
that form cement districts. A cement dis-
‘trict may represent a group of States or a
portion of a State. The States of California,
New York, and Pennsylvania have, on some
tables, been divided to provide additional
marketing information. Divisions for these
States are as follows:

California, Northern.—Points north and
west of the northern borders of San Luis
Obispo and Kern Counties and the western
borders of Inyo and Mono Counties.

California, Southern.—All other counties
in California.

New York, Western.—All counties west of
a dividing line following the eastern bound-
aries of St. Lawrence, Lewis, Oneida, Madi-
son, Chenango, and Broome Counties.

New York, Eastern.—All counties east of
the above dividing line.

New York, Metropolitan.—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, Clinton,
Centre, Huntingdon, and Franklin Coun-
ties.

Pennsylvania, Western.—All other coun-
ties in Pennsylvania.

PORTLAND CEMENT

As appropriate throughout the remainder
of this report, where different values exist
for 1978 and 1979, the 1978 values are
shown first, with the 1979 values immedi-
ately following in parentheses.

Manufacturers in the United States and
Puerto Rico produced 75.5 (76.1) million
tons of clinker and imported 3.0 (4.2) million
tons of clinker to grind 81.4 (82.1) million
tons of portland cement. Stocks at mills
decreased by 700,000 tons during 1978, but
increased 1.2 million tons during 1979.

Production Capacity.—During 1978-79,
multiplant operations were run by 24 com-
panies. Company size, as indicated by per-
centages of the national total clinker pro-
duction capacity of individual companies,
ranged from 7.2% (6.8%) to 0.25% (0.09%).
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The 5 largest producers provided 28% (28%)
of the total production capacity; the 10
largest provided for a combined 48.5%
(46.4%). At the end of 1979, the 10 largest
companies, in terms of clinker production
capacity, were (1) Ideal Basic Industries,
Inc.; (2) Lone Star Industries, Inc.; (3) Mar-
tin Marietta Corp.; (4) General Portland,
Inc.; (6) Kaiser Cement Corp.; (6) Amcord,
Inc.; (7) National Gypsum Co.; (8) Marquette
Cement Co.; (9) Medusa Corp.; and (10)
Southwestern Portland Cement Co.

At the end of 1979, 377 kilns located at
157 plants were being operated by 50 com-
panies and 1 State agency in the United
States and Puerto Rico. Estimated annual
clinker production capacity at yearend was
89.1 (89.7) million tons. An average of 54 (57)
days downtime was reported for kiln main-
tenance and replacing refractory brick. An-
nual clinker production of the industry was
75.5 (76.1) million tons. The industry oper-
ated at 85% (85%) of its apparent capacity,
compared with 82% in 1977. Average annu-
al clinker capacity of U.S. kilns was 234,000
(237,900) tons; average plant capacity was
567,000 (571,000) tons and average company
capacity was 1,747,000 (1,759,000) tons. Of
the 157 clinker-producing plants, 6 produc-
ed white cement. In addition, 12 plants
operated grinding mills using only imported
or purchased clinker, or interplant trans-
fers of clinker. Of these 12, 11 had for some
years operated in this manner; the other
operated from mid-1978. This latter plant
was normally a clinker producer but had
closed its kilns in 1976 and restarted them
in 1979. Of the 11 grinding plants in 1979, 6
produced portland cement only, 1 ground
clinker for both masonry and portland ce-
ment, and 4 produced only masonry cement.
Based on the fineness necessary to grind
Types I and II cements and making allow-
ance for downtime required for mainte-
nance, the cement industry in the United
States and Puerto Rico had an estimated
annual grinding capacity of 105 (106.5) mil-
lion tons of cement.

During 1978-79, clinker was produced by
wet-process kilns at 89 (88) plants and by
dry-process kilns at 61 (61) plants; 7 (8)
additional plants operated both wet and dry
kilns. All new plants that came onstream in
1978-79 and those currently under construc-
tion are dry-process, preheater equipped,
single-kiln systems with capacities in excess
of 500,000 tons of clinker. Newer plants,
expected onstream in the early 80’s, are
planned to be equipped with flash calciners.
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The trend towards increasingly large and
high-capacity cement kilns has led, in Ja-
pan and Europe, to the development of
precalcining processes in which the input of
heat is divided between two firing systems.
The secondary firing system, installed be-
tween the cyclone preheater and rotary
kiln, is fed up to 60% of the required fuel.
The kiln feed material is up to about 90%
calcined before entering the kiln. Advan-
tages of precalcination include reduced con-
sumption of refractory lining material, high
kiln utilization, lower nitric oxide emis-
sions, and the use of lower grade fuels.
However, for equal throughout perfor-
mance, the heat consumption is slightly
higher than that of the conventional pro-
cess with cyclone preheaters. During 1978, 5
new suspension preheaters were put into
operation, bringing the yearend totals to 40
suspension and 14 grate preheaters. At the
end of 1979, 38 suspension and 11 grate
preheaters were reported to be in operation.

Capacity Added in 1978.—Centex Cement
Corp. in mid-1978 opened a new plant at a
new site, Buda, Tex. (near Austin). Plant
capacity is rated at 500,000 tons and con-
struction cost was $32 million.

Coplay Cement Manufacturing Co. in
March 1978 put onstream its new plant at
its existing Nazareth, Pa. site. Plant capaci-
ty is rated at 1.1 million tons and was
constructed at a cost of $50 million. There is
no net capacity. increase due to shutdown of
old plants. Coplay is a wholly owned U.S.
subsidiary of Societe des Ciments Francais.

Lehigh Portland Cement Co. in October
1978 completed the modernization and ex-
pansion program it started in 1976 at its
Mason City, Iowa plant. Net capacity
change adds about 150,000 tons, bringing
total plant capacity to 750,000 tons. Total
cost was about $25 million. Lehigh is a
wholly owned subsidiary of the Portland-
Zementwerke, Heidelberg A.G.

Lone Star Lafarge Inc. completed con-
struction of a new plant to manufacture
“SECAR” brand high-purity calcium alum-
inate cement, a premium-priced cement
with applications in refractories, chemical
processes, and other special industrial uses.
The new plant is located at Chesapeake,
Va,, an existing site, and was designed and
engineered by Lone Star Lafarge Consul-
tants Ltd., Canada. Capacity change was
not announced.

South Dakota Cement Co. in early 1978
completed its expansion and modernization
program at its existing facility at Rapid
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City, S. Dak. New capacity added was about
500,000 tons at a cost of $27.8 million. South
Dakota Cement Co. is owned by the State of
South Dakota.

Southwestern Portland Cement Co. in
mid-1978 finished modernizing its Odessa,
Tex. plant. New capacity added was about
260,000 tons.

Plants Reopened in 1978.—Two old
plants were reopened under new manage-
ment. The Independent Cement Corp.
reactivated the former Colonial Sand &
Stone Co., Inc. plant, at Kingston, N.Y. It
had a lease with option to buy and planned
to improve this operation further. Reactiva-
ted capacity was rated at 750,000 tons.

SME Cement, Inc., a newly organized
cement producer, restarted the Diamond-
Flintkote Co. plant at Middlebranch, Ohio.
The plant had been forced to shut down due
to environmental control factors begining
in late 1975 with final shutdown in mid-
1976. SME Cement, Inc., bought the plant in
1977 and began grinding purchased clinker
in mid-1978. Clinker production began
again in 1979 in two of the four kilns. Both
are dry process, coal fired. New capacity
onstream is approximately 275,000 tons.

Capacity Changes in 1979.—Ideal Ce-
ment Co. completed construction early in
1979 of their new preheater-precalciner kiln
at Knoxville, Tenn. Cost of construction was
$50 million. The new dry-process, 580,000-
ton-capacity kiln replaced old wet-process
kilns, and increased the total capacity at
this plant by 110,000 tons.

OKC Corp.’s $22 million expansion of
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their Pryor, Okla., plant was essentially
completed by the end of 1979. Plant capaci-
ty was increased from 450,000 tons to
750,000 tons through the addition of a third
kiln and new primary crusher, storage, and
blending facilities. New pollution control
equipment was also installed.

In late December of 1979, Kaiser Cement
Corp. completed modernization of its San
Antonio, Tex. plant. The project, which cost
$16.5 million, consisted of replacing three
old wet-process kilns with a new dry process
kiln with preheater and precalciner. Capac-
ity remained at 490,000 tons of finished
cement.

Oregon Portland Cement Co. in 1979
opened its new plant at Durkee, Oreg. The
500,000-ton-capacity, dry-process preheater
plant, constructed at a cost of $46 million,
replaced the company’s old 200,000-ton-
capacity plant.

Texas Industries, Inc., completed con-
struction of its new cement plant at Hunter,
Tex. . The 550,000-ton-per-year-capacity,
dry-process plant includes a preheater-
precalciner system, and was constructed at
a cost of $50 million.

Portland Cement Co. of Utah added a new
11- by 300-foot wet-process kiln, replacing
two small kilns, to increase its plant capaci-
ty from 260,000 to 420,000 tons per year.

Capacity Changes Scheduled for Com-
pletion During the Period 1980-81.—
Several major clinker capacity increases
are expected as summarized in the follow-
ing text table.

" Capacdity (thousand tons)
Company Location Process Preheater (millions) From To Differ-
ence
New:
General Portland, Inc Balcones, Tex _ _ _ _ D, SP,PC $85 —— 925 925
Expansions:
Ideal Basic Indus-
tries,Inc ____ __ Boettcher, Colo _ _ _ D,GP 34 325 460 135
Martin Marietta
Corp__ _______ Lyons, Colo _ ____ D, SP, PC 7 434 451 17
Medusa Corp _ _ _ _ _ Charlevoix, Mich _ _ D,SP,PC 50 750 1,370 620
Total 1980 _ ___ _________ 1,697
ew:
Ideal Basic Indus-
tries,Inc ____ __ Thedore, Ala _ __ _ D, RSP, PC 175 - 1,500 1,500
Expansions:
California  Portland
ment Co __ _ __ Mojave, Calif _ __ _ D, SP,PC 100 1,100 2,100 1,000
The Flintkote Co_ _ _ Redding, Calif_ _ _ _ D, SP, PC 42 290 600 310
Kaiser Cement Corp Permanente Calif _ D, RSP 97 1,600 1,600 0
Lone Star Industries,
Inc._________ Santa Cruz, Calif _ _ D, SP 65 395 750 355
Marquette Cement
Co__________ Cape Girardeau, Mo D, RSP 80 275 1,000 725
Martin Marietta
Corp___ ______ Davenport, Iowa _ _ D, SP, PC 80 500 850 350
Total 1981 _ _ _ _ _ 4,240
D Dry. GP Grate preheater. PC Precal RSP Reinforced suspension preheater. SP S

preheater.
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Capacity Changes Announced for Com-
pletion After- 1981.—Three new plants at
new sites have been announced but con-
struction dates were not given. Lone Star
Industries, Inc., and Texas Crushed Stone
Inc., Georgetown, Tex., announced an agree-
ment in principle under which Lone Star
will construct a new 1-million-ton-per-year
plant at Georgetown, Tex.? Lone Star was to
purchase the plant site from Texas Crushed
Stone adjacent to the latter’s existing lime-
stone quarries and Texas Crushed Stone
was to supply raw material for the cement
plant.

Martin Marietta Cement Corp. began
marketing and transportation studies along
with a raw material reserve evaluation at a
site near Leamington, Utah. Stansbury
Mining Corp. signed a multiphase drilling
and development contract with Martin Ma-
rietta. Drilling was to be in two stages to
determine if there were sufficient reserves
of limestone and allied raw material to
justify a cement plant with a capacity of
500,000 tons per year.?

Lone Star Industries, Inc., through its
subsidiary Portland Cement Co. of Utah,
planned to construct a new 500,000-ton-per-
year plant at Grantsville, Utah.

Plant Closing.—In late 1979, G. & W. H.
Corson, Inc., stopped manufacturing mason-
ry cement at its Plymouth Meeting, Pa.
plant.

Corporate Changes.—Mergers by U.S.
companies as well as acquisitions of U.S.
cement companies by foreign interests con-
tinued. It is estimated that between 10%
and 14% of U.S. cement capacity was owned
by foreign interests at yearend 1979. Among
the corporate changes are the following:
Genstar Ltd., a Montreal- based land devel-
opment conglomerate with roots in Societe
Generale de Belgique, obtained 21.5% of the
outstanding common stock of the Flintkote
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Co. in 1978. Through a tender offer to its
‘shareholders made late in 1979 and conclud-
ed shortly after yearend, followed by a
merger in February 1980, Flintkote became
a wholly owned Genstar subsidiary. Total
cost of this acquisition was $447 million.

Independent Cement Corp., a subsidiary
of St. Lawrence Cement Co., during 1978
entered into a long-term lease with option
to purchase, with Colonial Sand & Stone
Co., Inc. of New York to operate the closed
plant at Kingston, N.Y.

‘Medusa Corp. was the object of merger
attempts by four large corporations during
1978. Medusa became a subsidiary of the
Crane Co. and retains its headquarters in
Cleveland, Ohio. The consent agreement
requires that Crane, prior to about Septem-
ber 1980, divest itself of its Dixon, Ill.
cement plant. It also bars the Crane chair-
man of the board from buying assets or
acquiring more than 3% of another cement
company.*

Amcord, Inc., in 1979 became a wholly
owned subsidiary of Gifford-Hill & Co., Inc.
Amcord, the nations sixth largest cement
producer operated five cement plants in
California, Arizona, Michigan, and Pennsyl-
vania. ’

Santee Portland Cement Co., Holly Hill,
S.C., was purchased by Dundee Cement Co.
in 1978. The acquistion of the 1.2-million-
ton-per-year plant gave Dundee new mar-
kets in North Carolina, South Carolina, and
parts of Georgia, Florida, and Virginia.

Wyandotte Cement Inc., near Detroit,
Mich., was acquired in 1978 by St. Mary’s
Cement Co., Toronto, Canada, marking the
first move outside of Canada by the com-
pany. Wyandotte was to grind clinker from
St. Mary’s Bowmansville, Ontario, Canada
plant. Annual grinding capacity was about
350,000 tons.
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Table 2.—Portland cement shipped by producers in the United States, by district 2
(Thousand short tons and thousand dollars)

1978 1979
Type Average Average
Quantity Value per ton Quantity Value per ton
4,180 122,006 29.18 4,123 139,593 .85
4,805 155,921 82.44 4, 181,019 38.78
1,945 72,648 37.35 1,841 , 4271
2,300 78,038 33.92 2,280 88,570 38.84
2, 75,637 37.40 1,921 87,483 45.54
5,917 211,786 35.79 5,683 252,058 44.35
426 81,757 33.711 2,389 95,549 39.99
2,113 ,242 37.99 1,889 79,604 4214
1,568 ,223 38.40 1,335 57,146 42.80
1,871 ,584 37.19 1,775 80, 45.34
1,940 70,532 36.35 1,831 79,377 43.35
2,766 111,892 40.45 2,957 126,562 42.80
1,435 51,504 35.89 1,335 55,117 41.28
2,837 108,972 38.41 2,578 103,187 40.02
1,628 70,109 43.06 1,563 77,937 49.86
1,125 47,450 42.17 1,218 59,319 46.70
545 21,703 39.82 670 31,273 46.67
2,646 107, 40.56 2,371 109,628 46.23
4,733 175,962 37.17 4,430 194,285 43.85
2,083 78,717 37.79 2,086 88,619 42.48
2,791 114,950 41.18 2,702 122,343 45.27
8,808 ,220 45.55 9,353 475,836 50.87
{ommg , Montana,Idaho ______ . ____ 1,085 49,239 4538 1,050 55,522 52.87
Co New Mexico, Utah, New Mexico _ _ 3,945 185,104 46.92 3,996 206, 51.64
1,760 86,671 49.24 1,761 98,659 56.02
1,005 51,266 51.01 1 54, 56.05
866 147,686 51.53 2,894 161,338 55.74
6,423 325,800 50.72 6,830 380,477 55.70
441 25,626 58.10 469 29,34 62.57
1,442 78,981 54.17 1,406 70,197 49.92
3 81,451 3,318,561 40.74 80,384 3,720,633 46.29
Foreignimports® _________________ 2,398 94,715 39.49 3,006 135,712 45.14
Total oraverage_ _ __ ________ 83,849 3,413,276 40.71 83,390 3,856,345 46.24
*Includes data for six white cement facilities: Texas (two); Pennq'vanm (two); California (one); and Wisconsin (one).
Includes data for seven grinding plants as Mict (two) (two); one each in Florida and New York;
and one in Ohio in 1978 and one in Pennsylvanm in1979.
Puerto Rico.
3Data may not add to totals shown b of independent roundi

“Includes cement produced from imported clinker.
SCement imported and distributed by domestic producers only.
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Table 4. —Clmker capacity and production in the United States, by district, as of
December 312

Active plants N Daily
L Process used of (th‘l:ausatynd
District Wet Dry - Both Total kilns short tons)

1978 1979 1978 1979 1978 1979 1978 1979 1978 1979 1978 1979

New York and Maine_ _ __ _ 6 6 2 2 - __ 8 13 13 159 158
Pennsylvania, eastern _ __ _ 3 3 8 7 —— . 11 10 34 31 20.2 19.1
Pennsylvania, western _ __ _ 3 3 2 2 - _— 5 10 10 13 76
Maryland and West
Virginia _ 2 2 2 2 __ . 4 4 10 10 8.1 8.2
Ohio _____ 2 2 2 3 1 1 5 6 10 12 75 .85
Michigan _ 4 4 1 ) S 5 5 15 15 168 168
Indiana ____ 2 2 3 3. - __ 5 5 10 10 104 106
Hlinois______________ — 4 4 - __ 4 4 10 10 93 103
Tennessee_ _ __________ 6 5 - - - 1 6 6 13 13 54 6.6
Kentucky, North
ina, Virginia _____ 1 1 2 2 . __ 3 3 8 8 6.8 6.9
South Carolina_________ 2 2 1 1 - __ 3 3 7 7 7.3 78
orida _____________ 4 4 1 1 - __ 5 5 11 1 113 113
Georgia _ ____________ L 2 2 1 1 3 3 5 5 48 48
Alabama ____________ 3 3 4 4 _ - 7 7 15 14 115 117
Louisiana and Mississippi _ _ 4 4 —_— — —_ _— 4 4 8 5.6 5.6
Nebraska and Wisconsin_ _ _ - 2 2 __  __ 1 1 3 3 7 7 3.1 3.1
South Dakota _________ - - o - 1 1 1 1 4 4 3.3 33
Towa_______________ 3 3 2 2 __  __ 5 5 13 13 9.5 9.5
Missouri ____________ 5 5 2 2 - __ 7 1 12 12 1563 153
Kansas _____________ 3 3 2 2 - __ 5 5 15 15 13 7.3
Oklahoma and Arkansas_ _ _ 3 3 2 2 __ 5 5 11 11 8.6 8.7
______________ 12 12 4 4 2 2 18 18 46 46 279 282
Wyommg Montana, Idaho _ 4 4 —— —— — —— 4 4 5 5 31 31
Colorado, Arizona, tah,
3 3 5 5 __  __ 8 8 21 20 131 133
3 3 1 1 - = 4 4 7 7 35 35
2 2 1 1 - 3 3 7 7 33 33
2 2 2 2 - 4 4 13 13 9.5 9.4
2 2 5 5 1 1 8 8 29 29 218 222
1 1 1 1 . . 2 2 2 2 1.8 18
2 2 - __ - __  __ 2 2 9 9 7.3 74
89 88 61 61 7 8 157 157 380 377 286.6 2903
Average Apparent
number annual P;Odlic- Percent
of days for capacity® (tho(m d e
mainte- (thousand shortust:ll:s)
nance short tons)
1978 1979 1978 1979 1978 1979 1978 1979
New YorkandMaine _______________ 53 T2 4960 4,630 3951 4,061 79.7 81.7
Pennsylvania, eastem_ N, 41 52 6,540 5980 4,629 4,827 70.8 80.7
Pennsylvania, western ______________ 33 52 2421 2376 1901 1,882 18.5 79.2
Mary!and and West erguua __________ 51 49 2544 2592 2210 2305 86.9 88.9
59 41 2,295 2,751 1,935 2,044 843 4.3
37 34 5513 5562 5, 4,738 90.8 856.2
71 65 ,055 3,182 2,269 74.3 76.2
38 3039 3320 2 2,036 66.6 61.3
42 51 1,744 2,074 1519 1455 87.1 70.2
45 4 2174 2217 1,785 1,781 82.1 80.3
71 277 2,148 2,028 2,050 89.1 95.4
59 74 3463 3,287 2,703 2804 78.1 85.3
35 44 1,582 1543 1364 1,34 86.2 85.8
2 3,370 3,628 3,056 3,103 90.7 85.5
61 1,684 1,701 1,460 1,501 86.7 88.2
88 44 994 9| 97.6 95.9
73 93 962 899 545 656 56.7 73.0
51 51 2979 2981 2333 2332 783 78.2
55 4,823 4,744 4348 4253 90.2 89.7
56 47 2254 2318 1,984 2,064 88.0 89.0
52 809 2,725 2,741 2,568 97.6 94.2
52 52 8724 8822 7907 8362 90.6 94.8
Wyommg Montana,Idaho_ ___________ 33 52 1,028 970 1,032 970 1004  100.0
Colorado, Arizona, Utah, New Mexico _ __ __ 53 61 4,093 4,049 3712 3,665 90.7 90.5
Washington_ ____________________ 40 28 1,136 1,180 1,120 1,112 98.6 94.2
Oregon,Nevada __________________ 46 51 1,062 1,035 976 953 92.8 92.1
California, northern____ ____________ 63 70 2,873 2,770 2,404 2361 83.7 85.2
California,southern________________ 65 56 6,520 6867 5854 5776 89.8 84.1
Hawaii________________________ 104 107 469 464 430 445 91.7 95.9
PuertoRico . ____________________ 107 110 1,880 1,885 1,390 1,338 73.9 71.0
Totaloraverage — _ ______________ 54 56 89,121 89,694 75455 176,143 84.7 849

Includes Puerto Rico.

2Includes white cement producing facilities.

’Calg;lated on individual company data: 365 days, minus average days for maintenance, times the reported 24-hour
capaci
Includes production reported for plants which added or shut down kilns during the year.
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Table 5.—Daily clinker capacity, December 31! 2

Short tons _ i Number Total zfrtget:f
per 24-hour period Plants Kilns® (short tons) capacity
1978:
Lessthan600 _ _ _ _ ____ ______________ 5 T 2,287 0.8
600to1,150_ _ _ ___ __________________ 34 64 29,370 10.2
1,150te1,700_ _ _ . __________ 48 107 67,293 23.5
1,700t02300_ _ _ _ _ __ ________________ 31 iy 61,676 21.5
2,300t02,800_ _ _ ____________________ 15 37 37,018 12.9
2800andover - ___ __________________ 24 88 89,177 31.1
Total - ___ ___ L _____ 157 380 286,821 100.0
5 7 2,271 0.8
33 59 28,792 10.0
,1 49 108 69,052 23.7
N( 29 70 57,868 19.9
2,300t02800__ _ _ __ _________________ 16 41 39,291 13.5
2800andover _ __ __ _________________ 25 92 95,571 32.1
Total — _ 157 377 290,845 100.0
Includes 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 1978 1979
Calcareous:
Limestone (includ ite, marble,chalk) _______________________ 78,452 83,163
Cement rock (includesmarl) __ ________________________________ 84,429 30,987
Oystershell __ _ __ _ _ _ 2,064 1,341
Argillaceous:
Clay_ e 6,758 7,016
Shale . __ _ ____ e 4,399 4,289
Other (includes stauroli ice, and
. volcanicmaterial) _ ___ __ _________________________________ 225 362
Siliceous:
Sand _____ _ 2,306 2,128
Sandstoneandquartz ___ ____ _____ __________________________ 710 808
Ferrous: Iron ore, pyrites, millscale, and other iron-bearing material . _ ___________ 1,037 1,063
oﬂlel’:
G andanhydrite - _____ __ __ ___ __ 4,260 4,324
Bmuf?llmaoe slag ____ _ ____________________ 479 483
Flyash ____ __________ _____________ 483 509
er,ne.C _ _ _ . _ _ _ o ___ 22 6
Total - 185,624 136,479
Includes Puerto Rico.
MASONRY CEMENT good, Ala; G. & W. H. Corson, Inc., Ply-

Shipments of masonry cement totaled 4.2
(3.8) million tons. The 1978 shipments ex-
ceeded the previously record high ship-
ments of 1973 by 20,000 tons. The average
unit price was $50.53 ($54.59) per ton. At
yearend 1979, 105 plants were manufactur-
ing masonry cement in the United States.
During 1978 and part of 1979, four plants
produced masonry cement exclusively, as
follows: Cheney Lime & Cement Co., All-

mouth Meeting, Pa.; Campbell-Grove, Div.
of the Flintkote Co., Frederick, Md.; and
Riverton Corp., Riverton, Va. G. & W. H.
Corson, Inc. stopped production of masonry
cement during 1979, leaving only three
exclusive producers at yearend.

In many parts of the country, masons
preferred to do their own blending of port-
land cement. As a result masonry cement
was not produced in some parts of the
country.
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Table 7.—Masonry cement shipped by producers in the United States, by district® 2
(Thousand short tons and thousand dollars)

1978 ' 1979

District
’ Quantity Value ‘;Z:r‘:ie Quantity Value ‘;:‘:me
New York and Maine _ _______________ . 86 3,209 37.31 84 3,793 45,15
Pennsylvania, eastern_ _ 282 15,023 53.27 275 16,948 61.62
Pennsylvania,western _______________ 163 7,780 47.73 141 7,229 51.26
Maryland and West Virginia_ 159 6,354 39.96 146 6,793 46.52
Ohio 196 10,955 55.89 170 10,869 - 63.93
294 13,621 46.32 262 16,455 62.80
517 24,375 47.15 455 23,699 52.08
217 10,443 4812 : 170 8,600 50.58
268 13,153 49.26 247 13,236 - 53.58
232 13,124 56.56 255 13,098 51.36
105 4,849 46.18 102 5,172 50.70
Alabama 357 17,293 48.57 303 13,930 45.97
Louisiana, Mississippi, South Carolina _ _ ____ 325 16,904 52.01 291 16,420 56.42
Nebraska and Wisconsin ______________ 21 1,509 71.85 21 1,513 72.04
SouthDakota _ ____________________ 9 492 54.66 7 434 62.00
Towa _____ _____________________ 88 5,390 61.25 69 3,844 55.71
Missouri __ ______________________ 89 4,112 46.20 82 4,159 50.71
_________________________ 96 4,558 47.47 4,525 50.84
Oklahomaand Arkansas __ ____________ 145 7,202 49. 128 T 54.68
Texas __ ________________________ : 17,248 59.47 268 15,593 58.18
Wyoming, Montana,Idaho _ _ ___________ 11 732 66.54 11 63.81
Oolorado Arizona, Utah, New Mexico __ _ _ __ 153 8,689 56.79 150 8,892 59.28
h.lngbo ______________________ 9 626 69.55 10 741 74.10
Oregon andNevada _ ________________ 1 75 75.00 1 64 64.00
California,northern _ _ __ _____________ — 22 - —- —_ e
California,southern _________________ —— . _ e __ —
Hawaii ____._____________________ 11 828 75.27 12 1,086 90.50
PuertoRico ____ __________________ . _— _— __ —— -
Us. total oraverage® _____ _____ 4,124 208,566 50.57 3,748 204,797 54.63
Forelgn imports* _ _ _ __ ______________ 26 1,135 43.65 14 637 45.50
Totdl or average _ ____________ 4,150 209,701 50.53 38,762 205,434 54.59
Does not include quantities produced on the job by masons.
2Includes Puerto Rico.
3Data may not add to totals shown b of i dent roundi

“Cement imported and distributed by domestic producers only. Source of imports withheld to avoid disclosing company
proprietary data.
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Table 8.—Masonry cement production and stocks in the United States, by district*

(Thousand short tons)
1978 1979
- Plants Plants
District gctiye ) Pl;(_)dll@ fmﬁ: ‘ziactl.ve Prcgduc- ft i
uring ion uring ion
e Dec.31 O Dec. 31
3 81 7 3 86 10
9 270 20 9 285 26
5 163 17 5 144 21
3 166 6 3 149 11
4 189 9 4 178 18
5 284 62 5 278 i
5 520 48 4 464 56
5 239 16 5 173 15
4 263 11 4 255 20
4 237 11 4 267 9
3 80 11 3 108 12
6 355 23 6 308 29
uisiana, Mississippi, South Carolina_ ______ _ 4 321 18 4 280 18
Nebraskn and Wisconsin __ _ _____________ 3 22 4 3 20 3
South Dakota_ _ _ _ _ _ __ __ _____________ 1 14 6 1 3 3
Iowa - _ - 3 84 5 3 e 15
Missouri _ . ____________ 4 83 7 4 83 9
_______________ 5 103 15 5 88 14
Oklahoma and Arkansas __ _ __ 5 144 1 5 131 9
_______________ 11 297 19 11 269 27
Wyommg Montana, Idaho. 3 13 4 4 11 3
Colorado, Arizona, Utah, New Mexico ________ 6 152 7 5 154 10
Wi n. 3 10 2 3 12 4
- . ® - — V]
- - @ - - —
T2 12 T4 "2 10 "2
106 44,102 339 105 43,833 421
‘Includes Puerw Rico.
3Less than 500 short tons.

“Includes 3,360 tons produced from clinker, and 742 tons produced from cement (1978); 8,129 tons produced from

clinker, and 704 tons produced from cement (1979).

ALUMINOUS CEMENT

Aluminous cement, also known as calci-
um aluminate cement, high-alumina ce-
ment, and “Ciment Fondu,” is a nonport-
land hydraulic cement. It was produced at
the following three plants in the United

States: United States Steel Corp., Universal
Atlas Cement Div., Buffington, Ind.; Lone
Star Lafarge Co. at Chesapeake, Va and
Aluminum Co. of America at Bauxite, Anz

As previously discussed, Lone Star
brought online its new plant at Chesapeake,
Va., during 1978.

ENERGY

High energy cost and its availability have
been an industry concern since 1974. Much
progress has been made toward lowering
the amount of energy required to produce a
ton of finished cement. Many older plants
have been converted from wet-process to
dry-process systems, some have been con-
verted to burn coal as a primary fuel source,
and preheaters and precalciners have been
installed in new and modernized plants.
These were some of the approaches that the
cement industry used in their attempts to
reduce the overall energy consumption per

ton of cement by 15.7% by January 1, 1980,
as targeted by the U.S. Department of
Energy on June 9, 1977. The base year in
the U.S. Government’s voluntary energy
conservation program is 1972. Data show
that U.S. producers did not achieve the
goal. Energy consumption per ton of produc-
tion was reduced by 9.8% in 1978 and 8.2%
in 1979. In the United States, coal account-
ed for 69% (72%) of total kiln fuel consump-
tion, compared with 41% in 1972.

Coal is the one energy source that the
United States has in abundance and it is the
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major alternative to oil or natural gas.
Several companies have reported on pro-
grams involving conversions to coal as a
prime fuel in their kiln systems. Ideal Basic
Industries noted that all but one plant is
capable of using coal as kiln fuel. Only the
Mobile, ‘Ala., kilns used natural gas or oil
and this plant was scheduled to be closed
once the new Theordore, Ala., plant comes
online. Their new Knoxville, Tenn. dry-
process plant, equipped with a preheater
and precalciner, was coal-fired and consum-
ed less than 4 million Btu’s to produce 1 ton
of clinker. At the Boetcher, Colo. plant, a
traveling grate preheater allows kerogen,
contained in a natural limestone admix-
ture, to become part of the fuel mixture and
thus results in a savings of one-fourth the
normal amount of fuel required. Average
fuel consumption has been reduced at Ideal
plantsby 13% using 1972 as the base year.s

Lone Star Industries, Inc., spent $5 mil-
lion to convert its Maryneal, Tex., plant
from natural gas to coal. Startup occurred
in early spring 1979.

Gifford-Hill & Co., Inc., completed coal
conversion construction at both its Midlot-
hian, Tex. and Harleyville, S.C. cement
plants. Coal at these plants was to be hauled
by railcars and stored in stockpiles.®

Alpha Portland Industries, Inc., with the
conversion of its Orange, Tex. kiln to coal,
had five of its six plants burning coal as a
primary fuel. During 1975-77, the company
had been experimenting with burning in-
dustrial wastes in the Jamesville, N.Y. kiln.
Since the process was wet, it provided an
ideal means of disposing of certain liquid
wastes. Alpha had found the cost of energy
received in the form of such wastes is much
lower than the cost of equivalent energy
found in traditional fuels. Based on experi-
ences at Jamesville, the company is install-
ing facilities to handle similar materials at
its Birmingham, Ala. and St. Louis, Mo.
plants?”

Several cement companies were involved
with developing coal properties during this
reporting period. Amcord Inc., announced
that it would spend $12 million adding to its
present coal mining capacity at its mine
near Gallup, N. Mex., increasing production
from 150,000 to 400,000 tons per year. Its
Lucas Coal Co. mine in Grove City, Pa., was
to increase output from 230,000 to 600,000
tons per year.?

California  Portland = Cement  Co.
undertook an option to a long-term coal
mining lease covering 960 acres of coal-
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bearing property in Southern Utah, owned
by Ivie Creek Coal Co. The property has 20
years of recoverable coal reserves.®

Kaiser Cement Corp. applied to the Texas
Railroad Commission for a permit to mine
coal at a leased 3,500-acre site in Coleman
County, Tex. Proven reserves were 3 million
tons, and coal from this deposit was to be
used at the San Antonio, Tex. plant. Mining
was to be done by a wholly owned subsid-
iary, Armistad Fuel. Annual production
was to be 200,000 to 300,000 tons.*®

Texas Industries, Inc. planned to use coal
as its principal fuel source at its new plant
at Hunter, Tex. :

The Flintkote Co.’s Calaveras Cement
Div. reported that they converted the fuel
source for their San Andreas and Redding,
Calif. plants from natural gas to coal. Bitu-
minous coal was mined near Salina, Utah
by Coastal States Energy Co. and shipped by
rail over the Sierras to the San Andreas and
Redding plants. New coal systems at the
two plants cost over $5.5 million."

During 1978-79, total energy from fossil
fuels consumed by the cement industry in
clinker manufacture was about 422 (427)
billion Btu’s. Of these amounts, 291 (306)
billion Btu’s were derived from coal; 86 (88)
billion Btu's from natural gas; and 45 (32)
billion Btu’s from fuel oil. Total tonnage
consumption of coal by the industry in 1979
was 5% more than it had been in 1978.
Consumption by the industry of natural gas
in 1979 was 87.8 billion cubic feet, a 4%
increase in usage compared with that of
1978.

Energy from fossil fuels consumed in
cement plants to produce clinker average
5.6 million Btu’s per ton for each of the 2
years ranging from 12.8 million to 2.9 mil-
lion (12.5 million to 2.3 million) Btu’s per
ton. These figures show a decline compared
with those of 1977, when the average was
6.3 million Btu’s per ton, ranging from 12.9
to 3.4 million Btu's per ton. Decreased
energy consumption could be related to
decreased use and retirement of older kilns.
On the average, wet-process plants were
less energy efficient; average consumption
nationwide was 6.1 (6.3) million Btu’s per
ton, compared with 4.9 (4.8) million Btu’s
for dry-process kilns. Kilns without pre-
heaters averaged 5.8 (5.9) million Btu’s per
ton; those with suspension preheaters ave-
raged 4.8 (4.6) million Btu’s per ton, and
those with grate-type preheaters averaged
5.3 (5.1) million Btu’s per ton of clinker
produced.
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Electrical energy consumed in the manu-
facture of cement totaled 11.3 (11.4) billion
kilowatt-hours, 10.7 (10.8) billion of which
was purchased commercially and 0.6 (0.6)
billion was generated on site. The average
amount, of electrical energy used to produce
1 ton of cement was 139.0 (189.4) kilowatt-
hours, just about the same kilowatt-hours
required in 1977. This energy, used princi-
pally for grinding operations, added nearly
another 0.5 Btu's of energy.required to
manufacture 1 ton of cement.

Pozzolanic additives are another means of
conserving energy, receiving increased at-
tention in recent years. During 1978, the
U.S. Department of Energy released an
interim report on the performance of blend-
ed cements in concrete with emphasis on
the potential offered by these cements for
reducing energy consumption in cement
manufacture. Blended cements are hydrau-
lic cements composed of mixtures of conven-
tional portland cement with additions that
are either themselves capable of hydraulic
setting (certain metallurgical slags) or are
pozzolanic (such as flyash). Although less
than 1% of the cement produced in the
United States was blended cement, it was
much higher in other industrialized na-
tions. For example, in France, blended ce-
ments accounted for about 60% of the total
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production. Many factors have worked
against increased production of blended ce-
ment in the United States, some of which
are low fuel costs in the past; abundance of
raw material supplies; lack of dissemination
of technical information on utilization and
engineering performance; uncertainty
about sustained availability, uniformity,
and quality of additives; and satisfaction
with portland cement.

Flyash caused more interest than slag as
an additive to cement as well as to concrete.
At the Ash Management Conference, Texas
A&M University, College Station, Tex., held
in September 1978, a number of papers
were presented on portland-flyash cement
and concrete ranging from mixture design
to construction control and handling. Blend-
ed cements had been an important topic at
a workshop held at the National Bureau of
Standards, Gaithersburg, Md., in late 1977.
Emphasis was directed toward the possible
contributions of cement and concrete tech-
nology to energy conservation by 2000.

During 1978-79, shipments of Types IP
and IS cement totaled 1.1 (1.0) million tons,
little more than 1% of total portland ce-
ment shipments in each of the 2 years. This
represented an increase of over 200% com-
pared with that of 1977.

Table 9.—Clinker produced in the United States, by kind of fuel

Clinker produced Fuel consumed
Plants . 2 0Oil
Y d fuel n antity Coal Natural gas
ear and fue m (thousand l::rtﬁeé‘f (thousand (23_‘;‘5’1‘:1? (thousand
year short tons) short tons) barrels) cubic feet)
1978:

Coal ______________ 40 318,512 245 4,196 —— -

oil _______________ 6 32,594 34 - 2,373 -
Naturalgas _ _________ 32,747 3.7 __ __ 15,336,542
Coalandoil __________ 19 10,042 13.3 2,040 704 ——

Coal and naturalgas _ ___ 49 21,038 279 3,517 __ 37,010,210

Oil and naturalgas _____ 11 K 94 —_ 3,100 20,314,524
Coal, oil, naturalgas_ _ __ _ 24 13,437 17.8 2,537 1,026 11,618,170
Total ___________ 157 75,455 100.0 12,290 7,203 84,279,446

1979:

Coal ______________ 41 319,339 254 4,499 - -

Ooil _________ 6 32,578 34 - 2,316 ——
Naturalgas _ __ _ 6 32,011 2.6 __ __ 11,863,215
Coalandoil ______ 16 8,948 11.8 1,741 549 —

Coal and natural gas 53 23,359 30.7 4,414 __ 317,404,465

Oil and naturalgas _____ 10 6,775 8.9 . 1,333 29,304,201
Coal, oil, naturalgas___ _ _ 25 13,133 17.2 2,290 816 9,239,488
Total ___________ 157 76,143 100.0 12,944 5,014 817,811,369

Includes Puerto Rico.
2Includes 97.5% bi and 2.5% petroleum coke.

)

d £all

1978-coal, 0.22666 ton; oil, 0.915 barrel; and

SAverage consumption of fuel per ton of clink

natural gas, 5,583 cubic feet. 1979-coal, 0.23263 ton; oil, 0.898 barrel; and natural gas, 5,899 cubic feet.
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Table 10.—Clinker produced and fuel consumed by the portland cement industry in the

United States, by process!

Clinker produced Fuel consumed
Plants : 0il
Y d process : uantity Coal? Natural gas
earandp m;eg (&ousand Pogrtﬁ::f (thousand (2}2‘%‘?1?:: (thousand
year short tons) shorttons) .7 el cubic feet)
1978:
89 40,558 53.8 6,854 5,035 51,364,391
61 30,619 40.6 4,931 , 22,874,924
7 4,278 5.6 505 496 10,040,131
157 75,455 100.0 12,290 7,203 84,279,446
1979: -
Wet___ _ ___ ________ 40,285 9 1,286 3,579 54,744,897
Dry_ . __ 61 31,076 40.8 5,058 1,345 20,342,502
Both ______________ 4,782 6 600 90 12,723,970
Total ___________ 157 76,143 100.0 12,944 5,014 _ 87,811,369
AIncludes Puerto Rico.
#Includes 97.5% bitumi and 2.5% petroleum coke in both 1978 and 1979.
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TRANSPORTATION

At the 1978 spring meeting of the Nation-
al Association of Cement Shippers (NACS)
in New York, a Conrail official noted that
shipment of cement is not profitable enough
to cause railroads either to seek this busi-
ness or to allocate cars for it. To make a
15% profit on a 60-ton pressure differential
(PD) car, $8,400 annually was required. In
1977, Conrail carried 1.6 million tons of
cement valued at $10.4 million dollars; in
1970, Conrail’'s predecesser, the Penn-
Central System, had carried 2.5 million
tons.’? At the 1978 fall meeting of the
NAGCS, an official with the Bureau of Oper-
ations, Interstate Commerce Commission,
noted that the railcar shortage in 1978 was
the most severe on record.’s National aver-
age daily shortages for all types of freight
cars reached a high of 66,000 cars during
April 1978, including 37,000 covered hopper
cars and 10,000 plain hopper cars. Some
reasons for the shortages included poor car
utilization, insufficient locomotives, poor
maintenance of the entire railroad oper-
ation, and extremely heavy inventories of
unserviceable railcars.

Rail is an important transportation mode
in transferring cement from the producing
plant to distant distribution terminals es-
pecially when isolated regional cement
shortages occur. To counteract the problems
of an inadequate railcar supply, several

cement companies have entered long term-
lease arrangements with railcar leasing
firms. Dundee Cement Co., Dundee, Mich.,
added 150 additional covered hopper cars to
carry its products to customers and termi-
nals throughout mid-America. Fifty cars
were obtained from Chicago Freight Car
Leasing for a 5-year period, and 100 cars
were obtained from North American Car
Corp. on a 12-year lease.™

Waterway systems are also an important
mode for transporting cement from manu-
facturing plants to distribution terminals.
Medusa Corp. gave this as a justification to
expand and modernize its Charlevoix, Mich.
plant on Lake Michigan.'> Dundee Cement
Co. modified its Minneapolis, Minn., termi-
nal dock by installing an unloading nozzle
similar to the one it placed in service in
Chicago in 1976.¢ The nozzle makes it
possible to unload leased roll-top barges as
well as Dundee barges.

Although railroads and barges transport-
ed most cement shipments from manufac-
turing plants to distribution terminals,
trucks continued in the lead as the most
economical method for transporting cement
to the customer. Trucks hauled 89% of the
cement shipments to ultimate consumers in
each of the 2 years, railroads handled 9%,
and 1% was moved by waterway. This
represented little change from 1977.

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 terminal From plant ’gfﬁal
Year and type plant to terminal to consumer to consumer enl:.s
of carrier m
In In In
In In In
con- con- con-
bulk tainers bulk tainers bulk tainers
1978:

Railroad _______ 7,164 166 798 26 6,680 273 7,177
_________ 1,313 88 16,815 903 51,754 5,299 74,771

Barge andboat ___ 8,353 13 111 3 728 41 883
Unspecified? _ ____ 5 __ 13 1 388 16 418
Total _______ 16,835 267 17,737 933 59,550 5,629 383,849

1979:
Railroad _______ 7,372 192 753 21 6,085 186 7,051
Track _ ________ 1,252 78 17,356 1,021 51,394 5,142 74,913
Barge and boat _ _ 8,638 49 49 33 614 38 734
Unspecified? _ _ ___ 4 —— 59 3 590 40 692
Total _ __ ____ 17,266 319 18,217 1,084 58,683 45,405 383,390
ncludes Puerto Rico.
2Includes cement used at plant.

3Bulk shipments were 92.2% (77,287 tons), and tai

ts were 7.8% (6,562 tons) for 1978. Bulk

(bag)
shipments were 92.2% (76,900 tons), and container (bag) shlpments were ’f 8% (6,490 tons) for 1979.
of i

4Data may not add to totals shown b
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Table 13.—Cement shipments, by destination and origin*

(Thousand short tons)
Portland cement? Masonry cement
1978 1979 1978 1979
Destination: :
Alabama_ _ __ ____________________ 1,498 1,270 141 116
Alaska® ____________________ 116 90 w -
Arizona ____________________ 1,617 1,808 w w
Arkansas _ __________________ 952 892 75 62
California, northern _ __ __________ 3,430 3,813 ®* 1
California, southern _ __ _ ________ 5,327 5,734 7 13
Colorado _ _ __ ________________ 1,517 1,515 42 40
Connecticut® __ 769 766 15 16
Delaware® _ __ ________________ 140 155 9 8
District of Columbia® 170 126 7 5
4,260 4,602 3 396
2,207 2,100 202 189
381 422 1 12
459 471 2
3, 3,378 142 133
1,792 1,713 134 114
K 1,779 33
1,234 1,294 33 29
Kentucky _ _ . ________________ 1,224 1,231 139 116
Louisiana _ __________________ 2,848 2,755 108 91
Maine _________________________ 260 242 12 12
Maryland _______________________ 1,386 1,358 126 122
Massachusetts® _ _ __ __ ______________ 982 1,005 40 42
Michigan _______________________ 2,936 2,874 183 169
Minnesota _ _ _ ___ _ ____ ____________ 1,764 1,714 66
Mississippi_ - __________________ 1,020 947 86 76
Missouri _ _ _____________ - 2,094 1, 59 51
Montana_ . _____________ _—— 362 335
Nebraska _ _____________ e 974 1,053 20 19
Nevada_ _ . ____________ P 612 610 1 *
New Hampshire®__ _________ e 336 307 11 11
Newdersey®_ _ ____________ o 1,693 1,727 69 69
New Mexico_ _ _ . _________ PR, 63, 15 10
New York,eastern_ _ _______ e 733 176 30 29
New York, western ________ ——— 942 885 47 41
New York, metropolitans_ 838 916 32 35
North Carolina _ _____ 1,781 1,656 258 227
North Dakota® 357 371 10 9
Ohio ____ 3,429 3,202 242 208
Oklahoma 1,659 1,699 80 69
Oregon__ ______ 976 1
Pennsylvanla, eastern_ 1,917 1,797 19 71
Pennsylvania, western 1,122 1,105 109 94
PuertoRico _______ 1,442 1,343 —— -
RhodeIsland®_ _____ 160 159
South Carolina _ . ___ 939 926 141 123
South Dakota _ __ __ _ 344 411 10 8
Tennessee _ _ __ _ ___ 1,519 1,515 210 172
Texas_ _ _ _ _______ 8,603 8,745 275 251
___________ 9 3 2
Vermont® __ _____________ 148 138 5
Virginia - _______________ 1,885 1,973 226 191
Washington _ _ ___________ 1,633 1,846 11 11
West Virginia_ ____________ 614 0 59 51
Wisconsin _ _ _ _ ___________ 1,874 1,766 8 64
Wyoming _ 385 4 4
Total United States _ _ ______________ 84,773 84,700 4,069 3,686
Foreign countries® _ _________________ 65 160 106 109
Total shipments _ __ __ _____________ 84,838 84,860 4,175 3,795
Umted States® ____________________ 80,009 78,978 4,124 3,749
Puerto Ri co ______________________ 1,442 1,406 - .
Forei
Domestlc producers_ _ _ _ ___________ 2,398 3,006 26 14
Others _ ____ _________________ 989 1,470 25 32
Total shipments _ _ __ ______________ 84,838 84,860 4,175 3,795
W W'“L 1d to avoid disclosi pany proprietary data; included with “Forexgn oountnes
)\ duced from imported clinker and imported pped by d stic producers, Canadian
cement manufacturers, and other unporters Includes Puerto Rico.
2Excludes cement (1978—428; 1979—425) used in the facture of prepared y t
SHas no cement-producing plants.
“Less than 500 short tons.
’I{l;lect shipments by producers to foreign countries and U.S. possessions and territories; includes States indicated by
sym|
®Includes cement produced from meorted by domestic prod
7Imported cement distributed by domesti di Canadi t facturers, and other importers. Origin of

imports withheld to avoid disclosi 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)

1978 1979
Type . .

Quantity Value? ‘;:?;ie Quantity  Value? gﬁ%e

General use and moderate heat
(TypeslandIl) ________________ 76,841 3,085,174 $40.15 76,392 3,487,564 $45.65
High-early-strength m_________ 2,817 111,992 39.76 2,712 128,172 45.42
St:ffate-resisting (TypeV) ___________ 235 12,082 51.41 202 11,197 55.43
Qilwell __________________ 1,680 79,065 47.06 1,922 100,935 52.52
White ___________________ 390 39,181 100.46 400 44,125 110.31
Portlandslag and portland pozzolan _ 1,099 45,693 41.57 997 46,909 47.05
Expansive ________________ 86 4,024 46.79 108 5,293 51.39
Miscellaneous® . _____________ 701 36,063 _— 662 37,151 ——
Totaloraverage_ _____________ 83,849 3,413,274 40.70 83,390 3,856,346 46.24

1Includes Puerto Rico.

2Mill value is the actual value of sales to customers, f.o.b. plant, less all di ts and all :
from l;)1¢’Aln't:id|.lcing plant to distribution terminal if any, less total cost of
ets.

charges to customer, less all freight cha
operating terminal if any, less cost of paper and
3Includes waterproof cement and low-heat (Type IV).

less all freight

CONSUMPTION AND USES

Shipments of cement into various States
are considered to be an index of consump-
tion. Portland cement consumption for
1978-79 increased 8% above that of 1977.
Domestic producers shipped 83.8 (83.4) mil-
‘lion tons of portland cement, which includ-
ed 2.4 (3.0) million tons of imported cement.
In addition to the imported cement ship-
ped by domestic manufacturers, 989,000
(1,470,000) tons of portland cement were
imported and shipped or used by others not
producing cement in the United States or
Puerto Rico.

Compared with 1977, consumption in
1978 increased in all but seven States and
Metropolitan New York. States showing
large decreases in consumption were in
West North-central and North Mountain
regions of the United States as follows:
North Dakota, 17%; Idaho, 10%; and South
Dakota, 7%. Those States with large in-
creases in consumption were in New Eng-
land and the Middle Atlantic States as
follows: New Hampshire, 27%; New Jersey,
27%; and Connecticut, 19%. In 1979, total
consumption remained about the same as in
1978, but geographic shifts occurred.
Twenty-four States plus the District of Co-
lumbia, western New York, and Puerto Rico
showed decreases in consumption, with the
largest percent decreases occurring in the
District of Columbia (26%), Alaska (22%),
Alabama (15%), and Missouri (11%). Eigh-
teen States plus eastern and Metropolitan
New York showed increases in consump-
tion. Those States showing the largest in-

creases in 1979 were Wyoming (20%), South
Dakota (19%), Washington (13%), Arizona
(12%), Hawaii (11%), Delaware (11%), and
California (9%).

Ready-mix concrete producers were the
primary consumers of portland cement, ac-
counting for 67% (64%) of the total quantity
shipped by domestic producers. Manufac-
turers of concrete products used 13.8%
(14.1%) of the cement to produce concrete
blocks, pipe, precast, prestressed, and other
concrete products. Highway contractors
consumed 4.9% (4.5%); building contrac-
tors, 7.9% (8.9%); and Federal, State, and
other government agencies plus other mis-
cellaneous users consumed the remaining
cement shipments.

Construction was unexpectedly strong in
most sectors. In 1978, housing starts were
about 2 million units, consisting of 1.45
million single-units and 0.55 million mul-
tiunits. In 1979, the number of housing
units dropped to 1.74 million, with 1.19
million being single units, and multiunits
remaining at 0.55 million.'”

According to the F.W. Dodge Div. of
McGraw-Hill Inc., the dollar volume of
construction contracting was $74.5 ($74.7)
billion for residential buildings, $44.4 ($49.7)
billion for nonresidential buildings, and
$39.5 ($42.0) billion for nonbuilding con-
struction. When all construction categories
are included, construction spending in 1979
increased 5% in dollar volume, going from
$158.4 billion in 1978 to $166.4 billion in
1979.
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The Ready-mix Concrete Association re-
ported that the ready-mix concrete industry
produced 225 (220) million cubic yards, just
1.5% (4%) short of the alltime high of 228.5
million cubic yards in 1973. Value of sales
exceeded $6.7 ($7.6) billion.

" Reflecting increasing new applications
for cement in construction is the fact that
over the last 20 years cement consumption
has risen at an average annual rate of about
2.3%. This is a slightly faster trend than
that of construction put in place (as mea-
sured in constant dollars).!

Some of the more noteworthy newer ap-
plications of cement in construction in 1978
included the use of two giant conveyors to
place a record amount of soil-cement for
slope protection and interior dikes in a
7,000-acre cooling water reservoir for a
nuclear powerplant near Matagordo Coun-
ty, Tex. In a tight 15-month schedule, 1.4
million cubic yards of soil-cement were put
in place. Another growing application is
shotcreting. An interesting concrete use in
mines was reported in Mining Magazine
citing an experience in a South African
platinum mine. Concrete sausage-shaped
support pillars 3 meters long, 0.6 meters
wide, and between 70 and 80 centimeters
high were used to replace conventional
timber supports. The concrete sausages con-
sisted of bags filled with a grout of portland
or slag cement and sand in the ratio of 1:2
and were installed in a staggered pattern.

Growing in importance is the use of
concrete overlays in highway work. Vast
stretches of U.S. highways are in dire need
of rehabilitation.

Making news in 1978 was the first high-
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strength concrete tower for New York. The
Palace, a 51-story luxury hotel, used 8,000-
pound-per-square-inch-strength concrete al-
lowing the use of 20% to 25% smaller
columns compared with conventional
mixes.

Examples of concrete being selected over
steel for structural use include a prestress-
ed concrete frame and precast panel system
for a North Carolina building and con-
crete box girders for Michigan’s four-lane
Zilwaukee Bridge across the Saginaw River.

One other new and unique use of concrete
was the Office of Surface Mining’s grant of
$1 million to fill underground mine tunnels
at Frostburg College, Frostburg, Md. Tun-
nels running under three buildings were to
be injected with a mixture of portland
cement and flyash.

Cement supply shortages were common
in most parts of the Nation west of the
Mississipi River throughout 1978. No one
region characterized the problem. Some of
the immediate causes were associated with
labor and operating problems, shortage of
cement railcars, severe weather, tie-in of
coal-burning and pollution-control facilities,
production curtailments to meet environ-
mental regulations, and an unusual timing
of residential and nonresidential construc-
tion cycles. However, a deeper cause may be
the inability of the industry to raise capital
for expansion. Returns on investment av-
eraging less than 8% during the past 15
years and the cyclical nature of cement
demand are primary obstacles to expansion.
Although shipments in 1979 were aproxi-
mately the same as in 1978, no shortages
were reported for 1979.

PRICES

The average mill value® of all types of
portland cement during 1978-79 was $40.70
($46.24) per ton, $4.34 ($9.88) per ton higher
than in 1977. The values ranged from a low
of $29.18 ($33.85) in New York and Maine to
a high of $58.10 ($62.57) in Hawaii. Increas-
ed energy and labor costs were a major
cause of price increases for cement.

According to Engineering News-Record,
cement prices compiled by their field re-
porters from monthly market quotations for
20 U.S. cities ranged from $44.79 to $49.10
f.o.b. in 1978, and from $50.00 to $55.70 in
1979.

An open issue since late 1976 and thr-
oughout 1979 were the class action suits
filed by the States of Alabama, Arizona,

California, Colorado, Florida, Kansas, Loui-
siana, Minnesota, Missouri, Montana, Ne-
braska, New Mexico, Oregon, Texas, Utah,
and numerous private parties. The lawsuits
allege violations of State and/or Federal
antitrust laws. The specific charges include:
Price fixing in competition; increased
prices; establishment of a system of pricing
linking mill prices, delivered prices, freight
allowances, and credit terms; and the allo-
cation of customs and territories.

The U.S. International Trade Commission
(TC) ruled in late 1978 that imports of
portland cement from Canada were not
injuring the cement industry in the United
States. This investigation, began in late
19717, asked that the U.S. Department of the
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Treasury determine if sales of cement from
Canada were made at less than fair value.
A critical factor was that cement was
extremely short in Western and Midwest-
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Table 16.—Average milvl value in bulk,
of cement in the United States!

ern States and that many Congressmen had (Per short ton)
interceded on behalf of a desperate con- Portland _ Prepared All
struction industry who wanted cement at Year ooment masonr, fcgssest
any price, from any source. By the end of cemen O comen
1978, the judgement had a petition filed 1975______ $31.09 §38.90 $31.41
against it by an American manufacturer 1376------ goa8 26 uxm
asking that antidumping duties be assessed 1978 ______ 4070 50.53 4117
with regard to cement imports from Cana- 1979---__- 46.24 54.59 4661
da. Includes Puerto Rico.
2M: y t made at t plants only.
FOREIGN TRADE

Exported cement was equivalent to 0.1%
(0.2%) of domestic shipments by quantity.
In 1978, three countries—Canada, Mexico,
and the Bahamas received nearly 80%
(95%) of the 57,817 (150,846) tons of cement
valued at $8.9 ($14.6) million which was
exported to a total of more than 37 (31)
countries.

Hydraulic cement and clinker imported
into the United States totaled 6.6 (9.4)
million tons increasing 64% (133%) in quan-
tity and 103% (244%) in value over that of
1977. The 1979 imports exceeded the previ-
ous record year of 1973 when 6.7 million
tons were imported. Imported cement and
clinker equaled 7.8% (11.3%) of domestic
shipments by weight and 6.6% (9.1%) by
value.

Effective January 1, 1980, the import
duty for nations with most favored trade

status remained at 1 cent per 100 pounds for
white nonstaining portland cement and free
for other hydraulic cement and clinker.

Canada continued to supply the largest
amount of imported cement and clinker. In
1978, Canada provided 46% of the total,
followed by Japan, 16%; Mexico, 12%;
Spain, 7%; and France, 5%. In 1979, the
countries providing the largest amounts of
imported cement were Canada, 47%; Japan,
16%; the United Kingdom, 8%; Spain, 6%;
and Mexico, 6%.

In 1978-79, the U.S. net import reliance as
a percentage of apparent consumption was
7% and 11%, respectively.

Clinker comprised 45% (50%) of the total
imports, compared with 40% in 1977, 31%
in 1976, 33% in 1975, 32% in 1974, and 41%
in 1973.
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Table 17.—U.S. exports of hydraulic cement, by country

1977 1978* 1979
Country Quantity Value Quantity Value Quantity Value
: (short (thou- (short (thou- (short (thou-
tons) sands) tons) sands) tons) sands)
143 $44 —_ __ - __
161 50 127 $58 49 $17
12,514 641 2,155 113 15,904 351
105 31 32 11 37 16
255 16 4 2 —- -
201 36 3 5 - _—
49 45
156,047 13,156 35,23’17 4,402 88,965 8,034
26 30 15 47 23
1,503 286 391 199 135 81
Ecuador _______________________ 124 53 142 49 187 58
________________________ 158 46 19 7 60 16
French WestIndies _ _______________ 986 25 8 . 2 — __
Germany, Federal Republicof - _ ________ 115 16 11 32 20
Guatemala 2,748 221 367 91 159 34
3,001 159 1 2 — —<
1,445 94 8 1 5 4
83 69 - — 35 1
5 141 17 23 248 104
188 113 11 5 ——
848 493 326 127 157 71
323 147 —_ - - _—
9 16 6 7
24715 933 2,581 105 533 32
1,167 237 __
10,407 2,011 8,985 2,301 38,785 4,334
87 26 1,2 1
984 79 96 1 - -
1,522 98 . . —— ——
565 46 — 29 71
17 9 113 13 12 5
1,888 221 1,440 156 2 1
Philippines __ ___ _ 230 68 254 103 54 30
Saudi Arabia _ __ 5826 1,792 652 186 450 183
Singapore 4 36 147 65 13 7
South Africa, Repul 395 62 2 4 .
Si . 140 69 24 18 13 8
Switzerlan 278 104 160 1 45 27
Taiwan_ ___ _____ 68 21 189 2 2
3,083 306 1,858 131 997 81
rkey _ ________ 234 94 __ . —— -
556 34 _— —— - ——
186 i 48 20 84 25
Venezuela_ _ 705 281 909 190 566 253
Yugoslavia _____________________ 296 204 __ __ __ __
Other_____ ______ _____ ________ 2,453 797 1,397 362 1,634 449
Total®_ _ __ _ __ __ ___________ 238,906 23,740 51,817 8,950 150,846 14,572
1Hydraulic cement and hydraulic clin} ludes hydraulic t concrete mixes, which for years prior to 1978

were reported in official trade returns in a single category together with hydraulic cement and hydraulic cement clinker.
2Includes U.S. Trust Territory of the Pacific, prev:ously lx.sted sepa.rately
3Data may not add to totals shown b of i
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Table 18.—U.S. imports for consumption of hydraulic cement and clinker, by country
(Thousand short tons and thousand dollars)

1977 1978 1979
Country Quantity Value Quantity Value Quantity Value
Customs Customs Cifl! Customs Cif!

Bahamas_________ 90 2,562 307 9,970 11,090 487 19,929 22,728
Belgium-Luxembourg _ 21 1,143 24 1,222 1,802 13 938 1,333
Canada__________ 2,203 52,197 3,024 85,499 98,608 4,440 137,975 151,247
Colombia__ _______ 5 170 () __ 92 34 1,250 1,535
France __________ 196 5,452 317 9,324 10,518 405 14,425 16,052
Germany, Federal Re-

publicof _______ (@) 35 37 712 1,110 Q) 48 55
Japan___________ 362 5,332 1,038 28,791 36,207 1,523 52,605 57,822
Mexico - _______ 635 16,449 817 26,973 30,054 525 19,531 22,471
Norway__________ 210 4,462 208 4,466 5,862 281 7,182 9,760
%pain ___________ 105 1,974 434 12,020 14,831 548 14,629 21,344

nited Kingdom ___ _ 186 3,968 302 8,782 11,253 759 26,249 31,636
Yugoslavia_ _______ 3 243 3 219 357 2 134 247
Other___________ ® 17 86 2,605 3,367 395 7,461 14,934

Total® ______ 4,016 94,005 6,597 190,643 225,151 9,412 302,356 351,164

1C.if. Cost, insurance, and freight.

2] ess than 1/2 unit.

3Data may not add to totals shown b of independent roundi

Table 19.—U.S. imports for consumption of clinker, by country
(Thousand short tons and thousand dollars) ’

1977 1978 1979
Country Value Value Value

Quantity U Cif!  Quantity $%  cif!  Quantiy % cig

Australia ________ _ . - 1 69 133 160 3,670 5,430

Bahamas __ ______ - __ __ 16 376 458 __ __ -

Canada _________ 855 15,642 17,291 1,113 22,827 25,480 1,887 50,531 54,684

French West Indies _ _ J. _ __ _— __ _— T 133 184

France__________ 194 5,020 5,331 314 9,092 10,195 385 13,931 15,262
Germany, Federal

Republicof - _ _ __ __ __ __ 36 728 1,055 — __ __

Japan __________ 360 4,454 6,170 980 25,945 32,973 1,384 40,849 49,594

Korea, Republic of _ _ - - —— 31 313 441 - — -

i 54 1,105 1,102 ® 6 6 ® 2 2

= __ . . __ __ 105 2,866 3,631

30 551 716 324 6,733 8,664 398 9,980 12,159

120 2,452 2,869 153 3,175 4,348 341 9,911 11,721

Total . _____ 1,613 29,224 33,479 2,968 69,264 83,753 4,667 131,873 152,667

1C.if. cost, insurance, and freight.
2Less than 1/2 unit.
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Table 20.—U.S imports for consumption of hydraulic cement and clinker by customs
districts and country

(Thousand short tons and thousand dollars)

1977 1978 1979
Customs district and country Quan- Value Quan- Value Quan- Value
tity ~Customs ity  Customs Cif' Ut Customs  Cif?
Ancho :
Ca.r::ﬁ _______________ 51 2,014 18 973 1,162 20 1,014 1,045
Japan__ ______________ 7 157 ® 1 2 ® 3 4
Total _____________ 58 2,171 18 974 1,164 20 1,017 1,049
Boston: Canada_ _ _ _________ Q) 5 . - __ ® 1 1
Buffalo:
Canada_ _ _____________ 580 13,112 664 16,101 22,697 765 19,840 23,639
Mexico _______________ 1 14 —— —— — —— —— __
Total __ ___________ 581 13,126 664 16,101 22,697 765 19,840 23,639
Charleston, S.C.:
United Kingdom _ __ __ _____ __ __ [¢] A Q) . - -
Chi : .
Belgium-Luxembourg _ _ ___ _ Q) 1 () 1 1 — — —
Canada_ ______________ 6 160 49 1,361 1,498 273 7,819 8,451
Netherlands_ ___________ (0] 3 — __ __ —— __ -
d)al ________________ - . 5 372 462 82 1,605 1,851
ited Kingdom _ ________ [0 1 - - _— - - ——
‘Total __ ___________ 6 165 54 1,734 1,961 355 9,424 10,302
Cleveland:
Canada__ _ ____________ 8 17 134 3,569 4,116 257 8,808 9,744
Germany, Federal Republic of . . __ . __ (W) 9 13
United Kingdom _ ________ __ __ - - __ ® 3 6
8 177 134 3,569 4,116 257 8,820 9,763
655 13,158 828 22,647 24,360 1,186 32,845 34,946
- - 87 2,788 3,379 194 6,247 7,095
- - _ — — 20 481 769
— _— . _— - 20 485 775
—— —_— 87 2,788 3,379 234 7,213 8,639
- —— A A 1 __ . -
__ __ - — — ® 7 8
92 2,569 58 2,966 2,966 (3’9 2,188 2,189
—— —— - —_ —— ) 1 1

92 2,569 58 2,966 2,967 39 2,196 2,198

_— - 59 1,075 1,471 - - -
__ _ 28 847 1,027 __ __ __
5 129 114 38,596 4,257 4 1,396 1,712
__ __ __ - __ 79 2,273 2,762
30 551 169 3,364 4,258 69 1 935 2,314
28 525 __ __ __ __ _ .
63 1,205 370 8,882 11,019 192 5,604 6,788
6 305 53 1,421 1,601 10 620 738
® 10 __ __ __ — _ __
33 755 100 2,569 3,029 54 1,464 1,732
__ . 64 1,536 1,802 28 847 953
K 1,365 79 1,449 2,204 321 9,462 10,991
99 2,130 243 5,554 7,035 403 11,778 13,676
__ __ ® 4 4 2 79 79
100 3384 138 5,390 5,390 94 4,463 4,458
100 3,384 138 5,394 5,394 96 4,542 4,538

See footnotes at end of table.
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Table 20.—U.S imports for consumption of hydraulic cement and clinker by customs
districts and country —Continued

(Thousand short tons and thousand dollars)

1977 1978
Customs district and country Quan- Value Quan- Value Value
tity Customs  tity  Customs ~Cif! %  Customs  Cif!
- - 3 138 264 52 1,356 2,145
- - 161 4,542 5,082 383 12,791 13,791
. - 37 857 1,291 36 788 ,198
Q) 10 ® 29 35 Q] 38 42
- . 1 195 200 501 15,121 17,628
- __ 8 269 392 26 991 ,004
1 85 3 140 261 1 140 255
A 55 1 86 148 1 87 169
1 150 214 6,256 7,673 1,000 31,312 36,232
Bahamas. 63 1,758 127 4,113 4,434 303 12,393 18,706
Belgium-Luxembourg _ _ _ __ _ 6 335 3 310 394 5 372 484
Colombia_ _ ____________ __ . _ __ __ 31 1,013 1,242
nmark _____________ _ _ 21 686 766 I — __
Mexico ______________ 130 2,644 103 2,799 3,610 19 8,480 4,055
Norway ______________ _ _ — __ . 45 1,041 1,457
Spain_ . ______________ 23 284 27 792 930 65 1,841 2,674
Total _____________ 222 5,016 281 8,700 10,134 528 20,140 23,618
Milwaukee:
_______________ [©) 1,018 1,166 119 3,853 4,408
United Kingdom ___ ______ __ _ __ . __ ® 2 4
Total _____________ ¢ 2 37 1,018 1,166 119 3,855 4,412
New Orleans:
as_ _ o ____ - 71 2,281 2,711 93 3,868 4,900
Canada__ _____________ ® 6 __ — — — — .
Germany, Federal Republic of _ —— _— 1 12 15 __ __ —_
reece _ _ __ ___________ —— 21 1,104 1,472 11 286 410
Mexico . _____________ 73 1,680 90 2,507 2,888 61 1,829 2,086
Peru ________________ . — _— - — 26 594 869
Upam ________________ __ _ __ __ 118 3,382 4,419
ited Kingdom _ _______ _ 21 495 194 5,678 8,157 241 6,745 9,141
Total _____________ 94 2,181 3177 11,582 15,303 550 16,704 21,825
New York City:
Germany, Federal Republic of _ __ @) 3 ® __ __ __
Norway ______________ 208 3,925 205 3,891 5,137 185 4,779 6,489
Sweden_ ______________ - _ —— __ _— 24 569 114
Total __ ______________ 208 3,925 205 3,891 5,137 209 5,348 7,203
Nogales: Mexico —__________ 1 40 12 336 336 2 139 139
Norfolk:
France - ______________ 36 2,231 38 2,383 2,566 58 4,735 5,032
Mexico _ ______________ 30 572 — - — _— - —
United Kingdom _ _ _ ______ __ - @ 5 9 . - __
Total _____________ 66 2,803 38 2,338 2,515 58 4,785 5,032
Ogdensburg Canada__ _______ 151 3,174 ki 1,644 1,954 79 1,991 2,186
Pembina: Canada __________ 116 4,132 247 9,949 10,666 228 9,720 10,778
Philadelphia:
_______________ . _— —_ — - Q] 3
Germany, Federal Republic of _ ® 5 ®* _— — .
Yugoslavia ____________ 188 2 133 209 1 41 67
Total _____________ 3 193 2 136 213 1 44 69
Port Arthur
France - __ ____________ - —_ 10 171 235 _— - —_
Germany, Federal Republic of _ —— —_ 36 728 1,055 o __
Mexico - _ _ . ___________ 21 299 28 442 788 40 752 1,343
Spain________________ - —— 86 1,461 2,142 97 2,398 2,935
Total _____ ________ 21 299 160 2,802 4,220 137 3,150 4,278

See footnotes at end of table.
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Table 20.—U.S imports for consumption of hydraulic cement and clinker by customs
districts and country —Continued

(Thousand short tons and thousand dollars)

1977 1978 1979

Customs district and country Quan-  Value Qqan- Value Quan- Value
tity Customs %ty " Customs Cif!  ttY  Customs  Cif?

Portland, Maine:
Canada_ ______________ 34 1,041 32 872 887 22 630 630
United Kingdom _________ __ EO! 1 1 __ __
Total _____ ________ 34 1,041 32 873 888 22 630 630
Portland, Oreg.
Canada__ _____________ - - 3 128 139 27 1,014 1,102
Japan_ _______________ - -— 68 1,857 2,064 131 4,043 5,392
Mexico . ______________ —— _— - —e —_ 15 308 339
Total _____________ C-- - 1 1,985 2,203 173 5,365 6,833
Providence: Canada _________ 1 38 _— _— . __ —— .
St. Albans:
Canada_ _ _____________ 289 7,730 220 5,699 5,301 205 5,795 4,898
Germany, Federal Republic of _ Q) ® __ __ __ — - —
South Africa, Republicof _ _ _ _ __ - __ - . ® 5 6
Total _____ ________ 289 7,730 220 5,699 5,301 205 5,800 4,904
San Diego:

_______________ - —— ® 2 2 __ —_ __
dJapan________________ —— __ 106 3,404 4,441 33 882 1,011
Mexico_______________ 19 1,008 34 1,918 1,931 14 831 831
Panama ______________ . - _ - . 24 1,087 1,492
Peru ________________ —— — __ —— - 8 275 421
United Kingdom _ ___ _____ —— __ __ —— __ 55 3,789 4,741

Total _____________ 19 1,008 140 5,324 6,374 134 6,864 8,496

San Francisco:
Australia _____________ —— — —_ —_ __ 117 2,719 4,050
Bermuda______________ - - @ ® 1 __ - __
Canada_______________ — - 3 2 3 150 6,151 7,548
dJapan________________ . - 304 8,810 11,551 318 9,413 12,462
Korea, Republicof _ __ _____ - — 31 318 44 __ — __
exico _ _ _____________ __ - __ __ —— 23 716 1,130
Total _____________ —_ . 335 9,125 11,996 608 18,999 25,190

San Juan:

Belgium-Luxembourg _ _ _ _ _ _ 15 800 18 746 1,194 7 470 133
Colombia_ _____________ 5 170 1 75 92 4 237 293
Denmark _____________ (@) 4 — . —— —_ . _
(@] 5 1 15 28 (] 2 4
Q] 1 ® 18 22 3 4 7
. - (O] 3 3 3 3 6
- __ - __ __ ® 3 4
7 500 8 606 1,051 9 772 1,428
27 1,490 28 1,458 2,390 20 1,491 2,475

305 6,547 322 9,690 10,402 358 13,345 14,466
356 5,175 559 14,524 16,949 539 17,925 21,320
6 - . - 19 658 709

- - —— - —— ()] 5 11

661 11,728 881 24,214 217,351 916 31,933 36,506

27 809 109 3,576 4,286 90 3,668 4,122

(O] 7 2 166 212 1 96 116

—_ . 33 2,013 2,542 162 5,404 5,690

160 3,210 205 5,054 5,377 292 8,417 9,047

di - __ __ - . 7 133 184

Germany, Federal Republic of _ ® 9 __ —_ __ — __ __
Mexico..______________ 130 3,348 141 4,451 4,858 42 1,307 1,748
Norway ______________ 3 538 3 575 725 51 1,363 1,814
Spain________________ 43 554 72 3,749 3,925 73 3,075 4,316

See footnotes at end of table.



180

MINERALS YEARBOOK, 1978-79

Table 20.—U.S imports for consumption of hydraulic cement and clinker by customs
districts and country —Continued

(Thousand short tons and thousand dollars)

1977 1978 1979
Customs district and country Quan- Value Quan- Value Quan- Value
tity ~Customs  tity ~ Customs Cif! %  Customs  Cif!
Tampa: —Continued
Sweden_ _ _____________ —— __ —— __ __ 22 856 856
United Kingdom _________ 1 1,583 28 1,648 1,653 122 5,159 5,967
Total _ ____________ 434 10,058 593 21,232 23,578 862 30,078 33,860
Savannah:
Denmark _____________ - — . - _ 3 7 9
Spain________________ - _— _— __ _— 4 149 198
Total __ ___________ —— __ - _— _— 4 156 207
Baltimore:
New Zealand ___________ _— —_— I - _— (@] 2 4
Yugoslavia ____________ . . __ __ __ ® 7 11
Total ___ __ ________ __ __ — —— __ ® 9 15
Grand total® _ __ ______ 4,016 T94,003 6,597 190,642 225,151 9,413 302,359 351,164
"Re X
1Value = C.if. (cost, insurance, freight).
2] ess than 1/2 unit.
3Data may not add to totals shown b of independent roundi
WORLD REVIEW

The trend continued worldwide in plant
modernizations to reduce energy consump-
tion; this included conversion to dry-process
preheater, precalciner kilns. Topics of con-
cern around the world included supply
shortages and pricing controversies. In
1979, Cembureau held in Cannes, France, a
special seminar on the subject of how to
deal with inflation.

Hungary, Algeria, Egypt, Morocco, Tuni-
sia, and Saudi Arabia are reportedly striv-
ing to achieve self-sufficiency in cement
supply.

Greece, Turkey, Poland, Kenya, Jordan,
Korea, Taiwan, Colombia, Costa Rica, and
Mexico are reportedly striving to achieve
increased export tonnages.

During 1978-79, world cement production
increased to 938 (958) million tons, 7%
(10%) more than the 1977 total of 873
million tons. The largest increase in produc-
tion was in mainland China where overall
production was 12.7 (22.2) million tons
greater than the 59.2 million tons of 1977.
On a percentage basis, Tunisia showed the
greatest (54%) increase in 1978, and Algeria
showed the greatest (104%) increase in
1979, compared with 1977 production.

Afghanistan.—The present uncertain
state of affairs makes it difficult to update
progress on cement plant programs. Pre-
viously, the Asian Development Bank, Ma-
nila, Philippines, had commissioned a mis-

sion of experts to examine all aspects of the
Afghan cement industry. In the Kandahar
region a new 1,760-short-ton-per-day plant
was scheduled for completion in 1979.

Algeria.—Algeria’s Societe Nationale des
Materiaux Construction (SNMC), the na-
tion’s public construction corporation, conti-
nued to launch programs for expanding
cement capacity. Plans were to boost cur-
rent output to 3 million tons with oper-
ations then being built. Additional projects
were underway for another 9.5 million tons
so the country could reach the production
level of up to 12.5 million tons capacity in
1980. ‘

Four new plants were scheduled to go
onstream in 1978-79: Ain el Kebira, 1.1
million short tons per year; Saida, 550,000
short tons per year; Beni-Saf, 1.1-million-
short-ton-per-year; and El Asnam, a 1.1-
million-short-tons per-year plant. In 1980,
three plants are expected to be completed,
one each at Bouira (1.1 million short tons
per year), Batna (550,000 short tons per
year), and Djelta (550,000 short tons per
year).

Argentina.—Three modernization and ex-
pansion programs undertaken by Corpora-
con Cementera Argentina S.A. (Corecemar)
would increase company capacity by
850,000 tons. At Yocsina, two projects in-
cluded the equipping of one kiln with a four-
stage cyclone preheater and the extension
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of the raw mill, both projects to be complet-
ed by yearend 1979. The other project was
at the Mendoza plant, which was to receive
a new 2,200-short-ton-per-day, four-stage
cyclone-preheater-and-grate cooler system.
This project was to be completed in early
1980.

Two other Argentine projects included
one for Juan Minetti S.A. at a Cordoba site
where a new 600,000-short-ton-per-year
plant was to be built and one by Loma
Negra Compania Industrial Argentia S.A.
at Olivaria which is an expansion and
modification of an existing long dry-xkiln
system to a two-stage preheater unit to
result in a capacity increase of 440 short
tons per day.

Australia.—Blue Circle Southern Ce-
ment, Ltd., commissioned its 825,000-short-
ton-per-year expansion program at its Ber-
rima plant in New South Wales. The expan-
sion was to include a four-stage cyclone
preheater and a planetary cooler. Blue Cir-
cle Southern Cement was formed in 1974
from a merger of interests of the Associated
Portland Cement Manufacturers of the
United Kingdom and Broken Hill Propri-
etary Ltd. Each held 42% of the equity.

Austria.—Peggauer Zementwerke at Peg-
gan placed an order for an 800-short-ton-
per-day kiln in 1978. This plant was a
single-kiln, gas-fired operation with a capac-
ity of 165,000 short tons per year.

Bahamas.—United States Steel Corp.,
Pittsburgh, Pa., sold its 940,000-short-ton-
per-year plant at Grand Bahamas to the
International Development Corp. S.A.
(IDC), New York. IDC is a holding company
with worldwide interests including com-
panies engaged in production and interna-
tional marketing of cement.

Barbados.—Barbados and Guyana agreed
to build a cement plant in Barbados. The
plant was to be operational in 1980 and
would produce 250,000 short tons per year
of clinker, of which Barbados would grind
150,000 tons and the remaining 100,000 tons
would be shipped to Guyana for grinding.

Belgium.—The Belgian Cement Associa-
tion completed a study to determine opti-
mum conditions for using coal in rotary
kilns. The report states that coal shale or
slurries may be used as kiln feeds either by
insufflation through the burner pipe or by
mixing them with the kiln feed. Precautions
must be taken against the premature for-
mation of melt by sufficient momentum in
the burner pipe, and against an excess of
free lime in the clinker by selecting an
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improper kind of shale.?

Bolivia.—Expansion of Bolivia’s cement
industry was reportedly necessary to meet
expected growth in demand and so that
national development plans could be imple-
mented. This included substantial invest-
ments in highways, irrigation, and airports.
New plants included an $88 million complex
to be built in Yacuces. The dry-process plant
would have an annual clinker production
capacity of 335,000 tons and the kiln would
be equipped with a cyclone preheater. Start-
up was scheduled by 1981.

Brazil.—The Brazilian Portland Cement
Association reported that production dou-
bled during the period 1971-76 to 19.1 mil-
lion short tons per year. By 1983, industry
output was projected to be 38 million short
tons per year.

In 1978, Lone Star Industries and Lafarge
S.A. agreed to combine all of their Brazilian
cement operations. Lafarge’s 60% interest
in Companhia Mineria de Cimento Port-
land, Cimento Portland Pains, and Ciment-
invest Ltd., were exchanged for a 54%
interest in Lone Star’s wholly owned Com-
panhia Nacional de Cimento Portland, with
Lone Star retaining 46% in the expanded
venture. Lone Star and Lafarge signed an
agreement to build a new 770,000-short-ton-
per-year plant at Cantalgo, State of Rio de
Janiero.

Itabira Agro-Industrial S.A. planned to
add a 1,400-short-ton-per-day kiln at its
Capaco Bonita plant in the State of Sao
Paulo.

Bulgaria.—The most recent plant expan-
sion, at Beli Izvor, was part of Bulgaria’s
VII Plan (1976-80) in which national cement
production was scheduled to reach about 10
million short tons per year of output.

Canada.—Inland Cement Industries Ltd.
(subsidiary of Genstar Ltd.), started up its
new 1.1-million-short-ton-per-year plant on
Tilbury Island near Vancouver, British Co-
lumbia. Major equipment included a 3,540-
short-ton-per-day kiln, a four-stage prehea-
ter, and a planetary cooler. The company
was also expanding its Edmonton, Alberta,
plant to 1.5 million short tons per year with
startup scheduled for 1980. Also included
was the conversion from gas to coal. Coal
was to be mined underground, north of the
plant.

Canada Cement Lafarge Ltd. placed on-
stream in 1978 a 500,000-short-ton-per-year
expansion project at its Brookfield, Nova
Scotia plant. During 1978, the company was
expanding its Exshaw, Alberta, plant by
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installation of a suspension preheater with
precalciner, rotary kiln, and clinker cooler.
Completion was scheduled for 1980.

Ciment Quebec, Inc., began expansion of
its St. Basile de Portneuf, Quebec plant with
startup scheduled for 1981.

St. Mary’s Cement Co. brought onstream
its expanded production facility at St.
Mary’s, Ontario. The 2,000-short-ton-per-
day system requires 3.4 million Btu’s to
produce 1 ton of clinker.®

China: Mainland.—The national cement
industry topped the 1978 target of 54 mil-
lion tons 49 days ahead of time with a 20%
increase in annual production over 1977.
Twenty of the 49 large and medium-sized
plants surpassed annual production time-
tables.z :

In 1978, China resumed importing of
cement from Japan, marking the first time
in 22 years for such a transaction. China
agreed to purchase 2 million tons of Japa-
nese cement in 1979. Ten Japanese cement
companies were involved.

Taiwaen.-New production facilities and ad-
ditions will boost cement output from 11.5
million tons to more than 16 million tons by
1986. One new plant started up in 1978 with
a capacity of 800,000 short tons per year.
There are more than 20 cement plants in
Taiwan and 98% of them are on the western
side of the island.

Colombia.—Acerias Paz del Rio was con-
structing a 600,000-short-ton-per-year slag
cement plant at Belencito. Completion was
scheduled for 1980. Samper S.A. Bogota
awarded a contract for the extension of its
Municipiet La Calera plant. The 1,500-
short-ton-per-day production line was to
include a two-stage preheater, a rotary kiln,
and a planetary clinker cooler.

Costa Rica.—Corporacion Costarricense
de Desarrollo was building a new 1,430-
short-ton-per-day, dry-process cement plant
in Guanacasta Province.

Cuba.—In 1978, although cement was in
short supply, Cuba exported it to obtain
hard currency.z

Cement exports to Honduras and other
Carribean countries amounted to 250,000
tons in 1978. Cuba expected to build addi-
tional cement plants and expand exports
during the 5-year-plan period ending in
1986.2¢

Cuba’s largest cement manufacturing
plant was being built at Cienfuegos. It was
to have a capacity of 1.8 million short tons
per year.

Czechoslovakia.—The country’s VI Plan
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(1976-80) projected that its cement produc-
tion would reach approximately 13 million
tons. Imports were necessary throughout
the 1970’s and its principal sources were the
U.S.S.R., Romania, and the German Demo-
cratic Republic.

Dominican Republic.—In February 1978,
Cementos Cibao C. por A. began partial
operations with a first kiln.

Ecuador.—Empresa Cementos Selvalegre
S.A. was building a 880,000-ton plant at
Otavalo. Empress Industrias Guapan S.A.
currently was building a new 400,000-ton
plant at Ayogues. Both plants were schedul-
ed to be operational by 1980.

Egypt.—Further expansion programs un-
dertaken by the Egyptian cement industry
during 197879 were aimed at reducing
dependence upon imports and ensuring that
industrialization programs were not ham-
pered.

The Suez Cement Co. was building the
first privately owned cement plant since
nationalization of the industry in 1960. The
1.1-million-short-ton-per-year plant was to
be operational in early 1981. Because the
location is near the sea and raw materials
are high in chlorides, it was essential that a
bypass system be used to control the alkali
content.

Helwan Portland Cement Co. planned to
convert its two existing wet-process produc-
tion lines to dry process by 1981. Both would
be equipped with four-stage preheaters and
precalcining systems and would have a
combined capacity of 8.3 million short tons
per year.

El Salvador.—Cemento de El Salvador
S.A. at its El Ronco location expanded the
dry-process system by 1,100 short tons per
day by adding a four-stage preheater, a
rotary kiln, and a planetary cooler.

France.—The French Government
announced in 1978 it’s lifting of all existing
controls on industrial pricing. The move
was expected to help resolve economic prob-
lems that French cement producers had
been experiencing.

Gabon.—Two new cement plants were
scheduled for Societe des Ciments du Ga-
bon, a 1,100-short-ton-per-day wet-process
plant at N'toum and a 110,000-short-ton-
per-year clinker grinding plant at France-
villg. Both were scheduled to go onstream in
1979.

Germany, Federal Republic of.—Hoesch
Huttenwerke AG developed a new process
for granulation of blast furnace slag, a
widely used pozzolanic material in cement
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in Germany.?s

Greece.—Among European cement ex-
porters, Greece ranked second in 1978-79.
Its principal export market area was the
Middle East (80% of sales). Industry repre-
sentatives claimed that the low domestic
cement prices imposed by the Government
since May 1977 coupled with increased pro-
duction costs (electricity, wages, fuel) were
negative factors for planning new units.
Four companies shared the country’s pro-
duction capacity which in 1978 was 11.9
million tons.?¢

Projections of the Greek industry’s pro-
duction capacity indicated 16 million tons
by 1980 and. 19 million tons by 1984. The
margin available for export was expected to
grow to 6.6 million tons by 1980 with an
increasing home market demand narrowing
this figure to some 4.3 million tons by 1983.

Titan Cement Co. had doubled the capaci-
ty of its Kamari facility, the Halyps Cement
Co. had expanded it Aspropyrgos plant by
1,650 short tons per day, and Heracles
General planned a new 1.7-million-short-
ton-per-year plant in the Mylaski region.

- Guatemala.—Cementos Novella S.A. was
expanding its No. 2 plant at San Miguel,
which produced 1,000 short tons per day
with a four-stage preheater kiln. Forty per-
cent of the clinker was to be sent to its older
La Pedrera plant in Guatemala City which
had surplus grinding capacity. The new
production line was scheduled to go on-
steam in 1979.27

Guinea.—The Republic of Guinea award-
ed a contract for the construction of a
clinker grinding plant at Conakry. The
operation was to have a 275,000-short-ton-
per-year capacity, with startup scheduled
by the end of 1979.

Honduras.—Industria Cementera Hon-
durena S.A. awarded a contract to build a
new 1,980-short-ton-per-day plant at Pie-
dras Azules. The operation was to go on-
stream by mid-1981. Output was to be 1,320
short tons per day of clinker mixed with 660
short tons per day of pozzolan.

India.—During 1978-79, the Associated
Cement Companies (ACC), the largest ce-
ment firm in the country, undertook a
major investment program to add 2 million
tons additional capacity over the next 3
years by expanding three existing plants
and building a new operation in the Hima-
layan foothills. This expansion was made
possible recently by the Government’s al-
lowing of 129% post-tax returns on net worth
and relaxation of restrictions on “large”
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businesses. There had been little invest-
ment made in new cement plants over the
previous several years, with the Govern-
ment admitting that it had fixed prices for
cement too low.

Indonesia.—P. T. Semen Gresik fired up
its kiln at the Gresik Persero factory in
1978, marking its third expansion and
bringing plant capacity up to 1.65 million
short tons per year and making Indonesia
self-sufficient. In 1978, the country import-
ed 300,000 tons of cement. Annual consump-
tion was about 4.5 million tons.zs ;

Iran.—Aria Cement Corp.’s new facility
at Isfahan was scheduled to go onstream in
1978. The two-kiln operation is rated at
3,600 short tons per day clinker capacity.
Granulated blast furnace slag from a neigh-
boring iron works was to be utilized. Other
projects included a new 3,200-short-ton-per-
day plant at Behbahan, a new 2,400-short-
ton-per-day plant at Kermanshah, and a
new 2,200-short-ton-per-day plant at Neka.-

Iraq.—Iraq’s cement industry goal was
reportedly aimed at achieving an " 11-
million-metric-ton capacity by 1980. Several
plant programs were underway. The Ba-
doosh Cement plant in northern Iraq placed
its 1,650-short-ton-per-day expansion on-:
stream. Iraq Cement Public Co. put on-
stream a 2.5-million-ton-plant at Kufa.

Jamaica.—The Government of Jamaica
agreed with Venezuela to jointly explore
the possibility of constructing a second ce-
ment plant on the island. The proposed
660,000-short-ton-per-day plant was to be
financed 70% by Jamaica and 30% by
Venezuela through a private organization.

Japan.—The Cement Association 'of Ja-
pan reported that in 1978 both production
and shipments reached alltime highs. Pro-
duction was at 93.5 million tons in 1978, up
16% over 1977. Domestic shipments rose
14% to 87.3 million tons. Exports jumped
30% to reach 9.1 million tons, a new record.
However, in a marked turnabout, Japan
cement industry fell from unprecedented
large profit levels in 1978 to substantial
profit reduction in 1979. Fuel oil shortages
and rapidly escalated cost are causing the
closing of plants and substantial cement
price increases.

The Japan Economic Journal viewed the
sale of Onoda Cement’s reinfored suspen-
sion preheaters to three American cement
firms (Kaiser, Marquette, and Ideal) as a
great breakthrough for further U.S. sales of
pyroprocessing equipment.

Nihon Cement Co. Ltd. and the Bridge-
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port Tire Co. jointly developed a new tech-
nology for development of used rubber tires
as fuel and raw material for cement produc-
tion. The process was put into practice in
1978. Between 45,000 and 50,000 used tires
(800 tons) a month were to be utilized.

Korea, North.—By the conclusion of the
6-year plan in 1982, output was projected to
reach 20 million tons. As part of this expan-
sion, cement plants with an aggregate ca-
pacity of 10 million tons were to be built in
the Suchon and Chonnae areas.

Korea, Republic of.—Cement plant ex-
pansion programs currently underway in
Korea were scheduled to raise national
capacity to over 21 million tons by 1980.
Notably, the Ssang Yong Cement Industrial
Co., Ltd., plant at Yong-Wol was adding 2.2
million tons, its Mukyong plant was being
expanded to 400,000 tons, and its Dong Hae
plant was adding 3.4 million tons. Dong
Hae, when completed would have a capacity
of 8.8 million tons. All of Dong Hae’s pro-
duction was to be exported.?

Libya.—At Hawari, a new two-kiln, 1.1-
million-short-ton-per-year operation was
placed onstream and inaugurated in Sep-
tember 1978.

Malaysia.—The Malaysian Government
approved a $70 million expansion program
of the Rawang cement plant in Selangor;
Malaysia, operated by Associated Pan Ma-
laysia Cement. The new plant to be built
would have a capacity of 1.2 short tons per
year by 1980.

Mexico.—Government forecasts noted
that Mexican cement production was sched-
uled to increase to 25 million tons by 1982.
Exports to the United States continued to
be regarded as an important factor in realiz-
ing high-capacity utilization.

Blue Circle Ltd.’s associate company in
Mexico, Empresas Tolteca de Mexico S.A.,
in December 1978 completed financial ar-
rangements for the largest expansion of the
country’s cement industry in 5 years. Work
began on a major project to increase the
company’s capacity by 2.4 million tons from
its present 3.7-million-short-ton-per-year
level. The program included construction of
a 1.1-million-short-ton-per-year plant at
Hermosillo in northwest Mexico, the mod-
ernization and expansion of six of Toltec’s
eight other existing plants, and improve-
ment in ready-mix concrete facilities.

Morocco.—The Moroccan cement indus-
try began several new plant programs. A
new facility was being built for Asment de
Temara S.A. near Rabat. This plant was
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scheduled to go onstream in 1979 with a
capacity of 550,000 short tons per year.
Scheduled to go onstream in 1978 was a new
1.1-million-short-ton-per-year plant at Quja.

Netherlands.—Alcoa Chemic Netherland
BV, was to build a new plant to produce
calcium aluminate cement and get it on-
stream in early 1980.2c With this addition,
Alcoa Chemic would be able to offer a full
range of high alumina materials to the
refractories, chemicals, and ceramics indus-
tries from a single European production
source. The primary uses for calcium alum-
inate (CA-25) cement are in refractory mor-
tars, castables, and in gunning mixes.

Nigeria.—Two new cement plants were
reported onstream; namely, Ashaka Ce-
ment Co,’s plant in Bauchi State, rated at
880,000 short tons per year; and West Afri-
can Portland Cement Co.’s plant at Shaga-
mu, near Lagos.

Pakistan.—By the end of 1978, Pakistan
was expected to be meeting all its cement
needs, with some excess capacity available
for export. A major reason for the previous
short supply was stated to be inadequacies
in distribution. A newly inaugurated revi-
sion of the supply system was to eliminate
those difficulties. The country had been
receiving imports from India and Romania;
however, expansion at three existing plants,
and the impending completion of four new
units, were expected to eliminate shortages
entirely.

Panama.—A 1,100-short-ton-per-day
plant at Calyada Larga, owned by Empresa
Estatal de Cemento “Bayano” north of Pa-
nama City, started production in 1978.

Peru.—A new precalciner unit at Paca-
smayo started up in May 1978. The plant
uses the indentical open-circuit grinding
system for raw as well as finish grinding.®

The Philippines Cement Corp. awarded a
contract to undertake a technical study of
each of the 18 cement plants in the Philip-
pines for the purpose of rating present
capacity, determining steps to restore ca-
pacity where necessary, and reporting on
antipollution control installations.’?

Poland.—Poland became cement self-
sufficient 4 years ago and from that point
onward has been a net exporter of produc-
tion. Cement output increased more than
50% during its last 5-year plan. Production
under VII Plan (1976-80) is scheduled to
again increase by more than 50% to 29
million tons by the end of 1980.

Saudi Arabia.—The nation’s 5-year devel-
opment plan calls for an increase in domes-
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tic production to 10 million short tons per
year through a series of expansions. Com-
pleted in 1978 was a 1,600-short-ton-per-day
expansion by the Yamama Saudi Cement
Co., Ltd., at its Riyadh plant. Scheduled for
completion by 1980 were El Kassein Cement
Co.’s 2,200-short-ton-per-day plant at Buray-
dah and Yanbu Cement Co., Ltd.’s, 3,300-
short-ton-per-day plant at Ras Baridi.
Scheduled to be onstream in 1981 are Saudi
Bahrain Cement Co.’s 1,600-short-ton-per-
day plant at Abgeig and Southern Provence
Cement Co.’s 5,500-short-ton-per-day plant
at Gizan. Plant startup in 1982 is planned
for the Saudi Kuwaiti Cement Manufactur-
ing Co.’s new 7,700-short-ton-per-day plant
on the Arabian Gulf coast.

South Africa, Republic of.—South Afri-
ca’s cement export program was reportedly
hit by the loss of its important Iranian
market. South Africa’s cement exports had
previously reached record high levels. Mid-
dle East and Indian Ocean countries had
been the chief markets.About one-eighth of
industry production capacity had been ex-
ported. Generous government rebates on
rail traffic had helped boost exports since
most of the cement plants are located far
from the main seaports.

A complaint of South African cement
producers, reported in 1979, was that the
current price for cement does not yield
sufficient returns to reward shareholders
properly and ensure the continued healthy
development of the industry.33

Spain.—Spain is the world’s foremost ex-
porter of cement. The industry operates
54 production facilities throughout the
country.3

Sweden.—Cementa AB added a 5,200-
short-ton-per-day kiln line system at its
Slite plant on the Island of Gotland. After
startup, the Slite operation was to account
for approximately 60% of Sweden’s total
cement capacity. The single kiln line is the
largest in Europe.

Thailand.—Siam City Cement Co., Ltd.,
has undertaken an expansion program that
will aproximately triple the capacity of the
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company’s plant at Saraburi in central
Thailand, making it the second largest ce-
ment producer in the country. The project
also included construction of a large bulk
distribution terminal.

Kaiser Cement & Gypsum Co. sold its
25% interest in Jalaprathan Cement Co. of
Bangkok to the Thai firm’s directors for $8
million. Kaiser will remain in management
under an ongoing contract.%

Turkey.—By 1980, capacity of the Tur-
kish cement industry was expected to stand
at approximately 22 million short tons per
year. National consumption at.that time
was projected to reach 18 million short tons
per year. The remainder was to be available
for export, mostly as clinker.

United Arab Emirates.—The National
Cement Co., Ltd. put onstream in 1978 its
new plant at Dubai. The annual capacity of
this plant was 1,600 short tons per day.
Scheduled for startup in 1980 was the
Union Cement Co., Ltd.’s, plant expansion
at Ras Al Khaima. The new kiln would add
1,600 short tons per day to existing capacity.
In 1981, Al-Ain Cement Factory at Al-Ain
was to start its new 2,000-short-ton-per-day
plant.

United Kingdom.—In June 1978, the As-
sociated Portland Cement Manufacturers
Ltd., changed its name and since then has
been trading worldwide as Blue Circle In-
dustries Ltd. Different names used to distin-
guish various operations within the com-
pany are Blue Circle Overseas, Blue Circle
Technical, Blue Circle Enterprises, and
Blue Circle Cement. Each name represents
an operation group of Blue Circle Indus-
tries, not a subsidiary company.

Yugoslavia.—Dalmacija Cement was ex-
panding its plant at Paitizan with a 3,500-
short-ton-per-day, dry-process kiln. The op-
eration was reported to be one of the most
modern in Europe and would make Yugo-
slavia self-sufficient in cement production.
The favorable coastal location of the plant
was to assist both internal raw material
supply and exports to the Middle East.
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Table 21.—Hydraulic cement: World production, by country

(Thousand short tons)
Country 1976 1977 19787 1979
North America:
Bahamas_________________________________ 299 25 407 400
Canada_ _ ______ . ___________________ 10,609 10,588 11,638 113,046
CostaRica . _ ___ _ __________________________ 3 447 468 600
wba __ ____ _____________________________ 2,757 2,929 2,989 2,900
Dominican Republic - _ _ _______________________ 21 948 1955 1,000
ElSalvador - _ _ ____________________________ 356 408 573 600
Guatemala - ______________________________ T490 541 568 1632
253 293 274 300
245 416 287 300
403 367 324 400
13,871 14,580 15,494 16,600
2. 251 177 200
311 299 292 300
Trinidad and Tobago _ _ __ __ __ _________________ 266 238 243 1238
United States (including PuertoRico) _ ______________ 74,495 80,058 85,480 185,904
South America:

i 6,296 6,425 6,783 7,000
292 279 300
21,105 21,123 24,361 26,800
1,067 ,256 1,297 11,498
3,982 3,635 4,577 4,740
679 690 1,102 1,100
171 220 183 200
2,167 2,172 2,226 12,227
€55 53 66 60
745 752 743 750
3,900 3,457 3,717 4,500
772 8217 992 1,100
6,482 6,606 6,322 16,243
8,272 8,558 8,351 8,700
4,808 5,142 5,675 15,952
10,529 10,746 11,244 111,310

2,596 ,545 ,829 ,
2,012 1,887 1,878 11,928
32,401 31,779 30,892 131,778
12,500 13,334 13,802 14,330
37,646 35,544 37,433 139,101
9,640 11,667 12,434 113,336
4,738 5,093 5,251 15,357
160 153 148 150
1,730 1,759 1,991 2,200
40,044 41,580 41,621 44,250
Luxembourg ______________________________ 330 320 343 400
Netherlands_ __ ____________________________ 3,837 4,295 4,312 4,100
Norway _ o ______ 2,960 2,572 2,369 12,422
Poland __________________________________ 21,826 23,479 23,920 121,138
Portugal _____________________________ 4,093 4,736 5,732 ,700
Romania_ __ __ ____ ________________________ 14,427 15,295 16,191 117,196
Spain (mcludmg Canarylslands) _ _________________ 27,780 230,859 233,327 1230,768
Sweden_ _._______________ _________________ 3,163 2,794 2,588 12,579

Smtzerland 3, 4,022 4,075 4,
USSR _____________ 136,957 140,055 139,944 1135,597
United Kingdom 17,394 17,037 7,540 117,791
Yugoslavm 8,400 8,826 9,588 '10 010
1,543 1,959 2,973 4,000
330 330 440 440
330 400 €390 400
4 4 4
3,706 3,590 3,307 3,600
164 80 €95 1102
118 210 210 220
€720 672 551 440
1,087 1,261 1,240 1,030
€110 €110 146 160
1,653 2,756 3,527 3,000
82 57 3 80
94 104 103 1119
€55 38 37 40
2,573 3,164 3,107 4,400
239 356 €360 1301
42 €45 €45 142
1,404 1,587 1,693 1,900
595 542 450 1437
Seneg ————————————————————————————————— 425 364 393 1423

See footnotes at end of table.
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Table 21.—Hydraulic cement: World production, by country —Continued

(Thousand short tons)
Country 1976 1977 1978° 1979°
Africa: —Continued
South Africa, Republic of 7,769 7,245 7‘522 7,600
Sudan _ 1 151 188 190
i 287 255 1331
526 631 972 11,548
1'96 Gl‘so 55
€720 539 520 500
€424 €440 135 220
€184 150 €140 150
173 338 376 340
€257 296 280 350
44,100 59,250 71,898 181,461
9.644 11,376 12,634 113,114
1,130 1,184 1,220 11,270
843 1,134 1,364 11,415
20,547 21,010 21,561 120,133
1,988 2,952 5,351 3,750
6,834 7,998 13,227 9,900
3,007 3,494 5,070 5,620
2,204 2,164 2,200 12,116
75,742 80,620 93,550 196,787
588 624 622 1688
55 55 11 1
1,700 7,700 1,700 8,800
13,087 15,648 16,681 118,092
387 363 685 690
€1,878 1,499 1,522 1,500
1,917 1,959 2,420 2,400
75 175 110 110
33 46 40 124
3,459 3,489 3,420 13,768
,965 4,875 5,116 51100
1 185 229 261
1,217 1,397 1,984 2,400
1,490 1,490 1,490 1,490
470 392 634 750
i 1,224 1,537 1,580 1,900
iland_ _ __ _ _ _ _ __ _ ____ ___________ 74,916 5,611 5,567 5,800
Turkey . __ _ _ _ o ___ l'13“5’76 15,248 16.676 115,199
Vietnam® _ __ ___ ___ _ ___ ___________________ 815 903 937 926
Yemen__________________________________ €66 66 69 100
Oceania:
Australia ________________________________ 5,580 5,537 5,504 15,7179
Fijilslands ___________________ ____________ 76 85 106 1106
New Caledonia _ __ _ __ _______________________ 60 55 €60 60
NewZealand . __ ___________________________ 1,102 1,004 880 1833
Total . _ _ e 822,418 872,894 938,095 951,791
®Estimate. PPreliminary. "Revised.
1Reported figure.
2Excludes natural cement.

3Year beginning March 21 of that stated.

TECHNOLOGY

Cement Manufacture.—Research and de-
velopment efforts since the early 1970’s
have had a strong focus on improving ener-
gy efficiency in the manufacture of cement
and efficient uses of cement in concrete
products and structures.

Very active during this period was the
National Materials Advisory Board’s (Na-
tional Research Council) Committee on the
Status of Cement and Concrete Research
and Development in the United States. The
committee conducted a study to assess the

status of cement and concrete research and
development activity, to determine the fac-
tors causing the apparent present low level
of activity, and to provide specific recom-
mendations on where an increased research
and development effort would produce the
greatest benefits to the Nation. The study
concluded that the U.S. cement and con-
crete research and development establish-
ment has substantially deteriorated in com-
parison with its status 20 years ago and
there is little likelihood that this will antici-
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pate and meet the future’s challenges and
changed needs 15 to 20 years ahead.

Reinforced suspension preheater (RSP)
systems have lower capital cost, reduced
maintenace costs, better process stability,
and low NOx-emissions. Specific advantages
include the following: Swirl furnaces burn
all fuels completely and handle high sulfur
coals with low or high volatile content;
ignition takes place in a clean-burning at-
mosphere, before raw materials are intro-
duced; fuel is combusted completely in a
swirl calciner; temperature conditions in
the swirl furnace can be changed by varying
the rate of raw material input; RSP design
creates extra retention time; and 35% to
40% decarbonation is achieved in the swirl
calciner.?”

Plants under construction in the United
States employing the RSP system include
Marquette Cement Manufacturing Co.,
Cape Girardeau, Mo. (3,150 short tons per
day); Kaiser Cement Corp., Permanente,
Calif. (5,000 short tons per day); and Ideal
Cement Co., Theodore, Ala. (4,650 short tons
per day).

Research institutes in the U.S.S.R. car-
ried out investigations which show that
clinker burning conditions have the great-
est effect on the hydraulic properties of
clinker. Other factors include composition
and fineness of raw feed, rate of cooling of
the clinker, and particle size of the finished
cement. It was found that if a raw material
with a silicate component containing iron
oxide is used it should be subjected to rapid
clinker burning in a short kiln with a short
flame. In a long kiln with a long sintering
zone, it is possible to burn clinker with good
hydraulic properties only if the alkali con-
tent is above 0.7% High early strength
cements in the U.S.S.R. are produced from
normally burned portland cement clinker
and also with admixtures of halogen
compounds.?®

The manufacture of low-alkali cement
from high-alkali raw materials has primari-
ly been confined to the wet or the semiwet
process of manufacture and to the use of
raw materials suitable for making pellets of
sufficient strength. The process was, in
most cases, characterized by a very high
water demand. Now it can be done by
means of separate precalcining of the raw
meal outside the kiln as a purely dry
process of cement manufacture. Because of
this, all the kiln waste gases can be dis-
charged without necessitating an overall
heat consumption of more than 850 to 900
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kilocalories per kilogram of clinker. In this
way, a minimum alkali content is achieved
in the clinker solely by the volatitization of
the alkali compounds. In addition, raw ma-
terials with a high content of sulfur and
chloride can be used, and the system can be
fired with fuels with a high sulfur content
without causing problems in the plant oper-
ation. The discharge of all the kiln waste
gases does not result in a lowering of the
specific kiln output as compared with other
precalcining systems. The process is suit-
able for the production not only of low-
alkali cement, but also of cement with
increased 28-day strength.>®

Blended Cement.—A study was con-
ducted to determine the effect of the chem-
istry of slags on the strength properties of
cement-slag mixtures. The compressive
strength of 192 laboratory cements contain-
ing 60% and 75% blast furnace slag made
with two clinker compostitions and two
degrees of fineness, were measured at ages
ranging up to 91 days. The blast furnace
slag cements were made with 24 granulated
slags from different iron and steel plants
using production methods that differed con-
siderably from one another. These cements
attained 28-day strengths ranging from 25
to 55 newtons per square millimeter. With
the aid of the data thus collected, the
applicability of some well-known formulas
for calculating hydraulic activity was inves-
tigated statistically. None of the formulas
gave generally valid information as to the
effect of chemical composition for all the
blast furnace slags of different origin
envisaged here. Moreover, since further
influencing factors are involved in produc-
tion of such cements, simple formulas can-
not be expected to yield useful predictions of
probable strengths except when applied
within narrow limits of composition of a
blast furnace slag cement.°

In connection with the extension of
the cement operations owned by Hoesch
Hittenwerke, A. G., the firm developed a
new process for the granulation of blast
furnace slag. After intensive studies, a pilot
plant was installed to operate with a blast
furnace, and a new principle of water ex-
traction and granulated slag handling was
tried out. This new water extraction princi-
ple consists essentially in utilizing the pre-
cipitated granules as a filter layer, thus
ensuring a high degree of mechanical purity
in the effluent water. The most favorable
water to slag ratio was determined to be
that at which the granulated slag has a low
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residual moisture content along with a high
content of glass. As the raw material for
cement manufacture in this plant is treated
by grinding in combination with drying, the
low residual moisture was a particularly
necessary condition. The most favorable
results were obtained with a particle size
range of up to 3 millimeters for the gran-
ulated slag, possessing a glass content of
between- 92% and 95%, and containing
about 8% residual moisture. The good expe-
rience gained with the pilot plant led to the
construction of two industrial plants
associated with two back-pressure blast
furnaces.

Concrete.—New technology in concrete
develops over a period of years, generally as
a result of several years of study. Such
studies start from a basic or laboratory
level, progress through the pilot stage to
full scale and then continue until field or
service performance is demonstrated. Tech-
nological research and development in the
field of concrete covers a very broad range
of studies, and it is beyond the scope of this
review to mention all of the numerous
specific studies that have been in progress
over the past 2 years.

Recent improvements in concrete produc-
tion methods include development of
computer-controlled construction equip-
ment; self-contained units for continuous
volumetric mixing of concrete; modification
of mixing and batching procedures to per-
mit successful incorporation of glass or steel
fibers, or of superplasticizers; methods of
production of polymer-impregnated con-
crete to meet special needs for chemical
resistance; production of extruded hollow-
core panels for floor and wall systems;
construction methods for segmental can-
tilevered box-girder bridges; and special
methods for the construction of massive
fixed and floating marine storage units.

Widespread development of computer
techniques has recently influenced the con-
crete area, and the development of mathe-
matical models to describe nonlinear triax-
ial deformation, failure envelopes, creep,
and certain moisture and thermal effects
have been pursued with some success.
Strength concepts have been placed on a
statistical basis, and statistical quality con-
trol methods have been applied in monitor-
ing concrete production. All of these devel-
opments have resulted in significant reduc-
tions in the safety factors used in designing
concrete structures.

During the past few years, a start has
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been made toward producing “manufactur-
ed” concrete in semi-industrial environ-
ments with high production rates and rela-
tively close dimensional tolerances. Inten-
sive vibration and relatively short mixing
cycles are frequently used. Better methods
of monitoring the concrete during the pro-
cessing and early post placement stages are
being applied. Traditional quality control
procedures, comprising after-the-fact test-
ing of small specimens cast separately for
testing purposes, are probably inadequate
for such concretes.

Improved varieties of concrete and con-
crete constituents and new varieties of com-
posites based on cement have been devel-
oped recently, at least partly in the United
States. Some of these materials have been
brought into limited commercial practice,
but applications are not widespread.

A variety of cements, based loosely on
portland cement but modified to achieve
specific characteristics, have been devel-
oped. These materials include regulated-set
cements, shrinkage-compensating and ex-
pansive cements, some very high-early-
strength cements, and others.

New admixtures, particularly superplast-
icizers or high-range water reducers, have
also been developed in recent years. Most of
the products were developed in Europe and
Japan and are still being imported in the
United States. High-range water reducers
are organic admixtures that disperse ce-
ment and drastically reduce the water con-
tent needed for mixing and placing con-
crete. Their use permits stronger and more
durable concrete to be made or ordinary
concrete to be made with less trouble and
expense in placing and consolidation.

Development of so-called low-porosity ce-
ment concrete has proceeded slowly. Low-
porosity concrete is made from ground
clinker without gypsum addition, but incor-
porating special admixtures that permit
placement at exceedingly low water con-
tents. Such concretes seem to have signifi-
cantly superior strength, dimensional sta-
bility, impermeability, and durability.

Research and development on alkali-
resistant reinforcing glass fibers for use
with cement has been undertaken by glass
manufacturers in several countries includ-
ing the United States. A number of glasses
intended for the purpose have been patent-
ed and are being commercially exploited.
Alkali-resistant glass fibers have been ap-
plied to a variety of thin-panel composites,
typically incorporating cement and some
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sand but not coarse aggregate. These com-
posites have found various architectural
uses, but are not yet recommended for load-
bearing applications because of the uncer-
tainty of the retention of strength under
weathering conditions.

Steel fibers have been used in concretes
in a variety of ways. Novel and much more
efficient forms of steel fiber have been
developed, including fibers with deforma-
tions along their entire lengths and fibers
with special end anchorages. The latter
have been produced in parallel assemblages
held together with a water-soluble glue. Use
of such assemblages has almost eliminated
previous mechanical problems of incorpora-
ting the fibers into the concrete mix.

Concretes and other composites with
various unusual features for special applica-
tions have been developed in recent years.
A good illustration is shrinkage-
compensated concrete used in water im-
poundment structures, parking garages,
and a few large building complexes where
crack avoidance was recognized as a pri-
mary objective by the designer. Applica-
tions have been developed for ferrocement,
mortars heavily reinforced with steel wire
mesh sheets, especially in small ships and
boats.

The major development in structural con-
crete in recent years has been prestressed
concrete. The initial impetus was the post-
war shortage and high cost of construction
steel in Europe in the 1940’s, and European
investigators were early leaders. The U.S.
concrete industry kept pace in prestressed
concrete in some areas, notably prefabri-
cated, prestressed units, and pioneered in
others. Nevertheless, this country lagged in
important areas, particularly in the use of
post-tensioned concrete for large structures,
and specifically in the cantilevered segmen-
tal box-girder bridge. In the early 1970’s,
changed economic factors led to further
rapid progress in the United States, even in
areas that previously had been neglected.

A development that started in Europe
and was later applied and refined in this
country is the design and construction of
prestressed concrete nuclear reactor ves-
sels. Other recent achievements include
very tall concrete buildings (more than 70
stories) using high-strength concrete for
columns and ocean oil-storage tanks made
of concrete, the latter developed largely in
Europe. Considerable development has oc-
curred in hyperbolic paraboloid cooling tow-
ers, and in lightweight concrete large-span
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bridges, but unanswered questions remain
in both areas. The use of prestressed con-
crete for piles in ocean ports has now
become widespread. Prestressed concrete
piling is now used for substantially all
structures on the west and gulf coasts of the
United States, and its use is spreading to
Asia and the Middle East.

Analysis of concrete structures has been
revolutionized by computer methods which
have today permitted the development of a
much more realistic design (especially for
earthquake or other dynamic loads). Great
improvements have been made in building
codes, including the adoption of limit-state
design and the consideration of previously
neglected effects such as torsional loading
on beams, cracking calculations, etc. Con-
sideration of the behavior of simple struc-
tural members such as beams, columns,
etc., has given way to analyses of more
complex structural systems, including the

joints. Codes are being revised on a much

more frequent basis to take advantage of
the new developments.*?
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Chromium

By Norman A. Matthews! and John L. Morning!

Chromite consumption increased substan-
tially in 1979 compared with that of 1978
and 1977 and reached the highest level
since 1974. The consumption increase paral-
leled an increase in domestic ferrochro-
mium production and a decline in ferro-
chromium imports. World chromite produc-
tion peaked in 1977 and declined slightly in
1978 and 1979. Apparent total domestic

demand, including secondary chromium
from scrap, was 600,000 short tons in 1979,
second only to that of 1974.

Although complete statistics are not
available, it is probable that world demand
for chromium was at a record high in 1979
based upon U.S. consumption and reported
demand growth in Western Europe and
Japan.

Table 1.—Salient chromite statistics

(Thousand short tons)
1975 1976 1977 1978 1979

United States:

Exports _ _ __ ____ ___ __ ___________ 139 124 187 23 27

Reexports _ _ _ _ ___________________ 45 85 61 29 28

Imports for consumption _ _ __ __ ________ 1,252 1,275 1,293 1,013 1,024

Consumption —_ _______ - 881 1,006 1,000 1,010 1,209

Stocks, . 31: Consumer _ _ _ - 952 1,009 1,338 1,301 907
World: Production . _ __ __ _____________ 9,136 9,872 10,172 9,920 10,498

"Revised.

Legislation and Government Pro-
grams.—Congress requested a reinvesti-
gation of alleged injury to the domestic
ferroalloy industry caused by imports of
high-carbon ferrochromium at low prices.
The International Trade Commission ini-
tiated the investigation in June 1978 and
recommended protection for the industry by
quotas or additional duties. Presidential
Proclamation 4608, dated November 15,
1978, authorized by the Trade Act of 1974,
provided a temporary duty increase of 4
cents per pound of chromium content on all
material imported at exit port prices less
than 38 cents per pound. The proclamation
will expire on or before November 15, 1981.

In response to a petition by the U.S.
Ferroalloy Association in December 1978,
the U.S. Department of the Treasury made
its final determination in the case of subsi-

dized imports of ferroalloys from Spain and
imposed countervailing duties of 2.4% to
3.836%, with the latter figure applying to
high-carbon ferrochromium, effective Janu-
ary 1, 1980.

The stockpile policy bill, Public Law 96-
41, Strategic and Critical Materials Stock-
piling Revision Act of 1979, was signed into
law on July 30, 1979. It provides for the
procurement of materials not up to goals as
funds accumulate from the sales of excess
materials. The inventory levels of most
chromium materials in the national stock-
pile are close to the current goals.

U.S. Government stockpile goals and in-
ventories of chromium stockpile materials
are shown in table 2.

The United States and the United Na-
tions removed economic sanctions on prod-
ucts from Zimbabwe-Rhodesia in December
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1979 after the establishment of a represent-
ative government and election of a prime
minister. The U.S. Government phased out
quotas on imports of stainless and tool
steels from Western Europe and Japan over
the interval July 1979 to February 1980.

There were no sales of Government stock-
pile excesses of chromium materials or
deliveries on sales contracts from prior
years.

In August 1978, the Environmental Pro-
tection Agency promulgated regulations re-
garding “Best Conventional Pollutant Con-
trol Technology.” These regulations covered
open and closed electric arc smelting fur-
naces with wet air pollution control devices,
and electrolytic chromium production
facilities? Final regulations were pending
at yearend. Waste water effluent pretreat-
ment standards for the electroplating indus-
try, published in May 1979, were relaxed
with respect to small shops discharging less
than 10,000 gallons of waste water per day.?

MINERALS YEARBOOK, 1978-79

The Occupational Safety and Health Ad-
ministration was investigating evidence re-
lating to the safety or toxicity of hexavalent
chromium compounds used in conversion
coatings on steel or as pigments in paint
coatings. The study focused on the exposure
of workers involved in spray painting envi-
ronments. The National Paint and Coatings
Association cooperated in a study of the
health experience of 2,000 workers identi-
fied in the spray application of chromate-
containing paints in manufacturing plants.

INMETCO, a subsidiary of Inco United
States Inc., commissioned a new plant in
Ellwood City, Pa., in 1978 to recover nickel
and chromium from steel plant particulate
wastes. With a capacity of 40,000 tons of
waste per year, which was achieved in late
1979, the plant produced about 25,000 tons
of stainless pig containing 4,800 tons of
recovered chromium and nickel from bag-
house dusts, mill scale, and grinding swarf.

Table 2.—U.S. Government chromium stockpile material inventories and goals
(Thousand short tons)

Inventory by program, Dec. 31, 1979

National

National

Defense Supplemental

stockpile Pm‘klc? fon stockpile Total
Chromite, chemical-grade __ _______ 134 242 __ __ 242
Chromite, metallurgical-grade_ _ _ __ _ _ 2,550 2,164 381 323 2,868
Chromite, refractory-grade _ _ 642 291 . 100 391
Ferrochromium, high-carbon _______ 236 126 _— 276 402
Ferrochromium, low-carbon _ __ _____ 124 128 _ 191 319
Ferrochromium-silicon __ _________ 69 26 . 33 59
miummetal _______________ 10 - . 4 4
DOMESTIC PRODUCTION

Except for a small quantity produced for
export in 1976, domestic mine production of
chromite ceased in 1961 when the last
government production contract for stock-
piling was phased out. American Chromium
Co. was arranging financing in 1979 to
develop a chromium prospect in Siskiyou
County, Calif.

The United States continued as a major
world consumer of chromite for the produc-
tion of chromium ferroalloys and metal,
chromium-containing basic refractories,
and chromium chemicals. The principal
producers of these products are shown in
the table below. Three domestic ferrochro-
mium plants changed ownership in July

1979 when Macalloy Inc. purchased the
Charleston, S.C., plant of Airco Inc., and
SKW Alloys Inc. (Federal Republic of Ger-
many) purchased the facilities of Airco at
Calvert City, Ky., and Niagara Falls, N.Y.
The latter two plants were minor producers
of chromium alloys along with silicon and
manganese alloys. Macalloy also purchased
the Airco ferroalloy plant at Vargon, Swe-
den; this facility was renamed Vargon Alloy
AB and continued as the largest ferrochro-
mium producer in Western Europe. PPG
Industries, Inc. sold its plant at Corpus
Christi, Tex., to Harrisons and Crosfield
Ltd., a United Kingdom chemicals produc-
er.
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Principal producers of chromium products

Company

Plant

Metallurgical industry: .

Airco Alloys, Airco,Inc.? __ _ __ __ ______________

Chromium Mining & Smelting Corp _ _ _ _ _ _________ :

Foote Mineral Co

Inﬂerlake, Inc___ __ _____
Prairie Metals and Chemicals,Inc __ _____________
SatralloyCorp — _ _ __ ______________________

Shieldalloy Corp.,

Union CarbideCorp_ _ _ _ _ _._ _________________

Refractor¥ industry:
Basic,Inc ____ ________
- Corhart Refractories Co., Inc
Davis Refractories, Inc _ _ _
General Refractories Co

Harbison-Walker Refractories (a division of Dresser Industries, Inc.)

Kaiser Aluminum & Chemical Corp _ _ _ _ __ ________

North American Refractories, Co. Ltd _ _ _ _
Ohio FireBrickCo_ _ __ - ____________.__
Chemical industry:

Allied ChemicalCorp_ ______________________

Diamond Shamrock Corp_ _

PPG Industries,Inc.2 _______________________

Calvert City, Ky.,
Niagara Falls, N.Y.,
Charleston, S.C.

Woodstock, Tenn.

Keokuk, Iowa, and
Graham, W. Va.

Beverly, Ohio.

Prairie, Miss.

Steubenville, Ohio.

Newfield, N.J.

Niagara Falls, N.Y.,
Marietta, Ohio,
Alloy, W. Va.

glaple Grlovem(_)hio.
'ascagoula, Miss.
Jackson, Ohio.
Baltimore, Md., and
hi, Utah.
Hammond, Ind., and .
Baltimore, Md. .
Moss Landing, Calif., and
Columbiana, Ohio.
Womelsdorf, Pa.
Jackson, Ohio.

Baltimore, Md.
Castle Haynes, N.C.
Corpus Christi, Tex.

!Plants sold in 1979; Charleston, S.C. ferrochromium plant now operated by Macalloy Inc.
2Plant now operated by Harrisons and Crosfield Ltd. (United Kingdom).

Table 3.—Production, shipments, and stocks of chromium ferroalloys and chromium

metal
(Short tons)
Production Producer
Year and alloy Gross Chromium Shipments stocks,
weight content Dec. 31
1978:
Low-carbon ferrochromium _ _ _ _ _________________ 15,082 10,407 20,325 5,878
- High-carbon ferrochromium _ ___________________ 160,619 101,190 174,105 26,347
Ferrochromiumssilicon_ _ _ _____________________ 23,710 8,536 31,831 13,138
Other* _________________________________ 19,241 11,545 19,943 2,597
Total L __ _ __ _ . ___ - 218,652 131,678 246,204 47,960
1979:
Low-carbon ferrochromium _ _ _ _ _________________ 34,034 23,304 35,991 4,272
High-carbon ferrochromium _ 212,935 131,222 193,657 35,934
Ferrochromium-silicon_ __ _ _ _ 25,898 9,292 36,009 3,265
Other' __________ o ____ 21,745 13,214 22,568 5,463
Total . ___ __ ________________________ 294,612 177,032 288,225 48,934

'Includes chromium metal, exothermic chromium additives, and other miscellaneous chromium alloys.

CONSUMPTION AND USES

Domestic consumption of chromite ore
and concentrates was 1.01 and 1.2 million
tons in 1978 and 1979, respectively, with
1979 consumption at the highest level since
1974. Of the total chromite consumed, the
metallurgical industry used 63%; the re-

fractory industry, 17%; and the chemical
industry, 24%. Respective percentages of
approximately 60-20-20 have prevailed in
recent years. The metallurgical industry, in
consuming 774,000 tons of chromite, pro-
duced 300,000 tons of chromium alloys and
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metal. About 39% of the metallurgical ore
had a chromium-to-iron ratio of over 3:1,
82% had a ratio between 2:1 and 3:1, and
33% had a ratio of less than 2:1. Chromite
consumption increased substantially in
1979 compared with that of 1978 and 1977
because of increased demand for ferroalloys
generally in developed countries which led
to a reduction of exports to the United
States.

Producers of chromite-bearing refracto-
ries consumed 237,000 and 193,000 tons of
chromitein 1978 and 1979, respectively. The
chemical industry consumed 239,200 and
242,200 tons of chromite in 1978 and 1979,
respectively. Chromium consumed in pro-
ducing sodium dichromate totaled 73,100
tons in 1978 and 74,000 tons in 1979. On a
sodium dichromate equivalent basis, ton-
nages of chemicals approximated 175,300 in
1978 and 177,500 in 1979.

Chromium has a wide range of applica-
tions in the three consuming industries. Its
use as an alloying element in stainless and
higher alloyed heat and corrosion-resistant
alloys comprised 69% of reported consump-
tion; other principal uses were in full-alloy
steels (17%), high-strength low-alloy steels,
cast irons, and superalloys, (3% each), and
other alloy systems (6%).

The refractory industry utilized chromi-
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um in the form of chromite for manufac-
turing refractory bricks, castables, and
granular patching compounds for ferrous
and nonferrous smelting furnaces. Con-
sumption declined 15% in 1979 compared
with that of 1978, probably because of the
adoption of water-cooled panels in the up-
per walls of ultra-high-powered steelmaking
electric arc furnaces and improvements in
competitive tar-bonded magnesite and
burned dolomite bricks for basic oxygen
steelmaking furnaces.

The chemical industry consumed chro-
mite for manufacturing sodium and potassi-
um dichromate, which are base materials
for a wide range of chemicals used in
pigments, plating baths, and leather tan-
ning compounds.

Expanding new uses for chromium in-
cluded fabricated, stainless steel exhaust
manifold systems for automobiles to replace
cast iron, thereby reducing weight; and
turbochargers for small-engined automo-
biles to maintain performance without
sacrificing fuel efficiency. In the power-
generation field, a growing application for
stainless and higher alloyed corrosion re-
sistant alloys was in the construction of
large wet scrubbers for utility powerplants.
The scrubbers remove SO. from coal com-
bustion exhaust gases.

Table 4—Consumption of chromite and tenor of ore used by primary consumer groups

in the United States
Metallurgical Refractory Chemical
industry industry industry Total

Year Gross TOSS Gross Gross
oo, R e o e G e, Gy

usans jousant
shorttons)  (PeT%Nt)  ghorttons)  (Pereent)  ghort fong) (percent)  gporttons) — (Percent)
1974 __ 904 47.0 295 35.2 251 448 1,450 442
1975 __ 532 44.6 183 345 166 449 881 425
1976 __ 597 434 202 35.0 207 448 1,006 42.0
1977 __ 578 413 208 36.0 214 447 1,000 40.9
1978 __ 534 39.8 237 36.6 239 453 1,010 39.9
1979 __ 174 39.9 193 36.2 242 449 1,209 40.2
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Table 5.—U.S. consumption by end use and form of chromium ferroalloys and metal
(Short tons, gross weight)

Low-carbon

High-carbon Ferrochromium

Year and end use ferrochromium  ferrochromium silicon Other Total
1978:
Steel:
Carbon _____________ 1,366 5,288 1,275 186 8,115
Stainless and heat- i
resisting - _ _________ 26,183 287,111 32,251 193 345,738
Fullalloy __ __-_____"__ 17,167 55,999 4,527 5,058 82,751
nghstrength low-alloy
andelectric _________ 1,647 8,669 2,167 1,740 14,223
Tool _ ______________ 1,738 4,708 89 2 6,537
Castirons ______________ 1,170 13,520 134 866 15,690
Superalloys _ . ___________ 4,934 6,941 210 3,070 15,155
Welding materials -
(structural and hard-
facing) _ ___________ 876 1,244 - 383 2,503
Otheralloys - __ _______ 1,748 1,448 2,522 5,721
Miscellaneous and unspecified _ _ 2,748 492 76 53 3,369
Total _____________ 59,517 385,420 40,732 214,073 499,802
Chromium content _ _ _ _ _ 40,389 233,297 14,983 9,307 297,976
Stocks, Dec. 31,1978 ________ . 6,455 69,196 3,492 32,618 81,761
1979:
Steel: -
Carbon ____.________ 1,567 5,098 1,314 85 8,064
Stainless and heat- ’
resisting _ _ _________ -22,999 332,946 24,647 223 380,815
Fullalloy __ . ________ 187703 61,095 4,917 5,321 90,036
ngh-strength low-alloy :
and electric . 1,417 7,156 3,163 1,830 13,626
Tool _________ 1,543 3,804 42 7 5,396
Castirons ______________ 1,490 13,304 235 529 15,558
Superalloys _____________ 6,744 6,854 175 3,553 17,326 -
Welding materials
(structural and hard-
facing) _____ _______ 986 1,091 - 559 2,636
Otheralloys'____ ______ 2,012 1,441 9 2,780 6,242
Miscellaneous and unspecified _ _ 2,738 413 72 2 3,254
Total _____________ 60,259 433,202 34,574 214,918 542,953
Chromium content _ _ _ _ _ 41,020 259,676 12,722 10,115 323,533
Stocks, Dec. 81,1979 __ ______ 6,683 45,465 3,701 32,465 .

58,314

Includes magnetic and nonferrous alloys

2Includes 5,089 tons of chrommm metal in 1978 and 5,940 tons in 1979.

)

808 tons of chr

metal in 1978 and 1 063 tons in 1979.

STOCKS

Reported consumer stocks of chromite
declined substantially during 1979 from 1.3
to 0.91 million tons, with most of the decline
at ferroalloy production plants. Stocks of 1.3
million tons or higher have been normal
since the end of 1976. A substantial part of
the reported decline was associated with a
change in ownership of the major ferrochro-
mium production facility and its ore stocks.
Producer stocks of ferroalloys were about

double monthly shipments and were rea-
sonably stable over the 2-year period. Con-
sumer stocks of ferroalloys declined from
79,000 tons at the end of 1978 to 56,000 tons
at the end of 1979, with all of the decline in
the high-carbon ferrochromium category.
Stocks of chromium chemicals at producing
plants (sodium dichromate equivalent)
decreased from 15,800 tons at the end of
1978 to 12,800 tons at the end of 1979.

Table 6.—Consumer stocks of chromite, December 31

(Thousand short tons)
Industry 1975 1976 1977 1978 1979
Metallurgical _ _ ___________________________________ 701 762 900 755 416
Refractory _ _ _____ _ _ ________ ______________________ 154 136 174 185 161
Chemical . _ ______________________________________ 97 111 264 361 330
Total _ _ _ _ o ____ 952 1,009 1,338 1,301 907
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Table 7.—Consumer stocks of chromium ferroalloys and chromium metal, December 31

(Short tons, gross weight)

Product - 1975 1976 1977 1978 21979 .

Low-carbon ferrochromium’ 10,974 10,100 6,247 6,455 6,683

High-carbon ferrochromium 50,076 52,563 66,114 69,196 45,465

Ferrochromium-silicon _ _ _ _ _ _ 4,418 3,995 4,777 3,492 3,701

Other' __ _ __ - 2,352 3,300 2,228 2,618 2,465

Total - _ 67,820 69,948 79,366 81,761 58,314

Includes chr briquets, chr metal, exothermic chr additives, and other miscellaneous chromium
alloys.

PRICES

There were few price movements of chro-
mite in 1978 and 1979. The Soviet chromite
price was suspended in February 1978 and
continued to be unquoted at yearend 1979.
At the beginning of 1978, the published
price of South African Transvaal chromite
was $56 to $61 per metric ton. The quotation
was lowered to $54 to $58 per metric ton in
February 1978 where it remained through-
out 1979. Turkish chromite, 48% Cr:0s, 3 to
1 chromium-to-iron ratio, was quoted at
$132 to $142 per metric ton at Turkish ports

in January 1978. In February, the quotation
was changed to $143 per metric ton, but was
lowered to $105 per ton in June because of
lack of sales. In January 1979, the price was
increased to $110 per metric ton where it
remained for the balance of the year.
Ferrochromium prices trended upward
during the 2-year interval as prices for most
chromium products increased 20% to 30%.
Chromium alloys and chromium metal
prices as published in Metals Week follow:

Material January 1978 January 1979 December 1979
'Cents per pound chromium!
U.S. charge chromium (50%-55% chromium) _ ____ 40 43-44 44.25-45
Imported charge chromium (50%-55% chromium) _ _ 32-33 40-44 42.15-45
Imported charge chromium (60%-65% chromium) _ _ 34-36.5 36.5-39.5 48-52
U.S. charge chromium (66%-70% chromium) ____________ 41 4145 45-53
U.S. low-carbon ferrochromium (0.025% carbon) _ _ _ __ _____ 80 80 95
U.S. low-carbon ferrochromium (0.05% carbon) _ _ _ _ 75 7478 90
Imported low-carbon ferrochromium (0.05% carbon) - _ _ _ ____ 55-58.5 5 8995
Simplex (low-carbon ferrochromium) ___ _ _____________ 75 80 90
Cents per pound of product
29.32-29.47 34.5-44.25
299 _—
299 350

FOREIGN TRADE

Exports of chromite in 1978 and 1979
were modest in the absence of deliveries
from prior sales of excess Government
stockpile material. Reexports of chromite
ore were also considerably lower than in
prior years. Ferrochromium exports were
19,397 and 14,762 tons in 1978 and 1979,
respectively; Canada (35%), Spain (21%),
and mainland China (19%) were the leading
recipients.

Exports of chromium chemicals and pig-
ments were valued at $28.8 million in 1978
and $40.8 million in 1979. Gross tonnages

exported in 1978 and 1979, respectively,
were potassium chromate and dichromate,
10 and 62; sodium chromate and dichro-
mate, 15,012 and 24,360; chromic acid, 6,795
and 6,326; and chromium pigments, 3,677
and 3,192. Most of the exports went to
Canada, Japan, the Republic of Korea, and
to Central and South American countries.
Imports of chromite were about 1 million
tons each in 1978 and 1979. Tonnages im-
ported in 1979 declined from the Republic of
South Africa and Finland and increased
from Albania and Turkey compared with
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those imported in 1978. Value of all chro-
mite imports was $51.3 and $55.6 million in
1978 and 1979, respectively, reflecting the
modest increase in prices.

Ferrochromium imports in 1978 were a
record 313,546 tons, compared with 224,082
tons imported in 1977. Over 95% was the
high-carbon (charge) type, with most of the
volume from the Republic of South Africa
and Yugoslavia. Ferrochromium imports in
1979 declined to 242,450 tons, with most of
the reduction in charge ferrochromium
from South Africa.

Chromium chemicals, compounds, and
pigments imported were valued at $14.7

199

million in 1978 and $14.9 million in 1979.
Gross tonnages imported in 1978 and 1979,
respectively, were potassium chromate and
dichromate, 670 and 381; sodium chromate
and dichromate, 611 and 579; chromic acid,
98 and 0.4; chromium carbide, 215 and 200;
and pigments, chrome green, 91 and 40;
chrome yellow, 1,257 and 1,368; chrome
oxide green, 3,901 and 2,868; molybdenum
orange, 336 and 411; strontium chromate,
333 and 230; and zinc yellow, 1,547 and
1,867. Major supplier countries were the
Federal Republic of Germany, Canada, the
United Kingdom, Brazil, Norway, and Ja-
pan.

Table 8.—U.S. exports and reexports of chromite ore and concentrates
‘ (Thousand short tons and thousand dollars)

Exports Reexports
Year Quantity Value Quantity Value
1976 e 124 5,509 85 5475
1997 187 10,105 61 4,913
1918 . 23 2,767 29 2,574
199 _ _ _ 27 2,514 28 2,860
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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) (8% or more carbon)
Year and country Gross Chromium Gross Chromium
weight content Value weight content Value
(short (short (thousands) (short (short (thousands)
tons) tons) tons) tons)
1978:
Belgium-Luxembourg _ _ _____ . - - 56 38 43
Brazil - - . 6,284 3,478 1,913
— __ _ 22 13 25
922 666 815 __ __ __
4,295 3,091 4,097 519 350 398
283 205 246 . __ .
2,620 1,742 2,133 174 116 120
,179 1, 441 1,800 667 450 322
111 64 58 257,493 136,858 77,018
Sweden_ _______________ 5,357 3,787 4,955 3,647 2,360 1,610
Turkey - _____________ __ __ . 2,598 1,740 996
Yugoslavia_ _ _ ___________ 276 193 154 39,483 5,709 16,829
Total __ ____________ 16,043 11,189 14,258 310,943 171,112 99,274
1979:
Belgium-Luxembourg _ _ _____ 18 10 10 __ __ __
razil____ ______ _______ . __ __ 7,330 4,037 2,759
France _ _ ______________ 1,131 808 1,288 . —— —
Germany, Federal Republic of _ _ 3,733 2,6? 4,0g(8) 111 75 107
2,943 1,998 3,522 —— —_ ——
321 195 263 221 150 114
South Afnca, Republic of 2,645 1,527 1,680 174,320 91,780 70,203
Sweden_____________ 8,695 6,133 10,104 4,227 2,117 2,203
Turkey ____________ 1,102 750 1,349 2,796 1,820 1,464
Yugoslavia_ _ __ __________ __ - _ 32,827 21,260 17,487
Total __ ____________ 20,631 14,120 22,254 221,832 121,839 94,337

Tariffs.—The Tokyo round of multilater-
al trade negotiations was completed in 1979,
resulting in new tariff agreements with the
developed nations of the world. Tariff rates

for chromium commodities at the beginning

(January 1, 1980) and ending (January 1,
1987) dates of the staging period, as publish-
ed 'in the Tariff Schedules of the United
States, Annotated (1980), are shown below.

Num- Most Favored Nation (MFN) Non-MFN
Item be
T Jan. 1, 1980 Jan. 1, 1987 Jan. 1, 1980
Ore and concentrate __ _ _ ________ 601.15 3 Free. Free.
Low-carbon ferrochromiu 606.22 4% ad valorem. 3.1% ad valorem. 30% ad valorem.
High-carbon ferrochromium 606.24  .625 per Ib. of No change. 25% ad valorem.
chromium.!
Ferrosilicon chromium___ ____ 606.42  10% ad valorem. 10% ad valorem. Do.
Sodium chromate and dichromate _ _ _ _ 420.98  2.8% ad valorem. 2.4% ad valorem. 8.5% ad valorem.
Potassium chromate and dichromate _ _ 420.08  1.6% ad valorem. 1.5% ad valorem. 3.5% ad valorem.
Chromium carbide __ __ _________ 42292  5.8% ad valorem. 4.2% ad valorem. 25% ad valorem.
Pigments:
Chrome green __ _ _ _ 47310 5% ad valorem. 5% ad valorem. Do.
Chrome yellow_ _ _ __ _ 473.12 _do do ______ Do.
Chromium oxide green_ _ _ _ _ 47314  4.8% ad valorem. 3.7% ad valorem Do.
Hydrated chromium oxide gree: 473.16 do ______ ———do______ Do.
Molybdenum orange _ _ _ _ _ 47318 5% ad valorem. 5% ad valorem Do.
Strontium chromate _ __ _ 473.19  4.8% ad valorem. 3.7% ad valorem. Do.
Zincyellow________________ 47320 5% ad valorem. 5% ad valorem. Do.

19;Total duty of 4.625 cents per pound on material valued less than 38 cents per pound of chromium through Nov. 15,
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WORLD REVIEW

A domestic natural resource company
and a major Japanese:stainless steel manu-
facturer joined in a study ‘of the economic
viability of mining chromite black sands in
Southwest Asia. No new expansion plans
for ferrochromium production were an-
nounced in the Republic of South Africa,
but Greece, India, the Malagasy Republic,
and the Philippines expressed intent to
establish substantial new ferrochromium
production capacity.

The Government of the Federal Republic
of Germany approved a plan for assistance
to industry in establishing a 1-year stock-
pile for five key raw materials including
chromium. France announced that it plan-
ned further purchases of mineral raw mate-
rials, including chromium, to build a 2-
month supply over a 5-year period. Japan
has a modest ferrochromium stockpile and
was considering methods for establishing a
broader coverage of raw materials.

The European Economic Community
imposed quotas on a quarterly basis for the
importation of high-carbon ferrochromium
to the member countries, starting in mid-
1978. The quotas increased at 6-month in-
tervals and tonnages exceeding the quotas
were assessed additional import duties.

Albania.—Albania has become the second
largest exporter of chromite since the de-
cline in exports from the U.S.S.R. after
1977. Following severance of close commer-
cial ties with mainland China in 1978, more
of the exports were being marketed in
Europe and the United States. Three rela-
tively new -ferrochromium plants, con-
structed with Chinese assistance, will con-
sume perhaps 25% of the total chromite
production. The plants should reach capaci-
ty of 100,000 tons annually in 1980 and will
supply the enlarged Elbasan steel plant and
metallurgical complex.

Brazil.—Brazilian production of chromite
has trended upward since 1974, and Brazil
has become a substantial exporter of lump
ore, concentrate, and high-carbon ferrochro-
mium. Most of the ore requires benefi-
ciation, typically to 48% Cr.Os content. Cia.
Ferro Ligas da Bahia S.A. (Ferbasa), the
principal domestic producer, joined with
Kloeckner Werke AG of the Federal Repub-
lic of Germany, in a new project to produce
up to 65,000 tons of concentrates annually
from Ferbasa concessions in Bahia State.
Minas Gerais State Geological Center and

Sao Paulo State Aerospace Center were
working on improved methods for benefici-
ating ore types typically found in Minas
Gerais and Bahia, respectively.

Finland.—Outokumpu Oy continued to
expand production from the Kemi mine in
north Finland. A second open pit was devel-
oped in 1978. The 27% Cr,0; ore, mined at
an annual rate of over 800,000 tons, was
beneficiated by washing, grinding, and mag-
netic separation to a 44% Cr,0; concen-
trate. Over half the production was con-
sumed by the ferrochromium and stainless
steel plants at Tornio. The latter was being
expanded. A second sizable chromite deposit
of lower grade was being explored near
Sodankyla, 150 miles northeast of the Kemi
mine.

Greece.—Intensive exploration has been
conducted since 1976 for several classes of
minerals, with particular emphasis on chro-
mite. Resources have been mapped and
beneficiation studies conducted to deter-
mine if the relatively low-grade deposits,
particularly in the Vourinos Mountain area
near Kozani, can support a ferrochromium
industry. A beneficiation plant was planned
by 1981 to supply a ferrochromium plant of
33,000 tons annual capacity by 1983.

India.—Chromite ore reserves were offi-
cially stated as 17.3 million metric tons,
principally in Orissa. However, recent in-
tensive exploration efforts by the Geological
Survey of India and Minerals Exploration
Corp. suggest reserves as high as 31 million
metric tons in the Sukinda area of Orissa
alone. Production of chromite declined in
1978 and 1979 compared with prior years
because price increases resulted in the loss
of most Japanese business. Some success
was achieved in developing alternate mar-
kets in mainland China and Western Eu-
rope. Orissa Mining Corp. received bids
from Outokumpu Oy (with collaboration by
Voest-Alpine of Austria) and Showa Denko
(with the German partner Kloeckner
Werke AQG) for construction of a 55,000-ton-
per-year charge ferrochromium plant incor-
porating the latest technology to permit use
of natural and beneficiated ore fines. A
second small ferrochrome plant of 6,600-ton
annual capacity was planned by Mysore
Minerals Ltd. in Karnataka with technical
assistance from Showa Denko.

Japan.—The viability of the Japanese
high-carbon ferrochromium industry was
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challenged by rapidly increasing imports
from the Republic of South Africa; during
most of 1979, legislation to impose quotas
was under consideration. Stockpiling was
-also under study by the Ministry of Interna-
tional Trade and- Industry; the materials to
be covered were so broad and expensive
(including iron ore and coking coal) that no
agreement was. reached on a financing ap-
proach. Ferrochromium imports in 1979
approximated 280,000 tons, 75% from the
Republic of South Africa, and domestic
production was about 382,000 tons.

Madagascar.—Exploration delineated ad-
ditional reserves of 4 million tons at the
Bemanevika deposits near Andriamena.
C. Itoh of Japan and Péchiney Ugine
Kuhlmann continued joint exploration to
develop reserves to support ore production
of up to 300,000 tons annually.

New. Caledonia.—New Caledonia conti-
nued to produce small quantities of chro-
mite. The President of France, on a visit in
mid-1979, promised to accelerate efforts to
define the chromite production potential.
Inco completed an evaluation of an old
chromite deposit at Tiebaghi by deep dril-
ling extensions of the ore body, but no
decision on development by the company
and its French partners was announced.

Papua New Guinea.—Significant explora-
tion was conducted in the southwestern
Pacific Islands. AMAX Exploration Inc.
formed a joint venture with Kawasaki Steel
Corp. of Japan to thoroughly explore pros-
peets held by AMAX between Salamaua
and Salua on the coast of Papua New
Guinea. Chromiferous beach sands on the
coast. of the Island of Sulawesi and the
Halmehera Group in Indonesia were also
being investigated.

Philippines.—Production of chromite de-
clined in 1978 because of large producer and
customer inventories, but rebounded to a
record level in 1979. Voest-Alpine of Aus-
tria acquired a substantial financial inter-
est in Acoje Mining Co., the largest produc-
er of metallurgical-grade ore in the Philip-
pines. A new ferrochromium smelter of
35,000 tons annual capacity was planned at
Phividec to be in operation by 1982. Alamag
Processing Corp., a subsidiary of Bayer AG
of the Federal Republic of Germany, receiv-
ed approval to construct a $12 million
chemical-grade ore concentrate plant by
1983, with initial capacity of 83,000 tons
annually, increasing to 100,000 tons by
1985. Site location and mining company
affiliate were not announced. Alpha Inte-
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grated Mineral Resources filed an applica-
tion to start mining metallurgical-grade
chromite on Dinagat Island off Surigao del
Norte. The $2 million beneficiation mill will
have an annual capacity of 34,000 tons of
concentrate and an assured market in Ja-
pan for 5 years. Island Mining and Industri-
al Corp. reported a major chromite discov-
ery of metallurgical quality grading 47%
Cr;0; in the Bicobian area of Isabela Pro-
vince in north Luzon.

South Africa, Republic of.—Recently re-
vised estimates of chromite reserves to min-
able depths are 3.3 billion tons in the
Bushveld Complex grading in excess of 35%
Cr;0s. There were 17 producing mines in
1979 with an annual capacity in excess of
4.4 million tons and production was report-
ed at a record 3.6 million tons of ore and
concentrate. Ferrochromium production
was centered in six major charge-chromium
plants, two of which also produce low-
carbon grades. Ferrochromium capacity ap-
proximates 800,000 tons per year with ex-
ports exceeding 660,000 tons in 1979.

The third furnace of the Union Carbide
Corp. — General Mining and Finance Corp.
plant at Tubatse started production in May
1978, giving an annual plant capacity of
140,000 tons of charge chromium. Consoli-
dated Metallurgical Industries Ltd. commis-
sioned the second furnace at the new Lyden-
burg smelter in 1979, providing a capacity
of 150,000 tons annually. The process in-
volves new technology incorporating prere-
duced pellets, an improvement introduced
by Showa Denko of Japan to increase pro-
ductivity and reduce power consumption in
the smelting furnace.

The modernization of the Gravally mine
beneficiation plant was completed; it pro-
duces a concentrate of 2.4 to 1 chromium-to-
iron ratio which is in demand to blend with
local ores. The mine and plant were operat-
ed by SA Manganese AMCOR. Armco Inc.
signed an agreement in 1978 with Vereenig-
ing Refractories Ltd. to establish a chromite
mining operation in the Transvaal. Produc-
tion is to begin in 1980 at an annual rate of
150,000 tons of concentrates.

Sudan.—Sudan has been a longtime mi-
nor producer of chromite; shipments totaled
20,000 tons in 1978. Mitsubishi of Japan
conducted a 2-year study concerning mine
modernization in the Ingessana Hills area
and the feasibility of constructing a ferro-
chromium production facility. Mine mod-
ernization was taking place in 1979. Plan-
ned chromite production capacity was ex-
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pected to increase to about 100,000 tons
annually by 1981.

Turkey.—Turkish production of chromite
in 1978 and 1979 remained relatively low
because of general oversupply and price
competition.

U.S.S.R.—The 1978 Soviet plan called for
an increase of crude chromite ore capacity
of 700,000 tons, including accelerated devel-
opment of the Molodezhnaya underground
mine and attainment of the design capacity
of the concentrator in the Douskoye mining
and concentration complex in western Ka-
zakhstan. Production of chromite in 1979
was estimated at 2.6 million tons.

Zimbabwe-Rhodesia.—United  Nations
and United States sanctions against import-
ation of Rhodesian chromium products were
lifted in December 1979. Union Carbide
Corp. resumed management of its affil-
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iate, Union Carbide Rhomet, and expected
to market the ferrochromium product in
the United States starting in the first quar-
ter of 1980. There were reports of damage to
Rhodesian production facilities, but it was
expected that exports will increase substan-
tially in 1980. Salisbury Portland Cement
Co. applied to the Mining Affairs Board to
explore a large area near Makwiro on the
Great Dyke for chromite, copper, nickel,
and platinum metals. Anglo American
Corp. conducted extensive tests to- utilize
Rhodesian ore fines effectively and selected
briqueting as the most effective method. A
prototype plant was completed at Gnelo in
the Midlands in early 1978. Lime and bind-
er molasses from adjoining sugar estates
are mixed with ore fines to form the bri-
quets.

Table 11.—Chromite: World production, by country

(Thousand short tons)
Country* 1976 1977 1978 1979

Albania®?® _ _ _ _ _ e~ 915 970 1,100 1,220
Brazil _ __ 205 342 297 330
Colombia® _ _ _ 6 6 6 6
Cuba® _ 35 35 35 35
Cyprus __ I - 10 16 17. 20
EZYDE e re@) __ 1 S
Finland* __ _ _ _ _ _ __ - 193 186 196 210
Greece® __ _ _ _ 38 €T46 €44 60
India _ —— o 443 389 293 300
Tran® _ e 176 257 218 150
Japan _ ____________ - 24 20 10 10
Madagascar _ _ - 245 182 152 150
New Caledonia - 11 9 9. 9
Pakistan _ _ __ __ _ __ 12 9 12 10
Philippines_ _ __________________ 475 593 592 620
Rhodesia,Southern® _ ___ _ ____ __________________ 7952 47 527 597
South Africa, Republicof ________________________ 2,656 3,372 3,466 93,634
Sudan _ __ 24 19 20 20
Thailand _ _ _ _ _ __ 1 @A) @39
Turkey® " _ _ 640 560 410 500
USSR _____ 2,300 2,400 2,500 2,600
Vietnam®_ _ _ _ _ _ 10 1 .13 15
Yugoslavia _ _ _ 2 2 2 2

T 19,372 10,172 9,920 10,498

®Estimate. PPreliminary. Revised.

1[n addition to the countries listed, Bulgaria and North Korea may also produce chromite, but output is not reported
quantitatively and available general information is inadequate for formulation of reliable estimates of output levels.

2Fjgures represent crude ore output, not marketable production.

3Less than 1/2 unit.

4Seriesrevised to reflect marketable ore output (figures in previous editions represented crude mine product).

SExports of direct-shipping ore plus production of concentrates.

SReported figure.

7Estimated production of marketable product (direct-shipping ore plus concentrates) based on reported production of
gtag-of-mine ore, which was as follows in thousand short tons: 1976-1,025; 1977-1,006; 1978-(estimated) 700; 1979-(estimated)

TECHNOLOGY

Concern with the importance of chromi-
um in the economy and import dependence
of the United States was reflected in many

studies, including that of the National Ma-
terials Advisory Board, which recommend-
ed increased efforts to conserve chromium,
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basic research to develop substitutes for
chromium-containing alloys, and more ex-
ploration effort and incentives to develop
North American resources. The committee
considered design, metals processing, and
substitution factors in its analysis of chro-
mium utilization and possibilities for
conservation.*

Two major contracts, funded by the U.S.
Department of Energy, were awarded to gas
turbine designers to develop automotive gas
turbine engines by 1985 with improved fuel
efficiency, achieved through higher turbine
inlet temperatures and critical ceramic
components. Electrochemists at General
Motors Corp. Research Laboratories
announced the development of high-speed
electroplating techniques which increase
chromium plating rates 60-fold for industri-
al and decorative applications by minimiz-
ing the gap between anode and cathode and
rapid circulation of the electrolyte.

The Bureau of Mines continued research
on (1) chromium from domestic resources,
(2) reclamation of chromium from industri-
al wastes, and (3) the development of new
alloy systems to conserve chromium in cor-
rosive aqueous and high temperature envi-
ronments. Laboratory-scale investigations
defined the principles for recovery of chro-
mium values from the leaching residues
produced after removal of nickel and cobalt
in the treatment of western laterites. Re-
sults were published covering process re-
search scale operations in the treatment of
liquid chromic acid-sulfuric acid etchant
wastes, which normally are neutralized and
discarded as undesirable materials in
landfills* A key step in the purification
process is the use of a diaphragm electroly-
tic cell with two anode chambers.

Bureau-contracted investigations dealt
with the utility of high-manganese austeni-
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tic alloys, modified with silicon and alumi-
num for oxidation resistance, as substitutes
for chromium-nickel heat-resistant alloys.

Plasma smelting for iron recovery from
steelmaking particulate wastes has been
under investigation for several years in
Canada, supported by the Government of
Canada, and the United Kingdom. Many
advantages were claimed for direct iron-
making and for the production of ferro-
chromium.® A 1,400-kva furnace was con-
structed for extensive trials. The advan-
tages of pelletizing the feed in the produc-
tion of ferrochromium, in some cases in
conjunction with prereduction, have been
increasingly accepted with the latest instal-
lations in the Republic of South Africa,
Finland, Zimbabwe-Rhodesia, and the Fed-
eral Republic of Germany.

Two classes of ferritic stainless steels
(18% Cr; 2% Mo and 27% Cr; 1% to 4% Mo)
were developed to the stage of significant
commercial acceptance after a decade of
trials. The favorable corrosion resistance
characteristics of the alloys together with
control of the interstitial elements, carbon
and nitrogen, permit use in a variety of
applications and product forms with satis-
factory forming characteristics.

1Physical scientist, Section of Ferrous Metals.

2Environmental Protection Agency. Best Conventional
Pollutant Control Technology. Federal Register, Aug. 23,
1978, pp. 37570-37607.

3Environmental Protection Agency. Development Docu-
ment for Existing Source Pretreatment Standards for
Electroplating Point Source Category. DTA 440-1-79-003,
August 1979.

“National Materials Advisory Board, National Research
Council. Contingency Plans for Chromium Utilization.
NMAB-335, 1978, 347 pages.

SSoboroff, D. M., J. D. Troyer, A. A. Cochran. Regener-
ation and Recycling of Waste Chromic Acid - Sulfuric Acid
Etchants. BuMines RI 8377, 1979, 13 pages.

®Gulliver, P. L., and P. J. F. Gladman. The Application
of the Expanded Precessive Plasma System to the Steel
Industry. Presentation to the Congress of the United
States, Office of Technology Assessment, February 1979.






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 46 States and Puer-
to Rico during 1979. Clay production was
not reported in Alaska, Hawaii, the District
of Columbia, Rhode Island, or Vermont. The
States leading in output were Georgia, 8.3
million tons; Texas, 8.9 million tons; Wyom-
ing, 3.5 million tons; and North Carolina
and Ohio, 3.4 million tons each; followed in
order by Alabama, and California. Georgia
also led in total value of clay output with
$437.6 million; Wyoming was second with
$75.0 million. Compared with 1978 figures,
clay production increased in 17 States and
value increased in 36 States. Total quantity
of clays sold or used by domestic producers
in 1979 was 4% lower; total value rose 18%
to an alltime high. Increases in value per
ton were reported for all clays in 1979 owing
to increased labor, fuel, and material costs.
The energy crisis, or more specifically, the
increasing shortage and costs of fuels, con-
tinued to cause considerable concern among
clay producers and clay product manufac-

turers. Industrywide efforts were made both
to economize and to obtain standby fuels.
The costs of environmental protection
equipment. and environmental restrictions
and rising capital costs also continued to
adversely affect production during 1979.

Production of the specialty clays, kaolin,
ball clay, and fuller’s earth all increased
with the exception of bentonite and fire
clay, which, together with common clay and
shale, showed decreased production. A
small downturn in construction that lower-
ed demand for building materials (brick,
lightweight aggregate, vitrified clay pipe,
clay floor and wall tile, etc.) was responsible
for the decline in production of common
clay and shale. Production of kaolin increas-
ed 11%; ball clay, 5%; and fuller’s earth,
3%. Bentonite and fire clay decreased 1%
and 6%, respectively, largely because of a
downturn in the economy which lowered
the demand for steel products and refracto-
ries.

Kaolin in 1979 accounted for only 14% of
the total clay production but for 55% of the
value.

Table 1.—Salient clay and clay products statistics in the United States:
(Thousand short tons and thousand dollars)

1975 1976 1977 1978 1979
Domestic clays sold or used by producers:
Suantity _____________________ 49,047 52,389 53,196 56,822 54,689
alwe _______________________ $424,556 $528,745 $579,170 $717,274 $846,089
Exports:
antity _____________________ 2,315 2,487 2,561 2,665 3,205
alwe _______________________ $120,298 $151,953 $160,790 $194,914 $243,722
Imports for consumption:
3ua.nti Y e __ 38 39 36 25 51
alue ___________________ """ $1,947 $1,814 $1,917 $2,082 $3,972
Clay refractories, shipments: Value _ __ _______ $409,879 $448,471 $465,442 $497,567 $580,257
Clay construction products, shipments: Value_ _ _ _ $655,779 $783,644 $993,508  $1,158,278  $1,179,058

!Excludes Puerto Rico.
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Table 2.—Clay sold or used by producers in the United States in 1978, by State!
(Short tons)
Common : )
Ball Ben- Fire Fuller’s ; Total
State : cla; Kaolin Total
clay tonite 4 s})x' e clay earth value
= W 2,094,447 422,557 - 264,719 22,781,723 2$24,884,908
35,802 A w - _— 142,810 731,189
__ __ 1,077,884 . _— 59,365 1,137,249 5,119,310
17 81,7125 2,327,267 . - 63,725 2,479,034 15,106,031
— w X 47,040 - - 2547,526 22,753,433
- - 105,243 - —- - 105,243 324,210
— - 10,449 = __ __ 10,449 7,837
- - 118,393 __ 453,521 28,755 ,675 28,849,655
- __ 2,325,527 - 618,805 5,531,835 8,476,167 358,653,559
. w — w 26,777 147,7:
. - 698,780 42,790 w . 3741,570 33,185,048
. —_ 1,275,174 9 - . 1,276,759 2,494,530
- . 894,087 = _— - 894,087 2,694,011
— W 1,160,719 _ . —_ 21,160,719 22,314,449
w . 632,933 42,817 _- - ‘675 750 42,671,675
- _— 516,859 - . —— 516 859 4,785,755
— - 99, - - . 99,831 163,895
w . 948,421 - - . ‘948,421 42,642,315
- . 155,041 _ - — 155,041 332,93
—— _- 2,121,707 - —_ — 2,121,707 6,993,043
—_ __ 174,420 - —— w 5174,420 52,089,514
w 358,265 1,356,174 - w —— 1, 959 559 19,622,8.
. __ 1434216 772,833 w 51,412 32,258,461 316,879,690
- 181,257 35, 706 — . 217,0! ,699,330
= __ 146,314 _ — 146,314 417,837
- 8,756 w 50,7 513,7%3
- - 52,213 _— 375,738
—_ - 64,672 - ‘108,072
w - 658,769 — . 42,121,131
North Carolina _ _ _ —— __ 8542473 . - 59,067,127'
North Dakota — .- — . — __ —— w
Ohio_ ______ - —_ 2,972,833 805,647 - 15,394,261
Oklahoma _ _ _— __ 1,019,460 - —— 1,874,322
on __ __—___ - —— —— 140,265 _ _ 261 194
Pennsylvania _ - — - __ 1,937,265 633,763 _— 518,175,134
PuertoRico _____ —— - 285, - . __ 5, 544,065
‘South Carolina _ . __ 1,573,869 — w 784,638 32,358,507 322,537,630
South Dakota _— — - — w 215, —— - 2215,850 4267,738
Tennessee __ _ _—— 662,235 w 987,797 __ w —_ 1,759,734 21,718,849
Texas __ _____—— w 55,419 3,954,650 50,287 w w ,188, 19,818,416
tah__________ - 6,920 252,652 w w _— X 913,
Virginia - - . _ 1,043,36 __ = - 1,043,369 3,266,027
Washington _____ - - 356,771 w _ —— €356,771 “lé4l7 738
West Virginia — - 343,114 w - = 6343,114 574,887
Wisconsin _ - __ - - - w w
Wyomi _- 3,452,386 179,579 _- __ __ 3,631,965 66,975,003
Undlst 7273,699  7281,075  7283,520 7290,681 7457,287  7188,865 1,110,935 824,329,113
Total ___ 936,251 4,467,605 40,074,738 3,125,953 1,529,619 6,973,314 57,107,480 717,818,034
W Withheld to avoid disclosing company proprietary data; included with “Undistributed.”
1ncludes Puerto Rico.
2Excludes bentonite.
3Excludes fuller’s earth.
4Excludes ball clay.
SExcludes kaolin.
€Excludes fire clay.
7Total of States indicated by sym

8Incomplete total; difference mcluded mth individual State totals.
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Table 3.—Clay sold or used by producers in the United States in 1979, by State*

(Short tons)
State  Ball  Ben  OMMOM  Fre  Fulle's g ol Total
. clay tonite . 4ihale clay earth value
- W 1,858,715 247,257 - 465,510 32,571,482  2$33,823,852
A\ 28,176 w . . __ 138,421 642,16
_ —— 912,215 . - 132,015 1,044,230 7,685,510
452 81,160 2,389,278 __ - 60,032 530,922 18,621,176
- w 479,365 41,897 . - 521,262 22,717,230
- - 111,578 - - _ 111,578 434,701
—_— . 10,800 - —_ . 10,800 8,640
- —= 159,076 - 490,843 30,989 680,908 32,909,669
- ~- 1,642,189 - 621,161 6,059,109 8,322,459 431,671,308
S w w __ w 28,042 263,4
- - 515,319 26,519 w . 3541,838 32,355,435
. - 1,184,278 ,06: . - 1,185,340 2,340,711
. - 869,676 - —— — 869,676 2,883,074
- W 1,060,871 —— - - 21‘060,8‘71 22,635,856
w —-— 734,090 60,284 - - 794,374 43,258,996
- - 415,516 - - - 415,516 6,073,392
—— . 90, - - - 90, 163,
w - 974,831 - - - 4974,831 42,854,067
. - 155,547 - . - 155,547 367,070
. —— 2,072,107 . - —— 23,072,107 7,429,990
- __ __ 135,474 . w 135,474 51,904,984
- w 318,078 1,221,404 __ __ 1,819,891 21,841,270
- - —_ 1,497,161 799,086 54,856 2,351,103 20,522,192
- - 385,758 38, 503 - 424,439 11,507,793
- - __ 156,144 - —— 156,144 453,9
- - 34,094 - w 76,030 1,162,703
New Hampshire_ _ . . __ — - w
NewJersey_ __ ___ . - - 51,947 15,044 . . 66,991 558,956
New Mexico _ _ ___ __ __ 74,307 - . 674,307 €124,242
New York ______ w __ 835,581 o - — 4835,581 43,027,177
North Carolina _ _ _ . —- 3308345 - _- W 58,308,345 58,385,151
North Dakota _ _ _ _ - - _ . - w
hio_ _ ________ == —- 2700331 673,303 - . 3,378,634 13,494,990
Oklahoma ___.__ . - 948,662 - - - ,662 1,999,129
on _ _______ - - 139,1 _= - — 139,188 262,740
Pennsylvania ___ _ _ —_— 1,763,164 704,714 - W 52,467,878 520,099,305
ertoRico _____ - - 9,7 - —— - 259, 555,
South Carolina _ __ _ —- 1,504,744 _ w 766,976 32,271,720 324,491,683
South Dakota _ . _ - — 205,469 - - 205,4 291,
Tennessee ______ 762,137 w 697,069 __ w —— 1,561,136 26,070,795
Texas _ _ . ____ w 65,824 3,610,246 58,398 w A 3,871,193 1,533,
Utah__________ . - 8,264 340,653 w w - 354, 1,246,001
Virginia _______ . -- 1,058,552 - - - 16058’552 ,512,044
Washmgton _____ - . 338,762 w - - 338,762 €1,549,254
West Virginia ____ oz T 33089 0 0 0W = I 330309 4591,668
Wisconsin ______ - _ w - - - w ‘W
Wyoming_______ - 3i285,002 186,271 —_ — — 3,471,273 75,096,102
Undistributed - ___  7224,423 215,719  7241,639 7304,276 7456,243  7191,113 ‘928,466 821,222,590
Total ___ 987,012 4,422,075 387,278,803 2,932,343 1,568,247 17,760,600 54,949,080 846,644,677
W Withheld to avoid disclosing company proprietary data; included with “Undistributed.”
Includes Puerto Rico.
2Excludes bentonite.
SExcludes fuller’s earth.
“Excludes ball clay.
SExcludes kaolin.
SExcludes fire clay.

"Total of States indicated by symbol W.

SIncomplete total; difference included with individual State totals.



210 MINERALS YEARBOOK, 1978-79
Table 4.—Number of mines from which producers sold or used clay in the United States,
by State
Common . )
: Fire Fuller’s .
Ball cla; Bentonite clay and Kaolin Total
State y sgale clay earth
1978 1979 1978 1979 1978 1979 1978 1979 1978 1979 1978 1979 1978 1979
Alabama_ _ __ - —= 2 1 28 32 6 8 - - 17 19 53 60
Arizona ____ 1 1 3 3 4 4 1 —_ — — _ - 9 8
Arkansas _ __ o o - o 13 17 — Lo o= - 2 5 15 22
California 1 1 7 8 46 51 - - = 6 12 60 2
Colorado_ _'_ _ —— - 17 17 29 31 7 11 = == oo 53 59
Connecticut _ - - — - 2 3 - - . - . - 2 3
Delaware _ __ . . - - 1 1 - . — _ —_ —— 1 1
Florida_. _ __ J T 2 3 - 8 9 2 ‘1 12 13
Georgia ____ ——em - 19 18 __ - __ 9 9 52 51 80 78
Idaho______ - 1 1 2 2 (0] 1 o 1 1 4 5
Illinois - _ - __ — o2 e 16 15 3 1 3 - - 22 19
Indiana _ - __ - - - - 17 23 3 1 — = e e 20 24
Towa ______ - __ —_— . 14 17 . _— _— — — = 14 17
_____ e _ 1 1 22 22 __ __ - - - - 23 23
Kentucky _ __ 4 4 _— - 9 11 11 16 - — - _ 24 31
Louisiana _ _ _ - - - 13 83 - __ U, 13 13
ine _____ . . - —— 6 6 —— - . = - - 6 6
Maryland ___ 1 1 [ 9 9 -  __ - —— = - 10 10
Massachusetts . . - - 3 3 - - - —— - —— 3 3
Michigan _ __ — —— - —— 8 9 —— _— - —— - - 8 9
Minnesota_ _ _ o= - - 3 2 - __ e em 1 1 4 3
Mississippi _ _ 2 2 4 6 21 22  __ __ 2 2 - 29 32
Missouri _ _ _ _ - - — —— 16 17 62 56 1 —— 7 10 86 83
Montana__ _ _ - - 5 7 10 12 1 1 - - - I 16 20
Nebraska _ _ _ — - — —— 5 6 - - - —— - —— ] 6
Nevada_ __ __ . - 5 6 1 2 - — - 1 1 1 7. 10
New
Hampshire _ - - — __ 1 1 - _ - —— - - 1 1
New Jersey . _ — —_ — __ 1 1 2 3 _— —_— - 3 4
New Mexico_ _ - - - 4 4 2 2 - = = 6 6
New York _ __ 1 1 - - 11 14 - . - - - - 12 15
North Carolina _- _— - _— 49 49 —— 1 — _- 3 2 52 52
North Dakota_ - - . _ 4 4 _— —— - - —— - 4 4
Ohio ______ - - — —_ 68 70 24 - - - —— 92 94
Oklahoma _ _ _ - S —— —— 16 18 - — — _— - —— 16 18
on__ __ _ - - - —— 12 13 —_ - - — - 12 13
Pennsylvania _ - - - - 42 51 33 45 [, 2 2 i 98
Puerto Rico _ _ - — - —— 2 2 - - - e —— 2 2
South Carolina - — - — 32 36 - - 1 1 17 20 50 57
South Dakota _ - 2 2 3 3 — . —— - _ - 5 5"
Tennessee _ _ _ 25 26 _— —— 15 17 - _— 1 1 - - 41 44
Texas____ __ 2 4 4 10 87 84 5 2 3 3 1 2 102 . 105
tah ______ . — 2 3 8 8 1 5 1 1 - — 12 17
Virginia _ ___ — - —— —— 15 15 - —— - - - - 15 15
‘Washington _ —— —— - — 12 12 1 2 - - - - 13 14
WestVlrgmla — - —— — 4 4 2 2 . _— - - 6 6
Wisconsin _ _ _ - - —— - 1 1 - - - - —— - 1 1
Wyoming ___ _— —_ 70 81 4 4 . —— . —— _— . T4 85
Total _ _ _ 37 40 123 146 710 762 164 181 29 30 112 127 1,175 1,286

'Included with common clay and shale.

DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, BY TYPE OF CLAY

KAOLIN

Domestic production of kaolin in 1979
increased 11%, and the value increased
26%. The average unit value for all grades
of kaolin in 1979 was $59.57 per ton, $6.83
higher than in 1978. Kaolin was produced at
mines in 13 States. Two States, Georgia
(78%) and South Carolina (10%), accounted
for 88% of the total U.S. production in 1979.
Alabama ranked third; Arkansas, fourth;
and North Carolina, fifth. Output in 1979
increased in Alabama, Arkansas, Florida,
Georgia, Idaho, Minnesota, Missouri, North
Carolina, and Pennsylvania, but declined in
California, Nevada, South Carolina, and

Texas.

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.

All Georgia waterwashed kaolin produc-
ers either announced planned increases in
production or were presently increasing
production during 1978 and 1979. Anglo-
American Clays Corp. completed its new
calciner-spray dryer facility in Sandersville,
Ga. Engelhard Minerals and Chemicals
Corp. announced a major expansion of its
plant near McIntyre. This expansion, sched-
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uled for completion in early 1981 and in-
cluding new calciners and filters, was to
increase the availability of its filler, coater,
and extender lines. Freeport Kaolin Co.
commissioned a $3.5 million, 14-cubic-yard
electric dragline at its new Scott mine in
Sandersville in 1978, and in 1979 scheduled
a 3-year, $22 million enlargement designed
to add 30% more capacity at its Gordon
facility. Georgia Kaolin Co. completed one
phase of its planned expansion at Dry
Branch, with the other phase still actively
underway.

Nord Kaolin Co. (NK) was installing a
new spray dryer and planned to eventually
double its Jeffersonville (Twiggs County)
plant’s (acquired from Cyprus Mines Corp.

in 1977) capacity to 300,000 tons per year.

The NK expansion, scheduled over a 4-year
period, was to include a new magnetic
separator. This now brings the number of
large domestic (over 84-inch) high-intensity
magnetic separators (HIMS), either active
or planned, to 12, with many other smaller
throughput units in service. Magnetic sepa-
rators are also in service in England and
the Federal Republic of Germany. The
HIMS is apparently an established unit in
the worldwide wet processing of kaolin. In
another move, Nord Resources Corp., an
80% owner of NK, was negotiating to ac-
quire Howard Paper Mills, Inc. Other com-
panies with expansion projects underway or
being planned were Thiele Kaolin Co. at its
Sandersville and Wrens plants (a total of
30%) and J. M. Huber Corp. at its Wrens
and Edisto, S.C., facilities.

In other kaolin-related actions during
1979, NL Clays Corp., commonly known as
Edgar Plastic Kaolin Corp. (EPK), a subsid-
iary of NL Industries, Inc., was sold to
Feldspar Corp., itself a subsidiary of Pacific
Tin Consolidated Corp. Cyprus Mines Corp.
was merged into Standard Oil Co. (Indiana).
The Industrial Minerals Division of Cyprus
(including talc and ball clay operations)
also reported plans to add new capacity to
its Sandersville airfloat facility. R. T.
Vanderbilt Co. began expanding its Dixie
Clay divisional operations at Bath, S.C. It
was estimated that the output of Dixie
Clay’s other air-floated kaolin products will
be increased by at least 85%. Interpace
Corp., a calcined kaolin grog producer and
refractories manufacturer located near
Ione, Calif., figured prominantly in acquisi-
tion news. The NL Industries, Inc. refracto-
ry interests sold to Didier-Werke AG, of
Wiesbaden, the Federal Republic of Ger-
many for approximately $32 million, includ-
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ed the Taylor Refractories Division, Cincin-
nati, Ohio, and Wilson-Snead Division, Eu-
fala, Ala. Wilson-Snead supplies a range of
bauxitic and kaolinitic clay mixtures for
Taylor’s use in manufacturing clay-based,
high alumina refractories.

Exports of kaolin, as reported by the U.S.
Department of Commerce, increased from
1.174 million tons valued at $95.4 million in
1978 to 1.583 million tons valued at $125.9
million in 1979. The tonnage of kaolin
exported in 1979 increased 35%, while the
value rose 32% over that shipped in 1978.
The unit 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 52 countries. The major recipients were
Japan, 29%; the Federal Republic of Ger-
many, 19%; Canada, 14%; Italy, 12%; Mexi-
co, 5%; and the remaining countries, 21%.
Of those countries listed in 1979, exports to
24 countries increased, and to 7 countries,
decreased. Three countries were added that
were not listed in 1978; four countries listed
in 1978 do not appear in 1979. Kaolin
producers reported the end uses for their
exports as follows: Paper coating, 42%;
refractories, 20%; foundry sand, 3%; rub-
ber, 3%; and others, including adhesives,
ceramics, paint, paper filling, and plastics,
32%.

Kaolin imports in 1979 increased from
12,795 tons valued at $854,000 in 1978 to
31,456 tons valued at $1.886 million. The
United Kingdom supplied 96%; Canada,
3%; and three other countries, 1%.

Kaolin prices quoted in the trade journals
in 1979, with the exception of the calcined
and delaminated grade, remained unchang-
ed from 1978. Chemical Marketing Report-

_er, December 31, 1979, quoted prices as

follows:

Waterwashed, fully calcined,
bags, carload lots, f.0.b.
Georgia, perton__ _ ___ ______
Paper-grade, uncalcined, bulk,
carload lots, f.0.b. Georgia,
per ton:

$175.00-$208.00

g

g

2

i

I

I

]

|

1

I

]

]

|
ag2s
8388

8

basis,perton______________ 43.
Delaminated, waterwashed,

uncalcined, paint-grade,

l-micrometer average, same

basis,perton______________
Dry-ground, air-floated, soft,

same basis, perton __ ____ ____
National Formulary, powder, col-

loidal, bacteria controlled,

50-pound bags, 5,000-pound

lots, perpound_ _ _ __________ 24

125.00- 163.00
25.00
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The average unit value reported by do- an increase of $6.83 above the 1978 value.
mestic kaolin producers was $59.57 per ton,

Table 5.—Kaolin sold or used by producers in the United States, by State

1978 1979
State
Short tons Value Short tons Value
Alabama _ _ _ _ 264,719 $11,534,369 465,510 $20,720,542
Arkansas_ _ _ _ o 59,365 3,561,900 132,015 6,340,345
California _ __ 63,725 1,445,071 60,032 2,086,627
Florida _ _ - — 28,755 - W 30,989 W
Georgia_ _ __ ___________—_ 5,531,835 325,266,250 6,059,109 404,185,621
Missouri _ _ - 51,412 872,974 54,856 978,067
South Carolina - 784,638 18,149,802 766,976 20,342,400
Other States® _ _ _ __ 188,865 6,952,042 191,113 7,666,486
Total _ _ 6,973,314 367,782,408 1,760,600 462,320,088

W Withheld to avoid disclosing company proprietary data; included with “Other States.”
1Includes Idaho, Minnesota, Nevada, North Carolina, Pennsylvania, Texas, and data indicated by symbol W.

Table 6.—Kaolin sold or used by producers in the United States, by kind

1978 1979
Kind
Short tons Value Short tons Value
Airfloat _ _ 1,203,616 $39,806,219 1,273,856 $40,630,228
Calcined® _ __ 1,189,561 93,158,889 1,409,019 115,702,435
Delaminated _ _ . —— 398,343 31,954,998 ,293 31,891,253
Unprocessed 803,358 7,998,362 973,788 15,283,115
Waterwashed 8,378,436 194,863,940 3,745,644 258,818,057
Total __ 6,973,314 867,782,408 7,760,600 462,320,088

1ncludes both low-temperature filler and high-temperature refractory grades.

Table 7.—Calcined kaolin sold or used by producers in the United States, by kind

High temperature Low temperature
State
Short tons Value Short tons Value
1978
Georgia _ — — ——— e 630,599 $40,836,593 227,713 $35,645,002
OtherStates _ _ _ _ 1276,835 113,419,331 254,414 23,257,963
Total _ _ 907,434 54,255,924 282,127 38,902,965
1979
Georgia - — — — - — e 676,307 47,835,984 244,654 44,089,845
OtherStates _ _ — — 1431,702 120,442,791 256,356 23,333,815
Total _ _ _ 1,108,009 68,278,775 301,010 47,423,660
Includes Alab Ark and California.

2[ncludes Idaho, Pennsylvania, and Texas.

Table 8.—Georgia kaolin sold or used by producers, by kind

1978 1979
Kind
Short tons Value Short tons Value
Airfloat _ _ _ 883,357 $21,893,179 717,449 $20,483,169
Calcined _ _ - 858,312 76,481,595 920,961 91,925,829
Delaminated - _ _ _ .~ 398,343 31,954,998 358,293 31,891,253
Unprocessed —_ _________————___ 317,975 1,339,717 359,875 2,483,198
Waterwashed _ __ ______________ 3,073,848 193,596,761 3,702,531 257,402,172
Total . _ 5,531,835 325,266,250 6,059,109 404,185,621

Includes both low

ature filler and high-temperature refractory grades.

P
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Table 10.—South Carolina kaolin sold or used by producers, by kind

© 1978 1979
Kind
Short tons Value Short tons Value
531,163 $16,481,367 522,262 $18,453,671
253,475 1,668,435 244,714 ,888,729
784,638 18,149,802 766,976 20,342;400

Table 11.—South Carolina kaolin sold or used by producers, by kind and use

(Short tons)
Kind and use 1978 1979
Airfloat:
Adhesives _ _ __________________ 18,020 19,937
Animal feed and pet waste absorbent_ 1,941 2,595
Ceramics! 31,998 20,912
Fertilizers _ _ _ 17,674 16,564
Fiberglass 91,631 96,256
Paint _ _ __ __ ___ _ T
Paper coatingand filling _ _ __ _______ 5,120 4,519
Pesticides and related products _ _ _ _ 18,259 23,059
Plastics 8,190 9,
Rubber_ __ ________________ 255,990 244,098
Other refractories? . 8,509 8,514
Other uses 6,284 4,233
Exports* ; 66,613 71,518
Total | _ _ oo 531,163 522,262
Unprocessed: Face brick; firebrick, block and shapes; high-
afumi.na refractories (1978); miscellaneous _ _ _ _ __ ___ _ ________________ 253,475 244,714
Grandtotal - _ _ _ _ _ _ __ 784,638 766,976

ncludes floor and wall tile, pottery, roofing granules, sanitary ware, and glazes, glass, and enamels.

2Includes high-alumina refractories (1978), refractory mortar and cement, and refractory grogs and crudes.

3includes common brick (1978), crockery and other earthenware, structural tile (1978), roofing tile, ink, and
miscellaneous.

4Includes ceramics, fertilizers, paper filling, plastics, rubber, and miscellaneous.
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Figure 1.—Kaolin sold or used by domestic producers for specified uses.

BALL CLAY

Production and value reported for dome-
stically mined ball clay in 1979 increased
5% and 21%, respectively. Tennessee pro-
vided 77% of the Nation’s output, followed
in order by Mississippi, Kentucky, Texas,
Maryland, California, New York,? and Ari-
zona. Production in Tennessee and Texas
increased over that reported in 1978, but
production in Kentucky, Maryland, and
New York 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 miner-
al kaolinite and sericite micas.

During 1979, Southern Clay Products,
Inc., a Texas ball clay, bentonite, and talc
producer, was acquired by the English
China Clay Group (ECC) of Cornwall, Eng-
land. ECC’s two other U.S. subsidiaries are
Anglo-American Clays Corp., a Georgia ka-
olin producer, and Gonzales Clay Corp., a
Texas bentonite producer. A strike of a
major ball clay producer created a tight
supply situation during its duration.

The average unit value for ball clay
reported by domestic producers rose in 1979
to $26.46 per ton, an increase of $3.44 per
ton. Chemical Marketing Reporter, Decem-
ber 31, 1979, listed ball clay prices un-
changed from 1978, as follows:
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Domestic, air-floated, bags, compared with 144,000 tons worth $4.3 mil-

;:;‘gj E’f‘fe_"f‘_m_.__' _________ ¢18.0042200 lion in 1978. Tonnage and value increased
D l‘l ctgshed, t 17% and 23%, respectively, compared with
ppellent, Utk arload lots, g00. 1125 those of 1978. Unit value increased $1.44
Inipgsrtle\d.l:ir-.ﬂoa , bags, carload per ton. These shipments were made to 25
Imoeriad. h‘:g;}’gu'ﬁ:pg:eﬁ“ ------- 7000 oountries. The major recipients were Mexi-
Lakes, perton__ —_—__________ 4050 co, 58%, and Canada, 30%.

Ball clay imports, from Canada and the

United Kingdom, increased in quantity but

decreased in value from 7,098 tons valued at

Ball clay exports in 1979 amounted to $418,000 in 1978 to 11,239 tons valued at
169,000 short tons valued at $5.3 million, $666,000 in 1979.

Table 13.—Ball clay sold or used by producers in the United States, by type and State

Airfloat N Unprocessed Total
Year and State
Short tons Value Short tons Value Short tons Value

1978
Tennessee__ __ ___ _______.__ 416,067 $10,004,341 246,168  $4,834,216 662,235 $14,838,657
OtherStates _ _ ____________ 1164,700 4,867,909 2109,316 21,843,093 274,016 6,711,002
Total . _ . ___ 580,767 14,872,250 355,484 6,677,309 936,251 21,549,559

1979
Tennessee_ _ _ _ _ . _____ 504,679 14,662,462 257,458 5,000,576 . 762,137 19,663,038
Other States __ . ___________ 1149,588 14,881,138 275,287 21,575,789 224,875 6,456,927
Total . _ _ __ ________ 654,267 19,543,600 332,745 6,576,365 987,012 26,119,965

Includes Kentucky, Maryland, Mississippi, and Texas.
2Includes Arizona, California, Kentucky, Mississippi, New York, and Texas.

Table 14.—Ball clay sold or used by producers in the United States, by kind and use

(Short tons)
1978 1979
Use Air- Un- Air- Un-
float  processed Total float pm:;ss' Total

Adhesives _________________________ 513 - 513 549 — 549
i w —— w w — w
Brick,face _ _ w w — w w
China and dinnerware _ _ ___ _____________ 42,202 . 42,202 44,476 —— 44476
Crockery and other earthenware_ _ _ _ . _ ______ 16,748 - 16,748 22,506 — 22,506
Drillingmud _ _ __ ____________________ w —— w w . w
Electrical porcelain_ _ ___ _______________ 29,519 6,810 36,329 28,250 - 6,810 35,060
Fiberglass and catalysts (oil refining) _ _ __ _____ 65,914 — 65,914 71,213 —_ 71,213
Firebrick, block, shapes _ _ _ _ ____ _________ w w 8,619 w w 8,471
Glazes, glass,enamels __ ___ _____________ w w 1,760 w w 1,644

Grogs and crudes, high-alumina;
mortar and cement refractories _ ____ ______ 77,066 5,800 82,866 86,249 2,521 88,770
Kiln furniture _ _ _ _ o ___ w w ,246 w w 2,187
Paper coating and filling __ ____ __________ 10,965 . 10,965 13,082 _-. 13,082
Pesticides and related products_ _ _ _ _________ 834 834 732 732

169,513 263,509 105,559 141,502 247,061
__ 718 w __ w
87,184 141,352 63632 87,973 151,605
24,433 113,744 84,406 29,034 113,440
6,042

__ 3,993 . X
16,634 40,381 54,786 15,030 57,514
45,110 99,558 72,785 49,875 122,660

355,484 936,251 654,267 - 332,745 987,012

W Withheld to avoid disclosi y proprietary data; included with “Miscell ”
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FIRE CLAY Ohio, West Virginia, and Alabama—
92 f the i
Fire clay sold or used by domestic produc- ﬁﬁi;‘;?ted for 92% o © total domestic

ers in 1979 was reported at 2,932,343 tons
valued at $47.2 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 oth-
er materials such as diaspore, ball clay,
bauxite clay, and shale. Fire clays common-
ly occur as underclay below coal seams and
are generally used for refractories. Some
fire clay was previously reported in other
end uses.

In 1979, Harbison-Walker Refractories
Div. of Dresser Industries, Inc. completed a
multimillion-dollar expansion of its Vanda-
lia, Mo., fire clay and high-alumina refrac-
tory manufacturing operation. .

Fire clay production was reported in 197
from mines in 16 States. The first five
States in rank—Missouri, Pennsylvania,

Exports of fire clay decreased from
236,000 tons worth $12.0 million in 1978 to
224,000 tons valued at $13.5 million in 1979.
Fire clay exports decreased 5% in tonnage
and increased 13% in value. The price of
exported fire clay decreased by $9.57 to
$60.50 per ton, indicating a larger percent-
age of standard quality shipped.

Fire clay was exported to 25 countries in
1979, with the Federal Republic of Ger-
many, Canada, and Mexico receiving 27%,
20%, and 19%, respectively. No imports of
fire clay were reported during 1979.

There are no price quotations in domestic
Jjournals for fire clay, but the per-ton value
reported by producers ranged from $3.81 to
$19.75. The reported average unit value for
fire clay produced in the United States
increased 18% from $18.62 per ton in 1978
to $16.09 in 1979.

Table 15.—Fire clay sold or used by producers in the United States, by State

1978 1979
State
Short tons Value Short tons Value
422,557 $5,041,043 247,257 $4,480,804
47,040 292,191 41,897 259,715
42,790 435,071 26,519 249,279
985 14,841 1,062 15,491
42,817 312,510 60,284 476,735
772,833 12,190,094 799,086 15,193,699
706 ,530 503 ,515
15,847 114,673 15,044 286,234
805,647 7,321,766 673,303 6,290,961
633,763 11,383,649 704,714 13,921,224
273,494 58,398 724,484
w w w w
290,681 5,178,570 304,276 5,277,852
3,125,953 42,561,432 2,932,343 47,178,993

W Withheld to avoid disclosi

!Refractory uses only.

y proprietary data; included with “Other States.”

y.
2Includes Arizona (1978), Idaho, New Mexico, Washington, West Virginia, and data indicated by symbol W.

BENTONITE

Bentonite production in 1979 decreased
1% in tonnage and increased 20% in value
over that of 1978. A general decrease was
noted in domestic consumption, particular-
ly in foundry sand and animal feed; water-
proofing and sealing showed a slight in-
crease. A decrease was also noted in bento-
nite exports.

Bentonite was produced in 13 States in
1979. Increased bentonite production was
reported for Colorado, Idaho, Montana, Ne-
vada, Tennessee, Texas, and Utah. Produc-
tion decreased in Alabama, Arizona, Cali-
fornia, Mississippi, and Wyoming, and re-
mained the same in Kansas. South Dakota
reported no production.

Generally, the high-swelling or sodium
bentonites are produced chiefly in Wyo-
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ming, Montana, and California. The calci-
um or low-swelling bentonites are produced
in the other States.

During 1978 and 1979, all the major
western and southern bentonite producers
either announced planned expansion or had
expansions underway. With the successful
conversion to coal from oil and gas firing in
dryers, the industry was exploring the prac-
ticality of augmenting coal with wood chips
as a fuel. o

In other events in 1979, NL Industries
was expanding its NL Chemicals’ Bentone
plant in Charleston, W. Va., to double
current production. The plant expansion
was scheduled for completion in early 1981.
Bentone, an organic derivative of hectorite
clay (hydrous lithium magnesium alumi-
num silicate) is used as a gelling and
pigment-suspending agent in the paint, ink,
plastics, and cosmetics industries. The com-
pany has additional Bentone production
facilities in St. Louis, Mo.; Newberry, Calif.;
Livingston, Scotland; and in Nordenham,
the Federal Republic of Germany. Gulf
Resources and Chemical Corp. exercised its
options to acquire Industrial Mineral Ven-
tures Inc. IMV) which is engaged in mining
and processing specialty clays and drilling
muds. IMV reportedly has large reserves of
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bentonite, sepiolite, saponite, and hectorite
clays, and calcium carbonate on the Cali-
fornia-Nevada border, approximately 80
miles northwest of Las Vegas. These miner-
als have applications in drilling muds,
paints, paper coating, and detergents.

On December 31, 1979, Chemical Market-
ing Reporter quoted bentonite prices as
rising. Domestic material, 200 mesh, bags,
carload lots, f.o.b. mines, was priced from
$28 to $30 per ton; and imported Italian,
white, high-gel material, bags, 5-ton lots, ex-
warehouse was not listed. The average unit
value reported by domestic producers for
bentonite sold or used in 1979 was $24.09,
an increase of $4.30 from the $19.79 average
of 1978. Per-ton values reported in the
various producing States ranged from $5.86
to $67.91, but the average value reported by
the larger producers was near the Montana
average figure of $29.46.

Bentonite exports in 1979 increased from
723,000 tons in 1978 to 853,000 tons; value
increased from $43.3 million in 1978 to $55.3
million in 1979. This increase in value was
the result of an increase in the unit value of
exported bentonite from $59.82 per ton in
1978 to $64.77 per ton in 1979. This increase
in per-ton value of exports was attributed to
the return to a larger percentage of the

Table 16.—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
w w w 35,802 $476,083
13,750 $378,125 73,975 $3,211,697 817,725 3,589,822
1, 12,600 w w w w
358,265 1,741,896 —_ —_ 358,265 7,741,896
__ . 181,257 3,571,199 181,257 38,571,199
5,400 88,506 ,356 5. 8,756 144,026
55,419 1,100,708 __ __ 55,419 1,100,708
920 16,560 6,000 24,000 6,920 40,560
—— 34452,386 66,362,907 3,452,386 66,362,907
1198,446 13,633,289 117,431 29,228,730 3281,075 35,398,536
633,200 12,971,684 3,834,405 75,454,053 4,467,605 88,425,737
w w w 28,176 380,564
13,550 391,053 67,610 4,752,171 81,160 5,143,224
1,000 14,100 w w w w
318,078 1,127,584 . I 318,078 7,121,584
. - 385,758 11,362,748 385,758 11,362,748
—— —_ 34,094 612,919 34,094 612,919
65,824 3,241,749 —_ —_ 65,824 3,241,749
840 16, 7,424 31,666 8,264 48,466
. —— 3,285,002 74,405,909 38,285,002 74,405,909
1176200 3,744,269 66,695 827,582 3215719 34,255,387
575,492 14,535,555 3,846,583 91,992,995 4,422,075 106,528,550

W Withheld to avoid disclosi

y proprietary data; included with “Other States.”
Includes Alabama, Idaho, and data indicated by symbol W.

3Includes Idaho (1979), Kansas, South Dakota (1978), Tennessee, and data indicated by symbol W.
3[ncomplete total; difference included with totals for specific States.
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Figure 2.—Bentonite sold or used by domestic producers for specified uses.
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Table 17. —Bentomte sold or used by producers in the United States, by type and use

(Short tons)
1978 1979
Use Non- : Non- N
swelling Swelling Total swelling Swelling Total
Domestic:
Adhesives _ _ _ _ _____________ 2,747 2,747 w 1,219 1,219
Animalfeed ___ - ____________ 63,109 148,161 211,270 70,234 113,813 184,047
Brick, face . __ __ ____________ w - w w — w
Catalysts (oil refining)_ _ _ _ _ 16,843 - 16,843 4,511 —— 4,511
Cement, portland_ _ _ w w _ w w
Drilling mud _ 412 1,143,635 1,144,047 14,658 1,261,477 1,276,135
Fertilizers _ _ _ _ _ _____ _______ 2,420 17 2,437 4,764 —— 4,764
Filtering, clarif;
decolorizing:
Animal oils and mineral
oilsand greases _ _______ 83,749 9,379 93,128 91,044 6,784 97,828
Vegetableoils _ ___________ 63,184 __ 63,184 18,508 __ 18,508
Foundrysand _ ______________ 337,889 697,939 1,035,828 300,576 595,697 896,273
Glazes, glass, enamels __________ w w —— w w
ﬁypsum _____________ . w w —— w w
edical, pharmaceutlcal
cosmetic_ __ _ _____________ 50 1,232 1,282 . 3,295 3,295
Paint ____________________ 213 26,767 26,980 - 13,905 13,905
Pelletizing (ironore) . _ _________ 183 939,274 939,457 13,504 888,204 901,708
Pesticides and related products __ __ 1,496 3,259 4,755 1,403 , 787 5
Pet waste absorbent _ _ __ _______ __ w w —
Waterproofing and sealing _ _ _ ___ _ 2,952 71,447 74,399 34,372 41,321 75,693
Miscellaneous_ _ __ ___________ 42,040 202,364 1244,404 423 233,481 1233,904
Total _________________ 614,540 3,246,221 3,860,761 553,997 3,161,983 3,715,980
Exports:
Drillingmud _________-______ _ 171,388 171,388 = 180,067 180,067
Foundrysand _ _ _____________ 16,998 222,202 239,200 16,964 250,066 267,030
Pelletizing (ironore) _ _ _________ __ 164,086 164,086 __ 172,515 172,515
er_ _ oo 1,662 30,508 32,170 4,531 81,952 86,483
Total _________________ 18,660 588,184 606,844 21,495 684,600 706,095
Grandtotal _ _ ___________ 633,200 3,834,405 4,467,605 575,492 3,846,583 4,422,075

W Withheld to avoid discl

y proprietary data; included with “Miscellaneous.”

1Incomplete total; difference included with total for each specific use.

FULLER'S EARTH

Production of fuller’s earth in 1979 in-
creased 8% in quantity and 11% in value.
The unit value assigned by domestic produc-
ers increased $4.13 in 1979 to $52.14 per ton.
This increase in value was due to large
increases in unit value by Florida, Georgia,
Illinois, Mississippi, and Tennessee produc-
ers.

Fuller’s earth production was reported
from operations in nine States. The two top
producing States, Georgia (40%) and Flo-
rida (81%), accounted for 71% of the domes-
tic production. The other seven States
accounted for the remaining 29%. All
States except South Carolina, Tennessee,
and Utah showed slight gains in production.
Missouri reported production for 1978 but
not 1979.

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.

In early 1979, completion of a major
expansion was announced by Engelhard
Minerals and Chemicals Corp. at its At-
tapulgus, Ga., mineral thickener operation.
Additional modifications scheduled for late
1979 were to further expand production
capabilities.

Attapulgite, a fuller’s earth-type clay,
finds wide application in both the absorbent
and thickening areas. Mineral thickeners
are used in such diverse markets as paints,
joint compound cements, polishes, and plas-
tics. The thixotropic properties of attapul-
gite clays provide the important thickening
and viscosity controls necessary for sus-
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pending solids.

Prices for fuller’s earth were not publicly
quoted in 1979, but the value per ton for
attapulgite reported by producers ranged
from $28.88 to $63.20; montmorillonite
prices ranged from $29 to $55.

In 1979, fuller’s earth was exported to 28
countries; exports increased from 59,000
tons in 1978 to 74,000 tons in 1979. The unit
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value of exported fuller’s earth declined
$1.68 to $69.90 per ton. The major recipients
were the Netherlands, 41%; Canada, 34%;
the United Kingdom, 11%; and other coun-
tries, the remaining 14%.

Imports of fuller’s earth in 1979 were 185
tons valued at $13,000, all from Sweden and
the United Kingdom.

Table 18.—Fuller’s earth sold or used by producers in the United States, by type and State

Attapulgite Montmorillonite Total
Year and State
Short tons Value Short tons Value Short tons Value
1978 . :
Florida ______________ 453,527  $27,275,039 __ . 453,527  $21,275,039
______________ 437,183 21,967,804 181,622  $5,178,497 618,805 217,146,301
Other States_ __________ 129,133 11,406,655 2428,154 217,602,520 457,287 19,009,175
Total _________ 919,843 50,649,498 609,776 22,781,017 1,529,619 73,430,515
1979
Florida - ____________ 490,843 31,022,860 __ __ 490,843 31,022,860
ia___ o _____ 432,500 23,088,346 188,661 5,687,180 621,161 28,775,526
Other States_ __ . ______ 135,954 11,710,602 2420,289 220,252,976 456,243 21,963,578
Total _________ 959,297 55,821,808 608,950 25,940,156 1,568,247 81,761,964
'Includes Nevada and Texas.

2Includes Illinois, Mississippi, Missouri, Nevada, South Carolina, Tennessee, and Utah.

Table 19.—Fuller’s earth sold or used by producers in the United States, by type and use

(Short tons)
1978 1979
Use Atta- Montmoril- Atta- Montmoril-
pulgite lonite Total  Lilgite lonite Total
1,940 — 1,940 1,014 - 1,014
930 __ 930 696 __ 696
85,971 26,189 112,160 81,232 23,578 104,810
53,564 15,774 69,338 62,434 19,796 ,230
Filtering, clarifying, and
decolorizing mineral oils and
greases _ _ __ _ ______.______ 11,227 _— 11,227 23,210 —— 23,210
Medical, pharmaceutical,
cosmetic _ ___ _ ___________ 81 __ 81 122 —_ 122
il and grease absorbents __ _ ___ _ 281,084 191,596 472,680 279,831 165,174 445,005
Paint ___________________ 8,996 __ 8,996 ,902 __ 3,902
Paperfilling _______________ 944 3,245 4,189 746 1,773 2,519
Pesticides and related
products _ _ ______________ 124,714 56,294 181,008 131,449 67,847 199,296
Pet waste absorbent __________ 194,422 260,249 454,671 202,290 250,177 452,467
Rubber __________________ 68 __ 68 162 __ 162
Miscellaneous _ _ ____________ 54,520 37,365 91,885 49,411 49,398 98,809
Total . ____ __ __________ 818,461 590,712 1,409,173 836,499 577,743 1,414,242
Exports:
Drillingmud _ _ _ _ ___________ 1,125 __ 1,125 109 —_ 109
Oil and grease absorbents _ __ __ __ 32,289 11,940 44,229 64,712 20,457 85,169
Pet waste absorbent _ ____ _____ 29,178 5,665 34,843 37,049 9,100 46,149
Miscellaneous _ _ _ ___________ 38,790 1,459 40,249 20,928 1,650 22,578
Total . ____ ____________ 101,382 19,064 120,446 122,798 31,207 154,005
Grandtotal - ____________ 919,843 609,776 1,529,619 959,297 608,950 1,568,247
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Figure 3.—Fuller’s earth sold or used by

COMMON CLAY

Domestic production of common clay and
shale in 1979 totaled 37.3 million tons
valued at $122.7 million. Common clay and
shale represented 67% of the quantity and
15% of the value of the total clays in 1979.
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 1979 was $3.29 per short
ton, $0.19 more than in 1978. The range in

domestic producers for specified uses.

unit value reported for the bulk of the
output was from $0.80 to $14.62 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 min-
erals 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
cement clinker, and bloated lightweight

aggregate.

Increased production capacities, new
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plants, and acquisitions and/or mergers
were commonplace in 1978 and 1979.

In 1978, Acme Brick Co. began construc-
tion, scheduled for completion by yearend
1978, on a “Bondset” brick line at its Tulsa,
Okla., operation. Construction was com-
pleted on one of two new periodic kilns at
its Perla, Ark., plant. The new 42-foot-
diameter kiln augments two 82-foot kilns
already in operation. The other new kiln
under construction was designed to fire
either natural gas or wood particles. The
firm also began reconditioning plant facili-
ties at its Weir, Kans., location. The renova-
tion will allow conversion to solid fuels.
Lastly, the Keller Corp. was awarded a
contract for constructing a new, highly
automated brick works at its Oklahoma
City, Okla., location. The new facility, with
additional grinding capacity to accommo-
date the enlargement, was being designed
to enable conversion to -solid fuel. After
completing a new grinding and clay prepa-

ration plant in 1977, Michigan Brick Co., a -

subsidiary of Canada Brick Co. (part of
Jannock Ltd., a Canadian holding company
in Corunna, Mich.), completed an entirely
new brick manufacturing plant, which went
onstream early in the year. In another
move, Michigan Brick purchased a 90-acre
site at Mineral Wells, Tex., to eventually
build a two-kiln brickmaking facility with
an annual capacity of 70 million bricks. The
first was expected to come onstream in
early 1980 followed by the other in 1981.
Also in 1978, Merry Brothers Brick and Tile
Co. at its Augusta, Ga., site began work on a
$6.5-million plant expansion. Jenkins Brick
Co. planned a major $2-million expansion at
its Atlanta brick manufacturing facility
which will double its present production
capacity. The expansion will include a new
tunnel kiln and dryers, along with the
ancillary equipment to support the new
capacity. Jenkins also has two plants in
Alabama.

In 1978, Medusa Corp. sold its Marion
Brick Corp. subsidiary to IBSTOCK Corp., a
newly formed U.S. arm of Ibstock-Johnsen
Ltd., a British brickmaker, for $9 million.
Richtex Brick Co., a wholly owned subsid-
iary of Pomona Corp., purchased the plant
and assets of Eastern Brick & Tile Co. of
Sumter, S.C. The Eastern plant, closed since
January, was scheduled to reopen during
midyear in order to develop a new line of
residential bricks that will complement
Richtex’s products. General Shale Products
Corp. signed a stock purchase agreement for
acquiring the common stock of Chatta-
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hoochee Brick Co. in Fulton County, Ga. An
agreement was also reached in 1978 for the
$11 million merger of Triangle Brick with a
U.S. corporation to be formed by Roeben-
Klinkerwerke of the Federal Republic of
Germany. The firm is Germany’s largest
manufacturer of face brick and roof and
floor tile.

In 1979, Michigan Brick, Inc., broke
ground at its recently purchased site in
Mineral Wells, Tex., for a new brickmaking
facility. The facility will operate in the
name of Brazos Brick Co. Pullman Swindell
Div. of Pullman, Inc., was awarded the
contract for engineering, construction, and
procurement of major equipment for the
fully automated 70-million-brick-per-year
commercial and residential brick works.
Pullman Swindell was awarded another
contract by Mid-State Tile Co. for a 60-
meter-long automated roller hearth tunnel
kiln for manufacturing quarry tiles. Instal-
lation of the new kiln was at Mid-State’s
Mount Gilead, N.C., plant and was schedul-
ed to begin production by midyear. Belden
Brick Co., Canton, Ohio, awarded a multi-
million-dollar turnkey contract, again to
Pullman Swindell, for building a new brick
plant in Sugar-Creek, Ohio. The plant, ex-
pected to be operational by yearend 1980,
was to capable of producing up to 40 million
sand-molded face brick annually.

In 1979, Ibstock-Johnsen, Ltd., of the
United Kingdom continued adding U.S.
brick interests. This time it completed a
merger agreement with the Glen-Gery
Corp., Reading, Pa. The earlier purchase of
Marion Brick (seven plants) combined with
Glen-Gery’s seven give Ibstock-Johnsen a
total of 13 plants with a capability of more
than 500 million bricks annually.

The output of the energy-intensive com-
mon clay and shale industry was hindered
again by shortages of fuel and labor. Con-
struction rates rose slightly in 1978 but
declined in 1979. Industrywide attention
was focusing on coal, sawdust, and wood-
chip firing, in the Northwest and Southeast,
as a possible escape from the high 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,
cement clinker, and lightweight aggregates,
and thus have no need to import such
materials.
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Table 20.—Common clay and shale sold Sor used by producers in the United States, by

tate!
1978 1979
State
Short tons Value Short tons Value
2,094,447 $8,309,496 1,858,715 $8,622,506
1,077,884 1,557,410 912,215 1,345,165
2,327,267 10,069,154 2,389,278 11,388,3
500,486 2,461,272 479,365 2,457,515
105,243 324,210 111,578 434,701
10,449 7,837 10,800 8,640
118,393 - 211,350 159,076 ,014
2,325,527 6,241,008 1,642,189 4,710,161
8,780 2,749,977 515,319 2,106,1
1,275,714 2,479,689 1,184,217 2,325,220
894,087 2,694,011 869,676 2,883,07
1,160,719 2,314,449 1,060,871 ,635,8
632,933 2,359,165 34,090 2,782,261
516,859 ,785,755 415,516 ,073,39
99,831 163,895 ,030 63,
948,421 2,642,315 974,831 ,854,
155,041 332,9: 155,547 367,070
2,121,707 6,993, 2,072,107 ,429,
174,420 2,089,514 135,474 1,904,984
1,356,174 3,034,09 1,221,404 3,161,494
1,434,216 3,816,622 1,497,161 ,350,4.
35,128 124,601 38,178 42,
146,314 417,837 156,144 453,984
52,213 261,065 51,947 272,722
64,672 108,072 74,307 124,24
658,769 2,121,131 835,581 3,027,177
8,542,473 ,067,127 ,308,345 8,385,151
2,972, 8,072,495 2,700,331 ,204,0:
1,019,460 1,874,322 948,662 1,999,129
140, 261,194 139,18 262,740
}:‘elnnsygama_ e 1,2275,235 6,79},485 1’;‘5‘3"}% 6,172,'(7)81
ertoRico_ _ . _ _ __ _ ____________ X X ) s
< 1,573,869 4,387,858 1,504,744 4,149,283
€ 215,850 267,738 ,469 291,
y 987,797 2,816,753 97,069 1,304,
3,954,650 13,499,895 3,610,246 11,548,394
252,652 55,302 340,653 1,076,
1,043,369 3,266,027 1,058,552 3,512,044
356,771 1,417,738 338,762 1,549,254
343,114 574,887 - 830,309 91,
179,579 612,096 186,271 690,193
Other States’ ___________________ 283,520 1,189,549 241,639 1,126,707
Total __ ________________ 40,074,738 124,068,443 317,278,803 122,735,117
Includes Puerto Rico.

2Includes Arizona, Idaho, Nevada, New Hampslnre North Dakota, Wisconsin,

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 38%, 19%,
and 10%, respectively, of the total domestic
consumption for 1979. In summary, 67% of
all clay produced in 1979 was consumed in
the manufacture of these clay- and shale-
based construction materials. The foregoing
clay tonnage relationships were similar to
those reported for 1978. The utilization of
clays in 1979 for heavy clay products and
portland cement decreased 11% and 7%,
respectively, over that reported in 1978.

Heavy Clay Products.—The values re-

ported for shipments of heavy clay products
for 1979 increased 2% to $1,179 million
from the 1978 value of $1,159 million.
Trends in the various product categories
were less consistent. Thousand-unit counts
for building or common face brick decreased
10% in 1979 from that shipped in 1978,
shipments of glazed and unglazed ceramic
tile and glazed brick decreased 3%, and clay
floor and wall tile increased 5%. The ton-
nage of unglazed structural tile decreased
9%, and vitrified clay sewer pipe and fit-
tings shipped during the year decreased 8%.
The value of these shipments decreased 2%
for building brick and clay and increased
17% for floor and wall tile. The value
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decreased 5% for clay sewer pipe and re-
mained the same for the structural tiles.

Lightweight Aggregate.—Consumption of
clay and shale in the making of lightweight
aggregate decreased in 1979 to 5.68 million
tons. This was a 3% decrease from the 5.85
million tons used in 1978. This small de-
crease was attributed to a downturn in
construction rates, but uses in the newer
markets, such as running tracks, golf
courses, potting, and a host of other horti-
cultural applications, continued growing.

The tonnage of raw material mentioned
in tables 22 and 25 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 1979, 590,262 tons of slate was expanded
for lightweight aggregate, a 10% increase
from the 1978 figure of 537,284 tons. The
amount of slag used for lightweight con-
crete aggregate and in block manufacture
decreased 9% from 1,682,144 tons in 1978 to
1,538,000 tons in 1979.

Refractories.—All types of clay were used
in manufacturing refractories. Fire clay,

kaolin, and bentonites accounted for 59%,

22%, and less than 1%, respectively, of the
total clays used for this purpose. Bentonite
was used primarily as a bonding agent in
proprietary foundry formulations. Minor
tonnages of ball clay, fuller’s earth, and
common clay and shale (the remaining
19%) were also used, primarily as bonding
agents.

The tonnage used for refractories in 1979
constituted 8% of the total clays produced.
This slight decrease in the use of clay-based
refractories in 1979 reversed an upward
trend which had continued for 7 years. The
previous increases were due primarily to
both the continued expansion in refractory
aggregate production and an upsurge in the
manufacturing of more conventional brick-
type refractories. The decline in 1979 was
attributable to the steelmaking decline. 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,
diluents, or prilling agents. Bentonites were
used mainly in animal feed.
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In 1979, 10% of the clay produced was
used in filler applications. Of all the clay
used for these purposes, kaolin accounted
for 87%, fuller’s earth 8%, and bentonite
4%. Ball clay, common clay and shale, and
fire clay accounted for the remaining 1 %.
The total amount of kaolin consumed by
this end use category increased 20%. In the
individual kaolin categories, an increase of
4% was noted for gypsum products, for
paper coating, 2% and a 1% increase in
rubber use. Decreases were observed for
adhesives (19%), fertilizers (12%), and plas-
tics (T%). Total quantity of fuller’s earth
used in insecticides and fungicides increas-
ed 10%.

Absorbent Uses.—Absorbent uses for
clays consumed 1,060,869 tons, or 2% of the
total 1979 clay production. Demand for
absorbents in 1979 increased 1% over that
reported for 1978. Fuller’s earth was the
principal clay used in absorbent applica-
tions; 57% of the entire output was consu-
med for this purpose. Bentonite was used to
a lesser degree. Demand for clays in pet
waste absorbent, representing 51% of the
1979 absorbent demand, increased 1% from
that reported for 1978. Demand for use in
floor absorbents, chiefly to absorb hazard-
ous oily substances, represented the re-
maining 49% of absorbent demand and
increased 3% from the 1978 figure.

Drilling Mud.—Demand for clays in
rotary-drilling muds increased 10% in 1979,
from 1,256,332 tons in 1978 to 1,381,113
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 1979 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
order of demand, were used in manufactur-
ing floor, wall, and quarry tile. This tile end
use category accounted for less than 1% of
the total clay production in 1979. Demand
in 1979, 253,434 tons, decreased 7% from
that shown in 1978.

Pelletizing Iron Ore.—Bentonite is used
as a binder in forming hard iron ore pellets.
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Demand decreased in 1979 to 901,708 tons.
This decrease in the use of bentonite for
iron ore pelletizing, reflecting a downturn
in taconite pellet production because of
lower steel demand, was compounded by
inroads made by cheaper foreign bentonites
into a traditional U.S. clay market. Of the
total bentonite produced in 1979, about 22%
of the swelling variety was consumed for
this purpose. U.S. deposits continued to be
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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 1979 clay output. The total
clay demand, principally ball and kaolin
clays, increased from approximately 871,193
tons in 1978 to approximately 1,211,539 tons
in 1979.
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